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REVIEW
A PREVIEW ON ENVIRONMENTAL ISSUES AND
PERSPECTIVES OF E-WASTE MANAGEMENT
IN THE WESTERN BALKANS
Zarko Jankovic1,*, Mirjana Vojinovic Miloradov2, Maja Sremacki2, Aca Bozilov1, Ana Lukovic3,
Aleksandra Petkovic1, Srdjan Glisovic1
2

1
University of Nis, Faculty of Occupational Safety, Nis, Serbia
University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia
3
5HVHDUFKDQG'HYHORSPHQW&HQWHU³$OIDWHF´/WG1LV6HUELD

that ³ZDVWHHOHFWULFDODQGHOHFWURQLFHTXLSPHQW¶are
electrical or electronic equipment including all
components, sub-assemblies and consumables
which are part of the product at the time of discardLQJ´>@7KHYROXPHRIGLVFDUGHGHOHFWULFDQGHOHctronic equipment, or EEE, (e.g. tablets, mobile
phones, laptops, electronic goods, LCD screens,
etc.), ICT devices that are becoming more affordable, online business and more network users, have
all contributed to the complexity of dealing with
cumulated EEE waste. The data revealed in The
Global E-waste Monitor report for 2017 showed
that global e-waste reached 44.7 million metric tons
in 2016, which is up 3.3 Mt or 8 percent higher than
in 2014. This equals in weight for almost 1.23 million fully loaded 18-wheel 40-tonne trucks, enough
to form a line from New York to Bangkok and back
[2, 3]. Europe is the second largest generator of ewaste per inhabitant, with an average of 16.6 kg per
inhabitant and the highest collection rate of 35 percent [3].
From 195 countries in the world, only 41
quantify their e-waste generation and regulated and
monitored recycling streams officially [4]. In countries without national e-waste legislation or monitoring model, WEEE is most often treated as municipal waste. If not treated properly, e-waste poses
environmental and health hazard since toxic substances (such as mercury, cadmium, beryllium, lead
and brominated flame retardants) can easily spread
through the soil, surface water, and contaminate the
air by smoke from landfills in case of incineration
[5]. It was confirmed that the bioaccumulation of
lead and cadmium in humans is related to pollution
from industrial facilities, road traffic sources and
landfills [6].
In e-waste, there are toxic and hazardous organic and inorganic components, principally cations
of heavy metals. When considering the environmental management and specifically waste management, the dimension of hazard and toxicity of
main structural components is neglected. EEE

ABSTRACT
Adequate e-waste management has become an
emerging environmental issue across the globe. As
a part of comprehensive environmental regulations,
it is one of the prerequisites for the countries in the
Western Balkan region in their process of admission into the European Union. In this region, waste
electronic and electrical equipment (WEEE) is usually disposed of in municipal landfills, informally
treated, remain stored in the households or is reused
for component parts. By summarizing the current
approach to e-waste management and providing the
assessment of legal and institutional framework in
this region, the paper focuses on the review of the
future obligations of the Former Yugoslav Republic
(FYR) of Macedonia and the Republic of Serbia
pertaining to WEEE management. These two countries seem to have made the furthest progress in
terms of the implementation of environmental regulations in the whole region. Based on the findings
from available literature and stakeKROGHUV¶ LQWHU
views, the aim of the paper is to review the best
practices and European experiences, and suggest
the options for improving e-waste management in
line with the requirements set out in Directive
2012/19/EU.

KEYWORDS:
Waste electronic and electrical equipment (WEEE), environmental management, Directive 2012/19/EU, Western
Balkan, opportunities

INTRODUCTION
Waste which arises from second-hand electrical and electronic equipment, otherwise known as
WEEE or e-waste, is the most rapid growing stream
of waste on the global scale. The Directive
2012/19/EU on e-waste (WEEE Directive) states
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and management models via adoption of the national WEEE legislations.
Reliable information on WEEE is difficult and
laborious to gather due to lack of decent monitoring
and practices in WEEE management. Additional
obstacle is the fact that discarded electronic devices
are not properly disposed in the Western Balkan
region. In order to avoid further environmental
damage and a loss of secondary resources, the West
Balkans need to establish effective collection and
treatment processes, applicable monitoring and
regulatory models [8, 11].

waste is a significant type of waste, which is constantly modifying, the chemical characteristics of
basic components are highly unknown and can have
diverse negative impact on environment. The process of transportation, distribution and diffusion of
toxic particles (cations of toxic, heavy and other
metals) is also highly enabled as there is no impermeable natural or artificial border between disposed
waste and natural media, soil and underground water bodies. The pathways of transport are enabled as
the EEE waste is usually disposed into the municipal waste dump sites, which are not built and designed according to good practice of controlled
regulated landfill design. Heavy metals and their
toxicity are of increased significance for environmental, nutritional and health reasons. Excess of
metal pollutions deposited on soils may be transformed and transported to vegetation [7].
According to the reports, the destiny of a large
majority of e-waste (34.1 of 44 Mt) is simply unknown [3]. In the regions with either weak or outdated environmental law enforcement, human and
health hazards are even more prominent, and such
situation requires all the stakeholders in WEEE
management to be well-informed about their responsibilities and options. The management of ewaste in European countries is governed by the
WEEE Directive, where primary targets are the
prevention of e-waste generation with the aim to
reduce final disposal, as well as to provide support
for reuse, recycling and recovery. The e-waste
management is expected to be significant environmental issue in the Western Balkan region, and it is
of crucial significance to pursue the developments
in this important area [8,9]. This paper illustrates
the examples of EU countries that have made
breakthrough in e-waste management, and highlights the lessons learnt in that process that could be
applicable in the West Balkan region.

METHODOLOGY
Research data analysis has been applied to reveal relevant constituents of WEEE Directive
2012/96/EC and interrelated studies. The WEEE
Directive is of particular importance for this research since it describes essential framework for ewaste management, and regulation suggests necessary steps for implementation of its requirements by
countries in the Western Balkan region.
The institutions responsible for policy making
± Ministries and the governing bodies - provided all
OHJLVODWLYH GRFXPHQWV RQ WKH FRXQWULHV¶ e-waste
management policies with respect to the data presented in their National strategies and National
plans of waste management.
Stakeholders of the WEEE management system were identified with respondent-driven sampling and Internet research. The identified main
stakeholders (e.g. recycling companies, NGOs)
were interviewed for data collection (bottom up
approach). A sampling and estimation technique
called respondent-driven sampling allows researchers to make asymptotically unbiased estimates
about the hidden populations and streams. The
sample is selected with a snowball-type design that
can be done more efficient and financially justified
way than other methods currently in use. Furthermore under certain specified (and quite general)
conditions, estimates for the percentage of the population with a specific trait are asymptotically unbiased [12].
Literature review of the EU e-waste report, databases, national Statistics was conducted in order
to reveal important key figures and the examples of
good practice. Interviews with representatives of
registered recycling companies from Republic of
Serbia and FYR Macedonia also provided important information on the subject.

Current state of the field in the Western
Balkans. Over recent years, the countries of the
Western Balkans (Albania, Bosnia and Herzegovina, the Former Yugoslav Republic of Macedonia, Kosovo, Montenegro and the Republic of Serbia) have been experiencing dynamic social and
economic changes during the process of EU accession. Many initiatives have been carried out and
financed by the European Union to improve the
legal and institutional framework for appropriate ewaste management in this region, mainly related to
increasing the management capacities, lobbying
concerning e-waste issues, and raising the awareness among citizens, government officials, and the
private sector about adequate WEEE management
[9, 10]. As a result of financial support and collaborations, most of the countries in the Balkans nowadays have made the first steps towards the implementation of a suitable and obligatory monitoring

Current Approach to Managing WEEE in
Western Balkans. Current situation in WEEE
management greatly influences future e-waste generation. According to the study conducted by United Nations University, it is estimated that 177 thousand tons of WEEE will be generated in the
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FIGURE 1
WEEE volumes in Western Balkan countries

FIGURE 2
WEEE volumes by waste category

Large equipment (i.e. washing machines, clothes dryers, dish-washing machine)

Temperature exchange equipment (i.e.
refrigerators, freezers, air conditioners, heat pumps)
[3, 10].
In Western Balkan countries, in the 2018-2030
period, the greatest volume of WEEE will arise
from large equipment, whereas the lowest will consist of small IT and screens (Figure 2).

Western Balkan region by 2030, compared to predicted 142 thousand tons in 2018 [7]. The projections show the rise of 35 thousand tons over a 12year period. The greatest amounts of WEEE come
from the Republic of Serbia, whereas Montenegro
generates the lowest amounts of waste (Figure 1).
Out of six categories of e-waste, the three categories that contribute the most to e-waste are:

Small equipment (i.e. vacuum cleaners,
microwaves, ventilation equipment, toasters)
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WEEE legislative and (institutional) framework and policies in FYR of Macedonia and
Serbia. WEEE Directive sets new collection targets
that will ensure that approximately 10 million tons
of electrical or electronic waste (or about 20kg per
capita) will be covered by separate collection starting from 2019. Directive 2012/19/EU on WEEE
allows EU Member States to more effectively combat the illegal export of waste (illegal shipments of
electronic waste are often masqueraded as shipments of used equipment, in order to circumvent
EU waste management regulations), by forcing the
exporters to control shipments and to deliver documents on the nature of their shipments in cases
where there is a possibility of exporting waste [1].
Instead of previous 10 categories of products (Directive 2002/96/EC), revised classification of the
WEEE categories includes six categories: Temperature exchange equipment; Screens, monitors;
Lamps; Large equipment; Small equipment; Small
IT and telecommunication equipment.
The WEEE Directive 2012/19/EU is the main
EU Directive for EEE waste stream obligatory for
Republic of FYR Macedonia and Republic of Serbia. Even though FYR Macedonia and Serbia still
do not have obligation to implement goals from
WEEE Directive, gradual inclusion of these requirements and establishment of waste management
system including special streams of waste (WEEE)
is one of the priorities of both countries (Law on
WEEE Management in 2012, Waste Management
Strategy of the Republic of FYR Macedonia, 20082020 and Waste Management Strategy of the Republic of Serbia, 2010-2019). The EU accession
process of FYR Macedonia requires institutional
strengthening on all levels as well as strengthening
of the capacities of all stakeholders involved in
waste management [16,17,18]. FRY of Macedonia
started implementing EU legislation on e-waste, as
exemplified in Table 1.
According to FYR Macedonian waste management strategy, a network of institutions should
be installed with the task to manage special waste
streams, e.g. WEEE. The goal is to establish organizational, financial, and operative structure for collection, treatment, recovery/recycling, disposal of
selected waste streams and to develop waste management schemes, plans and feasibility studies on
WEEE management [15, 19, 23].
In the Republic of Serbia, newly adopted regulations on waste management enforced the implementation of eco taxes for importers and producers
who are legally obliged to pay a fee for goods that
after use become special waste streams [20, 21, 22].
The recycling companies are obliged to distribute
part of these subsidies to the registered WEEE collection companies. The infrastructure for collection
of WEEE is still in developing phase. However,
new WEEE Regulation shall significantly influence
the amounts of collected WEEE. According to Ser-

As far as collection is concerned, approximately 158 kilotons (kt) of e-waste is currently collected in the Western Balkans, comparing to the
512 kt generated in 2016 [3]. This region is currently facing two major problems related to e-waste.
The first is the fact that e-waste is either thrown
into municipal landfills, incinerated or remain
stored in households. The second relates to the absence of an effective treatment system, and the fact
that present-day recycling and recovery activities
lead to significant resource losses. Both of these
practices cause health and environmental impairment.
Divergent approach to managing WEEE in the
Western Balkans makes this issue even more viral.
Albania is likely the furthest behind, and without
any formal systems of waste management it is collapsing under the burden of increased waste. Serbia
is the most forward-looking and is in the process of
developing a more formalized system of extended
producer responsibility (EPR). Some of the remaining countries have passed the legislation on EPR,
but have done little to enforce it [3, 8].
In terms of WEEE, the competence of the
countries to export hazardous materials is considered significant. All the countries that are focus of
our study, other than Kosovo, have signed the Basel
Convention by which they are allowed to export
hazardous materials for further recovery (FYR of
Macedonia from 1997 and the Republic of Serbia
from 2000) [13]. In Serbia, a total of 240 tons of
WEEE were reported to have been exported by the
Environmental Protection Agency in 2014 (this
amounts to 1.1% of the 20,972 tons treated) [14].
The focus of the study is constricted to Serbia
and FYR Macedonia, since those two countries
have been the best achievers towards EU membership so far. Combined, these two countries have the
largest market of Western Balkans countries and
median GDP in the region. Despite the same membership status, these bordering countries have good
cooperation and potential for regional cooperation
that may facilitate solving WM issues [15, 16]. In
Kosovo, there is still no national legislation concerning electronic waste. Bosnia and Herzegovina
is the farthest behind the dialogue for EU accession,
its status being potential candidate. Montenegro is
very small both by population and territory and has
limited capacities for waste management. FYR
Macedonia has started implementing an e-waste
management system, and there are several private
waste collection companies trying to gain profit
from the discarded electronic and electric equipment. Although progressive than the rest of the
Western Balkan countries, both FYR Macedonia
and Serbia do not have complete and functional
WEEE management system. The governments of
both countries are in the process of establishing
models and schemes for adequate WEEE management.
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requirements from the WEEE Directive are transposed into an executive regulation, which governs
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the list of electric and electronic products, and the
mode and procedure for managing EEE waste [16].

TABLE 1
Institutional and legislative framework




FYR of
Macedonia

Institutional framework
 Ministry of Environment and Physical Planning
(MoEPP) - highest national public administration body
responsible for environmental affairs
 The Department for Waste Management (body of
the MoEPP) responsible for management of special
waste streams
 The Ministry of Environmental Protection of the
Republic of Serbia - the main governing body
 The Serbian Environmental Protection Agency
(SEPA) government agency that maintains and updates
the database on e-waste management, and issues integral
permits

 The Republic of Serbia

Legislative framework
 Law on Waste Management, 2011
 Law on the WEEE Management, 2012
 National Waste Management Strategy (2008-2020)
 National Waste Management Plan (2009-2015)
 Rules for Form and Content for Record on Registration of Collectors and Handlers of WEEE, 2014
 Law on Waste Management, 2009
 Regulation on procedure of managing electric and
electronic waste, 2010
 National Waste Management Strategy 2010-2019
 Regulation on special waste flows, 2010
 Rulebook on the form of a daily record and annual
waste report, 2010

TABLE 2
Comprehensive overview on WEEE management in FYR Macedonia and Serbia
Collection and recovery targets defined by
law
Monitoring and reporting on WEEE
volumes

Formal (organized)
e-waste collection
system

Authorized recycling
companies

Informal
e-waste collections
system

E-waste treatment
(including preparation
for reuse and recycling)

The Former Yugoslav Republic of Macedonia
Collection of 4kg per capita of WEEE by 2020.
Recovery targets shall be defined for each consecutive year based on the previous year recovery rate.
In line with EPR, authorized operators are
obliged to submit a report containing the
amounts of WEEE collected, placed on the market, sent to treatment or exported [23].
- licensed small private companies offer WEEE
management services for business (some companies, especially in eastern FYR Macedonia,
export waste to neighboring EU countries, e.g.
Bulgaria)
- specially designated areas for e-waste collection in the municipality
- NGO awareness raising activities and public
actions

-EE otpad F-Grupacija doo - a company for
recycling WEEE components has 5 tons per
annum capacity with an ability to expand
-Ekocentar 97 - a company for purchase, collection and primary processing of e-waste
-Novometal doo ± recycling and trade of all types
of e-waste

- Owners often sell used electric equipment to
scrap metal merchants.
- Informal collectors mostly desire to recover
waste which contains valuable metal.
- Household appliances are removed from by
donation/gift
- Owners give or selling old EE to the street
dealer (known as rag-and-bone man)
- Owners leave them on the street, close to container [25].
E-waste is manually dismantled depending on
the nature of the material (hazardous or not), the
cost of dismantling, and the value of the extracted components to be recycled (e.g. aluminum,
steel). Licensed facilities are authorized to issue
the evidence of WEEE treatment [23].
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The Republic of Serbia
Collection of 4 kg per capita by the end of 2019.
Recycling targets are not yet in place.
Information is gathered by the Serbian Environmental
Protection Agency. Nevertheless, there is no official
monitoring on e-waste streams.
- licensed private companies - through contracts made
with public enterprises, organizations and industry
- cooperation with collecting companies
- door-to-door collection services
- public actions in schools, universities and municipalities
- charity actions to collect old computers for reparation
and donation to under-privileged homes (e.g. NGOs
"Protecta", "Zerowaste Serbia" and "Green Key").
- S.E. Trade -DFRPSDQ\ZLWKµLQWHJUDOSHUPLW¶ DGRFument allowing collection, storage, and treatment of
WEEE, issued by the Ministry) with 15,000 tons annual
capacity.
- E-Reciklaza - a recycling center with integral permit,
registered for all e-waste types, with 25,000 tons per
annum capacity.
- Bozic i sinovi has an integral permit, registered for handling 25,000 tons per annum.
- EKO metal has an integral permit, with 12,000 tons per
annum capacity.
- Collectors frequently supply second hand and repair
shops with extracted spare parts or sell it at the scrap
metal markets.
- There are between 5000 - 8,000 informal collectors
NQRZQDV³ZDVWHSLFNHUV´PDLQO\PHPEHUVRIWKH5RPD
population [21].
- Owners bring e-waste to recycling centers.
In Serbia, there are 4 major facilities treat 90% of collected e-waste. Collectors take their waste to the recycling
centre in order to get a certified waste transfer document
in which the volume of collected waste is recorded. In
that way, the collectors receive their share for collection
[16].
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special premises (temporary storages for nonrecyclable components) in accordance with regulations. Most WEEE contains printed circuit boards
(PCBs) which are made up of metal, plastic, glass
fiber and precious metals. PCB waste is problematic to be recycled due to its heterogeneous mix of
organic materials, metals and glass fiber, which can
adversely affect the air, soil, and marine organisms.
[24]. Recycling companies export unprocessed
WEEE together with components of waste that contain hazardous substances in compliance with the
Basel Convention. Final reuse, recovery, or recycling of these components into useful secondary
raw materials is performed in Slovenia, Singapore,
Germany, Austria and China [25].
Table 2 provides the detailed description of
waste collection habits, the list of licensed e-waste
companies and possibilities for informal collection
and treatment options.

Current practice in WEEE management:
the experience of FYR Macedonia and Serbia.
Regular stakeholders in WEEE management are
policy makers and legislators, producers, users/consumers (corporate users and individual
households), recyclers, retailers, and importers.
Also, other parties such consumers, NGOs, collecting companies, educational institutions, should
have clearly defined roles and responsibilities, adhering strictly to the existing legislation.
In series of interviews conducted by Serbian
NGOs, recycling companies provided data about
amounts of collected and recycled waste, used
technology, and individual WEEE policies of the
company. After the treatment of WEEE, particular
components and materials are delivered to authorized treatment facilities in Serbia for further recycling of iron, plastic, copper, aluminum, prochromium, glass, rubber, and cables. Components and
materials that are not treated in Serbia are stored in

FIGURE 3
WEEE flow through an economy
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on a like-for-like basis [1]. In Norway and Switzerland, retailer responsibilities are extended so they
can require the take-back of old products without
the need for the consumer to purchase the new
ones [27]. In some European countries, civic
amenity sites are mostly used drop-off points for
larger WEEE items, including fridges, freezers,
washing machines, and other portable electronic
equipment. It has been observed that in FYR Macedonia and Serbia, a large proportion of electronic
goods that can be found at such drop-off points are
impossible to be repaired, and therefore, it must be
properly disposed of. Another option is to set up
bring banks that would be located within easy
reach of close shops and amenities. In Norway,
several large electrical companies have provided
bring banks for WEEE outside their stores as part
of their retailer take-back obligation [28]. For Serbia and FYR Macedonia, this may be a method by
which the producers can collect their products in
the lack of formal collection facilities. One of the
options for Macedonian stakeholders is to use already existing drop off points for batteries in supermarkets to collect small e-waste.

Key elements for an effective WEEE management. Key components of a sustainable waste
managemeQWV\VWHPUHTXLUHDV\VWHPRIµJRRGJovHUQDQFH´ >@ ZKLFK UHTXLUHV SURSHU LQVWLWXWLRQDO
infrastructure, coherent policy framework, financial
sustainability, stakeholder inclusivity, effective
monitoring and reporting. Following the examples
of best practice in European countries from the
point of collection to the point of final treatment,
recycling, or disposal, it is possible to define the
key elements for efficient WEE management in
WB countries. Also, it is important to emphasize
the possibility for structuring the system of producer responsibility in the West Balkans in order to
achieve different objectives.
Figure 3 shows the flows of electric and electronic waste products through circular economy.
EPR concept and sound institutional framework
should envelope the entire system (from design,
through possible reuse and recycling, to final disposal).

DISCUSSION: KEY TRENDS
IN SERBIA AND FYR MACEDONIA

Systems to promote the EEE reuse. Different approaches need to be taken to encourage the
reuse of electrical and electronic equipment before
it enters the waste stream. There are clear environmental benefits associated with direct reuse as
RSSRVHG WR µSUHSDUDWLRQ IRU UHXVH¶ WKDW Fan be
achieved by the actions such as: sale or exchange
on international online market, peer to peer sharing, repairing or refurbishing unwanted EEE, informal giving of unwanted items to family or
friends, etc. [29]. In the Western Balkan households, there is already an existing culture of repair
and reuse, whereas citizens of developed parts of
EU tend to replace old or non-functional electronic
products before reaching the end-of-life. The data
obtained from the surveyed stakeholders reveal
that the members of Macedonian and Serbian
households often purchase spare EEE parts in second hand shops of electrical products and components. Partial dismantling and separation of usable,
unusable and hazardous constituents may be the
only fast feasible tasks in management of the waste
electrical and electronic equipment in Serbia and
FYR of Macedonia [15].

Each of the elements that are presented in
Fig.3 will be discussed in detail, by comparing the
existing practices in the Member States and Serbia
and FYR Macedonia.
The concept of Extended Producer Reliability (EPR). As defined in the WEE Directive,
the aim of the producer responsibility policy is to
move the end-of-life burdens from the consumer,
at the point of recycling/disposal, back to the producers and distributors. This is how the financial
obligations for collection, preparation for reuse,
recycling and disposal are transferred from government and taxpayers back to the producers who
remain legally responsible for their products [26].
In that sense, collection and processing of products
shall be in charge of third parties (e.g. municipalities, private waste management companies), that
are financed by producers [10].
Sound institutions. Stable and effective government institutions are required in order to develop, implement, monitor, evaluate and adjust the
effective e-waste management policy.

Appropriate systems for treatment, recycling and disposal. The recycling market within
Europe is divided into two different tracks in terms
of how e-waste is processed ± firstly, sorting of
materials to identify the usable components of discarded products that can be prepared for reuse; and
secondly pre-treatment which involves draining,
dismantling and sorting of component parts, and
finally shredding [23]. Logistics and sorting techniques are of particular importance for a successful

Proper collection systems. There are various
waste collection models currently applied in the
EU, most commonly curbside collections, collection sites for household waste and recycling centers (municipal collection points) [4, 26]. WEEE
Directive sets the standards for retailers to arrange
take-back schemes, more exactly one-for-one takeback schemes, so that the customers who purchase
a new item can return their old one free of charge

7941

© by PSP

Volume 27 ± No. 12/2018 pages 7935-7944

WEEE management. The application of the radio
frequency identification (RFID) technology in the
reverse logistics management, as described in [30],
might prove useful for e-waste pretreatment.
6WDNHKROGHUV¶ UHSRUWV UHYHDOHG WKDW WKH IUHTXHQW
practice in FYR Macedonia and Serbia is manual
sorting owing to the limited size of the market, and
also to the low labour costs. The investment in
technologies for proper treatment under the WEEE
Directive may be too challenging for these Balkan
countries at the moment, because costs to treat
some EEE are sometimes higher than the value
that could be derived from the materials (e.g. flat
TV screens).
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contribute the achievement of a set of goals adopted
in the 2030 Agenda for Sustainable Development.
Apart from significant environmental benefits, efficient collection and WEEE treatment can be a
source of useful secondary materials.
Based on the input from stakeholders, desk research, mail survey, government and commercial
sites, we gathered the data about the current waste
management prospects in the Former Yugoslav
Republic of Macedonia and the Republic of Serbia.
The lack of records on waste generation and poor
infrastructure for waste disposal are the main obstacles for successful waste management.
A review of international literature was undertaken to diagnose the key elements and the models
of fRUHLJQ ³NQRZ-KRZ´ IRU proper management of
WEEE. Apart from meeting the obligations set out
in the WEEE Directive, one of the key components
of a sustainable WEEE management system is the
EPR concept, in which the responsibility for products is extended over the planned use phase. FYR
of Macedonia and the Republic of Serbia are in the
phase of transferring and complying the WEEE
Directive with other parts of their national legislation. Serbian Law on Waste Management obliges
producers and importers of EE goods to align their
electrical and electronic waste treatment options
with the law. Diverse collection models applied in
the EU are just another step to facilitate preparation
for reuse and safe handling. The initiatives to implement an effective e-waste take-back system, as
in Member States, should be the responsibility of
both private recycling sector (producer responsibility organizations) and relevant governmental bodies. Western Balkan countries are good market for
WEEE from households which have been prepared
for reuse. There is a possibility for business to consumer (B2C) products, since usable components are
frequently sold in second hand shops or donated as
a social support.
The Republic of Serbia has already established
the legislative framework for e-waste environmental management, while FYR of Macedonia is on its
way towards achieving these targets. Nevertheless,
appropriate secondary legislative enforcement
would be necessary to establish a fully functional
WEEE management system in both Serbia and
FYR of Macedonia. In order to assess the effectiveness of regulations, key considerations should be
improved statistics on current e-waste streams and
volumes, raising capacities for
monitoring and
reporting, and setting up national register of EEE
producers. Only after concrete measures are introduced can the countries in the Western Balkans
display the potential improvements in the future.

Efficient management and financing structures. These organizations are in charge of implementing the EPR principles. The task of FYR
Macedonia and Serbia is to ensure that the structures set up by producers achieve the required collection and recycling targets, and other legal duties.
Systems for effective reporting, monitoring
and enforcement. Treatment facilities need to be
monitored by the competent authority to ensure
that e-waste is treated in accordance with minimum standards in WEEE Directive. EU states have
already been required to set up their national registers for producers and distributors of EEE. Monitoring and surveillance should be the task of public
authorities; however, despite the current legislation, uncontrolled and illegal exports of e-waste
and hazardous materials to developing countries
continue to be a tackling issue. Huge amounts of
³KLGGHQ H-ZDVWH IORZV´ LQGLFDWH WKDW D VLJQLILFDQW
amount of e-waste is still being illegally exported.
Recent research estimates illegal export levels to
be equivalent to 14% of discarded WEEE [28].
The interviews with Macedonian stakeholders revealed that there are number of companies who are
involved in illegal transport of hazardous waste to
China, the only country willing to deal with this
type of hazardous waste [25].

CONCLUSIONS
Various contemporary trends in the world
have impact on the generation of e-waste - the
growing brands of new electronic equipment, a
number of devices owned, lower prices of EE
goods, rise of consumerism, higher incomes, etc.
The procedures in e-waste management and harmonization of FRXQWULHV¶ legislation with the acquis
communautaire are necessary steps to be followed
in order to tackle the WEEE issue. Apart from setting and assessing targets and policies, it is inevitable to improve statistics on e-waste volumes. The
availability of visible information on e-waste will
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ABSTRACT

home gardens, etc. play a crucial role in that they
provide recreation facilities for urban residents. The
vegetation in these areas is an indispensable element
of their connection to the natural environment. Benefits of urban green lands range from physical and
psychological health to social cohesion, ecosystem
service provision, and biodiversity conservation [4,
7±12].
Rising income levels, increased purchases of
flowers and plants for home gardens, growing interest in nature-oriented activities and hobbies, and a
rising demand for gardened homes are interpreted as
important indicators of the variety of benefits offered
by nature and plants [7, 9, 11±16]. These include
mitigating air and noise pollution, providing energy
savings, creating aesthetics and camouflage, providing a habitat for flora and fauna, reducing wind and
dust damages, and providing recreational facilities.
Because of job opportunities in tourism and
other urban and coastal sectors (e.g., construction,
agriculture), migration to Antalya has increased, and
its rapidly growing population has been a major
cause of environmental damage. Housing density is
high in Antalya [17]. Although active green space
per capita, such as parks and playgrounds, in Turkish
cities must be 10 sqm [18], the green space per capita
(4.4 sqm) for Antalya [19] is below both the desired
value in Turkey and the European average value of
8 to 10 sqm [20]. To reach these values and reduce
environmental problems, the city has increased efforts to create green spaces, resulting in a need for
outdoor plants. All plants used to create gardens are
thus considered outdoor plants, and these consist especially of big trees, shrubs, bushes, and vines as
well as annual, biennial, or perennial herbaceous
plants, herbaceous plants with onions, root nodules,
or rhizomes, and grass and water plants [21].
Turkish gardens often include solitary plants
rather than clusters of plants next to one another [22].
In Turkey, the aesthetics and functionality of a garden are considered equally, and vegetable, fruit, and
ornamental plants are used together in green spaces.
The function of fruit trees may seem economic, but

The unique qualities of natural landscapes contribute to residential urban areas. Although such areas boost the sustainability of urban environments
from an ecological point of view, studies indicate
that natural recreational areas are not used if they do
not meet the needs and preferences of residents. This
study thus focuses on an objective and subjective
evaluation of different outdoor plants by 240 residents of Antalya, Turkey, as determined through a
survey. While differences in plant preferences and
recreational trends were found to be influenced by
the demographic statuses of participants, the findings reveal a preference for green spaces that offer
opportunities for socialization and for the personal
growing of plants. 7KLV VWXG\ HOXFLGDWHV UHVLGHQWV¶
expectations regarding green spaces and illustrates a
new method of using groups determined by participants to better understand preferences. Respondents
highly preferred combinations of fruit trees (64.2%)
and ornamental plants, shrubs, and flowers (60.8%)
over other outdoor plants, and 37.1% highly valued
aesthetic characteristics such as flowers and leaves.
A total of 72 plant species were present in the gardens of respondents, the most common being lemon
(Citrus limon [L.] Burm. f.). These results are useful
for municipalities, landscape architects, nurseries,
and other relevant groups.

KEYWORDS:
Green spaces, sustainability, survey methods, landscape

planning

INTRODUCTION
Throughout history, people have used plants to
create relaxing indoor and outdoor living environments. Presently, rapid population development in
parallel with industrialization has created a need for
plants to improve the quality of urban life [1±7]. In
this sense, open areas such as parks, playgrounds,
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of redcurrants in the upper part of the city, for example. The only river flowing from Antalya is the Aksu
Stream in the east of the city. The Düden Waterfall
is also present along this river [21].
The climate of Antalya is moderate and Mediterranean, as expressed through hot and dry summers
and warm and rainy winters. In the inner part of the
region, cold and semi-dark climates are possible.
The average temperature in summer is 30 to 34 °C,
whereas in January, the temperature varies between
9 and 15 °C. There are hardly any meteorological
events such as frost in the city [21, 24, 25]. The
yearly average relative humidity is around 64%.
Summers in $QWDO\D¶VFRDVWDOUHJLRQDUHERWKORQJ
and hot. Even the winters pass in coolness close to
the water. Rain, rarely seen in summer, appears first
in autumn and on through January, though rain occurs only for 40 to 50 days of the year. Antalya is
one of the rare regions with an average of 300 sunny
days per year, an average yearly temperature of 18.7
°C, and a tourism season of 12 months, in at least
nine of which tourists can swim in the sea. The vegetation cover consists of short and green all-season
trees called lemur, brought by the Mediterranean climate [21, 24, 25].
The focus of the study was urban public demand for outdoor plants in Antalya. Annual reports,
statistical and inventory data, and related literature
were used as supporting materials. In the study, face
to face interviews were conducted, and data were obtained from 240 people between April 15 and 20,
2015. Surveys were conducted in houses, streets,
squares, parks, cafes, shopping centers, and publicand private-sector workplaces to represent all urban
public opinions. Regarding the demographic characteristics of respondents (7 questions) and demand for
outdoor plants (5 questions), a total of 12 questions
were asked in the surveys. Frequency analysis, chisquare analysis, one-way variance analysis, and
Duncan tests were performed using SPSS [26].
The natural materials of the study were the selected plants, upon which a questionnaire form was
created for use in quality analysis. The 240 individuals taking part in the study represented three different groups (40 students, 180 local inhabitants, and 20
lecturers). The first part of the questionnaire concerned participant demographic characteristics such
as gender, age, and educational and occupational status. In the second part, participants were asked to
evaluate plant preferences regarding naturalness, diversity, impressiveness, clarity, compatibility, interestingness, excitement, and attractiveness by assigning a score between 1 (lowest) and 7 (highest) to
each plant. In the third part of the questionnaire, participants were asked to score conceptual parameters
VXFKDVHDFKSODQW¶VVWDWXVLQWKHDUHDDQGFKDUDFWHU
istics recommended for that area.
According to the results, data concerning different plant types were subjected to statistical evaluations. The obtained variables were converted into a

in fact the main aim of including such trees is to create shade and privacy [23]. Aside from geographic
and climate characteristics, cultural differences at
the regional and local level play important roles in
the selection of plant species for a green space. Important factors in the formation of these differences
are historical changes in local populations with respect to lifestyle. The aim of this study is thus to determine public preferences regarding outdoor plants
in Antalya.

FIGURE 1
The geographic location of Antalya.

MATERIALS AND METHODS
The study was conducted in the center of Antalya, the largest city in the south of Turkey, on the
Mediterranean coast. Antalya is a tourism destination and is surrounded by the provinces of Burdur,
Isparta, and Konya in the north, Karaman and Mersin in the east, DQG0X÷ODin the west, with the Mediterranean Sea to the south [24]. The coast of the
Turkish Riviera in Antalya is 657 km long [17]. Of
the population of Antalya, 1,450,209 live in the center of the province, while 719,410 live in the surrounding villages [24]. The area is shielded from the
northerly winds by the Taurus Mountains. The geographic location of Antalya is shown in Figure 1. The
main reason for choosing this area as the site of the
study was its unique natural beauty and various habitats. The Mediterranean climate encourages a
unique plant cover, as shown through the presence
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Microsoft Excel file as raw data, and SPSS 22 was
then used to determine the relationships between
these data. The following materials were used in the
research process:
x Descriptive statistics to determine the demographic statuses of participants and the visual values of different plant types in residential urban areas
x Correlation analysis to determine the reciprocal relationships between residential urban area
parameters and different plant types
x Regression analysis to identify the parameters most important in determining plant preferences
in residential urban areas
The significance level was determined as p <
0.05 or p < 0.01. In the study, weighted means were
assigned to the scores given for plant qualities in urban areas by individual study participants. These
mean values were used to determine whether or not
the preferences of participants differed according to
profession, sex, age, or education status.
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Respondents were asked which outdoor plants
they wanted to grow in their gardens (Table 2). Preferences based on their answers were categorized according to 15 different combinations under 4 main
groups, including (a) fruit trees, (b) forest trees, (c)
ornamental plants, shrubs, and flowers, and (d) vegetable crops. Combinations of fruit trees (64.2%) and
ornamental plants, shrubs, and flowers (60.8%) were
highly preferred by respondents, with vegetable
crops (40.3%) coming second. A minority of the volunteers (17.4%) grew or wanted to grow forest trees
in their gardens. Taken individually, ornamental
plants, shrubs, and flowers had the highest preference ratio. As Antalya already has a forested area of
more than 50% [27], people do not prefer to grow
their own forest trees. Another reason may be that
the majority of forest trees have an excessive height
and a large crown. Research in Erzurum [1] and Malatya [28] has produced similar results. Additionally,
[29] reported that plants that differ in physical properties evoke different responses in people.
Respondents were asked where they acquired
or meant to acquire their garden plants (Table 3).
Preferences were combined in 7 major groups, consisting of (a) forest nurseries, (b) municipal nurseries, (c) private nurseries and florists, (d) peddlers,
(e) local markets, (f) neighbors, relatives, or friends,
and (g) no plans to acquire plants. These main groups
and 23 different combinations are presented in Table
3. Accordingly, people in Antalya acquire their outdoor plants firstly from private nurseries and florists
(59.4%) and secondly from neighbors, relatives, or
friends (31.4%). Furthermore, private nurseries and
florists have the highest rate of combination with
other groups. The preference for private nurseries or

RESULTS
Demographic characteristics are presented in
Table 1. Voluntary respondents were made up of
55.4% females and 44.6% males. The percentages of
married and single respondents were 55.8% and
44.2%, respectively. Of respondents, 61.8% were
below 46 years old. A minority of respondents
(8.4%) were illiterate or had a graduate education.
Home owners made up 65% of respondents, and
61.7% of respondents had a garden. A minority of
respondents (2.5%) were jobless or farmers.

TABLE 1
Demographics of study participants.
Variables
Gender
Male
Female
Marital Status
Married
Single
Age
16-25
26-35
36-45
46-55
56-65
65 and above
Education
Illiterate
Primary school
Middle School
Senior high school
Junior college
Bachelor degree
Graduate

N

%

107
133

44.6
55.4

134
106

55.8
44.2

57
45
46
44
26
22

23.8
18.8
19.2
18.3
10.8
9.2

11
32
20
63
47
58
9

4.6
13.3
8.3
26.2
19.6
24.2
3.8

Variables
Home
Owner
Tenant
Home Type
Gardenless Apartment Building
Gardened Apartment Building
Site
Gardened Detached House
Gardenless Detached House
Job
Officer
Worker
Retired
Self-employment
Jobless
Farmer
Other
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N

%

156
84

65.0
35.0

35
88
51
60
6

14.6
36.7
21.2
25.0
2.5

38
35
59
37
4
2
65

15.8
14.6
24.6
15.4
1.7
0.8
27.1
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TABLE 2
Combinations of outdoor plants according to the preferences of respondents.
Group
Respondent (%)

Group
Respondent
(%)
Group
Respondent
(%)

a
20.0

b
0.8

c
24.6

d
6.2

ab
0.8

ac
7.9

ad
9.6

bc
1.2

bd
0.8

TABLE 3
Groups of outdoor plant supply preference.
c
d
e
f
g
ab ac af

a

b

5.4

2.5

36.7

1.7

5.8

12.1

5.0

0.4

2.5

abcf

abef

acef

bc

bf

bce

ce

cf

2.1

0.4

0.8

1.2

0.4

1.2

4.2

3.8

TABLE 4
Preferred outdoor plant characteristics.

Aesthetic
Planting and Maintenance Easiness
Evergreen
Fruit
Fast Growth
Resistance to climate/
soil requirements
Resistance to diseases
Other (e.g. exotic species)

abc
4.2

abd
0.8

acd
12.1

bcd
0.8

abcd
8.8

abf

ace

acf

aef

abce

0.4

0.4

0.4

0.8

1.2

0.8

cg

cdf

cef

cfg

df

def

ef

0.4

0.4

2.9

1.2

1.2

1.2

2.1

high. Secondly, 29.6% preferred the air cleaning
function of plants. As a matter of fact, according to
a report published in 2009, the air in Antalya has a
pollution level of 40% [32]. Research has also indicated that 36% of respondents use plants to control
air pollution [30]. Noise prevention was the least
preferred function.

florists has most probably resulted from an absence
or deficiency of forest and municipal nurseries in
Antalya. Moreover, private nurseries usually have
more outdoor plant diversity. [30] found similar results in the Turkish cit\RI7HNLUGD÷

Plant Character

cd
1.2

TABLE 5
Preferred outdoor plant functions.
Plant Function
Respondent (%)
Shade
38.3
Noise Prevention
6.3
8.7
Privacy Camouflage
Erosion Prevention
17.1
29.6
Air Cleaning

Respondent
(%)
37.1
13.3
14.2
21.7
2.9
4.6
5.8
0.4

According to chi-square test results (Table 6),
statistically significant differences exist between the
means of outdoor plant preferences and the supply,
character, and function preferences (p < 0.05). According to one-way variance analysis results, variance ratios (F) for education and job in terms of outdoor plant supply preferences and for education in
terms of outdoor plant character preferences are F =
3.484 (p < 0.01), F = 2.408 (p < 0.05), and F = 2.264
(p < 0.05), respectively. There was no significant statistical difference for the other studied preferences.
A Duncan test showed that education and job affected preferences for outdoor plant supply, as local
markets and municipal nurseries were preferred, respectively, whereas the characteristics of aesthetics
and resistance to disease were preferred according to
education.
The profiles of outdoor plants by site, such as
gardened apartment buildings and detached houses,

Respondents were asked which characteristics
of outdoor plants they preferred (Table 4). Of the respondents, 37.1% preferred firstly the aesthetic characteristics of plants, such as the form, color, texture,
and harmony of their flowers, leaves, stems, etc.,
while 21.7% prioritized their fruit. Fast growth was
the least preferred characteristic. Most fruit trees
(lemon, orange, pomegranate, etc.) in Antalya also
have the qualities of ornamental plants. Likewise,
fruit trees are often used for aesthetic purposes rather
than for a commercial return. Therefore, the most
common uses of fruit trees are to benefit from both
fruits and the visual effect of their flowers [31].
Respondents were asked which functions of
outdoor plants they preferred (Table 5). The most
important function of plants for people in Antalya
was shade (38.3%), as the average temperature in
Antalya is 34.4 °C and the number of sunny days is
TABLE 6
Chi-square test results of outdoor plant and supply preferences.

Chi-Square
Df
Asymp. Sig.

Outdoor Plant
Preferences
280.000
14
0.000

Outdoor Plant Supply Preferences
952.000
29
0.000
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Outdoor Plant Character
Preferences
199.067
7
0.000

Outdoor Plant Function
Preferences
90.250
4
0.000
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TABLE 7
Plant species in the gardens of respondents.
Nr
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

Latin Name
Acacia cyanophylla Lindley
Actinidia deliciosa (A. Chev.)
Aloe vera (L. Burm. f.)
Amygdalus communis L.
Antirrhinum majus L.
Arceuthos drupacea Ant. Et Kotschy
Brassica oleracea L.
Brassica oleracea var. capitata f. alba
Callistemon citrinus L.
Capsicum annum L.
Cedrus libani A. Rich.
Cercis siliquastrum L.
Chamaerops excelsa Thunb.
Citrullus lanatus L.
Citrus sinensis (L.) Osbeck
Citrus limon (L. Burm. f.)
Citrus fortunella 'margarita'
Citrus reticulata L.
Cotoneaster sp.
Cucumis sativus L.
Cucurbita moschata Duchesne
Cupressus sp.
Diospyros kaki L.
Eleagnus angustifolia L.
Eriobotrya japonica (Thunberg) Lindley
Eucalyptus sp.
Ficus carica L.
Ficus elastica Roxb. Ex Hornem
Fragaria vesca L.
Hedera helix L.
Hibiscus rosa chinensis
Hydrangea macrophylla L.
Juglans regia L.
Lactuca sativa L.
Lagerstroemia indica L.
Laurus nobilis L.

Total
1
1
1
1
2
3
1
2
1
13
1
8
19
1
42
63
3
24
7
2
3
3
2
1
7
2
25
4
2
5
3
9
5
5
2
5

were determined and are presented in Table 7. Accordingly, a total of 72 outdoor plant species were
available in the gardens of respondents. The most
common was found to be lemon (Citrus limon [L.]
Burm. F). Other common species were pine (Pinus
sp.), orange (Citrus sinensis [L.] Osbeck), rose (Rosa
hybrida L.), olive (Olea europea L.), and pomegranate (Punica granatum L.).
Turkey¶s geographic and climatic characteristics create large changes according to region even
over short distances. These changes are the source of
the country¶s richness of flora species on the one
hand and differences in the selection of plant species
between regions close to one another on the other
hand [28]. Lemon and orange were preferred out of
72 outdoor plant species in Antalya. According to
data from 2013, Antalya ranks first in orange production in Turkey [33]. In similar studies on this subject in Turkey, the most produced fruit in each city
has been identified as the preferred plant for gardens.
[1] have stated that sour cherry and apple are common species in Erzurum, while [28] have reported
the same for apricot in Malatya.

Nr
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
62
63
64
65
66
67
68
69
70
71
72

Latin Name
Lavandula angustifolia L.
Lycopersicon esculentum Mill.
Magnolia grandiflora L.
Malus communis L.
Matricaria sp.
Mentha piperita L.
Mirabilis jalapa Linn.
Morus alba L.
Musa sapientum L.
Myrtus communis L.
Olea europea L.
Peroselinum crispum L.
Persea americana Mill.
Phaseolus vulgaris L.
Phoenix dactylifera L.
Picea orientalis (L.) Link.
Pinus sp.
Platanus orientalis L.
Prunus armeniaca L.
Prunus avium L.
Prunus cerasifera sp.
Prunus cerasus L.
Prunus domestica L.
Prunus persica L.
Punica granatum L.
Pyrus communis L.
Robinia pseudoacacia L.
Rosa hybrida L.
Rubus sp.
Salvia officinalis L.
Solanum melongena L
Solanum tuberosum L.
Thuja orientalis L.
Tilia sp.
Vitis vinifera L.
Zizyphus jujuba Mill.

Total
1
13
5
13
10
12
8
25
2
2
31
7
7
3
6
3
44
5
11
13
3
4
18
7
31
9
7
40
2
1
5
1
1
1
14
1

DISCUSSION
All results concerning plant types in urban areas in this study were related to the demographic status of participants, a finding similar to findings of
previous studies. The most prominent demographic
feature was gender [2, 34, 35], and [4, 5, 11] have
stated that there exists an important relationship between gender and perception of natural formations,
as male and female participants have different perspectives on plants and urban areas. The reduction of
green zones in urban areas in particular has made
UHVLGHQWV¶ YLHZV RQ QDWXUDO DUHDV PRUH GLYHUVH A
visual desire and tendency toward natural areas has
generally been attributed to a decline in green areas
under the pressure of urbanization. At the same time,
an increasing trend toward biodiversity (e.g., increased vegetation cover) has revealed a rising interest in urban green spaces. According to the overall
evaluations made by participants, the general perception of plants in residential urban areas was pos-
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Respondents had different species of plants in
their gardens. Among these, the lemon tree was present in the gardens of all 240 participants. Noteworthy is that 81% of the world annual production of
lemons is carried out by Turkey in Antalya. Lemons,
which have gained cultural and economic value for
the city because of their presence there for centuries
according to historical records, are currently attracting attention as the most preferred plant species in
house gardens. The species found most after lemons
was the Anatolia larch, largely due to climate and
soil requirements and its use in reforestation efforts
across Turkey. The Anatolian larch was followed by
mulberry, rose, cherry, plum, apple, and walnut, respectively. An examination of the tables reveals that
the outdoor garden plants preferred by the people of
Antalya are predominantly fruit trees.
When the results are evaluated in general, the
cultural situation and historical outdoor plant preferences play active roles. The use of different sizes,
textures, colors, woods, shrubs, and locusts of plant
species in recent times in the landscape arrangements of houses, parks, and roadside works by the
municipality are positive and important in increasing
the recreation quality in the city. The results of this
study are useful for municipalities, landscape architects, nurseries, and other relevant groups. In addition, sapling producers should take into account the
ecological properties of Antalya in their selection of
plant materials. People should additionally prioritize
outdoor plants native to Antalya in their planting activities.

itive, and the results show that an increase in diversity also affects levels of appreciation and interest
positively. There exist differences between plant
preferences according to changes in landscape patterns and in perceptual tendencies toward natural and
unnatural patterns, whether urban or rural. In particular, the size, variety, and space/mass ratio of patterns have different perceptual values [35±37].
One of the most important findings of this study
is that plant preference levels for different residential
urban areas based on urban area were higher than for
other landscape areas. Likewise, [4±6] have pointed
out that of different landscape characteristics, the
most favored are plants in urban areas close to water,
such as riparian and lake-wetlands. The lowest plant
selection value in the present study belonged to the
nonurban area type, which had the least plant cover.
From this viewpoint, areas where biodiversity is
high due to an increase in residential urban area and
plant cover were found to be more deserving of
green spaces. The presence of tree groups has been
shown to be more favorable and preferable, and [7]
have determined that preferability levels and appreciation are quite high for forest vegetation with intense tree coverage. The most effective evaluation
parameters regarding plant compositions and landscape characteristics were determined to be naturalness, continuity, interestingness, and excitement.
This study has likewise found that the most effective
parameters regarding selection of individual plant
types were impressiveness, interestingness, and excitement.
According to the results of the questionnaire,
the most appreciated plants had characteristics such
as flowers, leaves, and shade, while plants not
providing shade were least appreciated. Plants determined to be in need in residential urban areas were
largely colorful plants. In this, as in many such studies, the assessment and evaluation of plant qualities
in urban areas were based on participantV¶ plant quality scores. However, in determining plant preferences through surveys, objective as well as subjective evaluations are useful. Urban areas offer an important selection of plants, and the sustainability of
urban landscapes requires the preservation of plant
ecosystems. Therefore, evaluation and analysis of
different natural landscape components such as
plants should be included in landscape planning and
management studies. Plant selection in landscape
planning studies varies from country to country, region to region, depending on ecological conditions
and socioeconomic structures. Turkey¶s geographical characteristics and consequent climatic characteristics are the source of rich flora diversity, though
these characteristics cause differences in the selection of plant species even among close regions. In
the formation of regional differences in the selection
of plant species, lifestyles and habits shaped by
global and local historical processes play an important role.
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hypotheses, spatial autocorrelation may also be considered as an opportunity to increase our understanding of ecological patterns and the hidden processes
[10]. Therefore, it is really necessary to deal with the
spatial autocorrelation in the delineation of ecological patterns and exhibition of the underlying principles [11, 12].
Typically, the spatial autocorrelation in species
richness is closely related to the spatially dependent
abiotic and biotic resources [1, 13]. If the biotic autocorrelation is present, some degree of spatial autocorrelation will still remain in the model residuals after the inclusion of all environmental determinants
[14]. To deal with this spatial autocorrelation occurring in the residuals, a spatial autoregressive structure should be incorporated into the regression
model [15, 16]. This autoregressive structure explains the variation in sample values as a linear combination of neighboring samples and reflects the interaction among samples, i.e. the connection relationship among neighboring samples [2, 8, 17]. This
connectivity among neighbors reveals the pattern in
the underlying process and thus has the significant
ecological implication for the investigation on species richness [6, 7]. Therefore, the implementation of
the proper neighborhood relationship is urgently
needed for ecological studies. However, most previous research seems to arbitrarily choose the contiguity relationship from multiple available connectivity
criteria [18]. Due to the complexity of hidden processes, the theoretical guideline for this question is
not available [19]. Consequently, the empirical exploration is very necessary and important to be carried out to achieve this goal, while to our knowledge,
such exploration was rather rare to date [19, 20].
In this paper, we aim to (1) delineate the distribution pattern of magnolia species richness in China
at the large scale, and (2) evaluate how variations in
the definition of the spatial interaction among samples influence the performances of the pure autoregressive models on quantifying and controlling the
spatial structure in species richness. These explorations may furnish an outline for the biodiversity distribution, a guideline for the biodiversity conservation of magnolia species in China, and a baseline for
the further researches trying to investigate the relationships between species richness and environmental determinants with the implementation of

Spatial autocorrelation occurs when close samples are dependent on each other, which is exceptionally prevalent in ecological data. It is important
to quantify and control the spatial autocorrelation
through spatial autoregressive models to avoid the
inflation in Type I error and bias in regression coefficients resulting from conventional statistical procedures. To achieve this goal, it is necessary to specify
the optimal connectivity among neighboring samples. Here we applied pure autoregressive models incorporating six contiguity scenarios to explore the
sensitivity of model performances, in the case of
magnolia (one of the most primitive angiosperm
family) species richness in China. We found that
magnolia species were concentrated in southern
China and species richness manifested the strong
positive spatial autocorrelation. Autoregressive
models based on both relative neighborhood and
rook networks had the best performances in modeling species richness at the large scale. Our results not
only guide the biodiversity conservation of magnolia
species in China but also improve the understanding
of spatial structure in biodiversity pattern and the
hidden ecological processes. These will be helpful
for the further modeling of species richness with environmental determinants.


'% ! 
Spatial autocorrelation, pure autoregressive model, connectivity matrix, magnolia species richness
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Most ecological data are concerned with spatial
autocorrelation, which indicates a lack of independence between pairs or groups of sample locations
within certain distances across the geographical
space [1, 2, 3, 4]. Spatial autocorrelation leads to a
challenge for ecological analyses because the assumption of independently distributed errors which
is incorporated into most conventional statistical approaches is violated due to the presence of spatial autocorrelation [8, 9]. Besides the serious shortcoming
for the testing and prediction of ecological
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Relative Neighborhood (RN), Minimum Spanning
spatial autocorrelation, and simultaneously allow a
Tree (MST), Rook Connection (RC) and Queen
better understanding of the hidden ecological proConnection (QC) [23]. DT connects a triplet of quadcesses.
rats (actually quadrat centroids), and according to

DT criterion, a circle that circumscribes these three

quadrats must include no other quadrats. Two
" !"!
quadrats are GC connected if and only if the circle

defined by treating the two as at opposite ends of its
!6-+1-9
1+04-99 ):) We obtained
diameter does not contain any other quadrats. Two
distribution maps for 111 magnolia species
quadrats and are connected by an edge of RN if
according to the recently published book Atlas of
and only if there does not exist a third quadrat that
Woody Plants in China [21] using ArcGIS 10.3 [22].
is closer to both and than they are to each other.
We divided the study area into equal-area quadrats
MST connects all the quadrats and simultaneously
of 100 km × 100 km with Albers cubic equal-area
makes sure the minimum total weighting for its
projection to reduce the effect of area on species
edges. RC takes only full neighbors (i.e. four
richness (Fig. 1). We overlaid 111 magnolia species
quadrats) into account and QC takes all eight surdistribution maps with the quadrats and counted the
rounding quadrats for each quadrat. We applied
number of species present at each quadrat to obtain
above mentioned six connectivity matrices to generthe variable: species richness. We calculated the
ate pure autoregressive models respectively.
geographical coordinates (latitude and longitude in

the unit of the meter) of the quadrat centroids for
5,-2-8.583)4+-We evaluated the results
further analyses.
of each autoregressive model using different criteria.
First, we used the coefficient of determination (R2)
!6):1)2 !:8;+:;8- )4, !6):1)2 5,-214/
to measure the ability of each model to account for
Spatial structure can be described through the
the spatial autocorrelation in species richness. The
correlogram, which plots the spatial autocorrelation
squared Pearson correlation between the observed
values against distance classes [23], using the
species richness y and the predicted ρWy gives the
function 'correlog' within the package 'ncf' [24] in R
pseudo- R2 [15]. We simply referred to this as R2 in
2.14.2 [25]. In this study, we measured the spatial
the following analyses. As a second criterion, we
autocorrelation using Moran’s I index, which is
applied the Moran’s I index in the model residual ε
widely applied in the previous studies [2, 20].
to quantify the effectiveness of the model for
Pure spatial autoregressive model is the simremoving the spatial autocorrelation structure [18].
plest autoregressive model and widely applied in the
Finally, we used modified Akaike information
previous studies [5, 26, 27],
criterion (AICC) to select the best autoregressive
(1)
 = ρ + ε
model, which was widely adopted in the previous
where  is the spatial weighting matrix, is the
studies [19, 27]. We compared the difference
autoregressive parameter and  is an error term
between the AICC of each model and the minimum
which is a vector of independent and normally disAICC found, and named this difference as (AICC).
2
tributed variables with zero mean and variance .
A
model with (AICC) > 10 indicates that it is
Among a number of approaches for coding the spasufficiently
poorer than the best model and thus
tial matrix , binary coding (0 or 1) is the simplest
should
be
considered
as implausible and rejected
to define and understand which lists pairs of quadrats
[28].
While
a
model
with
(AICC) < 2 implies that
as either connected or not [18]. Several criteria are
it
has
the
same
performance
as the best model, and a
available to construct this connectivity matrix: Delaunay Triangulation (DT), Gabriel Criterion (GC),
)19:81*;:1545.:0-

7954

$# 

! % 









              !"  ! 


"
-8.583)4+-95.6;8-);:58-/8-991<-35,-29=1:0,1..-8-4:+544-+:1<1:>3):81+-9




58)4?914! 
58)4?9148-91,;)2
 
DT
0.938
2162.536
552.147
0.521
0.324
-0.094
GC
0.999
1685.570
75.181
0.884
0.816
0.538
RN
0.999
1610.389
0
0.907
0.827
0.580
MST
0.895
2262.790
652.401
0.355
0.929
0.610
Rook
0.999
1615.817
5.428
0.906
0.822
0.571
Queen
0.967
1704.892
94.503
0.877
0.770
0.466
, autoregressive parameter; AICC , modified Akaike information criterion; (AICC), difference between AICC of each model and the minimum
AICC found; 2, proportion of explained variation; SR, species richness; DT, Delaunay triangulation; GC, Gabriel criterion; RN, Relative
neighborhood; MST, Minimum spanning tree.

spatial structure in magnolia species richness. There
was a monotonical decrease pattern in Moran’s 
with the increase of geographical distances (Fig. 3).
The performances of pure autoregressive models
were dependent on the connectivity matrices (Table
1). The AIC analyses showed that the best model was
obtained based on the RN connection, which yielded
the minimum AICC values among all pure autoregressive models. It derived the highest 2 value of
0.907 and one of the highest autoregressive parameter of 0.999, but relatively high Moran’s (0.580) in
the residual. The second best model was generated
using the rook connectivity, which returned a little
larger AICC than the best model ((AICC) ≈ 5). It
produces the 2 value of 0.906, the autoregressive
parameter of 0.999 and also the relatively high Moran’s  value of 0.571 in the model residual. All the
remaining models gave the much higher AICC and
the lower 2 values. Particularly, the largest AICC
was owned by the model established by the MST
connection, which merely got the 2 value of 0.355.
DT connectivity matrix led to the slightly negative
spatial autocorrelation in the model residual (Moran’s = –0.094).

#  
-5/8)601+)26)::-845.3)/4521)96-+1-9 
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Here, we delineated the magnolia species distribution in China and discovered that the highest
species richness appeared in the southern China and
especially clustered in Guizhou, Yunnan, and
Guangxi (Fig. 2). This distribution pattern of magnolia species was consistent with that of woody plant
species [30], threatened plant species [31] and orchid
species [32] in China. The pattern of species richness
implied the clear spatial structure in species richness
across the geographical space (Fig. 2). This was further confirmed by the monotonically decreasing pattern in Moran’s along the geographic distances (Fig.
3). These results manifested that the spatial structure
in magnolia species richness in China followed a
general pattern of other taxa [19, 33].
Besides the correlogram based on the relationship between Moran’  and distance classes, spatial
autoregressive models have been widely used to
quantify and control the spatial autocorrelation [18,
20, 33]. Comparing with multiple alternative spatial
autoregressive models (such as the simultaneous

Solid and open circles denoted significant and nonsignificant Moran's  values at the 5% probability level, respectively.

model with (AICC) up to 6 should probably not be
discounted [29]. Spatial analyses on autoregressive
models were conducted in the software SAM
(Spatial Analysis in Macroecology) [11], which is
freely available at www.ecoevol.ufg.br/sam.


!#"!
Magnolia species were distributed across approximately 35% of China’s landmass. As a whole,
magnolia species richness showed a decreasing trend
from the south to the north in China (Fig. 2).
Spatial correlogram manifested the strong
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and spatial scales to test or prove this conclusion.
One may notice that model performances became
poorer and poorer with the increase of the number of
connections among quadrats, while this trend was
broken by MST. MST gave 300 km mean distance,
the minimum connections (335), the largest AICC
value and the least powerful ability (2 = 0.355) to
explain the spatial structure in species richness. This
result was coincident with the previous research [19].
Hence, it is conceivable that an optimal number of
connections may exist in the spatial matrix, and both
more and fewer connections lead to a poorer performance model. In practice, MST is effective to solve
the problems like leasing phone lines to connect all
the offices up with each other at a minimum total
cost. However, MST is not the optimal option to
structure ecological patterns and hence the underlying processes. Consequently, given the above analyses, MST was neither recommended to describe the
spatial structure in processes driving the ecological
patterns.
Although pure autoregressive models established on both RN and rook binary matrices have displayed the best performances on quantifying and
controlling the spatial structure in magnolia species
richness, it is important to notice that relatively high
positive spatial autocorrelation still remained in the
model residual (Moran’s = 0.580 and 0.571, respectively). The remained spatial structure must be attributed to the exogenous autocorrelation involved in
the species distribution, i.e. autocorrelated environmental predictors have the potential abilities to account for more structure in species richness [1, 14,
33]. That is the general reason why a series of spatial
autoregressive models (such as simultaneous autoregressive model etc.) gained increasing applications
in ecological investigations [3]. However, how
changes in the pool of environmental predictors affect the performances of spatial autoregressive models is another complex issue and not the scope of this
paper. In addition, species richness data used here
were calculated from distribution maps of each species at the county scale, which may be overestimated
due to the habitat loss induced by anthropogenic perturbation and global climate change. Despite this, the
results obtained here were reliable at the relatively
coarse resolution of 100 km × 100 km quadrats and
important to provide the guidance for further autoregressive modeling of species richness.


%"!

autoregressive model, etc.), the pure one generated
the simplest function form without explanatory abiotic variables [3, 17]. The abilities of pure autoregressive models to explain and eliminate the spatial autocorrelation in species richness were sensitive
to the variation in the contiguity relationships among
spatial quadrats. The AIC analyses showed that there
was none model with (AICC) smaller than 2. In
principle, it implied that there was a unique best scenario for modeling species richness. This unique one
with the lowest AICC value (1610.389) was derived
from the RN connectivity and explained 90.7% of
the variation in magnolia species richness. For regularly distributed quadrats studied here, RN network
generated 584 links among them, and the mean distance among the linked quadrats was 120 km. Although none model with (AICC) smaller than 2, the
model established on the rook connection allowed an
(AICC) of approximately 5. This indicated that its
contribution to accounting for the spatial autocorrelation should not be discounted [29], and indeed, it
explained 90.6% of the variation in magnolia species
richness. Similarly, it gave 574 connections among
the 336 analyzed quadrats and a mean distance of
100 km among the connected quadrats. The good
performance of rook continuity was also confirmed
and applied in the previous research [16, 19, 34].
Apart from RN and rook, all the remaining alternative scenarios presented the (AICC) larger
than 10, which implied that they were sufficiently
poorer than the best one and should be rejected from
the application [28]. GC and queen criteria generated
838 and 1114 links among the quadrats, and 117 km
and 120 km mean distance among linked quadrats,
respectively. Although the model based on GC was
selected as the second best one from the study of
mammal and bird species richness in Brazilian Cerrado, it showed a negative spatial autocorrelation in
their model residuals [19]. Thus, it declared that a
more careful evaluation should be performed with
the consideration of the application on GC. This negative autocorrelation was not uncommon, which was
supported by the results on DT in this paper. DT
linked 5244 pairs of quadrats, averaged the distances
between these pairs as 718 km, and left a negative
autocorrelation (Moran’s  = –0.094) in the model
residual. It is quite conceivable that the over-specification (i.e. an irrelevant sample is seen as a neighbor)
in the spatial matrix leads to the over-correction of
the autocorrelation in species richness. In this case,
the contributions of exogenous environmental factors would be underestimated, which may result in
worse consequences than the under-specification (i.e.
a relevant neighbor is excluded) of the spatial interaction among samples [35, 36]. Therefore, DT was
not recommended to be incorporated into the spatial
autoregressive models describing the large-scale patterns of species richness, at least under the circumstance evaluated here. Undoubtedly, more studies
are required to be conducted across alternative taxa
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The degradation of a highly loaded ECF (elemental chlorine free) Kraft mill effluent was studied
and optimized using a Catechol (CAT) driven Fenton
reaction in a lab-scale for 2 h at room temperature
using a response surface methodology based on a circunscribed central composited design (CCC). Optimal COD removal was achieved at: Catechol 150
μM.; Fe(III) 800 μM; H2O2 12000 μM ; pH 2.5. At
these optimal reaction conditions, TOC (Total Organic carbon), AOX (adsorbable organic halogens)
and acute toxicity were determined as well. COD,
TOC, and AOX removals achieved by the CAT
driven Fenton reaction were similar to those obtained by conventional and Fenton type reactions (40%
removals, mean value, in all cases). However, the
acute toxicity increased during the CAT driven Fenton reaction and the conventional and Fenton type
reactions. These results suggest that the CAT driven
Fenton reaction would be a more suitable method for
effluent oxidation (as a tertiary treatment). For a feasible application, we suggest to immobilize CAT, or
to use it as a solid phase with anchored catecholate
functional groups i.e an heterogeneous system.
(&!"
Kraft effluent, Catechol-driven Fenton, treatment, AOX,
COD.
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Pulp and paper industry (PPI) has been identified as a highly intensive fresh water consumer and
an important source of water pollution [1], [2]. These
pulp and paper wastewaters (PPWW) have detrimental environmental impacts and pose threat to
wild and human life [3]. Pulping releases resin acids,
unsaturated fatty acids and lignin type compounds,
which are difficult to degrade. Bleaching with chlorine or chlorinated compounds leads to chlorinated
derivatives of these plant constituents, which are persistent, toxic and bioaccumulative. The amount of
adsorbable organic halogens (AOXs) formed depends on chlorine or chlorine dioxide dosage, and on
the initial ratio softwood and hardwood [4].
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As bleaching technologies evolve, other pollutants such as ethylenediaminetetraacetic acid (EDTA)
[5], solvents and adsorbents are being released [6],
[7]. Chemical pulping processes generate an important fraction of poorly biodegradable organics
within the total organic content of the effluent. Recently, a German study on PPWW of modern PPIs
detected Bisphenol A, a recognized endocrine disruptor compound (EDC) of ecotoxicological and
health concern [8], and 2,4,7,9-tetramethyl-5decyne-4,7-diol (TMDD) at extremely high concentrations in the untreated paper industry effluents.
Moreover, these 2 pollutants were proposed as markers for paper industry discharges in general, whether
wastewater treatment is executed or not [9].
Though elemental chlorine-free (ECF) and total chlorine-free (TCF) processes for bleaching
stages have been progressively implemented as strategies to ameliorate impacts on aquatic ecosystems,
toxic effects in all the food chain are continuously
being described, including impaired hormone functions [10], [11] and dioxins [12].
Chile has a 10% of this commodities world
market, and presently has a 5464 million ton/year
productive capacity (FAO, 2014). Based on log consumption, the forestry sector of the Bío-Bío Region
accounts for 57.2 % of the national total, with 40%
of the regional volume being destined to cellulose
pulp [13]. Hence, at the local scale, numerous
PPWW pollutants, are massively incorporated into
the aquatic system and therefore, many studies have
raised attention to this issue in the Bío-Bío basin [15],
[16], [14]. Advanced Oxidation Processes (AOPs),
are being intensely studied as an alternative of effluent treatment. [17] has recently reviewed current
data on the chemistry and efficiency of such treatments for PPWW, emphasizing removal efficiencies
of color and dissolved organic carbon (DOC) from
ECF bleaching effluents and other lignin containing
solutions, by of heterogeneous photocatalysis. Additionally, [18], [19], [20], [21], [22] highlight the potential of combining AOPs and biological treatments
for decontamination.
PPWW treatment is the subject of numerous
studies world-wide and particularly in Chile [1], [23].
Fenton's oxidation has been successfully applied for
chemical oxygen demand (COD) removal in PPWW
as tertiary treatment [11]. Indeed, Fenton treatment
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is environmentally friendly, easily implemented and
suitable for a subsequent biological step and for the
elimination of the organochlorine compounds and
polyphenols contained in PPWW, having the advantage of low operating cost. The disadvantage is
adding a solid disposal step due to iron sludges production [24].
Fenton reaction (Eq. 1) and Fenton- like reactions (Eq. 2) notably differ in that the former (k = 76
M −1 s−1; Eq. 1) is faster by four orders of magnitude
than Fenton-like reaction (k = 0.01 M−1 s−1) [25].
Fe2+ + H2O2 → OH • + OH- + Fe3+
(Eq. 1)
Fe3+ + H2O2 → HO2 • + H+ + Fe2+

were purchased from Sigma. Nitric acid (HNO3), 30%
H2O2, were purchased from Merck. All reagents
were used without additional purification.

-4-7)2 75+-,:7-A pulp and paper ECF sequence effluent from a local kraft paper mill (BíoBío, Chile) was used whose COD, TOC and AOX
were 1350; 764; and 7.28 mg/L, respectively. All reagent solutions were prepared in the dark under an
argon atmosphere. All experiments were performed
at 20 ± 0.1 °C in triplicate (n= 3). The pH of each
solution was adjusted with HNO3 prior to the experiments using a Thermo Scientific Orion 3-Star pH
meter.

0-31+)2=>/-4-3)4,4)2>818
COD analysis of treated effluent was performed by
closed reflux for 2 hours at 148ºC in a thermoreactor
(WTW Thermoreactor, CR 3000). Absorbance at
600 nm was measured on a spectrophotometer (Shimadzu UV-VIS 1603) and COD was determined by
interpolation on calibration curve. COD calibration
curve (range of 250-1000 mg/L O2) was performed
using potassium hydrogen phthalate (C8H5KO4). The
procedure for measuring the COD of each effluent
sample was as follows: The effluent was treated for
2 hours under appropriate conditions for the reaction.
The pH was adjusted to 7 before the addition of 1 mg
of catalase in order to eliminate residual hydrogen
peroxide (proper catalase controls were also considered). 

:291;)71)9- -=6-713-49)2 ,-81/4 %
Multivariate experimental designs were performed
in order to obtain a polynomial that relates the COD
removal, as dependent variable, with reagents concentrations as independent variables.
The optimization was performed in two stages.
The first one consists in two level factorial design
including three central point to calculate the variance.
The main issue of this stage was the selection of the
more important variables and determine the best variable range to perform the optimization experiments.
The main focus of the second stage was the determination of the optimal values. For this purpose, the
chosen experimental designs were circumscribed
central composite designs (CCC), consisting of a
factorial design and star points more three central
points to calculate the error. The data were analyzed
using the Umetrics Modde 7.0 software. The variable values were coded and normalized in unitary values: -1 is defined as the lowest value of a variable
and +1 as its highest value. From these extreme values of variables, the central point (coded 0) was set
and assayed in triplicate. The star points were distributed at a distance of n1/2 from the central point,
where n is the number of variables. The statistical
validation was performed by an ANOVA test with 95%
confidence level.
In the treatment of the pulp bleaching effluent,

(Eq. 2)

The 1,2-dihydroxybenzenes (1,2-DHBs) ligands can enhance the production of hydroxyl radical
by Fenton and Fenton-like systems. The 1,2-DHBs
form complexes with Fe(III), which are pH dependent [26]. These complexes keep the iron in solution,
but only mono-complexes [Fe(1,2-DHB)]+ can reduce Fe(III), increasing the reactivity of Fenton systems at acidic pH. It is important to highlight that
acidic pH plays a pivotal role in the efficacy of these
reactions, which relies upon the enhancement of hydroxyl radical production. In this process, 1,2-DHBs
itself is oxidized to a semiquinone; the pKa of the
OH groups is important in the process since the ligating species is deprotonated 1,2-DHBs. The semiquinone can reduce Fe(III) to Fe(II), forming the
corresponding quinone [27].Thus, 1,2-DHBs increase Fe(III) recycling, which is the limiting step in
the Fenton redox system (Eq.2).
These DHBs reactions, applied to pollutant
treatment, are based on the mechanism displayed by
brown-rot fungi to degrade wood contents [29]. Catechol (CAT) is the simplest 1,2-DHB and these CAT
driven Fenton reactions, have been previously studied as part of the AOPs applied mainly, to model
compounds abatement [30], [31], [28], [32].
If, in optimized conditions, the high content of
1,2-DHB(s) of lignin type molecules present in
PPWW, could enhance organic content removal in
the presence of iron and peroxide, or if the 1,2-DHB
driven Fenton reaction, in optimized conditions,
could trigger organic content removal in a real effluent is a question that remains to be addressed. This
study provides evidence in this regard, since it is
aimed to optimize the reaction conditions of CAT
driven Fenton treatment on a real ECF Kraft pulp and
paper effluent, determining concomitant COD, TOC,
AOX evolution. Additionally, acute toxicity of the
treatment was also assessed.
#!"#"

!-)/-498 Ferric
nitrate
nonahydrate
(Fe(NO3)3•9H2O), Iron(II) sulfate heptahydrate, 1,2benzendiol (catechol) and catalase from bovine liver
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,857*)*2- 7/)41+ )21,-8 ' AOX
determination was done using a "Euroglas ECS
1000" instrument at 1000ºC with an O2 flow of 150
mL/min. Results are expressed in AOX mg/L.


!"$#""$""

the following two variables were analyzed: CAT
concentration, Fe (III) concentration, leaving the pH
and H2O2 concentration constant at 2.5 and 12000
µM, respectively (these optimal pH value and H2O2
concentration were determined from previous factorial experimental design (data not shown) .
The number of experiments done in the screening stage was 4 (2n = 22 =4), and the number of experiments done in the optimization phase, including
the three centrals was 7 (2n + 3 = 2 x 2 + 3 = 7). The
coded values for these 11 experiments are in Table 1.

# 
%+5,-,;)2:-8)96     @
Variable

Value
-1.4

Catechol
(µM)
Fe(III)
(µM)

For the CAT-driven Fenton reaction, the best
pH value and H2O2 concentration were determined
from a previous factorial experimental design (data
not shown), at 2.5 and 12000 µM, respectively. The
pH value found is typical for optimal Fenton and
Fenton type reactions. At higher pH values, free
Fe(II) ions concentration decreases due to the formation of ferrous complexes and the precipitation of
ferric hydroxides [17]. Hydrogen peroxide stability
is high at pH 3–4, and it has been described that decomposes when pH increases [33]. It is important to
note that low pH must be provided in these systems,
to avoid a common precipitation artifact due to iron
hydroxides, with concomitant COD removal. Afterwards, a CCC was performed to determine the best
values for CAT and Fe(III) concentration, to achieve
maximal COD removal.

69131?)9154 5.  7-35;)2 *> 7-86548-
8:7.)+- 3-905,525/> The performed experiments
and the respective results, from the CCC design, are
shown in table 2. The reaction time was kept constant at 2 hours (from previous time course experiments, data not shown). From the results displayed
in Table 2, a polynomial was obtained by multiple
linear regression (MLR) (Eq. 3), where Y is the percentage of COD removal by the CAT- driven Fenton
reaction.
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#59)27/)41+)7*54 (#4)2>818In order to measure the mineralization of the effluent
from each experimental treatment, TOC was determined directly on a Shimadzu TOC analyzer. The results for TOC were expressed in Cmg/L.

+:9- #5=1+19>)88-883-49 Acute toxicity of
the treated effluent was determined by the MICROTOX® system. This technique is based on the exposure of the bioluminescent bacteria      to
different dilutions of a sample of unknown toxicity.
Indeed, light emission impairment is related to toxic
substances and reveals a toxic effect on these organisms.    luminescence is part of its metabolism and when exposed to a toxic substance, the respiratory chain of the bacteria is disrupted, reducing
light output.The results for toxicity are expressed in
toxicity units (TU) defined as 100/EC20, where EC20
is the relative concentration of the sample dilution
(expressed as percentage of the initial concentration)
capable of reducing the light emitted by the bacteria
by 20%.
Effluent samples (treated at 25 ºC for 2 hours
under their respective reacting conditions) were adjusted to pH=7 and catalase was added to eliminate
residual hydrogen peroxide (proper controls considered). Subsequently, several dilutions were made in
MICROTOX® dilution solution and incubated at
37°C for 5 min (thermal acclimation). The kit's reconstituted lyophilized bacteria were acclimatized at
37°C and their luminescence intensity was recorded
for 15 min on the MICROTOX® sensor. Aliquots of
bacteria were added to each cuvette containing the
different effluent dilutions and luminescence was
measured for 15 min. Toxicity units (expressed in %)
were done by the instrument's software.

# 
!-8:2985.%-=6-713-498)4,+5,-,;)2:-8
.577-35;)2)9 097-)93-49
Experiment
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CAT (µM)

FeIII (µM)

Y

Y

calculated

experimental

1

50 (-1)

400 (-1)

19.1

17.8

2

250 (+1)

400 (-1)

42.9

41.4

3

50 (-1)

800 (+1)

43.0

44.4

4

250 (+1)

800 (+1)

46.1

47.4

5

9 (-1.4)

600 (0)

46.1

30.8

6

290 (+1.4)

600 (0)

49.9

41.8

7

150 (0)

320 (-1.4)

25.7

27.7

8

150 (0)

880 (+1.4)

44.6

42.7

9

150 (0)

600 (0)

40.5

44.0

10

150 (0)

600 (0)

40.5

38.9

11

150 (0)

600 (0)

40.5

38.9
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# 
)4,#7-35;)25*9)14-,<190,18914+9
97-)93-498)96   0

Y = 40.56( ± 1.2) + 5.2 ( ± 1.2) CAT + 6.7 ( ± 1.2) Fe3+ –
2.2 ( ± 1.4) (Fe3+)2 – 1,6 (± 1.4) (CAT)2 - 5.2 ( ± 1.6) (CAT
x Fe3+)(Eq. 3)

Treatment

The positive coefficients of CAT and Fe3+ (Eq.
3), suggest that COD removal increases with an increase in the value of these variables, with Fe (III)
concentration being the most important. The negative second-order coefficients of (CAT)2 and (Fe3+)2
indicate a maximum removal region. The goodness
of the fit of the model obtained was demonstrated
through ANOVA with a 95% of confidence (data not
shown). The surface response plot is shown in Fig. 1,
where the two variables under study are shown. The
contour plot was predicted by the polynomial response (Eq. 3) and the model ́s validity is guaranteed
(95% confidence) only inside this area. The maximum COD removal shown in the contour plot was
44.9% using a 150 μ M of CAT and 800 μ M of Fe(III)
at pH 2.5 in the presence of H2O2 at a concentration
of 12000 μM.

Effluent/

COD removal %

TOC removal %

± Std. dev.

± Std. dev.

38.3 ± 4.4

43.4 ± 0.8

40.6 ± 2.7

45.2 ± 0.4

46.7 ± 4.6

37.8 ± 1.1

46.9 ± 5.6

31.3 ± 0.8

Fe(III)800µM/ H2O2
12000 µM
Effluent/
Fe(II) 800µM/ H2O2
12000 µM
Effluent/
CAT 150µM/ Fe(III)
800 µM/H2O2
12000 µM
Effluent/CAT150 µM

/Fe(II) 800 µM/H2O2
12000 µM

*Effluent initial COD and TOC: 1350 mg/L O2, 764 mg/L C,
respectively
**According to values predicted in Eq 3, the of % COD removal under the optimized conditions for the reaction would
be 44.6% with confidence interval of 41.3 – 47.7

This is a typical result for AOP that could be
combined with a subsequent biological treatment
[34], [19]. Better COD removal efficiencies for the
conventional Fenton treatment, such as 80% and 91%
achieved by [17], [11] at optimized conditions are
available. However, it has to be noted that such extensive organic carbon removal is due to low initial
TOC of the effluents subjected to the Fenton treatment. Indeed, those cited PPWW were Fenton
treated after being subjected to other previous steps
(aerobic/anaerobic and reverse osmosis), or a secondary treatment, respectively.
A precedent study by [35], applied a DHB assisted Fenton treatment for Kraft effluent with a 75%
COD removal using 3, 4-dihydroxyphenylacetic acid
(DOPAC) as DHB. Although that effluent also had a
high COD content, (comparable with that found in
the present study), the former effluent was left at its
original pH (5.2). Hence, these data would not be
strictly comparable (such a pH could possibly lead to
iron hydroxides precipitation and concomitant COD
removal artifact).

+:9- 95=1+19> 5. 90- 97-)9-, -..2:-49 Toxicity of effluents is usually studied to assess the potential adverse effects on biota.     has
demonstrated high sensitivity across a wide variety
of toxic substances, and Microtox® has been internationally adopted as a rapid screening test [36]. Ideally Microtox® results should be complemented
with toxicity tests in all trophic levels [37].
In this study, Microtox was performed to assess


$!
!-86548-8:7.)+-.5790-149-7)+9154*-9<--4
#-)4, @  6  
Colors blue to red indicate a lower to higher decrease in
COD values, respectively.


7-35;)214 ,1;-78--49549>6- 97-)9
3-498From the optimal experimental values determined for CAT driven Fenton reaction a new set of
experiments was performed in order to compare
yields with Fenton and Fenton like systems (Table 3).
COD removal was not significantly higher in
the CAT driven Fenton reaction than in the other
Fenton systems. TOC removal was lower for the
CAT driven Fenton reactions, a possibility is that this
latter phenomenon could be attributable to a larger
formation of intermediate carboxylic acids that, as
radical scavengers, can limit mineralization.
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the acute toxicity on    for the untreated effluent and the effluent with the different Fenton-type
treatments described in table 3, performed for 2h at
pH 2.5. Fenton and Fenton like treatments showed
an increased acute toxicity (1.5-fold compared with
non-treated effluent) and CAT-driven Fenton reaction showed a 3-fold increase in acute toxicity (data
not shown). This raise in the acute toxic effect could
be attributed to not completely oxidized phenolic byproducts e.g., quinones [42]. This suggests that the
homogeneous treatment with catechol driven Fenton
reaction would not be suitable. Therefore this reaction application would require, immobilized catechol,
i.e. the use an heterogeneous catechol supported system anchoring CAT to insoluble matrixes to drive
Fenton reactions and as a heterogeneous support,
[27].
The effluent treated in this study was a highly
organic loaded one, and these toxicity results are in
accordance with recently found evidence [38], that
describes significant positive correlation of COD
from PPWW with acute toxicity. Moreover, [39] describe highly toxic species production at substoichiometric peroxide doses for chlorophenol loaded
wastewaters and the behavior was related to the presence of chlorobenzene-diols and condensation byproducts. This could be the present case, since a dose
of 12 mM peroxide is still a low dose compared to
the initial effluent COD.
Increased toxicity in samples treated with advanced oxidation systems has been previously reported and some common AOPs byproducts, e.g.,
methanal, glyoxal and other compounds are thought
to be toxic [40], [41]. It has been also reported that
although     and     toxicity
testing showed decreased toxicity after an AOP effluent treatment, estrogenic activity increased, and
after treatment, three endocrine disruptor compounds were identified (EDCs). In all, reaction intermediates, their half-lifes, and toxic effects is also an
issue to be considered while assessing toxic effects
of after AOPs treated effluents.

' 7-35;)2 The determination of AOX
quantifies halogens that are covalently bound to organic compounds. In the case of a bleaching effluent,
the principal halogen is chlorine, therefore in this
study AOX is designated as adsorbable organic chlorine. Organochlorine compounds are scarcely biodegradable, are highly persistent and bioacummulative,
constituting one of the main environmental concerns
of PPWWs [4]. Therefore, AOX measurement is an
important indicator to assess treatment efficiency,
since it enables to monitor their concentration in
PPWW.
Table 4 shows the values for the percentage of
AOX reduction in the effluent, revealing that the percentage decrease of AOX is similar in the different
treatments.

# 
-7+-49)/-5.'7-,:+91541490--..2:-49<190
,1..-7-49-49549>6-97-)93-4986   0
Treatment

AOX reduction (%) ± Std. dev.

Effluent/Fe(III)800
µM/H2O2 12000 µM

35.8 ± 0.8

Effluent/Fe(II)800
µM/H2O2 12000 µM

44.6 ± 3.2

Effluent/CAT150
µM/Fe(III)800µM/H2O2
12000 µM

42.6 ± 1.1

Effluent/CAT150
µM/Fe(II) 800 µM/H2O2
12000 µM

45.2 ± 1.1

The values show significant decrease in AOX
in the effluent sample treated using systems at pH 2.5.
In general, the decrease in AOX was similar in the
majority of treated effluents, with the exception of
the effluent treated with Fe(III) and H2O2, that
demonstrated a lower reduction of AOX.
It has also been acknowledged that generally,
less AOX is removed by O3 compared to H2O2-based
treatments. Nevertheless, interestingly, increased
AOX content has been reported even after UV/H2O2
treatment probably due to chlorine radicals generated during AOPs that could react with organic matter increasing AOX content [43], [34].


$""
A real, highly loaded, ECF Kraft mill effluent
was subjected to an optimized CAT driven Fenton
reaction. Optimal values of pH, H2O2 dosage, Fe (III)
and CAT were 2.5, 12000 µM, 800 µM and 150 µM
respectively.
In all, similar yields in terms of COD and AOX
removal, were achieved by the CAT driven Fenton
reaction as compared to the conventional Fenton and
Fenton like treatments, whereas the toxicity increased with Fenton and CAT driven Fenton treatment. These results suggest that the CAT driven Fenton reaction is a more suitable method for effluent
oxidation (as a tertiary treatment). For a feasible application, it would be better to immobilize CAT, or
to use solid phase anchored catecholate functional
groups i.e an heterogeneous system.
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isms results from the fact that they play a fundamental role in biochemical processes: they determine the shape and structure of cells, they are present in all tissues of organisms, they demonstrate
biological activity (enzymes, hormones, antibodies), and perform the so-called "special tasks",
among others, they take part in the gas exchange
(hemoglobin, myoglobin), determine muscle contractions (actin, myosin), and store energy (gluten)
[1, 2, 3, 4, 5].
One of the few vegetable proteins, with the biological value comparable to proteins of animal
origin, is potato protein. Potato protein contains all
exogenic amino acids in the proper quantities: lysine, leucine, isoleucine, phenylalanine, valine,
methionine, tryptophan and threonine. Fresh mass
of potato tubers contains approximately 1.7-2.9 %
of total proteins (35-60 % of which is true protein).
As compared to the content of proteins in meat (1621 %) or in plant products, such as beans (21 %),
wheat flour (10 %), this quantity is small, but taking
into consideration the fact that potato is eaten every
day, in many countries of Europe and all over the
world, this plant is put in a privileged position, and
protein contained in potato tubers plays an essential
role in human nutrition [6, 7, 8, 9, 10].
Currently, attention in plant production is paid
not only to quantity and quality of the harvested
crops, but also to environmental protection [11].
The interest of the agricultural practice in microbiological preparations (soil fertilizers), as well as the
few and ambiguous empirical results induce to
further research on the effect of these preparations
on the quality and quantity of the harvest. Therefore, the goal of the study was to identify the impact
of the UGmax Soil Fertilizer on the content of
crude and true protein in edible potato tubers.

The research results are based on a three-year
field experiment conducted in the Agricultural
Experimental Station belonging to the University of
Natural Sciences and Humanities in Siedlce
(52o03oN; 22o3oE). The purpose of the study was
to identify the impact of the microbiological preparation UGmax on the content of crude and true
protein in edible potato tubers. The experiment was
established according to randomized split-plot
method, in three replications. The examined factors
included: I - cultivar, II - way of application of the
microbiological preparation UGmax. The assessment covered two medium early cultivars of potato
(Satina and Tajfun) and five methods of application
of the UGmax preparation, differing in doses and
timing of application. Crude and true protein content in potato tubers was higher on all objects, on
which the microbiological preparation UGmax was
applied, regardless of dose and timing of application, in comparison with a control object, where the
UGmax preparation was not used. Chemical analyses indicated that more crude and true protein was
accumulated by the Satina cultivar than the Tajfun
cultivar. Crude and true protein content in potato
tubers was determined by weather factors in the
period of conduct of the experiment. The largest
quantity of the concerned components was accumulated by tubers in the vegetation period of 2009,
when, in July, low quantity of precipitation (26.4
mm) and optimal air temperature was recorded for
growth and development of potato plants (19.4oC).
)'!#$
Protein, potato, microbiological preparation UGmax
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"8-:? 9-?1=5-8 -:0 1C<1=591:?. The source
material consisted of the results of a field experiment conducted at the Agricultural Experimental
Station Zawady in the years 2008-2010. The field

Proteins are one of the most important groups
of biomolecules. More than 100,000 various kinds
of proteins have been observed in the human body.
The critical importance of proteins for living organ-

7967

#"

  $ 

 







  !




Dithane 455 SC (2.0 kg·ha-1). Tubers were harvestexperiment was conducted on slightly acid and acid
ed in the first ten days of September, in the technosoil (pHKCl 4.81-5.91) classified to quality class
logical maturity phase. Chemical analysis was perIVa. The experiment was established according to
formed on dry material in three replications. Crude
randomized split-plot method, in three replications.
and true protein content was converted from the
The examined factors included: the cultivar and
content of non-protein and protein nitrogen, using
application of the UGmax Soil Fertilizer. The as6.25 factor. Non-protein and protein nitrogen was
sessment covered two medium early cultivars of
measured using the Kjeldahl method on the 2300
edible potato - Satina and Tajfun, and five ways of
Kjeltec Analizer Unit [13].
application of the UGmax preparation at different
doses and application time: 1 - control object with$?-?5>?5/-8 -:-8D>5> The study results were
out UGmax, 2 - UGmax applied to soil before tuber
analyzed statistically using the variance analysis,
planting at a dose of 1.0 dm3·ha-1, 3 - UGmax apand the significance of the differences was assessed
plied to soil before tuber planting at a dose of 0.5
using Tukey's test, at the significance level of P =
dm3·ha-1, when the height of plants is about 100.05.
15cm, and in the flower buds making phase at a

dose of 0.25 dm3·ha-1, 4. UGmax applied to the soil
'1-?41= /;:05?5;:> The weather conditions
before tuber planting at a dose of 1.0 dm3·ha-1 and
during the experiment were different (Tab. 1). In
when the height of plants is about 10-15cm, and in
2008, rainfall exceeded the average multiannual
the flower buds making phase at a dose of 0.5
sum, but was evenly distributed. The air temperadm3·ha-1, 5 - UGmax applied to leaves when the
ture was close to the temperature in the multiannual
height of plants is about 10-15cm, and in the flower
period and on average amounted to 14.7°C. It was a
buds making phase at a dose of 0.5 dm3·ha-1. The
season stimulating growth and development of
UGmax soil fertilizer is an extract of compost conpotato plants and its yield. In 2009, rainfall was
taining a vaccine of soil microorganisms. It consists
unevenly distributed, and the average air temperaof: yeast, lactic acid bacteria,  
  
ture was higher than the average multiannual sum
    bacteria, and actinomycetes, as well as
and amounted to 15.1°C. 2010 was warmer than the
macro- and microelements: potassium (3500
previous seasons, and rainfall was very high
mg·dm3), nitrogen (1200 mg·dm3), sulfur (1000
(459.7mm) and exceeded the average multiannual
mg·dm3), phosphorus (500 mg·dm3), sodium (200
sum by 184.5mm; it was the most humid season.
mg·dm3), magnesium (100 mg·dm3), (20 mg·dm3),

manganese (0.3 mg·dm3) [12].

In autumn, before the experiment was estab#$&%$ $&$$! 
lished, manure was applied at a dose of 25 t·ha-1,
and phosphorus fertilization 44.0 kg P·ha-1 (superphosphate 46 %) and potassium 124.5 kg K·ha-1
Potato (       L.) is the main
(potassium salt 60 %) were used. In spring, nitrogen
source of food in numerous regions of the world.
fertilization (ammonium nitrate 34 %) at a dose of
Potato production may be carried out in various
100 kg N·ha-1 was applied. Potato tubers were
climate and soil conditions, which results in the fact
planted in the second decade of April. In order to
that it is cultivated in 160 countries and holds the
avoid weed infestation, before the potato plants
fourth place among the most cultivated plants after
sprung out, a mixture of herbicides Command 480
wheat, rice and corn. It is also worth emphasizing
SC (0.2 dm3·ha-1) and Afalon Dispersive 450 SC
that this plant has a rich assortment of cultivars:
(1.0 dm3·ha-1) was applied. During growing season,
currently, more than 10,000 potato cultivars are
the plantation was protected against the potato beeknown, and the largest producers of this plant are
tle with insecticides Apacz 50 WG (40.0 g·ha-1) and
China and India [14, 15]. Potato constitutes the
Actara 25 WG (80.0 g·ha-1) and the potato blight
basis for diets in most European countries (Fig. 1).
using Ridomil Gold MZ 68 WG (2.0 kg·ha-1) and

% 
#-5:2-88>-:0-5=?19<1=-?@=1>5: 
A131?-?5;:>1->;:>-??41*-B-0D1?1;=;8;35/-8$?-?5;:
Years
2008
2009
2010
The average over
the years 1987-2000

VIII

IX

Mean/Sum
IV–IX

85.6
68.9
93.2

Months
VI
VII
Rainfalls (mm)
49.0
69.8
145.2
26.4
62.6
77.0

75.4
80.9
106.3

63.4
24.9
109.9

371.4
354.4
459.7

44.1

52.4

49.8

43.0

47. 3

275.2

Temperature ( C)
17.4
18.4
15.7
19.4
17.4
21.6

18.5
17.7
19.8

12.2
14.6
11.8

14.7
15.1
15.6

18.5

13.1

14.7

4

V

28.2
8.1
10.7
38.6

o

2008
2009
2010
The average over
the years 1987-2000

9.1
10.3
8.9

12.7
12.9
14.0

7.8

12.5

17.2

19.2
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The nutritional value of a potato results from
its chemical composition. Potato tubers contain ca.
17 % of complex carbohydrates (starch), ca. 0.5 %
of carbohydrates, 2.3 % of dietary fiber and ca.
0.1% of lipids. Potato is a significant source of
vitamin C (ca. 20 mg in 100g of fresh mass) and, in
a smaller quantity - group B vitamins and folic acid.
The dietetic value of potato tubers affects the content of mineral components, mainly potassium (ca.
500 mg %), calcium (15 mg %) and magnesium (ca.
20 mg%). Presence of these components in food
neutralizes the acidifying effect of cereal products,
meat and fish [17, 18, 19, 20]. Potato tubers also
contain chemicals important in preventing cancer;
they include polyphenols, flavonoids and tocopherols [21, 22].
An important chemical component of potato
tubers is protein of high biological value, comparable to chicken egg whites (reference protein), rich

,

in exogenic amino acids. This is proven by the high
CS (Chemical Score). It defines the relation between the content of limiting exogenous amino acid
in the tested protein to the content of the same amino acid in the reference protein (chicken egg white)
(fig.2).
Potato, due to its substantial consumption by
most people around the world, is an important
source of food, rich in wholesome plant protein.
Own study showed that the UGmax soil fertilizer caused increase in the content of crude protein
in comparison with tubers collected from the control object. The content of crude protein in potato
tubers depended on the method of application of the
microbiological preparation UGmax, the cultivar
and the weather conditions during plant growth
(Tab. 2). The largest content of general protein was
accumulated by tubers collected from object 4,
where the fertilizer concentrate was applied to
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(on average 9.193 % and 8.987 %). The cultivar and
moist soil before tuber planting and twice during
the weather conditions in the experiment period
vegetation at the overall dose of 1.5 dm3·ha-1, and
from object 3, where the UGmax preparation was
also differentiated the discussed feature (Tab. 3). A
applied on the same dates, but at a smaller dose,
substantially greater accumulation of true protein
amounting to 1.0 dm3·ha-1. The conducted research
was recorded in potato tubers of the Satina cultivar
implies that the content of crude protein substantialthan in the Tajfun cultivar. The largest concentraly depended on the cultivar features. Larger content
tion of true protein was recorded in the vegetation
of this component was recorded in tubers of the
period of 2009.
Satina cultivar than in the Tajfun cultivar. It was
Currently, microbiological preparations used
also observed that weather conditions in the period
in plant production attract great interest, both
among producers, as well as among scientists [24].
of the experiment differentiated the content of crude
As a result of the performed study, it was diprotein. Tubers accumulated the largest content of
agnosed that the microbiological preparation UGcrude protein in the vegetation period of 2009,
max caused growth in the content of crude and true
when, in July, small rainfall (26.4mm) and optimal
protein in comparison with tubers harvested from
air temperature for growth and development of
the control object, where UGmax was not used. It is
potato plants (19.4oC) was recorded.
Chemical analysis showed that true protein
confirmed by the research of Wierzbicka and Trawcontent in potato tubers substantially depended on
czyński [25], as well as Kołodziejczyk [11, 26],
methods of application of the UGmax preparation,
who proved that the use of soil microorganisms
cultivars and weather conditions in the research
contributes to the increase in the content of nitrogen
period (Tab. 3). The UGmax soil fertilizer caused
in potato tubers. On the other hand, Trawczyński
increase in the content of true protein in comparison
and Bogdanowicz [12] did not prove the impact of
with tubers collected from the control object. The
microorganisms contained in soil fertilizer on aclargest concentration of the concerned component
cumulation of this component.
was present in tubers collected from object 4 and 3

% 
;:?1:?;2?;?-8<=;?15:5:?410=D9-??1=;2<;?-?;?@.1=>01<1:05:3;:
/@8?5A-=>-:0B1-?41=/;:05?5;:>
Years

Objects
1.*
2.
3.
4.
5.
Mean
LSD0.05 years
cultivars
methods of using UGmax
* designations as in the methodology

2008
12.82
13.31
13.63
14.19
13.27
13.44

2009
13.36
13.69
13.80
13.85
13.66
13.67

Cultivars
2010
12.53
12.83
13.16
13.26
12.80
12.92

Satina
13.16
13.71
14.03
14.29
13.68
13.77

Tajfun
12.64
12.84
13.03
13.24
12.80
12.92

Mean
12.90
13.28
13.53
13.77
13.24
13.34
n.s.
0.79
n.s.


% 
;:?1:?;2?=@1<=;?15:5:?410=D9-??1=;2<;?-?;?@.1=>01<1:05:3;:
/@8?5A-=>-:0B1-?41=/;:05?5;:>
Objects
1.*
2.
3.
4.
5.

2008
7.796
8.353
8.685
9.099
8.243
8.435

Years
2009
9.678
10.090
10.180
10.241
10.043
10.048

Mean
LSD0.05 years
cultivars
methods of using UGmax
years x cultivars
years x methods of using UGmax
cultivars x methods of using UGmax
years x cultivars x methods of using UGmax
* designations as in the methodology

Cultivars
2010
7.697
7.914
8.096
8.240
7.827
7.955

7970

Satina
8.508
9.063
9.315
9.522
8.947
9.071

Tajfun
8.271
8.507
8.658
8.872
8.461
8.554

Mean
8.390
8.786
8.987
9.193
8.704
8.813
0.181
0.118
0.203
n.s.
0.352
0.203
n.s.
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Chemical analysis showed that crude and true
protein content significantly depended on the cultivar features. Larger content of the concerned components was recorded in tubers of the Satina cultivar than in the Tajfun cultivar. Impact of the genetic
factor on accumulation of the concerned features is
confirmed by the research of Shahbazi et al. [27].
The cultivar nature of the diverse protein content
may be determined by: changes in the chemical
composition of particular parts of the plant, distribution of nitrogen within it, diverse nitrogen metabolism on carbohydrate distribution, or development of the root system [28].
Weather conditions in the experiment period
significantly differentiated the crude and true protein content in potato tubers. The largest content of
these components was accumulated by tubers in the
dry and warm vegetation season of 2009, which is
consistent with the research results of Lis et al. [29],
Wierzbicka and Trawczyński [25], Trawczyński
[30]. These authors stated that the content of crude
protein, especially true protein, is stimulated by
warm, dry and sunny period of growth; on the other
hand, excessive rainfall in the harvesting period
may lead to rinsing out of nitrogen from soil, which
results in limited collection of this component by
tubers. Mustonen [31] stated that the growth stage
of plants during harvest also has a significant impact on protein content in tubers.
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The nutritional value of potato tubers is closely related to their chemical composition [32]. The
UGmax soil fertilizer caused growth in the content
of crude and true protein in edible potato tubers as
compared to tubers from the control object, thus
increasing the nutritional value of the potato. Application of this preparation on potato plantations
constitutes an answer to the growing needs of consumers concerning the quality of the consumed
vegetable products. It is also an expression of concern for the quality of the soil environment.
 !' %$
The results of the research carried out under
the research theme number 214/04/S were financed
from the science grant granted by the Ministry of
Science and Higher Education.

7971

#"

  $ 

 







  !




[28]Zebarth, B.J., Tai, G., Tarn, R., de Jong, H. and
Milbum, P.H. (2004) Nitrogen use efficiency
characteristics of commercial potato cultivars.
Canadian Journal of Plant Science. 84, 589598.
[29]Lis, B., Mazurczyk, W., Trawczyński, C. and
Wierzbicka, A. (2002) The factors limiting nitrogen utilization by potato plants and risk for
the environment. Problem Notebooks on Progress of Agricultural Sciences. 489, 165-174.
(in Polish).
[30]Trawczyński, C. (2016) The influence of cultivars and weather conditions of vegetation period on the content of some nutritional and antinutritional components in potato tubers. Acta
Agrophysica. 23(1), 119-128. (in Polish).
[31]Mustonen, L. (2004) Yield formation and quality characteristics of early potatoes during a
short growing period. Agricultural and Food
Science. 13, 390-398.
[32]Zarzecka, K., Gugała, M., Baranowska, A.,
Mystkowska,
I.,
Zarzecka,
M.
and
Niewęgłowski, M. (2017) The effect of herbicides on the copper and zinc content in potato
tubers. Fresen. Environ. Bull. 26, 2817-2821.

[16]Grużewska, A., Zarzecka, K. Gugała, M. and
Paprocka, S. (2016) The Importance of Production and Consumption of Potato and Oilseed
Rape in Poland and Selected EU Countries,
Science Notebooks of the Warsaw University
of Life Sciences. Problems of World Agriculture 16(2), 9-18. (in Polish).
[17]Kolbe, H. and Beckmann, S. (1997) Development, growth and chemical composition of the
potato crop (Solanum tuberosum L.). II. Tuber
and whole plant. Potato Research. 40, 135-153.
[18]Leszczyński, W. (2000) Quality of consumable
potato. Foodstuff. 4, 5-27. (in Polish).
[19]Zarzecka, K., Gugała, M. and Zarzecka, M.
(2013) Potato as good source nutrients Progress
in Phytotherapy. 3, 191-194. (in Polish).
[20]Sood, D.R. and Kalim, S., Shilpa (2008) Biochemical evaluation of potato tubers and peels.
Indian Journal of Nutrition and Dietetics. 45,
410-420.
[21]Reddivari, L., Hale, A.L. and Miller, J.C.
(2007) Genotype, location, and year influence
antioxidant activity, carotenoid content, phenolic content, and composition in specialty potatoes. Journal of Agricultural and Food Chemistry. 55, 8073-8079.
[22]Love, S.L. and Pavek J.J. (2008) Positioning
the potato as primary food source of vitamin C.
American Journal of Potato Research. 85, 350359.
[23]Pęksa, A. (2003) The potato protein - characteristics and properties. Progress in Agricultural Sciences. 50(5), 79-92. (in Polish).
[24]Sangakkara, U.R., Wijesinghe, D.B. and Attana, Yake, K.B. (2011) Soil quality Phaseolus
bean yields as affected by organic matter and
EM in degraded tropical soil. IFOAM Organic
World Congress. Organic Crop Protection. Italy, Modena.
[25]Wierzbicka, A. and Trawczyński, C. (2011)
Effect of irrigation and soil’s microorganisms
on the macro and micronutrient contents in organic potato tubers. Fragmenta Agronomica.
28(4), 139-148. (in Polish).
[26]Kołodziejczyk, M. (2014) Effectiveness of
nitrogen fertilization and application of microbial preparations in potato cultivation. Turkish
Journal of Agriculture and Forestry. 38, 299310.
[27]Shahbazi, K., Tobeh, A., Ebadi, A., Dehdar, B.,
Mahrooz, A., Jamaati-e-Somarin, Sh. and
Shiri-e-Janagrad, M. (2014) Nitrogen Use Efficiency and Nitrate Accumulation in Tubers as
Affected by Four Fertilization Levels in Three
Potatoes (Solanum tuberosum L.). Cultivars.
Asian Journal of Biological Sciences. 2, 95104.

#1/15A10
  
//1<?10
  


!##$"!  &%!#

85/6--=-:;B>7-
Department of Agriculture,
Pope John II State School of Higher Education
in Biala Podlaska, Sidorska 95/98,
21-500 Biała Podlaska – Poland
e-mail: alabar@tlen.pl

7972

#"

  $ 









  !








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

#5513-2:)9 13-25/15 "15-4;5-9 


1

Department of Chemical Engineering, Faculty of Engineering, Canakkale Onsekiz Mart University, 17100, Canakkale, Turkey
2
Department of Food Engineering, Faculty of Engineering, University of Sakarya, Esentepe Campus 54187, Sakarya, Turkey
3
University of Harran, Vocational High School of Siverek, Department of Food Technology, Sanliurfa, Turkey



"#!#

In this study, the use of activated carbon prepared from orange ('2031 1',#,1'1 L.) pulp by
chemical activation has been investigated as an ideal alternative to the current expensive methods of
removing phosphate ions. The effects of initial pH,
initial concentration, contact time, temperature and
other ions on adsorption were studied. The surface
area and micropore volume of the obtained activated carbon were 1779.48 m2 g-1 and 1.1 cm3 g-1, respectively. The results indicated that the adsorption
of phosphate ions followed a pseudo-second-order
kinetic model and fitted the Langmuir and Temkin
isotherm models better than other isotherm models.
The maximum adsorption capacity obtained from
Langmuir equation was 4.61 mg g-1. The calculated
thermodynamic parameters were showed that the
adsorption of phosphate ions onto activated carbon
was feasible, spontaneous and exothermic at 298318 K. The results suggest that the activated carbon
prepared from orange pulp has potential in remediation of phosphate ions contaminated waters.



wastewater should be removed before being discharged into water bodies, such as rivers or lakes
[3, 4].
At present, several methods have been widely
applied to phosphate ions removal from wastewater,
such as chemical precipitation, bacterial activity,
crystallization and adsorption. Among these processes, adsorption comes into sight to be more efficient and economical with advantageous features
like low operational cost, less production of sludge
and fewer disposal problems, etc. [4-7]. 
Adsorption onto activated carbons is a wellestablished technology widely used in the air pollution control, solvent recovery, food processing,
metal recovery, catalysis and wastewater treatment
processes (dyes, heavy metals, detergents, herbicides and pesticides) [8]. Commercial activated
carbon should have been a preferable adsorbent for
the removal of organic pollutants from wastewater,
but its widespread use is restricted due to high associated costs [9]. Therefore, many researchers have
investigated cheaper and more efficient activated
carbon production from industrial and agricultural
wastes [8, 10, 11]
Activated carbons can be produced by physical or chemical activation. Chemical activation involves impregnation of the raw material with chemicals such as phosphoric acid, potassium hydroxide,
and zinc chloride. Among the numerous dehydrating agents, zinc chloride in particular is the widely
used chemical agent in the preparation of activated
carbon. Knowledge of different variables during the
activation process is very important in developing
the porosity of carbon sought for a given application [12, 13]. Several materials such as sludge [13],
cassava peel [14], oak cups pulp [15], sour cherry
stones [10] and sugar cane bagasse [12] have been
used in the preparation of activated carbons by
ZnCl2 activation.
The agricultural and food industries’ wastes
are considered to be very important precursor materials for activated carbon production since they are
cheap, renewable, safe and available at large quantities from easily accessible sources. These wastes
are usually disposed of by burning or by deposition
in landfills, but conversion to higher-value products

'&!"
Industrial waste, orange pulp, activated carbon, phosphate
ions, adsorption. 



#!$#

Phosphate ion is an indispensable macronutrient for the growth, development and normal functioning of biological organisms in most of the ecosystems. Conversely, with rapid industrialization
and urbanization, the excess discharge of phosphate
ions to aquatic environments is taking place through
various anthropogenic activities such as the use of
fertilizers, pigments, detergents and electronic industry discharge, domestic wastewater discharge,
mineral processing, rural and urban sewage disposal, etc. As per USEPA report, dissolved phosphate
ions concentration of 0.02 mg L-1 is considered to
have potential eutrophic effects in aquatic bodies [1,
2]. Therefore, most of the extra phosphate ions in
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such as activated carbon would be preferable [9]. 
In fruit juice factories, large amounts of solid
wastes such as peel, stones and pulp arise during the
fruit processing. Orange ('2031 1',#,1'1 L.)
peels/pulp are one of these valuable waste materials
discarded from juice industry. According to the
Food and Agriculture Organization (FAO), the annual production of orange fruit in 2013 was determined as 2 million tons in Turkey, translating to
approximately 1 million tons of peels/pulp as the
byproducts [16]. In Turkey, a great quantity of orange pulp is yearly generated as a waste in the industrial production of orange juice. Since the orange pulp is available from orange processing industries with low-cost, recycling of this solid waste
would not only be economical but also will be helpful to eliminate the solid waste disposal problems. 
Therefore, this study has investigated the potential use of high surface area activated carbon
prepared from orange pulp by chemical activation
for the removal of phosphate ions from simulated
wastewater.


#!"#"

):-81)39 Orange ('2031 1',#,1'1 L.) pulp
was supplied by the LIMKON Fruit Juice Factory,
(Adana-TURKEY), they were first air dried, then
crushed and finally sized. The fraction of particle
sizes between 1 and 2 mm was chosen for subsequent studies. Stock solutions were prepared by
dissolving the anhydrous potassium dihydrogen
phosphate (KH2PO4) in distilled water to give a
concentration of 5000 mg L-1 PO43- and diluted
when necessary.

on a ceramic crucible in the reactor and heated up to
the final activation temperature (500 °C) under the
nitrogen flow (150 cm3/min) at heating rate of 5 °C
min-1 and held for 2 h at this final temperature. The
resulting solids after carbonization were boiled at
about 90 °C with 100 mL of 1 N HCl solution for
60 min to leach out the activating agent, filtered and
rinsed by warm distilled water several times until
the pH value was 6-7. Finally, they were dried at
105±3 °C for 24 hours.

0)8)+:-81?):165 6. 68)5/- 7;37 )5, )+:1
<):-, +)8*65 The contents of carbon, hydrogen,
nitrogen and sulfur of the orange pulp and activated
carbon were measured using a LECO CHNS 932
Elemental Analyzer with ±0.4% accuracy (LECO
Instruments, USA). The oxygen contents were calculated by difference. 
To determine the surface area and pore structure of activated carbon, the nitrogen adsorptiondesorption isotherms at 77 K were measured by an
automated adsorption instrument, Quantachrome
Instruments, Nova 4000E, with ±0.15% accuracy.
The surface area, pore volume and pore size distribution were determined from nitrogen adsorption
data by using Quantachrome NovaWin2 software.
Adsorption data were obtained over the relative
pressure, P/Po, range from 10-5 to 1. The sample
was degassed at 300 °C under vacuum for 5 hours.
The apparent surface area was calculated by using
the BET (Brunauer–Emmett–Teller) equation within the 0.01-0.2 relative pressure range. The micropore volume was determined according to the
DR (Dubinin-Radushkevich) method.
The amount of N2 adsorbed at relative pressures near unity (≈ 0.99) corresponds to the total
amount adsorbed in both the micropores and the
mesopores; consequently the subtraction of the micropore volume from the total amount will provide
the volume of the mesopores. Pore size distribution
was obtained applying the DFT (Density Functional
Theory) method to the nitrogen adsorption isotherm
by using the software supplied by Quantachrome
Nova 4000E.
Surface functional groups were determined by
Fourier transform infrared spectra (FTIR) using
SHIMADZU IR Prestige 21. Surface morphologies
were studied by scanning electron microscopy
(SEM). SEM images were performed using
TESCAN-VEGA Scanning Electron Microscope.

,9687:165 -=7-814-5:9 Adsorption experiments were conducted through a batch type process.
The studied variables were initial pH, contact time,
initial phosphate ions concentration of solution,
temperature and the presence of other ions. In the
procedure for the batch pH studies, 1 g adsorbent
and 50 mL of phosphate ions solution containing 50
mg PO43- L-1 were mixed and shaken at 298 K for
24 h using a temperature controlled water bath with

8-7)8):165 6. )+:1<):-, +)8*65 The activated carbon used in the adsorption experiments
was obtained at 500 °C activation temperature and
impregnation ratio of ZnCl2:orange pulp = 3:1 at
which conditions the highest BET surface area was
achieved in our previous study [17].
The impregnation ratio was calculated as the
ratio of the weight of ZnCl2 in solution to the
weight of the used raw material. The orange pulp
was mixed with ZnCl2 in a ZnCl2:orange pulp mass
ratio of 3:1. For this purpose, 60 g of ZnCl2 were
dissolved in 250 mL of distilled water, and then 20
g of the orange pulp was mixed with the ZnCl2 solution and stirred at approximately 80-85 °C for 24
h to ensure a complete reaction between ZnCl2 and
orange pulp. The mixtures were then filtered and
the remaining solids were dried at 105±3 °C for
about 24 h.
Carbonization of the impregnated sample was
carried out in a 316 stainless steel tubular reactor
with a length of 90 mm and an internal diameter of
105 mm (Protherm PTF 12) under nitrogen flow.
About 10 g of the impregnated sample was placed
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a shaker (Memmert). The initial pH values of the
solutions were adjusted to different values (2, 4, 6,
8, 10 and 12) by adding dilute NaOH or HCl solutions. The pH was measured with pH-meter (Ino
Lab). After adsorption, the pH value providing the
maximum phosphate ions removal was determined.
Kinetic tests were conducted by 1 g adsorbent with
50 mL phosphate ions solution (50 mg PO43- L-1) at
298 K and original pH, and the supernatant solution
was filtered at regular intervals of predetermined
time during batch adsorption process. For the adsorption isotherm and investigation of effect of initial concentration on phosphate ions removal, 1 g
adsorbent was contacted with 50 mL phosphate ions
solution at concentrations of 25, 50, 75, 100, 125,
150 and 200 mg PO43- L-1 at 298 K and original pH
of the solution for 24 h with continuous shaking. To
determine the effect of temperature, the isothermal
experiments were carried out at 298, 308 and 318 K
for 24 h. The effect of the presence of different ions
such as sulfate, nitrate and ammonium on the phosphate ions removal was studied. For this purpose, 1
g of the adsorbent samples were placed in a flask
containing 50 mL of phosphate ions solution (50
mg PO4-3 L-1) including foreign ions with 10 mg L-1
concentration at original pH and 298 K for 24 h.
The K2SO4, NaNO3 and NH4Cl salts were used to
obtain the respective anions. All the samples were
filtered and the phosphate ions concentration in the
supernatant was determined spectrophotometrically
(Hach DR 2000) by using molybdovanadate method at 430 nm. In the molybdovanadate method,
vanadate-molybdate reagent of 1 mL was added to
25 mL sample. The mixed solution was analyzed
after 3 min with spectrophotometer.
The removal percentage of phosphate ions and
amount of adsorbed phosphate ions, /e (mg g-1)
were calculated by the following equation [18, 19]: 

the release of volatiles during carbonization that
results in the elimination of non-carbon species and
enrichment of carbon [10]. The activation process
also led to an increase in the fixed carbon content
while the volatile matter and ash contents were decreasing. The porosity has a strong effect on the
adsorption properties of the activated carbon. Table
1 presents the characteristics of the pore structure of
activated carbon. The specific surface area of the
activated carbon was found to be 1779.48 m2 g-1
and most of the material (≈78%) consist of micropores. 

# 
0)8)+:-819:1+96.:0-68)5/-7;37)5,)+:1<):-,
+)8*65
Moisture content (wt.%)
0-6'+2#,*71'152
Volatile Matter 
Ash
Fixed carbonb
*2'+2#,*71'152 
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygenb
30$!#.0-.#02'#1
BET surface area (m2 g-1)
Micropore area (m2 g-1)
Total pore volume (cm3 g-1)
Micropore volume (cm3 g-1)
Average pore diameter (nm) 
a
b

Orange
pulp
3.70

82.70
2.80
14.50

45.05
6.29
1.66
0.03
46.97

0.704
---
---
---
---

Activated
carbon
8.37
9.18
0.57
90.25
56.57
2.68
2.77
0.08
37.90
1779.48
1383.20
1.343
1.100
1.98

Weight percentage on dry basis.
By difference


(1)
(2)
Where
(mg L-1) are initial and equilibrium concentrations of the phosphate ions in solution, respectively;  is the volume of phosphate
ions solution (L) and 5 is the mass of the adsorbent
(g). 
!"$#""$""


$! 
#!97-+:8)6.68)5/-7;37)5,)+:1<):-,
+)8*65

The adsorption capacity of the activated carbon depends upon porosity as well as the chemical
reactivity of the functional groups on the surface of

0)8)+:-81?):1656.)+:1<):-,+)8*65
The results of proximate and ultimate analyses and
surface properties of the orange pulp and activated
carbon are given in Table 1. As suggested by the
study, the carbon content increased after activation
process, and the hydrogen and oxygen contents
indicated the opposite change trend. This is due to
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tivated carbon as compared to the raw material.
These results indicated that the carbonyl groups and
substitution in aromatic rings were affected thermally [10, 22]. 
In order to examine the surface morphology,
the orange pulp and activated carbon were subjected to scanning electron microscopy (SEM). Supplementary Fig. S1 illustrates the SEM images
(500xmagnification). Significant differences were
observed between the surface topography of orange
pulp and activated carbon. It can be seen from the
SEM images that the external surface of the activated carbons were full of cavities. It seems that the
cavities on the surface of the carbons resulted from
the evaporation of ZnCl2 during carbonization and
leaving the space previously occupied by the ZnCl2
[23]. The lower surface area of the orange pulp
(0.704 m2 g-1) increased to the 1779.48 m2 g-1 in the
case of activated carbon. The corner lines of the
hole openings could be clearly shown.

the activated carbon. The information about the
chemical nature of the carbon surfaces may be obtained by using FTIR spectroscopy. FTIR analysis
results of orange pulp and activated carbon are given in Fig. 1. The band appearing in the FTIR spectrum of the orange pulp at about 3289 cm-1 was
corresponded to stretching vibrations of –OH
groups. However, the band wasn’t observed in the
activated carbon. The peaks between 2955 and 1606
cm-1 indicate symmetric or asymmetric stretching of
aliphatic band in –CH, –CH2 or –CH3 [20]. These
bands were observed much stronger at orange pulp.
The peaks between 1049 and 1362 cm-1 occurred
due to the presence of primary, secondary and tertiary alcohols, phenols, ethers and esters showing
C–O stretching and O–H deformation vibrations.
The peaks between 767 and 815 cm-1 correspond to
aromatic C–H stretching vibrations indicating the
presence of adjacent aromatic hydrogens [21].
These functional groups decreased at produced ac


$!" 
"+)5515/-3-+:86541+869+67>14)/-96.68)5/-7;37)5,)+:1<):-,+)8*65 =4)/51.1+):165
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..-+:6.151:1)3 0The effect of initial pH on
the removal of phosphate ions is shown in Fig.2. As
shown in the figure, the removal of phosphate ions
increased from 28.4% to 74.6%-75.8% with increased pH from 2.0 to 4.0-6.0 and after pH 6.0,
decreased amount of phosphate ions removal was
observed till pH 12. Thus pH 6.0 was selected as
the optimum pH value and used for all further experiments. Similar results were reported for the
adsorption of phosphate ions using red seaweed
[24], hybrid anion exchanger [25] and fly ash [26].
At low pH value, the species of phosphate ions predominantly exist in H3PO4. This neutral species is
difficult to enter into pore of the activated carbon
because the size of pore sites is too small to accommodate larger ions. With increasing pH value,
the phosphate ions as H2PO4-, HPO42- and PO43- is
major species, which are available onto activated
carbon [27]. The decrease in the removal of phosphate ions at higher pH is probably due to the higher concentration of hydroxyl ions competed with
the PO43- ions for the adsorption sites [24]. 

respectively; and  (mg g-1) is a constant in the
intra-particle diffusion equation, corresponding to
the thickness of boundary layer [19, 28, 29].
The rate constants, calculated equilibrium values and correlation coefficients for each kinetic
model were given in Table 2. The calculated linear
regression coefficients (R2) for the pseudo-firstorder and intra-particle diffusion models are lower
than that of the pseudo-second-order kinetic model.
For the pseudo-second-order kinetic model, the
straight lines with extremely high correlation coefficient (R2=1.0) were obtained. Furthermore, the
calculated /# values agree very well with the experimental value (1.88 mg g-1) for pseudo-secondorder kinetic model. Therefore the adsorption kinetic could well be approximated more favorably by
pseudo-second-order kinetic model for phosphate
ions adsorption. Similar phenomena have been observed in the adsorption of phosphate ions on calcined waste eggshell [5], onto dolochar [1], carbon
residue [30] and red seaweed [24].

# 
15-:1+7)8)4-:-89.68:0-),9687:1656.7069
70):-65:6)+:1<):-,+)8*65
Kinetic
model
1#3"-
$'012-0"#0
1#3"-
1#!-,"
-0"#0
,20
.02'!*#
"'$$31'-,

Constant

) +', 
2.3x10-4
) %+% +', 
6.63

/#!*!+%% 
0.17
/#!*!+%% 
1.72

).+%% +',


0.0013

+%% 
1.70


0.32

1.0




0.47


..-+: 6. 151:1)3 706970):- 1659 +65+-5:8)
:165 )5, ),9687:165 196:0-849 The effect of initial phosphate ions concentration on adsorption was
investigated. The amount of adsorbed phosphate
ions at equilibrium (/#) increased from 0.93 to 3.95
mg g-1 as the initial phosphate ions concentration
was increased from 25 to 200 mg L-1. This was due
to increase in the driving force of the concentration
gradient, as an increase in the initial phosphate ions
concentration. 
The adsorption isotherms describe how adsorbate interacts with adsorbent and equilibrium is
established between adsorbed phosphate ions on the
activated carbon and the residual phosphate ions in
the solution during the surface adsorption. Also,
analysis of equilibrium data is essential for developing an equation that can be used to design and optimize an operating procedure for adsorption process [24]. In the present study, the equilibrium data
were fitted to the Langmuir, Freundlich, Dubinin–
Radushkevich and Temkin isotherm models. The
parameters obtained from these models provide
important information on the adsorption mechanism
and the surface property and affinity of the adsorbent [19].
The Langmuir non-linear equation (6) was ap-


$! 
#0--..-+:6.151:1)3765:0-8-46<)36.
706970):-

,9687:165 215-:1+9 In order to investigate
the controlling mechanism of the adsorption process, the experimental data were fitted in the pseudo-first-order, pseudo-second-order, and intra particle diffusion models which are described as Eqs.
(3), (4) and (5);
Pseudo-first-order equation: 
(3)
Pseudo-second-order equation:
(4)
Intra-particle diffusion equation:

(5)
Where /2 and /# (mg g ) are amounts of phosphate ions adsorbed over a given period of time 2
and at equilibrium, respectively; 2 is the adsorption
time (min); ) (min-1), ) (g mg-1min-1), and ). (mg
g-1min-1/2) are the adsorption rate constants of the
pseudo-first-order adsorption, the pseudo-secondorder adsorption and the intra-particle diffusion,
-1
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had a better fit with the Langmuir and Temkin
models than Freundlich and Dubinin–Radushkevich
models. The plots of isotherm models for phosphate
ions removal on activated carbon are given in Supplementary Fig.S2-Fig.S5.


# 
,9687:165196:0-84+659:)5:9.68),9687:1656.
706970):-65:6)+:1<):-,+)8*65

plied for the adsorption equilibrium of the activated
carbon [31]:
(6)
where #is the equilibrium concentration (mg
L-1), /#is the amount of phosphate ions adsorbed at
equilibrium (mg g-1), - and  are Langmuir constants related to sorption capacity and energy of
sorption, respectively. The essential characteristics
of the Langmuir isotherm can be expressed in terms
of a dimensionless equilibrium parameter ()
which is defined by
(7)

Isotherms 

where is the Langmuir constant and - is the
initial phosphate ions concentration (mg L-1). The
value of  indicates the type of the isotherm to be
either unfavorable (RL > 1), linear (RL = 1), favorable (0 < RL < 1) or irreversible (RL = 0) [23, 32].
The Freundlich non-linear equation is represented by the equation
(8)
-1
-1 1/n
where  (mg g )(L mg ) is the Freundlich
capacity constant and , is the Freundlich intensity
constant. The value of ,shows an indication of the
favorability of adsorption. The value of n greater
than unity shows the favorable nature of adsorption
[33, 34] 
Another equation used in the analysis of nonlinear isotherms was proposed by Dubinin–
Radushkevich (D–R) [35, 36]:
(9)
where /s is the D–R constant and :can be correlated as

,%+3'0

Constants
-+%
% 
4.61

#+)',

0.038
+%% 
+%  ,
0.493

0#3,
"*'!&
3 ',',
"31&
)#4'!&

+% 

/1+%
% 
3.07

+-* )( 




0.120.51
,
2.25





0.9827




0.9348

10

)(
+-* 
0.224

0.8886

% 
0.451


0.9461


0.9764







(10)
where  is the gas constant (8.314 J/mol K)
and (K)is the absolute temperature. The isotherm
constants of /s and are obtained from the intercept
and the slope of the plot of ln /e versus :2, respectively. The constant  gives the mean free energy,
, of sorption per molecule of the sorbate when it is
transferred to the surface of the solid from infinity
in the solution and can be computed by using the
following relationship [36]:
(11)



For the Temkin adsorption isotherm equation,
the energy of adsorption is a linear function of the
surface coverage. A non-linear form of the Temkin
isotherm can be expressed as follows [31]:
(12)
where B = RTb, A is the equilibrium binding
constant (L mg-1) and B is related to the heat of
adsorption. 
Comparison of isotherm models for phosphate
ions adsorption onto activated carbon is shown Fig.
4. Also, the fitting results, i.e. isotherm constants
and correlation coefficients are shown in Table 3.
From this table, a high regression coefficient ( )
value showed that the adsorption of phosphate ions


$! 
9-;,69-+65,68,-8215-:1+736:.68:0-
),9687:1656.706970):-65:6)+:1<):-,+)8*65


$! 
647)819656.,1..-8-5:196:0-8446,-39.68:0-
),9687:1656.706970):-65:6)+:1<):-,+)8*65


7978

#"

  $ 









  !






# 
647)819656.:0-706970):-),9687:165+)7)+1
:1-96.:0-<)816;9),968*-5:9
Adsorbents

Dolochar
Boron waste 
Activated alumina
Biomass, 
*4#0#8''
Calcined dolomite 
Iron hydroxideeggshell
Calcined waste
eggshell
Activated charcoal
!2'42#"-0,%#
.3*.



$!" 
)5/4;18196:0-8446,-3736:.68706970):-
8-46<)365)+:1<):-,+)8*65

$!" 
8-;5,31+0196:0-8446,-3736:.68706970):-
8-46<)365)+:1<):-,+)8*65

Adsorption capacity (mg g-1)
398.6
52.51
53.7
59.77

References
[1]
[39]
[42]
[24]

0.53
2.01

[40]
[41]

23

[5]

0.461

[37]





,2&'1
123"7

For the Langmuir adsorption isotherm, the RL
values were found to be between 0.51 and 0.12 and
this confirmed that the activated carbon was favorable for the adsorption of phosphate ions. This result may be due to the homogeneous distribution of
active sites on the activated carbon. The maximum
adsorption capacity of the activated carbon was
4.61 mg g-1 at the temperature of 298 K and original
pH. Also, comparison of adsorption capacity for
phosphate ions adsorption observed in this study
with other adsorption capacities in the literature was
given in Table 4. The results indicated that activated carbon (this study) and activated charcoal [37]
have low adsorption capacities as compare to other
adsorbents. Adsorption capacity of the activated
carbon was correlated to its micropore surface area.
The presence of micropores is expected to play significant role in the adsorption of phosphate. Generally, the phosphate removal mechanism may include adsorption and co-precipitation processes. In
this study, the reason why 75% phosphate removal
cannot be achieved is that it is only adsorption.
The Temkin isotherm model predicts a uniform distribution of binding energies over the population of surface binding adsorption sites. The range
and distribution of the binding energies should depend strongly on the density and distribution of
functional groups both on the ions and adsorbent
surfaces [38]. The Temkin adsorption isotherm
model was chosen to determine the adsorption potentials of the adsorbent for adsorbate. The Temkin
adsorption potential for activated carbon was 0.451
L/g for phosphate ions (Table 3). 

..-+: 6. :-47-8):;8- The adsorption of
phosphate ions increased as temperature decreased,
indicating that the adsorption process was favored
at lower temperatures (Table 5). The thermodynamic constants such as free energy change (Δ-), enthalpy change (Δ-) and entropy change (Δ-) were
calculated to evaluate the thermodynamic feasibility
and the nature of adsorption process. The changes
in the standard free energy Δ9), enthalpy (Δ9)
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and entropy (Δ9) of adsorption were calculated
using the following equations [19]:
(13)
where is the gas constant (8.314 J mol-1 K-1)
and  is temperature (K), and  is the thermodynamic equilibrium constant of adsorption process.
Equilibrium constant () was estimated as
(14)
According to the van’t Hoff equation:
(15)
the values of Δ9 (kJ mol ) and Δ9(J mol-1
K-1) were evaluated from the slope and intercept of
van’t Hoff plots (Table 5). Generally, free energy
(Δ9 values between -20 kJ mol-1 and 0 kJ mol-1
suggest a physisorption process while Δ9values in
the range of -80 kJ mol-1 to -400 kJ mol-1 suggest a
chemisorption process [19]. In Table 5, the experimental free energy change was negative for the
experimental range of temperatures, corresponding
to a spontaneous physical process of phosphate ions
adsorption onto activated carbon. The negative value of Δ9 indicates that there is a decrease in the
randomness in the system solid/solution interface
during the adsorption process. The negative value
of Δ9 indicates that the adsorption is exothermic.
Similar result has been reported for the phosphate
ions and nitrate ions adsorption [39].

# 
#0-846,>5)41+7)8)4-:-89.68:0-),9687:165
6.706970):-65:6)+:1<):-,+)8*65
-1


(K)
298
308
318



3.03
1.03
0.93

Δ° (kJ
mol-1)
– 2.75
– 2.65
– 2.47

Δ9 (kJ
mol-1)
– 6.87


$! 
#0--..-+:6.6:0-8165965:0-),9687:165)*131:>
6.)+:1<):-,+)8*65

$""

In this study, orange ('2031 1',#,1'1 L.) pulp
was converted into activated carbon by chemical
activation and used for the removal of phosphate
ions. The adsorption was found to be strongly dependent on pH. The uptake of phosphate ions by
activated carbon was maximal at pH 6. The adsorption process could be described by pseudo-secondorder kinetic models and the equilibrium isotherms
belong to the Langmuir and Temkin isotherm models. The isotherm and thermodynamic studies indicated that was physical adsorption and the data may
be useful for environmental technologist in designing treatment plants for phosphate ions removal
from wastewaters. The negative values of ΔG0 and
ΔH0 obtained indicated that the phosphate ion adsorption process is a spontaneous and exothermic in
nature. Phosphate removal decreased from 75% to
53%, 53% and 64% in the presence of 10 mg/L of
nitrate, sulphate and ammonium, respectively.

Δ9 (J molK-1)
– 13.78

1


..-+: 6. 6:0-8 1659 In real systems, several
other ions are present which can compete with
phosphate ions. The effects of the presence of sulfate, nitrate and ammonium ions on phosphate ions
adsorption were studied. The adsorption ability of
the activated carbon for phosphate ions removal in
the presence of the other ions is shown in Fig. 5. It
can be seen that the adsorption of phosphate ions on
the activated carbon is obviously influenced by the
presence of 10 mg L-1 sulphate, nitrate and ammonium ions in the solutions. The adsorption of phosphate ions on the activated carbon can be considered as a competition of phosphate ions with sulphate, nitrate and ammonium ions at adsorbent surfaces. The adsorption of phosphate ions on the activated carbon in solution containing sulphate, nitrate
and ammonium ions is lower than that in phosphate
solution.
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KXPDQ KHDOWK DQG WKH HDUWK¶V HFRORJ\ [3]. The removal of diesel from soils has become a major concern all over the world. Lots of researches had been
carried out, and some methods were used to remediate the oil contamination, such as chemical oxidation,
microbial remediation and phytoremediation [4-6].
The diesel is quite toxic to plant and microorganism,
so it is difficult to remediate diesel contaminated soil
using bioremediation [7]. At the same time, the other
methods are restricted due to the slightly solubility
of diesel.
As a NAPLs, diesel is difficult to dissolve in
water, but the solubility of diesel can increase in
presence of surfactant [8]. So surfactant flushing,
modified from pump-and- treat method, has been
used to remediate the soil and groundwater contamination with NAPLs [9-12]. A series of researches on
the remediation of contamination soil by diesel using
surfactants had been carried out [13-15]. However,
little research has been conducted to investigate the
effect of water washing on contamination soil and
elution characteristics of compounds including three
different groups by surfactants.
In this study, the aged of diesel-contamination
soil was discussed, and the capability of water and
three surfactants to remove diesel fuel from soil were
investigated. In addition, the solubilization curve of
diesel in the presence of surfactants were studied,
and the elution characteristics of compounds including three different groups by surfactants were investigated. The results of this study provided helpful information to remediate of diesel fuel-contaminated
soil using surfactants.

INTRODUCTION

MATERIALS AND METHODS

As one of oil products, diesel is widely used in
industry and transport, and it could be transfer into
soil and groundwater in the possessed of production,
transports, storage and using for not handled carefully. Diesel could destroy the soil structure, and it
would let to the dead of plants and soil microorganism [1]. Meanwhile, diesel could enter the body
through the air, diet or on contact with the skin, and
it caused the risk on people health [2]. Contamination of soil by diesel oil has been a widespread environmental problem duo to significant hazards to

Soil contamination. The soil sample was collected from the topsoil (0-20 cm under the ground
surface) in the green belt of Shenyang University located in Shenyang, Liaoning province, China. The
soil was air dried, grinded and sieved by 60 mesh,
then it was preserved in brown bottle to avoid photolysis after sterilization by autoclaving at 105 Ԩ for
24h [13]. The soil texture was sandyloam with following composition: 1.34% clay, 31.96% silt, and
66.70% sand measured by a particle size analyzer
(MS 2000, Mastersizer, GBR). A pH meter (PB-10,

ABSTRACT
The performance of a nonionics surfactant polyoxyethylene sorbitan monooleate (Tween 80), anionic surfactant sodium dodecyl sulfate (SDS) and
sodium dodecyl benzene sulfonate (SDBS) in the remediation of diesel contaminated soil were studied,
and the elution characteristics were investigated in
this study. The results showed that more than half of
diesel evaporated from the soil after one year aged,
and the soil adsorptive capacity was closely related
to soil organic matter (SOM) and clay contents. A
part of diesel, which could be washed by water, existed in the aged contaminated soil as free form or
non-sorption state, and the elimination rate of water
washing peaked at 61.66%. SDS had the highest elution efficiency, and the soil-washing ability for diesel of surfactants followed the order of SDS > SDBS
> Tween 80. The elution ability of anionic surfactant
on the compounds including group (CH2) and including group (CH3) was similar, and the elution
ability of nonionics surfactan on the compounds including group (CH2) was stronger. The mixed surfactants were used to wash the polluted soil, but the
elimination rate was lower than SDS. The results
suggested that SDS should be selected as the most
appropriate surfactant to remediation of diesel-contaminated soil.
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extraction was carried out in a 125mL teflon separating funnel. The supernatant was and 20 mL tetrachloromethane were completely mixed and statically separated in teflon separating funnel. After dehydrated by anhydrous sodium sulfate and passing
through a glass fiber filter, the below solution was
constant-volumed in a 50-mL glass tube, and it was
stored without light until tested.
There are some methods to measure the concentration of diesel fuel in the soil, such as gravimetric analysis [22], ultraviolet spectrophotometry [15],
infrared spectrophotometry [21, 23-24], and gas
chromatography [13]. Due to handy operation and
Good data stability, infrared spectrophotometry was
used to measure the concentration of diesel fuel in
this study. A 40 mm quartz cuvette was used, and
absorbance was measured at the wave numbers 3030
cm-1, 2960 cm-1, and 2930 cm-1in the procedure of
infrared spectrophotometry [21, 25]. The absorbance
value at 3030 cm-1 correspond with the concentration
of group (CH), the absorbance value at 2960 cm-1
correspond with group (CH3), and it at 2930 cm-1
correspond with group (CH2). An infrared oil content
analyzer (JDS-107U) purchased from Jilin Jiguang
analytical instrument factory was used to analyze the
concentration of diesel of sample.
Three replicates of each treat were carried out,
and the data in the study was the mean of the three
replicates. Standard solution and reagent blanks
were inserted randomly to control the analytical
quality and precision, and the device was re-calibrated when the deviation was >10%. EXCEL 2007
was used to plot the experimental data and analyze
the data.

Sartorius, GER) was used to measure the soil pH
(1:2.5 soil /deionized water by weight) [16], and the
organic matter content was detected by the potassium dichromate-outside heating method [17]. pH
was 7.11, and the organic matter content was 3.10%.
The 0 diesel-oil was used to artificially pollute the
soil, and the rate was 1 wt.%. The brown bottle was
covered by appropriative sealing material to allow
gas diffusion and to avoid the microbial culture, and
kept at room temperature for one year.
Chemicals, reagents and instruments. Spectrum Grade tetrachloroethylene purchased was used
in the extraction and analysis step of diesel. Nonionics surfactant polyoxyethylene sorbitan monooleate
(Tween 80), anionic surfactant sodium dodecyl sulfate (SDS) and sodium dodecyl benzene sulfonate
(SDBS) purchased from J&K Chemical were used to
washing the diesel fuel-contaminated soil. The average molecular weight of Tween 80 is 3968.85 and
the critical micelle concentration (CMC) is 15.7
mg/L [18-19], 288.38 and 2307 mg/L for SDS[14],
and 348 and 520 mg/L for SDBS[19-20]. A thermostatic oscillator (ZD-85), a table-top low speed centrifuge (TD5A-WS) and an electronic balance (TB214) were used in the process of experiment. A MillQ system Elix 5 purchased from Millipore was used
to produce the deionized water, and a Surface Tension Meter (SITA t100) was used to measure the surface tension.
Washing Experiment. The surfactant solution
was prepared with different concentrations (0, 100,
500, 1000, 2000, 3000, 4000 mg/L), and saved in 1
L glass volumetric flask. A weight of 2.00 g of contaminated soil sample was weighted into each 50-mL
glass vial, and the surfactant solution was added into
each glass vial with the ratio 1: 20 (solid/solution).
Then the glass vials were equilibrated in a reciprocating shaker for 48h at 25 °C [19], and were subsequently centrifuged at 3,000 rpm for 5 min. The deposit soil and the supernatants were collected in different glass bottles.

RESULTS AND DISCUSSIONS
Aging of contamination soil and water washing. The artificially polluted soil was aged for one
year, and the soil was first washed with distilled water. The concentration of diesel in the artificially polluted soil, the aged polluted soil and water washing
soil were measured, and the results were showed in
Figure 1. After one year aged, the concentration of
diesel decreased from 10000 mg/L to 4549.22 mg/L,
and about 54.5 % of diesel evaporated from the soil.
Because that the absorbance value was proportional
to the concentration of three different groups, the
percent of absorbance value was used to describe the
concentration change of compounds including three
different groups. The percent of absorbance value
was showed in Figure 2. Compare with the diesel,
the absorbance value of group (CH) disappeared in
the aged soil and water washing soil, and it meant
that the compounds including group (CH) had evaporated during aging process of polluted soil. There
was a little difference of the absorbance value of
group (CH2)/absorbance value of group (CH3) between diesel and aged soil, so the compounds

Extraction and analysis. The extraction of
diesel in the deposit soil: after air dried and grinded,
a weight of 1.00 g of the deposit soil from each washing experiment were combined with 2.00g anhydrous sodium sulfate, and 20 mL tetrachloromethane
was mixed with the soil sample. After ultrasonically
extracted for 30 min, the samples were subsequently
centrifuged at 3,000 rpm for 5 min, and the supernatant was collected. The sediment was ultrasonically
extracted and centrifuged twice with 10 mL tetrachloromethane. All of the supernatants were mixed,
and were constant-volumed in a 50-mL glass tube after passing through a glass fiber filter [21].
The extraction of diesel in the supernatant: a
liquid-liquid extraction was used to measure the concentration of diesel in the supernatant [21], and the
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of soil particle size. So the adsorptive capacity of soil
to the diesel depends on the amounts of SOM and
clay contents, and the adsorptive capacity was
closely related to SOM and clay contents [27-28].
The similar results were obtained in the researches
on the adsorption of organic contamination and
heavy metals [29-32].
After water washing, the concentration of diesel was 1744.00 mg/L. Wang (2011) found that the
theoretical maximum adsorption quantity of fine
sand and loam on the diesel were 234 mg/kg and 430
mg/kg calculated using Langmuir adsorption equations [33]. Therefore, it can be concluded that a high
proportion of diesel existed in the aged contaminated
soil as free form or non-sorption state, and other was
adsorbed onto the surface of soil particle and SOM.
So a portion of diesel can be cleared by water washing. The elimination rate of water washing was
61.66% using method proposed by Khalladi et al.
[13], and it was about twice as much as the elimination rate of water washing in the study of Khalladi et
al. [13]. SOM (3.10%) and clay contents (1.34%) in
this study was significantly smaller than them
DQG LQ.KDOODGL¶VVWXG\DQGWKDWZHUH
the important reason why the elimination rate of water washing in the study was much less in this study.

including group (CH2) and group (CH3) evaporated
in the similar degree during aged process of polluted
soil. The percent of group (CH2) absorbance value
increased, and it meant that the compounds including group (CH3) was easier to eliminate from soil by
water washing than the compounds including group
(CH2).
The adsorption mechanismus of diesel in soil
were distributional effect and sorption effect. In
aqueous solution, the essence of distributional effect
was the dissolution of SOM to diesel, and the distributional effect depended on the solubility of diesel
in water [26]. The adsorption capacity of diesel on
soil increased while the solubility of diesel decreased
in water, and the diesel was easier to assign to SOM.
Sorption effect was the surface absorption of soil
mineral on diesel in non-polar organic solvents, and
sorption effect depended on surface adsorption site
and the polar of diesel [26]. Because of low solubility of diesel in water and relatively large solubility
of diesel in SOM, diesel was easier to dissolve in
SOM than in water, and it was extracted to SOM
from water. Meanwhile, there were polarity water
molecules in water, which would compete surface
adsorption site with diesel, so it was hard to absorb
on soil mineral for diesel. Additionally, the surface
adsorption site of soil increased with the decreasing

FIGURE 1
Concentration of diesel after aged and water washing

FIGURE 2
The percent of absorbance value of diesel in the soil
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FIGURE 3
Desorption of diesel from the soil in the presence of surfactants

Treatment by surfactants. The three surfactants were used for soil washing in the soil contaminated with diesel, and the residual concentrations of
diesel in the soil were showed in Figure 3. It is seen
from Figure 3 that the residual concentration of diesel decreased with the increasing concentration of
Tween 80 because that the concentration of surfactant in the research was beyond the CMC, however,
the rate was decreasing more and more slowly. The
residual concentration of diesel decreased slowly in
the treatment of SDS and SDBS when the concentration is below its CMC, but the residual concentration
of diesel was below the residual concentration washing by water.
It is generally known that the surfactants have
solubilisation effect on hydrophobic organic compounds only when its concentration was above
CMC, but it could not improve the desorption of hydrophobic organic compounds on the soil, even to
inhibit, when its concentration was below CMC [19,
34]. But the result in this study shows that surfactants
could enforce the desorption of hydrophobic organic
compounds when the concentration is below its
CMC, and the similar phenomenon was discovered.
Wen et al. (2013) found that Tween 80 could enhance the dissolution of DDT when the concentration of DDT was below the CMC [35]. It may be attributed to the following three reasons. (1) Some surfactant molecules could join together to form polymers even when its concentration was below CMC,
and it would increase the dissolution of hydrophobic
organic compounds [19, 35]; (2) Some surfactant
could dissolve in the water, and this would enforce
the solubility of hydrophobic organic compounds to
some extent in the water[19, 35]; (3)The adsorption
of surfactant were influenced by SOM and clay content [36], and SOM and clay content were low in the
soil of this study. This resulted that more surfactant
molecules could dissolve in water, and this led to an
increase of hydrophobic organic compounds solubility in the aqueous phase.

The residual concentration of diesel decreased
with increasing surfactant concentration in the range
of CMC to 3000 mg/L. When the surfactant exceeded 3000 mg/L, the pace of decline decreased
sharply, even the residual concentration of diesel increased slightly in the treatment of SDBS and SDS.
Some studies suggest that the solubilization effect of
surfactant to hydrophobic organic contaminants
(HOC) increased with the increasing concentration
of surfactants when the concentration of surfactant
was above the CMC [37-40]. But Lu et al. (2009)
found out that the solubilization effect of surfactant
was tending towards stability and even decreased a
little in the washing of heavily oil-contaminated soil
using surfactant when the concentration of surfactant
was beyond 3000 mg/L [41]. Similar results on the
solubilization effect of surfactant were also observed
in some reports [42-43]. The solubilization effect of
surfactant to HOC was a very complicated process,
and it was affected by some factors like solubilization capacity, emulsifying ability, solubility of surfactant and soil surface wettability [41-42]. The inorganic salts maybe cause interference to the dissolution of surfactant, meanwhile, some surfactant
could be absorbed by the particle of soil. They would
affect the solubilization effect of surfactant to HOC
and decrease of surface tension. Fig. 4 shows a plot
of the surface tension of soil in presence of surfactants. The surface tension of soil decreased with increasing surfactant concentration, but it tended towards stability and even increased a little when the
surfactant exceeded 3000 mg/L. So the optimum elution effect of SDS and SDBS were achieved in 3000
mg/L during under the studied concentration, and the
residual concentration of diesel were 728.15 mg/L
and 939.14 mg/L, respectively. The optimum elution
effect of Tween 80 was achieved in 4000 mg/L during under the studied concentration, but the residual
concentration in 4000 mg/L (1223.26 mg/L) only decreased 0.40% than in 3000 mg/L (1230.33 mg/L).
From the results, it was obvious that the optimum
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effect of different surfactant. Supposing that the solubilization curve of diesel by the surfactants was linear, the solubilization curve could be expressed by
the following formula: y=kx+b, where y (mg/L) is
the concentration of diesel in the solution in the presence of surfactant, x (mg/L) is the concentration of
surfactant, k is the solubilization rate constant of surfactant to the diesel, and b are the constant. The concentration of diesel in the solution in the presence of
surfactant was fitted using a linear fitting method,
and the equation of solubilization curve and the
square regression coefficient R2 were given in Table
1. Based on the square regression coefficient R2, it
indicated that the fitting result of SDS was the best.
The solubilization rate constant of surfactant to the
diesel (k) of SDS was the most, following by SDBS,
and Tween 80 the least. Based on the k, we can come
to the conclusion that the solubilization capacity of
SDS was the best, and SDS could be used as an eluent in the remediation of oil contaminated soil.

elution efficiency was achieved when the concentration of SDS was 3000 mg/L, and washing using SDS
was a technology with fine prospect in remediation
of diesel contaminated soil.
In order to get more information, the nonionic
surfactant (Tween 80) and the anionic surfactant
(SDS) were mixed at the mass rate 1:1, 1:2, 1:3, 1:4,
2:1, 3:1, 4:1, and the mixed surfactant was used to
wash the polluted soil. The residual concentration of
diesel in the soil was showed in Figure 5. The residual concentration was maximum washed by mixed
surfactant (Tween 80: SDS, 1:1), and it was minimum washed by mixed surfactant (Tween 80: SDS,
1:3). However, the minimum residual concentration
of diesel washing by mixed surfactant was far greater
than washed by SDS. In conclusion, the anionic surfactant SDS was the most effective for washing the
diesel from the contaminated soil.
Elution characteristics of diesel by surfactants. The solubilization curve of diesel in the presence of surfactant was studied to compare the eluting

FIGURE 4
Effect of soil on the surface tension of surfactants

FIGURE 5
The residual concentration of diesel in the soil washed by mixed surfactant
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TABLE 1
Solubilization curve of diesel by the surfactants
Surfactant
Solubilization curve
R2
SDS
y = 0.0133x + 145.45
0.9069
SDBS
y = 0.0088x + 145.82
0.8836
Tween80
y = 0.0061x + 146.58
0.8222

FIGURE 6
The percent of absorbance value of diesel in the soil washed by different surfactants

group (CH) disappeared in the aged soil and water
washing soil. It meant that the compounds including
group (CH) had evaporated during aging process of
polluted soil, and a high part of diesel in the aged
contaminated soil existing as free form or non-sorption state was easy to clear by water washing. The
adsorptive capacity of soil to diesel depends on the
amounts of SOM and clay contents, and the lower
amount of SOM and clay contents in this study were
one of the main reasons for the lower adsorptive capacity of soil to diesel. SDS had the highest elution
efficiency, and the soil-washing ability for diesel of
surfactants followed the order of SDS > SDBS >
Tween 80. The optimum elution effect of SDS were
achieved in 3000 mg/L during under the studied concentration. The elution ability of anionic surfactant
on the compounds including group (CH2) and including group (CH3) was similar, and the elution
ability of nonionics surfactan on the compounds including group (CH2) was stronger than the compounds including group (CH3). The mixed surfactant
was used to wash the polluted soil, but the elimination rate was lower than SDS. So SDS was the most
appropriate surfactant for remediation of diesel fuelcontaminated soil among the experimental surfactants. The obtained information can provide meaningful information for the remediation of diesel-contaminated soil, and were useful to develop an effective remediation technology.

The relationships of the elution efficiency of
organic contamination with surfactant type had been
studied [13-14, 16, 19]. In this work, the elution
characteristics of compounds including three different groups by surfactants were investigated. The absorbance values of diesel in the soil washed by different surfactants were measure, and the percent
were showed in Figure 6. Compare with the soil
washed by water, the rate of the absorbance value of
group (CH2)/absorbance value of group (CH3)
changed little after washed by anionic surfactant
(SDS and SDBS), and the rate was reduced after
washed by nonionics surfactan (Tween 80). It meant
that the compounds including group (CH2) and
group (CH3) were eluted in the similar degree during
the elution process of polluted soil using SDS and
SDBS, and the compounds including group (CH2)
was easier to eliminate from soil by Tween 80 than
the compounds including group (CH3). So, the elution ability of anionic surfactant on the compounds
including group (CH2) and including group (CH3)
was similar, and the elution ability of nonionics surfactan on the compounds including group (CH2) was
stronger than the compounds including group (CH3).

CONCLUSIONS
The performances of elimination of diesel from
contaminated soil and the elution characteristics using three surfactants were investigated. The main
conclusions were drawn as follows:
After one year aged, the concentration of diesel
decreased from 10000mg/L to 4549.22mg/L, and the
concentration of diesel was 1744.00 mg/L after water washing. Meanwhile, the absorbance value of
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[12] 8P - /HH * 6RQJ 6 +RQJ 6 /HH 0
 3LORWVFDOHIHDVLELOLW\WHVWRI,QVLWXVRLO
IOXVKLQJ E\ XVLQJ µ7ZHHQ ¶ VROXWLRQ DW ORZ
FRQFHQWUDWLRQIRUWKH[\OHQHFRQWDPLQDWHGVLWH
-6RLO*URXQGZ(QYLURQ  
[13] .KDOODGL5%HQKDELOHV2%HQWDKDU)0RX
ODL0RVWHID 1   6XUIDFWDQW UHPHGLDWLRQ
RI GLHVHO IXHO SROOXWHG VRLO - +D]DUG 0DWHU
  
[14] /L*0DR+-*RQJ=46XQ<*=KRX
&=)DQJ='  6ROXELOL]DWLRQRIGLHVHO
DQG SRO\F\FOLF DURPDWLF K\GURFDUERQV E\ FHU
WDLQNLQGVRIVXUIDFWDQWV5HVHDUFKRI(QYLURQ
PHQWDO6FLHQFHV  
[15] /Y))&KHQ4<  $SSOLFDWLRQRIVXU
IDFWDQWV LQ ZDVKLQJ RI GLHVHORLOFRQWDPLQDWHG
VRLO 0LQLQJ DQG 0HWDOOXUJLFDO (QJLQHHULQJ
  
[16] :HQ;:DQJ77&KHQ::/L<0*XR
3  $GVRUSWLRQRI''7LQVRLOXVLQJDVLQ
JOH DQG FRPELQHG HIIHFW RI FDGPLXP DQG
7ZHHQ&KHP(FRO  
[17] :DQJ &3 <X / =KDQJ =< :DQJ %/
6XQ +:   7RXUPDOLQH FRPELQHG ZLWK
3KDQHURFKDHWHFKU\VRVSRULXPWRUHPHGLDWHDJ
ULFXOWXUDO VRLO FRQWDPLQDWHG ZLWK 3$+V DQG
2&3V-+D]DUG0DWHU
[18] *XR + =KDQJ - /XR =<DQJ 6 6XQ &
 (IIHFWRI7ZHHQDQGȕF\FORGH[WULQRQ
WKH GLVWULEXWLRQRIKHUELFLGH PHIHQDFHWLQVRLO
ZDWHUV\VWHP-+D]DUG0DWHU  
[19] *XR 3 &KHQ :: /L <0 &KHQ 7 /L
/+:DQJ*=  6HOHFWLRQRIVXUIDFWDQW
LQ UHPHGLDWLRQ RI ''7FRQWDPLQDWHG VRLO E\
FRPSDULVRQRIVXUIDFWDQWHIIHFWLYHQHVV(QYLURQ
6FL3ROOXW5HV
[20] ;X-<XDQ;'DL6  (IIHFWRIVXUIDF
WDQWVRQGHVRUSWLRQRIDOGLFDUEIURPVSLNHGVRLO
&KHPRVSKHUH
[21] :X+6XQ/1:DQJ+:DQJ;;  
3HUVXOIDWH R[LGDWLRQIRUWKH UHPHGLDWLRQRISH
WUROHXPK\GURFDUERQFRQWDPLQDWHGVRLOV3RO-
(QYLURQ6WXG  
[22] :DQJ 5* :DQJ 0 1LX ;:7DQJ -&
 'HWHUPLQDWLRQRIWRWDOSHWUROHXPK\GUR
FDUERQVFRQWHQWLQVRLOE\XOWUDVRQLFVR[KOHWH[
WUDFWLRQJUDYLPHWULF DQDO\VLV &KLQHVH -RXUQDO
RI$QDO\WLFDO&KHPLVWU\  
[23] 'HSDUWPHQWRI(QYLURQPHQWDO3URWHFWLRQ  
3HRSOHV5HSXEOLFRI&KLQDVWDWHHQYLURQPHQWDO
SURWHFWLRQ VWDQGDUGV VRLO SHWUROHXP PHDVXUH
PHQW GUDIW 
[24] /LX -1   'HWHUPLQDWLRQ RI7RWDO 2LO LQ
:DWHUE\63(,QIUDUHG6SHFWURSKRWRPHWU\+HL
ORQJMLDQJ(QYLURQPHQWDO-RXUQDO  
[25] 'HSDUWPHQWRI(QYLURQPHQWDO3URWHFWLRQ  
3HRSOH V 5HSXEOLF RI &KLQD QDWLRQDO HQYLURQ
PHQWDOVWDQGDUGV+-ZDWHUTXDOLW\RLO
DQGDQLPDODQGYHJHWDEOHRLOVE\LQIUDUHGVSHF
WURSKRWRPHWU\
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DETERMINATION OF BIOACTIVE COMPONENTS AND
ANTIMICROBIAL ACTIVITY OF METHANOLIC
EXTRACTS OF MISTLETOE LEAVES
(VISCUM ALBUM L. SUBSP. ALBUM L.)
Dilek Keskin1,*, Nur Ceyhan-Guvensen2
2

1
Kosk Vocational High School, Aydin Adnan Menderes University, Aydin, Turkey
Biology Department, Faculty of Sciences, Mugla Sitki Kocman University, Mugla, Turkey

been reported [5]. Many of these folkloric uses have
already been investigated [6-8].
The objectives of this work were therefore to
investigate the antimicrobial activities of six different solvent extracts from West Anatolian mistletoes
and to determine the chemical compound content to
find out the relationship between antimicrobial activity and the compound content. This is the first
study about collected from antimicrobial activity of
West Anatolian mistletoes. Therefore, we have
tested antimicrobial effect against some microorganisms including opportunistic pathogens: Gram-negative bacteria; Escherichia coli ATCC 35218, Pseudomonas aeruginosa ATCC 27853, Salmonella
typhimurium CCM 583,Aeromonas hydrophila
ATCC 19570, Klebsiella pneumoniae CCM
2318.Gram-positive bacteria; Staphylococcus epidermidis ATCC 12228, Bacillus subtilis ATCC
6633, Bacillus cereus CCM 99, Staphylococcus aureus ATCC 6538/P, Streptococcus faecalis ATCC
8043,fungus; Candida albicans ATCC 10239.The
antimicrobial activity was measured by using disc
diffusion method and minimal inhibitory concentration (MIC).

ABSTRACT
The extract of ethanol, methanol, hexane, chloroform, isopropanol and water of mistletoe leaves
(Viscum album L. subsp. album L.) were tested for
antimicrobial activity against 11 bacteria and one
yeast by disc diffusion method. In our study, methanolic extracts mistletoe of leaves showed the best
inhibition zones against Streptococcus faecalis and
Bacillus subtilis (22mm). Inhibition zones of the all
of the extracts varied 6 to 22 mm against tested microorganisms. MICs of V. album subsp. album different extracts obtained by the broth serial dilution
method, showed the lowest sensitivity to S.faecalis
and B.subtilis with 4mg/ml concentration of methanolic extracts. Methanolic extracts of mistletoe
were among the most active with the MIC values
ranging from 4-256 mg/mL.

KEYWORDS:
Mistletoe leaves, Viscum album L. subsp. album L., extract, antimicrobial activity.

INTRODUCTION
MATERIALS AND METHODS
Natural plant products have been used for therapeutic purposes since the time immemorial and
their use is of a greater demand nowadays. The use
of plant essential oils in both the food and the pharmaceutical industries has been developed interestingly, a systematic examination of plant extracts for
these properties has become increasingly important.
The use of natural antimicrobial compounds is important not only in the preservation of food but also
in the control of microbial growth in the diseases
condition [1-3]. Apart from these essential oils and
extracts from several plant species are able to control
microorganisms related to skin, dental caries and
food spoilage, including gram-negative and gram
positive bacteria [4]. Mistletoes therefore is one such
plant which is reported to possess several medicinal
properties. Its use as an anti-cancer, anti-diabetic, anWLK\SHUWHQVLYHDQGLQGHHGDVµDOO-SXUSRVHKHUE¶KDV

Samples. Mistletoe leaves (V. album subsp. album) were obtained from various retail outlets in
Mugla province, West Anatolia, Turkey in 2013.
The taxonomic identification of plant material was
confirmed by botanist Prof. Dr. Aykut Guvensen, in
the Department of Biology, Ege University, Turkey.
Preparation of mistletoe leaves (Viscum album L.) extracts. Plant leaves were washed with
sterilized distilled water and air dried. Clean dry
plant samples were stored in cotton bags. The materials were homogenized to a fine powder with the
help of a mixer grinder. The 25grams portions of
each dried powdered leaf material was soaked separately in 250ml ethanol, methanol, hexane, chloroform, isopropanol and water. The extraction was carried out by maceration for 7 days in each solvent at
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previously [13]. Sterile paper discs (6 mm; Oxoid)
ZHUHORDGHGZLWKȝ/RIGLIIHUHQWDPRXQWV 
0.5 and 1 mg) of the extracts dissolved in dimethyl
sulphoxide (DMSO) (Lab-Scan) and were left to dry
for 12 h at 37 °C in a sterile room. Bacterial suspensions were diluted to match the 0.5 MacFarland
standard scale (approximately 1.5 × 10 8 CFU/ml)
and they were further diluted to obtain a final inoculum. After Mueller-Hinton agar (Merck) was poured
into Petri dishes to give a solid plate and inoculated
ZLWK  ȝO RI VXVSHQVLRQ FRQWDLQLQJ  î 8
CFU/ml of bacteria, the discs treated with extracts
were applied to petri dishes, ampicilin (10μg/ml)
2[RLG  FKORUDPSKHQLFRO ȝJ  2[RLG), nystatin
ȝJGLVF 
2[RLG 
DQG
erythromycin
(10μg/disc)were used as positive controls and paper
discs treated with ethyl acetate, methanol and DMSO
were used as a negative control. The plates were then
incubated at 35 °C for 24 h in an incubator. Inhibition zone diameters around each of the discs were
measured and recorded at the end of the incubation
time.

room temperature (25±2°C). The solvents extracted
material was filtered in separate flaks. All extracts
were then dried and stored at 4°C until further analysis. The dried aqueous, ethanol, methanol, hexane,
chloroform, isopropanol and water extracts were
then dissolved in their respective solvents in a proportion of100mg/ml [9-11].
Microbial strains and cultivation. Antimicrobial assays were carried out against eleven bacterial
strains, five Gram-positive bacterial strains, including Staphylococcus epidermidis ATCC 12228, Bacillus subtilis ATCC 6633, Bacillus cereus CCM 99,
Staphylococcus aureus ATCC 6538/P, Streptococcus faecalis ATCC 8043, six Gram-negative bacterial strains, including Escherichia coli ATCC 35218,
Pseudomonas aeruginosa ATCC 27853, Salmonella
typhimurium CCM 583, Aeromonas hydrophila
ATCC 19570, Klebsiella pneumoniae CCM 2318,
and yeast Candida albicans ATCC 10239.
The bacteria strains were inoculated on nutrient
broth (Oxoid) and incubated for 24 h at 30±0.1°C,
while the yeast was inoculated on yeast extract broth
(Oxoid) and incubated for 48 h. Adequate amounts
of autoclaved Müller-Hinton Agar (Oxoid) and
Yeast Extract Agar (YEA) were dispensed into sterile plates, and allowed to solidify under aseptic conditions. The counts of bacteria and yeast strains were
7
8
adjusted to yield approximately 1.0×10 -1.0×10 /ml
5
6
and 1.0×10 -1.0×10 /ml, respectively, using the
Standard McFarland counting method. Of the test organisms 0.1 ml was inoculated with a sterile swab on
the surface of appropriate solid medium in plates.
The plates containing the bacterial and yeast cultures
were incubated at 25±0.1°C and 30±0.1°C, respectively, for 1 h [12].

The minimal inhibitory concentrations
(MICs). The MIC was determined by the tube
macro-dilution method [14]. Solution of each extract
was serially diluted two fold in Mueller-Hinton broth
(Merck) so the final concentrations of the extracts in
the medium were ranged from 0.008 to 256 mg/ml.
Initial inoculants were prepared by suspending
growth in a sterile saline and turbidity was adjusted
to yield 0.5 McFarland standard and then diluted to
1:10 ratio. Prepared inoculum (0.1 ml) was added
into each tube to obtain the final turbidity (approximately 104 colony-forming units (CFU) ml±1). The
MIC was defined as the lowest concentration of the
plant extract at which visible growth is inhibited.
The test tubes were incubated at 24°C/24 h. Each test
Study of antimicrobial activity by disc diffuincluded control, consisting of the substrate with the
sion method. For the first screening, the paper disc
solvent. The MICs of erythromycin (Oxoid), chlodiffusion method was used to determine antibacterial
ramphenicol (Oxoid) and nystatin (Oxoid) were also
activity, which is based on the method described
determined.
TABLE 1
Antimicrobial activity of mistletoe leaves (Viscum album L.) extracts against test microorganisms by disc
diffusion method

(-): No inhibition
M: Methanol W: Water D: % 10 DMSO E: Ethanol H: Hegzan C: Chloroform I: Isopropanol
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D
(mm)

11
7
10
11
6
8
10
8
9
11
12

W

7
8
10
10
8
16
9
8
9
-

D (mm)

14
12
15
9
10
8
8
10
13
19
16

W

No effect

8
7
11
10
8
13
8
10
8
10

W
(mm)

8
8
7
6
6
7
8
-

I
(mm)

10
13
9
7
6
8
7
12
11
12

I
D
(mm)

D

W

W
(mm)

15
9
9
9
9
-

C
C
(mm)

10
11
13
8
13
14
15
11
12
12
11

H
(mm)

9
13

D
(mm)

14
15
14
19
15
11
16
18
16
12
8

H

No effect

13
9
12
11
11
10
19
13
21
11
9

W
(mm)

9
9
11
8
11
11
11
13
9
10
10

D
(mm)

22
14
17
16
12
14
15
21
13
22
9

E
E
(mm)

S. faecalis
S. typhimurium
E. coli
P. aeroginosa
A. hydrophila
S. epidermidis
S.aureus
K. pneumoniae
B. cereus
B.subtilis
C. albicans

W
(mm)

Microorganisms

M
(mm)

M

8
9
13
11
10
9
13
12
-
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TABLE 2
Antimicrobial activity of ethanol, methanol, chloroform, isopropanol and DMSO against tested bacteria
by disc diffusion method.
Microorganisms
S. faecalis
S. typhrium
E. coli
P. aeroginosa
A. hydrophyla
S. epidermidis
S.aureus
K. pneumoniae
B. cereus
B.subtilis
C. albicans
(-): No inhibition

Methanol
14
10
7
17
9
17
18

Ethanol
13
10
8
14
10
9
17
11

Inhibition zone diameters (mm)
Hexane
Chloroform
9
11
7
8
8
11
-

Isopropanol
11
15
13
10
21
23
12
12
12

DMSO
9
9
16
10
8
11
10

TABLE 3
Inhibition zone diameters of the reference antibiotics against test microorganisms
Microorganisms
S. faecalis
S. typhimurium
E. coli
P. aeruginosa
A. hydropyhila
S. epidermidis
S. aureus
K. pnemuoniae
B. cereus
B. subtilis
C. albicans
(-): No inhibition

Ampicilin
28
25
29
28
27
23
29
28
26
32
-

Penicillin G
30
32
32
33
31
30
27
29
30
35
-

Inhibition zone diameters (mm)
Erythromycin
Chloramphenicol
22
25
27
23
24
33
22
28
25
26
23
25
24
20
26
25
25
24
16
30
-

Nystatin
12

pneumoniae. Nystatin weakly inhibited the growth
of C. albicans (Table 3).
Erturk and his friends [15] reported that different concentrations of n-hexane extract were tested
using the agar diffusion technique against 6 bacteria
(B.subtilis, S.aureus, E.coli, P.aeruginosa, Enterobacter cloacae and Proteus vulgaris), and 1 fungus
(C.albicans). It was displayed that fractions 6 and 7
of n-hexane extract of V. album subsp. abietis
showed antimicrobial activity against the microorganisms tested.
Hussain and his friends [16] reported that the
ethyl acetate, chloroform, ethanol, and methanol
crude extracts of selected plant parts had significant
antimicrobial activities on both gram positive and
gram negative bacteria. The ethyl acetate and methanol crude extracts of leaves and twigs of V. album
exhibited prominent activities against gram positive
and gram negative bacteria used in comparison to
other extracts which had moderate activity against
all the tested bacteria. The antimicrobial activities of
the crude extracts of the selected plant parts were
more active against gram negative bacteria than
gram positive bacteria.
Kang and Chung [17] reported that ethyl ether
fraction against B.cereus showed stronger activities
than benzoic acid (2.5 mg/ml). The MIC of Korean

RESULTS AND DISCUSSION
The extract of methanol, ethanol, hexane, chloroform, isopropanol and water of mistletoe leaves
were tested for antimicrobial activity against 11 bacteria and one yeast by disc diffusion method. In our
study, methanolic extracts mistletoe of leaves
showed the best inhibition zones against S.faecalis
and B.subtilis (22mm)in table 1. Inhibition zones of
the all of the extracts varied 6 to 22 mm against
tested microorganisms in Table 1. Besides, the inhibition zone diameters of the tested extracts against
the test microorganisms were shown Table 2.
Among the tested extracts, isopropanol showed the
best inhibition zones against K.pneumoniae (23mm)
in Table 2. All of the tested extracts showed no inhibition zones against S.typhimurium and S.epidermidis in Table 2.
In this study, 5 reference antibiotics were used
as positive control. These include, ampicilin
JGLVF SHQLFLOOLQ* ȝJGLVF HU\WKURP\FLQ
(15μg/disc), FKORUDPSKHQLFRO ȝJ  DQG Q\VWDWLQ
ȝJGLVF $PSLFLOLQSHQLFLOOLQDQd chloramphenicol very strongly inhibited the growth of B.subtilis
whereas, erythromycin exhibited a very big zone of
inhibition against S. typhimurium and K.
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TABLE 4
MICs of the ethanolic extracts of leaves of mistletoe, erythromycin, chloramphenicol, nystatin against test
microorganisms
MIC (mg/ml)
Antibiotics
Microorganisms
Methanol
Erythromycin
Chloramphenicol
Nystatin
S. faecalis
4
4
2
S. typhimurium
64
0.016
4
E. coli
16
2
0.008
P. aeruginosa
32
4
0.016
A. hydrophila
128
2
0.16
S. epidermidis
64
4
0.16
S.aureus
32
2
8
K. pneumoniae
8
2
2
B. cereus
64
2
4
B.subtilis
4
32
0.008
C. albicans
256
16
(-): No inhibition

and Viscum album were the most promising as antioxidants, anti-inflammatory and acetylcholinesterase inhibitors. The capacity for scavenging ABTS
and DPPH free radicals of V. album and
Chamaerops humilis extracts were also not significantly different from those of the positive controls.
Viscum album extract had also an important capacity
for scavenging hydroxyl radicals.
MICs of mistletoe different extracts obtained
by the broth serial dilution method, showed the lowest sensitivity to S.faecalis and B.subtilis with 4
mg/ml concentration of methanolic extracts in table
4. Methanolic extracts of mistletoe were among the
most active with the MIC values ranging from 4-256
mg/ml in Table 4.

mistletoe extract and slovent fractions were in the
range of 6.25-25 mg/ml. The MIC (6.25 mg/ml) of
ethyl acetate fraction onto Staphylocossus aureus
was the lowest among them. Ethyl ether fraction
which showed the strongest antioxidant activities by
DPPH (1,1-diphenyl-2-picryl-hydrazyl) and FRAP
(ferric ion reducing antioxidant power) methods had
the highest total phenolic contents. It is suggested
that Korean mistletoe could be utilized as natural
preservative material through the study of the active
compounds from ethyl ether fraction. Also Cebovic
and his friends [18] reported that Viscum album L.
grown on plums exhibited significant antioxidative
and hepatoprotective potential against in vivo CCl4induced oxidative stress in experimental animals.
The mechanism appeared mostly to be mediated by
induction of antioxidant enzymes activities. In addition, applied mistletoe extract might also possess
beneficial effects on restoration of impaired oxidative balance in normal tissues as an efficient antioxidant. Their data suggest that "plum's" mistletoe may
be potentially useful in the prevention of the liver injuries caused by oxidative tissue damage, but emphasise the need of further elucidation of mechanisms of
its action. Cebovic and his friends [19] reported that
non-polar CO2 extract of Viscum album leaves and
selected constituents of the extract have cytotoxic
activities against EAC and AS30D cells in vivo, although the extract appears to be more active. The extract and its selected constituents also exhibited certain antioxidant activity, and it was suggested that
the possible mechanism of their action may be due
to altering the antioxidant status in tumour cells. Cebovic and Popovic (2007) [20] reported that 5%
aqueous extract of Viscum album leaves may be potentially useful in the prevention of tumor development, but emphasise the need of further elucidation
of its action mechanisms, as well as qualitative and
quantitative analysis of this specific extract. Miguel
and his friends [21] reported that Berberis vulgaris

CONCLUSION
On the basis of present investigations, it is concluded that there exists a great potential in the search
of new and more potent antimicrobial substances
from the natural sources. The potential for developing antimicrobials from plants appears rewarding as
it will lead to the development of phytomedicines to
act against microbes.
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most popular choice for classification of fruit produce.
Artificial neural network models contain layers
of simple computing points that operate as nonlinear
summing parameters. These points are richly interconnected by weighted connection lines, and the
weights are attuned when data are introduced to the
network during a learning process can be called as
training. Learning is a fundamental component for
evaluations of intelligent system, although a precise
definition of training is hard to produce. Successful
training can result in artificial neural networks that
perform tasks such as predicting an output value,
classifying an object, approximating a function, recognizing a pattern in multifactorial data, and completing a known pattern [3].
In this study, we focus on melon classification
among of fruit products. Many scientists have made
significant efforts in the field of artificial neural networks based classification of melons. Therefore, this
study would be extremely beneficial to the fruit cultivators for especially melon products, agricultural
scientists, researchers, students, farmers, fruit processing industry, consumers and regulatory agencies, as it provides all the relevant published literature at one place.
Melon production in the world is about 28 million tons in year of 2007, and the share of total vegetables in the world production is 3%. In Turkey,
melon production is 1.68 million tons and its share
in vegetable production is 6.8%. Turkey is 2nd in the
world for melon production as a share of 6.3% after
from China [12].
In Turkey, melon cultivation is carried out in
almost every region including Aegean, Western Anatolia, Mediterranean and Southeastern Anatolia regions. 27.400 tons of melons are produced in the
Northeastern Anatolia Region, which includes the
Upper Coruh Valley in the east [13].
It is stated that melon fruit, which is a popular
vegetable species having significant consumption in
the world and also Turkey. It contains of carbohydrate, water, ascorbic acid, folic acid and potassium
source and also its seeds are rich as fat and protein
source [14].
The melon varieties which are found in Turkey
have superior properties in terms of fruit shape, size,
taste, sugar content and many of these varieties are

In this study, we proposed determining rich
genotype for vitamin c in melons by using artificial
neural networks. It is known that artificial neural network is best suited and thus is the most popular
choice for classification of fruit producing. We focus
on melon classification among of fruit products with
this method. Obtained data from 86 melon genotypes, 60 of these were used for training of the artificial neural network, 13 of these were used for testing of the training and last 13 of these were used in
order to approve the training. Bayesian Regularization was used as train network. The neural network
used a sigmoid feed forward network with a single
hidden layer using the neural network tool for
Matlab.


  
Artificial Neural Networks, Melons, Vitamin C, Rich Genotype



  

Correct automatic classification of fruit products is a necessity for fruit marketing to increase the
quality and minimize the miss-classifications. There
are many methods related with classification of fruit
products. One of the best methods is using of artificial neural networks in a variety of applications
makes it a crucial instrument in the development of
agricultures that have implications for the scientists.
Method of artificial neural network can be used as
role model for people and their life. Since it is a collection of methodologies that propose to utilize the
endurance for ambiguity and uncertainty to achieve
complete information and provide low cost solutions. It increases quality and plays effective role in
order to solve the problems for many application areas of science, engineering and technology. Also,
they have been used in various applications in control, fruit and vegetable producing, energy systems,
forecasting, robotics, pattern recognition, medicine,
power systems, manufacturing, optimization, electronics, signal processing, and social sciences. [1-3].
Artificial neural network is best suited and thus is the
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lost and are not used effectively in breeding programs. For this reason, studies on the conservation
and use of genetic material have a separate precaution for Turkey [9-11].
Melon is a warm and mild climate vegetable
and its best growth is at temperatures between 20 0C
- 30 0C. Under this temperature, growth and development in plants slow down and the development period is long [5]. Germination in melon seeds occurs
after a temperature of 12 °C and the optimum temperature range for germination is 25 0C - 30 0C [6].
In addition to the value of temperature, the total temperature during vegetation also has an effect on
melon ripening and taste. When a sufficient temperature is not obtained, the decrease in the taste and
aroma of the culinary herbs becomes a factor [7, 8].
Hybrid seeds are widely used in overgrown and
open melon cultivation [15]. However, most of these
used seeds are imported and cause foreign exchange
loss [16]. For this reason, the determination of national gene resources, determining their superior
qualities, and the supply of breeders as seeds have
great importance.
The paper is organized as follows: Section 2
discusses the material and methods related with the
artificial neural network. Section 3 describes the proposed fruit quality detection method and results. Finally, conclusion and further recommendations are
discussed in section 4.

Obtained data from 86 melon genotypes, 60 of
these were used for training of the artificial neural
network, 13 of these were used for testing of the
training and last 13 of these were used in order to
approve the training (Fig. 2). Bayesian Regularization (BRANN) was used as train network. The neural
network used a sigmoid feed forward network with
a single hidden layer using the neural network tool
for Matlab.
BRANN is more robust than standard backpropagation nets and can reduce or eliminate the
need for lengthy cross-validation. BRANN is a
mathematical process that converts a nonlinear regression into a "well-posed" statistical problem in
the manner of a ridge regression.
The model of artificial neural network used as
shown in Figure 1. As it seen that artificial neural
network has 13 inputs and 1 output. The input consists of data from 86 melon genotypes. Measured for
each genotype; fruit weight (cm), fruit diameter
(cm), seed cavity width (cm), seed cavity length
(cm), fruit rind thickness (cm), fruit flesh thickness
(cm), seed width (cm), seed length (mm), seed count
(number/g), malic acid (g/100ml) and citric acid
(g/100ml) are the inputs of proposed model. There
are 15 neurons within the hidden layer and 1 neuron
within the output layer. Output of the network is the
measured C vitamin (mg/100ml) of melon genotypes.
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Modelled Matlab Artificial Neural Network
Features are used as Data Division: Random, Performance: Mean squared error. 1000 iteration is used
within the network training. Training has been repeated several times so that the network can achieve
better weights. Figure 1 shows the training results of
the proposed model.
The error analysis used within the training of
the artificial neural network model by Matlab is
shown in Fig. 3. Also, Fig. 4 presents the educational
development of used artificial neural network model.

cm, average value is 15.561 cm and the standard
deviation is 3.355. Measured Fruit Rind Thickness;
min. value is 0.4 cm, max. value is 1.2 cm, average
value is 0.74 cm and the standard deviation is calculated as 0.172. Measured Fruit Flesh Thickness; min.
value is 2.63 cm, max. value is 5 cm, average value
is 4.093 cm, the standard deviation is calculated as
0.478. Measured Seed Width; min. value is 4.36 mm,
max. value is 6.9 mm, average value is 5.31 mm and
the standard deviation is 0.438. Measured Seed
Length; min. value is 10.97 mm, max. value is 15.05
mm, average value is 12.72 mm and the standard deviation is calculated as 0.875. Number of Seeds
Measured; min. value is 10 pieces /g, max. value is
31.5 pieces /g, average value is 19.84 pieces /g and
the standard deviation is 3.517. Measured Malic
Acid; min. value is 0.07 g /100 ml, max. value is 0.15
g /100 ml, average value is 0.103 g /100 ml and the
standard deviation is 0.021, respectively. Measured
citric acid; min. value is 0.06 g /100 ml, max. value
is 0.14 g /100 ml, average value is 0.1 g /100 ml and
the standard deviation is calculated as 0.023 (Table
1).
The richest genotype (Genotype of 87) in terms
of C vitamins seed cavity width is 7.17 cm and seed
cavity length is 14.83 cm. The poorest genotype
(Genotype of 1) in terms of C vitamins seed cavity
width is 6.32 cm and seed cavity length is 18.88 cm.
Figure 5 shows the examination of the seed cavity
length and width for vitamin C (Table 1).
The richest genotype in terms of vitamin C seed
width is 4.51 mm and seed length is 11.01 mm. Genotype of 1 is the poorest in terms of vitamin C. The
seed width is 5.19 mm and the seed length is 14.81
mm. Figure 6 shows the examination of seed length
and width for vitamin C (Table 1).

 

Measured for each melon genotype values are
evaluated and discussed as fruit weight (cm), fruit
diameter (cm), seed cavity width (cm), seed cavity
length (cm), fruit rind thickness (cm), fruit flesh
thickness (cm), seed width (cm)), seed length (mm),
number of seeds (number / g), malic acid (g/100ml)
and citric acid (g/100ml) (Table 1).
Measured Fruit Weight; min. value is 825.4 gr,
max. value is 3447 gr, average value is 1987.9 gr and
the standard deviation is 522.4. Measured Fruit
Length; min. value is 14.5 cm, max. value is 28 cm,
average value is 21.7 cm and the standard deviation
is calculated as 3.4, respectively. Measured Fruit Diameter; min. value is 11.1 cm, max. value is 17.75
cm, average value is 13.55 cm and the standard deviation is calculated as 1.376. Measured Seed Cavity
Width; min. value is 4.25 cm, max. value is 8.3 cm,
average value is 6.162 cm and the standard deviation
is calculated as 0,805, respectively. Measured Seed
Cavity Length; min. value is 8 cm, max. value is 22.4
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18,10
23,43
24,70
17,10
18,50
25,50
19,88
15,37
22,07
23,25
16,29
19,50
24,21
20,38
25,25
16,00
19,50
21,75
24,44
20,50
24,40
22,64
21,00
24,17
18,59
26,36
21,00
14,50
26,50
27,92
21,00
23,10
25,13
24,20
23,00
26,56
23,39
19,63
19,50
22,70
21,84
26,75
26,80
20,69
17,50
22,00
20,70
26,56
17,05
24,00
21,50
21,67
20,95
23,17
19,00
19,63
18,41
22,36
22,69
22,75
28,00

16,42
13,33
14,33
12,22
13,15
13,40
11,36
13,60
14,10
11,10
15,67
12,25
12,63
12,93
14,42
14,57
13,88
15,38
14,00
12,13
12,90
15,81
13,04
11,78
13,14
13,70
13,00
13,17
12,83
12,41
12,79
12,29
13,75
13,33
14,75
13,43
15,90
15,88
14,70
14,40
12,94
13,39
13,25
13,25
12,13
15,25
14,25
14,30
13,19
12,50
12,00
13,90
14,00
11,68
17,75
12,19
11,25
11,60
14,00
13,00
17,75
11,91
13,79
15,00
13,54
15,50

6,32
7,55
5,65
5,23
6,23
6,63
5,30
6,08
6,39
4,83
6,40
6,19
6,00
6,14
6,12
7,00
5,50
6,19
5,45
6,05
4,88
8,30
7,08
5,06
6,30
5,30
6,11
5,20
6,24
6,37
6,87
7,20
6,75
7,25
7,16
6,23
6,75
6,77
5,38
6,67
4,79
6,90
7,33
7,13
6,36
7,50
6,00
7,16
5,76
5,89
4,92
7,00
5,86
5,33
6,50
4,25
4,47
5,86
7,33
5,53
7,17
5,40
6,20
6,57
6,59
6,00

18,88
19,00
18,17
10,56
18,25
13,00
19,50
17,88
10,44
14,00
20,60
14,00
8,00
16,13
16,70
11,10
17,00
18,14
14,13
20,00
12,75
11,43
15,55
19,10
16,50
17,40
16,64
12,90
15,60
12,40
22,40
16,70
10,00
21,75
19,50
14,57
15,88
20,00
15,75
15,50
20,50
16,92
11,67
14,38
17,60
13,25
20,50
20,20
14,33
12,13
14,75
16,78
18,71
11,13
20,00
14,42
15,92
16,25
17,33
12,08
12,67
12,70
14,64
16,57
15,82
21,00

0,98
0,58
0,98
0,74
0,95
0,78
0,78
0,83
0,56
0,57
0,82
0,67
0,47
1,05
0,96
0,74
0,40
0,75
0,53
0,80
1,20
0,80
0,74
0,88
0,52
0,76
0,76
0,94
0,95
0,66
0,90
0,54
0,40
0,60
0,87
0,73
0,73
0,87
0,90
0,70
0,76
0,65
0,87
0,48
0,76
0,60
0,70
0,76
0,61
0,63
0,77
0,80
0,87
0,53
0,50
0,68
0,67
0,65
1,00
0,73
1,00
0,49
0,82
0,89
0,85
0,65

4,28
3,92
4,82
4,13
4,36
3,28
3,75
4,90
3,91
3,62
4,14
3,53
4,23
4,10
4,74
4,40
4,67
4,11
3,93
2,90
4,13
4,49
3,71
4,10
3,80
4,36
4,00
4,22
4,02
3,44
4,00
3,42
3,60
3,30
4,53
4,36
4,80
4,90
4,85
3,70
4,16
3,83
3,93
3,55
3,58
4,36
4,60
4,32
3,97
3,60
4,23
4,34
4,40
3,59
5,00
4,37
3,63
3,55
4,07
4,08
4,83
3,88
4,78
3,93
4,15
4,85

5,19
4,72
5,67
5,54
5,16
4,48
4,90
6,10
6,26
4,63
4,76
5,71
4,97
5,06
5,21
5,60
5,20
5,22
6,22
5,19
5,94
5,41
4,36
4,98
4,87
5,29
5,56
4,80
5,65
5,37
5,40
4,57
5,17
5,58
5,62
4,75
5,71
5,61
5,52
5,35
5,47
4,75
5,20
5,33
4,69
5,29
5,48
5,63
5,34
5,43
4,75
5,19
5,57
5,99
6,15
5,66
5,27
5,20
5,29
4,90
4,93
5,06
6,90
5,26
5,40
5,56

14,81
12,16
12,63
12,61
12,75
13,77
12,31
12,57
13,24
11,25
12,52
12,39
12,05
11,54
11,67
13,49
12,27
13,80
12,86
13,27
13,94
12,03
11,82
13,34
11,38
12,63
13,07
10,97
14,04
12,57
14,25
11,49
11,89
12,08
12,91
12,23
12,89
13,21
12,83
12,57
14,29
12,18
12,30
12,58
13,14
13,56
12,27
13,03
15,05
12,81
11,79
12,61
12,62
12,58
14,06
12,12
11,67
13,21
13,26
13,01
12,30
11,67
14,33
11,72
13,93
11,90

17,00
25,00
15,50
20,00
17,50
24,00
21,50
18,50
14,50
26,00
22,00
19,50
19,00
19,50
20,00
20,00
18,00
19,00
15,50
20,50
17,00
17,00
22,50
22,00
27,50
16,00
19,00
19,00
19,50
19,00
14,50
28,50
22,50
16,50
18,50
31,50
18,50
16,50
16,00
19,00
20,00
10,00
23,50
19,50
24,50
20,00
24,00
18,50
19,00
22,00
23,50
20,50
25,50
20,00
14,50
17,50
25,00
20,50
19,00
21,00
21,00
20,00
14,00
19,50
15,50
19,00

0,10
0,08
0,15
0,10
0,10
0,12
0,07
0,10
0,08
0,11
0,12
0,07
0,13
0,10
0,10
0,11
0,09
0,11
0,10
0,11
0,10
0,13
0,10
0,10
0,07
0,10
0,10
0,10
0,10
0,10
0,13
0,14
0,10
0,11
0,10
0,07
0,07
0,07
0,10
0,07
0,09
0,09
0,07
0,10
0,12
0,10
0,11
0,10
0,08
0,10
0,10
0,07
0,08
0,15
0,07
0,11
0,10
0,13
0,12
0,11
0,13
0,08
0,11
0,09
0,10
0,10

0,10
0,07
0,14
0,10
0,09
0,12
0,06
0,10
0,07
0,10
0,11
0,06
0,13
0,10
0,10
0,11
0,09
0,11
0,10
0,10
0,10
0,13
0,10
0,10
0,06
0,09
0,10
0,10
0,10
0,11
0,13
0,13
0,09
0,12
0,10
0,06
0,06
0,06
0,10
0,06
0,08
0,09
0,06
0,10
0,12
0,10
0,10
0,10
0,08
0,10
0,10
0,06
0,08
0,14
0,06
0,11
0,10
0,12
0,12
0,10
0,13
0,08
0,11
0,09
0,09
0,09

2,10
2,80
2,90
3,30
3,35
4,10
4,60
4,70
4,80
4,90
5,10
5,20
6,50
6,90
7,20
7,50
7,60
7,87
8,00
8,40
8,45
9,00
9,27
9,30
9,80
10,15
12,40
13,60
14,05
14,15
14,20
14,45
14,75
15,50
15,60
15,90
16,50
16,70
16,80
17,10
17,13
17,30
17,30
17,90
17,90
18,00
18,25
18,30
18,50
18,60
18,70
18,90
19,80
20,30
21,10
21,70
21,70
21,80
21,90
22,45
22,60
22,70
22,75
24,15
24,15
24,20
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Fruit Weight (g)

Fruit Length
(cm)

Fruit Diameter
(cm)

Seed Cavity
Width (cm)

Seed Cavity
Length (cm)

Fruit rind
thickness (cm)

Fruit Flesh
Thickness (cm)

Seed width (mm)

Seed Length
(mm)

Seed Number
(piece/g)

Malic acid
(g/100ml)

Citric acid
(g/100ml)

Vitamin C
(mg/100ml)







 


 
 












1712,00
2139,60
1748,80
1597,70
1493,00
2601,90
1338,60
2324,00
1958,30
1970,40
1717,70
825,40
1329,60
2671,00
1592,30
1416,90
2452,00
2381,20
1750,80
1990,30

19,61
20,40
25,67
16,02
23,34
23,64
18,17
22,38
21,27
17,29
18,18
14,90
19,25
27,00
16,10
16,64
27,00
24,00
23,80
20,17

14,39
14,30
11,91
14,67
11,38
14,71
13,50
13,94
12,61
15,71
13,82
11,30
12,25
14,00
13,75
13,43
13,00
13,50
12,10
13,83

6,50
6,50
5,50
6,36
4,96
6,07
6,41
6,47
4,86
7,25
5,61
5,38
5,80
6,17
6,30
6,80
6,08
6,30
4,50
7,17

13,94
13,83
19,42
10,44
15,50
14,83
12,19
14,79
14,61
12,43
12,44
9,23
13,33
20,17
9,90
9,00
19,63
18,90
18,80
14,83

0,93
0,73
0,47
0,61
0,98
0,97
0,91
0,58
0,83
0,91
0,60
0,40
0,60
1,03
0,50
0,63
0,63
0,86
0,80
0,53

3,76
4,86
3,57
4,23
3,50
4,48
3,64
4,27
4,34
4,46
4,10
2,63
3,57
4,87
4,14
4,10
3,98
4,54
4,14
3,83

5,30
5,22
5,31
5,46
6,05
4,82
5,51
5,69
5,28
4,91
5,58
5,36
5,33
5,78
4,69
5,34
5,51
5,18
5,19
4,51

12,56
12,95
13,55
12,55
11,57
11,85
12,77
14,83
12,74
12,91
12,86
12,75
13,00
13,31
11,00
12,94
12,77
13,81
12,13
11,01

17,50
23,00
19,00
16,50
20,50
23,00
21,50
15,50
20,50
17,00
17,50
20,00
19,00
17,50
26,50
19,00
19,00
17,50
20,00
26,50

0,09
0,13
0,12
0,10
0,10
0,13
0,13
0,13
0,10
0,07
0,10
0,11
0,07
0,15
0,09
0,12
0,10
0,15
0,13
0,13

0,09
0,13
0,13
0,09
0,10
0,13
0,13
0,13
0,10
0,06
0,10
0,10
0,06
0,14
0,09
0,11
0,10
0,14
0,13
0,13

25,10
25,50
25,63
26,00
26,70
28,20
28,30
28,80
29,60
30,10
31,10
31,13
31,70
31,80
31,80
31,83
33,30
33,50
35,40
39,30
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Fruit diameter and fruit weight of the richest
genotype for Vitamin C is 13.83 cm and 1990.30 gr,
respectively. Fruit diameter and fruit weight of the
poorest genotype for Vitamin C is 116.42 cm and
2609.50 gr, respectively. Fig. 7 shows the fruit diameter and fruit weight for the richest and the poorest
genotype for Vitamin C.
Citric acid value is 0.13 g/100 ml and malic
acid value is 0.13 g/100 ml for the richest genotype
for Vitamin C. Citric acid value is 0.10 g / 100 ml
and malic acid value is 0.10 g /100 ml for the poorest
genotype for Vitamin C. Fig. 8 introduces examined
citric acid and malic acid values.
Fruit flesh thickness is 3.83 cm and the fruit
rind thickness is 0.53 cm for the richest genotype of
Vitamin C. Fruit flesh thickness is 4.28 cm and the
fruit rind thickness is 0.98 cm for the poorest genotype of Vitamin C. Fig. 9 presents examined fruit

flesh thickness and fruit rind thickness values in
terms of vitamin C.




Artificial neural networks based automatic
classification of fruit products is increasingly attracting the attention of scientists as well as developeddeveloping countries and fruit markets. This classification is directly increased the quality and minimize the miss-classifications. So, this has crucial importance. By the way, correct automatic classification system for melons requires highly detailed research due to the difficulty of the task and high number of parameters affecting the performance.
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This study proposes melon classification
among of fruit products based on artificial neural
network model. Model inputs are selected as 86
melon genotypes for this reason. For each genotype;
fruit weight (cm), fruit diameter (cm), seed cavity
width (cm), seed cavity length (cm), fruit rind thickness (cm), fruit flesh thickness (cm), seed width
(cm), seed length (mm), seed count (number/g),
malic acid (g/100ml) and citric acid (g/100ml) is
measured and evaluated.
So, this study will present important contributions to literature and especially melon classification
based on artificial neural network model. Also, it can
be adopted for other fruit products classification.

The data used in the present study is a part of
Ph.D thesis of Arzu Karatas.
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DETERMINATION OF SOME PLANTS PROPERTIES OF
LOCAL MELON GENOTYPES GROWING IN UPPER CORUH
VALLEY
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ABSTRACT

tives [1].
Areas where the genetic diversity of plant species is intense are defined as Plant Genome Center
[2]. Some researchers have noted that there are 12
different gene centers on Earth [3, 4]. One of these
gene centers is the Caucasus Ecoregion, which has
a rich biological diversity and is eastward from
Turkey's Yesilirmak Basin and includes the Eastern
Black Sea, Coruh and Aras basins [5]. Located in
the Caucasus Ecoregion, the Upper Coruh Valley is
located between the Eastern Anatolia and the Eastern Black Sea Region and its agroecological characteristics indicate that it is a microclimate area
suitable for many vegetables.
Turkey, which is one of the genes centers of
melon has numerous local genotypes with superior
characteristics [6, 7, 8, 9]. The melon genotypes in
Turkey are divided into five main populations:
Western Anatolia (Marmara and Aegean Regions),
Eastern Anatolia Region, Southeastern Anatolia
Region, Central Anatolia Region and other regions.
Among these, the highest genetic diversity and
polymorphism were found to be in genotypes of
Southeastern Anatolia Region [9, 10].
Melon production in the world is about 29.6
million tons in year of 2014, and the share of total
vegetables in the world production is 2.5%. In Turkey, melon production is 1.71 million tons and its
share in vegetable production is 6.1%. Turkey is
2nd in the world for melon production as a share of
5.7% after from China [11]. Turkey, melon farming
is done in almost every region including Aegean,
Western Anatolia, Mediterranean and Southeastern
Anatolia regions. 42,630 tons of melons are produced in the Northeastern Anatolia Region, which
includes the Upper Coruh Valley in the east [12].
Melon fruit, which is a popular vegetable species having significant consumption in the world
and also Turkey, is source of carbohydrate, water,
ascorbic acid, folic acid and potassium and also its
seeds are rich in terms of fat and protein [13, 14].
Melon is a warm and mild climate vegetable
and its best growth is at temperatures between 20
0
C - 30 0C. Under this temperature, growth and
development in plants slow down and the development period is long [15]. Germination in melon
seeds occurs after a temperature of 12 °C and the

This study was carried out to determine some
quality parameters, yield and yield components of
local melon grown in Upper Coruh Valley. Also,
the study was held at field one of Atatürk Üniversity, Ispir Hamza Polat Vocational School.
For that purpose, eighty six melon genotypes
having different characteristic were determined in
the region on 2006. Selected genotypes and 3
standard melon varieties (Ananas, Galia, Falez)
being control group was grown in field condition on
2007. In the research, some development properties
and yield of fruit, plant and seed was evaluated.
Forty one parameters including 3 of seedling, 4 of
plant, 9 of leaf, 22 of fruit, 3 of seed for melons was
investigated such as fruit weight, fruit diameter,
length of fruit, fruit cavity, fruit cavity width, fruit
cavity length, fruit flesh thickness, skin thickness,
skin color, fruit flesh color. Such as fruit weight,
fruit diameter, length of fruit, fruit cavity, fruit
cavity width, fruit cavity length, fruit flesh thickness, skin thickness, skin color, fruit flesh color.
Cotyledon leaf width was 14.26-29.04 mm; cotyledone leaf length was 16,86-45,33 mm and hypocotyl length was 10,53-36,12 mm. In the genotypes
examined, branch length changed from 117,17 to
287,33 cm, number of branches varied from 9,50 to
40,50, stem diameter varied from 11,76 to 24,19
mm. pH was 5,50-7,20, acidity 0.06-0.15 g /100ml;
ascorbic acid values were 2.1- 39.3 mg / 100ml.
The results obtained for TTS, pH and acidity were
similar to both standard varieties and previous studies. Variation in ascorbic acid was found to be
wider in genotypes examined.

KEYWORDS:
Cucumis melo, melon, genus sources, genotype, Coruh
Valley.

INTRODUCTION
Plant genetic resources have an indispensable
value in terms of breeding practices due to the accumulation of cultural plants and their wild rela-
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property in medium level, medium amount of lime,
low salinity, sufficient level in N, P, Ca and K [18,
19]. Burned farm grains were mixed into the soil,
with an average of 5 tons per person. Taking physical and chemical analyzes into consideration, a
standard basic fertilization was carried out at a rate
of 8 kg / da N and 12 kg / da P2O5 and 15 kg / da
potassium, respectively. Nitrogen, phosphorus and
potassium debris were applied to the soil by mixing
before seedling planting [15].
Irrigation was done in the form of drip irrigation, and cultural processes such as irrigation,
chopping, weed control according to the needs of
the plants during the growing period were made not
to make a difference between the genotypes.
Following the development of the plants, harvesting was done gradually with the help of a knif
[15]. The harvest was held from August 21 to October 5. The harvested fruits were brought to the
laboratory and measurements and observations
related to the fruit characteristics were made and
samples were taken for the chemical analyzes.
Modified descriptions of the UPOV (The International Union for the Protection of New Varieties of Plants) criteria were followed in the present
study. A total of 40 parameters were examined in
melon genotypes investigated in the study; 3 were
seedling, 4 were plant, 9 were leaf, 22 were fruit,
and 3 were in seed. While the seedlings were in the
first real leaf stage, cotyledon width, cotyledon
length and hypocotyl length were measured. For the
measurements in the study, a digital caliper (Mitutoyo, Absolute, CD-15 CP) sensitive to 0,01 mm
was used. For this purpose, measurements of randomly selected 5 seedlings for each genotype were
made. Leaf specimens were taken from the 7th leaf
down the shoot tip. Plant measurements were made
by removing plants at the end of the term. Branch
length was determined by measuring with a tape
meter the longest three branches per plant. Color
measurements were made with the aid of a color
measuring device (Minolta Chromometer CR-400).
Croma and Hue values were calculated from obtained a and b values.
Principal component analysis (PAC) was carried out using the SPSS Version 20.0 software
package. PCA is the two-dimensional visualization
of the position of investigated accessions relative to
each other. A factor analysis was performed to
calculate relationships between variable and investigated factors. The dendrogram of cluster analysis
was created using mean quantities of chemical
compounds as clustering variables [20].

optimum temperature range for germination is 25
0
C - 30 0C [16]. In addition to the value of temperature, the total temperature during vegetation also
has an effect on melon ripening and taste. When a
sufficient temperature is not obtained, the taste and
aroma decrease [17].
One of these regions, the Upper Coruh Basin,
has melon genotypes with different characteristics
in terms of color, shape and size. However, no
research has been conducted on melon genotypes
grown in this area until now. In this study, melon
genotypes showing genetic diversity in the region
were examined in terms of morphological and biochemical characteristics.

MATERIALS AND METHODS
Ispir, is a town in Erzurum province, is located
at longitude 41°00' E and latitude 40°29' N, at an
altitude of 1222 m, its area is 2.100 km2. This study
was carried out at the experimental area of Hamza
Polat Vocational School of Ataturk University,
Ispir (Upper Coruh Valley), Turkey in 2007 to
determine some properties of melons which are
widHO\JURZQ,VSLUDQGÕWVUHJLRQ For this purpose,
15 villages (Bademli, .LUD]OÕ 0DGHQN|SUEDúÕ
3HNPH]OLN|\<XNDUÕg]ED÷3HWHNOL3ÕQDUOÕ$úD÷Õ
)ÕQGÕNOÕ 'H÷LUPHQOL g]WRSUDN (OPDOÕ $NVX
%DKoHOL <HúLO\XUW ']N|\ and Pazaryolu SüleyPDQED÷ÕGLVWULFWVRIWKHFHQWUDODQGFHQWUDOSURYLQF
es of Çoruh Valley where the melon was grown
between August and October in 2006 were visited
and fruits of different characteristics in terms of
fruit shape and color were taken. Seeds of 86 local
melon genotypes washed and dried in the laboratory were used as test material. It was added as a
control group for the comparative evaluation of 3
standard melon varieties [Ananas (Cucumis melo L.
cv. Ananas), Galia (Cucumis melo L. cv.Galia F1)
and Falez (Cucumis melo L. cv.Falez F1)].
The obtained seeds were sown in plastic multipots consist of 45 pots (4 cm × 4 cm ), filled peat
on 6 April 2007 in glasshouse conditions. At 3±4
true leaf stage, seedlings were transplanted at a
distance of 150x100 cm under drip irrigation in
open field conditions in 18 May 2007 [15]. During
the seedling period, the plants were watered with
ANTRACOL WP 70, which once participated in
the irrigation water, and with the fertilizer containing 15-15-15 NPK, macro- and micro nutrient elements, which were added to the irrigation water
twice in two weeks intervals taking into account the
manufacturer's recommendation. The watering of
the seedlings was carried out in such a way as not
to make a difference between the plants.
The soil sample taken from 0-30 cm depth of
Ataturk University, Hamza Polat Vocational High
School experimental area has the amount of organic
matter in the middle level, a clayey loamy soil

Parameters of Phenotypic and Chemical
Evaluation. Seedling; (1) cotyledon width (very
short short, medium, long, very long), (2) cotyledon
length (very short short, medium, long, very long),
(3) hypocotyl length (very short short, medium,
long, very long), plant; (4) branch length (very
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plants varied between 11.76 mm (type 23) and
24.19 mm (type 54). 18 genotypes (20,9%) thin, 56
genotypes (65,1%) moderate and 12 genotypes
(14,0%) thick were determined from 86 melon
genotypes.
It was found that the average number of fruits
per plant varies between 3.25 (type 2) and 1.00
(types 23, 35, 37, 61, 64, 76, 80, 84, 87).
Leaf blade width ranged from 11.73 cm (type
57) to 19.83 cm (type 48). Of the 86 melon genotypes, 28 genotypes (32.6%) were narrow, 56 genotypes (65.1%) were medium and 2 genotypes
(2.3%) were found to be broad. Leaf blade length
ranged from 11.27 cm (type 58) to 19.17 cm (type
48), of which 48 (55.8%) were short, 35 (40.7%)
were medium, (3.5%) were broad. Petiole length
ranged from 7,30 cm (17 type) to 23,50 cm (29
type), of which 13 genotypes (15,1%) short, 66
genotypes (76,7%) medium, 7 genotypes (8,1%1)
long. The leaf top color L values were between
36,62 (type 9) and 44,45 (type 57); croma values
were between 12,16 (type 17) and 19,70 (type 52);
hue values were between 120,91 (type 65) and type
132,68 (type 1). The leaf bottom color L values
were minimum 43,11 (type 1) and maximum 50,46
(type 62); croma value were between 18.45 (type
88) and 26.08 (type 52); the hue value changed
between 117,19 (type 52) and 127,45 (type 88).
Fruit length ranged from 14.50 cm (84 type) to
28.00 cm (39 type). 11 genotypes (12,8%) were
very short, 28 genotypes (32,6%) were short, 35
genotypes (40,7%) were medium and 12 genotypes
(13,6%) were long. Minimum and maximum. values for fruit diameter were 11,10 cm (55 type) and
17,75 cm (4 and 38 types). 25 genotypes (29,1%)
were narrow, 50 genotypes (58,1%) narrow, 9
genotypes (10,5%) moderate and 2 genotypes
(2,3%) were found wide. The fruit length and diameter ratio varied between 1.0 (type 84) and 2,1
(types14, 26, 31, 32, 51, 52, 57). Of the 86 all
genoytpes, 1 genotype (1.2%) was round, 32 genotypes (37.2%) were round, 46 genotypes (53.5%)
were long and 7 genotypes (8.1%) were identified
as the cylinders. The seed cavity width was between 4.25 cm (type 19) and 8.30 cm (type 17), 32
genotypes (37.2%) were very short, 53 genotypes
(61.6%) were short, 1 genotype 1.2%) was determined as medium. The seed cavity length was determined to change between 22,40 cm (type 14) and
8,00 cm (type 1). Of the 86 melon genotypes, 44
genotypes (51.2%) were too short, 36 genotypes
(41.8%) were short, and 6 genotypes (7.0%) were
medium. fruit rind thickness varied between 0.40
cm (types 23,49,84) and 1,20 cm (type 20). It was
determined that 14 genotypes (16.3%) were thin, 60
genotypes (69.8%) were medium and 12 genotypes
(14.0%) were thick. The fruit thickness of the fruit
was between 2.63 cm (type 23) and 5.00 cm (type
38), of which 56 genotypes (65.1%) thin and 30
genotypes (34.9%) were medium.

short short, medium, long, very long) (5) number of
branches (poor, medium, dense), (6) stem diameter
(narrow, medium, broad), (7) number of fruit per
plant leaf; (8) leaf blade width (short, medium,
width), (9) leaf blade length (short, medium,
width), (10) petiole length (short, medium, long),
(11) leaf top color L, (12) leaf top color croma, (13)
leaf top color hue , (14) leaf bottom color L, (15)
leaf bottom color croma, (16) leaf bottom color hue,
fruit; (17) fruit weight (small, medium, big, very
big ), (18) fruit length (very short, short, medium,
long, very long ), (19) fruit diameter (very narrow,
narrow, medium, board, very board ), (20) fruit
length/diameter ratio , (21) seed cavity width (very
short, short, medium, long, very long) , (22) seed
cavity length (very short, short, medium, long, very
long ), (23) fruit rind thickness (thin, medium, thick
), (24) fruit flesh thickness (thin, medium, thick ),
(25) fruit flesh color L, (26) fruit flesh color croma
(27) fruit flesh color hue , (28) color of flesh of
outer layer L, (29) color of flesh of outer layer
croma, (30) color of flesh of outer layer hue, (31)
fruit skin color L , (32) fruit skin color croma, (33)
fruit skin color hue , (34) pH, (35) total soluble
solid, (36) ascorbic acid, (37) acidity, (38) yield per
plant; seed (39) seed width, (40) seed length, (41)
number of seed per gram.

RESULTS
Cotyledon leaves width of seedlings changed
from 16.65 mm (type 42) to 29.04 mm (type 39); 4
genotypes (4.7%) were too narrow, 34 genotypes
(39.5%) narrow, 39 genotypes (45,3%) medium, 8
genotypes (9,3%) long and 1 genotype (1.2%) was
too long. The length of the cotyledon leaves in
seedlings varied from 29.82 mm (42 type) to 45.33
mm (69 type), 1 genotype (1.2%) was very short, 5
genotypes (5.8%) were short, 23 genotypes (26.7%)
medium, 42 genotypes (48.8%) long and 15 genotypes (17.4%) too long. Hypocotyl length was min.
17,34 mm (19 type) and max. 36,12 mm (57 type),
7 genotypes (8,1%) were very short, 29 genotypes
(33,7%) short, 23 genotypes 26,7) medium, 19
genotypes (22,1%) long, 8 genotypes (9,3%) very
long.
It was determined that branches length of
plants measured between 117,17 cm (1 genotype)
ile 244,33 cm (9 genotype) In evaluating the range
of the class, of the 86 melon genotypes, 9 were
genotypes (%10,5) are very short, 34 genotypes
(%39,5) short, 27 genotypes (%31,4) medium, 12
genotypes (%14,0) long, 4 genotypes (%4, very
long. Number of branches on a plant varied 12,00
(1 genotype) and 40,50 (79 genotype). In terms of
number of branches in evaluating the range of the
class, Of the 86 melon genotypes, 16 genotypes
(%18,6) poor, 51 genotypes (%59,3) medium, 19
genotypes (%22,1) dense. The stem diameter in
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cotyledon leaf length 28.34-36.02 mm and the hypocotyl length 14.87-20.69 mm. Accordingly, the
lowest and highest value ranges in the local melon
genotypes were found to be higher than the standard varieties in terms of cotyledon width, cotyledon
length and hypocotyl length. It is believed that this
may be from genotypes with different genetic characteristics in the local melon population examined.
Özer et al. [21] found that the cotyledon width was
21.86-30.77 mm, the cotyledon length was 38.9157.14 mm; Szamosi et al. [22] reported that the
cotyledon width changed from 15.4 to 25.3 mm,
cotyledon length 24.1 to 44.8 mm, and hypocotyl
length 3.6 to 44.2 mm in Hungarian melons. In a
characterization study conducted by Mendi et al
[23], they reported that the cotyledon width was 21
mm, the cotyledon length was 37.0 mm and the
hypocotyl length was 47.9 mm. The results obtained from the study are low according to Özer et
al. [21]; according to Mendi et al [23], hypocotyl
length is lower and cotyledon width and length are
similar. This may be due to environmental conditions and genetic differences. When the melon
genotypes were compared with the Hungarian melon genotypes, the genotypic change was found to
be lower than the Hungarian melon genotypes. This
stuation is thought to be genetic.
In the genotypes examined, it was determined
that branch length changed from 117,17 to 287,33
cm, number of branches varied from 9,50 to 40,50,
stem diameter varied from 11,76 to 24,19 mm. In
the standard varieties, it was determined that branch
length changed from 143.50 to 212.33 cm, branch
number from 10.50 to 22.00, stem diameter from
14.06 to 17.45 mm. It has been determined that the
local melon genotypes have a wider range of branch
length, branch number, stem diameter than standard
varieties. These results are thought to be due to the
different characteristics of genotypes. Previous
studies have shown that the stem diameter is 6,3116,4 mm [24, 25, 26, 27, 23].

In the readings made by the color measurement device for fruit flesh color, the value of L was
found to be maximum 74,11 (type 63) and minimum 44,98 (type 20). Croma values were 40.68
(type 22) and 10,40 (type 13). Also, it has been
determined that the hue value changed between
111,60 (type 2) and type 71,28 (type 87). L values
of Color of flesh of outer layer were between 82,21
(type 41) and 49,34 (type 73). It has been determined that the croma values were 42.73 (type 26)
and 11.65 (type 13); hue values were 116.70 (type
43) and 65.90 (type 37). In the readings of the fruit
skin color, it was determined that the values of L
were between 81,93 (type 43) and 35,99 (type 65).
Croma values were 9,87 (type 65) and 74,86 (type
2). Hue values were found 113,27 (77 type) and
75,06 (type 24).
Total soluble solid of melon genotypes varied
between 6.70 (type 24) and 13.79 (type 22), and pH
between 5,50 (type 48) and 7,20 (type 6), acidity
(malic - sitric acid respectively) 0,07-0,06 g/100 ml
(7, 9, 16, 18, 38, 40, 57, 62, 63, 75, 76, 85 nolu
tipler) and 0,15-0,14 g/100 ml (types 8, 47, 48, 64);
ascorbic acid of fruit flesh between 2,10 mg/100 ml
(type 13) and 39,30 mg/100 ml (type 87).
The seed width was 4.34 mm (type 33) and
6.90 mm (type 79), the seed length between 10.97
mm (type 24) and 15.05 mm (type 58). It was determined that the number of seeds per gram
changed from 10.00 (type 41) to 31.50 (type 16).
The yield per plant in melon genotypes studied ranged from 825 g (23 type) to 5342 g (8 type)
(Fig. 1).

DISCUSSION AND CONCLUSION
In melon genotypes examined, cotyledon leaf
width was 14.26-29.04 mm; cotyledone leaf length
was 16,86-45,33 mm and hypocotyl length was
10,53-36,12 mm. In standard varieties, the cotyledon width was found to be 14.68-20.20 mm, the



   











  

FIGURE 1
Yield per plant of local melon genotypes and standard melon varieties
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from 825.4 to 4680.0 g, the fruit length varied from
14.50 to 30.7 cm, and the fruit diameter ranged
from 11.10 to 17.83 cm. In the standard varieties, it
was determined that the fruit weight was between
1216.3 - 2371.0 g, the fruit length was between
13.00 - 20.55 cm and the fruit diameter was 12.25 15.54 cm. According to these values, fruit weight
and fruit length were higher in the tested genotypes
than the standard varieties and the fruit diameter
was found to be similar. $WDOPÕú[31] reported that
in the local types in the Aegean region, fruit weight
was between 872,86-3778,62 g, fruit length was
13,00- 33,67 cm and fruit diameter was 9,46- 21,50
cm. Findings from this researcher and local melon
genotypes was similar. On the other hand, it had
been determined that fruit weight was between 4611995 g, fruit length was 9,0-15,4 cm and fruit diameter was 9,3-14,5 cm in previous studies [32, 33,
27, 28]. Accordingly, the values obtained from the
examined genotypes were found to be higher than
the previous studies. According to this data, it can
be said that the genotypes examined are bigger and
heavier.
In the native genotypes, the seed cavity width
was 4,25-9,38 cm, the seed cavity length was 8,0 27,0 cm, the fruit flesh thickness was 2,63 - 5,40
cm and the fruit rind thickness was 0,40 - 1,43 cm;
in standard varieties these values were determined
as 5,07-7,25 cm, 7,71- 13,83 cm, 3,65-5,25 cm and
0,34-0,87 cm, respectively. According to this, the
seed cavity width and the fruit flesh thickness in the
local genotypes are similar to the examined standard varieties, while the seed cavity length and fruit
rind

The number of fruits per plant was determined
to be 1-3 in local genotypes and 1-4 in standard
varieties. The number of fruits was found to be
relatively low compared to the standard varieties. If
there is no intervention in the growth of melon, 2-6
fruits can be found in a melon plant. This number
can be up to 8-10 if the irrigation conditions are
good; However, in order to obtain fruits with the
desired size, the number of fruits should be limited
to 1-3 [17]. While Karayel [28] had 6 fruits in his
study, $USDFÕ HW DO. [29] 1,25-2,45; Aydogan and
Gül [24, 30] reported that there were 1,46-2,11
fruits. According to this, the number of fruits in the
tested local and standard genotypes was found to be
low compared to Günay [17] and Karayel [28], and
similar to other researchers. These differences in
the number of fruits are thought to be effective for
the duration of the vegetation.
In the local melon genotypes examined, leaf
width was 11.73 - 19.83 cm, leaf length was 10.90 19.17 cm, petiole length was 7.30 - 23.50 cm; in
standard varieties, these values were determined as
10,10-12,93 cm, 10,40-13,47 cm, and 5,57-11,83
cm, respectively. This situation is thought to be
genetic. Szamosi et al. [22] reported that leaf length
was7.24-12.20 cm, leaf width was 10.10-18.72 cm;
Mendi et al. [23] reported that leaf width was 11.33
cm, leaf length was 11.0 cm, petiole length was
4.66 cm. Leaf width was similar to Szamosi et al.
[22], while other values were higher for local genotypes than Szamosi et al. [22] and Mendi et al. [23].
It is thought that this situation can be caused by
genetic resources, partly due to environmental and
aquaculture conditions.
In the study, it was determined that the fruit
weight in the local melon genotypes studied varied

FIGURE 2
Scatter plot of PCA of local genotypes collected from some village of Ispir in Upper Coruh Valley and
three standard melon varieties based on their morphologic and some chemical properties.
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thickness are higher. This may be due to ecological
and genetic differences. Some researchers found
that seed cavity width was 3,25-10,93 cm [34, 23,
35, 29, 28, 22], seed cavity length 5,33-18, 66 cm
[23, 28, 22], the fruit flesh thickness was 1.66-5.85
cm [36, 23, 35, 29, 28, 22], and the fruit rind thickness was between 0.24-1.19 cm [36, 23, 29]. According to these, it was determined that seed cavity
width, fruit flesh thickness and fruit rind thickness
values were similar to previous studies, while seed
cavity length had higher value.
TTS was 6.70- 13.79% in the studied melon
genotypes; in standard varieties it was determined
to be between 10.27% and 12.21%. In the previous
researches, Dasgan and Abak [34] 9,1-10,5%; AyGR÷DQ DQG *O >] 9%, 0- 8\JXQ DQG 6DUÕ
[25] 4,61- 6DUÕ DQG <HWLúLU >6] 5,2-10,9%;
Mendi et al. [23]  .D\QDú HW DO [36] 6,32 ùHQVR\ HW Dl. [35] 9,21- .DGÕR÷OX
[38] reported that TTS was between 5.2% and
14.8%.
pH was 5,50-7,20 in melon genotypes studied;
in standard varieties it was between 6.17 and 6.40.
The pH values of the researches made in the melons
are Dashgan and Abak [34] 6,3-6,5; Cabello et al.
[37] 5,57- .DGÕR÷OX >@ UHSRUWHG -7,21.
Acidity in the studied local genotypes 0.06-0.15 g /
100ml; ascorbic acid values were found to be 2.139.3 mg / 100ml. In standard varieties, acidity is
0,09-0,15g / 100ml; ascorbic acid ranged from 8.6
to 51.0 mg / 100ml. In previous studies, it was
reported that acidity was 0.06-0.08 [39]; 0.08-0.52
[38]; 1,17-5,80 [31] and that ascorbic acid was
15,42-26,67 mg / 100g [40]. The results obtained
for TTS, pH and acidity were similar to both standard varieties and previous studies. Variation in
ascorbic acid was found to be wider in genotypes
examined.
In local genotypes, the seed length was between 10.97-15.05 mm, the seed width was between 4.33- 6.90 mm, the number of seeds in 1 g
was between 10.00-31.50 mm; in standard varieties
it was determined that these values changed between 10,62-11,83 mm, 4,36-5,05 mm and 25,1735,85, respectively. Seed length were 5-20 mm
[17]; 4,89-10,98 mm [41]); seed width were reported 2-8 mm by Günay [17] and 2,29-4,5 mm by Park
et al. [41]. These results show that in terms of seed
length and seed width, number of seed in 1 g there
are standard varieties in the population and local
genotypes with larger values than other results.
The yield per plant in the study was 825-8406
g in local genotypes; and in the standard varieties it
was changed between 1228-6324 g. The results
obtained were similar to the standard varieties, but
the upper and lower limit intervals were found to be
wider. Earlier studies also shown that the per crop
yield per plant was between 1312,0-2495 g [39];
1250-3770 g [40]; 836-1910 g [42]. It is understood

FIGURE 3
Dendogramme obtained by cluster analysis of
morphologic and some chemical properties of
local genotypes collected from some village of
Ispir in Upper Coruh Valley and three standard
melon varieties.
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[13] Martyn, R.D. and Miller, M.E. (1996) Monosporascus root rot/vine decline: An emerging
disease of melons worldwide. Plant Dis. 80,
716-725.
[14] Richter, H. (2000) Fresh produce guide: Nutrition, selection, preparation, storage, handling,
cooking. Try-Foods Intl. Inc. Apopka, FL.
[15] VXUDO + (úL\RN ' 'XPDQ ø (2000) Culture Vegetables (Vegetables Growing). Ege
Üniversity, Faculty of Agriculture, Bornova,
Izmir, 440 (in Turkish). 16, USA.
[16] Wien, H.C. (2002) The Physiology of Vegetable Crops.CABI Publishing 10 E 40th Street
Suite 3203, New York, NY 10016, USA.
[17] Günay, A. (2005) General Vegetables Growing
II. 0HWD3ULQWLQJ%RUQRYDø]PLU-213 (in
Turkish).
[18] Sezen, Y. (1995) Fertilizers and Fertilizing.
Release no: 303, Ataturk University, Faculty of
Agriculture Offset Facility, Erzurum (in Turkish).
[19] Ergene, A. (1993) Principles of Soil Science.
Release no: 303, Ataturk University, Faculty of
Agriculture Offset Facility, Erzurum (in Turkish).
[20] Backhaus, K., Erichson, B., Plinke, W.,
Weiber, R. (1989) Multivariate Analysis methods. Springer Verlag, Heidelberg, 418p.
[21] Özer, A., Türkmen, Ö., Paksoy, M. (2008)
Effects of Arbuscular Mikorizal Fungi Applications on Seedling Development of Some
Melon Genotypes. 9,, 6HE]H 7DUÕPÕ 6HP
pozyumu, Atatürk Bahçe Kültürleri Merkez
$UDúWÕUPD (QVWLWV 26-29 August, Yalova,
370-374 (in Turkish).
[22] Szamosi, C., Solmaz, I 6DUÕ 1  Morphological Characterization of Hungarian Melon (Cucumis melo L.) Genetic Resources and
Cultivars. 9,, 6HE]H 7DUÕPÕ 6HPSR]\XPX
$WDWUN %DKoH .OWUOHUL 0HUNH] $UDúWÕUPD
Enstitüsü, 26-29 August, Yalova, 46-50 (in
Turkish).
[23] Mendi, Y., øSHN 0 6ROPD] , 6DUÕ 1 YH
Çetiner, S. (2004) Morphological Characterization of Transgenic Melons. V. Symposium on
Vegetables, Çanakkale Onsekiz Mart University, 21-24 September, 88-90 (in Turkish).
[24] $\GR÷DQ 1 Gül, A. (1999) Effects of bag
properties on growth and yield of muskmelon
plants grown in soilless media. Türkiye III.
Bahçe Bitkileri Kongresi, Ankara, 14-17 September, 310-314 (in Turkish).
[25] 8\JXQ16DUÕ1 2000) The Effects of Different Pruning Methods and Height of Fruit
Setting on Plant Growth, Yield and Fruit
Quality of Melons Grown in Greenhouses.
Turk J Agric For. 24, 365-373.

that the yield values per plant are higher in the
examined local genotypes.
According to Principal Component analysis
(PCA), cluster analyisis there is a remarkable variation between the local melon genotypes and standard melon varieties (Fig. 2 and Fig. 3).
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The use of antibiotics as growth promoters in
chicken feed has led to some unwanted advances in
antibiotic resistance in certain bacterial pathogens. It
has also been reported that when used as an antibiotic growth promoter, fertilizers penetrate the soil
and groundwater. In addition, during antibiotic treatment, antibiotic residues have been reported to reach
surface and groundwater, even to drinking water,
soil or other environmental compartments [1]. So it
is forbidden to use antibiotics as a feed additive.
The prohibition of growth stimulating antibiotic feed additives reduced the profitability in industrial animal production, therefore the use of alternative feed additives has become widespread. One of
the most interesting alternative feed additives is
plant extracts. Herbs and herbal extracts have been
used since many years in many countries for medical
purposes. Some researchers reported that plant extracts can be successfully used as feed additives in
poultry [2, 3, 4, 5].
It is considered that plants and plant extracts
have a number of beneficial effects on poultry. They
increase feed consumption and improve the immune
system since they have antibacterial, anticoxidical,
antihelminthic, antiviral and antioxidant properties.
Mentha belongs to the genus of Labiatae family, and it is estimated that there are 20 species of
mentha spread all around the world. It is known that
some species of mentha have been used by various
traditional medical practices [6, 7, 8]. Furthermore,
it is a commonly served garnish as herbal tea or spice
in the Mediterranean diet [9].
  L. is a native species of Asia
and the near East [10]. It has been reported that 
  L. has been used in traditional medicine for flu, respiratory illnesses, gastrointestinal
disorders etc. Some researchers reported that  
 L. have exhibited antimicrobial and antioxidant properties in vitro and in vivo [11, 12].

&'%'
The aim of this study wasto investigate the effects of the supplementation of   extract (MPE) and vitamin E on performance, egg
quality and antioxidant enzyme activities of laying
hens. The experiment study was conducted with 120
40 weeks old laying hens (Lohman LSL). Hens were
given five dietary treatments of which each was repeated six times on 4 birds. Hens in the experiment
groups were given 50 mg / kg MPE, 100 mg / kg
MPE, 50 mg / kg vitamin E, 100 mg/kg vitamin E
and the hens in control group were fed on basal diet.
MPE and vitamin E supplementation did not
make any change on feed consumption and egg
weight but improved feed conversion ratio. Addition
of 100 mg / kg MPE and vitamin E significantly increased the egg production.
No significant difference were found between
control and experimental groups in terms of shell
thickness, yellowness, shape index and ratio of albumen, yolk and egg shell. However, MPE and vitamin
E supplementation improved theshell breaking
strength and Hough Unit.
Dietary supplementation of MPE and vitamin E
did not change AST, ALT, TG, cholesterol, HDL,
LDL and glucose level in serum. Serum MDA value
was decreased by MPE and vitamin E addition. Serum MDA levels were reduced by addition of MPE
and vitamin E, but there was no difference in SOD
activity among the groups. The addition of 50 and
100 mg / kg vitamin E significantly reduced the
GSH-Px activity. As a result, 100 mg / kg MPE supplementation can be recommended as an alternative
to antibiotic feed additives.


,*"%&
Laying hens,    extract, Vitamin E,
Malondialdehyde, Superoxide dismutase.
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'520;9<;?6@6;:;3@52/.?.8162@4 74
@29
;9<;?6@6;:4 74
Corn
371.21
Wheat
208.63
Soybean Meal
96.03
Sunflower meal
95.00
Poultry Meal
40.00
Bonkalite
75.00
Vegetable Oil
5.00
Salt
1.76
Lysine-HCL
0.85
Limestone
100.98
Vitamin Mineral Mixture1
2.00
NaHNO3
1.07
DCP
2.47
TOTAL
1000
.80A8.@210;9<;?6@6;:
Crude Protein
16.70
Crude Fat
3.43
Crude Cellulose
4.13
Crude Ash
13.40
ME (kcal/kg)
2724
:.8E?210;9<;?6@6;:
Crude Protein
16.90
Crude Fat
3.27
Crude Cellulose
4.59
Crude Ash
13.6
ME (kcal/kg)
2700
1
Per kg diet added: 12000 IU vitamin A, 2500 IU vitamin D3, 30 IU vitamin E, 3.4 mg vitamin K3, 3 mg vitamin B1, 6 mg
vitamin B2, 30 mg niacin, 10 mg calcium D-pantothenate, 5 mg vitamin B6, 0.015 mg vitamin B12, 1 mg folic acid, 0.050 mg
D-biotin, 50 mg vitamin C, 125 mg choline chloride, 80 mg manganase, 60 mg iron, 60 mg zinc, 5 mg copper, 0.5 mg cobalt,
0.2 mg iodine, 0.15 mg selenium


There is no enough research which investigated
the antioxidant activities of   L. in
laying hens. This study was to determine the effects
of dietary upplementation of   L. extract on performance, the quality of egg, some blood
parameters and glutathione peroxidase (GPx),
malondialdehyde (MDA) and superoxide dismutase
(SOD) in serum of laying hens.


'%&! '"&

D<2>692:@.8 12?64: The experiment was
performed with 120 40 weeks old laying hens
(Lohman LSL). Hens were randomly allocated to
five dietary treatments of which each was repeated
six times, each time with 4 hens and the hens were
housed in batteries. They were fed ad libitum with
feed and water. The control group was fed on basal
diet (Table 1), and the experiment group was given
50 mg/kg MPE, 100 mg/kg MPE, 50 mg vitamin E
and 100 mg vitamin E (DL-α-tokoferol asetat) supplementation.
  L. plant was harvested from
its natural habitat, Erzurum, Turkey, in early July.
The plant material was cleaned and then dried at
room temperature. Then,    was

extruted according to Kordali et al. [13]. Feed intake
and egg production were measured every two weeks
and accordingy, feed conversion ratio was calculated. The criteria of egg quality such as Hough
units, egg weight, shell breaking strength, shell
thickness, yellowness, shape index and ratio of albumen, yolk and shell were also determined every two
week.
The blood samples collected from six birds in
each group at the end of the experiment were centrifuged at 4000 x g for 10 minutes at +20 oC. Then,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), triglyceride (TG), glucose, serum cholesterol, low density lipoprotein cholesterol
(LDL-C) and high density lipoprotein cholesterol
(HDL-C) were measured using biochemical automatic analysis. Serum superoxide dismutase (SOD),
malondialdehyde (MDA) and glutathione peroxidase (GSH-Px) values have been determined by
commercial kits.

&@.@6?@60.8 :.8E?2? The data obtained from
this experiment were analyzed using one-way
ANOVA and Duncan's multiple range test [14].
Least Significant Difference Test (P<0.05) was applied to the treatment means.
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3320@?;3 #.:1B6@.96:;:<2>3;>9.:02;3@528.E6:452:?
>;A<?
Control
MPE 50 mg/kg
MPE 100 mg/kg
Vitamin E 50 mg/kg
Vitamin E 100 mg/kg
SE
P

221:@.72
4
125.35
123.73
120.37
125.25
124.41
1.53
NS

44*2645@
4
65.02
63.59
65.61
64.11
0.33
NS

44#>;1A0@6;:

80.78b
86.03ab
89.01a
85.40ab
88.18a
0.89
0.041*

221;:B2>?6;:%.@6;
44
2.47a
2.22b
2.13b
2.26b
2.21b
0.031
0.014*

a, b

: The column average is significantly different
SE: standard error *: p<0.05 NS: Not significant

'
3320@?;3 #.:1B6@.96:?A<<8292:@?;:244=A.86@E;3@528.E6:452:?
>;A<?

8/A92:


,;87


44&5288


Control
62.89
27.31
MPE 50
60.43
28.51
mg/kg
MPE 100
62.19
27.71
mg/kg
Vitamin E 50
61.95
26.88
mg/kg
Vitamin E
61.23
27.16
100 mg/kg
SEM
0.278
0.214
P
NS
NS
a, b
: The column average is significantly different
SE: standard error *: p<0.05 NS: Not significant

9.78

&5.<2
:12D
76.18

&5288
>2.76:4
?@>2:4@5
7409 
2.25b

,288;C
:2??

&5288
@5607:2??
G9

;A45
(:6@?

12.25

441.75

75.33b

a

10.93

472.53

83.58a

10.16

75.86

3.17

10.08

75.91

2.76ab

10.52

484.35

84.15a

10.07

75.46

2.72ab

10.66

469.26

84.10a

10.16

75.38

2.73ab

10.58

486.75

84.59a

0.098
NS

0.249
NS

0.097
0.034*

0.176
NS

7.22
NS

0.86
0.030*

'
3320@?;3 #.:1B6@.96:?A<<8292:@?;:/8;;1?2>A9/6;052960.8<.>.92@2>?;3@528.E6:452:?
# 
94 74
AST (U/L)
215.50
225.50
ALT (U/L)
3.75
4.25
TG (mg/dl)
907.25
925.00
Cholesterol (mg/dl)
136.00
134.50
HDL (mg/dl)
31.00
32.25
LDL (mg/dl)
50.25
37.00
Glucose (mg/dl)
218.00
219.75
a, b
: The column average is significantly different
SE: standard error *: p<0.05 NS: Not significant
>;A<?

;:@>;8

#

94 74
242.75
5.00
908.75
149.00
37.00
53.50
211.25

%&('&

The measured values of feed intake, egg
weight, egg production and feed conversion ratio are
presented in Table 2. Dietary supplementation of
   L. extract (MPE) and vitamin E
had no effect on feed intake and egg weight. Feed
conversion ratio and egg production was significantly different between the control and experimental groups (P < 0.05). In addition, Table 2 shows
that the highest egg production was seen in the
groups which were given 100 mg/kg MPE and 100
mg/kg vitamin E supplementation. Moreover, the dietary supplementation of MPE and Vitamin E improved the feed conversion ratio.
The impact of MPE and Vitamin E on some egg
quality criteria were listed in the Table 3. The

)6@.96: 
94 74
197.00
3.00
921.00
117.00
53.50
40.00
236.00

)6@.96:
94 74
162.33
2.33
914.00
90.66
40.00
36.33
256.66



& 

#

13.09
0.47
97.39
12.35
1.92
4.86
10.74

NS
NS
NS
NS
NS
NS
NS

difference among the groups was not significant in
terms of shell thickness, yellowness, shape index and
ratio of albumen, yolk and egg shell. However, shell
breaking strength increased in MPE and vitamin E
supplemented groups (P<0.05), and the highest shell
breaking strength value was observed in 50 mg/kg
MPE supplemented group. Dietary MPE and vitamin
E supplementation significantly increased the Hough
Unit.
Some blood parameters ara given in Table 4.
Dietary supplementation of MPE and vitamin E did
not change AST, ALT, TG, cholesterol, HDL, LDL
and glucose level in serum.
Serum MDA level significantly decreased in
the experimental group compared to the control
group (Table 5). SOD value was not affected by
treatments and GSH-Px decreased with the addition
of vitamin E.

8016

"!

 #   





    


'
3320@?;3 #.:1B6@.96:?A<<8292:@?;:&"  &#D6:?2>A9;3@528.E6:452:?
>;A<?
Control
MPE 50 mg/kg
MPE 100 mg/kg
Vitamin E 50 mg/kg
Vitamin E 100 mg/kg
SEM
P

 
5.68a
3.84b
3.64b
2.93b
3.16b
0.05
0.046*

&#D 
55.40a
45.15ab
58.26a
20.39c
31.83bc
4.06
0.001**

&"( 
0.86
0.62
1.61
1.28
1.34
0.12
NS

a, b,c
: The column average is significantly different
SEM: standard error of means *: p<0.05 **: p<0.01

&(&&"!

the experimental group with MPE and vitamin E
supplementation. Contrary to the findings of this
study, Nobakth et al. [16] reported that adding pennyroyal to the diet increased shell thickness in layers.
Paymard et al. [17] reported that dietary supplementation of pennyroyal extract in the diets of laying
hens did not change egg shell weight, egg shell thickness, shell breaking strength and yellowness whereas
the Hough Unit of egg increased. Similarly, Nobakth
et al. [16] concluded that pennyroyal did not cause
any change in shell weight, yellowness and Hough
Unit.
Kaya and Turgut [22] have suggested that there
is no effect of vitamin E supplementation on shell
thickness, yellowness, shape index, shell breaking
strength and Hough unit of laying hens. Similarly,
Jiang et al. [24] also determined that supplementation of vitamin E did not change the shell thickness,
yellowness, shell breaking strength and Hough unit.
AST and ALT are important enzymes indicating the degree of damage in the liver. In this study,
it was determined that no blood parameters including
ALT and AST was affected by MPE and vitamin E.
Similar our results, Jiang et al. [24] indicated that
there is no relationship between the cholesterol,
LDL, HDL, ALT and AST values and vitamin E supplementation. Khodadust et al. [25] reported that extract of peppermint has increased total protein and
decreased ALT, AST, glucose, TG, cholesterol,
HDL and LDL in blood serum of broilers.
MDA, which is a marker of the oxidation level
in the body, was reduced by addition of MPE in serum. Serum MDA level significantly decreased in
experimental groups compared to the control group.
It was reported that some aromatic plants with their
antioxidant properties may have a role in reducing
lipid peroxidation in vivo and in vitro [26, 27, 28]. A
number of studies, which have been conducted to reveal the antioxidant properties of pennyroyal, supports the findings of this study [29, 30]. It was reported that menthole and pulegone, are known with
their antioxidant properties [31]. Therefore, tt is estimated that the decrease in the MDA level was
caused by menthone and pulegone, which are the
major components of MPE. According to our results,
vitamin E significantly reduced the MDA value,

We have determined that dietary supplementation of MPE and vitamin E did not lead to any
change on feed intake and egg weight. Similarly,
Arjomandi et al. [15] and Nobakth et al. [16] discovered that pennyroyal supplement had no effect on the
feed intake of laying hens. However, Paymard et al.
[17] noted that 0.3% pennyroyal extract supplementation decreased the feed intake and egg weight of
laying hens.
The addition of 100 mg / kg MPE and 100 mg
/ kg vitamin E in the diet increased the egg production, and the feed conversion ratio was improved in
all the dietary groups compared to the control group.
Contrary to these results, Arjomandi et al. [15],
Nobakth et al. [16] and Paymard et al. [17] reported
that egg production and feed conversion ratio of laying hensdecreased after the pennyroyal supplementation. However, Nobakht and Mehmannavaz [18]
revealed that dietary supplementation of pennyroyal
improved the performance and egg quality of laying
hens. Furthermore, some researchers discovered the
positive effects of dietary pennyroyal supplementation on performance of broilers [16, 19, 20, 21, 22].
Whereas no relationship was found between
egg production, egg weight, feed conversion ratio
and feed intake and supplementation of vitamin E in
laying hens in a study carried out by Kaya and Turgut [23]. Jiang et al. [24] found that egg production
was increased with the addition of vitamin E while
feed conversion ratio, feed consumption and egg
weight were not affected by vitamin E supplement in
laying hens.
The results of this experiment are inconsistent
with the results of previous studies. The results obtained from the present study and the previous studies are contraversial, which may be related to practical differences such as the amount of supplementation of pennyroyal, the selection of animal breeds or
using pennyroyal extract instead of pennyroyal
plant.
There was no relationship observed between
shell thickness, yellowness, shape index and ratio of
albumen, yolk and egg shell and dietary MPE and
vitamin E supplementation. However, breaking
strength and Hough Unit significantly increased in
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while SOD activity numerically increased. Some
previous studies have obtained similar data [24, 32].
GSH-Px and SOD are endogenously synthesized antioxidant enzymes. SOD, found in both cytosol and mitochondria, neutralizes the superoxide
radicals and protects the cells from harmful effects
of the superoxide radicals. We have found out that
the serum GSH-Px value was significantly reduced
by the addition of vitamin E, however, the difference
between the experimental and control groups was
not significant.
Contrary to our results, Jiang et al. [24] reported that there is no significant effect of dietary
supplement of vitamin E on GSH-Px. There was no
significant effect of MPE and vitamin E supplementation on SOD activity, although SOD activity increased numerically in the 100 mg/kg MPE, 50 and
100 mg/kg vitamin E groups. It is estimated that pennyroyal may have a positive effect on the SOD activity by lowering the MDA in the blood serum
thanks to its antioxidant properties. Blum and Fridovich [33] reported that GSH –Px can be inhibited
by superoxide radicals. Akdoğan et al. [34] indicated
that activity of SOD and GSH-Px in kidney decreased significantly in the rats given 40 g / L M.
spicata tea. Therefore, it is claimed that the excess
consumption of pepperment tea may cause the formation of superoxide, which inhibits the activity of
SOD and GSH-Px. On the contrary, Kostadinoviç et
al. [35] observed that the diets supplemented with
200 g/kg of Mentha piperita significantly improved
GSH-Px in blood of the broilers. Hashemipour et al.
[36] pointed out that the supplementation of diets
with thymol + carvacrol increased the GSH-PX and
SOD activities and reduced the MDA level in the
muscles of broilers.
As a result, addition of MPE and vitamin E onto
the ration improved egg production and feed conversion ratio, and the best egg production result was
found in the 100 mg/kg MPE group. It was also
found that Haugh unit and shell breaking strength
values increased by addition of MPE and vitamin E.
Serum MDA values decreased in all groups in comparison to the control group. It was observed that the
100 mg/kg level of mentha pulegium extract increased the serum SOD values, not statistically, but
numerically. Therefore, it was concluded that usage
of MPE in rations by 100 mg/kg will be useful.
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ABSTRACT

dose of mutagen.

Mutation breeding is one of the favorable
techniques to the production of new cultivars and
lines. But the determination of mutagen type and
their appropriate doses the most important points in
mutagenesis due to lethality in living organism. In
the present study, the winter squash and pumpkin
seeds were irradiated with a Co60 source at five
gamma ray doses (50, 100, 200, 300 and 400 Gy).
Radiobiological effects of the gamma rays were
investigated in root tip cells of germinated seeds in
the M0 (irradiated seeds) and M1 generations of
winter squash and pumpkin lines via mitotic index
(MI), mitotic abnormalities (MA) (total abnormal
cell, abnormality percentage, and chromosomal
aberrations). Seeds irradiated with doses of up to
200 Gy exhibited similar MI and MA as nonirradiated control seeds. While cell division sharply
interrupted and reduced, MA gradually increased at
300 Gy and 400 Gy gamma ray doses. M0 showed
the greater decrease in MI and increase in MA than
M1 generation.

In recent years, the most widely used physical
mutagen is ionizing radiation (x-ray, gamma-ray).
By the way, detection of appropriate ionizing radiation doses which have not negative effects on plant
growth and development in relevant species is a key
factor in a mutagenesis program. The radio biological effects of ionizing radiation are introduced by
germination and emergence tests [2], plant growth
and development characteristics (plant and root
length, leaf area, chlorophyll content etc.) [3, 4, 5],
cytological (mitotic index and chromosomal aberrations) [6] and biochemical (sugar, carbon, protein,
proline etc. contents) [7, 8] studies. Hence, cytogenetic studies are necessary to determine the radiobiological effects and role of the mutagen and also
elucidate the suitable mutagen dose in genotypes. In
this way, cytogenetic tests are commonly used for
biomonitoring to evaluate the toxic and mutagenic
effects of substances [9].
Winter squash and pumpkin are the members
of Cucurbita genus and widely cultivated for fresh
consumption, dessert, seed oil and appetizer in
Turkey. These species are also utilizing alternative
vegetable crops for growing areas that have limited
irrigation. In our previously breeding program, four
winter squash (Cucurbita maxima Duch.) and
pumpkin (Cucurbita moschata Duch.) genotypes
were determined to be promising cultivars for further breeding efforts [10, 11].
In view of the producing new varieties with
the desirable agricultural traits via mutation breeding, the present study was undertaken to evaluate
the effects of gamma radiation on the mitotic index
and mitotic abnormality of root tips of winter
squash and pumpkin lines.

KEYWORDS:
Gamma irradiation, mitotic index, mitotic abnormality,
winter squash, pumpkin.

INTRODUCTION
Mutagenesis is a single way of improving new
plant varieties and species which are more tolerant
and resistant both biotic and abiotic stress conditions (especially to the viruses and drought) by
induces the genetic variation. Because of conventional breeding programs are limited to combine the
complex quantitative agronomic traits in a variety,
and new plant varieties mutagenesis. During the last
fifty years, superior varieties were improved by
using mutation breeding methods [1], and this
method is also accepted more economic and environmentalist than GMOs in public concern. Although mutation breeding has unique advantages for
the production of superior lines in different crops,
its performance depends on the type and exposure

MATERIALS AND METHODS
The seeds in five-month-old of four winter
VTXDVK 6ø %$ %$ DQG *  DQG
four pumpkin lines (14YE02, 14BO01, 55BA01
and G9) were used. Abnormal seeds were eliminated and then normal seeds were dehydrated in an air
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HCl for 20 min. at 60±2 0C in the incubator. Macerated root tips were washed with distilled water to
remove excessive HCl and blotted. The dried root
tips were dipped into 2% acetocarmine stain for an
hour. Thereafter, stained root tips were squashed in
a drop of acetocarmine and cover slip was sealed
with paraffin immediately for semi-permanent mitotic slides.
Mitotic index (MI) and mitotic abnormalities
(MA) (total abnormal cell - TAC, abnormality percentage ± AP, and chromosomal aberrations - CA)
were determined in irradiated and non-irradiated
seeds by the counting the number of dividing cells
in a total of 800 cells (200 cell for each of 4 replicates). MI was calculated by using the following
formula:

oven at 35 °C for 1 d until they reached constant
moisture content (8.0 - 9.0%). Dry and healthy
seeds were irradiated with different gamma ray
doses (50, 100, 200, 300 and 400 Gy) with a Co60
source. Two hundred winter squash and pumpkin
seeds were used for each line for the evaluation of
the mitotic observations.
Irradiated and non-irradiated (control batch)
seeds were disinfected with a fungicide solution,
and then, germination tests were performed using
the between-paper (BP) technique [12] in a growth
chamber at 27 ± 1 °C in the dark [13]. Four replicates of fifty seeds were placed in Petri dishes between filter papers and moistened with 10 mL of
distilled water.
The root tips (about 0.5 cm in length) of germinated seeds were excised and pre-treated in a
VDWXUDWHGDTXHRXVVROXWLRQRIĮ- monobromonaphtalen for 2 h at 4°C. Then, root tips were fixed in
&DUQR\¶V IL[DWLYH  JODFLDO DFHWLF DFLG  DEVROXWH
alcohol V/V) solution for 48 hours and transferred
to 70% ethanol and kept in a refrigerator at 4ºC
until use. Fixed root tips were washed with distilled
water 3 times for 5 min each and hydrolysed in 1N

Statistical analysis. Effects of treatments
were tested by variance analysis (ANOVA) and
differences between groups were determined by
LSD test with a probability of 5%.

TABLE 1
The effects of irradiation doses (Gy) on the mitotic index (MI), total abnormal cell (TAC) and abnormality
percentage (AP) in M0 and M1 generations of winter squash.
M0
M1
Doses
MI
TAC
AP
MI
TAC
AP
0
0G
22.7 (± 2.9) A
0
0G
0
21.1 (± 3.6) A
50
23.4 (± 2.2) A
2
0.25 (± 0.04) F
22.2 (± 3.1) A
0
0G
5
0.63 (± 0.21) F
22.1 (± 2.6) A
4
0.50 (± 0.16) F
100
20.9 (± 2.1) A
6ø
17
2.13 (± 0.47) F
21.6 (± 3.0) A
8
1.00 (± 0.16) F
200
20.1 (± 3.4) AB
300
14.8 (± 2.9) C
41
5.13 (± 1.12) DE
18.1 (± 3.2) B
15
1.88 (± 0.22) F
108
13.50 (± 2.76) BC
11.8 (± 1.7) CD
39
4.88 (± 0.97) DE
400
6.6 (± 1.3) DE
28.83
3.61 C
19.75 A
11.00
1.38 E
Avr.
17.82 AB
0
18.4 (± 2.3) B
0
0G
20.7 (± 2.8) AB
0
0G
50
19.9 (± 2.1) AB
5
0.63 (± 0.19) F
20.1 (± 3.9) AB
0
0G
9
1.13 (± 0.27) F
19.9 (± 3.1) AB
3
0.38 (± 0.06) F
100
17.7 (± 3.6) B
55BA02
25
3.13 (± 1.12) E
18.8 (± 3.4) B
11
1.38 (± 0.39) F
200
15.5 (± 2.9) BC
52
6.50 (± 1.68) D
12.5 (± 2.2) C
21
2.63 (± 0.83) EF
300
8.8 (± 1.1) CD
129
16.13 (± 3.34) B
7.2 (± 1.1) DE
48
6.00 (± 1.74) DE
400
2.1 (± 0.3) F
36.67
4.59 B
16.53 B
13.83
1.73 E
Avr.
13.73 BC
0
0G
18.9 (± 2.4) B
0
0G
0
17.7 (± 2.0) B
50
18.5 (± 3.2) B
4
0.50 (± 0.13) F
18.4 (± 2.6) B
0
0G
11
1.38 (± 0.47) F
18.1 (± 3.3) B
5
0.63 (± 0.14) F
100
16.9 (± 2.7) B
24
3.00 (± 0.52) E
16.5 (± 3.9) BC
15
1.88 (± 0.26) F
55BA03
200
14.2 (± 2.1) C
61
7.63 (± 1.99) D
11.3 (± 2.5) CD
25
3.13 (± 0.74) E
300
8.3 (± 1.3) CD
117
14.63 (± 2.15) B
6.6 (± 1.1) DE
59
7.38 (± 1.66) D
400
2.8 (± 0.5) E
36.17
4.53 B
14.97 B
17.33
2.17 D
Avr.
13.07 C
AB
G
A
0
0
22.8 (± 4.1)
0
0G
0
20.6 (± 3.1)
50
20.9 (± 3.0) A
4
0.50 (± 0.09) F
22.7 (± 3.2) A
0
0G
100
18.4 (± 3.2) B
7
0.88 (± 0.22) F
21.9 (± 3.6) A
4
0.50 (± 0.07) F
14
1.50 (± 0.41) F
19.7 (± 2.8) AB
9
1.13 (± 0.11) F
200
16.1 (± 2.5) BC
G14
47
5.88 (± 1.05) DE
13.4 (± 3.0) C
18
2.25 (± 0.55) F
300
10.1 (± 2.4) CD
94
11.75 (± 2.47) C
6.9 (± 1.9) DE
43
5.38 (± 1.89) E
400
2.5 (± 0.4) EF
27.67
3.46 C
17.90 AB
12.33
1.54 E
Avr.
14.77 BC
AB
F
A
0
0
21.28
0
0F
0
19.45
50
20.68 A
3.75
0.47 E
20.85 A
0
0F
8.00
1.00 E
20.50 A
4.00
0.50 E
100
18.48 B
Mean
20.00
2.50 D
19.15 B
9.50
1.19 E
200
16.48 C
50.25
6.28 CD
13.83 D
20.00
2.50 D
300
10.50 EF
112.00
14.00 B
8.13 G
47.25
5.91 D
400
3.50 I
Avr.
14.85
32.33
4.04
17.29
13.08
1.64
Each value followed by different letters indicates a significant difference (P <  WR'XQFDQ¶VPXOWLSOHUDQJHWHVW '057  Values represent the means of eight hundred for each treatment and genotype (two hundred in four replicates) (±SE).
SD(0.05) of MI = 4.19 ; SD(0.05) of AP = 3.85; SD(0.05) of average MI = 3.07
SD(0.05) of average AP = 1.02; SD(0.05) of mean MI = 2.09; SD(0.05) of mean AP = 4.26
Lines
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16.5, 10.5 and 3.5 in winter squash, and 14.3, 14.8,
12.8, 10.5, 4.4 and 1.1 in pumpkin associated with
control lots, 50 Gy, 100 Gy, 200 Gy, 300 Gy and
400 Gy gamma ray doses, sequentially. In lines,
6øLQZLQWHUVTXDVKDQG*LQSXPSNLQJHQHU
ated the highest MI response, and winter squashes
gave also higher MI values than pumpkins for both
Mo and M1, averagely.
Varied mitotic abnormality responses (TAC
and AP) were determined in the tested species and
lines depending on the irradiation doses, relative to
those of the controls, significantly. TAC and AP
were found to be similar up to 200 Gy dose, but the
abnormalities were observed and normal cell division was sharply interrupted at 300 Gy and 400 Gy.
The highest doses indicated the gradual increase of
TAC and AP values and the mitotic defects were
higher in M0 than M1. In total, TAC increased by
5.6 fold in winter squash and pumpkin at 400 Gy
compared to 200 Gy dose for Mo generation, respectively. While the TAC and AP values were ranged
from 94

RESULTS
The effects of irradiation treatments on MI,
TAC and AP. The results of mitotic index (MI)
and mitotic abnormalities (TAC and AP) are presented in Table 1 (for winter squash) and Table 2
(for pumpkin). The effect of different concentrations of gamma rays on the variation of the MI was
recorded between 0.4 in pumpkin (line 55BA01) at
 *\ DQG  LQ ZLQWHU VTXDVK OLQH 6ø  DW
50 Gy for M0. The range of MI values were 3.6 in
pumpkin (line 55BA01) at 400 Gy and 22.8 in winter squash (line G14) at control lot for M 1. MI values were between 11.8 (55BA01) and 16.4 (G9) in
SXPSNLQDQG %$ DQG 6ø LQ
winter squash at control lots, while they were determined by 7.5 and 12.9 in pumpkin, and 14.2 and
20.1 in winter squash lines at 200 Gy, respectively.
On the other hand, 300 Gy and 400 Gy gamma ray
doses showed the cytotoxic effects and had the
lowest MI response. In consideration of the average
values, MI was recorded to be 19.5, 20.7, 18.5,

TABLE 2
The effects of irradiation doses (Gy) on the mitotic index (MI), total abnormal cell (TAC) and abnormality
percentage (AP) in M0 and M1 generations of pumpkin.
Lines

14YE02

14BO01

55BA01

G9

Mean

Doses
0
50
100
200
300
400
Avr.
0
50
100
200
300
400
Avr.
0
50
100
200
300
400
Avr.
0
50
100
200
300
400
Avr.
0
50
100
200
300
400
Avr.

MI
13.1 (± 2.8) C
14.6 (± 2.9) C
12.7 (± 2.3) C
10.3 (± 2.2) BC
4.8 (± 1.9) E
1.3 (± 0.5) F
9.47 D
15.7 (± 2.7) B
15.3 (± 2.3) BC
13.9 (± 2.1) C
11.1 (± 3.2) CD
4.4 (± 1.2) E
1.1 (± 0.4) E
10.25 D
11.8 (± 3.4) CD
12.2 (± 2.8) C
9.1 (± 2.1) D
7.5 (± 1.7) D
2.9 (± 1.5) E
0.4 (± 0.2) F
7.32 E
16.4 (± 3.8) B
17.2 (± 2.2) B
15.4 (± 3.1) B
12.9 (± 2.7) C
5.6 (± 1.3) E
1.5 (± 0.6) F
11.50 CD
14.25 D
14.83 D
12.78 E
10.45 EF
4.43 I
1.08 J
9.64

M0
TAC
0
5
8
23
64
144
40.67
0
7
14
29
69
157
46.00
0
4
13
33
72
171
49.33
0
6
11
21
61
138
39.50
0
5.50
11.50
27.25
66.50
152.50
43.88

AP
0G
0.63 (± 0.21) F
1.00 (± 0.14) F
2.88 (± 0.35) E
8.00 (± 1.03) D
18.00 (± 2.41) A
5.09 B
0G
0.88 (± 0.22) F
1.75 (± 0.39) F
3.63 (± 0.84) DE
8.63 (± 2.27) D
19.63 (± 3.09) A
4.09 BC
0G
0.50 (± 0.23) F
1.63 (± 0.34) F
4.13 (± 0.48) E
9.00 (± 1.66) D
21.38 (± 2.41) A
6.17 A
0G
0.75 (± 0.10) F
1.38 (± 0.17) F
2.63 (± 0.55) E
7.63 (± 1.38) D
17.25 (± 2.12) AB
4.94 B
0F
0.69 E
1.44 E
3.41 D
8.31 C
19.06 A
5.49

MI
14.8 (± 2.5) C
14.9 (± 2.4) C
14.4 (± 2.0) C
13.7 (± 1.9) C
9.5 (± 1.7) D
5.6 (± 1.1) E
12.17 C
15.4 (± 3.2) B
15.1 (± 2.8) BC
14.8 (± 2.0) C
12.9 (± 2.2) C
8.4 (± 1.8) D
5.1 (± 1.4) E
11.95 C
12.7 (± 3.1) C
12.4 (± 3.3) C
12.0 (± 2.4) C
10.8 (± 2.0) D
6.5 (± 1.9) DE
3.6 (± 1.3) E
9.67 D
15.6 (± 3.3) B
15.2 (± 2.8) BC
15.1 (± 2.4) BC
14.5 (± 2.7) C
9.6 (± 1.6) D
5.5 (± 1.1) E
12.58 C
14.63 D
14.40 D
14.08 D
12.98 DE
8.50 G
4.95 H
11.59

M1
TAC
0
0
5
10
31
70
19.33
0
0
7
15
36
75
22.17
0
0
8
20
42
80
25.00
0
0
7
16
39
72
22.33
0
0
6.75
15.25
36.50
74.75
22.21

AP
0G
0G
0.63 (± 0.03) F
1.25 (± 0.19) F
3.89 (± 0.88) E
8.75 (± 1.82) D
2.42 D
0G
0G
0.88 (± 0.07) F
1.88 (± 0.30) F
4.50 (± 0.68) E
9.38 (± 2.12) D
2.77 D
0G
0G
1.00 (± 0.27) F
2.50 (± 0.36) EF
5.25 (± 0.81) DE
10.00 (± 2.43) D
3.13 CD
0G
0G
0.88 (± 0.14) F
2.00 (± 0.63) E
4.88 (± 0.77) DE
9.00 (± 2.05) D
3.13 CD
0F
0F
0.84 E
1.91 E
4.56 D
9.34 C
2.78

Each value followed by different letters indicates a significant difference (P <  WR'XQFDQ¶VPXOWLSOHUDQJHWHVW '057 
Values represent the means of four hundred for each treatment and genotype (a hundred in four replicates) (±SE).
SD(0.05) of MI = 4.19 ; SD(0.05) of AP = 3.85; SD(0.05) of average MI = 3.07
SD(0.05) of average AP = 1.02; SD(0.05) of mean MI = 2.09; SD(0.05) of mean AP = 4.26
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mal aberrations, and the others were laggard (Figure
1C) and clumping (Figure 1D) formation at the least
at (Table 3 and 4) for Mo and M1.
Control lots were not shown any chromosomal
aberrations and mitosis was also normal at 50 Gy in
M1. While laggard and clumping were not observed
in the control and 50 Gy dose, these formations had
the increasing trend with the increasing irradiation
dose both of winter squash and pumpkin lines for
Mo and M1. Interestingly, clumping was not visualized up to 200 Gy in M1.
The percentage of aberrations varied from
5.25 (stickiness in line 55BA03) to 1.75 (clumping
LQ OLQH 6ø  LQ ZLQWHU VTXDVK DQG IURP 7.88
(bridges in line 55BA03) to 2.63 (laggard in line
14BO01) of pumpkin for M0, while they were
found to be 3.38 (stickiness in line 55BA03) and
0.63 FOXPSLQJ DQG ODJJDUG LQ OLQHV 6ø DQG
55BA02) in winter squash, and 4.38 (stickiness)
and 0.63 (laggard) in line 14BO01 of pumpkin for
M1 at 400 Gy. Overall, the rate of bridges, stickiness, laggard and clumping formations were recorded by 1.42, 1.31, 0.79 and 0.56 in winter squash,
and 1.99, 1.87, 0.83 and 0.81 in pumpkin for M0,
while they were found to be 0.66, 0.68, 0.19, 0.22
and 1.20, 1.04, 0.36, 0.29 for M1, sequentially. In
comparing the generations, M0 resulted in higher
defects and abnormality rates than M1.

and 11.75% (G14) to 129 and 16.13% (55BA02) in
winter squash and from 138 and 17.25% (G9) to
171 and 21.38% (55BA01) in pumpkin for Mo, they
were counted by 39 -  6ø  DQG  7.38% (55BA03) in winter squash, and 70 - 8.75
(14YE02), and 80 ± 10.00 (55BA01) in pumpkin
for M1, respectively. Overall, the average values of
TAC and AP were 32.33 ± 4.04, and 13.08 ± 1.64 in
winter squash, 43.88 ± 5.49, and 22.21 ± 2.78 in
pumpkin for M0 and M1, sequentially (Table 1 and
2).
The effects of irradiation treatments on
chromosomal aberrations. Species and lines displayed a wide spectrum of chromosomal aberrations
depending on the exposure doses. Likewise, mitosis
was normal up to 200 Gy doses and indicated the
similar percentage of aberrations as in control lots.
But the mitotic cell division became abnormal and
chromosomes showed different formation along
with increasing the irradiation doses, subsequently.
Thus, genotoxic effects and notable aberration rates
were observed at 300 Gy and 400 Gy doses in winter squash and pumpkin lines. Clastogenic (bridges
and clumping) and physiological aberrations (stickiness and laggard) were also determined in metaphase and anaphase divisions. Bridges (Figure 1A)
and stickiness (Figure 1B) were typical chromoso-

TABLE 3
The effects of irradiation doses (Gy) on chromosomal abnormality types and percentages (%) in M0 and
M1 generations of winter squash.
M0
Metaphase
Anaphase
Lines
Doses
B
S
L
C
0
0
0
0
0
50
0
0.25
0
0
100
0.13
0.25
0.13
0.13
6ø
200
0.75
0.88
0.25
0.25
300
2.73
1.27
0.63
0.50
400
3.90
4.24
3.62
1.75
Avr.
1.25
1.15
0.77
0.44
0
0
0
0
0
50
0.25
0.38
0
0
100
0.63
0.25
0.13
0.13
200
1.50
1.00
0.25
0.38
55BA02
300
3.50
2.38
0.25
0.38
400
4.88
4.63
3.88
2.75
Avr.
1.80
1.44
0.75
0.61
0
0
0
0
0
50
0.13
0.38
0
0
100
0.50
0.50
0.25
0.13
55BA03
200
1.25
1.13
0.38
0.25
300
1.38
2.25
2.75
1.27
400
3.75
5.25
3.00
2.63
Avr.
1.17
1.59
1.06
0.71
0
0
0
0
0
50
0.25
0.13
0
0
100
0.38
0.25
0.25
0.13
200
1.13
0.50
0.13
0.25
G14
300
3.00
1.88
0.63
0.38
400
3.88
3.63
2.38
1.88
Avr.
1.44
1.07
0.57
0.44
0
0
0
0
0
50
0.20
0.29
0
0
100
0.41
0.31
0.20
0.13
Mean
200
1.17
0.88
0.25
0.35
300
2.65
1.95
1.07
0.63
400
4.10
4.44
3.22
2.25
Avr.
1.42
1.31
0.79
0.56
B = Bridges ; S = Stickiness ; L = Laggard ; C = Clumping
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M1
Metaphase
B
S
0
0
0
0
0.13
0.25
0.25
0.50
0.75
0.88
2.13
1.38
0.55
0.50
0
0
0
0
0.38
0
0.63
0.50
0.50
1.50
2.00
2.13
0.59
0.78
0
0
0
0
0.38
0.13
0.75
0.63
0.88
1.00
2.00
3.38
0.67
0.86
0
0
0
0
0.25
0.13
0.63
0.50
1.00
0.63
2.75
2.63
0.77
0.65
0
0
0
0
0.29
0.13
0.64
0.48
0.79
1.01
2.22
2.38
0.66
0.68

L
0
0
0.13
0.13
0.13
0.75
0.19
0
0
0.13
0.13
0
0.63
0.15
0
0
0.13
0.38
0.38
1.13
0.34
0
0
0
0
0.25
0
0.04
0
0
0.10
0.20
0.19
0.64
0.19

Anaphase
C
0
0
0
0.13
0.13
0.63
0.15
0
0
0
0.13
0.50
1.27
0.32
0
0
0
0.13
0.88
0.88
0.32
0
0
0
0.13
0.38
0
0.09
0
0
0
0.13
0.47
0.70
0.22
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TABLE 4
The effects of irradiation doses (Gy) on chromosomal abnormality types and percentages (%) in M0 and
M1 generations of pumpkin.
M0
Metaphase
Anaphase
Lines
Doses
B
S
L
C
0
0
0
0
0
50
0.38
0.25
0
0
100
0.25
0.25
0.25
0.38
200
0.88
1.25
0.13
0.50
14YE02
300
2.63
2.75
1.88
0.75
400
6.88
5.38
3.00
2.75
Avr.
1.84
1.65
0.88
0.73
0
0
0
0
0
50
0.13
0.50
0
0
100
0.75
0.64
0.25
0.38
14BO01
200
1.38
1.38
0.38
0.50
300
4.13
3.75
0.50
0.25
400
7.63
6.13
2.63
3.25
Avr.
2.34
2.07
0.63
0.73
0
0
0
0
0
50
0.25
0.25
0
0
100
0.50
0.88
0.25
0.25
55BA01
200
1.75
1.63
0.50
0.38
300
2.13
4.13
1.88
0.88
400
7.88
5.88
3.38
4.25
Avr.
2.09
2.13
1.00
0.96
0
0
0
0
0
50
0.25
0.25
0
0
100
0.50
0.50
0.25
0.25
G9
200
0.38
1.38
0.50
0.50
300
3.25
2.50
1.13
0.75
400
5.75
5.13
3.00
3.38
Avr.
1.69
1.63
0.82
0.82
0
0
0
0
0
50
0.25
0.31
0
0
100
0.50
0.57
0.29
0.23
Mean
200
1.10
1.41
0.35
0.54
300
3.04
3.28
1.35
0.66
400
7.04
5.63
3.00
3.41
Avr.
1.99
1.87
0.83
0.81
B = Bridges ; S = Stickiness ; L = Laggard
gg
; C = Clumping
p g

M1
Metaphase
B
S
0
0
0
0
0.25
0.38
0.75
0.38
1.88
1.13
3.00
2.88
0.98
0.80
0
0
0
0
0.25
0.38
1.13
0.63
1.38
2.63
3.50
4.38
1.05
1.34
0
0
0
0
0.38
0.38
1.00
1.00
3.00
1.13
3.63
3.13
1.34
0.94
0
0
0
0
0.25
0.25
2.50
0.88
2.25
1.88
3.50
3.38
1.42
1.07
0
0
0
0
0.28
0.35
1.35
0.73
2.13
1.69
3.42
3.44
1.20
1.04

L
0
0
0.13
0
0.50
1.63
0.38
0
0
0.25
0.13
0.13
0.63
0.19
0
0
0.13
0.25
0.64
1.88
0.48
0
0
0.25
0.50
0.50
1.13
0.38
0
0
0.17
0.23
0.44
1.31
0.36

Anaphase
C
0
0
0
0.13
0.38
1.13
0.27
0
0
0
0.13
0.38
0.88
0.23
0
0
0
0.38
0.64
1.25
0.38
0
0
0
0.38
0.38
0.88
0.27
0
0
0
0.26
0.45
1.04
0.29

FIGURE 1
The types of chromosomal abnormalities were induced by gamma-radiation. (A) Bridge at anaphase (B)
Stickiness at metaphase (C) Laggard at anaphase (D) Clumping at metaphase
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nary [23], Lathyrus sativus [17], Allium cepa [7],
barley [26], Vigna unguiculata [6], durum wheat
[8], and Trachyspermum ammi [16].
On the other hand, species and lines had
shown a wide range of radiosensitivity in MI, MA
and CA. Thus, Mandal and Basu [29] reported that
the variation of radiosensitivity is changed in different cultivars, different parts of the same plant
and different tissues as reported in Zea mays [30],
Triticum aestivum [31], Brassica juncea [32], Trachyspermum ammi [16], and Vigna unguiculata
[33].
It is demonstrated that genotoxic effects
changed with depending on the species and lines
because each genotype has a different defence and
repair system (higher regeneration ability) accordingly their genetic potential. While the production
of antioxidants and anti- alkylated's accelerated the
cell defence system [33, 7], the ability of recombination [34] and rapidly dividing [35], and photorepair [36, 37] also promote the DNA repair system
of the damaged cells [38].
Although MI and MA devolved the next generation at the least, M0 indicated higher rates of
these parameters than M1. It is clearly revealed that
chromosomal behaviour and structure changed in
the next generation. While some chromosomal
disorders did not transmit or disappeared to the next
generation, some of them maintained decreasingly.
This can be considered as an evidence for activation
of DNA repair mechanism, and mutation dominance or stability.

DISCUSSION
The results of this study underline the determination of the appropriate gamma ray dose/s for
the producing new mutant varieties in winter squash
and pumpkin lines via mitotic observations in root
tips of germinated seeds. Because of the root tip
cells at the germinating period have active dividing
cells and these cells are the most sensitive to the
mutagen treatments [14]. Thus, the cytotoxic and
genotoxic effects of the mutagen can be observed
clearly and rapidly at the early stages of plant development. In this way, mitotic observations (especially mitotic index) are also used as a biomarker in
mutation breeding studies [15]. Here was demonstrated that irradiation treatments had a wide spectrum of mitotic index (MI), mitotic abnormalities
(MA) and also chromosomal aberrations (CA) in
the embryonic root tips of winter squash and pumkin lines. Higher irradiation doses (300 and 400 Gy)
not only reduced the frequency of mitotic index but
also increased the mitotic abnormalities in M0 and
M1 compared to controls. Conversely, 50 Gy and
100 Gy doses did not affect the MI and MA, and the
effects of lower doses were found to be similar to
untreated seeds, significantly.
The cytotoxic effects of the higher gamma ray
doses on MI and MA could be explained by cellular
denaturation [16], interrupt or decelerate of DNA
synthesis, [17], chromosomal damage and the subsequent blocking of the mitosis and irregular cell
division [18], and finally resulted in reduction of
MI and increment of MA via sublethal damage.
Hence, the negative effects of the higher gamma ray
doses on MI and MA were also found in Allium
cepa [19], Lathyrus sativus [17], safflower [20],
Vigna unguiculata [6], durum wheat [8], Helianthus
annuus [21], and Hordeum vulgare [22].
The frequency of chromosome aberrations
serves as a bioindicator to the determination of
genotoxic effects of irradiation damage in the living
cell. Chromosomal aberrations consist of nucleic
acid depolymerization, partial segregation of the
nucleoproteins [23], abnormal chromosome aggregation [24], late chiasma terminalisation [25], acentric fragments, whole lagging chromosomes [26],
oxidative damage [27], and failure of the chromosomes [19] caused by mutagenic treatment. In our
study, as a result of genotoxic damage, the irradiation treatments indicated to different types and rates
of chromosomal aberrations both of metaphase and
anaphase division. Bridges and stickiness were
dominant aberrations especially in higher doses,
and clumping and laggard were partially visualized
in M0 and M1. In consequence of these results, it is
clearly revealed that bridges and stickiness have
highly genotoxic and irreversible effects than the
others abnormalities. The wide range of chromosomal behaviour have also been reported in Helianthus annuus [21], Narcissus tazetta [28], Lens culi-

CONCLUSION
On the basis of this research, it is concluded
that the higher gamma ray doses (300 and 400 Gy)
have detrimental cytological attributes (cytotoxic
and genotoxic effects) in root tips of winter squash
and pumpkin lines. M0 resulted in a lower response
in cell division and shown higher abnormality and
aberration rates than M1. Winter squashes were also
found to be more radioresistant and regenerable
than pumpkins in regards to mitotic parameters. 200
Gy was found to be critical dose; hence gamma rays
  *\  could be utilized for creating genetic
variability in accordance with objectives of the
plant geneticists and breeders for mentioned species.
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Salt stress inhibits plant growth, its yield and
quality. This study was carried out to study the effect
of humic acid (HA) as a plant growth stimulant in
alleviating salt stress in onion bulbs. The onion
plants were grown to maturity in metallic containers
filled with soil in greenhouse conditions, then subjected to five salinity levels [0.3 (control), 2.0, 4.0,
6.0 and 8 dS/m] using NaCl combined with or without the soil application of 1.0 g/kg HA. Increasing
salt concentration reduced the yield and quality of
the onion bulbs. HA application resulted in higher
yield than non-HA for all salt levels tested. It also
resulted in higher dry matter yield of the onion bulbs,
as well as total sugar, vitamin C and protein contents
under different salinity levels as compared to the
control but the soluble solids content remained unchanged in response to the HA application. These
results suggest that soil application of HA has potential in improving onion yield and quality under salt
stress.

occurred under salinity decrease crop development
by affecting uptake of nutrients. Salt stress may
cause nutrient shortages or disproportions, owing to
the opposition of Na+ and Cl– with nutrients such as
K+, Ca+2, and NO3– [7]. Onion is classified as a plant
with low salt tolerant. Grattan and Grieve [8] reported that initial yield reduce of onion started at 1.4
dS/m and salt stress at 4.1 dS/m occurred 50% yield
reduction.
There are many different methods for reclaiming of saline soils such as chemical improvement (altering of the soil with numerous reagents e.g., calcium chloride, gypsum, limestone, sulphur, sulphuric acid, iron sulphate) and physical improvement (sanding, profile inversion, sub-soiling, deep
plugging) [9]. A cost effective alternative is the addition of organic matter or bio fertilizers humic substances to substrate, which improve the plant response to the salinity. Adding organic matter or biological fertilizers to substrate in order to increase tolerant of plant to salinity is a more cost-effective alternate. Humic substances are composed of fulvic
acid, humic acid and humin from biochemical transformation of compound of soil organic matter [10].
Humic substances is progressively used in plant production, the mechanism of potential growth supporting effect, regularly attributed to hormone-like influence, accelerate cell division, activation of photosynthesis, decrease the uptake of toxic substances,
increase the permeability of plant cell membranes,
improved nutrient uptake, and improve the plant tolerant to salinity [11].
There are not many researches on humic acid
use and its influence on the soil salinity [12]. Liu and
Cooper [13] also noted that more research should be
carried out associated with humic acid application
and its effects on plant tolerance to salinity. Therefore, the present study aimed to determine the effects
of humic acid on the yield and quality of onion
grown under different salinity levels.

$# 
Bulb quality, bulb yield, nutrient element, onion bulb, water salinity

!"!

Onion is one of the most widely cultivated vegetable crops of great economic importance. As well
contributing to human nutrition, onion also has functional and medicinal characteristics potentially beneficial to human health [1, 2, 3]. However, there are
some problems in onion production due to the effect
of salinity in arid or semi-arid regions. Salinity is an
ecological and abiotic stress factor of considerable
importance, influencing the agriculture of culture
plants [4]. Irrigation water quality and quantity are
the primary reasons for abiotic stresses in plants [5].
Soils affected by salt are characterized by the occurrence of appreciable amounts of salts and soluble sodium (Na+) that have a profound negative impact on
physical and chemical properties of soils and plant
growth [6]. Moreover, nutrient disturbances
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92)3-/)05%. 4-5) The experiment was conducted in a greenhouse environment at the Mustafakemalpasa Vocational School (the co-ordinates
are: 40°02′ N, longitude 28°23′ E; and the altitude is
22 m above mean sea level), Uludag University, Turkey, during the spring and summer. The quality analysis was carried out in a laboratory at the TAT
Canned Company Inc., Bursa, Turkey.

to recommendations based on soil analyses. The
amounts of mineral fertilizers were divided into two
equal portions. The first portion was applied during
soil preparation and the second at 60 days after onion
planting [14].
%37)45%0(:-).(Maturity was generally observed when the crop leaves turned pale green. This
was later followed by wilting and leaf fall. Whole
plants were harvested in mid-July. The onion bulbs
were then harvested carefully by digging them out
using a hand shovel. The harvested bulbs were
weighed and allowed to cure for two weeks in the
field. Parameters observed included bulb yield (BY,
t/ha), and the dry matter yield (DMY, t/ha).

.%05 /%5)3-%. The onion seedlings (
 L. cv. Banko) obtained from the Unigen Seeds®
(United Genetics Seeds Company, Inc., Mustafakemalpasa, Bursa, Turkey) were used.

!
1/)2,:4-'%.%0(',)/-'%.2312)35-)41*41-.4
64)(-05,)456(:

92)3-/)05%. ()4-+0 53)%5/)054 %0( '312
/%0%+)/)05This experiment was carried out in a
completely randomized factorial design with five
levels of irrigation water salinity [0.3 (control), 2.0,
4.0, 6.0 and 8.0 dS/m] using NaCl combined with or
without the soil application of 1.0 g/kg humic acid
[liquid Deltahumat (humic acid: 12% w/v, pH 12.86,
EC: 32.8 mS/cm); Delta Agricultural Chemicals Industry and Trade Co. Inc., Ankara, Turkey)]. Each
application consisted of four replications. There
were ten plants in each container, with one container
in each replicate.
The containers were irrigated by adding tap water, and salt solutions. During the first 2 weeks all the
treatments were irrigated with tap water. Irrigation
treatments with saline water were imposed after two
weeks from the planting date. Four salinity levels
were prepared by adding a mixture of NaCl for irrigating the seedlings. It was necessary to maintain the
quantity of the drainage water at 30-40% of the
amount of nutrient solution applied; the excess water
was drained through the holes in the base of the container. HA was added to the soil and mixed with the
soil before planting. At the end of the experiment,
soil salinity was measured with a ratio on a 1:2.5 of
suspension of soil sample to dionized water solution
using an electrical conductivity meter, model Waterproof TDScan 4 (Eutech Instruments Pte Ltd., Singapore). The soil salinity values in treatments 0.3
(control), 2.0, 4.0, 6.0 and 8.0 dS/m were 0.66, 2.4,
4.3, 6.6, and 8.9 dS/m, respectively. Seedlings of the
onion cultivar were transplanted in metallic containers (10 cm apart in rows of 25 cm in width) after 60
days from sowing in early March of 2013. Each container area was 0.26 m2, 0.60 m depth and consisted
of 10 onion plants. All of the containers were randomized on benches in an unheated. Air-dried soil
samples were passed through 2 mm sieve and
blended for uniformity. Each metallic container was
filled by 185 kg of soil. Some physical and chemical
properties of the soil used for the experiments are
presented in Table 1. Total of 140 kg/ha N (as ammonium sulphate) and 60 kg/ha P2O5 (as superphosphate) fertilizers were applied to the soil according

Properties
Texture class
Field capacity (%)
Bulk density (g/cm)
pH
Electrical conductivity (EC, dS/m)
Lime (CaCO3, %)
Organic matter (%)
Total N (%)
Available P2O5 (mg/kg)
Available K2O (mg/kg)
Available Ca (mg/kg)
Available Mg (mg/kg)
Available Fe (mg/kg)
Available Mn (mg/kg)
Available Zn (mg/kg)
Available Cu (mg/kg)

Value
Sandy loam
30.00
1.40
7.90
0.49
11.90
2.0
0.17
11.80
283.00
4139.00
557.00
7.70
7.00
0.83
2.23


6%.-5:2%3%/)5)3%0%.:4-4The onion bulbs
were rinsed under a tap and deionized water then
shred. The fresh samples were dried in an oven at
70ºC for 48 hours and the dry matter (DM, %) was
determined as described by Francois and Maas [15].
Content of the total soluble solid (SSC, %) in fresh
onion samples was measured by an abbe-type refractometer [16]. Total acidity (TA) as percentage of citric acid was estimated by the titrimetric method. The
Luff-Schoorl method was used for the analysis of total sugar content (TS, %) [17]. The titration method
was used determining Vitamin C content (mg/100g)
[18]. Plant 'N' (nitrogen) were determined by the
Kjeldhal method described by AOAC [18] and the
percentage nitrogen was converted to crude protein
by multiplying 6.25. Protein concentrations in dry
matter were expressed as percentages.

5%5-45-'4All data were subjected to analyses
of variance using the SPSS version 23.0 statistical
software program. In the event of statistically significant F-ratio, the Duncan test was employed to examine where group differences the means of irrigation water salinity, humic acid, and their interactions.
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Table 2 shows the data on the yield of the onion
bulbs under salt stress. The yield did not reduce significantly until a water salinity of 2.0 dS/m was exceeded. Increasing the levels of salinity from 2.0
dS/m to 4.0, 6.0 and 8.0 dS/m significantly reduced
the yield. The lowest yield values were obtained
from the plants treated with 8 dS/m salinity. In agreement with our findings, previous studies have also
shown that increasing the NaCl concentration reduced the yield of the onion bulb [19, 20]. Yasar et
al. [21] also noted that when compared to control,
NaCl treatment decreased significantly plant fresh
weight in some pea varieties. Furthermore, the soil
application of HA positively affected the yield of the
onion plant, although the effect of the interaction of
the NaCl × HA application was insignificant (Table
2). The higher yield was observed by the onions
treated with the application of HA rather than the untreated plants. This result is comparable with the
findings of Erik et al. [22] and Sajid et al. [23] for
onion, Hafez [24] for squash plant ( 
L.), and Sanli et al. [25] for potato (   
L.) who demonstrated that HA resulted in
an important increase in soil organic matter, consequently enhancing crop growth and plant production.
The yield was increased in tomatoes ("
 L.), onions, and leafy vegetables, due to
the humic acid application [22]. These results are
also similar to Hayes and Wilson [26] and Zandonadi
et al. [27], who reported that it can completely

benefit the crop growth and yield of the vegetable
because of the various roles of HA.
The results indicated that the DMY of the onion
cultivar was significantly affected by the salt stress;
with an increased salt concentration causing a decrease in the DMY (Table 2). However, there were
no significant differences in the DMY between the
onion plants which were given the two treatments
(0.3 and 2.0 dS/m). Associated to these results, Khan
et al. [28], Aşık et al. [29] and Turhan et al. [30]
pointed out that the dry weight production was significantly inhibited at high NaCl concentrations, but
the total dry weight content of plants was not inhibited at low salinities. In contrast, HA application positively altered the DMY values. It is evident from the
data (Table 2) that the interaction of humic acid ×
salinity for DMY values was significant. The ability
of supplemental HA to improve the negative effects
of NaCl was clearly observed at concentrations of
control, 2.0 and 4.0 dS/m NaCl, compared with the
untreated plants. This effect was not pronounced in
the plants grown under higher salinity levels (6.0 and
8.0 dS/m). Khaled and Fawy [31] reported similar
trends in corn (cv. Hagein, Fardy10). HA had a significant stimulatory effect on the dry matter of plants
[32, 33].
Based on the studies on onion bulbs, the highest
SSC was found in control, 2.0 and 4.0 dS/m salt
treatments, and SSC have been significantly decreased by 6.0–8.0 dS/m salt applications. As shown
in Table 2, the HA application had no effect on the
onion SSC.
Vitamin C (ascorbic acid) is a crucial antioxidant in plant tissue, and plays an important role in



! 
!,))**)'541*-33-+%5-108%5)34%.-0-5:)%0(,6/-'%'-(105,)&6.&:-).((3:/%55)3:-).(41.6&.)
41.-(4'105)0547-5%/-0515%.46+%3515%.%'-(-5:%0(2315)-0'105)051*10-10

NaCl (dS/m)

Humic acid
(HA)

NaCl × HA

ANOVA

0.3
2.0
4.0
6.0
8.0
0.0
1.0
0.3×0.0
0.3×1.0
2.0×0.0
2.0×1.0
4.0×0.0
4.0×1.0
6.0×0.0
6.0×1.0
8.0×0.0
8.0×1.0
 

 #


Bulb yield
(t/ha)
28.21 a
27.48 a
22.27 b
15.54 c
9.82 d
19.32 b
22.01 a
26.53
29.89
26.13
28.85
20.36
24.18
14.50
16.59
9.11
10.54
**
**

Dry matter
yield (t/ha)
2.87 a
2.80 a
2.10 b
1.28 c
0.66 d
1.80 b
2.09 a
2.72 by
3.03 a
2.66 b
2.94 a
1.83 d
2.37 c
1.20 e
1.37 e
0.60 f
0.72 f
**
**

Soluble solids
content (%)
7.81 a
8.08 a
7.93 a
5.64 b
4.88 c
6.79
6.95
7.85
7.78
8.02
8.13
7.80
8.08
5.50
5.78
4.77
4.99
**
NS

Vitamin C
(mg/100g)
9.22 a
9.08 b
8.64 c
7.61 d
7.10 e
8.09 b
8.56 a
9.03 b
9.42 a
8.75 d
9.42 a
8.36 e
8.92 c
7.43 g
7.79 f
6.91 i
7.29 h
**
**

Total
sugar (%)
7.67 a
7.60 a
7.19 b
6.29 c
5.90 d
6.73 b
7.12 a
7.36 b
7.83 a
7.43 b
7.90 a
7.11 b
7.27 b
6.06 d
6.51 c
5.70 e
6.09 d
**
**

Total acidity (%)
0.18 b
0.21 a
0.19 b
0.18 b
0.15 c
0.20 a
0.16 b
0.22 b
0.15 fg
0.25 a
0.18 cd
0.20 c
0.18 cd
0.18 cd
0.17 de
0.16 ef
0.14 g
**
**

Protein
(%)
1.34 a
1.36 a
0.85 b
0.54 c
0.43 d
0.85 b
0.95 a
1.28 c
1.41 b
1.27 c
1.44 a
0.79 e
0.92 d
0.53 e
0.54 e
0.40 g
0.46 f
**
**

NS

*

NS

**

**

**

**

y

Means followed by the different letter are significantly different at the p = 0.05 level using Duncan’s multiple range test. *,
**: F-test significant at p ≤0.05, and p ≤0.01, respectively. NS: not significant.

8031

$#

! %     





!"  ! 





plant stress tolerance. Different studies show that the
content of vitamin C in the leaves of plants tends to
increase under salt stress conditions [34]. In this
study, increasing the amount of salt in the irrigation
water caused a decrease in Vitamin C value (Table
2). A considerable decrease was observed mainly at
the higher levels of salt concentration compared to
the control. These results are similar and in line with
Turhan et al. [35]. They reported that the Vitamin C
values of lettuce (cv. Funly) decreased as the salinity
concentration increased. The interaction effect between the soils HA application and salt treatments
was found statistically significant in the Vitamin C
values of bulbs, as shown in Table 2. HA application
positively altered the Vitamin C values in the onions
under different salinity levels as compared to control. HA application was the most effective treatment
which had the highest values of bulb Vitamin C values, compared with untreated plants. As stated by
Sanli et al. [25], the leonardite applications improve
Vitamin C content of potato.
The TS content followed the same trend obtained previously in Vitamin C and was also gradually decreased by increasing the salinity level (Table
2). These results were in agreement with Beltrano et
al. [36] who found that the TS content decreased by
raising the salinity (   L.). As
shown in Table 2, the interaction between different
treatments (NaCl × humic acid) was almost significant for TS values. For the salt-stressed onion plants,
the highest TS content was found with the treatments
including the supplementation of HA. That is, the
supplementation of NaCl concentrations with HA
significantly increased the TS content for the onion
plants when compared to the plants treated only with
NaCl. TS content gave the highest values with
greater levels of HA. As for the interaction between
salinity and HA application, the highest values of TS
content were observed in plants irrigated with 2.04.0 dS/m and treated with HA. Khan et al. [37] reported a similar response of HA to increased TS content in peas (   L..
According to the analysis results, bulb TA values increased up to 2.0 dS/m, however increasing
salt doses decreased these values significantly. Particularly, the effect of salt treatments at a dose of 4.0,
6.0 and 8.0 dS/m had a negatively significant effect
on the TA values of onion bulbs. Under the saltstressed onion plants, the soil applications of HA had
a significant effect on the of TA accumulation in
bulbs and when compared with the untreated of HA
application, the TA accumulation of bulbs were
found lesser than at application of HA. The lowest
TA contents were obtained with HA treatment. In
addition, the interactive effect between soil HA and
salinity treatments was found statistically significant
for the TA values in onion plants (Table 2).
Protein content is an important quality parameter [38]. In the present study, the onion bulb protein
content was significantly affected by irrigation with

different concentrations of salt water. The highest
contents were found at control and 2.0 dS/m, but increasing the concentration of irrigation water above
2.0 dS/m increased the content. The effects of HA
application on the protein content and their interaction with salt doses are presented in Table 2. The interaction effect between soil HA and NaCl treatment
was found statistically significant. Our results indicated a positive relationship between the protein
content and applications of HA in plants irrigated
with water saline, and HA caused an increase in protein values (except for 4.0 dS/m). Protein content
was at its highest values following HA treatment.
The increase in the protein content of the onion
plants was due to the HA application. A similar conclusion was reached by Mahmoud [39] in peanut
(  "  L.) crops. Similarly, a higher
level of the foliar application of HA increased the
quality of snap beans by enhancing the chlorophyll,
fiber, and total protein content [40].
" 
Humic acid has a significant role on yield and
quality increase as well as the nutrient uptake in onion bulbs grown under different salinity levels. It
could be concluded that HA has a positive effect on
the onion bulb by decreasing the negative aspects of
salinity stress condition. HA may be used in the case
of the negative effect of salt that would inhibit the
plant growth, but further research is needed to determine whether humic acid applications are economically viable for the producer.
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to be as equally important as abutment scour. During the spring floods of 1987, 17 bridges in New
York (including the notorious Schoharie Creek
Bridge which involved several fatalities) and New
England were destroyed or damaged by scour. The
annual direct cost (repair and replacement cost) of
flood damage for highways on the federal-aid system, which comprise less than half of the bridges in
the National Bridge Inventory, has been estimated
to total $50 million [10]. This does not include indirect economic costs due, e.g., to the need to re-route
traffic around a failed bridge, which may be 2 to 10
times the direct costs [17].
Figure 1 shows local scour at a bridge pier
principally results from the down flow along the
upstream face of the pier and the resulting horseshoe vortex which forms at the base of the pier aids
the phenomenon [9]. The two major countermeasure techniques employed for preventing or minimizing local scour around bridge piers are: (i) bed
armouring countermeasures and (ii) Flow-altering
methods. In the former case, the objective is to
combat the erosive action of the scour by applying
hard engineering materials or physical barriers such
as rock riprap. In the latter case, the objective is to
either prevent the formation of the scour-inducing
mechanisms or to cause the scour to be shifted
away from the vicinity of the pier. This research
focuses on a particular application of the latter
technique. One of the flow-altering devices that
have been used to control pier scour is collar. Collar
extends around the outside edge of the pier with the
purpose of protecting the bed from the scouring
effect of the down-flow in upstream of the pier and
the related vortex action around the base of the pier.
One of the ways to reduce scour around the bridges
is to use a cable and collar to increase its resistance
against shear stress caused by the flow.
The scour-reduction efficiency of collar was
established in earlier studies of Chiew [4], Vittal et
al. [20], Kummar et al. [9], Melville and Coleman
[14], Mashahir and Zarrati [11], Zarrati et al. [21],
Mashahir et al. [12], Zarrati et al. [22] and Heidarpour et al. [6]. The general agreement of previous
studies is that a collar can be used to reduce scour
depth as well as to reduce the scouring rate. The
results from collar studies have shown that the effi-

An experimental study on the control of scour
at vertical circular piles under a steady current is
presented. One of the methods of scour control
around the piles bridge is to use the cable and collar
around it. In this study, experiments were carried
out in a rectangular plexiglass flume to study the
effect of cable and collar around a vertical circular
piles. In this research, a series of experiments was
performed by placing a vertical circular piles and in
two modes of with cable and collar and without
collar. The experiments were carried out for different cable-pile diameter ratio, threaded piles and
thread angles under steady current and clear water.
The results show that the simultaneous use of cable
and collar has high efficiency in reducing the scour
depth. The best configuration was found for a cable-pier diameter ratio of 0.1, triple threaded and
thread angle of 15°, in which the scour depth in
upstream of the pier reduced to about 63%. In the
case of a pier protected with cable and collar the
scouring postponed more than pier protected with
collar and the rate of scouring is less than in pier
protected with collar. The results indicate that the
scour reduction increases as the cable diameter increased.
'&!"
River, Cable, collar, Scour, Sediment Transport
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The importance of bridge-related scour research reflects the large number of bridges over
water, including state, country, and city as well as
federal and federal-aid bridges (over 480,000 in the
U.S.), and the large proportion of bridge failures
attributable wholly or in part to hydraulic causes. A
national study for the Federal Highway Administration (FHWA) of 383 bridge failures caused by catastrophic floods showed that 25 percent involved
pier damage and 72 percent involved abutment
damage [2]. A later more extensive study [Brice et
al., 1978] indicated local scour around bridge piers
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ciency of a collar in preventing scour is a function
of its width and its vertical location with respect to
the channel bed. The efficiency of a collar increases
at lower elevations since less flow can penetrate
below it [19, 15]. Mashahir et al. [12] indicated that
placing the collar below the channel bed level did
not lead to an appreciable increase in the efficacy of
the collar. They concluded that depth of the sediment above the collar will be eroded very fast by
the erosive action of the flow. Zarrati et al. [21] in
their work with rectangular piers showed that lowering the elevation of collar below the bed level
increases the extension of the scour hole around the
pier and also increases the depth of the scour hole
downstream of the collar. Zarrati et al. [22] indicated the collar efficiency increases with the collar
width. However they have shown that collars wider
than 3are impractical, where is the diameter of
the pier. Therefore, in this study, collars with the
width of 3are installed at the initial bed level for
all experiments.
Masjedi et al. [13] indicated the collar efficiency increases with the collar. In this study, the
time development of the local scour around the
oblong pier fitted with and without collar plates was
studied. Investigated was the effect of size and elevation collar on the time development of scour and
its efficacy at preventing scour at a bridge pier. The
time development of the scour hole around the
model pier with and without a collar installed was
compared with similar studies on bridge piers. The
results of the model study indicated that the maximum depth of scour is highly dependent on the experimental duration. It was observed that, as the
minimum depth of scour occurs for the square collar at width of 3B placed at elevation of 0.1B below
the bed and the size of a collar plate increases, the

scour decreases. Measuring depth of scouring based
on experimental observation, an empirical relation
is developed with regression coefficient 95%.
Threading was suggested by Dey et al. [5] is
an economical and easy-to-install countermeasure.
Cables are wrapped spirally forming threads on a
pier. Their results indicated that, the scour reduction increases as the cable diameter and the number
of threads increases and also when the thread angle
decreases [7].
Khwairakpam and Mazumdar [8] carried out a
study concerning the effect of the cable warp
around the bridge piers, and they concluded that the
cable plays role in distorting downstream flow and
weakening the power of the horseshoe vortices. In
addition, the scour depth are further reduced with
increasing diameter of the cable and number of the
steps of that pier.
Tafarojnoruz et al. [18] reviewed the previous
studies and indicated that the results of several tests
were influenced by side-wall, sediment size, flow
shallowness and temporal effects. They have shown
that the results of Dey et al. [5] were affected by
side-wall and sediment size effects. These weaknesses demand further investigation. The other objective of this study is to evaluate the results of Dey
et al. [5] by considering three cable diameters and
three thread angles.
Izadinia et al. [7] reviewed studies the application of cable or collar and a combination of cable
and collar were examined experimentally, as countermeasures against local scouring at a smooth circular bridge pier, close to threshold flow conditions
of initiation of uniform sediment motion. The results show that the simultaneous use of cable and
collar has high efficiency in reducing the scour
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depth. The best configuration was found for a cable-pier diameter ratio of 0.15 and thread angle of
15°, in which the scour depth in upstream of the
pier reduced to about 53%. In the case of a pier
protected with cable and collar the scouring postponed more than pier protected with collar and the
rate of scouring is less than in pier protected with
collar.

Uniform sand having the same size as that used for
the scouring test was glued over the false floor.
Based on Raudkivi and Ettema [16], for nonripple
forming sediments (50 ≥ 0.7 mm), experiments
can be run successfully with a flow condition,
without the upstream bed being disturbed by the
approach flow. According to Chiew and Melville
[3] when geometric standard deviation of particles
are lower than 1.3, the effect of non-uniformity
sediment on the depth of scour hole becomes negligible.
Tests were conducted on three sections: I)
Single pier without cable and collar (Fig.1-a), II)
pier with a collar located at the bed level and 3
times wider than the pier diameter (Fig.1-b), III)
pier with cable. Helical wires of diameter (b) of 2, 4
and 6 mm were wrapped spirally on the pier surface
to form a single circular thread. Threaded piers is
single, double, and triple (Fig.1-c). The thread angles () were 15, 30 and 45°, IV) Simultaneous use
of cable and collar (Fig.1-d).
The pile was first installed in the flume at the
desired location. For the tests with the cable, the
cable was also fitted to the pier. Before each test,
care was taken to level the sand bed throughout the
entire length of the flume and particularly in the
vicinity of the pier using a wooden screed that is of
the same width as the flume. The screed can be
dragged along the flume rails to produce a sand bed
having a smooth, uniform surface. Thereafter, any
uneven bed surface was leveled using a handtrowel. By employing the point gauge mounted on a
carriage, initial bed elevations were taken randomly
to check the leveling of the flume. The sand bed
preparation was very key as far as the experiment
was concerned. This is because any unevenness or
defect in the channel bed can cause premature bed
form development. To start the test, the flume was

#!"#"
This experiment was conducted in a laboratory
flume at hydraulic laboratory of Islamic Azad University of Ahvaz. The experiments were carried out
in a smooth rectangular flume with 15 m length, 0.5
m width and 0.7 m height. The working section, in
which piers were located, was 1.5 m long with a
recess on the bed 0.15 m deep and was situated 4 m
downstream from the entrance of the flume in order
to generate a fully developed flows. The working
section of the flume is made up of an aluminium
bottom and Plexiglas sidewalls along one side for
most of its length to facilitate visual observations.
At the end of this flume a controlling gate was designed to adjust the water surface height at the desired levels.
The size of pier in this study was defined to
meet the criteria which have been defined by other
investigators. Chiew and Melville [3] defined pier
diameter should not be more than 10% of flume
width to avoid wall effect on scouring. The circular
pier model was fabricated from Polyvinyl Chloride
(PVC) pipe. So one model of circular pier of width
50 mm was used for the study.
The recess was filled with uniform sediment
with the mean particle sizes of 2 mm and with geometric standard deviation of particles =1.29.

$! 
*"2604.824.+82.9>2;1,744*9,;19.*-.-82.9-;19.*-.-82.9>2;1,744*9



8037



$#

! %     





!"  ! 


!"$#""$""
At the completion of each test, the pump was
stopped to allow the flume to slowly drain without
disturbing the scour topography. The flume bed was
then allowed to dry, during which time photos of
the scour topography around the pier were taken,
and the final maximum scour depth was recorded
using the point gauge (Figure 4).
Figures 5 show dimensionless diagrams of the
relative scour depth with cable (ds) and without
cable (dsmax) and ratio diameter of cable at circular
pile in the absence of installation and in the presence of cables in three cable-pier diameter ratioof
0.05, 0.075 and 0.1 at three thread angles of 15, 30,
and 45° in three threaded of single, double, and
triple threaded piles As shown in this figure, the
scour depth decreases with increasing cable diameter for both conditions without and with collar. The
reduction of scour depth is more significant for
piers protected with cable and collar as compared to
piers protected with cable because collar reduces
downflow and horseshoes vortex.
In order to compare the effect of relative diameter of the cable on the relative scour depth in
the present study with other researchers, the results
of the research of Dey et al. [5] and Isadinia et al.
[7] were used. Figure 6 shows the relative diameter
of the cable in the vertical pier in three threaded
single, double and triple threaded piles and two
cable angles of 15 and 30° without collar compared
to the results of Dey et al. [5] and three thread angle
cable 15°, 30° and 45° with collar compared to the
results of Isadinia et al. [7]. Comparison of the results of the present study with the results of Dey et
al. [5] and Isadinia et al. [7] shows that the trend of
the results are the same: by increasing the cable
diameter the scour depth reduces.
Figure 7 shows the percentage of reduction of
relative scour depth around the cylindrical pier with
cable installation compared to the without cable for
three relative cable diameters, three cable angles at
pier and single, double, and triple threaded piles for
the vertical pier. The best configuration in the vertical pier was found for a cable-pier diameter ratio of
0.1, thread angle of 15° and triple threaded. The
result indicate that the scour reduction increases as
the cable diameter and threaded increased and the
thread angle decreased.
The experimental results, summarized in Figure 7, are expressed in terms of percentage of the
scour depth reduction in upstream of the pier due to
cable compared to the scour depth in single pier for
the same flow condition. Different combination of
cable diameter to pier diameter (/), threaded pier
and thread angles were tested. According to Figure
7, with increasing the cable diameter the scour
depth reduces. The best combination was obtained
for /=0.1, triple threaded and thread angle of 15°.
In the case of the pier protected with cable and col-
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slowly filled with water to the required depth.
Throughout the test period, the location and magnitude of the point of maximum scour depth was recorded, with the depth being acquired either using
the point gauge or the 5 mm scale marked onto the
side of the pier. The frequency of the measurements
varied throughout the test period, with the maximum scour depth readings being taken every few
minutes during the first hour or so of the test and
less frequently thereafter. It should be noted, however, that the first five hours of each test is very
important as frequent readings are required to be
taken in order to properly define the early stage of
the graph of maximum scour depth versus time.
The required frequency of scour depth measurements decreases as the rate of scouring decreases
(Figure 3).
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15°, in which scour depth reduction in upstream of
the pier was obtained to be around 63%. A collar
prevents the direct impact of down flow and decreases the local scour depth by reducing the
strength of the down flow and the horseshoe vortex,
hence scouring is postponed [7].

lar, in the best combination for pier protected with
cable, collar increases the percentage of scour depth
reduction considerably by around 43%.
The best combination for simultaneous use of
cable and collar was found for a cable–pier diameter ratio of 0.1, triple threaded and thread angle of
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In this study, we tested three acaricides (azadirachtin, abamectin, and hexythiazox) for their
effects on developement parameters of garlic, 
  L. (Asparagales: Amaryllidaceae). This
research was done in 2013-2014 on one hectare of
Taşköprü garlic variety at Alatarla, Turkey. Each
acaricide and the untreated control were tested four
times on 16 plots. The effects of these acaricides on
the germination rate and head weight of garlic was
evaluated through regular sampling. Azadirachtin
positively (129.00± 2.74) affected germination of
Taşköprü garlic, while the other two acaracides had
no effects on germination. None of the acaricides
affected garlic head weights or head development.
This is the first field study to evauate acaracides
that may also affect plant development.

have been advocated [5]. Natural plant extracts with
bological activities against diseases and insects are
being investigated, and herbal intesticides have
been found to be effective against several pests [6].
Other natural products can help control weeds,
plant diseases, and insects [7, 8].
Early research on herbal pesticides included
evaluations of extracts of neem tree seeds,  
   A. Juss (Meliaceae), which includes
the active substance azadirachtin that is effective
against insects. Neem products affect feeding,
growth, and development of insects and mites.
Materials with slow modes of action are more important in integrated pest management systems than
the rapid destructive effects of synthetic insecticides [9, 10, 11, 12]. Neem pesticide products are
registered in more than 40 countries, and they are
used against key pests of fruits, vegetables, and
flowers [13, 10].
Avermectin is a macrocyclic lactone derivative that is generated as a fermentation product
from Actinomycetes bacteria (Actinobacteria),
  (ex Burg) Kim & Goodfellow (Actinomycetales: Streptomycetaceae), that is
found naturally in the soil. It is accepted by United
States Environment Proteciton Agency (EPA) as
second class toxic pesticide [14]. Hexythiazox is a
mixture of four stereoisomers chemical compounds
from the group of thiazolidines and carboxamides.
Hexythiazox is an acaricide effective on mite eggs
and nymphs, but not adults.
Garlic (  L.) (Asparagales: Amaryllidaceae) is one of the most commonly produced vegetable crops in the world. Garlic is used
as a spice mash, a canned product, a dried powder,
a garlic oil, and as garlic pellets. Research on this
plant has increased because garlic has a wide range
of uses and positive effects on human health. Garlic
is used in medicine for a wide range of symptoms
such as asthma, hypertension, bronchitis, cancer,
circulatory weaknesses, colds, colitis, and coughing
[15, 16].
According to United Nations Food and Agricultural Organization, 24.3 million metric tons of
garlic were grown worldwide in 2013 [17]. Nearly

(' "#
   L., Azadirachtin indica, Abamectin,
Hexythiazox

$" %$ 
Pesticides are chemical agents used to reduce
the destructive effects of insects, rodents, weeds,
fungi, and other pests that lower the value of a
commodity during production, storage, or consumption. However, pesticides also have negative
effects. Intensive use of insecticides can cause
environmental pollution, deterioriation of natural
biological controls, and foster resistance problems
[1]. Pesticides and their residues can accumilate on
plants, enter the food chain, or cause chronic toxicities [2]. Pesticides may induce phytotoxic effects on
leaves, lead to morphological, anatomical or physiological changes in plants, or inhibit pollen germination and pollen tube formation [3]. Pesticide can
also cause acute or chronic poisoning in bees with
serious economic losses [4].
Therefore, use of chemicals has been limited
in recent years, and biological or cultural methods
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acariside effects, each plot was separated by a three
meters of empty space. The experiment was set up
as a randomized complete block design with four
treatments (three acaracides and an untreated control) replicatied four times. Thus, there was a total
of 16 plots covering about one hectare. Plots were
randomly assigned. Before planting, garlic cloves
were treated by dipping them in abamectin (Avirmec EC®, Koruma, İzmit, Turkey) at 30 ml/100 L
water, azadirachtin (NeemAzal-T/S®, Verim Grup,
İstanbul, Turkey) at 30 ml/100 L water, or hexythiazox (Yoksorrun 5EC®, Agrobest Grup, Izmir,
Turkey) at 50 ml/100 L.water. Garlic cloves were
immersed in one of the three acaricide-water treatments for 15 minutes before planting.
Since the flow of garlic is dense in the head
part, the dipping method of the head parts has been
specially selected. The method of applying acaricides to pre-planting methods by dipping method
was tested against noxious mites and it was tested
whether it is a high success rate application.
The numbers of germinating garlic plants in a
1 m2 area of each plot were counted during the
germination period in April and May. To determine
yields at harvest, six garlic heads from each plot
were weighed.Data were analized with an ANOVA
test.

80% of this global production was from China,
while India, South Korea, Egypt, and Russia follow
China as the top five countries in production of
garlic [17].
Garlic is an important crop in Turkey, where
over 87.000 tons are produced annually; which
accounted for 0.36% of the total world production
in 2013 [17]. The greatest production area in Turkey is in Taşköprü Province, especially near the
city of Kastamonu (25.2% of total production in
Turkey). Taşköprü garlic is recognized as one of
the best garlic varieties in Turkey and the rest of the
world. In 2012, there were 18.500 ha of Taşköprü
garlic with total production of 16.650 tons and
yields of 900 kg/ha [18]. In Taşköprü Province,
3.500 families (about 40.000 people) are employed
in garlic production. In Kastamonu, mainly Taşköprü garlic is grown, but there are 216 kinds of local
garlic cultivars, including some Chinese varieties,
that are grown.
Although garlic is now grown in almost every
region of the world, it grows well under temperate
climates on sandy, loamy, and argilliferous soils,
especially in soils rich in germanium and selenium
[19]. Some of the highest quality garlic in the world
is grow on the Taşköprü Plain where 85% of the
soil has a permeable, loamy-argillifereous structure
that garlic needs. In addition, Taşköprü has an optimum climate for garlic production with a warm,
humid spring [18]. Adequate rainfall is received in
February and March when garlic germinates, and
the crop can be grown without additional irrigation
in Kastamonu [19].
Diseases and pests can cut garlic yields by 1050%, and mites are one of the most important problems on onions, garlic, and bulbous ornamental
plants [20, 21, 22, 23, 24, 25, 26, 27, 28]. In preparation for this study, garlic producers on the Taşköprü Plain were interviewed and asked to fill out
questionnaires concerning the effects of diseases
and pests on garlic yields. From these surveys, it
was found that approximately 800 hectares of garlic
in 15 villages were in jeoporady of being lost because of pests, so these producers had to move to
poorer lands at higher altitudes. Because of severe
mite damage in this area, extensive spraying was
done, which could lead to environmental degradation or resistance in the mite population. The purpose of this study was to determine the effects of
three acaricides on garlic germination and production.
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As a group, the acaricides significantly affected garlic germination ( < 0.001) (Table 1). However, a significant positive affect on germination
was only seen for azadirachtin (Table 2). Although
germination rates were numerically higher than the
control for abamectin, and hexythiazox, these differences were not statisically significant (Table 2,
Figure 1).
As a group and individually, the three acaricides did not significantly affect garlic development
or head weights ( < 0.472) (Tables 1 and 2). The
nonsignificant effect on head weight is important,
as growers require high average weights. However,
the acaricides did contribute to greater variation in
head weight than in the untreated control (Figure
2).
This study showed that azadirachtin had the
greatest effect on garlic germination. Because azadiract agent that was applied by dipping method on
garlic vegetable seeds. It supported to plant growth
on garlic germination period because of azadiractin
pressured to harmful mites on the plant's germination period and thus was determined increasing
plant growth and the growth regulating activity.
Neither abamectin or hexthiazox had any effects on
garlic germination, and none of the acaracides had
an impact on the head weights of Taşköprü garlic.
This is the first study on the effects of acaricides on
garlic germination. Immaraju [30] reported that

This study was performed in 2013-2014 on a
0.2 hectare field located in Alatarla, Turkey. A
local variety, Taşköprü garlic, was planted at 1250
kg per hectare on March into 3 x 10 meter plots. To
prevent cross contamination for comparison
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alternative control methods as IPM works with are
being used in order to resolve problems caused by
the intensive use of pesticides in agricultural areas.
The extracts obtained from different parts of Neem
tree used for pest control with directly lethal ineffective on the pests in agricultural areas, effect
mechanisms such as the anti-nutritional effect and
growth regulators effect. Manufacturers have turned

to alternative control methods because the using of
chemical pesticides, have very negative effects on
human, animals and the environment. In this context One alternative pest control methods will be
made is the use of plant-derived compounds and it
is used safely in conventional IPM programs. Some
studies that is conducted supports this view [29, 30,
6].


$ 
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This study shows that using vegetable origin
extracts (as Azadirachtin indica) can be kept many
pests under the level of economic damage. This
study proves that the plant-based pesticides such as
Azadirachtin having a minimum effect on nontarget organisms on spraying seeds is compatible
with other biological control agents.
In future research, correlations between acaricide type and germination rate should be examined.
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LENGTH-WEIGHT RELATIONSHIP AND CONDITION
FACTOR OF THE MEDITERRANEAN TOOTHCARP,
APHANIUS FASCIATUS (VALENCIENNES, 1821) FROM
IZMIR COASTAL WATERS (AEGEAN SEA, TURKEY)
Dilek Ilhan*, Ali Ilhan, Sencer Akalin
Ege University, Faculty of Fisheries, 35100, Bornova, Izmir, Turkey

fers coastal lagoons, hypersaline, too shallow, slowflowing fresh waters, especially at river mouths [4].
The species is of no commercial value but it holds a
signifcant position in the food chain of coastal ecosystems, due to its distribution and abundance, and
thus may be important in the flow of organic material into and out of coastal ecosystems [5]. Although it belongs to the Least Concern risk group, it
is facing threats due to climate change and pollution
[6].
A. fasciatus has been studied in various respects by different researcher in various locality [7±
31]. The aim of this study is to provide basic informations on the length-weight relationship and variations in the condition factor among seasons and
three different localitLHV LQ ø]PLU FRDVWDO ZDWHUV RI
A. fasciatus.

ABSTRACT
In this study, we determined the length-weight
relationship and condition factor of Aphanius fasciatus FROOHFWHG DW WKUHH GLIIHUHQW ORFDOLWLHV LQ ø]PLU
SURYLQFHFRDVWDOZDWHUVQDPHO\dDPDOWÕ6DOW/DNH
Gülbahçe Bay and Homa Lagoon. A total of 800
individuals, 580 females and 220 males, were
caught using by beach-seine during seasonal samplings between March 2016 and February 2017.
The total length and weight of the caught specimens
ranged from 1.60 to 6.40 cm and 0.042-4.531 g in
females; and 2.30-5.00 cm and 0.161-1.872 g in
males respectively. Length-weight relationship
parameters were calculated separately for each
locality and sex. According to the results of growth
type test, females had positive allometric growth in
alOORFDOLWLHV ZKLOH PDOHVLVRPHWULFLQ dDPDOWÕDQG
Homa, and allometric growth in Gülbahçe. The
condition factor values estimated for each sex,
season and locality varied between 0.67 to 2.35.

MATERIALS AND METHODS
Specimens were sampled by beach-seine
catching from Gülbahçe Bay on the south and
dDPDOWÕ 6DOW /DNH DQG +RPD /DJRRQ RQ WKH QRUWK
RI ø]PLU %D\ $HJHDQ 6HD )LJ. 1) during March
2016 and February 2017.
In the study period, a total of 800 individuals,
580 females and 220 males sampled seasonally. The
mediterranean toothcarp samples were collected by
beach-seine catching. The dimension of the beach
seine net was 25 m in width × 1 m in depth with
mesh size of 3 mm. During the samplings, the temperature, salinity and pH values were measured by
portable WTW 3430 multiparameter device. After
sampling all fish were fixed immediately with 10%
formalin solution and carried to laboratory. Total
length and weight were measured with an accuracy
of 0.01 cm and 0.01 g respectively. The commonly
used length±weight relation W=a כLb was applied
[32]; where W is the weight (g), L the total length
(cm), and a and b are constants. Condition factor
(K) was calculated as; K=100 כW/ L3 [32]. The
hypothesis of isometric growth [32]; was tested by
6WXGHQW¶VW-test.

KEYWORDS:
Aphanius fasciatus, mediterranean toothcarp, LWR,
FRQGLWLRQø]PLU

INTRODUCTION
Length±weight relationship (LWR) are very
useful for fisheries research because they allow the
estimation of the average weight of the fish of a
given length group by establishing a mathematical
relation between them [1, 2]. The condition coefficient is used to indicate suitably of an environment
or to compare fish from one area with a general
average for an entire region [3].
The genus of Aphanius includes 34 marine and
freshwater species. In Europe, there are 20 species
of this genus. In Turkish seas the genus is represented by 12 species, 11 of which are hosting
freshwaters. The exception is the A. fasciatus which
is the only species that can live in sea water as well
as in brackish and fresh waters. It is distributed to
all Mediterranean sea shores and lagoons and pre-
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FIGURE 1
Study area and stations
TABLE 1
The length-weight relationship values of Aphanius fasciatus in different localities
Locality
Messolonghi Lagoon
(Alykes) Greece
Etolikon Lagoon (Astrovitsa)
Greece
Messolonghi Lagoon (Rebakia), Greece
Mesolongi and Etolikon
Lagoons
Alykes, Greece
Astrovitsa, Greece
Rebakia, Greece
Porto-Lagos, Greece
Eastern Adriatic estuarine
(Croatian)
Küçükçekmece Lagoon,
Turkey
Gülbahçe Bay, Turkey
Strymon, Greece
Gediz estuarin
Ayata Lake
(Algerian low Sahara)

dDPDOWÕ6DOW/DNH

Gülbahçe Bay

Homa Lagoon

293
316
218
233
418
493
2026
3768
102
118
160
137
185
276
16

TL (cm)
min-max
2.0-5.8
2.2-6.4
2.0-5.0
2.6-7.2
2.2-6.8
2.0-7.0
2.2-6.8
1.5-7.1
2.0-6.0
2.4-6.2
2.4-5.0
2.8-7.2
2.4-2.8
2.2-7.0
2.9-5.2

0.0100
0.0100
0.0097
0.0087
0.0094
0.0088

3.090
3.160
3.220
3.450
3.310
3.450

0.0109
0.0142
0.0138
0.0137
0.0163
0.0164
0.0098

3.110
3.420
3.260
3.220
3.400
3.440
3.312

0.950
0.980
0.980
0.970
0.990
0.990
0.953

10

2.8-5.3

0.0099

3.312

0.944

F+M

11

3.8-5.3

0.0182

2.940

F+M
F+M
M
F

173
49
31
73

0.0036
0.0110
0.0107
0.0100

3.400
3.350
3.234
3.271

0.996
0.969
0.985
0.993

F

1147

0.013

2.848

0.861

A-

M

721

0.013

2.809

0.863

A-

F

149

0.0079

3.471

0.037

0.984

12.855A+

M

25

0.0087

3.220

0.141

0.957

1.558I

F+M

174

0.0070

3.545

0.041

0.978

13.332A+

F

245

0.0100

3.326

0.038

0.970

8.692A+

M

166

0.0104

3.230

0.051

0.961

4.516A+

F+M

411

0.0096

3.333

0.031

0.965

10.622A+

F

186

0.0085

3.389

0.040

0.977

10.238A+

M

29

0.0107

3.162

0.149

0.944

1.089I

F+M

215

1.3-6.3
2.1-5.5
2.6-4.5
2.7-5.9
1.67-6.02
(4.26±0.083)
2.30-5.48
(3.70±0.058)
1.60-5.10
(3.73±0.059)
2.50-4.30
(3.10±0.085)
1.60-5.10
(3.64±0.055)
1.90-6.40
(3.54±0.046)
2.30-5.00
(3.32±0.037)
1.90-6.40
(3.45±0.032)
1.90-5.10
(3.39±0.051)
2.70-4.50
(3.34±0.079)
1.90-5.10
(3.38±0.045)

0.0085

3.377

0.037

0.984

10.237A+

Sex
M
F
M
F
M
F
M
F
M
F
M
F
M
F
F+M
F+M

n

a

b

Se(b)
0.040
0.035
0.030
0.040
0.035
0.015

R2
0.941
0.960
0.980
0.980
0.941
0.980

Growth type

Author

A+

* 2.250
* 4.571A+
* 7.333A+
* 11.250A+
* 8.857A+
* 30.000A+

[33]

[22]

0.080

0.909

[34]

[35]
[36]
* -0.750I

[37]
[38]
[39]
[40]
[31]

This
study

n, number of individuals; TL, total length; W, weight; Se, standard error; a and b, intercept and slope of the relationship;
Se(b), standard error of slope; R2, correlation coefficient; A+, Positive Allometry; I, Isometry; *Calculated from data.
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3.471 in females and from 3.162 to 3.230 in males.
7KXV DFFRUGLQJ WR 6WXGHQW¶V t-test, we observed
positive allometric growth for females in all stations. However the growth for males was isometric
in Homa logoon lagoon while it was found positive
allometric in the other two stations (P > 0.05).
Guezi et al. [31] reported negative allometric
growth for males (b=2.809) and females (b=2.848)
in Ayata Lake. In Mariut Lake, Penaz and Zaki [42]
found positive allometric growth in females (3.619)
and negative one in males (2.740). In Mesolongi
and Etolikon lagoons, the allometry is positive for
both sexes [22]. Such differences in values b can be
ascribed to one or a combination of most of the
factors including differences in the number of specimens examined, area/season effects and distinctions in the observed length ranges of the specimens
caught, to which duration of sample collection can
be added as well [2].
The condition factor was seasonally measured
for both sexes separately. The mean condition factor values were higher in females than males (Figure 1).
According to the seasonal mean condition factors, it was obvious that females had higher condition factor in spring, for all stations. The females
were bigger than males and beside, the ovaries are
also bigger than the testices too. We think that the
difference in gonad weight between the sexes in the
spring season is due to the high reproductive activity in the female. The unexcepted higher values of

RESULTS AND DISCUSSION
Of 800 collected individuals during this study,
174 were measured in dDPDOWÕ 6DOW /DNH, 411 in
Gülbahçe Bay and 215 in Homa Lagoon.
,QdDPDOWÕ6DOW/DNHVDPSOLQJZDVFRQGXFWHG
in a pool that is used for salt production, explaining
thus the high salinity values recorded (50 to 250
Å In this area, no individuals were caught during
the fall and winter samplings. Therefore, only
spring and summer samples were used for further
analyses. Also, the observed salinity values ranged
between 40-50 ppt in Homa Lagoon and 35-40 ppt
in Gülbahçe Bay.
The total length of A. fasciatus ranged between 1.60-6.40 cm in females and 2.30-5.00 cm in
males in the three stations studied. From given by
various researchers, the total length varied between
1.50-7.20 cm and 2.00-6.80 cm for females and
males, respectively (Table 1).
The length-weight relationship in fishes is affected by a number of factors including season,
habitat, gonad maturity, sex, diet and stomach fullness, health, preservation conditions and annual
differences in environmental conditions [41].
There have been various studies on the lengthweight relationships in various localities, and a and
b values as well as minimum and maximum length
values reported in these studies with our findings
are presented in Table 1 for a comparison.
,QRXUVWXG\³E´YDOXHVUDQJHGIURPWR

FIGURE 2
Seasonaly variations in condition factor (K) of Aphanius fasciatus in three stations of
ø]PLUSURYLQFHFRDVWDOZDWHUV
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[3] Rounsefell, G.A. and Everhart, W.H. (1953)
Fishery Science. Its methods and Applications.
John Wiley and Sons, Inc., New York; First
Edition, 444p.
[4] Kottelat, M. and Freyhof, J. (2007) Handbook
of European freshwater fishes. Publications
Kottelat, Cornol and Freyhof, Berlin. 646p.
[5] Leonardos, I. (1996) Population dynamics of
toothcarp (Aphanius fasciatus Nardo, 1827) in
the Mesolongi and Etolikon lagoons. Dissertation thesis. Univ. Thessaloniki, 198p. (In
Greek).
[6] Crivelli, A.J. (2006) Aphanius fasciatus. The
IUCN Red List of Threatened Species 2006.
[7] Boumaiza, M., Quinard, J. and Ktari, M.
(1979) Contribution a la biologie de la reproduction d'Aphanius fasciatus Nardo 1827 (Pisces, Cyprinodontidae) de Tynisiae. Bull. de
l'Office Nat. des Pesc. de Tynis. 3(2), 221-240.
[8] Boumaiza, M. (1980) Dimorphisme sexual et
polymorphisme d'Aphanius fasciatus Nardo
1827 (Pisces: Cyprinodontidae). Bull.de l'Office Nat. des Pesc. de Tynis. 4(1), 83-143.
[9] Tigano, C. (1982) Le popolazioni di Aphanius
fasciatus (Nardo, 1827) della Sicilia orientale
(Pisces: Cyprinodontidae). Animalia. 9(1-3),
153-183.
[10] Tigano, C. and Ferrito, V. (1983a) Studio Biometrico e morfologico in populazioni di Aphanius fasciatus (Nardo) dell' Adriatico e di Sicilia (Pisces, Cyprinodontidae). Nova Thalassia.
6, 679-680.
[11] Tigano, C. and Ferrito, V. (1983b) Rinvenimento di due individui anomali di Aphanius
fasciatus (Nardo) (Pisces: Cyprinodontiae).
Animalia. 10(1-3), 61-67.
[12] Tigano, C. and Ferrito, V. (1985) Studio osteologico comparato del cranio di populazioni di
Aphanius fasciatus (Nardo) (Pisces: Cyprinodontidae) dell' Adriatico e di fiumi di Sicilia.
Animalia. 12(1)(3), 13-57.
[13] Tigano, C. and Parenti, L. (1988) Homology of
the median ethmoid ossifications of the Aphanius fasciatus and other Atherinomorph fishes.
Copeia. 4, 866-870.
[14] Companini, A., Scattolin, N. and Rodini, E.
(1984) Genetic differentation among some
populations of the cyprinodont Aphanius fasciatus Nardo. Nova Thalassia. 6, 261-268.
[15] Mastrolia, L. and Gallo, V.P. (1989) Fine structure of the interrenal cells of Aphanius fasciatus (Teleostei, Cyprinodontidae) and modifications after stress. Biological Structures and
Morphogenesis. 2(2), 79.
[16] Tigano, C. (1991) II Polymorfismo della mascella superiore in Aphanius fasciatus Nardo
(Pisces, Cyprinodontidae). Animalia. 18, 6170.

condition factor also observed in females during
winter in in the Gülbahçe Bay and the reason we
could relate with, that is the higher temperature
values because of the thermal water sources in the
area which could trigger of spawning earlier than
other areas. The relatively high value of K during
spring in both sexes and all sampling area could be
explained by favorable trophic conditions during
this period. Indeed, values of condition coefficient
are used to measure various ecological and biological factors such as degree of fatness, gonad development and the suitability of the environment with
regard to the feeding condition [43].
,Q DGGLWLRQ WKH KLJK VDOLQLW\ LQ WKH dDPDOWÕ
Salt Lake, can be thought to lead to a weaker nutrient diversity here, which in turn made the fish poorly conditioned.

CONCLUSION
The results of the growth type and the condition factor of A. fasciatus showed that, the species
ZHOOHVWDEOLVKHGWRWKHø]PLU%D\DQGWKHUHZDVQRW
any problem neither about feeding of the species or
its reproduction for now. The expected negation for
future could be related with the pollution of the
inland waters connected with the areas and other
human effects on the sources. Whether the species
could live in high salinities as in sea condition, the
habitat preference of it mostly in muddy and vegetated shores, near the estuaries and the depletion of
the areas because of the reasons mentioned above
could resulted in removing of the species.
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as changing the energy consumption structure and
developing clean energy [4]. With the development
of China's economy, China's energy consumption
and carbon emissions have risen dramatically [5].
Due to China’s backward technology innovation, energy consumption has increased and generates a large quantity of carbon emissions released
into the atmosphere. China's agenda to reduce carbon emissions has attracted global attention. To
solve China's conflicting economic development,
energy consumption and carbon emissions, it is necessary to explore the relation between technological
innovation performance and carbon to provide policy recommendations for global climate governance
and China's sustainable development.
The objective of this study is to explore the relationship between technology innovation factors
and carbon emissions, including patent grants, professional human resources and energy factors based
on spatial econometrics. This study makes the following contributions. First, the technology innovation factor is an important variable to investigate the
effects on the carbon emissions. Secondly, spatial
econometrics is introduced to explore the spatial relationship and spillover effects of carbon emissions.
Finally, this study provides provincial data and analysis of the spatial pattern and spatial correlation effect of carbon emissions and technique innovation,
which would be strong support for air pollution
abatement. By incorporating spatial factors, more
precise estimations are obtained and can help formulate carbon reduction policy in China’s transition
economy.

China has committed to reducing carbon emissions in the face of serious atmospheric pollution.
Based on the spatial approach using panel data, this
study examines the spatial pattern and spatial effects
of technique innovation performance on energy-related carbon emissions from the perspective of both
time and space. An exploratory spatial technique is
employed for analysing the spatial pattern of China's
provincial carbon emissions and technology innovation. Furthermore, based on a classic spatial panel
lag model, a spatial panel error model and a spatial
panel Durbin-IPAT model, this study provides a spatial analysis of the relation between technology innovation and carbon emissions, including direct effects, indirect effects and total effects. Exploratory
spatial results show that there are spatial spillover
and clustering effects of carbon emissions and technology progress. The spatial panel data model estimation results show that technology innovation factors have significant negative effects on carbon
emissions in spatial fixed effects, time-period fixed
effects and spatial time-period effects. The empirical
results identify the inhibition effects of technology
innovation on carbon emissions in provincial areas
and further provide a new path to break regional disparity in the context of sustainable development and
emission reduction.
(&!"
Energy-related carbon emissions, Technology innovation,
Clustering effect, Spatial spillover effect, Spatial panel
model, IPAT equation.
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The impact of technological and economic factors on carbon emissions is attracting increased attention across the entire society. This challenge has
prompted scholars to begin to study the factors that
affect the growth of carbon emissions and their impact and the relationship between social and economic development and environmental degradation,
such as the environmental Kuznets curve and the
pollution heaven theory. A large number of studies

Atmospheric pollution and carbon emissions
with climate change have become an important
global issue [1-3]. Carbon emissions not only pose a
serious threat to climate and ecosystems but also
have become a major issue to be resolved in the process of developing and upgrading transitional economies. Countries around the world are looking for a
variety of measures to reduce carbon emissions, such
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"6)91)2<-1/093)971=The spatial weight matrix reflects neighbourhood relations of space units.
The neighbourhood relationship reflects spatial
structure. Space units generally have three adjacent
relations: boundary adjacent (rook), vertex adjacent
(bishop) and vertex or boundary adjacent (queen).
Vertex adjacency is the common vertex of the two
space units. Queen adjacent is generally applicable
to irregular graphics. In this paper, rook adjacent is
adopted, as is shown in Equation (1) [26-27]:



 
(1)
   



Where,

%$#&
#''$%$# 
  
%$#&#$' #''$%$#

"6)91)2):95+577-2)9154)4)2>818Global spatial autocorrelation focuses on the overall relationship between all the space units. The $%#,& statistics are adopted to test global spatial autocorrelation in this paper. $%#,& statistic is calculated as
Equation (2):

have been conducted regarding the environmental
Kuznets curve [1-3, 6-17].
Recently, spatial econometrics has become a
popular tool to examine carbon emissions, due to its
ability not only to provide spatial descriptions but
also to inform policy implications. The spatial approach has been introduced to investigate the carbon
emissions in the macro economy and environmental
management.
As a whole, a large number of studies focus on
the influencing factors of carbon emission, such as
the economic output factor, population factor, opening factor, energy intensity, industrial structure and
so on [8-9]. Less research concentrates on the influence of technology innovation and the spillover effect on carbon emission. Moreover, the existing research mostly focuses on the unchanged technological conditions. With the expansion of economic development and industrialization, China has grown to
be a country with high carbon emissions [4]. Many
studies have shown that China’s pattern agrees with
the EKC hypothesis. Although China's total GDP increases, there are still many developing regions with
the phenomenon of regional disparities. China's carbon emissions and technological development present regional heterogeneity characteristics [5].
To solve the problem of regional economic imbalance and the need for increasing economic development and raising living standards, technological
change and innovation have become an important
way to solve the problem of carbon emissions without damaging people’s economic welfare [18-21].
Simple control of economic development is not the
best approach to reducing carbon emissions [2, 2224]. Technology innovation and energy technology
progress have become an effective and feasible way
to reduce carbon emissions in the knowledge economy era. Firstly, areas with more technology innovation ability have more technology change demand
and higher possibilities for high technological innovation. Prior to producing technology outputs, the
high-tech industries in low emission areas will absorb and preserve professional and technical personnel. Secondly, in previous studies [4, 25], demographic factors have been shown to promote carbon
emissions, but the patent grants indicate technical
abilities. technology innovation can flow to low carbon emission areas though the free market. Therefore, the following hypotheses are proposed:
: China’s provincial CO2 emissions and
technology innovation are spatial correlated and
clustered.
: Technology innovation and CO2 emissions
have spatial spillover effects.
 : Technology innovation via patent grants
have a positive effect on CO2 emissions.
 : Technology innovation from human resources and economic development have positive effect on CO2 emissions.



# #  #  ) *# #  ** # #  * 

 #  #  )  #  *# #  *

 (2)

Where, * denotes the variable value in the region , # denotes the total number of regions,  denotes spatial weight matrix [28].
While global spatial autocorrelation index cannot reflect the spatial heterogeneity. Spatial correlation in specific different locations is different. Thus,
in local areas, the local index is used in exploring local spatial autocorrelation. Local spatial autocorrelation index can identify spatial heterogeneity. This
feature provides the guide for regional policy formulating. In this paper, we use the local $%#,&index
and the formula is as Equation (3):
  ) + +
(3)
Where, + and + are standardized values in region  and .  is the standardization form of spatial
weight matrix.
There are four types of aggregation patterns
from the local $%#,&  evaluation. Firstly, in the
 aggregation pattern,  is significantly positive, and + is greater than 0, which indicates that the
space is higher than the adjacent space. Secondly, in
the  aggregation pattern,  is positive, and +
is less than 0, which indicates the value of the adjacent space is lower than that of the space unit.
Thirdly, in the  aggregation pattern,  is significantly negative, and + is greater than 0, which
indicates that the value of the adjacent space is lower
than that of the space unit. Finally, in the  aggregation pattern, is significantly negative, and +
is less than 0, which indicates that the value of the
adjacent space is higher than that of the space unit.
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"6)91)2 6)4-2 ,)9) 35,-28 In this paper, the
spatial panel model is utilized to investigate the temporal and spatial effects of carbon emissions and
technological change and innovation. The spatial
panel model contains the spatial effect and the temporal effects, which are embodied as the spatial factor and the panel data, respectively [28]. The model
is able to better respond to carbon emissions in different regions of spatial heterogeneity and spatial
correlation.
Spatial panel approach includes three basic
models: spatial panel lag model, spatial panel error
model and spatial Durbin model [26-27]. The spatial
lag model is shown in the Equation (4) modified
from classical IPAT equation:
  
(4)
!# !#!# !#
(5)

The emission model reflects the influence of
three types of technology innovation factors on carbon emission. Technology innovation factors include professional and technical personnel, domestic
patent grants and domestic energy use in the region i
or other adjacent regions. The model can also reflect
the influence of adjacent regions’ technology innovation factors on the regional carbon emissions.

)9) )4, 85:7+- Energy data were obtained
from China’s National Bureau of Statistics website.
At present, due to the loss of carbon emission data,
energy-related carbon dioxide emissions are calculated using the IPCC (2007) calculation method. The
calculation formula is expressed as follows:
&  #"   " - "
(10)
where & denotes carbon dioxide emissions,
and m denotes the energy type.  " denotes the
amount of energy consumed of the energy type ",
and " denotes said combustion carbon emission
factor of the energy type ".
Data were obtained from China's 30 provinces
(due to a lack of data, Hong Kong, Macao, Taiwan
and the Tibet autonomous region were not included).
Domestic patent grants, professional and technical
personnel and energy consumption data were
obtained from China’s National Bureau of Statistics.

!# &' 2) !# &' 2!#' 2 !#' 2 !#' 
5' 3' 6'
(6)

Where  denotes the region and ' denotes the
year.  denotes the carbon emission. #' denotes domestic patent grants which represents technique innovation(T) of region  in the year '. #'
denotes professional and technical personnel of
state-owned enterprises and institutions, which represents technology improvement from human resources(P). #' denotes gross domestic product (GDP)which represents affluence(A).  denotes the spatial weight matrix. 5' denotes individual fixed effects. 3' denotes time fixed effects.
The spatial panel error model is shown in Equation (7) and Equation (8):
!# &' 2!#' 2 !#' 2 !#' 5' 3' 1'
(7)
1' 4 #  ) 1' /'
(8)
The spatial panel Durbin model is shown in
Equation (9).
!# &' 2) !# &' ' 2!#' 

!"$#"

This paper uses the number of the domestic patent grants, professional and technical personnel of
state-owned enterprises and institutions and energy
consumption to measure technological innovation
and progress according to Chang et al. (2010) [29].
Figure.1a gives the descriptions of the geographical
distribution of carbon dioxide emissions (CO2) in
2011. High carbon emissions are mainly from the
central region (Inner Mongolia, Shaanxi, Shanxi,
and Henan) and eastern coastal economically developed areas: the Bohai Sea region (Shandong, Hebei,

#

2 !#' 2 !#' .  ) !#' +


.  ) !#' +. #  ) !#' 5' 3' 1'
(9)

)*+
$! 
"6)91)2,18971*:91545.014)?8675;14+1)2+)7*54,15=1,- -3188154814)935860-7-,53-891+6)9-49
/7)4989-+041+)26-78544-25.89)9-5<4-,-49-76718-8)4,148919:9154814  
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Tianjin, and Liaoning), the Yangtze River Delta
(Jiangsu) and the Pearl River Delta region (Guangdong). Low carbon emission provinces are
concentrated in the Northwest region (Qinghai) and
the Southwest (Yunnan, Sichuan, Guizhou, Gansu,
and Chongqing). Spatially, carbon emissions are
higher in the eastern provinces and relatively lower
in the western provinces.
Figure.1b and Figure.1c describes China's geographic distribution of domestic technical patent
grants and professional and technical personnel in
2011. In contrast to the spatial distribution of carbon
emissions (CO2), high patent grant provinces are
concentrated in the Pearl River Delta, the Yangtze
River Delta and low carbon emission regions (Sichuan). High professional and technical personnel

regions are concentrated in the Southwest (Sichuan),
the Pearl River Delta, the Yangtze River Delta and
the Bohai rim region.
Overall, the spatial pattern of carbon emissions
is not totally consistent with that of technique innovation performance, which implies a possible spatial
relationship. Further spatial analysis is developed in
the next section.

=6257)957> 86)91)2 )4)2>818 This section
uses the index of global spatial correlation Moran's I
and local Moran's I to test spatial autocorrelation and
spatial cluster characteristics of CO2 emission.First,
this paper uses the global Moran's I to test the spatial
autocorrelation of CO2 emissions, as shown in Figure.2. Figure.2 describes $%#,& curve of carbon
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dioxide emissions from 2001 to 2011. All $%#,&
values of the carbon emission index are significantly
positive. These results show the spatial autocorrelation of carbon dioxide emissions in China. Furthermore, it can be seen that carbon emissions using $
%#,& index are lower from the years 2001 to 2004,
approximately 0.2000. However, the carbon emissions using $%#,&  index increase dramatically
and stay higher from the years 2006 to 2010, approximately 0.2500. This trend reflects an increasing carbon emission spatial correlation compared with eight
years ago.
In Figure.2, the points in the first quadrant and
the third quadrant are spatially correlated point data,
showing the spatial aggregation of spatial similarity
values. The spatial correlation characteristic of CO2
emission is that the region with higher CO2 emission
tends to be adjacent to the region with higher CO2
emission. Most of the provinces are in the first quadrant and the third quadrant, and belong to the H-H
cluster and L-L low agglomeration type. The results
are consistent with the objective geographic distribution, and it is proved that the CO2 emission has spatial correlation.

Then, it uses Local Indicators of Spatial Association (LISA) to study the spatial pattern and clustering characteristics of CO2 emissions in different
provinces. LISA estimate results are shown in Table
2. Shanxi, Henan and Shandong province tend to be
distributed in the first quadrant ( clustering),
showing these provinces with high CO2 emissions
are surrounded by the provinces with high CO2 emissions. Anhui province tends to be distributed in the
second quadrant ( clustering), showing these
provinces with low CO2 emissions are surrounded by
the provinces with high CO2 emissions. The results
are consistent with the geographical distribution, and
it is proved that provincial CO2 emissions has spatial
agglomeration effect.

5486)91)2 6)4-2 35,-2-8913)9154 7-8:298
Non-spatial panel model estimation could help test if
there exist spatial effects in the selected sample. The
null hypothesis is that the spatial lagged variable
does not exist [28]. In non-spatial panel model estimation results, as Table 2 shows, the conventional
 test results and the robust  test results indicate
that the null hypothesis is rejected considering the
time fixed effect and the time-spatial fixed effect.



# 
5+)286)91)2+2:89-714/6)99-745. -31881548
Quadrant
Pattern
CO2 Emissions clustering distribution
First Quadrant
!(&'%
Hebei**, Shanxi ***, Henan**, Shandong**
Second Quadrant
!(&'%
Anhui ***
Sichuan ***Xinjiang ***
Third Quadrant
!(&'%
Fourth Quadrant
!(&'%
-Note: The symbol *, **, ***denotes the significant level of 10%, 5% and 1%


# 
!-8:2985.45486)91)26)4-235,-2-8913)9154
Variables

OLS

Spatial fixed effects

Time-period fixed effects

-0.2278
-0.1288
-0.1776
(0.0000***)
(0.0000***)
(0.0006***)
0.2903
0.4327
0.3842
!#
(0.0000***)
(0.0017***)
(0.0000***)
0.8602
0.7777
0.7128
!#
(0.0000***)
(0.0000***)
(0.0000***)
Log likelihood
-158.1008
219.2404
-155.1903
0.1545
0.0156
0.1513
0


0.7755
0.8787
0.7365

-0.9772
0.7073
 test
2.2385
0.0019
0.5715
No spatial lag
(0.135)
(0.965)
(0.450
Robust  test
2.9663
1.1196
8.0006
No spatial lag
(0.085*)
(0.290)
(0.005***)
 test
15.9794
0.3551
16.1593
No spatial error
(0.000***)
(0.551)
(0.000***)
Robust test
16.7071
1.4728
23.5884
No spatial error
(0.000***)
(0.225)
(0.000***)
Note: The symbol *, **, ***denotes the significant level of 10%, 5% and 1%
!#
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Spatial and time-period
fixed effects
-0.0786
(0.0091***)
0.5037
(0.0001***)
0.7752
(0.0000***)
238.8636
0.0139
0.1915
0.9756
7.0069
(0.008***)
1.7076
(0.191)
10.4610
(0.001***)
5.1616
(0.023**)
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# 
"6)91)286-+1.1+)91549-897-8:298
Spatial fixed
effects

Variables

Time-period fixed
effects

Spatial and time-period
fixed effects

10.7189
36.8288
(0.0133**)
(0.000***)
11.7646
38.0340
Spatial Lag  test
(0.0082***)
(0.000***)
10.3660
24.5734
Spatial Error ! test
(0.0157**)
(0.000***)
11.3557
23.1363
Spatial Error  test
(0.0100**)
(0.000***)
Note: The symbol *, **, ***denotes the significant level of 10%, 5% and 1%
Spatial Lag ! test

17.5931
(0.000***)
16.8089
(0.000***)
11.9511
(0.0076***)
11.5403
(0.0091***)

Spatial random
effects
11.1871
(0.0108*)
-520.9291
(1.000)
8.4918
(0.0369*)
-521.3381
(1.000)


# 
"6)91)2:7*1435,-28-8913)9-7-8:298
Variable

No spatial
fixed effects

Spatial
fixed effects

-0.0263
(0.0000***)
1.0673
(0.0000***)
-0.0184
(0.0627*)
-0.0239
(0.0001***)
0.4087
(0.0000***)
-0.0367
(0.0142**)
-0.3899
(0.0000***)
0.9940
434.1549

-0.0940
(0.0019***)
0.4184
(0.0038***)
0.8301
(0.0000***)
-0.1466
(0.0030***)
0.2803
(0.1722)
0.1006
(0.4670)
-0.0509
(0.5049)
0.9780
224.3970

Time-period
fixed effects

Spatial and
time-period fixed

-0.2443
-0.0907
(0.0000***)
(0.0016***)
0.3016
0.4276
!#
(0.0000***)
(0.0011***)
0.8761
0.7437
!#
(0.0000***)
(0.0000***)
-0.2032
-0.2053
!#
(0.0362)
(0.0011***)
-0.7230
0.5403
!#
(0.0000***)
(0.0044***)
0.4507
0.0923
!#
(0.0281**)
(0.6683)
0.1909
-0.3239
# &
(0.0058***)
(0.0000***)

0.8056
0.9817
log-likelihood
-135.9888
251.4490
Hausman test
5.4324 (0.6074)
Note: The symbol *, **, ***denotes the significant level of 10%, 5% and 1%
!#

"-2-+9154 5. )4 56913)2 86)91)2 6)4-2 ,)9)
35,-2To select an optimal spatial model, the spatial Durbin models are estimated; then, the  test
and Wald test are performed. These test results are
shown in Table 3. As the results of the ! test and
 test show, the null hypothesis is rejected at a 1%
significant level. The two hypotheses are rejected at
a 1% significant level. The test results indicate that
the spatial Durbin model is the optimal model for the
data sample [30].

"6)91)2 6)4-2 ,)9) 35,-2 -8913)9154 As
showed in Table 4, the spatial Durbin model employs the maximum likelihood method to estimate
four effects: time-period fixed effects, spatial fixed
effects, spatial and time-period fixed effects and spatial random and time-period fixed effects. Hausman
estimation results test show that the random effects
model is optimal.

Spatial random and
time-period fixed
effects
-0.0889
(0.0040***)
0.4220
(0.0027***)
0.7454
(0.0000***)
-0.1987
(0.0032***)
0.5126
(0.0115***)
0.0517
(0.8218)
-0.2679
(0.0006***)
0.9816
251.4490

Direct and indirect estimation results are shown
in Table 5. First of all, in the total effects, a number
of domestic patent grants has a significantly negative
impact on carbon emissions. GDP positively significantly affects the carbon emissions. Professional and
technical personnel have a significantly positive impact on carbon emissions. GDP and the professional
and technical personnel have the most significant
impact on the carbon emission compared to domestic
patent grants. Secondly, in the direct effect, patent
grants significantly negatively affect the carbon
emissions, while the technical personnel positively
affects the carbon emissions. Finally, in the indirect
effect, domestic patent grants have a negative impact
on carbon emissions, while GDP and the professional and technical personnel have a positive impact
on carbon emissions. Indirect effect and direct effect
estimation results suggest that the explanation ability
of the spatial factor is different.
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# 
#07---..-+985.86)91)26)4-2:7*1435,-28-8913)9154
Independent variables
Direct effects
Indirect effects
!#
!#
!#

-0.0945
(0.0031***)
0.3698
(0.0017***)
0.6344
(0.0000***)

-0.1350
(0.0178**)
0.1805
(0.2101)
-0.0657
(0.6242)

Total effects
-0.2295
(0.0002***)
0.5504
(0.0004***)
0.5687
(0.0001***)

The symbol *, **, ***denotes the significant level of 1%, 5% and 10%

Estimation results suggest that the spatial
lagged variables are significant, indicating that variables of adjacent regions affect those of the local region. China's provincial carbon emissions, patent
grants, professional and technical human resources
and GDP have obvious spatial spillover effects.

results suggest that with the increase in the number
of patent grants in adjacent areas, the region's carbon
emissions will be reduced. This conclusion should
be helpful for the development of emission reduction
policies in the region and for guiding the policymakers to fully use the technical resources. Technology
innovation can restrain the carbon emissions and
also has spatial spillover effects. This conclusion is
highly consistent with the direct effect and the total
effect. These empirical results show that the effects
of technology innovation on carbon emissions are
consistent with the conclusion that technology clusters affect the emissions [3].

"$"""
In this section, we compare the model evaluation results and discuss implications. Exploratory
spatial analysis results indicate that carbon emissions from 2004 to 2014 have spatial clustering effects, representing spatial autocorrelation. Direct effects from endogenous factors decline from 2004 to
2014. Indirect effects from exogenic factors increase
in this period. Spatial effects of carbon emissions are
significant: carbon emissions have a strong spillover
effect by technique performance. Heterogeneity between regions is significant in terms of carbon emissions and technology innovation.

#-+04525/> 1445;)9154 .753 0:3)4 7-
85:7+-8 The elasticity coefficient of professional
and technical personnel is 0.5504, which is highly
significant. The professional technical personnel
represent the source of technological innovation.
The increase in local professional and technical personnel increase carbon emissions in the region.
In the indirect effect, the professional and technical personnel in the neighbouring regions positively affect the carbon emissions in the region.
However, in the direct effect and the total effects, the
professional and technical personnel in the
neighbouring regions negatively affect the carbon
emissions in the region, showing a significant inhibitory effect. These consequences are not consistent
with the conclusion of domestic patent grants. The
reason is that the professional technical population is
the source of technological change and innovation,
and the number of patent grants is the output of technology innovation and change. Patent license is the
lagged variable of the professional and technical
population. In the short term, professional and technical personnel of the adjacent areas increase but
have not yet produced technological achievements,
reflecting the characteristics of the demography to
promote carbon emissions. Thus, the carbon emissions from the adjacent area positively affect the
emissions in the local region through the spatial correlation. In the long term, professional and technical
personnel in the neighbouring areas could produce
technological achievements, which lead to the suppression of the carbon emissions in the local region.

#-+04525/> 1445;)9154 ;1) 6)9-49 /7)498
The elastic coefficient of the patent license is 0.2295, which is highly significant. Regional patent
licenses and regional carbon emissions have a significant negative relationship. The reason lies in that
domestic patent grants represent the output of local
technical innovation and the research and development ability in a region. More patent grants indicate
more scientific and technological strength in the region. The reasons are as follows: firstly, regarding
the source of emissions and industrial structure, the
regions with more patent grants suggest an earlier
development of technology upgrades; then, the ability to upgrade the industrial structure is formed by
reducing the proportion of high emission industries.
Secondly, in the process of emissions (production
management), these regions have the ability of clean
production and technological progress. Finally, at
the end of the discharge of atmospheric waste emissions, these regions have a better ability to cope with
air waste.
In the indirect effects of domestic patent grants,
the number of patents in other areas negatively affects the carbon emissions in the region. These
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Based on the spatial approach using a panel
data sample, this study examines the spatial pattern
and spatial effects of technique innovation performance on carbon emissions from the perspective of
both time and space. The spatial effects include autocorrelation effects and spillover effects. In this paper, exploratory spatial techniques are employed for
analysing the spatial pattern of China's provincial
carbon emissions and technology innovation performance to verify spatial autocorrelation effects in the
selected sample. Furthermore, direct effects (externality), indirect effects (endogeneity), and spatial effects (spatial correlation) are estimated based on spatial panel models. Based on classic spatial panel lag
models, spatial panel error models and spatial panel
Durbin models, spatial spillover effects considering
direct effects, indirect effects and total effects between technology innovation performance and carbon emissions have been proven.
Exploratory spatial results show that there are
spatial spillover and clustering effects of carbon
emissions and technology innovation. The spatial
panel model estimation results indicate that technology innovation factors have significant negative effects on carbon emissions. Therefore, spatial spillover effects need to be taken into consideration in the
field of carbon emissions. Then, the spatial spillover
effect of the regional carbon emission and technological innovation factors should be fully considered
in the formulation of the pollution control policy and
sustainable development strategy.
Empirical estimation results help in understanding the importance of technology innovation
and progress to inhibit carbon emissions in the
framework of sustainable economic development.
This study proposes measures for carbon emission
abatement by creating technology innovation incentives to inhibit emissions. Measures for policy makers are proposed by considering the spatial effects of
carbon emissions and technological innovation.
When making carbon reduction policies, local government policy makers should incorporate not only
technique factors’ endogeneity and externality but
also spatial correlations. That means local government could take advantage of adjacent regions with
high technique performance and provide convenient
conditions for the introduction of high-tech industries and human resources. Then, these measures
could enhance the performance of technological innovation in this region incrementally.
In all, considering endogeneity and spatial effects, including spillover and agglomeration effects,
both the central government and the local government could implement technique innovation as a
useful and important tool in air quality management
under the carbon emissions reduction constraint.

Research works in this paper are financially
supported by the National Social Science Fund of
China (Grant No. 17BJL041).
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The mechanism of copper tolerance in  
  was explored by using chlorophyll, antioxidant enzymes, soluble protein (SP), malondialdehyde (MDA), and ultra-structural analysis in
plants. Different Cu concentrations (0, 200, 400,
800 and 1000 mg·kg−1) were chosen for tests lasting 28 days. The test plants were able to absorb
macro amounts of Cu from their roots; however,
they demonstrated weak abilities to transfer Cu
from the roots to the aerial organs of plants. There
was a similar trend of a significant increase in absorption at low doses (200 and 400 mg·kg-1) yet an
inhibitory effect at high doses (800 and 1000
mg·kg-1) in most of the indexes, except MDA content. Furthermore, the statistical results showed that
differences were significant between high-dose
groups (800, 1000 mg·kg-1) and low-dose groups
(200, 400 mg·kg-1) (P<0.05). Unlike changes in
other indexes, the variation trend of index MDA
was increasing at 14 d and decreasing at 1000
mg·kg-1 Cu concentrations. As the Cu dose was
increased, total Cu concentration in plants reached a
peak at 400 mg·kg-1 (0.71 mg plants of each pot)
then declined. Throughout the experiments, the
indexes of tolerance and the bio-concentration factors were more than 0.5 and 1, respectively. The
transfer factor was 0.44 to 0.10. Moreover, the
ultra-structural analysis revealed that excessive
Cu2+ concentrations cause adverse effects on the
chloroplast, cell wall, and mitochondrion ultrastructures of    . These findings
demonstrated possible mechanisms of Cu tolerance
in     that involve at least three
paths: the protection of low transportation, detoxification of the enzymes, and the barrier properties of
cell walls.



Heavy metal pollution is a major problem in
soil environments [1, 2]. The nature of heavy metal
pollutants is persistent and highly toxic [3]. The
metabolism, growth rate and signal transduction of
plants can be changed by heavy metals at different
biological levels: the cellular, tissue and organ
levels [4].
In recent years, the effect of heavy metals on
plants has attracted wide attention [5]. Cu is an
essential element for plants, but it can go too far
and cause damage in plants in high doses [6]. Plants
can protect themselves from toxic metals by several
underlying mechanisms [7]. First, cells of plants can
avoid the accumulation of heavy metals in the intracellular sensitive sites and scavenge free radicals
effectively by producing antioxidant enzymes [8].
Additionally, plant cells actively accumulate soluble protein to reduce the osmotic potential of cells
and to ensure moisture absorption by plants in areas
of high heavy metal concentrations. Moreover, the
micro-localization or subcellular distribution of
heavy metals in plant cells may contribute differently to the tolerance or enrichment abilities of
plants [9, 10]. Although the detoxification of plants
was studied separately, the exact mechanisms of
tolerance or enrichment are not yet clear [11, 12].
    is a family of flowering plants. The
family has a cosmopolitan distribution. Many
members are cultivated, owning not only to their
aromatic qualities but also their ease of cultivation:
these plants are among the easiest plants to propagate by stem cuttings. Some     have potential impacts on the field of bioremediation of heavy
metals in soil.    #"can live in
certain concentrations of chromium where antioxidant enzymes might play important roles in reducing chromium stress. Above 40 mg/L of chromium,
the antioxidant enzymes would be destroyed and
the growth of plants would be poor [13]. $ 
 is a proven copper hyperaccumulator and
0.5 mmol·kg-1 Cu content can promote growth and
increase dry mass production of  .
   is a member of Labiatae, which
has a wide geographical distribution. It has high

'%!"
Tolerance, Copper,Labiatae, Mechanism, Soil
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economic and medicinal value. Unlike super accumulation plants,    is characterized
by fast growth, is easy-to-harvest and has low management costs. Therefore,     was
chosen as the test plant to investigate the possible
tolerance and mechanisms associated with Cu
stress.

digested with 5 ml of concentrated HNO3 and 1 ml
of concentrated HClO4 in closed Teflon vessels
until clear. The digested material was washed into a
flask and made to reach full volume using deionized water (50 ml). Metal concentrations in plant
samples were determined using inductively coupled
plasma mass spectrophotometer (Agilent 7500a).

06:69?5:0-:1+ +0)8)+:-819:1+9 Chlorophyll
content was measured according to Lichtenthaler’s
method [15].

-:-8415):165 6. )5:16>1,):1<- -5@?4- )+
:1<1:? SOD (EC 1.1.5.1.1) and GPX (GPX; E.C
1.11.1.9) were assayed using the method of Srivastava [16] and Flohe Gunzler [17].

-:-8415):1656.3171,7-86>1,):165)5," 
MDA content was detected by the spectrophotometer at 532 nm and rectified for nonspecific turbidity
at 600 nm. Electrolyte leakage was used to assess
the permeability of the cell’s membrane [18].
Soluble protein was measured following the
method of Lowry [19].

-:-8415):165 6. *164)99 )5, 73)5: ;
+65:-5: The biomass of both aerial and underground parts was dried and weighed separately.

6-..1+1-5:15,->The index of tolerance (IT)
×100%

#!"#"

):-81)39 )5, /86=:0 +65,1:1659  
 seeds were purchased from Shanghai Bai
Qian Flower Horticulture Co., Ltd. The surface soil
samples were collected from Sichuan Da-liangshanYuexi County fallow ground (0~20 cm). Physical and chemical properties of soil were as follows:
pH 5.16, organic matter 23.36 g·kg-1; total nitrogen
0.265 g·kg-1, total phosphorus 1.38 g·kg-1, total
potassium 2.33 g·kg-1; and total Cu 12.4 mg·kg-1.
Soil samples were air dried. The biological
remnants and large debris were removed from the
soil with a 2 mm nylon sieve. The seeds were sterilized by immersing in 5% (v/v) sodium hypochlorite for 20 min and then washed with sterilized
water three times before use. The seeds were sown
in pots. The temperature was controlled at
28°C/22°C (day/night). The relative humidity was
approximately 60%. The design of Cu concentrations (0, 200, 400, 800 and 1000 mg·kg-1) comes
from the national soil quality standards of China.
Plants were harvested and analyzed on the 7th, 14th,
21th and 28th day. Each group had three repetitions
(12 plants in each repetition).

#8)594199165 -3-+:865 41+869+67? Control
plants and plants treated with 0 and 1000 mg·kg-1
Cu for 28 days were selected for transmission electron microscopy (TEM) by the method of Basile
[14]. Ultrathin sections (80 nm) were prepared and
mounted on copper grids for viewing using a
transmission electron microscope (Tecnai G2 Spirit) at an accelerating voltage of 60.0 kV. The energy spectra of the prepared sections were measured
using the JEM-2100 transmission electron microscope equipped with the Energy Dispersive Spectroscopy system (IE250, Oxford, China). The acceleration voltage was 150 kV, the removal angle
was 25°, and the measurement time was 60 s.

677-8+65:-5:1573)5:9At the time of harvest, the roots of intact plants were washed with
distilled water for metal analysis and immersed in
20 mM of Na2EDTA for 20 min to remove excess
Cu adhering to the root surface. After that, plants
were washed thrice with distilled water and finally
with deionized water, then oven-dried at 70°C for
approximately 72 h. A plant sample (0.1 g) was

Enrichment factor (BF) = heavy metal content
in the plant/heavy metal content in the soil.
Translocation factors (TF) = heavy metal content in aboveground parts of the plant/heavy metal
content in underground of the soil.

":):19:1+)3 )5)3?919 The results were expressed as the mean (±standard error) of three independent replicates. Differences between control and
each treatment were tested by using analysis of
variance at 0.5% level of significance with SPSS
21.0.
!"$#"
3)5: /86=:0 8? )5, .8-90 =-1/0: Data
were expressed as the mean ± SD of triplicates.
Values designated over the bars in different letter
are significantly different at P < 0.05, indicated in
the section of statistical analysis.
As shown in Tab. 1, a hormesis of FW and
DW was observed in increasing concentrations of
Cu. Both FW and DW are significantly inhibited by
higher Cu concentration compared to CK. Similar
results were reported in       [20].
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# 
8-90=-1/0:%)5,,8?=-1/0:%6.   :8-):-,=1:0,1..-8-5:
+65+-5:8):16596.;65 ,
Cu2+
(mg·kg-1)
CK
200
400
800
1000

Fresh weight (FW)
Root

shoot
12.62±0.6a

6.65±0.3a
13.16±0.5a

6.42±0.4a
14.04±0.6b

6.87±0.6b
9.26±0.4c

4.28±0.5c
6.98±0.3d

3.11±0.7d









Dry weight (DW)
root
shoot
1.29±0.2a

2.25±0.4a
1.33±0.4b

2.37±1.2a
1.46±0.8d

2.49±0.8b
0.98±0.9d

1.72±0.3c
0.82±0.8e

1.30±0.5d




$! 
0368670?33+65:-5:15   :8-):-,=1:0,1..-8-5:+65+-5:8):16596.;65
  )5, ,
0368670?33+65:-5:Data were expressed as
the mean ± SD of triplicates. Values designated
over the bars in different letter are significantly
different at P < 0.05, indicated in the section of
statistical analysis.
The responses of various photosynthesis parameters to Cu toxicity are shown in Fig. 1. Two
marked indexes of     increased
significantly in the lower Cu concentration groups
(200 mg·kg-1 and 400 mg·kg-1) and reduced in
higher concentration groups (800 mg·kg-1 and 1000
mg·kg-1). The reduction may be used to speculate
the extent of damages to the photosynthetic processes [21].

 )5, "  +65:-5: MAD is an index of
membrane lipids' oxidative-stress-inducible peroxidation. MDA concentrations in plants raised significantly with prolonged exposure and increased
dosage of Cu (Fig 1). The concentration increased
in the 200~800 mg·kg-1 groups and then decreased
in the 1000 mg·kg-1 groups on the 21st day.
SP content significantly increased in the 200
mg·kg-1 and 400 mg·kg-1 groups and then decreased
(Fig. 2). The SP content in those low dosages, however, was significantly higher than CK (Fig 2). The
maximum accumulation of SP was observed at 400
mg·kg-1.

8064

"!

 #    





    




$! 
)5," 15   :8-):-,=1:0,1..-8-5:+65+-5:8):16596.;65  )5, ,


$! 
")5, &)+:1<1:1-915   :8-):-,=1:0,1..-8-5:+65+-5:8):16596.
;.68  )5, ,
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# 
16+65+-5:8):165.)+:6895,->6.:63-8)5+-#)5,:8)5936+):165.)+:689#)5,
;+65+-5:8):165915   .68 ,
Cu2+
CK
200
400
800
1000

Cu concentration (mg·kg-1 dry wt.) in plant parts
shoot
root
11.17±0.49
25.36±11.21
35.87±3.17
221.31±7.20
48.96±5.63
513.07±21.55
85.53±6.94
754.91±44.56
95.28±14.90
901.68±53.68

BF

IT

TF

3.40
1.28
1.19
1.06
1.01

1.05
0.91
0.63
0.53

0.44
0.16
0.09
0.11
0.10

Data were expressed as the mean ± SD of triplicates.


$! 
#8)594199165-3-+:86541+86/8)7096.866:)+)5,3-).*,+-3396.-3199)6..1+15)3191973)5:915:0-
:8-):4-5:->769-,:6)5, 4/A2/ ;.68 ,)?9%+-33=)3341:6+065,8165+-33
4-4*8)5-/8)5)#/8)5):0?3)261,"9:)8+0/8)159"941670131+7)8:1+3-9


+:1<1:1-9 6. )5:16>1,)5: -5@?4-9 SOD activity of     increased and then
decreased with the increasing concentration of Cu
(Fig. 3). More     superoxide
radicals accumulated at higher Cu levels. The inactivation of enzymes may have been caused by ROS,
synthesis or assembly of enzymes[22].
GPX activity was significantly higher in the
400 mg·kg-1 groups than the controls. The GPX
activity of     decreased in these
lower concentrations groups (≤ 400 mg·kg−1) before
the 14th day. After that, the GPX activity was continuous increased until 1000 mg·kg−1. GPX prevents the lipid peroxidation (LPO) to protect the
cells from damage. Through the experiment, the
GPX activity of     varied with
increasing concentration of Cu2+ as well as length
of exposure. The role of the lower concentration
groups (200~800 mg kg-1) in the late period contin-

ued to strengthen, and the promoting effect of highest concentration groups (1000 mg kg-1) was restrained in the later stage. This means that when the
plant experiences high toxicity, it will alter the
integrity of the cell membrane by mitigating lipid
peroxidation of membrane to reduce the effects of
the toxin.
581+04-5:#)5,#The accumulation of Cu, BF, TF and IT in    is
shown in Tab. 2. The results revealed that the accumulation of Cu increased with higher dosages of
Cu and varied in different parts of plant, which can
be ranked as follows: roots > shoots. The TF values
from roots to shoots varied slightly from low to
high dosages. Among those values, CK groups had
the highest value. The TF values ranged from 0.44
to 0.10. In all treatments, the BF factors were more
than 1.

8066

"!

 #    





    


#0- 9;*+-33;3)8 36+)31@):165 )5, ,19:81*;
:165 6. ; 15866:+-339 Using electron microscopy, it was determined that the CK group had normal
cells, rich organelles, visibility of the chloroplast,
cell wall (CW) and mitochondrion (Fig 4a, b). The
plasma membrane of CK attached closely to the cell
wall, which was uninterrupted. The normal structure of mitochondrion and intracellular membranes
were integrated in CK. Unlike the results of CK,
features of mitochondria were blurry, and the structure of chloroplasts was disorganized in 1000
mg·kg-1(Fig 4c, d). Weak visibility of the cell wall
and plasmolysis were observed. Some copper particles were deposited both outside and inside of the
cell walls as shown in Fig 4c. Moreover, some
obvious damaging of the membrane system, such as
the vacuolation, and dissociation of the membrane
layers were observed.

tion increased chlorophyll content to a degree, before it became negatively affected. Cu affected
chlorophyll a to a greater extent than chlorophyll b.
Cu concentrations up to 400 mg·kg−1 increased total
chlorophyll concentration.
Significant increases in MDA are regarded as
an index of oxidative-stress-inducible peroxidation
of membrane lipids. MDA concentration increased
linearly with increased Cu dose until 1000 mg·kg−1
after the 14th day. It is similar to the tendencies of
      and "    
[30, 31]. MDA changes may reflect the toxicities of
Cu. Induced stress proteins such as heat shock proteins and antioxidant enzymes may be attributed to
the increasing of SP at low concentrations. SP decreased at higher concentrations of Cu, which
means more oxidative stress may act on it causing
oxidative damages.
Heavy metals can induce oxidative stress by
producing toxic oxides and free radicals. These
oxides react with lipids, proteins, pigments, nucleic
acids and so on, causing lipid peroxidation, membrane damage and enzyme inactivation, thereby
affecting cell viability and performance. The deleterious eects that result from the cellular oxidative
state may be alleviated by the plant’s enzymatic and
non-enzymatic antioxidant pathways and may vary
at various cellular and sub cellular levels in
dierent plants. A diverse array of enzymes such as
SOD and GPX of plants are known to scavenge
dierent types of ROS that can protect plants from
tissue dysfunction and potential cell injury. Cu can
catalyze Haber–Fenton reactions and Weiss, which
release ROS. Cu disrupted the antioxidant enzyme
defense system's normal function in 
  roots. The SOD activities increased in lower
concentrations of Cu (up to 400 mg·kg−1), and then
decreased at higher concentrations (up to 1000
mg·kg−1). This indicates that accumulated O·-2
content in     exceeded SOD capacity. Cu tolerance might be related to enhancement of SOD activity [32]. Cu at a certain concentration may induce the expression of SOD.
GPX activity similarly decreased, possibly due
to the excessive amount of H2O2 that was produced
in root cells and the increased accumulation of
H2O2 to levels exceeding GPX scavenging capacity,
resulting in lipid peroxidation in root cells.
The accumulation and subcellular distribution
were two components of detoxification ability and
Cu tolerance in plants [33]. Additional evidence
from TEM analysis (distribution of Cu in the extracellular gap and cell wall) proved that heavy metals
in non-metabolic tissues can protect cells from
potential damages [34]. Furthermore, previous
studies have shown that the normal metabolism of
cells can be maintained when the transportation of
metal ions was limited by bounding or depositing in

"$""
Plenty of researchers have proven that low
concentrations of Cu can promote plant growth, but
concentrations that exceed 100 mg·kg−1 can inhibit
plant growth [23]. Although growth inhibition was
observed in the 800 mg·kg−1 and 1000 mg·kg−1
groups, the changes were not significant when
compared with CK, which suggest that  
  is tolerant of Cu and has a potential
ability to live in the similarly polluted environment.
Further analysis showed that    
can store more Cu in its roots than the aboveground
plant parts. The Cu transfer coefficient was close to
0, indicating that it has a certain Cu fixation capacity. Cu accumulation in plants have different degrees
across a variety of species [24]. Many Cuhyperaccumulating plants, such as  and
    [25], can transport high
concentrations of Cu to the above ground tissue and
are not harmed. The endothelial Casparian strips
and the system's endodermis cells within the roots
may be two components involved in the mechanism
of Cu transportation in the plants [26]. These results
may reveal a protective strategy of this plant that
can reduce the detrimental effects of Cu on plants
by retaining Cu in roots and curbing Cu transportation [27, 28].
The most important process for plant growth
and biomass production is photosynthesis, in which
the pigment plays a critical role [29]. Excess Cu
may inhibit many enzymatic reactions in plants,
such as the photosynthetic carbon reduction cycle,
photosystems, and ferredoxin dependent reactions.
The lipid peroxidation was mediated when Cu entered the Rubicon or thylakoid. On the other hand,
Cu can damage photosynthetic functions by binding
to chlorophylls. In this study, raising Cu concentra-
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the transmembrane and cell walls [35]. This study
demonstrated that the sites of Cu fixation were in
the cell wall, which acts as the primary barrier to
curb Cu into the cytoplasm and avoid organelles.
However, in the 1000 mg·kg−1 groups, several specimens contained dissolved Cu as well as Cu within
the organelles. This phenomenon may be induced
by some changes within cells, for example, the
combining ability of cell walls may reach saturation, or the permeability of protoplasm membranes
and root cell walls can increase. Author Patade et
al. reported [36] that changes in the root cell wall
facilitated transportation of Cu ions into the cell and
to above ground parts of the plant. In conclusion,
binding to the cell wall is one of detoxification's
major mechanisms for heavy metals.
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   is able to fix a large amount
of Cu owing to its cell wall fixation as well as antioxidant enzymes (SOD and GPX), chlorophylls (a
and b) and SP activity. These biochemical and
physiological mechanisms coordinate to protect
plants from Cu toxicity. Meanwhile, 
  can be used as a potential remediation plant
that can easily grow in Cu polluted sites. Further
studies are required to investigate the interaction
between these mechanisms and how these factors
coordinate to confront cellular stress caused by
heavy metals.
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Activated sludge process has a complex and
nonlinear characteristics, therefore, various conventional control algorithms are incapable of controlling
activated sludge process. On the other hand, optimizations of waste water treatment plants have been inevitable due to the strict regulations. This paper deals
with the application of fractional order proportional
integral and derivative controller (PIλDµ), fractional
order proportional integral (PIλ) and classical PID
and PI controller for activated sludge waste water
treatment plants. For this purpose, a simpler model
with single aeration bioreactor that includes biological process with one type of substrate and microorganism was used. Since the level of dissolved oxygen in the aeration tank is important for the effluent
quality standards and minimizing the operating cost,
it was chosen as the controlled variable. Moreover,
manipulated variable has been defined as aeration
rate. Performances of PID, PI, fractional order PID
and fractional order PI controller were evaluated
with integral square error (ISE). The simulation results indicated that fractional order PID controller
exhibited a better performance than fractional order
PI, conventional PID and PI controllers.
Controller parameters were calculated via various optimization strategies such as particle swarm
optimization (PSO), genetic algorithm (GA) and sequential quadratic programming (SQP). The values
of fractional order PID and PI controller parameters
were almost the same even if different optimization
methods were tried for determining the controller parameters. Fractional order PID and fractional order
PI controller parameters were obtained as N Z
  ? Z   > Z  4 Z
   Z   N Z  ? Z
 4 Z  , respectively. Similarly, conventional PID parameters were not affected by different optimization methods. Both GA and PSO
show the same controller parameters (N Z
 7? Z  7> Z  ). Furthermore, conventional PID parameters that are manipulated by Ziegler Nichols method were N Z  7? Z
 7> Z .

*)!$%
Activated Sludge Process, Fractional order controller, Parameter estimation
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Waste water treatment is a complex process
due to various physical, chemical and biological perturbations. Besides, process is affected by several
other factors such as influent stream variations and
variations of time. However, establishing a waste
water treatment plant and its control are both very
difficult, yet, inevitable due to strict regulations imposed by authorities. Generally, waste water treatment process is carried out via three different methods as physical/mechanical, chemical and biological
treatment. In mechanical/physical treatment, the sediment is removed from water. Chemical treatment is
performed in the presence of various chemical compounds that neutralize the substances in the water
[1]. Activated sludge process constitutes an important part of the biological treatment. Activated
sludge process is realized with microorganisms and
organic material in the aeration tank, so that microorganisms can grow by using this organic material as
nutrient media [2].
Essentially dissolved oxygen concentration has
strong effect on the activity of microorganisms’ culture, in this step; control and monitor of dissolved
oxygen level have been investigated. Increase in dissolved oxygen level not only increase the energy
consumption but also degrade the sludge quality. On
the other hand, when the level of dissolved oxygen
is low, the amount of pollutant that is being removed
gets also low and the biomass dies-off.
For the control of activated sludge process,
mostly mechanistic models have been used. In recent
years model predictive control have also focused on
neural network, linear state-space model, bilinear
model and fuzzy model [3, 4]. The main activated
sludge models have been developed by the International Water Association (IWA). However, control
of activated sludge waste water treatment process is
complex and difficult due to different physical and
biological phenomena. The most popular model for
activated sludge process is Activated Sludge Model
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process were presented by O’Brien [15]. For supervision of this process, dissolved oxygen control system was operated in real time together with a plant
monitoring system. Designing of fractional order
proportional integral controller for waste water treatment plant was carried out by Harja [8]. In this study
performance assessment of closed loop system control of fractional order proportional integral controller (PI) and conventional proportional integral PI
controller were carried out. They proved the robustness of fractional order PI controller against the parameter variations. In the majority of these control
studies, parameter estimation of the controller was
taken into account. For this reason, evolutionary algorithms have been widely used. Simple activated
sludge model parameters were identified with the
data generated from Chemostat model built in Simulink environment by using genetic algorithm [7].
On the other hand, evolutionary algorithms have also
been used to design the fractional order controllers
[16-18].
In this study, the open loop simulation was performed for the simpler model of biological treatment
process which is composed of four nonlinear equations, of which three equations for the aerated bioreactor and one for the settler. Then, fractional order
PID and fractional order PI control strategies were
designed and the performances of conventional PID
and PI were compared. Effluent dissolved oxygen
concentration and aeration rate were selected as controlled and manipulated variables, respectively. Controller parameters were tuned via several optimization strategies such as particle swarm optimization,
genetic algorithm and sequential quadratic programming by using simpler model of activated sludge
waste water treatment plants. Initial value of these
parameters was found with two different approaches.
Moreover, optimization problem is solved by minimization of the nonlinear function according to certain constraints.
In order to observe the effectiveness of optimization approaches for the parameter estimation, only
genetic algorithm and only particle swarm optimization without sequential quadratic programming were
used, however, the results were almost the same with
the estimated parameters. Conventional PID parameters were tuned by both Ziegler-Nichols and evolutionary algorithm of particle swarm optimization,
genetic algorithm and sequential quadratic programming, however, obtained values were nearly the
same for each method except Ziegler-Nichols
method. As a result, using different algorithms did
not affect the values of controller parameters. In
comparison of the performances of controllers, fractional order PID controllers presented better results
than the fractional order PI controller in terms of ISE
criterion. Evolutionary algorithms and the Ziegler
Nichols methods, which were used for tuning the
PID parameters, gave worse results than the other
scenarios.

No 1 (ASMI) [5]. Several modifications have been
made to ASMI over the years because of many limitations of the model; however, as a result of its universal popularity and practical verification, these
limitations have been ignored. Some modified forms
of it are called as ASM2, ASM2d and ASM3. In fact,
these models contain large numbers of kinetic, stoichiometric and state parameters; therefore, a simple
and lucid model is required in designing the control
strategy.
A simpler model for waste water treatment process has been proposed in the literature [6-8]. There
are various control algorithms for waste water treatment plants in the literature. For instance, several
control strategies for nitrogen removal were evaluated in a benchmark simulation model of an activated sludge process [9]. In this study, proportional
and integral control (PI) and various feed-forward
control strategies were applied and the predictive
control results were compared. Another example of
model predictive control was applied to control the
dissolved oxygen concentration in an aerobic reactor
of a waste water treatment plant [10]. In addition to
these studies a two –level controller was proposed to
track the dissolved oxygen reference trajectory [11].
These two-level controller has the upper and lower
level controller. The upper level controller is designed with nonlinear model predictive controller
and it generates the desired level of air flows in the
aerobic zone of the bioreactor. The lower level controller forces the aeration system in order to set point
tracking. The performance of this proposed hierarchical control structure was tested with real data. Six
different control strategies for the control of dissolved oxygen concentration and compared the performances of these control algorithms, which are defined as PID control, Model Predictive Control
(MPC) with linear model, MPC with non-linear
model, Nonlinear Autoregressive-Moving Average
(NARMA-L2) Control, Neural Network Model Predictive Control (NN-MPC) and optimal control with
Sequential quadratic programming (SQP) were designed by Akyürek [12].
Another comparison of control studies, strategies of feedback by linear dynamic matrix control
(DMC), quadratic dynamic matrix control (QDMC),
and nonlinear model predictive control were investigated to control ammonium concentration by using
Benchmark Simulation Model No.1 (BSM 1) [13].
In a different study, model predictive controller was
designed for activated sludge process of waste water
treatment plant [14]. In this study, controller parameters were obtained by solving a multi-objective optimization problem. Optimization for tuning all parameters was carried out in two steps iterative process. First of all, integer parameters were obtained
using a specific random search and secondly, a sequential programming based method is used to tune
real parameters. In addition to these studies another
model predictive control of an activated sludge
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The optimization algorithms provide a relatively small reduction in overshoot. Due to the deficiency of fractional order control strategies, application of chemical process is considered necessary and
contributive to this study.

concentration in recycled sludge is zero.
The mass balance for the activated sludge, substrate and dissolved oxygen in the aeration tank is
given in equation (1), equation (2), equation (3) respectively. The fourth and the last equation (equation
(4)) describe the balance of activated sludge in the
settler.
In this model `0a: biomass, `0a: substrate,
`0a: dissolved oxygen KBS : maximum dissolved oxygen, O `0a: recycle biomass, `0a: dilution rate, HL and HL : substrate and dissolved oxygen in influent flow, : biomass yield factor,5`0a:
biomass growth rate, 5KBS : maximum growth rate,
*P and >@ : saturation coefficient, α:oxygen transfer
rate, : aeration rate, M : model constant, . and 3:
recycling and waste sludge ratio [8, 19].
In this model, biomass growth rate5`0a represents a very complicated function of various physical, chemical and biological factors. Many approaches like Monod equation, Haldane Model and
Olsson Model have been proposed in the literature
[6, 8]. In this paper, Olsson model [20] was used for
describing the biomass growth rate.
`0a
`0a
`a
 Z KBS
A X `0a >@ X `0a


!  !"&+&! %&'*

,>307,>4.,6 79/06 In this study, simple
model for waste water treatment process was used
[6-8]. Mathematical equations of this model are
given in equations (1-5). Schematic representation of
process is shown in Figure 1. 
$
Z 5`0a`0a Y `0a` X .a`0a X .`0aO `0a` a
$0
$ Y5`0a
Z
`0a Y `0a` X .a`0a X `0aHL ` a
$0
5`0a
$
Z YM
`0a Y `0a` X .a`0a
$0
X 2^KBS Y `0a_
X `0aHL ` a
$O
Z `0a` X .a`0a Y `0a`3 X .aO `0a` a
$0
`0a
5KBS d
*P X `0ae ^`0a_
5`0a Z
` a
>@ X `0a

98><96=>?/40=In order to control dissolved
oxygen level by manipulating aeration rate, PI, PID,
fractional PI and fractional PID control strategies
were used All of these controller parameters were
tuned via evolutionary algorithm and sequential
quadratic programming. Genetic algorithm and particle swarm optimization were also tried. Additionally, Ziegler-Nichols method was used to tune the
conventional PID. Simulink block diagram of these
controllers are given in Figure 2.

This model is based on certain assumptions:
i) steady stateHL Z MRQ Z ,  Z 
ii) recycling amount of sludge is proportional
to the process flow and it is defined as “.” (O Z . 
)
iii)sludge from secondary settler is proportional to process flow rate that can be called as
3^T Z 3  _
iv)substrate
and
dissolved
oxygen

'$ 
.>4@,>0/=6?/20:<9.0==169A/4,2<,7
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%47?6485-69.5/4,2<,791>30.98><96=B=>07=





D `/a Z N X ? / =U X > / V `4 5 [ a`a
In this equation D `/a is transfer function fractional order controller, N  ? and > is process gain,
integral time constant and derivative time constant,
respectively. Fractional orders of integral and derivative terms4andare positive real numbers. However, values of4andcan also be between 0 and 1.
Obviously if λ and µ are equal to 1, conventional PID
is obtained. In a similar manner, 4 Z   Z  and
vice versa corresponds to PI and PD controllers, respectively. For this reason, it can be said that PID is
special form of fractional order PID controller. Since
this kind of controller has five parameters
(N  ?  >  4 and ), controlled system meets five
design specifications, two more than a classical PID
controller does. Moreover, the fractional orders4and are advantageous as they ensure robust
system performance, and fulfill design and additional specifications.
Fractional order PID controller block diagram
is presented in Figure 3.

"".98><96Proportional integral derivative (PID) and proportional integral (PI) controls
are the classical control algorithms. PI controller has
two tuning parameters (N : process gain and 7? : integral constant). PID controller has three parameters,
the gain (N ), the integral constant (7? ) and the derivative constant (7> ), which are determined by various techniques such as Ziegler Nichols, CohenCoon Methods etc. [21]. These methods can be also
used to tune PI controller. In addition to these methods, PI & PID parameters can be estimated via optimization strategy as well. In this study, PID parameters were calculated both by using Ziegler-Nichols
and optimization approaches. For this purpose, genetic algorithm and particle swarm optimization
were used. In all these methods, state-space model
was used. State-space model was obtained in
MATLAB by   command. Tuning parameters of the PID controller were found via Ziegler 7> Z .
Nichols method asN Z  7? Z
Evolutionary algorithms gave almost the same results
irrespective
of
the
method.N Z
 7? Z  7> Z  .
PI parameters were obtained by these evolutionary algorithms asN Z  7? Z .

<,.>498,6 9</0< "  " .98><96 Fractional order control strategy has received considerable attention during the last decade in engineering
applications. Therefore, this approach can be used
for designing controller and process modeling. The
transfer function of fractional order controller PI and
PID are given in equation (7).

'$ 
69.5/4,2<,7911<,.>498,69</0<".98><9660<
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In a similar manner, fractional PI controller is
given in the following equations:
D `/a Z N X ? / =U `4 [ a`a
These controller parameters (N  ?  4) can be
tuned by various different approaches. In this study,
parameters were tuned by optimization approach of
genetic algorithm, particle swarm optimization and
sequential quadratic programming using the statespace form of the model.

is based on a natural selection process that mimics
the biological evolution and also known as evolutionary algorithm; in this respect, GA significantly
differ from other techniques. The data processed by
the GA are a set (population) of coded binary settings, each of which indicates an individual point in
a search space [22]. Each string has its own fitness
value and this value is defined by the objective function of the corresponding point in the search space.
According to these fitness values, it is decided
whether each string in the current generation is processed by genetic operators and whether they produce offsprings or not. Genetic operators can be defined as selection, crossover and mutation. Schematic representations of these steps are shown in
Figure 4.

",<,70>0<0=>47,>498>0.384;?0=Optimization has been used for parameter estimation and also
for different purposes in many other study areas. In
this approach, objective function depending on various variables are minimized according to defined
constraints. Several approaches have been proposed
for parameter estimation within the optimization.
Genetic algorithm and particle swarm optimization
techniques are some of these approaches. These
methods have been developed being inspired by a
variety of natural events. Ziegler Nichols method is
a classical PID tuning method and it has been compared with the other optimization results.

+40260< 4.396=&?84820>39/PID controller has three tuning parameters. Accordingly, various tuning methods have been introduced in the literature such as Ziegler Nichols, Tyreus Luyben, Cohen-Coon methods. Within these strategies, Ziegler
Nichols method has the widest application area. In
Ziegler Nichols method, closed loop control consists
of three steps [21]: 
i) First of all, in the P-only closed loop control, the magnitude of the proportional gain increases
until it gets continuous oscillation. Higher values of
controller gain leads to a more unstable closed loop
system.
ii) The value of controller proportional gain
that caused the continuous oscillation is called the
critical ultimate process gain (Ku). Peak-to-peak period between these continuous oscillations is critical
or ultimate period (Pu).
iii)After defining these values, controller parameters can be calculated according Table 1.

& 
+40260< 4.396=&?8482",<,70>0<=
98><9660<&B:0
Proportional (P)
Proportional-Integral (PI)
Proportional-Integral-Derivative Control (PID)


D 
R

7? 

R

R


R

R

'$ 
080>4.9:0<,>9<=91,629<4>37
Firstly, strings that are subjected to crossover
and mutation are selected. This step can be defined
as reproduction. Randomly chosen strings constitute
the next generation among the generated offspring
and existing strings, which is defined as crossover
and mutation process. This step is based on fitness
values of strings. In order to obtain effective information in good solution, crossover step is important
to generate better solutions by exchanging effective
information. Mutation changes the value of the randomly chosen site from 0 to 1 or vice versa with
probability K [22]. In case of extra variation of the
population, genetic search continues without losing
genetic diversity, and the next generation is successfully generated within three genetic operators. The
cycle of selection and other genetic perturbation is
repeated until the termination is satisfied.

7> 

",<>4.60%A,<7!:>474C,>498"%!Particle
Swarm Optimization (PSO) –one of the evolutionary
algorithms and heuristic approaches- has been proposed by Kennedy and Eberhart, inspired by the
birds and fishes in the herd [23]. Schematic representation of particle swarm optimization is given in
Figure 5.

R


080>4.629<4>37A genetic algorithm
(GA) is a method for solving both constrained and
unconstrained optimization problems. This method
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velocity vector for)QG particle at each location,
6H Z b6H9  6H:    6H> c
Location and velocity of particle can be updated according to the following equation:
I
6HI<9 Z 6HI X #9 .!,$9I ^-CEPQ
Y 1HI _
W
I
Y 1HI _`a
X #: .!,$:I ^'"%/0
I<9
I
I<9
1H
Z 1H X 6H ` a

Where rand is a randomly generated value between 0 and 1, * is iteration number, )is particle
number and#9 and#: is the learning factor. 

%0;?08>4,6#?,/<,>4. "<92<,77482%#"
Sequential quadratic programming (SQP) is an optimal control and iterative method, which solves a
quadratic programming problem at each iteration to
investigate the best operational strategy for manipulated variable sought to catch the set point [12]. In
this control strategy, upper and lower bounds of variables (N  7?  7>  4and ) were defined and model
solved up to 0FHLBJ (100 h) with time interval
(0)+%HL Z  () for both controllers. In this strategy, any solution found after each iteration is used as
the initial value of the next step.
The difference between values of controlled
variable calculated from model and set points for
each time interval were squared and their sum was
defined as minimized objective function.
& 
9/06:,<,70>0<@,6?0=

'$
",<>4.60%A,<7!:>474C,>49869A3,<>

",<,70>0<=

Particle swarm optimization can be defined as
evolutionary algorithm like genetic algorithm; however, particle swarm optimization is easier and converges faster than genetic algorithm because it does
not include crossover and mutation operators. In this
optimization approach, each bird forming swarm is
defined as particle, which is a candidate solution.
Optimization starts with randomly generated solution including particles which are updated in order to
search the best value generations. In this step, each
particle is updated to two best values. The first
one-CEPQ is the best fit value of a particle found so
far. The second one'CEPQ is the best value of any particle in the population, which can be defined as
global best value for the population. Mathematical
equation of this algorithm can be represented as
(Letbe the number of variables of the problem).
Population matrix for n particles
199
1 Z \1:9
1L9

19:
1::
1L:

(,6?0=
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Before the control studies, dynamic simulation
of this multiple input-multiple output model was performed in MATLAB environment [24] for 500 h. Parameters of the model are given in Table 2.

)QG particle can be defined as

1H Z b1H9  1H:    1) c-CEPQW Z b-H9  -H:    -H> c'CEPQW Z
b-9  -:    -> c

for)QG particle

",<,70>0<=

>@

 19>
 1:> ]
 1L>

fitness function
&`1H9  1H:    1H> a

(,6?0=

&FHQLEPP Z
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!:08699:=47?6,>498<0=?6>=91,.>4@,>0/=6?/20:<9.0==48=>,<>?::0<49/

& 
%>0,/B=>,>0@,6?0=91=>,>0@,<4,-60=,1>0<>309:08699:=47?6,>49848=>,<>?::0<49/
%>,>0(,<4,-60=
84>4,6@,6?091=>,>0@,<4,-60= %>0,/B=>,>0@,6?091=>,>0@,<4,-60=
200
278.8673
Biomass ( +' )
88
17.3561
Substrate ( +')
Dissolved Oxygen ( +')
5
3.4554
Recycle Biomass (O  +')
320
557.2994

Open loop simulation was performed for
(and steady-state values were obtained. A simulation result in the start-up period is presented in the
Figure 6.
Steady state values of state variables obtained
from the simulation results are presented in Table 3.
In this study, fractional order PID, PI and conventional PID performances were compared in the
activated sludge process for waste water treatment
plant in MATLAB environment [24]. Since the
growth of biomass in the aeration tank is highly dependent on dissolved oxygen concentration, dissolved oxygen level was selected as controlled variable. The dissolved oxygen level in the activated
sludge process aerobic part is important because it
supplies enough oxygen to the microorganisms in
the sludge. On the contrary, excessive amount of dissolved oxygen requires high airflow rate; that’s why,
energy consumption increases and sludge quality decreases. Accordingly, high dissolved oxygen level
makes the denitrification less efficient. The control
of dissolved oxygen concentration manipulation of
aeration rate is simple because its measurement is
relatively easier than the other parameters such as nitrate, ammonia, BOD/COD and the response times
of dissolved oxygen is shorter. On the other hand,
application of more complex control strategies and
mathematical model have been very difficult due to
the following results: lack of plant information, complexity of physical, biological and biochemical

phenomena, region specific effluent requirements,
large range of time constants. For this reason, a new
approach of fractional order control strategies was
applied to simple model of activated sludge process.
Controller parameters were obtained by different
evolutionary algorithms that are called particle
swarm optimization and genetic algorithm. In addition, sequential quadratic programming was also
used in the model. For all the controllers, controller
parameters were not affected by different optimization methods. In terms of controller performance,
fractional order controller presented better results
than the conventional approach since the orders λ
and µ meet the additional specifications, design requirements and ensure robust performance. In the
presence of fractional order controller, overshoot
was reduced but the rising time of fractional order
PID and conventional PID were almost the same. In
terms of ISE criterion, fractional order PID indicated
better results than the fractional order PI controller.
In the optimization of these controller parameters,
high values of4and cause oscillations. On the
other hand, very low values of these parameters produced damping ratio. In addition to these results, the
time that is necessary for catching the set point increased with small value of integral and derivative
time constants. Simulation results are presented in
Figure 7 and Figure 8. Performance criterion values
are given in Table 4.
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'$
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& 
98><9660<"0<19<7,8.0
98><9660<
%
PI
4.972
PID (ZN)
5.351
PID
9.133
Fractional PI
4.966
Fractional PID
4.635

! '%! 
Activated sludge waste water treatment plants
have some features; nonlinear dynamics, large uncertainty and limited measurements are available
during the plant operation. For this reason mathematical models have been used for plant state estimation and controller design. Dissolved oxygen
level is the most important parameter for microorganism growth in aerated tank. On the other hand,
dissolved oxygen level is controlled by manipulating
aeration rate and indirectly decreasing the operational cost. Moreover, the measurement of dissolved
oxygen level is easier than the measurement of other
parameters. Therefore, various control strategies
were proposed since the fractional order control
strategy applications have been limited in this process. This study investigates the application of fractional order PI, PID and conventional PI and PID

Among all the results, fractional order controller had the better results than conventional PID. In
determining the PID parameters; both evolutionary
algorithm and Ziegler Nichols method were used.
However, the controller performances were worse
than the other scenarios in both cases. In the above
charts, PI and fractional PI results overlapped, because the integration order of fractional order PI controllers was close to 1 at the end of optimization.
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control strategy on the activated sludge model of
waste water treatment plant. For this purpose, controller parameters were estimated by genetic algorithm, particle swarm optimization and sequential
quadratic programming. Controller parameters were
not affected by the type of the optimization method.
In terms of controller performances, fractional order
controller gave better results than conventional PID.
Fractional PID outperformed the other scenarios in
terms of ISE criterion. The reason for the overlap of
PI and fractional PI is the fractional order of integral
term estimated close to 1.
In conclusion, the application of fractional order control strategy is a novel research field for
chemical engineers. A new model and control of the
activated sludge process have been planned for the
future with the help of obtained real data. In addition,
this controller performance will be tried on the other
activated sludge models.
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In Europe, sugar beet started to be intensely
planted from indigenous beet (   ) only
when the Napoleonic continental blockade in 1806 –
1810 prevented the import of sugar cane to Europe
[1]. First sugar manufactured from sugar beet in the
central Europe was probably made in the old sugar
beet refinery in Zbraslav town in Czechia [2]. Napoleon wars have ignited a relative conjecture of agriculture in the fertile part of Austria-Hungary due to
rising demand for wheat and feed grain meant for
army supply. Consequent wheat sale crisis in the
years 1817 – 1830 has led to a more widespread cultivation of potatoes in the Czech lands. Several years
of potato diseases in the 1840s have been solved by
gradual cultivation of more resilient potato varieties.
During these times, a specialized potato growing
area with sale production aimed at distilleries was
established in Bohemian-Moravian Highlands and a
beet growing area selling its products to nascent
sugar distilleries was formed in Olomouc Archdiocese territory [3]. The plantation of sugar beet was
also supported by a transition from the three-field
system to a rational system of crop rotation management. In the second half of the 19th century the sugar
distillery made its way to the top of development
amongst other traditional food industry branches,
such as miller´s trade, brewing and distilling. Sugar
distillery held a unique position amongst them since
the production encompassed both mechanical and
chemical parts of the procedure. During the
1839/1840 campaign, 66 sugar distilleries were recorded while during the 1871/1872 campaign it was
already 214. Sugar distilleries in Moravia belonged
to the most technologically developed in the whole
monarchy, and sugar from sugar cane was completely substituted by sugar from sugar beet, which
therefore started to count amongst the basic food [4].
During this era, an optimal condition for sugar
beet cultivation in terms of production, sugar content
and technological quality have already been developed. Hoeing by the hand and unification of sugar
beet as well as the sugar beet campaign have become
an important part of the agricultural year in the

 
The paper deals with environmental impacts of
sugar beet plantation in the 19th century on current
landscape character in study area Olomouc Archdiocese territory, which is typical central European cultural landscape. This study is based on results of a
comparative landscape analysis based on methodological approach of environmental geography. The
focus of analyses is on land-use changes of agricultural land from the 19th century to 2017. Olomouc
Archdiocese territory was selected as the study area
because this region is one of the most important agricultural regions both in the historic Czech lands
and in Central Europe. A dynamic historical development of the sugar beet plantation (and sugar industry) has been found in study area during the period
between the second (1836-1838) and third (1876 1878) historical Austrian military surveys. Results of
the comparative analysis indicate an important influence of the introduction of sugar beet plantation on
the land-use in the study area. The needs of fields for
sugar beet plantation lead to a sharp decline in the
percentage of area covered by permanent grasslands
and ponds. These changes in land-use of agricultural
land in the 19th century are comparable to significant
land-use changes, which were connected with a socialist collectivization of agriculture in Central Europe in the mid-20th century. These historical landuse changes have important environmental consequences for cultural landscape in 2017. Findings of
this paper are discussed in the frame of prevailing
trends in land-use changes of cultural landscape and
its environmental aspects in Central Europe context.
#" 
Environmental geography, historical military maps, landuse historical changes, permanent grassland, ponds, sugar
beet.
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agriculture [11]. Earlier widespread deep piety of the
study area people is still preserved in the landscape
in the form of a large number of historical landscape
structures [12]. These landscape structures are part
of the so-called landscape memory [13], which can
be consider as part of the cultural and historical heritage that includes landscape elements (landscape
heritage).
The mean elevation of the study area is 329.6
m and the highest peak is Velký Kosíř (442 m a.s.l.)
[14]. Study area relief consists predominantly of flat
land on Quaternary floodplain sediments of the Morava River and its tributaries [15]. In the central part
of study area is located Protected Landscape Area
Litovelske Pomoravi [16]. The edges of the region
are bordered by low uplands with massive depositions of loess loams. The study area has a warm temperature climate with sufficient precipitation for intensive agriculture aimed to wheat and sugar beet
production [17]. Study area spans altitudinal vegetation zones 2 and 3 [18]. The entire study area is dominated by vast areas of arable land, with narrow corridors of floodplain forest lining its rivers [19].

countryside in the lower regions during the second
half of the 19th century. The golden era of sugar distillery in the Czech lands in the 19th century came to
an end after 1872 (more precisely after the campaign
1872/1873) when this part of food industry started to
be influenced by the upcoming severe economic crisis [5].
The main aim of this paper is to showcase the
way in which the introduction of sugar beet plantation and sugar distillery industry has shaped the landscape of the traditional agricultural region of Olomouc Archdiocese during the 19th century and its environmental consequences for current landscape
structure. Amongst the most significant historical influences of agriculture on the landscape of Central
Europe are usually cited the socialistic collectivization of agriculture in the 1950s. It is true that the
changes in agricultural landscape which were applied during the collectivization still shape the structure and character of landscape in the Czech Republic today [6]. However, surprisingly little scientific
interest in the environmental literature is given to the
historical influence of the human activities to landuse in the 19th century in terms of impact on landscape character [7]. Moreover, the historical footprint of the sugar beet plantation and industry can
still be found in the cultural landscape today just as
it is presented in this paper. The focus of the study is
to highlight the environmental impact of the sugar
beet plantation on structural changes in the cultural
landscape in Central Europe and fill the knowledge
gap related to environmental importance of human
activities in the landscape in the past.

%0( 64) ',%0+)4 %0%.84)4 Analyses in this
study have been done using standard methods of environmental geography under applying GIS tools
[20]. Assessment of the changes was carried out in
GIS environment in uniform scale 1:25,000. Map
sheets of 2nd military mapping from 1836–1840, 3rd
military mapping from 1876–1878 and state maps
1:5,000 – derived from period around 2017 were analysed. Cartographic material used as a base layer for
landscape condition around 1836 were sheets of 2nd
military mapping. Second military mapping, called
Franz's, was carried out in Moravia in 1836–1840
(1842–1852 in Bohemia) in fathom scale 1:28,800.
It's base layer is stable land registry, founded by patent in 1817. Numeric geodetic mapping in Moravia
and Silesia was done by trigonometrical points of 1st
to 3rd degree of St. Stephan's system [21]. A pantographically shrinked content of land registry map
1:2,880 was used as graphical topographical base
layer. From military point of view, important topographical data (surfaces) were denoted using 11 colours, landscape configuration was shown using Lehmann hatching. Altitudes in Vienna fathoms were
shown only for trigonometrical points.
Another base layer were maps of 3rd military
mapping from 1876–1880. Third military mapping
was carried out in entire Austria-Hungary Empire in
second half 19th century (1867–1887) in the scale
1:25,000. In 1876–1878 topographical map of Moravia was created in the scale of 1:25000, from which
another maps were derived (special 1:75,000, general 1:200,000 and brief 1:750,000).
Actual condition (2017) was created using
combination of digitalization of aerial imagery, base
map layers of national portal CENIA and using field
investigation. Prevailing method was the

   
56(8 %3)% The study area is the Olomouc
Archdiocese territory, which is a typical Central European agriculture region [8]. The local people in
study area as a fully formed ethnographical group
were acknowledged during the beginning of the 19th
century. Strong regional identity in Olomouc Archdiocese has evolved into an exaggerated local patriotism which together with other character traits of
local farmers (indolence and deliberation) became a
target for ridicule by other regions, where regional
identity was not considered that important [9]. Man
of Olomouc Archdiocese was a farmer, rigidly following the code of a farmer´s life built on changing
of the seasons and manifested in religious customs
throughout the year. In this sense, the local farmer
was no different from other farmers in Europe in the
19th century. According to letters of Filip Friebeck, a
chaplain at St. Maurice Cathedral in Olomouc, dating back to 1778, local peasants were serious men,
comfortable and pious, who loved their region and
never wanted to leave [10]. Peasantry in Olomouc
Archdiocese territory disappeared in the fifties of the
20th century during the socialist collectivization of
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On a reconstructed map of the Olomouc Archdiocese territory from 1836 – 1838 we can identify
that vast areas are covered by permanent grassland
and water surface. Meadows and pastures were used
as land lying fallow in the three-field system, which
was still quite widespread amongst small farmers
during that time in the study area. High percentage
share of this land use area indicates high ecological
stability of landscape during that time. The relatively
high percentage share of water surface is a reference
to a well-known trend in fishpond cultivation development in study area – in the first half of the 19th
century, fishponds aimed at production of carps were
considered economically valuable activity which
supplemented the production share of large farmhouses.
Reconstruction map of study area landscape
from 1876 – 1878 identify a remarkably different
picture in terms of agricultural land-use. The state
and property rights distribution of the agricultural
land fund in Austrian-Hungarian Empire during the
1850s was quite stable. This situation complicated
the possibility to acquire new areas of arable land
meant for sugar beet cultivation. However a favourable circumstance was the gradual development of
crop rotation management, which surpassed the old
and obsolete three-field system. For the three emergent main crops of the crop rotation system (sugar
beet, potato and clover) the farmers had to look for
possibilities in structural changes of the existing agricultural land fund. Land lying fallow, which had no
use any more in that time was first used to expand
the areas of arable land and the fallow land practically disappears from the landscape of study area.
Nonetheless, this was not enough and more areas of arable land were gained through conversion of
meadows and pastures. These radical changes in land
use can be seen (Fig. 1) the area of permanent grassland was reduced by 50% during that time. Another
trend, however less remarkable yet significant in
terms of land use, was the reduction of fishponds and
its use for sugar beet cultivation. The development
of sugar beet cultivation saw the rise in demand for
deep alluvial soils and soils with good air and water
capacity in generally warmer regions of the floodplains. This led to a mass reduction in fishponds
quantity in all regions suitable for sugar beet cultivation in the Czech lands. This was also the case in
study area of Olomouc Archdiocese – the economy
and the need to cultivate sugar beet in reaction to
fast-growing sugar distillery industry meant a swift
end for a vast net of fishponds alongside the biggest
of agriculture villages. Today, the landscape still
possesses some old historic structures which remind
of the existence of fishponds from two centuries ago.
These structures are usually old field paths which
lead between two parcels of arable land on a bank

interpretation of orthophotomaps. Field investigation was used mostly for getting additional information in areas hard to interpret and unclear areas.
Areal imagery was taken in 2017, their transfer is
carried out using a WMS web services via national
geoportal run by CENIA agency. WMS is a map service, which enables view of map layers in intranet or
Internet environment [22].
In each maps there are performed categories
forming the landscape matrix, which are within the
study area following categories: Forests, Meadows,
Pastures, and Arable land, Gardens and Orchards,
Urban areas, Water surface and Transport areas or
others. Boundaries of land utilization are lines between adjacent areas, used for different purposes,
which do not comprise of another line element.
Along with line elements they form land structure.
The digitization was followed by the processing of a detailed network of digitized lines. Each
spot was assigned coordinates and an identifier to
which additional descriptive information was linked.
Using post-editation, each spot was then assigned information from the table of codes expressing the use
of the area. Finally, the names of towns, forest units
and water courses were created in the ArcGIS attribute table. After further necessary topological adjustments a digital map was created, which could be then
statistically analysed using traditional GIS tools. Obtained statistical data (number of individual spots,
their size, sum, length of water courses, etc.) were
processed into graph (Fig. 1) that allowed clear interpretation of results under predicted environmental
uncertainties [23].
 

The maps from the historical 2nd military mapping show land-use in the Olomouc Archdiocese territory during 1836-1838 and maps from the 3rd military mapping show the state in 1876-1878. Comparison of land-use changes from these two historic
maps provided an opportunity to evaluate changes in
the landscape in the 19th century in relation to the
sugar beet plantation and industry spread.
Maps from the times of the 2nd military mapping show the state of landscape in Olomouc Archdiocese territory just before the establishment of first
sugar distilleries – amongst these were, for example,
sugar distillery in Doloplazy, established in 1848
and sugar distillery in Uničov, established in 1850.
On the other side, maps from the 3rd military mapping show the state of the landscape during the
height of sugar beet industry development in study
area during the whole of the 19th century – in 1890
sugar beet constituted 17,7% of arable land in the
Czechia lands and its plantation was two times more
productive than that of wheat.
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usually one or two metres above the surrounding terrain. These are the last remnants of the dykes of the
old fishpond net. These elevated paths, in fact technical monuments, speak to us through the passage of
time and bear witness to grand events which were
brought by the development of a sugar beet distillery
in the 19th century in this important agricultural region.
Finally, when we compare the land use in 1836
and in 1876 to current state (in 2017), we get a
starkly different view. The area covered by permanent grassland dropped by 88% from 1836 to 2017.
The area covered by forest is approximately the same
while the area covered by water bodies has risen as
compared to both 1836 and 1876. Interestingly
enough, the multiple water bodies which contribute
to this increase (the ponds around the town Tovačov)
are not a product of restoration of the old fishing
ponds from the 1830s, but rather old flooded quarries, which were created in the 1950s.



landscape. The systematic review of 144 studies related to main drivers of landscape changes across
Europe [28] revealed the knowledge gap that can be
filled by expanding the scope of studies to include
rarely represented landscapes as intensively managed agriculture lands and clarifying the role of actors of landscape change. Authors of this paper believe that presented new findings can help to fill
these knowledge gaps by identifying of one relatively underestimated landscape drivers, which is
one concrete agriculture crop as sugar beet plantation. In recent decades the intensification of agricultural production in many European countries has
been one of the key components of land-use change.
The impact of agricultural intensification varies according to national and local context [29]. Presented
paper confirm this fact also for land-use changes in
the past – development of sugar beet plantation in
most of productive agricultural land in study area can
be consider as intensification of agriculture management during 19th century.
Land-use changes can be measured in cultural
landscape via environmental assessment of fragmentation changes of farmland ownership, because it can
indicate of land degradation [30]. First analysis of
long-term trends in the rate of fragmentation during
the last 230 years in Czechia [31] show that indicator
Mean Parcel Size has decreased from 1,08 ha to 0,64
ha. It is in accordance with presented results for
study area in this paper. It is serious environmental
problem because, generally, species diversity on
landscape level is greater in heterogeneous landscapes [32, 33].
Another environmental aspect of findings presented in this paper is rural identity, which is based
on site characteristics [34], which are continually influenced by land-use changes occurring within a territory. As mentioned above in description of study

   

Potential perspectives for applying land-use
analyses recently suggested study based on joining
of historical land structure changes with mathematical models for prediction of future development of
floodplain ecosystems in Olomouc Archdiocese territory [24], which can be successfully implemented
to landscape conservation management [25]. The future predicted changes in landscape under climate
change [26] enable to consider the PPM based on
GIS as a support decision tool for landscape management as presented study [27].
Plantation of sugar beet during the 19th century
has been found in this study as an important driver
of landscape changes in central European cultural
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area Olomouc Archdiocese, the rural identity in
study area was very high. Rural identity is in a very
dynamic equilibrium. Recent attention in environmental science is thus devoted to raising concerns for
the protection of rural identity [35]. In the post-socialist countries of central Europe, the erosion of rural identity is being accelerated following 50 years.
But we can find similar and environmental nonfriendly land-use events in the past, as revealed this
paper based on case study in Olomouc Archdiocese.
These trends can be very different in adjacent countries, as show interesting study [36] along border of
Austria and the Czech Republic: A markedly more
homogenous landscape pattern in the Czechia than
in the Austria. Knowledge of historical environmental driving forces in cultural landscape [37] thus must
be considered as important issues in the frame of sustainable landscape management.
This paper found historical land-use changes of
agricultural land in the 19th century based on establishment of sugar beet plantation as significant land
use driver. The needs of new fields for sugar beet
plantation lead to a sharp decline in the percentage
of area covered by permanent grasslands and ponds.
These historical land use changes have important environmental consequences for current ecological stability of cultural landscape in 2017.
"
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heterogeneous habitats such as cascaded water bodies, distance may not be a reasonable unit for separating different research areas [13-15]. Generally,
distance plays different roles depending on the type
of ecosystem and spatial scale [16].
Aquatic ecology is mainly concerned with the
relationship between the water environment and
aquatic organisms [17-18]. Water quality, and hydrological and hydraulic conditions have important
effects on the aquatic habitats of organisms that are
mostly, or entirely restricted to aquatic environments
[19]. Seasonal variation is one of the most important
factors influencing environmental heterogeneity [2021]. Water conditions vary with rainy and drought
seasons owing to hydrological, hydraulic, and sedimentary changes, which influence changes in the
community structure of organisms. For instance,
Staley et al. [22] showed that the riverine bacterial
community is strongly influenced by seasonal dynamics and the spatial distance alone has a minimal
effect on community formation. Alves-de-Souza et
al. [23] also suggested that the diversity of phytoplankton is related to environmental heterogeneity
caused by seasonal dynamics. Furthermore, fish and
mammals also exhibit seasonal community structure
and home range changes [24-25]. In summary, environmental heterogeneity is largely related to the seasons and affects the community structure of wildlife.
The physical properties of water and prevailing
geographic conditions result in the formation of different kinds of watersheds depending on the spatial
scale. Furthermore, because of the connectivity of
waterbodies, aquatic environments within the same
watershed are very similar [26]. On the contrary, the
heterogeneity of aquatic environments between different watersheds is high, even at extremely fine
scales [27].
To date, studies have tended to describe the relationship between environmental heterogeneity and
biological communities at large scales (> 100 km2),
and as distance dependent [28-30]. Research at an
extremely fine-scale (< 1 km2) is rare and most studies have been conducted in experimental

ABSTRACT
Environmental heterogeneity is the main factor
driving differences in biodiversity. Most previous
studies concerning the environment-organism relationship have been conducted in large-scale areas (>
1 km2). This study is restricted to an extremely finescale area in the cross-boundary area of the eastern
Himalayas, mountains of southwest China, and IndoBurma biodiversity hotspot. The results reveal high
environmental heterogeneity in micro-waterbodies,
even at a 1 m scale, and such high heterogeneity results in biodiversity hotspots in this aquatic ecosystem. This study also indicates that the watershed, rather than distance, is an appropriate unit for extremely fine-scale aquatic ecological research.

KEYWORDS:
Heterogeneity, Aquatic Ecosystem, Micro-waterbodies,
Temporal, Spatial

INTRODUCTION
Habitat patches of various sizes can exhibit environmental or spatial heterogeneity [1] and their dynamics depend strongly on local environmental
changes and determine the structure of biological
communities and ecosystem processes. Therefore,
the dynamics of habitat patches are associated with
variation in local biodiversity [2-3].
Distance has long been considered a key factor
in distinguishing between different areas and has
been included as the main variate in analyses of ecological processes and community dynamics [4-7].
Most research on spatial scales is based on distance
measurements [8]. Distance is undoubtedly a suitable separating unit for different sites in the study of
large-scale areas, widespread species, mobile species, sites with clear boundaries, and homogenous
habitats such as flatlands and cultivated fields [9-12].
However, for relatively small-scale areas, rare species, immobile species, and discrete and
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was 2515 mm (for the period August 1, 2014 to July
31, 2015). The study site was limited to a 5.8 km2
area with wetland strings; the whole area is divided
by a ridge of 3700 m elevation, which forms two basins. This study area is ideal for examining the relationship between environmental heterogeneity and
watershed unit size and distance, as there are two big
river basins within a relatively short distance of each
other at an extremely fine geographic scale [37]. In
addition, within each basin, secondary and tertiary
watershed units of different sizes are clearly formed.
The two separate research areas were defined
as area A and area D and lie to the east and west of
the ridge, respectively (Fig. 1). There were two
streams flowing alongside the two areas. Area D belongs to the Irrawaddy River basin and area A belongs to the Salween River basin. Within area A, a
disused road separated the region into two sub-watersheds (AU and AD) and they were not directly
connected. In addition, AU1, AU2, AU3, and AU4
in area AU were separated by a very small stream
from the rest of the micro-waterbodies in this area,
making them an isolated small watershed. The horizontal distances between D and AU and AD were
approximately 1270 m and 1120 m, respectively; the
horizontal distance between AU and AD was about
400 m.

microcosms [31-32]. However, special ecosystems,
such as the alpine lakes and ponds in our research
area, have a very important ecological function (for
convenience, we define a lake-like waterbody with
area <0.1 km2 as a micro-waterbody [33].) Microwaterbodies make significant contributions to the regional species pool because the environmental heterogeneity at this fine scale maintains high levels of
biodiversity [34-35]. The micro-waterbody acts as a
refuge for organisms between upstream and downstream areas and provides water resources for downstream aquatic ecosystems [36].
Natural, simple, and small ecosystems are suitable units to illustrate spatiotemporal trends in environmental heterogeneity. This study proposes an appropriate unit for separating aquatic ecosystems and
examines the relationship between the environment
and spatial units. This study also examines how environmental heterogeneity changes seasonally.

MATERIALS AND METHODS
Study site. The study site was a high mountain
valley in Gongshan county, Yunnan Province,
China. Within this area, the average annual temperature was 7.7°C and average annual precipitation

FIGURE 1
Sampling areas and organization of micro-waterbodies within a study area in Gongshan county, Yunnan
Province, China. The arrows within each box represent water flow direction.
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acreage, coordinates, and altitude (with Garmin
eTrex20, China) for each micro-waterbody were also
recorded coincident with the sampling points. In addition, the habitat description including leaf coverage, organic debris at the bottom, connectivity and
flow velocity between micro-waterbodies (Global
water FP211, USA), and vegetation type around the
micro-waterbody were recorded.
Based on the connectivity relationship, the micro-waterbodies in area A and D were divided into
five levels. Level 0 referred to isolated micro-waterbodies, levels 1 to 4 represented the upstream to
downstream flow, in which level 1 was upstream and
level 4 was downstream.
A canonical correlation analysis (CCA) was
conducted using R package version 1.2. The internal
water characteristic variables such as Cond, TDS,
DO, pH, ORP, TN, TP, NO3NO2-, NH3-, PO4-, Si-,
DOC, Chl, and TUB were selected and normalized
for one group. Meanwhile, the external factors such
as Alt (Altitude), SD, ST, Depth, and Acreage were
selected for another group. The CCA determined the
environmental heterogeneity among the micro-waterbodies through the interpretation of two environmental factor groups.

Two study plots were established in areas A
and D, with areas of 100 m × 900 m and 80 m × 400
m, respectively. A total of 38 micro-waterbodies
were examined, including 11 micro-waterbodies in
area D, 13 micro-waterbodies in area AU, and 14 micro-waterbodies in area AD. The average altitude
and acreage of micro-waterbodies in area D were
3131 m and 9.9 m2, respectively; in area AU they
were 3328 m and 13 m2, respectively, and in area AD
they were 3274 m and 41 m2, respectively. All of the
studied micro-waterbodies were subject to a seasonal
freeze lasting about 4 months (from mid-November
to mid-March of the next year).
Sample collection and analysis. Field surveys
were conducted three times in summer and fall: June
18 to 21, 2015 (only areas AU and AD), October 7
to 11, 2015 (areas A and D), and June 13 to 15, 2016
(areas A and D).
Physical parameters of the water were measured using a portable multi-parameter device (YSI
Professional plus, USA). Parameters measured were
conductivity (Cond), total dissolved solids (TDS),
dissolved oxygen (DO), pH, water temperature
(WT), and oxidation-reduction potential (ORP). Water samples were collected at the study site and preserved by adding sulfuric acid to make the pH <2.
Analyses of water chemical properties were
conducted using an automated wet chemistry analyzer (Skalar SAN++, Netherland), TOC analyzer
(Shimadzu TOC-V CPH, Japan), and by titration in
the laboratory. Water chemical parameters included
total nitrogen (TN), total phosphorus (TP), nitrate nitrogen (NO3NO2-), amino nitrogen (NH3-), phosphate (PO4-), silicate (Si-), dissolved organic carbon
(DOC), chlorophyll a (Chl), and turbidity (TUB).
The water depth (Depth), sediment depth on the
waterbody bottom (SD), sediment temperature (ST),

RESULTS
The geographic and environmental factors of
the different seasons and areas are listed in Table 1.
The altitude of area A was higher than that of area D.
The physical and chemical factors Cond, TDS, DO,
pH, NO3NO2-, NH3- and Si- were higher in area A
than in area D in both seasons, while ORP, ST, TN,
TP, PO4-, DOC, and Chl were higher in area D than

TABLE 1
Mean values for geographic and environmental factors in different seasons and areas.

Area
Alt. (m)
Acreage (m2)
Depth (cm)
ST (°C)
SD (cm)
TUB
Cond (μs/cm)
TDS (mg/L)
WT (°C)
DO (mg/L)
pH
ORP (mV)
TN (mg/L)
NO3NO2 (mg/L)
NH3 (mg/L)
TP (mg/L)
PO4 (mg/L)
Si (mg/L)
DOC (mg/L)
Chla (mg/L)

AU
3328
14
25
10.3
18.6
0.4
5.9
3.8
12.2
6.27
8.73
13.3
0.189
0.069
0.056
0.013
0.005
0.676
3.26
0.0008

Autumn
AD
A
3274
3301
41
27
29
27
10.5
10.4
23.5
21.1
0.1
0.2
8.8
7.4
5.8
4.8
10.1
11.2
6.46
6.36
8.73
8.73
-53.1
-19.9
0.158
0.174
0.030
0.049
0.051
0.054
0.010
0.012
0.005
0.005
0.546
0.611
3.55
3.41
0.0006
0.0007

D
3130
10
25
15.5
19.4
1.7
5.8
3.8
17.4
5.47
6.17
245.6
0.222
0.036
0.051
0.019
0.007
0.145
4.07
0.0012
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AU
3328
12
24
8.6
33
5.3
4.1
3.9
7.8
6.81
5.47
238.4
0.250
0.149
0.052
0.014
0.010
0.565
9.23
0.0005

Summer
AD
A
3274
3301
41
26
31
27
13.3
10.9
29.5
31.25
1.9
3.6
4.2
4.2
3.5
3.7
13.4
10.6
6.36
6.58
5.56
5.52
230.2
234.3
0.178
0.214
0.061
0.105
0.041
0.046
0.007
0.010
0.003
0.007
0.391
0.478
7.48
8.35
0.0009
0.0007

D
3131
10
27
15.1
22.7
1.8
2.8
2.3
15.1
5.78
5.80
225.2
0.256
0.054
0.033
0.024
0.009
0.042
12.87
0.0010
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A had lower DO values than the connected ones. In
fall, the mean DO values in area AU were lower than
in area AD; however, in summer, the mean DO values in area AU were higher than in area AD. Meanwhile, in fall, the DO values in area AU first increased and then decreased according to the connectivity flow; in summer, the DO values showed the
opposite trend. In area AD, in both seasons, the DO
values rose steadily according to the connectivity
cascade. In area D, in fall, the DO values increased,
but in summer, the DO values decreased according
to the connectivity cascade.
Figure 2 shows that in fall, the pH values in area
A (>8.0) were higher than in area D (<7.0); in summer, in all areas, the pH values were lower than 7.0
except for the isolated micro-waterbodies in area D,
and there were no obvious difference between areas
A and D. To some extent, the fluctuations in all the
environmental parameters in summer were more severe than in fall among the cascaded micro-waterbodies, especially for TUB, NH3-, TP, PO4-, Si-,
DOC, and Chl.

in area A in both seasons. In addition, within area A,
most of the physical factors such as Cond, DO, and
depth were higher in area AD than in area AU in both
seasons. On the contrary, most of the chemical factors, including TN, NO3NO2-, NH3-, TP, PO4-, and
Si- were higher in area AU than in area AD in both
seasons. Between seasons, the DO, TUB, TN,
NO3NO2-, PO4-, and DOC were higher in summer
than in fall in all areas. While, the Cond, TDS, pH,
NH3-, Si-, and Chl were higher in fall than in summer
in all areas.
The relationship between the connectivity of
micro-waterbodies and environmental variables
(Fig. 2) shows that in different seasons (fall and summer), the environmental variables showed very different tendencies according to the connectivity flow
among the areas and did not seem to follow any obvious trends. However, the Cond and TDS, TN and
NH3, TP and PO4, and Chl showed similar trends in
both seasons among all areas. Interestingly, some indicators showed opposite trends between the two
seasons, for example DO, which was higher in area
A than in D. The isolated micro-waterbodies in area

FIGURE 2
Relationship between the connectivity cascade of micro-waterbodies and different water environmental
variates.
The vertical coordinates refer to the absolute mean values for different variates, the horizontal coordinates refer to the connectivity cascade.
L0 represents isolated micro-waterbodies, and L1, L2, L3, and L4 represent a connectivity cascade of a connected series of micro-waterbodies, where L1 is upstream and L4 is downstream.
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FIGURE 3
Results from a CCA. The internal (italics) and external environment factors are shown as two groups.
Note: A/a represent the area AU, B/b represent the area AD, C/c represent the area D. The uppercase letters represent the
summer variates; the lowercase letters represent the fall variates. The first number close to the letter represent the upstream to
downstream connectivity relationship, 0 represents the isolated micro-waterbodies, 1, 2, 3, 4 represent the corresponding levels
of the micro-waterbodies. The second and third numbers are the site numbers according to Figure 1. Colors distinguish the
different seasons and areas.

DISCUSSION

The CCA results (Fig. 3) showed that the internal water environmental factors were mainly determined by external factors such as Alt, SD, and ST.
The SD divided area A (AU and AD) in summer and
fall, while Alt and ST separated areas A and D in
both summer and fall. External factors such as depth
and acreage were not obviously related to the internal water environmental factors. In addition, the internal environmental variates of the sites in areas A
and D showed an obvious divergence. Within area
D, sites were not clearly separated between fall and
summer, but adjacent sites in the CCA were not the
same site, in fact the same sites in different seasons
were relatively far away from each other. In the subgroups of area A (AU and AD), the sites from different seasons were clearly separated. However, within
the same season, there were a few sites that crossed
between the two areas, such as A11, A22, and A23
in summer and a11, a22, and a03 in fall. These sites
are grouped together in a relatively isolated region to
the northeast of the area AU (Fig. 1) and there is a
stream running across, making the area AU into two
small watersheds.
In different seasons, the CCA results expressed
distinct patterns. In summer, when the stream water
flow is high and lotic (for area A the mean flow velocity was 0.92 m/s, for area D it was 0.54 m/s), the
internal environmental variates are relatively discrete within different areas. On the contrary, in fall,
when the water flow is low and lentic (for area A the
mean flow velocity was 0.31 m/s, for area D it was
0.29 m/s), the environmental variates are relatively
agglomerative within areas. In addition, according to
the connectivity cascade, micro-waterbodies in the
same linear cascade were near each other and the isolated ones were separated, especially in the fall.

The CCA results suggest that the environmental heterogeneity in extremely fine-scale areas is
closely related to the watershed unit. Most of the results showed that within the same watershed, and
considering the connectivity cascade, environmental
heterogeneity was low, while between different watersheds, the heterogeneity was higher. For instance,
the environmental variates of the group AU1-4 were
clustered together and distinct from the rest of AU,
appearing as a very small watershed unit. Over the
whole area, connected micro-waterbodies were more
likely to have lower environmental heterogeneity
and were grouped together in the CCA. The environmental variates of isolated micro-waterbodies were
normally scattered among the others and seemed to
sit to the edge of the groups (Fig. 3). These results
imply that at extremely fine scales, environmental
heterogeneity increased with watershed size and was
not related to the distance between areas. In this research, the different micro-waterbodies connectivity
cascades within each area formed the smallest watersheds, areas AU and AD comprised the mid-level
watersheds, and areas A and D comprised the largest
watershed. From the smallest to the largest watershed, the environmental heterogeneity could be more
clearly distinguished. We also found that geographically close micro-waterbodies were not always
grouped together in the CCA, which suggests that
even within a very short distance (e.g., D1 and D2 5
m apart, AD13 and AD14 1 m apart), the environmental heterogeneity may be high [27]. Generally,
the environmental heterogeneity in this fine-scale
area was related to the watershed divisions but not
the distance.
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variation in the water environment, and the watershed is a suitable unit for dividing a research area. In
addition, the population, community structure, and
ecological functions of aquatic organisms are closely
related to the dynamics of the aquatic environment
[19], which showed stable patterns within different
watersheds in this study. Therefore, aquatic ecology
research should take the watershed unit into consideration, which can reduce the impacts of distance at
extremely fine scales.

Another factor that can affect environmental
heterogeneity is the season [20-21]. The micro-waterbodies in the study area were subject to seasonal
freeze and thaw, resulting in different hydrological
patterns according to the season. For instance, in fall,
the micro-waterbodies AU4, AU5, AU9, and AU13
dried up, while in summer, AU5, AU13, and D2
dried up. During the study period, AU5 and AU13
disappeared permanently because of road repair and
by the middle of October 2016, most of the microwaterbodies in area AU had been disturbed and dried
up. In addition, because of the seasonal freeze and
variation in annual precipitation, the connectivity relationships for some micro-waterbodies may change
naturally as they are cut-off from upstream water resources. For example, the water flow from AD14 to
AD13 was very low and only existed in the summer
during the period of high precipitation, while the
connectivity cascade of AU3 would change from
level 2 in summer to isolated in the fall. Generally,
the water flow within the micro-waterbody groups
was higher in summer than in fall, and this was reflected in the environmental variates measured. For
instance, Fig. 2 shows that the environmental variates in different connection cascades fluctuated more
in summer than in fall, and the CCA also shows that
in summer the environmental variates were more
discrete than in fall. However, in both summer and
fall, based on the watershed units, the environmental
variates maintained a similar pattern and it can be
implied from the CCA that the same connection cascades or watersheds mostly group together in both
seasons.
The seasonal pH change was closely related to
the DOC values. The mean pH values in fall were
higher than in summer within all areas and the mean
values of DOC showed the same tendency. Interestingly, the mean pH values in area A (AU and AD)
revealed that in fall the water is alkaline and in summer the water is more acidic. This may be because of
aquatic macrophyte die-out during the winter and
cover by snow, which causes fermentation and the
organic acid is released into the water; therefore, before the rainy season (mid-June), the water is acidulated. After the rainy season (the end of September),
the acidulated water has been washed out and the water in the micro-waterbodies is similar to the stream,
which is alkalized. The micro-waterbodies in area D
are lentic compared to those in area A, meaning that
the water of area D remains acidic throughout the
year.
Research on aquatic ecosystems has been primarily focused on large geographic scales and has
taken spatial distance as one of the main driving factors of variation in the aquatic environment and biological variables [38-39]. However, this study reveals that in inland high-mountain freshwater ecosystems, distinct environmental heterogeneity can be
seen at extremely fine scales, even within 1 meter.
Thus, distance may not be a key factor driving
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ruminats. However, the conducted experiments
have shown that the feeding of $"!'%%"
as the sole source of feed can cause mineral imbalances in sheep [2]. In addition, in degraded pasture
land with low productivity, macro and micro mineral compositions of grass grown were reported to be
lower than the levels required by the grazing ruminants [3]. These areas used for grazing also fail to
provide enough quantity and quality fodder production for livestocks in order to locate generally in
arid and semi-arid regions [4]. However, the browse
plants maintaining their nutritive value and greenness even during the dry season when grasses dry
up and decline in both quantity and quality compose
one of the cheapest sources of feed for animals in
many parts of the World [5, 6, 7]. For instance, in
regions which summer drought dominated, halophyte plants and herbaceous species adapted to
drought areas Gokkus et al. [8]; Temel [9] beside
drought resistant shrubs compose the important
plant groups used to this end [10, 6]. In addition,
halophyte species come into prominence in marginal areas where soil salinity posed a problem, and
continental climate dominated [11, 7].
Halophytes, repsenting ~1% of the world’s
flora, are plants that can grow and complete their
lifecycles in environments with high concentrations
(greater than 200 mM) of electrolytes (mostly Na+
and Cl-) in the root medium [12]. In the previous
studies, it has been stated that halophyte species
having their multiple uses such as the lowering of
the watertables causing secondary salinity and improving soil stability in many parts of the World Le
Houérou [13]; Barrett-Lennard et al. [14] are often
used as a drought reserve or to fill the summer,
autumn and early winter feed shortages within grazing systems [15, 16]. Consequently, it has been
reported that these species could be used as a good
alternative forage resource in terms of meeting their
nutritional and mineral requirements of grazing
livestocks [17, 7, 9].
The aim of rangeland management is to obtain
the highest animal product per unit area without
damaging to the natural resources. This is possible
with meeting the daily energy and mineral needs
required by the animals grazing on pasture to fulfill
the physiological functions and to make animal

Mineral contents of herbaceous produced in
rangelands with intensive composition of species
are usually high and can meet the requirements of
ruminants. However, it has been reported that mineral contents of the herbs produced in especially
disturbed rangelands due to different reasons such
as salinity and drought were less than the levels
required by the grazing ruminants. Our aim was to
determine whether #  " #, # 
$"", $)  ", % " !(
% $##, $" #  "$, 
% #!% and  !#% harvested in
late autumn periods are adequate for ruminants’
mineral demands, and to reveal the potential P, K,
Ca, Mg, Na, B, Cu, Fe, Mn and Zn contens of the
browse grazed. This is the first scientific report on
the mineral composition of the present species. For
this purpose, a research was planned in a completely randomized block design with three replications
in saline rangelands of Turkey’s Igdir Province
between the years of 2012-2013. Results showed
that there was a significant difference in mineral
contents among species, and  #!%,  
" # and  $"" had a higher mineral contents compared to other species. While Ca, B, Fe,
Cu, Mn and Zn contens of forages were adequate
for ruminants’ demands, it was found that K content
was low and P, Mg and Na were higher than the
recommended values.


%$ 
Mineral composition, halophytes, saline rangelands,
ruminants, seed maturity stage

!"!
Rangelands provide about 70% of feed requirements of domestic ruminants in many countries and an important part of mineral needs [1].
Especially, whether climax plant communities are
rich in terms of mineral contents because of having
the different species devirsities, it plays an important role in meeting the mineral requirements of
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/.0'6* '1) 52./ 3423*46.*5 2+ 4*5*'4(- '4
*' Research was carried out on the saline-alkaline
grazing areas of the Igdir plain, located at an altitude of 825 m in the eastern part of Turkey which
have arid climatic conditions. According to the long
years average, the mean annual temperature was
12.5 oC, average relative humidity was 51.2%, and
annual precipitation was 264.0 mm [26]. In 2012
which the trial was conducted, while annual average
precipitation, temperature and relative humidity
were 237.2 mm, 13.5 oC and 53.6%, respectively,
these values were calculated as 226.9 mm, 14.1 oC
and 51.4%, respectively in 2013 [26]. Some chemical and physical characteristics of the soil (0-30 cm)
samples taken from the trial area were presented in
Table 1.

93*4.0*16'/)*5.,1One hectare area where
halophyte species intensively grown was selected
for plant samples and trial around was fenced. The
experiment was established in a completely randomized block design with three replications between the years of 2012-2013. Eight halophyte
species ( % #!% (L.) Ung.-Sternb.,
# " #Pall# $""Pall
$)  " (Bieb.) Bunge., % " !(
Pall %$## (L.) Pall $" # "
$ (Pall.) Bunge,  !#% (Bieb).
Desv.) in per block and five random plants for per
species in each block were selected. All the other
species examined except for  !#%
( ) was belong to the family of  ! 
. While  "$,  $""   "
and $## were annual herbaceous plants, 
#!%,  " #  " !( and 
!#%were perennial half-shrub forming.

products [18]. This situation is related to the components or diversities of fodders used for animal
feeding [19]. Regarding this issue, Ganskopp and
Bohnert [18] stated that the mineral and nutritional
contents of species on areas that animals grazed
should be known for sustainablility of livestocks to
reproduction, growth and production activities.
Accordingly, the mineral contents and rates on the
basis of species should be known beside fodder
quality properties of the plants growing naturally on
rangelands. Because mineral deficiencies may cause
the some feeding disorders in both animals and
plants [20].
As it is known, chemical contents of rangeland
plant communities vary depending on speceis, soil
types, climate and development stages of the plants
[3, 6, 9]. Generally, in plants with high mineral
content at the beginning of growth, reductions occur
in mineral contents due to the organic mass increasing with progress of their development [21, 22].
Moreover, rangeland plants don't have constantly
the same amount of mineral elements during the
growing stages while varying according to species.
Therefore, there is a close relationship between
mineral nutrient content of the soils and mineral
composition of the plants grown in these lands, and
the mineral needs of the animals and the mineral
composition of the produced forage [23].
Considering the topography of Igdir province
with the annual total precipitation and evaporation
rate, it is one of the areas experiencing maximum
salinity in Turkey [24]. Therefore, a large part of
the total available cultivated lands and grazings
have been affected by salinity [25]. However, halophytes species have been seen as a big potential for
providing food and mineral requirement of these
animals adapted to these areas where many cultivars cannot be cultivated in an economical manner,
feed material cannot be provided in sufficient quantity and quality. In this study, the potential effects
of halophytes types used as alternative feed sources
in terms of both meeting the needs of feed of the
animals grazing in these areas and extending the
period of green feed should extend the period of
green forage mineral have been examined. As a
result, both bio-accumulate features of halophytes
types and the additives to animal nutrition as well
as the possible effects on animal health have been
identified.

!*9674*
Clayed


dS/m
10.50

'6'(2//*(6.21'1)'1'/:5.5For each of the
two years, browse samples were collected at the end
of growth period (in seed maturuity stage). In this
period, plants generally had the yellow and green
images. All the species was cut 10 cm above ground
and transported immediately to the laboratory after
the harvest. The harvested plant materials were first
washed with tap water, and later with pure water.
After washed, the forage samples were first air
dried and then dried in an oven at 65 °C until constant weight was obtained. After measured dry
weight, samples were ground in a Wiley mill to
pass through a 1 mm screen and made prepared for
the mineral analyses. For mineral analysis, the plant



! 
20*(-'4'(6*4.56.(52+6-*567):'4*'52./
'
,
'
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½. 5
%
ppm
me/100g
8.98
0.31
50.36
22.30 3.39
11.40
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samples were prepared by wet digestion method
using H2SO4 and H2O2 [27]. Mineral element (Ca,
K, Mg, Na, P, B, Cu, Fe, Mn and Zn) contents of
each sample solution were determined by inductively coupled plasma optical emission spectrometry
(ICP-OES, Thermo Scientific, Cambridge, United
Kingdom). Mineral contents of the plant samples
were calculated as mg/100 g dry weight. All the
analyses were performed in duplicate.

6'6.56.('/ '1'/:5.5 The results were subjected to one-way analysis of variance using MP 5.1
software (JMP, A Business Unit of SAS, Cary, NC,
2003). There were no significant differences between years. Therefore, the data from the two years
were pooled. Differences between individual means
were evaluated by LSD test at the 0.05 significance
level.

mended range of K for all classes of ruminants as
suggested by NRC [32] was 0.5 to 1.0%. According
to these results, the species other than " #
and $""are seen to be insufficient to meet the
needs of ruminants in terms of their potassium
contents. About the subject, Abdullah et al. [3] also
indicate that K concentration in browse species that
naturally grows in degraded pasture are less than
the levels required by ruminants. The most important reason for this is reduction potassium rate in
dry matter with the differentiation of maturation
periods of the species and being harvested of the
species in late maturation periods. In our study,
having low K concentration of halophyte species
may have resulted from the poor soil moisture, high
Na contents, drought conditions, and that the species were harvested in late growth stage. Other
studies have indicated that the nutritional contents
of species varied based on the phenological stages
and, as plants became older, the desired nutritional
contents decreased [33, 5].

-253-2475  The P values obtained from
the examined halophytes were significantly found
to be higher than many legumes (0.30%) and poaceae (0.32%) forage used as feed source (Table 2).
The highest value of P was determined in #!
% (2.19%) and lowest in  " (0.54%),
and the mean P value of all the species was found
as 1.24%. Considering the properties of halophytes
type accumulators, these values are seen normally
[34, 35]. Because, these species adopt macro and
micro elements and other heavy metals in the soil
such as macros in the soil, especially as physiological [12]. Phosphorus that is one of the most important in the macro elements has been observed to
be available in the composition of the analyzed
species in hig proportion and that this proportion is
more than the need of ruminants and even than the
maximum tolerable rate [36]. Toxic levels of phosphorus can be considered to adversely affect the
health of ruminants grazing in the grasslands. But
other species growing in similar areas and the sum
of the daily dry feed resources applied outside the
pasture are taken into account, it is understood that
these rates will not create problems in ruminants.

 "!  " 

'(420.1*4'/5 In this study conducted on
the saline grazing areas, all the macro mineral contents examined showed significiant differences
(P<0.01) among halophyte species (Table 2).

26'55.70 According to these results, the
highest value of K was found in  " # and
 $"", and the K contents of two species included under the same statistical group (Table 2).
The lowest K content was determined in 
". The variation of potassium content among
species may be resulted from low soil moisture,
drought, and availability of high Na concentration
in the soil and water use efficiency of plants and
differring the potassium absorption abilities of roots
[28]. Indeed, Sultan et al. [29] have reported that
there is deficiency of K in the types of different
forage and grazing species due to these reasons. For
example, in another study carried out, it was reported that Na in increased quantities negatively affected K+ content of the alfalfa plant [30, 31]. When the
species of halophytes that are the materials of the
research were examined, it was detected not to be at
levels that pose risks for ruminants. The recom

! 
','1)'(216*1652+-'/23-:6*53*(.*5
3*(.*5
#!%
" #
$""
 "
" !(
$##
"$
"
Mean
LSD (%5)
CV(%)


0.37±0.05 c
0.65±0.10 a
0.63±0.07 a
0.34±0.02 c
0.24±0.03 d
0.47±0.03 b
0.27±0.03 d
0.08±0.02 e
0.38±0.04
0.06**
14.32


2.19±0.36 a
1.04±0.22 d
1.13±0.20 cd
0.79±0.05 e
1.34±0.14 c
1.89±0.10 b
0.99±0.07 de
0.54±0.12 f
1.24±0.16
0.23**
15.97

'
0.59±0.08 cd
1.08±0.11 a
0.58±0.09 cd
0.49±0.03 de
0.64±0.06 bc
0.37±0.02 f
0.41±0.03 ef
0.72±0.12 b
0.61±0.07
0.10**
14.69

,
0.85±0.11 a
0.48±0.06 b
0.43±0.06 bc
0.44±0.03 b
0.43±0.04 bc
0.36±0.02 c
0.42±0.03 bc
0.20±0.05 d
0.45±0.05
0.08**
14.58

Means in the same column with different superscript are significantly different at P<0.01
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1.95±0.29 a
1.26±0.19 b
1.87±0.28 a
1.27±0.08 b
1.34±0.12 b
0.85±0.05 cd
0.89±0.08 c
0.64±0.16 d
1.26±0.16
0.24**
15.91
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tent of only  #!% among examined types
'/(.70 ' Ca content of the species was
(0.85%) was found to be higher than the proposed
found to be 0.61% and the highest Ca content was
limits. However as it is known, the animals do not
identified in " # (1.08%) plant following
" (0.72%) species and the lowest value
graze on the pastures as monotonous [41]. Thus,
considering the other species in these area, it is
was identified in $## (0.37%). These differences that occur between plants may be resulted
thought that magnesium rate will not pose a risk in
from the features of receiving Na ion by the species
total dry matter.

from the soil and being able to accumulate them.
2).70 ' The contents of sodium (Na)
Because, the concentration of Ca were all inversely
the species studied ranged from 0.64% to 1.95%.
related to the concentration of Na in the plant tissue
According to these results, the highest Na content
[37]. Considering the average calcium content of
was determined in  #!% (1.95%) and
the species evaluated in the research, they were
$"" (1.87%), and the Na values of two spefound to be lower than Minson [38] values (0.63%)
cies included under the same statistical group.
and higher than the average level (0.30%) identified
However, the lowest content of Na was determined
by Abdullah et al. [3]. According to NRC [32] recin " (0.64%). Showing variation by Na
ords, Ca needs of ruminants range from 0.19 to
contents of the species may be resulted from better
0.82% in dry matter. According to these results,
adaptation of the species having Na ratio to salty
calcium content of all halophytes other than
areas and the soil rich in Na [42]. The results also
" # (1.08%), were found to be lower than
the toxic limits. In addition, calcium needs of the
show that Na content of halophytes is higher than
animals vary according to the age, species and
conventional forage crops. As is known, increase in
breed of animals [23]. Thus, our findings indicate
the precipitation reduces Na ratio in the soil. But,
that calcium needs of the animals grazing in this
Na content increases depending on low precipitaarea can be met.
tion in the pasture soils located in arid climates and

this situation causes more Na intake in the body of
',1*55.70 , In study, the concentrahalophytes [3]. Na is one of the important macro
tion of magnesium (Mg) among species was varied
elements for livestock. In the lack of Na, weight
from 0.20% to 0.85% with mean value 0.45%.
loss, slowdown in growing up, and reduction in
Accordingly, the highest value of Mg was noted in
milk yield in animals are observed [43]. Whereas,
 #!% (0.85%) and lowest in "
the average of the Na content of halophytes species
(0.20%). The obtained results indicate that convenexamined in our study (1.26%) seems to be over the
tional feed sources are higher than the Mg content.
needs of farm animals (0.06%).
The high Mg content of the examined species is

normal in saline and acidic soil conditions [39].
.(420.1*4'/5 In this study conducted on
Therefore, the high Mg content of the species may
the saline grazing areas, significiant differences
be resulted from being conducted of the experiment
(P<0.01) were found among the species in terms of
in saline grassland. Indeed, Suyama et al. [40] rethe examined micro minerals (B, Cu, Fe, Mn and
ported in their study that Mg content of the alfalfa
Zn) (Table 3).
plant increased due to increased salinity of NaCl.
Furthermore, the different types of magnesium may
2421  When Table 3 is examined, the
be due to the content of chlorophyll physiologically.
mean boron (B) contents of halophyte species were
Generally plants are rich in magnesium due to the
measured as 10.73 ppm, and the highest boron
chlorophyll content. The upper limit of magnesium
content was determined in  #!% (24.96
contents of ruminants varies depending on the types
ppm), and the boron concentration of this plant was
of animals, but while it is 0.60% in sheep and cattle,
found to be twice higher than both the average and
this limit is 0.80% in horses [36]. Magnesium conthe other species (Table 3). This can be said to be

! 
7*1'1)&1(216*1652+-'/23-:6*53*(.*5330
3*(.*5
#!%
" #
$""
 "
" !(
$##
"$
"
Mean
LSD (%5)
CV(%)


24.96±4.93 a
11.82±1.63 b
11.24±1.93 b
5.67±0.46 cd
12.32±1.26 b
6.73±0.92 cd
4.95±0.37 d
8.17±1.98 c
10.73±1.68
2.73**
21.57

7
11.66±1.61 a
11.47±1.62 a
9.35±1.50 b
7.55±0.51 cd
9.60±0.97 b
8.79±0.51 bc
6.89±0.66 d
6.85±1.63 d
9.02±1.13
1.61**
15.19

*
73.40±10.60 a
50.17±7.20 bcd
44.08±5.69 cd
51.94±3.07 bc
65.36±6.46 a
42.32±2.77 d
56.46±4.77 b
29.41±6.94 e
51.64±5.94
8.32**
13.66

1
25.55±3.28 bc
40.00±5.67 a
23.90±3.12 c
12.81±0.92 f
28.76±2.72 b
19.16±1.57 d
14.77±1.17 ef
17.21±4.04 de
22.77±2.81
4.18**
15.56

Means in the same column with different superscript are significantly different at P<0.01
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&1
37.61±5.59 a
24.76±3.84 b
17.93±2.82 c
38.14±2.49 a
14.91±1.55 cd
15.21±0.78 cd
12.88±1.36 d
23.46±5.50 b
23.11±2.99
4.59**
16.88
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resulted from that the present species is abundant
leaved according to other species. Because, boron is
a mineral that accumulates on leaves mostly [44]. In
general, the lack or redundancy of boron is dangerous for particularly plants and also for the animals
and humans. However, in our present research, it
can be said that boron concentration of halophytes
is seen to not to be in toxic levels. This can be said
to be resulted from soil reaction. Because its reception in toxic levels does not take place by plants on
toxic levels since when soil reaction is alkaline, it is
connected by B and in the soil by Na [45]. The
recommended range of P for all classes of ruminants as suggested by NRC [32] was 5 to 150 ppm.
According to these results, boron contents of halophyte species were sufficient, but not constitute
toxicity for livestock. Indeed, Abdullah et al. [3]
reported that Na content of browse species naturally
grown in degraded pastures can meet the need of
grazing ruminants. In addition, these results obtained are consistent with the reports of Gokkus et
al. [46] revealing the mineral content of different
types in pastures.

233*4 7 The mean Cu contents of the
species were found to be significantly different and
ranged from 6.85 ppm to 11.66 ppm (Table 3). This
may resulted from being different of the leaf-tostem ratio in period when plants harvested. Because
leaves contain a higher proportion of Cu relative to
the stems [47]. In addition, it may be resulted from
the species and genotype differences depending on
the adaptability of plants to saline soils. In a study
conducted, it is revealed that tropical grass has
higher Cu content than tropical legumes [48].
Again, it is reported that the different forage species
and varieties grown in the same soil have significant variations in Cu levels [49, 50]. For example,
Abdullah et al. [3] states in their study conducted on
the species of seven shrubs and three trees that
average Cu contents of the species is 1.39 ppm and
it ranges from 0.66 ppm to 2.24 ppm. The presence
of 6.00-12.00 ppm copper in the feed in ration is
recommended in order that animals can fulfill their
physiological functions [36]. Cu content of the
examined species in this research was found in the
specified range (Table 3) and that the grazing ruminants can meet their requirements has been revealed.

421* Significiant different was noticed in
the iron composition of halophyte plants (Table 3).
While maximum Fe content was found in #!
% (73.40 ppm) and  " !( (65.36 ppm),
the lowest Fe content was determined in 
" (29.41 ppm). This variation may be due to the
differences in their genus and species level, genetic
factors and growth stage of the plant during collection [51]. In addition, Jalali-Honarmand et al. [52]
stated that Fe2+ ion amounts removed by the plants

differed even among the varieties belonging to the
same species. The obtained results was found to be
higher than Fe contents of shrub and tree species
collected in Cholistan pastures of Pakistan [3], and
within Fe value limits of conventional forages (alfalfa, sainfoin, vetch, meadow grass, sudan grass)
collected in fall period in The Marmara Region of
Turkey [53]. As it is known, the redundancy and
deficiency of iron leads to some nutritional problems and disease in animals [54]. Therefore, it is
necessary to ensure Fe mineral needed by ruminants. According to NRC [36] records, Fe needs of
ruminants range from 30 to 60 ppm in dry matter.
Accordingly, no species examined constitute a
problem in terms of Fe content obtained from the
present study. Because, that Fe content reach up to
1000 ppm doesen’t pose a problem for ruminants
[55]. Therefore, these values obtained from the
study have been revealed to be at the level to meet
the requirements of Fe of animals recommended by
the NRC [36].

'1,'1*5* 1 The mean Mn contents of
halophyte species ranged from 12.81 ppm to 40.00
pmm, and " # had the highest Mn followed by " !( (Table 3). This may be
resulted from the differences in species and varieties. The researches reveal that there are significant
differences among the families, genius, species and
varieties [56, 3]. The deficiency of Mn leads to
abnormal development and bone disorder in animals [57]. In the redundancy of it, the palatability
of the hay reduces. The recommended range of P
for all classes of ruminants as suggested by NRC
[36] was 5 to 150 ppm, and NRC [32] reported that
toxic level of this element is 1000 ppm. According
to these results, Mn content of halophyte species
found in saline pastures was found to be lower than
these critical values, and it has been demonstrated
to be sufficient for ruminants.

&.1( &1 The highest Zn values were obtained from  #!% and   ", and no
significance difference was found between two
species in terms of Zn content. The lowest Zn content was detected in the species of "$
(12.88 ppm) (Table 3). This may be resulted from
leaf/stem ratio of the species in harvest period.
Because, leaves have higher Zn content than the
stems [56]. In addition, the studies conducted have
revealed that there are big variations in Zn contents
among the different plant species grown in the same
soil [38, 3]. Zinc element takes over an important
duty in the activation of enzymes. In addition, the
deficiency of Zn may lead to anemia, negative effects on immune system and infertility [58]. The
recommended range of Zn for all classes of ruminants as suggested by NRC [36] was 7 to 100 ppm.
Therefore, this study reveals that the Zn content of
the species examined is in the defined range and at
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This study was carried out in order to examine
heavy metals concentration in sediment of Sıddıklı
Dam Lake in Kırşehir, Turkey. The surface sediment
samples from four stations in the Sıddıklı Dam Lake
were collected seasonally from September 2015 to
August 2016. Concentrations of selected metals
were determined using ICP-MS.
Descriptive statistical analysis including Oneway ANOVA, significance (0.05) was done. Important differences in the mean values were tested
using Tukey’s multiple range test. Moreover, Principal component analysis (PCA) and Hierarchical
cluster analysis (HCA) were applied to the data of
the dam lake.
The degree of metal contamination is compared
with the standard shale values. The result of sediment enrichment factor, pollution loading index, and
geoaccumulation index reveals that the surface sediments of the dam lake are not polluted.
Thus, this study aims to identify the main pollution factors as well as the regions of the lake that
are at risk. Moreover, significant correlations between the measured concentrations of the all heavy
metals in the sediment samples were observed. It can
be concluded that the heavy metal pollution level is
low at Sıddıklı Dam Lake, however it will be good
to adopt protective measures before it is too late.



!&$"'&"!
Sediment pollution with heavy metals has become a serious health concern over recent years.
These metals are common pollutants that have distributed aquatic environments. Heavy metals in sediments are derived from natural components or geological as well as from anthropogenic sources. Today, the most common metal pollutants are arsenic,
mercury, cadmium, lead, chromium, copper, and
nickel. Although some metals such as manganese,
copper, and zinc are essential trace elements for organisms, they can also be dangerous at high exposure levels [1].
The sources of metals in aquatic sediments are
either natural or anthropogenic [2]. The natural sediments may extensively be contaminated with various heavy metals released from domestic wastewater
and/or industrial effluents, the dumping of agricultural activity, and other types of anthropogenic activities [3-5]. Heavy metals in sediments are bioaccumulated by organisms either passively from the
water or by facilitated uptake. Moreover, heavy metals that are consumed by organisms may enter the
food chain in significant amounts. Also, sediments
play a critical major role in determining the pollution
pattern of freshwater systems. They are responsible
for transporting a significant proportion of many nutrients and toxic chemicals. Many studies reported
that these resources within Turkey have been seriously polluted by heavy metals [6-14].
The city of Kırşehir is rich in freshwater resources, being endowed with a network of rivers that
can meet a variety of the region’s water needs. However, with the rapid increase in the population of the
city and the need to meet the increasing demands of
irrigation consumption mean that the available water
resources are becoming depleted, and that the water
quality has deteriorated. The Sıddıklı Dam Lake is
very vital to Kırşehir as it provides very wide area of
irrigation water.

+)"$%
Heavy Metal, Accumulation, Sediment, Multivariate Statistical Methods
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%@A2E/>3/C7@6?/:=97;5=<7;@9<1/@7<;?/2/=@324><:<<5933/>@6
;>716:3;@4/1@<>#<99A@7<;</27;5;23D
/;2 ;23D <4 3</11A:A9/@7<; The enrichment
factor (EF) and Geoaccumulation index (Igeo) are
some useful indicators for reflecting the status of environmental contamination [17-20]. In calculating
the normalized enrichment factors (EF), the original
Salomons and Förstner [21] equation was substituted
in the present study with Fe. In order to evaluate a
possible anthropogenic origin of the metals, the enrichment factor (EF), pollution loading index (PLI),
and Igeo were calculated for the metal concentration
obtained in the surface sediments [22].

The aim of the present study was:
1. To determine the level of heavy metal concentration,
2. To determine the ecological risk in surface
sediments of Sıddıklı Dam Lake, and
3. To assess sediment quality.
In addition, all results collected from this study
will provide the baseline information for future studies.
&$%! &"%

%@/@7?@71/9;/9E?7?Statistical analysis of data
was carried out using SPSS statistical package programs. Descriptive statistical analysis including
One-way ANOVA was done, with a significance of
0.01 and 0.05. Important differences in the mean values were tested using Tukey’s multiple range test.
Moreover, relationships among the considered variables were tested using Pearson's correlation. Multivariate analyses of the dam lake data set were performed using Principal component analyses (PCA)
and cluster analysis (CA). All of the statistical calculations were performed using SPSS 17.0.

%/:=93 9<1/@7<; /;2 ?/:=97;5 The surface
sediment samples were collected seasonally between
September 2015 and August 2016 from 4 stations.
Surface sediment samples (0-20 cm) were collected
in triplicates and homogenized in a zip locked polyethylene bag at each sampling site using an Ekman
sampler. Afterwards, the collection the samples were
placed in coolers with ice bags while being transported to the laboratory, whereby they were kept at
about -80°C until being analyzed.
3/BE:3@/9/;/9E?7?The samples were immediately transported to the laboratory and filtered
through acid treated Millipore HA filters (0.45 μm)
using a vacuum. These samples were stored in darkness at 4 °C up until analysis [15]. Sediment samples
were prepared with a preliminary digesting process
via a CEM MARS-5 model microwave instrument.
Heavy metal determinations of all of the samples
were carried out using an ICP-MS -Bruker 820-MS
[16]. The reference materials were used to check the
accuracy and reliability of the method. Metal contents were expressed in terms of μg/g.



$%'&%!%'%%"!
Heavy metal analyses of sediment samples
taken periodically from four stations over a period of
4 seasons had showed that the mean levels of aluminium (Al), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper
(Cu), zinc (Zn), gallium (Ga), barium (Ba) and lead
(Pb) varied had between 214.248-3204.650
(2246.891±178.055), 7.713-12.584 (9.686±0.311),
3.532-6.030 (4.723±0.184), 81.446-149.488 (113.
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324±4.692),
3229.803-5451.602
(4637.034±
137.871), 0.695-1.692 (1.271±0.073), 1.988-5.614
(3.250±0.313), 0.157-2.091 (0.970±0.157), 4.00011.944 (7.194±0.452), 0.142-0.896 (0.580±0.052),
33.767-85.124 (47.231±2.900), and 4.145-8.122
(5.595±0.255), µg/g, respectively. Moreover, seasonal changes of heavy metal concentrations in the
surface sediment are shown in Table 1. The sequence
of the means of heavy metals in water samples from
each season were Fe>Al>Mn>Ba>V>Zn>Pb>Cr>
Ni>Co>Cu>Ga. Also, the concentration of other elements -that is, light metals such as Ca, Na, and Kand total phosphorous varied between as a µg/g
7246.048-37642.340 (19736.146±2657.994), 5-10.4
(7.639±0.454), 4.4-7 (5.663±0.190) and 0.387-0.676
(0.507±0.021). Calcium was identified as being the

most abundant element. Also, other sediment parameters such as water content and organic matter as a
percentage 10.650-17.7(13.352±0.612), 2.240-4.560
(2.837±0.151) were determined. The pH of the sediment had varied from 6.4 to 7.4. The average concentrations of the majority all metals in the sediment
were lower than the average shale values. Also, the
average concentrations of Cr, Mn, Co, Ni, Cu, Zn
and Pb obtained in this study were much lower than
sediments of other studies (Table 2). Moreover, in
the present study, the metal concentrations in the
dam lake sediments are compared with TEC and
PEC values. The means of Cr, Ni, Cu, Zn and Pb in
our samples were lower than TEC and PEC values
(Table 2).
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0.542
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0.905
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4.400
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0.041
0.000
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5.300
0.428
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5.595
7.639
5.663
0.507
0.255
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3.168
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=
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)

14.998b
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17.700
11.008a
0.124
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11.210
12.273ab
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10.960
13.090
15.130b
0.963
13.230
17.670
13.352
0.612
10.650
17.700

Horizontally, letters a, b and c show statistically significant differences in same group of metals (p < 0.05).
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The influences of anthropogenic metals pollution in surface sediments of Sıddıklı Dam Lake were
determined using enrichment factor (EF-PLI) and
geoaccumulation index (Igeo) for each of the metals
(Table 3). The Igeo had suggested that individual
metal contamination in the sediments could be classified as being “practically uncontaminated”. The
mean result from the present investigation had
showed that Igeo of Cu: -6.3, V: -4.3, Cr: -4.8, Mn: 3.5, Co: -4.5, Ni: -5.1, Zn: -4.3, Ga: -5.7, Ba: -4.2,
Pb: -2.4, Al: 7.5, Ca: 9, and Fe: 9.4, respectively.
Contamination factor (EF) is a useful indicator reflecting the status of environmental contamination.
The results from this study show that enrichment factors of all metals had varied from 0 to 1, and were
classified as having “no enrichment”. Also, the PLI
index provide a simple, comparative means for assessing the level of metal pollution. The result from
present study are classified as having no metal pollution except for Fe, Ca, and Al which are known as
being the most common elements within Earth's
crust. According to Varol [27], PLI values between
1.02 and 4.19 (mean 1.88) indicate that the Tigris
River is moderately polluted. Also, the mean EF values for all metals (Cr and Mn except) were higher
than 1.5, which suggests an anthropogenic impact on
the heavy metal levels in the sediment of the Tigris
River. Kankılıç et al. [23] had found evidence of
heavy metal pollution in the Kapulukaya Dam Lake
(Kırıkkale), with EF values that were over the pollution limits. Çevik et al. [10] had investigated the accumulation of heavy metals in the surface sediment
of the Seyhan Dam Lake in Adana, Turkey. Their
data were assessed using the Igeo, and had indicated

19

16

16

110

68

45

95

18
16
35
30
36
75
61
50

35.7
16
28
70
197
110
86
390

123
120
150
120
315
820
540
270

31
19

580
35
31
42
35
91.3
250
170
110

MET minimal effect threshold, ERL effect range low,
TET toxic effect threshold, ERM effect range median.

that the surface sediment samples were partially contaminated with Cd which is used in agricultural activities as a fertilizer and pesticides.
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#0
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0.28
According to statistical analysis (One-Way
ANOVA) Ca, Cr, Mn, Ni, Co, Cu, Ga, Pb and WC
in sediment concentrations were significantly different between the seasonal changes (p<0.05). Furthermore, Table 3 shows the statistical analysis of correlation matrix in terms of linear correlation coefficient (r) values (significant at 0.05 and 0.01) in sediment samples across all seasons, respectively. A
positive correlation exists between V, Cr, Al and Ca,
Mn, Cr, Ca, and V, Mn, Fe, V, and Cr, Fe, Co, Cr,
and Mn, Ni, Cu, Fe, and Co, Cu, Zn, Co, and Ni, Zn,
Ga, Ni, and Cu, Ga, Ba, Cu, and Zn, Na, K, Ba, and
Pb. Also, a negative correlation exists between TP,
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pH, Na, and K (Table 4). A large portion of the results from this study correlate with those of other
studies [28, 30].
Four principal components (PC) were obtained
with an eigenvalue of more than 1, explaining
greater than 85.35 % of total variance. PC 1 grouped
metals such as Cr, Ni, cu, Ca, Co reveal 39.61 % of
the total variance. Cr, Cu and Ca had originated from
natural sources [31]. Cr and Ni are derived from terrigenous detritus material [32]. Also, PC 2 explains
24.22 % of the total variance and reveals high loading values for the Al, V, Ga, Co, Zn, TP, Mn and Fe,
which are predominantly contributed by the agricultural runoff [30]. A similar result was shown in sediment samples taken from Iznik Lake [33]. PC3
(13.16 % of total variance) is the strong loading of
Ba, Pb, Na, and K with WC and OM, confirming that

metals from organic complexes exist within the sediment structure [34]. The fourth PC was explaining
8.18 % of the total variance has strong positive loadings on Ba, moderate positive loadings on pH, and
weak negative loadings on Pb. Thus, this indicates
pollutants from the metal group, which indicates
some source of stream runoff (Table 5, Figure 2).
The present study Hierarchical cluster analysis
(HCA) was used to show sampling stations with similar characteristics in the dam lake reservoir. The
first cluster corresponds to station 1. This station is
situated at the deepest and closest part to the door
area of the dam lake. Also, Cluster 2 corresponds to
4 and 2, 3. These stations are situated very close to
the river discharge sampling location. These zones
mostly receive their pollution from agricultural runoff activities and soil erosion (Figure 3).
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variance demonstrated, and that the lithogenic factor
dominates the distribution of most of the metals. Furthermore, it is probable that these elements had originated from agricultural activities around the lake.
Consequently, given the current situation, the lake
needs to be protected through a protection and regular monitoring program.

The present results indicate that heavy metal
contamination in the surface sediment of Sıddıklı
Dam Lake is lower than reference values. Seasonal
variation of metals from sediment are statistically
significant. Moreover, a positive relationship was
found between metals. The study revealed that on the
basis of computed indexes (EF, PLI and Igeo) Sıddıklı
Dam Lake is classified as being unpolluted. In total,
all four of the PCA accounts for 85.35 % of the total
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concentrations of heavy metal pollutants in
wastewater, and has very broad application prospects [13, 14]. Bacteria are the most abundant microorganisms on Earth. Many studies have shown
that many types of bacteria and their products have
the ability to strongly bind dissolved metal ions and
can also adsorb metal ions [15-18]. Gram-positive
bacteria, which have cell walls that contain more
teichoic acid and are therefore negatively charged,
can adsorb metal ions. Gram-negative bacteria have
an outer layer of peptidoglycan that has an 8-10 nm
thick lipopolysaccharide layer with a strong negative
charge, meaning they can also adsorb heavy metal
ions. In addition, the bacterial outer membrane components easily react with metals, allowing them to
bind easily to the cell surface. Ziagova and others
studied Gram-positive        and
Gram-negative    species for their ability to adsorb Cd (II) and Cr (IV) and found tha the
adsorption apacity was 250 and 278 mg/L, respectively [19]. Lu and others isolated     Jl
from a local sewage treatment plant, and  
  Jl was able to adsorb lead at 50 mg/g; Cu and Cd
adsorption was 32.5 and 46.2 mg/g, respectively
[20]. Oedemir studied the removal of Cr6+, Cd2+ and
Cu2+ by the strain   sp. TEM18. The results
showed that the strain was a good adsorbent for
wastewater containing Cr6+, Cd2+ and Cu2+ [21].
In this study, we investigated the biosorption
characteristics of a bacterial strain that we isolated
from a local industrial waste water treatment plant
(Qiqihar, China) and that exhibited high Ni resistance. It is important to identify more microbial
strains that have the capability to efficiently and specifically take up metals as well as to design better
bioprocesses that enable the efficient recovery of
heavy metals from aquatic systems. Here, we isolated new bacterial strains from a metal contaminated milieu and evaluated these strains for their efficiency in removing heavy metals from the polluted
environment.

Interest in the development of metal removal
by biosorption using microorganisms is evident in
the recent literature, and the ability of microbial biomass to accumulate and remove heavy metals from
water has been widely reported.We screened strains
of bacteria for growth in a medium containing 10
mM of Ni(). The optimum growth conditions of
the bacteria were as follows: growth temperature
35°C, pH 7, and ventilation of 60 ml. The bacterium
can also grow in media with Zn and Cd. With increasing metal ion concentration, there was a corresponding increase in inhibition of the culture. The
inhibitory cadmium ions are larger than zinc ions.
The optimal conditions for nickel removal were determined as pH 8 and a temperature of 30ºC; the optimal dosage of bacteria powder is 3 g/L. A bacterial
strain was isolated from the wastewater of a local
factory for its potential biosorption of nickel (Ni).
This study validates that bacterium Ni could be used
as an inexpensive and highly efficient biosorption
agent for the removal of heavy metals from aqueous
environment.
*(!#$
Bacterial biosorbent, Adsorption efficiencies, Remove
heavy metal method, Biosorption of nickel.

 %#!&%! 
At present, heavy metal pollution is increasing
and has brought great harm to society, and consequently, heavy metal governance is now an important issue [1-4]. Nickel, although a necessary
trace element, can produce toxic effects on biological organisms when it is in excess in the environment
[5-7]. In soils or water bodies that are permanently
contaminated with nickel, microorganisms in the soil
or water itself can become resistant and use these resistance mechanisms to counteract the toxic effects
of nickel [8, 9]. Since the last century, microbes have
been used to control heavy metal pollution as they
are highly efficient and low cost [10-12].
Microbial adsorption is an emerging treatment
technology, especially in dealing with low
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<96,=498 91 -,.=0;4, 1;97 @,<=0@,=0; Untreated wastewater samples were collected from a
heavy industrial plant located in Qiqihar, China.
Wastewater (1 ml) was placed in LB liquid medium
(5 g/L of yeast extract, 10 g/L of peptone, and 10 g/L
of NaCl) containing 2 mM of Ni () and incubated
at 30ºC, with shaking at 120 rpm for 3 to 4 days.
Then, 0.1 ml samples were sequentially added to LB
solid medium containing 2, 4, 6, 8, 10, 12, and 14
mM of Ni () for 3-5 days. After incubation, distinct bacterial colonies were isolated from each plate. 

supernatants were measured as described above and
all experiments were performed in triplicate. The removal ratio (Re %) was evaluated via the equilibrium described by Equation (1) [22,23].
where

Ci = Initial concentration of the metal in the
solution (mmol/L)
Cf = Final concentration of the metal in the solution (mmol/L)
9>;40; %;,8<19;7 81;,;0/ $:0.=;9<.9:B
%#,8,6B<4<FTIR was used to identify the major chemical functional groups of the selected bacterial strain. FTIR analyses of unloaded and metalloaded bacterial cells were performed with a FT-IR
spectrometer (Thermo Nicolet, Nexus 670). Prior to
FTIR analysis, samples of unloaded and Ni( )loaded cells were dried and ground. The dried powder was prepared as KBr pellets. Specific peaks
within the range of 4000-500 cm-1 were investigated
to confirm the level of surface modification of the
cells. 

0=0;748,=498 91 <060.=0/ -,.=0;4,6 2;9@=3
.98/4=498<The selected bacterial strain was maintained on LB medium. Conditions for the optimal
growth of the strain were determined, including pH,
temperature, ventilation, and impact of other heavy
metals and sensitivity to antibiotics. To determine
the optimal temperature and pH, the selected bacterial strain was cultured in LB medium (pH 4-8) at
temperatures of 20ºC, 25ºC, 30ºC, 35ºC, or 40ºC for
1-3 days. To determine the optimal ventilation, the
selected strain was transferred into 100 mL flasks
and cultured in volumes of 20 mL, 40 mL, 60 mL,
80 mL, or 100 mL of the appropriate medium. At a
fixed Ni () concentration, different concentrations
of CdC12 and ZnSO4 were added, and the selected
bacterial strain was cultivated to assess the influence
of these other heavy metals on bacterial growth. Bacterial growth was determined by measuring the optical density at 600 nm (spectrophotometer 722 type,
Shanghai, China). The sensitivity of the selected
bacterial strain to different antibiotics was determined via the diameter of the zone of inhibition for
each antibiotic. 

,.=0;4,6-497,<<:;9/>.=498Growing bacteria in LB medium under the optimal conditions
produced a biomass of the selected bacterial strain.
Bacteria were harvested via centrifugation at 5000
rpm for 30 min. Bacterial pellets were washed three
times with distilled water, and the whole biomass
was oven dried at 45ºC. The dry biomass of the selected bacterial strain was then used for biosorption
studies.

#$&% $&$$! 

<96,=498 91 -,.=0;4, 1;97 @,<=0 @,=0; As
shown in Fig. 1, when cultured in LB medium containing varying concentrations of Ni(), the bacterial strains showed variable levels of tolerance to Ni.
Bacteria were able to grow in media containing 2-10
mM of Ni(  ). As the Ni(  ) concentration increased, the bacterial concentration decreased, indicating that bacterial growth was inhibited at high
concentrations of Ni(  ). We obtained the best
growth strains on plates with 2 mM of Ni().


0=,6 <9;:=498 Test solutions with 2 mM of
Ni () and pH values ranging from 3 to 10 at 20ºC
to 40ºC were used to determine the initial pH for absorption. Bacterial biomass was added at a concentration of 1 g/L and incubated for 3 h. The supernatants were then collected by centrifugation at 5,000
rpm for 30 min. The number of residual ions in the
solutions was determined with an atomic absorption
spectrometer (AAS) (TAS-986, China) at a suitable
dilution. Different initial pH (2–10 for Ni ()), bacterial dosage (0.5–5 g/L), and temperature (20–
50°C) were investigated. Ion levels in the


&# 
110.=91 4498.98.08=;,=49898-,.=0;4,6
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0=0;748,=498 91 -,.=0;4,6 2;9@=3 .98/4
=498< We measured the effect of pH, temperature,
ventilation, and Cd() and Zn() concentrations
on the growth of bacteria. The main results are
shown in Fig. 2. We determined the optimal growth
conditions for the bacteria to be pH 7 (Fig. 2A), temperature of 35°C (Fig. 2B), and ventilation with 60
ml of medium in a 100 ml conical flask (Fig. 2C). 
In the presence of Ni() and other ions, the
growth of bacteria was not as good as that of Ni().
When Ni() and Cd() or Ni() and Zn() were
present (Fig. 2 D), increasing concentrations of

Cd() or Zn() led to decreasing numbers of bacteria, and at 10 mM, there was complete inhibition
of bacterial growth.
8=474.;9-4,6#0<4<=,8.0",==0;8<The presence of a zone of inhibition when using antibiotic
discs can be used to measure the antimicrobial resistance of a bacterial strain. If the strain is resistant,
no zone of inhibition will be seen and vice versa. As
shown in Fig. 3, the strain was resistant to ampicillin,
penicillin G, erythromycin, streptomycin, polymyxin B, and chloramphenicol.

&# 
0=0;748,=49891-,.=0;4,62;9@=3.98/4=498<48.6>/482:=07:0;,=>;0?08=46,=49847:,.=
91+8,8//70=,6<
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;9@=3.>;?0Fig. 4 shows the growth curve
of bacteria in the presence of heavy metals. The bacteria were in the lag phase for the first 15 h-25 h, after
which they moved into the logarithmic growth phase
at 26 h, followed by stationary phase at 33 h, and entered a period of decay from 36 h. The subsequent
experiments determined of the general selection of
bacteria after 26 h.

adsorption capacity of the bacteria for nickel increased. When the temperature increased further, the
adsorption capacity for nickel decreased, possibly
due to destruction of the adsorbent active sites of the
surface of the bacteria [24].
110.=91:98-49<9;:=498As shown in Fig.
6, the effect of pH on adsorption is shown. When the
pH value was 8, the adsorption capacity of the cells
for nickel was the highest and was decreased when
the pH was reduced.
When the pH is low, the hydronium ions bind
to the active sites of the various functional groups on
the cell wall of microorganisms, and competition between ions prevents the binding of the Ni ions to the
adsorbed active sites, hampering adsorption. When
the pH is high, the protons of the functional groups
on the cell surface will be removed, exposing more
adsorption sites, increasing the chance of binding
nickel and favoring adsorption of nickel on the cell
surface. However, when the pH value is too high, it
will adversely affect the adsorption. Hydroxides are
formed in the solution, resulting in a decrease in free
metal cations, which leads to a decrease in the adsorption of nickel by microorganisms [25, 26]. According to the experimental results, the adsorption
capacity of the cells for nickel was best when the pH
was 8.


&# 
;9@=3.>;?0<91.066<48=30:;0<08.091 7
484=4,6.98.08=;,=49891 4

110.= 91 =07:0;,=>;0 98 -49<9;:=498 We
measured the effect of temperature on the adsorption
reaction. The results are shown in Fig. 5, where an
increase in temperature from 20-30°C resulted in
increased nickel adsorption. When the temperature
was 30°C, the adsorption capacity was highest, and
the adsorption capacity of the microorganisms decreased at temperatures between 40°C-50°C.


&#
110.=91:98-49<9;:=498,=,8484=4,6.98.08
=;,=49891 779619;/48.>-,=0/,= 
19; 3
%30 0110.= 91 -,.=0;4,6 /9<,20 98 -49<9;:
=498The influence of biomass on Ni(I) absorption
by bacteria was estimated using biosorbent doses
ranging from 1.0 to 5.0 g/L (Fig. 7). At a fixed nickel
concentration, a dose of 3 g/L led to a maximal ratio
of sorption to desorption and maximal adsorption of
Ni (191.64+1.88 µg/L); Adsorption and desorption
between bacteria and nickel ions reached equilibrium.



&#
110.=91=07:0;,=>;098-49<9;:=49891,8484=4,6
.98.08=;,=49891 779619;/48.>-,=0/
,= 19; 3
Adsorption is a process of exothermic and endothermic responses to dynamic equilibrium. Most
heavy metal adsorption favors the exothermic process, that is, heavy metal ions adsorb better at higher
temperatures. At a temperature of 20°C-30°C, the
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the adsorption of Ni by bacteria mainly occurred via
cell surface alcohol -OH bonds, carboxyl and amide
groups.
! &$! $

&#
110.=91-,.=0;4,6/9<,2098-49<9;:=49891
4

In this study, we identified a bacterial strain that
can resist heavy metal toxicity, optimized the culture
conditions for this strain, and determined the ability
of this strain to remove heavy metals. This strain is
not only resistant to nickel but also has resistance to
other heavy metals, which is of great significance for
the actual removal of heavy metals. In most situations, heavy metal pollution is often not just a single
metal, but a variety of metal compounds, and as this
strain can detoxify a variety of heavy metals, it may
be useful in the removal or enrichment of heavy metals.


 !( %$



%#,8,6B<4<The three curves in Fig. 8 are
infrared spectral scanning images of the adsorption
of Ni2+ ions on the bacterial cells, the adsorption of
Cd2+ ions and the bacterial cells alone. As seen from
Fig. 7, the associative-OH peaks at 3280.58 cm-1 of
bacteria powder drifts from 3279.72 cm-1 and
3279.15 cm-1.294.21, respectively, to 2925.03 cm-1
and 2924.82 cm-1. The peak at amide I moved from
1631.10 cm-1 to 1628.48 cm-1. The peak at the amide II band moved from 1535.81 cm-1 to 1538.00
cm-1. The carboxyl peak increased from 1235.14
cm-1 to 1235.91 cm-1 and 1228.05 cm-1. In comparing the infrared spectra before the adsorption of
metal ions with the infrared spectra after adsorption
of metal ions, the adsorption of nickel ions and the
adsorption of nickel and cadmium ions did not reveal
any obvious new absorption peaks. The basic peak
shape did not change significantly, but the peak position shifted for the amino peak, amide I band and
amide II band. 
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endemic [1]. It is clearly known that endemic species are threatened by humans and main factors that
cause plant species to extinct are rapid developments in the tourism sector, urbanization, industrialization, road and dam construction, excessive
plant collection, agricultural activities, forest fires
and overgrazing. Therefore, conservation strategies
for endemic plants needs to be developed. Seed
germination and early seedling development are
critical stages to conservation of plant populations
[2].
Lamiaceae family has high endemic ratio of
44.2% [3,4]. Genus Nepeta belonging Lamiaceae
family is presented by 33 species with high endemism ratio (48%) [5]. The genus Nepeta, commonly known as Catnip, attract attention due to its medicinal properties. Main compounds in most of the
Nepeta species are nepetalactone and 1,8 cineol/linalool [6-8]. They also contain monoterpenes,
sesquiterpenes, cyclopentanoid iridoid derivatives
and nepetalactones. Due to this rich ingredients,
these plants are commonly used in Turkish folk
medicine as diuretic, antiseptic, antispasmotic,
antitussive, anti-asthmatic and anti-inflammatory
[9-11]. Nepeta viscida Boiss. is an important medicinal endemic plant for Turkey. It spreads in
$\GÕQø]PLU0DQLVD0X÷ODDQG8úDN 7h%ø9(6
Turkish Plants Data Service). Essential oils of N.
viscida of Turkish origin contain forty-one comSRXQGV VXFK DV Į-terpineol (31.57%), terpinen-4ROȕ-caryophyllene (7.52  Ȗ-elemene (6.23%),
1,8-FLQHROH   ȕ-pinene (5.08%) [12] and
have high antimicrobial activity [13].
It is known that medicinal plants are valuable
sources of herbal products in all over the world and
widely used in folk medicine. Additionally, extract
of medicinal plants have been used against plant
patogens causing disaeases in crop plants [14].
Nearly 15000 medicinal plant species are under
extinction due to overharvesting and habitat destruction [15]. In situ and ex situ conservation strategies are used for conservation and sustainable use
of medicinal plant. Plant tissue culture is the one of
the biotechnical approaches have been recommended for propagation of medicinal plants due to increase efficiency and modify the amount of second-

ABSTRACT
The present study examins in vitro germination and seedling development of Nepeta viscida
Boiss., an endemic medicinal plant. At the first
step, effects of various in vitro media, gibberellic
acid, illumination and pH on germination were
investigated. The best germination rate of N. viscida seeds was obtained on DW medium with 2
mg/l GA3 (75%). Giberellins were played important
role of seed germination. Light has a positive effect
on germination and required for the N. viscida
seeds.
At the second step, determination of appropriate medium for in vitro seedlings development was
investigated. Seedlings obtained from germinated
seeds were transferred to MS (Murashige and
Skoog, 1962), B5 and WH (White) media. After 8
weeks from culture initiation, development of seedlings (maximum shoot length, shoot number, leaf
number, root length and root number) were evaluated. MS was observed as the most suitable medium
for seedling development. The nutrient medium
type has caused changes in the level of photosynthetic pigment. Chlorophyll a and chlorophyll b
levels of seedlings grown on the WH medium were
decreased by 78% and 80%, respectively, compared
to seedlings grown on the MS medium. This report
represents an efficient method for the in vitro propagation of Nepeta viscida Boiss.

KEYWORDS:
Nepeta viscida, germination, in vitro, endemic, medicinal, seedling development.

INTRODUCTION
Endemic plants spread only in specific regions
that respond to their needs but can not adapt to
other regions. For this reason, they are very sensitive to the changes in their natural habitats where
their assets are maintained. It is known that Turkey
has an extremly rich flora with high endemism
ratio. It posses 12000 species of which 2750 are
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temperature and red staining embryos were evaluated as alive. The test was repeated at 6-months intervals for determination of the effect of time in
seed viability.
Sterilisation is an important stage for plant tissue culture studies. For seed sterilisation, seeds
were washed under running tap water for an hour.
Subsequently, seeds were surface-sterilised in 70%
EtOH for 3 min, then in 2.25% NaOCl (with 3-4
drops tween 20 added) for 5 min followed by 3
rinses for 5 min each with sterile distilled water.

ary metabolites [19]. Propagation of medicinal
plants under controlled growth conditions enable
production stability and improving yields of target
products. For this reason, it is necessary to determine the culture needs of species at first.
Seed germination studies of rare and endemic
species are of great importance in the identification
of conservation strategies [20]. These species are
under the risk of extinction in many cases and seed
germination is the only way to protect the genetic
diversity of populations [21]. Germination depends
on existence on a desirable level of the significant
environmental factors (i.e. water, temperature,
oxygen and light), which change due to seed characteristics and special needs of different plant species and cultivars. Therefore, accurate and precise
understanding of the germination abilities of these
species is of importance in the conservation and
continuation of generations [19].
In vitro techniques offer a powerful tool for
germplasm conservation and the mass multiplication of many threatened, rare and endangered medicinal plant species [20-22]. These techniques
have many advantages since they allow rapid multiplication for a large number of plants in a small
area. Thus, they allow production of active constituents rapidly at controlled conditions. There are
many studies on the conservation of endemic and
aromatic plants [23-31]. Moreover, many studies
have been conducted on Nepeta species including
N. rtanjensis [32, 33] and N. nuda ssp. nuda [34].
But, to my knowledge, there is only one study reported on N. viscida [35]. This aforementioned
study investigated the effect of temperature on
germination of N. viscida. However, no studies
exist on germination and seedling development of
the species. Therefore, it is necessary to carry out
studies that will enable plants to be protected.
In this paper, culture needs for in vitro seed
germination and seedling growth of N. viscida were
determined. With this protocol developed will ensure propagation of large number of plants in a
relatively short time. So, it will lead to studies on
conservation and obtaining secondary metabolites
without harming wild populations of N. viscida.

In vitro seed germination experiments. In
vitro seed germination experiments were carried out
to investigate the effect of various in vitro media,
light, GA3 and pH on the in vitro germination of N.
viscida. The sterilised seeds were cultured in baby
jars containing 50 ml of liquid medium. The use of
liquid media at tissue culture studies is often described as cost reduction [37]. In this case the explant used for in vitro studies can be supplemented
with plastic foam, glass wool, rock wool, filter
paper bridges and glass beads [38]. Therefore, the
paper bridges and glass beads were used to provide
physical support for the seeds.
In order to determine the effect of different in
vitro media on the germination of N. viscida seeds,
Murashige & Skoog (MS) [39], White [40] and B5
[41] media were used. Additionally, distilled water
(DW) was used as control. The pH of MS and DW
were adjusted to 5.8, and the pH of WH and B5
were adjusted to 5.5 with 0.1M NaOH and 0.1 M
HCl [42, 43]. Culture media were sterilised in an
autoclave at 121°C for 15 min. In order to test the
effect of light, one set of cultures were maintained
at 25 ± 2 ºC with illumination provided by cool
white fluorescent lamps at 40 ȝE mí2sí1 with a 16-h
light period and the other set was maintained at the
same temperature at dark.
In order to determine the effect of Gibberellin
(GA3) on seed germination sterilised seeds were
cultured on MS, B5, WH and DW containing GA3
(1, 2 and 3 mg/l). Cultures were maintained at 25 ±
2ºC and 16/8 photoperiod.
To determine the effect of pH on in vitro germination, the sterilised seeds were transferred to
jars containing distilled water adjusted to pH 5.8,
7.0 and 8.5. Cultures were kept at 25 ± 2 ºC at 16/8
photoperiod.
The seeds were kept in the dark in sterile distilled water for one night after being sterilised, and
then used in experiments to suit the purpose. The
next experiment was established according to the
results from the previous experiment. Radicle
emergences were evaluated as a primary indicator
of seed germination in all experiments.

MATERIALS AND METHODS
Plant materials. N. viscida plant was collectHG LQ $XJXVW  IURP gGHPLú LQ ø]PLU Seeds
isolated from collected wild plants were kept in
paper bags at room temperature (22 ± 2 ºC) at dark.
Seed vigour and sterilization. Seed viability
is critical for determination of germination percentage. Therefore, seed vigour was determined by
tetrazolim test before starting germination experiments [36]. For this aim, halved seeds were treated
in tetrazolium solution (TTC, 0.1%) for 2 h at room

In vitro seedling development. To evaluate
the effect of media on seedling development, seedling obtained from germinated seeds were trans-
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successfull and 100% sterile cultures were obtained.

ferred on to MS, B5 and WH media. Agar-agar
(Sigma) was used as solidifier (0.8%) before autoclaving at 105 kPa for 15 min at 121°C. Cultures
were incubated at 25 ± 2°C under a light regime of
16-h photoperiod by cool-white fluorescent lamps.
Subculturing were done at 4 weeks intervals. After
the end of two subcultures, the development of
seedlings was evaluated by taking into account the
number of shoots, maximum shoot length, number
of roots, root length and number of leaves.

In vitro germination. The results obtained in
the first experiments showed that the seeds have the
dormancy period of 5-6 months. For this reason,
germination experiments were established after that
period. The effects of in vitro medium type and
light on in vitro germination of N. viscida seeds are
shown in Figure 1. The highest germination (60%)
was obtained on the DW medium. Compared to
other media, DW is a more suitable medium for
germination (Figure 2). It was followed by WH,
MS and B5 media, with 40%, 25% and 15% germination rates, respectively. When light/dark effect on
germination is considered, it is concluded that light
is seems to be an effective and incentive factor for
germination.
The salt contents of media are different from
each other. As the salt content of media increased,
the germination percentages of the seeds decreased.
That is, there is a negative correlation between the
germination percentage and salinity ratio. The reason for low or no germination in high salt containing medium is the negative osmotic potential formation due to salinity increase [45]. In addition, salt
and water stress reduce germination because of
water uptake inhibition [46] and stored nutrient
mobilisation [47] or directly affecting protein synthesis in germinated embryos [48]. Similar results
have also been obtained a study on the germination
of Centaurea zeybekii conducted by Kurt and (UGD÷
[49]. Plant growth regulators may have a significant
effect of reducing salt stress on seed germination
and seedling growth. In a study conducted by
dDYXúR÷OXHWDO>@LWLVUHSRUWHGWKDWJLEEHUHOOLF
acid is the major effect of salt stress reduction.
While the seeds of Ceratoides lanata were germinated high rate (90%) under non-saline controlled
conditions, the germination percentage is decreased
on medium with saline [51]. These results are similar to the findings obtained.

Determination of pigment contents. After 2
subculture, photosynthetic pigment analysis of
plantlets on different in vitro media was performed
spectrophotometrically by the method proposed by
Welburn [44]. Plantlets separated from their roots
were immersed in dimethyl sulfoxide (DMSO) in
the presence of polyvinylpolypyrrolidone (PVPP)
for 60 min at 65 °C in the dark. After cooling to
room temperature, extracts were diluted with
DMSO (1:1 v/v) and filtrated. The absorption spectra of the pigments were measured using a spectrophotometer.
Statistical analysis. The in vitro germination
experiments were conducted using five replicates of
20 seeds for each treatment. All experiments were
repeated three times. The results were evaluated as
% at the end of 6 weeks. The seedling development
experiments were conducted with 20 replicates of 1
seedling per jar and were repeated three times. All
data were subjected to ANOVA, and means were
FRPSDUHG XVLQJ 'XQFDQ¶V 0XOWLSOH 5DQJH 7HVW DW
the 0.05 level of probability.

RESULTS AND DISCUSSION
Seed viability of species is found 80% according to Tetrazolium test and time had no effect on
seed viability. The sterilisation procedure has been

FIGURE 1
Effects of medium type and light on the in vitro germination of N. viscida seeds.
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seeds did not germinate in the dark. In the same
time, they also reported that the highest germination
(60%) was obtained from cultures transferred to the
darkness after continuous exposure to white light
for 8 days. The seeds of N. viscida showed very low
germination in the dark. The obtained results are
parallelled with aforementioned study.
pH is found to be an effective factor on in
vitro germination of N. viscida seeds (Figure 3).
Additionally, there is negative correlation between
pH and germination percentage. The highest germination was obtained as 60% at the pH 5.8. The
germination at pH 7.0 and 8.5 were 45% and 30%,
respectively.
Author Özer et al. [59] reported that acidity
has little effect on germination. However, the demand for pH in seed germination is different among
species as it is in other environmental factors. It has
been stated by the International Seed Testing Association (ISTA) that the pH of the soil and water
system should be 6.0-7.5 for seed germination [60].
To determine the effect of GA3 on seed germination, sterilised seeds were cultured on MS, B5,
WH and DW containing GA3 (1, 2 and 3 mg/l) (Fig
4). Germination rates obtained on the DW medium
are higher than MS, B5 and WH media. At the
same time, germination was promoted on media
supplemented with 2 mg/l GA3. The germination on
DW, MS, B5 and WH media supplemented with 2
mg/l GA3 were 75%, 35%, 40% and 60%, respectively.
Gibberellins play a very important role in the
control and stimulation of seed germination and
removing seed and bud dormancy. They are found
in high amounts in developing seeds to take part in
the conversion of starch to sugar by inducing the
enzymes involved in seed germination and stimulatLQJWKHĮ-amylase enzyme by transporting embryos
to endosperm at the later stage of germination [61,
62]. Gibberellic acid exogenously applied to seeds

FIGURE 2
Germinated seeds of N. viscida on DW.
When the light/dark effect on the germination
is also considered, the light is an effective and incentive factor for germination of the species. Some
of the seeds germinate in the light, some in the
dark. Some seeds are neutral in this sense [52]. The
intensity of light, wavelength and duration affect
germination [53, 54]. Although seeds of some species do not require light for germination, light prevents germination in some species [55].
According to Dedonder et al. [56] and Milberg
et al. [57] species with large size seeded are less
dependent on light than species with small size
seeded for germination. The seeds of N. viscida are
also small and require light for germination. Unal et
al. [58] investigated the effect of 18/6 photoperiod
and darkness on the germination of seeds of Origanum species, which are endemic for Antalya, Turkey. It is reported that they achieved a low germination ratio at the darkness. Author Todorovic et al.
[33] conducted a study on in vitro germination of N.
rtanjensis seeds. Researchers have reported that

FIGURE 3
Effect of pH on germination of N. viscida seeds.
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SURPRWHV JHUPLQDWLRQ E\ LQFUHDVLQJ Į-amylase
activity [63] and replaces folding in germination
studies [64]. Besides, exogenus gibberellin replaces
environmental stimuli such as light and temperature
and direct effects of the embryo growth by initiating germination and inducing hydrolysis in the
endosperm [58].
In this study, GA3 was found to be effective in
breaking dormancy and inducing germination. In a
study on germination of Sideritis germanicopolitana Bornm. subsp. germanicopolina and Sideritis
germanicopolitana Bornm. subsp. viridis Hausskn
ex Bornm. were reported that the 1% GA3 was
effective on seed germination [65]. Germination of
Emanthis hyemalis seeds were also induced with
GA3 [66]. In a study conducted with Origanum
species endemic for Antalya was reported that GA3
increased germination ratio [58]. While, the maximum germination of seeds of O. solymicum, O.
bilgeri and O. minutiflorum were obtained with 10
ppm GA3, the maximum germination of O. husnucan-baseri were obtained with 1 and 10 ppm GA3.
In this study, the maximum germination of N. viscida seeds were obtained with 2 mg/l GA3.
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WH media were evaluated in terms of number of
shoots, maximum shoot length, number of leaves,
number of roots and length of roots. According to
results, MS medium was found to be the most suitable medium for seedling growth (Table 1, Figure
5a, 5b).
The chemical composition of the culture medium plays an important role at in vitro plant propagation studies. The culture medium without optimal conditions cause physiological diseases and
tissue death. At the end of the second subculture,
the survival percentages of the seedlings on WH,
B5 and MS media were 70%, 90% and 100%, respectively. The plantlets grown on the WH media
were able to survive 30% at the end of the third
subculture. When seedlings were examined in terms
of number of shoots, the difference in shoot numbers on MS and B5 media was meaningless statistically, but MS medium was better in terms of shoot
length. There were no significant differences in root
length and number of roots in the seedlings grown
in all media, whereas in the second subculture the
WH media had a lower value than other media due
to seedling loss. In terms of number of leaves, MS
medium was found to be the best medium and B5
and WH followed.
The plants transferred to external conditions
maintained their vitality by 70% (Figure 5c).

In vitro seedling development. The plantlets
obtained from germinated seeds were transferred to
MS, B5 and White media. At the end of the first
and second subculture, the plantlets on MS, B5 and

FIGURE 4
Effect of GA3 on in vitro germination of N. viscida seeds.
TABLE 1
Effects of different in vitro media on growth of seedling of N. viscida.
Number of
Maximum Shoot
Root Length
Number of
Number of
Shoots
Length (cm)
(cm)
Roots
Leaves
(mean ± SE)
(mean ± SE)
(mean ± SE)
(mean ± SE)
(mean ± SE)
MS
2.70 ± 0.22 a
5.93 ± 0.53 a
3.28 ± 0.32 a
1.96 ± 0.46 a
33.13 ± 3.37 a
1st Subculture
WH
1.46 ± 0.13 b
2.43 ± 0.22 b
2.51 ± 0.28 a
1.00 ± 0.00 a
10.16 ± 1.24 c
B5
2.46 ± 0.22 a
2.55 ± 0.27 b
3.13 ± 0.40 a
1.80 ± 0.47 a
19.20 ± 1.68 b
MS
4.53 ± 0.47 a
8.80 ± 0.63 a
4.30 ± 0.44 a
3.36 ± 0.92 a
71.46 ± 6.41 a
WH
0.23 ± 0.14 c
0.38 ± 0.23 c
0.98 ± 0.53 b
0.56 ± 0.40 b
1.80 ± 1.06 c
2nd Subculture
B5
3.23 ± 0.21 b
3.23 ± 0.32 b
4.11 ± 0.61 a
2.56 ± 0.58 a
31.86 ± 3.11 b
Means by different letters in each column are significantly different according to Duncan Multiple Range Test (p< 0.05).
Medium
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a

b
c
FIGURE 5
In vitro grown N. viscida plantlets
(a)-(b) Eight weeks old plantlets on MS medium, (c) Acclimizated N. viscida plantlets.
TABLE 2
Total chlorophyll, chlorophyll a, b, chlorophyll a/b ratio, total carotenoid, Ǻ- carotene, lutein and
neoxanthine contents of seedlings grown on MS, B5 and WH media.
Pigment
MS
B5
WH
(μg mL-1 FW)
(Mean ± S.E)
(Mean ± S.E)
(Mean ± S.E)
Chlorophyll a
8.60 ± 1.35 a
3.42 ± 0.65 b
1.82 ± 0.09 b
Chlorophyll b
4.54 ± 1.34 a
1.30 ± 0.76 ab
0.89 ± 0.40 b
Total Chlorophyll
13.14 ± 2.65 a
4.72 ± 1.06 b
2.72 ± 0.30 b
Chlorophyll a/b
2.10 ± 0.42 a
3.05 ± 0.62 a
2.40 ± 0.73 a
Total Carotenoid
2.51 ± 1.00 a
0.91 ± 0.10 a
0.46 ± 0.04 a
ȕ-carotene
0.84 ± 0.28 a
0.28 ± 0.08 ab
0.15 ± 0.03 b
Lutein
1.08 ± 0.37 a
0.40 ± 0.06 ab
0.22 ± 0.25 b
Neoxanthine
1.11 ± 0.39 a
0.41 ± 0.10 ab
0.23 ± 0,02 b
Values represent mean ± SE (n = 3), significant difference at p < 0.05 according to Duncan Multiple Range Test (p< 0.05).

The MS is a medium with a high salt content
and is widely used in in vitro propagation studies. It
is known that MS, B5 and WH are high to low
when compared with mineral content. The reason
for the seedling growth to be less on the B5 medium than MS medium is probably due to the lower
nitrate and ammonium contents of the B5 medium
compared to the MS medium. WH medium was
inadequate for seedling growth. Similar results have
EHHQUHSRUWHGE\.XUWDQG(UGD÷>@
Considering the morphological changes of the
seedlings, the MS medium was identified as the
best medium for seedling growth, followed by B5
and WH medium, respectively. Photosynthetic
pigment levels varied depending on media type
(Table 2).
The highest values of chlorophyll a, chlorophyll b, total chlorophyll and chlorophyll a/b were
obtained in seedling grown on MS medium. Besides, the neoxanthine, lutein, total carotenoid and
ȕ-carotene levels were higher in seedlings grown on
MS medium than on B5 and WH medium. When
the MS medium was considered as the control medium, the level of chlorophyll in the seedlings developing on WH medium decreased by 78% and the

chlorophyll b ratio by 80%. Similar results were
obtained in other parameters.
In in vitro nutrient media (B5 and WH), which
are not sufficient for the growth of plants in terms
of minerals, plants are thought to be exposed to
stress due to nutritional insufficiency, resulting in a
decrease in the level of photosynthetic pigment.
The decrease in photosynthetic pigment levels
suggests that the antioxidant system is also affected.

CONCLUSIONS
To finish up, this study is the first protocol on
determination of germination process and seedling
development of endemic and medicinal N. viscida.
It may concluded that this work has the potantial to
lead to studies on secondary metabolites and in
vitro propagation of the species.
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Landslides and flash flooding are critical disturbances that shape the mountain areas and deposit
sediments in low lying areas. The downward and
outward deposited material can significantly alter
the soil physico-chemical properties in a catastrophic region. The changes in soil properties
caused by landslides had been studied by various researcher worldwide [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11].
Landslides are natural phenomena caused by earthquakes and heavy rainfall events, while poor land
use practices on steep terrain also have potential to
trigger landslides [9, 12]. The redistribution of sediments and movement of parent material in disastrous
process can replenish and loss the nutrients because
of weathering [13, 11]. Change in soil properties
might be site-specific and hinge on type of landslide
extend and also movement of parent materials and
thickness of landslide deposition. Understanding of
landslides induced disaster effects on soil physicochemical properties have become increasingly critical; such investigation and evidences are essential
for subsequent better crop production and management [9, 11].
Karakoram mountains, because of their steep
topography, unstable and tectonic rock formations,
earthquakes, heavy snowfall, subsurface flow systems coupled with exploitative human activities
make the Gilgit-Baltistan region most susceptible to
landslides in the world [14]. Understanding the impacts of hydro-geological disasters on soil chemical
and physical properties has become gradually critical; such knowledge is crucial for consequent revegetation and management [9].
A massive material of rocks came down on 4th
of January, 2010, above Attabad village located in
the Karakoram Mountains of Gilgit-Baltistan, the
extreme north of Pakistan. The huge mass of rock
material deposited into the narrow valley of the
Hunza-River, buried the Karakoram Highway
(KKH). The landslide disaster initially claimed nineteen lives and displaced a number of families. Consequentially, the upper Hunza (Gojal vally)

 
Landslides cause major loss of human lives and
livelihoods; the destruction of economic and social
infrastructure, as well as environmental damages.
Disasters have a significant negative impact on agriculture land by depleting soil health leading to reduced crop productivity. This study aims to evaluate
the impact of the massive Attabad landslide on soil
physico-chemical parameters in upper Hunza, in
northern Pakistan. The investigated soil properties
were pH, Soil Organic Carbon (SOC), Nitrate-Nitrogen (NO3-N) Electrical Conductivity (EC), Available Phosphorus (P), exchangeable Potassium (K),
silt, sand, and clay content. Soil samples were randomly collected from both the disturbed and undisturbed soil at the depth of 0-15cm. The independent
T test revealed significant differences in the soil
properties due to landslide effect. SOC and NO3-N
were significantly higher (p=0.002 and 0.05) in landslide unaffected compared to affected soil. Similarly
soil texture also changed significantly as a result of
the landslide, as sand dominate in affected and loam
in unaffected soils. The changes in soil texture and
physico-chemical properties seem to have direct and
indirect effects on soil fertility, ultimately deteriorating the soil health. Therefore, this study suggests that
whenever a soil survey is conducted in a mountainous landscape, the land sliding effect must be considered along with other environmental attributes to
gain a better understanding of soil properties. Future
studies must be done to evaluate the patterns of the
restoration of soil properties in landslide affected areas to understand and improve the soil health for better crop production and improved livelihood of disaster-affected mountain communities.
  
Karakoram, landslide, physico-chemical, soil, mountain
agriculture
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remained completely disconnected from downstream country and communication interrupted up to
several months. The landslide material completely
blocked the Hunza river flow up-to five months and
the dammed river formed a 30 km long lake which
continued to grow until August 2010 [15]. This massive disaster had severe impacts on socioeconomic
and environmental conditions of the Gojal valley.
The lake water inundated five villages, whereas one
village (Ayeenabad) was completely submerged.
The Attabad landslide had a life-altering impact on
individuals, families and society but most crucial impact of the disaster was on environmental conditions
(such as change in soil properties, flora and fauna
and local weather system) along the Attabad landslide induced lake. The rising water submerged
countless villages, fields, orchards a well as a 19kilometre stretch of the Karakoram Highway
(KKH). However, in 2012 lake water was discharged with widening the spillway resulting into
huge chuck of lands exposed, which we consider
landslide effected soil. Little is studied about the effects of landslides on soil properties in Pakistan in
general and Gilgit-Baltistan, in particular. A range of
parameters from affected and unaffected soil were
tested in this study to enhance understanding regarding changes in soil properties caused by landslide induced lake and to make available for practical information for effective agricultural practices and management.



   

34%7 1&"The study was carried out in the
two village of upper Hunza, namely Gulmit and
Shiskat, (36° 24' 54" N to 36° 18' 22" and 74° 48' 54"
E to 74° 53' 27", Elevation: between 2,300 and 3,200
meters, Figure 1) severely impacted by Attabad landslide and resultant damming of the Hunza River
forming a huge lake. Geographically the study area
fall in a dry temperate and arid mountainous zone,
with temperature falling below the freezing point in
winter, while in summer it may exceed from 25oC.
The area falls in single cropping zone due to harsh
climatic condition but well known for growing potatoes prior the disaster. People of the area also gown
wheat and corn as part of subsistence agriculture.
Both the villages lie on the banks of the dammed
Hunza River, so large areas lying along the river
banks submerged. Shishkat incurred more losses to
agriculture lands due to the widespread lake formation. The area is also known for agroforestry,
dominated with poplars, willows and fruit trees like
apricots and apple, thus huge number of trees also
submerged and destroyed with the eroding soils.

",/+*-(&2*(-Two transects (one through
the landslide effected areas and the other through
non-affected areas) were selected and soil samples
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3&23.'2.*+/1./&13*&26*3)1&2/&$33.%*2"23&1%*2341#&%"-%%*2"23&1-.-%*2341#&%2.*+
Disaster
Disturbed/
Non Disturbed

pH

SOC

NO3-N

P

K

EC

Clay

Sand

Silt

-1.26ns
-2.44*
2.45*
-1.54ns
-3.8***
-1.25ns
0.71ns
-0.14ns
-0.79ns
Note: *, **, ***, and “ns” indicates p<0.05(5%), p< 0.01(1%), p<0.001 and “ns” non-significant respectively SOC; Soil Organic Carbon, NO3-N; Nitrate-Nitrogen, P; Phosphorus, K; Potassium, EC; Electric conductivity.

 
.*+/1./&13*&26*3)1&2/&$33.%*2"23&1%*2341#&%"-%%*2"23&1-.-%*2341#&%2.*+

Disturb soil
non-disturb
soil

pH

EC
(dS/m)

SOC
%

Nitrate Nitrogen
(mg/kg)

7.3

1.19

1.29

2.58

Available
Phosphorus
(mg/ kg)
2.42

7.5

2.02

1.80

3.34

2.83

were randomly taken along the transects. We considered the landslide affected soils those, which exposed after lake water was discharged by widening
of spillway. A total of 40 samples (20 along affected
and 20 non-effected soils) were collected from the
depth of 0 to 15cm with the help of soil auger. Soil
samples were air dried and manually sieved with a
2mm sieve prior to any analysis. The soil samples
were taken to the lab for the analysis of physiochemical and fertility status. Soil texture classes was determined by SIC, hydrometric method, Soil pH,
measured with 1:1 soil and water [16]. EC was measured with 1:5 soil and water by electrical conductivity meter [17]. Soil organic carbon was measured by
dry combustion method [18]. Soil NO3-N, P, K was
determined by the Ammonium Bicarbonate – DTPA
Extractable method [19]. 

3"3*23*$"+ -"+72*2The data were analyzed to
compare changes in soil properties after landslide.
Significant difference between landslide affected
and non-affected soil were determined by applying
Independent sample T test.




Soil properties altered significantly in the landslide affected areas compared to unaffected areas. T
test showed that soil organic carbon, NO3-N and K
differed significantly between disaster disturbed and
non-disturbed soils (Table 1). However pH, Available Phosphorus, EC, sand, silt and clay were nonsignificant between disturbed and non-disturbed
soil.
The mean pH of disaster disturbed soil was
slightly less (7.3) than non-disturbed soil (7.5) but
statistically non-significant (Table 1 and 2). Soil organic carbon significantly altered due to disaster,
which was significantly higher (1.8%_ in non-dis-

Exc. K
(mg/ kg)

Clay
%

Sand
%

Silt
%

64.38

7.08

12

80

1.063

6.9

12

78

turbed soil than that of disturb soil (1.29%). This result clearly showed that SOC was affected by the Attabad disaster. There was a great difference between
the Nitrate-Nitrogen and Available Phosphorus of
disaster disturbed and un-disturbed soils. NO3-N and
Available Phosphorus was significantly higher in
non-disturb than disturb soil (Table 2).
Exchangeable Potassium was significantly
higher at landslide effected soil this showed that disaster had greater impact on Exchangeable Potassium. There was a difference of EC between landslide affected and non-affected soils. The mean EC
was significantly higher 2.02 dS/cm at non-disaster
than that of the disaster soil (1.19dS/cm), which was
expected. The clay content in disaster-affected soil
was (7%) while in un-affected soil was (6.91%). As
well as the sand percentage in disaster affected soil
was 80% and un-affected soil 78 while silt was percentage was 12.33% in affected and 12% in unaffected soils. Regarding textural class of landslide affected soil was classified as sandy while unaffected
was sandy loam.


By comparing soil properties between landslide
effected areas and non- effected area, our results
demonstrated that soil properties were significantly
altered after the landslide and associated events of
the damming of the river, lake formation and inundation of the agricultural lands. The soil samples in
the landslide effected areas tended to be lower in soil
organic carbon, pH, Nitrate Nitrogen, Available
Phosphorus and higher percentage of sand. Our results well correspond with the previous studies except soil pH [1, 11, 20]. Many researchers reported
an increase in soil pH [1, 6] but distinct increase in
pH values have not been reported [21]. Dramatic decrease of total nitrogen and soil organic carbon
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Our study demonstrated that the Attabad landslide had a significant impact on the soil physiochemical properties and fertility status in the affected
areas, as a result of the blocked and dammed Hunza
River forming a massive lake and widely inundating
the adjacent lands. Soil fertility (SOC, Nitrate Nitrogen and available phosphorus) had significantly decreased following the landslide-induced hazards.
Similarly soil texture, EC, Exchangeable K also
changed significantly. Thus soil in landslide-affected areas exhibited low SOC, pH, Nitrate Nitrogen, available phosphorus, percentage of silt and
Electrical conductivity, which expected to change
the entire soil ecosystem. Contrarily, soils in non-effected areas having higher SOC, nitrate nitrogen,
EC, pH and available phosphorus indicating better
soil health compare to landslide-effected areas.
Therefore, this study suggests that whenever soil
survey is done in mountainous areas, land sliding
and associated effects must be considered along with
other environmental attributes to gain better understanding of soil properties across the mountainous
landscapes. Future studies must be done to evaluate
the patterns of restoration of soil properties in landslide areas to understand and improve the soil health
for better crop production and improved livelihood
of disaster affected mountain communities.

caused by landslide in forest soil with similar landscape of Nepali foothills ranged from 3.1 to 0.8g/kg
total nitrogen and 31.5g/kg to 7.6g/kg [6]. Furthermore, previous studies indicated that total nitrogen
and SOC required several years to attain the original
status before the landslide [5, 6]. As total nitrogen,
soil organic carbon is very essential in soil fertility
such decrease may influence on soil health, biodiversity, vegetation growth, stand development and net
primary productivity in landslide effected areas [22,
24]. Soil organic carbon (SOC) represents a significant constituent of the carbon cycle on the earth, and
it plays important role in maintaining the soil physiochemical and biological properties. Limited biological activity and low soil organic matter was observed at landslide area thus approximating soil organic matter fraction can be used as an indicator of
changes in soil [20]. In mountainous regions, landslide and its temporary induced lake deposit sediment material into adjusted land; consequently
change in soil properties following landslide induced
disaster, decrease in soil organic carbon (SOC) and
many other soil parameters alters during the redistribution of sediments to surface.
After Phosphorus and Nitrogen, Potassium is
third most vital plant nutrient, considered as very important parameter for plant growth and is very important for improving the quality of crops production. Other most distinct change in soil properties
following landslide include increase in Exchangeable potassium decrease in available phosphorus and
Electrical conductivity. According to [25] landslide
releases exchangeable cations from parent material
to surface soil, this could be reason of increasing exchangeable ion in current study. Regarding soil
available phosphorus our results correspond with the
previous studies [1, 6]. Increasing exchangeable potassium and decrease of phosphorus can also be attributed due to difference in parent material.
Soil Electrical Conductivity is an important indicator of soil health and correlate with SOC, soil
texture and Cation Exchange Capacity (CEC). Soil
Electrical conductivity significantly decreases after
the landslide i.e. 1.19dS/cm landslide affected soil,
2.02dS/cm unaffected soil as expected. Low conductivity at landslide affected soil may be low content
of SOC and higher percentage of sand. Soil texture
is an important soil physical parameter, which alter
the soil water holding capacity, structure, soil bulk
density and also the soil consistency. Regarding soil
textural class of landslide affected soil was classified
as Sandy soil while unaffected soil was Sandy loam
as expected. Similar findings of sandy soil at landslide affected soil were reported by [11].
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organ differentiation (organogenesis). Sometimes picloram treatments also results in vascular tissue destruction [3, 4, 5].
Picloram can stay active in soil for a moderately
long time, depending on the type of soil, soil moisture and temperature. Degradation by soil microorganisms is assumed as main cause of picloram decomposition in soil. It may reach at toxic levels to
plants for more than a year after application [6]. Picloram and its main derivatives (triisopropanolamine
salt, isooctyl/ethylhexyl picloram, and potassium picloram) were classified by the EPA [3] (1995) as a
compound that does not show carcinogenicity in humans XQGHUWKHFDWHJRU\³5HVWULFWHG8VH3HVWLFLGH´
[3]. Some studies are reported explaining different
mechanisms related to toxic actions of picloram on
soil, plants, animals and human cells [7, 8].
Genotoxic effects of many chemicals are
widely detected using model plants like Arabidopsis
thaliana, Vicia faba and Allium cepa that make it
easy to evaluate and differentiate a variety of cytological criteria in mitotic cells and in the plant root
meristems [9, 10, 11, 12]. The most widely used test
among them known as Allium test helps to detect microscopic (c-mitosis, chromosome breakage and adhesions, anaphase-telophase chromosomes and mitotic index) changes in root meristem mitotic cells
since it has large chromosomes. This test is easy,
convenient, sensitive and reliable because it shows
high correlations with other test systems [13, 14, 15,
16, 17]. It can be used as an effective test to find
chromosome aberrations in plants, if any. Previous
studies fail to report possible actions of picloram on
A. cepa (2n = 16) roots in agar solidified MS (Murashige and Skoog medium) [18]. This study aimed
to examine genotoxic effects of different concentrations of picloram added to MS medium used in Allium cepa root tip cells for 24 and 48 h in agar solidified.

ABSTRACT
Picloram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid) is a very similar to auxin type plant
growth regulators and also a synthetic systemic herbicide. The genotoxic effects induced by picloram in
root meristems of Allium cepa in tissue culture condition were studied. Mitotic index, mitotic phases
and mitotic abnormalities analysed after Allium
bulbs exposure to six different concentrations (0.67,
1.34, 2.01, 2.68, 3.35 and 4.02 mg/L) of picloram at
24 and 48 h in agar solidified Murashige and Skoog
medium. The mitotic index was decreased significantly when compared to controls at both 24 and 48
h treatments using the highest four concentrations of
picloram (2.01, 2.68, 3.35, 4.02 mg/L). However,
mitotic index at 0.67 and 1.34 mg/L concentrations
of picloram were relatively similar level of control
groups. This chemical induced a statistically significant difference in the percentage of prophase and telophase cells at 4.02 and 3.35 mg/L concentrations
respectively, at 24 h treatment. Picloram did not statistically significant increased mitotic abnormalities
when compared to controls at both treatment periods.
These results showed that picloram do not have genotoxic potential at low concentration in cultured A.
cepa root tips.
KEYWORDS:
Picloram, Plant Growth Regulator, Herbicide, Allium test,
Tissue culture

INTRODUCTION
Picloram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid) is a synthetic systemic herbicide
used to control broad leaf weeds and woody plants in
agriculture at high doses [1, 2]. It is absorbed through
plant roots, leaves and barks, moves both up and
down within the plant, and accumulates in new
growth. On the bases of structural formula and functions, it is very similar to auxin type plant growth
regulators [2] and can replace the plant auxin indole
acetic acid resulting in inhibition to the synthesis of
protein in plants. Picloram administered at effective
doses stimulate DNA and RNA synthesis with transcription of variable proteins. This lead to uncontrolled cell division (callus induction) and tissue &

MATERIALS AND METHODS
Surface sterilization of plant material. Unbruised and healthy, 10-15 mm large A. cepa L.
bulblets purchased from open market at Ankara, Turkey were used as test plant in the study. The sterilization was performed by using 25 % commercial
bleach (5% NaOCl -ACE® Turkey) for 10 min [12].
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tures under 16 h light (42 μMol photonsí2 sí1) photoperiod. pH of all culture media was adjusted to 5.65.8 using 1N KOH or 1N HCl before adding agar and
autoclaving at 121ºC for 20 min and 104 kPa pressure.

Media and culture conditions. Khaleghi et al.
[19]ùHQHUHWDO [20] and Takamori et al. [21] have
recommended use of picloram for regeneration from
different explants. They have suggested that higher
concentrations of picloram specific to species could
be toxic for regeneration under in vitro conditions.
These protocols were critically analyzed and integrated with the protocol of Fiskesjo [22] after modifications for determining treatment concentration of
picloram (4-Amino-3,5,6-trichloropyridine-2-carboxylic acid, Empirical Formula, C6H3Cl3N2O2,
Mol. Weight: 241.46, Catalogue No. 1918-02-1 from
Sigma-Aldrich Chemie GmbH) through Allium test.
Picloram stock solution was prepared as per instruction of the supplier by dissolving 10 mg of the chemical in 0.2 -0.25 ml ethyl alcohol and subsequently
making a 10 ml volume with water. The stock solution was conserved at 4ºC. A total of 12 bulblets were
used for each experimental treatment. These were
equally divided into six replications of two bulblets
each.
The Allium test protocol was carried out as described by Özkul et al. [12] with minor modifications. The bulblets were incubated under sterile conditions on MS medium with macro micro elements
and vitamins (Catalogue No. M5519, Sigma-Aldrich
Chemie GmbH, Steinheim, Germany) for active
growth of roots to 1.5-2.5 cm for 5 days and treated
with variable concentrations of picloram for 24 and
48 hours. MS medium solidified with 0.7% (w/v)
agar (Sigma Agar type A and 30 g/L sucrose) containing 0.67, 1.34, 2.01, 2.68, 3.35 and 4.02 mg/L picloram was used for 24 and 48 h. Untreated roots
were tested to compare the effects of picloram by
culturing the roots on MS medium gelled with 7 g/L
agar and 30 g/L sucrose for the period as mentioned
above. Growth chamber was used to incubate all cul-

Cytogenetic analyses. The root tips for all experimental treatments were kept in 3:1 absolute alcohol: acetic acid at 4ºC for 16 h followed by their
transfer to 70% alcohol. The slides were prepared for
each concentration and the control following
<]EDúÕR÷OXHWDO[23]. Ten bulblet roots were used
for each treatment for Feulgen schedule [24]. The
mitotic index (MI) was calculated as the number of
dividing cells per number of 1000 counted cells. The
stages of mitotic cells and mitotic abnormalities were
noted for total number of cells scored at each treatment.
Statistical analysis. The data obtained were
analyzed using z test for the MI and, Ȥ2 test for the
frequency of mitotic phases and mitotic abnormalities.
RESULTS
The effect of picloram on the mitotic index in
the root tip cells of A. cepa is given in the Table 1.
The mitotic activity reduced significantly compared
to controls at both 24 and 48 h treatments using 2.01,
2.68, 3.35 and 4.02 mg/L (the highest four concentrations of picloram). Maximum values of the mitotic
index were observed in the control groups (10.86 at
24 h and 11.77 at 48 h treatments), while the minimum values of the mitotic index were observed at
4.02 mg/L (24 h) and 3.35 mg/L (48 h) concentrations of picloram. The mitotic index observed

TABLE 1
Effect of various concentrations of picloram on mitotic index (MI) and different stages of mitosis in
the root tips of A. cepa
Concentrations
MI±SE
Prophase
(mg/L)
24 h
Control
10.86±0.31
19.52
0.67
10.23±0.30
27.96
1.34
10.08±0.30
25.60
2.01
8.43±2.78*
27.52
2.68
7.26±2.59*
26.31
3.35
5.48±2.27*
27.74
4.02
4.21±2.00*
39.43b
48 h
Control
11.77±0.32
29.15
0.67
11.52±0.31
31.10
1.34
11.69±0.32
30.28
2.01
8.36±0.27*
32.17
2.68
8.15±0.27*
29.82
3.35
7.98±0.27*
32.96
4.02
8.79±0.28*
26.85
*Significantly different from the control P < 0.001 (z test)
a
Significantly different from the control P < 0.05 Ȥ-test)
b
Significantly different from the control P < 0.01 Ȥ-test)

Mitotic phases (%)
Metaphase
Anaphase
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Telophase

25.79
31.77
29.86
34.16
35.81
27.00
29.45

22.19
20.03
21.33
17.80
18.18
28.65
12.35

32.50
20.24
23.21
20.52
19.70
16.61a
18.77

34.07
35.45
36.70
33.25
31.90
29.70
36.52

13.42
11.38
11.55
16.75
15.95
16.67
12.97

23.36
22.07
21.47
17.83
22.33
20.67
23.66
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of picloram.
The different types of mitotic abnormalities induced by picloram in A. cepa root tips are presented
in the Table 2. The most common types of abnormalities observed were bridges, C-mitosis, multipolarity, fragments, lagging chromosomes and polyploidy
(Fig 1). The frequency of mitotic abnormalities increased due to picloram treatments compared to controls. However, this increase was not statistically significant.

in treated root tips at 0.67 and 1.34 mg/L concentrations of picloram were relatively similar to control
groups.
The results of the present study indicated that
picloram induced a statistically significant difference
in the percentage of prophase cells at 4.02 mg/L concentration and the percentage of telophase cells at
3.35mg/L concentration at 24 h treatment (Table 1).
However, the frequencies of different mitotic phases
were not affected significantly at the other treatments

TABLE 2
Effect of picloram on type and percentage of mitotic abnormalities in the root tips of A. cepa
Concentrations

(mg/L)
24 h
Control
0.67
1.34
2.01
2.68
3.35
4.02
48 h
Control
0.67
1.34
2.01
2.68
3.35
4.02

Abnormalities %
Fragment

Lagging
chromosomes

Polyploidy

Total
Abnormalities
%

0.18
0.20
0.30
0.47
0.55
1.27
0.47

1.00
0.35
0.27
0.36
-

0.59
0.10
0.71

-

0.36
0.89
2.19
0.95
2.06
4.73
3.56

0.78
0.08
0.11
0.50
0.62
0.34

0.08
0.11
0.12
-

0.08
0.25
0.25
0.11

0.11
0.12
0.11

0.25
2.34
1.02
1.39
2.35
2.61
1.69

No. of
dividing
cell

Bridges

C-mitosis

Multipolarity

1086
1023
1008
843
726
548
421

0.18
0.69
0.13
1.10
2.37
1.43

0.10
0.10
0.14
0.73
0.95

1177
1151
1169
836
815
798
879

0.17
0.95
0.94
0.47
0.50
0.75
0.22

0.52
0.59
1.10
0.75
0.91

FIGURE 1
Different types of aberrations induced by Picloram in Allium cepa root tips. a multipolarity,
b chromosome bridge, c polyploidy, d chromosome fragment, e lagging chromosome and fragment
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and 10 mg/L) affected different mitotic phases in
Raphanus sativus L. and Phaseolus vulgaris L.
In this study, picloram did not significantly increased the mitotic aberrations compared to the control groups at both treatment periods. However, it
caused six types of aberrations: bridges, C-mitosis,
multipolarity, fragments, lagging chromosomes and
polyploidy. Yun et al. [35] studied the mutagenicity
of picloram in both male and female mice using Medulla polychromatic erythrocyte micronucleus test
(131, 261 and 522 mg/kg for male mice; 230, 460
and 920 mg/kg for female mice) and testicle spermatocyte chromosome aberrance test (326, 653 and
1305 mg/kg for both gender). They carried out the
Ames test using TA97, TA98, TA100 and TA102
strains (with and without S9 test) using 5, 50, 500,
1000 and 5000 μg/plate picloram. They did not report mutagenic activity of picloram in all tests.
Mohammed and Ma [36] investigated the clastogenic and mutagenic effects of the picloram (Tordon) using the Tradescantia-stamen hair mutation
(Trad-SHM) and Tradescantia-micronucleus (TradMCN) assays. They reported that the Trad-SHM test
on picloram yielded positive responses at 5-10 mg/L
concentrations. In Trad-MCN assay, picloram solutions induced positive responses at the 50 to 100
mg/L concentrations, but responded negatively at the
200 mg/L. They explained that it was accompanied
with physiological toxicity when the cuttings were
treated with higher concentrations of picloram. They
emphasized that picloram is more effective in the induction of gene mutations than in causing chromosome aberrations and could act as a contact poison.
$\GÕQHWDO[37] investigated the effects of different concentrations (2, 4, 6, 8,10 and 12 mg/L) of
three auxins (2,4-D, dicamba and picloram) in mature embryo culture of barley. They determined genetic and epigenetic changes by means of RAPD
(Randomly Amplified Polymorphic DNA) and
CRED-RA (Coupled Restriction Enzyme DigestionRandom Amplification) techniques. They observed
DNA hypermethylation after 2,4-D and picloram
treatment but dicamba. They suggested that increased auxin concentration led to decrease in the
GTS (Genomic Template Stability) value and DNA
hypermethylation that occurred at higher concentrations of 2,4-D and picloram, while DNA hypomethylation was observed by dicamba.
In this study, Picloram concentrations selected
were also used as plant growth regulator in plant tissue cultures. These low concentrations did not significantly increase the mitotic abnormalities. However, some relatively high concentrations decreased
mitosis during culture of roots. This result indicates
that picloram does not have genotoxic potential at
low concentrations in cultured A. cepa root tips. The
results of this study showed that picloram concentrations < 2.01 mg/L could be used beneficially without
risk of mitotic aberrations in plant tissue culture studies.

DISCUSSION
Allium test has been frequently used as a rapid
and sensitive method for environmental monitoring.
It is considered as the best-established systems to
study genotoxicity in in vitro and in vivo [25, 26, 27,
28]. Genotoxic effects of picloram were investigated
using the Allium test, as the test has been approved
as the most efficient and standard plant monitoring
assay for genotoxicity by International Programme
on Chemical Safety (IPCS, WHO) and the United
Nations Environment Programme (UNEP) [28, 29].
There are no published data related to possible actions of picloram in agar solidified MS medium on
A. cepa root tips.
ùHQHUHWDO[20] have used 2.5, 5.0, 7.5 and 10
mg/L picloram to induce callus and shoot in barley.
Takamori et al. [21] induced somatic embryogenesis
on Urochloa species using 1-8 mg/L picloram. They
retrieved best embryogenesis on 1 mg/L picloram
and found other doses as toxic or inhibitory for the
explants. Khaleghi et al. [19] compared 2 mg/L 2.4
D and picloram for regeneration on ornamental monocot Alstroemeria cv. Fuego with induction of improved embryonic calli on 2 mg/L picloram. All
these studies were inspected to select the optimum
concentrations of picloram for use in this study.
Picloram treatment significantly decreased MI
at the highest concentrations, however, no significantly increased mitotic abnormality was noted in
this study. In addition, only two mitotic phases were
affected by two highest concentrations of picloram
after 24 h treatment. Reduced mitotic index is the indication of agent-induced inhibition of growth and
development of exposed organisms [29]. Picloram
did not decrease the MI at 0.67 and 1.34 mg/L at both
24 and 48 h treatment in Allium cepa root tips in this
study. However, higher concentrations (2.01, 2.68,
3.35, 4.02 mg/L) decreased the MI irrespective of
treatment period (24 or 48 h). This indicates the cytotoxic effect of concentrations > 1.34 mg/L picloram. The reduction in mitotic activity at higher concentrations (2.01-4.02 mg/L) could be due to blocking of G2 or DNA synthesis preventing the cells
from entering mitosis [10, 30, 31, 32, 33]. The results
are in agreement with Takamori et al. [21] suggesting lower picloram concentration (1 mg/L) allowed
the regeneration of a higher number of plants. They
explained that high levels of picloram may have an
inhibitory effect on shoot elongation of Urochloa
spp. 2,4-D was also reported to inhibit mitosis at
highest concentrations in Allium cepa [12].
The picloram treatment showed no significant
effect on the percentage of mitotic phases (except
percentage of prophase cells at 4.02 mg/L concentration and the percentage of telophase cells at
3.35mg/L concentration for 24 h) in A. cepa. Özkul
et al. [12] reported that 2,4-D treatment did not significantly affect mitotic phases in Allium cepa root
tips. However, Truta et al. [34] showed that 2,4-D (1
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protein content, quality vitamins and amino acids
[2]. Therefore, roasted and unroasted sesame seeds
are being widely used in pastry, bagels and confectionery products. One of the prominent properties of
sesame oil is the resistance to oxidative degradation
[3]. Sesame is an important industrial crop due to 5060% oil and 20-30% protein contents in the seeds.
Sesame oil obtained by pressing or extraction
method is very resistant to degradation due to sesamol and sesamolin (antioxidant substances) contents.
Sesame seeds are used especially in the production of tahina and halva. Sesame oil is widely used
in food industry and also in cosmetics, insecticides
and soap production. The crude protein contents of
pulp which is the residue after the removal of sesame
oil is 43%. Therefore, the pulp is used an important
additive in animal feeding. Sesame pulp is also utilized as human food in some countries by adding into
the bread [4]. The sesame oil has superior characteristics compared to many other counterparts with its
balanced composition of fatty acids, high resistance
to oxidation due to naturally present antioxidants
such as sesamin, sesamol, sesamolin and tocopherols, and rich in vitamin E content [5]. The sesame
production of world in 2000 was 4.909.564 tons, and
increased to 6.729.135 tons in 2016 [6]. The sesame
production of Turkey, however, in 2000 was 23.460
tons, and decreased to 19.521 tons in 2016 [6], due
to the cultivation of other alternative crops in sesame
grown lands and failure to mechanized harvest [7].
Similar fluctuation in sesame production has also
been reported by others, and attributed to the local
economic, crop production disturbance and climate
conditions [8]. Despite the decline in sesame production, the consumption of sesame in Turkey is increasing, and the production does not meet the
amount of consumption. In 2016, approximately 236
million dollars was spent to import sesame in Turkey
[9].
The most important causes in decline of sesame
cultivation in Turkey are preference of crops that require less labor, cultivation techniques, absence of
sesame in the crop rotation, lack of high-yielding
certified seeds in production, the use of varieties selected from local populations, production in the form

ABSTRACT
This research was conducted to determine the
adaptability of some sesame (Sesamum indicum L.)
varieties as a second crop under semi-arid climatic
conditions during 2014 and 2015. The experiment
was conducted on the research area of Agricultural
Faculty, Kezer Campus, Siirt University, Turkey.
Thirteen registered sesame species were used as material in the experiment. The experiment was carried
out in a randomized block design with four replications. Planting of sesame seeds was performed by
hand following the harvest of wheat planted as the
first crop. The plant height, number of side branches
in the plant, the first branch height in the plant, the
number of capsules per plant, the number of seeds
per capsule, the weight of 1000 seeds, seed yield, fat
content, fat yield and protein content were determined in the study. The results of two-year study revealed that 10 out of 13 varieties were not suitable to
semi-arid climatic conditions (Siirt province ecological conditions). The varieties which were not
adopted to semi-arid climatic conditions (Tan 99,
6DUÕVX 7DQDV g]EHUN  .HSVXW  0XJDQOÕ 57,
Baydar 2001, Ottoman 99, Orhangazi 99 and Cumhuriyet 99) are widely cultivated sesame cultivars in
the Aegean and Mediterranean regions. The other
WKUHH YDULHWLHV $UVODQEH\ +DWLSR÷OX DQG %R\GDN 
are mostly recommended for the Southeastern Anatolia Region. The study clearly revealed the importance of genotype x climate interaction in adaptation of sesame species to a region.
KEYWORDS:
Semi-Arid, Sesame, Variety, Shell Colors, Adaptation,
Yield

INTRODUCTION
Sesame (Sesamum indicum L.) with its high
quantity and quality of oil in seeds is one of the ancient and most important oilseed crops cultured in
the world [1]. Sesame seed is an edible oil source and
also a nutritious food for human due to the high
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of small family business, yield losses during harvest,
labor cost increase in time, not being included in the
incited crops, and failure to apply mechanized harvest. Sesame agriculture offers a very profitable production opportunity to farmers due to the low cost of
production except labor. Sesame can be spread especially in irrigated lands of the Southeastern Anatolia
region as the second product depending on improvement in mechanized harvesting [1].
The most sesame producing provinces in Turkey are Manisa, Antalya, Adana, Istanbul, Bursa,
Balikesir and Osmaniye [9]. Sesame is grown as the
first crop, second crop or intermediate crop, or mixed
with some crops in the Mediterranean, Southeast,
Aegean and Marmara regions. Sesame cultivation is
not at the desired level, despite the advantages such
as short growth time, low soil selectivity, low nutrient requirements, tolerance to drought conditions,
ease of marketing [10], and high yield with implementing the required cultural practices and planting
the appropriate varieties. Sesame, an edible oil crop
is known as the king of oil seeds due to the high oil
content though the production is below the
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expectations. Sesame could be an alternative cash
crop in many regions of country due to short growing
period, low input requirement in production and
many other advantages in cultivation. Crops like sesame are needed to sustain agricultural productivity
and lower inputs i.e. fertilizers and pesticides used in
other cash crops (corn, cotton, sugar beat etc.). Integration of sesame into crop rotation in irrigated lands
may help combating with land degradation and water
pollution occur due to the consumption of excessive
nutrients and pesticides. Considering the increase in
crop diversity based on existing irrigated farmlands
and lands to be irrigated in Siirt province, sesame
will be included into the crop rotation as a second
crop. However, abiotic stresses such as drought, extreme temperatures and the natural conditions of environment are serious threats to sesame cultivation.
Determining the extreme drought and heat tolerant
varieties of sesame is quite important. Therefore, this
study was conducted to determine the adaptability of
thirteen sesame (Sesamum indicum L.) varieties under the second crop conditions for semi-arid and hot
climates of Siirt province ecology.

FIGURE 1
Experiment area
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MATERIALS AND METHODS

arid climatic characteristic (Table 2).

General descriptions of the site, soil and climate characteristics. This study was carried out in
the experimental fields of Agricultural Faculty,
Kezer campus, Siirt University, Turkey during 2014
and 2015 growing seasons (Figure 1). The experimental site has flat slope, deep soil profile and
formed over alluvium. The soils (0-30 cm depth) in
the experimental site is characterized with a clay texture, slightly alkaline, moderate in calcium carbonate
content, non-saline, inadequate in plant available
phosphorous concentration and organic matter content and adequate in potassium concentration (Table
1). Many researchers have worked in similar soils
[11].
The lowest and the highest temperatures during
the experiment are lower than the long-term temperatures, while the average temperature was higher
compared to long term average values (Table 2).
When the maximum temperatures are taken into consideration, the mean temperature in the July of first
year was 1.1 °C higher than the second year, while
the temperature in August was completely the opposite. The average relative humidity during the growing season was lower compared to the long-term averages. The climate data indicated that Siirt province
is hot especially in summer months and has a semi-

Material. Thirteen registered sesame varieties,
+DWLSR÷OX%R\GDNDQG$UVODQEH\ %URZQDQGGDUN
Brown), Cumhuriyet 99, Tan 99, Kepsut 99, OsPDQOÕ2UKDQJD]L :KLWH 6DUÕVX7DQDV0X
JDQOÕ  %D\GDU  DQG g]EHUN  <HOORZLVK
brown) were used as the materials of the experiment.
Method. The experimental field was prepared
for sesame planting after the harvest of first crop
wheat and 80 kg P ha-1 as diammonium phosphate
and 40 kg N ha-1 as urea were applied before planting
based on soil testing results [13]. The experiment
was carried out in a randomized block design with
four replicates. The plots were of 2.8-m width and 6m length (16.8 m2) with four rows in each plot. The
seeds were planted in 10th of June, at 70 cm interrow and 15 cm intra-row spacings.
Agricultural operations followed in conducting the research. Germination water was given by
drip irrigation method following the planting. The
number of seedlings were reduced to one plant in 15
cm intra-row spacing at 6-7 leaves stage, followed
by hoeing for weed control. Plants were irrigated
five times with drip irrigation method according to
the needs of plants.

TABLE 1
Some chemical and physical characteristics of experimental soil
Analyzes
Texture class
pH
EC
Lime
Organic Matter
Phosphorus (P2O5)
Potassium (K2O)

Unit
%
ds/m
%
%
kg ha-1
kg ha-1

Value
72
7.33
1.12
14.8
1.64
37.0
1287

Class
Clay
Neutral
Non-saline
Moderately Calcareous
Poor
Poor
Adequate

Methods
water saturation
water saturation
water saturation
Scheibler Calcimeter
Walkley-Black
Olsen
Ammonium Acetate

TABLE 2
Meteorological data belonged to experimental site (Anonymous) [12]
Months

June

July

August
September
October

Years
2014
2015
Long Term
2014
2015
Long Term
2014
2015
Long Term
2014
2015
Long Term
2014
2015
Long Term

Monthly
Average
Minimum
Temp. (°C)
16.40
15.80
18.90
20.70
20.50
23.40
19.70
19.70
23.10
15.70
17.20
18.70
12.60
12.80
12.70

Monthly
Average
Maximum
Temp. (°C)
35.10
35.80
32.10
39.70
40.80
37.00
40.70
39.70
36.90
34.60
36.70
32.10
24.30
26.10
24.30

8141

Monthly
Average
Temp. (°C)
26.40
26.60
25.90
31.10
31.50
30.50
30.70
30.40
30.10
24.90
27.00
25.00
19.30
18.70
17.90

Monthly
Average
Relative
Humidity (%)
34.20
32.30
24.10
25.10
23.80
18.10
23.80
27.80
17.20
33.90
26.70
24.00
58.20
64.40
52.30

Monthly Total
Precipitation
(mm=kg÷m²)
15.20
5.20
8.80
0.00
0.00
1.60
0.00
0.00
0.90
23.00
0.00
5.00
56.20
11.80
49.60
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The data obtained in the study were subjected
to variance analysis and grouped by JMP statistical
software.

The plant height, number of side branches in
the plant, the first branch height in plant, the number
of capsules per plant, the number of seeds per capsule, the 1000-seed weight (g), seed yield, fat content, fat yield and protein content were determined.
Two middle rows were harvested, leaving 50
cm between the head and the ends of the plots.

RESULTS AND DISCUSSION
The first year (2014) results showed that plant
growth of Cumhuriyet 99, Tan 99, Kepsut 99, Tanas,
Orhangazi 99, 6DUÕVX 0XJDQOÕ  2VPDQOÕ 
Baydar 2001 and Özberk 82 were not healthy (Figure
2). Therefore, capsules were not formed and thus
yield was not obtained. In the second year (2015) of
the experiment, Cumhuriyet 99, Tan 99, Kepsut 99,
Tanas, Orhangazi 99, 6DUÕVX0XJDQOÕ2VPDQOÕ
99, Baydar 2001 and Özberk 82 varieties started to
dry 25-30 days after the emergence (Figure 3) and
then completely dried. Data obtained only from
$UVODQEH\%R\GDNDQG+DWLSR÷OXYDULHWLHV

Analysis and evaluation methods. The harvested plants of each plot were sun dried over 2m x
2m plastic cover for cracking of capsules and removal of sesame seeds. This process completed
within 10 days. The sun-dried plants were shaken to
remove the seeds, and sesame seed yield for each
plot was determined. Necessary seed samples were
taken for oil and protein analyzes. The oil ratio was
determined by Soxhlet oil extraction method [14]
and protein ratio was analyzed by dumas method
[15].

FIGURE 2
Images of the experiment in year 2014

FIGURE 3
Images of the experiment in year 2015
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TABLE 3
Yield (kg ha-1), number of branches (number plant-1), first branch height (cm),
number of capsules (capsule plant-1) and number of grains per capsule (grain plant-1)
Varieties

Yield
(kg ha-1)

Num. of Branch
(branch plant-1)

First Branch
Height (cm)

2014**
2015**
2014**
2015**
2014**
Arslanbey
1201.0 a
1161.0 a
2.9 b
2.7 c
12.3 a
Boydak
703.6 b
602.0 b
6.1 a
6.9 a
7.2 b
+DWLSR÷OX
662.0 b
596.0 b
5.6 a
5.5 b
3.7 c
Mean
855.0
786.0
4.9
5.0
7.9
CV
5.86
8.22
10.79
7.08
20.82
LSD
86.8
111.9
0.91
0.61
2.84
**: Significant at 1% level, *: Significant at 1% level, ns: not significant

2015**
9.9 a
6.3 b
2.9 c
6.4
20.14
2.21

Number of Capsules
per Plant
(number plant-1)
2014**
2015**
116.8 a
128.1 a
68.7 b
73.7 b
63.7 b
50.2 c
83.1
84.0
20.32
13.23
29.21
19.23

Number of Grain per
Capsule
(grain capsule-1)
2014*
2015**
69.7 a
72.0 a
60.2 b
57.8 b
58.2 b
53.5 c
62.7
61.1
6.63
6.32
7.19
6.68

TABLE 4
Plant height (cm), the weight of 1000 seed (g), oil rate (%), oil yield (kg ha-1) ve the protein rate (%)
Varieties
Arslanbey
Boydak
+DWLSR÷OX
Mean
CV
LSD

Plant height
(cm)
2014**
2015**
109.6 a
97.6 a
90.2 b
83.1 b
72.7 c
61.3 c
90.8
80.6
7.19
6.78
6.1
9.5

The weight of 1000
seed (g)
2014**
2015**
2.9 b
2.7 c
3.2 a
2.9 b
3.4 a
3.3 a
3.18
2.9
4.08
3.94
0.22
0.20

Oil rate
(%)
2014**
2015*
48.69 b
48.41 a
47.00 b
45.24 b
50.95 a
50.67 a
48.88
48.10
2.34
3.74
1.98
3.20

Oil yield
(kg ha-1)
2014**
2015**
585 a
562 a
332 b
272 c
337 b
302 b
418
378
6.37
4.67
4.6
10.4

Protein rate
(%)
2014ns
2015*
23.6
24.0 a
22.2
22.1 b
23.6
23.1 ab
23.1
23.0
4.28
3.46
ns
1.38

**: Significant at 1% level, *: Significant at 1% level, ns: not significant

GLIIHUHQW S  ޒDPRQJ YDULHWLHV IRU ERWK \HDUV
(Table 3). The first branch height of varieties ranged
from 3.7 to 13.0 cm in the first year and from 2.9 to
9.9 cm in the second year of the experiment. The
highest first branch was observed in the first year
with the Arslanbey variety, while the lowest first
branch height was measured in the second year at
+DWLSR÷OXYDULHW\7KHGLIIHUHQFHLQWKHILUVWEUDQFK
height of varieties may be attributed to the genotypic
structures of the varieties.
The number of capsules per plant was signifiFDQWO\ S  ޒGLIIHUHQW DPRQJ YDULHWLHV IRU ERWK
2014 and 2015 (Table 3). The number of capsules
per plant is the most significant contributor to sesame seed yield [23], and ranged from 63.7 to 116.8
seed plant-1 in 2014 and from 50.2 to 128.1 seed
plant-1 in 2015. The highest number of capsules per
plant (128.1) was obtained in the second year with
Arslanbey variety and the lowest number of capsules
SHUSODQW  ZDVREWDLQHGZLWK+DWLSR÷OXYDULHW\
in the second year. The number of capsules per plant
for sesame varieties obtained in this study were
greater than those reported by Özen (2014)[17] and
Silme aQGdD÷ÕUJDQ  [18], lower compared to
those reported by Cürat (2010)[19] and Uzun and
Furat (2005)[16] and significantly similar to the data
obtained by Karaaslan et al. (2002)[21] <ÕOPD] HW
al. (2005)[22], Arslan et al. (2014)[1] and Uzun
(1997)[24]. The differences in the number of capsules may be linked to the genetic diversity among
varieties and interactions of genetic structures with
the environmental conditions.
The number of seeds per capsule was signifiFDQWO\GLIIHUHQW SޒLQDQGSޒ0.01 in 2015)
among cultivars in both years (Table 3). The results

The difference in seed yield (kg da-1) was staWLVWLFDOO\ VLJQLILFDQW S  ޒamong varieties for
both years (Table 3). The seed yield varied between
662.0 and 1201.0 kg ha-1 in the first year, and between 596.0 and 1161.0 (kg ha-1) in the second year.
The highest seed yield (1201.0 kg ha-1) was obtained
in the first year with Arslanbey variety and the lowest seed yield 596.0 kg ha-1 was obtained in the second year with +DWLSR÷OX variety. Uzun and Furat
(2005) [16] and Arslan et al. (2014) [1] reported similar low sesame yield. The highest yield data of our
study was in line with those of Uzun and Furat
(2005) [16], but had differences with data obtained
by Arslan et al. (2014) [1]. The differences in climate
and soil characteristics of the experimental sites, agricultural practices applied and yield potentials of
varieties may have caused to obtain contradictory results.
The number of side branches was significantly
S ޒGLIIHUHQWamong varieties in both years (Table 3). The number of branches ranged from 2.7 to
6.9 (side branch plant-1). The highest number of side
branches (6.9 side branch plant-1) was obtained with
Boydak variety, while the lowest number of side
branches was 2.7 side branch plant-1 in Arslanbey
variety. The number of side branches obtained in our
study was higher than those obtained by Özen (2014)
[17], 6LOPHDQGdD÷ÕUJDQ  [18] and Arslan et
al. (2014) [1]. Whereas, it was lower than those reported by Cürat (2010) [19], and significantly similar to those found by Öz and Karasu (2010) [20],
Karaaslan et al. (2002) [21] and <ÕOPD]et al. (2005)
[22]. The results suggest that the branching property
of sesame plant varies depending on the varieties.
The first branch height was significantly
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  ZDV REWDLQHG ZLWK +DWLSR÷OX LQ WKH ILUVW
year, and the lowest oil rate (45.24%) was found in
Boydak at the second year. The oil rates obtained in
our study were higher than those reported by <ÕOPD]
et al. (2005) [22], Karaaslan et al. (2002) [21] and
Cürat (2010) [19], in contrast they were lower than
those reported by Uzun (1997) [24]. Our results on
oil rate was significantly similar to those reported by
Baydar (2005) [25] and Özen (2014) [17].
The oil yield of varieties was significantly different S ޒLQERWK\HDUV7KHRLO\LHOGLQWKHILUVW
year ranged from 332 to 585 kg ha-1 and it was between 272 and 562 kg ha-1 (Table 4). The highest oil
yield (585 kg ha-1) was obtained with Arslanbey in
the first year, and the lowest oil yield (272 kg ha-1)
was found by Boydak variety in the second year. The
oil yields found in this study were lower than those
obtained by Baydar (2005) [25] and <ÕOPD] HW DO
(2005) [22], whereas they were significantly similar
to the findings of Karaaslan et al. (2002) [21]. The
oil yield is directly affected by seed yield. In this
study, the highest oil yield was obtained with
Arslanbey variety that also was the highest seed
yielding variety.
The protein ratio was significantly different
S ޒDPRQJVHVDPHYDULHWLHVLQWKHVHFRQG\HDU
of the experiment. The protein ratio of varieties was
between 22.2 and 23.6% in the first year and it was
22.1 and 24.0% in the second year (Table 4). The
highest protein ratio (24.1%) was obtained in the
second year with Arslanbey and the lowest protein
ratio (22.1%) was obtained with Boydak variety in
the second year. The results on protein ratio of sesame varieties obtained in this study are concurrent
with those reported by Cürat (2010) [19] and
Karaaslan et al. (2002) [21].

showed that the number of seeds per capsule was between 58.2 and 69.7 seed plant-1 in the first year and
it was between 53.5 and 72.0 seed plant-1 in the second year. The highest number of seeds per capsule
(72.0) among varieties was obtained in the second
year with Arslanbey and the lowest number of seeds
SHUFDSVXOH  ZDVIRXQGLQ+DWLSR÷OXLQWKHVHF
ond year of the experiment. The number of seeds per
capsule found in this study were lower than those reported by Uzun (1997) [24], while it was in accordance with the findings of Cürat (2010) [19], Silme
DQG dD÷ÕUJDQ  [18] and ùDPDQ DQG g]WUN
2012 [5].
The plant height among varieties was signifiFDQWO\ GLIIHUHQW S  ޒDPRQJ YDULHWLHV ERWK LQ
2014 and 2015 (Table 4). The plant height of sesame
varieties in the first year was between 72.3 and 109.6
cm, and it was between 61.3 and 97.6 cm in the second year. The highest height (109.6 cm) among varieties was obtained by Arslanbey in the first year
DQG WKH SODQW KHLJKW RI +DWLSR÷OX  FP  LQ WKH
second year was the lower compared to the other varieties. The difference in plant height may be resulted from the changes of climate requirements of
the varieties. The plant heights obtained in our study
were higher compared to those reported by Özen
(2014) [17], in contrast they were significantly lower
than the findings of <ÕOPD]HWDO  [22], Arslan
et al. (2014) [1], Uzun (1997)[24], 6LOPHDQGdD÷ÕU
gan (2009) [18], Uzun and Furat (2005) [16], ùDPDQ
and Öztürk, 2012) [5] and Öz and Karasu (2010)
[20]. Plant heights reported by Cürat (2010) [19]
were considerably similar to our findings. The similarities or differences among varieties are ascribed to
differences in genetic structures of the varieties and
differences in requirement of environmental conditions.
The weight of 1000-seed as in other characteristics ZDV VLJQLILFDQWO\ GLIIHUHQW S  ޒDPRQJ
sesame varieties evaluated in both years (Table 4).
The results showed that 1000-seed weight of varieties ranged from 2.9 to 3.4 g in the first year and from
2.7 to 3.3 g in the second year. The highest 1000seed ZHLJKW J ZDVREWDLQHGZLWK+DWLSR÷OXLQ
the first year, and the lowest 1000-seed weight (2.7
g) was obtained for Arslanbey in the second year.
The results obtained in this study were lower than
those found by Özen (2014) [17], 6LOPHDQGdD÷ÕU
gan (2009) [18], Uzun and Furat (2005) [16],
Karaaslan et al. (2002) [21], Arslan et al. (2014) [1],
whereas the results were significantly similar to
those reported by ùDPDQ DQG g]WUN (2012) [5],
<ÕOPD] HW DO  [22], Uzun (1997) [24] and
Cürat (2010) [19].
The oil rate of varieties was significantly difIHUHQW S ޒLQ  DQG S ޒLQ   from
each other in both experimental years. The oil rate of
varieties ranged was ranged from 47.00 to 50.95% in
the first year, and it was between 45.24 and 50.677%
in the second year (Table 4). The highest oil rate

CONCLUSIONS
The results of study showed that plant growth
of Cumhuriyet 99, Tan 99, Kepsut 99, Tanas,
Orhangazi 99, SarÕVX 0XJDQOÕ  2VPDQOÕ 
Baydar 2001 and Özberk 82 varieties in the first year
were not healthy, thus the capsules were not formed
and yield was not obtained. In the second year of the
experiment, similar to the first year, varieties other
than $UVODQEH\%R\GDNDQG+DWLSR÷OXVWDUWHGWRGU\
25-30 days after the emergence and then completely
dried. The results revealed that even a small alteration of temperature in July that is the initial development period of sesame seedlings, causes great stress
which leads to the complete drying of some varieties.
The results indicated that light colored sesame varieties are very sensitive to temperature changes and
drought stress. However, dark grain sesame varieties
were highly resistant to temperature changes and
drought stress. The results pointed a relation between
the seed color gene and the temperature tolerance
gene, and further indicated that darker the seed color
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[9] TUIK(2017)https://biruni.tuik.gov.tr/disticaretapp/disticaret.zul?param1=25&param2=
0&sitcrev= 0&isicrev=0&sayac=5802). (Date
of access: 25.02.2017).
[10] Long, S. (2007) Achieving environmentally and
economically viable biofuel feedstock crops.
Why improvement of photosynthetic efficiency
is critical and attainable. Presentation to the Porter Alliance, 17th October 2007. Imperial College, London, UK.
[11] Sürücü, A., Günal, H., Acir, N. (2013) Importance of Spatial Distribution in Reclamation
of Boron Toxic Soils from Central Anatolia of
Turkey. Fresen. Environ. Bull. 22, 3111- 3122.
[12] Anonymous. https://mevbis.mgm.gov.tr/mevbis
/ui/index.html#/Workspace
[13] Arslan, H. (2003) Determination of phosphorus
and nitrogen requirements of domestic sesame
variety in the second crop rotation under Harran
Plain conditions. Doctoral thesis. Harran University Institute of Science and Technology,
ùDQOÕXUID
[14] AOCS (1997) American Oil Chemist´s Society.
Official methods and recommended practices of
the American Oil Chemist´s Society. Section I:
Physical and Chemical Characteristic of oil, fats
and waxes. Fourth Edition, Champaign IL,
USA, AOCS Press. v. 2. 54-83.
[15] ISO/TS (2009) Food products²Determination
of the total nitrogen content by combustion according to the Dumas principle and calculation
of the crude protein content²Part 2: Cereals,
pulses and milled cereal products International
Standard Organization (ISO), Geneva (2009),
25p.
[16] 8]XQ%)XUDWù  (YDOXDWLRQRI7XUNLVK
sesame collection in terms of morphological and
agricultural characteristics. VIth Field Crops
Congress of Turkey. 5- 9 September, Antalya,
Antalya Volume I, 431-436.
[17] g]HQù  'HWHUPLQDWLRQRISODQWFKDUDF
teristics, yield and yield components of local
sesame (Sesame Indicum L.) populations and
registered varieties. Master Thesis. KahraPDQPDUDú 6Wo øPDP 8QLYHrsity, Institute of
6FLHQFH.DKUDPDQPDUDú
[18] 6LOPH56dD÷ÕUDQ0ø  (YDOXDWLRQRI
selected mutant and world sesame material in
terms of yield and yield components. X. National Nuclear Science and Technology Congress. 6-9 October 2009, 312 JR1100036.
[19] Cürat, D. (2010) Determination of biological
and chemical properties of local sesame
(Sesamum indicum L.) populations grown in
Kilis and surrounding area. Master Thesis. Kilis
$UDOÕN8QLYHUVLW\,QVWLWXWHRI6Fience, Kilis.

of sesame seeds, higher the resistance to higher temperature and drought stress. The abiotic stresses,
such as drought, extreme temperatures and the natural state of environment are the most important obstacles to the spread of sesame varieties over a large
area [26, 27, 28]. Therefore, determining the sesame
varieties and genotypes tolerant to high temperature
and drought is of great importance especially for
breeding new varieties.
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seed components influence protein quality [2]. The
predominant protein fraction in legume seeds consists of globulins (60-90%). Globulins are storage
proteins rich in arginine, glutamic acid, aspartic acid
and their amides. In general, legume seeds are rich
in lysine, leucine and isoleucine but deficient in sulfur-containing amino acids such as methionine and
cysteine [3]. However, tryptophan could become the
next limiting amino acid in legume seeds with a
small increase in one of these two amino acids. Methionine and cysteine deficiency might also be overcome, in part, by mixing legume seeds with cereal
proteins [4]. Furthermore, legume seeds are also an
important source of dietary minerals with the potential to provide all 15 essential minerals required by
humans [5].
Preparation of legume seeds for human consumption invariably involves some rehydration and
heating except for peanuts. Hydration results in softening and swelling while heating results in denaturation of proteins. Dry legume seeds are processed
primarily to develop aroma and soften seeds. However, inactivation of anti-nutritional factors such as
trypsin inhibitor and lectins present in raw seeds are
more important reasons.
Dry bean (     L.) is the most
widely grown and important food legume in the
world for human nutrition and a major source of protein, potassium, calcium, iron, and phosphorus. It
serves as a staple food for humans and can account
for a significant proportion of daily caloric and nutrient intake. Therefore, it plays an important role in
enhancing nourishment levels in several developing
countries [6]. Dry bean has the third place in importance after soybean and peanut but actually the
earliest in direct human consumption [7].
Dry bean is also one of the most important
pulse crops in Turkey. It is currently grown on a
scale of 94,625 ha land and its production amount to
200,673 tons [8]. Northeast Anatolia is one of the
main contributors of common bean production in

Dry bean (Phaseolus vulgaris L.) is a widely
grown and important food legume which is a major
source of mineral nutrition. The present study digs in
determining differences in nutrients, organic-amino
acid and hormone concentrations of Ispir bean genotypes under different land use conditions. The study
sites (32 locations) were identified according to the
stratified sampling method in the Ispir district, Erzurum, Turkey, under consideration of bean-cultivated
lands and the number of villages. The seed weights
were higher for genotype no. 4 (137.5 g) than for
genotype no. 14 (131.5 g) and following by all other
genotypes. Moreover, values for crude protein content were significantly higher for genotype no. 14
(263.1 g/kg) in comparison to genotype no. 4 (256.9
g/kg) and other genotypes. Therefore, it is concluded
that land use impacts seed weight, nutrient, crude
protein, amino acid, organic acid and hormone contents of Ispir dry bean. Land use can result economic
improvements in crop yields and yield components.
Dry bean seed weights were impacted by other crop
yield components such as amino acid, organic acid
and hormone contents of dry bean.
)("$%
Dry bean, amino acid, organic acid, hormone, nutrient element

!&$"'&"!
Crop proteins are the primary source of food
proteins for humans and animals. Over 66% of these
food proteins come from cereal and legume seeds. In
addition to proteins, legume seeds provide a high
proportion of carbohydrates, starch and fibers [1].
All essential amino acid compositions, amino acid
imbalance, digestibility, biological availability of
amino acids and anti-nutritional activity of certain
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6378+-3.+7+5A;3;One-gram fresh sample
with addition of 0.1 N HCl, was homogenized with
ultraturraks and incubated at 40 0C for 12 hours.
Samples were then vortexed, centrifuged at 1200
rpm for 50 minutes and the supernatants were filtered through 0.22 µm filters (Millex Millipore).
Then supernatants were transferred to glass vials and
sent for HPLC analysis. Amino acids were extracted
from the samples and analyzed [9-10].
The amino acid derivatives were analyzed with
HPLC on a Zorbax Eclipse-AAA 4.6 x150 mm, 3.5
µm columns (Agilent 1200 HPLC). The samples
were analyzed by measuring the absorbance at 254
nm and the amino acids were identified by comparing with standards. O-phthaldialdehyde (OPA), fluorenylmethyl-chloroformate (FMOC) and 0.4 N Borate were used for derivation processes in an auto
sampler. The following were used as the mobile
phase in the chromatography system: mobile phase
A: 40 mM NaH2PO4 (pH 7.8) and mobile phase B:
Acetonitrile/Methanol/Water (45/45/10. v/v/v) solutions. The flow rate of the mobile phase was 2 mL
min-1 and the column temperature was 400C. Aspartate, glutamate, asparagine, serine, glutamine, histidine, glycine, threonine, arginine, alanine, tyrosine,
cysteine, valine, methyl-nine, tryptophan, phenylalanine, isoleucine, leucine, lysine, hydroxyproline,
sarcosine, proline quantities from PGPR samples
were determined as pmol µl-1 after the 26-minute
derivation process in HPLC.

Turkey. Dry bean is the most important crop grown
in İspir, a district of the city of Erzurum, located in
the Eastern Anatolia Region. Bean population varies
in the district with white seeded types high in demand on the market. However, there is no information in the literature on the nutrient element contents, organic and amino acid compositions of Ispir
dry bean genotypes. Thus, the aim of this work was
to determine the differences in nutrient, organic acid
and hormone contents and amino acid compositions
in Ispir bean genotypes.
&$%! &"%

%<=.A ;3</; Study locations for the material
collection were identified according to technical
staff records of Ispir Provincial Directorate of Agriculture. Collection sites were selected according to
the stratified sampling method considering the parts
of the district where beans are cultivated and the
number of villages in them. Seed materials were collected from 32 locations (Table 1). The altitudes of
the region at which the samples were taken were determined by using a GPS instrument during the collection period. Therefore, 32 Ispir common bean
genotypes were used for nutrient element, hormone,
amino and organic acid analysis.
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3;<80-86687,/+71/78<A9/;-855/-</.0:86;93:.3;<:3-<80:B=:=6
!=6,/:
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

%+695/8./
GM1
GM2
GM3
GM4
GM5
GM6
GM7
GM8
GM9
GM10
GM11
GM12
GM13
GM14
GM15
GM16
GM17
GM18
GM19
GM20
GM21
GM22
GM23
GM24
GM25
GM26
GM27
GM28
GM29
GM30
GM31
GM32

88:.37+</
400 38’37.26’’K 410 09’34.78’’ D
400 25’32.12’’K 410 09’25.45’’ D
400 28’03.52’’K 410 02’29.24’’ D
400 38’37.41’’K 410 09’34.70’’ D
410 01’53.00’’K 410 25’51.09’’ D
400 38’37.11’’K 410 09’38.24’’ D
400 38’35.56’’K 410 09’33.90’’ D
400 29’19.57’’K 410 00’29.59’’ D
400 38’28.43’’K 410 09’48.42’’ D
400 56’23.75’’K 400 30’51.65’’ D
400 38’34.55’’K 410 09’32.99’’ D
400 25’49.94’’K 400 58’16.83’’ D
400 25’48.67’’K 400 58’15.84’’ D
400 32’15.76’’K 410 08’35.65’’ D
400 31’16.93’’K 410 03’17.85’’ D
400 28’41.80’’K 400 59’52.41’’ D
400 24’54.60’’K 400 46’25.46’’ D
400 31’21.24’’K 410 11’12.10’’ D
400 36’20.03’’K 400 59’12.73’’ D
400 32’18.40’’K 410 09’24.11’’ D
400 33’08.10’’K 410 04’17.20’’ D
400 32’51.80’’K 410 11’21.22’’ D
400 31’19.10’’K 410 03’15.40’’ D
400 30’12.40’’K 410 07’42.10’’ D
400 31’27.40’’K 410 11’18.13’’ D
400 28’24.40’’K 400 59’36.10’’ D
400 31’20.12’’K 410 11’14.10’’ D
400 38’25.40’’K 410 09’31.13’’ D
400 28’35.27’’K 400 59’58.10’’ D
400 31’14.12’’K 410 03’10.40’’ D
400 31’12.01’’K 410 03’12.21’’ D
400 29’25.41’’K 4 00 58’47.13’’ D
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Camlıkaya section
Kuzullu section
Halil Pasa Village
Camlıkaya section
Bıcakcı section
Camlıkaya section
Camlıkaya section
Ispir MYO
Muti section
Elmali section
Camlıkaya section
Koprukoy
Koprukoy
Ispir
Oztoprak
Camlica section
Pazaryolu
Cicekli section
Baskoy
İspir
Halil Pasa village
Numanpasa
Oztoprak
İspir
Cicekli section
Camlıca section
Cicekli section
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Camlıca section
Oztoprak
Oztoprak
Kusluca
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":1+73- +-3. +7+5A;3; Deionized water (10
ml) was added to one gram of fresh bean and homogenized with an ultra-turraks. Supernatants were filtered through 0.22 µm filters (Millex Millipore) after
the solution was centrifuged at 1200 rpm for 50
minutes. The supernatants then were transferred to
glass vial and sent for HPLC analysis. The organic
acids were analyzed by HPLC on Zorbax EclipseAAA 4.6 x 250 mm 5 µm columns (Agilent 1200
HPLC) and absorbance of 220 nm in UV detector.
Flow rate was 1 ml/min and column temperature
were 25 0C. Oxalic, propionic, tartaric, butyric, malonic, malic, lactic, citric, maleic, fumaric and succinic acids were determined by using 25 mM potassium phosphate (pH 2.5) as the mobile phase.

8:687/+7+5A;3;Extraction and purification
processes were conducted [11-12]. The methanol
(%80) was cooled to -40 0C and added to fresh samples. After the mixture was homogenized for 10
minutes with ultraturraks it was incubated for 24
hours in the dark. The samples were filtered with
(Whatman No: 1) and then supernatants were filtered
through 0.45 µm filters [13]. Supernatants were
evaporated to dryness at 350C by evaporator pumps.
Dried supernatants were solved using 0.1 M KH2PO4
(pH 8.0). Extracts were centrifuged at 5000 rpm for
1 hour at 40 0C to separate fatty acids [14]. One gram
of polvinilpolipirilidon (PVPP) was prepared and
added to supernatants to separate phenolic and

colored matters [15-16-17-18]. A Sep-Pak C-18
(Waters) cartridge was used for further specific separation. Hormones adsorbed by the cartridge were
transferred to vials using 80% methanol and analyzed by HPLC on a Zorbax Eclipse-AAA C-18 column (Agilent 1200 HPLC). The absorbance was
measured at 265 nm in a UV detector. Flow rate was
set to 1.2 ml/min and column temperature was set to
25 0C. Gibberallic acid, salicylic acid, indol-3-acetic
acid (IAA), abscisic acid (ABA) were determined
with 13% acetonitrile (pH 4.98) as the mobile phase.
5/6/7<7+5A;3;The Kjeldahl method and a
Vapodest 10 Rapid Kjeldahl Distillation Unit (Gerhardt, Ko-nigswinter, Germany) were used to determine the total N [19] and Ca, Mg, Na, K, P, S, Fe,
Cu, Mn, Zn, Pb, Ni and Cd contents of dry bean. After wet digestion of dried and ground sub-samples
with a HNO3-H2O2 acid mixture (2:3 v/v) at three
steps;
(i) first step: 145 ºC, 75% RF, 5 min,
(ii)second step: 180 ºC, 90% RF, 10 min and
(iii) third step: 100 ºC, 40% RF, 10 min)
in a microwave oven (Bergof Speedwave Microwave Digestion Equipment MWS-2) [20]. Ca,
Mg, Na, K, P, S, Fe, Cu, Mn, Zn, Pb, Ni and Cd were
determined using an Inductively Couple Plasma
spectrometer (Perkin-Elmer, Optima 2100 DV,
ICP/OES, Shelton, CT 06484-4794, USA) [21].
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32.4
4.22
16.8
22.4
11.3
0.22
30.2
10.6
12.4
55.1
30.1
26.9
203
394
80.7
2
34.0
4.24
15.5
21.3
12.1
0.20
29.9
11.3
13.4
55.0
32.1
25.6
213
413
48.0
3
31.5
4.41
15.9
20.2
12.4
0.19
32.8
10.3
12.3
56.1
33.5
24.2
197
383
73.0
4
41.1
5.33
19.4
25.7
17.1
0.23
38.5
13.4
15.8
61.6
36.9
33.4
257
500
138
5
32.8
4.30
15.7
21.3
13.1
0.20
33.1
10.2
13.4
58.0
30.2
25.6
205
399
62.3
6
34.5
4.38
16.4
21.5
12.9
0.21
31.9
10.5
13.9
54.2
29.9
25.7
216
420
73.2
7
30.9
4.39
16.8
22.0
14.1
0.19
31.0
11.4
13.1
55.9
29.5
28.6
193
376
42.6
8
34.4
4.37
16.8
20.9
14.0
0.18
33.8
11.0
12.3
56.7
29.1
25.1
215
418
74.0
9
35.2
4.41
15.5
20.1
13.9
0.17
32.2
13.1
11.1
50.4
29.9
24.2
220
428
34.1
10
34.8
4.46
15.1
19.9
13.1
0.19
34.7
12.1
11.9
48.8
32.8
23.8
218
423
50.5
11
32.8
4.42
16.7
19.0
14.5
0.17
30.1
12.9
13.4
46.3
28.8
22.8
205
399
72.9
12
33.6
4.50
16.8
19.5
15.4
0.18
33.5
11.4
13.0
49.8
28.1
23.3
210
409
70.1
13
34.9
4.41
14.6
20.2
14.9
0.18
32.1
11.8
78.0
45.1
26.6
26.2
218
424
83.3
14
42.1
5.58
20.2
26.1
17.5
0.20
41.7
13.9
17.8
60.9
29.4
31.3
263
512
131
15
35.7
4.47
15.4
21.5
19.1
0.19
35.9
11.9
20.1
43.8
22.3
25.7
223
434
95.0
16
36.2
4.51
17.7
21.0
14.3
0.19
33.1
10.1
16.5
44.5
20.1
25.2
226
440
74.0
17
34.0
4.31
16.3
21.3
15.3
0.19
28.3
10.5
17.7
44.1
24.6
25.6
213
413
75.7
18
33.6
4.45
16.6
20.7
14.1
0.18
29.1
10.5
19.4
45.5
27.5
24.8
210
409
79.5
19
34.6
4.40
15.7
20.0
14.3
0.18
30.4
11.0
12.4
43.1
25.5
24.0
216
421
56.2
20
35.2
4.45
16.6
19.8
13.9
0.19
30.8
10.4
13.4
42.4
25.1
23.8
220
428
61.9
21
33.0
4.40
15.4
20.4
15.3
0.18
34.5
13.4
12.1
49.9
23.1
24.5
206
401
69.3
22
34.1
4.48
16.7
21.4
15.3
0.19
38.8
14.0
14.4
51.1
28.1
25.7
213
415
72.7
23
34.9
4.31
15.6
22.0
16.1
0.17
36.5
12.5
13.8
50.4
26.8
26.4
218
424
75.1
24
35.2
4.49
19.8
19.8
15.8
0.15
35.4
12.1
12.3
49.8
22.4
23.8
220
428
70.9
25
34.1
4.56
16.5
19.2
14.5
0.18
36.3
12.8
14.2
48.7
24.6
23.0
213
415
48.3
26
34.9
4.52
17.2
20.4
16.3
0.15
32.2
12.2
13.9
49.1
24.9
24.5
218
424
57.9
27
35.2
4.60
16.6
21.7
15.4
0.20
34.6
19.8
16.3
48.3
26.3
26.0
220
428
69.1
28
36.1
4.48
15.8
21.4
17.5
0.19
35.1
14.4
15.4
49.2
25.4
25.7
226
439
86.8
29
35.3
4.61
16.4
20.2
18.1
0.21
36.4
13.2
14.0
45.8
29.3
24.2
221
429
74.2
30
35.8
4.46
17.4
21.3
17.7
0.21
31.0
15.3
16.6
44.3
29.8
25.6
224
435
76.1
31
40.3
4.67
17.0
22.1
20.2
0.19
37.4
15.1
16.7
44.4
28.7
26.5
252
490
84.8
32
39.7
4.86
18.3
21.8
19.6
0.20
36.3
14.0
15.0
48.2
26.8
28.4
248
483
91.3
Loc: Locations, Cp: Crude protein, GW: 100 Grain Weight, N: Nitrogen, P: Phosphorus, K: Potassium, Ca: Calcium, Mg: Magnesium,
Na:Sodium, Zn: Zinc, Cu: Cupper, Mn: Manganese, Fe: Iron, B: Boron, S: Sulfur
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+-:8 +7. 63-:8 7=<:3/7< -87</7<; 80 .:A
,/+7 Crude protein and mineral concentrations of
the bean genotypes are presented on Table 2. Crude
protein content of the genotypes varied within the
wide range from 193.1 g/kg to 263.1 g/kg. The crude
protein content was the highest in genotype no. 14
(263.1 g kg-1) followed by genotype no. 4 (256.9 g
kg-1) and genotype no. 31 (251.9 g kg-1). Differences
were observed among genotypes in the mineral concentrations. Similar findings were also reported by
different experiments [26-27-28]. These researchers
found significant correlations between genotype and
seed mineral nutrient contents. The amount of nutrient per seed is an important measure of macro and
micro nutrients supply in grain [29]. Concentration
of macro and micro nutrients in seed depends on soil
type, nutrient availability, genotypes, season and
cultivars [30]. The variations among cultivars in the
mineral composition can be attributed to varying genetic constitutions [31-32].



%<+<3;<3-+57+5A;3;A statistical analysis was
set to determine land use influences on selected
properties by using the Duncan method in analysis
of variance with SPSS package [22]. The level of
significant differences was established to be at
P<0.05.
$%'&%!%'%%"!

%//.?/312<80.:A,/+7The seed weight of
the bean genotypes was tabulated in Table 2. The
seed weight of the genotypes varied within the wide
range from 34.07 to 137.47 g. The seed weight was
highest in genotype no. 4 (137.47 g) followed by
genotype no. 14 (131.51 g) with differences observed in terms of seed weight among other genotypes. These study results showed that seed
weight/crop significantly varied depending on different land uses. These results are supported by different studies under different land use conditions
Mokhtar [23-24-25].
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%86/+6378+-3.-87</7<;80-86687,/+71/78<A9/;-855/-</.0:86E;93:.3;<:3-<80:B=:=67 

6378+-3.;-87</7<;80.:A,/+7Considerkg-1, respectively (Figure 1.a). Methionine content
able differences were observed among bean genowas the highest in genotype no. 31 (20.88 g kg-1),
types in terms of amino acid compositions. Overall
followed by genotype no. 6 (18.59 g kg-1) and genotype no. 3 (18.51 g kg-1). Similarly, the cysteine conaspartate, glutamate, isoleucine, leucine and lysine
tent was higher in genotype no. 6 (14.50 g kg-1), folwere the most abundant amino acids whereas all genlowed by genotype no. 3 (13.42 g kg-1).
otypes were deficient in methionine and cysteine. In
general, the highest amino acid concentrations were
Amino acids presence in the medium may prodetected in genotype no. 6. On the other hand, most
mote shoot production through the differentiation of
of the amino acids were also high in genotype no. 3,
dividing cells. Exogenous amino acids can modulate
genotype no. 31 and genotype no. 32. Methionine
membrane permeability and ion uptake, and this may
and cysteine which are deficient amino acids in legbe the major component by which amino acids help
ume seeds, changed among genotypes. The range of
mitigating drought or salt stress effects [33].
methionine and cysteine contents of bean genotypes
This study shows that growing dry bean under
were from 13.18 to 20.88 g kg-1 and 8.79 to 14.50 g
different cultivation conditions leads to high level of
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histidine, methionine, aspartic acid, glutamic acid,
asparagine and glutamine promoted stomatal opening of Viciafaba. Histidine, proline, glutamine, methionine and glycine promoted calcium uptake in
Pharsalus seedlings (Figures 1.b, 1.c, and 1.d). Proline relieved salt toxicity in barley plant lets by
changing salt transport from root to shoot. Increasing
proline content increased K+ content and alleviated
salt stress effects on growth of Vigna radiate cultures
[34-35-36-37].

amino acid contents. Therefore, amino acid production in the dry bean can be said to benefit plant
growth. Similar findings were reported in previous
studies showing that these amino acids may contribute to yield, growth and nutrient element uptake
from soil in different plant species under stress plant
growth conditions for different crops. Proline, alanine, serine, and asparagine also delayed wilting of
maize under stress conditions. Proline, glycine, alanine, leucine, threonine, lysine, arginine, tryptophan
and phenylalanine inhibited stomatal opening while
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& 
":1+73-+-3.-87</7<;80-86687,/+71/78<A9/;-855/-</.0:86;93:.3;<:3-<80:B=:=67 
=
6+:3-
-------------------------------------------------------- -------------------------------------------------------6.60
1.84
2.48
4.92
5.21
6.91
4.35
0.29
1.74
5.94
1.80
2.44
4.82
5.79
7.06
4.57
0.25
1.98
5.51
1.79
2.49
5.01
5.70
6.64
4.26
0.28
1.80
6.12
1.85
2.09
4.33
5.31
5.59
3.56
0.41
1.52
6.35
2.03
2.17
4.65
5.41
6.27
3.68
0.31
1.56
6.31
1.81
1.98
4.47
5.09
5.94
3.22
0.44
1.40
7.07
3.08
2.63
5.29
4.74
7.53
3.70
0.28
1.78
6.23
3.25
2.54
5.54
4.89
7.04
3.93
0.23
2.02
6.82
3.01
2.68
6.03
5.10
8.06
3.96
0.28
2.52
6.94
2.91
2.63
6.22
5.79
7.72
4.26
0.22
2.50
6.71
2.38
2.47
6.16
5.96
7.46
4.20
0.65
2.19
7.79
2.21
2.42
6.48
5.87
8.27
3.89
0.71
2.13
7.15
3.15
2.87
5.52
5.56
6.57
5.11
0.22
1.97
6.31
3.33
2.78
5.68
5.81
6.09
5.43
0.17
2.20
6.54
3.16
2.60
5.38
5.64
7.83
5.55
0.20
2.31
5.46
2.32
2.38
4.31
5.11
6.39
3.78
0.32
1.51
5.80
3.18
2.52
4.41
5.32
6.73
3.85
0.33
1.64
5.64
2.94
2.19
4.45
4.95
7.20
3.44
0.35
1.70
6.68
2.25
2.52
5.42
5.14
7.08
4.17
0.39
2.10
5.84
2.42
2.43
5.67
5.29
6.59
4.39
0.31
2.33
6.99
2.38
2.31
5.48
5.81
7.38
3.84
0.41
2.50
7.54
2.72
1.99
5.05
7.14
8.30
4.96
0.54
2.12
6.82
2.53
2.19
5.05
6.36
8.51
5.12
0.47
1.95
7.32
2.62
2.41
5.19
6.60
7.75
5.23
0.57
2.12
6.82
2.38
2.54
4.65
5.79
6.57
4.89
0.32
2.02
6.94
2.21
2.68
4.47
5.96
6.09
5.02
0.33
2.52
6.71
3.15
2.63
5.29
5.87
7.83
5.11
0.35
2.50
7.79
3.33
2.47
5.54
5.56
6.39
5.43
0.39
2.19
7.15
3.16
2.42
6.03
5.81
6.73
4.90
0.31
2.13
6.31
2.32
2.87
6.22
5.64
7.20
4.13
0.41
1.97
6.54
3.18
2.78
6.16
5.11
7.08
4.45
0.54
2.20
5.46
2.94
2.60
6.48
5.32
6.59
4.02
0.47
2.31

"@+53-
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

6.89
6.20
6.78
6.48
6.61
6.77
7.35
6.66
7.05
7.52
7.61
8.19
7.27
6.57
5.74
5.95
6.59
6.82
7.08
6.39
7.02
7.37
7.79
7.59
7.83
7.35
7.24
7.05
7.52
7.61
7.43
7.27

#:893873-

&+:<+:3- =<A:3-

+5873-
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+5/3-

%=--373-
8.90
9.12
9.69
7.60
8.25
8.62
9.91
10.57
12.51
11.80
14.18
13.57
10.57
11.22
11.02
10.09
13.10
10.24
13.11
14.19
14.79
14.84
15.58
15.43
13.31
10.45
11.34
11.84
13.62
12.35
12.51
11.80
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":1+73- +-3. -87</7<; 80 .:A ,/+7 As seen
on the Table 3, succinic, oxalic, lactic and propionic
acids were the most abundant whereas maleic and
fumaric acids were the scarcest. Organic acid content
of the genotypes varied within a wide range. Most of
the organic acids were high in genotype no. 10, 11,
12, 21, 22, 23, 24, 29 and 31, and low in genotype
no. 1, 2, 3, 4, 5, 6, 16 and 18. However, in some genotype, certain organic acids were high while some
others were low. For example, genotype no. 14 had
the highest tartaric acid but the lowest maleic acid.
Similarly, genotype no. 15 had the highest citric acid
but the lowest oxalic acid. Similar results were also
observed in genotype no. 13, 17, 22, 23, 26 and 32.
Organic acids have a potential role as metabolically active solutes for the osmotic adjustment and
the balance of cation excess in the plant. Organic acids also participate as key components in the mechanisms, by which some plants use to cope with nutrient deficiencies, metal tolerance and plant-microbe
interactions operating at the root-soil interface. Because of its high affinity for di- and tri-valent cations,
citrate and other organic acids can displace P from
insoluble complexes making it more soluble and thus
available for plant uptake and stimulating nitrate uptake of plant [38-39].
Acetic acid, glycolic, malonic, oxalic, formic,
and acidic acid each plays a crucial role in nutrient
acquisition (P, Fe and Mn) by plants growing in low

nutrient soils, and their release in response to nutrient starvation differs between plant species [40-41].
Similarly, these acids can desorb P from sesquioxide
surfaces with anion exchange [42-43] and also maintain sulfate mobility in rhizosphere soil through
competitive displacement from adsorption sites [44].
The concentrations of fumaric, malic and citric acids
can also chelate Fe and Mn in iron and manganese
oxides (i.e. Fe2O3 and MnO2) thus making them
available for uptake by the plant [45].

8:687/ -87</7<; 80 .:A ,/+7    
    Significantly differences were observed among bean genotypes in terms of hormone
content (Table 4). Gibberellic acid content of the
genotypes ranged from 239.2 ng µl-1 to 331.2 ng µl1
. The highest gibberellic acid contents were determined in genotype no. 11, 12, 16, 17, 18, 22, 23 and
24 whereas genotype no. 3, 20, 21 and 25 had the
lowest gibberellic acid contents. The amount of salicylic acid, which was the second abundant hormone
following gibberellic acid, significantly varied
among bean genotypes. Genotype number 26, 27 and
28 had higher salicylic acid content than those of the
other genotypes. The indole acetic acid content of
the genotypes also varied within the wide range from
11.01 ng µl-1 to 16.27 ng µl-1. The amount of indole
acetic acid was high in genotype no. 9, 13, 15, 25,
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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

3,,/:/553--3.
%+53-A53--3.
,;3;3--3.
7.85/+-/<3--3.
-------------------------------- -------------------------------264
81.6
0.12
12.9
254
84.2
0.14
12.3
239
87.2
0.12
13.4
274
92.8
0.12
13.5
288
89.6
0.12
12.7
296
88.5
0.14
11.8
294
91.1
0.09
14.6
297
82.4
0.11
13.8
286
98.7
0.07
16.3
289
93.4
0.09
14.7
303
88.8
0.16
14.3
331
96.7
0.15
12.6
290
92.7
0.11
15.0
274
95.5
0.1
13.8
266
90.5
0.1
15.3
319
114.0
0.11
13.8
323
122.1
0.16
14.6
311
134.5
0.12
11.0
264
130.1
0.11
11.9
243
120.7
0.09
13.5
239
117.2
0.1
13.6
304
116.5
0.13
14.2
318
122.5
0.16
12.3
329
114.8
0.14
14.4
239
116.7
0.16
15.0
274
153.1
0.15
13.8
288
156.3
0.11
15.3
296
168.8
0.1
13.8
294
109.7
0.1
14.6
297
108.7
0.11
11.0
286
107.1
0.16
11.9
289
115.4
0.12
13.5
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terial content in the atmosphere and then, these dissolved pollutants are deposited onto surface waters,
soils and vegetation [3, 4]. In industrialized areas,
bulk precipitation could be a significant source of
loading of contaminants to the waters and soils [5].
Inorganic constituents such as sulfur dioxide or nitrogen oxides or alkaline components (Ca2+, Mg2+
and NH4+) content in atmospheric waters influence
precipitation acidity. Trace metals such as Fe, Mn
and Cu are also involved in aqueous phase oxidation
of acid-rain precursors [6]. Thus, the chemical composition of bulk deposition is being an interesting research subject in all over the world [7]. Several studies of inorganic chemistry of wet and bulk deposition
collected at rural, urban and industrialized sites in
Europe [2, 8-26] have been reported in the last decades. However, few data about major ions and trace
metals concentrations in wet and bulk deposition at
European suburban regions can be found literature
[16, 25].
Wet and dry depositions are measured using
wet-only collectors and dry collectors respectively.
The use of these collectors are expensive and requiring a power supply and sensors [1, 27]. On contrary,
the use of bulk collectors to bulk deposition collection allows cost-effective sampling in large networks. In addition, although bulk sampling is not the
preferred sampling method for the chemical characterization of rainfall by GAW Precipitation Chemistry Science Advisory Group [28], it is still being used
in recent studies [16] for this purpose.
The aim of this paper is an inter-comparison
study of two bulk collectors (sedimentary particles
sampler and a tipping bucket rain gauge) for the inorganic chemical characterization of bulk deposition. The possibility of using both collectors, interchangeably, in deposition networks for routine
measurements of the chemical composition of precipitation was tested. Also, the current study reports
data of the major ions (Cl−, NO3−, SO42−, Na+, K+,
Ca2+, Mg2+ and NH4+) and trace metals (Al, As, Ba,
Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, V, Zn) composition

Major ions and trace metals concentrations of
bulk precipitation collected at a suburban area of
Northwest of Spain were investigated by using a sedimentary particles sampler and a tipping bucket rain
gauge collectors. Bulk precipitation samples were
analysed for pH, electro-conductivity, and concentrations of major ions and trace metals. Results
achieved using both collectors were compared to
know the possibility of indistinguishable use of both
collectors in deposition networks. Statistical analysis
(analysis of variance ANOVA, multiple range test
and regression analysis) of rainfall amount and major ions and trace metals concentrations achieved by
using both collectors was performed. Although some
significant seasonal differences were observed for
Ba, Co and Zn concentrations, ANOVA multiple
range tests revealed no significant difference (p <
0.05) when using both collectors. Thus, sedimentary
particles sampler and tipping bucket rain gauge collectors can be used interchangeably in deposition
networks.


+)!$%
Deposition collectors, major ions, trace metals, bulk deposition, suburban area
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Pollutants removal from atmosphere can take
place by wet and dry deposition. Both (wet and dry
depositions) are referred to as bulk deposition [1].
Wet deposition is a process by which pollutants are
incorporated into cloud droplets and scavenged to
the ground in the form of rain, snow and mist [1, 2].
Dry deposition of pollutants occurs by turbulent
transfer and by gravitational settling on the earth’s
surface [2]. Rainwater acquires dissolved pollutants
from the dissolution of gaseous and particulate ma-
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stored at 4 °C in a refrigerator. After month ended,
filtered samples were combined and sample volume,
pH and conductivity were measured. 16 samples
were collected from May 2011 to August 2012,
which provide information pertaining to the monthly
variation in chemistry. Catchment areas of 730 and
200 cm2 are supplied by Sedimentary particle and
Rain Gauge collectors, respectively. Design and
characteristics of Sedimentary particle collector follows the specifications of the Spanish technical
norms of the Order by the 10th of August 1976 [30].
Sedimentary particle collector is made of thermoplastic component equipped with a plastic sieve with
25.0 mm openings and bottles of 10 L. Sedimentary
particle collector and collection bottle are linked
through a rubber tube of appropriate diameter (2.0
cm e.d. and 1.3 i.d. cm). Rain gauge collector is
made of thermoplastic components (good resistance
to corrosion) and incorporates a heater (operating
temperature between –20 °C and +50 °C) for yearround use in all climates. This collector offers a resolution of 0.1 mm per tip and good accuracy (2% up
to 25 mm h–1 and 3% up 50 mm h–1). Schemes and
characteristics of both collectors are also shown in
Figure 1. Collectors were placed at ~2.5 m above the
ground level on the roof of an immission monitoring
station placed in University Institute of Environment
(Pazo de Lóngora) located almost in the central part
of the site.

of bulk precipitation at a suburban site on the northwestern coast of Peninsula Iberian.


%"  
*"$ &&!%

%?@/D>4?0Rainwater deposition was collected
in Oleiros (latitude 43.2ºN, longitude 8.17ºW, at 120
m above the sea level), a suburban area near to A
Coruña city (Northwest coast of Spain). Sampling
site is located in a residential area immediate vicinity
is agricultural lands, forests and the sea. This area is
characterized by the presence of igneous rocks,
mostly granites [29].

%,8;7492 ,9/ ?=0,?809? ;=:.0/@=0> Bulk
precipitation samples were collected weekly (in parallel) with two collectors (Sedimentary particles
sampler MCV PS (Barcelona, Spain) and Tipping
bucket rain gauge Young 52203 (Michigan, USA).
Particles adhering to the PVC funnels were washed
with a portion of sampled rainwater. The washing
sample was collected in the same bottles used for
sample collection. The bottles were removed and replaced by other clean bottles. Then, samples were filtered into pre-cleaned polypropylene bottles (by using Munktell quartz filters (Falun, Sweden)) and
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Major ions (Na+, NH4+, K+, Ca2+, Mg2+, Cl−, NO3−,
SO42−) concentrations were measured by capillary
zone electrophoresis (HP3DCE, Agilent, Palo alto,
CA, USA). Cations were determined using an electrolyte containing 4-aminopyridine 10 mM and 18crown-6 2.5 mM with pH adjusted to 6.0. The separation of anions was performed using 2.25 mM pyromellitic acid, 0.75 mM hezamethonium and 1.6
mM triethanolamine electrolyte with pH adjusted to
7.7. Detection limits of the method were 1.97, 2.06,
0.25, 2.22, 1.53, 0.35, 1.74 and 4.11µEq L-1 for Cl−,
NO3−, SO42−, NH4+, K+, Ca2+, Na+ and Mg2+ respectively.
Trace metals were measured by ICP-MS
(Thermo Finnigan X Series (Waltham, 125 MA,
USA)) under standard operating conditions. Calibrations were based on 2.0 M nitric acid aqueous standard solutions covering metal concentrations from 0
to 500 µg L–1. Yttrium and indium (5.0 µg L–1), germanium (10.0 µg L–1), and scandium (50.0 µg L–1),
were selected as internal standards. After performing
different calibrations over six different days, good
repeatability of the calibration’s slopes was obtained. The LOQs (10 SD criterion) were 4.6, 0.40,
0.2, 0.03, 0.08, 0.23, 0.25, 0.035, 0.13, 0.08, 0.50,
0.025 and 2.0 µg L–1 for Al, As, Ba, Co, Cr, Cu, Fe,
Mn, Ni, Pb, V, Sr and Zn, respectively.

Trueness of trace metals determination was assessed by analysing WS-PE trace Metals Mix from
AccuStandard (New Haven, CT, USA). Concentrations found (317±9, 778.5±25, 48.1±3, 572.7±7,
2941±104, 720±30, 153±13, 79.5±5 and 2814±79 µg
L–1 for Al, Ba, Cr, Cu, Fe, Mn, Ni, Pb and Zn, respectively) are in good agreement with the certified
values (279−358, 659−891, 42.5−57.5, 525−641,
2717−3185, 683−770, 129−175, 55.8−104 and
2649−3080 µg L–1 for Al, Ba, Cr, Cu, Fe, Mn, Ni, Pb
and Zn, respectively) after statistical evaluation by
applying a t-test at 95% confidence level for seven
degrees of freedom ( values for all metals (0.3142,
0.5960, 1.7912, 0.7233, 0.2441, 1.2217, 0.2176,
0.1131 and 2.1840 for Al, Ba, Cr, Cu, Fe, Mn, Ni, Pb
and Zn, respectively) are lower than the  value of
2.3646).
To avoid metal contamination during collection
and analysis of rainfall samples, all plastic ware and
glassware was washed with ultrapure water of 18
MΩ cm resistance (Milli-Q water-purification system, Millipore, Bedford, MA, USA) and kept for 48
h in 10% (v/v) nitric acid (ultraclean nitric acid 69–
70% (Baker, Phillipsburg, PA, USA)), then rinsed
several times with ultra-pure water before use. After
collection, sample manipulation and analysis were
carried out into a class–100 clean room.
%?,?4>?4.,7?=0,?809?:1/,?,Programs from
Statgraphics version 7.0 routine (Statgraphics
Graphics Corporation, ST.SC., USA) were used to
data treatment.
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$,49 <@,9?4?D During the study period, May
2011 to August 2012, monthly rainfall volume collected with Tipping bucket rain gauge ranged from
4.5 mm (February 2012) to 166.1 mm (April 2012).
The mean rain amount and RSD were 63.8 mm and
95.8 %, respectively (Table 1). Monthly rainfall volume collected with Sedimentary particles sampler
varied from 5.6 mm (February 2012) to 125.8 mm
(April 2012), a mean ± SD of 56.4 ± 45.9 mm was
achieved. Rain quantity shows high variation from
month to month, with RSD ranging from 57.9% to
144% (Table 1). After ANOVA and multiple range
tests were applied, since the p-value (0.6684) of the
F-test is greater than 0.05 (Table 1), there is not a
statistically significant difference between the means
of precipitation volumes from both sampling devices
at the 95.0% confidence level. A good correlation
was observed between both sampling devices
(R2=0.9717).

!?30= ;,=,80?0=> <@,9?414.,?4:9> pH was
measured by pH meter (pH GLP 21, Crison Instruments, Barcelona, Spain) and a pH-52/02 glass electrode (Crison Instruments). The pH meter was calibrated with low ionic strength buffers (Crison Instruments) which are suitable for pH measurements of
weak solutions like rainwater. Electrical conductivity (EC) was measured by conductivity meter (GLP
31, Crison Instruments). Both pH and conductivity
were measured at a reference temperature of 25 °C.
#@,74?D,>>@=,9.0Trueness of major ions determination was assessed by analysing Certified Reference Materials (Artificial Rainwater-BCR-409,
Community Bureau of Reference – Commission of
the European Communities (Brussels, Belgium).
Concentrations found (112±2, 78.5±0.7, 26.7±0.3,
4.33±0.2, 7.81±0.1, 83.0±0.5, 6.10±0.1 and 107±2,
µEq L–1 for Cl−, NO3−, SO42−, Na+, K+, Ca2+, Mg2+
and NH4+, respectively) are in good agreement with
the certified values (113±2, 78.1±1, 26.6±0.35,
4.25±0.25, 7.75±0.15, 82.9±1.12, 6.15±0.1 and
106±2 µEq L–1 for Cl−, NO3−, SO42−, Na+, K+, Ca2+,
Mg2+ and NH4+, respectively) after statistical evaluation by applying a t-test at 95% confidence level for
nine degrees of freedom ( values for all ions
(1.5811, 1.8070, 1.0541, 1.2645, 1.8974, 0.6325,
1.5811 and 1.5811 for Cl−, NO3−, SO42−, Na+, K+,
Ca2+, Mg2+ and NH4+, respectively) are lower than
the  value of 2.2622).

;,9/070.?=:.:9/@.?4A4?DThe highest pH
values during the May 2011–August 2012 period
(6.6 and 5.8 for Sedimentary particles sampler and
rain gauge collectors, respectively) were observed in
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Rain
pH
EC
Cl−
NO3−
SO42−
NH4+
K+
Na+
Ca2+
Mg2+

Sedimentary particles sampler
Average
RSD/%
Max
56.4
81.4
137
5.5
9.1
6.6
37.8
88.7
148
225
73.4
715
18.4
42.2
42.1
75.9
64.2
162
13.5
196
92.6
11.5
118
99.5
54.1
95.8
166.9
191
67.1
445
48.3
54.7
102

Min
5.6
4.9
10.1
55.8
11.8
27.1
2.2
1.0
6.5
42.5
14.8

Average
63.8
5.1
34.8
194
22.0
60.1
17.5
13.2
65
174
59.6

Tipping bucket rain gauge
RSD/%
Max
87.2
166
12.2
5.8
82.8
122
78.9
639
75.0
44.2
67.1
141
56.6
80.2
62.9
87.9
38.9
77
54.8
458
27.4
83

Min
4.5
4.2
8.3
51.0
10.4
16.9
2.2
1.5
3.5
34.0
12.3

p-valuea
0.6684
0.1938
0.7895
0.5857
0.6104
0.3271
0.6386
0.7257
0.5389
0.7062
0.2215

R2b
0.9717
0.8716
0.9296
0.9077
0.9450
0.9186
0.7611
0.9133
0.9647
0.9146
0.8577

a
p-value of ANOVA obtained between the means of each variable by using both collectors (Sedimentary particle sampler
and Tipping bucket rain gauge) at the 95.0% confidence level. b Regression coefficient obtained for each variable by using
both collectors (Sedimentary particle sampler and Tipping bucket rain gauge) at the 95.0% confidence level.

98, 115, 136, 610, 27, 197 and 566 µEq L-1 for Na+,
K+, Ca2+, Mg2+, Cl−, NO3−, SO42− and NH4+, respectively at Cies islands (Atlantic islands near Galicia)
and concentrations around 352, 70, 32, 121, 14, 65,
and 138 µEq L-1 for Na+, K+, Ca2+, Mg2+, Cl−, NO3−,
SO42− and NH4+, respectively at suburban area
(Lourizan). Average Na+ (670-1190 µEq L-1), K+
(60-45 µEq L-1), Ca2+ (260-2890 µEq L-1), Mg2+
(1300-1230 µEq L-1), Cl− (590-3590 µEq L-1), NO3−
(20-1300 µEq L-1) and SO42− (130-2700 µEq L-1)
concentrations were also reported by Silva et al. [31]
at several suburban areas (Fisterra and Muros).
Calvo-Fernández et al [32] and Santos et al [33] reported NO3− and NH4+ concentration around
12.2±2.79 and 16.4±2.1 µEq L-1 for NO3− and NH4+,
respectively at mountainous heathlands of NorthWestern Spain (La Majúa and San Isidro) and around
20 to 40 µEq L-1 and 10 to 20 µEq L-1 for NO3− and
NH4+, respectively at Aveiro, Portugal (Atlantic
coastal urban area). Due to the transport of cleaner
Atlantic air masses from the sea, the concentrations
of anthropogenic ions (i.e., NO3−) are lower than
published at other inland cities of Spain [34, 35] and
France [22]. Thus, average NO3− concentrations in
the range of 2.2 to 5500 µEq L-1 at Málaga city [34,
35]; 1.6 to 228.2 µEq L-1 at Avignon city [22]. Average relative abundance of anions (on equivalent
basis) follow the sequence Cl− > SO42− > NO3− with
Cl− dominating the anion budget (Table 1). Ca2+
dominates the cation budget of the rainwater with the
sequence Ca2+ > Na+ ~ Mg2+ > NH4+ ~ K+. Acidic
ions (SO42− plus NO3−) and alkaline (Ca2+) components affect the rainfall pH in this site. The abundance of alkaline ions (Ca2+) and acidic ions (Cl− and
SO42−) dictates the pH of the precipitation. The contribution of NH4+ and Mg2+ to the neutralization of
rainwater acidity is negligible. ANOVA and multiple range tests showed that no significant differences
were found for ionic content (Table 1) by using both
sampling devices. Regression analysis for the ionic
constituents in Sedimentary particles sampler versus

June–2012, while the lowest values (4.9 and 4.2 for
Sedimentary particles sampler and rain gauge collectors, respectively) were observed in July–2011. Results show that about 62% of the samples collected
are slightly acidic (pH < 5.6). This fact could due to
the absence of smoke from chimneys factories,
which contained alkaline metal oxides or alkaline
materials. Average pHs found are enclosed into the
ranges (4.9–7.0) reported by Vázquez et al. [25] and
Silva et al. [31] at several rural sites of North west of
Iberian Peninsula. Average EC values were 37.8 and
34.8 µS cm−1 for Sedimentary particles and rain
gauge samples, respectively. The maximum EC values were observed in February–2012 (148 and 122
µS cm−1 for Sedimentary particles and rain gauge
collectors, respectively) whereas the minimum EC
values were found in May–2012 (10.1 and 8.3 µS
cm−1 for Sedimentary particles and rain gauge collectors, respectively). pH shows low variation from
month to month with RSD in the 9−12% range, while
high EC variation was achieved from month to
month (Table 1). ANOVA and multiple range tests
show that there is not a statistically significant difference between the means of pHs and ECs from
both sampling devices at the 95.0% confidence level
(Table 1) in the May 2011–August 2012 period. A
good correlation was also observed between both
sampling devices for pH (R2=0.8716) and for EC
(R2=0.9296 for EC). Relationship between pH and
precipitation amount, and EC and precipitation
amount were not found for both collectors.
:94..:9?09?Major ion contents also show a
high variation from month to month during the May
2011–August 2012 period. RSDs higher than 30%
(Table 1) were obtained. Major ions concentrations
obtained are in agreement with average values previously reported at several natural and rural sites of
North West of Iberian Peninsula [25,31,32] and urban areas in the Atlantic coast of Iberian Peninsula
[33]. Váquez et al. [25] reported values around 494,
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from month to month, with RSD ranging from 20%
to 177% (for Sedimentary particles collector) and
from 22% to 185% (for rain gauge collector) (Table
2). Trace metals average concentrations follow the
sequence Zn > Al > Fe ~ Ba > Mn ~ Sr ~ Co > Cu ~
Ni > V > Cr. Results show that no significant differences were found for both sampling collectors (Table 2) after ANOVA and multiple range tests were
applied. Regression analysis for trace metals in Sedimentary particles sampler vs. tipping bucket rain
gauge sampler indicated high regression coefficients
(in the range of 0.8751−0.9628). Average metal concentrations in rainfall samples collected by using a
Sedimentary particles sampler were 38% (Fe),
20−26% (Al, Ba and Sr) and 7% (Mn) higher than
metal concentrations achieved by using a rain gauge

tipping bucket rain gauge sampler indicated high regression coefficients (R2 > 0.7611) ordered by this
rank: Na+ > NO3− > SO42− > Ca2+ > K+ > Cl− > Mg2+
> NH4+. Ammonium showed moderate coefficients
(R2 = 0.7611). Average ions concentrations achieved
by using Sedimentary particles sampler were ~13%
(Cl− and K+), ~21−24% (NO3−, SO42−, NH4+ and
Na+) and 18% (Mg2+) higher than concentrations obtained by using a rain gauge sampler. Ca2+ concentration from rain gauge collector was 10% higher
than Ca2+ concentrations achieved by using a Sedimentary collector. However, p-values from multiple
range tests and regression coefficients revealed high
correlation between the concentrations of all ions by
using both collectors (Table 1).
&=,.080?,7.:9?09?>Trace metal concentrations (except Co concentration) offers high variation

& 
&=,.080?,7.:9.09?=,?4:9>0C;=0>>0/,>F2 ,7:92B4?3>?,?4>?4.,7=0>@7?>1:=%0/4809?,=D;,=?4.70>
>,8;70=,9/&4;;492-@.60?=,492,@20,?,>@-@=-,9,=0,:1,74.4, :=?3B0>?:1%;,49/@=492,D
 ?:@2@>?  
Al
Ba
Co
Cr
Cu
Fe
Mn
Ni
Pb
Sr
V
Zn

Sedimentary particles sampler
Average
RSD/%
Max
54.5
177
186
14.9
50.1
52.7
5.0
4.4
9.6
0.27
177
1.9
1.6
81.9
4.3
13.0
83.7
39.6
6.5
20.3
21.3
1.1
89.1
3.8
0.49
76.2
1.4
5.8
75.7
18.0
0.79
61.8
1.8
58.9
63.7
145

Min
9.1
2.6
0.59
0.08
0.44
2.1
0.95
0.23
0.08
1.0
0.31
15.5

Average
43.4
12.4
5.9
0.39
2.1
9.43
6.1
1.5
0.65
4.8
0.61
66.2

Tipping bucket rain gauge
RSD/%
Max
80.2
161
27.8
63.9
1.69
10.2
79.5
1.21
93.3
7.27
122
40.7
112
25.2
73.3
3.53
185
3.9
97.9
21.3
58.7
1.59
21.6
150

Min
8.0
3.1
0.63
0.09
0.23
1.9
0.42
0.47
0.08
1.1
0.24
12.2

p-value
0.6999
0.2869
0.2697
0.4007
0.4019
0.3707
0.8825
0.3617
0.7419
0.5348
0.2368
0.4725

R2
0.9137
0.8928
0.8775
0.9121
0.9511
0.9468
0.9614
0.8965
0.9354
0.9145
0.9628
0.8751

a

p-value of ANOVA obtained between the means of each variable by using both collectors (Sedimentary particle sampler
and Tipping bucket rain gauge) at the 95.0% confidence level. b Regression coefficient obtained for each variable by using
both collectors (Sedimentary particle sampler and Tipping bucket rain gauge) at the 95.0% confidence level.

& 
$,49,8:@9?88;070.?=:.:9/@.?4A4?DF%.8 ,9/8,5:=4:9.:9.09?=,?4:9>F< 1:=
%0/4809?,=D;,=?4.70>>,8;70=,9/&4;;492-@.60?=,492,@20,?,>@-@=-,9,=0,:1,74.4, :=?3B0>?:1
%;,49/@=492>@880=,9/B49?0=>0,>:9>

Rain
pH
EC
Cl−
NO3−
SO42−
NH4+
K+
Na+
Ca2+
Mg2+

Sedimentary
particles sampler
RSD/
Average
%
39.1
70.3
5.6
10.7
31.8
49.0
202
59.4
29.2
65.4
80.8
58.2
15.5
78.1
15.1
53.2
76.4
67.1
308
55.0
52.8
51.0

Summer season
Tipping bucket rain
gauge

Sedimentary
particles sampler

Winter season
Tipping bucket rain
gauge

Average

RSD/%

p-value

R2

Average

RSD/%

Average

RSD/%

p-value

R2

28.7
5.5
34.5
155
18.6
71.6
17.0
9.1
57.6
335
34.9

82.2
13.6
41.9
61.0
57.0
60.6
64.7
110
87.6
56.3
45.0

0.3094
0.6952
0.2854
0.1734
0.0930
0.5705
0.7447
0.1041
0.3963
0.7123
0.0588

0.9991
0.7678
0.9235
0.8330
0.7797
0.8829
0.8887
0.7206
0.7727
0.7500
0.7746

84.8
5.4
47.3
247
35.5
59.6
18.2
24.5
27.3
195
91.6

68.0
4.5
97.4
211
36.4
47.1
181
31.2
18.5
92.8
146

93.8
5.8
42.0
216
17.0
46.9
16.8
9.3
23.9
172
55.1

73.1
14.2
88.1
194
14.1
34.8
11.5
10.0
20.4
63.7
51.9

0.7205
0.1941
0.7217
0.6745
0.2342
0.3917
0.8799
0.1392
0.689
0.4781
0.4246

0.9677
0.7331
0.9910
0.9774
0.7291
0.9631
0.9775
0.9052
0.9146
0.7063
0.8963

a

p-value of ANOVA obtained between the means of each variable by using both collectors (Sedimentary particle sampler
and Tipping bucket rain gauge) at the 95.0% confidence level. b Regression coefficient obtained for each variable by using
both collectors (Sedimentary particle sampler and Tipping bucket rain gauge) at the 95.0% confidence level.
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&=,.080?,7.:9.09?=,?4:9>0C;=0>>0/,>F2 ,7:92B4?3>?,?4>?4.,7=0>@7?>1:=%0/4809?,=D;,=?4.70>
>,8;70=,9/&4;;492-@.60?=,492,@20,?,>@-@=-,9,=0,:1,74.4, :=?3B0>?:1%;,49
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Summer season
Winter season
Sedimentary
Tipping bucket rain
Sedimentary
Tipping bucket rain
particles sampler
gauge
particles sampler
gauge
Average
RSD/% Average RSD/% p-value
R2
Average RSD/% Average RSD/% p-value
R2
Al
68.7
114
42.3
104
0.4203
0.9289
33.6
72.9
20.3
84.7
0.1222
0.8571
Ba
19.2
16.5
8.5
4.3
0.0330
0.7381
10.2
66.5
6.8
35.3
0.0132
0.5822
Co
5.8
45.9
3.1
113
0.0365
0.6920
4.4
70.5
1.3
161
0.0064
0.4617
Cr
0.21
90.5
0.39
74.4
0.0735
0.5987
0.37
189
0.36
83.3
0.9625
0.6157
Cu
2.5
124
1.79
83.7
0.5118
0.7974
1.5
86.6
2.5
100
0.2129
0.8712
Fe
11.1
112
12.3
139
0.8458
0.6573
9.5
78.9
6.8
52.5
0.2534
0.6478
Mn
6.8
80.2
7.5
108
0.8300
07084
5.7
119
4.2
109
0.5163
0.9792
Ni
1.5
58.0
1.9
57.9
0.3140
0.7606
1.8
33.2
1.5
57.3
0.3126
0.6104
Pb
0.49
100
0.21
105
0.0863
0.7388
0.57
75.4
1.0
180
0.4104
0.7066
Sr
5.4
58.4
3.8
52.5
0.1713
0.8514
5.5
104
6.1
113
0.8111
0.9921
V
0.78
55.7
0.49
30.6
0.3288
0.7966
0.76
67.1
0.61
78.7
0.4475
0.9845
Zn
55.4
55.3
35.6
42.4
0.0477
0.6257
50.7
29.4
38.1
40.3
0.0424
0.9791
a
p-value of ANOVA obtained between the means of each variable by using both collectors (Sedimentary particle sampler and Tipping bucket
rain gauge) at the 95.0% confidence level. b Regression coefficient obtained for each variable by using both collectors (Sedimentary particle
sampler and Tipping bucket rain gauge) at the 95.0% confidence level.

and Mg2+ (generate over the sea surface by the action
of wind) has higher concentrations in winter than in
summer. Sea salt particles are coarse particles, which
can settle quickly by gravitational action [16]. The
great influence of Atlantic oceanic air masses during
winter at the sampling site can explain the great marine-derived species concentration during wet season
[36, 37]. Finally, species such as NO3−, NH4+, Cr,
Cu, Ni, Sr and Zn concentrations and pH do not show
a great seasonal variation.
During dry season average precipitation volume collected with Tipping bucket rain gauge was
27% lower than rainfall collected with Sedimentary
particles sampler. On contrary, during wet period the
average precipitation volume collected was 11%
high when Tipping bucket rain gauge collector was
used (Table 3). These significant differences could
be due to the evaporation of rainwater during collection; rainwater evaporation could depend on design
of collector (Figure 1). However, after ANOVA and
multiple range tests were applied, since the p-values
(0.3094 and 0.7205 for dry and wet seasons, respectively) of the F-test is greater than 0.05, there is not
a statistically significant difference between the
means of precipitation volumes from both sampling
devices over different seasons. Good correlations
were also achieved between both sampling devices
during dry (R2=0.9991) and wet (R2=0.9677) seasons. Average pH and EC achieved by using both
collectors are also not statistically significant different (p-values > 0.05) during dry and wet seasons.
Good correlations were achieved between both sampling devices during dry (R2 of 0.7678 and 0.9235
for pH and EC, respectively) and wet (R2 of 0.7331
and 0.9910 for pH and EC, respectively) seasons.
Major ion and metal concentrations (except Ba, Co
and Zn) achieved by using both collectors are not
statistically significant different (p-values > 0.05)

sampler. On contrary, Cr, Ni, Cu, Pb, Co and Zn concentrations in rainfall samples collected by using a
rain gauge sampler were 31, 30, 25, 25, 15 and 11%
higher than Cr, Ni, Cu, Pb, Co and Zn concentrations
achieved by using a sedimentary collector. Although
differences commented above, p-values from multiple range tests and regression coefficients revealed
high correlation between metal concentrations from
both collectors during the May 2011–August 2012
period (Table 2).
%0,>:9,7A,=4,?4:9Average rain amount, pH,
EC and major ion and metals concentrations
achieved by using a Sedimentary particles and a Tipping bucket rain gauge samplers during summer (dry
season) and winter (wet season) are shown in Tables
3–4.
The ratios of average rain amount, pH, EC and
major ion and metals concentrations (for both sampling devices) in summer to the corresponding values in winter are depicted in Figure 2. High concentrations for some species such as SO42−, Na+, Ca2+,
Al, Ba, Co, Fe and Mn were obtained (for both collectors) during the dry spell season (May–2011,
June–2011, July–2011, August–2011, September–
2011, May–2012, June–2012, July–2012 and August–2012). The small amount of rainwater should
result in high concentration of chemical composition
of rainwater. The concentrations of soil-derived species such as Ca2+, Al and Fe are reduced during the
winter (October–2011, November–2011, December–2011, January–2012, February–2012, March–
2012 and April–2012) because of increasing soil
moisture. As commented above, pollutants removal
from atmosphere can take place by wet deposition.
Thus, high concentrations of anthropogenic-derived
species such as K+, Pb and V [31, 32] are measured
in winter season. Marine-derived species such as Cl–
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during dry and wet seasons. p-values lower than 0.05
were Zn > Al > Fe ~ Ba, while Cr and V offers the
(0.0330 (dry season) and 0.0132 (wet season)) were
lowest concentrations. ANOVA test showed that
obtained for Ba. By the same way, during dry season
amount of precipitation, pH, EC and major ion and
p-values of 0.0365 and 0.0477 were obtained for Co
trace metal concentrations achieved using both coland Zn. Finally, p-values of 0.0064 and 0.0424 were
lectors were not significantly different (p < 0.05)
obtained during the wet season for Co and Zn, reduring the May 2011–August 2012 period. Although
spectively. Good correlations were also achieved beANOVA test illustrated some significant differences
tween both sampling devices during dry and wet seafor Ba, Co and Zn concentrations during dry and wet
sons.
seasons, the use of a rain gauge collector offers sim
ilar data than Sedimentary particles collector for
bulk deposition measurements. Thus, both collectors

can be used interchangeably in deposition networks
! '%! %
for routine measurements of the chemical composi
tion of precipitation.
Bulk precipitation samples were collected by
using two bulk collectors from May 2011 to August
2012 and analyzed for pH, EC and major ion and
 !) &%
trace metal composition. Results show that the precipitation collected was acidic with a pH of 5.1−5.5.
The EC values were 37.8 and 34.8 µS cm−1 for SedThis work has been supported by Dirección
imentary particles and rain gauge collectors, respecXeral de Desevolvemento e innovación (reference:
tively. The relative mean depositions of anions and
10MSD 164019PR), Ministerio de Ciencia y Innocations from both collectors in a descending order
vación (Plan Nacional I+D+I 2008-2011, ref:
were Na+ > NO3− > SO42− > Ca2+ > K+ > Cl− > Mg2+
CGL2010-18145) and Xunta de Galicia (Programa
> NH4+. The dominant anion and cation were Cl− and
de Consolidación y Estructuración de Unidades de
Ca2+, respectively. The dominant metals in rainwater
Investigación Competitivas 2017-2020, ref:
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The energy efficiency of China remains below
the global average. Fujian is a representative province of China with top-level energy efficiency.
Hence, studying the energy efficiency in Fujian
Province and its influencing factors is important as
it can provide insights to facilitate better decision
making and help improve the overall energy efficiency of the country. The existing target responsibility system (TRS) in China is an indispensable
constraint and motivation for the government to
implement energy policies, but it merely covers the
provincial level. As direct undertakers of energysaving targets and under enormous pressure from
the unreasonable disaggregation of tasks, local
governments at different levels take a series of
extreme measures, such as power rationing. This
study quantitatively calculates the total factor energy efficiency from 2005 to 2015, and explores the
influencing factors on the energy efficiency of
Fujian Province. A new allocation scheme based on
energy-saving potential and contribution rate is also
proposed based on an analysis of the regional TRS
of Fujian. This study’s findings provide references
for other provinces and municipalities in their efforts to improve energy efficiency and develop new
allocation schemes of TRS. The study can also
provide insights that can aid decision making to
improve China’s overall energy efficiency.

A direct reduction in the gross energy consumption
can definitely slow down economic growth, which
is unacceptable. For this reason, improving energy
utilization efficiency while sustaining economic
growth is important for all economic entities [2].
“Energy efficiency” is defined as achieving
the same output level with less energy consumption, thus offering diverse benefits to society and
individuals [3]. From a global perspective, energy
efficiency improvement reduces greenhouse gas
emissions and contributes to climate change mitigation; from a national perspective, it increases energy security; and from an enterprise perspective, it
reduces costs and increases industrial competitiveness [4]. China is currently the largest energyconsuming country worldwide, accounting for 23%
of global energy consumption in 2015 [5]; however,
its energy consumption per unit output value is 2.3
times greater than the world average, and its energy
efficiency is 10% less than the world average [6].
Thus, improving the energy efficiency of China has
high practical significance.
Motivation is undoubtedly indispensable regardless of the kind of energy policy the Chinese
government implements. However, for a long time,
the achievements of local government officials
were only measured in terms of gross domestic
product (GDP). In the 1980s, GDP actually grew
twice as fast as energy demand for a certain period.
GDP quadrupled (nearly 10%/year), while energy
use only doubled (almost 5%/year) from 1980 to
2000 [7]. This unusual trend was mainly because
state-owned enterprises were the predominant form
of industry in China, and the government could
have direct control over enterprises with a production quota system at that time [8]. While energy
intensity declined by 5% annually on average from
1980 to 2002, energy consumption per unit GDP
increased by 3.8% per year between 2002 and 2005
[8]. A mandatory target that aimed for a 20% reduction in energy intensity based on the 2005 energy
intensity was included in the 11th Five-Year Plan
[9]. The truth is, although energy conservation and
emission reduction have been mentioned in government annual reports since the 6th FYP, it was
only until the 11th FYP that a binding target for

(&!"
Energy Efficiency, Influencing Factor, Target Responsibility System
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The implementation of the Reform and Opening-up policy has paved the way for the tremendous
achievements gained by the Chinese economy. The
average annual growth rate of the economy reached
15.2% from 1980 to 2012 in China [1]. However,
such a high growth rate has been achieved at the
expense of high energy consumption and emission.
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China was presented. Similarly, a scheme using
path analysis was proposed in Ref. [20], to allocate
the national carbon intensity reduction tasks in the
12th FYP. Ran argued that the incentives set by the
central government regarding environmental policy
implementation at the local levels are perversely
structured [21]. Kevin Lo listed several limitations
of TRS and indicated the problems that may arise
from using energy intensity (defined as the energy
unit per unit of GDP) as a policy objective; however, he did not propose a new allocation scheme for
existing problems [22]. In Ref. [23], the author
developed the scenarios of China’s TRS in terms of
the choice preferences among energy-saving responsibility, capacity, and potential. This study
employed two models to verify the disaggregation
principle of the national energy saving target. Nevertheless, no study has been published on the principle of allocating energy-saving tasks within a
province. Enterprises are the direct and ultimate
undertakers of energy-saving targets; thus, optimization at regional level is far more practical. The
current study aims to fill these research gaps.
In line with China’s vigorous development of
ecological civilization construction, Fujian Province was designated by the State Council as the first
provincial eco-civilization construction demonstration area in China in 2014 [24]. It then became the
first national ecological civilization experimental
area in 2016 [25]. This means that the work carried
out by Fujian Province in the fields of environmental protection, energy conservation and emission
reduction can be used as a model by other provinces. Furthermore, Fujian is a representative province
of China with top-level energy efficiency. From
2003 to 2011, Fujian was one of the most energyefficient regions in China in terms of provincial
energy intensity [26]. Having a high level of energy
efficiency means that there is little room for further
improvement in Fujian Province as a whole. Yet,
this also means that completing the energy-saving
and emission reduction objectives delegated by the
country at a relatively higher starting point is an
arduous task. Thus, exploring the potential of a
county, city or key production department and
distributing the tasks rationally require urgent attention. Moreover, identifying the key factors affecting
the energy efficiency of the whole province and
analyzing the actual situation in Fujian Province
must be carried out in order to give full play to their
own advantages towards better energy efficiency.
Given the relatively high energy efficiency,
optimized energy structure, and high dependence
on energy supply, of Fujian, the province is taken
as an example in this study to explore the characteristics of the energy efficiency in the province and
its influencing factors from a total factor perspective. On the one hand, this study can offer insights
to further improve the already outstanding energy
efficiency level of Fujian Province. On the other

energy intensity reduction was introduced [10].
Achieving the energy intensity reduction targets
mainly relies on a so-called target responsibility
system (TRS), which disaggregates targets among
lower levels of governments and hold local leaders
responsible. How to allocate tasks reasonably is the
most important problem that remains to be solved,
because it directly decides if the goal at the national
level can be achieved.
In contrast to the partisan debates in Western
democratic countries, decision making is the privilege of the power centers in China, where local
government institutions are simply responsible for
the implementation of specific policies [11]. At the
provincial level, in the process of formulating the
allocation scheme in the 11th FYP, the provincial
governments initially submitted voluntary energy
intensity reduction targets as requested by the National Development and Reform Commission
(NDRC). Similarly, the provincial target disaggregation in the 12th FYP was also based on rapid
assessment and administrative negotiation.
The TRS differs significantly at the regional
level (within a province). The central government
simply demands the provincial governments to
fulfill their approved tasks while being entirely
indifferent to the approaches the provincial governments adopt to allocate tasks further. To ensure
the completion of the tasks as scheduled, the central
government revised the energy conservation law in
June 2007. This law stipulates that governments
and officials who fail to meet the energy-saving
targets may face numerous penalties, including not
being granted honorary titles or promotions and
even losing their jobs. This law likewise represents
a “one ballot veto” evaluation system, i.e., local
leaders can never be exempted from punishment if
they fail to meet the targets no matter how successful they are in economic development or other
fields [12]. Prefecture-level cities have less bargaining power than provincial governments; thus, many
local officials have to take a series of extreme
measures, such as demanding enterprises to suspend production, to accomplish certain unreasonable tasks assigned by the provincial governments.
These short-term means reduce energy intensity
only superficially; moreover, they actually restrict
economic development and hurt social welfare in
the long run.
A survey of the literature shows that although
many studies have been conducted on the energy
efficiency of China, most focus only on the national
level [13, 14], provincial level [15, 16], or industrial
level [17, 18, 19], while micro-analyses of the energy efficiency characteristics of different regions
within a province have been rarely conducted. Furthermore, existing studies on the optimization of
TRS remain limited and focus only on the provincial level. In Ref. [17], a framework for the provincial-level disaggregation of energy-saving targets in
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ise of current fixed outputs. The input-oriented
CCR model is the most basic and important technique among DEA models. Moreover, it is an ideal
method for evaluating the overall effectiveness of
multi-input, multi-output models [30]. Therefore,
we adopt input-oriented CCR and super-efficiency
DEA models to calculate the TFEE.
The traditional economic growth theories
deem the inputs of human and material capitals
necessary to accomplish social production activities, in addition to the input of energy. Thus, in
accordance with Ref. [31], the present study selects
energy, human resources, and capital stock as input
variables and the real GDP as the output variable.

hand, our findings can also provide a reference to
other provinces and municipalities to further assist
improve the overall energy efficiency of China and
offer insights into the construction of a highly ecological civilization. Clustering analysis is applied to
reveal the principle of the TRS in Fujian. After
identifying the defects and unreasonable places in
the system, a scientific allocation scheme is proposed. The scheme can fully exploit the energysaving potentials of prefecture-level cities and assign reasonable tasks within their capabilities. As a
benchmark for the terminal target allocations of
other provinces and municipalities, the scheme can
help improve the overall TRS of China.

68<;792.6;.- ! 57-.4 If n decisionmaking units (DMU) exist, then the jth is DMUj, yrj
represents the total output of the rth output of
DMUj, xij is the total input amount of the ith input
variable in the jth DMU, vi is a metric of the ith
input variable, i.e., the weight coefficient, and ur is
the weight coefficient of the rth output. The efficiency evaluation index hj can be expressed as.

#(
*4,<4*;276 7/ .6.90? .//2,2.6,? Two types
of indicators are used to measure energy efficiency:
single-factor indicators and total factor indicators.
Single-factor indicators represented by energy intensity neglect the potential substitution relationship among different inputs, which is not convincing [16, 27, 28]. In the target responsibility system,
using energy intensity as the policy indicator may
cause two problems. First, there is no national
standard of energy intensity measurement. This
means that local government officials can choose
an energy intensity calculation method that makes it
easier for them to accomplish the tasks assigned by
the central authorities [21]. Hence, the single-factor
energy efficiency is more subjective in the TRS
allocation scheme as a policy objective. The second
problem has to do with the formula of energy intensity, which can be expressed as the ratio of energy
consumption to GDP. Thus, as long as GDP grows
faster than energy consumption, the energy intensity will always decline. Under this situation, local
governments can achieve the allocation target by
increasing GDP vigorously, which cannot meet the
national target of energy saving and emission reduction. In addition, single-factor energy efficiency
only considers the impact of energy input on output; it does not consider the impact of other input
factors on output as well as the alternative relationships between other input factors and energy input.
Moreover, this approach cannot accurately reflect
changes in energy efficiency. Therefore, taking
total factor as the policy objective for target disaggregation can scientifically explain the impacts of
energy input, human resource, and capital stock on
energy efficiency. DEA is a well-established nonparametric frontier approach widely applied to
evaluate the relative energy efficiency performances of a set of comparable entities featured with
multiple inputs and outputs [29]. DEA has the advantages of exempting from determining the artificial parameters and expressions. The current study
mainly discusses energy conservation on the prem-
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The appropriate weighting factors v and u can
be selected so that hj1. When the efficiency of the
j0th decision unit DUMj0 is evaluated in general, a
large value of hj0 indicates that it can obtain additional output with a relatively small amount of
input. When the efficiency evaluation index of
DUMj0 as a target and the efficiency index of all
DMUs as the constraint are considered, the fractional programming form of CCR model can be
defined as follows.
⎧
∑ 
⎪
⎪max   = =1
⎪
 
∑
⎪
 =1
⎪
⎪
  ⎨ ∑  
⎪ . . =1
≤ 1,  = 1, 2, 
⎪


∑


⎪
 =1
⎪
⎪
⎪ ≥ 0,  ≥ 0
⎩

As a fractional programming form, it can be
transformed into an equivalent linear programming
form by using Charnes-Cooper transformation and
dualistic transformation.
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⎧min θ
⎪

⎪ ..∑ λ   ≤ θ 
⎪⎪  =1
 ⎨ 
⎪∑ λ ≥

⎪  =1  
⎪
⎪⎩λ  ≥ 0,  = 1, 2, 
λ, a n×1 constant vector, represents a combined proportion of n decision units in a DMU
portfolio that is valid relative to DMUj. θ is a scalar.
The θ that the CCR model solves is the output of
the jth DMU relative to the effective utilization
degree of the input, that is, the total efficiency value
(Ecrste). Generally, θ≤1.From a production function
perspective, if θ=1, then the decision-making unit is
DEA-efficient, both technically- and scale-efficient.
Moreover, the DMU is on the frontier [32]. The
efficiency of other units θ is between 0 and 1, indicating a 1-θ technical loss.

This study mainly analyzes TFEE, which consists of all positive numbers. Thus, limit 0 is on the
left side of the explanatory variable, the classical
Tobit model below is suitable for regression
*
⎧ 0,  ≤ 0
⎪ *
 = ⎨ , 0 <  * < 1
⎪ 1,  * ≥ 1

⎩
where Yi is the dependent variable.
*4,<4*;276 7/ .6.90?:*=260 87;.6;2*4
Within the TFEE framework, the energy expected
to be saved is the excess of a decision-making unit
(DMU) in relation to the production frontier, i.e.,
the difference Eloss between the actual and the target
energy input. Since this study focuses on the energy
that can be saved based on the fixed current outputs, the input-oriented CCR model with constant
scale efficiency is used to calculate Eloss. 
Let A, B, C, and D in Fig. 1 be four DMUs
with the same outputs, LLʹ be the production frontier, then C and D on the frontier surface are effective DMUs. For B, the corresponding energy input
of its projection Bʹ on the frontier surface is the real
target energy input; more commonly, for A, the
energy input of its projection Aʹ can continue to
decrease to point C while the outputs remain unchanged. Accordingly, the energy that can be saved
by A consists of two parts: excessive energy input
AAʺ, which is caused by pure technical inefficiency, and excessive energy input AʹC, which is due to
the inappropriate configuration of resources (slack
adjustment). Specifically, AAʺ+AʹC is the energy
input Eloss required to be adjusted by A with reference to the target point C.
Let the actual energy input of the ineffective
DMU A be Xe, the slack adjustment of energy be
Se, and the technical efficiency Ecrste (calculated
with CCR model) of A be θ. The energy that can be
saved by A (Eloss) can then be expressed as.
Δ  = (1 − θ )   +  

"<8.9.//2,2.6,?57-.4:
⎧min δ

⎪ 
⎪ . .∑ λ   ≤ δ 
⎪  =1
⎪  ≠i
 −  ⎨ 
⎪∑ λ ≥

⎪  =1  
⎪ j≠ i
⎪λ ≥ 0,  = 1, 2, 
⎩ 

The difference between the super-efficiency
DEA models and normal DEA models is that the
DMU itself is excluded from the DMU-set when it
is evaluated. Thus, the efficiency value δ (Ese) calculated by the super-efficiency model may be
greater than 1.
*4,<4*;2767/26/4<.6,260/*,;79:A regression model is needed to identify the relationships
between the influencing factors and energy efficiency. The efficiency values in this study are positive and range from zero to one, which means the
dependent variables of regression are limited. Ordinary least squares method fails to provide unbiased
and consistent parameter estimation because the
fitted values may be negative. Thus, the influencing
degree of different factors on the energy efficiency
cannot be accurately reflected [33].
Tobit model is one of the limit-dependent variable models proposed by Tobit [34]. Here, the
maximum likelihood estimator is used to solve the
settled problem mentioned above; its basic model is
given by
 * =   β + ε  ( = 1, 2,...) 
where Yi* represents the observed values, Xi represents the independent variables, β represents the
vector of estimable parameter, and εi represents the
random error with zero mean and constant variance
σ2.

Energy-saving potential (Esave) can be expressed as the percentage of energy that can be
saved in the actual energy consumption:

  =  ×100% .
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*;* :7<9,. *6- 897,.::260 The data used
for this study are obtained from China Statistical
Yearbook (2006-2016), China Energy Statistical
Yearbook (2006-2015), the Fujian Statistical Yearbook (2006-2016), and the Wind database. The
missing data of individual years are filled with the
interpolation method.
The data of GDP are converted into the constant price of 2005 to ensure comparability. Units
of different sorts of primary energy consumption
are converted into a million tons of standard coal
equivalent according to the conversion coefficients
provided by general principles for the calculation of
total production energy consumption (GB/T 25892008). Human resources, as an input, often adopt
the indicator of the quantity of employees in most
existing studies regarding TFEE. However, several
studies have asserted that the quality of labor
(commonly measured based on the years of education) should also be considered when studying
energy efficiency in large areas [35]. Since the
differences in education level among cities within a
province are relatively small. Human resource input
is represented by the average number of social
employees in a year and at the end of the previous
year. The quantity of social employees of a given
year is calculated by using the equation
 +
 =  −1 
2
where Q represents the quantity of social employees of a given year, qi-1 represents quantity of social
employees at the end of the previous year, and qi
represents the quantity of social employees at the
end of the given year.
The capital stock is estimated with the perpetual inventory method (PIM) [36, 37] expressed by
the formula
  =   −1 (1 − ) +  
where is the capital stock of Region  in year ,
and is the capital stock of Region in the previous year The data of capital stock of different
regions of the base year 2005 is obtained from Ref.
[38]. In addition,  is the amount of fixed assets of
Region  in year (converted into constant price of
2005 according to the price index of fixed assets in
the China Statistical Yearbook). D is the depreciation rate, which is the sticking point of PIM. Owing
to the lack of statistics from the cities of Fujian
Province, we adopt the achievement data D=9.6%
from Ref. [38].

DEA-effective when measuring the TFEE with
Ecrste; thus, super efficiency (Ese) is employed to
analyze the change of energy efficiency in the nine
cities over time. Fig. 2 shows their locations and the
levels of Ese. The darker the color is, the higher the
Ese is. Energy efficiency generally demonstrates a
stepped decline from the coastal areas to inlands.
The reason why Sanming has higher energy efficiency may be the great importance it attached to
the development of clean energy. According to Han
[39], the exploitation rate of the hydropower resources in Sanming has reached more than 80%. At
the same time, Sanming is abundant in geothermal
resources as well, which have been exploited and
put into use on a large scale.

$!
2:;92+<;2767/;1.626.,2;2.:26<32*6



The TFEE of the nine cities differ greatly. Fig.
3 shows the Ese of nine cities between 2005 to
2015. Nanping has the lowest average Ese, which is
only 62% of that of Ningde, the city with the highest Ese. Only the Ese of Ningde and Quanzhou is
obviously higher than the province average level.
The Ese of seven prefecture-level cities presents a
U-shaped trend of “decrease then increase”, except
for Ningde and Quanzhou. Moreover, the upward
turning points generally appear between 2010 and
2011. As a special point of time, 2011 is the first
year of the 12th FYP. Hence, this phenomenon may
be caused by the effective implementation of the
energy saving and emission-reduction measures in
the relevant policies of the 12th FYP as well as the

!((
$#!"(""

!.0276*4.6.90?.//2,2.6,?26<32*6Fujian
is a typical coastal province with its landform dominated by hills and mountains. The province has one
sub-provincial city, Xiamen, and eight prefecturelevel cities under its jurisdiction. Multiple cities are
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#1.-.:,928;2=.:;*;2:;2,*4,1*9*,;.92:;2,:7//*,;79:26/4<.6,260.6.90?.//2,2.6,?

Minimum
Maximum
Median
Mean
Standard deviation

Energy factor
ES1
0.5050
0.6550
0.5940
0.5865
0.0456

Economic factors
IS
ES2
0.4840
0.1669
0.5203
0.2339
0.5029
0.1965
0.5021
0.1983
0.0148
0.0188

increased usage of clean energy and decreased
usage of coal in the energy consumption structure.

6*4?:2: 7/ /*,;79: 26/4<.6,260 .6.90? .//2
,2.6,? The previous analyses indicate that the
factors that influence energy efficiency include
industrial, energy, and economic structures. Furthermore, compared with other areas, coastal areas
exhibit a relatively free and inclusive business environment and a high technological level because of
more frequent external exchanges, which may also
be a reason why coastal areas have higher energy
efficiency than other areas. Therefore, this study
selects five possible influencing factors from energy, economic, and social aspects to conduct an
analysis of the energy efficiency in Fujian. The
indicators are introduced as follows.
The energy factors: Energy structure (ES1) is
represented by the proportion of coal consumption
in the primary energy consumption.
The economic factors: Industrial structure (IS)
is represented by the proportion of the output value
of the secondary industry in the gross output value
of Fujian. Economic structure (ES2) is represented
by the proportion of state-owned industry output
value in the gross industrial output value of the
province.

Social factors
TL
GI
0.0082
0.0905
0.0151
0.1540
0.0116
0.1154
0.0117
0.1191
0.0026
0.0205

The social factors: Many social factors, such
as the urbanization level and the educational level
of residents, only exert indirect influence on energy
efficiency, mostly through economic and technology factors. The most remarkable social factor is the
administration system embodied by government
intervention (GI) [40]. GI is mainly reflected in the
regulation of the state on the effective functioning
of the economic market and represented by the ratio
of the fiscal expenditure to the gross regional product. Technology progress refers to innovation that is
related to a manufacturing process or relevant economic and social activities, such as research and
development [41]. The number of applications and
authorizations of patents is used as an indicator of
technology level in some studies [42]. Technology
level (TL) in this study is represented by the proportion of expenditures on science and technology
activities in the gross output value.
Table 1 shows the descriptive statistics of all
influencing factors.
Using Ecrste as the dependent variable, the estimation model of energy efficiency influencing
factors in Fujian is given by
 =  + α1 1 + α 2  + α 3  2 + α 4 + α 5 + μ
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where Y represents value of Ecrste, C represents a
constant term, α represents parameter coefficient,
and μ represents the residual term.
Eviews 7.0 software was used to conduct a
Tobit regression analysis on the influencing factors
of energy efficiency in Fujian from 2005 to 2015.
The empirical results in Table 2 show that ES1 has a
significant negative effect on the energy efficiency
of Fujian at the confidence level of 1%. The regression coefficient is -1.1194, indicating that TFEE
would increase by 1.1194% when the proportion of
coal consumption declines by 1% with other factors
remaining unchanged. Meanwhile, a negative correlation exists between ES2 and energy efficiency,
which means the level of energy efficiency in Fujian would deteriorate with the increase in the proportion of state-owned industrial output. GI has the
most remarkable negative regression coefficient of 13.4107. This result proves that reducing fiscal
expenditures is an effective means to improve energy efficiency. IS and TL both show positive correlation with TFEE at 5% confidence level, with
coefficients of 1.5097 and 0.7423 respectively.

tion ratio than the overall levels of China; thus, the
province has a more optimized energy consumption
structure. On the other hand, the industrial structure
plays an important role as well. Since industry
includes a series of high energy consumption high
pollution industries, it’s generally considered to
have an adverse effect on energy efficiency. However, the facilitating effect of the proportion of
industry in this study may be because light industry,
which is the traditional pillar industry in Fujian, has
relatively low energy consumption and high energy
efficiency. Fujian is famous for the overall textile
industry in China, and the energy efficiency of
chemical fiber industry is also higher than the national average [17]. Thus, the proportion of light
industry has a great impact on the overall energy
efficiency of a region.
However, the energy structure of Fujian has
not yet eliminated the previous pattern dominated
by coal consumption (Fig. 4). A huge gap continues
to exist compared with the international average
level, that is, the usage of clean energy should be
further increased. In view of the low energy efficiency of heavy industry, the government should
devote more effort to supporting the light industry
enterprises by implementing appropriate subsidies
and tax exemptions as well as focusing on the elimination of disqualified production capabilities of
heavy industry as well, thus improving the proportion of light industry in the secondary industry in
Fujian.

8879;<62;2.: 7/ .6.90? .//2,2.6,? 26 <
32*6The TFEE of Fujian stands out in China for a
reason. On the one hand, the use of coal exerts a
negative impact on energy efficiency according to
the regression results. This finding is consistent
with that in Ref. [43]. Fujian has a lower coal consumption ratio and a higher clean energy consump-

#
#7+2;9.09.::2769.:<4;:7/;1..6.90?.//2,2.6,?26/4<.6,./*,;79:26<32*6
Variable
Coefficient
Std. Error
C
2.2780**
0.6626
ES1
-1.1194**
0.4134
IS
1.5097*
0.7191
ES2
-3.1816*
1.4079
TL
0.7423*
0.3277
GI
-13.4107*
5.6607
Note: ** indicates significant at 1% level. * indicates significant at 5% level

Z-Statistic
3.4380
-2.7075
2.0994
-2.2598
2.2651
-2.3691

$! 
6.90?:;9<,;<9.7/<32*6*6-126*26 
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Prob
0.0006
0.0068
0.0358
0.0238
0.0235
0.0178
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First, although the proportion of coal consumption decreases annually in China, the energy
consumption of the country is still dominated by
coal [47]. The calculations based on the data of BP
show that the proportion of coal consumption in
China is 67.7% in 2013, whereas this number in the
US is only 20.02%, which is merely approximately
a third that of China. Even in Fujian, the coal consumption ratio reached more than twice the US
level. Fig. 5 shows the proportion of coal consumption in Fujian and China. Therefore, the energy
structure of Fujian and China must be adjusted.
Such adjustment can be carried out from two aspects. First, we should strengthen the development
and utilization of renewable energy, such as wind
energy and hydropower, and gradually increase the
proportion of renewable energy in the energy consumption structure. Second, we can vigorously
develop clean energy technologies to improve the
efficiency of conventional energy sources, such as
coal and oil.
Second, the “high in coastal areas while low in
inlands” characteristic is partially caused by the
imbalanced development between eastern and
western China. Since the 1990s, technology and
capital-intensive industries have emerged on a large
scale in the coastal areas, and a reasonable industrial structure has been created. However, most of the
industrial bases in early times were situated in the
central and northeastern provinces. State-owned
properties determine the extensive development
pattern and lack of improving motivation; In addition, the Chinese government has been conducting
propaganda boasting of a so-called market economy. However, the truth is that the government often
intervenes excessively, resulting in a series of market failures. This situation is particularly prominent
in poor inland provinces. Compared with the free
and inclusive environment in the coastal areas, the
bureaucracy inland makes it difficult to attract hightech talents and capital investments. The favorable

Furthermore, the stepped decline in energy efficiency from the coastal areas to inlands may be
caused by both geographical conditions and policies. Compared with other areas, coastal areas have
a relatively free and inclusive trade and investment
environment as a result of superior geographical
conditions. These areas play host to the majority of
the economic development zones and attract more
than 70% of the top scientists and technicians in the
country [44], resulting in the highly developed
economy and technology in these areas. By contrast, state-owned heavy industry projects were
previously mainly distributed inland in northwestern Fujian because of policies, and these areas still
suffer from the planned economic system and unnecessary government interventions. Consequently,
the overall energy efficiency of Fujian may be
improved by enhancing the construction of transportation infrastructure and energy facilities, accelerating the process of marketization, and adopting
preferential regional policies in the inland areas;
such actions can be described as the barrel effect.
5897=.5.6;7/.6.90?.//2,2.6,?26126*
Energy efficiency in China lags behind the world
average level. Ref. [45] calculated the TFEE of the
BRICS and the G7 using a SBM-DEA model. The
average TFEE in China ranks 11th among the 12
countries, and it is only 23.97% that of Italy, the
top-ranking country.
Technology level, energy structure, and industrial structure are the key factors influencing China’s energy efficiency [42]. These factors also have
a significant effect on Fujian Province. Similar to
the situation in Fujian, the overall energy efficiency
of China demonstrates the “high in coastal areas
while low in inlands” characteristic [46]. Thus,
insights gained from the case of Fujian can be used
as reference to achieve substantial improvement in
the energy efficiency of China.
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Results of clustering analysis
Energy
Cities
efficiency zones
Very high
High
Medium
Low

Ningde, Xiamen
Zhangzhou, Fuzhou, Putian,
Quanzhou
Nanping, Longyan
Sanming

Allocation scheme in the 12th FYP of Fujian
Tier

Cities

IV
III

Ningde
Xiamen
Zhangzhou, Fuzhou, Putian,
Quanzhou
Nanping, Longyan,
Sanming

II
I


natural environment in the southern coastal areas of
China likewise renders them more attractive to both
enterprises and labor than the inland areas with
serious pollution problems, such as haze.
Finally, the U-shaped trend of TFEE and the
time when the upward turning points appeared in
Fujian indicate that the effective implementations
of the energy-saving and emission-reduction
measures in the relevant policies of the 12th FYP
significantly contribute to the improvement of
TFEE. Apart from the specific measures, TRS has
played an indispensable role in realizing the energy-saving targets. Thus, long-term policies based
on these measures should be established and adhered to in the 13th FYP in China. Optimizing TRS
is also crucial.

5%
10%
16%
19%

whereas Xiamen and Ningde, which have the lightest tasks, belong to the very-high efficiency zone.
This comparison indicates that the government has
judged the energy-saving potential by single factor
energy efficiency (SFEE) in the process of disaggregating the targets.
According to our calculations, among the nine
cities, only Quanzhou and Ningde failed to accomplish the energy intensity reduction task assigned
by the Fujian government at the end of 2015. However, the energy intensity reductions in percentage
from 2011 to 2015 (Fig 6) shows that the decline in
the first three to four years was relatively even and
smooth but significantly accelerated in the final
year. Furthermore, Xiamen, Sanming, and Zhangzhou all exhibited a decline in total energy consumption in 2015 compared with the previous year.
The proportions of Sanming and Zhangzhou even
dipped to 20.39% and 19.27% respectively. These
phenomena could be caused by certain unconventional emergency measures taken by these cities to
accomplish the task, such as forcing high energyconsuming enterprises to suspend production and
purchasing electricity from other provinces while
imposing strict restrictions on thermal power. In
2010, the Ouhai District of Wenzhou Zhejiang
Province once introduced a policy demanding all
small manufacturers to “close for ten days, open for
five days.” [48]. Although the assigned tasks were
finished after a short period, the energy efficiency
did not substantially improve. Moreover, many
enterprises generated their own power with diesel
generators owing to the limited power supply. The
use of off-grid electricity adversely affected carbon
emission reduction. From the perspective of the
higher-level governments, the district is capable of
accomplishing the established tasks. Accordingly,
the burden of this city is likely to be maintained or
increased subsequently, which initiates a vicious
cycle. Given the limitations of relying on the SFEE
index in the decision-making process at the regional
level and the aforementioned problems in Fujian,
the existing allocation scheme should be optimized.

!!("%
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926,284. 7/ ,<99.6; ;*90.; -2:*009.0*;276
To accomplish the task assigned by the central
government, i.e., 16% reduction in energy consumption per unit GDP by 2015 using 2010 as the
benchmark, Fujian Province issued a “comprehensive work plan for energy saving and emission
reduction in the 12th FYP of Fujian” (No.[2011]95)
to allocate the energy-saving tasks further to prefecture-level cities. Although the methodology of
allocation remains confidential, the authorities
claim that it’s a comprehensive consideration of
regional economic development, industrial structure, energy-saving and emission-reduction potentials, demands of new projects, environmental capacity, and industrial layout, among other factors. 
The energy intensities of the nine prefecturelevel cities from 2005 to 2009 are calculated, and a
cluster analysis of the average values is conducted
by Ward method to divide the nine cities into very
high, high, medium, and low-energy efficiency
zones (Table 3). The results are basically consistent
with the allocation scheme in the “comprehensive
work plan”. In particular, Nanping, Longyan, and
Sanming, which are in the low- and mediumefficiency zones, are the cities with the heaviest
energy-saving tasks in the 12th FYP of Fujian,

2:*009.0*;276 +*:.- 76 .6.90?:*=260 87
;.6;2*4 *6- ,76;92+<;276 9*;. The biggest problem of the existing allocation principle is that ener-
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gy-saving potential is assessed only by energy intensity. The limitations of the SFEE index renders
energy intensity incapable of quantifying the energy
that can be saved on the premise of current fixed
outputs and considering the influences of other
inputs. In this study, the average energy-saving
potentials of the nine prefecture-level cities from
2005 to 2015 are calculated within the total factor
framework. Then Scheme 2 is obtained through a
system cluster analysis. The energy-saving potentials for tiers I, II, III, and IV decreases in turn,
which are greater than 50%, approximately 40%,
10%, and less than 10%, respectively. These values
are only theoretical and may be difficult to achieve

because of various factors, such as industrial layout;
in practice; however, they can still serve as reference. For example, the proportion of the tasks allocated to tier I cities in the original allocation
scheme should be further increased. A proof is that
in 2014, Sanming, Longyan, and Nanping are the
only cities that finished the tasks in the 12th FYP of
Fujian ahead of schedule, which have great potential to be excavated; And in terms of the cities in
the latter tiers of Scheme 2, their tasks should be
lightened appropriately. For instance, Quanzhou,
which is in tier II in the original scheme, has low
energy-saving potential from the TFEE perspective;
thus, it is included in tier IV in Scheme 2 (Fig. 7).

$! 
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Scheme 1
(original Scheme)
Disaggregation
Based on single
principle
factor perspective
1st tier
Sanming Longyan Nanping
2nd tier
Fuzhou Putian Zhangzhou Quanzhou
3rd tier
Xiamen

Scheme 2

Scheme 3

Based on total
factor perspective
Sanming
Longyan Nanping
Fuzhou Putian
Zhangzhou Xiamen Ningde
Quanzhou

Based on energy saving
potential and contribution rate
Sanming Longyan
Nanping
Fuzhou Putian
Zhangzhou Xiamen Ningde
Quanzhou

Scheme

4th tier

Ningde



Additionally, administrative interventions need to
be reduced to allow the market to determine the
allocation of resources fully. The control imposed
by the government over energy price should be
gradually lifted as well to utilize the leverage effect
of price.
The turning point of energy efficiency proves
that the effective implementation of energy-saving
and emission-reduction measures in the relevant
policies of the 12th FYP significantly contribute to
the improvement of TFEE. Although TRS is an
indispensable constraint and motivation for the
government to implement energy policies, it operates under unclear rules and merely covers the
provincial level. The traditional allocation scheme,
which is simply based on energy intensity to identify the energy potential, is inadequate because prefecture-level cities have less bargaining power than
provincial governments. Therefore, this study optimizes the original allocation scheme of Fujian
Province within the TFEE framework by taking
both energy-saving potential and contribution rate
into consideration. Consequently, it provides insights that can aid decision making to improve the
overall energy efficiency of China.

Apart from the percentage of the energy that
can be saved, the energy-saving contribution rate of
each city, that is, the percentage of the energy that
can be saved by a city of the energy that can be
saved in Fujian, should be taken into account as
well to allocate the tasks among the prefecture-level
cities reasonably. Areas with low energy-saving
potentials can also be strong driving forces of the
energy conservation of a province if they are substantial in number. Therefore, a cluster analysis is
conducted using the average values of energysaving potential and energy-saving contribution rate
to obtain Scheme 3. The energy that could be saved
by Sanming and Longyan alone in tier I accounts
for 57.55% of the provincial total from 2005 to
2015. Their energy-saving potentials are both 10%
higher than that of Nanping in tier II. Furthermore,
Sanming and Longyan rank first and second among
the nine cities in terms of energy-saving potential;
thus, they deserve to assume more responsibilities
(Table 4).

$""
( #"
The high energy efficiency of Fujian is mainly
due to its optimized energy structure and a large
proportion of light industry. Aside from increasing
the proportion of clean energy consumption, the
government should also increase efforts to support
light industry enterprises by adopting appropriate
subsidies and tax exemptions, as well as focusing
on eliminating disqualified production capabilities
of heavy industry to improve the energy efficiency
of Fujian further. Furthermore, as the major growth
point of energy efficiency, the inland areas should
be provided with preferential policies. Only by
improving the investment climate can new highly
skilled talents be introduced for the development of
numerous related technologies.
At the national level, the proportion of coal in
the energy mix should be reduced. Environmental
governance in the inland areas should also be
strengthened to create a better residential and business environment and consequently reduce the
imbalance between the eastern and western areas.
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The population growth, technological development, unsustainable consumption, disasters and
climate changes in urban cities cause to destroy the
natural and cultural values, decay the ecological
integrity and changes landscape of urban. The increasing trend of urban has been recognized in the
international scale and takes into consider the improvement of sustainable energy efficient in recent
years. Urban open spaces have important role on
human life as a social welfare and on ecological
integrity of urban life. Lack of green infrastructure
system and unsustainable intensively impermeable
construction affected negatively the quality of urban. Therefore, one of the development countries,
Turkey, is under pressure because of rapid and
unplanned urban growth. Trabzon is one of the big
cities of Turkey and it has rapidly grown after declaring as a metropolitan municipality since 2012.
Thus, open green areas in urban have turned to
intensively construction area and caused to diminish the open spaces. As a result, Trabzon city center
needs to increase the green open spaces and control
the heat island due to impermeable surfaces. In this
context, the aim of this study is to offer sustainable
energy efficient methods by designing green infrastructure with water conservation to reduce urban
heat effects caused by climate change. To reach our
aim, it was developed the street design proposal in
Kahramanmaras street of Trabzon city center to
create both green open green spaces and collect the
rainwater for social, ecological and economic urban
life. For this energy efficient design in Kahramanmaras Boulevard, rainwater was collected by green
systems, storage and filtering. The green rainwater
collector with filtering was best effective way to
protect water and increase the healthy green areas
by decreasing the intensive vertical and horizontal
impermeable surfaces for this study. These street
design proposals can set a good example for the
other cities under pressure of urban growth and
improve social and economic life quality of citizen
and ecological integrity of urban landscape by
providing urban and environmental balance.

'& "#
Energy efficient, street design, rainwater, water conservation, urban landscape, Trabzon city
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Urban landscape has ecological-social and
economical system that are in interaction with the
long-term interaction of biotic, abiotic and anthropogenic processes and components. Urban landscape resources are under threat because of the
unplanned urban sprawl and unsustainable land use
decisions [1, 2]. The lack of administrative regulation, planning and management strategies cause to
damage the natural and cultural balance of urban
landscape.
Cities are mega element of urban landscape
with natural and cultural landscape values and have
been ecologically, socially and economically damaged by the slightest unsustainable interventions.
Thus, human and other life can be negatively suffered in urban landscape ecosystems by uncontrolled and unplanned administrative decision making without considering the relationship of urban
process and components [2, 3].
Urban spaces are an open area for individuals
and societies interacting with each other and contain different equipments at the same time as a part
of urban identity. These spaces reflect the cultural
history of cities and the life style and traditional
features of locals [4]. Boulevards, streets and
squares, parks as a key of city identity [5, 6]. These
urban open spaces are used by city users and tourists. In this reason, the design criteria, structures
and activities of these spaces symbolize the permanent characteristics of the city.
The destructive effects beginning with urban
growth by human interventions, increasing climate
change and heat island effects cause physical
changes in urban environment. With this mind, the
urban green spaces gain importance role for urban
design. For this reason, the innovative approaches
named sustainable urban, sustainable landscapes
have developed in urban areas to protect the balance of human-nature relationship [7]. In this context, landscape construction and plant material
design processes should be offered and applied by
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stages to reduce the effect of urban heat island
caused by climate change in urban areas.
The heat island area has been detected mostly
in the city center where has intensively construction
[8, 9]. The relationship between temperature and
vegetation cover area has inverse ratio to occur heat
island effect. In this context, the low-level vegetation cover and vegetation types cause to increase
the temperature and therefore it leads to grow heat
island effect [10].
The urban green spaces provide positive contributions for urban life quality both socially and
ecologically. The green open areas can contribute to
reduce the high temperatures by providing shade,
transpiration-evaporation, prevent the local rainfall
anomalies and filter carbon and other pollutants
caused by heat island effect [11]. For this reason,
specific landscape planning and design proposal
should be taken to reduce negative effects of heat
island [12]. Therefore, last few decays, the energy
efficient landscape design, protecting natural landscape resources and focusing on energy saving, has
begun to gain importance in urban landscape [12,
13]. In this way, the design proposals against overheating such as using natural and local material,
using natural vegetation types, using solar energy,
green roof and horizontal garden design, rain garden, edible/hobby garden have been developed to
decrease the urban heat island effect [10, 13].
Energy-efficient landscape design is a human
and nature-based approach that maintains ecological balance while creating healthy environments. In
the energy efficient design process, variable physical environment data such as climate, direction and
dominant wind are utilized [14, 15]. Energy efficient landscape design aims to protect energy. Energy efficient design includes landscape sensitive
for landscape planning, design and management.
Thus, the quality of urban landscapes increase
along with aesthetic landscape value [15, 16].
Rising of the the impermeable surfaces and
reduction of natural landscape surfaces are adversely affected the water circulation and aquatic ecosystem of urban landscapes due to low sweating and
evaporation rate. Rainfall is not absorbed on these
surfaces and causes floods [17, 18]. The density of
population density causes to increase directly the
impermeable surface of urbal landscape [19]. For
this reason, Water Sensitive Urban Design, Sustainable Urban Drainage Systems and Low Impact
Development have been developed for water conservation and hydrological functions of urban landscapes with nature water circulation by increasing
soil infiltration and groundwater level, decreasing
the speed of surface flow [20, 21]. One of the water
conservation approach with energy efficient design
is raingarden managed by sustainable rainwater [22,
23]. Landscapes have an important potential in
terms of water development and conservation [24].

Water circulation system is an approach to contribute energy efficient urban landscape design in urban [25]. Energy efficient and rainwater are considered for landscape design to provide livable and
sustainable environment [26]. In addition, it causes
to increase ecological, economic and social life of
urban landscape [13, 27] .
The pressure of unsustainable construction
plan on urban open space has ultimately increased
in Trabzon since it was declared as a metropolitan
municipally in 2012. This new decision has caused
to increase the construction density and decreases
the open spaces in city center and close surrounding. These effects cause to increase the heat island
effect in urban environment more than rural environment. Kahramanmaras is the main street of the
Trabzon city center and is known as an urban open
space where vehicles dominate than pedestrian. It
causes to affect positively or negatively on users.
Thus this street has not a urban image and the
heavy traffic negatively has affected on pedestrian
and business area around this street. It provides
links among Uzun and Kundarıcılar pedestrian
streets, Gazipasa and Cumhuriyet vehicle streets
and also historical square park. The heavy traffic
density, intensively construction areas with settlements and business stores in vertical direction and
the excess concrete surfaces in horizontal direction,
lack of transition among streets and to the square
park, poor vegetation cover and rainwater collector,
inadequate car parking space and pedestrian way,
lack of visual and ecological integrity, absence of
sustainable design criteria cause negative effects to
perceive and identify the Kahramanmaras Boulevard. In this context, the aim of this study is to offer
sustainable energy efficient landscape design by
green infrastructure with water conservation to
reduce urban heat effects caused by climate change.
To reach this aim, it was developed energy efficient
street design proposals in Kahramanmaras Boulevard of Trabzon to re-create green open green space
which is significant role for social, ecological and
economic urban life by rainwater collector, vertical
garden, using local vegetation types and materials
in this main street which is backbone of the city
center.
$"#$ #
The study area, Kahramanmaras Boulevard, is
located in Trabzon city center the largest city in
Eastern Balacksea region of Turkey. It is the main
and much used street in central place surrounded by
settlement and business stores. The study area starts
from Sguare Park continuing for 400 meter and it is
between Uzun (in south) and Kunduracular (in
north) pedestrian streets. Kahramanmaras Boulevard connecting with the secondary roads to these
pedestrian streets is one of the busiest boulevards of
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Trabzon (Figure 1). Because of the public buildings, business center and public bus transportation
stations on this boulevard leads to increase the
density of vehicle-pedestrian to the highest level.
This density causes to dominate vehicles for this
boulevard. This situation doesn’t respond users
needs and adversely affecting them. The basis of
these problems is ignoring the pedestrian use in
landscape planning and design process. Because of
this reason many problems come up in urban opengreen spaces in Trabzon. The most important problem is the irregular distribution of pedestrianvehicle traffic. There is no balance system between
vehicle and pedestrian ways of the study area. The
width of pedestrian way is not the same in the study
area because of bus pocket anf the enterence of
buildings. In addition, the ATM units on the pedestrian way disturbe the flow of pedestrian continuity
and undermine the pedestrian circulation of the
study area. Additionally, urban facilities, which
provide important resting-seating activities for
pedestrians, lighting elements, wastebin, vegetation
types are pretty low on this boulevard.
The average annual precipitation is 35 mm.
The most rainfall months are September, October,
November and January. Especially in November
the precipitation rate reaches up to 53 mm. In the
case of excessive rainfall, some business stores on
the ground floor are suffering from inadequacy of
infrastructure and rain water is accumulated in the
pathways.
According to survey analysis, the road axes
shown in yellow provide pedestrian access and the
black axes provide vehicle-pedestrian access. The

current vegetation and lighting elements, bus stations and the sun orientation, the noise analyzes
performed on weekdays and weekend have been
presented by field study (Figure 2).
The open area of the square, the traffic density
of the Kahramanmaraş Boulevard, causes an intense sound movement on the study area. 45-67
decibel range during the morning and 75-102 decibel range during the evening hours of weekdays are
measured, in addition, 27-42 decibel ranges during
the morning and 65-83 decibels during the evening
hours of weekdays are measured on Kahramanmaraş Boulevard (Figure 3).
The study area is quite inadequate interms of
plant materials. The existing plants of this area are
listed as Carpinus betulus, Pinus pinea, Larix decidua, Chamaerops exelsa, Acer negundo, Acacia
dealbata, Cercis siliquastrum, Magnolia grandiflora,
Betula pendula, Acer palmatum, Lagerstroemina
indica, Malus floribundo, Ligustrume vulgare,
Thuja orientalis, Buxus sempervirens, Pittosporum
tobira, Euonymus aureus, Agave americana.
The users of square park, bank sector, drivers
and passengers, business owners and public servants have a heterogeneous distribution in terms of
the users of the study area. It is a convenient area
for all ages. The Zorlu Grand Hotel, located in
Kahramanmaras Boulevard, contribute to both
economic and social value in terms of cultural interaction and differences. However, the tourists
coming from different countries have visited this
park because it is located in city center and close to
the famous square park of Trabzon. This result
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used by young users. The business stores on the
ground floor are used by users (Figure 4).
The focal points and densities of Kahramanmaraş Boulevard were analyzed before the landscape design phase. The main entrance from the

demonstrates that the user profile of this area is not
only from the locals but also from the foreigner. In
addition, Trabzon Museum, built in 2017, provides
historical values to this area and incrase the visitors.
Some educational institutions on this boulevard are
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square to the study area with high vehiclepedestrian density was determined the first focal
point area. The other focal point was the area enterance of vehicle-pedestrian from Cumhuriyet Street.
The mid-point is the area was detected as other
focal point. These points were evaluated as a key
element for the landscape design propasals. Urban
silhouette consists of buildings on the contrary the
vegetation silhouette is quite low. The study area is
limited and surrounded by surfaces of buildings.
These concrete surfaces cause to close the effect of
the urban open spaces. All these problems lead a
guide and output for the landscape street design of
this area. After these landscape analyzes of
Kahramanmaras Boulevard, the landscape street
design based on energy efficient approach was
presented to improve the ecological awereness and
more appropriate design for local users and tourists.
Under sustainable urban landscape concept, it was
redesigned by rainwater collector, vertical garden,
using local vegetation types and materials to decrease urban heat islan effect of Kahramanmaras
Boulevard caused climate change.

public transportation and private car usuage required to be narrowed. For this reason, partial pedestrianization was detected suitable design proposal (Figure 5).
Partial pedestrianization was determined the
solution proposal both users and business owners.
As the results of data and analyzes obtained in the
context of partial pedestrianization decision were
that 3-lane one-way roads dropped 2-lane one-way
roads and first lane was used suitable for ONLY
BUS and other lanes were used only for private cars
(Figure 6).
The refuge detail designed for the orderly and
healthy operation of this system also addressing the
rate of urban precipitation and drainage systems
provided with inflatable surfaces and so stylish
lines were put in terms of suitable energy efficient
design. These inflatable surfaces were created according to the design lines and was provided continuity through the study area. This continuity contributed to the concept of urban backbone of this
project. At the same time, the rainwater was infiltrated so that the energy efficient was used through
the capillaries in this area (Figure 6).
The design approach 'backbone' is both formally and functionally for the study area (Figure 6).
According to design concept, comparisons of cars
and pedestrians on the boulevard were reduced and
safe passage were provided for pedestrians. Besides, 700 car parking area was suggested for
solition of parking problem and thus reducing the
intensity of the vehicles in this areas. Another solution was to extend the sidewalks on the boulevards
and increasing the functions of buildings. Garbage
containers that restrict the pavement and lead to
image pollution and odor pollution were moved to
the ground. Vertical gardens were proposed for
building surfaces and the visual and ecological
landscape integrity of the garden were supported
the choice of colors. For this reason, the buildins
surfaces were designed to reflect continuity and
visual harmony on the street. Besides, according to
the design principles in the study area, planting was
recommended with large crown diameter such as
Liriodendron tulipifera, Cercis siliquastrum, Gingko biloba used for this energy efficient street design
(Figure 7-8-9). The continuity and layout of the
study areas would be provided with these approaches suggested in this design concept. At the
same time, design decisions that supported this
continuity strengthened the road lead, focal points
and direction. They are an important role in terms
of accessibility of transportation. The needs- events
list was determined as rest, siting, eating-drinking,
shopping, chatting, walking, transportation, rainwater collector, pedestrian way, recreation area, seating units, information panels for this design process
(Figure 10).

"#%$#
Kahramanmaraş Boulevard has gained the
identity of “city's backbone” with connection
among Square Park and Uzun and Kunduracılar
Pedestrian streets in north-south directions. According to findigs of survey analyses, it was detected the
pedestrianization is very important for both urban
and surroundings of boulevard and it provides adaptation to the user profile easily. Kahramanmaras
Boulevard is paralel to the Uzun and Kundarıcılar
pedestrian streets. Because of this reason, partial
pedestrianization can be suitable for Kahramanmaras Boulevard. This boulevard is not enough for
pedestrian circulation due to current usages, nonideal width of sidewalks, lack of social-activities
and it causes to reduce the spending time on the
study area. This kind of negative effects do not
make the study area attractive for users. “Design
concern for human not for vehicles-cars” concept is
thought the best design proposal by considering
form-function-aesthetic (Figure 5).
Although Kahramanmaras Boulevards is a
busy street, it is not a useful area for users because
this area is not used effectively within the framework of their needs during the day. Due to the insensive use of public spaces from the morning until
5 pm. causes problems for users who come for
different needs. For example, ATM line and bank
affairs are blocked the pedestrian circulation and
the direction of public transportation on this area
causes to be excessive pedestrian density on the
sidewalk almost at any time of day. For solution
this problem, pedestrian use was determined one of
the main design decisions and the one-way road of
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bled roads and ramps which are inadequate in the
area should be made more convenient and more
posibility. In the design decisions, the use of disabled people was not overlooked and for this reason
Kahramanmaras Boulevard, Uzun and Kunduracılar
Streets slopes were arranged accordingly in a holistic design approach. The continuity of the line characters and the circulation of pedestrians in
Kahramanmaras Boulevard can be strengthen the
road lead, focal points and direction and can play an
important role in terms of accessibility in transportation.
The study was designed by developing many
proposals based on pedestrianization and energy
efficient. The two-way road was narrowed and the
pedestrian way was expanded for providing partial
pedestrianization and decreasing the impermeable
surfaces. This expanded pedestrian way was planted with trees, bushes and ground covering plants
both to separate from the vehicle road and to provide shadow for pedestrians and sitting areas.
Rainwater collector system was installed with the
vegetation used between the pedestrian way and the
road of the vehicle. In this way, rainwater was
stored by collector system and the water and the
accumulation of water surface circulation can be
preserved and can be avoided on this street. Impervious surfaces were reduced and the effect of urban
heat island was reduced. At the same time, the
feeling of closure caused by the high building surfaces in the study area was reduced by the plant's

Kahramanmaras Boulevard surrounded by settlement and business stores is the main and much
used street in Trabzon city center. The historical
structure, proximity to the urban square park and
the intersections of major roads have made the
study area as a focal point of Trabzon. Thus the
density of vehicle-pedestrian transition has been
increased to the high level through boulevard during the day. This high density has caused to this
boulevard tobe vehicle-focused. As a result of the
analyzes in this project process made on Kahramanmaras Boulevard, it was determined that the
concept of the urban is for the vehicle-focused not
or pedestrians. There is no healthy distribution
between vehicle and pedestrian balance of Kahramanmaras Boulevard, Uzun and Kunduracılar
Streets. Because of these reasons, the results of
synthesis studies took into account to determine the
main decisions of this design. According to this,
vehicle density on the street and the dominance of
vehicle on the road were detected most important
problem for users of Kahramanmaras Boulevard.
Therefore, the design decision of partial pedestrianization can be a more positive and feasible solution for Kahramanmaraş Street both in respect of
the user and of business owners. Furthermore, disabled people can be entitled to a healthy transportation as well as to healthy people in terms of access
to the street and accessibility. For this reason, disa-
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needs of heterogeneous society [1-5]. These public
spaces, which play an important role in the formation process of the cities, are providing the socio-cultural life and the needs of the society [6, 7].
The results of the analysis during the project process indicated that Kahramanmaraş Boulevard was
the urban open space but it was found that the
sidewalk width was insufficient and the buildings
height reduced the urban open space feeling. For
this reason, this study area has a feeling of close-

crown and height to the human scale. As a part of
the study, vertical gardens were proposed in order
to reduce the impermeable surgaces of the buildings. Kahra-manmaraş Boulevard was given priority to landscape design in this research. Therefore, it
will be necessary to work with architects, civil
engineers and climate experts for vertical garden
design.
Urban open spaces are a meeting place that
brings together society, socializes and addresses the
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ness for the users. This closeness feeling occur
randomly on the street reduces both the circulation
of users and the distance among users, thus causing
discomfort to the user. The main design decisions
of this project is to become the Kahramanmaras
Boulevard a popular place where the citizen and
other users can benefit jointly and to make this area
as a focus location for all users. In this way, the
usage period of this area can be increased. This
project can be referred to as the urban image reflected the identity of Trabzon. Kahramanmaraş
Boulevard can be hosting the functions of 'as a
backbone of living city' with new design concept.
The street design proposals of this research
can set a valueable example for the other cities
under pressure of urban growth and urban heat
island effects. Thus, the proposals of this study can
improve the social and economic life quality of
citizen and ecological integrity of urban landscape
by strengthening urban and environmental balance.
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resources, reducing the discharge of chemical fertilizers and pesticides which is the main source of agricultural pollution, and promoting sustainable use
of water resources and sustainable development of
local society [1].
The reuse of farmland drainage water has potential risks of causing soil salinization [2]. The
drainage also has a strong impact on water quality in
the surrounding rivers and reservoirs. The Southern
Xinjiang is suffering from serious soil salinization
problem. Leaching of saline soil annually during late
autumn and early spring is beneficial for general
crop productions, which results in higher amount of
farmland drainage water and serious consumption of
water resources. Meanwhile, the high salt concentration of farmland drainage water pollutes seriously
local groundwater and the Tarim River. The annual
drainage water flowing into the Tarim River from
the Alar Irrigation District alone reached 5.91×108
m3, which contains about 2.8 million ton of salt [3].
Liu et al. developed an evaluation index system for
the suitability of utilizing drainage water resources
with the key factors of the suitability of drainage water for irrigation, including the farmland drainage
water quality, crop characteristics, soil properties,
hydrometeorology, and irrigation–drainage managements [4]. Peng et al. summarized the recent advances in utilization practices of marginal water irrigation and emphasized that future research should be
focused on farmland pollutant migration, the techniques and standards of marginal water irrigation,
and the environmental influences and ecological risk
of marginal water irrigation [5]. The effects of irrigating crops with farmland drainage water on soil
water transport directly reflects the advantages and
disadvantages of drainage water utilization. Wang et
al. suggested that the cumulative infiltration rate of
brackish water increased with the increase in initial
soil water content [6]. As the emitter discharge rate
increased, the horizontal distance of the wetting
front, the width of the intersection area, and the percentage of wetted surface area also increased under
drip irrigation [7]. Soil water and salt movement was
simulated with the 2D HYDRUS software to evaluate the long-term effects of alternative irrigation of
brackish and fresh water [8]. Li et al. founded that

Southern Xinjiang is in shortage of fresh water
resources and riches in salty water resources, such as
farmland drainage water, but poor in exploration and
utilization. To evaluate the applicability of irrigation
with farmland drainage water in the southern Xinjiang, experiments were conducted to investigate the
characteristics of soil water and salt transport, and
the effects on cotton seed germination and seedling
growth under saline water irrigation. The salinity of
farmland drainage water significantly affected on
soil salt transport in the horizontal and vertical directions, and 2 g/L was the cutoff point for horizontal
and vertical changes in the soil salt. Soil water infiltration decreased with increasing salinity of farmland drainage water under the same pressure head
conditions, whereas also with decreasing pressure
head. Soil saturated hydraulic conductivity (KS) initially increased and then decreased after irrigation
with drainage water of different salinity levels, while
the opposite trend was found for the model parameter λC. Irrigating with drainage water of 3 g/L to 5
g/L salinity slightly inhibited cotton seed germination, while with drainage water of salinity greater
than 5 g/L strongly inhibited the seed germination.
The suitable salinity of farmland drainage water was
lower than 4 g/L, which had little impact on cotton
seedling growth.
+)"$%
farmland drainage, point source infiltration, nonpoint
source infiltration, cotton, southern Xinjiang

!&$"'&"!
Southern Xinjiang is a main production area of
cotton and fruits in China. However, water resources
shortage in this region restricted seriously local agricultural development. Southern Xinjiang belongs
to arid region with a high percentage of saline soil,
and has abundant saline water resources, such as
farmland drainage water. The utilization of farmland
drainage water resources plays an important role in
relieving severe competition on agricultural water
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@90:4607<,5/0;427,7/60,;=:0607<;7
145<:,<487 0@90:4607< !879847< ;8=:.0 47145<:,
<487 The non-point source infiltration experiment
was conducted by using a disc tension infiltrometer
(SW080B model, SDEC, France). Water head height
(H) was set to 0 cm and -2.7 cm. Water level of the
infiltrometer was recorded in the beginning and then
every 1 min thereon. The experiment ended when the
water level dropped at a constant rate. Eight sampling sites were selected in the non-point source infiltration experiment. The farmland drainage water
used in the infiltration experiment was taken from
south main drainage canal of the Tarim Irrigation
District, which belongs to Alar Reclamation Area
(81°34′45″ E 40°32′32″ N). The salinity of the
drainage water was 10.54 g/L, and the five levels of
irrigation water salinity were 1, 2, 3, 4, and 5 g L-1
respectively. Fresh water used in the CK was taken
from the south main irrigation canal of Tarim Irrigation District. Chemical and salt ion compositions of
the drainage water and fresh water are shown in Table 1. Initial soil moisture at the soil layer of 0, 10,
20, 30, 40, 50, 60, 70, and 80 cm was 12.11%,
11.54%, 12.21%, 13.24%, 13.84%, 13.54%,
14.31%, 15.21%, and 15.64%, respectively.

• #847< ;8=:.0 47145<:,<487 In point source
infiltration experiment, the emitter had a flow rate of
1.83 L/h, and water was supplied by Markov bottle.
Five irrigation water salinity levels were same as in
the non-point source infiltration experiment. The initial conditions and infiltration water amount were
same for the five treatments. In order to minimize the
differences in the initial conditions, the experiment
of point source infiltration was carried out simultaneously, and the initial soil water content was measured as presented in Table 2. Electrical conductivity
(EC) was used to describe soil salinity. Soil water
content and EC in the infiltration soil profile was
measured after 3 hours of ending the point source infiltration experiment. Soil samples were taken horizontally at 0, 5, 10, 15, 20, and 25 cm from the emitter. The vertical sampling positions for each horizontal point was set at 0, 5, 10, 15, 20, 25, and 30 cm
below the soil surface. By mixing 1part soil with 5
parts deionized water, EC was measured with DDSJ308A conductivity meter (Leici model, Shanghai
INESA Scientific Instrument Co., Ltd, China).

saline water irrigation was beneficial for soil nutrient
accumulation [9].
Regarding the effects of marginal water irrigation on crop growth, some experimental findings indicated that irrigating with low salinity water had little impact on crop growth and yield, and sometimes
improved slightly production quality [10-15]. The
drainage water in South Xinjiang not only contains
detrimental salt ions, but also beneficial nitrogen,
phosphorus, potassium and other plant nutrition elements, which may affect soil water and salt movement and plant growth by influencing soil physical
and chemical properties. Our hypothesis is irrigation
with farmland drainage can influence soul water and
salt transport and cotton growth. Therefore, objectives of this study were to investigate the effects of
irrigation with farmland drainage water on characteristics of soil water and salt transport, and to study
saline water irrigation of different salinity levels on
cotton seed germination and seedling growth.


&$%! &"%

@90:4607<,5 ;4<0 The experiment was conducted during 2016 at the Experimental Station of
Water -Saving Irrigation (81°17′56.52″ E,
40°32′36.90″ N, elevation 1100 m) in College of
Water Resources and Architectural Engineering, Tarim University (Alar City, Xinjiang, China). The experimental site belongs to extremely arid desert climate with typical characteristics of less rainfall and
great day-night temperature difference. Among average annual values of weather data from 19582015, the average annual precipitation and evaporation was 49.4 mm and 2220 m respectively, while
the average sunshine duration was 2729 h with 200
days of frost-free period. Furthermore, the mean,
highest and lowest temperature was 10.8±0.5°C,
19.03±0.6°C and 3.64±0.5°C respectively. The soil
texture is classified as sandy loam with mean bulk
density of 1.34 g cm-3 and field capacity of 25%
(mass basis). The salt content in 0–80 cm soil layer
is approximately 0.28%–0.39%, and groundwater
level is generally deeper than 3 m.
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Index
Drainage
water
Fresh water

SO4-2
(Mg/L)

CL-1
(Mg/L)

Ca2+
(Mg/L)

Mg2+
(Mg/L)

K+
(Mg/L)

Na+
(Mg/L)

pH

389.00

3300.00

282.00

408.50

56.25

1464.00

8.17

28.20

0.11

25.20

11.30

8.20

19.70

7.24
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Depth
(cm)
0
5
10
15
20
25
30

0
10.92
11.61
11.80
10.08
11.78
12.05
11.77

5
11.27
10.69
12.34
9.14
10.27
10.57
11.73

Horizontal distance from the emitter (cm)
10
15
10.27
11.09
11.27
10.76
11.45
12.13
10.55
10.55
11.34
10.56
10.19
12.60
11.71
10.33

• ,5.=5,<487 81 47145<:,<487 9,:,60<0:;
The approximate solution of point source infiltration
model [16] (Eq.1) under steady-state conditions was
solved with the experimental data, and the effect of
irrigation with farmland drainage water on the soil
infiltration parameters λC and KS was analyzed as
follows:

 #  % "  &
(1)

(5)
RSIR = (GRck-GRTi)/GRck×100
where, GRck and GRTi is the germination rate
measured in the control and treatments, respectively.

where, q is the flow rate per unit area (cm
min-1), KS is the saturated hydraulic conductivity
(cm/min), r0 is the corresponding radius (cm), and λC
is the model parameter (cm).
When the negative pressure is not zero, the
steady-state flow in the infiltrometer can be described as follows:

 #   %$ & % "  &
(2)

• 8<<87 ;00/5472 2:8?<3 0@90:4607< For
seedling growth experiment, 5 cm depth of quartz
sand (sterilized with high temperature) was laid out
in the germination dishes, and 30 cotton seeds were
sown in each dish. The seeds were irrigated with
Hoagland solution in an illuminated incubator until
the emergence of the seedlings. Then, the farmland
drainage water solutions with certain salinity levels
were used to irrigate the seedlings. The temperature
in the incubator was controlled at 25°C, with 12 h
photoperiod (8:00-20:00). After irrigating the seedlings for 2 weeks with farmland drainage water, several growth-related parameters of cotton seedlings
were measured, including plant height, main root
length, cotyledon area, primary lateral root number,
shoot dry weight, and root dry weight. Plant height
and main root length was measured by rule, the cotyledon area measured with a LI-3100 area meter (LiCor Inc., Lincoln, NE, USA).



where, h is the negative pressure head (cm).
According to the steady-state flow (q1, q2) of the different negative pressures (h1, h2), λC and KS was calculated using Eq. (3) and Eq. (4), respectively:
 
 #  
(3)
 #





%$ &%


 
&
!

25
10.61
10.80
11.81
10.79
12.18
10.90
10.55

the germination dish was placed in an illuminated incubator at constant temperature of 30°C. The germination potentials and germination rates of the cotton
seeds were observed at 3 and 7 days after germination began, respectively. The relative salt injury rate
(RSIR) was calculated as: 





20
10.97
11.46
13.80
10.14
11.94
10.75
11.99

(4)


@90:4607<81.8<<87;00/20:647,<487,7/
;00/54722:8?<3The experiment was conducted using a long-staple cotton cultivar-Xinhai 14 (
    L.). The highest salinity (10.54 g/L)
of the farmland drainage water measured in situ was
taken as the reference value for setting experimental
salinity levels. The farmland drainage water was diluted with distilled water to different salinity levels
and used for the cotton seed germination and seedling growth experiments. The salinity treatments included 0 (control, CK), 1 (T1), 2 (T2), 3 (T3), 4 (T4),
5 (T5), 6 (T6), 7 (T7), 8 (T8), 9 (T9), and 10 g/L
(T10), and each treatment was replicated three times.

%<,<4;<4.,5 ,7,5A;0; Analysis of variance
(ANOVA) in Origin 2017 was used to determine the
statistical significance of irrigation water salinity.
Treatment means were compared for statistical significance using the ‘Least Significant Difference
(LSD) test’ and ‘Duncan’s Multiple new Range Test
(DMRT)’ at a 5% (α=0.05) significance level.
$%'&%

• 8<<87 ;00/ 20:647,<487 0@90:4607<
Two layers of filter paper were placed in a germination dish, and 100 cotton seeds selected strictly were
placed uniformly on the filter paper, and then covered with another filter paper. For each treatment, the
farmland drainage water solution according to treatment salinity level was added by using a pipette until
the cover of filter paper was wet completely. Then,

%845 ?,<0: ,7/ ;,5< <:,7;98:< =7/0: 1,:6
5,7/ /:,47,20 ?,<0: 4::42,<487 ),<0: 47145<:,
<487The horizontal and vertical distribution of soil
moisture from 0-25 and 0-30 cm soil layer depth respectively in point source infiltration experiment is
shown in Figure 1. Soil moisture varied significantly
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in the horizontal direction with the change in water
salinity. Under the condition of low salinity level and
high soil moisture, the horizontal transport curve of
soil water was generally smooth (Figure 1 a). Moreover, soil water content in the horizontal direction
decreased gradually with increasing distance from
the emitter. Soil water content in the salinity treatments of 1 and 2 g/L indicated a similar trend in the
horizontal distance of 0-10 cm, then the difference
increased greatly with the horizontal distance greater
than 10 cm. While, soil water contents at salinity
level of 3, 4, and 5 g/L increased in the horizontal
distance of 10 cm, then decreased rapidly in the horizontal distance of 10 to 35 cm. There was little difference in soil water content in the vertical depth
among different treatments (Fig. 1 b). High value of
soil moisture was measured in the top layer, and soil
water content decreased gradually with the increase
in soil depth.

are shown in Figure. 2 (a). For the treatment irrigated
with low salinity of farmland drainage water, the EC
was relatively low, and the horizontal transport curve
was generally smooth. Moreover, the EC increased
with increasing distance from the emitter. The EC
fluctuated greatly in the horizontal direction, and a
significant downward trend was observed with the
increasing of irrigation water salinity; The EC value
gradually decreased with increasing distance from
the emitter. The EC in the salinity treatments of 3, 4,
and 5 g/L showed a similar trend in the horizontal
direction, and the high value of EC was measured in
the horizontal distance of 0–5 cm, followed by a
sharp declination with increment in horizontal distance from 5 cm to onward. In the vertical soil profile, the EC in the salinity treatments of CK and 1
g/L exhibited a similar trend with a small difference.
The EC value was higher in the surface soil and
showed a significantly decreasing trend with increasing soil layer depth. The EC in the treatment of 2 g/L
fell between the two groups: the results of the treatments of 1 g/L and the results of the treatments of 3,
4, and 5 g/L.
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%845;,5<<:,7;98:<Figure. 2 (a) and (b) shows
the horizontal and vertical distribution of soil electrical conductivity (EC) in the point source infiltration
experiment, respectively. The mean EC values of the
0-25 cm soil layer at each horizontal sampling site
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Cumulative infiltration (mm)

water infiltration. Under the pressure head of -2.7
cm, the cumulative water infiltration curves in different treatments followed consistent trends during
the experimental period. The water infiltration in
lower salinity treatments was obviously higher than
that in higher salinity treatments. These results indicated that under same pressure head condition, water
infiltration decreased with increasing salinity level
of farmland drainage water; while under different
pressure head conditions, water infiltration significantly declined with increasing pressure head.

110.<; 81 1,:65,7/ /:,47,20 ?,<0: 4::42,
<48787;84547145<:,<4879,:,60<0:;The soil infiltration parameters after irrigated with farmland
drainage water of different salinity levels were calculated from Eq. (3) and Eq. (4). The results presented in Table 3 showed that KS increased from
0.038 to 0.055 as salinity increased from 1 to 2 g/L
and then decreased with the continuous increase of
salinity levels, while the opposite trend was found
for λC. KS and λC showed the extreme values at the
salinity of 2 g/L and 5 g/L, respectively. The value
of λC calculated at 2 g/L was lower by 1.958, 2.376,
4.741, and 16.859 cm compared with those at 1, 3, 4,
and 5 g/L, respectively. KS value at treatment of 2
g/L was higher than those at treatments of salinity 1,
3, 4, and 5 g/L by 0.017, 0.011, 0.022, and 0.046 cm
min-1, respectively. These results indicated that irrigation with high salinity farmland drainage water affected obviously soil infiltration and thereby soil
physiochemical properties.
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=6=5,<4>0 ?,<0: 47145<:,<487 ,1<0: 1,:6
5,7//:,47,20?,<0:4::42,<487=7/0:<309:0;;=:0
110.<; 81 1,:65,7/ /:,47,20 ?,<0: 4::42,
30,/;,3 .6,7/-3 .6
<487870,:5A;<,20.8<<872:8?<3 110.<;811,:6

5,7//:,47,20?,<0:4::42,<4878720:647,<48781
=6=5,<4>0 ?,<0: 47145<:,<487 Figure 3 (a)
.8<<87;00/;Data presented in Table 3 revealed that
and (b) depicts the cumulative water infiltration of
when the salinity level of farmland drainage water
farmland drainage water under the pressure heads of
was not higher than 4 g/L, irrigating with drainage
h = 0 cm and h = -2.7 cm, respectively. The cumulawater did not show significant salt injury to germitive water infiltration decreased with the increase of
nation of cotton seeds, and the RSIR was zero. Howirrigation water salinity. The cumulative infiltration
ever, at the salinity level of 4 g/L and higher, the cotcurve of the treatments of 1 g/L and 2 g/L coincided
ton seed germination began to suffer salt injury, and
within the first 8 min of infiltration, and the cumulathe RSIR significantly increased with increasing sative water infiltration was almost equal. When the
linity of farmland drainage water. The increase of
infiltration time was extended to more than 8 min,
farmland drainage water salinity resulted in salt sail
the curves began to separate. Water infiltration in
accumulation in soil and the occurrence of salt intreatment of 2 g/L showed a significantly decreasing
jury, which directly affected cotton seed germinatrend and became lower than that of treatment of 1
tion. Compared with the CK, the germination poteng/L. For the salinity level of 4 g/L and 5 g/L, there
tial and germination rate of cotton seeds were less
were no significant differences in the cumulative

& 
%84547145<:,<4879,:,60<0:;47/4110:07<;,5474<A50>05;
%,5474<A2 
#,:,60<0:;





q1(h=0 cm)/(cm/min)
0.101
0.129
0.115
0.101
0.047
q2(h=-2.7 cm) /(cm/min)
0.058
0.051
0.061
0.071
0.041
4.868
2.910
5.286
7.661
19.769
λC /cm
KS/ (cm/min)
0.038
0.055
0.044
0.033
0.009
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seedlings was significantly sensitive to salt level.
Compared with CK, no significant harmful effects
and differences were found in plant height, main root
length, and cotyledon area of cotton seedlings for
treatments of T1, T2, T3 and T4 (P > 0.05). When
salinity was higher than 4 g/L in treatments of T5 to
T10, the three indicators (i.e. germination potential,
germination rate, and RSIR) significantly differed to
those in CK (P < 0.05). The higher the salinity level
of farmland drainage water was, the severer the inhibition to cotton seedling growth was observed. Overall, the seedlings manifested slow growth, small cotyledon area, retarded root development, and insufficient dry matter accumulation. The primary lateral
root number, shoot biomass, and root biomass of cotton seedlings were affected by farmland drainage
water irrigation in all treatments, and these growth
parameters decreased significantly with increasing
salinity level of the farmland drainage water.

significantly affected by the salinity increase in treatments of T1, T2, and T3 (P > 0.05), which suggests
that irrigating with farmland drainage water of salinity level less than 3  has comparatively less effect
on cotton seeds germination. When the salinity level
of farmland drainage water was greater than 3 g/L,
the differences of germination potential and germination rate between CK and treatment of T4 to T10
were more significant (P < 0.05). Furthermore, at salinity level of 7 g/L, the RSIR exceeded by 25%,
while the germination potential and germination rate
decreased to 52% and 66% respectively, which indicated that the germination of cotton seed has been
seriously inhibited at high salinity level.

110.<; 81 1,:65,7/ /:,47,20 ?,<0: 4::42,
<487872:8?<381.8<<87;00/5472;The growth-related indices of cotton seedlings under farmland
drainage water irrigation with different salinity levels are given in Table 4. The growth of cotton


&
110.<;814::42,<487?4<31,:65,7//:,47,20?,<0:87<3020:647,<48747/4.,<8:;81.8<<87;00/;
%,5474<A
0:647,<487
0:647,<487
$%$
&:0,<607<
2 
98<07<4,5
:,<0

CK
0
73bc
92bc
0f
T1
1
75a
94a
0f
T2
2
74ab
93ab
0f
T3
3
74ab
92bc
0f
T4
4
72c
91c
0f
T5
5
70d
87d
4.3e
T6
6
64e
85e
5.5e
T7
7
52f
66f
26.4d
T8
8
41g
58g
36.4c
T9
9
30h
43h
52.6b
T10
10
26i
37i
59.3a

Note: Values with different lowercase letters in a column were significantly different at P < 0.05, and values with the same
letters were not significantly different.


&
110.<;811,:65,7//:,47,20?,<0:4::42,<487?4<3/4110:07<;,5474<40;87<302:8?<381.8<<87;00/5472;
,47
#5,7<
8<A50/87
#:46,:A
%388</:A $88</:A
%,5474<A
:88<
&:0,<607<
30423<
,:0,
5,<0:,5:88<
6,;;
6,;;
2 
5072<3
.6
.6 
7=6-0:
62
62
.6
CK
0
13.3a
16.4a
4.63a
31a
87.8a
72.0a
T1
1
12.5a
15.6ab
4.3ab
28b
83.7b
71.8a
T2
2
12.8a
15.5ab
3.98ab
26bc
80.5c
67.6b
T3
3
12.2a
15.0ab
3.9abc
25c
77.7d
62.2c
T4
4
11.7ab
13.7b
3.26abcd
21d
74.4e
56.4c
T5
5
10.3b
10.5b
3.13abcd
19e
61.2f
50.1d
T6
6
8.3c
7.6d
2.83bcde
13f
53.3g
42.2e
T7
7
6.2d
6.4de
2.33cde
11g
45.4h
36.7f
T8
8
5.8d
5.5ef
1.8de
7f
40.3i
32.6g
T9
9
4.2e
4.1fg
1.53e
5i
35.2j
25.9h
T10
10
3.4e
3.7g
1.35e
5i
29.1k
21.2i
Note: Values with different lowercase letters in a column were significantly different at P < 0.05, and values with the same
letters were not significantly different.
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110.<;814::42,<487?4<31,:65,7//:,47,20
?,<0:87;00/20:647,<487,7/;00/54722:8?<381
.8<<87 Previous studies reported different conclusions on threshold level of salinity for seed germination and seedling growth of cotton. Zhang et al. [2122] proposed the value of 3 g/L, whereas Yang et al.
[23] proposed 2 g/L as the reference threshold for
regulation of saline water utilization. Zhang et al.
[24] found that when the salinity was lower than 4
g/L, brackish water irrigation had little impact on
seedling emergence, plant height, and dry matter accumulation of cotton. However, Feng et al. [25] suggested that the salinity of irrigation water should be
less than 5 g/L. Wang et al. [26] concluded that the
critical salinity of irrigation water was 4.28 g/L for
lightly saline soil. Wang et al. [27] reported that the
optimal growth of cotton occurred at NaCl concentrations of 15–25 mmol/L. The different results of
these studies were mainly attributable to differences
in the experimental conditions, crop varieties, and irrigation methods. As for the variety of ‘Xinhai 14’
used in this study, irrigation with low-salinity farmland drainage water had little inhibitory effect on
seed germination of the cotton; to some extent, the
drainage water had a certain positive effect. To ensure normal seed germination of cotton without any
harm, the salinity of farmland drainage water should
be less than 3 g/L. This value was generally consistent with result of the saline water irrigation experiment, indicating that the major factor affecting
the germination of cotton seed was salt ions. When
the salinity was less than 4 g/L, the irrigation with
farmland drainage water resulted in no significant
differences in the seedling growth of the cotton compared with CK, which agreed with the results of
Zhang et al. [20] and Feng et al. [21]. When the salinity of the farmland drainage water was greater
than 4 g/L, the cotton seedlings presented short
plants, shortened main roots, reduced cotyledon
area, decreased lateral root number, and reduced dry
matter accumulation. Additionally, the cotton yield
significantly decreased with increasing salinity of
the irrigation water [28]. Sun et al. [29] reported that
the drip irrigation of saline water with salinity lower
than 6 g/L had no significant effect on cotton yield
on the Northern Shandong plain. The salinity value
obtained by Sun et al. was higher than our result,
showing that the salinity of farmland drainage water
should be lower than 4 g/L. This difference indicated
that consideration should be given to the effect of
other components in the water on the seedling
growth and yield of cotton for irrigation with farmland drainage water.
In the arid region of Southern Xinjiang, the
lower quality-water, such as drainage water, can play
an important role in overcoming water scarcity. As
the drainage water contains solutes of varying concentrations, drainage water irrigation may increase
soil salinization and influence plant growth. In this
study, we investigated effects of the drainage water

%'%%"!

110.<; 81 1,:65,7/ /:,47,20 ?,<0: 4::42,
<487 87 47145<:,<487 9,:,60<0:; Irrigation with
farmland drainage water affected soil infiltration parameters, thereby influenced the process of soil water and salt movement. According to the capillary
theory, λC indirectly reflects the change of the soil
pore structure. The looser the soil particles are, the
greater the expansion degree; that is, the pore size
will decrease as λC becomes larger, and soil water
conductivity decreases correspondingly. It indicated
that irrigation with farmland drainage water resulted
in stronger salt flocculation than salt diffusion in the
soil. This enhanced the soil agglomeration, increased
the proportion of macro-pore particles in the soil,
and improved the permeability, leading to a reduction of λC and an increase of KS. When a continuous
increase of salinity or continuous irrigation provided
sufficient exchangeable sodium and allowed particle
dispersion and expansion to be the dominant process,
this decreased the soil macro-pores, increased the
micro-pores, and reduced the permeability; λC then
increased, while KS decreased markedly. Feng et al.
[17] also reported that soil bulk density in the 0–20
cm layer had an increasing trend with the increase of
soil salinity, which was due to the change of the soil
structure by salt ions. During the point source infiltration, the salinity of farmland drainage water had
significant effects on the migration characteristics of
salt in the horizontal and vertical directions. The
treatment of 2 g/L was the cutoff point for the horizontal and vertical change of soil salt. Wu et al. [18]
reported that the infiltration rate gradually decreased
when the salinity of the infiltration water was greater
than 3 g/L. Liu et al. [19] found that the infiltration
capacity of soil reached the maximum at the salinity
of 1 g/L and then decreased with the increase in salinity level from 1 g/L. During the non-point source
infiltration, under the same pressure head height, infiltration of soil water decreased with increasing salinity of farmland drainage water; however, at different pressure head heights, the soil water infiltration
significantly declined with the decrease in pressure
head height. In this study, the maximum KS and λC
was measured at the salinity level of 2 g/L and 5 g/L,
respectively. Further experiments with the salinity
level around 2 g/L need to be carried out to determine whether this value can serve as a threshold that
affects KS and λC. A continuous increase in salinity
significantly reduced the performance of the soil water infiltration and increased the wetting depth of the
infiltration [20]; this infiltration can increase the risk
of the salt being carried by the water to diffuse into
the deeper soil layers and inevitably lead to an overall decline in soil quality. To avoid the deterioration
of soil quality due to irrigation with farmland drainage water, the adoption of corresponding irrigation
regulation techniques is critical, and related research
needs to be further conducted.
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on soil water and salt transport, and different salinity
levels on cotton seed germination and seedling
growth. The threshold of 5 g/L for drainage water
utilization was reported in this study. However, effects of drainage water on dynamics of soil nutrients
was not considered in this study. In next research,
experiments should be carried out to investigate soil
nutrients accumulation and its benefit for plant
growth under the drainage water irrigation.
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smaller pieces or grinding the seeds can shorten their
shelf-life or cause disruptions in the seeds and therefore, are unfavorable methods.
Previous studies showed that exposure to heat
treatment effected seed germination differently in
various plant species. Denton et al. [3] applied five
different temperatures (80, 90, 100, 110 and 120°C)
for five minutes to jute (   ) seeds
before planting and reported that seed germination
and seedling emergence started at 80° but only the
seeds that were kept at 120° for 5 minutes reached
their optimum germination. In this case brief exposure to high temperatures increased germination It
was determined that seed germination and seedling
emergence of broccoli seeds were significantly limited and hindered at soil temperatures above 20-32°C
[4]Riley [5] reported that the temperature to obtain
optimum germination temperature in maize ranged
from 26-29°C; and determined that germination was
significantly delayed at temperatures above 35°C
and completely stopped at 39°C and above. On the
contrary, Nigam and Joshi [6] kept purslane ( 
    ) seeds at 40, 50, 60 and 70°C for 24,
48, 96 and 144 hours and determined that germination of the seeds was optimum at 40° and increased
with increasing duration. There was a significant and
positive relationship between heat treatments and application times; germination percentages were decreased at high temperatures (50-60°C) and seeds
lost their viability at 70°C. In various legume seeds
kept at 130, 140 and 160°C for 15, 30, 60 and 90
minutes, the germination rates varied both between
and within species, and seeds started to die with increased treatment intensity [7].
According to a circular issued by the Ministry
of Agriculture and Fisheries Biosecurity of New
Zealand, hemp seeds that will be imported into the
country must be heat-treated at a minimum of 85°C
for at least 16 hours [8]. In their study to investigate
the effects of high temperatures on hemp seed, Raikos et al. [9] determined that hemp seed proteins
were denatured at 80°C and above. For this reason,
the prevention of germination of hemp seeds at any
point below 80°C could allow the seed to be used for
food and feed. Together with their effect on germination, high temperatures may cause some changes
in the chemical structure of seeds, which can encourage spoilage and lower their shelf life. Therefore, the
idea of releasing hemp seeds with inhibited

This study aimed to inhibit the germination of
hemp seeds (  ) by heat treatment. The
hemp seeds were kept at eight different temperatures
of 20°C (control) and 45, 55, 65, 75, 85, 95 and
105°C for eight different exposure times (0 minutes
(control) and 1, 10, 60, 180, 360, 720 and 1440
minutes). The experiment was repeated four times.
The seeds that were subjected to the treatment were
placed into the germination environment at 20±1°C.
The seeds that germinated at the 3rd, 7th and 12th days
were counted and their germination was observed.
The counts at the 12th day showed that germination
of the hemp seeds was inhibited by the heat treatments at 85, 95 and 105°C. The study revealed that
hemp seeds should be kept at 85°C for 24 hours to
inhibit their germination.


&%!"
Hemp, heat treatment, germination, high-temperature,
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Hemp ( ) is highly sensitive to environmental conditions including day length, light
intensity and temperature fluctuation; and reacts to
changing conditions by exhibiting different types of
development. Therefore, depending on the intended
utilization of the crop, it can be grown under different environments and conditions to obtain the desired benefit [1] The THC (tetrahydrocannabinol)
levels of the frequently-grown hemp fiber cultivars
are generally low, whereas drug cultivars yield several times more THC than fiber cultivars [2]. All
  populations can be hybridized with each
other and will yield fertile offspring. If their germination ability is intact, legally distributed and sold
hemp seeds can be used for illegal purposes (illegal
drug production). Exposure to high temperatures,
high-intensity radiation and grinding seeds into meal
can all be used effectively to inhibit the germination
ability of the seeds. Seeds with inhibited germination
can be used as food for human nutrition or as animal
feed; therefore, exposure to high-intensity radiation
is not practically possible. Breaking the seeds into
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as germinated [10] and counted, and the germination
percentages (%) were determined.

germination ability to the feed, food and seed oil
markets remains a matter of debate. This study
aimed to determine the lowest temperature that can
theoretically inhibit the germination of hemp seeds.

"7'7.67.('0 9'08'7.32 The results were subjected to variance analysis in accordance with the
two-factorial experimental design. The line graphics
of the germination percentages on the 3rd, 7th and 12th
days were plotted. A regression curve was plotted
and an equation was calculated at the polynomial
level for 85°C, which is the observed minimum temperature at which germination was inhibited at the
end of the 12th day. Moreover, the statistical significance of the equation was determined with the R2
value [12]. In the calculated equations, “X” represents the exposure time and “Ŷ” represents the estimated germination percentage.


!"$#""$""
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*146**)6The hemp ( .) grown
in Turkey is a landrace variety maintained by local
farmers who harvest their own sowing seed each
year. It has been preferred for many years because it
has high fiber yield and quality. The seeds used in
this experiment were produced under controlled conditions during the 2016 season and were stored for 2
months at +4° C following the harvest. Then, for heat
treatments, fifty mature hemp seeds of uniform size
were placed in each petri dish.

*'7 #5*'71*27 '2) 76 85'7.32 In the
study, hemp seeds were subjected to eight different
temperatures including 20°C (control), 45, 55, 65,
75, 85, 95 and 105°C in an oven with ±1°C sensitivity. A control set of seeds was kept at 20°C and the
test seeds were exposed for 1, 10, 60, 180, 360, 720
and 1440 minutes at each of these temperatures.
Each treatment was replicated four times; and a total
of 256 (8x8x4=256) petri dishes were used. The
heat-treated seeds were left to cool at room temperature.

*51.2'7.32 #*676 After the heat treatments
at different temperatures and at different exposure
times the hemp seeds were placed on filter papers in
9 cm diameter petri dishes, and six ml of distilled
water was added to each dish [10]. The germination
media was kept at 20±1°C [11]. The seeds were observed on the 3rd, 7th and 12th days after wetting and
those that formed 1 mm long radicles were accepted

Differences were observed in the germination
percentages on the 3rd, 7th and 12th days of the hemp
seeds that were subjected to heat treatments at different temperatures and for different exposure times.
By the end of the 3rd day of the trial, the germination
of the seeds that were exposed to 20, 45, 55 and 65°C
reached above 35% for all the exposure times; thus,
these temperatures were determined not to inhibit
germination sufficiently. In the seeds kept at 75°C,
germination decreased with increasing exposure
times; the germination percentage of the seeds
dropped below 10% for the 1440 minutes exposure
time. The heat treatment at 85°C for 180 minutes resulted in germination below 10%. Germination of
the hemp seeds kept at 95 and 105°C for 60 minutes
also dropped below 10%, as did some heat treatments at 75, 85, 95 and 105°C, albeit for different
exposure times (Figure 1).
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Counts at the 7th day showed that the germination percentages of the hemp seeds exposed to heat
treatments at 20, 45, 55 and 65°C were above 40%
for all exposure times. The germination percentages
of the seeds kept at 75°C were above 30%, even after
the longest exposure time (1440 minutes). This result
indicated that heat treatment at this temperature only
delayed, but failed to inhibit, germination (Figure 2).
For the heat treatments at 85, 95 and 105°C,
counts on the 12th day showed that germination of

the seeds kept at 105°C for 60 minutes dropped below 10% and the germination rates were further inhibited when the seeds were treated for 180 minutes.
The germination of the seeds kept at 95°C for 180
and 360 minutes dropped below 10% and 5% respectively, and exposure to 95°C for 360 minutes most
effectively inhibited germination. With increasing
temperatures, the hemp seeds lost their germination
ability in shorter periods.
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The results of this study, which shows the effect
of high temperature on the germination of hemp
seeds, conforms with results obtained in the previous
studies regarding the seeds of different plant species
[5, 6, 7]. For the heat treatment at 85°C, the exposure
time should be 720 minutes to obtain a germination
rate below 10%. Keeping hemp seeds at 85°C for a
short period resulted in a slightly increased germination rate; however, Denton et al. [3] determined that
exposing jute seeds to high temperatures for short
periods had positively affected their germination.
The germination percentage of the hemp seeds kept
at 85°C for 1440 minutes remained at about 2% (Figure 3) The regression analysis of the data obtained
by exposing hemp seeds to 85°C for varying exposure times showed that the effect of the exposure
time
was
highly
statistically
significant
(R2=0.9656**). The relationship between the germination percentage and exposure time at 85°C was
“Ŷ=0.00000004388X3 + 0.0001417X2 - 0.1544X
+62.40” (Figure 4). According to this equation, in order to obtain full inhibition of the germination of
hemp seeds, seeds should be kept at 85 °C for
1539.56 minutes (approximately 25.6 hours).

temperatures may cause physical and chemical
changes in hemp seeds; therefore, the hemp seeds
should be kept at 85°C for 1440 minutes (24 hours)
to inhibit germination. 
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This study aimed to inhibit the germination of
hemp seeds by heat treatment. This goal was
achieved by subjecting the seeds to the heat treatments at 85, 95 and 105°C for different exposure
times. The hemp seeds lost their germination ability
at 95 and 105°C in shorter periods. However, according to the results of published studies, high

8203

"!

 #   





    













[4] Elson, M.K., Morse, R.D., Wolf D.D. and
Vaughan, D.H. (1992) High-temperature Inhibition of Seed Germination and Seedling Emergence of Broccoli. Hort. Technology. 2(3).
[5] Riley, G.J. (1981) Effects of High Temperature
on The Germination Of Maize (Zea Mays L.),
Planta. 15168-74).68-4 (1)
[6] Nigam, B.C. and Joshi, M.C. (1970) Effect of
High Temperature on Moisture Loss, Imbibition
and Germination of Seeds of Trianthema Govindia BUCH.-HAM. ex DC. 0sterr. Bot. Z.
118, 334-340.
[7] Mott, J.J., Cook, S.J. and Williams, R.J. (1982)
Influence of short duration, high temperature
seed treatment on the germination of some tropical and temperate legumes. Tropical Grasslands. 16(2), 50-55.
[8] Anonymous (2011) Importation of Grains/
Seeds for Consumption. Feed or Processing
Plant Health Requirements. MAF Biosecurity
New Zealand. https://mpi.govt.nz/documentvault/1661, last visited 16.12.2016.
[9] Raikos, V., Duthie, G. and Ranawana, V. (2015)
Denaturation and Oxidative Stability of Hemp
Seed (Cannabis sativa L.) Protein Isolate as Affected by Heat Treatment. V. Plant Foods Hum
Nutr. 70, 304.
[10]Sera, B., Sery, M., Gavril B. and Gajdova, I.
(2017) Seed Germination and Early Growth Responses to Seed Pre-treatment by Non-thermal
Plasma in Hemp Cultivars (Cannabis sativa L.).
Plasma Chem Plasma Process. 37, 207-221.
[11]Small, E. and Brookes, B. (2012) Temperature
and Moisture Content for Storage Maintenance
of Germination Capacity of Seeds of Industrial
Hemp, Marijuana, and Ditchweed Forms of
Cannabis sativa. Journal of Natural Fibers. 9(4),
240-255.
[12]Gomez, A.G. and Gomez, A.A. (1984) Statistical Procedures for Agricultural Research. 2nd
Edition. A Wiley-Interscience Publication, Singapore.









!*(*.9*)
   
((*47*)
  


!!" $#!

"*0.1;7'(
Ondokuzmayis University,
55139 Samsun – Turkey 
e-mail: selim@omu.edu.tr



8204

Volume 27 ± No. 12/2018 pages 8205-8212

© by PSP

Fresenius Environmental Bulletin

WASHED BIOCHAR ENHANCES SOIL QUALITY, CARBON
FRACTIONS AND THE PERFORMANCE OF AMMONIUM
AND NITRATES IN SOIL
Punhoon Khan Korai1,*, Tanveer Ali Sial2, Qaiser Hussain3, Ghulam Murtaza Jamro2,
Farhana Kumbhar5, Farman Ali Chandio4
1

Center of Biomass and Biochar Green Technology, Institute of Resource, Ecosystem and Environment of Agriculture,
Nanjing Agricultural University, 1 Weigang, Nanjing, 210095, China
2
Department of Soil Science, Sindh Agriculture University, Tandojam 70060, Sindh, Pakistan
3
Department of Soil Science and Soil Water Conservation, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi, Pakistan
4
Department of Farm Power and Machinery, Faculty of Agricultural Engineering, Sindh Agriculture University, Tandojam, Sindh, Pakistan
5
Department of Plant Breeding and Genetics, Sindh Agriculture University, Tandojam 70060, Sindh, Pakistan

Biochar generally due to its high pH and high
organic carbon (OC) content can be utilized to
improve the SOC content [4] and reduce the high soil
acidity [5]. Also, biochar has a potential to improve
the CEC and soil anion exchange capacity (AEC),
and thus ameliorate the soil productivity [6] thereby
increasing soil mineral nutrient content [7]. Although biochar has many advantages in agriculture
for its wide range of applications, the influence of
biochar on crop yields showed inconsistent results
[8, 4].
The mineralization of SOC is an important biochemical process in soil, which relates directly to
the release and supply of nutrient elements in soils,
and the formation of greenhouse gasses [9]. The
addition of biomass carbon has variable effects on
the mineralization of SOC [9]. Other studies found
that application of biochar to the soil has no significant effect on the SOC mineralization effect in loams
and sandy soils of the United States, and in loess of
Germany [10, 11]. However, application of biochar
increased soil respiration in a treated soil but not in
the control soil [12].
On the other hand, fewer reports about the relationship between biochar and soil enzymes activity.
Bailey et al. (2011) studied the effects of fast pyrolysis switch grass biochar on four soil enzymes (Nacetyl-ȕ-glucosaminidase, leucine aminopeptidase,
ȕ-glucosidase, lipase) to determine if biochar would
consistently modify soil enzyme activities [13].
Their results showed that biochar had inconsistent
and unpredictable effects on soil enzymes depending
on the enzyme and the method they used. Jin (2010)
showed that the activity of two carbon cycling en]\PHV ȕ-D-glucosidase ȕ-Dcellobiosidase) decreased after biochar addition to soil [14].
Worldwide, the soil holds 3 to 4.5 times more
carbon as compared to atmosphere and living species. It is estimated that increasing soil organic carbon/matter content in soils up to a two-meter depth
via 5 to 15 percent could reduce the atmospheric CO2

ABSTRACT
Biochar can play an important role in improving the soil health and crop yield by sequestering the
soil carbon and improving the soil structure, soil fertility. An incubation trial was conducted with the hypothesis that application of maize and wheat biochar
washed with hot water may affect the performance
of macronutrient availability (P, K, NH4+-N, NO3-N) and carbon fractions [soil organic carbon (SOC),
microbial biomass carbon MBC] in the soil. Results
indicated that washed and unwashed biochars application improved the available macronutrients (P, K),
soil pH, SOC, MBC and soil cation exchange capacity (CEC) significantly compared to the control.
However, washed maize- and wheat-biochars significantly reduced the ammonium and nitrate contents
in the soil. The activity of urease enzyme was noticed obviously improved compared to control of the
washed and unwashed biochar treatments. And no
changes in the activity of invertase enzyme were
found across washed and unwashed biochar treatments as compared to control. Overall, wheat and
maize derived biochars with and without washing
were effective in improving the macronutrients and
organic carbon status of the soil.

KEYWORDS:
Unwashed biochar, washed biochar, macronutrients, ammonium, nitrate, carbon fractions, soil quality

INTRODUCTION
Biochar is a highly aromatic and refractory
solid material [1] which is formed by the carbonization of waste biomass under the condition of hypoxia
by slow pyrolysis at a high temperature usually less
than 700°C [2]. For biochar manufacture, an enormous range of biomass including agrarian stalks,
livestock manure, and wood material is used [3].
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soil macronutrients, ammonium and nitrate dynamics, and carbon fractions such as SOC and MBC in a
slightly akaline soil. Four hundred gram of air-dried
soil was transferred into 500 ml-jar bottles and each
biochar was mixed with the soil at rates of 0 and 20
Mg ha-1. The soil without the biochar amendment
was considered as control treatment (CK). Distilled
water was added to achieve a final moisture content
equivalent to field capacity. After adding the unwashed and washed biochars, the jar bottles were
covered with polyethylene bags containing small pin
sized holes to permit aeration. Each treatment was
applied randomly with four replications. All jars
were incubated in the laboratory at 25°C for 60 days.
Based on the weight loss, distilled water was added
to the jar bottle to preserve the moisture content during the incubation trial. At the end of 60 days, soil
samples were collected from all the treatments and
analysed for the pH (H2O), ammonium (NH4+-N mg
kg-1), nitrate (NO3-N mg kg-1), soil organic carbon
(SOC g kg-1), dissolved organic carbon (DOC mg
kg-1), total nitrogen (TN g kg-1), available
phosphorus (AP mg kg-1), available potassium (AK
mg kg-1), and microbial biomass carbon (MBC mg
kg-1) using the methods described by [20]. Soil enzyme activities (i.e. Urease, invertase) were determined according to methods described by [21].

level by up to 16 to 30 percent [15, 16]. These reasons have led to substantial attention in the
accounting of carbon stocks in soils and associated
mechanisms by the application of biochar [17, 18].
In addition to mitigating the climate change and increasing the soil carbon storage, use of recycled organic materials into soils results in an important
range of other environmental benefits [17, 18].
Therefore, it is of great practical significance to understand the mechanism that how biochar improves
the soil quality and crop production by influencing
the nutrient uptake, organic carbon stock, and other
soil properties. Hot water washing is a relatively
simple physical way of enhancing biochar properties
by reducing pH and ash percentage, and improving
the structure of biochar. After washing, biochar composition and functions changed which affect nutrients availability in soil and uptake by crops [19].
Therefore, in this paper, a successive incubation trial
was conducted to examine the effect of maize and
wheat biochars with washing (WMB and WWB) and
without washing (MB and WB) on soil fertility,
carbon fractions and the ammonium and nitrate
dynamics in soil.

MATERIALS AND METHODS

TABLE 1
Physico-chemical properties of soil prior to the
incubation experiment

Biochar materials. Maize and wheat straw biochars were purchased from Sanli New Energy
Company, Henan, China, where biochars were carbonized at pyrolyzing temperature of 350°C±550°C
in a residence time of about one hour for the passage
of the feedstock through the vertical kiln (5 m in
height and 3 m diameter in diameter). Typically,
with this technology, 0.35 Mg of biochar, 250 kg of
pyroligneous solution (wood vinegar) and 750 m3 of
syngas, were obtained per metric ton of straw biomass. Biochar material was ground to pass through a
2-mm sieve, homogenized and stored in closed vessel under dry and cool condition before use for extraction.

Index
Clay (%)
Silt (%)
Sand (%)
pH (H2O)
SOC (g kg-1)
NH4+-N (mg kg-1)
NO3-N (mg kg-1)
DOC (mg kg-1)
MBC (mg kg-1)
TN (g kg-1)
AP (mg kg-1)
AK (mg kg-1)
CEC (cmol kg-1)
Bulk density (gcm-3)

Biochar extraction. A portion of biochar was
mixed with tap water (1:20 w/v), heated to 80°C and
then shaken for three hour. Subsequently, the aliquot
was centrifuged and decanted. The resultant residue
biochar was air-dried and stored at room temperature
for further analysis and its application under laboratory conditions.

Value
44.7
39.8
15.1
7.3
16.2
0.69
13.55
38.15
390
2.1
11.1
80.1
18.3
1.2

Calculation and statistics. The one-way analysis of variance (ANOVA) was performed for the
treatment and control means using I B M Statistical
Package for Social Scientists (SPSS 20.0). The
means were separated using Duncan's Multiple
Range test. Level of significance set as (P<0.05).

Incubation experiment. The soil was
collected at Kangbo village, Guli Township, Changshu-CS Municipality, Jiangsu, China (31°30¶N 120°
33¶E). The important properties of the topsoil,
unwashed biochars, and washed biochars prior their
use in the incubation are shown in Tables 1 and 2.
An incubation study was initiated to examine the effect of different unwashed and washed biochars on

RESULTS AND DISCUSSION
Effect of unwashed and washed biochars on
soil pH and CEC. Washing of biochar reduced the
levels of all the properties in the different types of
biochar (Table 2). The variations in soil pH due to
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the amendment of different types of unwashed and
washed biochars during 60 days of incubation are
shown in Figure 1. Initially the soil pH was 7.28,
which increased to 7.87 after application of 20 Mg
ha-1 washed and unwashed biochars. Altough the
washing reduces the ash content, pH and potassium
content of wheat and maize biochars, their
application to the soil still increase the pH value,
which may be the result of the high soil pH, the less
H+ and exchangeable Al3+ in the soil, and the
buffering effect of the soil.
Many studies have shown that the amendment
of biochar promotes soil pH [22-26]. In highly
weathered tropical soils, application of biochar could
enhance soil pH [27]). CEC is one of the most
significant chemical properties of soil, which specifies nutrients adsorption and/or desorption and thus
their availability in soil. On the basis of our results,
initial soil CEC was 17.4 cmol(+) kg-1 but it enhanced
to 19.0 cmol(+) kg-1 following the addition of unwashed and washed biochar at the rate of 20 Mg
ha-1. This increase probably due to the biochar is distinguish by a variable charge and high surface area.

Fresenius Environmental Bulletin

It also has the potential to enhance soil base saturation, WHC, CEC and surface sorption capacity as a
result of adding to the soil [6, 28, 29]. By increasing
ages of biochar in the soil, the negative charge sites
on biochar surfaces are promoted while positive
charge sites decline [30]. Probably, the improvement
in CEC is due to the presence of carboxyl groups
which is indicative of its existenceby high O2/C
ratios on charred materials surface [6, 31] and
likewise affected by the high surface area [32].
Effect of unwashed and washed biochars on
ammonium and nitrate. The addition of unwashed
and washed biochars led to noteworthy changes in
the soil content of NH4+-N and NO3--N (Figure 2).
Both NH4+-N and NO3--N contents were found to decrease due to unwashed and washed biochar addition. At first, NH4+-N content was 0.84 mg kg-1
which diminished significantly after biochar application, the highest being observed for WWB addition. The rate of NH4+-N content reduction was increased during incubation. At the end of 60 days, the

TABLE 2
Properties of unwashed and washed biochars
Index
MB
WMB
pH (H2O)
9.67
8.10
Cation exchange capacity (cmol kg-1)
108
102
415
395
Total organic carbon (g kg-1)
242
225
Dissolved organic carbon (mg kg-1)
Total nitrogen (g kg-1)
9.85
7.87
2.93
1.42
Available P (mg kg-1)
4.50
2.25
Available K (mg kg-1)
Ash (%)
25.4
12.7

WB
9.99
42.8
478
745
10.4
5.56
1.59
30.6

WWB
8.51
40.0
455
735
8.23
2.89
0.90
14.2

MB and WMB: unwashed and washed maize biochars; WB and WWB: unwashed and washed wheat biochars

FIGURE 1
Soil pH (a) and CEC (b) under five treatments: control (no biochar), MB, WMB, WB, and WWB.
Vertical bars show the standard deviation of the means (n = 4). Bars with the same letter (s) are not significantly different at
P < 0.05.
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FIGURE 2
Ammonium (a) and Nitrate (b) under five treatments control (no biochar), MB, WMB, WB, and WWB.
Vertical bars show the standard deviation of the means (n = 4). Bars with the same letter (s) are not significantly different at P
< 0.05.

amended with WB biochar. About 100 % enhancement in SOC was noted from 0 to 60 days of incubation. During the incubation period, the MBC content
was enhanced in the unwashed and washed biochars
treated soil (Figure 3). Addition of WB at the rate of
20 Mg ha-1 increased maximum MBC (550 mg kg-1).
At all times, application of unwashed biochar increased more MBC contents than washed biochars.
The reasons behind increased MBC could be due to
loose and porous structure and high surface area of
biochar which provide suitable habitat for microorganism. Moreover, biochar can maintain suitable
moisture and aeration that provide a favorable environment for the growth and reproduction of soil microorganisms [38]. Additionally, biochar contains
partially decomposed materials, rich in labile
carbon, that provide new carbon sources for
microorganisms to promote their growth [39] and
change their community structure in soils [40]. Other
researchers believe that the application of 1%~4%
biomass carbon decreased soil respiration by 23%
~50%, indicating that the addition of biomass carbon
could reduce the respiration intensity and release of
CO2. In addition, the biochar fired by the straw at
higher temperatures have relatively high adsorption
capacity on the natural organic matter [41], and the
inhibition of SOC mineralization is stronger.

soil amended with washed biochar at the rate of 20
Mg ha-1 expected to adsorb substantial amount of
NH4+ onto biochar particles. This decrease in concentration of NH4+ may be due to the biochar can adsorb NH4+ from the soil solution thus reducing inorganic N in soil solution [2]. Biochar is a material
having a high C/N ratio, so it depletes nitrogen from
the soil [33]. Nitrogen depletion may also occur as a
result of the degradation that happen when fresh biochar are added to the soil [6]. Based on the literature
structural data [32] indicated that addition of biochar
to the soil caused a low rate of ammonification compared to the control. This reducing may be due to the
high C/N ratio of biochar [2]. Nevertheless, it should
be noted that immobilization process related with biochar addition to soil would be extremely restricted
by the recalcitrant nature of biochar [34]. On the
other hand, some believe that low concentration of
nitrogen may be due to the loss of NO3--N by the
process of denitrification (DN) [35, 36]. In conditions not favourable to the full reduction of NO3 to
N2, many intermediate compounds (i.e. NO, NO2)
are formed and volatiles in the atmosphere [35].
Thus biochar could directly or indirectly impact DN
and reduce the N2O emission, important greenhouse
gas, by spurring the reduction of N2O to N2 [37].
Effect of unwashed and washed biochars on
carbon dynamic. The application of different types
of unwashed and washed biochars had a significant
effect on SOC content (Figure 3). The incorporation
of unwashed and washed biochars in the soil enhanced SOC significantly which ranged from 26.6 to
35.0 g kg-1. The higher SOC was noted in soil

Effect of unwashed and washed biochars on
soil enzyme activity. The application of different
types of unwashed and washed biochars had a
significant effect on urease activities in the soil (Figure 4). Compared to control, application of MB,
WMB, WB and WWB significantly increased urease
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the microbial activity or blocking or sorption of the
substrates [13].

activity in soil by 4.7, 0.9, 10.1, and 6.9 %, respectively. Though, no significant change in invertase
was observed for unwashed and washed biochars
amendment as compared to control after 60 days of
incubation experiment.
In this study, the amendment of biochar to the
soil significantly increased soil urease activity because biochar improve soil carbon and nitrogen ratio, for the soil micro-organisms to provide a large
number of available organic carbon, and promote the
propagation of microorganisms. Because of different
behaviours of biochar in soil, different adsorption
behaviours and biological activities may be observed
due to exceedingly differing pH, pore size distribution, charge properties, and surface area [7]. Addition of 2% biochar (w/w) was varied effects on soil
enzymes and attributed this to either stimulation of

Effect of unwashed and washed biochars on
soil macronutrient availability. The available P
and K contents were significantly elevation (P<0.05)
after unwashed and washed biochar treatments compared to control (Figure 5). However, non-significant changes in total N content was observed for unwashed and washed biochar amendment as compared to control after 60 days of incubation experiment. Compared to control, application of MB,
WMB, WB and WWB significantly increased soil
available P by 34.0, 24.0, 49.1, and 44.5 %, respectively. Moreover, the soil available K increased significantly by 24.6, 21.4, 32.3, and 27.2 % after application of MB, WMB, WB and WWB, respectively compared to control.

FIGURE 3
Soil organic carbon (a) and microbial biomass carbon (b) under five treatments: control (no biochar),
MB, WMB, WB, and WWB.
Vertical bars show the standard deviation of the means (n = 4). Bars with the same letter (s) are not significantly different at P
< 0.05.

FIGURE 4
Urease (a) and invertase (b) activities under five treatments: control (no biochar), MB, WMB, WB, and
WWB.
Vertical bars show the standard deviation of the means (n = 4). Bars with the same letter (s) are not significantly different at P
< 0.05.
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FIGURE 5
Nitrogen (a), Phosphorus (b) and Potassium (c) under five treatments: control (no biochar), MB, WMB,
WB, and WWB.
Vertical bars show the standard deviation of the means (n = 4). Bars with the same letter (s) are not significantly different at P
< 0.05.

fractions such as soil organic carbon and soil microbial biomass carbon, but these effects partially depended on the biochar feedstock materials, while
only urease activity is increased as compared to control. Wheat straw and maize straw-derived biochar
after washing can effectively adsorb NH4+-N and
NO3-N from soil. Overall, the application of wheat
biochar with and without washing improved soil pH,
CEC, macronutrient availability in soil compared to
maize biochar with and without washing. Further inquiries are essential to monitor long term effects of
washed biochars, produced from different feedstock
materials, on soil health and crop yield in different
cropping systems under field condition.

Several studies have reported that the effect of
biochar on soil total N in laboratory condition [4244]. In line with the results obtained by [45, 46], we
also did not observe increase in the N content
relative to the control after biochar addition, though
SOC was relatively high in biochar amended soils.
Some reports have revealed that biochar amendment
FDQVLJQL¿FDQWO\LQFUHDVHVRLOQXWULHQWFRQWHQW [5, 23,
47, 48]. On the basis of structural data available from
this study, available P and K contents were greater
in soils amended with unwashed and washed biochars, especially in WB and WWB, as compared to
control. Unwashed wheat biochar and washed wheat
biochar contained more P and K than unwashed
maize biochar and washed maize biochar (Figure 4).
The WB and WWB may serve as a better nutrients
supplement for nutrient deficient soils than MB and
WMB.
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CONCLUSIONS
Application of unwashed and washed biochars
had a sustainable progressive effect on nutrients
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lipoproteins) and promote vascular smooth muscle
proliferation [1, 2]. The fatty acid content of seed lipids is fundamentally under genetic control. Genetics studies in maize aimed at increasing fatty acids
were examined in 1970, but the number of studies in
this subject insufficient. Maize genotypes have a
wide diversity of genetic traits.
Maize breeders and researchers have long recognized the potential for higher oil and fatty acid
concentrations in maize grains [3]. Genetic variability for grain yield and quality traits is important for
maize breeding targets. A high quality fatty acid
composition is certainly one of the main targets in
maize breeding. The goal is to increase the high unsaturated fatty acid content of maize oil [4]. Many
breeding experiments have been conducted in different countries to improve above mentioned traits.
Breeding materials have been evaluated by using different breeding designs. Inheritance of maize grain
fatty acids depend on knowledge of the genetic
mechanism governing related traits.
One technique was developed by Hayman and
Jinks that call diallel cross technique that provides
information on the inheritance mechanism [5]. This
technique helps the maize breeders to make effective
selections. Diallel cross designs are frequently used
in plant breeding research to obtain information on
the genetic effects of a fixed set of parental lines or
to obtain estimates of general combining ability
(GCA), specific combing ability (SCA), variance
components and heritability for a population. Diallel
analysis system is widely and extensively used for
estimating types of gene interactions. El-Badawy
used half diallel crossing technique in maize inbred
lines to investigate fatty acid content inheritance in
maize oil [6]. While various breeding designs differ
in application in application; their mutual problem is
about the visualizing results. Graphical methods differ in their success in adequately visualizing inheritance. Biplot analysis is the main graphical method
to depict the combining abilities of parents and hybrids. The biplot in this regard provides a good tool
for estimation of better performance [7]. GGE biplot
software can be used to describe genotype by trait
data, QTL mapping data and diallel cross data. This
method was commonly used with the purpose of
evaluating the combining abilities in maize breeding
experiments in recent years [8, 9, 10]. GGE Biplot

Graphical techniques for genetic analysis have
become very important to determine result of breeding researches. Especially, GGE- Biplot analysis are
the important method which presents the combining
abilities of parents and hybrids in diallel maize populations. In order to gain information on the genes
associated with fatty acid metabolism we created a
half diallel maize population by crossing 5 inbred
lines (CB1-5) that differed in their fatty acid profile.
We determined the fatty acid compositions for each
genotype and examined genetic relationships between crosses and parents regarding fatty acids composition by using GGEbiplot software. According
the results, two parental lines (CB3 and CB4) had
also higher oleic acid content than other parental
lines. Linoleic acid, which is a desired fatty acid in
maize oil, was higher in the lines from the CB1xCB5
cross than the other crosses.
"!:
Maize, GGE biplot, diallel crossing, fatty acids, inheritance, maize oil

 
Maize (  L.) is one of the most important cereal crops and is most produced cereal in
the world after wheat and rice. Maize has multiple
functions due to the broad possibilities of use, in
fresh or processed forms. Also maize is used as food
and fuel for human being and feed for livestock and
poultry. It is a good source of industrial raw material
for the production of flour, glucose, starch, oil, alcohol, ethanol, gluten, syrup and many more products.
Maize oil is extractable form the germ of maize
seeds. And it can vary in saturated and unsaturated
fatty acid compositions. Fatty acids are very important for human nutrition [1, 2]. While a high levels of saturated fatty acid are desirable to increase oil
stability, on the other hand nutritionally this is undesirable because high levels of saturated fatty acids
are thought to increase low density lipoproteins
(LDL), alter the ratio of LDL to HDL (high density
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allows one to identify the best crosses in diallel populations. Some researchers suggested a new approach of the principal component biplot technique
for diallel analysis [11]. This technique enhances our
ability to interpret the phenotypic variation and to
obtain combining ability and inter-relationships of
parents based on graphical presentation using PC1
and PC2 [10].
The objectives of the present research were to
analyze a maize diallel population analysis data for
saturated fatty acids content (palmitic acid and stearic acid) and unsaturated fatty acids content (oleic
acid, linoleic acid and linolenic acid) and using GGE
biplot for identifying genetic interrelationships
among parents and to identify the best parental combinations for optimizing saturated fatty acids content
and unsaturated acids content in maize hybrids. At
the same time our research is significant for ecology.
Because oil content and fatty acids content are quantitative traits, which are affected by ecological factors such as environment.

biplot analyses presenting mean vs. stability and
“ideal genotype were constructed with genotype focus scaling and graphical view of “which won
where” with symmetrical scaling [14].
  
Fatty acid composition of parental lines and
their hybrids are shown in Figure 1. Biplot analysis
was used to compare fatty acids of maize genotypes
and to identify good parental lines or genotype
groups with regard to investigated traits. By using
relationships among the investigated fatty acid characters, separation power can be obtained from the
vector image of GT biplot.
Characters with long vectors have a high genotype separation capacity. In this case, saturated and
unsaturated fatty acids are identified as significant
traits for separation of genotypes in each graphics. It
seems that CB1 had high linoleic acid, CB2 had high
amount of palmitic acid. Oleic acid content was
higher in CB3 and CB4 parents compared to others.
Linoleic acid, which is a desired fatty acid in
maize oil, was higher in CB1xCB5 cross than the
other crosses. Oleic acid, is also another important
fatty acid for improving the economical value of
maize oil. CB3xCB4 cross had significantly high
amount of oleic acid concentration.
There was a significant variation among the experimental materials for fatty acid composition in
this study. It was found that wide ranges of fatty acid
profiles in parental lines and crosses with ranges of
each components as follows: palmitic acid, 12.209.70 %, stearic acid, 2.55-1.85 %, oleic acid, 41.66.25.55 %, linoleic acid, 60.01- 42.33 %, linolenic
acid, 1.30-0.75 % and total of residual fatty acids,
4.70- 3.56 %. Some crosses had higher values than
their respective parents for some fatty acids, such as
oleic and linoleic acid. This result shown that heterotic performances of these crosses were better than
the others. We evaluated cross performance using
GGE-Biplot methodology in the next parts of this
study for each fatty acid.
Our results for fatty acid composition were
similar to the results of other studies. Some researchers were found each fatty acids as follows; palmitic
acid, 6.7-16.5%; palmitoleic acid, 0.0-1.2%; stearic
acid, 0.7-6.6%; oleic acid, 16.2-43.8%; linoleic acid,
39.5-69.5%; linolenic acid, 0.0-3.1 %; and arachidic
acid, 0.0-1.0% [15]. When considering the desired
effect of oleic acid in maize oil, we could say that
some cross in our study such as CB3xCB4 had a using potential in breeding programs for improving the
oil quality (Figure1). Indeed, some breeders speculated that increasing the oleic acid content in maize
oil can be raised up its value for food and industrial
uses [16]. Parents CB3 and CB4 had also higher
oleic acid content than other parental lines used here


In this study, 10 F1 hybrids were obtained by
5x5 half diallel crossing and 5 inbred lines were used
as the material. The five dent maizue inbred lines
were crossed in a diallel fashion without reciprocal
combinations {(n(n-1)|2} (n: number of parental
lines, which produced 10 F1 hybrid combinations.
The 10 hybrid combinations and 5 parental lines
were included a randomized block design. Experiment was conducted in randomized block design
with 2 replicates. This study was carried out in Bayramic (Ida Mount region) ecological conditions
2012-2013 growing season. Sowing was done by
hand in 4-rowed plots that were 5 m in length. Plants
were fertilized before sowing using a fertilizer with
a composition of 10 kg pure nitrogen (N), 8 kg pure
phosphorus (P2O5) and 8 kg potassium (K2O). Cultural practices were consistent with the production of
maize at this location. Ears of plants were harvested
at the time of maturation by hand. Than the grains
were separated from the cobs and dried to 15 %
moisture content. The grains were separated from
cob by hand. Oil content of grains was determined
according to the method (TSE-973 EN ISO-659)
[12]. The oil was extracted from each sample with
hexane as a solvent by using Gerdhart Soxhelt. Saturated fatty acids (Palmitic acid and stearic acid) and
unsaturated fatty acids (Oleic acid, linoleic acid and
linolenic acid) contents were determined by using
the UPAC model Gas -Liquid Chromatography [12].
DATA was analyzed using SAS macro developed by
some researchers [13]. This macro analyze gives the
general combining abilities (GCA) of parents and
specific combining abilities (SCA) and mid parent
heterosis (MPH) values of hybrids. We used GGEBiplot analyses to find best suitable genotype. GGE
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in. It may be considered these parents could be used
in future studies for increasing oleic acid content.
The GGE-Biplot analyses results regarding palmitic acid content has been presented in Figure 2A
and 2B. Biplot graphics have explained changing of
palmitic acid content which was consist of 81 %. In
the GGE-Biplot analysis, the principal parents CB2
and CB5 have got positive GCA; cb5, cb1, cb2 and
cb3 as male parents have indicated positive GCA
(Figure 2A). GT (Genotype Trait Interaction) biplot

polygons also indicate which genotypes are prominent with which traits in Figure 2. According to
Which, Whom, Where, What output of graphics
which are indicated heterotic performance CB2 as
principal parent has made up positive combinations
with cb5 and cb1 lines. And similarly CB5 as principal parent also has made up positive combinations
with cb3 and cb2 lines. As a result, these genotypes
have showed heterotic performance for palmitic acid
content (Figure 2B).
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The GGE-Biplot analyses results regarding
stearic acid content has been presented in Figure 3A
and 3B. Biplot graphics have showed changing of
stearic acid content which was consist of 81 %. In
the GGE-Biplot analysis, the principal parents CB4
and CB5 have got positive GCA; cb1, cb2 and cb3
as male parents have indicated positive GCA (Figure
2A). According to Which, Whom, Where, What output of graphics which are indicated heterotic performance CB4 as principal parent has made up positive
combinations with cb3 and cb2 lines. And similarly
CB5 as principal parent also has made up positive
combinations with cb3 and cb1 lines. So, these genotypes have showed heterotic performance for stearic acid content (Figure 3B).

Our results of the analysis was partially in
agreement with the results of previous studies [17].
GGE biplot analyses results regarding oleic acid
content has been presented in Figure 4A and 4B.
Biplot graphics have explained changing of oleic
acid content which was consist of 81 %. In the GGE
biplot analysis, the principal parents CB2, CB3 and
CB5 have got positive GCA; cb4, cb1, cb2, cb5 and
cb3 as male parents have indicated positive GCA
(Figure 4A). According to Which, Whom, Where,
What output of graphics which are indicated heterotic performance CB3 as principal parent has made
up positive combinations with cb5 and cb1 lines.
And similarly CB4 as principal parent also has made
up positive combinations with cb3 and cb2 lines. As
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a result, these genotypes have showed heterotic performance for palmitic acid content (Figure 4B).
The GGE biplot analyses results regarding linoleic acid content has been presented in Figure 5A
and 5B. Biplot graphics have explained changing of
linoleic acid content which was consist of 81 %. In
the GGE-Biplot analysis, the principal parents CB4
and CB3 have got positive GCA; cb4 as male parents
have indicated positive GCA (Figure 5A). According to Which, Whom, Where, What output of
graphics which are indicated heterotic performance
CB4 as principal parent has made up positive combinations with cb4 line. So this genotype has showed
heterotic performance for linoleic acid content (Figure 2B).

Our findings on unsaturated fatty acid contents
were supported by previous sorghum studies [18].
The GGE biplot analyses results regarding linolenic acid content has been presented in Figure 6A
and 6B. Biplot graphics have explained changing of
linolenic acid content which was consist of 81 %. In
the GGE biplot analysis, the principal parents CB4
and CB5 have got positive GCA; cb2, cb3, cb1, cb4
and cb5 as male parents have indicated positive GCA
(Figure 6A). According to Which, Whom, Where,
What output of graphics which are indicated heterotic performance CB5 as principal parent has made
up positive combinations with cb3 and cb2 lines.
And similarly CB4 as principal parent also has made
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up positive combinations with cb1, cb4 and cb5
lines. As a result, these genotypes have showed heterotic performance for linolenic acid content (Figure
6B).
Several researchers stated that GGE biplot
method is commonly used to identify the ideal genotype with regard to investigated parameters [18].
 
Maize genotypes have got wide variation in the
world. But maize genotypes with high oil content
and fatty acids content are important for quality.
Maize grain oil and fatty acids are important quality
traits to selection in breeding programs. For success
in maize breeding programs to select high oil content
maize genotypes, biplot analysis are prominent to select most suitable genotypes for purpose. And so in
this study CB4 is most suitable parent for all examined traits.
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Heavy metals of sewage sludge are one of restricted factors for its agriculture utilization. Twelve
sludge samples in Xuchang city were collected and
determined the concentration of heavy metals (Zn,
Cr, Cu, Ni, Pb, As), the contamination levels and
ecological risk were evaluated using the geo-accumulation index and potential ecological risk index.
The results show that the Zn, Cr, Cu, Ni, Pb and As
concentrations are 224.6 ~ 15359.9 mg/kg, 14.7 ~
2818.1 mg/kg, 95.8 ~ 1252.5 mg/kg, 4.3 ~ 1218.0
mg/kg, 11.3 ~ 74.2 mg/kg and 1.3 ~ 41.8 mg/kg, respectively. Zn, Cr, Cu and Ni exceeded the control
standards from agricultural use of China in several
samples. The results of Igeo indicated that Pb and As
are considered uncontaminated, and Zn, Cr, Cu and
Ni are the main pollutants in the sludge of Xuchang
city, which present the moderately/strongly contaminated to strongly/extremely contaminated level. The
rank of potential ecological risk coefficient is Cu>
Zn> Ni> Cr> As>Pb. Potential ecological risk index
indicated that TN, QY, CWH and SD sewage sludge
samples have extreme high to moderate ecological
risk on environment, which consistent with the concentration of heavy metals and Igeo assessment result,
and suggest that sludge samples from those plant
must be taken harmless and stabilizing treatment before agriculture utilization.

The main disposal routes of sludge are incineration, sanitary landfill and agricultural utilization
as a soil amendment [2-3]. Compared to incineration
or sanitary landfill, agricultural utilization has been
proved to be the most convenient and effective way
of recycling processing, and can improve soil properties and increase plant productivity [4-13]. Agricultural utilization of sludge has been widely spread
in many countries around the world. For instance, the
use of sludge on agriculture accounts for about 50%
European sludge production [14].
However, sewage sludge contains many pollutants, such as pathogenic microorganisms and heavy
metals, if those pollutants were released to the environment without effective treatment, will lead to serious hazard to the environment [15-19]. Due to
higher concentration, easily enrichment through bioaccumulation and the food chain and poisonous effects, heavy metals in the sewage sludge has become
the most restrictions of applying sewage sludge in
the agriculture [8, 20-24].
Therefore, more and more attention has been
paid to the heavy metal concentrations, speciation,
removing methods and environmental risk assessment of sewage sludge [25-29]. Souza et al. [30]
found that heavy metals content in the sludges from
two sewage plants in Rio were higher than the local
control standard. The speciation of metals in sludge
provides valuable information regarding their toxicity in the environment and determines their suitability for land application or disposal in landfills [18,
31]. Chemical, electro-chemical and microbiological
leaching methods are widely used in removing heavy
metals in sludge for increasing soil fertility [32-34].
The evaluation of the contamination levels and environmental risk of heavy metals in sewage sludge is
significant for its agricultural utilization. The geoaccumulation index, potential ecological risk index
have been widely used to assess heavy metal contamination in sewage sludge and other different environments [35-38].
The main objectives of this study were to determine the concentrations of heavy metals (Zn, Cr, Cu,
Ni, Pb, As) in sewage sludge of Xuchang city, China,
and to evaluate the contamination levels and environmental risk using the geo-accumulation index

)' "#
Heavy metals, sludge, geo-accumulation index, potential
ecological risk index
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Sewage sludge is solid sediment that produced
during the waste water treatment at the sewage treatment plants, the composition of the sludge is multifarious, including microbial colloid, organic matter
and inorganic substances [1-2]. Sewage sludge contains abundant quantity of nutrient substance such as
nitrogen, phosphorus and potassium, organic matter
and other nutrients.
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reference materials GSD-9 were used for accuracy
control; the analytical accuracy was better than 10%.
The repeatability of the measurements was confirmed by analyzing separate aliquots of 25% of the
comprehensive sample set.

and potential ecological risk index, which is significant for sludge agricultural utilization.


$"#$ #

#:;,> *8-* Xuchang (113°03′—114°19′E,
33°16′—34°24′N) is one of the core cities of Central
China Urban Agglomeration. Due to the suitable climate and soil conditions, Xuchang city identified as
major grain-producing area, particularly of highquality wheat and corn of China, soil quality is particularly important for Xuchang [37]. Xuchang city
has dozens of sewage treatment plants, producing a
large amount of sludge each year, which a large proportion used for agricultural utilization. Therefore, it
is necessary to study the heavy metals content and
environmental risk assessment before its agriculture
utilization. 

-6*++;4;3*:16515,-=The geo-accumulation index can assess contamination by comparing
the current and pre-industrial concentrations originally used with bottom sediments [39]. The index
has been widely applied to assess the contamination
of different environments. The geo-accumulation index considers the influence of human activities on
the environment and diagenesis on the background
value. The following equation denotes the calculation of the index.
Igeo= log2(/1.5) (1)
Where is the measured concentration of the
element in sludge for metal , and  is the background value for the metal . In this study the background value of individual metal is the mean value
of Henan Province soils [40]. The Igeo index includes
seven grades. The classification of Igeo is presented
in Table 1.

#*47315/*5,*5*3>919Xuchang city is consists of six counties and districts, including Yuzhou
county, Changge county, Yanling county, Xiangcheng county, Weidu district and Jian’an district.
Twelve of the largest sewage treatment plants were
selected, the abbreviation name is RBK, YHB, TN,
RH, HY, ZH, QY, CWH, YH, YWH, YC and SD,
respectively, and twelve sludge samples were collected from those sewage treatment plants (Fig. 1).
The sample name is the same as the plant name.
Sludge samples were collected at the wayout of
sludge dewatering machine, samples were placed in
plastic bags, and air-dried in the laboratory for more
than 24 hours. All sieved samples were finely ground
by agate mortar, passed through a 100 meshnylon
sieve and pressed into a tablet.
Heavy metal concentrations of the sludge samples were determined using a Pananlytical
PW2403/00 X-ray fluorescence analyzer (XRF).
The Zn, Cr, Cu, Ni, Pb and As concentrations were
determined. Blank samples and the China national

!6:-5:1*3-+636/1+*3819215,-=The Potential
ecological risk index is a method of evaluating heavy
metal pollution and ecological risk [41]. The evaluation method has been widely used in the evaluation
of the ecological hazard of heavy metals in urban
sludge.
The calculate equation of the potential ecological risk coefficient of heavy metal element present as
below.
 =  (  ) (2)
Where Cn and Bn represent the same meaning

of the formula (1),
is heavy metal element poten
 is the toxicity
tial ecological risk coefficient,





%" 
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8*,-6.:0-/-6*++;4;3*:16515,-=*5,76:-5:1*3-+636/1+*3819215,-=
-6

65:*415*:1653-<-3

 ri 

+636/1+*3
"192,-/8--
low
Moderate
Moderately
high
Severe high
Extreme high

≤0
0—1

Uncontaminated
Uncontaminated/moderately contaminated

40
4080

1—2

Moderately contaminated

80160

2—3
3—4
4—5
≥5

Moderately/strongly contaminated
Strongly contaminated
Strongly/extremely contaminated
Extremely contaminated

160320
≥320

150
150300

6478-0-591<-
+636/1+*38192
,-/8--
Low
Moderate

300600

High

≥600

Extreme

"

$ 
65+-5:8*:16596.0-*<>4-:*391593;,/-9*473-96.(;+0*5/+1:>4/2/
Samples
Zn
Cr
Cu
Ni
Pb
As
RBK
1476.7
69.4
124.1
33.9
27.8
14.8
YHB
545.4
nd
175.1
28.8
27.1
8.9
TN
15359.9
406.4
208.1
82.2
44.5
13.1
RH
1334.2
209.3
107.4
36.3
48.1
20.8
HY
305.0
15.7
117.9
12.3
46.5
1.3
ZH
673.2
23.1
67.9
46.7
12.3
32.1
QY
2867.9
2818.1
1109.0
1218.0
71.3
41.8
CWH
1763.1
657.5
365.7
572.7
42.9
21.5
YH
379.6
14.7
115.1
4.3
18.0
9.2
YWH
467.6
nd
116.4
7.4
16.0
13.1
YC
697.5
163.6
95.1
60.9
38.2
9.9
SD
2345.3
1050.1
506.0
242.5
43.1
15.3
Mean
2309.0
516.1
272.6
204.8
37.3
15.8
Soil background
60.1
63.8
19.7
26.7
19.6
11.4
GB 4284-84*a
1000
1000
500
200
1000
75
* Control standards for pollutants in sludges from agricultural use (GB 4284-84). (Ministry of Environmental Protection of the
People’s Republic of China,1985); a : pH≥6.5;

74.2 mg/kg and 1.3 ~ 41.8 mg/kg, respectively, with
an mean of 2309.0 mg/kg, 516.1 mg/kg, 272.6
mg/kg, 204.8 mg/kg, 37.3 mg/kg and 15.8 mg/kg, respectively.
The geomorphic type of Xuchang city is mainly
alluvial plains, the soil parent material is quaternary
alluvial material [37], and the zonal soil type is cinnamon and has large area of fluvo-aquic soil, which
pH both above 6.5. The maximum heavy metal content in sewage sludge permitted (pH≥6.5) by control
standards for pollutants in sludges from agricultural
use is listed in Table 2. A comparison of metal concentrations in sludge with the permissible values indicated that Pb and As of all the sludge samples does
not exceed the limit of the standard range, Zn, Cr, Cu
and Ni concentrations in YHB, HY, ZH, YH, YWH
and YC were less than the permissible values, therefore, the sludge from these plant could be safely used
in agriculture. On the other hand, concentration of
Zn in RBK, TN, RH, QY, CWH and SD, Cr and Cu
in QY and SD, Ni in QY, CWH and SD exceeded
the permissible values, consequently restricting the
directly use of sludge in agriculture, sludge of RBK,
TN, RH, QY, CWH and SD must be taken harmless

coefficient of heavy metal element, which reflects
the toxicity level of heavy metal elements and the
sensitivity of biological to heavy metal pollution.
The values of toxicity coefficient are in the order of
Zn=1<Cr=2<Cu=Ni=Pb=5<As =10.
The comprehensive potential ecological risk index of heavy metal elements (RI) is the sum of the
potential ecological risk coefficient of all heavy
metal elements.
 =  (3)

∑

The Grade of the potential ecological risk index
is also presented in Table 1.
"#%$##%## 

-*<> 4-:*3 +65+-5:8*:1659 15 93;,/- Zn,
Cr, Cu, Ni, Pb and As concentrations and the control
standards for pollutants in sludges from agricultural
use are listed in Table 2[42]. The results showed that
the range of Zn, Cr, Cu, Ni, Pb and As concentrations
are 224.6 ~ 15359.9 mg/kg, 14.7 ~ 2818.1 mg/kg,
95.8 ~ 1252.5 mg/kg, 4.3 ~ 1218.0 mg/kg, 11.3 ~
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and stabilizing treatment before agriculture utilization.
The content of the same heavy metal element in
different sludge samples was remarkable different.
The maximum value of Zn appears in TN is 15359.5
mg/kg, the minimum appears in HY is 305.0 mg/kg,
the maximum is 50 times than the minimum. The
highest content of Cu was in QY reaching 1109.1
mg/kg, and the minimum in ZH was 67.9 mg/kg. The
extreme value of Ni in QY reaching 1218.0 mg/kg,
but only 4.3 mg/kg in YH, the former is 280 times
than the latter.
Except the Zn, the contents of Cr, Cu, Ni, Pb
and As in QY samples were higher than the other 11
samples. Moreover, Zn, Cr, Cu, Ni, Pb and As in QY
exceeded the background values of Chinese soil, and
Zn, Cr, Cu and Ni also exceeded the sludge agricultural utilization control standards of China. This suggests that the serious heavy metal pollution of QY
sewage sludge compared with other sewage treatment plant sludge. Heavy metals concentration of
sewage sludge are influenced by the source of
wastewater, processing technology, the nature of the
city, the city's geographic location and the layout of
the factories [43-44]. Sludge samples from the plants
that mainly deal with industrial wastewater, heavy
metal concentration tend to be greater than the samples from plants that mainly deal with domestic sewage [45-46]. The QY sewage treatment plant is located in China's famous non-ferrous metal gatherdispose district where have lots of factory, such as
nonferrous metals recycling companies, machinery
manufacturing enterprises, smelting factories, printing and packaging factories, pharmaceutical companies, new materials plant, ceramic materials factories. The wastewater produced by these industrial
companies is rich in heavy metal elements, and will
lead to higher levels of heavy metals in the sewage
sludge, for instance, smelting will cause Cu, Cr, Zn,
Pb and As pollution, machinery manufacturing is the
main source of Cu, Cr, Zn, Pb and Ni, printing and

dyeing factory can cause Cu pollution, ceramics will
increase the content of Cr and As in sludge 37[47].
This is consistent with existing research findings.
Zhang et al. [46]find that Cu concentration of sludge,
which collected from plant that the main water
source is industrial wastewater, is 376 mg/kg, greater
than 132 mg/kg, which the main water source is domestic sewage, this phenomena also display for Pb
and Zn, Pb is 78 and 27 mg/kg, Zn is 733 and 469
mg/kg, respectively.
The content of Zn in TN is unusually high, is
15359.9 mg/kg, five times than the highest value in
other samples (2867.9 mg/kg), and 15 times than the
sludge agricultural utilization control standards of
China (GB 4284-84, pH≥6.5, 1000 mg/kg). Galvanized material extensively used in urban drainage
pipeline is one of main reason of the high Zn concentration of sludge [36]. Moreover, the industry activities is the another cause of the extreme high values of Zn. Around TN sewage treatment plant, locate
seven machinery manufacturing and processing enterprises, three electrical equipment companies, including the XJ schindler elevator co., LTD., the XJ
schindler escalator, Xuchang tobacco machinery
manufacturing enterprises. Industrial waste water
from machinery manufacturing and electroplating
processes can cause Zn pollution [7, 47].
+636/1+*3 8192 *99-994-5: 6. 0-*<> 4-:*39
1593;,/-The results of Igeo are shown in Table 3.
The mean Igeo values of Zn, Cr, Cu, Ni, Pb and As is
3.6, 0.7, 2.6, 0.4, 0.0 and -0.2, respectively. Based on
the mean Igeo values, the levels of Pb and As are considered uncontaminated, the level of Cr and Ni represents uncontaminated/moderately contaminated,
Cu represents moderately/ strongly contaminated,
and Zn represents strongly contaminated. The results
of Igeo show that the risks of heavy metal in sludge
are
in
the
decreasing
order
of
Zn>Cu>Cr>Ni>Pb>As, Zn, Cu, Cr and Ni are the
main pollutants in the sludge of Xuchang city.

$ 
"-9;3:96.:0-/-6*++;4;3*:16515,-=/-6
Samples
RBK
YHB
TN
RH
HY
ZH
QY
CWH
YH
YWH
YC
SD
mean

Zn
4.0
2.5
7.4
3.8
1.7
2.8
4.9
4.2
2.0
2.3
2.9
4.6
3.6

Cr
-0.5
nd
2.1
1.1
-2.6
-2.0
4.9
2.8
-2.7
nd
0.8
3.5
0.7

Cu
2.0
2.5
2.8
1.8
2.0
1.2
5.2
3.6
1.9
2.0
1.7
4.1
2.6
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Ni
-0.3
-0.5
1.0
-0.2
-1.7
0.2
4.9
3.8
-3.2
-2.5
0.6
2.6
0.4

Pb
-0.2
-0.3
0.4
0.6
0.5
-1.4
1.1
0.4
-0.9
-1.0
0.2
0.4
0.0

As
0.0
-0.7
-0.2
0.5
-3.5
1.1
1.5
0.5
-0.7
-0.2
-0.6
0.1
-0.2
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Sample
RBK
YHB
TN
RH
HY
ZH
QY
CWH
YH
YWH
YC
SD
mean

Zn
23.6
8.7
245.8
21.3
4.9
10.8
45.9
28.2
6.1
7.5
11.2
37.5
37.6

Cr
2.2
nd
12.8
6.6
0.5
0.7
89
20.8
0.5
nd
5.2
33.2
17.2

Cu
31
43.8
52
26.9
29.5
17
277.2
91.4
28.8
29.1
23.8
126.5
64.8

Ni
6.2
5.3
15.1
6.6
2.2
8.6
223.1
104.9
0.8
1.4
11.2
44.4
35.8

Pb
6.4
6.2
10.2
11
10.7
2.8
16.4
9.8
4.1
3.7
8.8
9.9
8.3

As
15.1
9
13.4
21.2
1.3
32.8
42.7
21.9
9.4
13.4
10.1
15.6
17.2

RI
84.5
71.9
349.3
93.7
49.1
72.6
694.3
277
49.6
54.9
70.1
267.1
177.8

metals comprehensive ecological risk were ranked in
the order of QY> TN> CWH> SD> RH> RBK>
ZH> YHB> YC> YWH> YH> HY. RI value of QY
sewage sludge is 694.26, according to its classification standard belongs to the extreme high risk, RI
value of TN is 349.3, belongs to the high risk level,
and the CWH and SD is considered moderate ecological risk degrees. The remaining eight sewage
sludge samples not pose a threat to the environment.
The values of RI indicated that TN, QY, CWH and
SD sewage sludge have extreme high to moderate
ecological risk on environment, which also consistent with the concentration of heavy metals and
Igeo assessment result.
In spite of this, Igeo and potential ecological risk
index conclusion is not completely consistent. Igeo is
pointed out that Zn contaminated level of the twelve
sewage plant sludge of Xuchang city is above moderate damage, and even extremely level, while potential ecological risk index showed that only the TN
and QY sewage sludge with severe and moderate
pollution degree of Zn, and the rest are low risk. Application of the toxicity coefficient of heavy metal
elements in potential ecological risk index, which reflects the sensitivity of biological to heavy metal pollution is the main reason for the different. Toxicity
coefficient of Zn is one, is the lowest of all heavy
metal elements, it weaken the influence of high concentration of Zn on the evaluation results, and the
unusually high content of Zn in the TN and QY sewage sludge is the main reason of severe and moderate
assessment result of potential ecological risk index.


 %# #

Igeo values of Zn, Cr, Cu, Ni in RBK, TN, RH,
QY, CWH and SD sewage sludge samples ranges
from 2 to 5, represent the contaminated level from
moderately/strongly contaminated to strongly/extremely contaminated. Igeo values of Zn in TN is 7.4
and Cu in QY is 5.2, represent extremely contaminated level. On the other hand, Igeo values of Zn, Cr,
Cu and Ni in YHB, HY, ZH, YH, YWH and YC
sludge samples range from -3.2 (Ni of YH) to 2.9
(Zn of YC), represent the level from uncontaminated
to moderately/strongly. The evaluation result of Igeo
indicated that RBK, TN, RH, QY, CWH and SD
sewage sludge samples are more contaminated than
YHB, HY, ZH, YH, YWH and YC, which is exactly
the same with the result of heavy metal concentrations.
The results of potential ecological risk index
are shown in Table 4. The mean ri values of Zn,
Cr, Cu, Ni, Pb and As is 37.6, 17.2, 64.8, 35.8, 8.3
and 17.2, respectively. Ecological risk degree of Cu
belongs to moderate level, and Zn, Cr, Ni, Pb and As
belongs to low level, ecological risk were ranked in
the order of Cu> Zn> Ni> Cr> As>Pb.
Some heavy metal elements in several sludge
samples have higher ri values. Such as Zn in TN
(245.8), Cu and Ni in QY (277.2 and 223.1), which
indicated severe high ecological risk, and Cr in QY
(89), Cu and Ni in CWH (91.4 and 104.9), Cu in SD
(126.5), which indicated moderately high ecological
risk, and Cu in YHB (43.8), Zn and As in QY (45.9
and 42.7), Ni in SD (44.4), which indicated moderate
ecological risk. Those data shown that TN, QY,
CWH and SD sludge samples have high ecological
risk than the rest.
In order to quality the comprehensive ecological risk of heavy metals in sludge, RI was calculated
and the results listed in Table 4. RI in the twelve
sludge samples ranged from 49.1 (HY) to 694.6
(QY), with a mean values of 177.8, belongs to the
moderate risk level. From the results of RI, heavy

From the concentration of heavy metals, sewage sludge of YHB, HY, ZH, YH, YWH and YC will
have no influence on the environment, the sludge can
be directly used to the farmland, and sewage sludge
of RBK, TN, QY, SD, RH and CWH must be taken
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harmless and stabilizing treatment before agriculture
utilization.
The results of Igeo indicated that Zn, Cr, Cu and
Ni are the main pollutants in the sludge of Xuchang
city, and RBK, TN, RH, QY, CWH and SD sewage
sludge samples present the moderately/strongly contaminated to strongly/extremely contaminated,
which is consistent with the result of heavy metals
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In this study, it was aimed to utilize the phenolic content of        Bertoni with
olive mill wastewater (OMWW) application in
different adsorbent environments. Three different
adsorbent materials were used in the main plots:
perlite, zeolite and volcanic tuff and sub plots as
different concentrations of olive mill wastewater
(control, 25%, 50%, 75% and 100%). Stevia seedlings will be used as one for each pot. Equal volumes (0.2 liters) of olive mill wastewater were
applied for different concentrations. Under the
control conditions, the same amount of tap water
will be applied. Results showed that plants were
found to have died at doses of 75% and 100%
OMWW. On the other hand, it was observed that
the OMWW doses had a negative effect on plant
growth when compared to the control conditions,
the 25% OMWW gave similar results to control.
When these adsorbents were used in combination
with OMWW, it was observed that the stress occurred and the phenolic compounds were increased.
In this study, it was concluded that 25% OMWW
could be applied to the zeolite medium in order to
utilize the total phenolic content in the stevia plants.



demand value and causes significant environmental
problems [4, 5, 6]. On the other hand, it is a cheap
phenolic compound source because it is a strong
antioxidant [7]. When various adsorbents were
applied to the OMWW, the economic burden of the
process was significantly reduced. It has been emphasized that cheap adsorbents such as easily produced zeolite and carbon can be used today [8, 9].
The phenolic compounds contained in the olive pest
are a big problem in terms of environment as well
as having economic value. Due to the adsorbing
properties of the adsorbent materials, their use in
coping with environmental pollution is quite common. For this reason, different adsorbents such as
perlite, zeolite and volcanic tuff were used in this
study. This study was carried out in a stevia plant
known as a natural sweetener, which has recently
increased in importance. In this study, the effect of
phenolic compounds in olive mill wastewater was
tried to be prevented by using adsorbent materials.
And the effects of these applications on the development of stevia seedlings and phenolic compounds
were determined.
" !"!
This study was carried out in      
 seedling and in plastic pots. Perlite, zeolite and
volcanic tuff were used as adsorbent material. The
zeolite in the study was provided from ManisaGördes. Stevia seedlings placed in a pot 200: 1 soil:
adsorbent in April. And at different concentrations
of 200 ml (control, 25%, 50%, 75% and 100%) the
olive mill wastewater was added to the pot. One
seedling was used for each pot. Data were statistically analyzed by using factorial experiment based
on completely randomized design (CRD) with five
replications.
Three different adsorbent materials were used
in the main plots: perlite, zeolite and volcanic tuff
and sub plots as different concentrations of olive
mill wastewater (control, 25%, 50%, 75% and
100%). The root length, root fresh and dry weight,
plant height, chlorophyll index, the stomatal density
and the palisade thickness were measured.

&% !
Adsorbent, chlorophyll, olive mill wastewater, phenolic
compounds, stevia
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       is the form of perennial
shrubs from the Asteraceae family, native to South
America, which grows in Paraguay, Brazil, Colombia, Mexico, Uruguay, Guatemala, Peru, Japan and
South Korea. The most important characteristic of
this plant is that it is resistant to heat, does not contain chemicals and has high fiber content [1, 2].
Stevia plant is derived from steviol glycosides,
which are found in leaves of sweet taste [3]. Because of high phenolic content and other organic
compounds, OMWW has high chemical oxygen
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OMWW were evaluated.
The changes in the growth parameters of 
    Bertoni at the end of study are shown in
Table 1. Oil mill wasterwater treatment especially
50 % OMWW doses significantly reduced all investigated growth parameters.
The lowest plant height was obtained in the
tuff + 50 % OMWW application. Besides the longest roots were observed under control conditions
while the lowest values were obtained in the tuff +
50 % OMWW, tuff + 25 % OMWW and zeolite +
50 % OMWW application, respectively. The use of
perlite as an adsorbent material was affected chlorophyll values positively. However, the lower chlorophyll index values were obtained in the tuff and
zeolite medium and 50% OMWW application.
When root fresh weights of plants were evaluated,
application of zeolite and perlite to the plants affected negatively in the dose of 50% OMWW.
Singh et al. [13] observed that low doses of palm
oil waste (POME) (25%) resulted in positive effect
on seedling growth and total chlorophyll content,
while inhibitory effects of higher doses were found.
Similar results were found over 50 % of the
OMWW applied spanish corn, lentil, durum wheat,
white chicory plants, [14] and paddy and wheat,
[10]. Similar results were found in     L.
plants, [15]. They observed reduced root and shoot
length in black gram in response to textile wastes
and when exceeding the dose of 25%, a decrease in
root and shoot length. Rusan et al. [16] reported
that the dilution up to 25% causes the removal of
phenolic compounds and other phytotoxic organic
compounds. Therefore, in the olive mill
wastewater, the dilution at 50%, 75% and 100%
was quite phytotoxic and completely prevented
seed germination.
Plants treated with 50 % OMWW showed significantly lower root dry weight than control. However, root dry weight in 25 % OMWW did not
show significant difference from control. While the
best root dry weight values were reached in the

Root length and plant height were measured in
plants before the first flowering period in September. Root length was measured and averaged [10].
Plant height (cm): The seedling length was measured and expressed in cm.
In addition, the total phenolic compounds
were determined during the first flowering period.

6+5+6'8/43 4, 8.+ +<86')8 Leaves of   
   were washed with distilled water to eliminate foreign particles on leaf surfaces. Leaves then
air-dried and powdered. Powders were extracted
with distilled water. Crude extracts were filtered
through filter paper and lyophilized. Prepared extracts were stored at 4 ºC until use.

+8+62/3'8/434,848'15.+341/))438+38Total phenolic content of S. rebaudiana leaf extracts
were determined according to Folin-Ciocalteu
method [11]. Gallic acid was used as a standard.
Volumetric flask containing 1.0 mL of extract (1.0
g/mL), 46 mL distilled water, 1.0 mL FolinCiocalteu reagent and 3.0 mL of sodium carbonate
(2%) were vortexed and shaked for 3 h in water
bath. The absorbance was measured at 760 nm
spectrophotometrically. The total phenolic content
was expressed as gallic acid equivalents (mg
GAE/g). Experiments were done in three replicates.

!8'8/78/)'1'3'1=7/7All the data were statistically analyzed with analysis of variance (ANOVA)
procedures using the [12]. The differences between
the means were compared by least significant difference (LSD) (p≤0 05) and Duncan’s Multiple
Range Test.


!#"!!#!!
Our study was planned at doses of 25%, 50%,
75% and 100% OMWW but plants did not grow at
75% and 100% OMWW doses and plants died. For
this reason, the results of control, 25% and 50%


" 
38+6')8/43+,,+)84,'*746(+38'3*%%'551/)'8/4343-64;8.5'6'2+8+674,!8+:/'
"6+'82+387
*746(+38
Perlite
Zeolite

Tuff

%%551/)'8/43
Control
25 % OMWW
50% OMWW
Control
25% OMWW
50% OMWW
Control
25% OMWW
50% OMWW

Adsorbent (A)
Application (B)
Adsorbent*Application (A*B)
LSD (A*B)

1'38.+/-.8)2

41.0 a
39.4 a
39.2 a
40.0 a
38.0 a
37.6 a
39.8 a
37.6 ab
34.8 b

448.+/-.8)2

14.6 a
14.2 a
14.0 a
11.8 a
10.2 b
8.6 c
9.6 a
7.6 b
6.2 c

ns
*
*
2.970

**
**
**
1.007

OMWW: Oil mil wastewater

8229

.14645.=11/3*+<

269.6 a
269.4 a
268.8 a
260.8 a
255.0 b
220.4 c
256.0 a
244.6 b
226.6 c
**
**
**
1.852

448,6+7.;+/-.8-

0.75 a
0.70 b
0.62 c
0.69 a
0.63 b
0.58 c
0.67 a
0.54 b
0.54 b
**
**
**
0.022
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*746(+38'3*%%'551/)'8/431+:+17+,,+)8436448*6=;+/-.8-4,!8+:/'
%%'551/)'8/43
25 % OMWW
50 % OMWW
0.235 a
0.211 b
*746(+38
Perlite
Zeolite
Tuff
0.277a
0.211 b
0.195 c
Adsorbent (A): *; Application (B):**; Adsorbent*Application (A*B):ns
Control
0.237 a

" 
*746(+38'3*%%'551/)'8/431+:+17+,,+)8437842'8'392(+6'3*5'1/7'*+8./)03+774,!8+:/'
"6+'82+387
!842'8'1+37/8=22 
%%551/)'8/43

Control
200
Perlite
25% OMWW
166
50% OMWW
136
Control
152
Zeolite
25% OMWW
147
50 % OMWW
95
Control
95
Tuff
25% OMWW
91
50% OMWW
83
Data correspond to the mean of 5 independent measurements.
*746(+38

'1/7'*+"./)03+77>2

88.8
89.1
89.6
88.6
88.7
89.4
87.0
87.2
88.0


" 
"48'15.+341/))438+3874,!8+:/'51'387
*746(+38
Control

"6+'82+387
%%551/)'8/43

"48'15.+341/))438+382--

59.0 b
25% OMWW
62.0 ab
50% OMWW
62.0 ab
25% OMWW
67.0 a
Zeolite
50% OMWW
64.0 ab
25% OMWW
60.0 b
Tuff
50% OMWW
59.0 b
Values followed by diferent letters are significantly different at the 0.05 probability level
using Duncan’s Multiple Range Test.
Perlite

perlite conditions as the growing medium, the tuff
was the worst conditions (Table 2).
The results showed the treatment of OMWW
significantly affected the number of the stomata.
Stomatal density reduced with increasing OMWW
doses. Besides, it was observed that the palisade
thickness tends to increase with increasing OMWW
doses (Table 3). Increased the density of stomata
can improve stevia plants adaptation to OMWW
toxicity. OMWW supply on the pots can lead to
cause a clouse of stomata with negative effects on
assimilation and water use efficiency.
The highest value was obtained in zeolite +
25% OMWW application. Low concentrations of
olive mill wastewater have significant increase on
total phenolic content compared to high concentrations. It was observed that the phenolic compounds
increased in stevia plants grown in zeolite and added with 25% OMWW in the medium. When concentration of OMWW increases, toxic effects overcome the beneficial effects of OMWW and become
harmful to plants. Due to the high level of phenolic

compounds, antioxidant activity will be higher
levels. Similarly, it has been shown in some studies
that total phenols were increased with increasing
concentration of NaCl stress [17].
#!
Olive mill wastewater (OMWW) is one of the
major environmental problems. This waste is phytotoxic because of high levels of organic acids, fats
and especially phenolic compounds. Besides,
OMWW improves soil fertility and water retention
capacity. It was aimed to increase the total amount
of phenolic compounds by the addition of OMWW
in the    plants grown in different adsorbent
medium. Results exhibited that, the use of 50% or
less OMWW improve the physical and chemical
properties of the soil, thereby positively affecting
plant growth. As the level of OMWW was increased in the medium, the total phenols were increased. Total phenolic compounds are accumulat-
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ed as results of an acclimation mechanism to overcome stress conditions in stevia plants. Therefore
phenolic compounds play significant roles in overall plant growth, development and plant resistance
which neutralizing the influence of stress conditions. These results suggested that 25% OMWW
should be applied to the zeolite medium in order to
benefit from the phenolic content of the stevia
plant.
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ABSTRACT
Quantifying the sedimentation contributed by
different erosion pathways, including rill, interrill,
and gully and streambank soil losses at the watershed
scale is crucial to know for adopting the best management practices to reduce soil erosion and reservoir siltation. This study had two goals: (1) To quantify streambank and gully erosion along two stream
orders (1st and 2nd) or stream types (perennial and intermittent channels) of the Oltu sub-watershed
within the Coruh River Basin in northeastern Turkey, and (2) To assess the effects of rehabilitation
efforts on headwater ephemeral channels by using
dry-stone and wire-cage sills. The 2-year measurements of gully and streambank erosion rates were
carried out XVLQJWKH³HURVLRQSLQPHWKRG´The total
gully and streambank areas, the lengths of stream
networks, bank soil bulk densities, and erosion rates
were all measured to calculate total soil losses via the
stream bank and gully erosion processes. Following
the stream classification system, the total streambank soil loss rates from the 2nd order stream (i.e.,
main channel), 1st order streams, and the gullies in
the Oltu sub-watershed respectively ranged from 0
to 29, 48.3 to 286.5, and 3 to 237.8 t km-1 y-1. Within
the channel network of the Oltu watershed, the contribution by gull erosion was the highest, at 18889 t
y-1 (73%), following by 1st order at 5995 t y-1 (23%),
while the 2nd order stream had the lowest contribution, at 867 t y-1 (3%). Soil loss from the stream channels was also estimated for the total watershed at 0.7
t ha-1 y-1. These low rates of erosion from the gully
and stream channels indicated that the dominant
pathway of soil loss in the studied watershed is via
rill and interrill erosion. However, long-term research is needed to monitor the event-based gully
and streambank erosion under the wet conditions
with intense rainfall to better understand their temporal effects. Finally, sill structures were found to be
very effective at capturing the sediment and reducing
the soil transport capacity from the upland areas
and/or headwaters to downstream areas, and eventually the reservoirs.

INTRODUCTION
Soil is one of the most important components
of terrestrial ecosystems since it plays a crucial role
in moving energy and material between the water
and air, and how organisms leave the soil. Destabilization and the movement of soil particles by water
erosion on surface soil reduce the integrity of soil,
which can hinder the proper functioning of terrestrial
and aquatic ecosystems. Depending on the severity
of the erosion process, alterations in the physical and
chemical properties of surface soils may further reduce the quality of surface waters by increasing both
sediment and nutrient (particularly P and N) loading
[1]. In fact, soil erosion and climate change impacts
are the two most important factors now triggering
deforestation and land degradation worldwide [2];
globally, approximately 24 billion tons of surface
(top) soil are lost every year, forcing 10 million people to leave their homes. When considering the extent of time needed to form well-structured soil (50±
100 year for each 1 mm soil), even a small loss of
surface soil (e.g., 1 mm/year) may represent a significant loss in just a short time span. This immediate
loss may then be followed by gully erosion initiated
through land-use conversions from forest/grassland
to cropland or by physical disturbance to the top soil
itself, as well as from the mismanagement of grazed
pasture lands, often via overgrazing [3].
Particularly relevant in this context are the
semi-arid regions of the Mediterranean basin. There,
soil erosion is considered a major environmental
problem that affects water quality and drives nutrient
losses, thus impairing fresh water ecosystems and
agricultural productivity [4], eventually leading to
siltation in reservoirs [5]. Similarly, in Turkey, soil
erosion has become the most important current socio-economic and environmental problem, because
not only does it reduce soil/water quality and quantity but it also triggers human migration from rural
to urban areas, which further reduces the agricultural
production and prosperity of rural people throughout
the country [6]. According to different sources, the
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amount of annual soil erosion via surface runoff in
Turkey ranges from 500 to 1000 million tonnes [7,
8, 9]. In terms of the land-use types affected, about
54% of the total forest lands, 59% of the total crop
lands, and 64% of the total pasture lands experience
high intensities of soil erosion [10]. The reason behind this high level of erosion is not only related to
the improper use of agricultural land but also the
properties of the rugged topography found across
Turkey. Over 46% and 62.5% of Turkey¶VWRWDOODQG
area respectively have slopes exceeding 40% and
15%, and this steep terrain is more pronounced in the
Coruh River Basin (19 748 km2), in the northeast,
where this study was conducted. It is estimated that
the yearly average discharge of Coruh River is 6.3
billion m3 while the amount of sediment transported
is 5.8 million m3 [11]. The potential of using renewable water resources for energy production has led
the General Directorate of State of Hydraulic Works
(DSI) to plan the construction of 10 dams on the
main channel, 6 dams on the tributaries, and 162
small-sized hydroelectric stations/plants (HES) on
the other tributaries of the Coruh River [12]. Some
of these dams²Borcka, Deriner, Artvin, and Arkun
ve Ayvali²and HES units are already in operation
while others are now being constructed. However,
the reservoirs of Coruh River dams have been subjected to a high risk of rapid sediment build-up in a
very short period of time and this could reduce the
economic life span of these dams [6]. In response,
the Coruh River sub-watersheds rehabilitation project (2012±2019) has been implemented in 13 micro
catchments (~4000 km2 area) within the Coruh River
Basin, with the aim of reducing both soil erosion and
siltation, and protecting the natural resources while
also improving the livelihood of its villagers [12].
Particularly, to mitigate the upland sediment
transport and associated hazards to the villagers, the
project management unit was decided to implement
grade stabilization structures in these micro catchments by using the wire-cage and dry-stone sills.
These structures were constructed vertically on the
ephemeral channels and/or gullies to trap erosion
sediment by decreasing the slope length of runoff
and its velocity.
As an important source of siltation in lakes and
reservoirs, critical field research is still needed to
quantify the contribution from gull and streambank
erosion processes to the total soil erosion that originates from the upland sources [13]. Additionally, the
assessment of rehabilitation efforts to reduce the sediment load requires extensive monitoring yet is also
limited [14]. Within this context, this study¶VJRDOV
were to quantify the soil losses from the banks of
streams and gullies by using erosion pins, and to determine the effectiveness of grade stabilization structures, namely dry-stone and wire-cage sills, on headwater ephemeral channels in this semi-arid Oltu watershed.
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MATERIALS AND METHODS
Study area. This research was carried out in
the Oltu sub-watershed (369 km2) within the upper
Coruh River Basin, located in northeastern Turkey
(Fig. 1). The basin is characterized by its mountainous landscape with it many poorly vegetated yet
steep slope areas; hence, some of the sub-watersheds
of the basin are highly prone to surface soil erosion
that occurs under natural conditions. For more information on the Coruh River Basin and its on-going
rehabilitation project, please refer to [15]. The Oltu
watershed is classified as semi-arid and has continental climate characterized by high annual variation
in temperature, with cold winters and dry summers.
For the last 46 years (from 1970 to 2017), the annual
mean precipitation and mean temperature at Oltu
were 372 mm and 9.9°C, based on data recorded at
1321 m a.s.l. (Turkish State Meteorological Service,
Ankara).
During the studied period of bank erosion and
sediment deposition measurements, mean annual
precipitation levels were recorded as 303, 323, 295,
and 182 mm for the years 2014, 2015, 2016, and
2017, respectively. The topographic features here
are rugged and mountainous, with an average slope
of 44%. The elevation in the watershed varies from
1296 m to 2990 m, with a mean of 2038 m a.s.l. The
major land-uses in this watershed are grazed pasture
(47% of the land area), followed by agricultural use
(18%), and degraded forest (17%), and intact forest
(11%). In the study area, the negative impact on natural resources was mainly related to the intensive yet
misused grazed pasture lands. The major forest tree
species found here are Pinus sylvestris, Juniperus
spp., Platanus orientalis, Quercus spp, Populus
tremula, and Acer spp.
Soils are generally shallow to moderately deep
with a major soil textural unit of sandy loam and
loam [16]. For defining the stream characteristics,
both stream flow criteria (perennial, intermittent,
and ephemeral) and stream order classification (1st,
2nd order, and so on), following Strahler [17], were
used to describe a given stream¶V size and position
within a stream network and also WKHVWUHDPV¶flow
condition throughout the year [18]. All three types of
streams²ephemeral, intermittent, and perennial ²
in the Oltu sub-watershed were measured for their
erosion. Concerning the stream order classification,
the same measurements of bank erosion were done
in the 1st and 2nd order streams and gullies (Fig. 1).
The drainage density of the watershed is 0.99 km-1.
The eroded materials from the stream and gully
banks are predominantly coarser, consisting of different-sized cobbles, stones, gravel and sand.
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FIGURE 1
Erosion pin sites (plots) along the banks of 1st and 2nd order streams and gully reaches, and the locations
of wire-cage and dry-stone sill structures within the Oltu sub-watershed in the Coruh River Basin located
in northeastern Turkey.
was installed at half the distance of the total bank
height. When the bank height was taller than 1 m, the
number of installed pins on the bank surface ranged
from 1 to 3 row(s). The three rows were respectively
located at the midpoint of the one-third (1/3), twothirds (2/3), and three-thirds (3/3) of the streambank
height. At each pin site, a total of 5 pin transects were
placed at 25 m intervals along the 100-m long stream
reach (Fig. 2B). The number of pins in each transect
ranged from 2 to 6. A total of 275 bank pins were
thus installed at the 14 pin study sites within the
channel network of the Oltu sub-watershed. The total net eroded-accumulated pin lengths were measured twice per year, in each summer-fall season (6month period: from May to October) in 2014, 2015,
and each winter-spring season (6-month period:
from November to April) in 2015, 2016. For each
measurement period, the previous length of an exposed pin was subtracted from the most recent measurement. If the result was a positive value, then it
represented erosion; if negative, the pin measurement represented deposition. It is important to point
out that the average erosion rates recorded in this
study represent the net erosion rates, i.e., [(erosion +
(±deposition)] which include any negative readings.
A total of 50-cm erosion was assumed (recorded)
where pins were completely lost during an erosion
event [22].

Stream bank and gully erosion along perennial and intermittent channels. Installation and
measurement of streambank/gully erosion pins.
7KH³HURVLRQSLQPHWKRG´[19] was used to measure
the rates of streambank and gully erosion at 14 randomly selected stream reaches across a 100-m long
stretch for the 2-year study period (from May 2014
to April 2016; Fig. 1). The distribution of the selected sampling sited was based on the stream order
classification and types within the stream network of
the Oltu watershed, since stream size and its potential power (i.e., high flow stages) is one of the main
driving factors controlling the annual migration of a
streambank [20]. Of the 14 pin sites, 3 were located
along each 1st and 2nd order streams, and the remaining 8 sites were located along gully reaches (Fig. 1,
Table 1). The riparian areas along the stream reaches
can be characterized as a degraded pasture lands;
these have little vegetative cover and/or bare soil surface with a few scattered trees. The erosion pin
method has been used in many studies due to its
practical use for short time-scale investigations and
its promising results with high accuracy. The iron
pins used in this study were 60 cm in length and 0.8
cm in diameter. Pins were pounded (about 50 cm)
vertically into the gully and stream bank surfaces
from the bottom to the top of the bank on each side
(right and left bank) of a channel (Fig. 2A; [21]). If
the bank height was less than 1 m, only one pin row
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FIGURE 2
A) Installation of erosion pins on the left bank of a stream spaced vertically at 1/3 and 2/3 of the bank
height. B) Five pin transects placed at 25 m intervals along the 100-m gully reach.

Erosion control and sediment deposition on
headwater ephemeral channels. Headwater
ephemeral channels were identified as upland permanent gullies with ephemeral flows that were
formed by water during or immediately after intense
precipitation in the convergent topography, but with
no visible lines present. Both dry-stone sills and
wire-cage sills, constructed at the main gully channel
by the Turkish General Directorate of Forestry, are
common ways to try and reduce the effects of soil
erosion in these headwater channels. Soil and/or
gravel deposited behind these vertically constructed
structures are important materials to measure and
quantify. In this study, sediment accumulation behind these sills was measured at 4 different locations
in the Oltu sub-watershed over a 2-year time period,
from the August/September 2015 to September 2017
(Fig. 1; Table 3). For these locations, a total of 10
ephemeral channels had their sediment load quantified from either the constructed wire-cage sills or
dry-stone sills (Table 3). In each stream channel, this
sediment measurement (i.e., deposition) was conducted on those sills with odd numbers²as 1st, 3rd,
5th, and so on²thus sampling more than half of all
available sills (measured sills: 57, total studied sills:
107) occurring at these four locations (Fig. 3A; Table 3). A tape measure was used to obtain the height
of deposited materials (sediment build up) at the
middle point of each post across the sill, to also
measure the total height and width of the sills (Fig.
3B). The percent of sediment deposition/build up behind the sills was calculated as follows: (height of
sediment build-up/ total wire-cage height) u 100.

Soil bulk density sampling from the gully
and streambanks. The weights of the soil samples
per unit volume (soil bulk density; g/cm3) from the
surface of the gully and streambanks were calculated
to estimate the total bank soil losses from the studied
stream and gully reaches (Table 1). To do this, the
soil core method was used²2 cm in diameter and 10
cm in length²to determine the soil bulk densities of
the gully and streambanks [23]. Soil samples were
collected from both right and left banks of the first,
third, and fifth pin transect of each site (= 100 m
stream reach). Two bank soil core samples from the
midpoint of each erosion pin row were collected for
laboratory analyses. In the laboratory, soil bulk density samples were weighed after drying for 24 h at
105oC [24].
Measurements of bank area and estimation
of soil losses from gully and streambanks. To calculate the bank areas (m2) for a given 100-m classic
gully and stream reaches (sites), the bank heights (m)
of the gully and stream reaches and their lengths
(100 m) within the stream network of Oltu watershed
were also measured (Tables 1, 2). The bank heights
of gullies and streams were measured manually with
survey rods used at each pin transect/plot along the
stream reaches of 14 pin study sites. The total lengths
of gullies and streambanks across the entire stream
network were calculated using tools available in geographic information system (GIS) software, after
all the stream and gully networks had been digitized
onto the WorldView-2 satellite data at a spatial resolution of 50 cm (Table 2). The gully/streambank
soil loss rates per unit length of stream per year (SLR
[t/km/y]) for each stream reach were estimated as the
product of the gully/streambank area per unit stream
length (BA [m2/km]), mean bank erosion rate per
year ([BER] m/y]), and mean soil bulk density (SBD
[t/m3]) from a given stream bank reach (Table 1)
SLR = BA u BER u SBD
(1)

Data analysis. Differences among the gully, 1st
and 2nd order stream reaches for the measured variables, namely bank height and area, soil bulk density,
erosion, and soil loss rates, were examined
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FIGURE 3
A) Ephemeral channel (Id: 1.3, refer to Table 3) with 9 wire-cage sills on it. Measurements were made on
the 1st, 3rd, 5th, 7th, and 9th wire-cage sills. B) Measurements of total wire-cage height and the height of sediment build-up took place between each post across the VLOO¶Vwidth.
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FIGURE 4
Mean seasonal (winter-spring; May to October, and summer-fall; November to April) erosion rates from
the banks of gully and stream reaches in the Oltu sub-watershed, Turkey.

RESULTS AND DISCUSSION

by comparing the treatment means (sites) with analysis of variance (ANOVA) in SAS (Statistical Analysis System) software [25]. The sample size was the
number of pin plots at each site. The data were exDPLQHG XVLQJ WKH ³OVPHDQV SGLII´ IXQFWLRQ RI WKH
GLM procedure in SAS. Statistical significance was
set at P < 0.1, since the bank erosion process was
jointly affected by many climatic, temporal, and spatial factors [26]. The changes in the seasonal erosion
rates throughout the study period are presented using
descriptive statistics (Fig. 4).

Seasonal erosion rates, measured at 6-month
(half-year) periods for all the erosion pin plots (May
to October and November to April), ranged from
0.08 cm to 2.06 cm throughout the 2-year study period from May 2014 to April 2016 (Fig. 4). On a
yearly basis, in the first (May 2014±April 2015) and
second year (May 2015±April 2016), the estimated
erosion rates were respectively 1.99 and 3.34 cm
yr-1. The annual overall average erosion rates observed at the Oltu watershed were considerably low,
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however. Because of the semi-arid conditions, the
main reason for the low erosion rates in these streambanks and gullies could be related to the inherently
low precipitation amounts received, which were
even lower than the long-term (46-year) average precipitation amount (372 mm yr-1) for the Oltu sub-watershed. Moreover, both Gomez-Gutierrez et al. [27]
and Palmer et al. [28] found that gully and streambank erosions are highly sensitive to the magnitude
of a discharge event and its characteristics, including
both timing and frequency (i.e., occurrence of peak
discharge per time interval). Study by Tufekcioglu
[29] reached a similar conclusion in that approximately 75% of the reasoning in streambank erosion
was directly linked to high stream flows (occurrence
of high stage flows in number of times). Other important causes for the fluvial bank erosion may be
related to stream power, subjected shear stress by the
IOXYLDOIRUFHDQGUHVSRQGLQJEDQN¶VVRLOUHVLVWDQFH
as well as key morphological characteristics of the
stream, such its bed slope and sinuosity [30]. When
considering spatial and temporal scales, several
catchment characteristics including land-use, soil
type, geology, morphology, rainfall, and stream hydrology, are the main factors known to affect gully
erosion development [31, 32]. The involvement of
all these variables and their interaction over larger
scales was deemed the cause of a relatively wide disparity in soil erosion rates recorded for gullies, ranging from 1.91 to 7.75 cm y-1 [33], and for streambanks, ranging from 1.1 to 22 cm y-1 [34, 22].
In this study, the average bank height of a gully
(1.75 m) was higher than that of the 1st and 2nd order
streams (1.38 m and 1.53 m, respectively), which indicated predominantly incised gullies that usually
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form over a long-term scale and extend and/or expand after a few storm events [35] though the latter
were not observed during this study period (Table 1).
Similarly, Ramos et al. [36] stated that the probability of sediment and nutrient transport occurring in
the intermittent/gully reaches was usually governed
by a dry period following a flash flood. The total average bank area and soil bulk density from the 14
sampling sites were 1624 m2 km-1 and 1.52 t m-3 (Table 1). The average erosion rate in 1st order streams
(0.065 m y-1 or 6.5 cm y-1) was significantly greater
than that found in either the gully reaches (0.026 m
y-1 or 2.6 cm y-1; P = 0.023) or 2nd order streams
(0.007 m y-1 or 0.7 cm y-1; P = 0.008; Table 1). Similar to the erosion rates, soil loss from the 1 st order
stream reaches was highest (140.9 t km-1 y-1) followed by gully reaches (74.6 t km-1 y-1), and then 2nd
order stream reaches as the lowest (11.6 t km-1 y-1;
Table 1). However, a significant difference in soil
loss rates was only detected between the 1 st and 2nd
order streams (P = 0.075). The soil loss rates of 2nd,
1st, and gully reaches ranged from 0 to 29, 48.3 to
286.5, and 3 to 237.8 t km-1 y-1, respectively (Table
1). Herein, varying ranges of soil losses within the
different stream orders and individual reaches of this
watershed indicated that gully and streambank erosion is highly complex phenomenon, one driven by
both spatial and temporal scale effects under a given
climatic and geomorphologic setting (such as channel sinuosity and slope) which inevitably will require
detailed long-term investigations. A similar conclusion was put forth by Castillo and Gomez [33] in
their recent review of gully erosion.

TABLE 1
Gully and streambank (1st and 2nd order) erosion variables, including bank height and length, bank area
per unit stream length, bank soil bulk density, erosion rate, and soil loss per unit stream length per year,
for different stream orders and gullies sampled in the Oltu watershed.
Site ID & stream
classification
Site_1 & 2nd
Site_2 & 2nd
Site_3 & 2nd
Site_4 & 1st
Site_5 & 1st
Site_6 & 1st
Site_7 & Gully
Site_8 & Gully
Site_9 & Gully
Site_10 & Gully
Site_11 & Gully
Site_12& Gully
Site_13 & Gully
Site_14 & Gully
Average_2nd
Average_1st
Average_Gully
Total average

Bank
height (m)
1.05
1.44
2.11
2.48
1.00
0.67
2.26
1.97
2.43
2.31
1.12
1.14
1.47
1.30
1.53
1.38
1.75
1.63

Bank
length (m)
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

Bank area
(m2 km-1)
1053
1443
2105
2475
997
667
2263
1965
2433
2313
1115
1140
1470
1295
1534
1380
1749
1624
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Soil bulk density
(t m-3)
1.34
1.61
1.57
1.70
1.49
1.38
1.51
1.52
1.75
1.52
1.62
1.54
1.44
1.34
1.50
1.52
1.53
1.52

Erosion
rate (m y-1)
0.020
0.000
0.002
0.068
0.033
0.096
0.070
0.006
0.026
0.018
0.021
0.002
0.036
0.030
0.007
0.065
0.026
0.031

Soil loss rate
(t km-1 y-1)
29.0
0.0
5.8
286.5
48.3
88.1
237.8
18.5
108.9
63.2
37.3
3.0
76.4
52.1
11.6
140.9
74.6
75.4
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TABLE 2
Total gully and streambank lengths, including both right and left banks, and the average soil loss rates
based on the different stream orders and gully.
Stream order
Bank length
Soil loss
Total soil loss
Total soil loss
Watershed
*Soil Loss
/channel
(km)
(t km-1 y-1)
(t y-1)
(%)
area (ha)
(t ha-1 y-1)
nd
2
51
17
867
3
1st
44
137
5995
23
Gully
272
70
18889
73
Total
366
25750
100
36876
0.70
*Soil loss was also estimated on a per unit area basis, as 0.7 t ha-1 y-1. In other words, were the total soil loss (25 750 t y-1) from
the banks of gully and stream distributed spatially over 36 876 ha watershed area, then the unit area soil loss is equivalent to
0.7 t ha-1 y-1.

TABLE 3
Characteristics of the wire-cage and dry-stone sills, including the measured (sampled) and total numbers
of sills, their width and height, and sediment build-up level of the sills expressed in meters and percentage.
Measured & total
Average height
Average & total
wire-cage and 
of sediment build
sill width (m)
dry-stone sills (#)
up in sill (m)
OLTU-1
1.1
7 & 13
3.9 & 27.0
0.43
1.2
6 & 11
3.9 & 23.3
0.32
1.3
5&9
3.6 & 18.0
0.49
1.4
5&9
3.6 & 17.9
0.62
OLTU-2
2.1
2&5
3.9 & 11.7
0.61
2.2
4&7
2.3 & 9.1
0.39
2.3
3&5
4.2 & 12.6
0.17
2.4
16 & 31
4.1 & 65.8
0.47
OLTU-3
3.1
6 & 12
5.6 & 33.4
0.36
OLTU-4
4.1
3&5
1.9 & 5.7
0.49
Weighted average
N/A
N/A
3.9 & N/A
0.44
Total
10
57 & 107
N/A & 224.5
N/A
Note: Of all measured sills (57), 43 made of wire-cage and 14 made of dry-stone were measured.
Location
ID

Ephemeral
channel ID

Average
sill height
(m)
0.43
0.41
0.51
0.62
0.61
0.66
0.32
0.75
0.53
0.49
0.57
N/A

Sediment
build up in
sill (%)
100
76.9
97.0
100
100
59.8
55.0
62.9
68.2
100
77.2
N/A

Rehabilitation project¶V UHSRUW, the surface soil
loss²from rill and interrill erosions²in the Oltu
watershed was estimated at 11.1 t ha-1 y-1 [40] by using the RUSLE methodology [41]. When all the potential pathways of soil erosion (interrill, rill, gully,
and streambank) are combined on a watershed scale,
the soil loss from the Oltu watershed would be 11.8
t ha-1 y-1. As such, the erosion form gully and streambank evidently accounted for ~5.9% of the total sediment yield from the Oltu watershed; presumably
then, the major pathway of current sediment yield in
the watershed is rill and interrill erosion (93.9%) that
takes place on the top-soil surface. Supporting this
results was the 2-year data from the headwater
ephemeral channels/ gullies: the percentage of the
average height of sediment build-up (accumulation)
in the wall of the wire-cage and dry-stone sills was
77.2, thus indicating very high levels of sediment
load behind these sills (Table 3).
Moreover, it may suggest that upland conservation practices should be implemented with conjunction to the instream practices to increase the benefits of these sills in the long-term since sediment
transport capacity of the rill and interrill erosions are
highly dependent on the landscape connectivity by
these ephemeral channels and/or gullies on uplands
[42, 43]. Hence, the source area contribution of these
channels accounted for more than 50% to 80% of the
total catchment area [44]. Likewise, several other

Similar to this work and its semi-arid climatic
conditions, studies by Chaplot et al. [37] and Witford
et al. [38] recorded lower gully soil loss rates of 1.3
and 1.4 t ha y-1, respectively. Recently, Chaplot [39]
reported a slightly higher gully erosion rate of 4.9 cm
y-1 and a soil loss rate of 2.3 t ha-1 y-1 from the Drakensberg foothills of South Africa. However, the
rainfall amounts in the present study during the first
(303 mm) and second year (323 mm) were much
ORZHUWKDQKLVVWXG\¶VUDWHRIPP
Of the total stream/gully networks in the Oltu
watershed (366 km), the length of gully reaches (272
km) accounted for ~74% of the total channel network lengths (Table 2), making it a substantial contributor to the total soil loss observed in the Oltu watershed (at 73%; Table 2). The 1st order streams had
the highest erosion rates, leading to high soil loss that
accounted for ~23% of the total soil loss from the
watershed even though they had the shortest streambank length (44 km). These results indicated that
both 1st order streams and gully reaches were the major sources of soil loss via bank erosion within the
sampled stream networks of the Oltu watershed, and
that erosion control measures should focus on these
bank reaches.
When calculating the bank soil losses on an
area by year basis, the contributions of gully and
streambank soil losses to the total soil loss (rill, interrill, gully, and streambank) from the watershed
was very low, at 0.7 t ha-1 y-1. In the Coruh River
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studies have also suggested that rill and interrill erosions are the primary pathways for soil erosion in agricultural watersheds [45; 46], while others reported
that gully and/or streambank are the dominant ones
[34, 47, 48]. Nevertheless, a study by Ben Slimane
[5], conducted at five different catchments along the
Tunisian Ridge and Cape Bon region, indicated
complex interactions could occur between rill/interrill and gully/channel erosion processes that require
further investigation. According to his study,
rill/sheet erosion is the dominant erosion process in
three catchments while in the other two catchments
it is gully/channel erosion processes that dominate
and control reservoir siltation. Since gully and
streambank erosion are a reach- and scale-dependent
process, their contribution to total sediment yield
from a watershed may span a very wide range from
7% to 92% [14].
Finally, the field observations here revealed
that the effectiveness of wire-cage sills to halt sediment movement was reduced in the channel or catchments supplying high amounts of fine sediment,
such as clay and silt, when compared to the capturing
ability of the dry-stone sills. Put differently, mostly
large and fragmented sediment material (i.e., washout), like gravel and cobbles, served to increase the
capturing capacity of the wire-cage sills; this suggests that sediment size is an important characteristic
when deciding upon which types of sill utilization
will work or provide the best benefits. Hence, although using proper sill types in these channels is
acknowledged as a very effective way of reducing
soil erosion and its transport capacity, their longterm effectiveness must be addressed once the filling
capacity of these sills has been completely reached.
It is also important to point out that the effectiveness
and benefit of a stabilizing structure, like the sills
studied in the Oltu watershed, seem rather neglected
in the current literature. This would indicate a greater
research need for such specific conservation
measures by monitoring soil loss and deposition
from the headwater gullies.
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rainfall and its frequencies. Thus, a longer data set,
one that accommodates hydrologically active
year(s), should be considered when designing future
studies to obtain more insight into the effect of temporal scales on bank erosion. In addition to that, the
effects of a single storm event on bank erosion ought
to be explicitly investigated and addressed further.
Compared to the average erosion rates of the gully
reaches (2.6 cm y-1) and 2nd order streams (0.7 cm
y-1), the 1st order streams had the highest bank erosion rate (6.5 cm y-1). Soil was lost at the highest rate
from the 1st order stream reaches (140.9 t km-1 y-1)
followed by the gully reaches (74.6 t km-1 y-1) and
least by the 2nd order stream (11.6 t km-1 y-1), indicating that both 1st order stream and gully reaches
were significant contributors to total bank erosion.
The results also indicated that, by stabilizing the
channel, the wire-cage and dry-stone sills were very
effective at reducing channel erosion and associated
transport capacity. However, their effectiveness in
the long-term should be evaluated further after their
capacity of sediment infilling has been completely
reached. Only with more research can we fill this
knowledge gap and thereby provide better long-term
data for the beneficial use of sills as a way to control
erosion.
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several purposes, i.e., for monitoring the possible
(positive or adverse) health effects in humans or animals, for bio-monitoring reasons, for environmental
monitoring reasons, for remediation purposes etc.
[13, 14, 19-24].
Previously published research [9] investigated
the elemental content of apples in the area and concluded that several elements have elevated concentrations. The present research aimed to a) add to the
findings of the previous study and report previously
unpublished data regarding the elemental content of
several Potentially Toxic Elements (PTEs) in apple
leaves, b) investigate the possible ways that natural
and human processes may influence the chemical
content of these apple leaves and c) make an effort
to clarify the interrelations of the determined PTEs
not only in apple leaves but between soils and leaves,
and between apple leaves and apples, as well.

Apple leaves from central Greece, were investigated for their content in 25 elements. Comparison
with literature data has shown that Fe, Co, Sb, Na,
Sc, Ni, Cr, and Cd have larger values from 3 up to 28
times. Additionally, when the obtained results are
compared to analyses regarding soils and apples
from the same study area, indicate that, for almost all
of the determined elements, their average concentrations follow the order:         
           . Correlation analysis has indicated that the application of
agrochemical products is influencing the concentrations of the majority of the determined elements regarding apple leaves, but of soils and apples, as well.
However, there might be a small contribution from
the local geology in the concentrations that some elements have in soils as they are typically found with
elevated values in certain rock types present in the
area.

#!"#"

"=>.B+;/+The chosen study area is situated
in central Greece (Figure 1). The main geologic formations found in the area are [3, 25]: Quaternary sediments, Neogene sediments, marbles, metamorphic
rocks (i.e., gneisses-schists, amphibolite schists, amphibolites) and ophiolites.
A major part of the area is covered by apple tree
orchards. According to the latest data published by
the Hellenic Statistical Authority, a total of 4209
acres is used as agricultural land, out of which, 1998
are located in the Prefecture of Larissa [26]. Also, the
national apple growth for the years 2011, 2012 and
2013 was 274.1, 265.8 and 253.7 thousand tonnes,
respectively.
Because of the extensive cultivation, several
agricultural products such as fertilizers and agrochemicals (i.e., pesticides, fungicides, and insecticides) are applied. Some of the most common substances used are chlorpyrifos, diflubenzuron,
dithianon, flufenoxuron, myclobutanil, paraffin oil,
phosmet, pyriproxyfen, copper oxychloride, sulfur
etc. Fertilizer application usually happens during
January, while the fruits are harvested around September. The fertilizer application occurs linearly at
the root, along with the tree array, with a dosage of

'&!"
Leaf, Apple, Soil, Potentially Toxic Element, Agrochemical, Correlation Analysis.

#!$#
A large number of previously published research has shown that the soil chemical content is
mainly affected, on the one hand, by the nature of
parent materials, through natural processes, such as
weathering and, on the other, by human activities,
such as industry and agriculture [1-9]. In addition,
numerous studies have reported that the level of an
element's availability and its uptake from plants is
controlled by factors such as the soil's pH and Eh, the
absorptive power of soil constituents, the plant species etc. [1, 10-16].
Based on the latter, plants may accumulate in
their various organs (i.e., flowers, fruits, leaves etc.)
chemical elements and other substances, at various
concentrations, sometimes even potentially toxic [9,
17-18]. The study of the chemical content of roots,
fruits, leaves and other plant organs is done for
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about 80 - 90 kg/acre. Copper and pesticides are applied during winter, fungicides are applied during the
end of March, while a combination of fungicides and
insecticides is applied during April. From then onward, regular application of fungicides and insecticides occurs every one or two weeks, usually until
mid-June. The application is foliar.

"+7:6381+8.<+7:6/:;/:+;+=398Forty-two
apple leaf samples were collected covering, approximately, an area of 65 km2. Initially, a regular sampling grid of 500x500 m was designed, which,
however, was impossible to follow accurately because of the cultivated and, in some parts, mountainous terrain. Nevertheless, care was taken to preserve
a uniform distribution of sampling sites over the
study area (Figure 1).
Apart from the leaf samples, for the purposes of
this study, soil and apple samples are also taken into
account. The sampling procedure and treatment has
been previously reported [9]. The surface of each
sample location was cleaned from superficial debris,
vegetation, and O-soil horizon material before digging to a depth of 10 cm. The samples were oven
dried at 40°C, disaggregated in an agate mortar and
sieved through nylon screens of 2 mm. The finer
fraction (< 2 mm) was homogenized and pulverized
to < 0.075 mm in an agate mill. Then the soil samples

were digested with a mixture of HClO4–HNO3–HCl–
HF and analyzed by Inductively Coupled Plasma –
Atomic Emission Spectrometry (ICP-AES). The apple and leaf samples were leached with 2 ml HNO3
for one hour, and then 6 ml (2-2-2) of HCl-HNO3H2O were added, at 95°C, for one hour. The final
sample was diluted to 20 ml and analyzed by Inductively Coupled Plasma – Mass Spectrometry (ICPMS) for its content in 25 elements (Ca, Fe, K, Mg,
Na, P, S, As, B, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni,
Pb, Sb, Sc, Se, Sr, Ti and Zn). The analyses were
performed at ACME Analytical Laboratories LTD
(ISO 9001 Accredited Co., among others), Canada.
The quality of the procedure was assured by using
blanks, internal standards and standard reference materials of the latter laboratory.

"=+=3<=3-+6 +8+6B<3< Correlation analysis was
carried out to determine the extent of the relationship
between the determined elements. The fluctuation of
the median, the average and the geomean of the determined elements (Table 1) indicates that the data of
the present research were not normally distributed;
hence, the estimation of the Spearman correlation coefficient (non-parametric statistics) was selected. In
addition, it is well known that, especially, trace elements, rarely follow the normal distribution [6, 27].
All data were treated with SPSS software.
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2.30 - 16.0
0.24 - 0.69
0.03 - 0.09
0.10 - 0.20
0.05 - 0.30
17.0 - 69.8
7.0 - 21.0
8.7 - 33.6

15250
82.7
16080
2710
24.4
1593
1800
<0.1
27.6
48.8
0.01
0.09
0.3
5.69
0.04
54.1
0.10
0.94
0.47
0.01
0.03
25.1
12.5

15341
90.3
15999
2378
1435
1767
<0.4
<0.2
<1.0
6.20
55.0
<0.3
0.80
0.4
26.1
10.7
11.1

7220 - 18570
27.1 - 63.4
8160 - 18430
2560 - 6260
7.0 - 160
2.52 - 21.23
62.0 - 292
0.037 - 0.268
33.8 - 79.4
15.0 - 47.4

4.0 - 32.0
41.07 - 104.87
12.19 - 37.32



!"$#""$""

+49; +8. =;+-/ /6/7/8= -98-/8=;+=398< 38
+::6/ 6/+?/< Calcium has the larger average concentration (16860 mg kg-1) and is followed by K,
Mg, P, S, Fe, and Na (Table 1). Regarding trace elements, their order (in descending mode) is Mn, B, Sr,
Ba, Zn, Ti, Cu, Ni, Cr, As, Pb, Cd, Co, Mo, Se, Sc,
Sb, and Hg. Manganese is the only trace element

369E/?3F#
+8.
369E/?3F
) *
197.7
32.7
6.2
33.7
93.4

with an average concentration above 100 mg kg-1.
Boron, Sr, Ba, Zn, and Ti have average concentrations between 100 mg kg-1 and 10 mg kg-1, Cu, Ni
and Cr have average concentrations between 10 mg
kg-1 and 1 mg kg-1, while the rest of the elements (As,
Pb, Cd, Co, Mo, Se, Sc, Sb, and Hg) have average
concentrations below 1 mg kg-1. According to ECRegulation No 1881 [28] the maximum levels of Cd
and Pb in leaf vegetables is 0.2 mg kg-1 and 0.1 mg
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kg-1, respectively, while in the present research their
respective average values are 0.37 mg kg-1 and 0.41
mg kg-1 and their maximum concentrations reach as
high as 12.39 mg kg-1 for Cd and 0.69 mg kg-1 for
Pb. The average concentrations of the leaf samples
of this research were compared with similar data
from the literature (Table 2). The comparison has
shown that Fe, Co, Sb, Na, Sc, Ni, Cr, and Cd have
larger values from 3 up to 28 times (compared to
SRM 1515). Regarding the rest of the values that are
available for comparison, Fe has larger average and
range values, as well as Mg, Na, B, and Mn. On the
contrary, K and Zn seem to have lower values. These
elevated values possibly reflect the effects that the
local geology and the application of agrochemicals
have on leaves of local apple trees.
According to previous research about major elements in soils of the study area [9], Fe has the larger
average concentration followed by Ca, Mg, Na, K
and P, while the respective order of the determined
trace elements is Ti, Mn, Cr, Ba, Ni, Sr, Zn, Cu, Co,
Sc, As, Pb, Sb, and Cd. The rather elevated concentrations of Fe, Mg, Cr, Ni and Co were attributed to
local geology, because in the study area ophiolitic
(ultramafic) rocks, which contain the abovementioned elements in noteworthy amounts, are present [3, 7, 8, 9, 25]. Global average values of 600 mg
kg-1 P have been reported by Lindsay et al. [34]. A
study regarding agricultural soils in Argolida,
Greece [35], has reported slightly different average
concentrations for Fe, P and K (27100 mg kg-1, 3000
mg kg-1 and 900 mg kg-1, respectively).
The previous research [9] has also reported that
K is the most abundant element in apples, followed
by P, Mg, Ca, S, Na and Fe, while the respective order of the determined trace elements is B, Zn, Mn,
Ti, Cu, Sr, Cr, Ba, As, Cd, Sc, Ni, Se, Pb, Mo, Co,
Sb and Hg. According to EC Regulations No 1881,
No 488 and No 1005 [28, 36, 37] the maximum levels of Cd and Pb in fruits (excluding berries and
small fruit) are 0.05 mg kg-1 and 0.1 mg kg-1 (wet
weight), respectively, while in the present research
their respective average values are 0.23 mg kg-1 and
0.14 mg kg-1 and their maximum concentrations
reach values of 6.85 mg kg-1 for Cd and 0.46 mg kg1
for Pb. A comparison between the elemental concentrations in the apple fruits of the study area and
values in the literature has already been reported and
it has revealed that many elements (e.g., As, B, Cd,
Cr, Cu, Fe, Mn, Ni, Pb, Se, Ti, and Zn) in apples from
the study area, have larger values [9].

?/;+66 +<</<<7/8= When the results of the
present research are compared to the results regarding soils and apples from the same area [9], the average concentrations of the determined elements follow the order:            
            . The same behavior is demonstrated by the rest of the calculated
statistic parameters (i.e., median, geomean etc.), as

well. Exceptions to this behavior are P and Sc. The
average concentration of P in leaves (2073 mg kg-1)
is much larger than in soils (1119 mg kg-1) or apples
(881.7 mg kg-1), while the average concentration of
Sc in apples is slightly larger than in leaves. This
could be a result of the excessive application of phosphoric fertilizers or/and organophosphate agrochemicals (i.e., chlorpyrifos: C9H11Cl3NO3PS, phosmet:
C11H12NO4PS2 or others), as well as of the application method (foliar). It also can be deducted that, the
determined elements accumulate more in leaves than
in fruits (apples).
Based on the geological setting of the study
area, the elevated values of certain elements, such as
Co, Cr, Fe and Ni in soils, could be a result of the
erosion of the rock types (i.e., ophiolites) that contain
them in considerable amounts [3, 9, 25]. However,
the elevated concentrations of some of the remaining
elements (e.g., As, Cd, Cu) and perhaps a portion of
the previous elements, could be attributed to the extensive application of agricultural products such as
fertilizers, pesticides, fungicides and insecticides
[14, 38, 39].
It is known that phosphoric fertilizers contain
considerable amounts either of macronutrients (Ca,
K, Mg, N, P, S) or micronutrients (B, Cl, Cu, Fe, Mn,
Mo, Ni, Zn). They are also considered an important
source for soil contaminants such as As, Cd, Cr, Hg,
Pb, or even radionuclides (e.g., U, Ra, Th) [14, 3840]. When such agrochemical products are overused,
agricultural products cultivated over these soils
could demonstrate elevated concentrations [14, 39,
42, 43].
As mentioned, Spearman correlation analysis
was performed to find out the extent of the relationship between the determined elements (Tables 3 and
4). In order to have a more spherical understanding
of the interrelations among the determined elements,
correlation analysis was applied not only between
the elemental concentrations regarding the apple leaf
samples of the present research, but also the elemental concentrations of soil samples and apple samples, and between each sampled mean, as well.
Hence, six correlation matrices were created, one table examines the interrelations of the elements determined in the present research, concerning only leaf
samples, one concerning only soil samples, one concerning only apple samples (with data published by
Skordas et al. [9], one concerning the interrelations
between leaf and soil samples (leaves soils), one
concerning the interrelations between leaf and apple
samples (leaves  apples) and one concerning the
interrelations between soil and apple samples (soils
 apples). For reasons of conciseness, in the text are
included two condensed, simplified versions of these
matrices (Tables 3 and 4).
The analysis, regarding soils, has shown that in
total 41 pairs of elements are correlated, 33 with a
positive correlation and 8 with negative (Table 3).
The positive correlation between certain elements in
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soils, such as Co, Cr, Ni, was expected as it has been
correlation (Table 3). A positive correlation indicates
previously reported in many similar studies [7-9, 25,
a common source. In the case of apples and leaves,
39, 44, 45].
the correlated elements (i.e., K-Mg, K-Mn, P-Mo
Examining the relationships between the deteretc.) possibly indicate the various agrochemical substances applied, as a common source. However, in
mined elements in apples, the analysis has shown
the case of soils, the demonstrated correlation has a
that only 19 pairs of elements are correlated, 18 with
twofold interpretation and has to be considered as a
a positive correlation and only 1 with negative corresult of both natural origin (erosion of surrounding
relation. Similar are the results regarding the apple
rocks) and human activities (application of agroleaves; only 18 pairs of elements are correlated, 16
chemical products).
with a positive correlation and only 2 with negative


# 
":/+;7+8-9;;/6+=398-9/003-3/8=<-+6->6+=/.09;/+-2<+7:6/7/+838.3?3.>+66B
<936<
/6/7/8=<

/6/7/8=<
Ca-Na
0.52
Na-Pb
Ca-P
0.52
Na-Sc
Ca-Ni
-0.41
Na-Sr
Ca-Pb
-0.40
P-Cu
Ca-Sb
-0.40
P-Sr
Ca-Sc
0.42
P-Zn
Ca-Sr
0.82
As-Ti
Fe-Mg
0.40
Co-Cr
Fe-As
0.60
Co-Mn
Fe-Co
0.71
Co-Ni
Fe-Cr
0.59
Co-Sb
Fe-Ni
0.47
Cr-Ni
Fe-Sc
0.66
Cr-Sb
Fe-Ti
0.71
Mn-Ni
K-Ba
0.62
Mn-Sr
Mg-Co
0.43
Ni-Sb
Mg-Cr
0.54
Pb-Sr
Mg-Ni
0.57
Sc-Sr
Mg-Sc
0.43
Sc-Ti
Na-Mn
-0.44
Sr-Ti
Na-Ni
-0.47
Correlations are significant at the p<0.01 level.


-0.51
0.47
0.75
0.57
0.48
0.54
0.46
0.75
0.42
0.77
0.51
0.87
0.47
0.44
-0.41
0.41
-0.52
0.41
0.73
0.44

+::6/<
/6/7/8=<

Ca-Se
0.46
Ca-Sr
0.65
Fe-Cd
0.44
Fe-Zn
0.53
K-Mg
0.61
K-P
0.44
K-Mn
0.65
K-Ti
0.42
Mg-Mn
0.64
Mg-Ni
0.41
Mg-Sr
0.40
P-Ti
0.83
S-Cd
0.51
Co-Mn
0.41
Cr-Pb
0.51
Cu-Sc
0.42
Mn-Ni
0.47
Mn-Zn
0.46
Se-Ti
-0.44

6/+?/<
/6/7/8=<
Ca-Hg
Ca-Sr
Fe-Co
Fe-Cr
Fe-Pb
Fe-Ti
Mg-S
Na-Pb
Na-Ti
P-Mo
Ba-Cr
Co-Cr
Co-Ni
Co-Mo
Co-Ti
Cr-Pb
Cr-Ti
Pb-Ti


0.48
0.67
0.63
0.77
0.57
0.74
-0.42
0.39
0.43
0.41
-0.40
0.56
0.60
0.50
0.55
0.40
0.69
0.57

# 
":/+;7+8-9;;/6+=398-9/003-3/8=<-+6->6+=/.09;<936<+::6/<<936<6/+?/<+8.+::6/<
6/+?/<
<936<+::6/<
elements

K apples-Cd soils
0.40
Na soils-Sb apples
-0.42
P apples-Cr soils
-0.39

<936<6/+?/<
elements

K leaves-Mn soils
-0.41
P leaves-Zn soils
-0.55
As soils-Hg leaves
-0.43

elements
Fe apples-Cd leaves
Fe apples-Zn leaves
K apples-K leaves

+::6/<6/+?/<

elements
0.49
Co apples-Ni leaves
0.53
Co apples-Zn leaves
0.52
Co leaves-Ni apples

Pb soils-Se apples

0.50

As leaves-Pb soils

0.44

K apples-Mo leaves

-0.40

Cu apples-Mn leaves

0.42

Se apples-Sr soils

-0.39

Mo leaves-Ni soils

-0.40

Na leaves-Co apples

0.40

Cu apples-Ni leaves

0.44

Mo leaves-Ti soils

-0.41

P apples-Ti leaves

0.43

Cu leaves-Ti apples

-0.44

Pb soils-Ti leaves

-0.42


0.40
0.41
0.53

S leaves-Sb apples

0.43

Mn apples-Mn leaves

0.73

S leaves-Se apples

0.45

Mn leaves-Ni apples

0.45

S leaves-Ti apples
B leaves-Ba apples
Ba leaves-Ba apples
Ba leaves-Mo apples
Ba leaves-Pb apples
Co apples-Co leaves
Co apples-Mn leaves

-0.41
0.41
0.75
-0.45
-0.53
0.65
0.41

Mn leaves-Ti apples
Mn leaves-Zn apples
Ni apples-Ni leaves
Pb apples-Ti leaves
Se apples-Ti leaves
Sr apples-Sr leaves
Zn apples-Zn leaves

0.41
0.41
0.70
0.48
-0.44
0.44
0.56

Correlations are significant at the p<0.01 level.
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+%+;37+A-97:98/8=69+.381<9003?/0+-=9;<+8.:/;-/8=+1/90?+;3+8-//A:6+38/.09; ?+;3+,6/</6/
7/8=<09;=2/<936<+7:6/<,%+;37+A-97:98/8=69+.381<9003?/0+-=9;<+8.:/;-/8=+1/90?+;3+8-//A
:6+38/.09; ?+;3+,6/</6/7/8=<09;=2/+::6/<+7:6/<-%+;37+A-97:98/8=69+.381<9003?/0+-=9;<
+8.:/;-/8=+1/90?+;3+8-//A:6+38/.09; ?+;3+,6/</6/7/8=<09;=2/6/+0<+7:6/<%+6>/<=2+=+;/
73<<381@/;/,/69@ 
!9=+=/.97:98/8=+=;3A
97:98/8=



Ca
0.51
soils
Fe
0.7
soils
3

%

K
soils
Mg
soils

0.8
2
0.6
5

Na
soils

0.61
0.77

P
soils
As
soils
Ba
soils
Cd
soils
Co
soils
Cr
soils
Cu
soils
Mn
soils
Ni
soils
Pb
soils

0.8
6
0.82
0.8
8
0.5
8
0.9
3
0.8
6
0.7
5
0.6
5
0.9
0
0.75

Sb
soils

0.89

Sc
soils
Sr
soils
Ti
soils
Zn
soils

Variance
(%)

%

0.74
0.80
0.77
0.5
8

25.
1

21.3

11.2

10.
1

8.2

75.
9
Extraction method: Principal component
analysis. Rotation method: Varimax with
Kaiser Normalization.
Total Variance Explained

!9=+=/.97:98/8=+=;3A
97:98/8=



%
Ca
0.75
apples
Fe
apples
0.78
0.
K
7
apples
0
0.
Mg
8
apples
2
Na
0.82
apples
0.
P
7
apples
4
S
apples
0.68
As
apples
B
apples
Ba
apples
Cd
apples
0.59
Co
0.7
apples
4
Cr
0.66
apples
Cu
apples
Hg
apples
0.
Mn
6
apples
2
Mo
apples
Ni
apples
Pb
0.55
apples
Sb
apples
Sc
0.7
apples
4
Se
0.54
apples
Sr
0.57
apples
0.
Ti
6
apples
6
Zn
apples
Vari1
12.
ance
8.
10.9 8.7
7
(%)
5
Total Variance Explained

%

K
leaves

0.63

Mg
leaves

0.75

%

%

Na
leaves
P
leaves

0.70

S
leaves
As
leaves
B
leaves
Ba
leaves
Cd
leaves
Co
leaves
Cr
leaves
Cu
leaves
Hg
leaves

0.7
3
0.74
0.6
1
0.6
8
0.7
0
0.8
1

0.7
1

Mn
leaves

0.62

0.52

0.52

7.0
57.8

Extraction method: Principal component
analysis. Rotation method: Varimax with
Kaiser Normalization.
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Ca
0.7
leaves
4
Fe
0.8
leaves
4

Mo
leaves
Ni
leaves
Pb
leaves
Sb
leaves
Sc
leaves
Se
leaves
Sr
leaves
Ti
leaves
Zn
leaves
Variance
(%)

0.6
6
0.6
7
0.6
9
0.7
0
0.6
8
0.7
1

16.
5

12.
9

11.4

8.6

6.6

56.
0
Extraction method: Principal component
analysis. Rotation method: Varimax with
Kaiser Normalization.
Total Variance Explained
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Correspondingly, the correlation results between the different sampled means (Table 4) has
shown that for soils  apples only 5 pairs of elements correlate and for soils  leaves only 7 pairs
correlate and, in fact, the majority of these correlations are negative in nature. One would expect that,
since these trees grow on soil enriched in elements
such as Fe, Mg, Cr and Ni their elevated concentrations would affect the concentrations that these elements have in apples and leaves in a more dominant
manner. However, based on the geology of the surrounding area, it is believed that this is not the case
in this research, as the latter elements are not readily
available because they are found in resistant minerals (i.e., chromite) [7, 46]. On the contrary, Cu, Pb
and Zn and other elements demonstrate higher mobility and could be more easily extracted from the
trees [9].
In addition, correlation analysis for apples 
leaves has revealed that 30 pairs of elements are correlated, 24 positively and 6 negatively (Table 4). Almost all of these elements are basic constituents of
phosphoric fertilizers [14], either as macronutrients
(i.e., Ca, K, Mg, P, S) or as micronutrients (i.e., B,
Cu, Fe, Mn, Mo, Ni, Zn). This suggests that these
elements are extracted from the agrochemicals applied.
In addition to the correlation analysis, an effort
was made to investigate the complete dataset by applying Principal Component Analysis (PCA) to it.
PCA usually highlights relationships between the examined variables, which are otherwise difficult to
discern and interpret. This is accomplished based on
the fact that certain variables are associated with specific factors (components) and thus, produce a more
simple pattern for interpretation [3, 8, 47-49]. Having that in mind, PCA was applied to the dataset of
this research to, mainly, identify any possible common sources among the determined elements or any
other factor that could govern their behavior. Prior to
applying the PCA, the dataset was checked for normality and because a deviation from the normal distribution was noted, the data were firstly log-transformed [5, 6, 27] and the PCA was applied to the new
dataset. The PCA was chosen to yield five factors for
every sampled mean.
PCA explains 76%, 60% and 56% of the total
variance regarding the soil, apple and leaf samples,
respectively (Table 5). In the cases of apples and
leaves, PCA analysis explains lesser variance than in
the case of soils. As a general observation, while the
PCA analysis has yielded 5 distinct components, for
each dataset, it seems that all these components have
a common cause, which is the application of the various agrochemical products. A possible exception
could be Component I of the soil samples dataset
which explains 25.1% of the total variance and is
loaded by Fe, Co, Cr, Mn, and Ni, with factor coeffi-

The obtained results indicate that the determined elements accumulate more in leaves than in
fruits (apples), following the order:      
                   
 . Correlation analysis has shown that, although certain elements (i.e., Fe, Mg, Ni, Cr etc.)
have elevated concentrations in soils, they are not the
major reason of the concentrations that these elements have in apples and leaves. On the other hand,
elements that are included in various agrochemical
products (i.e., fertilizers, fungicides etc.) seem to influence the concentrations of certain elements (i.e.,
P, K, As, Cd, Cu etc.) in apples and leaves. PCA
analysis has shown that the major factor influencing
the concentrations of the determined elements is the
application of agrochemical products, with a small
probable contribution from certain local rock types,
regarding the soil samples.
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GROUNDWATER POTENTIAL WITH MORPHOMETRIC
ANALYSES (IN SEMI-ARID CLIMATIC CONDITIONS
CANAKKALE, TURKEY)
Timucin Everest*
Canakkale Onsekiz Mart University, Lapseki Vocational School, 17800, Canakkale, Turkey

Southeastern Anatolia Regions are dry, and the other
regions are semi-dry and semi-moist [2]. In almost
entire Turkey, crops have to be irrigated during summer. Therefore, people should be made to use water
resources in a sustainable and effective way.
Morphometric analyses are important tools to
observe hydrological behaviors, to interpret basin
geometry, and obtain data about the geological and
geomorphologic behaviors of a basin. Morphological parameters contribute to the efforts to determine
GUDLQDJH EDVLQ¶s hydraulic behavior and to identify
the correlation between these and lithologic characteristics. Morphometric parameters allow for the
classification of groundwater potentials according to
YDULRXV GHJUHHV DQG KHOS H[KLELW D UHJLRQ¶V VWUHDP
and geological characteristics [3-6]. Morphometry
identifies, areal, linear and relief aspects of an area.
Morphometry analyzes formation RI D EDVLQ¶V VXU
face mathematically and allow for the determination
RIWKHVKDSHDQGOHQJWKRIDQDUHD¶VIRUP[7, 8]. Morphometric analyzes channel network of the drainage
basin and provide information about the potential of
groundwater and hydrogeology of an area [9].
The literature review showed that a great many
researchers conducted studies to estimate groundwater potentials relying on morphometric aspects [4-6,
10-17].
This study attempts to prioritize groundwater
storage potential of Karamenderes Basin (about
1996 km2) in Çanakkale NW Turkey by using DEM
map, morphometric characteristics (perimeter, area
of drainage basins, drainage density, number of
streams, bifurcation ratio, stream length, elevation,
slope, form factor, shape factor, stream frequency,
drainage texture, circulatory ratio, elongation ratio,
constant of channel maintenance, length of overland
flow) and GIS techniques.

ABSTRACT
This study was conducted in Karamenderes Basin (KMB), Çanakkale-NW Turkey. Possible storage
areas of groundwater in the basin were prioritized by
using morphometric data, digital elevation model
(DEM), topographic maps, geological maps, satellite
image, and geographic information systems (GIS).
Six sub-basins were identified as a result of the interpretation of all the cartographic materials. After
the calculations which made for the all sub-basins it
was determined that which sub-basins have the highest potential to storage the groundwater. Sub-basins
compared with each other. According to these data,
(SubW-3) and (SubW-2) having geological impermeable lithology and more hard rocks, low bifurcation ration (Br), high drainage density (Dd) and
stream frequency (Fs) were identified to have the
lowest repository potential for groundwater. On the
contrary, (SubW-4) and (SubW-1), which have
higher drainage density (Dd) and stream frequency
(Fs) and lower bifurcation ratio (Br), generally
formed on quaternary alluvium, clastic limestone
and marl, have a higher potential for storing groundwater. CORINE land cover map showed that areas
which have higher groundwater storage potential under agricultural usages.
KEYWORDS:
Morphometric analyses, DEM, prioritization, Karamenderes basin

INTRODUCTION
Land and water resources are adversely and
drastically affected by many factors such as rapidly
growing global population, industrialization, urbanization, agriculture, mining, etc.
Annul average precipitation in Turkey is 643
mm. Average water amount per capita in Turkey
with a population of about 80 million people is 1400
m3 and the country is listed among the countries suffering from water shortage [1]. The Black Sea Region in Turkey is moist, Thracian, Central and

MATERIALS AND METHODS
Research area. Karamenderes Basin is located
between 26° 08' 06" and 26° 59' 48" E and between
39° 36' 42" and 40° 01' 33" N and covers about 1996
km2 (Figure 1).
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FIGURE 1
Study area

FIGURE 2
Geology map of study area
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General Geology of the basin. The geology of
the research area is given in (Figure 2). At the lower
sections of the basin, there are alluvial deposits having occurred in the quaternary and they cover large
area. The other geological facies in the area are sedimentary and igneous rocks with neogene and igneous rocks of eocene and oligocene age. There are neogene deposits in the center of Karamenderes Basin,
which covers a considerably large area. Moreover,
granodiorites and volcanites having formed in oligomiocene can be observed in western area of Bayramiç Town. Mesozoic formations in the basin are
consist of triassic units and ophiolites of cretaceous
in the vicinity of northern and ophiolitic mélanges
around southeast. The oldest lithologic units in the
area are paleozoic rocks. The metamorphic units outFURSLQWKH.D]'D÷ODUÕ ,GD0RXQWDin) in the south
of the basin, on the Salihler Plateau in the north of
Ezine-Bayramiç depression, and some place of the
west of the basins [18-20].
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[20]. Climatic data of Karamenderes Basin are presented in (Figure 3).
Cartographic materials and software programs. Topographic maps scaled 1:25000 of the
study DUHD ZLWKVKHHWQXPEHUVøDøEøE
øD øE øE øG øF øF øD
øDøEøDøDøEøGøGDQG
øF  ZHUH XVHG WR SURGXFHWKH '(0 PDS DQG WR
obtain the elevation data. The maps (with sheet numEHUV $\YDOÕN ø ø DQG -  RQ D VFDOH RI
1:100000, produced by the Mineral Research and
Exploration Institute, were exploited to obtain geological data and to produce a geological map. All
maps were digitized with ArcGIS 9.3. Stream of
whole study area were obtained from arc
toolbox>hydrology module and topographical
sheets. 6WUDKOHU¶V method was applied for the stream
ordering [3].
Morphometric parameters. In this research;
Bifurcation ratio (Br), Drainage density (Dd),
Length (L), Form factor (Ffc), Stream frequency
(Fs), Drainage texture (Tex), Elongation ratio (Er),
Circulatory ratio (Rc), Constant of channel maintenance (C), Shape factor (S), Length of overland flow
(Lo) values were calculated by using mathematical
formulae available in the related literature. The formulae of the morphometric parameters and literature
are presented in (Table 1).

Climate. The annual average temperature of
Karamenderes Basin is 14ºC and the highest temperatures are observed in july and august. According to
long years records, the annual average precipitation
in the research area amounts to 624.3 mm. It receives
the highest amount of precipitation in november, december, and january. The area is rainy for 86.5 days
a year and covered by snow for 3.7 days on average

FIGURE 3
Climate parameters of study area
TABLE 1
Formulas of morphometric parameters.
Morphometric parameters
1. Bifurcation ratio (Br)
2. Length (L)
3. Drainage density (Dd)
4. Form factor (Ffc)
5. Stream frequency (Fs)
6. Drainage texture (Tex)
7. Elongation ratio (Er)
8. Circulatory ratio (Rc)
9. Shape factor (S)
10. Constant of channel maintenance (C )
11. Length of overland flow (Lo)

Formula
Br = Nȝ / Nȝ
L = 1.312 x A0.568
'G /ȝ/ A
Ffc = A / L²
Fs = N / A
Tex = Dd x Fs
Er '/  ¥$ /
5F ʌ $3ð
S = L² / A
C = 1/ Dd
Lo = A / 2Ls
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FIGURE 4
Contour map of study area.

FIGURE 5
DEM of Karamenderes.
RESULTS AND DISCUSSION

drawn with at 10 m intervals contour lines are presented in Figure 4. The produced DEM map is given
in Figure 5. The elevations of KMB ranges from 0 m
to 1770 m. The map containing the slope classes is
presented in Figure 6.

Topographic parameters. Map which were

8256

© by PSP

Volume 27 ± No. 12/2018 pages 8253-8263

Fresenius Environmental Bulletin

FIGURE 6
Slope map of study area

FIGURE 7
Sub-watersheds of study area
the research area are available in Figure 8. The analysis of the drainage patterns of the research area revealed that mostly dendritic drainage pattern and
parallel-dendritic pattern prevails in the area.

Drainage patterns and Sub-basins of KMB.
Karamenderes basin was divided in 6 sub-basins by
using drainage patterns, topographic differences, geological data, and DEM data. The sub-basins of Karamenderes are given in Figure 7. The drainage pattern, sub-watersheds and stream ordering maps of
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FIGURE 8
Stream orders of sub watersheds in study area.
TABLE 2
Morphometric parameters of sub-watershed of Karamenderes.
Sub-watersheds
Sub-W1
Sub-W2
Sub-W3
Sub-W4
Sub-W5
Sub-W6

A
268,43
439,92
363,63
301,10
311,68
308,83

P
73.42
117.55
110.49
109.28
94.76
90.64

L
31.44
41.62
37.35
33.56
34.22
34.05

N
884
2043
1860
930
1544
1620

Ls
360.39
956.57
806.22
488.30
654.62
633.83

Br
4.36
4.59
2.05
3.57
2.10
2.23

Ffc
0.2716
0.2540
0.2606
0.2673
0.2662
0.2664

Dd
1.34
2.17
2.22
1.62
2.10
2.05

Fs
3.29
4.64
5.12
3.09
4.95
5.25

Tex
4.42
10.10
11.34
5.01
10.40
10.77

Er
0.58767
0.56850
0.57586
0.58310
0.58200
0.58223

S
3.68
3.94
3.84
3.74
3.76
3.75

Rc
0.63
0.40
0.37
0.32
0.44
0.47

C
0.74
0.46
0.45
0.62
0.48
0.49

Lo
0.372
0.230
0.226
0.308
0.238
0.244

A: Area, P: Perimeter, L: Length, N: Number of streams, Ls: Length of streams, Br: Bifurcation ratio, Ffc: Form factor, Dd:
Drainage density, Fs: Stream frequency
Tex: Drainage Texture, Er: Elongation ratio, S: Shape factor, Rc: Circularity ratio, C: Constant of channel maintenance, Lo:
Length of overland flow

Bifurcation ratio (Br). Bifurcation ratio is a
measurement tool. Br is calculated mathematically
dividing number of streams (1ȝ) to the following
number of stream (Nȝ). Schumm [26] states that
low Br values are indicative of structurally less damaged water basins with a less disrupted drainage pattern [15, 27, 28]. Theoretically, Br values range between 3.0 and 5.0. Low Br values refer to a higher
groundwater potential, more suitable permeability
conditions, softer rocks and near-flat surfaces [5, 6].
Chow [29] states that when Br range 3-5 in watersheds geology doesn't affect drainage pattern intensive [30]. In KMB, Br values range between 2.05 and
4.59. The highest and lowest Br values were calculated in Sub W-2 and Sub W-3, respectively (Table
2).

Drainage density (Dd). Drainage density is
mathematically expressed by proportion the length
of the streams to the unit area of the drainage basin
[22]. Drainage density is crucial to evaluate water
storage and to indicate the percolation rate. This is
mostly determined by lithology [23, 24]. Low Dd is
located in low basin reliefs and high Dd is located in
high basin reliefs [3]. A Dd value closer to zero indicates basins with high permeability and area with
high groundwater potential. On the contrary, high Dd
values refer to rocks with lower permeability and
higher mountainous areas [5, 6, 25]. Drainage density map (Dd) was given in Figure 9. Mean Dd values
in Karamenderes Basin range between 1.34 and 2.22
(Table 2). The highest values were calculated to be
2.22 and 2.17 in Sub W-3 and Sub W-2, respectively,
whereas the lowest were 1.34 and 1.62 in Sub W-1
and Sub W-4, respectively.

Form factor (Ffc). Form factor is measured dividing the basin area by the square of basin length
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Elongation ratio (Er). If the basin expressed as
a circle, the elongation ratio (Er) is obtained by dividing the diameter of this circle to the length of
same circle [26]. Elongation ratios range from 0 to 1.
For Strahler [3] elongation ratio classified into four
groups. If (Er) value <0,7 It is called elongated
shaped basin. If (Er) value varies between 0.7-0.8 it
is called less elongated shaped basin. If (Er) value
varies between 0.8-0.9 it is called oval shaped basin.
Finally, if (Er) values > 0,9 basin is called as circular
shaped. High (Er) values indicate that regions are
having low runoff and high infiltration capacity [30].
For this study, all the elongation ratio values vary between 0.56-0.58.

[25]. Ghosh and Jana [24] notes that Ffc values range
between 0.16 and 0.99. In KMB basin Ffc values varied between 0.2540 and 0.2716 (Table 2). A value
closed to 1 means a circular basin, while an elongated basin is marked by a value closed to 0. It can
be concluded from the Ffc values in this study that
all sub-watersheds are elongated basins in KMB.
Stream frequency (Fs). From a mathematical
perspective, it is necessary for the calculation of the
stream frequency to divide the number of streams to
the area of the basin. Higher stream frequency values
indicate higher surface runoff and more steep areas
[8, 25]. In the present study, calculated Fs values
ranged between 3.09 and 5.25 (Table 2). The highest
Fs values were calculated to be 5.25 and 5.12 in Sub
W-6 and Sub W-3, respectively, whereas the lowest
were found to be 3.09 and 3.29 in Sub W-4 and Sub
W-1, respectively.

Length of overland flow (Lo). Physiographic,
hydrological evolution of drainage basins is caused
by the length of overland flow (Lo). (Lo) value generally equals to half of the reciprocal of drainage
density [25]. Lo values vary between 0.23 (Sub W2) and 0.37 (Sub W-1) for this study (Table 2).

Circulatory ratio (Rc). Circularity ratio (Rc) is
a concept that defines the shape of the basin. Rc is
calculated the ratio of basin area (A) to the area of
circle, having the equal perimeter (P) as the basin
[31]. Lower Rc value refers to the young, medium Rc
value mature, high Rc value older tributaries in the
basins [31]. Rc is highly influenced by the geology,
frequency and length of the streams, relief, slope,
land use and climate of the basin. Rc value gives
structural index of underlying rock system. In the research area, calculated Rc values varied between
0.32 and 0.62 (Table 2). Based on the calculated values, the highest and lowest Rc values were found to
be 0.62 and 0.32 in SW-1 and SW-4, respectively.

Constant of channel maintenance (C). Values
concerning constant of channel maintenance (C)
range between 0.45 (Sub-W3) and 0.74 (Sub-W1) in
the research area (Table 2). Constant of channel
maintenance (C) is reciprocal of the drainage density
(Dd). By using this parameter (C) it can be defined
that how much drainage area will be sufficient for
maintaining per length of channel. C depends on climatic regime, permeability, vegetation, rock type,
relief and duration of climatic history and erosion
[17, 32]. High C values in the basin indicate rocks
with higher permeability [5, 33, 34]. The calculations showed that C values of Sub W-2, Sub W-3,
Sub W-5 and Sub W-6 were lower than 0.5. Kumar
[5] report in their study that C values lower than 0.5
mark less permeable and more steep areas with
higher surface runoff. The C values indicate that Sub
W-1 and Sub W-4 have more permeability lithology
and all other sub watersheds have less permeable geology and steep geomorphology.

Drainage texture (Tex). For Smith [22] drainage texture (Tex) was associated with many natural
factors. These parameters are climate, precipitation,
vegetation, soil properties, rock types, infiltration capacity and relief. Drainage texture values of less than
4, 4-10, 10-15, and more than 15 are categorized as
coarse, intermediate, fine, and ultra-fine, respectively.
The classification of drainage texture, fine and
ultra-fine areas characterize impermeable lithology,
whereas coarse areas refer to a higher infiltration and
storage potential [30]. It was inferred from the classifications and calculations that Sub-W-1 and SubW-4 had a coarse texture. The lowest drainage texture values were observed in Sub W-6 and Sub W-3
(Table 2).

Evaluation of the morphometric analysis results and production of the results table. All the
calculation data were hierarchically ordered and
ranked. The impact values in Table 2 were sorted
from 1 to 6 and the final table was formed (Table 3).
For preparing tables the shape parameters which
have the lowest value ranked as 1 and which have the
highest value ranked as 6. For the linear parameters
the highest value ranked as 1 and the lowest value
ranked as 6. Total impact values were calculated according to sub-watersheds by grading and ranking
the impact values in the final table. Total impact values were graded with roman numerals. VI (Sub-W4)
and V (Sub W-1) were identified to have a high
groundwater potential, Sub W-3 (I) was observed to
have the lowest groundwater potential (Figure 10).

Shape factor (S). Shape factor (S) values in the
research area vary between 3.68 (Sub W-1) and 3.94
(Sub W-2) (Table 2). For calculating S value square
of basin length is divided to basin area [25]. Shape
factor (S) and form factor (Ffc) are inversely proportional to each other.
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TABLE 3
Sub-watersheds priority according to morphometric parameters.
Compound
Priority
factor
ranks
Sub-W1
6
2
1
5
1
6
6
6
6
6
4.5
V
Sub-W2
2
1
6
4
4
4
1
1
2
2
2.7
II
Sub-W3
1
6
5
2
5
1
2
2
1
1
2.6
I
Sub-W4
5
3
2
6
6
5
5
5
5
5
4.7
VI
Sub-W5
3
5
4
3
3
3
3
3
3
3
3.3
IV
Sub-W6
4
4
3
1
2
2
4
4
4
4
3.2
III
Dd: Drainage density, Br: Bifurcation ratio, Ffc: Form factor, Fs: Stream frequency, Rc: Circularity ratio, Tex: Drainage Texture, S: Shape factor, Er: Elongation ratio
Lo: Length of overland flow, C: Constant of channel maintenance
Watershed

Dd

Br

Ffc

Fs

Rc

Tex

S

Er

Lo

C

FIGURE 9
Map of drainage density

FIGURE 10
Groundwater priority map according to morphometric calculations.
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FIGURE 11
CORINE land cover map of study area.

stone, while it has the lowest Br value. The groundwater storage potential of Sub W-2 was labeled as II,
generally consists of high and sloping areas. The
presence of more impermeable geological materials
such as mica, schist, gneiss, serpentine, andesite, and
granite, in these high and sloping areas, results in a
lower level of drainage density, which eventually
leads to surface runoffs at higher levels. Sub W-6,
which has the lowest groundwater storage potential,
consists of steep and sloping areas with the highest
elevation and slope values in the research area. The
geology of the area with a high level of surface runoff comprises generally low-permeability rocks,
mainly metagranite, gneiss, and peridotite. In this
study correct results were obtained in sloping and
high areas by using hydrology toolbox of ArcGIS.
But on flat areas program has given some systemic
errors. Problems have been solved by drawing contour lines from 1.25000 scaled topographic sheets.
Geology of the area (e.g. clastic texture of rocks or
more impermeable rocks), slope classes, elevation
classes, structure and density of the drainage systems
provide valuable data to the researchers for groundwater studies. Investigating the groundwater potential in semi-arid areas can be carried out on large areas within a short time and high quality by using
morphometric parameters with GIS. Also, many
maps can be produced for various interpretations
such as water resources, land use planning, investment of agricultural infra structure, drought vulnerability and drought scenario by using GIS.

CONCLUSIONS
The primary concern of the present study is to
prioritize groundwater storage potential of Karamenderes Basin in Çanakkale NW Turkey using
morphometric parameters. The calculations demonstrated that Sub W-4 and Sub W-1 have the highest
groundwater storage potential. The flat and near-flat
of these areas with high groundwater storage potential have alluvial units, while the sloping and high
sections contain lime-rich marl materials, conglomerate, and siltstone. Drainage density in these areas
is much lower than other sub-basins. It was observed
with the help of the analysis of CORINE land cover
data that areas with higher groundwater storage potential were used for agricultural purposes (Figure
11). If the drought conditions occur, the farmers can
use the groundwater potential for these areas.
The groundwater potential of Sub W-5 was
identified as IV, contains alluvial deposits in flat and
near-flat areas, lime-rich marl materials, conglomerates and siltstones in the western sub-basin, and
granites in the east. The lower water storage potential
of this sub basin is due to having more high elevations and sloping areas. The calculations demonstrated that Sub W-3, Sub W-2 and Sub W-6 had the
lowest groundwater storage potential. Sub W-3 with
the lowest groundwater storage potential geologically contains harder impermeable rocks, such as andesites, basalts, claystones. Dd value in Sub W-3 is
the highest of all the sub-basins due to mainly clay-
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The samples of six (06) bottled mineral water
were collected from the local market of Peshawar in
2016. These samples were assessed for their mineral contents, alkalinity, heavy metals, conductivity,
pH, Total Dissolved Salts, total hardness, Ca hardness, Mg hardness, Ca ions, Mg ions and HCO3
ions to confirm their quality assurance and suitability for human consumption. The results were compared with the labeled values and WHO standards.
Almost all samples contained minerals within the
recommended range of WHO, although varied from
the level shown on the label. Among the different
minerals present in water samples, the amount of
sulfur was highest (81.950 mg mL-1) followed by
Cl- (43.392 mg mL-1), Na (14.552 mg mL-1), K
(2.000 mg mL-1), and F (0.315 mg mL-1). Total
hardness was in the range of 64 to 440 mg mL-1, Ca
and Mg hardness was 16–100 mg mL-1 and 36–400
mg mL-1 respectively. Average value of pH in different samples was found 7.54 while conductivity
and total alkalinity were 458.286 µs cm-1 and
181.440 mg mL-1 respectively. Nitrate was absent
in all samples, while the TDS value of some samples was more than 400 mg mL-1. Among heavy
metals Pb and Cd were found in the range of 0.001
to 0.040 mg mL-1. Ca++, Mg++ and HCO3- ions were
in the range of 0 to 40, 8.64 to 96 and 9.5648 to
251.076 mg mL-1 respectively. Despite the fact that
variation was observed in results and labeled values, the physicochemical findings are encouraging
and showed that the samples collected in the form
of bottled mineral water were fit for drinking purposes. However a workable monitoring system
should be established in the country to evaluate the
quality of drinking water routinely to reduce the
consequences of water borne diseases and protect
the consumer’s health and welfare.

Water, the origin and symbol of life has tremendous role in the growth, comprising about 85%
of the body weight of human [1]. It is essential for
all bio-chemical reactions and its importance can be
well judges by saying of Holy Quran “We have
created all the living beings from water” [2] and
further narrated “Then see the earth barren and lifeless, but we pour down water on it, it is stirred to
life” [3]. Humans continue to pollute water at an
alarming rate due to population growth and industrialization, which effects human health as well the
aquatic biota. Polluted drinking water is a major
contributor to various diseases in many parts of the
world. Contaminated drinking water causes adverse
effects on health from mild diarrhea to crippling
fluorosis and child death. Gastroenteritis occurrence
due to bacterial, viral and parasitic agents and viral
hepatitis are the most important group of waterborne disease leading to childhood morbidity and
mortality. The unhygienic use of water results 25,
000 children to death every day and it is estimated
that 2.5 million deaths per year occur only from
diarrhea [4]. According to world health organization (WHO) 88 percent diseases are related to poor
quality water, resulting insubstantial health and
economic losses [5], thus it is essential to improve
drinking water quality and to ensure its safety for
the reduction of water related enteric diseases [6].
Consumers prefer good-quality drinking water, having no adverse effect on human health, free
from harmful organic and inorganic impurities,
pathogens, undesirable taste, odor, color and turbidity [7]. Although expensive bottle water is considered to be a food product and its quality is monitored under Food and Drug Act (FDA) by strictly
checking the microbial presence, the composition
whether it contains all-important minerals (Na, K,
F, Cl and S etc.) which required for maintenance of
biochemical reactions and consequently healthy
life. Proper labeling should also be examined regularly [8].
Mineral water may contribute one fourth of
the total daily calcium intake, person that take mineral water having higher calcium intake as compared to tap water [9]. Similarly magnesium is very
important mineral, involved in energy metabolism,
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8264

$#

! %    







!"  ! 


amount of Ca and Mg was determined by using the
Atomic Absorption Spectrophotometer (Beck-man
model 1233) in the department of Soil and Environmental Sciences laboratory, The University of
Agriculture Peshawar. The Atomic Absorption
Spectrophotometer was first calibrated for standard
Ca and Mg stock solution of concentration 0.5, 1.0
and 2.0 mL/250 mL double distilled deionized water. To determine Ca and Mg a small aliquot from
sample was taken into a beaker and was added 1%
lanthanum to eliminate pH dependence [17]. Measurements were made at a wavelength of 422.7 nm
and 285.2 nm respectively, the visible range was
used and the source current was fixed at 14 ma. A
scale setting of 1 and an air flow of 5 flow rater was
employed. Pneumatic nebulizer was immersed into
the sample solution and readings were recorded.
The total alkalinity was calculated by following the potentiometric titration procedure. The nitrate in water sample was determined by UVVisible Spectrophotometric (Optima SP3000+)
using Chromotropic acid as reagent [18]. In this
method 1 mL 0.1% chromotropic acid solution was
added drop by drop to the sample and cooled into
ice bath followed by addition of 6 mL concentrated
sulfuric acid and then cool into room temperature.
The nitrate was determined at 430 mm wavelength.
Chloride (Cl-) was obtained by silver nitrate titration [19] while Sulphate (SO4-) was determined by
turbidimetric procedure using barium chloride [20].
Carbonates and bi-carbonates were determined by
titration with 0.01N H2SO4 at pH 8.3 and 4.5 respectively [19].

37/;+5 +7+5A<3< Fluoride (F-), Calcium
++
(Ca ), Magnesium (Mg++), Bicarbonate ions
(HCO3-), and heavy metals such as Lead (Pb),
Cadmium (Cd) was determined to assess their quantity in accordance with the WHO safe limits. Na
and K were analyzed on flame photometer (Jenway
PFP7). Standard solutions of Na and K were analyzed and standard curve was made from the readings. The sample concentration was found by plotting the values of sample against the standard curve,
whereas Cd and Pb were analyzed on Atomic Absorption Spectrometer (Beck-man model 1233)
equipped with hollow cathode lamps for the said
elements using the method of [21]. Sodium (Na)
and K was determined by using famephotometry
technique [22] and Atomic Absorption Spectrophotometer method [7]. Both of the instruments were
standardized with solutions of known concentration
before analysis of samples. The samples pH values
were determined by Orion pH meter after calibrating it with buffers of pH 10, pH 7 and pH 4. Conductivity was determined by conductivity meter.
Other metals and minerals were analyzed by standard titration methods. Analysis was done according
to standard methods for the examination of water,
sewage and industrial wastes. All analytical work

protein synthesis, RNA, DNA synthesis and
maintenance of electrical potential of nerve tissues
and cell membrane [10]. Mineral water contribute 6
to 17% of total daily magnesium intake [9]. High
magnesium content in mineral water significantly
enhanced intestinal motility [11]. Natural water
supplies contain hardness because of calcium and
magnesium salts. The degree of hardness of water
increases with the concentration of calcium and
magnesium dissolved [12]. Higher water hardness
worsen the sensorial characteristic of water or
drinks and meal prepared with such water [13]. The
acceptable range of water hardness for drinking
water is 10-500 mg CaCO3 per liter.
Elements such as Na, K and Cl together are
essential for maintenance of acid-base balance and
regulation of osmotic pressure [14]. In drinking
water, the presence of nitrate in high amount (above
50 mg mL-1) may increase the risk of cancer in human by formation of carcinogenic compound of Nnitrosamine [15]. In addition, the minerals essential
for human life, water may contain toxic metal like
Cd, Pb and Cr etc, these toxic metals can cause
chronic or acute poisoning and should be eliminated
from drinking water to avoid health hazards. Lead
in water above permissible limits may cause stroke,
kidney diseases and cancer. It also affects mental
and learning ability in infants and reduce the
growth of young children [16].
To provide safe and clean water for consumption many brands of commercialized bottled mineral water are available in local markets of the Peshawar. The aim of the study was to determine the
physio-chemical characteristic of commercial
brands of bottled mineral water, available in local
market. The study could help to make awareness
among the consumers about sub-standard quality of
water and the quality assurance agencies could utilize the findings of this research to ensure the quality of bottled water of the area to minimize the occurrence of water borne diseases, and thus contribute in the development of healthy and prosperous
society.
%#$% $

$+695371 Common and most utilized six
brands of mineral water bottles were purchased
from local market of Peshawar, Khyber Pakhtunkhwa, Pakistan and encoded as  and
 All bottles were kept sealed under room temperature until the time of analysis and were analyzed
within 48 hours from time of collection; no preservative was added to any of the collected samples.

!2A<3-8-2/63-+5 +7+5A<3< Different brands
of bottled water were analyzed for water hardness,
mineral contents, pH, total alkalinity and soluble
ions. The water hardness is the measure of overall
concentration of the Ca+2 and Mg+2. The total

8265

$#

! %    







!"  ! 


/+?A 6/=+5< Results for heavy metals i.e.
Lead (Pb) and Cadmium (Cd) in mineral water
samples are given in Table 2. Highest Lead content
(0.04 mg mL-1) was found in whereas encoded
samples  and  were totally devoid of Pb. Results
showed that the total Pb content was in a range of
WHO recommended value i.e. 0.01 mg mL-1 for
drinking water. Lead can affect almost every organ
in the body of human as it damages the central
nervous system, kidney as well as immune system.
It can cause cancer from life time exposure at levels
above the maximum contaminant level [27]. Children, pregnant women and men become susceptible
to health risk by lead contaminated water [28].
Maximum Cd content was observed in sample 
and  i.e. 0.04 mg mL-1 while its minimum concentration (0.007 mg mL-1) was analyzed in sample .
Cadmium values for all water samples were within
the range of WHO recommended value i.e. 3 mg
mL-1 these findings are in confirmation with the
findings [29].

+;.7/<<Data regarding hardness is presented in Table 3. Highest values of total hardness was
recorded in sample  i.e. 260 mg mL-1 and the lowest values were noted in a sample (64 mg mL-1).
The values of these two elements (Ca and Mg) were
in the ranges of 0 to 100 mg mL-1 and 36 to 400 mg
mL-1 respectively. Critical level of water hardness
for drinking water is considered below 500 mg mL1
, although the level is tolerated in some places
[30].

was done in laboratory of Agricultural Chemistry
and Soil & Environmental Sciences departments,
The University of Agriculture, Peshawar Pakistan.
#$&%$$&$$ 

37/;+5 -87=/7= Mineral content in all samples is presented in Table I. Sample  had the highest sodium and potassium content (20.2 mg mL-1
and 5.7 mg mL-1), while sample  contained lowest
sodium and potassium levels i.e. 10.167 mg mL-1
and 0 mg mL-1 respectively, However the concentration of both elements in all samples were within
the range of WHO guidelines. Sodium affects taste
of water if its concentration is above 200 mg mL-1
[23]. Maximum concentration of Chloride (72.680
mg mL-1) was found in  while minimum concentration (29.440 mg mL-1) was observed in sample .
The similar results were found in a study by [7].
Fluoride concentration ranged from 0.11 to 0.31 mg
mL-1. Similar values were reported in other studies
[24]. Highest Sulphate content (107.52 mg mL-1)
was found in a sample  while its concentration
was observed lowest i.e. 7.68 mg mL-1 in sample.
These findings were confirmed by the earlier findings [25]. Catharsis, dehydration, and gastrointestinal irritation caused by large amount of Sulphate
intake [26], so sulphate must be provided in acceptable range as described by WHO, in drinking
water.
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10.167±0.06
16.067±0.06
12.633±0.55
17.50±0.50
20.20±0.20
15.10±0.10

0.000±0
2.000±1.0
1.700±0.30
1.200±0.20
5.700±0.30
0.700±0.10

72.680±2.68
50.027±0.36
36.800±1.80
38.640±3.64
29.440±0.56
32.000±2.00

0.310±+0.01
0.180±0.02
0.280±0.02
0.300±0.10
0.220±0.02
0.110±0.01

38.400±3.40
42.240±2.24
147.600±11.00
7.680±0.32
92.160±2.16
57.600±1.60

(Result: Mean Value ± Standard deviation)
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0.001±0.00
0.020±0.01

0.001±0.00
0.002±0.00

0.002±0.00
0.040±0.01

0.000±0.00
0.005±0.00

0.000±0.00
0.040±0.01

0.040±0.02
0.007±0.00

(Result: Mean Value ± Standard Deviation)
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116.000±1.00
141.333±57.74
260.000±10.00
220.000±10.00
193.333±49.33
64.000±.0.00

80.000±10.00
44.000±4.00
100.000±10.00
28.000±2.00
16.000±1.00
0.000±.0.00

36.000±1.00
64.000±4.00
160.000±10.00
192.000±2.00
144.000±4.00
64.000±4.00

(Result: Mean Value ± Standard Deviation)
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87-/7=;+=3878087<+1+7. 
Table 4 shows the concentration of ions in mg mL-1
(Calcium, Magnesium and Bicarbonates). Maximum Ca ion was found in sample  i.e. 40 mg
mL-1, while the concentration of Ca ions was found
0 mg mL-1 in sample . The findings were similar
with the earlier investigations [9] as Galan et al.,
(2003) reported 9.9 to 67.6 mg mL-1 Ca in mineral
water. Calcium is considered important for health
as Osteoporosis is serious disorder caused usually
due to the deficiency of calcium. Mineral water
may be useful way to supplement calcium intake
[31].
Highest Mg ion concentration was analyzed in
encoded bottled sample  i.e. 46.080 mg mL-1,
whereas its lowest values (8.640 mg mL-1) was observed in sample . The essential element Mg plays
an import role in the body in several biological reactions and as a cofactor in many enzymatic reactions. It is also important for energy production,
muscle contraction, clotting of blood and the metabolism of protein and nucleic acid. The deficiency
of this element may produces anorexia, nausea;
muscular weakness and severe case may lead to
convulsions [32]. Its deficiency increases the risk of
increased heart attack and strokes among menopausal women [33].
In case of bicarbonate ions, the concentration
was highest (251.076 mg mL-1) in sample , while
had lowest values (9.565 mg mL-1) of HCO3 ions.
The HCO3 are the fundamental ions in our body,
which are found in all biological fluids and organs.
These ions maintain body internal acid/ base balance and are essential for digestion process. Bicar-

$+695/







bonates helps in neutralization of lactic acid, generated during physical exertion and it is active in preventing of dental cavities [31].
Data regarding pH, conductivity, total alkalinity and total dissolved solids is presented in Table V.
The results of pH reveal no significant variation in
different samples. Highest and lowest pH value was
observed in encoded sample  and  i.e. 7.9 and
6.97 respectively. All samples were within the permissible range of pH as recommended by WHO.
Regular consumption of acidic water enhances gastric trouble by increasing acidity. Bottled sample 
had highest (500 μs cm-1) conductivity value
whereas had lowest (216 μs cm-1) conductivity.
Conductivity is a cumulative parameter for ionic
concentration of a solution, higher the conductivity,
lesser will be the purity of water. Maximum value
of total alkalinity was found in water sample 
while lowest value (15.68) was found in sample .
All the samples contain conductivity within the
range of WHO i.e. 500 mg mL-1. Alkalinity of water allow to define water as acid or base, so in this
way it is important parameter for quality of water.
TDS values ranges from 217 to 430 mg mL1
with high value in sample  due to high amount of
dissolved substances while in sample  the value is
lowest. Total dissolved solids refer to any mineral,
salt, metals, cation or anion dissolved in water. Acceptable value for TDS by Environmental Protection Agency (APA) is 500 mg mL-1 as elevated
level of TDS cause corrosive water, produce salty
or brackish taste and leads the formation of scales
[34].
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32.000±2.00
8.640±0.64
21.520±1.52
17.600±2.60
15.360±0.36
119.560±0.44
40.000±5.00
38.400±1.60
69.631±6.97
10.467±0.64
46.080±1.08
148.250±1.75
6.400±0.40
34.560±0.44
88.470±1.53
0.000±0.00
15.340±0.36
9.565±0.44

(Result: Mean Value ± Standard Deviation)
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6.970±0.03
7.500±0.50
7.300±0.30
7.500±0.50
7.600±0.40
7.900±0.10


%
9-87.>-=3?3=A=8=+52+;.7/<<+7.%$?+5>/<
87.>-=3?3=Aμ< -6 %8=+5+54+5373=A616 
305.000±5.00
35.280±0.28
500.000±1.00
196.000±4.00
479.000±1.00
223.440±1.56
477.000±3.00
243.053±1.94
326.000±4.00
145.040±4.96
216.000±4.00
15.680±0.68

(Result: Mean Value ± Standard Deviation)
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217±27.22
262±54.06
390.33±26.1
235±57.69
430±59.2
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It is concluded that all bottled mineral water
i.e. , , , ,  and contain minerals like Na, K,
Cl, F and S within the safe range of WHO concentration guidelines for water. All samples of water
contained lead and cadmium within the safe limits
of WHO recommended values. In short the brands
of minerals water available in local market contained all parameters within the acceptable range of
world health organization.
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are rice starch gelatinization and hardening of the
rice kernels, due to which endosperm germination
and breakage losses during milling can be decreased [5].
Various studies have been done on the drying
to enhance rice quality. [6] has reviewed and
considered the parboiled paddy drying behavior,
and optimize the grain bed depth (7-10 cm), air
velocity (0.55-0.68 m/s) and drying air temperature
(112-1Û& IRUKHDGULFH\LHOGPD[LPL]DWLRQDQG
minimize specific energy and drying time in
convective air drying process. The severity of drying process increase fissuring in grain resulted in a
decrease of HRY [7, 8]. The difference between
drying of parboilHGSDGG\XQGHUKRWDLU Û& DQG
sun drying has been presented by [9]. The proper
tempering and high-temperature drying of rough
rice can be used without a subsequent reduction in
HRY [8]. The stresses created during continuous
drying could be overcome by rest period between
multi stages of drying [10] and concluded that
complete tempering of grains could achieve
efficient energy utilization during multi stage drying process. In recirculating type dryers, [11] suggested that energy consumption can be reduced by
longer tempering interval followed by shorter drying interval, when tempering and drying range 40120 min and 5-10 min respectively. [12] studied the
drying and tempering time combinations in crack
improvement.
RSM is an excellent approach used by many
researchers for optimization of the different factors
in their research studies. [13] has used RSM for optimization of parboiling conditions (soaking temperature, steaming time and drying time) for the
degree of starch gelatinization and enhancement of
rice quality. [14] optimized the effect of two independent variables (soaking temperature and steaming time) on quality properties of parboiled rice. [6]
developed the predicted model for drying rate constant for HRY maximization, specific energy and
drying time. High-temperature drying of food products no doubt decrease energy consumption and
drying time nevertheless food quality also influenced by it. Therefore, an innovative drying

ABSTRACT
The response surface methodology (RSM)
was used to multivariable optimization of two stage
drying process with intervening rest time during
parboiling of Indica rice variety (Rong Youhua
Zhan). The effect of first stage temperature (FST),
second stage temperature (SST), air velocity and
rest time up to five levels on drying rate, energy
consumption, head rice yield (HRY) and color of
parboiled rice were studied. It was perceived, increasing FST, SST and air velocity negatively affected rice quality (HRY and color) whereas rest
time influenced positively. The predicted optimal
)67667DLUYHORFLW\DQGUHVWWLPHZHUHÛ&
Û&PVDQGPLQUHVSHFWLvely, predicted
drying rate, energy consumption, HRY, and color
under this condition were 8.09 %/h, 12966 kJ/ kg
H2O, 71.02 %, and 14.75 respectively. The above
optimal condition was predicted to enhance the rice
quality under faster drying rate at minimum energy
consumption.

KEYWORDS:
Drying temperature, Drying rate, Energy consumption,
Optimization, Rice quality

INTRODUCTION
Rice being a staple food is utilized by more
WKDQKDOIRIWKHZRUOG¶VSRSXODWLRQ[1]7KHZRUOG¶V
annual production of rice during 2013-14 was
estimated as 744.4 million tons. China and India are
the leading rice producers in the world; China produced 205.0 million tons (140.4 million tons,
milled basis) followed by India that produced 156.0
million tons (104.0 million tons, milled basis) during the year 2013-2014 [2]. In general, parboiling
consist of soaking, steaming followed by drying.
Parboiling is a hydrothermal process of rough rice
and has various treatments to improve the rice quality as well as reduce breakage during milling [3, 4].
The major advantages of the parboiling processes
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Determination Of Head Rice Yield. To
measure percentage head rice yield (HRY) each
100 g sample of the whole paddy was de-husked by
using the stake rubber roller type rice husker
(THU35C, China). The head rice yield was measured thrice and expressed as a percentage of the
whole grains with respect to paddy [17].

technique needed to overcome disadvantages of
high temperature drying in the food industry to
maintain food quality with lower energy consumption and higher drying rate.
This study was designed to optimize the two
stage drying process with intervening rest period by
design expert software. The effect of (factors) FST,
SST, air velocity, rest time on drying rate, energy
consumption, HRY and color of parboiled rice were
investigated. The objective of the study was to
achieve optimal condition for maximum drying rate
with minimum energy consumption for enhancement of parboiled rice quality (HRY and color) using two stage drying process.

Lightness And Color Of Parboiled Rice.
Lightness and color were measured with precision
color reader model HP-200. Prior measurement, the
instrument was calibrated with white and black
plates provided by the manufacturer. The results
were expressed in term of L*, a*, b* values, L* value
represents brightness from black to white, positive
DQG QHJDWLYH ³D*´ YDOXHV UHSUHVHQW UHGQHVVJUHHQ
QHVVDQG³E*´YDOXHUHSUHVHQWV\HOORZQHVVEOXHQHVV
respectively. The total ten measurements were done
on each sample by shaking sample gently to avoid
error during the measurement; the average values
were encountered for further analysis. The color
value (B) of parboiled rice determined by using
Equation 1[18, 19].
 ܤൌ ξܽכଶ  ܾ כଶ
(1)

MATERIALS AND METHODS
Rice Cultivar And Sample Preparation.
The popular Indica rice cultivar Rong Youhua Zhan
(RYZ) with amylose content 20.4 % was used for
experimentation. The paddy was purchased from
rice research institute of Guangdong Academy of
Agricultural Sciences, China. After natural drying
to safe moisture content (MC) and cleaning, paddy
was packed in zipped bags and stored 4 Û&LQWKH
refrigerator (BCD-232TDek Hisense, China) for
two weeks [15, 16]. The initial MC (13.4 %) w.b.
ZDVGHWHUPLQHGDWÛ&IRUK
To raise paddy MC, samples were soaked at
 Û& LQ DQ electronically controlled water bath
(DK-600A, China) for 6 h with stirring after every
30 min followed by steamed at 1 kg/cm2 Û& 
for 10 min to get parboiled rice.

Drying Rate Measurement. It is the change
in moisture content (w.b.) divided by drying time
and expressed as a percentage per hour. The average drying time was encountered for drying efficiency. The relationship shown in Equation 2 was
used to calculate the drying rate.
ܴ ൌ ሺ ݅ܯെ ݂ܯሻȀݐ
(2)
Where, ܴ represents rate of drying (%/h), ݅ܯ
and  ݂ܯare initial and final MC (w.b.) respectively
and  ݐis the drying time.

FIGURE 1
Soaking followed by steaming of paddy before drying
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FIGURE 2
Schematic diagram of laboratory dryer
(1= temperature and RH sensor, 2= temperature and RH sensor, 3= outlet damper, 4= mass sensor, 5= control board, 6= temperature and RH sensor, 7=velocity sensor, 8=inlet damper, 9=heater, 10= outlet damper, 11=data controller, 12= computer,
13= blower)

TABLE 1
Experimental ranges and levels in actual and coded form
Variable
)67 Û&
667 Û& 
Air velocity (m/s)
Rest time (min)
*

Symbol
X1
X2
X3
X4

-Į
-1.414
77.93
47.93
2.29
53.79

Low
-1
80
50
2.5
60

Coded variable levels
Medium
0
85
55
3
75

High
1
90
60
3.5
90

Į
1.414
92.07
62.07
3.71
96.21

X1= First stage temperature, X2= Second stage temperature, X3= Air velocity, X4 = Rest time

locations according to air flow to measure the temperature and RH of air in drying chamber, Inlet and
outlet sections of dryer respectively. The 100 gram
of sample was placed in a bucket for each drying
experiment and variation in the mass of grains, and
the perforated basket was recorded. The mass sensor (XJC-D02, Shenzhen Lizhengxing Science and
Technology Co. Ltd., Hangzhou, China) with 0.03 %
FS accuracy, connected with the basket was used to
record the changing in mass for moisture content
calculations. Air velocity, temperature, and weight
of sample have been noted at a particular interval of
time and saved in the computer through data
acquisition system for further analysis. After drying,
samples were packed in zipped polyethylene bags
and stored for further experimentation.

Energy Consumption During Drying Process. In hot air drying, energy consumed is the sum
of energy used by the heater and blower. The total
energy required to remove the 1 kg of moisture
from paddy samples was calculated using the following Equation (3):
 ܧൌ ܸ ݐܫ ܲݐȀܹ
(3)
Where, E is total energy consumption (kJ/ kg
H2O), V and I are the voltage (V) and electric
current in heater (A) respectively, P is the power of
blower (kW), W is the mass of moisture removed
(kg), and t is drying time (s).
Drying Process. Drying experiments were
conducted after steaming, and MC of paddy was
found 30±1 % (w.b.). The following laboratory
dryer shown in Figure 2 was used for drying paddy
after soaking and steaming process. The dryer
mainly consisted of the blower, drying chamber,
heater with temperature controller and data acquisition system. An air velocity sensor (model
CTV100-ANA, KIMO Instruments, Montpon Ménéstérol, France) was used with the range of 0.1 to
10 m/s to measure the air velocity and controlled by
changing the damper position at inlet section. The
electric heater was used to heat the fresh air and
temperature of the heater was adjusted by the
temperature controller. The temperature and RH
sensors (EE16 and EE23, E+E Elektronik GmbH,
Engerwitzdorf, Austria) were placed at different

Experimental Design. Response surface
methodology (RSM) combined with central composite design (CCD) was employed to investigate
the effect of factors on responses by Design Expert
8.0.6 (Stat-Ease, Inc. USA). A CCD with four factors at five levels was investigated shown in Table
1 and values were rounded off to the nearest digit
[20, 21])LUVWVWDJHWHPSHUDWXUH )67 Û&VHFRQG
VWDJHWHPSHUDWXUH 667 Û&DLUYelocity (m/s) and
tempering time (min) were taken as factors. The total 30 experiments were calculated by 2k+2k+6,
where k is a total number of factors.
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TABLE 2
Design of CCD with observed and predicted value of drying rate, energy consumption,
HRY and color
Std.
order
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
*

Drying rate
(%/h)

Coded variable
Run

14
27
11
24
18
6
3
17
9
4
5
22
2
26
21
1
28
8
19
10
23
25
12
7
30
15
16
29
20
13

X1

X2

X3

X4

-1
1
-1
1
-1
1
-1
1
-1
1
-1
1
-1
1
-1
1
-1.41
1.41
0
0
0
0
0
0
0
0
0
0
0
0

-1
-1
1
1
-1
-1
1
1
-1
-1
1
1
-1
-1
1
1
0
0
-1.41
1.41
0
0
0
0
0
0
0
0
0
0

-1
-1
-1
-1
1
1
1
1
-1
-1
-1
-1
1
1
1
1
0
0
0
0
-1.41
1.41
0
0
0
0
0
0
0
0

-1
-1
-1
-1
-1
-1
-1
-1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
-1.41
1.41
0
0
0
0
0
0

Observed
7.26
7.94
8.10
8.38
7.89
8.23
8.67
8.87
7.56
8.15
8.15
8.68
8.10
8.59
8.66
8.73
6.93
8.13
7.07
8.12
7.39
8.31
7.19
8.46
7.27
7.23
7.39
7.29
7.23
7.13

Predicted
7.09
7.80
7.96
8.42
7.78
8.25
8.58
8.80
7.54
8.30
8.19
8.69
8.12
8.64
8.70
8.96
7.22
7.91
7.21
8.06
7.54
8.23
7.64
8.08
7.23
7.23
7.23
7.23
7.23
7.23

Energy consumption
(kJ/kg H2O)
ObserPreved
dicted
15234
15482
12781
12752
14529
14431
11766
11301
16132
16425
13891
13929
15359
15357
12228
12461
15892
15559
12279
12425
14273
14378
11237
10844
15841
16449
13552
13550
15321
15251
12056
11952
16249
15736
11047
11472
15235
14567
12115
12694
12542
13138
15273
14588
13624
13488
13134
13182
13951
13307
13062
13307
13426
13307
13212
13307
13095
13307
12919
13307

HRY (%)
Observed
68.54
70.52
70.14
66.85
68.42
70.06
70.86
67.55
69.86
72.68
71.54
68.32
70.24
74.34
71.55
68.78
67.58
65.45
67.80
68.96
70.56
69.59
68.22
71.88
67.89
67.25
67.86
67.44
68.96
68.25

Predicted
68.24
69.97
70.94
66.88
68.01
70.07
70.81
67.09
70.10
72.80
71.59
68.51
70.28
73.32
71.88
69.15
67.03
66.31
69.06
68.01
70.09
70.37
68.82
71.59
67.84
67.84
67.84
67.84
67.84
67.84

Color
Observed
11.25
16.70
12.65
18.14
11.56
16.97
12.94
18.74
11.86
17.56
13.23
19.11
12.24
17.82
14.47
19.49
11.12
20.54
12.87
16.50
13.24
13.58
14.35
14.65
14.88
15.25
15.42
15.85
16.01
16.21

Predicted
10.94
16.78
12.46
18.32
11.19
16.86
13.04
18.71
11.46
17.31
13.19
19.05
11.91
17.58
13.96
19.65
12.33
20.48
13.99
16.53
13.69
14.29
14.57
15.59
15.22
15.22
15.22
15.22
15.22
15.22

X1= First stage temperature, X2= Second stage temperature, X3= Air velocity, X4 = Rest time

RESULTS AND DISCUSSION

In optimization, the responses could be related
to factors by linear or quadratic models. A quadratic
model which includes linear model as shown in
Equation 4 [21]:


 ݕൌ ߚ 



 ߚ ܺ   ߚ ܺଶ
ୀଵ

ୀଵ



Table 3 represented the effect of variables on
responses with a coefficient of correlation R2, adjusted R2 and coefficients of the equation. Quadratic model efficiently studied the responses and R2
values were in acceptable fitting. However, FST
strongly influenced the color of rice, drying rate,
and energy consumption but HRY was observed
non-significant. In the case of SST, all responses
(HRY, color, drying rate and energy consumption)
were influenced and found significant. Furthermore,
air velocity strongly influenced the drying rate and
energy consumption and was found significant but
HRY and color were observed non-significant. The
rest time significantly affected the HRY and color,
drying rate and energy consumption were found unaffected by it. The goodness of fit was evaluated by
coefficient of determination R2, for a good fitted regression model, the R2 value should be more than
80 %, R2 values for all responses were found more
than 80 % as presented in Table 3 [14]. Furthermore,
lack of fit test was non-significant which indicated
the validation of treatments applied [22, 23].



    ߚ ܺ ܺ
ୀଵ ୀଵ

݁
(4)
Where y is the dependent variable, Xi and Xj
are independent variables; k is a number of independent variables ȕȠ ȕL ȕLL ȕLM are constant regression coefficients and e is the random error. The
coded values were calculated by following Equation (5).
ܺ ൌ ሺܺ െ ܺఖ ሻȀߜܺ
(5)
The 24 experiments were investigated with
the combination of six replicates to estimate the
pure error. The run number and experimental conditions arranged by central composite design with
coded values are shown in Table 2. The design expert program was used to process the data by using
Equation 4 as well as Analysis of variance
(ANOVA) to find the interactions between factors
and responses. The fitness of the polynomial model
was expressed by the coefficient of determination
R2, and F-test tested its significance.
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TABLE 3
The effect of independent variables on response variables
Coefficient
Drying rate (%/h) Energy consumption (kJ/kg H2O)
HRY (%)
ȕȠ
7.33
13307
67.84
X1
0.23*
-1507.39*
-0.25NS
X2
0.29*
-662.27*
-0.37*
*
*
X3
0.23
512.56
0.10NS
NS
NS
0.06
-108.10
0.98*
X4
-0.09
-99.94
-1.45*
X12
X13
-0.09
58.69
0.09
X14
-0.02
-100.94
0.24
X23
-0.04
-4.44
0.03
X24
-0.08
-32.56
-0.3
X34
-0.05
-13.19
0.1
X 12
0.18*
148.37
-0.59*
X 22
0.21*
161.87
0.35
X 32
0.34*
278.13
1.19*
0.12
13.87
1.18*
X 42
2
R
0.91
0.94
0.91
0.82
0.88
0.82
Adj.R2
Lack of fit
4.62
2.32
2.05
*
X1= First stage temperature, X2= Second stage temperature, X3= Air velocity, X4 = Rest time

Color
15.22
2.88*
0.90*
0.21NS
0.36*
0
-0.04
0
0.08
0.05
0.05
0.60*
0.02
-0.61*
-0.07
0.96
0.92
2.46

follows:

Effect Of Factors On Drying Rate. Figure 3
showed the effect of FST, SST, air velocity, and
rest time on drying rate. The drying rate remarkably
increased with the increases of FST (77.93-92.07)
Û&667 - Û&DLUYHORFLW\ -3.71)
m/s and rest time (53.79-96.21) min respectively.
The maximum observed and predicted drying rate
(8.87 and 8.80) %/h was seen at run 17in Table 2,
when FST, SST, air velocity and rest time were 90
Û&Û&PVDQGPLQUHVSHFWLYHO\7KHLQ
teractional relationship between variables with
respect to drying rate could be seen in Figure 3 (A,
B, C, D, E, and F). The FST, SST and Air velocity
significantly affected the drying rate; it gradually
increased with the increment of FST. Moreover, after a rest period, when rice was subjected to SST,
drying rate continued rising [24, 25]. Air velocity
significantly influenced the drying rate, at a lower
value of air velocity with a short period of rest, drying rate was initially higher but further increasing
of air velocity and rest time, it decreased first and
then continuously increased. Higher air velocity
and temperature lead the faster drying rate because
it accelerated the moisture diffusivity with the grain
[25]. The tempering between two stages of drying
helped in increasing drying rate because of equal
distribution of moisture content inside the rice grain.
It was observed that small amount of moisture was
removed during a rest period in the result of residual temperature attained by rice grain after FST.
According to F-ratio value, the importance of variables concerning drying rate was: FST> SST> Air
velocity> rest time respectively. The regression
Equation (6) for drying rate in coded units is as

 ݁ݐܽݎ݃݊݅ݕݎܦൌ Ǥ͵͵  ͲǤʹ͵ܺଵ  ͲǤʹͻܺଶ  ͲǤʹ͵ܺଷ 
ͲǤͲͷܺସ െ ͲǤͲͻͳܺଵ ܺଶ െ ͲǤͲͺͺܺଵ ܺଷ െ ͲǤͲͳܺଵ ܺସ െ
ͲǤͲͶͶܺଶ ܺଷ െ ͲǤͲͺʹܺଶ ܺସ െ ͲǤͲͷͶܺଷ ܺସ  ͲǤͳͺܺଵଶ 
ͲǤʹͳܺଶଶ  ͲǤ͵Ͷܺଷଶ  ͲǤͳʹܺସଶ 

(6)
Effect Of Factors On Energy Consumption.
Energy consumption is a major factor in two stage
drying process of parboiled rice. Figure 4 presented
the response surface curves for energy consumption.
The FST, SST, and air velocity were found significant whereas rest period was non-significant. It can
be seen clearly from Figure 4, with the increase of
FST, SST, and air velocity, energy consumption
was observed decreased, but it was unaffected by
rest time. The minimum energy consumption 11047
kJ/ kg H2O was found at run 8 (Table 2) with FST,
667DLUYHORFLW\DQGUHVWWLPHÛ&Û&
m/s, and 75 min respectively. The trend of energy
consumption explained the fact that drying time
would be shortened as FST and SST increased, consequently cost of energy decreased [26]. Moreover,
air velocity increased the energy consumption during two stage drying process. The reason probably
indicated the fact that, higher the speed of air, more
the moving mass of air; resulted in more power required by the dryer to dry rice grains. The RSM
concluded regression Equation (7) for energy consumption in coded units is as follows:
 ݊݅ݐ݉ݑݏ݊ܿݕ݃ݎ݁݊ܧൌ ͳ͵͵Ͳ െ ͳͷͲǤ͵ͻܺଵ 
ʹǤʹܺଶ  ͷͳʹǤͷܺଷ െ ͳͲͺǤͳͲܺସ െ ͻͻǤͻͶܺଵ ܺଶ 
ͷͺǤͻܺଵ ܺଷ െ ͳͲͲǤͻͶܺଵ ܺସ െ ͶǤͶͶܺଶ ܺଷ െ ͵ʹǤͷܺଶ ܺସ െ
ͳ͵Ǥͳͻܺଷ ܺସ  ͳͶͺǤ͵ܺଵଶ  ͳͳǤͺܺଶଶ  ʹͺǤͳ͵ܺଷଶ 
(7)
ͳ͵Ǥͺܺସଶ 
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FIGURE 3
Effect of FST, SST, air velocity and rest time on drying rate

FIGURE 4
Effect of FST, SST, air velocity and rest time on energy consumption
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FIGURE 5
Variation of HRY with respect to FST, SST, air velocity and rest time

HRY increased with the rise of rest time [4]. The
following Equation (8) designated the relationship
between HRY and factors.
 ܻܴܪൌ ǤͺͶ െ ͲǤʹͷܺଵ െ ͲǤ͵ܺଶ 
ͲǤͲͻͻܺଷ  ͲǤͻͺܺସ െ ͳǤͶͷܺଵ ܺଶ  ͲǤͲͺܺଵ ܺଷ 
ͲǤʹͶܺଵ ܺସ  ͲǤͲʹܺଶ ܺଷ െ ͲǤ͵Ͳܺଶ ܺସ 
ͲǤͳͲܺଷ ܺସ െ ͲǤͷͻܺଵଶ  ͲǤ͵ͷܺଶଶ  ͳǤͳͻܺଷଶ 
ͳǤͳͺܺସଶ
(8)
The color is an important parameter in terms
of parboiled rice quality measurement. The R2 and
adjusted R2 were found 0.96 and 0.92 respectively,
and lack of fit was also non-significant which indicated that current quadratic model found suitable to explain the relationship. Color greatly influenced by FST, SST and rest time during drying.
According to F-ratio value, the sequences of the
factors affecting color during drying were as follows: FST> SST> rest time> air velocity. The
darkest color was observed, when parboiled rice
was subjected WR)67 Û&667 Û&DLU
velocity= 3 m/s and rest time= 75 min respectively.
Figure 6 showed the interaction between color and
factors. It showed that, with the increases of FST,
color value increased and a sharp curve was observed [27, 28]. In the case of SST and rest time,
similar behavior was perceived in color changes,

Effect Of Variables On Quality Of Parboiled Rice. The maximum HRY 74.34 % was
observed at run 26 (Table 2), when paddy was
dried DW )67   Û& 667   Û& DLU YHORFLW\ 
3.50 m/s and rest time= 90 min respectively. Table
3 showed that HRY negatively and positively affected by SST and rest time respectively. It can be
seen from Figure 5, with the increases of FST,
HRY was found initially increased and then decreased; it showed that higher temperature during
the first stage after a certain level of temperature
reduced the HRY; similar observations were reported by Elbert, Tolaba [4]. The HRY remarkably
decreased with the increment of SST in the current
design of the study. The effect of air velocity was
unpredicted for HRY; it was initially higher for
lower air velocity then it decreased, further curve
raised with higher air velocity. The behavior of air
speed during drying process could be related to the
fact that, initially with lower air velocity for longer
rest period it enlarged the HRY but further
increasing air velocity with shorter rest time, it
caused to reduce HRY up to certain level and
consequently, for higher air velocity with longer
rest time resulted increased HRY. The intervening
rest time between two drying stages was strongly
influenced the HRY. The Figure 5 showed that
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FIGURE 6
Effect of FST, SST, air velocity and rest time on parboiled rice color
was applied on three independent replicates to verify the predicted model. The finding and results of
the current study showed that RSM could be used
to multivariable optimization (drying rate, energy
consumption, HRY, and color) using FST, SST,
air velocity and rest time as independent variables
in parboiled rice drying process.

and air velocity was found non-significant. It revealed that air temperature is most important factor in first stage and second stage during the multistage drying process in term of color. Similar findings were reported by Ziaforoughi, Yousefi [27],
it is recommended that during the multi-stage drying process temperature should be lower in the
first and second stage to achieve the better color of
the parboiled rice. The regression Equation (9) for
color by RSM as given below:
 ݎ݈ܥൌ ͳͷǤʹʹ  ʹǤͺͺܺଵ  ͲǤͻͲܺଶ 
ͲǤʹͳܺଷ  ͲǤ͵ܺସ  ͲǤͲͲܺଵ ܺଶ െ ͲǤͲͶͶܺଵ ܺଷ 
ͲǤͲͲܺଵ ܺସ  ͲǤͲͺͳܺଶ ܺଷ  ͲǤͲͷʹܺଶ ܺସ 
ͲǤͲͶͻܺଷ ܺସ  ͲǤͲܺଵଶ  ͲǤͲʹ͵ܺଶଶ െ ͲǤͳܺଷଶ െ
ͲǤͲͲܺସଶ
(9)

CONCLUSIONS
The RSM was utilized to optimize the set of
responses jointly. The drying rate, energy consumption, HRY, and color of parboiled rice were
tried to predict by taken four factors (FST, SST,
air velocity, rest time). The results showed, responses were in the acceptable limit in drying rate,
energy consumption, and parboiled rice quality
measurement. The RSM was successfully applied
and has given an optimal condition. Based on
RSM data analysis, the predicted optimal FST,
667DLUYHORFLW\DQGUHVWWLPHZHUHÛ&
Û&PVDQGPLQUHVSHFWLYHO\DQGSUHGLFWHG
drying rate, energy consumption, HRY and color
under this condition were 8.09 %/h, 12966 kJ/ kg
H2O, 71.02 % and 14.75 respectively. We intend
to validate following technique in our further research.

Optimization Of Drying Process. The optimal condition for two stage drying with intervening rest time was estimated DV )67   Û&
667 Û&DLUYHORFLW\ PVDQGUHVWWLPH
90 min. The predicted responses given by design
expert under the above conditions to achieve study
objectives were drying rate= 8.09 %/h, energy
consumption= 12966 kJ/ kg H2O, HRY= 71.02 %
and color of parboiled rice= 14.75 respectively.
The optimal value of independent variables for responses was calculated by solving regression
equation of each response using design expert.
Furthermore, above predicted optimal condition
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tion in cells that results in lipid peroxidation and the
activation of the antioxidant defense system in the
body. Because free radicals may cause permanent
damage as a result of oxidative stress, antioxidants
are vital for the protection of the organism [1, 2].
There are several mechanisms for eliminating the
damage caused by free radicals [3]. These include
several mechanisms to protect against free radical
damage. The most important mechanism is the use
of antioxidants. Antioxidants comprise the basic
and most important water or lipid soluble molecules
that protect against the harmful effects of free radicals and oxidative stress. Antioxidants prevent the
formation of free radicals, remove the reactive
radicals formed, convert the radicals to less damaging forms, and eliminate the damage caused by the
free radicals. Proteins and DNA are thereby protected.
The metalloenzyme catalase (CAT) is one of
the most effective protein catalysts in the cytosol
and in peroxisomes. Toxic hydrogen peroxide
(H2O2) is formed as a result of superoxide dismutase (SOD) enzyme activity, and CAT catalyzes
the conversion of H2O2 to water and oxygen using
iron or manganese as a cofactor [4, 5, 6]. CAT
consists of four hematin groups that contain hematin and iron [7]. In other words, CAT is a hemoprotein that has four ferrite groups (Fe3+) in its active
site. Each subunit also contains nicotinamide adenine dinucleotide phosphate (NADPH), which
protects its substrate against H2O2 and enhances its
activity [8].
SODs are metalloenzymes found in almost all
aerobic cells and extracellular fluids [9]. The productions of superoxide radicals and SOD activity
have been observed in the hemolymph and in several tissues of lepidopteran insects [10]. This enzyme reduces the impact of the superoxide anion
(O2−) by catalyzing its conversion to H2O2 and
oxygen. This reaction occurs quite rapidly under
normal physiological pH values even if no enzyme
catalyst is present, although the superoxide anion is
quite stable at pH ≤ 11. As a result of the dismutation reaction catalyzed by SOD, the superoxide
molecule forms H2O2 and molecular oxygen by
taking up two protons. This reaction is known as a

In this study, the potential of different sublethal concentrations (2.00, 4.00, 6.00, 8.00, 10.00,
20.00, 50.00, and 100.00 μg/100 g diet) of fenthion,
an organophosphorus insecticide, to create oxidative stress and their effect on the antioxidant enzymes and lipid peroxidation of the larvae of the
model organism      were investigated. The activities of catalase (CAT) and superoxide dismutase (SOD) and the contents of
malondialdehyde (MDA) and protein were determined using spectrophotometric methods. Fenthion
caused a reduction in protein contents but an increase in the MDA content and CAT activity. Lower fenthion doses resulted in an increase in SOD
activity, whereas higher fenthion doses significantly
decreased SOD activity.
Thus, the toxicity of fenthion due to oxidation
was determined to result from the oxidative stress
caused by the effect on activities of antioxidant
enzymes such as CAT and SOD.
" :
    , Antioxidant enzymes, MDA, Fenthion



The use of pesticides is beneficial in terms of
the protection of public health and nutrition. On the
other hand, pesticides disrupt the balance of ecological systems and other non-target organisms in the
environment where they are applied because they
damage a wide area. Organophosphate (OP) insecticides are widely used worldwide and form an
important example of a pesticide group that causes
undesired effects on living organisms. OP insecticides are extremely dangerous chemicals obtained
from phosphoric acid. Fenthion is an OP insecticide
that is most widely used by farmers in some regions.
Oxidative stress can be defined in its simplest
form as an imbalance between free radical produc-
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the iteration of each series, and .  larvae
were fed synthetic diets at different fenthion concentrations. The insects were kept in the dark continuously, except during the short examination
period. At the end of the experiment, dead and alive
individuals in each jar were counted, and for each
iteration, five individuals at their last larval stage
were placed in Eppendorf tubes and stored at
−80°C.

dismutation reaction because non-radical products
(H2O2 and O2) are formed [11].
Malondialdehyde (MDA) is considered to be
the index for lipid peroxidation. As concentrations
of lipid peroxides increase, membrane fluidity decreases, passage of ions such as calcium into the
cell is facilitated, and finally, disorders in cell functions occur. Consequently, there is a decrease in
membrane fluidity and changes in its permeability
[12, 13]. MDA causes the crosslinking of molecules
in the membrane by affecting the ion exchange in
the cell membranes, and as a negative consequence,
ion exchange and enzyme activities change. MDA
can also react with nitrogen bases of DNA because
of these properties [12].
     is a physiological model
organism that can be used for better understanding
of the effects of toxic substances on living organisms in nature. Moreover,   was used
in the present study as a model organism because of
its rapid life cycle, larval size, and ease of culture
using an artificial diet.
Based on this information, the effects of different fenthion concentrations on SOD and CAT
activities as well as MDA contents of G. mellonella
were evaluated because this organism is used as a
host in the production of many parasitoids in many
laboratories.

'3'1-*.#3*/. /( 1/3'*. #.&   /.
3'.32 #.& .98-' %3*5*3*'2 For analysis of enzyme activities and MDA and protein contents, five
insects were homogenized in a phosphate buffer (50
mM, pH 7.4) at 24,000 rpm by adding phenylthiourea to prevent the synthesis of melanin. The homogenate was centrifuged at 10,000 ×g, and the
supernatant was used for the measurements.
The protein content was determined by Lowry’s method [11] using bovine serum albumin
(BSA) as the standard. The addition of alkaline
CuSO4 results in the oxidation of peptide bonds,
which causes a reaction with phosphotungstic acid,
and a blue-colored complex is formed. Absorbance
was measured on a spectrophotometer at 750 nm.
SOD activity was spectrophotometrically measured
according to the method developed by Sun [16].
The Aebi [17] method was used to determine CAT
activity. The detection of a secondary product of
lipid peroxidation, MDA, was performed after
complex formation as a result of its incubation with
thiobarbituric acid (TBA). The absorbance of the
complex was measured at 535 nm. This measurement was performed according to the method of
Bar-Or [18], with a few modifications.
Each experiment was repeated at least five
times. Statistical differences between the treatment
and control groups were determined by analysis of
variance (ANOVA) followed by Student–Newman–
Keul’s test using SPSS 13.00 statistical package.
The level of significance was set at 0.05. Pearson
correlation analysis was performed for determining
the relationship between data.




   

1'0#1#3*/. /( 70'1*-'.3#, .2'%32 #.&
*'32 Individual stocks of   were obtained from  larvae at laboratory conditions of 30±2°C and 65±5% relative humidity,
with the diet specified by Bronskill [14]. Fenthion
[O, O-Dimethyl O-(3-methyl-4-methylthiophenyl)
phosphorothioate, Lebaycid EC 50, Bayer (Bayer
Turkish Chemical Industry Company), 525 g/L]
was used as a pesticide. The LD50 value of fenthion for   larvae was determined before
starting the experiments. The fenthion ratio to be
used for feeding the test insects was determined
after calculating the LD50 value. 
In the present study,  larvae were
fed fenthion at concentrations of 0, 2, 4, 6, 8, 10,
20, 50, and 100 µg. For feeding the  
larvae, a semisynthetic diet was prepared under
laboratory conditions by altering the diet specified
by Bronskill [14]. In the present study, fenthion was
prepared at eight different concentrations, namely
2, 4, 6, 8, 10, 20, 50, and 100 µg/100 g, except for
the control diet. Fenthion concentrations tested in
the feeding assay were expressed as µg/100 g diet.
For each 100 g diet, 58 g bran, 3.5 g milled honeycomb, 22 g glycerin, and 9.7 g honey were mixed in
each jar. Because fenthion is highly water soluble,
it was directly added to the jars at predetermined
amounts. Twenty insects were placed in each jar for

The effects of different fenthion concentrations (2, 4, 6, 8, 10, 20, 50, and 100 µg/100 g diet)
on SOD and CAT activities and MDA and protein
contents of  larvae are shown in Table
1.
Diets containing 2 and 4 µg fenthion resulted
in the emergence of the highest SOD activity.
Compared with the control diet, diets containing 6,
8, and 10 µg fenthion increased SOD activity; however, there was no significant difference between
them. Compared with the control diet and diets
containing other fenthion concentrations, diets
containing 20, 50, and 100 µg fenthion significantly
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)''(('%3/(('.3)*/./.#.& #%3*5*3*'2#.& #.&01/3'*.%/.3'.32/(   ,#15#'
SOD
CAT
MDA
PROTEIN
Fenthion (µg)
(U/mg protein)
(U/mg protein)
(nmol/mg)
(mg)
0.00**
1.86 ± 0.18d
0.04 ± 0.001d
7.28 ± 0.32d
4.15 ± 0.07a
2.00
4.88 ± 0.41ba
0.16 ± 0.01cb
8.06 ± 0.05d
1.78 ± 0.17d
4.00
5.71 ± 0.11a
0.12 ± 0.009c
10.42 ± 0.46dc
1.50 ± 0.04d
6.00
4.52 ± 0.39cb
0.12 ± 0.008c
9.44 ± 0.17dc
2.00 ± 0.13d
8.00
3.75 ± 0.51c
0.13 ± 0.02c
10.22 ± 0.98dc
2.17 ± 0.21dc
10.00
3.50 ± 0.38c
0.11 ± 0.009c
11.52 ± 0.53c
2.50 ± 0.16bcd
20.00
0.16 ± 0.04e
0.22 ± 0.03ba
11.73 ± 0.90c
3.11 ± 0.36cb
50.00
0.14 ± 0.01e
0.20 ± 0.01ba
14.48 ± 1.54b
3.50 ± 0.30ba
100.00
0.08 ± 0.03e
0.26 ± 0.02a
17.98 ± 0.94a
3.05 ± 0.53cb
* SNK test: the letters a, b, c, d, and e are used to indicate differences between concentrations.

 
'#12/.%/11',#3*/.#.#,82*21'24,32/(3)'1',#3*/.2)*0$'36''.3)'$*/%)'-*%#,0#1#-'3'12/(
   ,#15#'31'#3'&6*3)('.3)*/.

Fenthion
Protein
MDA
CAT
Protein
0.285
MDA
0.841**
-0.009
CAT
0.660**
-0.240
0.772**
SOD
-0.664**
-0.733**
-0.504**
-0.397**
decreased SOD activity. These values were determined as the minimum values among the data obtained. SOD activities of the 20, 50, and 100 µg
fenthion groups were determined as 0.16, 0.14, and
0.08 U/mg protein, respectively.
Compared with the control, all the tested fenthion concentrations significantly increased CAT
activity. Compared with lower fenthion concentrations and the control, higher fenthion concentrations (20, 50, and 100 µg) significantly increased
CAT activity. There was no significant difference
among the diets containing 2, 4, 6, 8, and 10 µg
fenthion in terms of CAT activity. Compared with
the control diet, diets containing 2, 4, 6, and 8 µg
fenthion had no significant effects on the MDA
content. Compared with the control, other fenthion
concentrations significantly increased the MDA
content. The highest MDA content was obtained
with the diet containing 100 µg fenthion. This fenthion concentration was also the highest assessed in
the present experiment. The maximum MDA content was measured as 17.98 nmol/mg. The protein
content significantly decreased with all fenthion
concentrations, except for 50 µg.
Results of the effect of different fenthion concentrations (2, 4, 6, 8, 10, 20, 50, and 100 µg/100 g
diet) on SOD and CAT activities and MDA and
protein contents of  larvae by Pearson
correlation analysis are shown in Table 2.
In the present study, a negative correlation between the MDA content and SOD activity was
observed, although there was a statistically linear

relationship between the MDA content and CAT
activity of  larvae.
The CAT activity and MDA content began to
increase at low fenthion concentrations and increased as the fenthion concentration increased.
The SOD activity and MDA contents increased at
low fenthion concentrations; however, SOD activity
decreased and the MDA content increased at higher
fenthion concentrations in the diet.

In the present study, the fenthion LD50 value
for  larvae was determined to be 1348
μg/100 g under laboratory conditions. Several toxic
properties of OP insecticides exist; thus, determining the LD50 value of an insecticide is important to
eliminate the target organism while protecting the
non-target organisms.
In the present study, we observed that CAT
and SOD activities increased at low fenthion concentrations (2, 4, 6, 8, and 10 μg/100 g) in the diet.
These results support the view that SOD activity
plays a role as a barrier in the antioxidant defense
system. At lower concentrations, the accumulation
of superoxide anions may have enhanced SOD
activity, resulting in the release of H2O2 into the
environment. The increased H2O2 may have increased CAT activity. CAT activity increased at
higher fenthion concentrations (20, 50, and 100
μg/100 g), whereas SOD activity decreased significantly. The activity of SOD at higher fenthion con-
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In the present study, a significant increase in
MDA, the end product of radical and lipid peroxidation, was observed, particularly at high fenthion
concentrations. The accumulation of superoxide
ions as a result of the inhibition of SOD activity can
be assumed to encourage the lipid peroxidation of
biological membranes. These data suggest that the
increase in lipid peroxidation that occurred after
cell destruction damages the antioxidant defense
system or induces lipid peroxidation of an impaired
antioxidant system, which would result in the increase in MDA contents.
Many studies have been conducted using different insecticides, vertebrates, or invertebrates to
show the effects of MDA on the antioxidant defense system; different results have been obtained
in these studies. MDA contents were increased in
the tissues of
   on exposure to to
fenthion, and there were fluctuations in SOD enzyme activities [40]; these results may indicate that
the animals experienced oxidative stress. In a study
investigating SOD and CAT activities and the
MDA content in the liver of    (L.)
after exposure to diazinon, it was observed that
SOD activity and lipid peroxidation increased.
Therefore, SOD enzyme activity has been stated to
be the first line of defense against oxidative stress
[41, 42, 43]. Similar results were also observed in
the present study.
Compared with the control, there was a decrease in protein contents of   larvae.
The reduction in protein contents can result from
exposure to an insecticide, which may lead to excessive deterioration of the tissues to counteract
stress. Previous studies support the idea that this
reduction may be caused by an increase in the production of lipoprotein, which is used for the repair
of the cell and tissue organelles damaged because
of stress [44, 45]. Compared with low insecticide
concentrations, protein contents increase at high
insecticide concentrations, possibly because of an
adaptive mechanism of   under stress
to ensure survival by an increase in heat shock
proteins.




centrations may have been inhibited by a high
number of superoxide anions in the environment.
Decreased SOD activity at higher fenthion concentrations would result in the accumulation of superoxide radicals in the environment, and together with
the resultant H2O2, it would prevent the activity of
the enzyme by destroying the cysteine structure.
Therefore, to eliminate the resultant H2O2, CAT
activity should be increased. However, as H2O2 is
broken down by CAT, lower doses of H2O2 are
broken down by the ascorbate peroxidase (APX)
enzyme [19, 20]. Because APX activity was not
considered in the present study, no definitive result
was obtained; however, future studies that focus on
APX activity would make a significant contribution
to elucidate enzyme activity associated with oxidative stress.
CAT activities of the   larvae
treated with different fenthion concentrations generally increased at all concentrations. CAT activity
may have increased linearly with SOD activity to
eliminate H2O2, which increased because of the
oxidative stress caused by fenthion from the environment. In a similar study, SOD and CAT enzyme
activities decreased because of an increase in superoxide radicals in male rats treated with fenitrothion and lambda-cyhalothrin. However, in other
studies, it was observed that SOD and CAT activities significantly increased in the freshwater fish
Brycon cephalus treated with methyl parathion [21,
22, 23, 24, 25]. In another study conducted using
SOD and CAT, similar results were obtained,
wherein the authors reported an increase in the
activity of these enzymes in the midgut of
     larvae when fed unwanted plant
matter. In that study, conducted using insecticides,
it was stated that SOD activity increased with an
increase in superoxide radicals during oxidative
stress and this this also enhanced CAT activity [26].
These studies have clearly shown that similar effects may occur in the groups exposed to different
insecticides and that there may be different effects
of the same insecticide on the antioxidant defense
system.
In studies investigating the effects of diazinon
on rat erythrocytes, the authors stated that chlorpyrifos-ethyl, malathion, methidathion, fenthion, and
phosalone resulted in a decrease in SOD activity
[27, 28, 29, 30, 31, 32, 33, 34, 35]. However, dimethoate, phosphamidon, and diazinon were reported
to cause an increase in SOD activity [22, 27, 36].
Xenobiotics cause an increase in MDA contents in tissues [37, 38]. Some studies have reported
an increase in tissue MDA contents resulting from
pesticide exposure [36, 38, 39]. For example, several in vivo and in vitro studies investigating the
application of chlorpyrifos and diazinon demonstrated an increase in MDA contents [29, 30, 34,
35].

In recent years,   has been frequently used as a model organism in studies on the
effects of insecticides, particularly on the immune
system and non-target living organisms. Beekeepers
have been struggling with these species for many
years, and many of the control methods harm the
environment and human health because they consist
of toxic chemical substances. The results of the
present study showed that fenthion caused oxidative
stress and negatively affected the biochemical parameters of   . Understanding the
mechanism underlying the toxic effect of fenthion
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on insects could facilitate the development of new
chemical methods that would be more beneficial for
pest control and would have less negative impact on
non-target species. Concurrently, the information
obtained from the present study may particularly
contribute to molecular entomology studies.
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attention must be paid to hygiene conditions and
cold chain in fish served for consumption, the and
rivers must be protected from pollution.

ABSTRACT
The aim of this study was to identify some
bacterial (Vibrio cholerae, Listonella anguillarum,
Yersinia ruckeri, Aeromonas hydrophila, Aeromonas sobria and Aeromonas caviae) and viral
(infectious pancreatic necrosis virus, viral hemorrhagical septicemia virus and infectious hematopoietic virus) pathogens by comparing the bacteriological culture and molecular methods with histopathological examination of various tissues seen in Pearl
mullet from freshwater rivers inflowing to the Van
lake. Accordingly, bacterial and viral agents were
detected in a total of 180 pearl mullet samples by
bacteriological culture and Real-Time PCR methods. The samples were collected from six different
freshwater rivers that flows to Van lake by random
sampling. In the study, Vibrio cholerae, Listonella
anguillarum, Yersinia ruckeri, Infectious Pancreatic
Necrosis Virus, Viral Hemorrhagic Septicemia
Virus and Infectious Hematopoietic Necrosis Virus
could not be isolated. However, Aeromonas spp.
was identified by bacteriological culture and RealTime PCR methods at 22.22% and 53.33% respectively. The most dominant species was observed to
be Aeromonas hydrophila among all identified
Aeromonas spp. In histopathological examinations
of Aeromonas spp. positive samples, disorders were
detected in gill, liver, spleen and kidney tissues.
Telangiectasia, edema, hyperplasia and adhesions
were observed on the seconder laminates of gills. In
liver, the order of the Remak cords were disarranged, and degenerative changes formed in
hepatocytes. Melano-macrophages loaded with
hemosiderin were intensively detected in all Aeromonas positive samples. As a result, the risk of
motile Aeromonas infections in the pearl mullet
living in freshwaters flowing into the Van lake is
still highly and this could lead to serious adverse
effects on human health. To prevent these effects,

KEYWORDS:
Bacteria, Virus, Chalcalburnus tarichii, Real-Time PCR,
Histopathology, Freshwater rivers flowing into Van lake


INTRODUCTION
Pearl Mullet (Chalcalburnus tarichi, Pallas
1811) is the only endemic species in the Van Lake,
the largest lake in Turkey [1].
Specific media are used for the isolation of
disease factors in fish diseases [2, 3]. Individual and
collective fish deaths resulting from various bacterial and viral infections in the life cycle of fish are
occasional [4].
Most bacterial infections causing massive
deaths in fish are septicemic. In septicemic infections, the agent can be isolated from anywhere in
WKH KRVW¶V EORRGVWUHDP ,Q ILVK WKH DQWHULRU NLGQH\
is known to be the most suitable site for septicemic
infections [5].
Pearl mullet is an endemic fish species in the
Van lake and it enters the rivers flowing into Van
lake for reproduction.
Van lake basin is a closed basin and the rivers
in the basin have high potential in terms of fishing
and aquaculture. In addition to determining whether
the pearl mullet is a disease reservoir for cultured
fish, this study also investigated infectious agents
that contaminated pearl mullet in rivers where the
aquaculture has been initiated. In addition, zoonosis
agents such as Vibrio cholerae, Aeromonas hydrophila and fish pathogens threatening human
health were investigated. These bacterial agents
mainly cause poisoning, gastroenteritis, watery
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diarrhea, vomiting, fever and epigastric pain in
children and elderly.
The aim of this study was to identify some
bacterial (Vibrio cholerae, Listonella anguillarum,
Yersinia ruckeri, Aeromonas hydrophila, Aeromonas sobria and Aeromonas caviae) and viral
(infectious pancreatic necrosis virus, viral hemorrhagical septicemia virus and infectious hematopoietic virus) pathogens by comparing bacteriological
culture and molecular methods with histopathological examination of various tissues seen in Pearl
mullet from freshwater rivers flowing into the Van
lake.
Accordingly, a total of 180 fish samples were
collected by sampling from six rivers flowing into
the Van Lake and bacterial and viral agents were
investigated.

sied aseptically using some sterile forceps and bistouries on a steel tray. Samples were taken from the
liver, spleen, kidney, intestine and gills of the fish
for bacteriological culture, molecular bacteriological analysis, molecular viral analysis and histopathological examinations. Samples were thoroughly homogenized in sterile phosphate buffer (PBS)
containing 20% glycerin for bacteriological assays
and viral analysis and stored at -70 °C until the time
of culture and real-time PCR procedures. Tissue
samples taken for histopathological examination
were fixed in 10% formalin and blocked in paraffin.
All the sample sections taken from each block at 46 Pm were stained with Hematoxylin-eosin (HE)
and some samples, where deemed necessary, were
stained with Brown-Brenn Gram for bacterial examination, and examined under the light microscope [13].

MATERIALS AND METHODS

Bacterial isolation. Tissue samples obtained
after the necropsy of the fish samples were placed
in Eppendorf tubes containing 1 ml sterile 20%
glycerin phosphate buffer and homogenized using
ultra turrax homogenizer. Then, ȝOKRPRJHQDWH
from five different tissues of each fish sample were
collected in sterile Eppendorf tubes. The samples
were taken from the solution containing the tissue
samples by swab method and inoculated in ShottsWaltman (SW) for Y. ruckeri, Tryptic Soya Agar
(TSA) for V. cholerae and Thiosulfate Citrate Bile
Sucrose (TCBS) for L. anguillarum and incubated
for 24 hours at 30 oC. For Aeromonas isolation, 1
ml sample was taken from tissue homogenates and
added to 10 ml 0.1% Alkaline Peptone Water (APS,
pH 8.4-8.6) for pre-enrichment and incubated for
24 hours at 28 oC. At the end of 24 hours, 50 μl
suspension taken from pre-enrichment in APS were
inoculated in Aeromonas Selective Agar (Aeromonas Agar Base-Oxoid CM833 + Aeromonas
Selective Supplement-Oxoid SR136E) and Blood
Agar (Merck 1.10886.0500) by streak plate method
and incubated at 28 oC for 24 hours [2, 3, 4, 17].

Sample collection. Sample collection was carried out in Bendimahi, Karasu, Deliçay, Zilan,
Enginsu and Güzelsu rivers flowing to the Van
Lake during hunting season (Figure 1). In this period, a total of 180 fish samples were collected from
six sources. Thirty fish from each river source were
freshly caught by fishermen by random sampling
method. The samples were brought to Van Yüzüncü
<ÕO8QLYHUVLW\)DFXOW\RI$TXDFXOWXUH'HSDUWPHQW
of Aquaculture Research Laboratory in the short
time under cold chain [6].

DNA isolation. In the study, A. hydrophila
ATCC 7966, A. caviae ATCC 15468, Y. ruckeri
ATCC 29473 and L. anguillarum ATCC 68554
reference strains were used for positive control. For
DNA isolation, broth media prepared at McFarland
0.5 dilution were centrifuged at 5000 x g for 10
minutes. The obtained pellet was used for total
DNA isolation using Gene Jet Genomic DNA isolation Kit (Thermo) according to the protocol recommended by the manufacturer [21].

FIGURE 1
The Van lake basin and sample collecting rivers
[6]
In this study, the names of the rivers from
which the samples were taken were divided into
zones and each river source was named as a zone.
Accordingly; Region 1 refers to Bendimahi, Region
2 refers to Karasu, Region 3 refers to Deliçay, Region 4 refers to Zilan, Region 5 refers to Enginsu
and Region 6 refers to Güzelsu river.

RNA isolation for virological analysis. The
tissue material removed after the necropsy was
centrifuged at 3000 rpm for 15 min after homogenization in the tissue disruptor at +4 oC in antibiotic
PBS (phosphate-buffered saline). The resulting
supernatant was used for viral RNA isolation. RNA

Necropsy and isolation material of fish
specimens. The outer surface of the fish samples
was disinfected with 70% ethyl alcohol and necrop-
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TABLE 1
Oligonucleotide primers of bacterial species used in the study
The name of the bacterium

Primer sequence
F-GGGAGTGCCTTCGGGAATCAGA
R-TCACCGCAACATTCTGATTTG
F-GCCGAGCGCCCAGAAGGTGAGTT
R-GAGCGGCTGGATGCGGTTGT
F-TAAAGGGAAATAATGACGGCG
R-GGCTGTAGGTATCGGTTTTCG
F-GAGCCAGTCCTGGGCTCAG
R-GCATTCTTCATGGTGTCGGC
F-CGAGGAGGAAGGGTTAAGT
R-AAGGCACCAAGGCATCTCT
F-CAGCCACACTGGAACTGAGA
R-TTAGCCGGTGCTTCTTCTGT
F-CCAGCAAGAGATCCAAGAGG
R-GTCCGCAAGATGGAATGAAT

Aeromonas spp.
A. hydrophila
A. sobria
A. caviae
Y. ruckeri
V. cholerae
L. anguillarum

TABLE 2
The oligonucleotide primers of the examined virus species
Virus
VHSV
IPNV
IHNV

Primer sequence
F-CCAGCTCAACTCAGGTGTCC
R-GTCACYGTGCATGCCATTGT
F-CGCAACTTACTTGAGATCCATTATGC
R-GTCTGGTTCAGATTCCACCTGTAGTG
F-GTTCAACTTCAACGCCAACAGG
R-TGAAGTACCCCACCCCGAGCATCC

Gene
G
VP2
N

out as 30 seconds denaturation at 94 qC, 60 seconds
ligation at 60 qC, 60 seconds elongation at 72 qC
and 10 seconds final elongation at 72qC [21, 22].
For the viral RNA identification, 30 μl PCR master
mix was prepared consisting of 3 μl DNA, 75 mM
Tris-HCl (pH 8.8), 20 mM NH4(SO4)2, 1.5 mM
MgCl2, 10 pmol primers, 0.2 mM dNTP and 0.5 U
Taq DNA polymerase (MBI, Fermentas, Lithuania).
The PCR reaction was performed on separate conditions for each viral disease agent using the primers indicated in the table. The heating process for
VSHV (Viral Hemorrhagic Septicemia Virus) was a
2-minute-denaturation step at 95 °C followed by 40
seconds at 60 °C, 40 seconds at 72 °C and 40 seconds at 95 °C. This procedure was repeated for 30
cycles and the procedure was completed with a
final elongation step at 72 °C for 5 minutes. The
heating process for IPNV (Infectious Pancreatic
Necrosis Virus) was 2-minute-denaturation step at
94 °C followed by 45 seconds at 45 °C, 120 seconds at 68 °C and 45 seconds at 94 °C. This procedure was repeated for 45 cycles and the procedure
was completed with a final elongation step at 68 °C
for 7 minutes. The heating process for IHNV (Infectious Hematopoietic Necrosis Virus) was 4minute-denaturation step at 94 °C followed by 30
seconds at 60 °C, 90 seconds at 72 °C and 30 seconds at 94 °C. This procedure was repeated for 40
cycles and the procedure was completed with a
final elongation step at 72 °C for 10 minutes [9,12].
Products generated after the amplification were
confirmed graphically in the real-time PCR instrument software and also using 1% agarose gel elec-

isolation was performed in accordance with the
Gene Jet Viral DNA/RNA Purification Kit [14].
cDNA Synthesis. For cDNA synthesis in each
sample, as the first step, the mixture-1 was prepared
XVLQJ  ȝO VWHULOH GLVWLOOHG ZDWHU  ȝO UDQGRP
KH[DPHUSULPHUDQGȝO51$$IWHUNHHSLQJDW
o
C for 5 minutes, the tube was quickly immersed in
ice. For the second step, 3.5 μl of mixture-2 containing 2 μl 5x reaction buffer, 1 μl 10 mM dNTP
mixture and 0.5 μl M-MuLV reverse transcriptase
was added to the tubes containing mixture-1 and
incubated at 48 oC for 45 min [14].
Primers used in the study. Oligonucleotide
primers were verified and synthesized using Genbank database based on specific regions of DNA
encoding 16S and/or 23S rRNA genes. The primer
sets used in the study are given below (Table 1 and
2).
Real-Time PCR. In real-Time PCR procedure, positive control DNAs were used for Yersinia
ruckeri, Listonella anguillarum, Aeromonas spp.,
Aeromonas caviae, Aeromonas sobria and Aeromonas hydrophila. Maxima SYBR Green qPCR
Master Mix (Thermo) was used for the amplification step. Preparation of the mixture: 2 μl DNA of
the examined bacteria and 1 μM primers were
placed in a 25 μl master mix. Then, the mixture was
completed to 25 μl with DNase and RNase free
water. In the PCR steps, denaturation was performed at 96qC for 10 minutes and then a total of
35 cycles were performed. Procedure was carried
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trophoresis containing GelRed using 1000 bp markers [8, 9, 12].
RESULTS AND DISCUSSION
FIGURE 4
Results for Y. ruckeri in SW agar, L. anguillarum
in TCBS agar and V. chloreae in TCBS agar

Bacteriological Findings. As a result of the
biochemical identification of Gram negative rod
shaped oxidase positive suspect colonies isolated as
a result of the bacterial inoculations of the tissue
samples taken from the fish using Microgen® GID
A+B bacteria isolation kit, Aeromonas spp. was not
identified in Region 1 whereas nine of the samples
in Region 2 were identified as A. hydrophila and
four as A. caviae. Five of the samples in Region 4
were identifed as A. hydrophila, nine of the samples
in Region 5 were identified as A. hydrophila (Figure 2).

A. sobria was not identified in any of the samples by Microgen GNA + GNB bacteria identification panel (Figure 3).
In the study, Y. ruckeri, L. anguillarum and V.
cholerae were not detected by the culture method
(Figure 4).
Molecular Genetic Results. Virological findings. Viral factors were not detected by real-time
PCR in the study (Figure 5).
The samples examined in the study were
found to be Y. ruckeri, L. anguillarum and V. Cholerae negative by Real-time PCR method. RealTime PCR analysis results for the mentioned factors are presented in Figures 6, 7 and 8.

FIGURE 2
Results for Aeromonas in blood agar and
Aeromonas selective agars

FIGURE 5
Image of a scan for viral agents by real-time
PCR

FIGURE 3
Results for Aeromonas in Microgen GNA +
GNB bacteria identification panel

Positive control

*URXS'1$¶V

*URXS'1$¶V *URXS'1$¶V *URXS'1$¶V *URXS'1$¶V
*URXS'1$¶V
Negative control Non-template control

FIGURE 6
Y. ruckeri real-time PCR result image
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FIGURE 7
Listonella anguillarum real-time PCR result
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FIGURE 8
V. cholerae real-time PCR result

were identified as A. hydrophila and 9 were identified as A. sobria. Four samples were not identifiable at species level. In the pearl mullet samples
taken from Region 5, 18 samples were found as
Aeromonas spp. positive. Five of these samples
were positive for both A. hydrophila and A. sobria,
while five were positive only for A. hydrophila.
Samples identified as Aeromonas spp. could not be
identified by species-specific primers. In the samples taken from Region 6, 18 samples were positive
in terms of genus. Among these positive samples, 9
were identified as A. hydrophila. However, whereas
other nine samples were negative with specific
primers. None of the fish samples taken by random
sampling were positive for A. caviae by real-time
PCR method.

Aeromonas spp. findings. In the study,
among the samples collected from six areas in the
Van Lake basin, 21 of the samples taken from the
first region was found to be Aeromonas spp. positive. In 13 of the 21 specimens identified as Aeromonas spp. were found to be positive for A. hydrophila using species-specific primers while five
of them were positive for A. sobria and three of the
samples could not be identified using speciesspecific primers. Thirteen of the samples taken
from Region 2 were Aeromonas spp. positive and
five of these were identified as A. hydrophila while
the remaining eight samples could not be identified
using species-specific primers. In the samples taken
from Region 3, no positive results were obtained
for Aeromonas spp., A. hydrophila, A. caviae and A.
sobria. In Region 4, 26 samples were identified as
Aeromonas spp. positive and 13 of these samples
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FIGURE 9
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Aeromonas spp. positive samples images identified by real-time PCR method
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FIGURE 10
Aeromonas spp. positive sample images identified by real-time PCR method

phatic follicles in the spleen. Hematopoietic tissue
in the spleen, liver, and kidney showed increased
hemosiderin-loaded Melan-macrophages (Figures
16-18, 24). In many cases, bleeding was mild and
moderate in severity.

Histopathological Findings. In the histopathological examination of A. hydrophila positive
fish, the liver was hyperemic, the sinusoids were
enlarged and the order of the Remak cords was
broken. In hepatocytes, hydropic degeneration and
cytoplasmic vacuoles (Fig. 11, 12), focal necrosis
and increased Kuepfer cells were detected (Fig. 13,
14, 15). Hydropic degeneration and necrotic changes were observed in the tubular epithelia of the
kidneys (Figure 16-19). In all cases, mononuclear
cell infiltration was detected in the kidney and liver.
Hyperemia was observed in the gill vessels. Lamellae were disarranged in the epithelial cells of the
secondary lamellae due to hyperplasia, adhesions
on the secondary lamellae (Figs. 20-22) and sub
epithelial edema. In some cases, it was observed
that the secondary lamellae were completely destroyed and the primer lamellae were atrophic.
Remarkable telangiectasia was observed in the gills
(Figure 23). Hyperplasia was observed in the lym-

FIGURE 11
Liver Sharp limited fat vacuoles in hyperemia
and hepatocytes, HE
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FIGURE 12
Liver Fat vacuoles in hepatocytes, HE

FIGURE 16
Kidney, Degeneration in tubular epithelia

FIGURE 13
Liver Necrosis in hepatocytes, HE

FIGURE 17
Kidney., Degeneration in melanomacrophages
and tubular epithelia

FIGURE 14
Liver Necrosis in hepatocyte, blood vessels
hyperemic, HE

FIGURE 18
Kidney, Degeneration in melanomacrophages
and tubular epithelia

FIGURE 15
Liver Degeneration and necrosis in hepatocytes,
HE

FIGURE 19
Kidney, Degeneration in melanomacrophages
and tubular epithelia
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Hyperemia in the gills
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FIGURE 24
Spleen melanomacrophage centers

CONCLUSIONS
Pearl Mullet (Chalcalburnus tarichi, Pallas
1811) is the only endemic species in the Van Lake,
the largest lake in Turkey. This fish species lives
only in the Van Lake basin and moves to the freshwater rive mouths for reproduction in early April
and enters the rivers when the water temperature
exceeds 13qC. Leaving the eggs onto the gravelly
and sandy areas where the flow of the streams slow
down and turns back to the lake [1].
Most bacterial infections causing massive
deaths in fish are septicemic. In septicemic infections, the agent can be isolated from anywhere in
WKH KRVW¶V EORRGVWUHDP ,Q ILVK FUDQLDO NLdney is
known to be the most suitable site for septicemic
infection isolation [5].
The living environments of the motile Aeromonas species (A. hydrophila, A. sobria, A. caviae) that cause significant infections in fish are seas
and freshwaters. These microorganisms are found
in all kinds of water from sewage to spring water.
Due to their widespread presence in the water, they
are among the factors of hemorrhagic septicemia in
freshwater and marine fish. Since motile Aeromonas species are contaminated by contact between animals, the risk of spreading infections in
culture fish is higher [18].
In the other study, researchers have reported
that they isolated Aeromonas spp. in 27 (54%) of
the raw pearl mullet samples that they collected
from the market. The researchers have reported that
19 (38%) of the isolates were A. hydrophila, while
6 (12%) were A. caviae positive and 2 (4%) were
positive for both A. hydrophila and A. caviae. Researchers have reported that they did not identify A.
sobria in any of the samples. In the intestinal contents of the pearl mullets, 26 (52%) were positive
for motile Aeromonas spp. and 23 (46%) were
positive for A. hydrophila, 2 (4%) were positive for
A. caviae, and 1 (2%) was positive for both A. hydrophila and A. sobria [11].
In another study, researchers have examined
132 fish samples and reported that they isolated a

FIGURE 21
Gills, Hyperplasia in the secondary lamellae

FIGURE 22
Gills, Hyperplasia and adhesions in the
secondary lamellae

FIGURE 23
Gills, Edema and telangiectasia in the secondary
lamellae
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sion to fish, resulting in a higher isolation rate than
other factors [20, 23].
Histopathologic examination of the Aeromonas positive cases by laboratory examination with
no macroscopic findings taken by random sampling
showed evident histopathologic findings, consistent
with Aeromonas. Hyperplasia and adhesions, telengiectasia and edema, which were reported to be
seen in the laminae of the second lamellae in the
gills [19] were evaluated intensely and severely in
A. hydrophila-positive cases in this study. In accordance with the literature [23], Remak cords in
the liver lost their order and degenerative changes
in hepatocytes were formed. According to the results of the PCR analysis conducted on the tissues,
in cases where the agent was not produced in the ID
panel although the results were positive for Aeromonas spp. and A. hydrophila, the histopathological results were consistent with Aeromonas. However, necrosis was more severe in the livers of the
fish in which Aeromonas spp. and A. hydrophila
were found to be positive by both real-time PCR
and bacteriological culture methods. In many studies [19, 20], haemosiderin-loaded melano macrophages in the liver, kidney and spleen have been
reported to be intensively observed in A. hydrophila
infection. In this study, hemosiderin-loaded melanomacrophages were also observed intensely in all
Aeromonas positive cases. Researchers have reported that melanomacrophages were not observed in
the experimental A. hydrophila infection [23].
In this study, parenchymal degeneration, vacuolar degeneration, necrosis and lymphocyte infiltration in the tubule epithelia in the kidney support
the literature [19, 20]. Additionally, except for
some of the zoonotic Aeromonas species (A. hydrophila and A. sobria), it was determined that the
pearl mullet had no reservoir status for bacterial
strains such as Y. ruckeri, L. anguillarum and V.
cholerae, which cause serious economic losses in
the aquaculture industry and viruses such as IPN,
VHS and IHN. This suggests that the regional
aquatic ecosystems are untouched for possible aquaculture activities in terms of important fish pathogens. Existing pathogens seem to be of humanorigin. Therefore, the use of SPF eggs and rootstocks in aquaculture must be designated as a management strategy and formally followed in order to
ensure the healthy development of possible aquaculture activities in the region.
As a result, it was seen that, in the case of
pearl mullet, which is consumed quite frequently by
people in Van and the region, the risk of motile
Aeromonas infections is high and it can lead to
serious negative effects on human health. To avoid
possible risks of zoonotic infections, it was concluded that hygiene and cold chain conditions
should be taken into consideration in the fish that
are offered for consumption, and that the fishes
should be kept clean and protected.

total of 19 bacterial species, 7 from rainbow trout (4
A. sobria, 2 Y. ruckeri,1 H. alvei), 4 from the common carp (2 A. sobria and 2 A. salmonicida), 2
from the European chub (1 A. sobria and 1 H. alvei), 2 from Discus fish and (1 C. freundii and 1 P.
aeruginosa), 1 from sea bass (L. Anguillarum), 1
from Black Sea salmon (P. Fluorescens),), 1 from
sturgeon (L. Anguillarum)) and 1 from dolphin (A.
salmonicida) [15].
As a result of the biochemical identification of
Gram negative rod shaped oxidase positive suspect
colonies isolated as a result of the bacterial inoculations of the tissue samples taken from the fish using
Microgen® GID A+B bacteria isolation kit, Aeromonas spp. was not identified in Region 1 whereas
nine of the samples in Region 2 were identified as
A. hydrophila and four as A. caviae. Five of the
samples in Region 4 were identified as A. hydrophila, nine of the samples in Region 5 we identified as
A. hydrophila. The results of microbiological inoculation from the samples did not reveal Y. ruckeri, L.
anguillarum and V. cholerae. When the water temperature rises to 13 qC, the infection will occur if
the fish carries the disease. Although the treatment
with antibiotics was successful, the disease recurs.
The introduction of infected fish into the farm is the
most common source of infections. Asymptomatic
carriers are spread through the bacterial fecal pathway and thus healthy fish are infected. In addition,
affected fish may also exert their effects over certain periods [7].
Vaccination is an important factor that reduces
profitability as well as protection. The best way of
protection is that the disease agent is never transmitted to the farm [5].
A large number of pathogenic fish viruses belong to the Rhabdoviridae family. Most of the viral
diseases in fish are septicemic. Other general symptoms such as exophthalmos, asities, bleeding and
anemia may also be seen [16].
In this study, although the fish samples were
collected between April and July, it was observed
that the number of motile Aeromonas isolated by
both culture (22.22%) and real-time PCR (53.33%)
were lower than that found by the researches. Similarly, the researchers have reported that there were
higher levels of motile Aeromonas species by microbiological culture method, compared to those in
the present study. This supports the idea that the
fish sold on the market may not be kept undersuitable storage conditions, which could lead to a higher
risk of contamination [11].
Previous studies have reported that Vibrio and
Listonella species cannot survive in freshwater for a
long time [5, 20]. In this study, it was thought that
the sampling from the rivers lowered the chances of
survival of the agent and decreased the isolation
ratio. However, it was concluded that Aeromonas
species are found in the natural flora and that isolation from waters can increase the risk of transmis-
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A catalytic reverse flow reactor was employed
for the combustion of lean carbon monoxide in air
mixture. The catalytic combustion of CO over a Pd
mixed oxide supported on cordierite coated with
Ce/La was investigated. The catalysts were prepared
using a sol-gel method and characterized using BET
and SEM. The effects of Pd content, preheated
temperature, calcination temperature and calcination
time on catalyst performance were studied.
Furthermore, the performances of the reactor such as
pressure drop and bed temperature distribution were
investigated. The catalysts calcined at 550°C for 3 h
with Pd content being 2.5 wt% exhibited the highest
catalytic activity. The conversion attained 90% when
the switch time was 8 min, the GHSV was 8000h-1,
and the initial concentration was 100ppm. The
pressure drop of the system was small when the
GHSV was lower than 10000h-1. The initial
preheating temperature of the catalyst had a greater
influence on the temperature distribution in the
reactor.

Catalytic combustion is an effective method,
which offers many advantages over conventional
combustion, especially for lean mixtures [10].
Catalytic reverse flow reactor (RFR) is a very
interesting alternative to overcome this problem [1113]. Under ideal conditions, the reversal flow reactor
is a adiabatic fixed bed, the main part of the reactor
are consist of “regenerative section - catalytic
section – regenerative section”, and the whole
reaction process is made up by air preheating,
catalytic oxidation and heat storage [14-16]. The
high thermal efficiency attained allows working at
auto-thermal condition seven for feeds at low
temperature with very low hydrocarbon
concentration [17].
Till now, many published papers were aimed to
the removal of methane or VOC [18-20]; few articles
investigated the decomposition of lean CO by
catalytic reverse flow reactor.
Pd monolithic catalysts used for gas catalytic
combustion are usually consisted of three parts: a
honeycomb cordierite substrate, a washcoat as
carrier and a noble metal (Pt, Rh and/or Pd) active
layer as catalyst. The cordierite honeycomb ceramics
(abbreviated to COR) is made up of many parallel
channels which are narrow and lined up, it is used
widely because of some good qualities, such as the
good mechanical strength, good adsorption property,
small pressure drop of gas flow in the channels and
low thermal expansion coefficient and it is excellent
matched with many kinds of catalyst active
component, so it is thought a good excellent catalyst
support materials [21]. But its specific surface area
is very small. In order to improve the catalytic
activity, a washcoat deposited on the honeycomb
cordierite substrate were prepared with modified γAl2O3. Rare earth metal oxide such as CeO2 has
many potential advantages for different supported
metal catalysts; its numerous applications rely on
some special properties: 1) the ability to cycle easily
redox states; 2) a high oxygen storage capacity; 3)
the ability to enhance the dispersion of a supported
metal; 4) delay the phase transition ofγ-Al2O3 and
reduce the loss of specific surface area [22-23]. Most
published literatures reported the catalysts
performances on the removal of methane [24-26]. To
the best of our knowledge, however, there has been

)' "#
Carbon monoxide, reverse flow, catalytic combustion, Pd
monolithic catalyst, rare earth metal

$" %$ 
Presently, a large amount of carbon monoxide
gas is produced in more than 70 kinds of industrial
operations [1-2]. The CO gas damages all livings
beings present in the environment. Once CO are
inhaled in human body, it will combine with the
hemoglobin and cause the body hypoxia, some toxic
symptoms will be caused, such as headache
dizziness and vomiting, and even death [3]. Lean CO
oxidation has drawn a great deal of research attention
due to its wide applications in automotive exhaust
gas after-treatment [4-5]. The carbon monoxide heat
of combustion is 280kJ/mol, the characteristics of
the high calorific value shows that it has great use
value [6-9].
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less publication concerning the effect of Pd/Ce/La
catalyst on the catalytic decomposition of CO
oxidation.
In this paper, a catalytic reverse flow reactor
was used for the combustion of lean carbon
monoxide in air mixture. The catalytic combustion
of CO over a Pd mixed oxide supported on cordierite
coated with Ce/La was investigated. The effects of
Pd content, preheated temperature, calcination
temperature and calcination time on catalyst
performance were studied. The performances of the
reactor such as pressure loss and bed temperature
distribution were also investigated.

Subsequently, they were dried at 120 °C for 3 h in
air and calcinated at 550 °C for 3 h. Thus the catalyst
used in our experiment was obtained, which was
labeled as Pd/Ce0.5La0.5 /γ-Al2O3/COR.
The specific surface area was measured by N2
adsorption on Gemini V with the Brunauer–Emmet–
Teller (BET) method. The surface morphology of the
cordierite surface coating was examined by
environmental SEM.
".*,;79 78.9*;276*4 8926,284. Under ideal
conditions, the flow catalytic combustion reaction
system is a kind of adiabatic fixed bed reactor, the
body of the reactor is made of the special material
with good effect on heat insulation, the catalyst is in
the middle, the heat storage period with strong
endothermic ability is at both ends. The polluted
airflow enter into the reactor from one end of the
system, the heterogeneous catalytic reaction would
come on at the surface of catalyst. In the process of
the operation of the reverse flow reactor with
catalytic, the airflow direction into the reactor was
controlled by the valve of periodic switching. The
flow in the reactor is reversed by opening and
closing appropriate valves, just shown in Figure 1.
When valves 1 and 4 were opened, the feed flow
from left to right across the reactor, referred as
forward flow. On the other hand, opening of valves
2 and 3 caused the feed to flow from right to left,
referred as reverse flow.

(!"$

*;*4@:;89.8*9*;276*6-1*9*,;.92A*;276
The monolithic catalyst used in this work, is formed
by an inert support (cordierite). A commercial
honeycomb ceramic was cut into around samples
(Ф75 mm in diameter, 2.5 mm×2.5 mm in aperture
size, 1200 J/kg °C in thermal capacity) which were
pretreated by conventional process such as acid
cleaning and desiccation. Then they were immersed
into silica sol for 20 minutes and the excess γ-Al2O3
sol inside the honeycomb channels was blown off,
and then they were dried at 120 °C for 3 h and
roasted at 480 °C for 3 h in a muffle furnace with
flowing air. The amount of the loaded silica sol
coating can reach about 15 wt% after double
repeating.
Ce and La nitrates were used as Ce and La
precursors, and the mole ratios of Ce and La was 1:1.
The mixed aqueous solution of Ce and La nitrates
was prepared with distilled water. A solution of
PdCl2 (AR) was prepared by adding a certain
amount of PdCl2 into HCl aqueous solution under
stirring and heating until complete dissolution. The
mixed solution of Ce nitrates, La nitrates, PdCl2 and
γ-Al2O3 were heated and stirred under ultrasonic for
3 hours.
The commercial honeycomb ceramic were
impregnated in this sol for 20 min. The excess sol
inside the channels needed to be blown off.

-2*+*;2, +.6,1:,*4. 9.=.9:. /47> 9.*,;79 A
schematic diagram of the bench-scale reverse-flow
reactor used in the present work was shown in Figure
2. The reactor contained three ceramic monolith
beds: one catalytic (0.12m long) situated in the
middle, and two inert (0.27m long each) situated at
both ends. The insulated ceramic monolith sections
at the two ends of the reactor were used to store the
energy of the exit flow. The heart of the reactor
consisted of the two sections containing the catalyst,
which were connected together through an open
channel. Vacuum shell was used in our experiment
allowing a reactor operation close to adiabatic. The
reactor’s temperature was measured using

%"
#,1.5*;2,2*09*57/".=.9:.47>
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#,1.5*;2,-2*09*57/;1..?8.925.6;*4,*;*4@;2,,75+<:;276897,.::
1 air compressor; 2 CO; 3 pressure-reducing valve; 4 mass flow controller; 5 electromagnetic valves; 6 time relays;
7~11 thermocouples; 12 honeycomb ceramics;13 catalyst; 14 electric heating elements; 15 CO detector

Inert section

Inert section

Catalyst

%" 
$1.9.*,;79*?2*4;.58.9*;<9.5.*:<92608726;87:2;276

$
$:<9/*,.*9.*7/-2//.9.6;,79-2.92;.
BET surface area (m2/g)
2.24
43.89
15.35
8.69

Different cordierite
COR
COR/ colloidal silica coated
COR/ alumina coated (alumina sol: water=2:1)
COR/ alumina coated (alumina sol: water=4:1)



thermocouples; there were 12 points along the
reactor axis, just shown in Figure.3. The location of
1 and 12 position represents the outlet temperature
of reactor, the location of 2 and 11 position
represents the temperature of inert section, the
location of 3 and 10 position represents the
temperature of interface between the catalyst and
inert section, the location of 5 to 8 position
represents the temperature of catalyst.
The following protocol has been followed for
each test. First, the catalyst bed would be preheated
using the heat equipment. Then, the CO/air mixture
was fed to the reactor at room temperature, and the

flow reversal was started. The reactor was then
operated until pseudo-steady state or extinction.
The concentration of the reaction mixture was
measured at the inlet and outlet using an infrared
analyzer (Testo350). The variation in gas
composition from the inlet to outlet of the reactor
was used to determine the efficiency of the catalytic
combustion according to Eq (1).

⎛

η = ⎜1 −

⎞

×100% ⎟

⎠

⎝
(1)
Where η was the conversion percentage of CO, Cin
and Cout were the CO concentration at the inlet and
outlet of the reactor, respectively.
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γ-Al2O3/COR
Pd/Ce0.5La0.5 /γ-Al2O3/COR

BET (m2/g)
36.45
39.15
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79817470@*6-:;9<,;<9.7/!-. * 
B4
 " $ :<9/*,. *9.* As seen in
Table 1, the specific surface area of the cordierite
substrate was only 2.24m2/g, while that of the COR
coated with colloidal silica or alumina sol increases,
demonstrating that sol coating could significantly
increase the specific surface area, which benefitted
to the dispersion of the catalyst active component.
The alumina sol was a kind of widely used coating
material, which had the high apparent viscosity.
However, it was found that the colloid with high
viscosity could cause the channel blockagen in the
process of coating on honeycomb ceramic with
micro-pores. At the same time, the thick coating
materials were more likely to break and fall off in the
process of drying and calcination. As a good carrier
coating material, the colloidal silica had some
characteristics like large surface area, high
dispersion, good bond strength, low film-forming
temperature and strong stability. In the process of
cordierite honeycomb ceramic coating, because of
its suitable viscosity, it could combine with
cordierite tightly to form a film on the surface. The
BET surface area of COR coated colloidal silica was
43.89 m2/g, which was far greater than that of COR.
So it was more suitable for active component coating
and it was selected to be the coating materials.
The textural properties of the different catalysts
were shown in Table 2. The Pd/Ce0.5La0.5/γAl2O3/COR catalyst had higher surface area (39.15
m2/g) than the pure γ-Al2O3/COR catalyst (36.45
m2/g). The Ce- or La- coating did not greatly affect
the specific surface area. Meanwhile, the total pore
volume and pore size of the Pd/Ce0.5La0.5/γAl2O3/COR catalyst were slightly larger compared
to the pure γ-Al2O3/COR catalyst. Concurrently, the
Pd/Ce0.5La0.5 mixed oxide catalysts exhibited
obvious improved catalytic activity across the entire
reaction temperature range. Apparently, the pore
volume and pore size of the Pd/Ce0.5La0.5/γAl2O3/COR catalyst was slightly higher than the
pure γ-Al2O3/COR catalyst samples.

Pore volume (cm3/g)
0.03
0.06

Pore diameter (nm)
6.08
6.14

could be seen that some tiny holes formed on the
surface of COR after acid cleaning and desiccation.
As shown in Figure. 4(b)–(c), a film was formed on
the COR surface and the dividing line between the
film and the substrate could not be seen. At the same
time, compared Figure. 4(b) with Figure. 4(c), we
could see that the coating combination of the COR
with colloidal silica was superior to that with
alumina sol. The coating material of colloidal silica
formed a new film on integral COR and thickness of
the film was uniform. As illustrated in Figure. 4(d),
there were some stripes or hollows appeared on the
surface of Pd/Ce0.5La0.5/γ-Al2O3/COR catalyst,
which benefits to the active components loading and
the increase of CO catalytic oxidation rate. As we
know, calcination was beneficial for the increasing
the catalyst specific surface area and the amount of
active sites. From Figure.4(d), it could be seen that
the active component coating was solid and
dispersed evenly. In addition, smaller particle size
and good distribution of the active phase present on
the catalyst surface cause a significant increase in the
effective surface area of the catalyst. Furthermore,
the film was very stable and durable, and no loss was
observed during its application.
,;2=2;2.:7/!-. * B4  ",*;
*4@:;: //.,; 7/ -2//.9.6; !- ,76;.6; The CO
combustion activities were measured as a function of
the reaction temperature with a series of Pd content
catalysts, and the results was represented in Figure.
5. The experiment conditions were as follows: the
CO concentration was 100ppm, the GHSV was
8000h-1, the catalyst preheat temperature was from
100°C to 200°C.
As shown in Figure.5, CO conversion increased
with higher temperature for all kinds of catalysts
with the Pd content increasing from 0.5% to 2.5%.
With the loading of Pd, the activities of the catalysts
were obviously improved. But the degree of
increasing rate for the catalysts was different: the CO
conversion increased greatly when Pd content
increased from 0.5% to 1.5%; but when Pd content
was higher than 1.5%, the CO conversion was
increased gently. When the catalyst preheating
temperature was 180°C, the CO conversion
efficiency increased from 73% to 87% with the Pd
content increasing from 0.5% to 1.5%; when the Pd
content were 2% and 2.5%, the CO conversion
efficiency was 89% and 90%, respectively.

#,*66260 .4.,;976 52,97:,78@ *6*4@:2:
The morphology of different cordierite and the
catalyst was analyzed by scanning electron
microscope. It showed large differences in the
surface morphology (Fig. 4). From Figure.4(a), it
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(a: original cordierite, b: cordierite coated with colloidal silica, c: cordierite coated with alumina sol, d: Pd/Ce0.5La0.5
/γ-Al2O3/COR)
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200°C, the CO conversion efficiency was 91%, just
1% higher than 180°C. Probably reason was that,
when the temperature was in a certain range, the
active ingredients on the surface of monolithic
catalyst could be quickly activated with the
increasing of the catalyst preheating temperature, so
more and more CO molecules would be transferred
into CO2; However, too high temperature would
damage the catalyst section and decrease the CO
conversion rate, which should be strongly avoided
during the operation process.
According to Gabriele [30], metallic Pd is more
active towards oxidation than the oxidized PdO form
at high temperature, while the contrary happens at
low temperature. So at certain temperature, PdO was
the main form that could be used for the CO
decomposition.

It was noteworthy that Pd surfaces exhibit
adsorption-desorption behavior with respect to CO.
So active component Pd dispersed evenly on the
surface of the catalyst benefited to CO catalytic
reaction. The chemisorbed oxygen species were
thought to be liable to react with CO and may play
an important role in CO oxidation [27]. The
adsorption of CO on the γ-Al2O3 surface was not
obvious, which indirectly implied that the Pd played
an important role during the catalytic combustion.
However, excessive active component may
accumulate unevenly on the surface of the carrier,
which led to the cover of the active component and
decrease the CO oxidation rate.
In the process of CO catalytic combustion, the
PdO mainly plays an active species role, and the
number of Pd loaded in the catalyst have a great
influence on the combustion performance in CO.
Normally, the activity of catalysts in CO combustion
increases with the number of the Pd loading, the
reason is that with the Pd content is higher, the
catalyst active species in the PdO will be more[2224].It is usually accepted that the active component
in catalytic combustion reaction of Pd-loaded
catalyst is PdO [28]. PdO is the active species and
Pd metal is inactive or much less active, the
coexisting of PdO and Pd phases is ideal for catalytic
combustion.

//.,;7/;1.,*;*4@:;,*4,26*;276;.58.9
*;<9.The calcination of the catalyst is the catalyst
activation process, facilitating the formation of the
optimal crystal shape, particle size and space
structure [31]. So the calcination temperature for the
catalysts during the catalyst preparation process is
critical for CO conversion. In our experiment, the
effect of different calcination temperatures on CO
conversion was investigated, just shown in Figure.7.
The activities of different catalysts calcined from
350°C to 700°C are tested.
When reaction temperature was lower than
160°C, the CO oxidation conversion changed
indistinctively for all the catalysts, the highest CO
conversion was 54%. When reaction temperature
was higher than 180°C, the CO oxidation conversion
changed sharply for all the catalysts, the highest CO
conversion could be 93%. For example, when
reaction temperature was 200°C, the CO oxidation
conversion increased from 62% to 93% with the
catalyst calcination temperature increasing from
350°C to 550°C; and the CO oxidation conversion
decreases from 93% to 60% with the catalyst
calcination temperature increases from 550°C to
700°C. When the catalyst calcination temperature
was lower than 550°C, the metal nitrate are not
completely decomposed, the active site are covered
and reduced, which leads to the decrease of the
catalytic activity. When the calcination temperature
reaches 700°C, the catalytic activity is significantly
reduced most likely due to the partial sintering of the
active species or changes in the active species.
Therefore, the catalysts show the best performance
when calcined at 550°C, optimizing the crystal shape
and dispersed particle sizes.

//.,;7/,*;*4@:;89.1.*;.-;.58.9*;<9.
For precious metal monolithic catalysts, one of the
most important factors that influence the size of its
efficiency is the catalyst preheating temperature
[29]. Under normal circumstances, when preheating
temperature is low, the catalyst activity is low, this
is because in low temperature environment, the PdO
particles achieve the living state in catalyst is less, so
the active components could catalyze CO would be
less, and the catalytic efficiency is low; when the
preheat temperature of the catalyst increased, the
PdO particles activated would increase, more and
more active component could participate in the
process of catalyzing CO, so the catalyst efficiency
is improved. As usually, the vast majority of catalyst
has its active temperature range, the most
appropriate temperature could be confirmed through
the experiment.
The catalyst efficiency at different preheating
temperature in the flow systems was investigated,
just shown in Figure.6. The experiment conditions
were as follows: the gas flow rate was 30L/min, the
switch time was 8min, the CO concentration was
100ppm and the GHSV was 8000h-1.
CO conversion rate enhanced with the
increasing of the catalyst preheating temperature.
When the catalyst preheating temperature was
140°C, the CO conversion efficiency was 76%;
when the catalyst preheat temperature was rose to
180°C, the CO conversion efficiency was 90%. But
when the catalyst preheating temperature was up to

//.,; 7/ ;1. ,*;*4@:; ,*4,26*;276 ;25.
When catalysts have different calcination times, the
dispersion of active particle and the active sites of
catalyst will be different; changing the calcination
time could critically alter the catalytic activity.
Figure. 8 indicated that the catalysts demonstrated
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different efficiencies after different calcination
times. When the calcinations time ranged from 1 h
to 3 h, catalytic activity increased from 82% to 93%
at 200°C, but when the calcination time was
extended to 5 h, the catalytic efficiency dropped
rapidly to 68%. The possible reason could be to the
partial sintering of the active species or changes in
the active species. Due to wider dispersion and
increased amount of active sites, the activity of the
catalyst calcined for 3 h performs the best.

!9.::<9. -978:7/ ;1.9.*,;79 <6-.9 -2//.9
.6;#&An important characteristic of reverseflow reactor from an economical point of view is
pressure drop. This variable depends on bed length,

shape and geometrical properties of the bed. In the
reverse flow reactor, the pressure drop inside system
would change periodically with flow direction
switched, and which led to the pressure wave [32].
Furthermore, the interior pressure wave would be
intensified due to the bed padding in the system. In
the experiment, the pressure drop of the reactor
under the condition of different GHSV was tested in
order to master the flow resistance characteristics
and the steady flow condition of the reverse flow
catalyst reactor. Figure. 9 depicted the pressure drop
distribution for the reactor under the conditions of
GHSV being 5000h-1, 6000h-1, 7000h-1, 8000h-1,
9000h-1, 10000h-1.
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the higher bed porosity, and hence are more adequate
for processing high feed flow rates.

.-;.58.9*;<9.-2:;92+<;276:<6-.9-2//.9
.6; 262;2*4 89.1.*;260 ;.58.9*;<9. Bed
temperature distribution during the CO conversion
plays a significant role in the reactor operation from
a scale-up standpoint, so it is important to investigate
that under different conditions. The insulation layer
supplied energy for the system. The effect of the
insulation layer temperature can be shown
independently by adjusting the temperature in the
base case. For operation convenience, the insulation
layer temperature was adjusted to an appointed

As can be seen from Figure.9, when the GHSV
was 5000h-1, the pressure drop was 43 Pa; when the
GHSV was 10000h-1, the pressure drop increased to
128 Pa. As expected, the particulate bed presents the
higher pressure drop, followed at great distance by
the honeycomb monolith beds, in this order. The
difference in pressure drop between the bed types
increases on increasing the superficial velocity,
which means that the use of structured beds, and in
particular the honeycomb monolith bed, is favored at
these conditions. It is well known that honeycomb
monolith structured beds produce lower pressure
drops due to the more efficient gas-solid contact and
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increasing the insulation layer temperature from
120°C to 200°C with GHSV of 8000h-1, gas flow
rate of 30L/min and feed concentration of 100ppm.

value. Initial preheating temperature can affect the
temperature distribution of the insulation layer.
Figure. 10 illustrated the result of man-made
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From Figure.10, we could see that the axial
temperature of the reactor revealed a comparatively
symmetrical “saddle” distribution, indicating a
favorable operating status of the catalytic reverse
flow reactor. From the graphs, it was found that there
was no significant difference in the gas temperature
profile, while the reactor temperature increased
obviously under the base case operating conditions.
This condition leads to high energy loss in the
reactor wall.
It was seen that the effect caused by different
preheating temperature mainly on the peak
temperature, that is, the higher catalyst preheating
temperature, the higher bed temperature peak. For
example, the peak temperature was 155°C with
initial preheating temperature being 120°C; the peak
temperature was 250°C with initial preheating
temperature being 200°C. The reason was that when
the preheated temperature increased, the catalytic
efficiency of system was enhanced, which led to the
release of more heat produced in the process of
catalytic combustion.
Besides, when the temperature was lower than
100°C, the reaction will be extinguished if the
insulation layer cannot supply enough energy for the
system. During the operation, much of the reaction
energy was transferred to the reactor wall, with the
result that the self-heating of the reaction cannot be
preserved.
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In this paper, a catalytic reverse flow reactor was
used for the combustion of lean carbon monoxide in
air mixture. The catalytic combustion of CO over a
Pd mixed oxide supported on cordierite coated with
Ce/La was investigated. The effects of Pd content,
preheated temperature, calcination temperature and
calcination time on catalyst performance were
studied. Furthermore, the performances of the
reactor such as pressure drop and bed temperature
distribution were investigated. The catalysts
calcined at 550 for 3 h with Pd content being 2.5
wt% exhibited the highest catalytic activity. The
conversion attained 90% when the switch time was
8 min, the GHSV was 8000h-1, and the initial
concentration was 100ppm. The pressure drop of the
system was small when the GHSV was lower than
10000h-1. The initial preheating temperature of the
catalyst had a greater influence on the temperature
distribution in the reactor.
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Transportation is the main contributor for air
pollution especially in large and crowded cities. Vehicle emissions are affected by various traffic factors. In this study, an evaluation of the most influencing factors on air pollution due delay at signalized intersections will be conducted in a systematic
way and by the help of Adaptive Neural Fuzzy Inference System (ANFIS). The model performance has
been performed using Root Mean Square Error
(RMSE). The results show that the best inputs to
model CO are delay, percentage of passenger car and
percentage of turning left vehicles. While for NOX
modelling the optimum inputs are volume over capacity ratio and percentage of passenger car. The
structure of ANFIS was modified to enhance the
model and reduce the complexity. However, such
systematic approach may be applied for various environmental and transportation applications to determine the most influencing factors and thus properly
manage it.

distribution of vehicle type passenger car, mini bus
and/ or heavy vehicles.
In order to curb the growing harmful effects of
traffic congestion, it is required to analysis the relation between traffic and major air pollutants. To do
that various models to estimate air pollutants resulting from transportation sectors have been developed.
For instance, a correlations were built to represent
the relation between traffic density and the presence
of diesel vehicles with emitted air pollutants using
multivariate analysis [7]. Traffic recording to extract
traffic characteristics such as traffic density, diesel
vehicles and traffic noise were implemented by [8]
to model both indoor and outdoor traffic air pollutants.
On the other hand, prediction of short time traffic flow using 104 changeable parameters has been
performed using ANFIS [9]. Also ANFIS was implemented to determine the level of safety on the
roads in relation with traffic density, speed and road
plane visibility [10], the results showed its capability
to improve the safety on roads. Furthermore, in order
to improve the performance of traffic signals by reducing the congestions at it, ANFIS was used in the
controller of these signals. It was found that ANFIS
perform better than traditional and normal fuzzy
controllers in term of delay, average waiting time
and queue length [11].Modelling driver behaviour
by integrating their reaction time and delay was done
using ANFIS model [12].
ANFIS became popular for modelling environmental systems due to its accuracy, efficiency and
capability to treat large amount of linear and nonlinear data. However, the main limitation of using ANFIS is its structure complexity, especially when large
numbers of input variables were used. This is due to
ANFIS search algorithm that tries to all possible
combinations among the input variables. For example, if a system has (n) inputs and (P) membership
functions, then the number of available rules equals
(N=Pn) which significantly increases the total number of parameters and computing time [13]. Furthermore, human expertise is necessary to optimize the
ANFIS structure. However, this solution is not always viable. Thus implementing modifying ANFIS
structure based on user expertise is highly recommended to overcome this limitation.

'&!"
Air Pollution, Transportation Emissions, Air Quality Index, ANFIS, Traffic Congestion.

#!$#
The growth in urban traffic congestion has become a serious problem all over the world especially
in metropolitan areas. Traffic jams have significant
impacts on human health and environment [1]. In addition, it causes economical loses and badly affects
the travel behaviour [2, 3]causing discomfort for
metropolitan people. For instance, in the United
States traffic congestion is responsible for an economical losses of about 101 billion US $ per year.
This number accounts for extra 2billion gallon of
fuel and 4.8 billion hours of wasted time [4]. Moreover, private vehicles significantly pollute air more
than other cargo shipping methods due to their low
energy efficiency [5]. However, traffic congestion is
a result of various factors such as human, vehicle and
traffic composition [6]. Traffic composition is the
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In this study CO and NOx air pollutants are
modelled using the major traffic characteristics such
as heavy vehicles, passenger car, delay and volume
over capacity ratio at signalized intersection. A systematic search algorithm to select the optimum traffic characteristics as an input to minimize the model
complexity. Then the structure of ANFIS model was
modified to enhance the model performance. However, such approach is supposed to help decision
makers properly establish sustainable traffic plans to
reduce the impact of traffic congestion on air quality.

accordance with system demand, simplicity, speed
and convenience. However, the shape of the membership function is modified during the training to
effectively determine the relationship between inputs and output. This stage is repeated many times
(epochs) until the desired convergence is acquired.
In addition, the value of the membership function
should fall between 0 to 1 [16]. However, the most
common sets of fuzzy rules (if-then) are described as
follows: 
Rule 1:

   1 

  1 

1

=

1

 + 1  + 1
(1)

#'

"89+=6,((3+(8(411,*8043Corum city
is located at the centre of Corum governorate northern of Turkey; it is a mixture of mountains and high
plateaus. The total population is around 243 thousands in 2014 with an average increase rate equals to
2.56% [14]. Traffic analysis in Corum city was done
by classifying all the intersections into signalized
and non-signalized ones. This study analyses the
traffic characteristics at rush hours for twenty three
signalized intersections in Corum city. Based on the
traffic condition in Turkey rush hours periods were
divided into three periods (i) morning period that
starts at 7:30 and extends till 9:30to cover business
time in Turkey (ii) noon period from 12:00 to14:00
to capture students movement (iii)evening period
from16:30-18:30 that represents end of business day
at the country. However, at least one camera was
placed at each intersection (based on its size). Consequently, a total of six hours of traffic video were
recorded daily at each intersection. Data recording
was extended for two working days at each intersection (6 hours * 23 intersection * two days). The recording time was divided into intervals, each is 15
minutes length. Then each interval was analysed to
determine the peak hour at each intersection and
classify the recorded vehicles. The vehicles are classified heavy and passenger cars. At the same time of
traffic video recording, a Carbon Monoxide (CO)
and Nitrogen Oxides (NOx) emissions at each intersection were monitored using Genesis handheld air
monitoring analyzer made by Thermo Fisher. The
monitoring points were downwind direction [15] at
a distance around 20-30 m of the intersection. However, the measurement was done every fifteen
minutes then the hourly average was used to represent the concentration at peak hour.

4+,1103.(3+35987",1,*8043ANFIS is a
multilayer feed-forward network, its work procedure
contains three phases (i) selecting the model inputs
(ii) determining the membership functions and (iii)
generating the fuzzy rules. Meantime, model developer should select the epoch number, membership
type and number to minimize the model error and in

Rule 2:

   2 

  2 

2

=

2

 + 2  + 2

(2)
where Ai or Bj is a linguistic label (grade),such as
“low” or “less”, and  ,  ,  ,  are the design pa1 1
2
2
rameters that are determined by the system developer [17]. The graphical presentation of general ANFIS network is presented in Figure (1). As shown in
the Figure ANFIS contains five layers, the square
nodes are the parameters to be modified and learned
while the circular nodes are fixed.
However, the recorded traffic data was analysed to exactly determine the peak hour volume that
is maximum rate of vehicle flow within one hour.
Then, the peak hour volume was introduced in SYNCRO 8 software to estimate the Volume over Capacity Ratio (V/C) and average delay at every intersection at the peak hour. SYNCHRO is a macroscopic
traffic signal timing tool that can be used to optimize
signal timing parameters for isolated intersections.
These parameters include average approach delay,
intersection delay, volume to capacity ratio, intersection level of service, 50- and 95-percentile queue
lengths, total stops, travel time and fuel consumption. Furthermore, SYNCHRO has a generous listing
of user-specified reports, including capacity analysis, level of service (LOS), delay, stops, fuel consumption, blocking analysis, and signal timing settings. The program accepts user inputs on signal timing and phase sequences, geometric conditions (lane
width, slope) and traffic volumes which are divided
into three types:
1. Heavy vehicle (trucks) HV,
2. Mini bus (MB), and
3. Passenger car (PC).
In this study, SYNCHRO-8 version was used to
obtain the evaluation parameters of signalized intersections that are V/C and Traffic average delay. The
volume data that is used in the analysis is the maximum hour volume (MHV) within six hours of recorded videos. However, the recorded video was extracted manually and the vehicles were classified
into 2-groups. The first one are passenger cars and
second are the heavy vehicles that contain diesel
working cars like buses and trucks.
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intersection thus the vehicles emissions have been
mainly considered to be included in this study. In total ninety eight input selections were performed to
select the optimum inputs- output combination that
reduces the RMSE for every modelled output. The
summary of the best fourteen inputs combinations
and their RMSE for training and testing phases are
presented in Table (1). These combinations are single input, double inputs-output, tribal inputs-output
and four inputs-single output. However, the best single input representing the carbon monoxide and nitrogen oxides emission due to traffic is V/C. However, almost similar result has been reported by [22],
where they suggested that medium congestion (V/C
= 70%) may reduce fuel consumption by 8% for
every vehicle and thus reduces traffic related emissions.
For double inputs, Delay and % of turning left
vehicles are the optimum parameters to represent the
CO emission with RMSE for testing = 178.6 and
RMSE for testing = 2,463.3, respectively. Followed
by V/C and % of heavy truck with RMSEtraining =
134.3 and RMSEtesting= 3,218, respectively. Although, the RMSEtesting for the pair V/C - % HT is
lower than RMSEtesting for Delay-%left but the delay
and %left show better overall performance for both
training and testing phases, thus it is considered as
the best input pair to represent the CO emission. On
the other hand, the best double inputs for NOx representation are V/C and percentage of passenger car
with RMSEtraining = 50.3 and RMSEtesting = 292.3 respectively. However other double inputs combination almost has similar results, that combination is
between the V/C and percentage of going straight vehicles which has RMSE for training equals to 29.9
and RMSE for testing equals to 385.2.




Then obtained traffic characteristics and measured emissions were introduced into ANFIS to develop the forecasting models. In order to develop the
modified ANFIS structure (MANFIS) the following
phases were used. First, the optimum inputs number
and input selections were implemented to simplify
the model structure. Since too many inputs will complicate the modelling while few inputs may not represent the system efficiently. However, The best input-output pair is the one with lowest root mean
square error (RMSE) [18, 19]. After that, choosing
the optimum membership functions type. Finally,
determining the number of membership functions
that reduce the RMSE, which represents the overall
model errors [20, 21].
  



    

(3)

where Xtis the actual output; Xo is the predicted output and n is the number of the outputs.
However, a single iteration, two membership functions with bell shape and hybrid of least-squares and
back-propagation gradient descent method were
used in this phase. Sex inputs were used against each
output that are CO and NOx, respectively. The used
inputs are average traffic delay (Delay), V/C ratio
(V/C), percentage of heavy truck (%HT), percentage
of passenger car (%Pcar), % of vehicles travelling to
left direction (%Left), % of vehicles travelling to
right (%Rigt) and % of vehicles travelling straight
forward (%Strt). Finally, modelling and data analysis were performed using Matlab (7.14).
!"$#""$"""

35987",1,*8043-46(3+<4+,1103.
The used input variables were divided into training
(the odd readings) and testing (the even readings).
Variables that affect the waiting time at the
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a

No
1
2

Inputs
V/C
Delay

CO
RMSEtraining
532.7
610.9

3
4
5
6
7

V/C; Delay
V/C ; %HV
V/C ; %Pcar
Delay ; %Left
V/C ; %Strt

282.4
134.3
153.9
178.6
443.3

8
9
10
11
12

Delay %left %strt
V/C %HV %Rigt
V/C; %Rigt; %Pcar
 (#%
Delay ;%Pcar; %Rigt

2.7
3.2
0.2
 
0.5

13
14
15
16

V/C; %HV; %Rigt; Delay
V/C; %HV; %Rigt; %Pcar
V/C; %HV; %Rigt; %Left
V/C; %HV; %Rigt; %Strt

0.4
0.9
1.1
2.5

RMSEtesting
No
Inputs
3,424
1
V/C
4,424.4
2
Delay
5802928;4035987
8397.8
3
V/C; Delay
3218.0
4
#
3429.4
5
V/C; %Left
2463.3
6
V/C; %Strt
3865.0
7
V/C; %Rigt
5802928/6,,035987
3225.3
8
V/C; %Rigt Delay
6810.1
9
V/C; %Rigt; %HV
6810.1
10
V/C ;%Rigt; %Pcar
   
11
V/C ; %Rigt ; %Left
2478.4
12
V/C; %Rigt ; %Strt
580292496035987
1556.4
13
V/C %HV %Rigt Delay
1893.1
14
V/C %HV %Rigt %Pcar
3167.3
15
V/C %HV %Rigt %Left
1753.6
16
V/C %HV %Rigt %Strt

NOx
RMSEtraining
80.0
127.4

RMSEtesting
241.3
291.1

60.4
 
50.1
29.9
8.1

420.0
  
345.9
385.2
3016.6

5.5
0.9
3.4
1.6
1.8

7525.4
1417.5
2907.6
3691.5
1062.5

0.5
0.5
0.7
0.5

321.7
1205.6
564.8
219.8

best combination for CO modeling, b best combination for NOx modeling

# 
"922(6=4-8/,5,6-462(3*,4-:(604972,2),67/05-93*80437-46(3+<



<
93*8043#=5,
!"86(03 !"8,78 !  !"86(03 !"8,78
Triangular
0.59
1,532.0
54.0
688.6
#")! 
0.03
1,255.4

 
Generalized bell curve
0.2
1,213.6
50.3
292.3
Gaussian curve
0.2
1,711.7
51.2
189.2
Two-sided Gaussian
0.14
1,169.7

49.5
249.4
$"&#'

1,153.1
48.2
208.3
Composed of the difference between two sigmoidal
0.11
1,153.7
48.7
214.5
Product of two sigmoid
0.18
1,166.7
48.7
214.6
a
The best membership function performance for CO; b The best performance of the membership function for NOx


!



the optimum input number is assumed to be three
that are delay, percentage of passenger vehicles and
percentage of turning left vehicles as shown in Table
(1).

03(10>03. " "869*896, After determining the optimum input output combinations, that
are Delay;%Pcar and %Left for CO modelling and
V/C and %Pcar for NOx modelling, the MANFIS
structure has been developed to enhance the model
performance. First the optimum membership function was determined by testing the performances of
eight membership function types as summarized in
Table (2). However, the modelling development in
this phase used the optimum inputs and a hybrid
training algorithm with two membership functions
and three epochs.
The results show that the Pi-shaped curve
membership function best represents CO emission
with RMSEtraining equals to0.08 and RMSEtesting
equals to 1,153.1, respectively. While for NOx modelling the best membership function is Trapezoidal
membership function with RMSE for training phase
equals to 48.7 and RMSE for testing phase equals to

For three inputs and single output, carbon monoxide is well represented at the training phase. For
instance, the RMSE at testing phase is very low
(range from 0.2 – 3.2) comparing with the RMSE at
testing phase, that can be up to 6,810. This is may be
due to outliers effect [23] or it may be due to limited
number of training pairs. However, the model performance at training and testing phases can be enhanced by increasing the number of readings. The
best inputs output combination for carbon monoxide
modelling is Delay-%Pcar-%left that has REMSE
for training equals to 0.2 and RMSE for testing
equals to 1,213.6, respectively. While, for nitrogen
oxides the best inputs combination is V/C-%Rigt%HV with RMSEtraining= 0.9 and RMSEtesting =
1,417.5, respectively.
In general, increasing the number of input variables minimizes the RMSE but the model complexity increased. However, employing three variables as
inputs for NOx modelling does not enhance the
model performance significantly. Thus, the optimum
number of inputs is assumed to be two, and the best
combination is between the percentage of passenger
car and the V/C ratio. While for the carbon monoxide
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enhance CO modelling thus the optimum number is
kept three. While for NOx modelling increasing the
epoch number slightly enhances the model thus the
optimum number of epoch is considered five with
RMSEtraining = 47.3 and RMSEtesting = 185.1.
Furthermore, implementing MANFIS technique enhances the overall model performance. For
example, the training RMSE for CO is reduced by
85% and for NOx it is reduced by 6%, respectively,
while it reduces the testing RMSE for CO by 5% and
for NOx by 36%, respectively. The final MANFIS
structure is shown in Figure (2), it illustrates structures of MANFIS model for CO, that contains three
inputs, two membership functions, eight fuzzy rules
and the desired output. While for NOx it shows the
two inputs, two membership function, four rules and
the output.
The relation between %Pcar, delay and the CO
emission is shown in Figure (3.a). Increasing the percentage of passenger car over 90% means that the
heavy trucks are as low as possible thus the CO emission will be reduced, this is due to the fact that heavy
trucks are mainly responsible for increasing of traffic
jam, delay and traffic emissions, consequently the
CO emission is low [24]. In addition, increasing the
traffic delay more than 80 seconds indicates to low
level of service [25]; which means that the intersection is working over its designed capacity. In other
words, the overflow queue of vehicles that could not
discharge from a previous cycle will be obligated to
Waite for the next cycle. This phenomenon occurs
when V/C approaching of one value and will repeatedly until the queue is discharged; consequently the
fuel consumption and vehicles emissions will increased.

186.7, respectively. However, selecting the membership function enhances the model performance significantly. For instance, the CO modelling enhanced
by 60% for training and 5% for testing, while for
NOx modelling it enhanced by 3%for training and
36% for testing phase.
In order to accomplish MANFIS structure, the
optimum number of membership function was determined by keeping the epoch number constant (3
epochs) and altering the number of membership
functions from 2 to 8 as shown in Table (3). However the determined membership functions that are
Pi-shaped curve and trapezoidal were used for CO
and NOx modelling, respectively. The best models
performances for both CO and NOx was achieved
with two functions. The training RMSE of CO and
NOx are 0.5 and 48.7, respectively, while for the testing phase it is 1,153.1 and 186.7 for both CO and
NOx, respectively.
It is noticed from Table (3) that the performance of CO model enhances slowly with increasing
the number of membership function. However, since
such enhancement is relatively very small the optimum function number may be considered two. Furthermore, increasing the numbers of membership
functions for NOx modelling does not enhance the
performance but it complicates the model and increases the error. After that, the optimum epoch
number for CO modelling was determined using Delay;%Pcar; %Left as an input and two Pi-shaped
curve membership functions. While for NOx the utilized inputs are V/C; %Pcar and two Trapezoidal
membership functions. The results of optimum
epoch number determination are shown in Table (4).
However, increasing the epoch number does not

# 
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3
4
5
6
7
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a
The optimum function number
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0.05
0.04
0.05
0.04
2,068
1,785

<



!"8,78
 
1,930.8
1,619.3
1,997.4
1,924.1
1,739.0
1,718.4

!"86(03

0.6
0.4
0.2
0.3
1.1
0.8

!"8,78
 
402.7
536.4
362.8
483.6
508.7
496.8

#
",1,*80438/,4580292,54*/392),6-46(3+<24+,1103.

54*/4
3
4
5
6
7
8
9


!"86(03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

<



!"8,78
1,153.1
1,153.1
1,153.1
1,153.1
1,153.1
1,153.1
1,153.1
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The relation between turning left vehicles,
%Pcar and CO is shown in Figure (3.b). Normally,
there are interactions among traffic flows like the interactions between the straight vehicles and the
right-turn vehicles, the left-turn vehicles and the opposed left-turn vehicles. Furthermore, increasing the
percentage of turning left vehicles at the intersection
will reduce the speed of traffic flow inside it due to
the demand of extra manoeuvring within it and thus
increase the CO [26] .
Figure (4) shows the effect of %Pcar and V/C
ration on NOx emission. As long as the V/C is below
0.9, the NOx emission is relatively low even though
the %Pcar is more than 90%, this is may be due to
relatively low delay at the intersection or the all
types of vehicles will be discharged from the first
phase which eliminate the waiting time, and consequently save the fuel and reduce the emissions. In the
fact, delay is sensitive when demand approaches or
exceeds 90 percent of the capacity (V/C=0.9 or
more) for a lane group or an intersection approach
[25]. Furthermore, the slight increase in the NOx
emission at high %Pcar and low V/C ratio may be
justified by increase the number of lighter truck or
gasoline trucks which have more NOx emission than
the heavy truck as indicated by [7]. In general, strategic congestion mitigation planning could be significantly reduce traffic emissions. For instance, enhancing traffic flow speed and minimizing the acceleration and deceleration events associated with the
stop-and-go traffic that exists during congested condition specially at the intersections [22, 27]

In this work the some of traffic congestion impacts on air quality have been analyzed due to traffic
characteristics at signalized intersection and possible
else where at the traffic jam. However, environmental systems have limitations to data records due to
various reasons like data accuracy, budget, time and
reliability of the data. Therefore, the environmental
modelling is required. The developed MANFIS
model could help both environmental and traffic
planners to establish the required mitigation
measures to reduce air pollution that resulted from
traffic congestion. İn addition, it shows the effect of
various traffic characteristics on major transportation air pollutants (CO and NOx). For instance, it
analyses the effects of delay, V/C and % Pcar on the
air emissions. However, in order to reduce model
complexity and to enhance its accuracy, the structure
of ANFIS has been modified using systematic search
algorithm.
The results show the capacity of traffic delay,
percentage of passenger car and percentage of turning left vehicles to represent the CO emissions.
While the percentage of passenger car and V/C ratio
are the best inputs to represent NOx emissions. However, decreasing traffic delay specially at the intersections by reducing congestion and smooth traffic
flow will decrease fuel consumption and vehicles
emissions thus help protecting the human and environment. Finally, it is recommended to replicate the
investigation of the relation between traffic conditions and air pollutants elsewhere to see if similar
findings would be obtained to support the confidence
in our conclusions.
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ABSTRACT

INTRODUCTION

The Metabolic functional diversity of airborne
microbial communities and its relationship with
environmental factors at different functional regions
[Scenic Area (SA), Main Traffic Line (MTL), Public Service Area (PSA), Culture and Education Area
(CEA)] in Lanzhou were analyzed using BiologECO technique and Redundancy Analysis (RDA)
method. This Research study shows that, there were
seasonal differences in carbon metabolism processes among the airborne microbes located in the four
functional regions. SA airborne microbial carbon
metabolism process was higher in spring and summer, while that of MTL and PSA was higher in
autumn and winter. The CEA airborne microbial
carbon metabolism process was higher in winter
while its summer and autumn airborne carbon metabolism process had little differences. In each
functional area, Shannon and Simpson index values
among the Seasonal airborne microbes were relatively insignificant, indicating that microbial community richness and dominance of the same functional area did not experience significant seasonal
changes. However, McIntosh index value showed a
significant seasonal difference, which is an indication that the airborne microbial community of the
same functional area was affected by environmental
and atmospheric seasonal changes. The four functional areas showed seasonal differences in carbon
metabolism process. Carbohydrates were the main
cause of the seasonal variation noticed in SA and
PSA airborne microbial community carbon metabolism process while amino acids were the major ones
responsible for seasonal variation among the MTL
and PSA airborne microbial community carbon
metabolism process. The functional diversity of
microbial communities was closely related to environmental factors.

Microorganisms are the principal form of life
on Earth, and they dominate Earth's evolutionary
history. Prokaryotes, the oldest lineage on the tree
of life, first appeared about 3.8 billion years ago
[1]. Microbial metabolism contributes to the biogeochemical cycle of ecosystems, and has direct and
indirect effects on the earth's climate [2-3]. Air
microorganism is an important part of the ecosystem. The composition of microbes present in the
air is relatively unstable. Presently, about 1,200
species of bacterial and actinomycetes and 40,000
species of fungi are known to exist in the air. The
diversity of these species are found in soil, water,
plants, animals, human, animal feeds, sewage
treatment and other production sites [4-5]. Air microorganism has direct effects on the world ecological balance and other life phenomenon that plays a
very important role in the life cycle of nature [6]. It
is of great theoretical and practical significance to
understand the characteristics of urban air microbial
community species composition and concentration
as well as pollution state in view to improving the
environmental and health quality of the populace
and also that of industrial and agricultural production conditions. At present, the study of urban air
microbes mainly focuses on the characteristics,
size, distribution, community struc-ture of population and the health risk aspect [7-11]. However,
studies on the diversity of microbial community
metabolic function and its relationship with environmental factors in urban ecosystem is relatively
little.
In order to effectively understand the microbial community and its ecological function, there is
need for extensive study on microbial community
species, biomass, structure, metabolic characteristics and functional diversity. Therefore, newly developed BIOLOG method based on the characteristics of single carbon source use for microbial community metabolism process is now preferable to
traditional methods because of their shortcomings.
The Biolog-Eco Plate System consists of 96well micro plates in which every well is a coat

KEYWORDS:
airborne microbes, carbon metabolic characteristic, functional diversity, Biolog-ECO.
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high human population. It has no green vegetation.
The provincial hospital is a public place which is
frequent with outgoing and incoming patients and
visitors. The hospital has surrounding residential
buildings and a research Centre. It has low influx
rate of cars and low green vegetation. Lanzhou
Jiaotong University is the Cultural and educational
site with a surrounding library, dormitory buildings,
teaching buildings, lesser number of cars and up to
40% of green vegetation. Human population in the
school premises depends on time and session.
Population is comparatively high when the school
and classes are in session and vice visa.

lyophilizes substrate (31different carbon sources in
three replications). The population of microorganisms gives a characteristic response pattern called a
metabolic fingerprint [12]. The use of Biolog micro
plate to determine microbial community ability to
utilize different carbon sources through microbial
metabolic fingerprinting to characterize microbial
communities in a more general multidimensional
form has provided enormous carbon metabolism
information on microbial functional diversity. This
method has been widely used in microbial identification, wastewater treatment and remediation of
contaminated soils [13-15].
This paper uses Biolog-ECO technology and
RDA to investigate the functional diversity of air
microbe community in the different districts of
Lanzhou. Their different functional microbial metabolism were compared in relation to the environmental factors in order to accurately understand the
city air microbial community and ecological functions. The findings were used to lay down the foundation that will provide a scientific basis for the
evaluation of air microorganism in relation to the
influence it KDVRQHQYLURQPHQWDQGSHRSOH¶VKHDOWK

Sample collection. Liquid impact sampler
was used for air microorganism sample collection.
Sampling was done in October, January, April and
July (reflection of the four seasons); monitoring
time was 9:00, 13:00 and 17:00 GMT. Each sample
was collected thrice and every sampling was repeated twice. The sampling flow of each air sample
was 12.5L/min at a sampling time of 1h. Sample
was collected using 15ml PBS buffer in the absence
of light and stored under temperature of 4 degrees.
During the sampling, the wind speed was measured
by AR866 anemometer; the ambient temperature
and humidity were measured by TES1360A temperature hygrometer. The UVB intensity was measured by UV-B UV radiometer (Table1).

MATERIALS AND METHODS
Research site. Four different functional areas
in Lanzhou city were selected for this study in respect to Scenic Area (SA), Main Traffic Line
(MTL), Public Service Area (PSA), Culture and
Education Area (CEA). Xing Long Mountain, Lanzhou Railway Station, provincial hospital square
and Lanzhou Jiaotong University were used as the
monitoring point. Xing Long Mountain is a tourist
scenic site with little or no surrounding buildings
and low human influx rate. It has no traffic congestion problems and has more than 95% green vegetation. The Lanzhou Railway Station is the main
traffic line with a lot of surrounding hotels, banks,
cars, businesses and construction sites as well as

Operational basis of Biolog-ECO board.
The Biolog-ECO plate was used to analyze the
metabolic diversity of air microbial community in
different functional areas of Lanzhou. At Each
season monitoring time, sampling liquid mixtures
were respectively inoculated using ECO plate
board, inoculation voOXPH ZDVȝOKROHDQGWKH
inoculated micro plate was placed in the incubator
at 30Ԩ for every 24h. The optical density values
were measured at 590nm and 750nm using Biolog
instrument. This measurement was continuously
performed for 10days.

TABLE 1
Environmental factors of sampling sites
Season
Spring

Summer

Autumn

Winter

Functional Regions
SA
MTL
PSA
CEA
SA
MTL
PSA
CEA
SA
MTL
PSA
CEA
SA
MTL
PSA
CEA

Wind Speed (m/s)
0.822
0.268
0.352
0.280
1.412
0.183
0.753
0.123
0.753
0.237
0.356
0.118
0.424
0.484
0.436
0.198

UVB (ȝZFP2)
61.8
64.4
80.4
77.2
94
117.8
67.4
33.1
134.8
51.5
24.4
17.9
55.1
41.6
59.9
17.65
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Temperature (°C)
17.4
23.2
24.5
22.1
20.4
32
30.5
28.2
18.5
20.5
16.2
14
1.9
6.9
7.9
1.2

Humidity (%)
61.7%
58.6%
43.2%
38.0%
49.0%
54.50%
52.00%
61.4%
52.7%
58.4%
64.5%
75.5%
53.2%
50.3%
49.5%
51.0%
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sources, but focus more on describing the differences that exist between them. [18-19].
Simpson index (D):

Methods of Data Analysis. The metabolic activity of microbial communities was measured by
Average Well color Development (AWCD) [16]
formula as expressed below;

AWCD

D 1  ¦ Pi 2

¦ (C  R ) / n
i

Statistics and analysis of data was performed
using Excel 2007 software, Origin8.5 was used for
plotting graphs for graphical representation of data;
Principal Component Analysis (PCA) and one-way
analysis of variance (one-way ANOVA) were performed using SPSS 20 software; while, RDA analysis was carried out by Canoco software.

Where: Ci is the optical density of each culture
medium well; R is the optical density of the control
well; N is the culture medium carbon source in this
study. After 168h of culturing, principal component
analysis (PCA) was used to analyze the Biolog
data, functional diversity index and the calculation
of different carbon source utilization rate.
The Shannon index (H) was used to assess the
species richness of a community while the McIntosh index (U) was used to reflect the average degree of community species [17]:

RESULTS
Seasonal variation in microbial carbon metabolism and diversity index. The average color
change rate (AWCD) reveals the functional diversity of microbial communities at the metabolic level
which reflect their overall utilization rate of the 31
kinds of carbon sources [20]. Figure 1 shows the
seasonal variation in the overall utilization rate of
carbon sources in Lanzhou. PSA air microbial
AWCD value enters exponential phase after
24hours of culturing, however, the SA, MTL and
CEA air microbial AWCD value after 24 hours of
culturing experienced little changes, but enters the
exponential phase at 48th hour and reached a stationary phase at 168th hours. The variance

H ' ¦ ( Pi  ln Pi )
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¦ i2 

Where: Pi is the ratio of the difference in the
optical density on each culture and control medium
well to the total difference in the optical density on
the whole reaction medium well, i.e. Pi = (Ci-5 Ȉ
(Ci-R), ni=Ci-R. Like this, we were able to attain
standardization variables and eliminate influence of
the absorbance change in the operational process
and culturing. The Simpson index (D), also known
as the dominance index, is used to evaluate the
dominance of the most common species. It is an
expression to express the diversity of carbon

FIGURE 1
Seasonal variation in average well color development of airborne microorganisms in Lanzhou. Different
letters for the same functional area air microbial AWCD values means a significant difference among
different seasons at 0.05 levels
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ence (P > 0.05).
Table 2 shows the Seasonal variation in air
microbial functional diversity indexes in the functional regions. The difference in Shannon index and
Simpson index between the four functional areas
was relatively small, this was an indication that
difference in seasonal air microbial community
richness and dominance is small; seasonal difference in SA McIntosh index was small, while MTL,
PSA, CEA McIntosh index showed a relatively
larger air microbial seasonal differences, indicating
that the air microbial communities in different seasons was inconsistent.

analysis showed that each functional area airborne
microbial carbon metabolism seasonal differences
(P < 0.01), the SA had the highest air microbial
carbon metabolism rate in summer (P < 0.05), while
that of spring, autumn and winter carbon metabolism level had no significant difference (P > 0.05);
MTL autumn air microbial carbon metabolism
process was also comparatively high (P < 0.01)
compare to spring; PSA had the highest carbon
metabolism process in autumn (P < 0.01), with little
difference between that of winter and spring (P >
0.05); CEA winter carbon metabolism rate was
higher than the other three seasons (P < 0.01), while
summer and autumn showed no significant differ-

TABLE 2
Seasonal variation in functional diversity indexes of airborne microbes
Functional Regions
SA

MTL

PSA

CEA

Season
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer

Shannon index
3.003±0.026
3.035±0.022
3.076±0.007
2.690±0.020
2.416±0.081
2.376±0.051
2.910±0.020
2.839±0.011
2.806±0.022
2.565±0.026
3.169±0.015
2.978±0.017
2.441±0.064
2.729±0.035

McIntosh index
4.051±0.064
5.398±0.035
3.599±0.049
3.151±0.071
0.583±0.011
0.819±0.060
2.410±0.132
1.258±0.022
2.932±0.185
1.923±0.099
4.294±0.035
3.090±0.030
0.691±0.038
1.984±0.082

Simpson index
0.944±0.002
0.946±0.001
0.946±0.000
0.915±0.001
0.889±0.012
0.879±0.008
0.935±0.002
0.932±0.001
0.930±0.001
0.880±0.004
0.954±0.001
0.938±0.001
0.871±0.006
0.913±0.003

FIGURE 2
Relative utilization ratio of different carbon sources by airborne microbes from different reasons
in Lanzhou
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TABLE 3
Main carbon sources significantly correlated with PC1 and PC2 in PCA˄
˄ r˚0.85 was presented˅
Regions

Type

Carbon source

SA

Carbohydrates

ß-Methyl-D-Glucoside
D-Xylose
Į-D-Lactose
Glucose-1- Phosphate
L-Asparagine
Glycyl-L-Glutamic Acid
D-*DODFWRQLF$FLGȖ-Lactone
Pyruvic Acid Methyl Ester
Tween 40
L-Į-Glycerol Phosphate
N-Acetyl-D-Glucosamine
Itaconic Acid
Į-Ketobutyric Acid
D-Cellobiose
D-Xylose
Į-D-Lactose
Į-Cyclodextrin
L-Asparagine
L- Phenylalanine
L-Serine
L-Threonine
Glycyl-L-Glutamic Acid
D-*DODFWRQLF$FLGȖ-Lactone
Pyruvic Acid Methyl Ester
Tween 80
L-Į-Glycerol Phosphate
I-Erythritol
N-Acetyl-D-Glucosamine
Itaconic Acid
Ȗ-Hydroxybutyric Acid
D-Malic Acid
D-Cellobiose
D-Xylose
Glycogen
Į-Cyclodextrin
ß-Methyl-D-Glucoside
Glucose-1- Phosphate
L-Threonine
Glycyl-L-Glutamic Acid
D-*DODFWRQLF$FLGȖ-Lactone
Tween 80
L-Į-Glycerol Phosphate
Itaconic Acid
Ȗ-Hydroxybutyric Acid
ß-Methyl-D-Glucoside
D-Xylose
Į-Cyclodextrin
Glucose-1- Phosphate
L-Asparagine
Glycyl-L-Glutamic Acid
L-Arginine
L-Serine
D-*DODFWRQLF$FLGȖ-Lactone
Tween 40
L-Į-Glycerol Phosphate
D-Mannitol
N-Acetyl-D-Glucosamine
D- Galacturonic Acid
4-Hydroxy Benzoic Acid
Ȗ-Hydroxybutyric Acid
D-Malic Acid

Amino acids
Esters

Alcohols
Amines
Carboxylic acids
MTL

Carbohydrates

Amino acids

Esters

Alcohols
Amines
Carboxylic acids

PSA

Carbohydrates

Amino acids
Esters
Alcohols
Carboxylic acids
CEA

Carbohydrates

Amino acids

Esters
Alcohols
Amines
Carboxylic acids

Principal component
PC1˄r˅
PC2˄r˅
0.952
0.969
-0.849
0.952
0.922
0.854
0.983
0.914
0.891
0.879
0.953
0.966
0.970
0.977
0.956
0.967
0.973
0.957
0.965
0.962
0.942
0.923
0.915
0.956
0.970
0.905
0.929
0.958
0.967
0.929
0.900
0.882
0.983
0.937
0.953
0.867
0.906
0.983
0.920
0.971
-0.900
0.862
0.882
0.960
0.903
-0.912
0.933
0.960
0.974
0.970
0.959
0.892
0.967
0.994
0.987
0.972
0.950
0.957
0.962
0.927
0.901

utilization rate of the 6 forms of carbon sources by
air microbes at the four different functional areas in
different seasons. The Analysis of variance showed
that there were significant seasonal differences in
the utilization rate of the six forms of carbon
sources in Lanzhou (P < 0.01). SA air micro-

Carbon source utilization rate by airborne
microorganisms in different seasons. BiologECO board [21] contains 31 kinds of carbon
sources (8 kinds of acids, 7 kinds of carbohydrates,
6 kinds of amino acids, 4 kinds of esters, 3 kinds of
alcohols and 3 kinds of amines). Figure 2 shows the
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organisms mainly used carbohydrate, lipid and
alcohol as the main form of carbon sources, among
which, the lipids were the mainly utilized ones
during the spring, alcohols were mainly utilized in
autumn while carbohydrates were mainly used
during the winter. MTL air microbes mainly used
lipids, amines and amino acids, among which, the
lipids were mostly used during the spring, summer
and winter while amines were mostly used during
autumn. PSA air microorganism mainly used kinds
of carbon sources were lipids, alcohols and amino
acids, among which the lipids were the mainly used
ones during spring and summer, carbohydrates
were mainly used during autumn while alcohols
were mainly used in winter. CEA air microbes
mainly used form of carbon sources were lipids,
acids and amino acids among which, the lipids were
the mainly used ones in spring and autumn, acids
were mainly used in summer while amino acids
were mainly used in winter.
In this paper, the principal component analysis
of the 31 kinds of carbon sources at the different
functional areas of Lanzhou city was carried out,
and the main components were extracted. The carbon sources with high correlation coefficient (r >
0.85) with the principal components 1 and 2 are
shown in table 3. SA seasonal air microbes carbon
source utilization rate of principal component 1
(PC1) and 2 (PC2) were analyzed. principal component 1 contribution rate was 50.080% and that of

Fresenius Environmental Bulletin

2 was 24.421%, the PC1 had carbon source loading
rate greater than 0.85 with 10 kinds of carbon
sources among which are carbohydrates (3), esters
(2), amino acid (2), acids (2) and amine (1), PC2
had 3 kinds of carbon source with a loading rate of
more than 0.85; MTL principal component 1 (PC1)
contribution rate was 55.082% while its principal
component 2 (PC2) accounted for 30.423%, its PC1
carbon sources loading was greater than 0.85 with
13 kinds of carbon sources among which are Amino
acids (4), esters (3), carbohydrates (2), alcohols (2),
amines (1) and acids (1). The PC2 had 5 kinds of
carbon source with a loading rate greater than 0.85.
PSA principal component 1 (PC1) contribution rate
was 50.054%, while that of principal component 2
(PC2) was 26.265%, The PC1had 13 kinds of carbon sources with a loading rate greater than 0.85,
among the carbon sources were carbohydrates (6),
amino acids (3), acids (2), alcohols (1) and ester
(1), the PC2 had a single carbon source with a loading rate of 0.85. CEA principal component 1 (PCI)
and principal component (PC2) contribution rate
was 53.885% and 27.854% respectively. PC1 had
15 kinds of carbon sources with a loading rate
greater than 0.85. The carbon source includes Amino acids (4), acids (3), carbohydrates (2), esters (2),
alcohols (2) and amines (1), the PC2 had 3 kinds of
carbon sources with a loading rate greater than
0.85.

FIGURE 3
Principal component analysis (PC1s) of seasonal variation of carbon utilization profiles of
airborne microbes in Lanzhou
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diversity in carbon metabolism rate. As can be seen
from the graph, the main environmental factors
causing SA seasonal difference in the air microbial
diversity are the wind speed (r=0.9982) and humidity (0.9057), Shannon index, McIntosh index and
Simpson index, UVB, temperature. Wind speed,
Shannon index, Simpson index and humidity positively correlated, but negatively correlated with
McIntosh index. The environmental factors which
had a great influence on the functional diversity of
MTL at different seasons were the temperature
(r=0.9128), UVB (r=0.8928), Shannon index,
McIntosh index and Simpson index which were
positively correlated with wind speed, and negatively correlated with temperature and UVB. Shannon index and Simpson index were negatively correlated with humidity, McIntosh index was positively correlated with humidity. UVB (r=-0.8598)
and wind speed (r=-0.7285) are the main factors
affecting the seasonal variation of PSA air microbial community functional diversity. Shannon index,
McIntosh index and Simpson index were negatively
correlated with UVB, wind speed and temperature,
and positively correlated with humidity. The main
factor affecting the seasonal variation of CEA air
microbial community are the humidity (r=0.9711)
and wind speed (r=-0.8298), Shannon index, McIntosh index and Simpson index had positive correlation with humidity, but negatively correlated with
wind speed, temperature and UVB.

Principal component analysis (PCA) was used
to analyze the characteristics of carbon metabolism
rate by airborne microbes at the different functional
areas as well as the main types of seasonal differences associated with carbon metabolism rate. The
result shows that the seasonal variation of microbial
carbon metabolism in the four functional areas of
Lanzhou was significant (Figure 3). PC1carbon
sources high loading rate led to seasonal differentiation in air microbial community carbon metabolism rate. SA and PSA microbial communities main
cause of seasonal differences in the carbon metabolism rate were carbohydrates, among which the Dxylose had the highest carbon source loading rate,
MTL and CEA microbial communities main cause
of seasonal differences in the carbon metabolism
rate were amino acids, the carbon substrates with
the highest loading rate were L- phenylalanine and
L- asparagine.
Correlation between seasonal variation of
air microbial community diversity and environmental factors. The results showed that the functional diversity of microbial community has correlation with environmental factors [22]. RDA analysis was used to determine the functional diversity of
microbial community (carbon source metabolism
and functional diversity index) in different seasons
and their correlation with environmental factors, fig
4 shows the regional differences in the functional

FIGURE 4
Redundancy analysis (RDA) of seasonal variation of carbon metabolic function of airborne microbes with
environmental factors
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provides conducive environ-ment for the growth
and reproduction of air microorganisms. Studies
have shown that the main sources of airborne microbes in warm season are plants [31], SA richness
in vegetation and increase in wind speed increases
the abundance of its air microorganisms. MTL and
PSA air microbial community carbon metabolism
rate was higher in autumn and winter, this two
functional areas had a low green pasture with a
lower temperature in autumn and winter, the air
microorganism in this regions are mainly from the
soil [32-33], This may be the main reason for the
high carbon metabolism rate of air microorganisms
in autumn and winter. CEA air microbial carbon
metabolism rate was higher in winter, and there was
no significant difference between summer and autumn, this may be due to the fact that this area had
certain vegetation coverage, and little vehicular
interference.

DISCUSSIONS
There were significant differences in the carbon sources used by microbial communities for
their metabolic activities under different environmental conditions and the carbon source metabolism rate of microbial community showed regional
and seasonal differences, and the differences in
carbon source types and utilization varied with
environmental conditions and changes [23-25].
Variation in air microbial community carbon sources and metabolic activities. AWCD and
BIOLOG technology are able to detect the carbon
metabolism rate and physiological activity of microbial community. At present, most of the techniques used are applied mainly on the functional
diversity of soil microbial community [26-27], and
the AWCD curve of soil samples always showed a
significant exponential period after 24h, The
AWCD value of most samples at 192h are close
DQG $:&' +RZHYHUWKLVVWXG\IRXQGWKDWWKH
AWCD value of air microbial community increased
slowly with the extension of incubation time as
shown in Figure 2, and the AWCD value of most of
the samples was less than 1 at 192h. This shows
that the ability of air microbial community carbon
metabolism rate is lower than that of soil microbes,
The reason may be due to the fact that the air environment lacks the nutrients needed for the survival
of micro-organisms, and the structure and concentration of air microbial community are easily affected by the region, environmental factors and
other factors, when Compared with microorganisms
in soil and water environment, the species and concentration of airborne microorganisms are much
lower [28]. Biolog micro plate has a certain concentration and activity requirements of inoculated microbial sample to provide a guarantee for the accurate analysis of the microbial community carbon
metabolism rate and characteristics of the microbial
community. In this study, the microbial samples
were collected by liquid impact air sampler for
effective sample collection and to maintain microbial physiological activity [29-30].
The AWCD values of the four functional areas
vary with season, RDA analysis showed the air
microbial communities in each functional area. The
results showed that the environmental climate of
different seasons influenced the source, activity and
survival of air microorganisms. This led to the
seasonal differences in the composition of microbial community and the utilization rate of carbon
sources in the functional areas. Among the functional areas, SA air microbes carbon metabolism
rate was higher in spring and summer, while in
autumn and winter they had low carbon metabolism
rate. SA air microbial carbon metabolism rate has a
close correlation to humidity and wind speed, and
the appropriate humidity in spring and summer

Microbial community Diversity. Community
diversity index can be used to characterize air microbial carbon utilization rate. Shannon index,
Simpson index and McIntosh index were used to
analyze the microbial community diversity in different seasons, among them, the Shannon index
analyses the microbial community richness, while
the Simpson index analyses dominance of the most
common species community; McIntosh index
measures the average abundance of species community [34]. There was no significant difference
between the Shannon index and Simpson index in
different seasons, this result showed that the richness and dominance of microbial com-munity in the
same functional area did not change much with the
season. However, the McIntosh index has a large
seasonal difference, indicating that the microbial
community of the same functional area was affected by seasonal, environ-mental and geographical
changes, these changes makes the composition of
microbial community in the air unstable.
The Difference in Carbon Source Metabolism Rate by Air Microbial Community. There
were seasonal differences in the types of carbon
sources as well as carbon metabolic rate of air microbial communities in the four functional areas of
Lanzhou. Carbon source utilization rate by each
community explains the relevance of metabolic
carbon sources in the air. The air microbial analysis
of the four functional areas in different seasons was
carried out, and the utilization of six kinds of carbon source with seasonal differences was found, SA
air microbial commu-nities utilized carbon sources
were carbohydrates, lipids, and alcohol, MTL air
microorganisms used carbon sources were esters,
amines, PSA carbon sources were alcohols, amino
acids and lipids, CEA utilized carbon sources were
acids and amino acids. Principal component analysis showed that the main types of carbon source and
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CONCLUSION

carbon source utilization rate of air microorganisms
of the same type were high and significantly correlated, PC1 carbon loading rate was the main source
of measurement for air microbial community carbon metabolism rate, Carbohydrates were the main
carbon source responsible for seasonal differences
in the carbon metabolism rate in SA and PSA microbial communities. The main cause of seasonal
variation in MTL and CEA microbial carbon metabolism rate were amino acids. The main types of
carbon source responsible for the metabolic functions of airborne microorganisms in Qingdao in
winter were carboxylic acids. The differences between these studies, is the characteristically differences in carbon metabolism rate and microbial
community composition in different geographical
regions as well as in environmental conditions [35].
In addition to human activities, microbial sampling
can also be affected by soil conditions, wastewater
quality, vegetation and atmosphere. Other factors
are atmospheric temperature, humidity, ultraviolet
radiation, wind speed, wind direction, precipitation
and other meteorological parameters effects [3637].
Meteorological parameters showed that the
temperature is the main factor that decides the differences in environmental air microbial community structure; however, some scholars believe that
the temporal and spatial variation of microbial
community is caused by many factors, such as
meteorological factors, chemical composition and
source of particulate matter etc. [38]. The rate of
carbon metabolism by air microbial community is
related to the geographical and environmental factors which are the main influence of air microorJDQLVP¶VDFWLYLWLHVVXUYLYDOSK\VLRORJLFDODFWLYLW\
as well as the seasonal differences in carbon metabolism function experienced by air microbial community [39]. RDA analysis showed that temperature and wind speed were significantly correlated
with microbial carbon metabolism rate and functional diversity index of SA, and the appropriate
humidity could maintain the microbial physiological activity [40], and also the wind speed can affect
the airborne microbial community composition and
concentration changes [41]. Humidity and wind
speed were the main factors influencing the seasonal variation of SA microbial functional diversity.
The main factors affecting the seasonal variation of
MTL air microbial community diversity were temperature and UVB. UVB and wind speed were the
main factors influencing the functional diversity of
PSA in different seasons. The main factors influencing the seasonal variation of CEA air microbial
community diversity were humidity and wind
speed.

The present study demonstrated that Biolog
ECO micro plate was the main method used to
study the diversity of microbial community by
presenting different multidimensional data to characterize the metabolic diversity of the microbial
communities. There were significant seasonal differences in carbon metabolism rate and functional
diversity of microbial communities in Lanzhou, and
the main factors affecting the seasonal differences
were the environmental factors and the PC1 carbon
loading rates. In the future, Biolog-ECO should be
combined with molecular biology methods to provide an effective means to understanding the diversity and ecological function of urban airborne microorganisms.
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Good-quality honey contains vitamins and nutrients. It has also therapeutic properties such as
antimicrobial and anti-inflammatory activity [7, 8]
and it contains antioxidants [8-10]. Both the chemical composition, and the quality of honey are closely related to the geographic and the botanical origin
of the honey sample. Seasonal climatic variations
during the beekeeping period, and the storage conditions are other important parameters for the quality of honey [11].
Melissopalynological characterization is used
for the classification of honey according to its floral
content [12]. The determination of the botanical
origin is based on the relative frequencies of nectariferous species’ pollen types. The frequency classes of pollen grains were given as predominant
(>45%), secondary pollen (16-45%), important
minor pollen (3-15%) and minor pollen (<3%) [13,
14].
Honey can be classified as monofloral or unifloral when it is composed predominantly from a
single botanical origin. On the other hand if the
botanical origin is seconder, important minor or
minor, honey can be classified as multifloral [15].
Usually, a honey is considered as monofloral
if the pollen frequency of that plant is >45% [16].
These are general guidelines but many pollen types
are underrepresented ( , 
spp.,  spp.,   spp.,  spp.)
or overrepresented ( Mill, "
 spp.). For unifloral honey with underrepresented pollen, the minimum percentage of the
taxon that gives the honey name is 15% for acacia,
10% for citrus while honey with overrepresented
pollen, a content of 70-90% of monofloral pollen is
required to classify chestnut and eucalyptus honey,
honey as monofloral [13, 16, 17]. 
Especially honey from certain geographical
sources, like the Ardahan honey in Turkey, are
popular among the consumers because of their high
quality and multifloral pollen contents. Therefore,
these honeys are often traded at a higher prices than
the others. To prevent the fraudulent marketing of
honey, it is important to determine its origin using
analytical techniques.
A wide range of methods have been shown
promising for the detection of bee products’ geographical or botanical origin such as infrared spectroscopy (IR) [18-20], Raman Spectroscopy [13]

The aim of this study was to develop a feasible
methodology for classification of Turkish honey
samples using 1H NMR spectroscopy and multivariate statistical analysis methods using principal
component analysis (PCA).
In the first step, 39 honey samples classified as
four different groups according to their pollen contents. Canola (n=3), chestnut honey (n=8), sunflower (n=7) and multifloral honey originated from
Ardahan province (n=21).
In the second step, the chemical composition
of honey samples analyzed by 1H NMR spectroscopy at pH 2.5. When 1H-NMR spectra interpreted,
the differences between the honey samples could be
easily distinguished.
PCA and CVA (canonical variates analysis)
showed that the chemical composition also give us
exactly the same groups with minor differences
regarding to the botanical origins.
,+$&'
CVA, Honey, NMR, PCA, pH



#(&$)($#
Turkey has very suitable environment and
climate for beekeeping [1]. So it has an enormous
beekeeping potential having over 7.9 million colonies, rich in flora and several ecotypes, which are
adapted to different climatic and ecological conditions. There are nearly 12.000 plant species growing in Turkey and 500 of them nectar plants for
honeybees. In terms of honey production, Turkey
has been ranked 2nd in the world, with 105.000 tons
of honey production in 2017 [2] and it has an important place in Turkish Agricultural Products
economy.
Honey is a natural and sweet food made by
honeybees, foraging nectar and pollen from flowers. Like other types of natural food samples, honey
consists of several components with different concentrations. The major components are monosaccharides, disaccharides and trisaccharides (7080%), which are responsible from its sweetness.
Honey also contains water (17-20%), free amino
acids (1%) and organic acids (< 0.5%) [3-6].
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Gas Chromatography (GC) [21-23] and Nuclear
Magnetic Resonance (NMR) [24-26].
In recent years, many studies using NMR
spectroscopy in combination with statistical tools
have been performed to characterize and classify
honey. For example, Bertelli et al.[27]; Boffo et al.
[28]; Spiteri et al. [29] determined authentication,
Consonni and Cagliani [30]; Consonni et al. [31];
Donarski et al. [32] showed geographically and
Ohmenhaeuser et al. [26]; Spiteri et al. [29];
Zielinski et al. [33] demonstrated botanical origin.
The pH of honey sample has an influence on
the chemical shifts observed in the 1H-NMR spectrum. For this reason, it is important to fix the pH of
the honey sample before NMR analysis. In the
literature, different pH values have been used for
the analysis of honey samples [29, 34-36], unfortunately, there is not any study for standardization of
pH of 1H-NMR of honey samples, therefore it is
hard to interpret the new honey spectrum to use for
literature values.
Principal components analysis (PCA) is a
powerful tool in chemometrics [37]. Instead of
investigating thousands of original variables, the
data summarized with the principal components
(PC) [38]. PC is the new variable which explains
the variation in the whole dataset [39]. PCA is one
of the most popular techniques for dimensionality
reduction [40]. PCA scores are also utilizable as
quantitative characters in different analyzing methods [41]. PCA scores are also usable as quantitative
characters for canonical variates analysis (CVA)
[41]. PCA scores can be evaluated by CVA [42].
In this study we present an investigation of
combined NMR and chemometric data analysis to
characterize the Turkish honey samples.

10 grams honey weighed and 20 ml distilled
water added in a tube and left in a water bath of
45°C for 30-45 minutes. Then this melted honey
mixture was centrifuged in 3500 rpm for 45
minutes. Water in centrifuged tubes was removed
and tubes were left upside down on a drying mat for
full drainage. The material was taken from the
bottom of the tube and plated on a lam with basic
fucsin-glycerin gelatine mixture.
Basic fucsin-glycerin-gelatine mixture and
honey were taken with the edge of a sterile needle,
transferred to a microscope slide and put on a hotplate set at 40°C. When the gelatine was melted, 18
× 18 mm2 cover slips were placed on the samples.
Pollen slides were evaluated with Nikon Eclipse
E400 microscope and immersion objective (x100)
was used for identification of pollens. During microscopic studies all the area, which is 18x18mm²,
was checked. 200 pollens were counted for every
sample and classified according to their botanical
origin.
Relevant sources used in the identification of
the pollen were from Persano Oddo and Piro [44],
Özkök Tüylü and Sorkun [45] and Sorkun [14] as
well as reference preparates.


#"&9-7C=5=:2:91C'-8;71=0.18 g
honey was diluted with 550 µl 2H2O. Subsequently,
70 μL of a 20.2 mmol/L trimethylsilyl-2,2,3,3tetradeuteropropionic acid (sodium salt; Aldrich)
2
H2O solution as an internal standard was added.
The samples were thoroughly mixed using a vortex
mixer.
The pH was adjusted to 2.50 ± 0.1 using a
minimal volume of HCl. Finally, 550 μL of the
sample were placed in a 5-mm NMR tube and 1H
NMR spectroscopy was carried out on 400 MHz
Bruker spectrometers at 298 K.

"?7>5@-<5->1 '>->5=>5/-7 "1>4:0= First, to
cope with small variations in pH or other sample
conditions, simple rectangular bucket tables were
obtained from the 1H NMR spectra. The bucket
width was 0.01 ppm and spectra were scaled to total
intensity. The final pre-treated data were subjected
to statistical analysis.
The areas of each pick was used as a character. We used 135 characters for each honey sample.
PCA was conducted with the program R [46].
CVA was performed with PAST [47].

"(&!'#"($'

:771/>5:9:2:91C'-8;71=39 honey samples classified as four different groups according to
their pollen contents. Canola (n=3), chestnut honey
(n=8), sunflower (n=7) and multifloral honey originated from Ardahan province (n=21). Honey samples were provided by the beekeepers in 2015.
Samples were stored in glass jars, shipped to the
laboratory and maintained at 4 °C until spectroscopic analysis.

"5/<:=/:;5/9-7C=5=:2:91C=Qualitative
microscopic analysis and frequency determination
of the classes of pollen grains in the honey samples
were done as described [10, 43] by Nikon Eclipse
E400 microscope.



&')!('#')''$#
"5/<:=/:;5/ 9-7C=5= &1=?7>= Microscopic
analysis results of 39 honey samples are shown in
Table 1. According to these results all honey samples were identified and analyzed at the NMR for
the chemical composition.

%<1;-<->1=2<:8:91C'-8;71=. Preparates
to identify the pollen composition in 10 grams of
honey are obtained as follows:
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"5/<:=/:;5/-9-7C=5=:24:91C=-8;71=
:91C
=-8;71

%<10:859-9>>C;1
:2;:7719 

'1/:90-<C;:7719
  



-

Rosaceae (36%)
 spp.(20%)
 (16%)




(73%)

-




(53.3%)

-




(64.7%)



-




(75.2%)




(68.8%)

-


(42.3%)
 spp. (23.7%)

8;:<>-9>"59:<
%:7719
  

"59:<%:7719
 

&135:9

:91C
>C;1

-

Edirne

Sunflower

-

Tekirdağ

Canola

! spp.
(2.2%)
Apiaceae (2.2%)

Tekirdağ

Sunflower

Tekirdağ

Sunflower

Edirne

Sunflower

Edirne

Sunflower

Edirne

Sunflower

Tekirdağ

Canola

Fabaceae (2.5%)

Edirne

Sunflower

Fabaceae (1.4%)
Geraniaceae
(0.46%)
Asteraceae
(0.46%)

Tekirdağ

Canola

Cistaceae (7.75%)
Fabaceae (6.9%)
Rosaceae (6%)

-

Artvin

Chestnut

Rosaceae (13.1%)
Brassicaceae
(4.36%)

Cistaceae
(1.45%)
Lamiaceae
(1.45%)
Ericaceae
(0.97%)
Fabaceae
(0.97%)
Apiaceae
(0.48%)

Bartın

Chestnut

-

! sp. (1%)
Rosaceae (1%)
Fabaceae (0.5%)

Bartın

Chestnut

Caryophyllaceae
(12%)
Fabaceae (8%)
" spp.
(8%)
Lamiaceae (13%)
Asteraceae (6.5%)
Poaceae (6.5%)
 spp.
(15.5%)
Poaceae (8.8%)
Fabaceae (8.8%)
 spp.
(4.4%)
 spp. (4.4%)
 spp.
(15.6%)
! spp. (5.8%)
Fabaceae (3.9%)
Poaceae (3.9%)
Poaceae (8.5%)
! spp. (5.08%)
Fabaceae (5.08%)
Asteraceae (5.08%)
" spp.
(3.4%)



 spp. (5.6%)
 spp. (4.8%)
Asteraceae (3.2%)
Poaceae (3.2%)
Rosaceae (3.2%)



Poaceae (7.14%)
Fabaceae (6.5%)
" spp.
(6.5%)
Rosaceae (5.2%)




(66.2%)

-


! spp. (14.7%)
Lamiaceae (6.61%)
Rosaceae (3.67%)




(94.5%)

-

" spp.
(3%)






(83.7%)

-



 
(79.3%)

-



 
(77.2%)

-



 
(97.5%)

-


! spp. (9.3%)
Rosaceae (4.65%)



Chenopodiaceae
(1.9%)
 spp.
(1.9%)
Lamiaceae
(1.9%)
Apiaceae (1.7%)
Chenopodiaceae
(1.7%)
 spp.
(1.7%)
 spp.
(1.7%)
" spp.
(1.6%)
Chenopodiaceae
(1.6%)
Apiaceae (0.8%)
Fabaceae (0.8%)
Asteraceae
(2.6%)
Chenopodiaceae
(2.6%)
Apiaceae
(0.65%)
Asteraceae
(2.2%)
Fabaceae (2.2%)
Geraniaceae
(1.47%)
Ericaceae
(0.73%)
Poaceae
(0.73%)
!spp.
(0.73%)
! spp.
(0.73%)
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%<10:859-9>>C;1
:2;:7719 

'1/:90-<C;:7719
  

8;:<>-9>"59:<
%:7719
  

"59:<%:7719
 

&135:9

:91C
>C;1

 
(97.7%)

-

-

Brassicaceae
(1.7%)
Fabaceae (0.4%)

Bartın

Chestnut

-

-

Rosaceae
(1.5%)
Asteraceae
(0.5%)
!sp.
(0.5%)

Bartın

Chestnut

-

Ericaceae (7.42%)

Asteraceae (1%)

Bartın

Chestnut

-

Ericaceae (4.5%)
Rosaceae (4.5%)

-

Bartın

Chestnut

Bartın

Chestnut

Ardahan
DamalDereköy

Ardahan
honey

Ardahan
Bayramoğlu

Ardahan
honey

 
(97.5%)
 
(91.5%)
 
(90%)



 
(83.7%)

-

Rosaceae
(8.86%)



 spp. (47%)

Fabaceae (30%)
Rosaceae (17%)

-

Fabaceae (51%)

 spp. (23%)

Rosaceae
(11.2%)
Boraginaceae
(7.5%)
" spp.
(4.6%)



-

Fabaceae (35%)
 spp. (23.8%)
Rosaceae
(16.6%)

Lamiaceae (12%)
Asteraceae (4.7%)



-

Fabaceae (42%)
 spp. (40%)

Rosaceae
(11.3%)



"spp. (75%)

-

Fabaceae (8.5%)
Rosaceae (6%)
 spp. (5.5%)



 spp. (73%)

Fabaceae (16.2%)





Fabaceae (47%)

 spp. (21%)

Ericaceae
(2.95%)
Lamiaceae
(2.46%)
Cistaceae
(1.97%)
Asteraceae
(1.4%)
Dipsaceae
(1.4%)
Poaceae (1.4%)
Cistaceae
(1.4%)
Apiaceae
(0.93%)
"
spp.(0.93%)
 spp.
(2.4%)
Liliaceae (2.4%)
Chenopodiacea
(2.4%)
Brassicaceae
(2.3%)
Apiaceae
(1.13%)
Cistaceae
(1.13%)
 spp.
(1.13%)
Lamiaceae
(1.13%)
Cistaceae (2%)
 spp.
(1.5%)
Lamiaceae (1%)
Liliaceae (0.5%)

Ardahan
Hanak

Ardahan
honey

Ardahan
HanakOğuzyolu

Ardahan
honey

Ardahan
Çataldere

Ardahan
honey

Rosaceae (5.4%)

Liliaceae (1%)

spp.(1%)

Ardahan
ÇıldırKuzuköyü

Ardahan
honey

Brassicaceae
(10.5%)
Apiaceae (10.5%)
" spp.
(5.2%)
Liliaceae (5.2%)

-

Ardahan
Çalabaş

Ardahan
honey

Ardahan
ÇıldırBaltalı

Ardahan
honey

Ardahan
DamalSeyitören

Ardahan
honey



Fabaceae (56%)

 spp. (24%)

Rosaceae (6%)

Apiaceae (2%)
Asteraceae (2%)

spp.(2%)
Cistaceae (2%)
Liliaceae (2%)
spp.
(2%)
" spp.
(2%)



-

Fabaceae (42%)
Cistaceae (22.5%)
 spp. (22.5%)

Rosaceae (6.4%)
Chenopodiaceae
(3.2%)
Poaceae (3.2%)

-
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%<10:859-9>>C;1
:2;:7719 

-



-



-

'1/:90-<C;:7719
  

Cistaceae (42%)
Fabaceae (19%)

Fabaceae (23%)
Liliaceae (18%)
" spp. (18%)

8;:<>-9>"59:<
%:7719
  

 spp.
(13.2%)
Rosaceae (6.2%)
spp.
(4.2%)
Asteraceae (3.5%)

 spp.
(12.8%)
Cistaceae (12.8%)

" spp. (43%)
 spp. (19.6%)
 spp.
(19.6%)

Liliaceae (9.8%)
Brassicaeae (5%)



-

Fabaceae (29.4%)
 spp. (21.2%)

Cistaceae (15.7%)
" spp.
(9%)
Lamiaceae (7.5%)
Liliaceae (4.8%)
 spp.
(3.4%)



 spp.
(70%)

 spp. (23.5%)

Rosaceae (3%)



Fabaceae (62.8%)

Rosaceae (16.6%)

" spp.
(14.1%)
 spp.
(4.48%)



-

" spp.
(40.7%)
 spp.
(31%)
Fabaceae
(24.7%)

-



Fabaceae (54%)

 spp.
(25%)

Rosaceae (12%)
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Lamiaceae
(2.7%)
 spp.
(2.7%)
! spp.
(1.38%)
Poaceae
(1.38%)
Brassicaceae
(0.7%)
Apiaceae (0.7%)
Liliaceae (0.7%)
" spp.
(0.7%)
Geraniaceae
(0.7%)
spp.
(2.56%)
Asteraceae
(2.56%)
!spp.
(2.56%)
Lamiaceae
(2.56%)
Rosaceae
(2.56%)
Poaceae
(2.56%)
Rosaceae
(0.8%)
! spp
(0.8%)
Apiaceae (0.4%)
Lamiaceae
(0.4%)
Poaceae (0.4%)
 spp.
(2.7%)
Asteraceae
(1.3%)
spp.
(1.3%)
" spp.
(1.47%)
Caryophyllaceae
(0.68%)
 spp.
(0.68%)
Poaceae
(0.68%)
Liliaceae (2%)
Poaceae (0.5%)
Lamiaceae
(0.5%)
" spp.
(0.5%)
" spp.
(0.5%)
Cistaceae
(1.28%)
Liliaceae
(0.64%)
Rosaceae
(1.3%)
Cistaceae
(0.88%)
Asteraceae
(0.88%)
spp.
(0.44%)
Cistaceae
(2.4%)
 spp.
(2.4%)
" spp.
(1.2%)
Poaceae (1.2%)
Ericaceae
(0.6%)
Lamiaceae
(0.6%)
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Ardahan
PosofBersumde

Ardahan
honey

Ardahan
ÇıldırAkkiraz

Ardahan
honey

Ardahan
Tunçoluk

Ardahan
honey

Ardahan
PosofMerkez

Ardahan
honey

Ardahan
GöleDedeşen

Ardahan
honey

Ardahan
GöleOkçu

Ardahan
honey

Ardahan
MerkezKazlıköy

Ardahan
honey

Ardahan
HanakYamaçyolu

Ardahan
honey
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Liliaceae (28.3%)
 spp.
(21.8%)
Fabaceae (20.5%)



-

-

 spp.
(41.2%)
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"spp.
(14%)
Rosaceae (8.7%)
Lamiaceae (3.5%)

Fabaceae (14.8%)
Cistaceae (11.6%)
Liliaceae (10.8%)
"spp.
(9.2%)
 
(8.4%)



Fabaceae (53.8%)

-

 spp.
(10.2%)
Cistaceae (7.7%)
Rosaceae (7.7%)
spp.
(5.12%)
spp.
(5.12%)



Fabaceae
(49%)

 spp.
(39%)

-
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Cistaceae
(1.3%)
Asteraceae
(0.87)
Apiaceae
(0.87%)
Apiaceae (1.6%)
Rosaceae
(0.8%)
 spp.
(0.4%)
Ericaceae
(0.4%)
Asteraceae
(0.4%)
Lamiaceae
(0.4%)
Lamiaceae
(2.56%)
Asteraceae
(2.56%)
Poaceae
(2.56%)
spp.
(2.56%)
Rosaceae
(2.7%)
Cistaceae
(2.1%)
Asteraceae
(1.6%)
" spp.
(1.6%)
!spp.
(1.6%)
Lamiaceae (1%)
Linaria (0.5%)
Apiaceae (0.5%)
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Ardahan
ÇıldırRenarbel

Ardahan
honey

Ardahan
Ölçek

Ardahan
honey

Ardahan
PosofSüngülü

Ardahan
honey

Ardahan
GöleBüyükaltunbulak

Ardahan
honey
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When the spectrums of honey samples were
examined, it was seen that glucose and fructose
peaks between δ 3.20-4.20 ppm, were dominant
peaks of the whole spectrum. Besides these peaks,
the peaks of disaccharides, carboxylic acids and
amino acids were also common for all honey samples. Some characteristic compounds and corresponding chemical shifts determined by 1H NMR
spectroscopy was given in Table 2.
Because of the presence of organic acids, honey samples are mostly acidic. pH values of the
honey samples in the current study are lying between and 3.10 and 4.78. In Fig. 2, 1H-NMR spectra of sugar region of the honey compound with
three different pH values (2.5, 4.4 and 5.5) are
shown. It can easily be seen that the chemical sihfts
are pH sensitive.

H-NMR profile of Honey Samples. In recent
years, use of 1H NMR spectroscopy in the quantitative analysis of honey has gained interest because
of its relatively fewer sample pretreatment steps,
and the high quantitativity and reproducibility of
the observed data. Using this method, the presence
of some carboxylic acids (acetic, formic, lactic,
malic and succinic acids), amino acids (alanine,
phenylalanine, proline and tyrosine), carbohydrates
(α- and β-glucose and fructose), and specific ingredients such as ethanol and hydroxymethylfurfural
can be easily determined in different types honeys.
As a part of our study, we applied NMR spectroscopy to obtain a method for determining the origin
of honeys from 4 different botanical origin in Turkey, a typical 1H-NMR spectrum was seen in Fig.
1.

(! 
4-<-/>1<5=>5/ #"&/4185/-7=452>=:24:91C=-8;71=
:8;:?90

Valine (CH3,γ-CH3 )

d

Isoleucine (β-CH3)

d

E;;8
0.95,
0.97
1.00,
1.04
1.02

Ethanol (CH3)

t

1.18

Threonine (γ-CH3)

d

1.33

Lactic acid (CH3)

d

1.41

Alanine (β-CH3)

d

1.51

Proline (γ-CH2)

m

2.02

Acetic acid (CH3)

s

Proline (β-CH, β’-CH)

m

2.08
2.08
2.39

Succinic acid (α-β-CH2)

s

2.66

Citric acid (CH2)

d

2.84

Leucine (δ-CH3)

"?7>5;75/5>C
t, d

:8;:?90
β-Glucose
(H2, H4)
α-Glucose
(H4)
Fructose
Malic Acid
(α-CH)
Turanose
(H1)
Maltose
(H1)
Sucrose
(H1)
HMF (H4,
H3, H1)
Tyrosine
Phenylalanine
Formic acid
(CH)
Histidine

"?7>5;75/5>C
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dd, dd, d

3.21, 3.40, 6.63

dd, d

3.42, 5.22

m

4.00, 4.10

dd

4.20

d

5.28

d

5.38

d

5.42

d, d, s

6.67, 7.54, 9.45

d

6.89, 7.19

dd, t, td

7.35, 7.38, 7.43

s

8.22

s

8.68
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because of the high number and complexity of the
peaks. Therefore, in this study, statistical methods
were used for clarifying these differences.

(! 
:9><5.?>5:9:2;<59/5;-7/:8;:919>=>:@-<5-
>5:9
%
5319@-7?1
*-<5-9/1

140.058
39.71

59.5997
16.898

42.7204
12.112

31.0584
8.8059

24.5337
6.956

18.089
5.1287

8.9515
2.538

7.67503
2.1761

4.52741
1.2836

'>->5=>5/-7 9-7C=5= Effect of each principal
component on variation is given in the Table 3 and
Fig. 3.
95 % of the variation can be explained by the
first nine components. PCA scores were evaluated
by canonical variates analysis. The diagram showing the separation of different honeys is depicted in
Fig. 4.

In literature, there are some pH standardization studies to improve intersample reproducibility
and to allow comparison between different samples
for organic acids. In 1986, pH 2.5 was chosen by
Lehnert and Hunkler [48]. Since the slope of the
titration curve is expected to be minimal for all
organic acids. After this publication, pH 2.5 was
used for many other 1H-NMR studies of body fluids
[49, 50]. Although, there is no such study with
standardization of pH of 1H-NMR for honey samples was conducted, pH 2.5 is chosen in this study
because honey is also a kind of body fluid.
By interpreting 1H-NMR spectra, the differences between honey samples was easily seen. In
the 1H-NMR spectrums of Turkish honey samples,
high doublet peak of threonine at 1.33 ppm is determined as a marker peak of sunflower honey,
singlet peaks at 8.86 and 9.17 ppm of unknowns are
determined marker peaks of canola honey, unknown peak at 7.94 ppm is determined marker peak
of chestnut honey and unknown singlet peak at 6.80
ppm and high amount of tyrosine are determined
marker peak of Ardahan honey.
Although it was easy to determine the botanical origin of these 4 different type of Turkish honey, when the variety and amount of honey samples
increase, these differences could not be determined




)& 
%<59/5;-7/:8;:919>-9-7C=5=<1=?7>=:2>414:91C=-8;71=
(Circle: AR: multifloral honey originated from Ardahan province; Triangle: C: Canola honey; Plus: CN: chestnut honey; X:
SF: sunflower).
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(C: Canola honey, CN: chestnut honey, SF: sunflower, AR: multifloral honey originated from Ardahan province).
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In this study, classification of Turkish honey
was successfully conducted for the first time via
NMR. But the origin of these differences was undetermined because of the high number and complexity of the peaks. Therefore, further studies have to
be evaluated especially for finding out the unknown
peaks.
We used the discriminant (PCA and CVA)
analysis to test if the mellisopalynological results
and NMR results are giving the same classification.
According to PCA diagram (Fig. 3), the classification is much clearer in the PC1-PC3 graphics than
PC1-PC2 or PC2-PC3. We can claim that while the
sunflower honeys were totally separated from the
other groups, chestnut, canola and Ardahan honeys
were showing similarities. The diagram of CVA
result is showing that the groups are coherent with
mellisopalynological findings.
As a result, NMR spectroscopy coherent with
mellissopalynological analysis and can be an important tool when classifying and characterizing the
honey samples. These results can also be used for
the standardization of honey samples.
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mediated opposing reactions. The food’s adverse effect that involves the immune system to react are absolutely IgE-mediated allergy [3].
Food allergens are known to be either proteins
or glycoproteins in nature with a molecular weight
between 10 to 70 kDa [4]. It is also known that only
a minor section of proteins from various families in
a particular food initiate allergenic reaction [5]. Generally the most common allergenic food worldwide
includes, peanut, tree nuts, milk, soybean, crustacean, egg, fish and wheat [1, 2, 6-10]. But the prevalence of the allergies may vary from country to country or from continent to continent due to dietary preferences of the general population. The main symptoms of allergy that can be stimulated by eating food
containing offending substances are rhinitis, asthma,
cramps, diarrhea, vomiting, eczema, angioedema,
anaphylactic shock. Among the offending food nuts
are the main culprits that cause severe allergies and
even life threatening anaphylactic shocks [11-16].
As various food products can be produced
through same processing line (e.g., peanut biscuits
and glucose biscuits), it is difficult to find whether a
food is contaminated with allergens or not. In such
cases, it is necessary for the companies to employ reliable analytical techniques to test food products for
allergens in order to protect the allergic consumers.
Labelling of allergenic proteins in processed food
products is also one of the best ways to keep the sensitive consumers protected from the hidden food allergens.

17+0-51;<:@ 7. .77, )44-:/-6; Food allergens have several common physicochemical characteristics, including water solubility, molecular
weight (usually between10–60 kD), stability at low
pH [17, 18] and resistance to heat, proteases, other
denaturants [19]. Food allergens have also the ability
to resist the acidic conditions of the stomach and proteolytic enzymes, thus absorbs through intestine
[20]. On the other hand cooking may be reduces the
allerginicity of some proteins, but enhances the others by introducing new bonds that results in new antigen with high stability [21-23].


Food allergies are evolving as a major public
health problem in modernized regions of the globe
that got importance in recent years due to life threatening outcomes. In this regard, the problem of hidden food allergens is a very serious one for persons
with allergy. Beside this the advancement in food
processing or food production made it difficult for
the producer and the consumers to resolve whether a
food comprises of aggressive allergens. This is why,
food industries are facing problems in developing reliable, rational methods that have the ability to identify and quantify hidden allergens in food. A number
of techniques have been developed to address the
problem of hidden food allergens, but all the techniques have some shortcomings. This review is
therefore focused on the food allergens and various
methods used for the detection of these allergens before and after thermal and chemical processing of
food.

'& "#
Electrophoresis, ELISA, Food allergens, immunoblotting,
PCR
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Food allergies are becoming as a main public
health concern in well-established areas, which represents a significant threat to human health in recent
years [1, 2]. The occurrence of food allergies has amplified over the years that have offered serious challenges to both allergologists and food scientists. The
term ‘food allergy' has been defined by the European
Academy of Allergology and Clinical Immunology
(EAACI) as “Allergy is a hypersensitivity reaction
initiated by immunological mechanisms”, whereas
food allergens are actually the constituents in foods
that aggravate the immunological reactions. The adverse/hypersensitive reactions to foods might be poisonous or non-poisonous reactions, where non-poisonous might be immune-mediated or non-immune-
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55=67*47<<16/ 7: ##! Generally
food allergens detected/separated by SDS-PAGE,
consists of one dimensional sodium dodecyl sulphate
(SDS) polyacryl gel electrophoresis (PAGE) that is
followed by immunoblotting. The allergic proteins
can be separated on the basis of molecular mass,
which can then be detected with radio-labeled antibodies or enzyme-labeled antibodies. Each band in
principle represents a single protein but in some
cases two or more proteins can co-migrate. However,
human IgE blotting allows us to detect and identify
individual allergenic proteins. Therefore, SDSPAGE and immunoblot with human IgE antibodies
can play an important role to separate and purify new
allergenic proteins [32]. The major limitation of
SDS-PAGE and immunoblotting with IgE is laborious and time consuming, which does not fit well in
fast moving consumer goods environment (such as
food industry).

7=*4- 155=67,1..=;176 This procedure is
very easy and is just for the qualitative measurement
and comparison of more than one food allergens. In
this method both antigens and antibodies in their respective wells can diffuse towards each other and
form a precipitation line at the equivalence point
(Fig. 2). Poor sensitivity, time consuming (24-48 h)
and use for only qualitative tests are some of the limitations of this method.


587:<)6< ;7=:+-; 7. .77, 44-:/-6; Most
commonly, eight foods or the group known as ‘Big
Eight’ are the culprits that cause IgE-mediated food
allergies worldwide. This group of food consists of
peanuts, milk, eggs, fish, soybeans, wheat, tree nuts
(such as almond, walnuts, cashews, hazelnuts, Brazil
nuts etc.) and crustaceans (i.e. shrimps, crabs, lobsters, crayfish) [6, 24-27]. Among the allergic food
sources, the adult population is commonly allergic to
fish, crustaceans, peanuts and tree nuts, while children are prone to cow's milk, wheat, egg white and
soy proteins. On an overall basis, peanuts are the
main culprit that causes severe or mild anaphylactic
reactions among the population of developed nations
[1, 2].

6)4@<1+)4<-+0619=-;=;-,.7:<0-,-<-+<176
7..77,)44-:/-6; It is very important to find new,
innovative but reliable techniques to detect and
quantify hidden food allergens in order to protect
sensitive consumers. But, the detection of hidden allergens in food product is not that simple because of
low quantities and food matrix [28]. Secondly, to determine the allerginicity of a particular food product
will demand IgE containing serum from the sensitive
subject [29]. However, upon the identification and
isolation of allergens, specific antibodies can be created in various animals (i.e. rabbit, rat, goat, sheep or
chicken) to detect allergens in food. To date, several
techniques have been developed to detect potent allergens in food products at trace level. The methods
used can either aim the allergens itself or a marker
that signifies the availability of the allergens.

"),17)44-:/7;7:*-6<"#$7:6A@5-)4
4-:/7;7:*-6< #$ 1601*1<176 The RAST or
EAST assays, use for the allergen specific IgE (Fig.
1), in which specific IgE antibodies form a complex
with food allergens on a solid phase and is then
measured. Such tests are designed as a tool to verify
sensitization of a patient to a food allergy or to utilize
it in clinical diagnosis of food allergy [30].
RAST/EAST has been modified over the years to
identify allergens in food products. The main modification was to pre-incubate the human serum with
the extracted proteins from the food that need to be
tested [31]. Subsequently pre-absorbed IgE antibodies need to be washed out in order to decrease the
amount of IgE bound to the solid phase food allergens.
Major limitation of RAST and EAST inhibition
is standardization, which is very difficult due to its
dependence on the large amount of human sera.
Other limitations include the use of radioisotopes,
high costs, lack of reliable and consistent commercial solid phases, and the lack of direct quantifiable
results. These limitations prevent this method to be
used to quantify food allergens at the commercial
level [30].

%" 
"),17)44-:/7;7:*-6<"#$);;)@




"7+3-< 155=67-4-+<:7807:-;1; " The
instrumentation of rocket immune-electrophoresis
consists of an antibody containing gel in which the
migration of sample proteins depends on their electrophoretic mobility. This is an assay in which antigen and antibody precipitate together in the gel forming rockets at a constant ratio of antigen: antibody.
The application of RIE to detect allergens masked by
food matrices is limited because of two laborious
steps, i.e. gel preparation and immuno-staining.
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6A@5- 4163-, 155=67;7:*-6< );;)@
#Now a day, ELISA technique is the most
commonly used methods for the detection and quantification of hidden allergens in food products.
ELISA is used to test for specific proteins that are the
best indicator of the presence of allergens [39]. The
biggest drawback of this method is the denaturation
of target proteins during processing (such as cooking, toasting, extrusion and purification) [40] that
can no longer be detectable by antibody used in the
assays. ELISA tests involve animal antibodies of
high quality with constant results. The simplest
ELISA techniques are the sandwich ELISA, in
which the antibody is first adsorbed on the solid
phase that binds the antigen present in the sample.
After antigen-antibody forms a complex, a second
enzyme labeled antibody (secondary antibody), produced in different species, but specific for the same
antigen, is used to bind the sample antigen [33, 4144]. The intensity of the resulting colour development depends upon the concentration of bind antigen. Several ELISA techniques have been developed
over the years to detect and quantify either whole
protein extracts from foods or specific food allergens. Dipstick assays (lateral flow test strips) got a
lot of importance to serves as an alternative to the
ELISA test in the past few years because of Cheapness, simplicity, rapidity, portability and do not require instrumentation but is qualitative [28, 45-48].

7< 155=67*47<<16/ In the last few years a
dot immunoblot method was used for the detection
of allergens in food. It is certainly a semi quantitative
test that allows simple and inexpensive examination
of the food samples for allergens. In this assay food
sample containing allergenic protein is spotted onto
nitrocellulose membrane containing enzyme labeled
antibodies that are protein (antigen) specific. Also,
one can use radio-labeled antibodies and analyze the
complex formation by autoradiography. Dot immunoblotting is a method that is highly sensitive and
inexpensive to analyze food allergens.

!74@5-:);-+0)16:-)+<176!" Today the
most promising method for allergen detection is the
cDNA of specific food proteins [33-38]. This
method of detection allergens in food matrix is
highly specific and offer sensitivity to detect a specific hidden allergen in food. During PCR a very specific region of DNA known as the primer (a small
part of DNA that binds selectively to complementary
parts of DNA) is amplified. The addition of thermostable polymerase enzymes helps primers to produce
a large number of DNA copies. The process of DNA
amplification occurs logarithmically in the form of
cycles, i.e. doubling the number of DNA fragment
each time. The resulting product is separated by agarose gel electrophoresis on the basis of charge to
mass ratio. The gel is then stained with a fluorescent
dye (ethium bromide), which forms a complex with
the DNA that results in the orange spot under UV
light. One can minimize cross reactivity and avoid
false positive results through a selection of primers
that can distinguish between closely related sequences. Though, PCR is a very promising method
to detect allergens in food at very low levels but the
main disadvantages are the denaturation of DNA
during food processing and expensiveness.

1:-+<#. In the direct ELISA method a
microtiter plates are coated with the antigen, which
forms a complex with a labeled antibody (Fig. 3).
The binding of labeled antibody to antigen is then
quantified by calorimetric, chemiluminescent, or fluorescent techniques. While, the secondary antibody
step is omitted, this type of ELISA seems to be comparatively quick that avoids cross reactivity of the
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(Fig. 4). An indirect competitive ELISA is very specific, although it loses some of the sensitivity generally associated with ELISAs. It involves a specific
antibody in serum (test antibody) competing with another specific antibody (competing antibody) for a
limited number of antigenic sites [51]. The competing antibody comes from species of animal different
from the tested animal so the enzyme labeled secondary antibody will recognize and bind only to the
competing antibody. Typically, the competing antibody is either monoclonal or polyclonal in nature.

secondary antibody with other components of food
sample. But, the pre ELISA needs labeling of each
and every antibody, that can be a time consuming as
well as expensive [49]. Furthermore, direct method
also lacks the additional signal amplification that can
be attained when use a secondary antibody.

6,1:-+< # In indirect ELISA, an unlabeled primary antibody is used in conjunction with a
labeled secondary antibody [50]. The use of labeled
secondary antibody provides signal amplification,
thus enhancing the overall sensitivity of the assay
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For the last few years, there has been an increasing demand for sensitive, relatively simple assays detecting food allergens for use in basic research and clinical diagnosis. It is concluded that the
indirect competitive ELISA assay format most
closely meets all of the desired criteria in many situations. Although ELISA fulfills the requirements,
but optimization of the method is necessary before
going to perform a sample assay. In ELISA formats
there are several parameters that are common and
critical to assay performance and should be considered during the optimization process, including antibody concentration, antigen concentration, incubation time of blocking, substrate solution and washing
solution. Once the method is optimized it will give
reliable results. Though immunoassays offer a specific, sensitive and rapid method to detect and quantify even trace amounts of allergens in foodstuffs,
certain processes can denature, alter or destroy proteins so that they are no longer detectible by assay
using antibodies. When using monoclonal antibodies, there is a great chance of obtaining false negatives in the detection. Polyclonal antibodies are recommended for ELISA techniques as the risk of obtaining false negatives is reduced as compared to
monoclonal antibodies, which are quite specific. Alternate to ELISA, a most promising method for allergen detection is PCR. The method is very specific
and sensitive to detect allergic components in food.
Though, PCR is a very promising method to detect
allergens in food at very low levels, but the main disadvantages are the denaturation of DNA during food
processing and expensiveness.
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which can lead to biomagnification in ecosystems.
Perfluoroalkyl and polyfluoroalkyl substances
(PFASs) have been detected in many ecosystems,
particularly in aquatic systems, worldwide due to
their wide usage since the middle of the 20th century [2-4]. Perfluorinated compounds have C – F
bonds which are resistant to many degradation
processes in the environment such as photolysis and
biodegradation, which results in them being persistent in many ecosystems such as aquatic and terrestrial ecosystems [5-6]. Gross amounts of PFCs are
found in the surface waters of oceans as aquatic
systems are final recipients for most of the pollutants.
Echinoderms are suitable organisms for ecotoxicity tests, which aim to find the effects of chemicals on marine systems, as they are one of important key components of aquatic systems [7], can
contribute closely to all of the benthic biomass and
as most of the hydrophobic pollutants tend to accumulate in the sediments whose hazardous condition
affect all benthic echinoderms [8-9]. Moreover, sea
urchins are predators, so there is possibility of biomagnification processes [10]. On the other hand,
it’s well known that the biology of echinoderms
have been widely studied all over the world [11].
In addition, echinoderms should particularly
be considered as relevant test species because of
their key phylogenetic position: they are deuterostomians and therefore they are closely related to
vertebrates. For this reason, they show some similarities with vertebrates in terms of physiological
processes and hormonal pathways [12] and, possibly, they might also share similar targets at both the
organism and tissue/cell level in terms of response
to environmental contamination [13]
The effects of numerous factors which cause
changes in seawater quality upon early development, reproduction and genetics are being researched in many laboratories across the world
using sea urchin embryos and gametes, including
those of P.lividus [14]. Sea urchins constitute the
group of creatures most preferred for use in many
ecotoxicological studies because of the advantages
such as; a) they provide an opportunity to work
with a metazoan organism, b) test organisms are
available throughout virtually the whole year, c) the

Persistent organic compounds are new type of
chemicals that are getting great attention due to
their wide usage in various industries for nearly 50
years all over the world and moreover, environmental concerns. Perfluorinated compounds such as
Perfluorooctane Sulfonyl Fluoride (POSF) are types
of persistent organic pollutant (POP) and they tend
to accumulate in fat tissues of organisms, which can
lead to biomagnification in ecosystems.
The early developmental stages namely, larvae
and embryos are the most sensitive group of living
organisms in the ecosystems and therefore they are
generally more sensitive to pollutants than adults.
With the current study it’s aimed to evaluate on the
effects of Perfluorooctane sulfonyl fluoride on
aquatic ecosystems by sea urchin embryo toxicity
and fertilization success.
According to results the EC50 value of Perfluorooctane Sulfonyl Fluoride (POSF) is calculated as
7,54 mg/L and 16,787 mg/L for fertilisation success. In comparison with the other aquatic species,
sea urchin embryos showed similar sensitivity. The
results show that POSF caused minor inhibition of
normal embryonic development in the sea urchin
embryo and larvae.
'% !
Perfluorinated compounds, sea urchin toxicity test, Persisten organic Pollutant, Perfluorooctane Sulfonyl Fluoride

" #"
Persistent organic compounds are new type of
chemicals that are getting great attention due to
their wide usage in various industries for nearly 50
years all over the world and moreover, environmental concerns. The total historical worldwide production of Perfluorooctane Sulfonyl Fluoride (POSF) is
estimated to be 96 000 t [1] which is very high for a
persistent substance. Perfluorinated compounds
such as PFOS and POSF are types of POP and they
tend to accumulate in fat tissues of organisms,
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sperms which had been exposed to POSF for 30
minutes and then washed three times in order to
eliminate further exposure of pollutant and added to
egg suspension for insemination and was lasted by
adding fixative after 10 minutes in order to count
embryos and not fertilised eggs.

tests give speedy, easy and sensitive responses in a
very short time, d) cost is low, and e) they enable
the sub-lethal effects to be determined [15-17].
Although POSF’s effects on other aquatic species
have been examined, information on the effects of
POSF on     is lacking.
With this study, it’s aimed to evaluate on the
effects of Perfluorooctane sulfonyl fluoride on
aquatic ecosystems by sea urchin embryo toxicity
and fertilization success.

!#"!!#!!
The toxic effects of perfluorooctane sulfonyl
fluoride (POSF) were determined by sea urchin
embryotoxicity assay where changes in frequency
of malformations of larvae were scored. According
to results there is good linearity between increasing
concentrations and malformations of larvae such as
skeletal or digestive system anomalies (Fig1).

" !"!
In the tests we have used Perfluorooctane Sulfonyl Fluoride POSF [CF3 (CF2)7 SO2F, Sigma
ALDRICH Cat No: 319724]. Stock solutions of
1.000 ppm were prepared by dissolving POSF in
Dimethylsulphoxide (DMSO)(Sigma, Cat. No: 6768-5). Five concentrations of POSF (0,5 – 1 - 1,5 –
2 - 6 mg/L) were prepared by diluting the stock
solution, which were used to determine the sublethal effects of Perfluorooctane Sulfonyl Fluoride
(POSF). Controls consorting the experiments include an untreated negative control (Filtered Sea
Water: FSW), a solvent control (DMSO:
100μL/10mL for POFS). All tests were executed
with six replicates in six well-plates and six male
and six female specimens were used.
All specimens were collected from Seferihisar,
İzmir, a clean area that is not exposed to any domestic and industrial waste at the Aegean coast of
Turkey. In all tests, seawater that is taken from the
same natural environment was filtered (35 psu, 19
o
C) and used to cultivate the embryos. The eggs
were obtained by dissecting the sea urchin’s ectodermal skeleton and they were maintained in FSW
whereas the sperms were kept in a dry environment
until they are used.
Shortly before fertilization, the sperms were
activated in 200μL:50 mL FSW and then fertilization was done by adding 1 mL of sperm suspension
to 250 mL egg suspension. Of the prepared zygote
suspension, a 1 mL aliquot was added to each predetermined test concentration. Thus, each control
and test solutions were adjusted to contain approximately 30 embryos per millimeter. Each experiment was run in six replicates, using six-well TPP
culture plates (Sigma, USA). The embryos were
incubated in a growth chamber at 19±2 oC from 10
minutes after fertilization up to 72 hours in which
the embryos reach the pluteus larval stage.
After this period the living specimens were
immobilized and 10–4 M CrSO4 and 100 individuals
were randomly selected from each test concentration to be examined under a light microscope. The
following outcomes: Normal plutei (N), total abnormal embryos/larvae were evaluated and the EC50
value was calculated by Probit analyse [17].
Fertilization success test was conducted with
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An increase in the concentration of POSF
within the mg/L range caused developmental inhibition on A. lixula larvae. Taking this values into
consideration the EC50 value of POSF is calculated
as 7,54 mg/L and 16,787 mg/L for fertilisation
success.
Echinoderms are good candidates for being selected as marine target macro invertebrates and
useful test species in ecotoxicology. Researchers
had reported that they are key-components of the
marine ecosystems, where they can contribute to
more than 90% of the benthic biomass and their
benthic habits make them easy targets of environmental contamination [8]. In addition, echinoderms
should be considered particularly as relevant test
species because of their key phylogenetic position:
they are deuterostomians and therefore they are
closely related to vertebrates. For this reason they
show some similarities with vertebrates in terms of
physiological processes and hormonal pathways
and, possibly, they might share also similar targets
at both the organism and tissue/cell level in terms of
response to environmental contamination [12 – 13].
Toxicity bioassays using the sea urchin gametes and
embryos appear to be quite sensitive and informative, offering wide range endpoints. A large data set
exists on the toxicity of several chemicals on the
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developmental stages of A. lixula. However, a lack
of information about the toxicity of POSF to the
developmental stages of the sea urchin Arbacia
lixula was observed.
Recently, the toxicity of several perfluorinated
fatty acids (PFFAs) has been intensively studied,
although most work has been limited to either
PFOS or PFOA. Among the PFFAs, PFOS is the
most commonly found perfluorinated compound in
environmental samples; this compound is particularly prevalent in the tissues of aquatic organisms
[18]. The finding of such residues, has resulted in
primary efforts to investigate the toxicity of PFOS
to aquatic organisms. POSF has been found that is a
starting material for the synthesis of PFOS and
PFOS-related substances. POSF is transformed to
perfluorooctane sulfonate (PFOS) in water through
hydrolysis at ambient temperatures [9]. Biodegradation data in soil or in water were not available. An
estimated BCF of 5200 suggests the potential for
bioconcentration in aquatic organisms is very high,
provided the compound is not metabolized by the
organism. Perfluorooctylsulfonyl fluoride and perfluorooctylsulfonylfluoride polymers ultimately
degrade to perfluorooctane sulfonate [19].
It’s reported that the effect of EDCs (estradiol
and all EDCs including bisphenol-A (BPA) (250 to
750 ng/ml) and OP (0.0001 to 5 ng/ml) on sea urchin embryos Strongylocentrotus purpuratus and
     showing that these chemicals
also inhibited normal embryonic development in the
sea urchin embryo and larvae were reported the
effect of Nonylphenol and Octylphenol on embryological development of sea urchin    and
    and genotoxic effects of Bisphenola comparing to our results POSF seems less toxic
than these chemicals [16, 21-22].

ard at the population level.
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#!
In comparison with the other aquatic species,
sea urchin embryos showed similar sensitivity. The
results show that POSF caused minor inhibition of
normal embryonic development in the sea urchin
embryo and larvae. Previous studies are also consistent with our findings but there are some differences between effective concentration levels. This
may be caused by species differences. Also, they
reported that the sensitivity and response to chemicals change markedly during the ontogeny of sea
urchins. It can be concluded that POSF affect the A.
lixula during embryonic developmental stages.
Perfluorooctane sulfonyl fluoride had adverse effect
to the embryo after fertilization. This results shows
that POSF concentrations in the environment may
not be hazardous at present time, unless to keep the
environmental concentration POSF under control
since it has of great ecological importance in order
to maintain sustainable ecosystems due to the haz-
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range of environmental conditions [2]. As well as
improvement in rice productivity and quality remains, crop improvement programs should be focused on expanding genetic base of breeding stocks
[3]. The genus  contains 24 species with two
cultivated species Asian    and African 
 . In addition, remaining 22 wild species
exhibited 10 distinct genome constitutions such as
AA, BB, CC, BBCC, CCDD, EE, FF, GG, KKLL
and HHJJ [4, 5]. In Europe, Italy (224,000 ha) and
Spain (117,000 ha) are main producers and contribute to 80% of total rice production. The other major
non-EU rice-producing countries are Egypt and
Turkey for Europe and the Mediterranean region,
respectively. Based on data of the Food and Agricultural Organization of the United Nations, rice
production has sharply increased in the last 40 years
from 266.000 to 750.000 tons in Turkey, and it has
become the fifth most produced cereal crop after
wheat, barley, maize, and rye. The genetic diversity
and phylogenetic studies of Turkish rice varieties
are limited and only a few studies have been performed using Turkish rice germplasm. In 81 commercial varieties which consisted of 39 commercial
rice varieties that had been bred in Turkey, nine
interprimer binding site (iPBS)-retrotransposon and
17 simple-sequence repeat (SSR) markers were
used to screen population structure of rice varieties
[6]. In another study, Turkish rice varieties were
used to evaluate genetic polymorphisms by using
seed storage proteins (SSP) and RAPD markers [7].
Molecular markers are efficient tools for evaluating
genetic diversity in crop germplasm. Several types
of cheap and easily usable molecular markers are
being used commonly for studying genetic diversity
in rice, such as RAPD and iPBS [6], SSR [8], and
ISSR [9]. ISSR markers are multilocus markers
using microsatellite sequences as primers. They can
produce highly reproducible and polymorphic DNA
bands because of longer primers at high stringency
PCR conditions. ISSR markers are dominant and
randomly distributed throughout the genome, indicate high variability among and within taxa and
show a great potential to identify intra and inter
genomic diversity in rice [9, 10]. The chloroplast

A set of 17 Turkish rice (  L.) varieties (TRVs) were characterized using inter simple sequence repeat (ISSR) markers to study genetic diversity. Also, the sequences of  L(UAA)-F(GAA)
intergenic spacer (IGS) regions were used to evaluate the phylogenetic relationships of TRVs. According to ISSR data, the observed number of alleles (Na), effective number of alleles (Ne), Nei’s
gene diversity (h), Shannon’s information index (I),
and overall polymorphism were found as 1.62,
1.38, 0.22, 0.32, and 61.7%, respectively. The genetic distance values were identified between
1.732and 4.583, and replicon size varied from 200
bp to 1600 bp. The ISSR-UPGMA (unweighted
pair group method with arithmetic mean) similarity
tree and PCA (principal component analysis) exhibited different cluster topologies based on pedigree.
All trnL-F regions were found as 306 bp in length,
and GC content was found between 34.31% and
34.97%. The nucleotide diversities were found as π:
0.00954 and θ: 0.03595, while Tajima’s D was
found as -0.382. The phylogenetic analyses revealed that  L-F sequences are effective molecular tools in resolving phylogenetic relationships.
Consequently, our findings could be useful in planning future Turkish rice breeding strategies for
general rice germplasm improvement.
*)"$%
 , rice, genetic diversity,  L-F, ISSR

!&$"'&"!
Assessment of genetic diversity for crop species and their wild relatives is crucial for basic
evolutionary studies and also for utilization and
protection of plant genetic resources [1]. Rice (
   L.) is an important cereal because of its
nutrimental value for more than three billion people
around the world and is popularly called as ‘global
grain’. Also, rice can be easily adapted to a wider
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and digitally photographed under UV light to score
bands.

%%$.+=++7+5B</<Each ISSR fragment was
evaluated as an independent locus, only distinct,
reproducible, intensely stained, and well-resolved
fragments were scored manually as a binary mode
(‘0’ for absent and ‘1’ for present) at each band
position for each primer (Figure 1). The data were
analyzed using PopGene version 1.32 [16] and
MVSP 3.22 (Multi-Variate Statistical Package)
[17]. The percentage of polymorphic loci (P), mean
number of observed (Na) and effective (Ne) alleles
per locus [18], Nei’s gene diversity (h) [19], and
Shannon’s information index (I) were calculated by
PopGene 1.32 [16]. A dendrogram was generated
based on Euclidean’s similarity coefficients using
UPGMA (Unweight Pair Group Method) with
calculating the arithmetic average by MVSP 3.22
software. Also, principal component analysis
(PCA) that is a mathematical procedure by transforming a number of correlated variables into a
number of uncorrelated variables was performed
using MVSP 3.22.

 </:>/7-371 +7. 92B581/7/=3- +7+5
B</< The  L-F region was amplified by using
forward primer as 5'-AAAATCGTGAAGGTT
CAAGTC-3' and reverse primer as 5'GATTTGAACTGGTGACACGAG-3' [20]. For
 L-F, denatured at 940C for 5 min, followed by 45
cycles (1 min denaturation at 94 0C, 1 min annealing at 52 0C and 1 min of primer extension at 72 0C)
of PCR amplification was followed by final extension of 72 0C for 7 min. Later, PCR products were
purified using a GeneJET Gel Extraction Kit
(Thermo Scientific) and sequenced by the Iontek
Sequencing Service (Turkey). The sequence identity matrix was generated using Bioedit 7.2.5 [21].
The  L-F sequences were analyzed with DnaSP
5.1 [22], containing estimates of genetic diversity, π
[23] and θ [24], and segregating (polymorphic) sites
(S). In addition, Tajima’s D [25] was calculated
using MEGA 7 software [26]. To generate joined
phylogenetic tree, 23  L-F sequences from monocot and dicot plant species were collected in NCBI
nucleotide database (https://www.ncbi.nlm.nih.
gov/nuccore/?term=) and accession numbers were
indicated on joined phylogenetic tree. For phylogenetic analysis, the following parameters were
adopted: maximum likelihood (ML) method, Tamura-Nei model [27], and 1000 replicates bootstrap
value. Initial tree(s) for the heuristic search were
obtained automatically by applying Neighbor-Join
and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite
Likelihood (MCL) approach, and then selecting the
topology with superior log likelihood value. All
positions containing gaps and missing data were


DNA (cpDNA) sequences have been used extensively to analyze relationships at all taxonomic
levels in plants [11]. The  L(UAA)-F(GAA) intergenic
spacer (IGS) which encodes transfer RNAs for
leucine and phenylalanine, is commonly used for
taxonomic and phylogenetic comparisons [12, 13,
14]. In this study, it was aimed to investigate genetic diversity and phylogenetic relationships of
Turkish rice varieties (TRVs) by using ISSR markers and  L-F IGS regions, respectively.

&$%! &"%

$3-/ 6+=/;3+5< +7. 1;8@=2 -87.3=387< The
17 TRVs such as Osmancık97, Gala, Gönen, Tosya
güneşi, Çakmak, Kale, Ülfet, Biga incisi, Balaban,
Halil bey, Sarhan, Sürek M711, Edirne, Efe, Hamzadere, Paşalı, and Yatkın were obtained from Directorate of Trakya Agricultural Research Institute
in Turkey. The seeds were germinated at 4 0C for
2–4 days in dark conditions between moist filter
papers in Petri plates. After germination, seeds
were grown in plant growth room at 25 0C under a
16-h light/8-h dark photoperiod with white fluorescent lights (2000 lux) and 70% relative humidity.

! /A=;+-=387 Total genomic DNA was
isolated using CTAB (cetyl trimethyl ammonium
bromide) method with some modifications from
younger leaves [15]. The quality and quantity of
genomic DNA were measured through spectrophotometry using NanoDrop (OPTIZEN NanoQ micro
volume photometer, South Korea), and visually
checked by ethidium bromide staining for integrity
of DNA in 1X-TAE (Tris base, glacial acetic acid
and 0.5 M EDTA, pH 8.0) agarose gel. Finally, the
DNA stocks were diluted with TBE buffer to get a
concentration of 50 ng/µL.

#$%%$ 0371/;9;37=371 A total of 10
ISSR primers were used for PCR amplification of
the DNA templates (Table 1). The PCR- ISSR
reaction mixture were prepared with a total volume
of 20 µL, containing 2.0 µL Taq buffer, 2.0 µL
ISSR primer, 2.5 µL MgCl2, 11.3 µL double distilled H2O, 1.0 µL dNTPs, 0.2 µL TaqDNA Polymerase, and 1.0 µL template DNA. Amplification
reaction was done in a thermal cycler (Aeris Model
96, Esco, Singapore) programmed for 35 cycles of
denaturation at 94 0C for 45 s, annealing at 52 0C
for 30 s, and extension at 72 0C for 60 s, followed
by a final extension at 72 0C for 5 min. Also, 1000
bp DNA ladder was used (Thermo Sci, USA) to
estimate the molecular weight of amplified products. The annealing temperature was adopted according to the melting temperature of each primer
being used. Amplified products were separated by
electrophoresis in a 1% agarose gel with 1X TBE
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UBC-807
UBC-841
UBC-847
UBC-855
UBC-857
UBC-827
UBC-848

#;36/;
77/+5371
%/:>/7-/
&/69/;+=>;/
D D
8
(AG)8T
48oC
(GA)8YC
56oC
56oC
(CA)8RC
(AC)8YT
54oC
54oC
(AC)8YG
53oC
(AC)8G
(CA)8RG
56oC
&8=+5

$/953-87
%3C/,9
380-1400
200-800
200-1600
220-1100
280-1600
300-1200
300-1400

",=+37/.
!>6,/;80
+7.<
10
6
9
8
8
10
9
 

#85B68;923-
+7.<
10
3
6
7
6
2
3


#85B68;923<6
$+=38

100%
50%
66.6%
87.5%
75%
20%
33.3%


"?/;+55
#85B68;
923<6

61.67 %

Y: C or T, R: A or G

'$ 
%%$9;80353719+==/;7<80 &$(<><371'9;36/; 

eliminated. There were a total of 306 positions in
the final dataset.


,9!5+../;

/7/=3- .3<=+7-/< +7. -5><=/; +7+5B<3< To
understand genetic similarity levels of TRVs, Euclidean genetic distance was calculated using nearest neighbor method. It was found that the distance
values ranged from 1.732 (between Osmancık97
and Gala) to 4.583 (between SürekM711 & Gönen
and SürekM711 & Biga incisi). According to genetic distance data, the most similar genotypes were
identified as Osmancık97 & Gala (1.732), followed
by Balaban & Halil bey (2.236), Osmancık97 &
Kale (2.236), and Kale & Ülfet (2.236). However,
the most non-similar genotypes were found SürekM711 & Gönen (4.583) and SürekM711 & Biga
incisi (4.583), followed by Sarhan & Ülfet (4.472)
and SürekM711 & Balaban (4.472). These data
approved the genetic variations in TRVs, indicating
genetic richness of Turkish rice germplasm depend
on ISSR profiles. To understand genetic similarity,
a cluster analysis was performed by ISSR UPGMA
distance tree (Figure 2). While the two major
groups were identified as group A and B, group A
divided into four subgroups, namely A1, A2, A3,
and A4. This ISSR-UPGMA tree supported the
genetic distance values and the most similar genotypes were found as Gala and Osmancık97. Based
on pedigree data, Gala genotype was developed
from Osmancık97 by selection in 2007, supporting
the highest similarity value between Gala and Osmancık97. However, SürekM711 was found as the
most diverged genotype in similarity tree. Based on
pedigree data, SürekM711 was developed from
SÜREK-95 by induced mutation in 2013. Tai [32]
reported that induced mutations have been used for
a long time in rice and about 500 rice varieties have

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

%%$ +7+5B</< Seven of 10 tested ISSR primers resulted in polymorphic ISSR profiles in 17
TRV genotypes (Table 1). A total of 60 ISSR bands
were identified and 37 of them were polymorphic
(61.7%). The highest polymorphism ratio (%) was
found as 100%, followed by 87.5%, and 75% using
UBC-807, UBC-855, and UBC-857 primers, respectively. The number of alleles per primer varied
from 2 (UBC-827) to 10 (UBC-807). Also, replicon
sizes ranged from 200 bp to 1600 bp. The observed
number of alleles (Na), effective number of alleles
(Ne), Nei’s gene diversity (h), and Shannon’s information index (I) were found as 1.62, 1.38, 0.22,
and 0.32, respectively. Kumbhar et al. [28] reported
that average polymorphism ratio was found as ~
97% in ISSR analyses for 50 rice genotypes comprising landraces, local selections, and improved
varieties. In a similar study, the average polymorphism of the total ISSR markers was 92.2% in 56
waxy rice accessions [29]. Al-Turki and Basahi
[30] stated that the average polymorphism produced
was more than 75% by 11 selected ISSR primers.
According to these data, TRV genotypes showed a
low level polymorphism. Also, Joshi et al. [31]
stated that the UBC-807 primer indicated good
amplification pattern in the genus  and these
data are in agreement with our findings.
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The genetic similarity tree was constructed based on Euclidean distance matrix.
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The red circles and blue triangles show the major groups and rice genotypes, respectively.


been introduced worldwide by directly from induced mutants or crossing such mutants with other
breeding lines. It can be proposed that the divergence of SürekM711 may be related with induced
mutation breeding activities.
PCA revealed four groups, namely A, B,C and
D (Figure 3). Particularly, Paşalı & Efe genoytpes
in group A and Ülfet & SürekM711 in group B
were separated from other genotypes. According to
breeding history, while Paşalı variety was improved
using Osmancık-97 X 820700-TR480-1-1-1-1 in
2011, Efe variety was improved using Baldo (Italian) X Demir (Plovdiv X Lido) in 2011. In addition,
Ülfet variety was developed by Italian varieties as

Baldo X Veneria in 2015. The genetic structure of
domesticated species is affected by the complexity
of breeding practices by humans. Genetic improvements in plant breeding programs in local
regions contribute to the development of new cultivars, including specific agronomic traits under
environmental conditions [33]. Comertpay et al. [6]
reported that rice varieties from Italy, France, Bulgaria, and Russia were introduced as parent lines in
local Turkish rice breeding programs. Also, fifteen
years ago, mostly foreign varieties were grown in
Turkey, and now nearly 100% of the rice grown in
Turkey is Turkish. Based on PCA of Turkish rice
varieties, variations in genotype groups may be 
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1
Osmancık97
306
Rocca X Europa
1997
34.641
MG701294
2
Gala
306
Selection from Osmancık-97
2009
34.967
MG701295
3
Gönen
306
Bonni X Shinei
2002
34.314
MG701296
4
Tosya güneşi
306
Savio X Baldo
2013
34.967
MG701297
5
Çakmak
306
Trakya X N1-41T-1T-0T
2011
34.641
MG701298
6
Kale
306
Demir X 82079-TR489
2013
34.641
MG701299
7
Ülfet
306
Baldo X Veneria
2015
34.967
MG701300
8
Biga incisi
306
Baldo X Koral
2013
34.641
MG701301
9
Balaban
306
Krasnodarsky-424 X Osmancık-97
2015
35.294
MG701302
10 Halil bey
306
İpsala X Veneria
2004
34.967
MG701303
11 Sarhan
306
Osmancık-97 X TR-765
2015
34.641
MG701304
12 Sürek M711
306
Mutation from Sürek 95
2013
34.641
MG701305
13 Edirne
306
Baldo X Calendal
2004
34.967
MG701306
14 Efe
306
Baldo X Demir
2011
34.967
MG701307
15 Hamzadere
306
Demir X 83013-TR631-4-1-2
2011
34.641
MG701308
16 Paşalı
306
Osmancık-97 X TR-765
2015
34.967
MG701309
17 Yatkın
306
Sürek-95 X 92057-TR467-12-1
2013
34.314
MG701310
Baldo, Rocca, Savio, and Veneria: Italian varieties, Krasnodarsky-424: Russian variety, Calendal: French mutant variety
!8
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Tree was constructed by MEGA7 with ML method for 1000 bootstraps using a total of 17  L-F sequences

influenced by these breeding practices in Turkish
rice breeding programs.

%/:>/7-/+7+5B</<80-258;895+<=;/
1387< Nearly 36 coding and noncoding regions of
the plastid genome have been used to infer phylogenetic relationships among the different lineages
of land plants. The  L-F region, including the
 LUAA intron and  L-F intergenic spacer is often
used as molecular markers in plant researches [12,
34]. In this study, a total of 17  L-F IGS regions

were sequenced to infer phylogenetic relationships
among TRVs (Table 2). While length of all  L-F
regions were found as 306 bp, GC content varied
between 34.314% and 34.967%. The pairwise distance values ranged from 0.003 to 0.017 and average distance value was found as 0.01, indicating
higher similarity. Thus, it can be suggested that
 L-F regions were well conserved in Turkish rice
varieties. The number of polymorphic (variable)
sites was found to be 11, of which 45.4% (5/11)
were parsimony informative sites and 295 sites
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served as group A and B, group A divided into two
subgroups, as A1 and A2. Based on  L-F data, the
highest bootstrap value was found as 85% between
Biga incisi and Sarhan genotypes in subgroup A1.
Interestingly, diverged genotypes SürekM711 was
clustered with Kale genotype in subgroup A1.
Analyses of non-coding regions of cpDNA have
been mostly used to elucidate phylogenetic relationship of different taxa. Compared with coding
regions, non-coding regions could provide more
informative characters in phylogenetic studies at the
species level because of their high variability [38].
When ISSR and PCA data were compared for phylogenetic distribution, it can be suggested that there
is a weak relationship between them. 

were invariable (monomorphic). Nucleotide diversities were determined as π: 0.00954 and θ:
0.03595. In addition, Tajima’s D was found as 0.382, indicating negative selection.
#2B581/7/=3- +7+5B</< ><371  </
:>/7-/<The chloroplast is maternally inherited in
most angiosperms and contains its own genome that
encodes many chloroplast specific components [35,
36]. Chloroplasts include both highly conserved
genes for basic plant life and more variable regions
that have been informative for evolutionary history
[37]. In this study, noncoding  L-F IGS region
was used to construct phylogenetic tree for TRVs
(Figure 4). While the two major groups were ob-

'$
#2B581/7/=3-.3<=;3,>=387<80 &>;43<2;3-/?+;3/=3/<+7.

.300/;/7=95+7=<9/-3/<

Tree was constructed by MEGA7 with ML method for 1000 bootstraps using a total of 40  L-F sequences
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To get broad insights about  L-F phylogenetic relationships among different plant taxa,
joined phylogenetic tree were generated (Figure 5).
It was revealed that monocot-dicot divergence was
detected clearly, but monocots did not cluster together and located in group A and C. Remarkably,
TRVs located in group C and showed the closer
relationships to dicots than other monocots in tree.
In 383 rice accessions from diverse regions and
different ecotypes, 3677 variations across the chloroplast genome were identified. The nucleotide
diversity in wild rice indicated a high degree of
diversity than in cultivated rice [39]. In this study,
obtained tree topology may be related with chloroplast variation architecture of rice genotypes. Also,
the reason obtained results above could be the current state of rice cultivation and breeding in Turkey.
90% of rice cultivation has been done by using
local varieties and/or certificated varieties of Turkish Agriculture Institutions. The main plants used in
breeding programs of these studied varieties are
generally originated from Turkey. Additionally,
rice cultivation is most commonly done in Thrace
region of Turkey, and genetically similar varieties
are adapted to the geographical characteristics of
the region could also support our obtained results.


"!'%"!%

In conclusion, genetic diversity and phylogenetic analyses of TRVs were performed using ISSR
markers and noncoding  L-F regions, respectively. The ISSR marker data showed the genetic similarities among varieties effectively. In addition, the
sequencing of  L-F regions may contribute to
understanding of phylogenetic relationships of
TRVs. The data obtained from this study could
contribute to developing new breeding program for
Turkish rice germplasm.
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species to produce honeydew honey. These include
 ,      
  ,  ,   , 
  and   [7-9]. Among these,
 Ten. is the most important variety
for honeydew honey production, and is generally
cultivated in the northwest of Turkey [10]. Especially Kırklareli province, where is the northwest of
Turkey, oak honey is produced and usually oak
trees, which belongs to    Ten.
species, are covered with dark brown secretion.
This secretion is produced by the oak fruits [11]
and honeybees collect the secretions for making
dark colour and sweet tasty oak honeydew honey.
Honeydew honey is different from floral honey and is synthesized by honeybees, either from the
excretions of plant-sucking insects (Hemiptera)
feeding on living plant parts or directly from the
secretions of living plant parts [12-15]. Pine, oak
and fir are the examples of honeydew honey types.
Melissopalynological analysis refers to the
microscopic analysis of honey samples and is used
for identification of the botanical source of honey.
The determination of botanical origin is based on
the relative frequencies of nectariferous species’
pollen types. Based on the frequency, the pollen
grains are classified as predominant (>45%), secondary pollen (16-45%), important minor pollen (315%) and minor pollen (<3%) [16, 17].
Honeydew honey is generally characterized by
honeydew elements composed of microscopic algae
and, fungal spores. If honeydew elements (HDE)/
total number of pollens (NTP) is greater than 3, it is
considered as honeydew honey [18, 19]. But, the
HDE and HDE/NTP ratio is the greatest in pine
honeys according to other honeydew honey types
[11, 20].
This study aimed to investigate the characteristic features of Turkish oak honey and identify
novel features of oak honey. Oak honey samples
were collected from regions, where

  Ten. was found and oak honey was produced between June 2016 and 2017. Melissopalynological analysis, total phenolic and flavonoid
content analysis using UV-VIS spectrophotometer,
sugar analysis with high performance liquid chromatography (HPLC) and chemical analysis using
gas chromatography-mass spectrometry (GC-MS)

Oak honey is a honeydew type of honey. The
aim of this research was to investigate the characteristic features of Turkish oak honey and to obtain
new results about oak honey. For this purpose, oak
honey samples were collected from regions, where
   Ten. was found and oak honey
was produced intensely, between June 2016 and
2017. Melissopalynological analysis, total phenolic
and flavonoid content analysis, sugar analysis and
chemical analysis were conducted for oak honey
characterization. Total phenolic contents were
found to be between 134.71 ± 0.05 and 422.01 ±
0.07 mgGAE/kg; total flavonoid contents were
found to be between 31.84 ± 0.09 and 59.25 ± 0.23
mgQE/kg in    honeydew honey
samples. Fructose to glucose ratios were found to
be between 1.01 and 1.23. GC-MS chemical analyses of honey samples revealed the presence of
alcohols, acids, aliphatic acids and their esters,
aldehydes, aromatic aldehydes, aromatic hydrocarbons, carboxylic acids and their esters, flavonoids,
ketones, terpenes and other chemical compounds.
To the best of our knowledge, this is the most comprehensive study on Turkish oak honey thus far.


*)"%&
Chemical compounds, melissopalynological analysis,
sugar analysis, oak honey,    Ten., total
phenolic and flavonoid content.

!'%"('"!
Honeybees are important environmental pollinators and producers. They pollinate 80% of the
plants pollinated with insects and thus, most of the
vegetables and fruits consumed by humans are
pollinated by honeybees [1-5]. Also they make
honey from the flowers and secreting plants. Oak
honey is the one of them.
Oaks (  L.), of the family Fagaceae are
widely distributed and comprise nearly 531 species
in the world [6]. 18 varieties, 9 subspecies and 2
varieties naturally grown in Turkey [7]. Seven of
the oak species found in Turkey are important oak
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were performed and the data were used for oak
honey characterization. To the best of our
knowledge, this is the most comprehensive study on
Turkish oak honey thus far.
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855/-=38780"+4&+695/<Eight  
Ten. (Fig. 1) honey samples were collected from
the Kırklareli province (Fig. 2) between June 2016
and June 2017 with the help of the General Directorate of Forestry. All samples were placed in jars
separately and brought to the laboratory for melissopalynologic and chemical analysis.

was isolated. After the addition of 20 ml distilled
water, the mixture was placed in a tube, together
with a tablet as a standard containing 9666  
spores. To melt the tablet, the tubes were left
for 10-15 minutes in a water bath at 45°C. After the
tablet was fully melted, few drops of basic fuchsin
were added for staining the pollens and spores,
following which the mixture was centrifuged at
3500 rpm for 45 minutes. Water in centrifuged
tubes was removed and tubes were left upside down
on a drying mat for full drainage. A homogenous
mixture was prepared by adding 1 ml of 50% glycerin to each tube from which a 0.01 ml mixture was
taken and plated on a lam. The material was covered by a lamella of size 18x18 mm and two separate preparationes were obtained for microscopic
analysis.

A+637+=387 80 =2/ !>6,/; 80 '8=+5 #85
5/7< !'# Pollen and spore preparates were examined and counted under a Nicon Eclipse E400
light microscope. Objectives of 20x and 40x were
used for counting pollens. During the counting
process, the preparate was examined and fully
scanning the area of size 18x18 mm. The numbers
of all pollens and   spores in this area
were counted separately. Counts of two separate
preparates were taken and their averages were applied to the formula given below. The resulting
figure provides the total number of pollens in 10
grams of honey. Further, pollen types in the
preparates were checked and, based on the frequency, pollen grains were classified as predominant
(>45%), secondary pollen (16-45%), important
minor pollen (3-15%) and minor pollen (<3%) [20].
NTP/10 g = Pollens counted x 9666*
Counted   Spores
*Number of spores found in a  
tablet


(% 
'/75/+0+7.0;>3=9+;=<
2+;,8;371.+;4,;8@7</-;/=387
(Photographed by Aslı Özkök)

/53<<89+5B785813-+5 7+5B<3< 80 87/B
&+695/<. Preparates to identify NTP and HDE in
10 grams of honey were obtained as follows [16,
21]. 
Five hundred grams of stock honey was well
stirred with a sterile glass stick and ten grams of it

(% 
D;45+;/539;8?37-/37'>;4/B
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A+637+=387 80 =2/ !>6,/; 80 87/B./@
5/6/7=<  In the same preparates in which
the NTP was counted, the number of honeydew
elements (HDE) was also counted. During this
process, starting from the top left corner and fully
scanning the area of size 18x18 mm, the numbers of
all spores, hyphae, and, if any, algae were counted.
The HDE content in 10 grams of honey was found
by using the following formula:

gram of d.m. All calibration solutions of quercetin
(25, 50, 75 and 100 mg/L) were prepared by serial
dilutions of the stock solution (250 mg/L) with
ethanol. The correlation coefficients were obtained
using the linear regression model in MS Excel
(R2=0.99925).

312#/;08;6+7-/3:>3.2;86+=81;+92B
#&>1+;7+5B<3<Bogdanov and Baumann
method [23] and HPLC (Agilent 1200 Series) were
used for the determination of fructose and glucose
levels in honey samples. According to this method,
5 g honey was weighed into a beaker and dissolved
in 40 ml water. Next, 25 ml of methanol was pipetted into a 100 ml volumetric flask and transferred
the honey solution quantitatively to the flask. The
solution was poured through a membrane filter and
collected in sample vials. The fructose (2 g) and
glucose (1.5 g) standards were prepared the same
way. Eighty volumes of acetonitrile were mixed
with 20 volumes of water and the mixture was used
as a mobile phase. The flow rate was 1.3 ml/min at
constant temperature of 30 °C.

+< 2;86+=81;+92B +<< &9/-=;86/=;B
 & 2/63-+5 7+5B<3< GC-MS was used
for chemical analysis of the oak honey samples.
One milligram of secretion was dissolved in 5 ml
methanol and mixed for 1 minute by vortexing.
Then, the mixture was centrifuged at 3500 rpm for
15 minutes. The upper phase was filtered to vials
and 1 µl solution injected to GC-MS. A GC 6890N
from Hewlett-Packard (Palo Alto, CA, USA) coupled with mass detector (MS 5973 HewlettPackard) was used for the analysis of honey samples. Experimental conditions of GC-MS system
were as follows: DB 5MS column (30mx0.25 mm
and 0.25 µm of film thickness) was used and flow
rate of mobile phase (He) was set at 0.7 ml/min.
During chromatography analysis, temperature was
increased up to 150 °C at 10°C/min. After this
period, temperature was kept at 150 °C for 2
minutes. Finally, the temperature was increased to
280 °C at 20°C/min, and then, kept at 280°C for 49
minutes, and the chemical composition of the honey
samples was identified using standard NIST Libraries available in the data acquisition system of GCMS.


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

HDE/10g=Number(spore+hyphae+algae)countedx9666*
Counted   Spores

*Number of spores found in a   tablet
'8=+5 #2/7853- 87=/7= 7+5B<3< The total
phenolic content of honey samples was determined
by the Folin-Ciocalteu method [14, 22].
For the detection of total phenolic contents,
extracts were prepared from 5 g of honey sample
dissolved in 50 mL of 70% methanol. One milliliter
of each methanolic honey solution was transferred
to a test tube. Next, 5 mL of a 10% aqueous FolinCiocalteu reagent was added and mixed well, using
a vortex mixer for about 1 min. After 3 min to 8
min, 4 mL of a 75 g/L anhydrous Na2CO3 solution
was added. The mixture was mixed thoroughly for
another 1 min and incubated in a water bath at 45°C
for 15 min. After cooling, the absorbance was recorded at 765 nm against a zero absorbance blank
using a UV spectrophotometer (Genesys 10S UVVIS Spectrophotometer). The total phenolic content
of each sample was determined by means of a calibration curve prepared using gallic acid and expressed as milligrams of gallic acid equivalents
(GAE). A stock solution of gallic acid was prepared
in methanol at a concentration of 250 mg/L. All
calibration solutions (25, 50, 75 and 100 mg/L)
were prepared by serial dilution of the stock solution with methanol. The correlation coefficients
were obtained using the linear regression model in
MS Excel (R2=0.99448).

'8=+55+?8783.87=/7=7+5B<3<The total
flavonoid content of honey samples was estimated
by the aluminum chloride (AlCl ) colorimetric
method [14, 22]. For the detection of total flavonoids, extracts were prepared from 5 g of honey
sample dissolved in 25 mL of 80% ethanol. One
milliliter of each ethanolic honey solution was
transferred to a test tube. Next, 3 mL of 95% ethanol, 0.2 mL of a 10% aqueous dilution of AlCl3
reagent, 0.2 mL of 1 M potassium acetate
(CH COOK), and 5.6 mL of distilled water were
added. The mixture was mixed thoroughly using a
vortex mixer for about 30 s and allowed to stand at
room temperature for 30 min. Absorbance readings
were taken by a UV/Visible spectrophotometer
(Genesys 10S UV-VIS Spectrophotometer) at 415
nm. The total flavonoid content was expressed as
milligrams of quercetin equivalents (QE) per kilo

Results of melissopalynological, total phenolic
and flavonoid content, sugar analysis, and chemical
analyses for all   Ten. honey samples are shown in Table 1.
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 spp.
4.2 (M)
Lamiaceae
8.3 (M)
  
Oak&
12.5
(M)
spp.
Mix
24.91
21.9
1.13

33718
2697
0.07
422.01±0.07
35.63±0.05
Rosaceae
8.3 (M)
Flower
Cistaceae
33.3 (S)
Honey
Fabaceae
25 (S)
Poaceae
8.3 (M)
Apiaceae
5.9 (M)
Brasicaceae
11.8 (M)
Cistaceae
35.3 (S)
Lamiaceae
5.9 (M)
Oak&
  
Mix
11.8 (M)
24.5
20.9
1.17
 spp.
92198
23297
0.25
380.32±0.3
54.47±0.23
Flower
Poaceae
5.9 (M)
Honey
 spp.
11,8 (M)
 spp.
5.9 (M)

5.9
(M)
spp.
Brasicaceae
5.3 (M)
Cistaceae
21.1 (S)
Oak&
  
Mix
5.3 (M)
307.08±0.05
49.85±0.54 21.4
17.3
1.23
 spp.
Flower
72316
15036
0.20
 spp.
57.9 (D)
Honey

10.5 (M)
spp.
Apiaceae
5.6 (M)
Lamiaceae
5.6 (M)
  spp.
5.6 (M)
Poaceae
5.6 (M)
Oak&
Rosaceae
16.7 (S)
Mix
 spp.
5.5 (M)
414.90±0.3
59.25±0.23 28
25.5
1.09

8216
3866
0.47
Flower

55.6 (D)
Honey
spp.
Rosaceae
37.5 (S)

12.5 (M)
spp.
Cistaceae
69.7 (D)
Liliaceae
12.1 (M)
  
6.1 (M)
spp.
Oak
Poaceae
3 (M)
23359
18355
3.5

honey
413.25±0.3
55.50±0.17 24.3
23.9
1.01
  
3 (M)
spp.
 spp.
3 (M)

3 (M)
spp.
Apiaceae
40.6 (S)
Cistaceae
6.3 (M)
  
9.4
(M)
spp.
Poaceae
3.1 (M)
  
Oak&
25 (S)
24.5
1.11
Mix
 spp.
134.71±0.05
31.84±0.09 27.2
22501
3803
0.17
Rosaceae
3.1 (M)
Flower
Honey

3.1 (M)
spp.
 spp.
6.3 (M)

3.1 (M)
spp.
Apiaceae
6.2 (M)
  spp.
12.5 (M)
 spp.
3.1 (M)
Oak

12160
54566
4.4
22.1
1.01
 spp.
71.9 (D)
honey
271.04±0.1
47.17±0.14 22.4

6.2 (M)
spp.
Ericaceae
25 (S)
Rosaceae
5 (M)
 spp.
25 (S)
Oak
143056
18043

7.9
317.38±0.06
44.30±0.17 21.5
19
1.13

honey
15 (M)
spp.

5 (M)
spp.
* ≥45% Predominant (D), (16-45%) Secondary (S), (3-15%) Minor (M), (<3%) Trace (T).
** The HDE/NTP ratio in the honeydew honey is > 3, indicating that the honey is honeydew honey.
***F/G value must be between 1.0 and 1.4 for honeydew honeys, according to Turkish Food Codex and Codex Alimenterius standards.
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%/<>5=<80 &-2/63-+5-8698>7.+7+5B<3<80287/B<+695/<

2/63-+5-8698>7.
Pentan-1-ol
Octan-1-ol
1,2-Benzenediol
2-Furanmethanol
Total
Carbonic acid
Total
2,3-Pentadienoic acid-, ethyl ester
Hexadecanoic acid
Pentanoic acid
Decanoic acid
Oleic Acid
Total
5-Hexyl-2-furaldehyde
Total
Furfural
Total
Benzene
Total
1,3-Butadiene-1-carboxylic acid
Methylenecyclopropanecarboxylic
acid
Cyclopropanecarboxylic acid
Total
2,3-dihydro-3,5-dihydroxy-6methyl-4H-pyran-4-one (DDMP)
Total

;/+9/;-/7=+1/37=2/<+695/< 




5-8285<
0.41
0.42
0.08
1.23
0.81
0.88
1.64
0.89
1.3
-3.<
1.09
1.09
5392+=3-+-3.<+7.=2/3;/<=/;<
2.53
2.53
5./2B./<
;86+=3-5./2B./<
2.20
2.36
1.35
0.57
2.20
2.36
1.35
0.57
;86+=3-B.;8-+;,87<
0.39
0.39
+;,8AB53-+-3.<+7.=2/3;/<=/;<
1.00
0.94









1.02
1.02

0.73
0.73

0.38
0.37
0.52
2.57

0.35
0.35

-

-

-

-

21.34
21.3

3.78
0.01
3.79

-

10.15
10.1

-

17.30
17.3

-

-

1.24
1.24

-

0.89
0.89

1.13
1.13

-

-

-

-

0.97

0.66

-

-

-

-

-

0.96

1.24

1.00
5+?8783.<

0.94

0.97

0.66

0.96

0.17
1.41

-

-

-

-

1.66

-

-

1.66

-

-

-

-

1.66

-

-

1.66

-

-

-

-

/=87/<

2-(n-Propyl)oxybenzylidene
acetophenone
1(3H)-Isobenzofuranone
2(5H)-Furanone
Total

-

0.04

-

-

-

-

-

-

-

0.01
0.01

-

-

-

-

1.02
1.02

Furan, 2,5-dimethylTotal

0.61
0.61

-

-

-

-

-

-

1H-Imidazole, 2,4-dimethyl1H-Imidazole, 1,4-dimethyl1H-Imidazole-2-methanol,
1decyl1H-Pyrrole-2,5-dione (Maleimide)
1H-Pyrazole, 1,5-dimethyl4-Amino-1-methyl-5-nitropyrazole
5-Amino-2H-pyrazole-3carboxamide
Pyrazole, 1,4-dimethylEthyl.alpha.-d-glucopyranoside
3-Dimethylaminoacrylonitrile
Trimethylsilyl-di(timethylsiloxy)silane
4-Dehydroxy-N-(4,5methylenedioxy-2nitrobenzylidene)tyramine
1-Butyne
Benzo[h]quinoline, 2,4-dimethyl2-Butene
Methyl 4-pentynoate
3,4-Altrosan
.beta.-L-Arabinopyranose
2-Ethylacridine
1-Pentene, 3-ethyl2,5-Cyclohexadiene-1,4-dione, 3hydroxy-5-methyl-2-(1methylethyl)beta.-D-Glucopyranose,
1,6anhydroBis(2-ethylhexyl) phthalate
5.alpha.-Androstan-16-one, cyclic
ethylene mercaptole
Cyclohexa-2,5-diene-1,4-dione, 2m ethyl-5-(4-morpholinyl)3,5-Dimethylpyrazole

0.77
-

0.04
'/;9/7/<
"=2/;<
0.56
-

0.44
-

-

-

-

0.61

0.44
-

-

-

-

-

0.34

-

-

-

-

1.52

-

1.76

-

0.72
-

-

0.05
-

-

-

0.61

-

-

-

-

-

10.93
-

0.89
0.49

1.2
11.06
-

0.95
-

0.59
-

0.6
0.37

-

-

-

0.02

-

-

-

-

-

-

-

0.01

-

0.04

-

0.01

-

-

-

-

1.08
0.08
-

2.27
0.53
10.21
9.90
0.01
-

2.27
0.96

-

-

2.00
-

-

-

-

-

1.16

-

-

-

-

-

-

-

6.48

-

-

-

-

-

-

-

2.62

-

-

4.35

-

-

-

-

1.74

-

-

-

-

-

-

-

0.32

-

-

-

-

-

-

-

-

-

-

0.61
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GC-MS chemical analyses of honey samples
revealed the presence of alcohols, acids, aliphatic
acids and their esters, aldehydes, aromatic aldehydes, aromatic hydrocarbons, carboxylic acids and
their esters, flavonoids, ketones, terpenes, and other
chemical compounds (Table 2).
Melissopalynological analysis is important for
the identification of botanical origins of honey.
According to the microscopic analysis results, the
HDE/NTP ratio of 3 out of 8 honey samples was
higher than 3; these samples were therefore identified as oak honey. The other five were identified as
honey mixed with oak secretion, as revealed by a
low honeydew element number. The HDE/NTP
amounts revealed in our analysis were between 0.07
and 7.9. Interestingly, Flores et al., [24] found low
values of HDE/NTP (average HDE/NTP 0.030) in
oak honey. Moreover, Bentabol et al., [25] and
Escuredo et al., [26]. Reported a low HDE/NTP
ratio in honeydew honey from Spain.
Twenty pollen types belonging to sixteen botanical families were identified in the honey samples. Pollen from  spp.,  spp. and
Cistaceae taxa were found to be dominant in some
samples. Pollen from other plant taxa were generally found in minor amounts (Table 1).
Flavonoids and phenolic acids are primary
natural antioxidants. They perform many useful
functions as reducing agents (free radical terminators), metal chelators, and singlet oxygen quenchers
[14]. Total phenolic content was between 134.71 ±
0.05 and 422.01 ± 0.07 mgGAE/kg and total flavonoid content was between 31.84 ± 0.09 and 59.25 ±
0.23 mgQE/kg in    honeydew
honey samples (Table 1). Flores et al., [24] found
phenol and flavonoid contents to be 132.3 mg/100g
and 9.5 mg/100g, respectively, in   
 honeydew honey, which is commonly found in
Spain. In addition, Kaygusuz et al., [27] reported a
total phenolic content between 945 mgGAE/kg and
1298 mgGAE/kg in   honeydew honey samples. As seen from our results, oak honeydew honey has got a high antioxidant capacity and
can be useful for human nutrition.
According to Turkish Food Codex [28] and
Codex Alimentarius Committee on Sugars [29], the
sum of fructose and glucose should be not less than
45g/100g and the ratio of fructose to glucose should
be between 1.0 and 1.4 for honeydew honey. In this
study, fructose to glucose ratios were found to be
between 1.01 and 1.23, and therefore, all samples
were suitable as per the codex standards. Moreover,
total fructose and glucose amounts were determined
to be higher than 45% in majority of the samples
(six in eight). These values were also suitable as per
the codex standards.
In this study, we also investigated the chemical content of the oak secretion by GC-MS. GC-MS
results of the   Ten. honeydew honey are
presented in Table 2. The most abundant com-

pounds were aliphatic acids and their esters: Decanoic acid (10.1%), oleic acid (21.3%). Jerkovic and
Marijanovic [11] also found decanoic acid in oak
honey. However, we determined it to be present in
higher quantities in current study. Moreover, this is
the first instance where oleic acid has been found in
oak honey. Another abundant group was the aldehydes. However, only one sample contained 5hexyl-2-furaldehyde (17.3%) (Table 2).
Similar to the results of Jerkovic and Marijanovic [11], furan derivatives (2-furanmethanol,
2(5H)-furanone, 1(3H)-isobenzofuranone, furfural,
furan) were found in all samples but their amounts
were low. Radovic et al., [30] previously found
furfural, which is an aromatic aldehyde, in acacia
honey. It was also reportedly found in lime and
lavender honey by Cuevas-Glory et al., [31]. In this
study, we identified furfural in seven out of the
eight oak honey samples (Table 2).
Flavonoids are important compounds because
of their antioxidant effects. Flavanones are one of
the most important groups of the flavonoids. Yu et
al., [32] and Özkök et al., [15] previously identified
the flavanone 2,3-dihydro-3,5-dihydroxy-6-methyl4H-pyran-4-one (DDMP), which is a strong antioxidant in the pine honey samples. Also we found
same levels of DDMP in two samples (1.66% and
1.66%) (Table 2).


"!(&"!
In this study, melissopalynologic analysis, total phenolic and flavonoid content analysis, sugar
analysis and chemical analysis were conducted for
the characterization of oak honey. This study revealed a relationship between the botanical origin
and chemical characteristics of oak honey samples.
Further analyses can contribute to detailed characterization of oak honey.


!") !'&
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ble scope of improvement in forages. The best general and specific combiners could be used as prime
materials for selection in breeding program to improve fodder yield components under water deficit
conditions.


Sorghum is one of the essential fodder crops in
Egypt and its demand is increasing day by day due
to increasing the number of cattle farm. While, water
deficit is one of the main reasons for crop reduction
worldwide including Egypt. Therefore to meet the
shortage of fodder, it is very essential to develop
high yielding hybrid or sorghum cultivars which are
suitable to grow under water stress condition. The
present investigation was conducted at Sakha Agriculture Research station farm, Egypt during two
growing seasons. In 2016 twelve lines and four testers of sorghum species were crossed according to
line x tester design to produce 48 crosses. The 48
crosses, their parents and two checks (‘hybrid 102’
and ‘hybrid SX17’) were evaluated during 2017
summer season at the two locations Sakha and Sids
Agricultural Research Stations. Three adjacent experiments were carried out according to three irrigation interval periods   14, 21, 28 days intervals at
each location using randomized complete block design with three replicates. The results of the present
study indicated that the mean squares for total fresh
and dry forage yield plant-1 were varied significantly
under the three irrigation intervals at the two locations and combined over both locations and the three
irrigation intervals). In addition, mean square values
for interaction of irrigation intervals, locations, and
irrigation x locations were found to be highly significant. The tester parent (‘Giza1’) had the highest
mean performance for fresh and dry forage yield
plant-1 at Sakha location, while, the highest values
were provided by line parent L12 (‘ICS693’). Moreover, the cross 45 (L12 x T1) was superior and had the
highest mean performance for fresh and dry forage
yield plant-1 under normal and water deficit conditions at two locations. When data combined, L12
(‘ICS693’) and tester ‘T4’(‘New parent‘) were the
best combiner for total fresh and dry forage yield
plant-1 under normal and water deficit conditions.
The highest positive SCA effect was observed in the
cross 45 (L12 x T1) for fresh and dry yield plant-1. followed by The cross 44 (L11 x T4). Marked variation
among all crosses under study was detected under
normal and water deficit which indicated considera-


)' "#
Combining ability, line x tester, sorghum, sudangrass and
water stress

$" %$ 
Drought is one of the main causes for starvation
and water shortage in the entire world which severely influences the availability of food and feed for
human beings and livestock [1]. Insufficient soil water content leads to reduce plant growth, and is the
most critical threat to world food and feed production. Water stress is one of the considerable abiotic
stress factors that adversely effects on crop growth
and productivity by changing the morphological,
physiological and biochemical processes of the plant
[2, 3]. It severely impairs not only the production but
also causes the reduction in protein synthesis resulting in reduced grain protein content. Considering the
above subject, breeding programs objective might to
develop the potential of production and drought tolerance crop under changing climate.
Forage sorghum (   L. Moench)
has become popular crop of water stress areas of the
world where most of the farmer’s earnings has obtained through products of live stocks [ 4]. It is an
essential crop cultivated for fodder and grain under
irrigated as well as rainfed environment [5]. which
produces bulk of raw materials for the livestock and
human consumption and several agro-allied industries in the globe [ 6]. It is one of the most essential
staple food and fodder crops in parts of the semi-arid
tropics of the world and cultivated in areas considered to be too dry and hot for other cereals, because
of its considered resistance for drought and heat
stress conditions [7].
Evaluation of combining ability and genetic
variance components are essential in the breeding
programs for hybridization [8, 9]. It provides useful
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!4*6; *;.92*4: *6-?8.925.6;*4 :2;.. The
present study was carried out during the two growing
seasons 2016 and 2017 at two different locations.;
Sakha Research Station in north delta and Sids Research Station in upper Egypt of the Agricultural Research Center, Egypt. The genetic materials used in
this investigation were four male testers belong to
two sorghum species; sorghum sccharayum
Giza1(T1), and sorghum Sudanese piper black (T2),
Sids 2 (T3) and new parent (T4) and twelve sorghum
inbred lines belong to the species sorghum bicolor L
as female parents namely , TX2-2 (L1), TX402 (L2),
TX3042 (L3), TX399-3048 (L4), 2002-39 (L5), 2041
(L6), 200243 (L7), ICS (L8), ICS391 (L9), ICS404
(L10), ICS654 (L11), and ICS693 (L12)
In 2016 summer seasons at Sakha Research
farm the four male testers and twelve female lines
were crossed according to line x Tester mating design to produce 48 testcrosses as out lined by [14].
In 2017, 66 genotypes (48 test crosses,16 parents and two checks) were evaluated at two locations
(Sakha and Sids Research Stations). At each location, three water regimes. 14 (I1), 21 (I2) and 28 (I3)
day intervals were used, each in separate experiment
arranged in a randomized complete design with three
replications.

information regarding the selection of suitable parents for effective hybridization programs and indicate the nature and magnitude of various types of
gene action involved in the expression of quantitative characteristics [10, 11]. The performance of a
cross can deviate from the average general combining ability of two parental lines due to genetic effects
that are specific to that cross, and this deviation is
referred to as specific combining ability (SCA) [10].
Effective selection method for forage yield and other
desirable traits requires information on the magnitude of useful genetic variances present in the parents, in terms of combining ability. Combining ability helps to identify the better combiners which may
be hybridized to exploit heterosis and select better
crosses for further breeding [12, 13].
To investigate an effective breeding program to
enhance drought resistance sorghum varieties,
knowledge and understanding the type of gene action managing the inheritance of variance attributes
under water stress environment are very essential.
The purpose of the present study were to evaluate the
performance of 48 sorghum top crosses and their
male and female parents under three different water
regimes at two locations, and to estimate combining
ability to identify the superior parents and test
crosses for high production under deficit irrigation.
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!9.8*9*;276 7/ *6- ?8.925.6;*4 .:206
*6-2.4-:;*+42:15.6; Plot size was one ridge 3
m length and 70 cm apart. Seeds were planted in hills
evenly spaced at 25 cm along the row at the rate of
three seeds per hill. Seedlings were thinned to one
plant per hill after 21 days from planting dates. Ordinary cultural practices are optimized for forage
sorghum were similar to those followed as usual in
both locations.

The analysis of variance for each irrigation as
well as the combined among them in each location
and the combined over all irrigation for both locations for total fresh and dry forage yield is presented
in tables 3and 4.
The mean squares of irrigation, locations, irrigations x locations and genotypes for fresh and dry
forage yield were highly significant, indicating the
wide diversity among the parental materials used in
the present study. Also ,the mean squares due to
crosses and their partitions ; Lines, testers, and lines
x tester were highly significant for fresh and dry
yield under different water regimes as well as their
combined and both location. The interaction mean
squares for L x irr, T x irr, L ix T x irr for yield were
highly significant under both locations and their
combined. Mean squares for parents vs. crosses as an
indication to average heterosis over all crosses was
highly significant for the studied traits under the
three different water regimes and their combined as
well as under both location indicating that the heterotic effect was affected by irrigation and water deficit.
The interactions of Crosses x irr. L x loc, T x
loc, L x T x loc, L x irr, T x irr and L x T x irrwere
highly significant under both locations.

*;* 744.,;276 *6- .*:<9.5.6; Three
cuts were taken during the growing season. The first
cut was taken after 45 days from planting, while the
second and the third cuts were taken after 30 days
intervals between each other. In each location, the
data were recorded on ten guarded plants were chosen randomly. The forage traits like total fresh forage
yield plant-1 (g) and total dry forage yield plant-1 (g)
were measured.

*;*6*4@:2:Data were subjected to analysis
of variance following MSTAT-C Software [15] and
the combining ability analysis was done using line x
tester procedure as suggested by [14]. Combined
analysis across locations was done whenever homogeneity of variances was detected.
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".8
 2290
6=

5
Locations - 1
Irrigations - 2
2
Loc*irr
- 2
r/env
- 6
12
Genotypes 65 65
65 1013102**
47 116106**
Crosses
47 47
Check
1 1
1
176817**
Ch vs. cro 1 1
1
1325
Parants
15 15
15 706180**
Par vs cro 1 1
1
49623806*
*
Line
11 11
11 284934**
Tester
3 3
3
9681
33 69504**
Lin*tester 33 33
G *loc
65
G *irr
- 130 130
G *loc *irr - 130
Cros*loc - 47
Lin*loc
- 11
Test*loc - 3
L*t*loc
- 33
94
Cro*irr
- 94
L*irr
- 22
22
Tes*irr
- 6
6
Lin*tes*irr - 66
66
Cro*irr*lo - 94
c
L *irr*loc - 22
T *irr*loc - 6
L
*t- 66
*ir*loc
Errorb
130 390 780 7314



 



30744


1047

75 






-


1915


2426

 


10115

6883909**
841706**
93815**
127896*
30741*
617101**
40886433*
*
265579**
6816
44469**

712441**
95246**
31828*
36772*
527593**
33849608*
*
195826**
63211**
64632**

11360
2531639**
278778**
304980**
191
1836124**
123606938*
*
720280**
2127
156761**

75 

3133128**

890653**
87092**
7141
133011**
486773**
46357374*
*
175845**
62920**
59706**

791288**
65427**
963
86095**
449728**
41525673*
*
135182**
44570**
44072**

716075**
73263**
6337
112306**
411457**
36811016*
*
137789**
44253**
54392**

4818
2378105**
206677**
430
328806**
1340972**
124419190*
*
421819**
141786**
140863**

17805**

9956**

6040**
13030
38791**
10923**

9553**
13498**
4979
8654

75 

9497724**
27454544**
9637158**
379879**
8089
4882470**
409668**
14125
3535186**
3102092**
248025463*
*
968924**
74543**
253716**
77274**
18780**
8981**
75788**
173176**
69371**
43908**
13370
15479**
19724*
12089**
9378
11049
24045**
7488

7013

8001

7442

7025

5808

5526

* and ** significant and highly at 0.5 and 0.01 probably, respectively.
com. 1 : Combined in each location & com. 2 : Combined for irrigations of both locations
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6119

6780.5
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6=
Loc
Irr
Loc*irr
r/env
Gen
Cr
Ch
Ch vs. cro
Par
Par vs cro



2
65
47
1
1
15
1



2
6
65
47
1
1
15
1

-/
,75 



1
2
2
12
65
47
1
1
15
1

Line
Tester
Lin*tester
G *loc
G *irr
G *loc *irr
Cros*loc
Lin*loc
Test*loc
L*t*loc
Cro*irr

11
3
33
-

11
3
33
130
94

11
3
33
65
130
130
47
11
3
33
94

L*irr
Tes*irr
Lin*tes*irr
Cro*irr*loc
L *irr*loc
T *irr*loc
L *t *ir*loc
Errorb

130

22
6
66
390

22
6
66
94
22
6
66
780

# &





190


32


 

679


75 





 





102


7


119


75 
75 





 
451160**
48625**
14756** 58434**
4948**
300
76
89
10775** 9271** 8390** 28039** 9436** 8985** 8754** 26955** 53861**
2033.8** 1616** 1454** 4721**
1513** 1098** 1273** 3618**
7224**
2872** 2192** 533*
5085**
106
29
70
18
2249**
811.4** 877**
232
359*
688*
651*
999**
2355**
473**
8157** 7615** 6860** 22454** 6040** 6187** 6029** 18169** 39562**
478748** 409369** 373347** 1258394** 450835** 438934** 417675** 1307121** 2565285**
5793.5** 4974.1** 3488.8** 13819.8** 3264.9** 2457.5 2713.0** 8049.3** 19328.8**
502.3** 226.8** 639.9** 178.6
550.3** 593.3
680.2
1688.6** 1184.7**
919.8** 624.0** 850.2** 2102.1** 1017.2** 691.3** 847.2** 2317.0** 3738.3**
1134**
199**
111**
185**
125**
1116**
2540**
682**
680**
193.6**
133.4
202.8**
223.1*
595.5**
147.2

126

107

117

116.6

193*
67.7
119.4

129

99

91

106.3

262**
404**
164.6*
124.2
154
259
102
111.4

* and ** significant and highly at 0.5 and 0.01 probably, respectively.
com. 1 : Combined in each location
com. 2 : Combined for irrigations of both locations

.*68.9/795*6,.The Performance of parents revealed that, the mean values for fresh and dry
forage yield at the first location (Sakha) were higher
than those at the second location (Sids). The mean
values of 14 days interval (recommended) were
achieved the maximum levels, and the gradual reduction was opined with the increase the period of
irrigation interval in both locations as showed in the
Tables 5 and 6.
The tester Giza1 had the highest and desirable
mean values of total fresh yield plant-1 in the first location (Sakha) under the three irrigation intervals
and their combined recording of 2344, 2107, 1922,
and 2124 g, respectively. While, the terser piper
black was the maximum in the second location (Sids)
for the three irrigation intervals and their data combined recording of 1748, 1567, 1489 and 1602 g, respectively.
Line 12 was achieved the peak in two locations
under three irrigation intervals and their combined.
On the other hand, Line 1 produced the lowest mean
values at Sakha location and Line 7 was achieved the
lowest at Sids location.
The mean values of fresh and dry forage yield
of the 48 crosses at the first location (Sakha) were

higher than those at the second location (Sids). The
mean values of the first interval (14 day) were maximum over the other two intervals, while the mean
values of the third interval (28 days) were minimum
in the two locations (Table 7 and 8). The results indicated that the cross L12 x T1 (ICS693 x Giza1) had
the best desirable mean values for the fresh and dry
forage yield under the three irrigation intervals, under both locations and their combinations along with
the combination over the three irrigation intervals
under both locations with mean values (3122, 2805,
2513, 2813,2690, 2313, 2145, 2383 and 2598 g
plant-1). On the other hand, the crossL12 x T4( ICS693
x New parent) had the best desirable means for first
location under 21, 28 and the combined over interval
irrigations with mean values 299, 287 and 297 g
plant-1 while cross 47 (L12 x T3) had the best desirable means for first interval (14 days) at the first location , the three intervals irrigation at the second location and combined over locations and irrigations
with mean values (320, 267, 253, 258,260 and 275 g
plant-1, respectively) for dry forage plant-1.
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,75+26.-26.*,147,*;276*6-;1.,75+26.-/7929920*;276:7/+7;147,*;276:
!*9.6;:
Lines
L1
L2
L3
L4
L5
L6
L7
L8
L9
L 10
L 11
L 12
Mean
Testers
T1
T2
T3
T4
Mean





796
952
966
978
915
870
977
939
1017
1132
1006
1397
995

771
908
922
925
818
812
914
907
953
1047
891
1331
933

2344
2035
2074
1377
1958

2107
2014
1931
1293
1836

7, 


7, 


75 

75 





75 

723
806
719
777
725
766
814
679
795
952
845
1142
812

763
889
869
893
819
816
902
842
922
1043
914
1290
914

676
623
609
704
789
680
526
574
714
856
815
881
704

593
581
579
632
667
585
502
534
681
747
663
793
630

448
512
494
526
578
551
417
484
661
690
642
714
560

572
572
561
621
678
605
482
531
685
764
706
796
631

667.5
730.5
715.0
757
748.5
710.5
692
686.5
803.5
903.5
810
1043
772.5

1922
1827
1703
1135
1646

2124
1959
1903
1268
1813

1583
1749
1632
1238
1551

1563
1567
1537
1159
1457

1414
1489
1399
1083
1346

1520
1602
1523
1160
1451

1822
1780.5
1713
1214
1632


$
!.9/795*6,.7/8*9.6;:/79;7;*4-9@/79*0.@2.4-84*6; <6-.9;19..-2//.9.6;>*;.99.025.:*6-;1.29
,75+26.-26.*,147,*;276*6-;1.,75+26.-/7929920*;276:7/+7;147,*;276
!*9.6;:
Lines
L1
L2
L3
L4
L5
L6
L7
L8
L9
L 10
L 11
L 12
Mean
Testers
T1
T2
T3
T4
Mean





100
121
120
123
112
114
130
123
130
137
130
159
125

98
116
116
119
102
109
123
120
124
128
115
156
119

270
235
242
182
232

246
239
233
173
223

7, 


75 





7, 


75 

94
108
96
102
93
107
111
92
104
121
113
137
107

97
115
111
115
102
110
121
112
119
129
119
151
117

82
76
75
87
94
86
66
72
90
103
99
93
85

72
72
71
79
82
75
65
69
86
92
82
87
78

56
65
64
68
72
73
54
64
85
88
82
84
71

70
71
70
78
83
78
62
69
87
94
88
88
78

84
93
90
97
93
94
92
90
103
112
103
119
97

231
222
211
155
205

249
232
229
170
220

178
200
186
164
182

184
187
183
153
177

167
181
175
149
168

177
190
181
155
176

213
211
205
162
198

75 

#8.,2/2,,75+26260*+242;@.//.,;:# The
results in the Table 11 and 12 indicated that significant positive and desirable specific combining ability effects were obtained for few hybrids. These findings illustrated the presence of a considerable nonallelic gene action in these combinations. The results
indicated that hybrid (ICS654 x New parent) and
(ICS693 x Giza1) were produced the best performance and showed highly positive specific combining ability effects under the three interval irrigations
at two the locations and their combinations.

75+26260*+242;@.6.9*4,75+26260*+24
2;@.//.,;:The estimates of the general combining ability (gca)effects of the lines and testers for
fresh and dry forage yield under the three water regimes and their combined at the Sakha and Sids locations as well as the combined analysis for irrigations of both locations are presented in Tables 8 and
9.
The parental lines L11 and L12 and the parental
tester T4 had positive and significant gca effects for
fresh and dry forage yield under all conditions, indicating that these genotypes are suitable to breeding
programs for forage yield under stress conditions.


8371

$#

! %  

 







!"  ! 


$
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,75+26.-26.*,147,*;276*6-;1.,75+26.-/7929920*;276:7/+7;147,*;276:
97::.:

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
Mean
Ch1
Ch2
Mean
LSD 0.05
LSD0.01


2313
2258
2471
2129
2197
2346
2344
2148
2501
2413
2532
2697
2311
2530
2567
2361
2190
2320
2405
2473
2556
2510
2409
2557
2228
2323
2368
2164
2566
2447
2350
2329
2254
2413
2154
2083
2432
2378
2050
2398
2534
2321
2570
2816
3122
2613
2629
2597

1960
2303
2131.5
135.9
180.0


1991
2125
2278
2068
2097
2243
2223
2014
2336
2263
2334
2498
2118
2376
2378
2198
2046
2085
2163
2020
2421
2365
2304
2381
2119
2118
2142
2092
2431
2277
2242
2214
2089
2160
1910
1880
2194
2218
1951
2230
2271
2060
2332
2411
2805
2361
2443
2515

1885
2177
2031
133.6
177.7

7, 

1649
1959
2082
1794
1804
1975
1963
1815
1912
2079
2193
2057
1845
2121
2234
1911
1816
1875
2030
1926
2103
2127
2014
2204
1862
1823
2009
1942
2035
2107
1984
2160
1720
2010
1750
1763
1917
1968
1672
2027
1978
1852
2160
2322
2513
2096
2007
2372

1596
1741
1668.5
141.9
188.0

75 
1984
2114
2277
1997
2033
2188
2177
1992
2250
2252
2353
2418
2091
2342
2393
2157
2017
2093
2199
2140
2360
2334
2242
2381
2070
2088
2173
2066
2344
2277
2192
2234
2021
2195
1938
1909
2181
2188
1891
2218
2261
2078
2354
2516
2813
2357
2360
2495

1813
2074
1943.5
136.2
180.4


1913
2076
1858
2047
2069
2333
2087
2103
1883
1988
2093
2151
2023
2127
2213
2197
1691
1915
2020
2190
1930
2106
1962
1948
1933
1900
1971
1969
2141
2009
2010
2147
1980
1913
1932
1810
1990
2110
1753
2092
2095
1891
2090
2406
2690
2272
2157
2233
 
1650
1581
1615.5
133.7
177.1
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1819
1976
1844
1870
1913
2140
1934
1993
1745
1885
1997
2045
1911
2013
2073
1930
1578
1793
1959
1930
1867
1996
1817
1763
1848
1833
1779
1932
2034
1945
1953
2084
1855
1852
1685
1677
1813
1930
1617
1733
1930
1787
1901
2243
2313
2140
1940
2086
 
1533
1508
1520.5
121.0
160.3

7, 

1703
1873
1728
1823
1761
1879
1874
1750
1592
1715
1878
1889
1826
1857
1964
1837
1448
1647
1768
1824
1643
1745
1588
1668
1756
1714
1631
1764
1888
1668
1682
1875
1727
1735
1623
1584
1662
1878
1503
1433
1814
1699
1803
2195
2145
2075
1708
1995

1343
1408
1375.5
120.7
160.0

75 
75 
1812
1975
1810
1914
1914
2117
1965
1949
1740
1863
1989
2029
1920
1999
2083
1988
1573
1785
1916
1981
1813
1949
1789
1793
1846
1816
1794
1888
2021
1874
1882
2036
1854
1833
1747
1690
1822
1973
1624
1753
1946
1792
1931
2281
2383
2162
1935
2105

1509
1499
1504
125.3
165.9

1898
2045
2043
1955
1974
2153
2071
1970
1995
2057
2171
2223
2006
2171
2238
2072
1795
1939
2058
2061
2087
2141
2016
2087
1958
1952
1983
1977
2182
2075
2037
2135
1938
2014
1842
1800
2001
2080
1758
1986
2104
1935
2143
2399
2598
2260
2147
2300
 
1661
1786.5
1723.6
131.4
174.0
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,75+26.-26.*,147,*;276*6-;1.,75+26.-/7929920*;276:7/+7;147,*;276:
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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
Mean
Ch1
Ch2
Mean
LSD0.5
LSD0.01


255
254
263
231
252
259
256
243
278
266
265
297
264
284
278
257
242
259
267
276
282
276
266
294
244
246
266
241
278
261
261
261
252
264
231
218
266
255
232
253
289
251
276
320
367
307
311
304

224
268
246
18.0
23.9


223
245
248
229
244
261
247
235
260
253
254
278
244
269
265
246
230
235
247
230
271
266
257
277
236
231
242
239
268
244
254
254
242
246
212
204
245
245
224
241
262
231
254
277
338
281
292
299

218
256
237
16.4
21.8

7, 

193
229
241
206
216
233
224
218
225
242
248
245
219
246
256
223
208
220
235
225
250
243
235
258
213
207
237
226
238
233
236
255
203
232
208
197
226
228
202
234
235
217
252
277
303
255
241
287

191
210
201
17.1
22.7

75 
224
243
251
222
237
251
242
232
255
254
255
273
243
266
266
242
227
238
250
243
268
262
253
277
231
228
248
235
262
246
250
257
232
247
217
206
246
243
219
242
262
233
261
291
336
281
281
297

211
245
228
17.2
22.8


202
221
192
217
225
264
220
221
206
213
220
228
223
220
253
229
179
206
217
236
210
221
207
213
213
201
222
218
234
207
209
232
219
202
208
194
215
222
192
220
230
200
221
267
310
265
243
243

187
178
182
18.1
24.0
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196
219
202
213
215
245
217
222
189
206
216
224
217
217
234
216
172
202
213
217
207
219
203
195
207
202
199
222
226
211
214
236
209
202
186
182
202
212
185
189
218
196
207
253
272
252
224
237

177
172
175
15.8
20.9

7, 

191
215
194
213
205
225
215
201
179
195
209
216
213
208
231
211
162
189
199
211
190
196
184
188
201
196
185
205
219
183
191
219
200
194
184
176
189
212
175
167
210
196
206
258
259
247
205
236
 
160
167
163
15.5
20.6

75 
75 
196
218
196
214
215
245
217
215
191
205
215
223
218
215
239
219
171
199
210
221
202
212
198
199
207
200
202
215
226
200
205
229
210
199
193
184
202
215
184
192
219
197
211
260
280
255
224
238

174
172
173
16.5
21.9

210
230
223
218
226
248
230
223
223
229
235
248
230
241
253
230
199
219
230
232
235
237
225
238
219
214
225
225
244
223
228
243
221
223
205
195
224
229
202
217
241
215
236
275
308
268
253
268

193
209
201
16.7
22.2
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7, 


75 



26.
L1
-117.09** -109.33** -119..54** -115.32** -76.70**
L2
-151.25** -80.50** -101.04** -110.93** 97.62**
L3
125.99** 133.08** 70.11**
109.73** -21.54
L4
32.07
42.58
37.36
37.34*
89.70**
L5
-62.84** -146.41** -78.46** -95.90** -96.29**
L6
97.90**
142.91** 121.36** 120.73** -64.04**
L7
-139.17** -107.08** -18.29** -109.18** -106.95**
L8
12.90
66.08**
81.11**
53.37**
26.37
L9
-183.75** -214.83** -179.46** -192.68** -141.62**
L 10
-95.50** -76.66** -94.29** -88.82** -64.12**
L 11
150.40** 43.84
87.53**
93.92**
70.04**
L 12
330.32** 306.33** 256.61** 297.75** 287.54**
l.s.d 0.05
48.61
47.61
50.86
32.78
47.65
l.s.d 0.01
64.41
63.08
67.39
43.43
63.13
Tester
T1
23.74
18.36
-60.88** -6.25
-22.09
T2
-3.95
-3.86
8.92
0.37
2.93
T3
-5.92
0.19
17.86
4.04
-38.18**
T4
-13.86
-14.69
34.09**
1.84
57.34**
l.s.d 0.05
28.07
27.48
29.35
18.93
27.50
l.s.d 0.01
37.19
36.40
38.88
25.08
36.43
* and ** significant and highly at 0.5 and 0.01 probably, respectively.
com. 1 : Combined in each location
com. 2 : Combined for irrigations of both locations



7, 


75 
75 

-33.46
84.61**
7.61
71.61**
-95.46**
-49.79*
-62.46**
93.70**
-143.38**
-137.13**
54.86*
209.28**
43.34
57.42

14.54
48.46*
1.04
103.63**
-95.61**
-106.78**
-51.03*
10.71
-100.11**
-148.45**
110.21**
213.38**
42.22
56.01

-31.87*
76.90**
-4.29
88.31**
-95.79**
-73.54**
-73.48**
43.59**
-128.37**
-116.56**
78.37**
236.73**
27.69
36.69

-73.59**
-17.01
52.71**
62.83**
-95.84**
23.59
-91.33**
48.48**
-160.53**
-102.69**
86.15**
267.24**
25.86
34.26

-24.79
30.34*
-35.65**
30.11*
25.01
33.14

-20.42
22.96
-38.28**
35.74**
24.40
32.33

-22.43**
18.74*
-37.37**
41.06**
15.99
21.19

-14.34
9.55
-16.66*
21.45**
14.93
19.78

$ 
.6.9*4,75+26260*+242;@.//.,;:/79;1.8*9.6;*4 426.:*6-/7<9;.:;.9:>.9..:;25*;.-/79;7;*4
-9@@2.4-84*6; <6-.9;1.;19..-2//.9.6;>*;.99.025.:*6-;1.29,75+26.-26.*,147,*;276*6-;1.,75
+26.-/7929920*;276:7/+7;147,*;276
8*9
7, 
7, 
.6;:



75 



26.:
L1
-16.48** -15.38** -15.48** -15.79** -13.43** -5.54
-0.06
L2
-14.31** -4.77
-10.14** -9.74**
11.28**
11.63**
8.13**
L3
9.26
9.82*
7.19*
8.75**
-4.92
-3.96
-3.51
L4
3.68
4.42
2.97
3.69
9.85**
8.28**
12.78**
L5
-5.98
-16.11** -11.10** -11.08** -11.92** -11.97** -12.66**
L6
12.68**
16.17**
13.57**
14.09**
-8.64**
-6.78*
-13.83**
L7
-17.73** -14.60** -12.12** -14.82** -8.00*
-5.43
-6.47*
L8
-1.81
3.69
7.45*
3.14
-0.87
8.86**
-0.17
L9
-25.65** -25.66** -22.85** -24.72** -15.61** -18.05** -14.53**
L 10
-15.56** -13.00** -10.54** -13.05** -9.11**
-15.73** -17.53**
L 11
16.84**
4.58
12.36**
11.28**
7.89*
5.53
14.29**
L 12
55.09**
50.85**
38.70**
48.25**
43.50**
33.17**
33.58**
l.s.d
6.46
5.89
6.14
3.82
6.46
5.67
5.41
0.05
l.s.d
8.56
7.80
8.14
5.06
8.56
7.51
7.17
0.01
$.:;.9:
T1
5.48**
3.70*
-5.42**
1.25
0.61
-2.04
-1.67
T2
-1.87
-0.96
-0.71
-1.21
-1.13
2.36
1.35
T3
-2.73
-1.88
1.58
-1.00
-4.43*
-4.61**
-4.93**
T4
-0.87
-0.85
4.56*
0.96
4.95**
4.28*
5.26**
LSD
3.72
3.38
3.54
2.20
3.72
3.27
3.13
0.05
l.s.d
4.9
4.48
4.69
2.92
4.93
4.33
4.14
0.01
* and ** significant and highly at 0.5 and 0.01 probably, respectively.
com. 1 : Combined in each location com. 2 : Combined for irrigations of both locations

8374

75 
75 
-6.34**
10.35**
-4.13*
10.30**
-12.19**
-9.75**
-6.63**
2.60
-16.06**
-14.12**
9.24**
36.75**
3.40

-11.06**
0.30
2.31
7.00**
-11.63**
2.16
-10.72**
2.87
-20.39**
-13.59**
10.26**
42.50**
3.09

4.51

4.09

-1.03
0.86
-4.65**
4.83**
1.97

0.10
-0.17
-2.83**
2.89**
1.79

2.61

2.37

$#

! %  
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$ 
#8.,2/2,,75+26260*+242;@#.//.,;:/79  1@+92-:.:;25*;.-/79;7;*4/9.:1@2.4-84*6; <6-.9
;19..-2//.9.6;>*;.99.025.:*6-;1.29,75+26.-26.*,147,*;276*6-;1.,75+26.-/7929920*;276:7/
+7;147,*;276
97::.:
1 (L1*T1)
2 (L1*T2)
3 (L1*T3)
4 (L1*T4)
5 (L2*T1)
6 (L2*T2)
7 (L2*T3)
8 (L 2*T4)
9( L3*T1)
10 (L3*T2)
11 (L3*T3)
12( L3*T4)
13( L4*T1)
14( L4*T2)
15( L4*T3)
16( L4*T4)
17( L5*T1)
18( L5*T2)
19( L5*T3)
20 ( L5*T4)
21( L6*T1)
229 L6*T2)
23( L6*T3)
24( L6*T4)
25( L7*T1)
26( L7*T2)
27 (L7*T3)
28( L7*T4)
29 (L8*T1)
30( L8*T2)
31( L8*T3)
32( L8*T9)
33( L9*T1)
34( L9*T2)
35( L9*T3)
36 (L 9*T4)
37 (L10*T1)
38(L 10*T2)
39(L 10*T3)
40 (L 10*T4)
41 (L 11*T1)
42 (L 11*T2)
43(L 11*T3)
44(L11*T4)
45(L 12*T1)
46(L 12*T2)
47(L 12*T3)
48 (L 12*T4)
l.s.d 0.05
l.s.d 0.01


-3.32
-30.63
183.67**
-149.71**
-85.15
91.53
90.84
-97.21
-58.40
-119.04*
2.25
175.20**
-154.52**
91.86
130.50**
-67.54
-180.90**
-23.21
64.09
140.03**
24.34
5.70
-92.65
62.61
-66.24
55.78
103.09*
-92.63
119.00**
27.70
-66.99
-79.70
4.34
191.03**
-66.32
-129.04**
93.42
97.78
-258.90**
97.70*
-49.82
-235.46**
15.50
269.78**
357.59**
-123.04*
-105.07*
-129.46**
97.25
128.85


-143.11**
13.11
162.38**
-32.38
-65.94
102.27*
78.88
-115.22*
-40.19
-90.63
-24.36
155.19**
-167.36**
112.19*
110.13*
-54.97
-51.02
10.52
84.13
-43.63
34.63
0.86
-63.52
28.02
-17.02
4.52
23.80
-11.30
121.47*
-9.97
-49.02
-62.47
61.05
154.27**
-100.11*
-115.22*
27.55
73.44
-197.61**
96.61*
-15.61
-204.38**
63.22
156.77**
255.55**
-166.22**
-87.94
-1.38
95.24
126.19

7, 

-160.95**
78.90
193.29**
-111.25*
-24.11
76.74
56.13
-108.75*
-87.28
9.90
114.96*
-37.59
-122.20*
84.32
188.38**
-150.50**
-35.03
-45.50
100.54
-20.00
51.79
5.99
-115.95*
58.15
14.13
-94.67
81.71
-1.17
24.04
26.90
-105.70*
54.74
-29.70
190.15**
-78.78
-81.67
82.13
62.65
-241.61**
96.82
-39.36
-235.17**
64.54
209.99**
326.54**
-160.25**
-257.53**
91.24
101.73
134.78

75 
-102.46
20.46
179.78**
-97.78**
-58.40
90.18**
75.28*
-107.06**
-61.96
-66.59*
30.95
97.60**
-148.12**
96.12**
143.00**
-91.00**
-88.99**
-19.39
82.92*
25.46
36.92
4.18
-90.71**
49.60
-23.04
-11.45
69.53*
-35.03
88.17**
14.87
-73.90*
-29.14
11.89
178.49**
-81.74*
-108.64**
67.70*
67.96*
-232.71**
97.04**
-34.93
-225.00**
47.75
212.18**
313.23**
-149.84**
-150.18**
-13.20
65.58
84.27


-38.23
99.73*
-77.81
16.31
-57.23
182.40**
-22.48
-102.68*
-123.40*
-44.09
102.68*
64.81
-94.65
-16.34
111.43*
-0.43
-240.98**
-41.68
104.09*
178.56**
-34.23
116.73*
13.51
-96.01*
12.01
-46.34
65.76
-31.43
86.34
-71.01
-28.56
13.23
93.34
1.31
61.43
-156.09**
25.84
120.81*
-194.73**
48.06
-2.98
-232.68**
7.76
227.90
374.18**
-68.84
-143.06**
-162.26**
95.32
126.29

* and ** significant and highly at 0.5 and 0.01 probably, respectively.
com. 1 : Combined in each location
com. 2 : Combined for irrigations of both locations

8375


-33.53
68.32
2.32
-37.11
-56.95
114.24*
-25.42
-31.86
-148.28**
-63.09
114.24*
97.13*
-45.95
0.90
126.90**
-81.86
-211.86**
-52.34
179.32**
84.88
31.46
104.99*
-8.34
-128.11**
25.13
-45.00
-33.67
53.54
54.96
-89.50*
-15.17
49.71
112.71*
54.24
-46.42
-120.53**
64.79
126.32**
-121.00**
-70.11
-10.20
-209.00**
-28.67
247.88**
217.71**
-10.09
-144.09**
-63.53
86.68
114.84

7, 

-58.32
68.28
-15.46
5.50
-34.57
39.70
96.61*
-101.74*
-155.82**
-76.54
147.36**
85.00*
-24.40
-36.79
130.78**
-69.57
-203.15**
-47.54
134.70**
116.00**
2.34
61.28
-34.79
-28.82
60.25
-25.13
-47.21
12.09
129.84**
-133.21**
-57.96
61.34
79.67
44.95
-5.79
-118.82**
63.34
235.61**
-77.46
-221.49**
-43.65
-202.04**
-36.13
281.84**
184.50**
71.45
-234.63**
-21.32
84.55
112.02

75 
-43.36
78.78**
-30.31
-5.09
-49.58
112.11**
16.23
-78.76**
-142.50**
-61.24*
121.43**
82.31**
-55.00
-17.41
123.04**
-50.62
-218.67**
-47.18
139.37**
126.48**
-0.14
94.33**
-9.87
-84.31**
32.46
-38.82
-5.04
11.40
90.38**
-97.91**
-33.90
41.43
95.24**
33.50
3.06
-131.81**
51.32
160.92**
-131.06**
-81.18**
-18.94
-214.57**
-19.01
252.54**
258.80**
-2.49
-173.93**
-82.37
55.41
73.41

75 
-72.91**
49.62
74.73**
-51.44
-53.99*
101.15**
45.76
-92.91**
-102.23**
-63.91*
76.19**
89.96**
-101.56**
39.35
133.02**
-70.81**
-153.83**
-33.29
111.15**
75.97**
18.39
49.26
-50.29
-17.35
4.71
-25.14
32.24
-11.81
89.28**
-41.51
-53.90*
6.14
53.57*
105.99**
-39.33
-120.23**
59.51*
114.44**
-181.89**
7.93
-26.94
-219.79**
14.37
232.36**
286.01**
-76.16**
-162.05**
-47.78
51.75
68.56

$#

! %  
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$ 
#8.,2/2,,75+26260*+242;@#.//.,;:/79  1@+92-:.:;25*;.-/79;7;*4-9@@2.4-84*6; <6-.9;1.
;19..-2//.9.6;>*;.99.025.:*6-;1.29,75+26.-26.*,147,*;276*6-;1.,75+26.-/7929920*;276:7/
+7;147,*;276
97::.:
1 (L1*T1)
2 (L1*T2)
3 (L1*T3)
4 (L1*T4)
5 (L2*T1)
6 (L2*T2)
7 (L2*T3)
8 (L 2*T4)
9( L3*T1)
10 (L3*T2)
11 (L3*T3)
12( L3*T4)
13( L4*T1)
14( L4*T2)
15( L4*T3)
16( L4*T4)
17( L5*T1)
18( L5*T2)
19( L5*T3)
20 ( L5*T4)
21( L6*T1)
229 L6*T2)
23( L6*T3)
24( L6*T4)
25( L7*T1)
26( L7*T2)
27 (L7*T3)
28( L7*T4)
29 (L8*T1)
30( L8*T2)
31( L8*T3)
32( L8*T9)
33( L9*T1)
34( L9*T2)
35( L9*T3)
36 (L 9*T4)
37 (L10*T1)
38(L 10*T2)
39(L 10*T3)
40 (L 10*T4)
41 (L 11*T1)
42 (L 11*T2)
43(L 11*T3)
44(L11*T4)
45(L 12*T1)
46(L 12*T2)
47(L 12*T3)
48 (L 12*T4)
l.s.d 0.05
l.s.d 0.01





-1.06
4.95
15.15**
19.04**
-5.56
8.45
5.98

-17.12**
9.88

7, 


7, 


75 





-18.76**
12.73*

-12.29**
9.19*

-6.39
14.26*

-9.62
9.00

-10.36
10.00

-8.79*
11.09**

13.76*

22.28**

17.09**

-11.72*

-1.22

-3.99

-5.64

-6.52

-16.25*

-13.99**

3.86

1.84

4.35

3.35

-6.25
15.47*
1.82

-1.72
10.92
-0.23

-4.58
11.67**
2.54

-8.54
32.77**
-7.85

-7.25
17.64**
-3.38

-5.10
12.01*
8.97

-8.87

-11.04

-8.96

-9.63*

-16.36*

-7.00

-15.87**

-4.15

-4.64

-9.24

-5.99

-11.62

-17.52**

-19.30**

-8.45
-8.59
21.20**
-11.90
14.79*
10.31
-13.20*
24.56**
0.12
8.98
15.45*
-2.90
-1.54
-11.01
15.45*
-10.48
-1.12
19.40**
-7.79
7.59

-7.45
-5.81
17.91**
-15.61**
14.30*
10.68
-9.37

3.05
5.86
0.33
-11.26
10.57
18.27**
-17.58**

-4.39
-2.83
13.22**
-12.90**
13.23**
13.08**
-13.40**

-2.12
7.44
6.30
-9.27
-9.77
25.89**
-6.84

-5.10
12.08*
10.55
-1.76
-6.22
17.59**
-9.59

-6.30
14.36*
11.23*
-1.30
-9.19
20.29**
-9.79

-9.53

-8.20

-14.09**

-31.03**

-26.93**

-26.43**

0.86
13.57*
-4.89
-0.82
-1.17
-8.52
10.53
-4.83
-5.28
7.28
2.82
9.49

-1.55
11.52
-1.76
9.00
-2.52
-13.29*
6.82
-2.25
-12.97*
14.20*
1.02
3.11

-0.19
11.32**
2.97
1.75
-1.70
-10.99**
10.95**
-5.87
-6.40
13.58**
-1.30
6.72

-2.03
12.04*
21.02**
-3.78
9.60
-0.89
-4.91
-1.24
-10.90
12.95*
-0.80
12.67

-1.24
16.37**
11.80*
2.82
10.96
1.51
-15.31**
1.42
-8.31
-3.64
10.54
6.03

-2.68
13.78*
15.33**
2.04
5.16
-0.82
-6.39
6.22
-1.83
-7.21
2.82
17.91**

-6.97
20.80**
-0.75
13.08**
16.15**
-4.51
11.29**
9.36**
-4.11
-8.39*
21.26**
-8.74
28.13**
-1.98
14.06**
16.05**
0.36
8.58*
-0.06
-8.87*
2.13
-7.01
0.69
4.18
12.20**
15.69**
-5.60
9.09**
14.29**
2.18
0.91
17.38**
4.67
15.99**
-9.53
11.14**
-1.52
25.52**
-5.88
32.92**
32.01**
4.47
20.74**
15.74**
6.81
9.03

-3.04

-10.51

-6.36

-6.58

-12.35

-13.06*

-21.66**

-1.51
-3.04
5.43
24.79**
-7.68
22.54**
9.01
5.70
-16.76

1.05
-0.03
12.36
20.95**
-12.25

-6.43
9.68
-1.88
22.60**
-3.22

-2.30
2.16
5.31
22.73**
-7.65

-6.76
6.45
12.91*
-2.36
6.49

-2.90
9.92
16.49**
4.88
-3.82

-7.14
10.89*
13.46*
4.02
0.07

-21.06**

-17.50**

-20.39**

-17.04*

-17.55**

-17.57**

2.78
7.11
-12.93*

8.70
6.81
-22.22**

6.80
6.51
-17.32**

2.52
10.43
-15.66**

6.89
12.96*
-7.61

4.60
24.59**
-5.32
-23.87**

2.04

3.04

6.70

4.00

2.70

-12.24*

-0.73
31.37**
-5.18
37.29**
39.34**
-13.29*

2.55

-4.63

-0.90

-0.26

1.13

-5.42

-24.02**

-27.42**

-27.63**

-28.64**

-24.61**

-23.30**

0.06
21.40**
31.65**
-20.15**

5.34
26.71**
37.15**
-15.86*

0.08
28.45**
36.05**
-16.43**

-4.05
32.96**
44.07**
1.13

-7.24
30.73**
28.30**
3.10

-6.35
35.08**
23.67**
9.18

9.09

-8.70

-32.06**

-16.58**

-17.85**

-17.72**

-26.64**

-2.79

10.77

-3.04

-27.34**

-13.67*

-6.21

11.78
15.60

12.29
16.28

7.66
10.15

12.92
17.12

11.34
15.03

10.85
14.38

16.95**
12.94
17.14

* and ** significant and highly at 0.5 and 0.01 probably, respectively.
com. 1 : Combined in each location
com. 2 : Combined for irrigations of both locations

8376

75 

75 
-10.54**
10.14**
5.72
-5.32
-5.77
16.24**
0.89
-11.35**
-11.07
-4.45
4.22
11.29**
-8.51
2.41
17.17**
-11.07**
-21.11**
-1.09
12.69**
9.51**
1.05
3.43
-5.53
1.04
-1.86
-6.71*
7.14*
1.43
9.46**
-11.14**
-3.95
5.62
9.80**
12.46**
-3.37
-18.89**
5.74
11.25**
-13.42**
-3.56
-1.21
-26.57**
-2.89
30.69
34.03**
-5.98
-18.66**
-9.39**
6.20
8.22

$#

! %  
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The findings of the present study revealed that,
a significant variation among all traits was detected
under normal as well as water deficit condition,
which indicated the considerable scope for improvement the forage of sorghum. Water deficit conditions
reduced the yield under all studied genotypes but the
magnitude of reduction varied. The best general
combiner for total fresh and dry forage yield plant-1
was New Parent as male, while the best general combiner were L11 and L12 as female parents under normal and water deficit. The hybrids combinations (L4
x T3), (L11 x T4) and (L12 x T1) showed highly significant desirable SCA effects for total fresh and dry
yield under normal and water deficit. revealing that,
these genotypes (parents or crosses) can be used in
sorghum program for water deficit.
The authors have no any conflicts of interest

Analysis of variance for total fresh and dry forage yield showed significant differences among genotypes, crosses, checks, parents, lines, testers, and
lines x testers under normal and water deficit (irrigation intervals). In our study, fresh and dry forage
yield remarkably decreased due to the deficit of water during plant growth stages by providing longer
intervals. This may be due to shortage of water during different growth stages of the plants reduced
photosynthesis consequently reduced dry matter production [16, 17]. These results are supported by the
finding of [18, 1 ,19] who reported that water deficit
significantly decreased plant growth parameters and
the magnitude the reduction depends on the genotypic nature. The differential behavior of genotypes
in dry matter accumulation pattern was due to difference of plant growth regulators production under
contrasting water level [20, 16] Genotypes indicated
variable performance to water stress environment are
very successful to find out the morphological, biochemical and agronomical traits that confer drought
resistance [1, 21, 22].
The mean values in the first location (Sakha)
were higher than those in the second location, and
the increasing values at Sakha location may be due
to the prevailing of favorable temperature and dry
length leading to greater of these traits and these
agree with [14 ,19]. Fresh and dry yield values decreased gradually with increasing the length of irrigation interval and these results are well supported
by the report in literature [24, 25, 26, 27, 28, 29].
Breeding lines such as, the good general combiners could serve as base populations for intermating and recurrent selection [1]. The lines with greater
specific combining ability effects could be used for
hybrid improvement while those having greater general combining ability could be used successfully for
synthetic cultivar improvements [30]. The variable
magnitude and direction of general combining ability effects for tester and line parents regarding fresh
and dry yield under normal and water deficit conditions were prominent. The results cleared that significant positive specific combining ability effects were
obtained for few hybrids under normal and two water
deficit conditions (irrigation intervals). The results
are matched with the findings of [18, 1, 19]. Genetic
diversity alone would not guarantee the expression
of heterosis but, the fitness of the environmental conditions would be needed [31].The high significant
specific combining ability effects along with high
per se performance forgrain production[32].
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solved in oil and gas field production. Electrocoagulation method is an advanced rapid wastewater
treatment multi-functional integrated technology
with coagulation, oxidation and micro air flotation
[5, 6], the anode form hydroxide micro flocs to
quickly gather pollutants particles into clusters, and
micro air flotation forms flotation separation, and
pollutants can be degraded by electro-oxidation [7,
8]. Electrocoagulation method has advantages of
high efficiency, less sludge, convenient operation
and so on, it has been widely used in various industrial wastewater treatment researches in recent years
[9, 10].
Fractal theory is used to describe and calculate
the formation and break process of flocs and bubbles, and irregular objects in the process of coagulation to reflect its structure and formation process
of flocs from a more realistic perspective. It showed
a strong practicality in the coagulation theory and
process studies [11, 12]. The formation process of
flocs is a non-linear and random growth process of
tiny particles in water. By random motion, these
tiny particles start to be superposed into small agglomeration groups, then be collided with each other to aggregate into larger granular flocs to float up
or sedimentate to be separated in water rapidly. In
this process the generation of bubbles accelerates
the floating of the flocs, and the treatment efficiency of electrocoagulation was affected by the fractal
characteristics of flocs and microbubbles. The fractal dimension is the most important characteristic
parameter to quantitatively describe irregularity and
the spatial filling degree of particle agglomerates
[11].
Electrocoagulation is an electrochemical
method that applies an electric field in wastewater
treatment. According to anodic oxidation and cathodic reduction theory, when the low-voltage direct current is passed to the sewage system, anodes
was sacrificied and produced metal ions to generate
metal hydroxide and polyhydroxy complexes flocs.
At the same time, these generated micro- flocs have
network capture, adsorption bridging, electrical
neutralization and other series of synergy effects, so
these flocs will be separated in water with floating
up or sedimentating rapidly, and organic macromolecules in the wastewater are moderately de-

In this study, the fractal theory was used to
describe fractal growth characteristics of granular
flocs and bubbles in the electrochemical treatment
of polyacrylamide fracturing flow-back wastewater.
Also the effect of electrocoagulation treatment time
on its formation was evaluated, and influences of
treatment time on flocs and bubbles were characterized by fractal dimension. The results showed
that the morphology of flocs and bubbles had a
good positive correlation with their fractal dimension and equivalent circle diameter, and it had negative correlation with the turbidity of wastewater.
When the fractal dimension f of flocs larger than
1.906, the change of fractal dimension is small, and
the aggregated flocs were more compact and easy
to be settled down. The fractal dimension of the
bubbles basically did not change with time. f had
a slight fluctuation at 2.0, and the equivalent circle
diameter of bubbles was 39.31 ~ 44.74 μm which
significantly effected micro-air flotation and the
rapid separation of flocs was obtained by bubbles
strengthened. The turbidity dropped to 18.3 NTU
after 21 min of electrocoagulation treatment.
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Electrocoagulation, polyacrylamide system, fracturing
flow-back wastewater, fractal dimension
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Polyacrylamide system is a widely used fracturing fluid in oil field operation, and the
wastewater of flow back to the ground after the
oilfield fracturing operations contains residual
polymer, various added chemicals and formation
water. The fracturing flow-back wastewater has a
certain degree of viscosity and salinity, high turbidity, large and concentrated emissions. Placed in the
open air, its color turns black immediately, then it
forms an abnormally stable colloidal thermodynamic system [1-4], this system can not be separated by settlement, so efficient treatment if it is one of
the most urgent environmental problems need to be
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C;0=4809?,7 9>?=@809?> ,9/ 0A4.0>
Floc morphology in situ detection system(R-V1.0,HIT,China), UV-2450 UV-Vis spectrophotometer (Shimadzu), ICS2100 ion chromatography (DIONEX US), AQ2010 digital turbidimeter (Thermo Orion US), OIL510 infrared oil content analyzer (Beijing Chinainvent China), JS94H
Zeta potential analyzer (Shanghai Zhongcheng).
Electrocoagulation experimental device was
shown in Fig.1: (1. DC power supply,
2.electrochemical reactor , 3.flocs online detection
device, 4. Al electrode plate). the current adjustment range was 3 ~ 30 A, electrochemical reactor
was made of transparent glass, the effective volume
was 4.0 L, the plate spacing adjustable range was
20 ~ 60 mm.

70.?=:.:,2@7,?4:9 C;0=4809?> Experimental operation process was as followed: When
the reactor is filled with sewage, its total volume is
4.0 L. The delivery pump is set at the timing quantitative mode, and different residence time can be
selected for series of dynamic process experiments.
Electrode plate spacing can be adjusted as 20 mm,
40 mm and 60 mm, the ratio of plate area and water
treatment (surface/volume ratio) was 0.0162
m2/L0.017 m2/L. Started the pump to continuously input sewage into the reactor, the control current was stable at 4 ~ 6 A, and the steady-state
treatment time was about 20 ~ 30 min, then took
water samples at the exit of the reactor, after standing for 30 minutes, analyzed turbidity and other
water quality indicators.

graded or removed to achieve the purpose of moderate viscosity reduction. In addition, O2 micro
bubbles will be produced from the anode and H2
micro bubbles will be produced by the cathode.
Sacrificial anode produces inorganic floccules, then
suspended solids, emulsified oil and other impurities in the sewage can be removed by flocculation
and air flotation. In this study, the fractal characteristics of floc aggregation and bubble growth in the
process of electrocoagulation treatment on the oilfield fracturing flow-back wastewater were studied,
and the effect of fractal characteristics on the electrocoagulation process was also studied.


)"$ &% &!%

&30 ,49 #@,74?D 9/4.,?:=> :1 (,?0=
%,8;70> The method of water quality and ion
analysis was in accordance with SY / T5329-2012
"Injection water quality indicators and analysis
methods for clastic reservoir", SY/T5523-2016
"Oilfield water analysis method", HJ637-2012
"Water quality oil infrared spectrophotometry ".
Fracturing flow-back wastewater was taken
from an West oil field (X-134-49 oil well site), it
consisted of 0.25% polyacrylamide as a thickener
(molecular weight 9 million), some chemical additives such as 0.25% clay stabilizer, 0.50% organic
cross-linking agent and so on. The color of fracturing flow-back wastewater was black. The results
were shown in Table 1.



   

-

electrochemical reactor

flocs online detection device
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Parameters
Mean
values

Oil /mg·L-1
12.15

SS
146
5

Viscosity /mPa.s

zeta potential/mV

Turbidity/NTU

Chroma

pH

11.67

-19.2540

337

≥300

6.5


'$ 
&3049>4?@/0?0.?4:9,9/,9,7D>4>49?0=1,.0:117:.>,9/-@--70>
and the analysis process was fully automated and
intelligent. The influence of human error on the
calculation results was greatly reduced. The fractal
dimension was used to indicate the consistency of
the results. similarly, the generated micro bubbles in
the system were also recorded and identified to analyze its changes rule.

&30 :=8,?4:9 ,9/ :=;3:7:2D 3,920
3,=,.?0=4>?4.> :1 7:.> Electrocoagulation morphology is used to analyze the change characteristics of the flocs and bubbles produced during the
electrocoagulation process. The effects of the morphological factors on the floc structure and its formation process are discussed by microscopic analysis. The floc aggregation rules and good processing
time are significance for optimizing the electrocoagulation process and treatment process. The
formation and variation of flocs are the key points
of the electrocoagulation process, and its growth is
a random process with non-linear characteristics,
self-similarity and scale invariance in a certain
range. In the morphology, the fractal dimension is
used to quantitatively describe irregularity and the
spatial filling degree of flocs, and analyze the formation and growth rules of flocs [13], the larger the
fractal dimension of flocs is, the denser the structure of flocs is, and the faster the settling speed of
flocs is.

$%'&% %'%%! 

&30 %4?@ /09?414.,?4:9 &0.39:7:2D :1 7:.>
:=;3:7:2D The situ online detection of flocs
morphology method was a modern structural characterization technique, through the high-resolution
digital camera, the continuously moving flocs and
bubbles in the reactor were photographed and analyzed in situ. The flocs and bubbles in the dynamic
electrocoagulation process were accurately quantitatively described. By the computer, data in the
experiment was automatically recorded, and then
the obtained experimental results were systematically analyzed.
The detection range of particle size was 2
3500 μm, the morphology photographs of continuously moving flocs in the reactor were synchronously recorded in situ at a rate of 1 sheet/s in the
electrocoagulation process, Thus, the growth,
crushing, reagglomeration and other dynamic
changes of flocs in the system could be synchronously tracked and detected on-line in situ. Then
the dedicated flocs morphological analysis software
(V1.0 HIT) was used to check out the edge of the
flocs by analyzing the gray-scale changes in the
photograph. Next, the morphological parameters
were extracted from the collected flocs photographs
(can be seen in Fig. 2). All analysis processes were
fully automated and intelligent, so the artificial errors on the calculation results were greatly reduced,
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flocs at 21min and the calculation process of flocs
fractal dimension. Comparing Fig. 3 (a1) with Fig.
3 (a2), we could see that the flocs recognized by the
in situ identification system were basically consistent with the observation results in the morphology capture photograph, indicating that the method
was correct. It could be seen from Fig. 3 (a3) that
the linear correlation coefficient was 0.9958, and it
confirmed the self-similarity of flocs.
It could be seen from Fig. 4 that small particles in wastewater gradually gathered to form large
flocs with the extension of treatment time, which
facilitated sedimentation separation; it could be
seen from Fig. 5 that the flocs fractal dimension
below 1.785 was small before 10min, indicating
that the flocs structure was relatively loose at this

The function relation of projective area and
circumference is used to calculate fractal dimension
[11], the related equation is as follows

 =α 





(1)
Where  is the projective area of the floc particle; p is the projective circumference;  is the
proportionality constant; and f is the
two-dimensional fractal dimension of the floc.
For the natural logarithm of the upper equation,
there are:
(2)
ln  =   ln  + ln α
Map the figure of ln-ln, the slope of the resulting line is the fractal dimension of the flocs
called f.
Fig. 3 showed morphology photograph of
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The above analysis results showed that the
fractal dimension and particle size of flocs basically
reached the equilibrium value after electrochemical
flocculation treatment about 14 min, and the aggregation of flocs to becomes larger flocs was conducive to rapid settlement and filtration treatment.
There was a good correlation between morphology
photograph, fractal dimension called f, bubble
equivalent circle diameter called n, and turbidity of
flocs.

time. When the electrocoagulation treatment was
10~14min, f rapidly rose to 1.906, flocs from the
small particle shape quickly gathered into larger
flocs, and the structure became more compact
which accelerated the sedimentation separation of
flocs, so a significant decline of turbidity was
shown in the wastewater. After 14min, f showed a
slight fluctuation trend, indicating that the collision
of flocs in the system was more violent, because the
content of suspended solids was high in the
wastewater, and the micro-particles effected flotation and air bubbles aggravated the collision between flocs. At the same time, the dispersion and
aggregation of flocs caused by the collisions basically reached the dynamic equilibrium, and the
morphology of flocs basically did not change any
more.
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&30:=;3:7:2D3,9203,=,.?0=4>?4.>:1
@--70> Micro-bubbles produced in electrocoagulation process formed micro-air floatation, and it
accelerated the aggregation of the bubbles. Fig. 7
showed morphology photograph of bubbles at
18min and the calculation process of bubbles fractal
dimension. Comparing Fig. 7 (b1) with Fig. 7 (b2),
the bubbles recognized by the in situ identification
system were basically consistent with the observation results in the morphology capture photograph,
indicating the accuracy of the method. It could be
seen from Fig. 7 (b3) that the linear correlation coefficient was 0.9970.

'$ 
&30.3,920?=09/:117:.>,A0=,200<@4A,709?
.4=.70/4,80?0=B4?3?480
As shown in Fig. 6, the change trend of the
equivalent circle diameter with time in Fig. 6 was
basically the same as that of the fractal dimension
in Fig. 5. The average equivalent circle diameter
called dn of flocs below 54.22 μm were small before 10min, indicating that small flocs had not begun to gather yet during this time, after 14 min, the
average equivalent diameter of the flocs increased
slowly, indicating that the aggregated tendency of
the small particles increased to larger flocs slowed
down with the treatment time increasing, and flocs
tended into a more stable aggregation state.

8384

#" 

  $    







                  !




& 
(,?0=<@,74?D,9,7D>4>=0>@7?>:1?30B,>?0B,?0=,1?0=?30/D9,84.?=0,?809?
Treatment

Parameters
Mean
values

time/ min

Oil
/mg·L-1

SS

Viscosity/
mPa·s

zeta potential/
mV

Turbidity/
NTU

Chroma

pH

40

0.160

73.51

1.01

-1.8324

15.4

15

6.6

from -19.2540 to -1.8324 after the electrocoagulation treatment, the viscosity decreased to 1.01
mPa·s like the water, the oil content was less than 1
mg/ L, SS was less than 73.5 mg/L, turbidity and
chroma reached clear and transparent, so it met
water quality reuse requirements of preparing fracturing fluid.
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The fractal theory of floc morphology was
combined with the photograph method to study the
synchronous morphology photograph of flocs and
bubbles in the process of electrocoagulation treatment on the oilfield fracturing flow-back
wastewater by the changes of particle flocs formation and micro-bubble particle size.
(1)When the electrocoagulation treatment was
10~14min, flocs from the small particle shape
quickly gathered into larger flocs, and the structure
became more compact, After 14min, the dispersion
and aggregation of flocs caused by the collisions
basically reached the dynamic equilibrium. The
growth micro flocs was in line with the fractal
growth characteristics, the fractal dimension called
f =1.8917~1.9179, the fractal dimension is positively correlated with the morphology and equivalent circle diameter of flocs, and it was negatively
correlated with turbidity.
(2)The fractal dimension and particle size of
the bubbles produced in electrocoagulation process
basically did not change with time, and f =1.8917,
the fractal dimension of bubbles had a good correlation with its morphology. The equivalent circle
diameter of bubbles was 39.3144.74μm, so these
bubbles belonged to the size of micro-air bubble,
and these stable micro bubbles enhanced the electrocoagulation effect.
(3)The electrocoagulation process quickly
made the wastewater out of the stable state, the zeta
potential of the wastewater decreased to -1.8324,
the viscosity of the wastewater was consistent with
water after electrocoagulation treatment. The synergistic effect of flocs rapid aggregation and bubbles micro-air floatation accelerated the sedimentation separation of wastewater, and turbidity and
chroma reached clear and transparent, so it met
water quality reuse requirements of preparing fracturing fluid.
(4)There was a good correlation between
morphology photograph, fractal dimension called
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As shown in Fig. 8, the fractal dimension of
the bubbles basically did not change with time increasing, and f had a slight fluctuation at 2.0, indicating that its particle size did not change with
electrocoagulation treatment. In Fig. 9, equivalent
circle diameter of bubbles called n was 39.31 ~
44.74 μm, and these bubbles belonged to the size of
micro-air bubble, and these stable micro bubbles
enhanced the electrocoagulation effect. Within a
appropriate range of micro-air bubble particle size
44.74 μm , the aggregation of flocs and flotation
of bubbles had a synergies effect in strengthening
the separation of wastewater treatment with the
extension of treatment time.
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As shown in Table 2, the zeta potential of the
polyacrylamide fracturing wastewater decreased
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f, bubble equivalent circle diameter called n, and
turbidity of flocs.
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one of the most favorable nano-materials for research because they can be used in various applications, including fuel cells, photocatalytic systems,
energy storage materials, as well as sensors for gas
and pH and as agent for environmental analysis systems. The diverse applications of TiO2 nanotubes are
possible due to their high specific surface area, high
chemical stability and catalytic activity, strong metal
support interaction, and excellent performance in alkali and acidic environments [1–3]. In fact, pure
TiO2 exists as a powder that is white in color, which
has been proven to be chemically stable [4] in harsh
condition and harmless to the environment. TiO2 is
commonly used as a white pigment [5] in cosmetics;
it is inexpensive and does not absorb any light in the
visible region but the properties can be improved as
the phase of TiO2 can be easily change by means of
heating treatment. Moreover, the pure TiO2 has great
potential as photo-catalyst as it possessed good UV
absorber with modified of band gap needed and suitable as material for sunscreen protection materials
[6].
Generally, titanium dioxide nanotubes are onedimensional (1D) structures that exist as bundled
tubes with a diameter between 30–80 nm and with a
tube length that varies between 10 and 220 µm [7].
The morphological structure of TNTs by means of
hydrothermal and electrochemical anodization that
was viewed by high resolution transmission electron
microscopy (HRTEM) and scanning electron microscopy (SEM) respectively; was shown in Fig. 1.
In fact, the morphology structure of TNTs obtained
can be differed based on production method used.
Several methods that can produce titanium dioxide
nanotubes, such as the template-assisted method [8],
the hydrothermal method [9–13], the sol-gel method
[14] and the electrochemical anodization [15, 16]
method.
In this paper, an anodic oxidation method was
used to prepare nanoporous surfaces with TiO2 nanotube arrays under the conditions of two different
electrolytes. Deionized water was used as the working fluid to study the enhanced heat transfer characteristics of the nanoporous surface, and the mechanism was further analyzed.

The heat transfer enhancement on different surfaces was studied. The surface of pure titanium plate
was treated by anodic oxidation method. TiO2 nanotube layers were prepared on this surface, respectively with inorganic acid solution NH4F and H2SO4)
and organic neutral solution (NH4F and glycerol) as
the electrolytes. Effect of electrolyte temperature,
voltage and electrolyte concentration on microstructures and morphology is studied. The results
show that electrolyte concentration is one of the
main factors affecting the morphology of TiO2 nanotubes on the surface of the material. As the temperature of the electrolyte increases, the radial dimension
of the nanotubes does not change significantly, and
the wall thickness of the nanotubes tends to become
thinner. The titanium dioxide nanotube arrays have
significantly improved heat transfer coefficient
(HTC) and critical heat flux (CHF) compared to the
untreated titanium plates, in which the HTC of the
nanoporous surface formed under the conditions of
inorganic acidity and organic neutrality. Respectively 9 k W/(m2·°C) and 12 k W/(m2·°C), respectively, increased by 35% and 70%, respectively,
compared to the untreated titanium plate surface.
'%!"
Heat transfer, enhancement, TiO2, heat transfer coefficient, critical heat flux

#!$#
With the latest developments in technology,
many products have been developed for numerous
applications based on the abundant knowledge of researchers. Thus, researchers are currently more focused on exploring nano-materials with various kind
of nanostructures due to their multi-purposes in various energy, science and environmental fields. Since
the discovery of carbon nanotubes (CNT) in the
1990s, researchers have been eager to identify and
develop nano-materials with a nano-tubular shape
due to their superior properties that enable them to
have excellent performances in various applications.
Among the available, high-quality, nano-tubular materials, titanium dioxide, TiO2 nanotubes (TNTs) are
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6,4(6(8/323-8/8(2/91Titanium plate with
1.0 mm. thickness (Alfa Aesar, 99.2 wt.%) was used
as a substrate to grow oxide nanotube arrays. The
surface was polished to mirror quality using silicon
carbide paper (TOA, Thailand) of successively finer
roughness (400, 600, 800, 1000, 1500 and 2000
grits), and following by polishing with 0.05-μm alumina powder (Allied, USA). After polishing, the titanium plate was washed with deionized (DI) water
and was sonicated for 5 min in acetone and another
5 min in ethanol.

23+/<(8/3283-361#/ 2(2389),(66(;7
The titanium nanotube layers were prepared by electrochemical method. Platinum wire and the titanium
plate were used as negative and positive electrodes,
respectively. All films were grown at approximately
25 °C in 0.36 M ammonium fluoride (NH4F) electrolytes (viscosity of 0.764 cP) with and without
modifiers: 10% (NH4F in H2O):90% Glycerol, (viscosity of 300 cP) or polyethylene glycol 400 (viscosity of 133.71 cP). The viscosity of electrolyte was
measured by cylinder rotation viscosity technique
(Viscometer DV II+ (Brookfield, USA). Anodization was conducted with two different potential

forms: pulse (20/−4 V) and constant (20 V) voltage.
Anodization time was varied as 0.5, 1.5 and 2.5 h.
After anodization, samples were carefully cleaned
with DI water and then were dried by nitrogen gas.
The grown porous layers were annealed at 450 °C
for 30 min to obtain anatase phase.

!"$#""$""
When the applied voltage is less than 10V, the
surface morphology of the film is a protruding small
particle, with the increase of the voltage, the surface
of the grains disappeared and gradually appeared
scattered, hollow, and tubular in a certain depth. Afterwards, as the voltage increases, the inner diameter
and wall thickness of the nanotubes also gradually
increase; when the applied voltage is 15V, 20V, the
inner diameter of the nanotubes is approximately
52.6 nm and 69.2 nm, respectively, and when the applied voltage exceeds 25 V, the tube structure was
destroyed and localized corrosion patterns appeared
on the surface of the film.
Electrolyte concentration is one of the main
factors affecting the morphology of TiO2 nanotubes
on the surface of the material. As shown in Figure 2,
at room temperature, the applied voltage was 20V, 
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For Fig.4, as the temperature of the electrolyte
increases, the radial dimension of the nanotubes does
not change significantly, and the wall thickness of
the nanotubes tends to become thinner.
For Fig.5, when the electrolyte concentration
reaches above 1.0%, the TiO2 nanotube arrays are
uneven, some of the nanotubes collapse, and the local area corrosion is severe.
For Fig.6, as the voltage increases, the inner diameter and wall thickness of the nanotubes also
gradually increase; when the applied voltage is 15V,
20V, the inner diameter of the nanotubes is approximately 52.6 nm and 69.2 nm, respectively, and when
the applied voltage exceeds 25 V, the tube structure
was destroyed and localized corrosion patterns appeared on the surface of the film.

and the morphology of the nanotubes was constructed by changing the electrolyte concentration.
When the electrolyte concentration is 0.5ωt% and
1.0ωt%, the radial size of the nanotubes is about
69.3nm and 78.6nm, respectively, and the wall thickness is about 19nm and 15nm, respectively. It can be
seen that with the increase of the electrolyte concentration, the radial size of the nanotubes will increase
correspondingly, and the wall thickness will become
thinner accordingly. When the electrolyte concentration reaches above 1.0%, the TiO2 nanotube arrays
are uneven, some of the nanotubes collapse, and the
local area corrosion is severe.
The effect of different electrolyte temperature
on the morphology of nanotubes was studied. Under
the conditions of voltage of 20V and electrolyte concentration of 0.5ωt%, TiO2 nanotubes were prepared
under the conditions of electrolyte temperature of
45°C, 55°C and 65°C, respectively. As the temperature of the electrolyte increases, the radial dimension
of the nanotubes does not change significantly, and
the wall thickness of the nanotubes tends to become
thinner.

--,*8 3- (23436397 "96-(*, 32 ,(8
#6(27-,62.(2*,1,28Deionized water was used
as the experimental working medium to study the
heat transfer performance of different heat exchange
wall surfaces. The results show that the titanium dioxide nanotube arrays have significantly improved
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heat transfer coefficient (HTC) and critical heat flux
(CHF) compared to the untreated titanium plates, in
which the HTC of the nanoporous surface formed
under the conditions of inorganic acidity and organic
neutrality. Respectively 9 k W/(m2·°C) and 12 k
W/(m2·°C), respectively, increased by 35% and
70%, respectively, compared to the untreated titanium plate surface. Under the same heat flux condition, the effective vaporization core on the nano surface is obviously increased, more bubbles are generated, and the heat of the titanium plate is more easily
transferred to the working medium. At the same
time, the bubbles escaped from the heat exchange
wall and produced a strong spoiler effect on the surrounding solution, which enhanced the convection
heat transfer. In combination of the above two factors, the heat transfer effect of the nanoporous surface was significantly better than that of the untreated titanium plate.


$"
The surface of pure titanium plate was treated
by anodic oxidation method. TiO2 nanotube layers
were prepared on this surface, respectively with inorganic acid solution NH4F and H2SO4) and organic
neutral solution (NH4F and glycerol) as the electrolytes. Effect of electrolyte temperature, voltage and
electrolyte concentration on micro-structures and
morphology is studied. The results show that electrolyte concentration is one of the main factors affecting the morphology of TiO2 nanotubes on the
surface of the material. As the temperature of the
electrolyte increases, the radial dimension of the
nanotubes does not change significantly, and the
wall thickness of the nanotubes tends to become
thinner. The titanium dioxide nanotube arrays have
significantly improved heat transfer coefficient
(HTC) and critical heat flux (CHF) compared to the
untreated titanium plates, in which the HTC of the
nanoporous surface formed under the conditions of
inorganic acidity and organic neutrality. Respectively 9 k W/(m2·°C) and 12 k W/(m2·°C), respectively, increased by 35% and 70%, respectively,
compared to the untreated titanium plate surface.
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Lagoons are important ecotones in the transition zone between terrestrial and marine ecosystems
that play an important role in biodiversity [1]. Because of their shallow depth and water exchange
with the sea and running fresh waters, lagoons are
among the most sensitive (due to the salinity
changes, shoaling, evaporation, precipitation and
drying) and seasonally variable environments [2].
Both older and more recent studies on marine,
fresh, and brackish waters have shown that each of
ostracod species has its own ecological preferences
and species-specific tolerance [3-9]. Because these
properties are known, living or fossilized ostracod
species samples are often used as indicators to
estimate past, identify present, and predict future
aquatic conditions [8, 9].
Along the 8,333 km Turkish coastline, there
are 12 lagoons on the Marmara Sea, comprising a
total of 171 lagoons [10]. Previous taxonomic and
ecological studies have contributed to determine the
ostracod fauna of Turkey’s lagoons [10-15]. Taxonomic [16], ecological [17-21], geographical [2226], and both geological and ecological [27] studies
have been performed on Kamil Abduş Lagoon,
which is also known as Lake Balık.
According to our observations, the coasts of
the Marmara Sea have undergone considerable land
use changes in recent decades by way of urban
growth. Urbanization and industrial activities have
resulted in major ecological pressure on natural and
human-made wetlands in the deltas and coastal
lagoons [28]. The coastal lagoon of Kamil Abduş
has unique characteristics due to its geographical
location and the presence of anthropogenic influences stemming from the shipyard located there.
The main objectives of this study were as follows:
(1) to describe the spatiotemporal distribution of
ostracods found in the Kamil Abduş (Balık) Lagoon
of Turkey; (2) to describe the effects of anthropo-

'(&(

Kamil Abduş (Balık) Lagoon, a coastal lagoon
located in the Sea of Marmara (Turkey), is threatened by human activities, as are many of the aquatic habitats in Turkey. The supplying of new knowledges for biodiversity conservation from threatened
habitats is quite important for the conservation of
them. The lagoon’s species composition, and their
temporal and spatial distribution, diversity, and
dominance were investigated and the results were
correlated with the environmental variables. As
shown in the analyses (Spearman’s correlation,
CCA), distribution of ostracod species are associated with salinity values. Twenty-one ostracod species were identified from the four stations sampled
between February 2016 and January 2017 in Kamil
Abduş Lagoon (Istanbul, Turkey). The most abundant species were determined as )"#$ %!#!$,
&# #!#$ $, !(!!  #!!,
$%!#$ !& $, and $%!#$ &# %
The ostracod fauna in Kamil Abduş Lagoon include
13 species of littoral to sublittoral/phytal marine
forms, one brackish (euryhaline) form ()"#$
%!#!$), and six halophilic freshwater continental
forms. The results show that the physico-chemical
conditions and morphologic structure of the lagoon
has to be protected with last status and highlighted
the need of strong policies for wetlands protection.
We believe that our results concerning the ostracod
ecology in Turkey lagoons can be of use for understanding of changes in enviromental conditions.
-+$&'
Distribution, diversity, ecology, Ostracoda, Kamil Abduş
lagoon, pollution
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29°17'12.80"E; see Fig. 1A) [21]. The lagoon is
situated within the confines of a megacity, and is
surrounded by industrial facilities, shipyards,
greenhouses, and buildings. Kamil Abduş lagoon
was an oligohaline coastal lagoon (approximately
6–6.5 psu) in 1990 [17, 20, 21]. Nowadays, it is
characterized as a polyhaline, shallow, coastal lagoon. The lagoon is elliptical in shape and covers
an area of approximately 75 ha of the Tuzla [20,
21]. Mediterranean climate type is evident in all
southern coasts of the Marmara region, including
the Tuzla district [23].
Therefore, it was declared a cultural and natural protected area of top-level importance in 1997
by the Ministry of Culture [29].

genic and agricultural activities on Kamil Abduş
Lagoon; (3) to ascertain the ecological characteristics of ostracods found in the study area; (4) to
discuss the conservation status of the study area.

"(&!'#"($'

2?0>6<@6;: ;3 @52 '@A1D >2. It is located
on the coast of the Kocaeli Peninsula. Kamil Abduş
Lagoon, also known as Balık or Tuzla Lagoon
(many lagoons in Turkey are called “lake”), is a
shallow (water depth of 30–80 cm, maximum depth
1.3 m) coastal lagoon along the Sea of Marmara,
and it is located approximately 33 km southeast of
the provincial center of Istanbul (40°49'47.20"N–


)& 
(528;0.@6;:9.<;3 .968/1AK!.4;;:86@@82>21.>>;C?16>20@6;:;3C.@2>0A>>2:@?>211;@?.:1
:A9/2>??.9<86:4?@.@6;:?(5223320@;3?.86:6@D;:@52?<.@6.816?@>6/A@6;:;3;?@>.0;1?6: .968
/1AK!.4;;:(52;?@>.0;1?<2062?.:1@526>?.86:6@D>20;>1?6: .968/1AK!.4;;:
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There is a coastal barrier between the lagoon
and sea. The waters of Sea of Marmara towards
flow to the lagoon due to the strong wind blow
from south, and causes rise of the waters of the
lagoon. Two artificial channel are created in 1992
between the lagoon and the sea. The mullet species
*$ $ (Risso, 1810) is caught by the amateur
fishermen.

planktonic density 0.5 L or 1.0 L) were filtered
through Whatman GF/C glass microfiber filters.
Pigments were extracted in the laboratory with 90%
acetone and measured following Vollenweider,
[35]. Spectrophotometric measurements were performed using a Shimadzu UV-1800 spectrophotometer. Seven other physicochemical variables
commonly used in studies of fresh and brackish
water habitats were measured between February
2016 and January 2017. The redox potential (ORP,
Mv), pH, percentage of oxygen saturation (Sat, %),
dissolved oxygen (DO, mg L-1), electrical conductivity (EC, mS/cm), salinity (Sal, psu), and water
temperature (Tw, °C) were measured in situ using
electronic probes (WTW 340i multimeter) at each
of the four sampling sites (Fig. 1A) in the lagoon.
Air temperature (Ta, °C) and atmospheric pressure
(ATP, mbar) were measured using a handheld digital thermometer and barometer, respectively. The
coordinates for each sampling site were determined
using a handheld Global Positioning System (GPS)
receiver. Both this study and Altınsaçlı et al. [21]
study have been synchronously performed in the
same sampling sites of the Kamil Abduş lagoon. In
addition, list of identified macrophyte species by
the Altınsaçlı et al. [21] for each sampling site.

'.9<86:4 .:1 ?.9<82 .:.8D?2? Four sampling stations were selected taking into account
various factors such as it’s positioning in the lagoon, distance to sea, presence/absence of freshwater or seawater input, and structure of lagoon bottom. Living ostracod samples were collected with a
hand net (mesh size of 50 μm) from four stations
(from shallow waters not exceeding 100 cm in
depth) between February 2016 and January 2017
(Fig. 1) throughout a period of twelve months. At
each sampling site, approximately 20 milimeter
thick of uppermost sediment layer was collected
from the one square meter area, and this sediment
samples were placing in 250 ml polyethylene jars,
and fixed with 70% ethyl alcohol in situ. The samples were brought to the laboratory, where the sediment was washed out with pressurized tap water
and separated into four grain-size fractions using
standardized sieves (mesh sizes of 2.0, 1.5, 0.5, and
0.125 mm). Ostracods and other invertebrates were
sorted under a stereomicroscope and fixed again in
70% ethyl alcohol. Subsequently, ostracod specimens were preserved in 70% ethanol, and the retained material was transferred to a petri dish. Ostracod specimens were placed under a stereomicroscope, and the soft body parts were dissected in
lactophenol solution for taxonomic identification.
Subsequently, species identification was carried out
using a light microscope. The number of adult individuals belonging to each identified ostracod species was counted under a stereomicroscope. In
addition, the presence of shells of each species was
also observed in the surface of sediment samples
from each sampling site. This data was only used
for observed of a indicator species such as  %!
#!$. However, shell data belonging to ostracod
species was not used in statistical analyzes. We
aimed to detect taxonomical and ecological properties of living ostracod species in Kamil Abduş Lagoon. The taxonomic keys provided by Bronshtein
[30], Athersuch [31], Meisch [8], Athersuch et al.
[4], and Frenzel et al. [32] were used for taxonomic
classification and species identification. In the laboratory, water samples (0.5–1.0 L) were filtered
using glass microfiber filters (0.45 μm 45/90 mm
Ø) for the determination of dissolved nutrients
(nitrite, N–NO2−; nitrate, N–NO3−; and orthophosphate, PO43-) according to the methods outlined by
the American Public Health Association [33] and
Grasshoff et al. [34]. For chlorophyll a (Chl-a)
determination, water samples (according to phyto-

'@.@6?@60.8 .:.8D?2? Binary (presence–
absence) data were used to show the relationships
among samples and species by means of the Jaccard’s coefficient and the unweighted pair group
mean averages (UPGMA) analysis provided by the
MultiVariate Statistical Package (MVSP) program
version 3.22 [36]. Jaccard’s coefficient was used to
display clustering relationships among the 4 stations and the 21 species. To examine seasonal differences in ostracod species composition, we calculated the Shannon–Weaver diversity index (HL) for
each site in four seasons [37, 38]. A two-tailed
Spearman rank correlation test (with SPSS 21) was
used to examine the relationships between 12 environmental variables, the 21 living ostracod species,
the numbers of individuals, and the total numbers
of species. The patterns of species distribution in
connection with environmental variables were studied utilizing CCA (Canonical Correspondence
Analysis). CCA was also used to analyze species–
environment relationships in order to identify environmental factors potentially influencing ostracod
assemblages [39]. Data of this study were analyzed
using the Multi-Variate Statistical Package
(MVSP), version 3.22 [36]. Sorensen's Similarity
Index [40] was used to compare faunal (with regard
to living ostracods) similarities between Hersek
lagoon [41], and Kamil Abduş lagoon and some
other Mediterranean lagoons: Moros Coastal wetland [42], Narbonne lagoon complex [43], Orbetello lagoon [44], Porto Cesareo Lagoon [45], Venice
lagoon [46], Bages-Sigean lagoon [47], and Nador
Lagoon [48].
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AA

540

9.9

2

50

AC

67

1.22

1

25

AP

88

1.61

1

25

CT

3032

55.6

3

75

CV

5

0.09

1

25

DS

11

0.23

1

25

EV

13

0.23

1

25

HA

107

1.96

1

25

HS

39

0.71

1

50

IB

18

0.33

1

50

LR

404

7.42

2

25

PE

82

1.52

2

25

PS

78

1.43

2

50

PP

73

1.33

1

50

PCE

141

2.59

2

50

UB

49

0.89

1

50

SA

22

0.43

1

50

XA

173

3.17

2

50

XC

231

4.24

2

50

XCO

146

2.67

2

50

XD

132

2.43

2

50
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lection was carried out in the months when sampling site 4 was dry, and the values are shown as 0
for this period in Table 2.
The mean values and standard deviations for
the measured physicochemical parameters at the
four sampling sites (mean values ± standard deviations) are presented in Table 2.
The water temperature values of Kamil Abduş
Lagoon varied depending on the air temperatures.
Salinity was measured as 36.2 psu at sampling site
4 between the two dry periods (see Table 2). The
surface salinity of the Sea of Marmara on the coast
of Tuzla Cove was determined as 22–25 psu. Kamil
Abduş Lagoon can be characterized as alkaline,
mostly saline (vary from freshwater to polyhaline)

A total of 5451 living ostracod specimens
were collected belonging to 21 species. The percentage rates of prevalence and abundance values
for each ostracod species found in four sampling
stations are given in Table 1.
According to these results, the dominant species were , , , , and , representing
55.6%, 9.9%, 7.42%, 4.24%, and 3.17%, respectively, of the total number of individuals (4380,
80.3%) collected from all sites (Table 1). Among
all ostracod species identified in this study, the
most common was  (found at three sampling
sites, 75% of all sampling sites), a euryhaline
brackish water species (Table 1). No material col-
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58.

#6@>6@2

#6@>.@2

$%

20

11.9

8.17

-61

10.79

98.8

24.5

39.7

1015

0.46

0.015

0.417

0.031

9

11.03

8.39

-31

8.39

75.1

25.4

40.9

1015

2.01

0.008

0.125

0.04

22

18.8

8.39

-76

8.65

91.1

24.1

58.4

1014

1.36

0.041

0.035

0.049

30

24.3

8.61

-70

6.19

78.4

21.5

34.3

1009

0.71

0.018

0.041

0.035

36

29.4

8.81

-83

5.05

74.9

23.4

36.9

1007

6.99

0.071

0.038

0.057

32

27.6

8.62

-72

4.16

50.9

23.8

37.3

1007

1.93

0.002

0.031

0.051

30

28.8

8.5

-65

5.33

70.5

23.3

36.7

1007

0.71

0.005

0.028

0.062

21

21

7.82

-55

5.7

54.5

23.6

37.8

1029

2.71

0.004

0.044

0.068

16

17.8

7.93

-60

6.45

67.6

24.2

38.4

1025

5.78

0.007

0.025

0.075

14

14.7

8.12

-71

6.7

64

23.8

38.2

1030

1.88

0.007

0.025

0.043

10

8.4

7.97

-61

9.5

79.3

24.4

39.6

1030

5.22

0.016

0.069

2.651

9

7.1

8

-62

8

65.2

22.6

37.2

1019

8.56

0.106

0.833

0.081

21±
10

18.4±
7.9

8.28±
0.32

-64±
48

7.08±
1.99

72.5±
13.7

23.7±
1.0

39.6±
6.2

1017±
9

3.19±
2.73

0.025±
0.032

0.143±
0.244

0.270±
0.750

20

11.9

8.25

-65

11.5

103.5

24.5

39.6

1015

0.84

0.008

0.855

0.045

9

11.3

8.38

-72

7.42

66

24.6

39.6

1015

2.15

0.002

0.046

0.054

22

21.4

8.16

-62

5.86

49.4

25.1

39.5

1014

3.11

0.232

0.217

0.072

30

27.2

8.57

-70

5.54

70

23.2

36.5

1009

4.06

0.022

0.015

0.041

36

29.3

8.72

-76

4.93

23.4

23.4

36.8

1007

5.31

0.008

0.016

0.055

32

28.1

8.64

-73

3.64

46.7

24.6

38.5

1007

2.28

0.013

0.016

0.035

30

28.6

8.83

-85

4.99

64.7

25.2

39.2

1007

7.37

0.012

0.012

2.818

21

20.7

8.1

-65

4.11

43.2

24.9

39.6

1029

0.64

0.006

0.036

2.915

16

18.3

8.04

-67

7.47

83.8

24

38.1

1025

1.96

0.005

0.031

2.627

14

12.7

8.13

-72

7.87

73

23.4

37.5

1030

2.96

0.005

0.601

0.046

10

7.5

7.96

-62

8.67

70.6

23.1

37.9

1030

5.88

0.035

0.382

0.121

9

7.4

8

-66

9.41

77.6

22.4

36.7

1019

8.8

0.077

0.664

0.046

21±
10

18.7±
8.4

8.32±
0.30

-70±
7

6.78±
2.35

64.3±
21.1

24.0±
0.9

38.3±
1.2

1017±
9

3.78±
2.57

0.035±
0.065

0.241±
0.307

0.740±
1.236

20

13.6

8.6

-89

10.66

94.8

21.1

34.2

1015

11.4

0.053

2.463

0.045

9

11

8.62

-85

9.66

87.8

18.4

30.4

1015

20.1

0.052

1.618

0.111

22

19.5

7.9

-46

3.1

33.4

23.2

37

1014

21.5

0.925

0.39

0.147

30

30.6

8.63

-73

6.02

86.7

17.1

27.7

1009

22.9

0.018

1.591

0.054

36

29.7

8.38

-58

3.23

40.6

21

33.3

1007

33.5

0.039

0.049

0.777

32

28.6

9.22

-108

7.03

86.4

23.1

36.2

1007

16.1

0.009

0.012

1.057

30

27.9

8.89

-88

4.11

56.1

25.2

39.3

1007

34.2

0.014

0.007

0.547

21

20.8

8.44

-91

7.61

82.7

22.9

36.8

1029

166.6

0.006

0.035

0.112
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58.

#6@>6@2

#6@>.@2

$%

16

17.9

7.85

-56

4.7

47.8

21

34.2

1025

64.5

0.039

0.071

0.142

14

13.1

8.6

-98

12.17

119

17

28

1030

349.2

0.001

2.481

0.082

10

8.6

7.09

-11

0.93

7.8

4.2

7.74

1030

8.45

2.431

0.436

3.087

9

11

7.29

-23

1.76

16.3

4.2

11.39

1019

2.62

2.731

0.074

2.281

21±
10

19.4±
8.1

8.29±
0.64

-69±
30

5.92±
3.59

63.3±
34.6

18.2±
7.0

29.69±
10.07

1017±
9

62.59±
100.4

0.526±
0.996

0.769±
0.983

0.704±
0.995

9

6.4

7.29

-21

7.45

66.8

0.1

0.72

1015

19.1

0.051

0.998

0.072

9

7.4

7.35

-20

7.5

67.2

0.2

0.78

1015

19.2

0.051

0.992

0.071

22

18.8

7.52

-24

6.81

72.5

14.5

24.1

1014

19.2

0.051

0.998

0.072

30

30

7.48

-4

9.04

120.7

16.7

27.1

1009

24.2

0.021

0.031

0.04

36

29.1

7.83

-25

6.43

74.3

18.6

29.8

1007

4.64

0.011

0.001

0.058

32

29.1

8.08

-40

6.47

88.7

30.4

46.5

1007

9.43

0.006

0.027

0.101

30

dry

dry

dry

dry

dry

dry

dry

1007

dry

dry

dry

dry

21

24.2

8.39

-89

7.58

85.1

36.2

55.5

1029

698.1

0.121

0.001

2.076

16

dry

dry

dry

dry

dry

dry

dry

1025

dry

dry

dry

dry

14

13.1

7.99

-63

11.42

125.7

25.4

40.6

1030

43.2

0.453

0.731

1.911

10

3.8

6.99

-5

4.66

36.1

4.7

8.43

1030

6.24

0.485

3.193

1.579

9

6.4

7.29

-22

7.45

61

0.1

0.78

1019

3.66

0.03

0.126

0.081

20±
10

16.8±
10.7

7.62±
0.43

-31±
26

7.48±
1.78

79.8±
27.0

14.7±
13.2

23.43±
20.21

1017±
9

84.70±
215.8

0.128±
0.183

0.710±
0.982

0.606±
0.870

Abbreviations: Ta (air temperature. °C). Tw (water temperature. °C). Sal. (salinity, psu). EC (electrical conductivity. mS/cm).
ORP (oxidation-reduction potential. mV). DO (dissolved oxygen mg L-1). Sat. % (saturation). ATP (Atmospheric pressure.
mbar). Chl-a (chlorophyll a μg L-1). Nitrite (NO2− mg L-1). Nitrate (NO3− mg L-1). and OP (orthophosphate. PO43- mg L-1).
Species name abbreviations are the same as Table 1.
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See Tables 1 and 2 for explanation of abbreviations and variables.
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and oxygen rich water according to the measured
physicochemical properties. Additionally, shallow
and polyhaline Kamil Abduş lagoon is characterized as a sufficiently oxygenated lagoon, most
probably due to its connection to the sea. The lagoon can be classified depending on mean Chl-a
concentrations into two major types according to
trophic state: mesotrophic at sampling sites 1 and 2,
and eutrophic at sampling sites 3 and 4.
The species diversity for each sampling site
was estimated using the Shannon–Weaver index
(HL). The highest diversity was recorded at site 1
(HL=3.7), in July, and the lowest (HL=0) at site 3, in
all seasons.
Faunal similarities between the sampling sites
were computed using Jaccard’s coefficient test. The
greatest similarity (73.3%) was found between sites
1 and 2, 14.3% similarity was found between sites 3
and 4, and 3.5% similarity was found between sites
1; 2; 3 and 4 (Fig. 2A).
Based on species binary (presence/absence)
data, the Jaccard’s coefficient dendrogram showed
three main cluster among the four sampling sites
(Fig. 2A). The first cluster comprised one sampling
site (4), the second cluster included one sampling
site (3), and the third cluster was composed of two
sampling sites (1 and 2). While in first and second

sampling sites continuously interacts with marine
conditions (water salinity ratio varies marine to
brackish water), the fresh water input would be
more evident in the third sampling site (typical
brackish water), and the fourth sampling site is
more different (water salinity ratio varies from
brackish to fresh water) from other three sampling
sites. For this reason, ostracod species were found
that tolerant to physicochemical variables in all
sampling sites (see Figure 1C). Moreover, the Jaccard’s coefficient dendrogram showed four main
cluster among the 21 ostracod species (Fig. 2A).
The 1st cluster is include six species halophilic
continental freshwater water species (  
 ), the 2nd cluster is include one typcical
brackish water species (), the 3rd cluster is include three species marine littoral species (
), and the 4th cluster is include other marine
littoral species except abovementioned ten species.
Relationships among the seven environmental
variables and ostracod species were analyzed using
Spearman’s rank correlation test. This correlation
results are showing the correlation between the
twelve ecological variables and twenty-one living
ostracod species in Table 3 (levels of significance :
*p < 0.05, **p < 0.01) (2-tailed).
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0.333
0.333
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0.544
0.544
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0.544
0.544
0.544
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(C
0.775
1
0.800
-0.800
-0.400
-0.800
0.400
0.200
-0.200
0.400
0.400
0.600
0.105
-0.258
-0.258
0.800
-0.775
-0.775
-0.775
-0.105
-0.775
-0.775
0.105
-0.105
-0.105
0.105
0.105
-0.258
-0.775
0.105
-0.105
-0.105
-0.105

<
0.775
0.800
1

 

0.000
-0.600
0.800
0.400
-0.400
0.000
0.000
0.800
0.632
-0.258
-0.258
0.600
-0.775
-0.775
-0.775
0.211
-0.775
-0.775
0.632
0.211
0.211
0.632
0.632
-0.258
-0.775
0.632
0.211
0.211
0.211
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-0.775
-0.800


 
1
0.000
0.600
-0.800
-0.400
0.400
0.000
0.000
-0.800
-0.632
0.258
0.258
-0.600
0.775
0.775
0.775
-0.211
0.775
0.775
-0.632
-0.211
-0.211
-0.632
-0.632
0.258
0.775
-0.632
-0.211
-0.211
-0.211

$
0.258
-0.400
0.000
0.000
1
0.800
0.600
0.800
-0.800


 

 

-0.400
0.738
0.775
0.775
-0.800
-0.258
-0.258
-0.258
0.949
-0.258
-0.258
0.738
0.949
0.949
0.738
0.738
0.775
-0.258
0.738
0.949
0.949
0.949

'.@
-0.258
-0.800
-0.600
0.600
0.800
1
0.000
0.400
-0.400
-0.800
-0.800
-0.800
0.211
0.775
0.775


 
0.258
0.258
0.258
0.632
0.258
0.258
0.211
0.632
0.632
0.211
0.211
0.775
0.258
0.211
0.632
0.632
0.632

(levels of significance: *0.05 (2-tailed); **0.01 (2-tailed).
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0.800
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In this study, marine, littoral, and sublittoral
phytal ostracod species (  
           but not )
were identified on sandy muddy and partly rocky
substrate of the sampling site 2 (40°49'58.09"N
29°17'03.18"E). Marine conditions were continuously dominating in all seasons at this sampling
site, like at sampling site 1. Typically, the opportunistic, brackish, euryhaline ostracod species 
was identified at sampling site 2. However, while
 was found in this habitat, where the marine
effect was stronger, the individual numbers of 
were lower than in the brackish and hypersaline
habitats. This finding was found earlier a study by
[15] as well.
Only one typically opportunistic, brackish, euryhaline ostracod species, namely , was identified on sandy muddy a substrate of the sampling
site 3 (40°49'58.66"N 29°17'32.45"E). The sampling site represented typical lagoon conditions.
Salinity was in the range of 4.2–25.2 psu. Sampling
site 3 connects to the main body of the lagoon
through a short, narrow artificial channel. The marine waters entering the lagoon reach sampling site
3 through this channel when the wind blows from
the south. A phytoplankton bloom was observed in
November 2016 at sampling site 3. Consequently, a
Chl-a value of 349.2 μg l-1 was recorded at this
sampling site, where the trophic level reached a
eutrophic state. We contend that fertilizers used for
floriculture gardens and greenhouses (located on
the coast of sampling site 3) played an important
role in the emergence of this algal bloom. )"#$
%!#!$ is a euryhaline species, and also a resistant
species to change of environmental conditions such
as eutrophication [8]. )"#$%!#!$can be even
facultatively live in anaerobic conditions [7-49].
One typically opportunistic, brackish, euryhaline ostracod species () and six other halophilic
fresh continental ostracod species (   
 and) were found on sandy muddy a substrate
of the sampling site 4 (40°50'10.57"N
29°17'28.46"E). Variable environmental conditions
were dominant at sampling site 4. Moreover, the
site exhibits fluctuations in response to environmental conditions. The observed rise in salt content
(36.2 psu) can be explained according to the dissolution of salts in the sediment of sampling site 4 due
to rainwater. In addition, the highest Chl-a value,
up to 698.1 μg/L, was recorded at sampling site 4,
showing that the trophic level reached a eutrophic
state, as was the case at sampling site 3. Although
the trophic level was generally mesotrophic in sampling sites 1 and 2, this trophic level may not be
stable in sampling site 4. Because, sampling site 4
completely dry due to low rainfall in August and
October. No living individual of any ostracod species was found in the months following the dry
period. Some sections of the ground at the bottom
of sampling site 4 had a reddish color, which can be

As a results of the Spearman correlation, there
is significantly positive correlation (r=1.000**)
between six continental freshwater halophilic species      ). There is a weak
negative correlation between and all other species.
Seawater and freshwater entrances to the lagoon caused fluctuations in the salinity. Clear significantly relation was determined between salinity
ratio and ostracod diversity. For example, only a
euryhaline species  were found at sampling site 3
which have more input of the freshwater. This result once more evidenced that  has opportunistic
life strategy.
Approximately 76% of the relationships between the species and environmental variables were
expressed by the first two CCA axes (Fig. 2B).
Clustering of ostracod species to ecological characteristics was clearly reflected in the CCA diagram.
The lengths of the arrows on the CCA graph shows
the strong effect of the water environmental variables on the distribution of ostracods (Fig. 2B). Nine
of the environmental variables ATP, NO2, NO3,
Chl-a, Sal., EC; DO, Sat. and ORP strong effect on
species distribution when the rest of them pH, ORP,
Ta; Tw and OP did not show any significant effect.
As shown in the CCA plots (Fig. 2B), distribution
of ostracod species are associated with salinity
values. Because, according to results of the CCA,
ostracod species are creates three cluster in Kamil
Abduş lagon: one brackish euryhaline ostracod
species; fourteen marine littoral and sub littoral
ostracod species and six continental halophilic
freshwater ostarcod species See Fig. 1B).
Phytoplankton bloom was observed during
September of 2016 at sampling site 3. &""#
%Linnaeus, 1753 is a very common macrophyte
species in this lagoon even though it is not observed
in four sampling stations of this lagoon
The marine and marine-brackish ostracods appear in the more saline coastal waters. The presence
of marine, littoral, and sublittoral phytal ostracod
species (, , , , ,  ,  , , ,
, ,  ,  ) showed the influence of
marine conditions at sampling site 1. Sandy and
partly rocky sampling site 1 (40°49'50.69"N and
29°16'43.35"E) is located at the beginning of the
water outlet–inlet channel between the lagoon and
the sea; therefore, this sampling site is continuously
dominated by marine conditions in all seasons, and
this situation makes the environmental variables
more stable. Therefore, a quite high diversity index
values (HL=3.7) had been determined in the sampling site 1. The diversity of the marine ostracod
species assemblages was richer than those dominated by non-marine ostracod species. Furthermore,
these results show that ostracod faunal richness
increases in lagoonal environments that are less
dominated by %!#!$.
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The ostracod fauna of Kamil Abduş Lagoon is
characterized by continental shallow freshwater
(which can tolerate oligohaline and occasionally
mesohaline conditions, e.g., (    
and ) halophilic freshwater, lagoonal (), marine lagoonal (), and coastal marine ( 
    )
species. The effect of salinity on the spatial distribution of ostracods in Kamil Abduş lagoon is
shown in Fig.1 B. According to Mazzini et al.’s
[44] data  and  are marine phytal; , ,
and  are marine brackish phytal; is brackish
phytal; and and  are freshwater phytal ostracod species. Moreover,  and  are marine
lagoonal ostracod and and  are coastal ostracod species [51]. Finally, andare opportunistic coastal ostracod species [51].
According to the Sorensen’s similarity index
results, Mediterranean lagoons are moderately
similar to Kamil Abduş Lagoon.The structure and
hydrological regime of the mentioned lagoons show
that, Kamil Abduş lagoon is clearly smaller than the
other lagoons, and it is poor particularly in terms of
diversity of water resources that feed it. The similar
properties (such as geographical characteristics,
hydrological regimes, dimensions and physicochemical properties) may have caused the faunal
similarity between Hersek and Kamil Abduş Lagoon, and also, The Kamil Abduş Lagoon is compared with the other Mediterranean lagoons for the
faunal similarity in this study, and it has been found
different from other Mediterranean lagoons in terms
of faunal similarity.
Salinity and salinity ratio changes are generally regarded as major factors determining species
distributions and typology in brackish waters [52,
53]. Composition of ostracod species in Kamil
Abduş Lagoon were concordant with many other
observations on lagoonal fauna.The salinity ratio in
Kamil Abduş Lagoon is mainly controlled by the
two artificial channels between the lagoon and the
sea. Sea currents induced by winds increase the
influence of marine waters in sampling sites 1 and 2
of the lagoon. The composition, density and diversity of ostracod assemblages are controlled by anthropogenic pollution such as heavy metal contents,
pollution, and nutrient, and environmental variables
such as salinity, temperature, pH, oxygen, hydrodynamic conditions, and nature of substratum [54].
Especially water salinity affected by the hydrological cycle is the most effective factor affecting to
abundance, structure, spatial and temporal distribution and diversity of the living Ostracoda assemblage in Kamil Abduş lagoon and also with temperature, type of substrate and abundance of nutrients.
It seems that there is a zonation due to water salinity in this lagoon, because of the marine ostracod
species were common in the large part of this lagoon, brackish and halophilic freshwater ostracod
species are limited distribution in this lagoon (Fig.

explained with iron dust particles transportation by
rainwater and wind. High iron values (Fe 3.04 mg
L-1) were found in Kamil Abduş lagoons water by
[17]; this finding supports our observations. Sampling site 4 was formerly a shallow part of the lagoon, which subsequently dried up as a result of
water discharge and accumulation of alluvium
(shoaling), causing the lagoon to lose its connection
with this part. During this study, in addition to large
number living specimens of , numerous noded
and unnoded empty valves of  were found in this
sediment. This finding confirms that sampling site 4
is a former part of the lagoon. The lower parts of
this area were again filled with rainwaters, which
enables life to continue there. The presence of these
freshwater or slightly oligohaline species at sampling site 4 in Kamil Abduş lagoon suggests a predominance of rainwater. The inflow of rainwater
was the most important freshwater source input for
sampling site 4. Macrophytes species, #%&$
and #%&$are dominant at sampling site 4.
Jaccard's coefficient analysis results can be
explained in the following way: the first ostracod
community was observed in temporary waters located at sampling sites 1 and 2 of the lagoon, and
was characterized by ostracod species typical of
marine waters. The lagoon mouth and middle section of the lagoon represented the highest values of
marine–euhaline, phytal and periphytal, and ubiquitous species, as well as the lowest values of very
euryhaline species. Another second ostracod community was observed at sampling site 3, which was
connected to the main body of the lagoon via a
narrow channel. In this community, Ostracoda
fauna were clearly dominated by a single euryhaline species, , which accounted for nearly 55.6%
of all fauna. A third ostracod community was observed at sampling site 4, where the faunal composition was significantly different from those of
other sites. This community was characterized by
the presence of partly brackish water species and
mostly limnic species, pointing to the influence of
freshwater input.
According to the Water Pollution Regulation
[50] of the Republic of Turkey Ministry of Environment and Urbanization, continental surface
waters are separated into four classes, as follows:
Class I, high quality water; Class II, less polluted water; Class III, polluted water; and Class IV,
very polluted water. According to the WPR [50]
classification, the surface water of Kamil Abduş
Lagoon is categorized as Class I water for pH and
water temperature at all sampling sites; Class II for
DO and saturation at all sampling sites; Class I for
nitrate at all sampling sites; and Class I for nitrite at
sampling site 1, Class II at sampling site 2, and
Class IV at sampling sites 3 and 4. Infiltration or
contamination by fecal waters in the lagoon water
may have been responsible for the Class IV nitrite
values in sampling sites 3 and 4.
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1B, C). However,  as usual was a dominant and
tolerant species in this lagoon. According to the
results,  and  are tolerant to salinity ratio
changes of this lagoon.
According to Ruiz et al. [55], ostracod densities and ostracod species diversities may decrease
remarkably near sources of pollution after a period
of pollutant discharge; strong heavy-metal pollution
may cause the disappearance of ostracod species or
a strong reduction in the number of individuals, and
untreated urban waste or agricultural discharge can
cause a eutrophication increase in the dominance of
distinct species adapted to hypoxic conditions. This
situation is an obvious example of the anthropogenic effect in the Kamil Abduş lagoon. The conversion of Kamil Abduş Lagoon into a yacht harbor
will dramatically change the landscape and hydrological processes. Also, anthropogenic activities
performed around the wetlands could affect the
availability of nutrients in the water column and
surface sediments, causing changes in phytoplankton concentration (as chlorophyll-a) and water
transparency. 
The presence and coverage of the vegetation
influence the distribution and the abundance of the
ostracods species. Aquatic macrophytes are important for ostracod species’ feeding and shelter.
There may be a species-specific affinity between
macrophyte species and ostracod species [4, 8].
Structure of Kamil Abduş lagoon was drastically altered by environmental regulations performed by the Istanbul Metropolitan Municipality
[56]. It should first be mentioned that, positive
results of environmental regulations performed by
the Istanbul Metropolitan Municipality [56] have
been confirmed with the results of our study. The
richness of the Ostracoda fauna is an indication of
this status.

diversity of Ostracoda, but it should not be forgotten that ostracod communities can be negatively
altered with restoration and management programs,
human impacts, and land use. The lagoon is one of
the most important natural wetlands in the megacity
of Istanbul for the feeding and breeding of waterfowls, and thus the lagoon deserves special protection. We suggested that Kamil Abduş coastal lagoon has a rich diversity, but antropogenic activities improves vulnerability of this lagoon. Anthropogenic activities and new environmental regulations by the local authorities will seriously threaten
the existence of Kamil Abduş Lagoon and its surrounds in the near future. Therefore, new anthropogenic activities and environmental regulations
should not oppose legal regulations protecting the
lagoon; rather, they should strengthen its protection
status.
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ABSTRACT

developing countries can explore the benefits of
medical tourism. As a result, countries are searching for new ways to promote their infrastructure
and skills, to attract higher numbers of medical
tourists and improve their satisfaction [4, 5]. Such
actions are also observed in Poland.
Currently, in accordance with the Spa Act of
2005 [6], the status of a spa in Poland may be
granted to an area which meets the following requirements:
 the area contains deposits of natural curative materials with confirmed curative properties in
accordance with principles established in the Act;
 the climate in the area has curative properties confirmed in accordance with principles established in the Act;
 the area contains curative treatment institutions and facilities prepared for providing curative
treatment;
 the area fulfills the environmental requirements established in regulations regarding
environmental protection;
 the area is equipped with the technical infrastructure used for water and wastewater management, energy management, mass communication and waste management.
In recent years, numerous attempts to address
the issues related to population health and health
tourism have been taken by researchers. Smith and
Puczko [7] suggested that health tourism could be
viewed from two different perspectives: the medical
perspective and the wellness perspective. Researchers defined the spa as one of the sub-sectors of
health tourism which is positioned between the
medical and the wellness sectors, depending on the
purposes and types of treatments offered by a given
spa.
There are currently 45 spas operating in Poland, with 11 in Lower Silesia alone [8]. Lower
Silesian spas are characterized by a unique microclimate which fosters relaxation and recreation. The
mineral waters they have at their disposal stimulate
the treatment of numerous illnesses, such as rheu-

This article tackles the issue of the environmental conditions of spas located in south-western
Poland. The evaluation involves air quality and the
observations of changes in air quality within the
time span of a number of years. The concentration
levels acceptable in Poland are established in legal
regulations which are different for spa areas and
protected curative areas as opposed to other types
of areas in the country. The contents of substances
present in the air in a given zone are evaluated by
province -based environmental protection inspectorates (EPIs) and other units indicated by the EPIs,
with an indication of classification in zones. The
results of the studies are passed onto the marshal of
a given province, who is obligated to undertake
preventive and remedial actions in situations where
the proper air quality standards in a given zone
have been compromised. The study revealed a
breach of the norm for PM10, PM2.5 and benzo(a)pyrene particulates.

KEYWORDS:
Air pollution in spas, changes in air quality, spas in
south- western Poland

INTRODUCTION
Curative spa treatment in south-western Poland has had a long tradition. The origins of healthrelated tourism date back to ancient times, when
people used to travel to hot springs and baths, sacred sites or places offering more favorable climatic
conditions [1]. The Grand Tour across Europe contributed to increased interest in visiting thermal or
mineral spas [2, 3].
Thus, one might conclude that medical tourism seems to be a profitable activity for both developing and developed countries. While the latter can
resolve the problem of long queues, and their patients can take advantage of more affordable prices,
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matism, neuralgia, heart conditions, skin diseases,
cardiovascular disorders, gastrointestinal diseases
and others. Apart from their curative values, the
picturesquely situated towns also offer interesting
cultural and tourist attractions. The major spa cenWHUV LQ /RZHU 6LOHVLD LQFOXGH WKH .áRG]NR 6SD
Complex (Kudowa Zdrój, Polanica Zdrój, and
'XV]QLNL =GUyM  /ąGHN =GUyM &LHSOLFH =GUyM
ĝZLHUDGyZ DQG &]HUQLDZD =GUyM 7KHVH ORFDtions
have long since been valued by people longing to
stay in touch with nature as well as patients and
tourists from Poland and abroad interested in maintaining good health.
Bennet, King, and Milner [9], suggest that the
term health-tourism may be extended to cover any
form of pleasure-oriented tourism that involves
elements of stress relief. They emphasize how important it is to distinguish between health tourism
and the common phenomenon of tourism as such,
since product perceptions both on the part of suppliers and consumers will influence the extent to
which more specialized destinations such as those
involving medical treatment are promoted to the
mainstream market. Similarly, if one considers the
spa as a sub-sector of health and wellness tourism,
the offers for tourist destinations in the spa sector
have been concomitantly mushrooming in recent
decades, especially in the hotel sector.
McNeil and Ragins [10] point out that the
popularity of spa use is currently soaring, as more
consumers turn to spa facilities to improve their
health and well-being.
According to the Spa Act from 2005 curative
treatment is an integral part of the health care system and is defined as an organized activity that
provides health care benefits in a spa through curative treatment institutions and with the use of natural conditions such as:
1. the properties of natural curative materials;
2. The curative properties of the climate, including thalassotherapy and subterraneotherapy as
well as accompanying physiotherapy.
In certain European countries, spas are the
beneficiaries of a governmental social health policy.
According to its provisions, workers are offered
lengthy spa stays to heal and regenerate. In Germany and Poland, patients are sent for 2 to 4 weeks to
spa towns, where the climate and altitude are considered beneficial for their health [11].
The state of the environment is crucial for the
purposefulness of the functioning of a spa. It is an
essential requirement for the proper effectiveness of
the provided curative therapy as there is an inseparable relation between elements of the natural environment and the quality of curative therapy.
The purity of groundwater and surface water,
as well as air quality and noise levels are all important with regard to the treatment [12]. These
elements of the natural environment are most often
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the subject of monitoring and further remedial actions.
Air pollution in south-western Poland results
mainly from anthropogenic emissions. Most of the
point sources of pollution involve the introduction
of pollutants into the atmosphere from major
sources of fuel combustion performed for the purpose of generating energy. Individual heating is a
VLJQLILFDQW VRXUFH RI ³ORZ-VWDFN HPLVVLRQ´ 8VLQJ
coal to heat houses and apartments leads to a rapid
increase in air pollution, especially with dust and
cancerogenic compounds (e.g. benzo(a)pyrene) in
the winter season. Transport is an increasing source
of air pollution in cities, as it has a strong impact on
the concentration of nitrogen oxides, volatile organic components and dust.
The ambience in urban atmosphere is continuously affected by emissions from both mobile and
stationary combustion sources. Mobile sources
contribute to the emission of major urban airpollutants including e.g. nitrogen oxides (NO), sulphur
oxides (SO), particulate matter (PM), NO and volatile organic compounds (VOCs) [13-15].
According to Gaikwad, Ranade and Gadgil
[16], Wilson, Wilson and Krizek [17], Acharya,
Jena, Das, Pradhan and Chand [15], Patel and Nirmal Kumar [19] about 60% of air pollution in most
modern cities is caused by automobile exhausts
only. Such air pollutants are responsible for variety
of diseases in plants, animals or human beings.
Air pollution is one of the most prevalent environmental hazards, affecting up to 100% of the
population living in urban areas from womb to
death [20]. Several studies have described the negative impact of air pollutants on human health [21],
serving as risk factors for cardiovascular [22] and
respiratory disease [23].
National law regulations [24, 25] formulate
separate, usually more restrictive air quality norms
for certain types of pollution in spas and in areas
subject to curative protection. The evaluation regarding: sulfur dioxide, nitrogen dioxide, benzene
and carbon monoxide is in this case based on more
rigorous criteria than in other areas in the zone (at
the stage of the so-called classification by parameters).
The article tackles the issue of the environmental conditions of spas located in south-western
Poland. The evaluation involves air quality and the
observations of changes in air quality within the
time span of a number of years. The concentration
levels acceptable in Poland are established in legal
regulations which are different for spa areas and
protected curative areas as opposed to other types
of areas in the country. The contents of substances
present in the air in a given zone are evaluated by
province-based environmental protection inspectorates (EPIs) and other units indicated by the EPIs,
with an indication of classification in zones.
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FIGURE 1
Study area map, Location Lower Silesia Province and SPAs on the background of Poland and Europe.
established for the entire country with the aim of
protecting human health and plant protection, as
well as with regard to hazardous levels of certain
substances;
 the target levels of substances in the air;
 the long-term target levels of substances in
the air.
The substances which are evaluated include:
- sulfur dioxide,
- nitrogen oxides,
- carbon monoxide,
- benzene,
- PM10 particulate (up to 10 mm in particle
size),
- lead, arsenic, cadmium, nickel and benzo(a)pyrene in PM10 particulates,
- ozone.
The measurements conducted in Poland also
serve the evaluation of risk related to breaches in
certain hazardous levels of substances in the air
with the aim of eliminating threats for human health
and to indicate potential irregularities in the functioning of spas. The substances that are the subject
of such evaluations include: sulfur dioxide, nitrogen
dioxide, particulates, PM10 and ozone.
The assessment of the fulfilment of the criteria
set out for the protection of human health takes into
account 12 substances [27].
According to legal national law regulations
[25] regarding the levels of certain substances in the
air the air quality standards in spas and areas subject to curative protection along with averaging
periods, expressed in acceptable levels, equal:
- Benzene (C6H6): calendar year (5 μg m-3),

The results of the studies are passed on to the
marshal of a given province, who is obligated to
undertake preventive and remedial actions in situations where the proper air quality standards in a
given zone have been compromised.
The objective of the present paper is to present
the changes in air pollution in spas located in Lower Silesia and to juxtapose the observed concentrations of selected substances with the acceptable air
quality norms.
Methods. Overview of the Study Area. The
study made use of the yearly Polish air quality
evaluation and observation in so-called zones,
which comprise of either agglomerations with more
than 250 000 residents or located in the area of one
or more provinces (Figure 1).
Air Quality Data and Analysis. The evaluation was performed with regard to the legally established air quality standards, i.e. the acceptable levels of substances (chemical elements and their
compounds or mixtures) which have to be reached
in the air at a given time, as well as other legally
established boundary values.
Proper selection of the locations of air quality
monitoring stations is essential to evaluate the air
quality in a region. It is important to be precise
about the process of observing the effects of pollutants coming from emission sources clearly [26] .
Detailed evaluation criteria involve the following values:
 the acceptable levels of substances in the
air (up until 2009 this included tolerance margins)
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- Nitrogen dioxide (NO2): 1 hour (200 μg m) with an acceptable amount of 18 breaches per
year; calendar year (40 μg m-3),
- Sulfur dioxide (SO2): 1 hour (350 μg m-3)
with an acceptable amount of 24 breaches per year;
24 hours (125 μg m-3) with an acceptable amount of
3 breaches per year, calendar year (20 μg m-3),
- Carbon monoxide (CO): 8 hours (10 000
μg m-3),
- PM10 particulate: 24 hours (50 μg m-3)
with an acceptable amount of 35 breaches per year;
calendar year (40 μg m-3),
- PM2,5 particulate: calendar year (25 μg m3
),
- Lead (Pb) in the PM10 particulate: calendar year (0.5 μg m-3),
- Benzo pyrene (C20H12): calendar year (1 ng
m-3).
The following measures were used to express
the acceptable norms:
- 1 μg m-3 = 0.000001 g m-3;
- 1 ng m-3 = 0.000000001 g m-3;
- The levels of substances in the air for gas
pollutants are established for a temperature of 293
K and a pressure of: 101.3 kPa;
- The levels of particulates and substances
marked in particulates in the air are established
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under real conditions.
The method of study follows the following
steps (Figure 2).
The current values of measures and indicators
have been compared to the values observed in 1992
taking into account the available data regarding the
condition of the environment in Polish spas formulated that year by the Bureau of Research.

3

RESULTS AND DISCUSSION
The condition of spas in Poland before the
governmental transformation was highly unfavourable. Most spas were involved in the development
of industry, while coal remained in use as the main
heating source. Jeziorski [28] wrote about Polish
spas that the condition of the environment was
declining along with the growing decapitalization
of curative facilities, deterioration of recreational
structures and urban infrastructure. Many spas
found themselves in a state of ecological hazard.
Below is a set of data regarding the emission
of gas pollution in the year 1990 in selected spas
with a high level of industrialization (Table 1).

FIGURE 2
The Steps of the Environmental Conditions of Spas Valuation
TABLE 1
Cities with a large scale of environmental hazard according to industrial units with
high environmental impact in 1990.
Spa town
Jedlina Zdrój
Polanica Zdrój
Kowary
Szczawno-Zdrój

Emission of gas pollution in tons per year including:
Sulfur dioxide (SO2)
Nitric oxide (NO2)
113
48
50
88
183
93
78
66

Source: Jeziorski [25].
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TABLE 2
The emission of air pollution in spa towns in 1990.
Spas town

Cieplice-Zdrój
Czerniawa-Zdrój
'áXJRSROH-Zdrój
Duszniki-Zdrój
Jedlina Zdrój
Kowary
Kudowa Zdrój
/ąGHN-Zdrój
Polanica Zdrój
Przerzeczyn-Zdrój
ĝZLHUDGyZ-Zdrój
Szczawno-Zdrój

Emission of air pollution including*:
FormaldeDust fall
Carbon
Nitrogen
Sulfur
Fluorine
Sulfuric
hydes
disulphide
dioxide
dioxide
μg m-3
acid
μg m-3
μg m-3
μg m-3
μg m-3
μg m-3
Type of measurements: Sm ± per month; S24 ± average per 24 hours, S30 ± per minute
273/S30
489 / S30
424 / S30
55 /
108 / S30
489 / S30
220 /
S30
Sm
no data
105 / S30
105 / S30
105 / S30 no data
105 / S30
101 / Sm
no data
no data
no data
no data
no data
no data
no data
180 / S30
180 / S30
180 /
179 / S30
no data
33 /
no data
S30
Sm
no data
60 / S24
60 / S24
no data
55 / S24
no data
46 /
Sm
56 / S30
56 / S30
no data
no data
56 / S30
44 / Sm
no data
60 / S30
no data
60 / S30
no data
42 /
no data
60 / S30
Sm
60 / S30
46 / S24
40 / S24
61 / S30
no data
60 /
no data
61 / S30
61 / S30
Sm
64 / S30
64 /
64 / S30
no data
71 /
no data
60 / S30
Sm
S30
no data
27 /
45 / S30
45 / S30
no data
45 /
no data
S30
Sm
105 / S30
105 / S30
105 / S30 no data
105 //S30
101 / Sm
no data
50 / S24
50 / S24
no data
50 / S30
48 / Sm
no data

PM10
particulate

240 / S24
no data
no data
175 /
S24
no data
no data
86 /
S24
no data
no data
no data
150 / S24

* The intensity of the grey colour expresses the multiplicity of the breach in the acceptable annual average concentration:
onefold, twofold, more than twofold.
Source: Own elaboration based on Jeziorski [28].

Currently the spas located in the Lower Silesian province exist within the Lower Silesian zone
(other zones include: WKH :URFáDZ DJJORPHUDWLRQ
WKH FLW\ RI /HJQLFD DQG WKH FLW\ RI :DáEU]\FK  ,Q
accordance with the established classification regarding the criteria parameters established for sulfur dioxide (SO2) with the aim of protecting human
health in 2013, it has been determined that the entire province of Lower Silesia is located in the A
zone. Similarly, with regard to the concentration of
benzene and carbon monoxide the values fit in the
acceptable thresholds. It has been established that
RQO\WKH:URFáDZDJJORPHUDtion is located in the C
zone with respect to nitrogen dioxide (NO2) (above
the acceptable concentration norms for nitrogen
dioxide).
The city of Jelenia Góra, located in Lower Silesia, has received a C class with regard to carbon
monoxide due to a breach in the more rigorous
normative value for carbon monoxide in the CiepliFHĝOąVNLH=GUyMVSDORFDWHGZLWKLQ
The gathered individual measurement values
for selected types of air pollutants in Lower Silesian
spa towns indicate a major breach of sulfur dioxide
in all spas in 1990. These breaches were more than
twofold. A breach in formaldehydes and nitrogen
dioxide has been noted in almost all the spas (Table
2). The grey areas include values within the annual
average acceptable value breaches in accordance
with regulations from the year 1990. The intensity
of the grey colour expresses the multiplicity of the
breach in the acceptable annual average concentration: onefold, twofold, more than twofold.
The maximum value of an 8-hour rolling average for the DsJgCiepA measurement station was
 ȝJP ZKLFK LV ORZHU WKDQ WKH DFFHSWable

level established for standard areas, but still exceeds the criterion established for spas by circa 3%.
Due to this breach the entire zone has been included
in the C class, in accordance with the applicable
principles for performing yearly air quality evaluations.
7KHPLQRUEUHDFKLQWKH&LHSOLFHĝOąVNLH=GUyM
spa located within the urban zone of Jelenia Góra
related to the acceptable concentration level established for spas was linked with the impact of the
emission resulting from automobile traffic on the
main road located near the station, as well as specific local conditions for the spreading of pollution
and unfavorable climatic conditions.
The collapse of numerous sectors of industry
caused by economic transformations in Poland
paradoxically helped to improve the natural environment quality in spa towns.
In the following decades, especially in economically developed countries, changes in fuels
(e.g. the introduction of low sulfur fuels), development in combustion technology, and new regulations (e.g., the clean air acts introduced in the UK,
USA and Canada) have resulted in a significant
reduction in the ambient air pollution levels [29,
30].
Authors concluded that the annual average
amount of dust fall in the years 1990-2005 exceeded the acceptable norm in four spas: Kudowa-Zdrój,
'áXJRSROH-=GUyM /ąGHN-=GUyM DQG &LHSOLFH ĝOąskie-Zdrój. The pollution of air with particulates in
spas located in the Sudetes in the years 1990-2005
compared to the accepted norm was not as large as
dust fall. The breach in the average yearly emission
of particulates was noted in the beginning of the
DQDO\]HGSHULRGDQGRQO\LQIRXUVSDV/ąGHN-Zdrój,
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Szczawno-Zdrój, Jedlina-=GUyM DQG &LHSOLFH ĝOąskie-Zdrój.
However, a downward trend in the analyzed
pollution, including air pollution with particulates
in Szczawno-=GUyMDQG&LHSOLFH ĝOąVNLH-Zdrój was
observed in 1990-2005 which is related to the liquidation of a number of industrial facilities with high
HQYLURQPHQWDOLPSDFWORFDWHGPDLQO\LQ:DáEU]\FK
and in Jelenia Góra. It may be said that the economic transformation period has had a positive impact
on air hygiene in spas located in the Sudetes, which
is confirmed by the normative levels of dust concentration in the air maintained in the area for many
years.
Currently, the number of zones in Poland and
in each province subject to the yearly evaluation
performed with regard to the criteria established
with the aim to protect human health and plants, as
well as the number of zones with spas equals 46 for
all types of pollutants with the exception of ozone.
The air quality evaluation performed in 2013
and 2014 [31, 32, 33] revealed breaches in the normative concentration values for at least one harmful
substance in each of the 46 zones. A breach in the
target level of benzo(a)pyrene has been noted in
circa 91% of the zones, with 78% zones characterized by breaches in the acceptable level of the
PM10 particulate and more than 50% of zones
experiencing breaches in the acceptable level of
PM2.5 (Table 3).
According to [30, 33] the type of air pollution
that is particularly harmful for human health is PM,
because of its high content of various toxic substances.
Heat production in winter time, especially
when using coal combustion furnaces, contributes
to large concentration of mainly suspended particulate matter PM10, carbon dioxide and sulfur dioxide [34].
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In accordance with the classification of zones
with regard to the criteria parameters established
for PM10, PM2,5 and benzo(a)pyrene particulates
with the aim of protecting human health in 2013 it
has been determined that the entire Lower Silesian
province is located in the C zone, i.e. that of increased concentration values (evaluation of substance levels in the air).
The high level of air pollution with both PM10
and PM2,5 particulates and benzo(a)pyrene still
remains the largest problem in the scale of the
Lower Silesian province. The main reason for
breaches in the winter season is the emission from
individual building heating systems and the difficult
conditions for the spreading of pollution (especially
in valleys). Other reasons include the emission of
pollutants from automobile traffic and the disorganized dust emission from roads and industrial
areas.
An analysis of acceptable concentrations of
pollutants with respect to plant protection revealed
a breach in the acceptable norms for ozone in the
entire zone of Lower Silesia.
Breaches in the acceptable annual average
level of PM10 particulate have been observed in
2013 in two measurement stations: in Jelenia Góra&LHSOLFHDQQXDODYHUDJHFRQFHQWUDWLRQȝJm-3 ±
103% of the norm and in Nowa Ruda, Srebrna st.:
DQQXDODYHUDJHFRQFHQWUDWLRQȝJ m-3 ± 118% of
the norm.
Particulates are typically composed of elemental and organic carbon, sulfates, nitrates, pollen,
microbial contaminants and metals. As a result of
the reaction between fine particles and sulfur dioxide or nitrogen oxides in the atmosphere strong
acids emerge, including sulfuric acid, nitric acid,
hydrochloric acid, and acid aerosols [35]. Apart
from that, urban air also contains benzene and 1,3butadiene that are considered carcinogenic [36, 37].

TABLE 3
The emission of air pollution in spa towns in 2014.
Spa town
1
Cieplice-Zdrój
Czerniawa-Zdrój
'áXJRSROH-Zdrój
Duszniki-Zdrój
Jedlina Zdrój
Kowary
Kudowa Zdrój
/ąGHN-Zdrój
Polanica Zdrój
Przerzeczyn-Zdrój
ĝZLHUDGyZ-Zdrój
Szczawno-Zdrój

Particulate
matter
MP10: number of days
exceeded
[no days]
2
37
0
0
14
8
No data
25
25
42
1
0
66

Particulate matter
MP10:
average over
the year [μg m-3]
3
27
8
11
10
12
No data
12
13
15
12
9
34

Particulate
matter
MP2,5: average over
the year
[μg m-3]
4
19
6
8
7
9
No data
9
9
10
8
7
19

Benzo(a)pyrene
on
average over a year
[ng m-3]
5
4,6
0,4
0,7
0,6
0,9
No data
0,9
1
1,1
0,7
0,5
6,3

* The intensity of the grey colour expresses the multiplicity of the breach in the acceptable annual average concentration:
onefold, twofold, more than twofold
Sources: own elaboration
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EFFECTS OF MULTIPLE FREEZING-THAWING CYCLES IN
DIFFERENT CONDITION ON QUALITY CHANGES OF
ATLANTIC BONITO (SARDA SARDA, BLOCH 1793)
Nilgun Guneri, Bayram Kostekli*
Department of Fish Processing Technology, Fisheries Faculty, University of Sinop, Sinop, Turkey

quality freezing methods may lead to microbiological, chemical and physical decomposition or nutritional loss [6]. Specifically, these negative outcomes
depend on many factors such as storage time, freezing-thawing processes and rates, fish type, specific
storage temperature, temperature fluctuation and enzymatic destruction during frozen storage [7].
Thawing has received much less attention than
chilling and freezing [8]. The aim of thawing is to
restore the original quality of the food as much as
possible. Generally, the thawing process takes much
longer than the freezing process and therefore can
lead to subsequent damage to food quality and a reduction in its nutritional value [9]. The thawing of
frozen fish and sea foods may lead to quality losses
such as protein denaturation, colour deterioration,
weight loss (drip loss, evaporation, thawing), oxidation of lipids, and textural changes [10].
During traditional thawing, two main parameters are checked. These are the surface heat transfer
coefficient and the environment temperature. To prevent the development of microbial flora, the environment temperature should be below 15ºC. The atmospheric pressure remains as the only parameter that
affects the thawing ratio after the heat transfer coefficient. Therefore, a small temperature difference between the freezing point at the start and room temperature do not allow high thawing ratios [11].
The most common thawing methods used in
Turkey are refrigerator thawing, microwave thawing, water thawing and thawing at room temperature
[12]. It is very important to detect the chemical,
physical and microbiological quality of frozen±
thawed fish to evaluate the possible risks of fish consumption for humans in the home or the workplace.
Numerous papers have been published on the
effects of freezing±thawing on the sensory, chemical
and physical quality of fish in the case of meagre
[13], mackerel [14], bluefish [15], anchovy [16, 17]
and eel [18]. However, there is not much information
about the impact on the quality of different thawing
methods of gutted and whole Atlantic Bonito.
Multiple freezing and thawing is generally applied in the domestic environment. In this study, the
aimed to detect changes in quality with regard to gutted and whole Atlantic bonito (Sarda sarda, Bloch,

ABSTRACT
In this study, the aim was to detect quality
changes under different conditions with regard to
multiple frozen-thawed gutted and whole Atlantic
bonito (Sarda sarda, Bloch 1793). The Atlantic bonito (gutted and whole) were frozen at -30±2ºC and
were thawed 4 times at room temperature (21±2ºC,
4 hours) and 4 times under tap water (15±2ºC, 3
hours) at 15-day intervals. The quality assessment of
the Atlantic bonito was done using sensory quality,
chemical [total volatile basic nitrogen (TVB-N), trimethylamine nitrogen (TMA-N), thiobarbituric acid
(TBA), pH] and microbiological analyses [total mesophilic aerobic bacteria (TMAB)]. According to the
sensory analysis results, the best score was given to
the gutted Atlantic bonitos, thawed under tap water,
after the final thawing process.

KEYWORDS:
Chemical quality, freezing, thawing, microbiological quality, sensory quality

INTRODUCTION
The Atlantic bonito (Sarda sarda Bloch, 1793)
is an economically valuable fish species in Turkey
[1]. According to the 2017 data, 39,459-tons of Atlantic bonito were caught of the Turkish coast [2].
Although Atlantic bonito is generally consumed
fresh all over the world, it was reported that frozen
fish was preferred and commonly consumed as a
ready-to-serve food in Turkish cuisine [3].
At the present time, fish is kept frozen for long
periods in deep freeze before being consumed.
Freezing and frozen storage are the most commonlyused methods for the preservation of fresh fish, other
sea products and foods [4]. The storage of sea foods
for long periods without decomposition has been
made possible with the development of frozen storage methods. The most important aspect of frozen
storage of sea foods is applying rapid freezing methods. The main purpose of rapid freezing is to obtain
a great number of small-sized ice crystals around the
material to be frozen [5]. However, the use of poor
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Microbiological analyses. For the microbiological count, 10 g of samples were taken, transferred into 90 ml of 0.85% sterile physiologic serum,
and homogenized in a homogenizer (IKA Yellow
Line DI 25 Basic). From the 10-1 dilution, other decimal dilutions were prepared. The total mesophilic
aerobic bacteria were determined by using the pour
plate method. Plate Count Agar (Merck) was used as
medium for the total mesophilic aerobic bacteria
count, and plates were incubated at 28ºC for 3 days.
The results were given as log CFU/g [23].

1793) which were frozen-thawed on multiple occasions under different conditions. The quality assessments were done in terms of sensory, chemical (pH,
total volatile basic nitrogen, trimethylamine, thiobarbituric acid) and microbiological (total mesophilic
aerobic bacteria) changes.

MATERIALS AND METHODS
Materials. The Atlantic bonitos (Sarda sarda,
Bloch, 1793) (average weight of 500±5g) used in
this study were obtained from a fisherman in Sinop
in the Black Sea Region. They were kept iced in
styrofoam boxes and transferred to the laboratory.

Sensory evaluation. Sensory analyses were
evaluated by 5 panellists according to the point system developed by Bett and Dionigi [24]. The frozen
and thawed at room temperature and thawed in tap
water Atlantic bonitos were cooked in an oven (Arcelik, MF 35B) at 180 ºC for 20 min. Then, they were
served to the panellists for evaluation of sensory attributes (appearance, odour, flavour, texture). Evaluation was made by giving scores between 1 and 5
and 5, 4, 3, 2, 1 indicating very good, good, eatable
quality, bad and very bad, respectively.

Sample preparation. Fresh Atlantic bonito
samples were divided into four groups. In the first
and second groups, all samples were gutted and
washed with tap water. In the third and fourth
groups, samples were not gutted nor washed. Each
of these four-groups are referred to as shown at Table 1.

Statistical analysis. The Minitab 15 (Minitab
Inc. USA) program was used to search for significant
differences among the mean values of the different
results. Differences between means were analysed
by one-way analysis of variance (ANOVA). The results are presented as mean±SE. The p value
(p<0.05) was used to determine significant differences [25].

Freezing, storage and thawing. The freezing
process was done in a vertical deep freezer at 30±2ºC. Ten sample packages of fish from each
group were stored in the deep freezer. While samples
in the first and third group were thawed at room temperature (at 21±2ºC, for 4 h), the second and fourth
group samples were thawed under tap water
(15±2ºC, for 3 h.). Fresh- and frozen±thawed samples were homogenized in a stainless-steel meat
mincer and blender, and each group was analysed in
the same way at 15-day intervals. Samples were refrozen after taking an adequate sample for analysis.

RESULTS AND DISCUSSION
The TVB-N values of the fresh and thawed Atlantic Bonito are shown in Figure 1. The mean TVBN value of fresh Atlantic bonito was detected as
12.60±0.02 mg/100, TVB-N values were determined
as 17.90±0.00, 15.40±0.05, 19.60±0.00, 18.40±0.05
mg/100g for groups GR, GW, WR, WW after the 1st
thawing processes, respectively. At the end of the experiment (4th thawing), these values were found to be
32.80±0.04, 30.25±0.03, 34.70±0.01, 32.63±0.03
mg/100g for these groups respectively.

Chemical analyses. pH value was measured as
described by Curran et al. [19], by using a digital pH
meter (Werkstatten 82362 Weilheim, Germany).
The total volatile basic-nitrogen (TVB-N) was determined according to method proposed by Lucke and
Geidel and modified by Antonacopoulos [20]. The
Thiobarbituric Acid Reactive Substances (TBAR)
was determined according to Tarladgis et al. [21].
Trimethylamine (TMA-N) (mg/100g) analysis was
carried out according to the method proposed by Boland and Paige [22].

TABLE 1
Names, given the groups.
GROUPS
1.
2.

Gutted
GR: Thawed at room temperature
GW: Thawed under tap water

3.
4.
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Whole (Not gutted)
WR: Thawed at room temperature
WW: Thawed under tap water
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FIGURE 1
TVB-N values of fresh and thawed Atlantic bonitos.

17.71 mg/100 g, 17.82 mg/100 g and 17.83 mg/100
g after the first thawing period, respectively. Dinçer
et al. [16] studied whole anchovy, sardine and sea
bream which were thawed using tap water, a microwave oven and a refrigerator and obtained values of
11.12±0.25, 10.34±0.26, and 11.97±0.77 mg/100g,
respectively. They determined that the tap water
thawing method showed the best results for all samples in terms of the chemical quality of the thawed
samples.
The TBA values of the fresh and thawed Atlantic Bonito are shown in Figure. 2. The mean TBA
value of fresh Atlantic bonito was determined as
1.25±0.00 mg MA/kg. The TBA value of thawed
fish samples increased when compared to the fresh
control. After the 1st thawing processes, the TBA
values were determined as being 2.93±0.01,
2.42±0.04, 3.46±0.03, 2.67±0.05 gr MA/kg in
groups GR, GW, WR and WW, respectively. At the
end of the experiment (the 4th thawing), these values
were found to be 6.23±0.00, 5.34±0.04, 6.96±0.00,
6.12±0.05 gr MA/kg for these groups, respectively.
These values stayed within the limit of acceptability in all groups. The effects of the groups and
thawing processes were found to be statistically significant in terms of TBA values (p<0.05). There was
no statistically significant difference (p>0.05) in
TBA values among groups GR WW at the 3rd and 4th
thawing. In addition, the TBA values of groups WR
and WR were found to be higher than those of the
gutted groups.
Sinnhuber and Yu [29] stated that the TBA
value as an acceptable flavor measure for frozen seafood and as a good quality indicator must be less than
3 mg kg-1.

The TVB-N amount increased in all groups
during the storage period. It was observed that the
TVB-N value continuously increase after each thawing operation. The highest and lowest TVB-N values
were determined in group WR and GW, respectively. The TVB-N values of the groups WR and
WW were found to be higher than the gutted Atlantic
bonitos group. The TVB-N values of the groups
which were thawed at room temperature were found
to be higher than groups which were thawed under
tap water. Statistically, there were significant differences in the TVB-N values among the all thawed
groups (p<0.05). Also, the effects of the number of
thawing episodes were found to be statistically significant (p<0.05) with regard to the TVB-N values
of all groups.
Kaba et al. [26] stated that TVB-N was a good
quality index with regard to the decay of iced fish.
SeaIRRG ZDV HYDOXDWHG DV EHLQJ µYHU\ JRRG¶ LI WKH
TVB-1YDOXHLVORZHUWKDQPJJµJRRG¶LILW
LVEHWZHHQDQGPJJµPDUNHWDEOH¶LILWLV
EHWZHHQ  DQG  PJ J DQG µVSRLOHG¶ LI LW LV
higher than 35 mg/ 100 g.
Tokur and Kandemir [27] reported that the
TVB-N values of trout and sardine that were thawed
at room temperature (24 ºC) were higher than those
thawed using tap water. In addition, they found that
TVB-N levels were elevated during the freeze-thawing process in both fish species. Mol et al. [14] determined that mackerel which was thawed at room
temperature have a higher TVB-N value than mackerel thawed using tap water. Baygar and Alparslan
[28] investigated the changes in the quality of sea
bass which was thawed using tap water (18±2 ºC).
The TVB-N values of whole, gutted and filleted sea
bass thawed using tap water was determined to be
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FIGURE 2
TBA values of fresh and thawed Atlantic bonitos.

as being 2.49 mg/100g at the beginning of the experiment. The TMA-N values of all groups increased
throughout the storage period and reached values of
5.97±0.00, 5.56±0.01, 7.90±0.00 and 7.45±0.05
mg/100g in groups GR, GW, WR and WW, respectively. The TMA-N value of the whole Atlantic bonitos group (WR and WW) were found to be higher
than that of the gutted groups (GR and GW). However, they did not exceed the limit of acceptability.
The effects of thawing was found to be significant
(p< 0.05) with regard to the TMA-N amount in all
groups. The TMA-N value of WR and WW was determined to be higher than that of the GR and GW
groups at the end of the 4th thawing. There was not a
statistically significant difference (p>0.05) in the
TMA-N values among groups GW and WR at the
end of the 2nd thawing and there was no statistically
significant difference in the TMA-N values among
groups GR and WR at the end of the 3rd thawing.
Trimethylamine (TMA-N) is a very reactive
molecule which makes a molecular connection from
the inner cell to the outer cell via protein chains. Because of the presence of formaldehyde (FA), quality
decreases and protein denaturizing occurs [34]. The
TMA-N values of anchovy, sardine and sea bass
which were thawed in a microwave oven, using tap
water and in a refrigerator were found to be lower
according to our study [16]. It might be said that besides using different fish species, the initial TMA-N
values were responsible for this situation. dDNOÕHWDO
[35] reported that the TMA, TVB-N and TBA values
of sea bass which had their internal organs removed
were 1.26±0.00 mg/100g, 16.2±0.28 mg/100g and
0.63±0.06 mg MA/kg at the beginning of the storage
period. Baygar and Alparslan [28] found that the average TMA-N values of whole, gutted and filleted

The TBA value is a good indicator of the quality of chilled or frozen fish [21], [30]. According to
Srinivasan et al. [31] in shrimps frozen and thawed
5 times, the TBA value was within the acceptability
limit value after the fifth thawing process.
In another study, Baygar and Alparslan [28] determined that the TBA values of the sea bass thawed
using tap water increased in a balanced and continuous manner during the thawing period. In another
study, it was reported that the TBA values with regard to anchovy, sardine and sea bream which were
thawed in a microwave oven, using tap water and in
a refrigerator were determined as being 3.92±0.38,
5.89±0.63, 5.67±0.31 mg MA/kg; 3.59±0.10,
3.58±0.59, 3.97±0.50 mg MA/kg; 1.35±0.19,
2.54±0.12, 1.00±0.06mg MA/kg, respectively [16].
Mol et al. [14] reported that the TBA values of
mackerel which were thawed using tap water
(16±1ºC), at room temperature (22±2ºC), and in a refrigerator (4±1ºC) were 15.12±3.46, 7.69±2.06 and
13.30±0.48 MA/kg, respectively.
In our opinion, the high TBA values found in
our study may be linked to the transformation of secondary products associated with lipid oxidation. It
was stated that the secondary products of lipid oxidation such as 2-alkenals, 2,4-alkadienals and malonaldehyde, react with the TBA reagent. The exact
mechanism of their reaction with the TBA reagent is
not well understood [32]. The secondary products of
lipid oxidation that react with the TBA reagent can
be transformed into other chemical substances.
Thus, the TBA value may be increased or decreased
[33].
The TMA-N values of the fresh and thawed Atlantic Bonito are shown in Figure 3. The mean TMAN value of the fresh Atlantic bonito was determined
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sea bass samples were 2.99±0.04, 3.06±0.02 and
3.03±0.07mg/100 g respectively after the initial tap
water thawing and the values were determined as being 3.29±0.05, 3.29±0.02 and 3.30±0.02 mg/100 g
fish flesh after the last (6th) thawing. While it was
found that the initial thawing values were close to
those of our study, the values obtained from our
study after the 4th thawing were found to be higher
than the values of Baygar and Alparslan [28] after
the 6th thawing. It might be thought that this situation
arose from using different fish species, different applied temperatures during the freezing and thawing
periods and differences in methods used.
The pH values of the fresh and thawed Atlantic
Bonito are shown in Figure 4. The mean pH value of
GR

the fresh Atlantic bonito was determined as being
6.09 at the beginning of the experiment. The pH values of groups GR and GW were 6.40 and 6.35 at the
end of the 4th thawing, respectively. These values
were determined as being 6.44 and 6.40 for groups
WR and WW at the end of the 4th thawing, respectively, while the highest pH value was observed in
the WR group at the end of the 4th thawing. The lowest pH value was observed in the fresh sample (the
control group). After the freezing-thawing process,
the pH value of fish had significantly (p<0.05) increased when compared to the fresh control. However, significant differences (p>0.05) between the
pH values of groups WR and WW were not found.

GW

WR

WW

9
8

TMA (mg/100g)

7
6
5
4
3
2
1
0
Fresh

1 s t t h a w i n g 2 n d t h a w i n g3 r d t h a w i n g 4 t h t h a w i n g

FIGURE 3
TMA-N values of fresh and thawed Atlantic bonitos.
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FIGURE 4
pH values of fresh and thawed Atlantic bonitos.
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groups GR, WW and WR. At the end of the 2nd and
4th thawing process, there was no statistically significant difference (p>0.05) among groups GR-WR
and groups GW-WW. At the end of the 3rd thawing
process, there was no statistically significant difference (p>0.05) among groups GR and WW. The effects of the thawing process were found to be significant (p< 0.05) in terms of the total mesophilic aerobic bacteria count in all groups.
In terms of the decay of seafood, bacteria comprise the main factor. Seafood contain microorganisms depending on the population and microbial load
of the environment. Microbial flora also change depending on the temperature of the water [41].
Gülyavuz and Ünlüsayin [42] stated that the resistance of bacteria decreases, and killing of bacteria
gets easier because of temperature changes during
the thawing-refreezing of food.
Ersoy et al. [18] reported that the highest total
aerobic mesophilic bacteria count of thawed samples
were found in air. The lowest total aerobic mesophilic bacteria count of thawed samples was found
in water.
The sensory analysis results are shown in Table
2, and the average sensorial scores of all groups are
shown in Figure 6. According to the sensory analysis
results, the average sensory score of fresh Atlantic
bonitos were determined as being at the 5.00±0.00
point. After the 1st thawing process, the average sensory scores of groups GR, GW, WR and WW were
found to be 4.25±0.15, 4.60±0.20, 4.15±0.15 and
4.05±0.15, respectively. At the end of the 4th thawing
process, these scores were determined as being
1.25±0.15, 2.10±0.10, 1.05±0.05 and 1.10±0.10, respectively. The average sensory scores of groups are
shown in Figure 6.

As the pH value increases in fish tissue, enzymes become active. pH alone is not a suitable
quality indicator of fish spoilage. However, it could
be a reason for comparisons. So, it has to be supported by chemical, sensory and microbiological
analyses. The pH value of fresh fish is often between
6.0 and 6.5 [36, 37, 38]. Külcü [39] found that the
initial pH value of fresh bonito was 5.6±0.06 in his
own work. Tokur and Kandemir [27] determined that
the pH values of trout and sardine which were
thawed using tap water and at room temperature (24
ºC) were 6.35±0.01 and 6.70±0.00; 6.43±0.05 and
6.66±0.10 after 3 months, respectively. Baygar and
Alparslan [28] compared whole, gutted and filleted
sea bass which were thawed using tap water in terms
of pH values. They stated that the values increased
in a close and balanced way during the thawing period, with the lowest and highest pH values being
6.64 and 6.70 in fillet and gutted samples after the
last (6th) thawing, respectively. In a study dealing
with quality differences of whole ungutted sea bream
(Sparus aurata) and sea bass (Dicentrarchus labrax)
ZKLOH VWRUHG LQ LFH dDNOÕ HW DO [40] detected important differences in pH values in terms of the storage time.
The total mesophilic aerobic bacteria (TMAB)
count of the fresh and thawed Atlantic Bonito are
shown in Figure 5. The TMAB count was over the
limit of acceptability at the end of the 3 th thawing,
with 6.44±0.00, 6.60±0.00 and 6.50±0.00 log CFU/g
for groups GR, WR and WW, respectively. Only the
total mesophilic aerobic bacteria count of the GW
group exceeded the acceptability limit at the end of
the 4th thawing in parallel with sensory degradation.
At the end of the 1st thawing, there was no statistically significant difference (p>0.05) among
GR
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GW

WR

WW

6,9
6,7

TMAB (log cfu/g)

6,5
6,3
6,1
5,9
5,7
5,5
5,3
5,1
4,9
4,7
4,5
Fresh

1st thawing 2nd thawing 3rd thawing 4th thawing

FIGURE 5
Total mesophilic aerobic bacteria count of fresh and thawed Atlantic bonitos.
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TABLE 2
Sensorial changes of fresh and thawed Atlantic bonito groups, at room temperature and under tap water.
Thawing
Groups
Fresh
1st
2nd
3rd
4th
4.20±0.20Aab
3.60±0.20Ab
2.20±0.20Bc
1.00±0.00Bd
GR
5.00±0.00Aa
GW
5.00±0.00Aa
4.60±0.20Aa
3.40±0.20Ab
3.20±0.20Ab
2.20±0.20Ac
APPEARANCE
Aa
Ab
Ac
Bd
WR
5.00±0.00
4.00±0.00
3.00±0.00
2.20±0.20
1.00±0.00Be
WW
5.00±0.00Aa
4.20±0.20Aa
3.40±0.20Ab
2.20±0.20Bc
1.20±0.20Bd
GR
5.00±0.00Aa
4.00±0.00Ab
3.00±0.00Ac
2.40±0.20Ac
1.60±0.20ABd
Aa
Aab
Abc
Acd
GW
5.00±0.00
4.80±0.20
3.80±0.20
3.20±0.20
2.20±0.20Ad
ODOUR
WR
5.00±0.00Aa
4.20±0.20Aab
3.20±0.20Abc
2.20±0.20Acd
1.20±0.20Bd
Aa
Ab
Ac
Ad
4.00±0.00
3.20±0.20
2.20±0.20
1.00±0.00Be
WW
5.00±0.00
Aa
Aa
Ab
Bbc
4.60±0.20
3.60±0.20
2.20±0.20
1.20±0.20Bc
GR
5.00±0.00
GW
5.00±0.00Aa
4.60±0.20Aab
3.60±0.40Abc
3.20±0.20Acd
2.00±0.00Ad
FLAVOR
WR
5.00±0.00Aa
4.20±0.20Ab
3.40±0.20Ac
2.00±0.00Bd
1.00±0.00Be
Aa
Aab
Ab
Bc
WW
5.00±0.00
4.20±0.20
3.60±0.40
2.20±0.20
1.00±0.00Bc
Aa
Aab
Abc
Bcd
GR
5.00±0.00
4.20±0.20
3.20±0.20
2.20±0.20
1.20±0.20Ad
GW
5.00±0.00Aa
4.40±0.20Aab
3.80±0.30Ab
3.60±0.20Ab
2.00±0.00Ac
TEXTURE
Aa
Aa
Ab
Bb
WR
5.00±0.00
4.20±0.20
3.00±0.00
2.20±0.20
1.00±0.00Ac
3.80±0.20Aab
3.60±0.40Ab
2.20±0.20Bc
1.20±0.20Ac
WW
5.00±0.00Aa
Values with different letters in the row ĺ  a, b« DQG in the column Ļ (A, B« GLIIHU significantly (p<0.05).
GR: Gutted Atlantic bonito, thawed at room temperature.
GW: Gutted Atlantic bonito, thawed under tap water.
WR: Whole Atlantic bonito, thawed at room temperature.
WW: Whole Atlantic bonito, thawed under tap water.
Fresh

GR

GW

WR

WW

4th thawing

1st thawing

3rd thawing

2nd thawing

FIGURE 6
The average sensorial scores of groups.

Considering the sensory analysis results of
groups GR, WR and WW, it was determined that
they lost their acceptability following the 3th thawing
with an average of 2.25±0.20, 2.15±0.15 and
2.20±0.20 points, respectively. Only the GW group
exceeded the acceptability limit value after the 4th
thawing with a 2.10±0.10 point.

There was no statistically significant difference
(p>0.05) in terms of the average sensory point
among all groups at the 2nd and 3rd thaw. However,
following the 3rd thawing process it was determined
that there was a statistically significant difference
(p<0.05) between groups GW-WR and among
groups GW-WW. After the 4th thawing, there was a
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statistically significant difference (p<0.05) between
the GW group and the 3 other groups.
It is reported that the freezing-thawing period
may involve many colour and texture changes in fish
fillets [43, 44, 45]. Moreover, in terms of sensory parameters, the color and texture of fish fillets play a
key role in fish quality assessment on the part of consumers [45, 46].
Hallier et al. [45] reported that after the freezing and thawing steps with regard to fish fillets, there
is a reduction in the brightness of the meat as a result
of protein disintegration in the muscles. After freezing and thawing, the meat consistency was less watery due to the loss of water retention capacity, and
attention was paid to the reduction and fragmentation of the flexibility of the fillet. In another study
about the different thawing methods with regard to
frozen mussels, Günel [47] found out that the thawing process did not affect the natural odour but when
the color, tissue and appearance changes are considered, the most significant difference was determined
in the samples thawed at room temperature. Baygar
et al. [48] carried out multiple thawings on frozen
fillet, whole and gutted Sea Bass using 15-day intervals. They determined that the frozen group and the
thawed group of fillets in room conditions received
the best sensory score, whereas the whole and gutted
samples received low and equal scores at the end of
90 days.
Baygar et al. [15] investigated the quality
changes of anchovy and small bluefish during multiple freezings and thawings under different conditions. According to the data, the anchovy and small
bluefish which were thawed in a refrigerator, using
tap water and in a microwave oven became unconsumable after the 3th and 4th thawing periods, respectively. These results were similar to our study. Benjakul and Bauer [49] reported the biochemical and
physicochemical properties of catfish fillets affected
by thawing from freezing. Mol et al. [14] thawed
mackerel using tap water (16±1ºC), at room temperature (22±2ºC), in a refrigerator (4±1ºC). The samples which were thawed in the refrigerator were evaluated as having the highest sensory points.
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the 3th and 4th thawing in terms of sensory and microbiological properties, respectively. When examining at the results of all studies, it may be said that
seafood should ideally be consumed after the first
thawing. If multiple thawing is going to be applied,
such a treatment should not be repeated more than 3
times.
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Therefore, the reduction of NOx emission is critical
to improving human living conditions. At present,
the actual demand of industrial applications drives
the society to develop low-temperature SCR catalysts and technology process [2] 1HYHUWKHOHVV LW¶V
importance that how to promote NO conversion at
low-temperature and poison resistance of SCR catalysts. In recent years, studies [3-5] have been carried out on low temperature denitration. As the active component, transition metal (Mn, Fe, Ce, W,
Cu, Ti, Ni, etc. [6, 7]) oxides exhibit good
low-temperature catalytic ability. MnOx can present
varieties of metastable valence states in the catalyst,
while the redox reaction is easy to be ignited,
therefore, Mn-based catalyst has become a hot research point [6]. The supported Mn-based catalyst
is excellent in reaction activity, and it can improve
the selectivity, the anti-sulfur and anti-water properties while increasing the SCR activity and the
range of reaction temperature.
The commonly used support for Mn-based
catalysts includes metal oxides (TiO2 [8], Al2O3 [9],
etc.), molecular sieves [10], carbon materials [11]
and others [12], in which Anatase TiO2 is rich in
active sites and can improve NO conversion of catalysts [2]. TiO2 can provide wally thermostability,
excellent mechanical property and strong tolerance
to sulfur, but its surface area is poor [13]. Zhao et al.
prepared TiO2-CNT powder with different ratio by
sol-gel measure. Some studies exhibit that the nanometric anatase TiO2 particles can be homodisperse over the CNT, so the agglomeration of
molecules is efficiently depressed, indicating that
TiO2 has a good dispersity. Thirupathi et al. [6]
used the commercial titanium dioxide as a raw material to prepare the Mn-Ni/TiO2 catalyst by sol-gel
method. The results indicated that the specific surface area of Mn-Ni/TiO2 was lots larger than TiO2,
and NO conversion rate under the low-temperature
window was also significant improved, indicating
that TiO2 can improve the specific surface area by
loading a metal component or adding auxiliaries.

ABSTRACT
A serial of MnOx/TiO2-GO catalysts prepared
by sol gel and impregnation method with diverse
ratio of MnOx (0-10wt%) were studied for low
temperature selective catalytic reduction of NOx
with NH3. Samples characterized by TEM, XRD,
H2-TPR, BET and XPS. The activity test consequence showed that different GO content influences
the NH3±SCR catalytic ability of MnOx/TiO2-GO.
The optimum ratio of MnOx for best catalytic activity is 3wt%. Meanwhile, the 3wt%MnOx/TiO2-GO
catalyst reached 90% of NO removal efficiency at
220°C and can hold 100% from 240°C to 340°C.
The BET results show that 3MnOx/TiO2-GO has
the biggest surface area (215 m2/g) and pore volume (0.323 cm3/g). The XPS indicated that MnOx
uniformly disperses on the surface of TiO2/GO and
the active component presents multiple valence, the
3MnOx/TiO2-GO has the highest surface concentration of Mn3+ and Mn4+(82.57%), and the most
surface-adsorbed oxygen (58.85%). The uniform
distribution of active sites and the high specific
surface areas of 3MnOx/TiO2-GO provided more
reactive
activity
sites.
In
this
work,
3MnOx/TiO2-GO exhibits the best reactive activity
and redox property, the maximum surface area, and
the maximum content of Mn4+, own to the increased
active sites and MnOx with high valence and the
increased chemisorbed oxygen on the surface.

KEYWORDS:
MnOx/TiO2-GO, NH3-SCR, sol-gel impregnation method,
low-temperature, redox.

INTRODUCTION
Nitrogen oxides (NOx) are numerous, causing
air pollution mainly nitric oxide (NO) and nitrogen
dioxide (NO2), and its emission can cause haze,
ozone pollution, acid rain and greenhouse effect [1].
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titanate is used as a precursor to dissolve in anhydrous C2H5OH, adding 1 ml HCl and 4 ml
CH3COOH (98%), and mixed solution marked for
A. The quantitative graphene oxide (GO) obtained
by the modified-Hummers method was dispersed in
H2O and C2H5OH, and this mixed solution marked
for B. Stirring A and B for 0.5h respectively and
ultrasonic 0.25h at RT. Then, A was added to B
slowly with a few times and continue to stir for
0.5h, ultrasonic sample 0.25h at 60°C. The sample
was aged at RT for 48h. Then, drying the mixture at
120°C for 12h and calcining for 6 h at 450°C by N2.
We finally obtained and denoted as TiO2-bGO for
catalyst supporter. Then processed samples by
pressing and crushing. According to the calculation,
adding supporter samples to the certain amount of
manganese acetate solution, then ultrasonic processed 1.5 h at 60°C, then dried 12 h at 120°C and
calcined 6 h at 450°C by N2 atmosphere. All samples were obtained and denoted as aMnOx/TiO2-bGO, where a and b represent the mass
percentage.

As a common support for SCR catalysts, carbon has good low-temperature SCR activity [11],
however, several technical problems still present
such as low electron conductivity and easy the aggregation of active components. Graphene should
include large specific surface area [14], good electron mobility and conductivity [15], good mechanical property and thermal stability. The excellent
electronic properties can greatly promote the electron transfer during the redox process, so that the
redox performance and further the catalytic reaction
is improved [2, 16]. Studies have shown that graphene has a good adsorption to NH3, which may
improve the activity of SCR reaction [17]. In addition, oxygen-containing groups attached to the surface of GO. It can promote the metal dispersion in
the process of liquid phase synthesis and thus enhance the dispersion of active components in catalysts [18].
Therefore, by adding a certain amount of GO
to TiO2, loading manganese oxide as active elements and the adsorption capacity of NH3 are improved, leading to an improved catalytic activity.
TiO2 and GO composites are complementary and
could enhance SCR reactivity [2]. The application
of TiO2-GE recombination materials prepared by
sol-gel to photocatalytic reaction obtain a good activity. Due to its anti-poisoning ability, the application for SCR at low temperature is limited. For this
research, serial MnOx/TiO2-GO was prepared by
sol-gel and impregnation technique, and this technique can heighten the catalytic efficiency, anti-poisoning ability and stability. At the same time,
to evaluate the effects of GO ratios on physiochemical properties and NO removal capacity of
MnOx loaded on TiO2±GO, especially the role of
Mn, Ti and GO in NO removal process. The characterization technologies on prepared catalysts include Transmission Electron Microscopy, Brunauer-Emmett-Teller method, X-Ray Diffraction, H2
Temperature Programmed Reduction and X-ray
Photoelectron Spectroscopy, in order to fully understand the microstructure and the possible mutual
effect between TiO2-GO and MnOx. The consequences in this work are helpful to solve the problem of the wide temperature window for denitrifying low temperature catalyst, improve the catalytic
performance and provide a theoretical guidance for
follow-up studies. Meanwhile, this study is expected to facilitate actual commercial application.

Catalyst characterization. TEM analysis
equipment is the United States FEI company Tecnai
G2 F20 S-TWIN type TEM transmission electron
microscopy, acceleration voltage: 20±200 kV, information limit resolution: 0.14 nm, STEM resolution:0.20 nm, the maximum convergence angle of
electron beam: ± 13°, energy resolution (£): 0.7 eV,
point resolution: 0.24 nm, TEM magnification:
60-1000 kx, sample inclination: ±40°.
The catalysts surface areas were tested by
BET with an AUTOSORB-IQ apparatus by N2
physisorption at 300°C.
XRD analysis equipment is the Netherlands
Panako's EMPYREAN type X-ray diffractometer.
7KHGLIIUDFWLRQVRXUFHLV&Xā.Į Ȝ = 0.154056 nm),
the sweep voltage is 40 kV, the current is 60 mA,
the sweep range is 10°~100° and the sweep precision is 0.028°. After the sweep through the comparison of JPCDs (International Center for Diffraction Data) to determine the crystal form.
H2-TPR test was used the TPD/TPR dynamic
adsorbent of TP-5076, manufactured by Tianjin
Corporation, was purged 1h with Ar at 300°C,
cooled down to 60°C before passing through 30
mL/min 10% H2/Ar, at program temperature reduction.
The XPS was carried out in a spectrometer
(ThermoFisher Scientific USA) using Monochromated Al Kalph(150W). Spot size is 500 ȝP8VLQJ
100 eV of pass energy for the survey and 20 eV for
high resolution scans.

EXPERIMENTAL
Catalyst preparation. Using sol-gel technique to obtain the sample. And we further obtained
the MnOx/TiO2±GO by the ultrasonic immersion
method to load the active elements. The tetrabutyl

Activity testing. Catalyst ability was tested in
homemade glass tubular fixed-bed reactor (d=10
mm) and the Gasboard-3000 flue-gas analyzer
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termined the effect of the different GO content ratio
on the catalytic efficiency of the catalyst. The activity curves of samples with different mass ratios of
GO are shown in Figure 1.
From Figure 1, it can be shown that the
MnOx/TiO2 catalyst doping GO has the highest NOx
removal activity. We could find that NO conversion
of different samples is obviously influenced by the
changes of GO contents. The best catalyst is
3MnOx/TiO2-0.4GO which can reach 90% NO
conversion at 220°C and keep 100% from 240°C to
340°C. NOx removal efficiency at 220°C from excellent to poor is as following:
3MnOx/TiO2-0.4GO >3MnOx/TiO2-0.8GO >
3MnOx/TiO2-0.2GO> 3MnOx/TiO2 > 3MnOx/
TiO2-1.5GO. When the content of GO is 0%, 0.2%,
0.8% and 1.5%, the temperature of NO removal
efficiency achieved 100% is 300°C, 280°C, 240°C
and 260°C, respectively. A possible explanation
may be that the different GO content changes the
surface area and the pore volume of aMnOx/TiO2-bGO, provides a greater contact area for
the reactants, resulting in different catalytic activity.

online continuous testing each component content
in tail gas before and after reaction. The simulated
flue gas required for the experiment was comprised
of 500ppm NO, 3%O2, 500ppm NH3, 200ppm SO2
(needed) and nitrogen as equilibrium gas. The gas
flow rate was 30L/h and GHSV was 45000h-1. The
reaction temperature ranges from 80°C to 340°C
and lasts for 0.5h at per temperature spot. Using the
sodium hydroxide solution to absorb the off-gas.
Recorded the data displayed by the equipment
when the reaction attained a stable state at per temperature spot. NO removal efficiency (%) used following the formula to obtain:

RESULTS AND DISCUSSION
Catalyst NO conversion. Effect of the mass
ratios graphene oxides. 3MnOx/TiO2-GO catalysts
with different GO contents (0%, 0.2%, 0.4%, 0.8%,
1.5%) were prepared. On equal conditions, we de100
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FIGURE 1
The activity curves of catalysts with different GO contents
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FIGURE 2
Influence of different Mn loadings on NO removal activity
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shown in Figure 3 when the GHSV is 45000h-1,
50000h-1, 55000h-1, 60000h-1 and 65000h-1 respectively.
From the Figure 3, we can find that the GHSV
affect the catalysts activity. When the GHSV is
45000h-1 and 50000h-1, the catalyst can achieve
90% NO removal efficiency at 220°C. The catalyst
activity from excellent to poor at 220ƕC is as following:
50000 h-1 =45000 h-1>55000 h-1>65000
-1
h >60000 h-1. The reason is that the increase of
GHSV may shorten the reaction time of the flue gas
over the catalyst, and the reaction cannot be carried
out completely, resulting in a decrease in NOx removal efficiency. It also can be noted that when the
GHSV is 50,000h-1, the catalytic ability at low
temperature is better than that of 45,000 h-1. It
should be attributed to the fact that when the GHSV
is low, the diffusion resistance of the laminar flow
layer increases, and the reaction flue gas is difficult
to contact with the catalyst through the laminar
layer, resulting in the removal efficiency decreases.

Influence of the different Mn loading. The
contents of MnOx in different groups were 0%,1%,
3%, 5%, 8%, 10%. The activity of NOx removal
activity was evaluated, and the activity curve was
obtained as shown in Figure 2.
From Figure 2, The reaction activity of samples was related to the change of SCR reaction
temperature. We could find that the sample catalytic efficiency is obviously influenced by the changing of Mn load. The best sample is
3MnOx/TiO2-GO which can reach 90% NO conversion at 220°C and keep 100% from 240°C to
340°C. NOx removal efficiency at 220°C from excellent to poor is as following:
3MnOx/TiO2-GO >1MnOx/TiO2-GO >5MnO
x/TiO2-GO>TiO2-GO>10MnOx/TiO2-GO>8MnOx/
TiO2-GO. When the loading of Mn is 0%, 1%, 5%,
8% and 10%, the temperature of NO removal efficiency achieved 100% is 340°C, 260°C, 260°C
300°C and 300°C, respectively. The reason should
be that with the MnOx loading increasing, the active
sites of the catalyst surface are increasing. When
the loading reaches a certain degree, the surface-active sites are saturated. It leads to the aggregation of internal metal oxide groups, which in a
certain extent reduces specific surface area and pore
volume. This further leads to the decrease of the
effective adsorption site of NH3. Finally, the SCR
activity decreases. Besides, too much MnOx will
lead to the occurrence of side reactions [19].

Long period stability test. After catalytic activity test, the best activity 3MnOx/TiO2-0.4GO
catalyst was used to test the long period steadiness.
First, the sample was heated, and its activity
reached 100%. The temperature was maintained at
200°C and the catalyst was allowed to react for 56 h.
The stability of samples in the long-term test was
observed. The catalytic activity trend was shown in
Figure 4.
From figure.4, the activity can be maintained
the catalytic activity reached 100% within 4 h after
the programmed temperature. Within the first 20
hours of testing, the NOx conversion decreased
slowly, but remained at 95%. The catalyst activity

Effect of the different GHSV. GHSV represents the duration of flue gas at the catalyst in the
reactor, to determine whether the reactants can fully
reflect, at the same time also determines the degree
of the impact of the flue gas to the catalyst structure
and equipment. Therefore, the effect of GHSV is
discussed in this part, and the efficiency curves are
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FIGURE 3
Effect of different GHSV on NO removal activity
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FIGURE 4
The stability of the catalyst test curve
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FIGURE 5
Effect of SO2 on NOx removal activity curve
keeps at 200°C, pass 200 ppm of SO2 gas in simulated flue gas, mix well with other gases and then
enter the reactor. After a period, SO2 is disconnected and the activity of the catalyst is observed over
time. The activity curve is shown in Figure 5.
From the Figure 5, adding SO2 will affect the
catalytic activity of MnOx/TiO2-0.4GO, it is similar
to related research conclusions [21]. At the beginning of the experiment, the reaction temperature
maintained at 200°C and denitration efficiency
reached 100%. SO2 was added after 200min, and
the catalytic activity decreased from 100% to
70.19% during 2 h, and then the SO 2 was disconnected. During the next 2 h, the activity of the catalyst recovered slightly, reaching 73.34%. And this
means that adding sulfur dioxide to the
MnOx/TiO2-0.4GO sample is irreversible, this conclusion was also verified in relevant research [22].
The reason for this inhibition or inactivation on the
one hand is mainly due to that SO2 reacts with the

reduced further from 95% to 90.2% at 26 h and
continued to drop to about 86% as the reaction time
increased. During the reaction time from 30 h to 56
h, Activity decreased slowly from 85.96% to 80%
and started to level off. Some studies [20] have
shown that MnOx/MWCNTs exhibit good stability
and catalytic activity compared to others
(MnOx/Al2O3, La2O3/ACF, CeO2/ACF), while graphene and MWCNTs is isomers, they may have
similar properties [2]; When the GO doped in,
MnOx/TiO2-GO with the MnOx/MWCNTs catalyst
has
similar
characteristics
[2].
Thus,
3MnOx/TiO2-0.4GO catalyst showed better stability
and better catalytic activity in the experiment.
Influence of SO2. After the catalytic activity
test, the best activity 3MnOx/TiO2-0.4GO catalyst
was selected as the sulfur resistance test. First, the
catalyst was heated with the normal program. After
the catalyst activity reached 100%, the temperature
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creases significantly. When the loading is 1%, the
less MnOx particles are dispersed. When the loading is 3%, MnOx particles are symmetrical distributed on catalyst surface. As the loading increases to
5% and 8%, the surface of the catalyst gradually
appeared the reunion phenomenon. When the load
increased to 10%, the catalyst surface agglomeration is obvious. The agglomeration of the catalyst
surface can cause MnOx particles to coexist at the
active sites of the catalyst, thereby reducing their
chances of contact with NH3. This may be why the
catalyst deactivates the catalytic activity. Therefore,
TEM show that the different loading of MnOx has
an influence on the removal efficiency. When the
MnOx loading is 3%, the distribution of catalyst
surfaces activity nano-particles is the most uniform,
so that NOx can react with reducing gas NH 3 at the
active site of sample surface to improve the catalyst
ability.

reactants (NH3 or NO) in the competitive adsorption of the active sites of sample surface [22]; Another reason is possibly that the adsorbed SO2 reacts with NH3, and the resulting (NH4)2SO3 covers
some of the active sites of the sample, leading to a
decrease in catalyst activity [23]. On the other hand,
it is the presence of oxidized inactivation, the adsorbed SO2 is oxidized to SO3, SO3 is easier to adsorb on the surface than SO2, then reacts with the
active component MnOx to produce MnSO4 [22], or
SO3 reacts with NH3 (NH4)2SO4, and these sulphates do not decompose at lower reaction temperatures or have a slower decomposition rate, they
cover the catalyst active sites, leading to inhibition
of reaction activity, and with the reaction the decomposition rate of sulphates and sulfites is accelerated, and their decomposition leads to a certain
amount of acid sites that easily capture alkaline
NH3, so that the activity of the catalyst is partially
restored [21, 24].

XRD analysis. The XRD results of
MnOx/TiO2-0.4GO catalyst with different Mn loads
of samples are shown in Figure 7.
The XRD results show that the addition of a
small amount of graphene does not change the
crystal structure of titanium dioxide, and TiO2 still
retains its anatase structure. From figure 7, aMnOx/TiO2-GO catalysts show characteristic diffraction peaks of TiO2 at 25.3°, 37.8°, 48.1°, 53.9° and
62.6°, respectively. And the characteristic peak of

TEM analysis.The surface microstructures of
MnOx/TiO2-0.4GO catalysts with different MnOx
loading were analyzed by TEM. The loading of
MnOx was 1%, 3%, 5%, 8% and 10% respectively.
The MnOx distribution on the sample surface as
shown in Figure 6.
In Figure 6, MnOx is used as a supporter in
nanoparticles form on the catalyst surface. As the
loading increases, the number of nanoparticles in-

FIGURE 6
TEM image of MnOx/TiO2-0.4GO catalyst with different MnOx loading;
(a) 1MnOx /TiO2-GO, (b) 3MnOx /TiO2-GO, (c) 5MnOx /TiO2-GO,
(d) 8MnOx /TiO2-GO, (e) 10MnOx /TiO2-GO
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3MnOx/TiO2-GO, it is found that the diffraction
peaks of MnOx are almost non-existent. The reason
should be that the Mn oxides are lower than the
capacity and do not reach the detection limit of. The
surface of the catalyst does not show serious clusters. The active components are dispersed evenly
and have good dispersion. The loading of MnOx
influences the dispersion of MnO2, causing the difference of NH3-SCR activity.

diffraction peaks of TiO2 at 25.3°, 37.8°, 48.1°,
53.9° and 62.6°, respectively. And the characteristic
peak of the graphene oxide [4] disappears at 9°-10°
for all catalyst samples, probably because the content should be less than the detection standard cannot be detected. A series of MnOx diffraction peaks
can be found from XRD of aMnOx/TiO2-GO samples. Three kinds of MnOx were MnO2, Mn2O3 and
Mn3O4, and the XRD pattern was used for comparison [25]. For aMnOx/TiO2-GO(a=5,8,10), the
characteristic diffraction peaks of Mn3O4, MnO2,
MnO, Mn2O3 appear mainly at 35.2°, 39.8°, 52.6°,
23.7° and 32.2°, respectively. However, for

BET analysis. The particular structure information and N2 adsorption-desorption isotherm
curves as shown in Table 1. and Figure 8.
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FIGURE 7
XRD figure of MnOx/TiO2-0.4GO catalyst with different loading (angular range: 5°±ș
TABLE 1
Porous structure parameters and N2 adsorption±desorption isotherms curves of catalysts of catalysts.
Catalysts

BET surface area (m2/g)

Pore volume (cm3/g)

Average pore diameter (nm)

3MnOx/TiO2
3MnOx /TiO2-0.4GO

162
215

0.259
0.323

1.63
1.58

Adsorbed volume(cm3/g)

250
200
150
100
50
3MnOx/TiO2

0
0.0

3MnOx/TiO2-0.4GO

0.2

0.4

0.6

0.8

1.0

Relative pressure(P/P0)

FIGURE 8
the N2 adsorption-desorption isotherms curves of catalysts
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FIGURE 9
H2-TPR diagram of MnOx/TiO2-0.4GO catalyst with different loading.

ing the additive, this view is also reflected in the
study of B. Thirupathi [6].

From Table 1 and Figure 8, two kinds of catalyst adsorption and desorption curves pertains to the
type IV isotherm. In relatively low-pressure position, the catalyst takes a single layer of adsorption
and adsorption saturation, in the very small position
of P/P0 can see an obvious inflection point. With
the increase of relative pressure, the catalyst was
adsorbed by multiple layers, and the adsorption
capacity increased steadily. When the relative
pressure rose to about 0.6, appeared the phenomenon of capillary condensation and its isothermal
increased with line rate, but not particularly violent.
After the process completed, the adsorption curve
and gradually flat. When the relative pressure is
close to 1, the isotherm rises again at a very fast
rate due to microporous adsorption, and the hysteresis loop can be observed in the Figure 8. The
MnOx/TiO2-GO catalyst has a larger specific surface area than MnOx/TiO2 catalyst, the total pore
volume is increased, and average pore size is reduced. These two catalysts both belong to the microporous catalyst. The reason for the apparent increase in surface area is attributable to the addition
of graphene oxides enriched. According to P.R.
Ettireddy et al. [13], TiO2 prepared by sol-gel
method the has wally mechanical stability and sulfur resistibility, but the specific surface area is not
very good. According to literature, the TiO 2 carriers
are calcined at 450°C, 500°C and 550°C, which the
specific surface area was 50-55 m2/g [26]. However,
when the active metal is loaded on TiO2, the catalyst specific surface area is increased by about
twice, and NO conversion rate in the low temperature window is also improved remarkably. Therefore, it is believed that the TiO2 surface area can be
increased by loading the metal component or add-

Redox properties. MnOx/TiO2-0.4GO catalyst with different loading (0%,1%, 3%, 5%, 8%,
10%) was analyzed by H2-TPR characterization, as
shown in Figure 9. The location of the reduction
peak can account for the low-temperature oxidation-reduction capacity of the active site on the catalyst, and reduction peak area indicates the quantity
of active sites corresponding to catalyst surface.
From Figure 9, the reduction peak appears of
the carrier(TiO2-GO) appeared at 548°C, where can
be characterized as the reduction of the oxygen
functional groups contained in graphene oxide. For
1MnOx/TiO2-GO catalyst, a significant reduction
peak appeared approximately at 518°C, and a feeble
reduction peak appeared at 568°C. For
3MnOx/TiO2-GO catalyst, there are 2 distinct reduction peaks appeared at 388°C and 540°C. For
5MnOx/TiO2-GO catalyst, a reduction peak displayed at about 513°C, the temperature of the reduction peak appeared to be obviously increased
compared with that of 3MnOx/TiO2-GO catalyst.
For
8MnOx/TiO2-GO
catalyst
and
10MnOx/TiO2-GO catalyst, a reduction peaks appeared at 525°C and 527°C. Since reduction peak
position can account for oxidation-reduction ability
at the low temperature of the active site on the catalyst. 3MnOx/TiO2-0.4GO catalyst had two reduction peaks, and which at 388°C can be interpreted
as the reduction of MnO2 to Mn3O4; Which peak at
540°C can be interpreted as Mn3O4 reduction of
MnO [13]. The reduction peak of Mn3O4 reduced to
MnO gradually shifted to the low temperature as
the load on MnOx increases. When the active
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XPS analysis. The element oxidation state
and atomic concentration of the sample surface
were analyzed by XPS 1, Figure 10 and Table 2 was
given as results.
The C 1s spectrum of 3MnOx/TiO2,
3MnOx/TiO2-GO and TiO2-GO was shown in Figure 10(a). For 3MnOx/TiO2, the main peaks located
at 284.3, 285.2 and 288.4 eV, representing graphitic
structure, C²O and O²C=O, correspondingly
[27]. For 3MnOx/TiO2-GO, the spectrum graphitic
structure [14], C²O and O²C=O were fitted into
3 top points at 284.2, 285.9 and 288.7 eV, correspondingly, and which of for TiO2-0.4GO are 284.2,
285.5 and 288.4 eV. The presence of oxygen-containing carbon within graphene oxides supplies an active site for targeted connections with
titanium dioxide particles. In comparison with
3MnOx/TiO2 spectrum, the peak of C-OH in
3MnOx/TiO2-0.4GO increased indicates that GO
can afford to active sites for targeted connection
with MnOx particles [2].
Figure 10(b) gives the XPS spectrum of samples at Ti 2p binding energy. For 3MnOx/TiO2 and
TiO2-GO, the main peaks located at 458.4 and
464.1 eV are expressed as the Ti 2p 3/2 and Ti 2p1/2
in Ti4+, correspondingly. For 3MnOx/TiO2-GO, the
binding energy of Ti4+ is located at 457.3 and 463.7
eV. The peak of the Ti 2p spectrum of
3MnOx/TiO2-GO indicates that a weak peak was at
459.3 eV, which is considered to be production of a
Ti²C bond over catalyst surface [2]. It is indicated
that adding manganese oxides as an active component can promote the formation of chemical bonds
between graphene oxides and TiO2.

component loading increased to 8% and 10%, the
reduction peak started decreasing to the low temperature migration. A small increase in the rise of
this phenomenon may be due to the active component MnOx load increases, resulting in MnOx aggregation, more difficult to be reduced. At the same
time, the reduction peak of Mn3O4 to MnO decreases with the increase of MnOx, which indicates
that the manganese content in the low valence state
is reduced on the catalyst surface. The reduction
peak of MnO2 to Mn3O4 is overlapped with the
peak of oxygen containing functional groups on
supported TiO2-0.4GO, and the reduction peak of
that is reduced gradually, which will lead to the
disappearance of the reduction peak of MnO2 to
Mn3O4. As the load of MnOx increases, the peak
area of reduction peak increases and the amount of
hydrogen consumption increases, which indicates
that the number of active sites of catalysts surface is
increasing. On the other hand, when the loading of
active components is 1%, 3%, 5%, 8% and 10%,
the hydrogen consumption of aMnOx/TiO2-GO
catalyst is 8.45 mmol/g, 9.71 mmol/g,13.42 mmol/g,
21.04 mmol/g, 64.57 mmol/g, 78.24 mmol/g, respectively. This experimental result show that
3MnOx/TiO2-GO catalyst has the best nitrogen oxide removal ability. Therefore, it can be concluded
that the redox capacity of the catalyst and the
well-proportioned dispersion of the active constituent is of decisive the role to the SCR reaction activity.
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FIGURE 10
XPS spectrum of C 1s (a), Ti 2p (b), Mn 2p (c) and O 1s (d) of catalysts.
TABLE 2
PS analyses of the surface concentration for catalysts.
Catalysts

C (%)

Ti (%)
Ti

4+

Mn (%)
Mn

Mn

3+

C-C

C-O

O-C=O

3MnOx/TiO2

51.54

32.44

16.02

100

-

26.92

35.72

3MnOx /TiO2-GO
TiO2-GO

30.29
7.32

56.51
82.35

13.20
10.33

76.56
100

23.44
-

17.43
-

53.95
-

Some investigations have found that the
low-temperature SCR ability from bad to good are
shown below: MnO < Mn3O4< Mn2O3< Mn5O8
<MnO2[28]. More MnO2 can promote the low
temperature catalytic activity [29]. Figure 10(c)
shows that the presence of manganese in the sample
is MnO, Mn3O4, MnO2. For 3MnOx/TiO2, the
binding energy of Mn2+, Mn3+ and Mn4+ are located
at 640.3, 641.6 and 643.8 eV in Mn 2p 3/2 spectrum
[1, 30]. For 3MnOx/TiO2-GO, the spectrum separated into four peaks at 640.4, 641.9 and 645.2 eV,
correspondingly. From Table 2, we could find that
manganese concentrations are different in polyvalence. This indicated that the addition of GO content can change the basic element constitution
around the manganese series [14]. It was observed
that the surface concentration of Mn3+ and Mn4+
(Mn3++Mn4+/Mn) on 3MnOx/TiO2-GO (82.57%)
was
much
higher
than
that
over

Ti-C

2+

O (%)
Mn

4+

OĮ

Oȕ

35.56

22.64

77.36

28.62
-

58.85
22.62

41.15
77.38

3MnOx/TiO2(71.28%). MnOx is present on the surface of MnOx/TiO2-GO in different valence states.
MnOx can be converted into each other, and the
electron mobility over sample surface is activated
and enhanced, which is favorable for the redox reaction on catalyst surface and can make for electron
transfer [31]. As is known to all, it has two steps
from NO to NO2. NO first was adsorbed by active
sites, then was oxidized to NO2 by lattice oxygen.
For 3MnOx/TiO2-GO, highly-charged Mn (Mn3+
and Mn4+) to be pivotal in NH3-SCR activity at
low-temperature, so that catalytic reaction can proceed smoothly on sample surface and increased
SCR reactivity of samples [14, 27].
Figure 10(d) shows the XPS spectrum of samples at O 1s binding energy. The peak located at
529±529.6 eV was attributed to Oȕ(lattice oxygen)
[32], meanwhile at 530.6±530.9 eV was attributed
to OĮ (chemisorbed oxygen) [31], for instance,
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[33]. Table 2
of
showed
that
the
OĮ concentration
3MnOx/TiO2-GO catalyst is most than that of the
3MnOx/TiO2 and TiO2-GO, which suggested that
adding MnOx or GO to TiO2 supporter increased
chemisorbed oxygen on catalysts surface. This view
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ied in the early stage [1-4]. Based on the organic
geochemistry analysis of oil-oil correlation and oilsource correlation, it is concluded that the oil and
gas in the western section of Luntai salient in
northern Tarim uplift are mainly from the lacustrine
mudstone of the Triassic Huangshanjie formation in
Kuqa depression [5-6], and the migration mechanism, stage of reservoir formation, characteristics of
source rocks of YM34 Silurian reservoir were few
studied. By analyzing the physical properties and
group components of the YM34 Silurian reservoir,
it is found that the oil density, viscosity and the
ratio of saturates/ aromatics in the east zone and
that of west zone of the reservoir are quite different.
Combined with the structural characteristics, the
reservoir are divided into east zone and west one.
The west zone of the reservoir represented by wells
YM342 and YM343, and the east zone of the reservoir represented by wells YM34, YM34-H1, and so
on. On the basis of those, the fluid characteristics
and biomarker compounds of its surrounding reservoirs of YM35,YM41, YM50, YM32,YM33 are
studied by using organic geochemical tracing migration method, focusing on the YM34 Silurian
reservoir. Further analysis on isoprenoid,Ts/Ts+Tm
and characteristics of steranes and terpanes show
that the difference between the two zones are obvious, which indicated that the hydrocarbon migration, hydrocarbon accumulation period and main
source rocks are different in the two zones. It is of
great significance to expand the field of Silurian
exploration in the western section of the northern
Tarim Basin, to restore the hydrocarbon accumulation history, to build geological model of YM34
Silurian for development.

ABSTRACT
The oil and gas abundance in YM34 structural
belt, so it is potential in exploration and development. However, due to complex geological structure, it is difficult to further study in hydrocarbon
migration and accumulation mechanism. Based on
structural characteristics, crude property, group
component characteristics, saturated hydrocarbon
chromatography-mass spectrometry (GC/MS),
analysis on the alkanes, steranes and terpanes of
biomarkers of crude oil in YM32 buried-hill hydrocarbon reservoirs indicated that YM34 Silurian
reservoir forming zonation are obviously as follows: 1)The western reservoir in wells
<0<0 DV WKH UHSUHVHQWDWLYH RI WKH ³WKUHH
ORZ DQG RQH KLJK´ IHDWXUHV QDPHO\ ORZ GHQVLW\
and viscosity, low ratio of saturated/aromatic hydrocarbon, followed by high fraction saturated and
aromatic hydrocarbon. 2) Oil and gas migration in
YM34 Silurian reservoir is from the west to the
East, accumulation period of the West was later
than the East. 3) The results of oil-source correlation from source rocks in the Kuqa depression indicated that source rock of the west in YM34 Silurian
reservoir is superiority to the Triassic lacustrine
mudstone, then that of the east is of Jurassic coal
mudstone.

KEYWORDS:
Silurian reservoir, hydrocarbon migration, reservoir
forming zonation, geochromatography, chromatographymass spectrometry; biomarkers.

INTRODUCTION

Geology situation. The YM32 buried-hill reservoirs are located in the YM32 Paleozoic buriedhill belt in the western section of the Luntai salient
in the northern Tarim Basin(Fig.1). The pay zones
are the Silurian Kepingtag marine clastic rocks,
such as YM34, YM342, YM343, YM35, YM41,
and the Cambrian-Ordovician carbonate rocks, such
as YM32 and YM33, of the YM32 buried-hill reservoirs. The weathering crust in upper member of

After 12 years of discovery of Donghe sandstone in the marine clastic rocks in the northern
Tarim uplift, a breakthrough was made in the Silurian Kepingtag formation of well YM34 in 2006.
The clastic rock in the northern Tarim basin is of
rapid production, good economic benefit and wide
attention. The structure, reservoir and accumulation
mechanism of YM34 Silurian reservoir were stud-
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Kepingtag formation of Silurian(S1k) is 90-120m
thick. The sedimentary environment is littoral deposit with no barrier debris in marine facies, which
is a set of quartz sandstone with medium pore and
medium permeation [4]. The overlying strata are
the Cretaceous Shushanhe formation with thickness
of 70-170 m, with brown mudstone as the main
lithology intercalated thin layer gray siltstone with
wide distribution range and strong sealing property,
which is beneficial to the formation and preservation of reservoirs.
The YM34 structural belt is distributed in the
NW direction. It formed four faulted-anticlines and
faulted nose structures, and is forced by conjugate

Fresenius Environmental Bulletin

shearing, namely,YM342,YM343,YM34-2 and
YM34 traps. The summit of YM342 andYM343
traps in the western belt is -4400 m, the range is 50
m, and that of the YM34-2, YM34 traps in the eastern zone is -4375 m, with a range of 30 m. The
extension length of the NW main fault is more than
6 km and that of the NNE main fault is less than 3
km. The north boundary is limited by a large basement involvement fault in the near east-west direction. The study of fault opening and closing showed
that the main fault is in a closed state by now [5].
YM34 Silurian reservoir is block reservoir with
bottom water controlled by fault and structure (Fig.
2).

FIGURE 1
Tectonic map of YM32 reservoirs

FIGURE 2
The section of Silurian Kepingtake formation of YM34 reservoirs
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TABLE 1
Analysis of property and composition of crude oil in YM32 reservoirs
Well

Stratum

YM34
YM34
YM34-3H
YM34-1H
YM34-2
YM342
YM343
YM35
YM37
YM41
YM50
YM32
YM321
YM322
YM33

S 1k
S 1k
S 1k
S 1k
S 1k
S 1k
S 1k
S 1k
S 1k
S 1k
S 1k
א
א
O
א

Saturated
hydrocarbon
(%)
70.36
65.95
57.58
60.06
55.89
57.72
61.65
64.01
53.2
58.91
64.3
57.3
60.93
71.14
57.48

Aromatic
hydrocarbon (%)

Nonhydrocarbon
(%)

Asphaltene (%)

15.31
16.26
11.45
12.34
12.87
18.23
19.93
15.98
8.56
16.34
18.53
18.39
17.49
9.06
14.17

8.47
9.82
18.86
22.08
18.39
11.14
11.89
8.78
12.5
8.42
8.45
13.52
10.01
7.05
11.42

2.61
3.99
10.1
4.22
11.76
8.37
4.83
11.23
25.74
15.84
2.18
8.1
11.56
12.08
2.2

Total
hydrocarbon
(%)
85.67
82.21
69.03
72.4
68.87
75.95
81.58
79.99
61.76
75.25
82.88
75.69
78.42
80.2
71.65

Nonhydrocarbon and Asphaltene (%)
11.08
13.81
28.96
24.3
30.15
19.37
16.72
20.01
38.24
24.26
10.63
21.62
21.57
19.13
13.62

Ratio of
saturate
to aromatic
4.6
4.06
5.03
4.87
4.35
3.17
3.1
4.01
6.21
3.61
3.47
3.12
3.48
7.86
4.06

FIGURE 3
The distribution of TIC in YM32 reservoirs
smaller than it, which is close to the minimum value area. The saturated hydrocarbon of crude oil is
between 53.2 and 71.14, and the aromatic hydrocarbon is between 8.56 and 19.93.The saturates/aromatics is 3.1-7.86, which is of relatively
low, and Wells YM342 and YM343 are low value
areas. The content of non-hydrocarbon and asphalt
is higher, ranging from 11.08 to 30.15. Therefore,
according to the physical and structural characteristics of the YM34 Silurian reservoir, it can be obviously divided into two zones, namely, the east zone
represented by the wells YM34 and YM34-1H, and
the west zone represented by the wells YM342 and
YM343. So the characteristics of crude oil of west
zone in YM34 Silurian reservoir is of low density,
low viscosity, low saturation ratio and high total
hydrocarbon.

EXPERIMENTAL
Properties and group component characteristics of crude oil. Crude oil properties. The oil
samples analysis of YM32 buried-hill reservoirs
show that the sulfur content of crude oil is from
0.03 to 0.98, and the wax content is from 10.0 to
17.9 , is characterized by low sulfur and high wax,
which is of typical continental crude oil (Table 1).
The average density of crude oil is 0.85 g / cm3,
which is light-medium oil. The dynamic viscosities
of crude oils are between 3.397 m.Pa.s to 27.44
m.Pa.s, the average value of it is 8.62 m.Pa.s, which
are of low viscosities. The density of wells YM341H,M34-2 of the YM34 Silurian reservoir are more
than 0.9 g / cm3, which are close to heavy oil, and
viscosities are 21.22m.Pa.s and 27.44m.Pa.s, and
the wax content are about 17%, which are the highest distribution area in it. The density and viscosity
of wells YM342 and YM343 are light than that of
wells YM34 and YM34-3H, and are the lowest of
density and viscosity of the reservoir.

RESULTS AND DISCUSSION
Characteristics of Saturated hydrocarbon
of crude oil. Normal alkanes. The normal alkanes
of YM32 buried-hill reservoir have single peak
distribution, the carbon number is between nC10 and
nC36, the carbon number of the main peak is between nC14 and nC32, the carbon dominance index
(CPI ) is slightly larger than 1, and the OEP is not
obvious, and belongs to the mature crude oil (Fig.3,
Table 2). In the course of hydrocarbon migration,

Crude oil group component. The characteristics of group component of YM32 buried-hill reservoirs are consistent (Table 1). The total hydrocarbon content is higher, ranging from 61.76 to
85.677, and average value is 76.1. Wells YM34,
YM342, YM343, YM50 are larger than the average
value, and Wells YM34-1H and YM34-2C are
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lowest area of Pr/Ph value of crude oil in YM32
buried-hill reservoir, and may be in a weak oxidation-reduction lacustrine environment (Fig. 4a,
Table 2). Further analysis on wells YM342, YM343
show that the Pr/Ph of crude oil of these two wells
are of characteristic decreasing upward, and indicate that the reservoir preservation conditions is
well from bottom to top. The Pr/nC17 and Ph/nC18
of YM32 buried-hill reservoir are between 0.16 to
0.63 and 0.08-0.16, respectively, and the Pr/nC17 is
bigger than Ph/nC18, while the Pr/nC17 and Ph/nC18
of wells YM342, YM343 and YM50 are bigger
than that of adjacent well. The results show that
Pr/nC17 and Ph/nC18 is of linear relationship with
the maturity of crude oil (Fig. 4b).

the relative short chain, small molecular weight
compounds, such as nC21 and nC22, are easy to
transport and are enriched along the direction of
migration, due to geochromatography effective.
Therefore, the ratio of nC21-/nC22+ and
nC21+nC22/nC28+nC29 is also increased along the
migration direction [7-8] .The ratio of nC21-/nC22+
in YM32 buried-hill reservoir is between 0.48 and
4.29,and wells YM342,YM343 is between 0.48 and
0.55, and then wells YM34, YM34-1H,and so on, is
between 0.89 and 4.29, which is significantly greater than that of the west one. The ratio of
nC21+nC22/nC28+nC29 in YM32 buried-hill reservoirs are between 1.62 and 3.61, and that of wells
YM342, YM343 is between 1. 62 and 2.25, which
are lower than that of wells YM34, YM34-1H. It is
infer red that pathway of hydrocarbon migration of
the YM34 Silurian reservoir is poured from the
west to the east.

Compound of steranes and terpenes. Tricyclic terpenes and pentacyclic terpenes are most
commonly used in terpenes. Hopane is one of the
most important compounds in pentacyclic terpenes,
represented by Ts and Tm of C27 trisnorhopane. The
relative concentration of Tm generally transform to
Ts with the increase of crude oil maturity, so that
the Ts/Ts+Tm value increases, while it decreasing
indicated direction of hydrocarbon migration. The
analysis of the existing GC/MS data of the YM32
buried-hill reservoirs show that Ts/Ts+Tm value are
range from 0.55 to 0.89 with an average value of
0.72. The values of wells YM342, YM343 of the
YM34 Silurian reservoir are higher than the average values, is of characteristics of late accumulation
with high maturity area of crude oil. The values of
Ts/Ts+Tm of wells YM34, YM34-1H and other
wells in the east zone of YM34 Silurian reservoir
are from 0.53 to 0.55, which is far below the average value, is of characteristics of early accumulation. It further infers that the migration path of
YM34 Silurian reservoir is from west to east.

Isoprenoid. Pristine and phytane, abbreviated
Pr and Ph, respectively, are the most commonly
used isoprenoid biomarkers in geochemical studies.
Generally speaking, the environment of partial
oxidizing acid water medium is favorable to the
formation of pristine, and the reduced environment
of partial alkaline water medium is favorable to the
formation of phytane [9-10]. Pr/Ph reflects the
difference of input type and environment of parent
rock. For example, the Pr/Ph in the organic matter
come from the parent material of terrestrial higher
plants is higher than that of the lacustrine phase,
which is dominant in the oxidizing environment,
and the ratio is generally lower in samples of marine and lacustrine facies where it is dominant in
the reduction environment. The results show that
the Pr/Ph of YM32 buried-hill reservoir is between
0.99 and 2.23, in which the value of wells YM343,
YM342 are slightly greater than 1, which is the

TABLE 2
Geochemical parameter of crude oil in YM32 reservoirs
Ts/
nC21-/
20S
Įȕȕ
Ts+Tm
nC22+
YM34
S1k
1.99
0.23
0.11
0.55
0.44 0.34
1.49
YM34
S1k
1.65
0.21
0.12
0.89
YM34-3H
S1k
1.65
0.19
0.11
1.11
YM34-1H
S1k
1.39
0.26
0.15
0.55
0.46 0.42
1.88
YM34-2
S1k
1.72
0.21
0.13
4.29
YM342
S1k
0.99
0.23
0.12
0.55
YM342
S1k
1.01
0.21
0.12
YM342
S1k
1.2
0.27
0.13
0.89
0.38 0.49
0.55
YM343
S1k
1.03
0.43
0.16
0.89
0.38 0.49
0.5
YM343
S1k
1.05
0.24
0.13
0.88
0.41
0.5
0.52
YM343
S1k
1.16
0.24
0.12
0.89
0.41 0.48
0.48
YM37
S1k
2.23
0.16
0.08
0.68
0.48 0.39
1.67
YM35
S1k
2.00
0.18
0.09
0.57
0.47
0.4
2.23
YM41
S1k
1.38
0.16
0.11
0.98
YM50
S1k
1.73
0.63
0.14
0.87
0.41
0.5
0.74
YM32
א
2.00
0.18
0.08
0.58
0.49 0.44
2.33
YM33
א
1.93
0.22
0.11
0.59
0.48 0.41
1.80
Remarks㸸- represent untested;20S : C2920S/㸦20S+20R㸧㸪Įȕȕ&29Įȕȕ㸦ĮȕȕĮĮĮ㸧;NC22/NC29:
(nC21+nC22)/(nC28+nC29)㸪the same with fig.7.
Well

Stratum

Pr/Ph

Pr/nC1
7

Ph/nC18
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NC22/
NC29
1.85
2.49
2.31
1.84
3.21
1.95
1.62
2.25
2.03
1.79
2.29
2.8
1.71
2.66
2.23
3.61

CPI

OEP

1.09
1.10
1.08
1.16
1.14
1.12
1.09
1.13
1.09
1.14
1.12
1.10
1.09
1.06
1.07
1.18
1.09

1.02
1.03
1.10
1.20
1.23
1.01
1.01
1.08
1.02
1.03
1.02
1.03
1.01
1.02
1.00
1.37
1.03
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(a) The cross plot of Pr/Ph versus nC21-/nC22+ of crude oils in YM32 reservoirs


(b) The cross plot of Pr/nC17 versus Ph/nC18 of crude oils in YM32 reservoirs
FIGURE 4
The cross plot
In the wells YM342, YM343 of the west zone
of YM34 Silurian reservoir, the main peak of tricyclic terpene series is C21 compound, and the abundance of C19, C20, C21 increase successively, and
tetracyclic terpene C24 is low. Ts is greater than X30, unknown tricyclic terpenes between Tm and Ts,
and is far greater than Tm. The abundance of rearrangement hopane and gammacerane G are medium, and that of the rearrangement sterane is high.
The regular sterane is high in abundance, and the
pattern of C27, C28 and C29 LV RI ³9´ VKDUS WKH
abundance of C28, C29 and C27 is increase successively, with C27 is dominant. It indicates that the
source rocks have low aquatic biological input [12],
such as the lacustrine mudstone in Kuqa depression

(fig. 5). The tricyclic terpene series in wells YM34
and others in the east zone are of characteristics of
main peak of C21 compounds, and the abundance of
C19, C20 and C21 is irregular, and tetracyclic terpene
is very low. Ts is greater than Tm, and Tm is greater than X-30, also. The abundance of gammacerane
G is low, and that of rearrangement hopane and
rearranged sterane are moderate. The regular
sterane is high in abundance, and the pattern of C27,
C28 and C29 LVRI³9´ VKDUSWKHDEXQGDQFHRI&28,
C27 and C29 is increase successively, with C29 is
dominant. It indicates that the source rocks have
terrestrial plant input, such as coal measures mudstone in Kuqa depression (Fig. 6).
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FIGURE 5
Comparison of characteristics between steranes and terpanes in wells YM342 and YN2 of Kuqa
depression

FIGURE 6
Comparison of characteristics between steranes and terpanes in well YM34 and KP outcrop of
Kuqa depression
The ratios of C2920S/(20S+20R) and C29Įȕȕ
 ĮȕȕĮĮĮ RIDUHRIWHQXVHGWRWKHPRVWLPSRUWDQW
indicators to determine the maturity of oils, oil
source correlation and the direction of oil and gas
migration [13-14]. The statistical analysis shows
that with the increase of parameter of the maturity
of crude oil, such as Ts/Ts+Tm, C2920S/(20S+20R)
and C29Įȕȕ ĮȕȕĮĮĮ DOVRLQFUHDVHV7KHDQDO\VLV
on YM32 buried-hill reservoirs oil maturity and C29
sterane show that the high value area of
Ts/(Ts+Tm) is in the upper right corner of wells



YM342, YM343 and YM50, while the
C2920S/(20S+20R) is in the lower right corner, with
low value area(Fig.7a, 7b). The correlation between
C2920S/(20S+20R) and C29Įȕȕ  ĮȕȕĮĮĮ  LQGL
cates that wells YM342, YM 343 and YM50 are
located in the upper left corner, namely, low
C2920S/(20S+20R) and high C29Įȕȕ  ĮȕȕĮĮĮ 
while the other wells in YM32 buried-hill reservoirs are high C2920S/(20S+20R), and low C29Įȕȕ
 ĮȕȕĮĮĮ  Fig. 7c, 7d).
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FIGURE 7
7KHUHODWLRQEHWZHHQ&Įȕȕ ĮȕȕĮĮĮ &6 65 3U3KDQG7V Ts+Tm) in YM32 reservoirs
terpene series of Huangshanjie formation, with C21
compound as the main peak, and the abundance of
C19,C20,C21 increases in turn. The abundance of C24
tetracyclic terpene, rearranged hopane and rearranged sterane are lower. Ts is greater than X-30,
the latter is far greater than Tm, and the abundance
of gammacerane G and C27 regular sterane is high.
Compared with YM34 Silurian reservoir, it is similar to wells YM342, YM343 in the west zone of the
reservoir (fig.5). The biomarkers of Yangxia formation, such as KP outcrop in kuqa depression, are
characterized by large change of abundance of
C19,C20,C21 in tricyclic terpene, the medium to high
abundance of rearrangement sterane, the low abundance of Ts, rearranged hopane, and gammacerane,
and the Ts is greater than X-30, the latter is far
greater than Tm, and the abundance in C29 regular
sterane is high, all which are similar to wells
YM34,and so on, in the east zone of the YM34
Silurian reservoir (Fig. 6).

Oil-source correlation. It is considered that
there are five main hydrocarbon source ketchen in
Kuqa depression, namely, the upper Triassic
Huangshanjie formation(T3h), the Tariqick formation (T3t), the Lower Jurassic Yangxia formation
(J1y), the Middle Jurassic Kizilenur formation (J 2k)
and the Qiakemak formation (J2q) from the bottom
up. Among them, Huangshanjie formation and
Chikemak formation belong to lacustrine mudstone,
and Tariqike formation, Yangxia formation and
Kizilenur formation are in sedimentary environment of marsh facies, lake marsh and marsh shoreline shallow lake, and belong to coal measures
mudstone [15]. The Pr/Ph values of lacustrine mudstones distributed between 1.10 and 2.10, and average value of Pr/Ph, Pr/nC17, Ph/nC18 were
1.80,0.44,0.29, respectively. The Pr/Ph value of
coal-bearing mudstones ranged from 1.12 to 5.12,
the average values of Pr/Ph, Pr/nC17,Ph/nC18 were
2.98, 0.85,0.31, respectively, which were significantly higher than those of lacustrine mudstones,
and this were related to the sedimentary environment [16].
The characteristics of the lacustrine mudstone
biomarkers in Kuqa depression are characterized by
high abundance of Ts, Tm, rearrangement sterane,
and rich tricyclic terpene, in which the tricyclic

CONCLUSION
Analysis on oil physical properties and saturated hydrocarbon chromatography-mass spectrometry of YM32 buried-hill reservoirs show that form-
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(CNS) stimulating agent in Turkey. Since ancient
times, Turkish red is known with this plant and it is
FDOOHG DV ³üzerlik´ According to belief, the seeds
were burned to protect from evil eye [1].
It is DQLPSRUWDQWPHGLFLQDOSODQWGXHWRLWVȕcarboline alkaloids. The alkaloids inhibit monoamine oxidase and bind benzodiazepine, imidazoline,
serotonin and opiate receptors. P. harmala L. has
hallucinogenic, spasm solvent, antiasthmatic, antihysteric, antimicrobial, antitumoral effects. Harmine, harmaline, harmalol, peganine, vasicine, vasicinone, deoxyvasicinone, peganone-1, peganone-2
are isolated from different segments of P. harmala
L. [2].
Total alkaloids isolated from different parts of
the plant were found to be cytotoxic on lung carcinoma cells line [3]. Kumar et al. [4], investigated
structure-activity UHODWLRQVKLSV LQ ȕ-carboline, antiFDQFHUDFWLRQPHFKDQLVPVRIV\QWKHWLFȕ-carbolines,
especially in vivo studies with current researches
and concluded that anticancer activity is exerted not
RQO\ LQ QDWXUDO ȕ-carbolines but also in synthetic
compounds. It has been determined that vasicine,
harmaline and harmine compounds obtained from
Peganum harmala L. exhibit acaricidal activity
against Psoroptes cuniculi [5].
Plant tissue culture is a useful tool to produce
secondary metabolites in aseptic conditions. Secondary metabolites have some targets such as defence, protection, and adaptation to environment
and are produced in a complex mechanism by
plants [6]. Secondary metabolites are natural substances and preferred as raw materials in many
fields such as food, chemistry, agriculture, cosmetics, pharmaceutical industry. The use of biotechnological methods to increase the amount of raw materials in a short time have led consumers to use
natural products in medicine, food and industrial
field due to the fact that the controlled environmental conditions provide appropriate growth and production facilities.
The advantage of producing bioactive compounds from in vitro regenerated plant offers unlimited and independent work facilities throughout the
year. At least, the remarkable cells are more likely
to produce the metabolites in large quantities than
in their natural accumulation. Plants are harvested

ABSTRACT
Peganum harmala L. seeds were germinated
in hormone free sterile MS medium. Root, shoot
tip, leaf, petiole, hypocotyl, cotyledon and nod
explants excised from in vitro regenerated plants
were incubated in MS medium supplemented with 1
mg/l and 2 mg/l 2,4-D for callus production. Hypocotyl and cotyledon explants produced callus and
untreated callus was accepted as control for the
FRPSDULVRQ RI ȕ-carboline alkaloids production
extracted from different samples. Callus were exposed to cold and dark conditions and incubated in
MS medium supplemented with 2 mg/l ABA, 1
mg/l ABA, 1 mg/l NAA and 1 mg/l BAP in different batches to inFUHDVHȕ-carboline alkaloid production. Seeds were germinated in soil ambient condiWLRQ ȕ-carboline alkaloids; harmalol, harmine and
harmaline were extracted from seeds, plants grown
in soil, callus grown in MS medium supplemented
with 2,4-D, callus incubated MS medium supplemented with NAA, BAP, ABA and callus exposed
cold and dark condition. The extracts were quantitatively analysed with HPLC. The highest alkaloid
concentrations were determined in vivo seeds and
plants grown in soil. However, alkaloid production
in callus tissues is also promising. Harmalol and
harmine concentration decreased with cold treatment but increased with ABA treatment compared
to that of the control. Harmaline was increased with
cold treatment, but dramatically decreased in all
treatment that callus is exposed.

KEYWORDS:
Peganum harmala L., alkaloid, in vitro, HPLC, stress

INTRODUCTION
Peganum harmala L. (Syrian rue), in the family of Zygophyllaceae is a perennial herb, and a
widespread species growing in Turkey. Syrian rue
is a biochemically, pharmacologically and ornamentally important plant and used traditionally as
diuretic, abortifacient, evil eye, antipyretic, antiheamoroidal, helmicide, and central nervous system
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mm) were used for HPLC analysis. Harmalol (H0250), harmine (H-8646) and harmaline (H-2256)
standards were ordered from Sigma chemicals.
Chromatographic grade-double distilled water,
HPLC grade acetonitrile (Merck-100030), and
isopropyl alcohol (Merck-101040), analytical grade
formic acid (Merck-100264) were employed.

during different developmental and differentiation
stages of growth periods and analysed to detect the
presence and quantity of secondary metabolites
(alkaloids, steroids, flavonoids, glycosides, etc.).
Quantitation of the isolated compounds is carried
out either by spectrophotometry, high performance
liquid chromatography (HPLC) or by gas-liquid
chromatography. Due to their low content in the
plants, studies on increasing the amount of product
can be carried out by exposing the plant to biotic
and abiotic stress conditions and treating with exogenously applied plant growth regulators and
complementary products as elicitors and precursors
[7].
The present study is aimed to regenerate the
plant in vitro DQGWRFRPSDUHWKHFRQFHQWUDWLRQRIȕcarboline alkaloids extracted from in vivo and in
vitro regenerated plant samples.

Extraction of Alkaloids. 2 g of P. harmala L.
samples (seeds, plants and callus) were dried and
powdered with liquid nitrogen. ȕ-carboline alkaloids were extracted in 50 ml of methanol four
times for 1 hour in a water bath at 50 °C. All
methanol extracts were combined and liquid part
was evaporated in rotary evaporatore. The dense
extract was dissolved in 50 ml of HCl (2%) and
then filtered. The filtrate was washed 2 times with
20 ml of petroleum ether and the pH of the solution
was adjusted to 10 with NH4OH. It is treated 4
times with chloroform and evaporated. The residue
extract was dissolved in methanol, the volume was
25 ml in the flask and shaken well. This extract was
passed through a 0ȝPILOWHUDQGLQMHFWHGLQWRWKH
HPLC column sensitively in 50 ȝODOLTXRWV [8].

MATERIALS AND METHODS
Germination of seeds. Seeds were purchased
from Avalon Magic Plants, Netherland and sterilized with 70% ethanol for 10 sec, 10% NaOCl
(Ace-Turkey) for 5 min. and then washed three
times with sterile distilled water and dried on sterile
filter paper. Sterilized seeds were incubated in plant
growth regulator (PGR) free MS medium supplemented with 3% sucrose, and % 0.8 agar (SigmaAldrich) as solidifying agent.

Preparation of Stock and Standart
Solutions. Harmalol (12.60 mg), harmine (14.40
mg) and harmaline (13.10 mg) standarts were
prepared in a 25 ml flask. 25 ml of Harmine,
harmaline and harmalol were dissolved individually
in the mobile phase (Isopropyl alcohol/Acetonitrile/Water/Formic acid, 100:100:300:0.3, v/v/v/v).
Standard working solutions were prepared at 504
ȝJPOKDUPDOROȝJPOKDUPLQe DQGȝg/ml
harmaline concentrations [8].

Callus Formation. Hypocotyl and cotyledon
explants were excised (0,5-1 cm) from sterile
plants. The explants were incubated in MS medium
supplemented with 1 mg/l and 2 mg/l 2,4-D for
callus formation in growth chamber, 16/8 light/dark
photoperiod, 500 μmolm-2sec-1floresans light. (Fitotron, Sanyo, Gellenkamp PLC, UK). The alkaloids
detected in callus grown in 2,4-D supplemented
medium was defined as the control group for tissue
culture and stress applications. Because the callus
can only be obtained in the presence of 2,4-D.

Chromatographic conditions. HPLC (Highperformance liquid chromatography) analysis was
carried out using isocratic elution having flow
speed of 1.5 ml min-1. The mobile stage organization was 100 Isopropanol: 100 Acetonitrile: 300
Water: 0.3 Formic acid (v/ v/v/v) with pH balanced
to 8.6 using triethylamine. All of the solvents were
separated through 0.45 μm Millipore filter separator
that were degassed LQ DQ ³XOWUDVRQLF EDWK´  7KH
quantified selections were carried out by taking
readings at 330 nm. Using chromatographic run
time of 10 min, the void volume of the column was
adjusted to 0.75 min. The validity of the chromatographic framework/system was strictly checked by
calculating the capacity factor (c.f.'), the resolution
(R), the selectivity (s) and the peak asymmetry (p.a)
during the analysis.

Application of abiotic stress and precursors.
Callus obtained from hypocotyl and cotyledon
explant in MS medium supplemented with 2,4-D
were exposed to dark and cold stress. Callus was
kept at +4 ஈC for 15 days in fridge for cold treatment, and covered with aluminium folio for 15 days
in culturing conditions. Callus was also treated with
1 mg/l ABA, 2 mg/l ABA, 1 mg/l NAA and 1 mg/l
BAP in different batches. Callus subjected to stress
and PGRs treatments for 15 days were harvested
and stored in -80 °C until analysis.

RESULTS AND DISCUSSION
HPLC analysis. Chemicals and Devices.
Waters 6000 A pump (Waters, Hicrom Ltd. Uk);
Ultraviolet detector (Waters), PU 4020 UV detector) and chromasile column (100-5C18, 150x4.6

Although the type of PGRs gave different results depending on genotype, it has been reported
that auxins are highly effective in callus production
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[9]. Auxins usually cause rapid cell division resulting in callus production from damaged or cut parts
of the tissue. Here, probably 2,4-D causes tissue
regeneration by activating gene or genes associated
with plant repair mechanisms. Eshanpour and Saadat [9] produced P. harmala L. secondary metabolites from callus obtained from hypocotyl by using
NAA, BAP and kinetin while Zenk et al., [10] produced secondary metabolite from callus obtained
from the plant incubated in MS medium supplemented with 2-4-D. Juma [11] identified the
harmine and harmaline alkaloids in callus of the
plant incubated in different NAA + BAP combination. Sasse et al., [12] reported that callus tissue is
not suitable for alkaloid production. However,
Juma [11] emphasized that callus is an effective
tissXH IRU WKH SURGXFWLRQ RI ȕ-carboline alkaloids.
Zenk et al., [10] have suggested that the culture
medium composition plays a critical role in the
initiation of morphogenic events in callus, as well
as in the production of metabolites. Producing callus in tissue culture depends on the right media and
the concentration of PGRs [13].
In our study, seeds and plants grown in vivo
produced the highest level of alkaloids. However,
obtaining alkaloids as a result of applications on
callus is a promising situation. While ABA, BAP
and dark applications cause increased harmalol
concentration in callus, cold application dramatically reduced the amount of harmalol. NAA application is negligible compared to that of callus produced in the medium supplemented with 2,4-D
(Table 1). Studies to date have shown no evidence
that ABA enhances alkaloid production in P. harmala L. Records on production of different metabolites in other plants grown in vitro are very limited.
ABA is a naturally occurring PGR that limits cell
division but also promotes the development of cellular components, primarily the synthesis of primary and secondary metabolites, including proteins
[14]. At the same time, when the plant is exposed to
stress, the amount of secondary metabolites that
protect plant against harsh condition increases in
the cell by triggering related gene regulation mechanisms. Growth inhibitors such as ABA which is
also considered stress coping PGR may increase
alkaloid levels [15].
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Although auxin derivatives has been reported
to suppress alkaloid production in P. harmala L.,
they have been found to cause an increase on secondary metabolites in different plants. IAA, a natural occurring PGR, caused an increase in secondary
metabolites production than that of synthetic derivatives, and cytokinins also caused an increase in
secondary metabolite production [7]. According to
Nettleship and Slaytor [16] WKHȕ-carboline alkaloid
content in callus of P. harmala is susceptible to the
changes in the media composition. For example, it
has been revealed by these researchers that calcium
and magnesium ions are necessary for optimum
production of alkaloids.
Darkness application led an increase in harmalol may suggest that the light may metabolize the
substance or inactivate the metabolic pathway.
Therefore, different lighting regimes can be applied
to increase the amount of metabolites. Each plant
species needs optimized culture conditions for
growth and secondary metabolite production [17].
Cold application reduced harmalol level dramatically can be attributed to the reported optimum
temperature of synthesis of the product at 17-25 °
C. However, it has been reported that different
temperature applications can cause increased secondary metabolite production level depending on
the nature of compound like fatty acids [17].
Harmalol was obtained at the highest level in
seeds and in vivo grown plants. While ABA, BAP,
and dark applications caused increased harmalol
level in callus, NAA application was negligible, but
cold application dramatically reduced harmalol
content compared to the control (Table 1).
Harmine and harmaline were produced at a
very low level in seeds and in vivo grown plants
compared to harmalol and they exhibited motifs
close to each other in practice. It is observed that
exogenous PGRs application, cold and darkness did
not seriously affect harmine and harmaline levels.
The fluctuations in other applications, except for the
amount of harmaline in the cold application, are
parallel to the changes in the harmalol. Macro and
micro nutrients of MS medium, sugar
concentration, light temperature and incubation
medium may also cause fluctuations in alkaloid
production [18].

TABLE 1
The concentrations of harmine, harmaline and harmalol obtained from different appplication of
P.harmala L. plant (μg/g-FW)
Seed
Plant
Cold application
Dark application
1 mg/l NAA
1 mg/l BAP
1mg/ml ABA
2mg/ml ABA
2-4D (Control)

Harmalol

Harmaline

Harmine

19,9 ± 1,51a
6,2± 0.47b
2,2 ±0.37g
3,3±0,5d
2,6±0,5f
3,3±0,2d
3,6±0,2c
3,3± 0,2d
3,0± 0,3e

0,2± 0,2a
0,2±0,1b
0,2 ±0,01c
0,03±0,01f
0,03± 0,02g
0,1±0,01d
0,04± 0,02e
0,04± 0,02e
0,1± 0,01d

0,3±0,2b
0,3± 0,02c
0,1±0,017f
0,01 ±0,009i
0,1±0,03d
0,04 ±0,005h
0,1± 0,02e
0,1± 0,005g
0,5 ±0,1a

All values in a single column showed by different small letters are statistically different at 0.01 level of significance.
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Regeneration from hypocotyl culture of Peganum harmala. Pakistan Journal of Botany.
34(3), 253-256.
[10] Zenk, M.H., El-Shagi, H., Stöckigt, J., Weiler,
E.W. and Deus, B. (1977) Formation of indole
alkaloids serpentine and ajmalicine in cell suspension cultures of Catharantus roseus. Plant
Tissue Culture and its Biotechnological Application. 27-43.
[11] Juma, G.M. (2005) Peganum harmala Production. European Journal of Scientific Research.,
11-1.
[12] Sasse, F., Heckenberg, U. and Berlin, J. (1982)
Accumulation of Beta-carboline alkaloids and
serotonin by cell cultures of Peganum harmala
L. Plant Physiology. 69, 400-404.
[13] Hussey, G., (1983) In Vitro propagation of
horticultural and agricultural crops. In: Mantell,
S.H. and Smith, H. (eds.) Plant Biotechnology.
Cambridge University Press, Cambridge. 111135.
[14] Davies, P.J. (1995) The Plant Hormones, Their
Nature, Occurrence and Functions. In: Plant
Hormones. Kluwer Academic Publishers, Dordrecht, Netherland.
[15] Berlin, J. And Sasse, F. (1985) Selection and
Screening techniques for plant cell cultures.
Advanced Biochemistry and Engineering. 31,
99-132.
[16] Nettleship, L. and Slaytor, M. (1974) Adaptation of Peganum harmala callus to alkaloid
production. Journal of Experimental Botany.
25(6), 1114-1123.
[17] Misawa, M. (1994) Plant Tissue Culture. An
alternative for production of useful metabolites.
FAO Agricultural Services Bulletin, Rome.
[18] Kassem, M.A. and Jacquin, A. (2001) Somatic
embryogenesis, rhizogenesis and morphinan
alkaloids production in two species of opium
poppy. Journal of Biomedicine and Biotechnology. 1(2), 70-78.

Callus cultures produce fewer alkaloids compared to that of seeds and in vivo grown plant
(Table 1). External application such as different
stress conditions, elicitors, active compound promoting agents have the potential to increase secondary metabolite production in vitro by triggering
gene activating mechanisms. Increasing compounds
yield in the laboratory on a mass scale may be evaluated in high economic value. Plant secondary
products are widely used in pharmacy, medicine,
food, industry and cosmetics. Collection of the
plants faced to be extinction because of scarce level
of important metabolite synthesis in plants. Secondary metabolite producing specific cell line like
callus may developed in vitro for mass production
in bioreactors or the synthetic derivatives of the
compound may be alternatives to naturally grown
plants against destroying the nature.
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EFFECTS OF SELENIUM ON THE SELENIUM CONTENT
AND NUTRITIONAL QUALITY OF MILLET
Linna Suo, Zhizhuang An*, Liping Zhao
Institution of Plant Nutrient and Natural Resources, Beijing Academy of Agricultural and Forestry Sciences, Beijing, 100097, P.R. China

ABSTRACT

MATERIALS AND METHODS

Millet is one of the most important grain crops.
The effect of selenium on the nutritional status of
millet has not been reported. Three concentrations of
selenium fertilizer were experimented to study the
effects of effect of selenium on the nutritional status
of millet. The selenium concentration in millet
proved that that 450 mL/666.67m2 is the best dosage
that the selenium content is the highest. All the results indicated that selenium fertilizer could improve
the nutritional quality especially most important nutrition beneficial for human health, selenium, protein, starch, vitamin, linolenic acid and trace elements.

Field Experiment. The test site is located in
the West Huluyu village, East shaoqu Town, Miyun
District, Beijing. Selenium nutrient solution products are bought from Xiweikang Ecological Technology Co., Ltd., Beijing, Selenium form is organic
selenium, four selenium treatments were set, and 3
times per treatment. Each treatment is repeated three
times. The dosages of four treatments are Se1
(675mL/666.67m2), Se2 (450 mL/666.67m2), Se3,
(300 mL/666.67m2), Se4 (Control, 0 mL/666.67m2).
Spraying at the jointing stage and booting stage,
spraying solutions diluted 200 times, and the control
sprayed clean water.
Methods of determination of components.
When millet was harvested, each plot collected 1
square meters of millet and dried to be tested. Drying
at 70 ć oven before determining the nutritional
components of millet. Determination of protein by
reference to: National Standard of the People's Republic of China No. GB/T5511-2008 [5] and other
methods [6-8]; Determination of crude fat by reference to: National Standard of the People's Republic
of China No. GB/T5512-2008 [9]; Determination of
starch by reference to: National Standard of the People's Republic of China No. GB/20378-2006 [10];
Determination of moisture by reference to: National
Standard of the People's Republic of China No.
GB/T 5009.3-2003 [11]; Determination of ash by
reference to: National Standard of the People's Republic of China No. GB/T50094-2010 [12]; Determination of potassium and sodium by reference to:
National Standard of the People's Republic of China
No. GB/T5009.91-2003 [13]; Determination of calcium by reference to: National Standard of the People's Republic of China No. GB/T5009.92-2003
[14]; Determination of iron and magnesium by reference to: National Standard of the People's Republic of China No.GB/T5009.90-2003 [15]; Determination of zinc by reference to: National Standard of
the People's Republic of China No. GB/T5009.142003 [16]; Determination of selenium by reference
to: National Standard of the People's Republic of
China No. GB/T 500993-2010 [17]; Determination
of vitamin B1 by reference to: National Standard of
the People's Republic of China No. GB/T 7628-2008
[18]; Determination of vitamin B2 by reference to:

KEYWORDS:
Millet, Selenium fertilizer, Vitamin, Linolenic acid, Trace
elements.

INTRODUCTION
The state of selenium deficiency in China is
very serious, and there is a long narrow selenium deficiency belt from Northeast China to the southwest.
This selenium deficiency zone is also the main area
of the main kasha disease and Kashin Beck disease
in China [1]. Now in China, the main ways to supplement selenium in human body are selenium
health medicine, selenium nutritional fortifier and
food supplement, among which food selenium supplement is the most economical, safe effective and
the most commonly used way. There are a lot of literatures on the study of selenium rich agricultural
products, most of which mainly focused on the selenium content of the agricultural products after selenium enrichment, and less study on the other nutritional characteristics of the crops themselves after
selenium enrichment [2-4].
In this paper, the effects of millet selenium enrichment on other nutritional components of millet
were studied in order to provide theoretical support
for the prospect and sustainable development of selenium enriched millet.
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National Standard of the People's Republic of China
No. GB/T 7629-2008 [19]; Determination of vitamin
B1 by reference to: National Standard of the People's Republic of China No.GB/T22223-2008 [20]
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Effects of selenium on contents of main fatty
acids in millet. Table 2 showed that selenium fertilizer had no positive effects on contents of most main
fatty acids in Millet, including palmitic acid, stearic
acid, oleic acid, linoleic acid and total crude fat
whose contents decreased significantly in all selenium treatment compared with control. But linolenic
acid is an exception, whose content significantly increased, especially the content of linolenic acid in
control was very low even lower than the detection
limit. Linolenic acid, a polyunsaturated fatty acid, is
indispensable to human health, but human beings
can't synthesize themselves. The significant increase
of linolenic acid further proved that selenium fertilizer could improve the fatty acids nutritional quality.

RESULTS AND ANALYSIS
Content of selenium in millet. After treated
with selenium fertilizer, the contents of selenium in
millet significant increased in all treatments. Se2 increased most compared with Se1 and Se3. We conclude that 450 mL/666.67m2 is the best dosage (Figure 1).
Effects of selenium on contents of protein,
starch, ash, vitamin in millet. The results showed
that spraying selenium nutritional solution can significantly increase the contents of protein, starch,
vitamin B1, and vitamin B2 in millet kernel, especially the high concentration treatment Se1. However the ash of millet kernel decreased significantly
after treated with selenium fertilizer (Table 1). All
the results indicated that selenium fertilizer could
improve the nutritional quality especially most important nutrition beneficial for human health.

Effects of selenium on contents of trace elements in millet. Trace elements are important nutrition in millet, whose contents are affected by many
factors, such as soil, temperature and water. The results showed that selenium fertilizer could improve
most trace elements nutrition (Fe, K, Zn, and Na),
but the Mg content decrease significantly. Selenium
fertilizer has no significant effects on the content of
Ca. In view of the importance of zinc and iron as
trace elements, these results indicate that selenium
can improve trace element nutrition in millet (Table
3).

0.70
Content of Selenium˄mg/kg ˅

a
0.60
0.50
0.40
0.30

b

0.20
c
d

0.10
0.00
Se1

Se2

Se3

Se4

FIGURE 1
Content of selenium in four treatments
Note: Different letters represent significant differences (P<0.05)

TABLE 1
Contents of protein, starch, ash, vitamin B1 and vitamin B2 in millet
Se1
Se2
Protein (%)
9.19±0.00a
8.63±0.00c
Starch (%)
75.05±0.00a
66.74±0.03d
Ash%)
2.49±0.01c
2.53±0.00b
Vitamin B1 (mg/100g)
9.15±0.00c
10.34±0.00a
Vitamin B2 (mg/100g)
0.69±0.00a
0.62±0.01d
Note: Different letters represent significant differences (P<0.05)
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Se3
9.23±0.01a
67.53±0.01b
2.44±0.01d
9.76±0.00b
0.66±0.00b

Se4
9.05±0.04b
67.33±0.04c
2.60±0.01a
7.95±0.00d
0.64±0.01c
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TABLE 2
Contents of main fatty acids in millet
Se1
Se2
Palmitic acid
7.71±0.00c
7.75±0.01b
Stearic acid
6.51±0.01b
6.62±0.01a
Oleic acid
14.21±0.01b
14.09±0.05bc
Linoleic acid
68.54±0.19c
68.79±0.02bc
Linolenic acid
2.88±0.01ab
2.86±0.00b
Crude fat%
4.32±0.02c
4.36±0.03bc
Note: Different letters represent significant differences (P<0.05)

Se3
7.72±0.00bc
6.25±0.01d
14.00±0.05c
69.23±0.01b
2.90±0.00a
4.57±0.02a

Se4
7.89±0.00a
6.47±0.01c
14.41±0.04a
71.14±0.13a
0.00±0.00c
4.45±0.04b

TABLE 3
Contents of trace elements in Millet
Se1
Se2
Ca
4.02±0.02c
3.58±0.05d
Na
8.88±0.01c
9.82±0.04b
Mg
2.11±0.00b
2.26±0.03a
Fe
3.94±0.00a
3.76±0.03b
K
27.55±0.03c
30.31±0.00a
Zn
3.14±0.03b
3.24±0.00a
Note: Different letters represent significant differences (P<0.05)

Se3
4.37±0.01b
12.45±0.21a
2.22±0.01a
3.57±0.01d
30.07±0.03a
3.25±0.00a

Se4
10.58±0.00a
8.68±0.00c
2.17±0.02ab
3.66±0.01c
28.54±0.32b
2.98±0.00c

[3] Gui, X., Li, Y., Rui, Y., Huo, Z., Zhang, B.,
Hong, Y. (2012) Determination of Selenium
Content and Quality of Different Selenium-Enriched Products by Hydride Generation Atomic
Fluorescence Spectrometry. Asian Journal of
Chemistry. 24(11), 5417-5418.
[4] Zhang, Y., Zhang, B., Rui, Y. (2013) Study on
Selenium and Other Trace Elements Presents in
Selenium-Enriched Strawberry by ICP-MS.
Asian Journal of Chemistry. 25(11), 6451-6452.
[5] National Standard of the People's Republic of
China. (2008) Cereals and pulses-Determination
of the nitrogen content and calculation of the
crude protein content- Kjeldahl method. No.
GB/T5511-2008.
[6] Yang, J., Jiang, F., Ma, C., Rui, Y., Rui, M.,
Adeel, M., Cao, W., Xing, B. (2018) Alteration
of Crop Yield and Quality of Wheat upon Exposure to Silver Nanoparticles in a Life Cycle
Study. Journal of Agricultural and Food Chemistry. 66(11), 2589-2597.
[7] Ji, Y., Zhou, Y., Ma, C., Feng, Y., Hao, Y., Rui,
Y., Wu, W., Gui, X., Van, N., Han, Y., Wang,
Y., Xing, B., Liu, L., Cao, W. (2017) Jointed
toxicity of TiO2 NPs and Cd to rice seedlings:
NPs alleviated Cd toxicity and Cd promoted
NPs uptake. Plant Physiology and Biochemistry. 110(SI), 82-93.
[8] Nhan, L., Ma, C., Shang, J., Rui, Y., Liu, S.,
Xing, B. (2016) Effects of CuO nanoparticles on
insecticidal activity and phytotoxicity in conventional and transgenic cotton. Chemosphere.
144, 661-670.
[9] National Standard of the People's Republic of
China. (2008) Inspect of grain and oilseeds²
Determination of crude fat content in grain. No.
GB/T5512-2008.

CONCLUSIONS
We conclude that 450 mL/666.67m2 is the best
dosage. Selenium fertilizer could improve the nutritional quality especially most important nutrition
beneficial for human health. Linolenic acid content
significantly increased after treated by selenium fertilizer. Selenium fertilizer significantly increased the
contents of most trace elements nutrition (Fe, K, Zn,
and Na).
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mortality directly or indirectly arise from malnutrition, many from micronutrient deficiencies [4]. The
primary reason for the prevalence of mineral malnutrition worldwide is the consumption of foods with
very low micronutrient content [3].
Agricultural products are the primary source of
nutrients for humans. If agriculture cannot provide
enough food with adequate amounts of nutrients for
good health, malnutrition will develop [5, 6]. Micronutrient deficiencies in the soil not only limit crop
production, but also have negative effects on human
nutrition and health [7]. Some regions have Zn deficient soil such as China, India, Pakistan, Iran and
Turkey. More than 50% of land in Turkey is Zn deficient [8, 9]. Because of the high prevalence of Zn
deficient soil, Zn deficiency is very common among
Turkish people and this situation is indirectly related
to deficiencies in other micronutrients such as Fe [9].
Fe and Zn are mostly available from similar food
sources, which can have high concentrations of inhibitors [10, 11, 12, 13]. This is an important cause
of Fe and Zn deficiency along with other micronutrient deficiencies. Interventions to reduce the issue of
mineral malnutrition have been implemented such as
food fortification, pharmaceutical supplementation
and dietary diversification [14, 15]. However, none
of these approaches have proven sustainable for various reasons such as poor delivery systems and infrastructure in developing countries.
Biofortification is the process of increasing the
bioavailable concentrations of vitamins and minerals
in edible crops through agronomic practices, plant
breeding or genetic selection to improve nutritional
status [1, 16, 17]. Fertilization is one of the remedies
used to enhance mineral concentration in staple
crops. Though this intervention increases leaf mineral concentrations and improves yield, it does not
always enhance mineral concentration in the seed
[1]. Additionally, use of fertilisers may be problematic, both economically and environmentally. Exploitation of natural biodiversity to improve the micronutrient quality of staple crops is important in
breeding programs. Sesame (     L.)
is one of the oldest and most important oil seed
crops. It is distinctly superior to other oilseed crops
because of its high degree of drought tolerance and
wide adaptability to varied agro-climatic conditions.
Sesame was initially grown during the ancient

Micro elements are play important role in human body, but today, micronutrient malnutrition is
estimated to affect over 3 billion people in the worldwide. Biofortification is one of the most applicable
and sustainable intervention to fight malnutrition
worldwide. Sesame (     L.) is one of
the oldest and most important oil seed crops. A lot of
sesame populations adapted to different environmental conditions in the world. These genotypes are
valuable source of genetic variation including mineral elements for sesame breeders. In the present
study, 22 sesame accession collected from Turkey
and 8 different countries were assessed for 6 mineral
elements (Fe, Zn, Cu, Mn, K, and Mg) content of
seeds. The results showed that significant diversity
in sesame accessions for contents of Cu (17.16-38.34
mg kg-1), Mn (13.49-70.91 mg kg-1), Fe (97-298.5
mg kg-1), Zn (53.41-95.36 mg kg-1), K (5272-9204
mg kg-1) and Mg (3374-5846 mg kg-1). To develop a
new biofortified varieties, plant breeders first characterize landraces. Identification of genetic variation
is very important for improve biofortified crops.


&%!"
Iron, Landraces, Micronutrients, Sesame, Zinc
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The human body requires more than 22 mineral
elements, which can be supplied by an appropriate
diet [1] The most important mineral elements for the
human body are P, K, Ca, Mg, Mn, Cu, Fe and Zn.
Since the “Green Revolution”, agricultural researchers have focused on increasing agricultural production by promoting high cereal production [2]. However, this has led to unforeseen negative consequences such as an increase in the prevalence of micronutrient malnutrition diseases. Today, micronutrient malnutrition is estimated to affect over 3 billion people worldwide. Deficiencies in Fe and Zn are
the most common types of micronutrient malnutrition in the world. More than 2 billion people are affected by Fe deficiency while over 1 billion people
are Zn deficient [3]. Nearly two-thirds of all child
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5.,.2
5.,.2
Kahramanmaras (T)
Iran5
Balikesir-Kepsut (T)
Afghanistan 1
Mugla-Koycegiz (T)
Afghanistan 2
Kilis (T)
Greece 1
Bursa-Orhangazi (T)
Greece 2
Malatya-Ispendere (T)
Egypt 1
Orhangazi-99 (T) ©
Egypt 2
Iran1
Zaire
Iran2
Iraq
Iran3
USA
Iran4
Pakistan

Harappan, Mesopotamian and Anatolian eras for its
edible seed and oil [18, 19, 20] and is now grown in
more than 60 countries globally. There are a lot of
sesame populations adapted to different environmental conditions in the world [21]. These genotypes are valuable sources of genetic variation including mineral elements for sesame breeders.
Sesame seeds are used in bread, cakes, crackers
and especially simit (Turkish bagels) in commercial
bakeries in Turkey. The seed is also used for making
tahin (sesame butter) and halva in Turkey and other
Middle East countries. Although sesame has been
grown for a hundred years and has a wide variety of
uses, production is very limited in Turkey. Therefore, Turkey is a major importer of sesame seeds.
Hence, analysis of the micronutrients in sesame
grown in Turkey and different countries is very important.
The aim of this study was to evaluate the variability of 6 mineral elements (Fe, Zn, Cu, Mn, K, and
Mg) among 22 sesame landraces from Turkey and 8
other countries. The information obtained in this
study will contribute to identification of favourable
sesame accessions for breeders to increase the mineral contents of sesame.

while the other seven were personally collected by
the author (Iran1, Iran 2, Iran 3, Iran 4, Iran 5 (Tabriz), Iraq (Kirkuk), and Pakistan (Multan). The field
experiment was conducted at the Experimental Farm
of Cukurova University (36°59´N, 35°18´E, and 23
m), in Adana (Turkey) for two consecutive years in
2015 and 2016.
The experiments were conducted in a Randomized Complete Block design with three replications.
Before planting, 200 kg·ha-1 of DAP (36 kg·ha-1 N,
92 kg·ha-1 P) fertilizers were applied. Ure (46%N) at
the rate of 150 kg·ha-1 was applied once before the
first irrigation. Twenty-two different sesame populations (belong to Turkey and different countries) were
used as plant material in this study (Table 1). Sesame
seeds were sown in the second week of June 2015
and 2016. All sesame accessions were treated in
same with standard local agronomic and cultural
practices. All the plants were harvested in the last
week of September, in 2015 and 2016 [20].
.(53*0*1*27'2'0;6.6Samples from 22 genotypes grown in 2015 and 2016 were subjected to
mineral element analysis using an inductively coupled plasma optical emission spectrometer (ICPOES; Vista-Pro Axial; Varian Pty Ltd., Australia).
Clean sesame seed samples were taken from every
population with 3 replicates and the seeds were
bulked. Analysis of the microelements was performed according to the method described by
Karaköy et al. [2] in 2012. The data were statistically
analysed using the JMP 8.1.0 statistical software
package. The Duncan test was used to compare the
treatments at the 0.05 level.

#!"#"

0'27 1'7*5.'0 Twenty-two different sesame
accessions (belonging to Turkey and 8 other countries) were used as plant material in this study (Table
1). The seven Turkish sesame accessions (Kahramanmaras, Balikesir-Kepsut, Mugla-Koycegiz, Kilis, Bursa-Orhangazi, Malatya-Ispendere, Orhangazi-99) were procured from the Aegean Agricultural
Research Institute, and sesame accession from other
countries (Afghanistan, Greece1, Greece 2, Zaire,
USA, Egypt1, Egypt 2, Ethiopia)were secured from
United States Department of Agriculture (USDA)
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Cu
Mn
Fe
Zn
K
Kahramanmaras
24.60
40.23
164.1
75.13
5272
Balikesir-Kepsut
22.55
29.72
153.4
82.81
6072
Mugla-Koycegiz
18.38
21.09
135.2
62.92
5754
Kilis
19.17
24.71
210
80.81
6190
Bursa-Orhangazi
20.16
20.36
138.8
65.86
6044
Malatya-Ispendere
20.38
31.22
213.7
67.60
5858
Orhangazi-99
19.95
21.58
152.9
79.05
7806
Afghanistan 1
24.18
25.44
227.2
88.93
7432
Afghanistan 2
17.67
22.15
136
53.82
6872
Greece 1
23.67
21.72
159.9
78.24
7348
Greece 2
28.49
13.49
183.2
56.17
6410
Egypt 1
24.90
32.27
165
61.49
6384
Egypt 2
22.65
22.85
124.8
69.10
8818
Zaire
29.71
26.38
132.7
82.40
8490
Iraq
20.57
42.62
97
74.92
7560
USA
30.99
43.38
120.1
76.90
7940
Iran 1
30.82
48.85
130.1
77.52
8428
Iran 2
17.36
70.91
248.8
72.06
6500
Iran 3
27.43
44.46
285
86.96
8412
Iran 4
24.49
40.97
248.4
79.90
6692
Iran 5
20.44
37.45
222.9
73.43
6800
Pakistan
17.56
31.19
119.2
61.99
7350
Mean
23.00
34.23
171.29
73.09
7019.6
LSD (0.005)
2.02***
5.19***
16.60***
6.80***
203***
CV (%)
5.34
9.19
5.88
5.64
1.76
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Cu
Mn
Fe
Zn
K
Kahramanmaras
19.12
24.13
112.0
53.41
6476
Balikesir-Kepsut
21.22
19.21
140.8
75.43
7312
Mugla-Koycegiz
23.05
18.02
137.3
78.04
6316
Kilis
21.82
34.09
217.7
71.86
6902
Bursa-Orhangazi
18.92
26.24
149.9
60.58
6184
Malatya-Ispendere
27.90
23.63
116.5
70.96
7718
Orhangazi-99
29.51
19.53
186.2
83.42
8064
Afghanistan 1
25.40
19.62
217.8
67.58
6652
Afghanistan 2
23.36
31.47
167.6
77.16
8408
Greece 1
27.91
14.62
122.0
63.43
6852
Greece 2
38.34
22.35
199.4
75.56
8066
Egypt 1
26.85
46.35
186.6
78.18
6768
Egypt 2
22.10
24.19
195.7
61.00
9204
Zaire
32.60
29.27
142.6
83.40
8623
Iraq
31.60
57.75
112.1
75.83
8222
USA
40.14
48.76
132.5
84.80
8444
Iran 1
28.67
58.23
143.9
65.74
8868
Iran 2
17.16
55.48
212.9
64.91
7322
Iran 3
25.84
32.92
298.5
95.39
8654
Iran 4
22.13
29.06
242.0
79.99
7006
Iran 5
22.76
29.75
214.0
76.93
7918
Pakistan
20.03
33.43
119.9
66.52
8982
Mean
25.75
31.73
171.27
73.18
7680
LSD (0.005)
1.40***
4.11***
15.68***
7.01***
195.6***
CV (%)
3.3
7.85
5.56
5.80
1.55
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Mg
5846
4352
3844
4160
4134
3714
4162
4602
3882
4760
3636
3944
4346
4476
4252
4650
4092
5250
4580
5282
4320
4208
4386
124.9***
1.73

Mg
3858
4262
3374
3708
3498
4284
3948
4164
4412
3566
3888
4690
4444
4592
4030
5016
5038
4256
4742
4616
4308
4664
4244
122.4***
1.75
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Sesame seeds are a good source of essential
mineral elements such as Fe, Zn, Mn and Cu [21].
The six mineral elements found in 22 sesame accessions from different countries are shown in Tables 24. The analysis of variance revealed significant variations in all studied mineral elements among the 22
sesame accessions in 2015, 2016 and a two-year average. The mean values obtained were 24.38, 32.98,
171.3, 73.25, 7350, 4315 mg/kg for Cu, Mn, Fe, Zn,
K and Mg, respectively. The Cu values of the 22 sesame accessions varied between 17.16-40.14 mg kg-1
over a two-year period, the average being 24.38 mg
kg-1. The highest Cu value was obtained from the
USA accession (30.99 and 40.14 mg kg-1), while the
lowest value was obtained from the Iran 2 accession
(17.36 and 17.16 mg kg-1) in both years. The Cu content in this study was higher than that reported by
Kanu [22], Pandey et al. [3] and Deme et al. [23]. Mn
content in the 22 sesame accessions ranged from

13.49 to 70.91 mg kg-1. The sesame accessions contained high amounts of K and Mg, with mean values
of 7350 and 4315 mg kg-1, respectively. These values
were higher than reported in previous studies [23, 24,
25, 26].
Zn is an essential mineral that stimulates the activity of about 300 enzymes in the body [28]. It also
supports a healthy immune system, is necessary to
synthesize DNA, is essential for wound healing, supports the healthy growth and development of the
body during adolescence, childhood and pregnancy,
and is related to healthy hair growth [21]. According
to a two-year average, the highest Zn content was
recorded for the Iran 3 (291.8 mg kg-1) accession
while the lowest Zn content was recorded for the Iraq
accession (104.6 mg kg-1) (Table 4). The Orhangazi99 (81.24 mg kg-1) commercial cultivar had the highest Zn content among the Turkish accessions according to the two-year average, while the BursaOrhangazi (63.22 mg kg-1) accession had the lowest
value. Most Turkish accessions had Zn content
lower than the mean value.



# 
.2*5'0(327*273+6*6'1*6**)6+531).++*5*27(38275.*6.2'7:3;*'5'9*5',*1,/, 

Cu
Mn
Fe
Zn
K
Mg
Kahramanmaras
21.86
32.18
138.1
66.77
5874
4852
Balikesir-Kepsut
21.89
24.47
147.1
79.12
6692
4307
Mugla-Koycegiz
20.72
19.56
136.3
70.48
6035
3609
Kilis
20.50
29.40
213.9
76.33
6546
3934
Bursa-Orhangazi
19.54
23.30
144.4
63.22
6114
3816
Malatya-Ispendere
24.14
27.42
165.1
69.28
6788
3999
Orhangazi-99
24.73
20.56
169.6
81.24
7935
4055
Afghanistan 1
24.79
22.53
222.5
78.25
7042
4383
Afghanistan 2
20.52
26.81
151.8
65.49
7640
4147
Greece 1
25.79
18.17
140.9
70.83
7100
4163
Greece 2
33.42
17.92
191.3
65.86
7238
3762
Egypt 1
25.88
39.31
175.8
69.83
6576
4317
Egypt 2
22.38
23.52
160.3
65.05
9011
4395
Zaire
31.16
27.83
137.7
82.90
8557
4534
Iraq
26.09
50.19
104.6
75.38
7891
4141
USA
35.57
46.07
126.3
80.85
8192
4833
Iran 1
29.75
53.54
137.0
71.63
8648
4565
Iran 2
17.26
63.19
230.9
68.49
6911
4753
Iran 3
26.64
38.69
291.8
91.18
8533
4661
Iran 4
23.31
35.01
245.2
79.94
6849
4949
Iran 5
21.60
33.60
218.4
75.18
7359
4314
Pakistan
18.80
32.31
119.6
64.25
8166
4436
Mean
24.38
32.98
171.3
73.25
7349.9
4314.8
LSD (0.005)
1.213***
3.258***
11.25***
4.81***
138.9***
86.13***
CV (%)
4.33
8.6
5.72
5.72
1.65
1.74
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Cu
Mn
Fe
Zn
K

# 
355*0'7.32'2'0;6.6'132,1.2*5'0*0*1*276.2).++*5*276*6'1*'((*66.326

Mn
Fe
Zn
K
.235(**)
0,115
.570(**)
.514(**)
.212(*)
.352(**)
.269(**)
.417(**)
-0,033
.404(**)

Mg
.358(**)
.604(**)
.305(**)
.601(**)
.432(**)

$"

In this study, considerable variation was found
in all studied mineral elements among sesame accessions from different origins. The most abundant mineral element in all sesame accessions was K. Most
Turkish accessions had Zn and Fe contents lower
than the mean values. Unlike the Turkish accessions,
most Iranian accessions had Zn and Fe contents
higher than the mean values. The results show that
sesame seeds contain rich essential mineral elements
important for the human body and can play an important role in fighting malnutrition. Sesame breeders can use the results of the present study to further
the breeding programs for the development of new
biofortified varieties.

Fe has several vital functions in the body such
as being a constituent of haemoglobin, which carries
oxygen to the tissues from the lungs and play an important role in ETS (electron transport system) [24,
29]. The average value of Fe content among the 22
sesame accessions was 171.3 mg kg-1, ranging from
97 (Iraq) to 298.5 mg kg-1 (Iran 3). Among the Turkish accessions, the highest Fe content belonged to the
Kilis accession (213.9 mg kg-1), while the MuglaKoycegiz (136.3 mg kg-1) accession had the lowest
value according to a two year-average. Iranian accessions had the highest Fe content with the exception of Iran 1. In the present study, the average Zn
and Fe content values were higher than reported in
earlier studies [1, 23, 24, 25, 30, 31]. The highest Cu,
Fe, Zn and K content values were recorded in 2016,
while the highest Mn and Mg content values were
recorded in 2015. This variation might be due to the
genotypes, agronomic practices and environmental
conditions [9].
Correlations between different traits are generally due to the presence of linked genes and the epistatic effect of different genes [9]. The results of the
correlation analysis of mineral elements in the sesame accessions examined are shown in Table 5. Zn,
Mn and Mg showed significantly positive correlations with all studied mineral elements. Fe was not
significantly correlated with Cu and K, whereas Cu
and K were significantly positively correlated with
all studied mineral elements except Fe. In the study
by Pandey et al. [3] Cu was significantly positively
correlated with Fe and Zn. A similar finding with the
present study was reported by Baloch et al. [9] for
the Turkish faba been germplasm collection.
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Biofortification refers to the development of
food varieties with ameliorated levels of bioavailable mineral elements in the edible portion of staple
crops [9] and would help reduce micronutrient deficiencies. To develop new biofortified varieties, plant
breeders must first characterize landraces. Identification of genetic variation is very important for the
improvement of biofortified crops.
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tribological properties and in preventing the friction
and wear related problems. In the absence of adequate lubrication, sliding between mating surfaces in
extended operations will result in high levels of friction, wear and ultimately results in the failure of the
materials in contact. These high frictional values
were primarily caused by the inherent roughness of
the materials in contact and the large pressures that
developed between them.
Due to the differences in the form of mechanical seal and the conditions of use, the choice of carbon graphite material has become a key issue in determining the mechanical seal effect [11-13]. Choosing the right carbon graphite material can not only
ensure good mechanical seal effect, but also avoid
material waste [14-16]. Currently, silver-impregnated graphite composites, resin-impregnated graphite composites, and isotropic pyrolytic graphites developed by the Institute of Metal Research, Chinese
Academy of Sciences have all been successfully applied. However, the friction and wear properties of
several materials and their work in the process of the
friction and wear behavior still requires in-depth research.
In this paper, the friction and wear properties of
representative carbon graphite materials are studied
under dry friction conditions, and the friction and
wear mechanism of the materials is comprehensively
analyzed to provide the theoretical basis and experimental basis for the selection of mechanical seals.

  

The tribological property of carbon graphite
material filled with different content was studied. Effect of loading, sliding speed, mass fraction of graphite and mass fraction of carbon fiber (CF) on the
wear resistance of the composites was investigated.
The results show that CF could significantly improve
the wear resistance of carbon graphite material composites, especially in high loading. The experimental
results show that wear could be reached at the optimum conditions: sliding speed 2.84 m/s, mass fraction of CF 29.6%, mass fraction of graphite 26.7%
and loading 200 N.


%#
Mechanical seal, Friction, Tribological properties, Optimum conditions.
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Mechanical seal is a device that helps in joining
systems or mechanism together preventing leakage,
containing pressure, and excluding contamination
[1, 2]. The industrial applications of mechanical seal
were innumerable such as for pumps, mixers, dryers
and other specific equipment, commonly used anywhere, in which liquid and gases were transferred by
rotating equipment [3]. Usually mechanical face
seals were composed of two mainly flat rings, a stationary ring (harder material) and a rotating ring
(softer ring) which was in relative motion, separating
a pressurized fluid from the atmosphere, with a compression spring and a drive mechanism [4]. The stationary ring was considered as one of the important
components which influence the frictional properties
and hereby deciding the life span of mechanical
seals. The most commonly employed materials for
stationary ring of mechanical seal were ceramics
such as silicon carbide (SiC), silicon nitride (Si3N4),
tungsten carbide (WC) [5], aluminium oxide (Al2O3)
and many other tailored alloys were being tested as
a future material [6–10]. In the application of mechanical seal, lubrication was one of the important
factor, which plays a crucial role in improving the

$ 

Tungsten carbide, a most commonly employed
seal face material, known for its high hardness and
high strength was selected as the stationary seal and
manufactured to circular hollow ring of Ø43 × Ø33
× 8 mm (od × id × thickness) through sintering process. The sliding surfaces were diamond polished
and the surface roughness was measured using a Mitutoyo SJ-410 roughness tester and found to have an
initial roughness of 0.03 to 0.04 μm. Resin impregnated carbon, a widely used rotating seal face material was used as a rotating ring, because of its superior wear resistance, anti-friction properties and cor-
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rosion properties. The rotating carbon ring was purchased commercially with the dimensions of Ø45 ×
Ø38 mm (od × id).
All the tests were carried out on the designed
mechanical seal test rig, under dry, paraffin oil and
eco-friendly lubrication running-in test with atmosphere air at room temperature 31 °C and humidity
55%. The stationary seal was mounted in the lower
chamber that allows the self-alignment of the ring
and also permits axial loading of the stationary seal
against the upper rotating seal. Initial load of 100 N
was applied at the end of the lever for the full engagement of the stationary and rotary seals. Lubricant was made to flow over the sliding surface of stationary and rotating rings; flow was controlled by a
throttle valve at the rate of 35 drops/min. Each test
includes a 3600 s running-in period with a constant
speed of 1500 rpm for six loading conditions. For
each loading, the running-in period was 600 s. After
running-in, the load between the rings was varied
from 100 N to 500 N (in a step of 100 N). The seal
face temperature, friction torque and friction coefficients were recorded for every 1 s using data acquisition software programme (WINDUCOM). For the
entire testing, resin impregnated carbon was used as
rotary ring.

four main variables and three test levels, thirty experiments were designated by MINITAB software.
! !
**)'51*4.-(-0+42))(&0(/&44*3&'5-101*
+3&2,-5)108)&32312)35-)4Fig. 1 show that effect
of sliding speed and mass fraction of graphite on
wear properties. It can be seen from the Fig. 1, effect
of sliding speed and mass fraction of graphite on
wear properties interaction is very significant. Wear
increased with sliding speed increased. Wear increased at first with mass fraction of graphite increased but then decreased.

**)'51*4.-(-0+42))(&0(/&44*3&'5-101*
108)&32312)35-)4Fig. 2 show that effect of
sliding speed and mass fraction of CF on wear properties. It can be seen from the Fig. 2, effect of sliding
speed and mass fraction of CF on wear properties interaction is very significant. Wear increased with
sliding speed increased. Wear decreased at first with
mass fraction of CF increased but then increased.
**)'51*4.-(-0+42))(&0(.1&(-0+108)&3
2312)35-)4Fig. 3 show that effect of sliding speed
and loading on wear properties. It can be seen from
the Fig. 3, effect of sliding speed and loading on
wear properties interaction is very significant. Wear
increased with sliding speed increased. Wear decreased at first with loading increased but then increased.

**)'51*/&44*3&'5-101*+3&2,-5)&0(.1&(
-0+108)&32312)35-)4Fig. 4 show that effect of
mass fraction of graphite and loading on wear properties. It can be seen from the Fig. 4, effect of mass
fraction of graphite and loading on wear properties
interaction is very significant. Wear increased with
mass fraction of graphite increased. Wear decreased
at first with loading increased but then increased.


&'513.)7).
Factor level
A/ (m/s)
B/%
C/%
D/ (N)

-1
1.0
10
10
200

0
2.0
20
20
300

1
3.0
30
30
400


92)3-/)05&. ()4-+0 The central composite
design, an experimental design for RSM, was used
to create a set of designed experiments by MINITAB
software (version 17). In this paper, the central composite design is selected for 4 factors, i.e., sliding
speed (A), mass fraction of CF (B), mass fraction of
graphite (C) and loading (D).
Table 1 shows the levels of original and coded
factors using central composite design. Given the

!
**)'51*4.-(-0+42))(&0(/&44*3&'5-101*
+3&2,-5)108)&32312)35-)4

!
**)'51*4.-(-0+42))(&0(/&44*3&'5-101*10
8)&32312)35-)4
8464

$#

! % 









!"  ! 



!
**)'51*4.-(-0+42))(&0(.1&(-0+108)&3
2312)35-)4

! 
**)'51*/&44*3&'5-101*+3&2,-5)&0(.1&(-0+10
8)&32312)35-)4

! 
**)'51*/&44*3&'5-101*&0(.1&(-0+108)&3
2312)35-)4

! 
**)'51*/&44*3&'5-101*&0(/&44*3&'5-101*
+3&2,-5)108)&32312)35-)4

! 
25-/-:&5-101*231')442&3&/)5)3464-0+
**)'51*/&44*3&'5-101*&0(/&44*3&'
5-10 1* +3&2,-5) 10 8)&3 2312)35-)4 Fig. 6 show
that effect of mass fraction of CF and mass fraction
of graphite on wear properties. It can be seen from
the Fig. 6, effect of mass fraction of CF and mass
fraction of graphite on wear properties interaction is
very significant. Wear decreased with mass fraction

**)'51*/&44*3&'5-101*&0(.1&(-0+10
8)&3 2312)35-)4 Fig. 5 show that effect of mass
fraction of CF and loading on wear properties. It can
be seen from the Fig. 5, effect of mass fraction of CF
and loading on wear properties interaction is very
significant. Wear decreased with mass fraction of CF
increased. Wear increased with loading increased.
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of CF increased. Wear increased at first with mass
fraction of graphite increased but then decreased.
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Objective function of Minitab’s response surface provides an intuitive tool for objective optimization and its unique response optimizer is a powerful tool for multi-objective problem to the solution
encountered in the experimental design. And the target function is optimized by Minitab’s response optimizer. The result is shown in Figure 7. It is calculated that the optimized conditions are present: sliding speed 2.84 m/s, mass fraction of CF 29.6%, mass
fraction of graphite 26.7% and loading 200 N.
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Effect of loading, sliding speed, mass fraction
of CF and mass fraction of graphite on the wear resistance of the composites was investigated. The results show that CF could significantly improve the
wear resistance of CF/graphite composites, especially in high loading. The optimization of the models provides the optimum conditions: sliding speed
2.84 m/s, mass fraction of CF 29.6%, mass fraction
of graphite 26.7% and loading 200 N. RSM could be
effectively adopted to optimize the operating multifactor in carbon fiber (CF)/graphite machining process.
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ABSTRACT

INTRODUCTION

Increasing human population inevitably results
in a number of environmental changes in the Earth.
Throughout the history, human-being has changed
the land use and damaged the environment because
of demands for energy and raw material. This
change may be in many different ways such as
mining activities, agriculture or settlement.
Amongst them, large dam construction is one of the
most important activities damaging the environment
for providing potable and irrigation water, controlling floods as well as generating hydropower.
While the dams provide above mentioned benefits,
they may significantly change the environmental
condition through affecting local climate. The aim
of the present study is to determine the impacts of
large dams on local climate in Artvin, Turkey. To
this end, 13 meteorological factors from three climate stations were assessed for the period between
1987 and 2017. Mann-Whitney-U test and trend
analyses were performed to determine the impact of
FRQVWUXFWHG GDPV RQ $UWYLQ¶V FOLPDWH In addition,
two-way ANOVA was conducted to whether there
is a significant difference among the stations. As a
result; most factors regarding temperature, precipitation, wind speed, cloudy days, snow-covered days
and clear days were significantly differed after dam
constructions (p<0.05). Considering control stations, on the other hand, only three factors regarding maximum daily precipitation, wind speed,
snow-covered days showed variation among the
stations. It was seen that daily maximum winter
precipitation and the number of snow-covered days
in spring decreased by 29.2% and 17.8% after constructed large dams in Artvin province. Furthermore, summer wind speed increased by about 0.1
m/s. These results were also supported by trend
analyses in terms of coincidences between the years
for the operation of dams and the change trend
starts.

In parallel with increasing population in the
world, demands for energy and raw material have
forced people to find new resources and to change
the land use. The land use and land cover changes
(LULCC), resulted from human activities, significantly affect the environment (ecosystems) at local,
regional and global scale, and therefore they have
important impacts on the global climate changes.
One of the most important human activities altering
ecosystem dynamics is large dam construction.
Dams have been built for providing potable and
irrigation water, controlling floods, navigation and
generating hydropower, since ancient times. In spite
of their benefits, they have also some negative
impacts during construction and operational phases,
like in other LUCC, on river flow regime (e.g. altering and diverting river flows), thermal regime,
evaporation and greenhouse gas emission, sedimentation, landscape and morphology, water quality,
aquatic organisms, riparian vegetation and biodiversity [1-3]. The history of dams in the world is as
old as human civilization and dating back to 6000
BC. The oldest dam in the world whose remains
were found is in Mesopotamia. It was used for
irrigation and water supply [4]. Cubuk-I, on the
other hand, is the first dam In Turkey constructed in
1936 for meeting potable water demand of Ankara
province [5]. As of 2016, there are 714 operational
dams in Turkey [6].
Although undeveloped and developing countries implement large-dam projects to meet their
water demand and to generate electricity, those
projects are outdated for most developed countries
such as USA [7]. The construction of large dams
and run-of-river type HPPs has been come into
question in Turkey especially in last decades to
meet the energy need. While the global hydroelectric generation is 16.4% (with 1064 GW installed
capacity) of all energy sources [8], Turkey provides
its 21.9% (with 26681 MW) of the total energy
need from the dams and run-of-river plants, constructed in 25 river basins. Amongst these basins,
Coruh River has a share of 3.31% (26681 MW) in
the total hydroelectric generation of Turkey [9, 10].
There are 56 dams and run of river hydropower
plants (HPP) in Artvin (22 of those are in operaWLRQ 'HULQHU%RUoND0XUDWOÕand Artvin are large

KEYWORDS:
Dam construction, climate change, Artvin, trend analysis,
hydropower plants
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mine the impact of large dams on local climate in
Artvin. To this end, 13 meteorological factors from
three climate stations were statistically assessed for
the period between 1987 and 2017. Mann-WhitneyU test, two-Way ANOVA and trend analysis were
used for whether there is a significant difference in
meteorological factors between the pre and postdam period.

dams in operation installed on Coruh River; the
remaining four large dams are planned or under
construction. At present 22 HPPs are in operation
with a total installed capacity of 1687 MW and an
average power generation of 3852 GWh/yr in
Artvin. The number of run of river type HPPs and
dams is planned to reach to 70 and 8 respectively in
Artvin [9,11]. However, both in the construction
and operational phases of HPPs, there are some
destroying impacts on the environment reported by
many researchers [12-19]. The destroying effects of
dam construction in Artvin were also reported by
some researchers [20-22]. Ozalp et al. [21], for
example, reported an adverse change on the catchment, river network and its vicinity in terms of both
physical and functional. They mentioned the natural
resources such as forest, water and soil are to be
adversely affected because of steep terrain in the
UHJLRQ DIWHU GDPV¶ FRQVWUXFWLRQ ,Q DGGLWLRQ WR
above mentioned effects, people having lived in the
construction area for centuries are also to be forced
to migrate (move). On the other hand, in the study
done by 6HYHUDQG.DOÕQ>@ in Artvin, 28% of the
ORFDOSHRSOHDJDLQVWWKHGDPV¶FRQVWUXFWLRQEHFDXVH
of damages to the nature, removal of cultivated area
and the culture, requiring great expense, their short
life-span, being alternative energy resources. The
number of researches like the present study is very
few both in Turkey and the World. Consequently,
the effecWRIGDPV¶FRQVWUXFWLRQRQORFDOFOLPDWHLV
one of the most interested subjects of local people.
The present study therefore, aimed to deter-

MATERIALS AND METHODS
Site description. The study area is located between 40o ¶± 41o ¶1ODWLWXGHVDQGo ¶± 42o
¶ ( ORQJLWXGHV )LJXUH   ,W LV IRXQG LQ (X[LQH
part of the Black Sea Region. The elevation in the
study area ranges between 50 m to 3930 m above
sea level and the average elevation is about 1500 m
[22]. This region is characterized by mountainous
topography with steep slopes. The average slope is
more than 30% for 85% of the province. Soil parent
material varies widely from sedimentary marl,
conglomerate and sandstone to igneous granite,
basalt, andesite, dacite, rhyodacite and diabase [24].
The study area has a rich biodiversity with 2727
plant taxa, 198 and 302 of which is endemic and
rare non-endemic respectively. Therefore, it is one
of the 25 biodiversity hotspots which require conservation and protection according to IUCN
[25,26].

FIGURE 1
The locations of dams constructed in Artvin
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annual total precipitation (PREC), daily maximum
precipitation (MXDPREC), mean annual relative
humidity (RHUM), mean annual wind speed
(WINDS), annual total cloudy days (CLD), annual
total snowy days (SNOWD), annual total snow
covered days (SNOWCD) and annual total number
of clear days (CLRD) were obtained from meteorological stations of Artvin, Hopa and Rize [27].
In terms of the effect of dams Deriner, Artvin,
Borcka, and 0XUDWOÕZKLFKDUHLQRSHUDWLRQDQGDOVR
large dams according to International Commissions
on Large Dams (ICOLD) were selected.
In addition to the data from meteorological
station of Artvin, the data from the meteorological
stations of Rize and Hopa were also obtained and
used as a control to determine the effect of large
dams on local climate variables in Artvin.

The climate of Artvin is highly varied in spite of its
small area (5578.2 km2). Mean annual precipitation
is about 1008 mm. Precipitation decreases from the
coastal zone e.g. 2230 mm for the district of Hopa
towards inland e.g. 305 mm for the district of
Yusufeli. The mean annual temperature varies between 8-12 °C. The growing season in the region is
six months (from May to October) [27]. There are
four active dams in the study area. Their names and
specifications can be seen in Figure 2 and Table 1.
Dataset and Statistical Analyses. Meteorological data, for 31 years (between 1987 and 2017),
including
annual
maximum
temperature
(MXTEMP), annual minimum temperature
(MNTEMP), mean annual temperature (TEMP),
mean annual maximum temperature (MXMTEMP),
mean annual minimum temperature (MNMTEMP),

TABLE 1
Some characteristics of operational large dams in Artvin [28, 29]
Dams
Reservoir impoundment year
Reservoir volume (hm3)
Type of dam
Reservoir area (km2)
Storage capacity (hm3)
Active storage capacity (hm3)
Crest elevation (m)
Power (MW)
Energy (GWh/yr)

Deriner
2012
3.4
Concrete arch
26.0
1969
963
397
670
2118

Borcka
2006
7.785
Rock-fill dam
10.8
418.98
150.8
189
300
1039

Muratli
2005
1.981
Rock-fill dam
4.1
73.5
19.9
100
115
444

FIGURE 2
Photographs from Deriner (a), Borçka (b), Muratli (c), and Artvin (d) dams.
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Artvin
2017
0.95
Arch-gravity
4.1
167
4.0
515
332
1026
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carried out to determine the trend starting year
All data were grouped into seasons as spring
(TSY) which is the graphical intersection point of
(1), summer (2), fall (3) and winter (4). First to
X W  DQG X¶ W  FRPSXWHG E\ (TXDWLRQ    DQG 
determine the effects of dams on the climatic variafor every variable [36, 37].
bles Mann-Whitney-U test, the nonparametric
The tests statistic (t) is computed with
equivalent of independent sample t-test, was used
because of violation of parametric assumptions
 = ݐȈn
(1)
such as sufficient data, normal distribution, and
i=1
equality of variances [30].
the mean and the variance of the test statistics
Second, trend analysis was performed using
are determined with following equations
Mann-Kendall and Theil Sen Slope techniques.
E(݊(݊= )ݐí1)/4
(2)
Mann-Kendall nonparametric statistics is wellܽݒr(݊(݊(= )ݐí1)(2݊+5))/72 (3)
known and most used technique in trend analyses.
u(t) which is the test statistics of MannThat test was used to determine the monotonic
Kendall is also computed as
trend in trend analysis. A positive (negative) value
u(ݐ= )ݐí)ݐ(ܧ/¥ܸܽ)ݐ(ݎ
(4)
of S (for data points less than 10) or Z (for data
On the other hand two-way-ANOVA techpoints 10 or more) indicates an upward (downward)
nique was used, to statistically compare meteorotrend [31, 32]. Theil Sen Slope technique was used
logical stations, especially to determine whether or
to determine the power of the trend [33, 34]. Trend
not the significant variation in local climate variaanalysis was performed using MAKESENS 1.0
bles was resulted from the effect of dams.
[35]. Mann-Kendall rank correlation statistics was
TABLE 2
Descriptive statistics regarding seasonal climate parameters in the province of Artvin
Parameters and their units
Annual maximum temperature in spring, °C
Annual maximum temperature in summer, °C
Annual maximum temperature in fall, °C
Annual maximum temperature in winter, °C
Annual minimum temperature in spring, °C
Annual minimum temperature in summer, °C
Annual minimum temperature in fall, °C
Annual minimum temperature in winter, °C
Mean Annual temperature in spring, °C
Mean Annual temperature in summer, °C
Mean Annual temperature in fall, °C
Mean Annual temperature in winter, °C
Mean annual maximum temperature in spring, °C
Mean annual maximum temperature in summer, °C
Mean annual maximum temperature in fall, °C
Mean annual maximum temperature in winter, °C
Mean annual minimum temperature in spring, °C
Mean annual minimum temperature in summer, °C
Mean annual minimum temperature in fall, °C
Mean annual minimum temperature in winter, °C
Annual total precipitation in spring, mm
Annual total precipitation in summer, mm
Annual total precipitation in fall, mm
Annual total precipitation in winter, mm
Daily maximum precipitation in spring, mm
Daily maximum precipitation in summer, mm
Daily maximum precipitation in fall, mm
Daily maximum precipitation in winter, mm
Mean annual relative humidity in spring, %
Mean annual relative humidity in summer, %
Mean annual relative humidity in fall, %
Mean annual relative humidity in winter, %
Mean annual wind speed in spring, m/s
Mean annual wind speed in summer, m/s
Mean annual wind speed in fall, m/s
Mean annual wind speed in winter, m/s
Annual total cloudy days in spring
Annual total cloudy days in summer
Annual total cloudy days in fall
Annual total cloudy days in winter
Annual total snowy days in spring
Annual total snowy days in summer
Annual total snowy days in fall
Annual total snowy days in winter
Annual total snow covered days in spring
Annual total snow-covered days in summer
Annual total snow covered days in fall
Annual total snow covered days in winter
Annual total number of clear days in spring
Annual total number of clear days in summer
Annual total number of clear days in fall
Annual total number of clear days in winter
*SD: Standard deviation, SE: Standard error of the mean

Abr.
MXTEMP1
MXTEMP2
MXTEMP3
MXTEMP4
MNTEMP1
MNTEMP2
MNTEMP3
MNTEMP4
TEMP1
TEMP2
TEMP3
TEMP4
MXMTEMP1
MXMTEMP2
MXMTEMP3
MXMTEMP4
MNMTEMP1
MNMTEMP2
MNMTEMP3
MNMTEMP4
PREC1
PREC2
PREC3
PREC4
MXDPREC1
MXDPREC2
MXDPREC3
MXDPREC4
RHUM1
RHUM2
RHUM3
RHUM4
WINDS1
WINDS2
WINDS3
WINDS4
CLD1
CLD2
CLD3
CLD4
SNOWD1
SNOWD2
SNOWD3
SNOWD4
SNOWCD1
SNOWCD2
SNOWCD3
SNOWCD4
CLRD1
CLRD2
CLRD3
CLRD4
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Pre-Dam
Post-Dam
N
Mean SD
SE
N
Mean
18 26.2
1.3
0.3
13 27.1
18 33.8
1.7
0.4
13 35.4
18 27.1
1.4
0.3
13 26.9
18 13.6
2.3
0.5
13 14.6
18 0.5
1.6
0.4
13 1.8
18 11.5
0.8
0.2
13 13.3
18 4.2
1.2
0.3
13 5.5
18 -5.4
1.7
0.4
13 -4.2
18 11.7
0.9
0.2
13 12.6
18 22.3
0.8
0.2
13 23.7
18 16.1
1.0
0.2
13 17.0
18 6.9
1.1
0.3
13 7.7
18 16.7
1.1
0.3
13 17.7
18 24.8
0.9
0.2
13 26.4
18 18.5
1.1
0.3
13 19.2
18 6.7
1.9
0.5
13 8.0
18 6.6
0.9
0.2
13 7.5
18 15.8
0.7
0.2
13 17.3
18 9.7
1.1
0.2
13 10.7
18 0.1
1.6
0.4
13 1.1
18 165.0
41.6
9.8
13 192.7
18 123.0
30.4
7.2
13 122.5
18 179.2
77.2
18.2 13 212.8
18 293.8
121.8 28.7 13 213.0
18 14.8
3.8
0.9
13 16.1
18 14.6
4.9
1.2
13 13.6
18 19.9
7.1
1.7
13 22.3
18 30.3
10.9
2.6
13 22.4
18 59.7
3.6
0.8
13 60.0
18 68.1
3.7
0.9
13 66.3
18 63.6
4.7
1.1
13 65.4
18 63.4
4.8
1.1
13 62.1
18 1.9
0.1
0.0
13 1.9
18 2.1
0.1
0.0
13 2.2
18 1.5
0.1
0.0
13 1.5
18 1.6
0.1
0.0
13 1.6
18 55.6
7.2
1.7
13 59.4
18 60.2
7.6
1.8
13 62.8
18 47.4
6.7
1.6
13 55.6
18 47.2
8.8
2.1
13 49.5
12 4.7
2.5
0.7
11 4.8
not computed because of limited data
6
3.0
1.5
0.6
4
3.5
18 16.1
12.9
3.0
12 13.1
15 9.7
7.3
1.9
11 3.8
not computed because of limited data
9
4.2
2.0
0.7
5
3.8
18 42.2
21.0
5.0
12 33.6
18 22.4
5.2
1.2
13 17.0
18 23.2
5.1
1.2
13 19.5
18 34.1
8.2
1.9
13 22.5
18 22.9
7.3
1.7
13 19.9

SD
1.8
2.1
1.5
2.0
1.2
1.1
2.3
1.8
1.0
0.6
0.9
1.4
1.3
1.1
1.6
1.8
0.9
0.7
1.2
1.6
34.2
36.9
76.5
56.0
5.0
5.4
7.9
7.9
3.8
3.5
4.0
3.9
0.1
0.2
0.1
0.2
8.9
15.1
8.7
13.1
4.2

SE
0.5
0.6
0.4
0.6
0.3
0.3
0.6
0.5
0.3
0.2
0.3
0.4
0.4
0.3
0.4
0.5
0.2
0.2
0.3
0.4
9.5
10.2
21.2
15.5
1.4
1.5
2.2
2.2
1.1
1.0
1.1
1.1
0.0
0.0
0.0
0.0
2.5
4.2
2.4
3.6
1.3

2.5
7.2
5.6

1.3
2.1
1.7

2.2
17.5
6.5
6.7
7.1
10.1

1.0
5.1
1.8
1.9
2.0
2.8
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Q=0.09; p=<0.01, Z=3.08, Q=0.07; p=<0.05,
Z=2.21, Q=0.07) (Figure 3l-o).
Trend starting year (TSY) for the variables
VLJQLILFDQWO\ DIIHFWHG E\ GDPV¶ FRQVWUXFWLRQ YDULHV
(Table 4). TSY were determined with the graphical
intersection pRLQW RI X W  DQG X¶ W  )LJXUH ). The
increasing trend started in 2013 for MXTEMP in
summer, in between 2002 and 2009 for MNTEMP,
in between 1998-2004 for TEMP, in between 2004
and 2008 for MXMTEMP and in between 2000 and
2009 for MNMTEMP.
Both the results of Mann-Whitney U test and
the results of trend analysis were similar. While the
results of Mann Whitney u test proved the significant increasing effect of the dam on the temperature, likewise there were increasing trends in temperature according to time series analysis. Similar
results were reported by some other researchers
[38-42]. Lobell et al. [39] explained the increase in
temperature with latent heat flux accompanying the
irrigation. Hossain et al. [43] reported that a significant increase in surface convective available potential energy near dams in hot and cold arid climates
in the USA as a result of irrigation unlike in humid
and arctic climates. *QHU%DFDQOÕDQG7X÷UXO>@
found the significant increasing effect of the dam
on maximum temperature and minimum temperature as between 0.4-1.9 °C and 0.1-1.1 respectively.
Despite that the construction of dams increases the
temperature is the most common findings, sometimes it decreases the temperature like in the study
carried out by Bates et al. [45].

RESULTS AND DISCUSSION
Temperature. Seasonal maximum temperature (MXTEMP), seasonal minimum temperature
(MNTEMP), mean seasonal temperature (TEMP),
mean
seasonal
maximum
temperature
(MXMTEMP) and mean seasonal minimum temperature (MNMTEMP) were evaluated in this title.
They were summarized in Table 2.
The construction of dams in the province significantly increased the temperatures such as 1.5 °C
for MXTEMP in summer (U=67.5, p=0.047), 1.4
°C for MNTEMP in all season(U=52, p=0.009;
U=22, p<0.001; U=60, p=0.022; U=68, p=0.05),
1.1 °C for TEMP in summer and fall (U=24.5,
p<0.001; U=56, p=0.014), 1.6 °C for MXMTEMP
in summer (U=29, p<0.001) and 1.2 °C for
MNMTEMP in spring, summer and fall (U=55,
p=0.013; U=18.5, p<0.001; U=61.5, p=0.025).
On the other hand, the results of time series
analysis (Table 4) showed significant increasing
trend in MXTEMP in summer (p<0.05, Z=2.36,
Q=0.10) (Figure 3a), MNTEMP in all seasons
(p=<0.01, Z=2.96, Q=0.08; p=<0.001, Z=3.76,
Q=0.10; p=<0.01, Z=2.59, Q=0.08; p=<0.05,
Z=2.18, Q=0.08) (Figure 3b-e), TEMP in spring,
summer and fall (p=<0.05, Z=2.18, Q=0.05;
p=<0.001, Z=4.68, Q=0.08; p=<0.001, Z=3.47,
Q=0.08) (Figure 3f-h), MXMTEMP in summer, fall
and winter (p=<0.001, Z=4.24, Q=0.10; p=<0.05,
Z=1.99, Q=0.05; p=<0.05, Z=2.40, Q=0.08) (Figure
3i-k) and MNMTEMP in spring, summer and fall
(p=<0.01, Z=3.09, Q=0.06; p=<0.001, Z=4.36,

FIGURE 3
Seasonal time series of temperature parameters for Artvin province
MXTEMP in summer (a), MNTEMP in all season (b, c, d, e), TEMP in spring (f), summer (g) and fall (h), MXMTEMP in
summer
(i),
fall
(j)
and
winter
(k)
and
MNMTEMP
in
all
season
(l,
m,
n,
o).
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Artvin
MXTEMP1
MXTEMP2
MXTEMP3
MXTEMP4
MNTEMP1
MNTEMP2
MNTEMP3
MNTEMP4
TEMP1
TEMP2
TEMP3
TEMP4
MXMTEMP1
MXMTEMP2
MXMTEMP3
MXMTEMP4
MNMTEMP1
MNMTEMP2
MNMTEMP3
MNMTEMP4
PREC1
PREC2
PREC3
PREC4
MXDPREC1
MXDPREC2
MXDPREC3
MXDPREC4
RHUM1
RHUM2
RHUM3
RHUM4
WINDS1
WINDS2
WINDS3
WINDS4
CLD1
CLD2
CLD3
CLD4
SNOWD1
SNOWD2
SNOWD3
SNOWD4
SNOWCD1
SNOWCD2
SNOWCD3
SNOWCD4
CLRD1
CLRD2
CLRD3
CLRD4

81.5
67.5
110.5
92
52
22
60
68
69
24.5
56
85
68.5
29
80.5
73.5
55
18.5
61
78.5
68
114
94
61.5
106.5
102
91.5
58
114.5
74.5
86.5
89.5
113
68
116.5
112
109
71
53
103.5
56
10
100
34.5
22
84.5
59.5
81
30.5
86

Hopa
252.5
238.5
201.5
263
223
193
231
239
240
195.5
227
256
239.5
200
251.5
244.5
226
189.5
232
249.5
239
205
265
152.5
277.5
193
262.5
149
285.5
165.5
257.5
180.5
204
239
287.5
203
280
242
224
194.5
122
31
178
100.5
67
162.5
150.5
172
121.5
177

-1.424
-1.983
-0.26
-1.002
-2.604
-3.807
-2.283
-1.963
-1.925
-3.708
-2.446
-1.282
-1.943
-3.528
-1.463
-1.742
-2.485
-3.948
-2.243
-1.543
-1.962
-0.12
-0.921
-2.222
-0.42
-0.601
-1.021
-2.362
-0.1
-1.702
-1.222
-1.101
-0.167
-2.01
-0.021
-0.208
-0.321
-1.843
-2.565
-0.542
-0.624
-0.446
-0.339
-2.526
-0.069
-0.996
-2.308
-1.446
-3.47
-1.245

0.154
0.047*
0.795
0.316
0.009*
0*
0.022*
0.05*
0.054
0*
0.014*
0.2
0.052
0*
0.144
0.082
0.013*
0*
0.025*
0.123
0.05*
0.904
0.357
0.026*
0.674
0.548
0.307
0.018*
0.92
0.089
0.222
0.271
0.867
0.044*
0.983
0.835
0.748
0.065
0.01*
0.588
0.533
0.656
0.735
0.012*
0.945
0.319
0.021*
0.148
0.001*
0.213

101.5
117
85
112.5
51
21.5
33.5
76.5
82.5
38
59
73
80
62.5
98
79
68.5
35
47
74.5
76
82
81
100
110.5
71
79
95.5
88
68.5
68
56
72.5
33.5
78
111
102.5
104.5
109.5
73
12
64.5
16
62
62
81.5
30.5
105.5

Asymp. Sig.
(2-tailed)

Z

Wilcoxon W

Mann-Whitney U

Asymp. Sig.
(2-tailed)

Z

Wilcoxon W

Mann-Whitney U

Asymp. Sig.
(2-tailed)

Z

Wilcoxon W

Mann-Whitney U

TABLE 3
'DPV¶HIIHFWRQORFDOFOLPDWHYDULDEOHVLQ$UWYLQHopa and Rize according to Mann-Whitney-U test

Rize
272.5
208
176
283.5
222
192.5
204.5
247.5
253.5
209
230
244
251
233.5
269
250
239.5
206
218
245.5
247
253
252
191
281.5
242
250
186.5
179
159.5
159
147
243.5
204.5
249
282
193.5
195.5
280.5
164
40
184.5
26
128
140
147.5
121.5
183.5
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-0.621
0
-1.282
-0.18
-2.645
-3.825
-3.345
-1.623
-1.383
-3.17
-2.329
-1.763
-1.483
-2.185
-0.761
-1.522
-1.945
-3.29
-2.806
-1.703
-1.641
-1.401
-1.441
-0.681
-0.26
-1.842
-1.521
-0.861
-1.161
-1.943
-1.962
-2.442
-1.805
-3.416
-1.572
-0.242
-0.583
-0.501
-0.301
-1.765
-0.963
-0.18
0
-1.292
-1.953
-0.789
-3.474
-0.106

0.535
1
0.2
0.857
0.008
0
0.001
0.105
0.167
0.002
0.02
0.078
0.138
0.029
0.446
0.128
0.052
0.001
0.005
0.089
0.101
0.161
0.15
0.496
0.795
0.066
0.128
0.389
0.246
0.052
0.05
0.015
0.071
0.001
0.116
0.809
0.56
0.616
0.764
0.078
0.336
0.857
1
0.196
0.051
0.43
0.001
0.915

87
48.5
93.5
87.5
50
28.5
44
87
69
17.5
73.5
80.5
66.5
19
48.5
61.5
54.5
19
50
83
95
88.5
95
96
108
80
111
108
114.5
54
59.5
97
44
17
24
13.5
103.5
92
117
78.5
26
90.5
6
84
38
47
35.5
90

258
219.5
264.5
258.5
221
199.5
215
258
240
188.5
244.5
251.5
237.5
190
219.5
232.5
225.5
190
221
254
266
259.5
266
187
199
251
202
199
205.5
145
150.5
188
135
108
115
104.5
194.5
183
208
169.5
47
168.5
12
139
129
113
126.5
181

-1.203
-2.747
-0.941
-1.181
-2.685
-3.545
-2.926
-1.203
-1.924
-3.991
-1.743
-1.462
-2.027
-3.928
-2.745
-2.224
-2.508
-3.927
-2.684
-1.362
-0.881
-1.141
-0.881
-0.841
-0.36
-1.481
-0.24
-0.36
-0.1
-2.523
-2.303
-0.801
-3.015
-4.061
-3.77
-4.215
-0.541
-1.003
0
-1.547
-0.458
-0.512
-1.436
-0.05
-3.172
-2.344
-3.271
-1.085

0.229
0.006
0.347
0.237
0.007
0
0.003
0.229
0.054
0
0.081
0.144
0.043
0
0.006
0.026
0.012
0
0.007
0.173
0.378
0.254
0.378
0.401
0.719
0.139
0.81
0.719
0.92
0.012
0.021
0.423
0.003
0
0
0
0.588
0.316
1
0.122
0.647
0.609
0.151
0.96
0.002
0.019
0.001
0.278
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TABLE 4
Trend statistics of seasonal local climate parameters for Artvin, Hopa and Rize provinces
Variables
MXTEMP1
MXTEMP2
MXTEMP3
MXTEMP4
MNTEMP1
MNTEMP2
MNTEMP3
MNTEMP4
TEMP1
TEMP2
TEMP3
TEMP4
MXMTEMP1
MXMTEMP2
MXMTEMP3
MXMTEMP4
MNMTEMP1
MNMTEMP2
MNMTEMP3
MNMTEMP4
PREC1
PREC2
PREC3
PREC4
MXDPREC1
MXDPREC2
MXDPREC3
MXDPREC4
RHUM1
RHUM2
RHUM3
RHUM4
WINDS1
WINDS2
WINDS3
WINDS4
CLD1
CLD2
CLD3
CLD4
SNOWD1
SNOWD2
SNOWD3
SNOWD4
SNOWCD1
SNOWCD2
SNOWCD3
SNOWCD4
CLRD1
CLRD2
CLRD3
CLRD4

ARTVIN
Z
Sig
Q
ȕ
TSY
0.85
ns
0.03
25.73
2.36
*
0.10
33.08
2013
0.83
ns
0.03
26.54
1.91
ns
0.09
12.54
2.96
**
0.08
-0.09
2009
3.76
*** 0.10
10.87
2005
2.59
**
0.08
3.23
2002
2.18
*
0.08
-6.06
2007
2.18
*
0.05
11.29
2004
4.68
*** 0.08
21.59
2004
3.47
*** 0.08
15.26
1998
1.96
+
0.05
6.45
1.94
ns
0.05
16.20
4.24
*** 0.10
24.00
2004
1.99
*
0.05
17.92
2006
2.40
*
0.08
5.58
2008
3.10
**
0.06
5.89
2009
4.36
*** 0.09
15.19
2004
3.08
**
0.07
8.81
2000
2.21
*
0.07
-0.72
2008
0.82
ns
0.46
163.28 0.24
ns
0.18
127.00 0.71
ns
1.32
162.23 -2.23 *
-4.46 313.30 2004
-0.83 ns
-0.06 15.99
-0.46 ns
-0.07 14.34
1.36
ns
0.17
18.32
-2.33 *
-0.37 31.90
1995
-0.53 ns
-0.05 60.65
-2.40 *
-0.16 70.27
1989
0.02
ns
0.00
64.80
-2.02 *
-0.17 66.67
1994
0.09
ns
0.00
1.90
2.48
*
0.01
2.00
2014
0.14
ns
0.00
1.50
-0.67 ns
0.00
1.60
-0.22 ns
0.00
56.00
2.14
*
0.40
54.80
2011
1.86
ns
0.38
45.62
-0.68 ns
-0.09 46.82
-1.10 ns
-0.05 4.23
not computed because of limited data
-0.28 ns
0.00
3.00
-0.95 ns
-0.28 16.02
-2.24 *
-0.22 7.76
2008
not computed because of limited data
0.40
ns
0.00
4.50
-1.97 *
-0.83 49.92
1992
-2.66 **
-0.33 25.67
2008
-1.13 ns
-0.17 25.17
-3.19 **
-0.56 38.94
2008
-0.87 ns
-0.13 24.50
-

HOPA
Z
0.85
1.28
-0.29
1.21
2.32
3.95
3.45
1.19
1.92
4.02
3.07
1.79
2.16
2.91
1.51
1.82
2.32
3.65
3.46
1.60
1.80
1.29
2.24
-1.05
0.39
1.58
2.72
-0.53
-1.51
-2.30
-2.41
-2.55
1.62
3.71
1.47
-0.39
-1.28
-0.43
0.29
-1.38
0.52

Sig
ns
ns
ns
ns
*
***
***
ns
ns
***
**
ns
*
**
ns
ns
*
***
***
ns
ns
ns
*
ns
ns
ns
**
ns
ns
*
*
*
ns
***
ns
ns
ns
ns
ns
ns
ns

Q
0.03
0.06
-0.02
0.05
0.07
0.10
0.10
0.05
0.06
0.07
0.07
0.07
0.06
0.06
0.05
0.06
0.05
0.08
0.08
0.05
3.30
4.12
8.80
-3.03
0.07
0.66
1.06
-0.08
-0.21
-0.27
-0.28
-0.42
0.01
0.01
0.01
0.00
-0.19
-0.08
0.06
-0.22
0.00

ȕ
28.20
30.19
28.42
20.20
1.87
13.37
5.70
-2.00
11.38
21.29
14.95
6.73
16.34
25.38
20.25
10.51
7.55
17.62
11.01
3.50
290.50
387.73
773.20
681.54
27.23
41.76
62.16
45.06
79.19
83.83
80.41
72.55
1.85
1.57
2.28
3.30
47.57
52.42
44.06
44.74
2.00

-0.17
1.13

ns
ns
ns

0.00
0.09

5.50
1.50

-1.53
-1.58
-1.05
-3.35
-0.30

ns
ns
ns
ns
***
ns

-0.20
-0.19
-0.15
-0.60
0.00

9.00
21.21
19.15
31.40
18.50

TSY
2012
2010
2010
1997
2007
1996
1994
2010
2007
2009
2013
1993
2000
2005
2003
2008
-

2008
-

RIZE
Z
0.87
3.73
1.99
2.33
2.50
3.86
3.15
1.41
1.96
4.46
2.31
2.08
2.56
4.75
3.76
2.84
2.93
4.85
3.67
1.75
0.34
1.00
0.75
-0.71
-0.71
1.36
0.10
-0.46
-0.12
-2.47
-1.97
-1.11
-3.24
-5.39
-4.93
-5.50
-1.11
-1.21
0.31
-0.90
-0.05

Sig
ns
***
*
*
*
***
**
ns
ns
***
*
*
*
***
***
**
**
***
***
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
*
*
ns
**
***
***
***
ns
ns
ns
ns
ns

Q
0.03
0.09
0.09
0.08
0.06
0.09
0.08
0.03
0.05
0.08
0.06
0.07
0.08
0.10
0.09
0.07
0.05
0.08
0.08
0.05
0.57
4.33
2.65
-2.28
-0.12
0.48
0.03
-0.08
-0.01
-0.17
-0.13
-0.05
-0.01
-0.02
-0.03
-0.02
-0.18
-0.21
0.07
-0.15
0.00

ȕ
25.05
28.75
25.18
17.56
2.87
14.30
7.21
-1.10
10.40
19.16
12.91
2.13
14.85
24.90
19.51
10.44
7.85
18.28
11.78
3.37
324.60
420.13
799.95
674.71
29.86
43.82
67.03
49.61
75.95
79.20
80.74
75.88
1.46
1.48
1.53
1.54
54.82
60.14
52.11
52.38
3.00

TSY
2008
2014
1995
2012
2001
2004
2003
2003
2008
2004
2003
1998
1996
2010
2005
2000
2007
2006
2007
2007
1994
1995
2001
-

-0.34
-1.11

ns
ns
ns

0.00
0.00

7.00
1.00

-

-0.27
-2.63
-1.94
-3.24
-1.21

ns
ns
**
ns
**
ns

-0.04
-0.32
-0.25
-0.50
-0.14

10.00
21.00
20.25
27.50
17.57

1997
2006
-

*Į  Į  Į =0.001, ns: nonsignificant; TSY: Trend starting year.
Calculated trend analysis results (Z is Mann Kendall statistical test results and Q is Theil Sen Slope estimates, ȕ in equation
(( f(year)=Q*(year-first year)+ ȕ) for a linear trend))
Suffixes of 1 for spring, 2 for summer, 3 for fall and 4 for winter for all parameters

PREC in spring about 16.8% (U=68, p=0.05) (Table 3). On the other hand, there were no significant
effects of them on RHUM in any season.
The results of time series analysis (Table 4)
showed significant decreasing trend in PREC in
winter (p<0.05, Z=-2.23, Q=-4.46) (Figure 5a),
MXDPREC in winter (p<0.05, Z=-2.33, Q=-0.37)
(Figure 5b), RHUM in summer and in winter (Fig-

Precipitation and Relative Humidity. The
values regarding precipitation, daily maximum
precipitation and relative humidity by season were
summarized in table 2. The Mann Whitney U test
showed that while the construction of dams significantly decreased PREC in winter about 27.5%
(U=61.5, p=0.026) and MXDPREC in winter about
26.1% (U=58, p=0.018), significantly increased
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ple, reported decreases in total annual rainfall,
especially in spring and winter, in 81% of the studied stations. In most studies [48, 49], the increasing
trend in temperature and the decreasing trend in
precipitation were reported for Turkey. Unlike the
results of the present study, some other researchers
[50-53] found increasing trend in precipitation after
the construction of dams. The decreasing trend in
the precipitation could be associated with
decreasing trend in precipitation in Turkey [54, 55].
The decreasing relative humidity could be also
attributed to increasing temperature. Some other
studies found a significant positive effect of dams
on the relative humidity [56-59].

ure 5c,d) (p<0.05, Z=-2.40, Q=-0.16; p<0.05, Z=2.02, Q=-0.17).
According to Table 4, the decreasing trend
started in 2004 for PREC in winter, in 1995 for
MXDPREC, in 1989 and 1994 for RHUM in summer and winter respectively.
Both the results of Mann-Whitney test and the
trends were consistent with each other. According
to both analyses results, the dams decreased both
precipitation and relative humidity.
The decreasing trend in precipitation in winter
and daily maximum precipitation in winter could be
attributed to increasing temperature. The decreasing
trend in the precipitation was found in some other
studies [42, 44, 46, 47]. $OWÕQHWDO>@ for exam-

FIGURE 4
Sequential TEMP in summer values of the statistics u(t) and u¶ t) from the Mann±Kendall test.

FIGURE 5
Seasonal time series of PREC in winter (a), MXDPREC in winter (b), RHUM in summer (c) and winter
(d) for Artvin province.
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FIGURE 6
Seasonal time series of WINDS in summer (a), CLD in summer (b), SNOWCD in spring (c) and winter (d), CLRD in spring (e) and fall (f) for Artvin province.
Q=-0.33; p<0.01, Z=-3.19, Q=-0.56) (Figure 6e,f).
No significant trends were found in SNOWD.
According to Table 4, the increasing trend
started in 2014 for WINDS in summer, in 2011 for
CLD in summer. The decreasing trend started in
1992 and 2008 for SNOWCD in spring and the
winter respectively and in 2008 for CLRD in spring
and the fall.
The similar results regarding wind speed were
also reported by Yusuf and Salami [41]. Unlike the
present study, Bulut et al. [56] found the significant
decreasing effect of Ataturk dam on wind speed and
Tonbul [60] reported an increase in snowy days in
Bingol.

Wind Speed, Cloudy Days, Snowy Days,
Snow Covered Days and Clear days. Regarding
statistics were given in Table 2. According to
Mann-Whitney U test, while the construction of
dams significantly increased the WINDS in summer
about 0.1 m/s (U=68, p=0.044), CLD in fall about
2.3-8.2 days (U=53, p=0.01), it significantly decreased SNOWCD in the spring about 5.8 days
(U=34.5, p=0.012) and CLRD in the spring and the
fall about 5.4-11.6 days respectively (U=59.5,
p=0.021; U=30.5, p=0.001). The effect of dams on
SNOWD in any season was found non-significant
(Table 3).
The results of time series analysis (Table 4)
showed significant increasing trend in WINDS in
summer (p<0.05, Z= 2.48, Q= 0.01) (Figure 6a) and
CLD in summer (p<0.05, Z= 2.14, Q=0.40) (Figure
6b). On the contrary, decreasing trend in SNOWCD
in the spring and the winter (p<0.05, Z=-2.24, Q=0.22; (p<0.05, Z=-1.97, Q=-0.83) (Figure 6c,d) and
CLRD in the spring and the fall (p<0.01, Z=-2.66,

Comparison of Meteorological Stations. The
results of both Mann-Whitney U test and trend
analysis were used to graphically compare Artvin
station with Hopa and Rize stations which are control groups. Furthermore, two-way ANOVA was
used to determine whether the variations in some
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March, July, August and December except in July.
The similar decreasing trend in RHUM was also
found for Artvin unlike Rize [61]
The variations in RHUM were significant in at
least one season for all stations according to Mann
Whitney U test. The trends are in the same direction
(decreasing). No variables except MXDPREC were
found significantly different among stations in twoway-ANOVA.
In terms of wind speed, cloudy days, snowy
days, snow-covered days and clear days according
to Mann Whitney U test CLD in fall and SNOWCD
in spring in Artvin were significant. On the other
hand, the construction of dams affected the other
variables in all stations in the same way.
While summer WINDS significantly increased
as 0,1m/s and 0,2 m/s in Artvin and Hopa respectively, the WINDS in all season in Rize decreased
as 0,2-0,4 m/s according to Mann Whitney U test.
According to the same test, fall CLD significantly
increased as 17.4% only in Artvin and spring
SNOWCD decreased as 59.9% also for Artvin.
TSYs for those variables started in 2011 and 2008
respectively which coincidence with the date after
GDPV¶FRQVWUXFWLRQ
OPEND in spring and fall significantly decreased in all stations.
According to two-way ANOVA being used
both seasonal and annual local climate parameters
only MXDPREC (F (2, 180)=3.913; p=0.022),
WINDS (F (2, 180)=43.303; p<0.001) and
SNOWCD (F (2, 180)=3.990; p=0.020) were found
significantly different among the stations. The other
parameters were found non-significant (Table 5).
Two-way ANOVA means the construction of dams
in Artvin could only affect the variables including
MXDPREC, WINDS and SNOWCD in spite of the
fact that some other variables found significant in
both Mann-Whitney U test and in trend analysis.
When pre and post-dam periods in Artvin are compared, in the post-dam period, MXDPREC and
SNOWCD significantly decreased, WINDS significantly increased. The most affected parameter was
:,1'6 Ș2= 0.325).

local climate parameters in pre and post-dam period
ZHUHUHVXOWHGIURPWKHGDPV¶HIIHFWRUQRW
In terms of temperature (MXTEMP,
MNTEMP, TEMP, MXMTEMP and MNMTEMP),
according to both Mann Whitney U test and trend
analysis in at least one season the effect of the dam
is significant in all stations (Table 4, 5). In both
analyses there were increasing trends.
When examined the significant variables according to stations, While MXTEMP in summer in
Artvin increased by 1.5°C, that in Rize increased by
1.3°C. MNTEMP in all seasons in Artvin increased
1.3-1.8°C for those in Hopa and Rize increased 1.31.8°C and 0.7-2.0°C respectively. TEMP in summer
and fall increased 1.3 °C and 0.9°C, those in Hopa
increased
1.2°C and
1.0°C respectively.
MXMTEMP in summer increased to 1.6°C, those
in Hopa and Artvin increased 1.0°C and 1.6°C
respectively. MNMTEMP in spring, summer, and
fall for Artvin increased 1.0, 1.5 and 1.0 °C respectively, those in Hopa and Artvin increased 0.9, 1.4,
1.3 °C and 0.9, 1.3, 1.0 °C respectively. As seen
above the temperature changed in the same way for
all stations and the trends for them are similar. In
another study done by Tonkaz and Bostan [61]there
were increasing trend in temperature from July to
October for Artvin and in February, April and November for Rize.
But no variables were found significantly different among stations in two-way ANOVA.
In terms of precipitation and humidity (PREC,
MXDPREC and RHUM), according to Mann Whitney U test, the effect of dams on PREC in spring
and winter, and MXDPREC in winter were significant only in Artvin. On the other hand, there was a
significant decreasing trend for PREC in winter in
Artvin and increasing trend for PREC in fall in
Hopa. The trends for MXDPREC were similar to
those in PREC. While winter PREC and winter
MXDPREC in Artvin significantly decreased as
27.5% and 26.1 respectively, fall PREC and fall
MXDPREC in Hopa significantly increased as
18.7% and 12.3 respectively. Decreasing trend also
found in precipitation for Artvin especially in

TABLE 5
Statistics for annual local climate variables according to two-way ANOVA.
MXTEMP
MNTEMP
TEMP
MXMTEMP
MNMTEMP
PREC
MXDPREC
RHUM
WINDS
CLD
SNOWD
SNOWCD
CLRD

Type III Sum of
Squares
4.746
8.916
0.029
1.996
0.218
384319.649
10982.625
52.809
1.795
1692.971
33.946
1681.712
61.739

df
2
2
2
2
2
2
2
2
2
2
2
2
2

Mean Square
2.373
4.458
0.015
0.998
0.109
192159.824
5491.312
26.404
0.898
846.485
16.973
840.856
30.869
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F
0.608
1.981
0.028
1.283
0.220
2.629
3.913
1.855
43.303
0.745
0.192
3.990
0.096

Sig.
0.546
0.141
0.973
0.280
0.803
0.075
,022*
0.159
<,001*
0.476
0.825
,020*
0.909

Partial Eta
Squared
0.007
0.022
0.000
0.014
0.002
0.028
0.042
0.020
0.325
0.008
0.002
0.042
0.001
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[5] <LJLWEDVÕRJlu, H. (1996) Dams in Turkey.
Journal of Ankara University Research Center
of Turkish Geography. 5, 171-181 (In Turkish).
[6] DSI (2017) The Number of dams in operation
by years, 1936-2016. (In Turkish).
[7] Hossain, F., Degu, A.M., Yigzaw, W., Burian,
S., Niyogi, D., Sepherd, J.M., Pielke Sr, R.
(2012) Climate feedback±based provisions for
dam design, operations, and water management
in the 21st century. Journal of Hydrologic
Engineering. 17(8), 837-850.
[8] WEC (2016) World Energy Resources
Hydropower-2016. World Energy Council.
[9] Sume, V., Ozener, A.Y. and Mete, B. (2017)
Hydroelectric potentials of hydroelectric power
plants on Coruh Basin side brances. Turkish
Journal of Hydraulic. 1(1), 1-6 (In Turkish).
[10] Melikoglu, M. (2013) Hydropower in Turkey:
Analysis in the view of Vision 2023.
Renewable and Sustainable Energy Reviews.
25, 503-510.
[11] URL-1 (2017) Hydroelectric power plants in
Artvin.
http://www.enerjiatlasi.com/sehir/
artvin/. (Date accessed: 12.04.2018).
[12] Goldsmith, E. and Hildyard, N. (1984) The
social and environmental effects of large dams.
Volume 1: overview: Wadebridge Ecological
Centre.
[13] Kentel, E. and Alp, E. (2013) Hydropower in
Turkey: Economical, social and environmental
aspects and legal challenges. Environmental
Science and Policy. 31, 34-43.
[14] [McCartney, M., Sullivan, C. and Acreman,
M.C. (2000) Ecosystem impacts of large dams.
Thematic review. II. 1.
[15] Ozalp, M., Yavuz, A., Yuksek, T. and Toker,
E. (2009) Influences of Dam and Road
Construction on Natural Resources: Case Study
for the Lower Coruh Basin. Fourth National
Symposium on dam safety. May 13-15 09-21,
Eskisehir/Turkey (In Turkish).
[16] Pirestani, M.R., Shafaghati, M. and Dehghani,
A.A. (2011) Assessment of the Environmental
Destructive Effects of Building Dams. World
Academy of Science, Engineering and
Technology. 5.
[17] Schleiss, A.J. and Boes, R.M. (2011) Dams and
reservoirs under changing challenges: CRC
Press.
[18] Tortajada, C., Altinbilek, D. and Biswas, A.K.
(2012) Impacts of Large Dams: A Global
Assessment: Springer Berlin Heidelberg.
[19] Wang, Q.G., Du, Y.H., Su, Y. and Chen, K.Q.
(2012) Environmental Impact Post-Assessment
of Dam and Reservoir Projects: A Review.
Procedia Environmental Sciences. 13, 14391443.

CONCLUSION
It was concluded that there was a significant
decreasing trend in annual mean precipitation, daily
maximum precipitation and annual total snowcovered days in Artvin province after large dam
constructions. The Results from two-way ANOVA
also showed those trends except for wind speed.
There were significant increasing trends in temperature and decreasing trends in the annual total number of clear days in spring and fall for Artvin, Hopa
and Rize climate station between 1987 and 2017.
Outputs of this study should be taken into consideration by civil engineering when a large dam is to be
built. However, further periodical studies are needed to determine whether these changes are due to
the dams or global climate change.
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otu" in Anatolia [6], and are widely used in Turkish
folk medicine for their sedative, antiseptic, anti-inflammatory, wound healing and antispasmodic properties among others [7]. The main constituents of
"  sp. are phloroglucinols, naphthodianthrones terpenoids and flavonoids, which are generally attributed for the biological activity [8, 9].
Previous reports on "  essential oils
demonstrated that the monoterpenoids and sesquiterpenoids are the common compound groups in most
of them. Antifungal, antibacterial, antioxidant and
insecticidal activities have also been reported for essential oils of different "  species in many
studies [8]. "  species have been reported as
remarkable antibacterial natural sources against "
    [10, 11]. Not only the essential oils but also various extracts showed significant bioactivity [12-13].
   L. is one of the most popular
species among other "  species [14], which
is known as St. John’s Wort. Reports on the medicinal uses of  begins about first century
of the Christian era [15]. Different preparations are
used against depression, peptic ulcers, cuts, burns,
dyspepsia, abdominal pains, bacterial infections, migraine, headaches and sciatica pain in folk medicine
[16].
  Ledeb. ex Rechb. (Synonym: 
"  var.  ) belongs to section
(Spach) Endl. is an erect, glabrous herb,
15-80 cm tall. In Turkey, three varieties are recorded
namely; var.  , var.  (Grossh.)
N. Robson and var. "  (Boiss.) N. Robson
[5].   var.  is widely used in
Turkish folk medicine for its antispasmodic, antidiarrheal, antihemorrhoidal, sedative, anti-helminthic, antiseptic and anti-fungal and anti-psoriatic
properties [17].
Only limited studies on the essential oil and biological activity of   were previously reported [8, 18, 19].
Essential oils are compounds made up of several organic volatile substances. Composition depends on place of origin. The habitat where the plant
grows (normally warm climates have more essential
oils), the moment of harvesting, extraction methods,
etc. are also important. In this study, the specimens

The aim of this study was to evaluate anticandidal activity of   L. var.   essential oil against ten human pathogenic 
strains. 
Aerial parts of "    L. var.
  was hydrodistilled for 3 h using a
Clevenger-type apparatus to produce essential oil in
0.2% yield. The oil was subsequently analyzed by
gas chromatography (GC) and gas chromatographymass spectrometry (GC-MS) systems simultaneously.
Main constituents of the oil were identified as
α-pinene (37.4%), ( )-β-ocimene (23.6%) and β-pinene (10%), respectively. The essential oil and its
main constituents α-pinene, ocimene were evaluated
for their anticandidal activity against by using partly
modified CLSI M27-A2 ! broth microdilution
method. Minimum inhibitory concentrations (MIC)
results against tested strains between 31 to 1000
µg/mL. Remarkably, the most susceptible strain was
determined as  at 31µg/mL.
  var.   essential oil is a
promising natural mixture that is capable of inhibiting the growth of  in relative low concentrations.


(' "#
" ., Anticandidal Activity, Essential Oil

$" %$ 
The genus "  L. belongs to the Hypericaceae family and contains about 500 species
around the world [1]. " isone of the largest
among the nine genera of Hypericaceae family [2].
"  species are distributed all around the
world except the deserts and polar zones [3]. They
are represented in Eurasia, Andean South America,
North America, Southeast Asia and Africa with 230,
130, 40, 47, 30 species respectively [4].
According to Flora of Turkey, "  has
96 species, where 46 are endemic for Turkey [5]. "
  species are known as “kantaron, peygamber
çiçeği, kılıçotu, kanotu, kuzukıran and binbirdelik
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comparison of retention times with authentic samples or by comparison of their relative retention index (RRI) to a series of -alkanes. Alkanes (C8-C30)
were used as reference points in the calculation of
relative retention indices (RRI). Relative percentage
amounts of the separated compounds were calculated from FID chromatograms. The analysis results
are expressed as mean percentage ± standard deviation (SD) ( = 3) as listed in Table 1.

5:1+)5,1,)3 99)= Hydrodistilled essential
oil and its major compounds ocimene (Aldrich,
≥90%) and α-pinene (Aldrich, ≥90%) were evaluated for their  ! antifungal effects against 10
different  strains (Clinically isolated and
reference strains) in comparison with Ketoconazole
and Amphotericin-B. Partly modified micro broth
susceptibility test was performed as recommended
by CLSI M27-A2 protocol.  (ATCC
22019) and    (ATCC 6258) were used as
quality control strains for accuracy of the method.
Except for the standard antifungals, the final concentration of the oil and the main constituents were prepared as 4000 to 7.8 µg/mL differently from the original protocol. After incubation at 35°C for 24h, minimal inhibitory concentrations (MIC) were detected
visually.

were studied from different habitat examined about
the species in the literature.
To the best of our knowledge, this is the first
report on the essential oil evaluated for its !
anticandidal activities against ten human pathogenic
 strains. The main constituents α-pinene
(98.5%) and ocimene (>90%) were also tested for
their contribution to anticandidal activity. In addition, the chemical composition of    L.
var.   essential oil was analyzed by gas
chromatography (GC) and gas chromatographymass spectroscopy (GC-MS) systems.
$"#$ #

!3)5: ):-81)3 Plant sample was collected
Turkey, Niğde, Maden köy road, 10/7/2015, N 37o
28’ 20’’ E 34o 36’ 0.12’’ (ESSE 15076).
963):1656.:0-99-5:1)3 13Air dried aerial
parts of   var.   were subjected
to hydrodistillation for 3 h using a Clevenger-type
apparatus to produce essential oil. The essential oil
was obtained from aerial parts by yielding 0.2%. Authentic samples α-pinene (98.5%) and ocimene
(>90%) were obtained by commercial sources
(Sigma-Aldrich).

)5,@#)5)3=919The oils were analyzed by capillary GC and GC/MS using the Agilent
GC-MSD system. (Agilent Technologies Inc., Santa
Clara, CA).

 # The GC/MS analysis was carried out
with an Agilent 5975 GC-MSD system. Innowax
FSC column (60bm x 0.25 mm, 0.25 μm film thickness) was used with helium as carrier gas (0.8
mL/min.). GC oven temperature was kept at 60°C
for 10 min and programmed to 220°C at a rate of
4°C/min, and kept constant at 220°C for 10 min and
then programmed to 240°C at a rate of 1°C/min.,
Split ratio was adjusted 40:1. The injector temperature was at 250°C. MS were taken at 70 eV. Mass
range was from # 35 to 450.

"#%$##%## 

Analyses of the hydrodistilled oils were performed on GC and GC/MS systems, simultaneously.
The compositions of the oil   var. 
  with their relative retention indices (RRI), relative percentages (%) and identification method
(IM) are listed in Table 1.
In total 41 compounds were identified representing 97% of the oil. Main constituents of the oil
were identified as α-pinene (37.4%), ( )-β-ocimene
(23.6%) and β-pinene (10%), respectively. The
chemical class distribution of the oil compositions of
the   var.   were monoterpenes
(77.1%), sesquiterpenes (11.1%) and others (8.8%)
such as hydrocarbons of the fatty acid biosynthesis.
Hydrodistilled essential oil of   
subsp.   (HEO) and its major compounds
ocimene (Aldrich, ≥90%) and α-pinene (Aldrich,
≥90%) were evaluated for their ! anticandidal
properties by using broth microdilution method.
HEO was demonstrated moderate to strong activities
against tested albicans and non-albicans 
species between the concentrations of 31.25 to 1000
µg/mL. MIC values of the major compounds were
varied in the range of between 250 to >4000 µg/mL,
except α-pinene. Remarkably   ATCC
750 strain was inhibited by HEO and α-pinene having MIC values of 31.25 and 62.5 µg/mL, respectively. According to assay results, α-pinene was

 The GC analysis was carried out using an
Agilent 6890N GC system. In order to obtain the
same elution order with GC/MS, simultaneous injections were carried out by using the same column and
appropriate operational conditions. FID temperature
was 300°C.
,-5:1.1+):165 6. 6476;5,9 The components of essential oils were identified by comparison
of their mass spectra with those in the Baser Library
of Essential Oil Constituents, Adams Library [20],
MassFinder Library [21], Wiley GC/MS Library
[22] and confirmed by comparison of their retention
indices. These identifications were accomplished by

8482

#"

  $    







  !




more active than the other major compound ocimene
against  strains (Table 2.).
According to previous studies on the essential
oils of   main constituents are identified
as α−pinene (80.43%), γ-terpinene (4.23%) and βpinene (2.59%) in one study [23]; and α-pinene
(57.3%), β-pinene (9.0%), limonene (6.2%) and α-

phellandrene (4.4%) in another study [18]. Our results in the present work showed that α−pinene
(37.4%) and ocimene (23.6) are the major compounds of Turkish   essential oil differencing from the previous reports indicating chemotypes.



$ 
$0-647691:1656.:0-99-5:1)3 136.<)8
6476;5,9
)
*
37.4 ± 0.1
tR, MS
α-Pinene
Undecane
3.4 ± 0.0
tR, MS
10.0 ± 0.1
tR, MS
β -Pinene
Myrcene
1.8 ± 0.1
tR, MS
Limonene
1.1 ± 0.0
tR, MS
2.2 ± 0.1
tR, MS
( )-β-Ocimene
0.1 ± 0.0
tR, MS
γ-Terpinene
23.6 ± 0.1
tR, MS
( )-β-Ocimene
-Cymene
0.3 ± 0.0
tR, MS
Terpinolene
0.1 ± 0.0
tR, MS
0.3 ± 0.0
MS
α-Copaene
Decanal
0.4 ± 0.1
MS
0.1 ± 0.0
tR, MS
β-Bourbonene
0.9 ± 0.0
tR, MS
β-Caryophyllene
Alloaromadendrene
0.4 ± 0.0
MS
Pulegone
0.1 ± 0.0
tR, MS
0.1 ± 0.0
tR, MS
α-Humulene
0.4 ± 0.1
MS
γ-Muurolene
Germacrene D
2.1 ± 0.1
MS
0.2 ± 0.0
MS
α-Muurolene
Decanol
0.2 ± 0.0
tR, MS
0.6 ± 0.0
MS
δ-Cadinene
-Calamenene
1.3 ± 0.1
MS
Caryophyllene oxide
1.0 ± 0.1
tR, MS
Salvial-4(14)-en-1-one
0.3 ± 0.0
MS
( )-nerolidol
0.2 ± 0.0
tR, MS
Humulene epoxide-II
0.3 ± 0.1
MS
Cubenol
tr
MS
Salviadienol
0.4 ± 0.1
MS
Spathulenol
0.5 ± 0.1
tR, MS
Torilenol
0.2 ± 0.1
MS
± 0.1
tR, MS
α-Cadinol
4,7-Dimethyl-1-tetralone
0.3 ± 0.1
MS
Decanoic acid
0.2 ± 0.1
MS
0.6 ± 0.1
MS
Eudesma-4(15), 7-dien-1β-ol
Pentacosane
0.5 ± 0.1
MS
Dodecanoic acid
0.2 ± 0.0
tR, MS
Benzyl benzoate
0.6 ± 0.1
MS
Heptacosane
0.3 ± 0.0
MS
Nonacosane
2.2 ± 0.2
MS
Hexadecanoic acid
0.9 ± 0.1
MS
Monoterpene Hydrocarbons
76.6

Oxygenated Monoterpenes
0.5

Sesquiterpene Hydrocarbons
6.4

Oxygenated Sesquiterpenes
4.7

Others
8.8

Identified components
41

Total
97.0

RRI Relative retention indices calculated against n-alkanes; % calculated from FID data; tr: Trace (< 0.1 %)
a: Standard Deviation (SD) ( = 3); b: IM, Identification Method; tR, identification based on the retention times (tR) of authentic
compounds on the HP Innowax column; MS, tentatively identified using Wiley, Adams and Mass Finder libraries and published
RRI.
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1032
1100
1118
1174
1203
1246
1255
1266
1280
1290
1497
1506
1535
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1661
1662
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1726
1740
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1773
1853
2008
2037
2050
2071
2080
2123
2144
2243
2255
2264
2296
2369
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2503
2655
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CI
125
500
>4000

ATCC 90028
1000
1000
>4000

ATCC 24433
125
1000
>4000

CI
500
500
>4000

ATCC 2001
250
250
>4000

ATCC 1369
500
500
>4000

ATCC 750
 
 
1000
 
ATCC 34135
250
500
>4000
 
ATCC 6258
250
500
>4000

ATCC 22019
250
500
>4000

# 
0.25
0.12
0.25
0.25
1
0.5
0.25
1
0.25
0.12

# 
0.06
0.5
0.12
0.06
0.5
0.06
0.06
0.5
0.5
0.06

HE:Methanolic extract; HEO: Essential Oil, CI: Clinically isolated; S1: Amphotericin-B; S2: Ketoconazole
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sunflower, it can be produced in poor soil conditions easily. Yield and yield components of sunflower in growing period can change depending on
temperature [1], rainfall distribution [2, 3] and some
agronomical practices such as sowing date [2,4];
sowing of improved, high yield cultivars, various
factors, as nitrogen fertilizer [5], and application of
some organic soil regulater materials [6].
Sunflower is often planted after most suitable
sowing period in different regional conditions, and
under these conditions for improved yield is needed
some new growing management. Because spring
last frosts and the relatively cooler spring month
can cause serious problems in growing of the sunflower. Therefore, sowing date has an important
effect on seed production and in regions where the
short vegetation period can play an important role
the earliest planting on productivity. In addition to
generative growth period, sowing date may effects
on vegetative growth period, and seed yield [7].
Late sowing may cause flowering time, maturation,
decay in the sunflower. However, in studies conducted in different ecological conditions, it is
expressed that as the delaying of sowing date, seed
quality and yield reduce [8, 9]. Agronomic characters and yield may be higher in the early sown sunflowers, in late sowings it is stated that late growth
and lower yield may be occurred [10]. Sunflower
can better respond urea form of nitrogen [11] and
grain filling period can be affected by fertilizer
form [12].
Nutrient elements play an important role in the
growth and development of plants. And these elements are one of the important factors that affected
the seed yield in sunflower. Nitrogen is one of the
most important nutrient elements that influence
protein formation. In addition to plant yields, nitrogen fertilizers have significant impacts on vegetative growth and development [13]. Nitrogen is important nutrients for plants, they use the applied
nutrients or ressidual nitrate, and ammonium fertilizer forms remaining from the previous plants [14]
as they absorb by bacteria or soil as nutrients depending on various events in the soil [15] or prepared as nitrate (NO3), urea (CO (NH2)2), ammonium

This study was conducted to evaluate the effectiveness of different nitrogen fertilizer forms and
different sowing date on the morphological characters of two sunflower varieties (early Sirena and
Teknosal) between 2013 and 2015 in Erzurum. The
field trial has started up from May 3 to the end of
April (April 22, May 2, and May 12, in 2013; April
28, May 8, and May 18, in 2015) based on 3 sowing
date and three different Nitrogen forms (ammonium
sulphate, ammonium nitrate, and urea) were used as
fertilizer in this study. According to the results of
the study, it was found that the optimum sowing
date for the desired morphological values of the
varieties was between April 28 and May 8. Although, nitrogen fertilizer forms applied in different
forms did not have a positive effect on all parameters in the first experiment year, but fertilizer form
was important in second year. However, According
to nitrogen fertilizer forms, ammonium nitrate was
found to be the highest with 13.8 days for emergence, 70.6 day for flowering time, and 120,1 day for
maturation time in the first year. Urea form had
affects on the stem diameter, it was found as 2.1 cm
ın both experiment year. The highest flowering
period (85.4 day) was in the ammonium sulphate
form treatment, while the highest emergence rate
(18.0 day) and flowering time (84.2 day) in the
ammonium nitrate form treatment. In addition, in
the form of urea fertilizer, the maturation period
had the highest value with 123.8 day.


)(!#$
Sunflower (     ), nitrogen fertilizer
form, sowing date, yield, morphological characters

 %#!&%! 
Sunflower is an important oil plant species due
to having wide drought tolerant and adaptation
ability for tropic and subtropic regions. However
the soil with high moisture is more appropriate for

8486

$#

! %  

  





!"  ! 


(NH4+). Many studies have shown that nitrogen
sources and their proportions significantly affect
agronomic characters and yield of sunflower [16,
17].
Sunflower production is significantly affected
by the selection of varieties because yield potential
and features in sunflower varieties have an own
distinctive [15]. Therefore, there can be significant
differences in quality characteristics and yield in
sunflower varieties. Cultivar selection in sunflower
can have a considerable effect on yield and yield
components [18]. Also, the yield may increase in
sunflower depends on the effective and proper application of the fertilizer. Adjustment of the appropriate plant density is highly important. Therefore,
the soils, missed plant nutrition should be added
needed nutrients by fertilization application. As
crops yields may differ substantially and the production cost must be decreased to a minimum level.
Therefore, in sunflower the yield may be related
with plant densities, seed weight and the number of
seeds per head [19]. Therefore, in order to enhance
the product variety and increase the productivity by
choosing appropriate sunflower species should be
selected suitable varieties that have adaptations for
the region conditions and in sunflower grown areas,
need to determine the planting frequency with appropriate sowing date and to test the performance in
environmental conditions.
The use of suitable nitrogen fertilizers is very
important to increase the yield of sunflower. Therefore, the purpose of this study is to determine appropriate management principles in the production of
sunflower under high altitude conditions and short
development period and to evaluate the effects of
different nitrogen fertilizer sources and sowing date
on some yield components of two oil sunflower
seeds.

ploughed in the fall and second tillage in the spring.
In this study, two oil sunflower cultivars, early type,
Sirena and late type, Teknosol were used. Cultivar
selection was based on performance in yield trials
(Table 2).
Two sunflower cultivars, “Sirena and
Teknosol”, and three nitrogen fertilizer forms,
“ammonium sulfate, ammonium nitrate and urea”,
as subplot were subjected to three sowing dates as
main plot between 22 April and 12 May in 2013
and three between 28 April and 18 May in 2015
arranged in split plot in randomized complete block
design with three replications. Cultivars were sown
on three different dates in each year, 22 April, 2
May, and 12 May in the year 2013; and 28 April, 8
May, and 18 May in the year 2015. First sowing
and following sowings were delayed about 10 days
in 2015 when compared with 2013 because of rainfall and excessive soil moisture. Hereafter, sowing
dates in each year were also referred as first, second
and third. Three different nitrogen form, ammonium
sulphate, ammonium nitrate, and urea were selected. Nitrogen and phosphorus applied into the seedbed before sowing in both years. All experiment
plots fertilized with nitrogen as ammonium sulfate,
ammonium nitrate and urea, at 100 kg ha-1 doses,
and phosphorus, at 80 kg P2O5 ha-1 as triple superphosphate in each year. Potassium was not included
in fertilization program because soil had very high
available K. The plots were 2.8 m wide and 6 m
long and consisted of four rows. The sunflower
cultivars were sown with 70 cm rows, at 35 cm
intra-rows. Three seeds were sown in each hill, and
the plots were hand-thinned to one plant per hill
when the plants were at the four to six-leaf stage.
Weeds were controlled mechanically and by hand
hoeing. All plots were furrow irrigated regularly to
avoid drought stress and across all plots uniformly
irrigated, irrigation water were applied to the soil up
to the moisture back to near field capacity.
The sunflower plants were harvested by hand
at the physiological maturation stage when the back
of the head color turned from green to yellow and
the bracts were turned to brown in the 7-23 September in 2013 and 12-30 September in 2015.
Ten plants from each plot were selected for
determining plant stem diameter. Also in all plants
some morphological characters were determined
such as emergency period, emergency rate, flowering period and maturity period.
All data were analyzed using the SPSS package program (SPSS, Version 20.0, SPSS Inc, Chicago, IL, USA). Results for each year were analyzed
separately and were presented both year results.
Means were compared with least significant difference (LSD).

%#$ %!$
This experiment carried out at Agricultural
Experiment and Research Centre, Faculty of Agriculture of Ataturk University in Erzurum (29o55’ N
and 41o16’ E; 1850 m altitude, during the years
2013 and 2015. The soil of experiment site was a
silty loam (fine, mixed, mesic) with pH 7.6, 0.93%
organic matter, 61 kg ha-1 available P and 2255 kg
ha-1 available K in 2013 and pH 7.23, 1.05% organic matter, 49 kg ha-1 available P and 1949 kg ha-1
available K in 2015. Temperature, rainfall, and
relative humidity values for crop-growing period
were presented in Table 1. In both experiments, in
2013 and 2015 the previous crop was wheat (  
   L.) and barley (    L.)
on the plots. The plot areas were mouldboard
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7.2
8.1
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19.3
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50.3
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50,9
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LTA= Long term average, a 22 year average.
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15.4
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74.5 b
68.0 b
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75.0 a
68.4 b
67.1 c
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125.6 a
120.9 b
111.1 c
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2.2
2.1
2.0

13.4
13.8
13.6
13.5
13.6
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78.5
77.0
77.1

79.6
75.4
 

**

69.3
70.6
70.5

68.4 b
71.9 a
 

*

118.6
120.1
118.9

119.5
118.9
 

**

2.1
2.1
2.1

2.0 b
2.2 a
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ns
ns
ns
ns
ns
ns

ns
ns
ns
ns
ns
ns

ns
**
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*
ns
*

ns
ns
ns
ns
ns
ns

ns
**
ns
ns
ns
ns

*, ** significant at the 0.05 and 0.01 level, respectively. For each main effect, values within columns followed by the same
letter are not significantl., NS, nonsignificant
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tained from planting in 2 May (15.4 day). According to the sowing date, the longest emergence time
was in planting 28 April (19.6 day) in 2015, while
the shortest emergence time was obtained from
planting in 18 May (14.9 day). According to the
fertilizer form in 2013, the shortest emergence time
was ammonium sulfate (13.4 day), but in 2015
ammonium sulfate and urea (17.9 day) were determined. In the cultivars, the longest emergence times
were determined as 13.6 and 18.5 day in the
Teknosal cultivar, respectively, and the shortest
emergence times were determined in the Sirena
cultivar (13.5 and 7.4 day), for study years respectively (Table 2 and 3). Considering the sowing
dates, the change in the emergence may be due to
the difference in temperature and humidity of the
soil. The late emergence period of 2 May may be
due to pass the cool pass and rainy of weather in
this period. It was expressed that sunflower emergence was in 13 day at two different sowing dates
[20]. These results were similar to the results of this
study.

Monthly precipitation, average temperature
and relative humidity values for 2013 and 2015
were given in Table 1. In both growth periods,
average temperature was close to long-term average. The average temperature during the growing
season in this region was 13.8 ° C based on longterm average, while the average temperature in
2013 and 2015 was slightly above the normal temperature. But the amount and distribution of rainfall
varied from year to year. The fall of rain in 2013
and 2015 was below the long-term average. The
total rainfall amount in 2015 (203.5 mm) was higher than that of the year 2013 (118.2 mm). The
average relative humidity in 2013 was close to the
long-term average. However, the relative humidity
in 2015 was below long-term average.


6/:1/7-/ <36/ In the experiment, according to sowing date the shortest emergence time in
2013 was obtained from planting on 12 May (12.1
day) while the longest emergence time was ob-
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6/:1/7-/ :+</ According to the sowing
date in the first year of the experiment, the highest
emergence rate in the sunflower was on April 22
(90.1%), while the lowest rate was on 12 May
(68.0%) (Table 2). This difference in terms of
emergence rates was found to be very significant
(p<0.01) according to sowing dates. In 2013, there
was no significant impact on the emergence rate of
other applications. According to nitrogen fertilizer
form application, the rates of emergence were found
as 78.5% in ammonium sulfate, 77% in ammonium
nitrate and 77% in urea. Regarding the experimental
factors, the emergence rate (79.6%) in Sirena and
the emergence rate (75.4%) in Teknosal variety
were found (Table 2). According to sowing date,
the highest emergence rate in 2015 was obtained
planting from April 28 (82.3%) and the lowest
emergence rate from 18 May (78.2%). According to
sowing date, there was a significant difference
(p<0.01) between emergence rates. In the same
year, the highest emergence rate was obtained from
application of ammonium nitrate (83.1%) and the
lowest emergence rate was obtained from application of urea (79.0%) for nitrogen fertilizer forms. It
was found that the application of nitrogenous fertilizer form was very significant (p<0.01) on the
emergence rates. Among the cultivars, the highest
emergence rate was in the Sirena variety (85.9%)
while the lowest emergence rate was in Teknosal
(77.1%). This difference between the cultivars was
very significant (p<0.01) (Table 3). Emergence
rates among varieties differed due to the genetic
feature of the varieties and it may be resulted from
delaying of sowing date and changing in soil nutrients availability associated with a decrease in precipitation. The variability of the emergence rate in
the second experiment year, it may have caused the
fertilizer x variety x sowing date interaction to be
very important (p <0.01) (Table 3).

lo.2). Nitrogen fertilizer form has no statistical
effect on the flowering time. In the second year,
flowering time was determined 85.4 day in ammonium sulfate, 84.2 day ammonium nitrate and 83.1
day in urea. Nitrogen fertilizer forms had significant
(p<0.01) effect on the flowering time (Table 3).
In the first years of experiment, the flowering
period of the Sirena cultivar was 68.4 days whereas
Teknosal cultivar was 71.9 day and this difference
was statistically significant (p <0.01). In the second
years of experiment, flowering time was 83.1 day
for Sirena cultivar while 85.4 day for Teknosal
cultivar. Flowering times of sunflower cultivars
were statistically significant (p<0.01). In both experiment of years, Sirena cultivar had the earliest
flowering period. The short flowering period of the
early varieties supports the case for having a shorter
flowering duration of Sirena variety. Studies have
shown that sunflower varieties have different flowering period [25, 26-28].
+<=:+<3879/:38.In both experiment years,
the growing period was shortened by delaying
sowing date. Thus, in the first study years, growing
period was 125.6 day at the first sowing dates,
120.9 day at second sowing date and 111.1 day in
third sowing date whereas in the second year was
131.6, 123.4 and 115.5 day respectively. This difference between sowing dates was also very significant (p<0.01) in both experimet periods.
The maturation period were 118.6 day in ammonium nitrate form, 120.1 day in ammonium
nitrate and 118.9 day in urea in the first study year
(Table 2). In the second study year maturation periods were 123.4 day, 123.3 day and 123.8 day were
determined respectively. Nitrogen fertilizer form
was not statistically significant in terms of the
growth period in both years of the experiment (Table 2 and 3). Cultivars were not statistically significant during the maturation period in both experiment periods. In both experiment years, Teknosal
cultivar showed earlier maturation. According to
the first study year, the maturation period of the
Sirena cultivar was 119.5 day, 118.9 day for Teknosal cultivar while in the second years of experiment
maturation periods were 123.6 and 123.4 day for
cultivars respectively.
Cultivated plants need some suitable factors
such as photoperiod, temperature, latitude and light
during their growing period. Studies have shown
that temperature is the most important factor affecting the growth in sunflower plants [29-32], and
precipitation and temperature can effects on yield,
yield components [33]. According to the results of
the two experiments, in last planting period the
temperature were higher so plants in this sowing
date the transition from the vegetative period to the
generative transition was shorter, and this has shortened the growing period of sunflower plants. It has
been stated that the growing period is shortened by

58?/:3719/:38.According to the results of
the first study year, the effect of sowing date on the
flowering period was significant (p<0.05), and the
longest flowering date was on April 22 (75.0 day)
and the shortest on May 12 (67.1 day) (Table 2). In
the year 2015, flowering time was longest on April
28 (91.3 day) and the shortest on 18 May (79.3
day). The effect of sowing date on flowering time
was very significant (p<0.01) (Table 3). At the
earliest sowing date, the flowering time of the sunflower was the longest, while at the third sowing
date, the flowering time was short in both years.
This situation may result from shorter growing
period and higher temperature during the generative
period for the third planting period. It is stated that
the a the delay of sowing date, shorters the flowering period [21-25]. According to the result of first
year, flowering time in nitrogen fertilizer form was
determined 69.3 day in ammonium sulfate, 70.6 day
in ammonium nitrate, and 70.5 day in urea (Tab-
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delaying the sowing date [20, 22, 24, 25, 34-36].
The results obtained from the experiment were
consistent result with those obtained by other researchers [26-28, 38].

<0.01). It was determined that Teknosal variety had
more stem diameter in both experiment years. These results were similar to the Özer et al. [38] result.

$</6 .3+6/</: In the first year of the experiment sowing date had no significant effects on
stem diameter but it was significant (p<0.01) in the
second study year. The stem diameters of oil sunflower cultivars cultivated at different times were 2.2
cm in April 22, 2.1 cm in May 2 and 2.0 cm in May
12 sowing date (Table 2). In the second experiment
year, according to sowing date (April 28, May 8
and 18) stem diameters were determined as 2.0 cm,
2.0 and 2.1 cm respectively. The stem diameters
were found to be close to each other according to
sowing dates in both experiment years. The decrease in stem diameter due to delayed planting is thought to be due to the fact that the plant had earlier
generative period due to high temperature during
the experiment year and thus the plant showed less
vegetative development.
Nitrogen fertilizer form did not showed significant difference in the first years of the experiment
but stem diameter was significant (p<0.01) in the
second experiment year. The stem diameters were
2.1 cm in all of the nitrogen fertilizer forms in the
first year, 1.8 cm, 2.1 cm and 2.1 cm in the second
year respectively. The differences in stem diameters
may have been caused by the genetic structures of
the variety. When all the values were examined
together, according to the varieties, it was observed
that the average stem diameter of the sunflower
varieties differed between 2.0-2.2 cm in the first
year of experiment, and changed between 1.2-2.1
cm in the second year of experiment. According to
the results of variance analysis, the effect of varieties on stem diameter was very significant (p

! &$! 
Sunflower is a very sensitive plant against nitrogen fertilizer forms and sowing date. Therefore,
in this study, we searched how the sowing date and
the morphological characteristics of the fertilizer
form of the sunflower affecting quality and yield
can be maximized. As a result of the study, the
effects of nitrogen fertilizer forms and sowing date
on morphological characteristics together with other
research data were evaluated. In both experiment
years, it shows that some morphological values of
sunflower have decreased due to delaying. Taking
into account ecological conditions and the genetic
characteristics of the variety, it is very important to
determine the appropriate fertilizer form and sowing date.
As a result of, with the delay of the sowing
time may occur the maturation time, the stem diameter, the flowering time, so the planting is necessary
done appropriate time as soon as possible. Although
the results of the fertilizer form applications differ,
significant differences have not been obtained. The
later dissolution of the ammonium sulfate fertilizer
should be taken into account and it is important to
note that this fertilizer is very important for plants.
For this reason, it is recommended that the sunflower be planted as early as possible (the second
half of April). It has also been found that sowing
date is an important effect on the morphological
characteristics of sunflower in applications such as
fertilizer form.
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19.6 a
19.3 a
14.9 b

82.3 b
84.1 a
78.2 c

91.3 a
82.3 b
79.3 c

131.6 a
123.4 b
115.5 c

2.0 b
2.0 b
2.1 a

17.9
18.0
17.9

82.5 a
83.1 a
79.0 b

85.4 a
84.2 b
83.1 c

123.4
123.3
123.8

1.8 c
2.1 b
2.1 a

17.4 b
18.5 a


**

85.9 a
77.1 b


**

83.1 b
85.4 a


**

123.6
123.4


**

1.2 b
2.1 a


**

ns
**
ns
ns
*
ns

**
**
**
**
**
**

**
**
**
**
**
**

ns
ns
ns
ns
ns
ns

**
**
*
**
**
**

*,** significant at the 0.05 and 0.01 level, respectively. For each main effect, values within columns followed by the same
letter are not significantl., NS, nonsignificant.
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A series of NiMo/Al2O3 catalysts with Mo
loadings of 5%-20% were prepared by direct reduction of the corresponding molybdenum phosphate
precursors. The usability of catalyst for pyrolytic oil
hydrorefining was tested at the following parameters: temperature (290–350°C), LHSV (0.5–2.0 h− 1)
and 3-6 MPa pressure. The 15% of Mo loading
catalyst was most active, the conversion of pyridine,
thiophene and cyclehexene could reach 99.18%,
98.75% and 100% respectively. The preparation
method that γ-Al2O3 was added in at the same time
is better than other methods.

mixture of hydrocarbons to transport fuels is a
difficult process requiring multistage hydrotreatment at high temperature (350-420°C) and pressure
[2, 3] (1500-2500 psig) in the presence of catalysts.
The catalysts must be resistant to poisoning by
nitrogen and oxygen in the feed [4]. Of the nitrogen
compounds high-boiling bases with nitrogen in the
nucleus are the most deleterious [4]. As the removal
of nitrogen and oxygen compounds by extraction
results in the loss of material (about 14% of feed), it
was decided to remove first, by conversion, the
heteroatoms from the feed by prehydrogenation (a
combined refining and hydrogen addition step) over
a suitable catalyst and further upgrade the prerefined feed to the desired quality. As catalysts on
basic supports [4] are suitable for non-splitting
prehydrogenation-type reactions, a catalyst with a
combination of cobalt and molybdenum supported
on alumina has been developed and used for the
first stage hydrorefining (prehydrogenation) operation. Helmut Weigold [5] in his work on hydrodeoxygenation of phenols has also shown that the
catalysts required for the catalytic hydrogenation of
coal-derived liquids are those base on molybdenum
promoted by either cobalt or nickel. For the second
stage hydrorefining step pure MoS2, which was
developed at this laboratory in an earlier investigation [6-15], has been used.
In this paper, the catalytic hydrorefining efficiency of oil pyrolysis was investigated. The hydrorefining process was realized under mild process
parameters (temperature in the range of 290–350°C)
to prevent high conversion of the feed to gas-phase
products, which reduces liquid product yield.
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Price increases of petroleum crude oil by oil
producing countries in recent years has inspired
extensive research for alternate fuels. Abundance of
coal reserves in the world provides a potential
source for coal derived liquids as a possible replacement for crude petroleum. India being an oil
deficient country has been looking for alternate
sources of energy by exploiting her own resources.
Because of the abundant availability of coal in the
country, India has been attempting to develop technologies for the conversion of coal to synthetic
liquid fuels. With this objective in view, a 0.5
tonne/day coal conversion pilot plant has been
installed at CFRI. The synthetic crude produced in
the plant needs further refining for the production
of quality grade middle distillates. As seen from
current literature [1], it is very difficult to refine
syncrude, particularly that obtained by hydrogenation of coal, to produce middle distillates as compared to the production of gasoline. The conversion
of coal to finished products generally is a two stage
process wherein coal is converted to a crude oil in
the first stage and the crude oil is converted to finished products in the subsequent stage. The most
important feature distinguishing coal derived liquids from petroleum lies in the significant quantities of aromatics and heteroatomic compounds
present in the former. To convert this complex

The NiMo/Al2O3 catalysts were synthesized
by co-precipitation. Briefly, the sample was obtained from well-mixed aluminum nitrate, nickel
nitrate and ammonium molybdate solutions by
dropping the solution of ammonium carbonate and
keeping the pH about 9. The precipitate was filtered,
thoroughly washed with deionized water, aged for
12 h and then dried overnight at 110°C, and calcined at 500°C for 5 h to prepare a mixed oxide
sample. Additionally, the calcination temperature of
other catalysts was 600°C, 700°C and 800°C, respectively.
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used. In the preparation of P-doped oxide NiMo/Al2O3 catalyst, phosphoric acid interacts
strongly with the alumina support and forms an
amorphous aluminum phosphate and causes the
formation of AlPO4 layer on the support surface.
The AlPO4 layer on Al2O3 surface intercepts the
strong interaction between the active components
and support and makes the formation of type II
“Co(Ni)-Mo-S” phase easier. On the other hands,
fewer Ni2+ ions are lost to the support in the form of
NiAl2O4 and more Ni2+ ions are then available for
promoting the MoS2 particles to form the highly
active Ni–Mo–S phase. In this work, phosphorus
does not have any essential effect on the metalsupport interaction, because ATTM has much
weaker interaction with the support than ammonium heptamolybdate and phosphorus is added in the
second impregnation process. Phosphorus favors
the formation of smaller particles of MoS2 in the
presulfided NiMo/Al2O3 catalysts in this work.
For Fig. 4-6,surface plot of conversion of cyclehexene is present. The figures present results of
oil hydroprocessing over NiMo/Al2O3, at different
LHSV, temperature and hydrogen pressure. As the
temperature rises, the conversion of cyclehexene
rises. Conversion of cyclehexene at the hydrorefining temperature of 310°C reached value of 100%.
It can be seen from Fig. 4-6 that thecyclehexene conversion significantly increases with the
increasing of reaction temperature in the range of
290-350°C, indicating that the thecyclehexene
conversion strongly depends on reaction temperature in this case. Moreover, the selectivity ratio

For Fig.1-3, surface plot of conversion of pyridine is present. The figures present results of oil
hydroprocessing over NiMo/Al2O3, at different
LHSV, temperature and hydrogen pressure. As the
temperature rises, the conversion of pyridine rises.
Catalyst has excellent catalytic performance. Increase in temperature causes significant improvement of hydrorefining products properties. Products
distill up to 90% (v/v) at the temperature range of
290–350°C. Elemental composition indicates high
H/C ratio up to 2.09. Conversion of pyridine at the
hydrorefining temperature of 310°C reached value
of 99.18%.
The stacking degree in our catalysts is much
higher than the alumina-supported samples prepared with oxide precursor. The latter shows mostly
single-layered slabs and small numbers of threedimensional structures having two or three layers,
whereas the former mostly show multilayered slabs
with up to seven MoS2 layers. This is due to the
lower metal–support interaction for the ATTM
precursor, which leads to a type II MoS2 phase.
Ferdous et al. [16] found the average stacking
layer of NiMo/Al2O3 increased significantly from
1.1 to 2.2 with the incorporation of phosphorus and
Payen et al. [17] reported a similar result for the
sulfided NiMoP/Al2O3 catalyst. However, our
results show that the addition of phosphorus does
not significantly change the stacking number. Such
a difference for the effect of phosphorus on stacking degree results from the different Mo precursors
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slightly increases with the increasing of reaction
temperature.
When the reaction temperature is raised, the
reaction proceeds in the direction of reducing heat,
that is, the exothermic reaction proceeds in the
reverse direction, and the endothermic reaction
proceeds in the forward direction; when the temperature is lowered, the reaction proceeds in the
direction of generating heat, that is, the exothermic
reaction proceeds in the forward direction, sucking
the thermal reaction proceeds in the reverse direction. As the temperature rises, the conversion of
cyclehexene rises.

For Fig. 7-9, surface plot of conversion of thiophene is present. The figures present results of oil
hydroprocessing over NiMo/Al2O3, at different
LHSV, temperature and hydrogen pressure. As the
temperature rises, the conversion of thiophene rises.
Conversion of cyclehexene at the hydrorefining
temperature of 310°C reached value of 98.75%.
The preparation method that γ-Al2O3 was added in
at the same time is better than other methods.
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A series of NiMo/Al2O3 catalysts with Mo
loadings of 5%-20% were prepared by direct reduction of the corresponding molybdenum phosphate
precursors. The usability of catalyst for pyrolytic oil
hydrorefining was tested at the following parameters: temperature (290–350 °C), LHSV (0.5–2.0 h− 1)
and 3-6 MPa pressure. The optimal condition is that:
temperature (310 °C), LHSV (1.0 h− 1) and 4 MPa
pressure. The 15% of Mo loading catalyst was most
active, the conversion of pyridine, thiophene and
cyclehexene could reach 99.18%, 98.75% and
100% respectively. The preparation method that γAl2O3 was added in at the same time is better than
other methods.
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Chemistry. 41(9), 1-4.
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(Smith)   is an important bacterial agent for tomatoes causing destructive disease. The best way to control of this disease is to
use resistant cultivars. Unfortunately there has not
been developed a resistant variety against the 
because the heritability of resistance is quite complex. In this study, the reactions of 78 genotypes
including wild accessions of tomato and cultivar
types were investigated.  suspension adjusted
to 107cfu/ml concentration was injected in the
wound for the inoculation. Seedlings were incubated in a climate controlled greenhouse. Disease
symptoms were scored seven times during eight
weeks by using the 0-4 scale values from inoculation. Three genotypes were showed resistance
against the .     and  !
were found as tolerant and   was
determined as moderate tolerant. Both of genotypes
have great importance as new resistance sources
that they don’t need embryo rescue like   


decreases in quality and yield on tomato. Additionally, new different types of these organisms find out
together with increasing in growing area [5]. Bacterial canker and wilt disease caused by   
  subsp   , is a
destructive and the most important bacterial diseases of tomato and wide spread in the world [6, 7].
The symptom of this disease generally emerges as
wilting in flowering stage of plant. Wilting begins
to appear on lower leaves, and progress to upper
leaves of tomato plants. As the disease advanced,
infected leaves and stem turns to brown and cracking occurs on the stem tissues. The most apparent
symptom of the disease is the typical bird's eye
lesions emerged on the fruits [8, 9]. The disease
was first described by Smith in 1910 on tomato.
The pathogen spreads rapidly over long distances
because of its easy transmission through contaminated seeds [10]. It has been economically important disease in many areas of the world and still
maintains its importance [11]. It has caused serious
yield losses in both greenhouses and fields of tomato growing areas [12] and identified as quarantine
microorganism all over the world [10, 13].
Resistance resources were found in several
wild forms of tomatoes, such as  
   and   [14]. The
disease inheritance is complex due to polygenic
additive genetic factors. That’s why, introgression
of resistance genes from wild forms to cultured
forms is quite difficult [15]. The accessions
LA2157 (   ) and LA407 (   )
were used as resistance resources in a previous
study [14]. It was found that LA2157 was more
preferable than LA407 additionally [16]. Despite of
all studies on transferring  resistance genes to
cultivars, it still failed to develop commercial resistant variety [17]. The greater difficulty encountered in breeding programs is variation for resistance of resource [15] and needs embryo rescue
for some wild relatives when used for introgression.
The aim of this study is to determine different
resources for bacterial canker and wilt disease re-

)(!#$
  " Clavibacter, , reaction,
genepool

 %#!&%! 
Tomato (   " L.) is one of
the most popular vegetable grown in the world [1]
due to its adaptation ability to wide range of climate
conditions, higher vitamin and mineral contents,
folic acid, carotenoids, such as lycopene and antioxidant capacity provide to prevent human disease
like cancer and cardiovascular diseases [2, 3]. The
tomato production was performed as 163.96 million
ton in 4.73 million ha area through the world, while
11 million ton was produced in 311 thousand ha
area in Turkey [4]. Attacks by plant diseases cause
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to A600:0.2 OD (approximately 1x107 cfu/ml) with a
spectrophotometer (Shimadzu UV-120-01, North
America). An equal mixture of  suspension
was used for plant inoculations.

sistance in wild and cultivar forms, which do not
require embryo rescue.
%#$ %!$

56,<3*;265 6/ :..-3250: Ten plants at 4-5
true leaves of each genotype were inoculated by
 mixture by stem inoculation method on April,
14, 2016. A 100 µl of  mixture was injected
into each plant stem tissue using an insulin syringe
(Figure 1). Plants were kept in a glasshouse for nine
weeks. 

"3*5; 4*;.92*3: A total of 78 tomato genotypes including wild and cultivar forms, provided
from Tomato Genetic Resource Center (TGRC),
J.W. Scott and inbred lines of Bati Akdeniz Agricultural Research Institute (BATEM) were evaluated for  resistance (Table 3). Seeds of genotypes were sown into 70% peat and 30% vermiculite growing media on March, 14, 2016. Seedlings
were transferred to the 100 m2 greenhouse at the
second true leaf stage and transplanted in plastic
pots on April, 07, 2016.

*;* *5*3?:2: Stem inoculated plants were
examined for bacterial wilt symptoms. The disease
symptoms were evaluated 3., 4., 5., 6., 7., 8 and 9
weeks after the plant inoculations using the 0-4
scale described by [18]. The scale used to evaluate
the disease symptoms is given in Table 2. The
symptoms after  inoculations are shown in
Figure 2. Tawsend-Heuberger’s formula was used
for evaluation. Data on disease severity was analyzed using analysis of variance (ANOVA) in
CoStat Statistics Software (CoHort Software, Pacific Grove, CA, U.S.A. Version 6.4).

"*;160.5 096>;1 ,65-2;265: *5- 256,<3<4
79.7*9*;265 The mixture of highly virulent 10
 strains was used for inoculations in all experiments (Table 1). Bacterial cells from a freshly
grown on King's B medium [18] at 25°C for 72h
were harvested to prepare a suspension. Each inoculum was suspended in 9 ml sterile saline buffer
(NaCI 0.85%) and the concentrations were adjusted

% 
%1.692025*;.6/7*;160.52,+*,;.92*3:;9*25:6/
$;9*25 *4.:
Cmm 1
Cmm 2
Cmm 3
Cmm 4
Cmm 5
Cmm 6
Cmm 7
Cmm 8
Cmm 9
Cmm 10

"3*,.6/2:63*;265
Karatas/ADANA
Province center/ANTALYA
Dikili/IZMIR
Province center/ARTVIN
Aydıncık, MERSIN
Erdemli/ MERSIN
Cicik/MERSIN
Erdemli/MERSIN
Province center/TOKAT
Province center/TOKAT

<:.-25;1.:;<-?

669-25*;.:

).*96/2:63*;265

36°41ˈ77.7˝N/35°05ˈ24.2˝E
36°53ˈ17.7˝N/30°44ˈ27.2˝E
39°04ˈ15.4˝N/26°53ˈ40.7˝E
41°11ˈ07.9˝N/41°49ˈ43.7˝E
36°08ˈ55.2˝N/33°17ˈ36.5˝E
36°30ˈ37.8˝N/34°11ˈ10.3˝E
36°30ˈ29.9˝N/34°08ˈ02.5˝E
36°30ˈ37.8˝N/34°11ˈ10.3˝E
40°20ˈ01.2˝N/36°35ˈ02.3˝E
40°20ˈ01.2˝N/36°35ˈ02.3˝E

1996
2002
2003
2004
2005
2007
2007
2010
2010
2010



&# 
*,1;64*;673*5;>*:;.:;.-<:250*525:<325:?9250.



% 
%1.:,*3.<:.-/69.=*3<*;265-2:.*:.:?47;64:
$,*3.=*3<.
0
1
2
3
4

$?47;64:
No symptom
Wilting plant of % 1-25
Wilting plant of % 26-50
Wilting plant of % 51-75
Wilting plant of % 76-100 and died plant

8499

#.:765:.
Resistant
Tolerant
Moderately Tolerant
Susceptible
Very Susceptible
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&# 
5*77.*9*5,.6/;1.9.*,;2656/;64*;673*5;:*0*25:;

256,<3*;265:

(0-Resistant, 1-Tolerant, 2- Tolerant, 3-Moderately Tolerant, 4- Susceptible, 5- Very Susceptible)

#$&%$ $&$$! 

The genotype collection used in this study was
included wide genetic diversity of   "
 and valuable some wild species, to prove
probable types of interactions with   subsp.
  strains. After the inoculation,
the plants were scored weekly as seven times. The
disease progression was assessed regularly. While
the all genotypes took place 0-2 disease index in the
first scoring, the most of the genotypes have
reached on the three disease index value performed
in second or third scoring with the progression of
the disease. The genotypes including cultivars and
inbred lines belonging to the  "
disease index value were four in the sixth and seventh scoring. Only the disease index value for
LA2157 was still almost one in the seventh scoring.

The genotypes LA1028 and LA1777 showed similar reactions as LA2157 (Figure. 3).
Frequency distribution of 78 genotypes was
analyzed based on the screening assay (Figure. 4).
The genotypes were classified in four reaction classes. End of the scoring period; the genotypes having complete plant collapse were recorded as very
susceptible. The genotypes showing progressed
disease, wilting symptoms, were considered as
susceptible genotypes. It was recorded that more
than half of the genotypes (55.1%) were very susceptible and 39.7% were susceptible. About 3.8%
of genotypes showing slight symptoms were moderately resistant. Only 1.3% of the genotypes having less wilting symptoms were classified as tolerant to . None of tested genotypes displayed a
resistant reaction in this presented study (Figure. 4).
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%1.-2:.*:.79609.::2656/0.56;?7.:25,3<-.->23-*,,.::265:6/;64*;6*5-,<3;2=*9;?7.:+?9.*,
;265;6 :<+:7     
25;1.:,9..5250*::*?


&# 
9.8<.5,?-2:;92+<;2656/0.56;?7.:25,3<-.->23-*,,.::265:6/;64*;6*5-,<3;2=*9;?7.:+?9.*,;265
;6 :<+:7     
25;1.:,9..5250*::*?


&#
%1.9*50.6/:,*3.=*3<.6/;.:;.-0.56;?7.:25,3<-.->23-*,,.::265:6/;64*;6*5-,<3;2=*9;?7.:
*,,69-250;676:;256,<3*;265:
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% 
2:.*:.:.=.92;?6/;.:;.-0.56;?7.:;6
66/
.56;?7.
BA20
BA27
BA34
BA7946
BA59
BA60
BA8233
BA8517
BA8626
LA1112
LA1792
LA1802
LA2003
LA2396
LA2446
LA2448
LA3027
LA3092
LA3151
LA4133
BA14
BA19
BA31
BA51
BA7775
BA7781
BA8109
LA2009
LA2530
LA2531
LA2934
LA3047
LA3152
LA3263
LA3617
BA24
BA53
BA71
BA8493c

*4.6/
$7.,2.:
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"

"
"
"
"
"
"
"
"

"96=2-.-
$6<9,.
BATEM
BATEM
BATEM
BATEM
BATEM
BATEM
BATEM
BATEM
BATEM
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
BATEM
BATEM
BATEM
BATEM
BATEM
BATEM
BATEM
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
BATEM
BATEM
BATEM
BATEM

2:.*:.
:.=.92;?
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
100a
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
97,5b
95c
95c
95c
95c

66/
.56;?7.
LA1995
LA2445
LA3769
BAF5
Hawaii7997
LA3472
BAF6
LA1022
LA1783
LA2363
LA2819
LA3277
LA3342
BA48
BAF7
LA2443
LA2821
LA3912
BA6
BA10
LA2623
LA3038
BA54
LA3129
LA407
LA0884
LA0444
LA2818
LA2951
LA4285
LA3025
LA0416
LA1221
LA2447
LA1800
LA1478
LA1777
LA1028
LA2157



*4.6/
$7.,2.:
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
  
"

"
"
"
"
"
"
"
"

  
!
  

"96=2-.-
$6<9,.
TGRC
TGRC
TGRC
BATEM
JW Scott
TGRC
BATEM
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
BATEM
BATEM
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
BATEM
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC
TGRC

2:.*:.
:.=.92;?
95c
95c
95c
92,5d
92,5d
92,5d
90e
90e
90e
90e
90e
90e
90e
87,5f
87,5f
87,5f
87,5f
87,5f
85g
85g
85g
82,5h
80i
80i
77,5j
77,5j
75k
75k
75k
75k
72,5l
70m
67,5n
67,5n
60o
57,5p
50q
25r
12,5s



 is one of the serious threats on tomato production in the world. The last studies have been
showed that disease spread rapidly in both greenhouses and fields [10, 19, 20]. There have been no
effective method to control the disease therefore the
use of the resistant varieties in tomato production is
the best way to control the disease. However, it is
quite difficult to improve a resistant variety, because of complex heritability.  
  and    , wild species of
tomato were identified as resistance resources
against to  [14]. Additionally, LA 2157 ( 
  ) was described as the best resistance
source by [16]. Same genotype took high score for
resistance in the test performed by [10]. We also
confirmed that LA2157 was the most resistant genotype having highest resistant score. Similar result
was obtained in our study for same genotypes. LA
407 (  ) was described as different resistance source for transferring easily resistance
[16]. The inheritance of resistance managed under
epistatic effect was observed in  [21]. In
contrast to these studies, LA407 was determined as

The reactions of the variation were observed
among tested genotypes against subsp.
 . The severity of disease symptoms
increased during seven weeks. In the first evaluation at three weeks after post-inoculation, 10 and
82% of genotypes were classified in 0 and 1 scores.
Whereas, only three genotypes were tolerant to
 infection after seven weeks. Some of the
genotypes were showed strong symptoms after
three weeks of the inoculation, while the symptoms
of other genotypes progressed slowly (Figure 5).
Most of the genotypes against to  showed
similar symptoms. Among the tested 78 genotypes,
75 genotypes were found highly susceptible having
scale value 4. However, three of the tested genotypes, LA2157 and LA1028 were considered as
tolerant and LA1777 moderately tolerant to 
with 12.5, 25 and 50% disease severity (Table 3).
The three additional resistance sources (LA2157
LA1028, and LA1777) were found in   
!   respectively, while
all susceptible genotypes were from  "
. Bacterial canker and wilt disease caused by
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fully susceptible to  in our study. Even some
tomato cultivars were detected as resistance in the
previous works [22, 23]. Nevertheless, developed
resistant varieties from these sources showed similar disease reaction with susceptible parents [23].
Wild genotypes are good sources of resistance for
tomato breeding, but they have to be tested thoroughly before using them to ensure that they are
resistant [10].  ! (LA1028) and 
   (LA1777) were identified as tolerant
and moderately tolerant with score range against to
 in this study.

[2] Perveen, R., Suleria, H.A.R., Anjum, F.M.,
Butt, M.S., Pasha, I. and Ahmad, S. (2015)
Tomato (Solanum lycopersicum) Carotenoids
and Lycopenes Chemistry; Metabolism, Absorption, Nutrition, and Allied Health
Claims— A Comprehensive Review. Critical
Reviews in Food Science and Nutrition. 55(7),
919-929.
[3] Friedman, M. (2013) Anticarcinogenic, Cardioprotective, and Other Health Benefits of Tomato Compounds Lycopene, a-Tomatine, and
Tomatidine in Pure Form and in Fresh and
Processed Tomatoes. Journal of Agricultural
and Food Chemistry. 61(40), 9534-9550.
[4] FAO (2016) Food and Agriculture Organization of the United Nations. http://faostat.
fao.org/beta/en/#data
[5] Russell, G.E. (2013) Plant Breeding for Pest
and Disease Resistance: Studies in the agricultural and food sciences. Butterworth & Co
(Publishers) Ltd. ISBN 0 408 10613 1
[6] Chalupowicz, L., Barash, I., Reuven, M., Dror,
O., Sharabani, G., Gartemann, K.H. and Manulis-Sasson, S. (2017) Differential contribution
of Clavibacter Michiganensis Ssp. Michiganensis Virulence Factors to Systemic and
Local Infection in Tomato. Molecular Plant Pathology. 18(3), 336-346.
[7] de León, L., Siverio, F., López, M.M. and
Rodríguez, A. (2011)    
    Seedborne Tomato
Pathogen: Healthy Seeds Are Still the Goal.
Plant Disease. 95(11), 1328-1338.
[8] Vega, D. and Romero, A.M. (2016) Survival
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  in Tomato Debris Under Greenhouse
Conditions. Plant Pathology. 65(4), 545–550.
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(2013) Effects of Plant Age on Disease Development and Virulence of   
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[10]Sen, Y., Feng, Z., Vandenbroucke, H., Wolf,
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Screening for New Sources of Resistance to
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309-317.
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Manulis-Sasson, S. and Smart, C.D. (2013)
Tomato Fruit and Seed Colonization by Clavibacter Michiganensis Subsp. Michiganensis
Through External and Internal Routes. Applied
and Environmental Microbiology. 79(22),
6948-6957.

! &$! $
Bacterial canker and wilt disease caused by
      
(Smith)      is quite important disease economically. The best reliable and environmentally method to control of the disease is to use
resistant varieties. Although     has
been identified to be best genetic source with having high level resistance for introgression 
resistance gene to the cultivars forms, it has disadvantage like unsuccessful pollen parents. There is
an encountered cross-incompatibility with cultivar
forms and, need embryo rescue to obtain fertile
progenies.
In this study, we identified  !
(LA1028) and     (LA1777) as new
genetic sources to be used in breeding program for
 resistance.  ! (LA1028) and 
   (LA1777) were resistant against 
and also compatible in the cross with cultivars. It
can be concluded that new resistant varieties can be
developed in a short period and more economically.
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effects leading to reverse effects of these metals on
human health including critical threats like renal collapse, liver damage, cardiovascular diseases and
even death [8, 9, 10]. The accumulation of metals in
fish tissues can be very high without any deleterious
effect. However, it can harm people who consume it.
They are now widely studied due to their deleterious
effects on aquatic organisms [11, 12, 13, 14].
Turkey used to supply 85% of the country’s annual marine fishery production from the Black Sea.
However, the rich fishing resource of the Black Sea
has diminished dramatically towards the end of
1980s due to the enforcement of multi-factors including over-fishing and pollution. Sea trout mariculture started along the Turkish Black Sea coast
during early 1990s [15]. Among the species, most
cultivated one in Turkey is trout with a production
amount of 108038 tons in 2015 [16].
Mercury (Hg), cadmium (Cd), arsenic (As) and
lead (Pb) are non-essential metals and toxic at even
very low concentrations and they have no role in biological processes in biota [8, 9, 10]. Copper (Cu),
zinc (Zn) and iron (Fe) are essential metals that are
required in small amounts by fish [17]. However it is
known that the effects of essential metals on aquatic
organisms can be directly or indirectly harmful.
This study is conducted to determine Hg, Cd,
As, Pb, Cu, Zn and Fe levels in the large sea trout
farmed along the Yakakent coast to be sold in Sinop
markets and to understand if these metal concentrations are within the permissible limits set by the
Turkish Food Codex (TFC) and European Commission (EC) Regulation.

This study was performed for the assessment of
seven metals (Hg, Cd, Pb, As, Cu, Zn and Fe) in sea
trout farmed at the Yakakent coast of the Black Sea
and sold in Sinop market. Sea trout is a widespread
farmed species in rich water resources of Turkey.
When the fishing season is closed, sea trout becomes
one of the most consumed fish species in Sinop. For
the present study, a total of 5 large trout individuals
were randomly collected each month during the period between January and June in 2015 from the fish
market in Sinop city. Mostly Hg, Cd and As were
below the detection limits except in some individuals
obtained in May and June. The results of the statistical analysis showed significant differences among
sampling months. This variation is significantly different for the metals (P<0.05). Means of these metals
in edible muscles of large sea trout are lower than the
maximum permissible limit set by the Turkish Food
Codex and EU Regulation limits for fish. The results
obtained in this study show that the heavy metal levels in the edible tissues of sea trout were lower than
the recommended standards. In conclusion, consumption of sea trout as food bought from the Sinop
markets may not be a possible health risk for the local people at the time of the study.


&% !:
Large sea trout, metal levels, public health, Estimated
Weekly Intakes, Estimated Daily Intakes, legal threshold.
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Heavy metals naturally occur in the environment [1] and their usage in industry leads to widespread environmental contamination, particularly in
the aquatic ecosystem [2, 3]. In the aquatic environment, heavy metals are accumulated by fish [4] either directly from water or through their diet [5, 6,
7]. However, amount of the bioaccumulation of metals depends on the bioavailability of them in their
surroundings, ingestion rate, storage, and excretion
mechanisms. Fish are major source of protein, having opulent contents of essential minerals, vitamins
and unsaturated fatty acids which are important for
human health. However, substance of toxic heavy
metals in fish muscles can counteract their beneficial

When the fishing season ends, sea trout becomes one of the most consumed fish species in Sinop. Sea trout is farmed at Yakakent coasts of Samsun province located on the Black Sea. Individuals
reaching to 1.2-1.4 kg with a length of 42-45 cm are
brought to Sinop for sale. A total of 5 large trout individuals were randomly purchased between January
and June in 2015 from the fish market in Sinop Province. Obtained fish were immediately transferred to
the laboratory. Fresh fish specimens were dissected
using a sharp knife, muscle tissues of the fish were
removed and put in a plastic bag to be frozen until

8505

"!

 #    





    


metal analysis [18].
Metal analysis in fish was performed using mAOAC 999.10- ICP/MS (Inductively Coupled
Plasma – Mass Spectrometer) method by accredited
Environment Industrial Analysis Laboratory Services Trade Company (TÜRKAK Test TS EN ISO
IEC 17025 AB-0364-T). EN 15763 European Standard methods was applied.
To assess the risk of heavy metal amounts for
people health, the fish tissue that should be analyzed
is the muscle, being it the tissue consumed [13, 19,
20, 21]. Thus, more attention was given to heavy
metal concentration found in fish muscle tissues in
this study. So the mean heavy metal weekly intake
was calculated according to the following formula:
Heavy metals intake level = average heavy
metal content X consumption of fish per person/
body weight

!8'8/78/)'1 '3'1;7/7 Mean values of heavy
metals among the fish samples were compared using
one-way analysis of variance (ANOVA). P-values
less than 0.05 were considered significant [22]. All
analysis was carried out using the IBM SPSS version
21.

metal allowable limits for fish. As a result of the
comparison between the mean heavy metal
concentrations determined in fish muscle tissues and
the international recommended limits, the levels of
these metals are within the Turkish and EU limits
and never exceeded those limits.
The tolerable weekly intakes were estimated by
means of references for the edible tissues of fish
consumed by people. The annual quantity of fish
consumed was 6.1 kg / person in 2015 [16] which is
equivalent to 16.7 g/day for Turkey. The tolerable
weekly intake of heavy metals as PTWI (Provisional
Tolerable Weekly Intake), have been set by the Food
and Agriculture Organization/World Health
Organization (FAO/WHO) Joint Expert Committee
on Food Additives (JECFA) [25]. PTWI is the
maximum amount of a contaminant to which a
person can be exposed per week over a lifetime
without an unacceptable risk of health effect. The
estimated daily intake (EDI) and estimated weekly
intake (EWI) in this study were calculated and
provided in Table 1.

" 
78/2'8+*%++01;38'0+7%'3*78/2'8+*
'/1;38'0+74,.+':;2+8'17/3+*/(1+
8/779+74,7+'864984(8'/3+*,642!/3452'60+87
/3  

!#"!

+8'17 "%' "%( ") %* +
Fe
5.6
392
56
5.05
0.72
Zn
7
490
70
3.45
0.49
Cu
3.5
245
35
1.18
0.17
As

,
,
0.037
0.005
Pb
0.025
1.75
0.25
0.027
0.004
Cd
0.007
0.49
0.07
0.0048 0.0007
Hg
0.004
0.28
0.04
0.049
0.007
a
PTWI (Provisional Tolerable Weekly Intake) in
mg/week/kg body wt.
b
PTWI for 70 kg adult person (mg/week/70 kg body wt.)
c
PTDI (Permissible Tolerable Daily Intake) (mg/day/70 kg
body wt.)
d
EWI (Estimated Weekly Intake) (mg/week/ kg body wt.)
e
EDI (Estimated Daily Intake) (mg/day/ kg body wt.)
f
There is no PTWI set for As.

Levels of Cd, Hg, Pb and As in the edible tissues of larger sea trout were found to be between
0.012-0.044, 0.15-0.42, 0.08-0.23 and 0.13-0.25 mg
kg-1 wet wt., respectively. However, levels of essential metals were higher than those found in the muscles of larger sea trout. The amounts of Fe, Zn and
Cu were between 19-33, 11-26 and 3-9 mg kg-1 wet
wt., respectively. Results of heavy metal analyses are
given in Figure 1.
In terms of essential metals, Fe and Zn were
found to be at highest concentrations followed by
Cu. Cd, Pb, As and Hg were also detected in the
muscle of sea trout samples. The maximum of the
muscle concentrations of sea trout was compared
with the TFC [23] and EC Regulations [24] heavy
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Legal thresholds are not available for essential
elements in European legistlations. EC Regulation
[24] and TFC [23] indicate that maximum levels of
Hg, Pb and Cd are 0.5, 0.30 and 0.05 mg/kg wet wt.,
respectively. These metals in the edible part of sea
trout were recorded to be below the detection limits.
UK previously imposed a limit of 1 mg/kg for As in
food with separate limits applicable to certain food
categories. These regulations were revoked in 2002.
Also, the findings from the present study revealed
that Fe, Zn and Cu in the muscle of sea trout from
Sinop markets during January to June 2015 were
lower than the maximum permissible limit as
recommended by the National Academy of Sciences
[26] and The Ministry of Agriculture, Forestry and
Fisheries [17]. However, rainbow trout is
particularly sensitive to the toxic effects of Zn and
other metals [27].
With respect to health risk, the tolerable weekly
intakes were estimated by means of references for
edible tissues of fishes consumed by people. The
tolerable weekly intake of heavy metals as PTWI
(Provisional Tolerable Weekly Intake), have been
established by the Food and Agriculture
Organization/World Health Organization (FAO/
WHO) Joint Expert Committee on Food Additives
(JECFA). PTWI is the maximum amount of a
contaminant to which a person can be exposed per
week over a lifetime without an unacceptable risk of
health effects [8, 9, 10, 26, 28, 29, 30]. EWI values
of metals for an adult (mg/70 kg body weight)
consuming about 117 g fish/week were estimated
using the mean ±SD metal levels in the sea trout
However, consumption of fish is higher among the
people living on the coastal areas of the Black Sea
than those residing in the other regions of Turkey.
Sarıözkan [31] mentioned that the mean target for
fish consumption should be 10 kg / person in a year
in Turkey as discussed by Bat et al. [32]. This value
(10 kg / person ) is based on the present study.
It can be inferred from the finding of the results
that the estimated EWIs and EDIs of heavy metals in
this study are far below the recommended PTWIs
and/or PTDIs and indicated no adverse effect on the
local people who consumed sea trout in 2015.
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POTENTIAL OF BIOGAS PRODUCTION FROM ANIMAL
MANURE AND BIOGAS ENERGY OPPORTUNITY:
A CASE STUDY OF TURKEY
Esra Tinmaz-Kose*, Cemre Gormus
Namik Kemal University, Corlu Engineering Faculty, Department of Environmental Engineering, 59860 Corlu, Tekirdag, Turkey

energy demand increase of 1.5% per annum on
average. It has been determined that 93% of this
increase in demand is due to non-OECD countries.
It is also envisaged that more than four quarters of
the increase in energy use between 2007 and 2030
will be provided by fossil sources [2].
In developed countries, renewable energy
sources, such as, hydraulics, wind, geothermal,
solar, biomass, wave, hydrogen and so on are utilized. Today, due to rising oil and natural gas prices
and the necessity of ensuring energy security, "diversification of energy" has become one of the
indispensable elements of energy policies. These
causes led renewable energy sources to be included
in the energy sector. One of the other most important reasons why the countries of the world are
turning to renewable energy sources is the increase
in environmental problems and the consequent
environmental awareness. For this reason, many
countries in the world have started to support renewable energy sources since the late 1980s [3].
As of 2011, renewable energy sources constitute 20% of the total electricity supply in the world
and 25% of the total energy supply [4]. Renewable
energy policies have played a major role in the
development of renewable energy markets and in
the growth of investments. Among these policy
instruments, the most important is tariff guarantee
policy. The tariff guarantee policy is a policy to
encourage and speed up the production of electricity from renewable energy sources [4]. According to
this policy, while widespread energies such as wind
and hydroelectric power plants receive lower incentives, energies such as solar, wave, biomass, and
biogas can receive higher incentives.
When we look at energy use in our country, it
is seen that 86% of energy consumption is from
fossil fuels. Turkey imports 73% of its energy
needs from the outside [5]. In other words, external
dependence on energy sources causes the country's
economy to be oppressed.
Turkey has a very favorable geographical
structure in terms of renewable energy sources and
the main renewable energy sources are hydraulic
energy, biomass, wind, and biogas, geothermal and
solar energy. Renewable energy sources accounted
for 14% of the total installed capacity in 2011,

ABSTRACT
Within the scope of this study, it was aimed to
determine the energy value by determining the
amount of biogas that can be obtained from animal
manures in Turkey. For this purpose, the amount of
biogas that can be formed according to the numbers
of cattle, small cattle and poultry in Turkey has
been calculated and the energy value of the biogas
that can be obtained has been determined. In Turkey, according to data of TURKSTAT in 2016, the
number of animals was determined as 14,222,228
for cattle, 41,329,232 for small cattle 333,541,262
for poultry. According to calculations taking into
consideration the number of animals, the energy
value of biogas that can be obtained from animal
manures was calculated as approximately 3,110,000
TEP/year. While 49.04% of the calculated energy
value can be obtained from cattle, 41.88% can be
obtained from poultry. The contribution of small
cattle manure to total energy production can only be
8.98%. According to the calculations made within
the scope of the study, it has been revealed that the
energy value of biogas from animal manures in
Turkey corresponds to 62% of the value of petroleum drilling in our country.

KEYWORDS:
Animal manure, biogas, biogas potential, biomethanization, energy

INTRODUCTION
The need for energy resources in the world is
increasing day by day. Especially in the developing
countries, increasing in population, industrialization, welfare level and technological advances are
increased the needs of energy resources [1].
According to the International Energy Agency
(IEA) projections, if energy politics and preferences
for energy supply protect their current situation, it
is envisaged that the world's primary energy demand will increase by 40% between 2007 and
2030. Within this reference scenario, it is estimated
that by 1230 tons of petroleum equivalent (TEP) in
2007 will reach 16.8 TEP by 2030 with a primary
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agricultural area is used for energy purposes is
25.95 billion kWh/year. It has been found that the
gas potential of 16 metropolitan municipalities in
our country is 1,879 billion kWh/year [10, 11].
Animal manure is one of the organic waste
used in biogas production. When biogas is produced from animal manure, the manure is matured
within the fermentation period thus it can be thrown
in the field earlier. At the same time, the losses of
plant nutrients during the fermentation of the manure can be prevented. Thus, organic wastes use for
energy production as well as to increase productivity in agricultural areas [12].
In the view of the above mentioned challenges, the primary objective of this paper was investigate the theoretical biogas potentials of animal
manure in Turkey. Furthermore, the energy equivalents of the calculated biogas amounts were evaluated and digital maps were processed.
A similar study was made by one of the authors based on the animal numbers of the year 2015
in the Marmara Region of Turkey [13]. In this
study, data from a previous study was conducted to
expanding Turkey in general.

despite having such a rich potential in terms of
renewable energy sources. The sub-sector, which
has the largest share in energy production based on
renewable resources in Turkey, is the hydroelectric
sector. Renewable resources other than hydropower
constitute only 3.5% of the total energy capacity.
Wind energy, which has the biggest share among
renewable energy sources other than hydroelectric
power, continues to increase its share within years
[6].
The Law on the Use of Renewable Energy
Sources for the Purpose of Generating Electricity
Energy stipulates the policy framework on renewable energy in Turkey. Within the scope of this law;
it is aimed to increase the usage of renewable energy sources for electric energy production, to increase the economical and quality of these resources, to increase the diversity of resources, to
reduce emission of greenhouse gases, to evaluate
wastes, to protect the environment and to increase
the manufacturing sector for these resources. Within the framework of the advantages provided by this
law and the price guarantee tariff, it is expected that
our country will be increasingly interested in hydraulic, geothermal, wind, biogas and solar energy.
When the highest incentives are given to biomass
and solar energy, the lowest incentives are given to
wind and hydroelectric energy [6]. With these arrangements, renewable energy investments are
increasing day by day and additional incentives are
provided for domestic productions.
Biogas is a sustainable source of energy that
protects ecology. Biogas has a wide range of uses
and is a measure against global climate change.
Because biogas is used as heating, electricity and
fuel, it reduces environmental dependency. It is
environmental friendly because it eliminates wastes
[7]. The "Waste Management" principles and global
energy strategies adopted all over the world have
made it necessary to use the energy hand from
waste sludge and organically degraded wastes. By
using the energy potentials of the waste, the development of technologies to obtain energy from waste
contributes to the reduction of waste amount to be
sent to storage. In Turkey, the National strategy on
the reduction of biodegradable waste to be disposed
of in landfill facilities has also been developed at a
draft stage. This strategy shall include the measures
to be taken with the methods such as recycling,
composting, biogas production or energy/material
recovery [8]. Biogas studies in our country have
been started before the 1980s, but in the 2000s the
work has been accelerated with a clearer understanding of the subject. Biogas facilities were established in many settlements in 2005 within the scope
of the 8th Five Year Development Plan [9].
As a result of the calculations made, it was determined that the gas potential obtained from urban
solid waste in Turkey is 4,850 million kWh / year,
and the gas potential to be obtained when 1% of the

EXPERIMENTAL
The methodology used for this study involved
a theoretical calculation of biogas potential of energy equivalents of animal manure was studied with
documents and records about data regarding with
numbers of animals in the year 2016 which were
obtained from Turkey Statistical Institute (TURKSTAT) [21]. The study was conducted under 81
provinces of Turkey which are categorized accordLQJWR³/HYHO5HJLRQV´
In Turkey, with the decision of the Council of
Ministers, in order to create a comparable statistical
database in accordance with the Regional Statistical
System, Classification of Statistical Regional Units
was defined throughout. According to this classification statistically Turkey was divided into 12 District according to Level 1 and 26 District according
to Level 2. Level 2 regions were formed in terms of
common problems owned, socioeconomically and
culturally close to each other and geographically
illusory [14].
TABLE 1
Numbers and proportional distribution of the
animal species in Turkey
Animal species

Cattles
Small cattles
Poultry
Total

Number of animal
14,222,228
41,329,232
333,541,262
389,092,722

Ratio, %
3.66
10.62
85.72
100

The animals, which are defined as cattle animals by TURKSTAT, are domestic, cultivated and
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to be 50%, 13% and 99%, respectively, for cattle,
sheep and poultry [22, 24, 26] The values accepted
in the calculations made within the scope of the
study were given in Table 2.
The energy value of the biogas to be obtained
from animal manure was calculated by assuming
that the energy value is 36 MJ/m3 [24, 27, 28, 29].
Energy value of the biogas that could be obtained from cattle, small cattle and poultry and
numerical data showing total energy values of 81
province of Turkey were classified and colored by
the Jenks optimization method (Jenks natural discrimination program) and determined based on four
different maps created with Arcgis program.

hybrid cattle and buffalo. The small cattle are described as merinos and domestic sheep, as hair and
angora coats and poultry animals are described as
eggs and meat chickens, ducks, turkeys and geese.
Based on these data relative values in the total animal species in Turkey are given in Table 1.
For calculating the amount of biogas, the essential parameter is amount of manure. The values
of availability (accessibility) of manure which determined by taking into account the length of the
stables is an effective factor determining of manure
amount, usable for biogas production. Biogas production of manure is estimated from volatile solids.
This value is the amount of combustible dry matter
and it is measured in percentage [15]. The total
amount of volatile solids determined using total
solid percentage (TS %) and volatile solid percentage (VS%) (Eq.1).

RESULTS AND DISCUSSIONS
The overall number of cattle animals in Turkey, the calculated amount of methane, the animal
manure and energy values of methane were given in
Table 3 on the basis of classification in term of
SRE-II (26 regions). According to these results, the
FDOFXODWHG DPRXQW RI PHWKDQH IRU WKH $÷UÕ-Kars,÷GÕU-Ardahan provinces having the highest number
of
cattle
animals
was
calculated
as
147,644,315.52m3/year and the energy value is
5,315.20 TJ/year. The lowest amount of methane
was
calculated
for
Istanbul
as
10,556,819.97m3/year (380.05 TJ/year). In Turkey,
total amount of methane energy value were calculated as 1,773,788,253.06 m3/year and 63,856.38 TJ
/ year (1,524,890.29 TEP/year), respectively.
The calculated amount of methane, the animal
manure and energy values of methane for small
cattle animals were given in Table 4. The lowest
number of small cattles belongs to the sub-region of
Zonguldak-Karabük-%DUWÕQ 7KH DPRXQW RI Pethane and energy value of methane for ZonguldakKarabük-%DUWÕQ VXE-region was calculated as
488,732.14 m3/year and 17.59 TJ/year, respectively.
The highest number of small cattles belonged to the
sub-region of Van-0Xú-Bitlis-Hakkari and calculated of methane and energy value of methane were
40,508,174.17 TJ / year and 1,458.29 TJ / year
(34,824.07 TEP / year), respectively. The total
amount of methane can be obtained from the livestock manure in Turkey 324,767,652.59 m3/year of
methane and 11,691.64 energy value TJ / year
(279,196.26 TEP/year), respectively.

(Eq.1)
The total solids generated is used with biogas
yield for each types of animal manures (substrats),
for calculated the annual biogas production as in
Eq. 2.
/year) =
/ton) (Eq.2)
In the calculation of biogas potential, the value
of availability (accessibility) determined by taking
into account the length of the stables, the values of
manure production, unit dry solid matter (TS) and
volatile dry solid matter (VS) content of the unit
animal, and the rate of methane production (in
terms of biogas production) of manure were obtained from various studies [16, 17, 18, 19, 20, 22,
23, 24, 25].
Unit manure production quantities (kg/animalday) were accepted according to animal species in
order to calculate the amount of manure to be
formed. For the purpose of calculation of the
amount of methane generated from wet manure,
literature values for dry matter (solid) and volatile
dry matter were used. The proportions of unit manure production, dry matter and volatile dry matter
were determined separately for cattle (adult and
young animal separately), sheep and poultry. The
availability of accessibility animals was considered

TABLE 2
The applied assumptions for manure and methane production quantities
Animal
species
Cattle
Small cattle
Poultry

Adult
Young

Unit manure production
quantities
(kg/animal-day)
43.00
2.48
2.40
0.18

Availability,
%
50
13
99
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TS
(Total solid, %
manure amount)
13.95
8.39
27.50
25.88

VS
(Volatile solid,
% TS)
83.33
44.23
83.64
77.27

Methane
production
(m3 CH4/kg VS)
0.18
0.33
0.30
0.35
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TABLE 3
The amount and energy equivalent of methane calculated for cattle
Level 2 Provinces
Adana-Mersin
$÷UÕ-Kars-,÷GÕU-Ardahan
Ankara
Antalya-Isparta-Burdur
AyGÕQ-Denizli-0X÷OD
%DOÕNHVLU-Çanakkale
Bursa-(VNLúHKLU-Bilecik
Erzurum-Erzincan-Bayburt
Gaziantep-$GÕ\aman-Kilis
Hayat-.DKUDPDQPDUDú-Osmaniye
østanbul
ø]PLU
Kastamonu-dDQNÕUÕ-Sinop
Kayseri-Sivas-Yozgat
.ÕUÕkkale-Aksaray-1L÷GH1HYúHKLU-.ÕUúHKLU
Kocaeli-Sakarya-Düzce-BoluYalova
Konya-Karaman
Malatya-(OD]Õ÷-Bingöl-Tunceli
Manisa-Afyon-Kütahya-8úDN
Mardin-Batman-ùÕUQDN-Siirt
Samsun-Tokat-Çorum-Amasya
ùDQOÕXUID-DiyarbaNÕU
7HNLUGD÷-Edirne-.ÕUNODUHOL
Trabzon-Ordu-Giresun-RizeArtvin-*PúKDQH
Van-0Xú-Bitlis-Hakkari
Zonguldak-Karabük-%DUWÕQ
Total

Number of
cattle animals
318,191
1,185,039
358,292
507,378
791,837
718,342
349,765
831,071
272,170
368,069
82,169
575,579
473,507
768,375

Methane amount,
m3/year
42,002,891.02
147,644,315.52
44,424,653.14
60,554,183.79
95,052,246.32
85,652,058.54
43,382,436.16
102,533,625.42
37,262,822.06
46,416,713.76
10,556,819.97
73,170,733.97
60,064,047.37
97,507,887.22

Energy equivalent,
TJ/Year
1,512.10
5,315.20
1,599.29
2,179.95
3,421.88
3,083.47
1,561.77
3,691.21
1,341.46
1,671.00
380.05
2,634.15
2,162.31
3,510.28

Energy equivalent,
TEP/Year
36,109.05
126,926.87
38,190.99
52,057.22
81,714.52
73,633.36
37,295.01
88,146.11
32,034.10
39,903.52
9,075.49
62,903.42
51,635.86
83,825.58

612,826

79,509,220.72

2,862.33

68,352.49

460,793

56,555,738.18

2,036.01

48,619.84

816,834
442,343
827,648
221,690
978,211
624,930
435,074

99,707,045.30
55,526,587.83
98,767,425.08
29,913,311.43
119,183,404.83
84,490,161.54
51,446,343.54

3,589.45
1,998.96
3,555.63
1,076.88
4,290.60
3,041.65
1,852.07

85,716.15
47,735.10
84,908.38
25,715.88
102,459.59
72,634.50
44,227.39

478,655

61,130,057.02

2,200.68

52,552.29

561,576
161,864
14,222,228

70,957,560.49
20,375,962.86
1,773,788,253.06

2,554.47
733.53
63,856.38

61,000.80
17,516.81
1,524,890.29

TABLE 4
The amount and energy equivalent of methane calculated for small cattle
Level 2 Provinces
Adana-Mersin
$÷UÕ-Kars-,÷GÕU-Ardahan
Ankara
Antalya-Isparta-Burdur
$\GÕQ-Denizli-0X÷OD
%DOÕNHVLU-Çanakkale
Bursa-(VNLúHKLU-Bilecik
Erzurum-Erzincan-Bayburt
Gaziantep-$GÕ\aman-Kilis
Hayat-.DKUDPDQPDUDú-Osmaniye
øVWDQEXO
ø]PLU
Kastamonu-dDQNÕUÕ-Sinop
Kayseri-Sivas-Yozgat
.ÕUÕNNDOH-Aksaray-1L÷GH1HYúHKLU-.ÕUúHKLU
Kocaeli-Sakarya-Düzce-BoluYalova
Konya-Karaman
Malatya-(OD]Õ÷-Bingöl-Tunceli
Manisa-Afyon-Kütahya-8úDN
Mardin-Batman-ùÕUQDN-Siirt
Samsun-Tokat-Çorum-Amasya
ùDQOÕXUID-DiyarbaNÕU
7HNLUGD÷-Edirne-.ÕUNODUHOL
Trabzon-Ordu-Giresun-RizeArtvin-*PúKDQH
Van-0Xú-Bitlis-Hakkari
Zonguldak-Karabük-%DUWÕQ
Total

Number of cattle
animals
1,934,593
2,877,715
1,183,522
2,046,254
1,322,585
1,707,996
1,333,683
1,171,857
1,081,326
1,181,579
111,319
823,771
315,240
1,427,596

Methane amount,
m3/year
15,202,151.04
22,613,261.85
9,300,188.83
16,079,590.06
10,392,954.45
13,421,537.85
10,480,163.22
9,208,524.54
8,497,126.36
9,284,920.61
874,751.56
6,473,243.30
2,477,175.35
11,218,137.37

Energy equivalent,
TJ/Year
547.28
814.08
334.81
578.87
374.15
483.18
377.29
331.51
305.90
334.26
31.49
233.04
89.18
403.85

Energy equivalent, TEP/Year
13,068.99
19,440.17
7,995.19
13,823.30
8,934.62
11,538.23
9,009.59
7,916.38
7,304.81
7,982.06
752.01
5,564.92
2,129.58
9,644.01

1,499,162

11,780,507.40

424.10

10,127.47

329,611

2,590,103.56

93.24

2,226.66

2,646,916
1,785,179
2,644,080
3,258,535
937,365
3,065,810
923,312

20,799,629.08
14,028,046.62
20,777,343.62
25,605,768.89
7,365,871.95
24,091,323.96
7,255,442.61

748.79
505.01
747.98
921.81
265.17
867.29
261.20

17,881.03
12,059.63
17,861.87
22,012.77
6,332.29
20,710.83
6,237.36

503,048

3,952,982.19

142.31

3,398.30

5,154,983
62,195
41,329,232

40,508,174.17
488,732.14
324,767,652.59

1,458.29
17.59
1,691.64

34,824.07
420.15
279,196.26
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TABLE 5
The amount and energy equivalent of methane calculated for poultry
Level 2 Provinces
Adana-Mersin
$÷UÕ-Kars-,÷GÕU-Ardahan
Ankara
Antalya-Isparta-Burdur
$\GÕQ-Denizli-0X÷OD
%DOÕNHVLU-Çanakkale
Bursa-(VNLúHKLU-Bilecik
Erzurum-Erzincan-Bayburt
Gaziantep-$GÕ\aman-Kilis
Hayat-.DKUDPDQPDUDúOsmaniye
øVWDQEXO
ø]PLU
Kastamonu-dDQNÕUÕ-Sinop
Kayseri-Sivas-Yozgat
.ÕUÕkkale-Aksaray-1L÷GH1HYúHKLU-.ÕUúHKLU
Kocaeli-Sakarya-Düzce-BoluYalova
Konya-Karaman
Malatya-(OD]Õ÷-Bingöl-Tunceli
Manisa-Afyon-Kütahya-8úDN
Mardin-Batman-ùÕUQDN-Siirt
Samsun-Tokat-Çorum-Amasya
ùDQOÕXUID-DiyarbaNÕU
7HNLUGD÷-Edirne-.ÕUNODUHOL
Trabzon-Ordu-Giresun-RizeArtvin-*PúKDQH
Van-0Xú-Bitlis-Hakkari
Zonguldak-Karabük-%DUWÕQ
Total

Number of cattle
animals
22,160,641
1,179,733
14,007,626
1,105,000
8,590,281
36,932,479
17,761,884
1,266,137
3,802,791

Methane amount,
m3/year
100,884,886.80
5,370,658.28
63,768,812.61
5,030,441.13
39,106,699.41
168,132,725.18
80,859,829.67
5,764,006.91
17,311,960.41

Energy equivalent,
TJ/Year
3,631.86
193.34
2,295.68
181.10
1,407.84
6,052.78
2,910.95
207.50
623.23

Energy equivalent,
TEP/Year
86,728.72
4,617.05
54,820.77
4,324.57
33,619.25
144,540.34
69,513.58
4,955.20
14,882.75

2,758,579

12,558,252.72

452.10

10,796.08

2,284,962
19,802,883
4,047,532
5,121,490

10,402,141.92
90,151,345.79
18,426,128.00
23,315,252.43

374.48
3,245.45
663.34
839.35

8,942.51
77,501.31
15,840.57
20,043.66

3,886,681

17,693,864.21

636.98

15,211.06

71,767,893

326,718,697.40

11,761.87

280,873.53

13,676,881
9,922,545
67,249,829
1,538,746
11,077,348
1,462,380
1,393,203

62,263,117.36
45,171,745.22
306,150,502.87
7,005,041.78
50,428,911.29
6,657,390.50
6,342,466.67

2,241.47
1,626.18
11,021.42
252.18
1,815.44
239.67
228.33

53,526.36
38,833.25
263,191.46
6,022.09
43,352.73
5,723.23
5,452.49

734,181

3,342,311.58

120.32

2,873.32

1,002,016
9,007,541
333,541,262

4,561,613.12
41,006,248.61
1,518,425,051.87

164.22
1,476.22
54,663.30

3,921.53
35,252.25
1,305,359.65

TABLE 6
Proportional distribution of biogas energy values for level 2 provinces
Energy equivalent, TJ/Year
Proportional distribution
Cattle
Small cattle Poulty
Total
%
Adana-Mersin
1,512.10
547.28
3,631.86
5,691.24
4.37
$÷UÕ-Kars-,÷GÕU-Ardahan
5,315.20
814.08
193.34
6,322.62
4.86
Ankara
1,599.29
334.81
2,295.68
4,229.78
3.25
Antalya-Isparta-Burdur
2,179.95
578.87
181.10
2,939.92
2.26
$\GÕQ-Denizli-0X÷OD
3,421.88
374.15
1,407.84
5,203.87
4.00
%DOÕNHVLU-Çanakkale
3,083.47
483.18
6,052.78
9,619.43
7.39
Bursa-(VNLúHKLU-Bilecik
1,561.77
377.29
2,910.95
4,850.01
3.72
Erzurum-Erzincan-Bayburt
3,691.21
331.51
207.50
4,230.22
3.25
Gaziantep-$GÕ\DPDQ-Kilis
1,341.46
305.90
623.23
2,270.59
1.74
Hayat-.DKUDPDQPDUDú-Osmaniye
1,671.00
334.26
452.10
2,457.36
1.89
øVWDQEXO
380.05
31.49
374.48
786.02
0.60
ø]PLr
2,634.15
233.04
3,245.45
6,112.64
4.69
Kastamonu-dDQNÕUÕ-Sinop
2,162.31
89.18
663.34
2,914.83
2.24
Kayseri-Sivas-Yozgat
3,510.28
403.85
839.35
4,753.48
3.65
.ÕUÕNNDOH-Aksaray-1L÷GH-1HYúHKLU-.ÕUúHKLU
2,862.33
424.10
636.98
3,923.41
3.01
Kocaeli-Sakarya-Düzce-Bolu-Yalova
2,036.01
93.24
11,761.87 13,89.12
10.67
Konya-Karaman
3,589.45
748.79
2,241.47
6,579.71
5.05
Malatya-(OD]Õ÷-Bingöl-Tunceli
1,998.96
505.01
1,626.18
4,130.15
3.17
Manisa-Afyon-Kütahya-8úDN
3,555.63
747.98
11,021.42 15,32.03
11.77
Mardin-Batman-ùÕUQDN-Siirt
1,076.88
921.81
252.18
2,250.87
1.73
Samsun-Tokat-Çorum-Amasya
4,290.60
265.17
1,815.44
6,371.21
4.89
ùDQOÕXUID-'L\DUEDNÕU
3,041.65
867.29
239.67
4,148.61
3.19
7HNLUGD÷-Edirne-.ÕUNODUHOL
1,852.07
261.20
228.33
2,341.60
1.80
Trabzon-Ordu-Giresun-Rize-Artvin-*PúKDQH 2,200.68
142.31
120.32
2,463.31
1.89
Van-0Xú-Bitlis-Hakkari
2.554.47
1,458.29
164.22
4,176.98
3.21
Zonguldak-Karabük-%DUWÕQ
733.53
17.59
1,476.22
2,227.34
1.71
Total
63,856.38 11,691.64 54,663.30 130,211.32
100.00
Level 2 Provinces

Table 5 shows the number of poultry in Turkey, calculated amount of methane and energy
equavelent of calculated methane amounth. The

amount of methane calculated for Trabzon-OrduGiresun-Rize-Artvin-*PúKDQH VXE-region was
the lowest value as 3,342,311.58 m3/year and the
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The energy production rate of Istanbul, which is the
lowest sub-region with the ration of 0.60%.
The energy equivalents of the biogas calculated for level-2 provinces were given in Fig 1-3.
When the animal manure energy potential for 26
sub-regions of Turkey determined, it was seen that
the highest value of energy production was calculated for Agri-Kars-,÷GÕU-Ardahan (126,926.87 TEP
/ year), and the lowest value for Istanbul (9,075.49
TEP / year).
Energy values, calculated based on the amount
of methane calculated for cattle, small cattle and
poultry were given in Fig 4-6, respectively and the
proportional representation of the energy values
was given in Fig. 7, for 81 provinces of Turkey.

energy value for this sub-region was 120.32
TJ/year. The highest amount of methane belonged
for the sub-region of Kocaeli-Sakarya-Düzce-BoluYalova. The amount of methane and energy value
for
this
sub-region
was
calculated
as
326,718,697.40 m3/year and 11,761.87 TJ/year.
Calculated methane amount and equivalent of this
value were 1,518,425,051.87 m3/year and 54,663.30
TJ/year (1,305,359.65 TEP/year), respectively, for
poultry manure of Turkey.
When the biogas potential and biogas energy
values of proportional distribution for level 2 provinces were examined (Table 6), the highest value
belonged to Manisa-Afyon-Kütahya with the percentage of 11.77%. It is followed by KocaeliSakarya-Düzce-Bolu-Yalova with a rate of 10.67%.

FIGURE 1
Petroleum equivalent of the biogas to be obtained from cattle manure based on Level-2 provinces

FIGURE 2
Petroleum equivalent of the biogas to be obtained from small cattle manure based on Level-2 provinces
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FIGURE 3
Petroleum equivalent of the biogas to be obtained from poultry manure based on Level-2 provinces

FIGURE 4
Energy equivalent of the biogas to be obtained from cattle manure based on 81 provinces of Turkey

FIGURE 5
Energy equivalent of the biogas to be obtained from small cattle manure based on 81 provinces of Turkey
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FIGURE 6
Energy equivalent of the biogas to be obtained from poultry manure based on 81 provinces of Turkey

FIGURE 7
Proportional representation of the energy values

this situation, biogas production from organic
wastes has become a frequently applied method.
Energy production from organic wastes is an important waste management step in terms of waste
disposal and recovery of waste. The development of
technologies to derive energy from waste by using
the energy potentials of the wastes is effective in
reducing adverse environmental effects.
In this study, theoretical biogas potential of
animal manure in Turkey was calculated and the
energy equivalents of the calculated biogas amounts
were evaluated and digital maps were processed.
According to overall evaluation of calculated
energy values of animal manure, the most contribution to energy production was belong to Manisa

According to Figure 7, in Turkey, it was determined that calculated energy equivalent for cattle
was more than that of other animal species. The
energy equivalent of biogas was characterized for
the Eastern Marmara Region, the Aegean Region
and the Upper Part of the Black Sea Region with
biogas to be obtained from poultry manure.

CONCLUSION
Increasing world population and the limited
energy resources have made it increasingly necessary to limit the use of these resources and to seek
new sources instead. As a natural consequence of
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[10] AUGLo ø 7DQHU )   Biogas Production
from Biomass I: Fundamentals of Anaerobic
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Engineers Renewable Energy Resources Symposium.
[11] Özcan, M., Öztürk, S., Yildirim, M. (2011)
Determining the Potential of Biogas by Turkey's Different Types of Resources. IV. Energy
Efficiency and Quality Symposium. Kocaeli,
Turkey.
[12] 1DFDU .RoHU 1& gQHU 6XJ|] ø  
Castle-Dealing Potential of Turkey and Biogas
Production. Research of Eastern Anatolia Region. 17-20.
[13] Tinmaz Köse E. (2017) Determination and
Digital Mapping of Biogas Energy Potential of
Animal Manures in Thrace Region. Pamukkale
University Journal of Engineering Sciences.
23(6), 762-772.
[14] ùHQJOh(VOHPLDQ6(UHQ0   Economic Activities of Regions of Level 2 According to Statistical Regional Units Classification (NUTS) in Turkey Determining by Using
DEA and Tobit Model Application. Journal of
Administrative Sciences. 11(21), 75-99.
[15] Mugodo, K., Magama, P.P. Dhavu, K. (2017)
Biogas Production Potential from Agricultural
and Agro-Processing Waste in South Africa.
Waste Biomass Valor. 8, 2383-2392.
[16] OQXUEDú $YFLR÷OX $ dRODN $ 7UNHU 8
(2013) Turkey's Chicken Waste Biogas Potential. Journal of Tekirdag Agricultural Faculty.
10(1).
[17] Altikat, S., Çelik A. (2012) Biogas Potential
IURP $QLPDO :DVWH RI ,÷GÕU 3URYLQFH ,÷GÕU
University Journal of the Institute of Science
and Technology. 2(1), 61-66.
[18] Akbulut, A., Dikici, A. (2004) Biogas Potential
of Elazig Province and Cost Analysis. Research of Eastern Anatolia Region. 2(2), 36-41.
[19] dD÷OD\DQ*+.RoHU11  Evaluation
of the Potential of Livestock Breeding In The
&LW\ RI 0Xú IRU WKH 5HVHDUFK RI %LRJDV 3UoGXFWLRQ 0Xú $OSDUVODQ 8QLYHUVLW\ -RXUQDO RI
Science. 2(1), 215-220.
[20] Ilgar, R. (2016) A Study for Determination of
Biogas Potential In Çanakkale, Assets By Animals. Eastern Geographical Review. 21, 89106.
[21] Turkish Statistical Institute (2016) https://biru
ni.tuik.gov.tr/hayvancilikapp/hayvancilik.zul
[22] Ekinci. K., Kulcu, R., Kaya, D., Yaldiz, O.,
Ertekin, C., Ozturk H. (2010) The Prospective
of Potential Biogas Plants That can Utilize Animal Manure in Turkey. Energy Exploration
and Exploitation. 28(3), 187-206.
[23] Kahraman, S. (2006) Environmental Pollutions
Caused by Animal Barns and Solution Possibilities. KSU Journal of Science and Engineering. 9(2).

with the ratio of 5.87%. The other provinces folORZLQJ0DQLVD ZHUH %DOÕNHVLUø]PLU%ROX Konya
and Ankara with the ratio of 5.77%, 4.58%, 4.58%,
4.54%) (3.25%), respectively.
Electric consumption in Turkey was
207,375,078.189 MWh, in 2015 [3]. This value
equals 17,834,256.72 TEP. The energy value of
biogas from animal manure in Turkey was calculated as 3,109,446.19 TEP/year. When the energy
equivalent of biogas obtained from animal wastes
in Turkey was examined, it was determined that the
energy to be obtained from biogas was equal to
17.44% of the electricity consumption.
With biomethanization facilities that will be
established throughout the regions, both animal
fertilizers will be eliminated and the produced biogas will be effective in meeting the energy needs of
the region. In this context, it is thought that the
biogas production of animal manure can be realized
more effectively by encouraging animal husbandry
to be maintained in integrated farms and/or unions.
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centrations and significantly affected by high pH
and dissolved solids which also limit to nutrient
availability [7].
Many studies [7-10] have been carried out on
algal assemblages of Lake Hazar that is a typical an
oligotrophic alkaline lake. These studies revealed
that the planktonic and benthic algal flora of the
lake comprised mainly of members of Bacillariophyta, Chlorophyta, Cyanobacteria, Dinophyta
and Euglenophyta. This study aims to describe and
characterize occurrence and distribution of characteristic diatoms in Lake Hazar assessing recorded
data of the five studies performed on a total of 48
sampling points in littoral and pelagic habitats between 1991 and 2005.In addition, it is also intended
to make a contribution to ecological indicator values for conductivity, pH and trophic state as well as
development of specific indices for alkaline habitats. Relative frequency of occurrence per sample
and relative abundance per sampling site were used
for comparison by univariate variance analysis and
multivariate statistics.

ABSTRACT
In this study, data on occurrence and abundance of diatoms reported by the five studies carried out between 1991 and 2005 in the alkaline
Lake Hazar were mined using univariate and multivariate statistics. A total of 157 diatom taxa have
been reported in phytoplankton, epilithon and epipelon. Cymbella affinis, Epithemia turgida and
Gomphonema olivaceum were the most common
taxa on the basis of relative frequency both in phytoplankton and benthic algal associations. Hierarchical cluster analysis clearly grouped the taxa into
two major clusters, discriminating common and
dominant species than rare and scarce taxa. Principal component analysis, revealing the spatial and
temporal variation of dominant and subdominant
taxa, suggested seasonality of diatoms in different
habitats of the lake. Most of the diatoms recorded in
Lake Hazar that are typical alkalibiontic and oligotraphent species occurred rarely or scarcely in
phytoplankton and periphyton. On the other hand,
reaching to high abundances of meso-eutraphent
species indicated a response to increased nutrients
in the lake.

MATERIALS AND METHODS
Study area and criteria. Lake Hazar is a deep
tectonic lake located in Eastern Anatolia. The lake
is characterized with high alkalinity resulting from
high bicarbonate content and low primer productivity due to low nutrient and limiting factors. The
data used in the present study are based on the findings of previous studies [7-10] related to algal
communities of the lake which were carried out
between 1991 and 2005. Planktonic and benthic
algal communities were examined by using similar
methodologies from a total of 48 sampling sites
chosen on littoral and open water regions (Figure
1). The present study re-evaluates raw data on relative frequency of occurrence per sample and relative abundance per sampling site as a common
denominator of five previous studies.
Recent taxonomic status of algal species were
verified by AlgaeBase [11], and unverified species
removed from dataset. The following criteria were
established for frequency of occurrence: very freTXHQW    IUHTXHQW   <80%), common
 UDUH  DQGVFDUFH  

KEYWORDS:
Diatoms, alkaline lake, oligotrophic, indicator species,
phytoplankton, periphyton.

INTRODUCTION
Diatoms are a major component of algal assemblages in lotic and lentic freshwater ecosystems. The distribution, abundance, diversity and
composition in various habitats may be use of an
indication of the environmental conditions [1].
Although diatoms in periphyton has been widely
used in stream assessment for a long time, assessment of ecosystems health and water quality in
lakes using diatoms are increasingly widening[2-4].
Alkaline lakes, characterized by high salinity
and carbonate concentration as a result of a combination of geographical, topographical, and climatic
conditions, are extreme freshwater environments [5,
6]. In alkaline environments, algal growth and biomass are majorly managed with low nutrient con-
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dividing species scores by the standard deviation.
Transformed species data were centred [14- 16].

Statistical evaluation. For univariate statistical analysis, the normality was tested using the
Shapiro-Wilk test, and it was shown that data were
non-normally distributed. Thus, data were compared using the Kruskal-Wallis signed rank test (K:  IROORZHG E\ 'XQQ¶V PXOWLSOH FRPSDULVRQ
(DMC) test.
For multivariate statistical analysis, Heterogeneity of species distribution was determined with a
hierarchical cluster analysis (HCA) of data transformed logarithmically. Using squared Euclidean
distances as a measure of similarity, hierarchical
agglomerative cluster analysis was performed on
WKH WUDQVIRUPHG GDWD VHW E\ PHDQV RI WKH :DUG¶V
method. The linkage distance is reported as Dlink /
Dmax [12, 13]. Principal component analysis (PCA)
was used for scaling in interspecies relations and

RESULTS
A total of 157 diatom species belonging to 49
genera were reported in phytoplankton and periphyton of Lake Hazar. 22 genera were represented only
with one taxon whilst 11 genera were recorded with
two taxa. Majority of the species (87 taxa) were
reported both in phytoplankton and periphyton,
while one third (51 taxa) occurred only on benthic
substrates. However only a small number of taxa
(19) was the representatives of phytoplankton (Appendix 1).

FIGURE 1
Sampling points of phytoplankton and periphyton in the studies carried out in Lake Hazar
between 1991 and 2005.
APPENDIX 1
Checklist of diatom species reported in Lake Hazar (P, phytoplankton; L, epilithon; E, epipelon; s, scarce
(<20 UUDUH  FFRPPRQ  ZLWKUHJDUGVWRIUHTXHQF\RIRFFXUUHQFH
Taxa
Achnanthidium exiguum (Grunow) Czarnecki
Achnanthidium exile (Kützing) Heiberg
Achnanthidium minutissimum (Kützing) Czarnecki
Adlafia bryophila (J.B.Petersen) Lange-Bertalot
Amphora affinis Kützing
Amphora copulata (Kützing) Schoeman & R.E.M.Archibald
Amphora ovalis (Kützing) Kützing
Amphora pediculus (Kützing) Grunow
Amphora proteus W.Gregory
Aneumastus stroesei (Østrup) D.G.Mann
Aneumastus tuscula (Ehrenberg) D.G.Mann & A.J.Stickle
Aulacoseira ambigua (Grunow) Simonsen
Aulacoseira granulata (Ehrenberg) Simonsen
Brachysira exilis (Kützing) Round & D.G.Mann
Brebissonia lanceolata (C.Agardh) R.K.Mahoney & Reimer
Caloneis hebes (Ralfs) R.M.Patrick
Caloneis ventricosa F. Meister
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Taxa
Catacombas gaillonii (Bory) D.M.Williams & Round
Cocconeis placentula Ehrenberg
Cocconeis placentula var. euglypta (Ehrenberg) Grunow
Cocconeis placentula var. lineata (Ehrenberg) van Heurck
Craticula ambigua (Ehrenberg) D.G.Mann
Craticula cuspidata (Kutzing) D.G.Mann
Ctenophora pulchella (Ralfs ex Kützing) D.M.Williams & Round
Ctenophora pulchella var. lacerata (Hustedt) Bukhtiyarova
Cyclotella meneghiniana Kützing
Cymatopleura elliptica (Brébisson) W.Smith
Cymatopleura solea var. gracilis Grunow
Cymbella affinis Kützing
Cymbella cistula (Ehrenberg) O.Kirchner
Cymbella cymbiformis C.Agardh
Cymbella helvetica Kützing
Cymbella neoleptoceros Krammer
Cymbella obtusiuscula Kützing
Cymbella parva (W.Smith) Kirchner
Cymbella turgidula Grunow
Cymbopleura cuspidata (Kützing) Krammer
Cymbopleura hybrida (Grunow ex Cleve) Krammer
Cymbopleura inaequalis (Ehrenberg) Krammer
Cymbopleura lata (Grunow ex Cleve) Krammer
Diatoma vulgaris Bory
Diploneis elliptica (Kützing) Cleve
Diploneis ovalis (Hilse) Cleve
Encyonema auerswaldii Rabenhorst
Encyonema caespitosum Kützing
Encyonema leibleinii (C.Agardh) W.J.Silva, R.Jahn, T.A.Veiga Ludwig & M.Menezes
Encyonema muelleri f. ventricosum (Tempère & Peragallo) D.B.Czarnecki
Encyonema triangulum (Ehrenberg) Kützing
Encyonema ventricosum (C.Agardh) Grunow
Encyonopsis microcephala (Grunow) Krammer
Entomoneis costata (Hustedt) Reimer
Epithemia adnata (Kützing) Brébisson
Epithemia adnata var. porcellus (Kützing) R.Ross
Epithemia adnata var. saxonica (Kützing) R.M.Patrick
Epithemia argus (Ehrenberg) Kützing
Epithemia argus var. longicornis (Ehrenberg) Grunow
Epithemia argus var. protracta A.Mayer
Epithemia parallela (Grunow) Ruck & Nakov
Epithemia smithii Carruthers
Epithemia sorex Kützing
Epithemia sorex var. gracilis Hustedt
Epithemia turgida (Ehrenberg) Kützing
Fragilaria capucina Desmazières
Fragilaria crotonensis Kitton
Fragilaria rumpens (Kützing) G.W.F.Carlson
Fragilaria vaucheriae (Kützing) J.B.Petersen
Fragilariforma undata (W.Smith) Heudre, C.E.Wetzel & Ector
Fragilariforma virescens (Ralfs) D.M.Williams & Round
Gomphonema acuminatum Ehrenberg
Gomphonema angustatum (Kützing) Rabenhorst
Gomphonema gracile Ehrenberg
Gomphonema grunowii R.M.Patrick & Reimer
Gomphonema intricatum Kützing
Gomphonema olivaceum (Hornemann) Brébisson
Gomphonema parvulum (Kützing) Kützing
Gomphonema productum (Grunow) Lange-Bertalot & Reichardt
Gomphonema sphaerophorum Ehrenberg
Gomphonema subclavatum (Grunow) Grunow
Gomphonema truncatum Ehrenberg
Gomphonema ventricosum W.Gregory
Gomphonema vibrio Ehrenberg
Gyrosigma acuminatum (Kützing) Rabenhorst
Hantzschia amphioxys (Ehrenberg) Grunow
Iconella linearis (W.Smith) Ruck & Nakov
Lemnicola hungarica (Grunow) Round & Basson
Mastogloia smithii Thwaites ex W.Smith
Melosira lineata (Dillwyn) C. Agardh
Meridion circulare (Greville) C.Agardh
Navicula cincta (Ehrenberg) Ralfs
Navicula cryptocephala Kützing
Navicula dicephala Ehrenberg
Navicula gottlandica Grunow
Navicula heufleri Grunow
Navicula menisculus Schumann
Navicula phyllepta Kützing
Navicula radiosa Kützing
Navicula reinhardtii (Grunow) Grunow
Navicula reinhardtii var. elliptica Héribaud
Navicula rhynchocephala Kützing
Navicula rostellata Kützing
Navicula tripunctata (O.F.Müller) Bory
Navicula trivialis Lange-Bertalot
Navicula upsaliensis (Grunow) M.Peragallo
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Taxa
Navicula veneta Kützing
Navicula viridula (Kützing) Ehrenberg
Navigeia decussis (Østrup) Bukhtiyarova in Bukhtiyarova & Pomazkina
Neidium binode (Ehrenberg) Hustedt
Neidium dubium (Ehrenberg) Cleve
Nitzschia amphibia Grunow
Nitzschia bilobata W.Smith
Nitzschia fonticola (Grunow) Grunow
Nitzschia gandersheimiensis Krasske
Nitzschia hantzschiana Rabenhorst
Nitzschia intermedia Hantzsch
Nitzschia linearis W.Smith
Nitzschia minuta Bleisch
Nitzschia palea (Kützing) W.Smith
Nitzschia pusilla Grunow
Nitzschia sigmoidea (Nitzsch) W.Smith
Nitzschia thermalis (Ehrenberg) Auerswald
Nitzschia umbonata (Ehrenberg) Lange-Bertalot
Odontidium mesodon (Kützing) Kützing
Pantocsekiella ocellata (Pantocsek) K.T.Kiss & E.Ács
Pinnularia acutobrebissonii Kulikovskiy, Lange-Bertalot & Metzeltin
Pinnularia borealis Ehrenberg
Pinnularia interrupta W.Smith
Pinnularia viridis (Nitzsch) Ehrenberg
Placoneis exigua (W.Gregory) Mereschkovsky
Planothidium delicatulum (Kützing) Round & Bukhtiyarova
Planothidium frequentissimum (Lange-Bertalot) Lange-Bertalot
Planothidium lanceolatum (Brébisson ex Kützing) Lange-Bertalot
Platessa salinarum (Grunow) Lange-Bertalot
Pleurosigma salinarum (Grunow) Grunow
Prestauroneis protracta (Grunow) I.W.Bishop, Minerovic, Q.Liu & Kociolek
Pseudostaurosira brevistriata (Grunow) D.M.Williams & Round
Reimeria sinuata (W.Gregory) Kociolek & Stoermer
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot
Rhopalodia gibba (Ehrenberg) Otto Müller
Rhopalodia gibba var. ventricosa (Kützing) H.Peragallo & M.Peragallo
Sellaphora parapupula Lange-Bertalot
Sellaphora pupula (Kützing) Mereschkovsky
Staurosira construens Ehrenberg
Staurosirella pinnata (Ehrenberg) D.M.Williams & Round
Stephanodiscus hantzschii Grunow
Surirella amphioxys W.Smith
Surirella angusta Kützing
Surirella librile (Ehrenberg) Ehrenberg
Surirella minuta Brébisson ex Kützing
Surirella ovalis Brébisson
Surirella ovalis var. maxima Grunow
Surirella turgida W.Smith
Tabularia fasciculata (C.Agardh) D.M.Williams & Round
Tryblionella apiculata W.Gregory
Tryblionella hungarica (Grunow) Frenguelli
Tryblionella littoralis (Grunow) D.G.Mann
Ulnaria amphirhynchus (Ehrenberg) Compère & Bukhtiyarova
Ulnaria ulna (Nitzsch) Compère
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plankton and periphyton. Cluster 2, classified the
rare and/or scarce species with a lower relative
abundance, grouped the species into two major subclusters at a level of Dlink / Dmax * 100 > 50.
Cluster 1 grouped the species into two subcluster at highly meaningful level. Sub-cluster A
covered the taxa with lower frequency and/or relative abundance. They were Amphora copulata, A.
ovalis, Cocconeis placentula, Cocconeis placentula
var. lineata, Surirella librile, Cymbella cistula, C.
cymbiformis, C. helvetica, C. lanceolate, C. neoleptoceros, Epithemia adnata, E. argus, E. sorex,
Fragilaria rumpens, Rhoicosphenia abbreviate and
Stephanodiscus hantzschii. Sub-cluster B covered
the taxa with higher frequency and/or relative
abundance both in phytoplankton and periphyton.
Cyclotella meneghiniana, C. affinis, E. turgida, F.
vaucheriae, G. olivaceum, Pseudostaurosira brevistriata, Rhopalodia gibba and Staurosirella pinnata were the representatives of this group.

Based on data of a total of 144 phytoplankton
and 180 periphyton samples no ³a very frequently´
or ³frequently´ occurred diatom taxon was determined. Cymbella affinis (52%), Gomphonema olivaceum (49%) and Epithemia turgida (40%) were
the most common taxa both in littoral and open
water phytoplankton. C. affinis (57%), G. olivaceum (52%) and E. turgida (45%) were also the
commonly occurring taxa in epilithon, together with
Cymbella cistula (43%). However it is noteworthy
to mention that all the species observed in epipelon
occurred with ³rare´ or ³scarce´ IUHquency of occurrence.
HCA showed the heterogeneity of the diatom
taxa in Lake Hazar based on relative frequency and
relative abundance, and it created a dendrogram
(Figure 2). Although similarity did not statistically
meaningful at a level of Dlink / Dmax * 100 < 50,
HCA clearly grouped the taxa into two major clusters. Cluster 1 included the species with a higher
frequency and relative abundance both in phyto-
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FIGURE 2
Dendogram of Hierarchical Cluster Analysis for diatom taxa reported in Lake Hazar.

FIGURE 3
Monthly changes of average relative abundances of selected diatom taxa in different habitats of
Lake Hazar.
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and S. pinnata in especially phytoplankton and
epilithon (Figure 4). PCA also revealed to similarity
of growth period in different habitats of the populations of the dominant and subdominant taxa, supporting the argument of the some authors [7, 8]
which they propose that diatom community in phytoplankton of Lake Hazar mainly originates from
benthic habitats.
On the other hand, more than half of the diatom taxa in phytoplankton and epilithon occurred
rarely or scarcely with a frequency ratio below 20
per cent whilst almost all the taxa recorded in epipelon scarcely occurred. These species with a lower occurrence frequency classified into Cluster 2 in
HCA dendogram, grouping the species into two
different sub-clusters. Sub-cluster C included the
species with a higher frequency and/or relative
abundance of the rare while sub-cluster D covered
to a lower. Aside from the variations of dominant
and commonly occurred species, occurrence and
characteristics of some scarce species grouped into
sub-cluster D were conspicuous.
A group of these scarce taxa with a relatively
higher frequency of occurrence represented to a
significant part of community with regard to high
relative abundance (Figure 3). This group included
typical alkalibiontic/halophilic and oligotraphent taxa. Of all, Achnanthidium exile, Amphora
affinis, Aneumastus tuscula, Caloneis ventricosa,
Cymbella helvetica, Cymbopleura cuspidata, Epithemia adnata var. saxonica, Staurosira construens,
Gomphonema angustatum, Gomphonema intricatum, Navicula dicephala, Navigeia decussis and
Platessa salinarum were the major diatoms.

The commonly occurred species were largely
dominant both in phytoplankton and periphyton
with regard to average relative abundance per sampling site (Figure 3). C. affinis (K-W test x2(3) =
11.6; p < 0.01) and G. olivaceum (K-W test x2(3) =
8.9; p < 0.05) were recorded with higher relative
abundances both in phytoplankton and epilithon
compared to epipelon. The centric diatoms C.
meneghiniana (K-W test x2(3) = 12.0; p < 0.01) and
S. hantzschii (K-W test x2(3) = 6.9; p < 0.05) were
at significantly higher relative abundances in phytoplankton than epipelon while no significant difference occurred between phytoplankton and epilithon (DMC test, p > 0.05). On the other hand, no
statistically significant differences between the
relative abundances in algal associations were determined for the other dominant diatom taxa in
Lake Hazar (DMC test, p > 0.05).
PCA which was carried out using Cluster 1
data obtained by HCA explained that 80% of cumulative variance in temporal and spatial variation of
the dominant diatom species in phytoplankton and
periphyton, with the seven axes. The first axis (Axis
1), represented 21.7% of the variance, was mainly
loaded with the variations of spring populations of
Cymbella species and winter populations of G.
olivaceum and F. vaucheriae. Axis 1 was negatively loaded with the variations of autumn and early
winter populations of Epithemia and Amphora
species in especially benthic habitats. On the other
hand, the second axis (Axis 2) which represented
12.7% of the variance, was mainly loaded with the
variations of summer populations of P. brevistriata,
F. rumpens, R. gibba, R. abbreviate, S. hantzschii

FIGURE 4
Axis plot of principal component analysis of monthly abundance data
(P, phytoplankton; L, epilithon; E; epipelon; Ac, Amphora copulata; Ao, Amphora ovalis; Cp, Cocconeis placentula; Cpl, C.
placentula var. lineata; Cm, Cyclotella meneghiniana; Cs, Surirella librile; Ca, Cymbella affinis; Cci, Cymbella cistula; Ccy,
Cymbella cymbiformis; Ch, Cymbella helvetica; Cl, Brebissonia lanceolata; Cn, Cymbella neoleptoceros; Ead, Epithemia
adnata; Ear, Epithemia argus; Es, Epithemia sorex; Et, Epithemia turgida; Fb, Pseudostaurosira brevistriata; Fr, Fragilaria
rumpens; Fv, Fragilaria vaucheriae; Go, Gomphonema olivaceum; Ra, Rhoicosphenia abbreviata; Rg, Rhopalodia gibba;
Sp, Staurosirella pinnata; Sh, Stephanodiscus hantzschii).
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ing dominancy in oligotrophic waters with low N
and P concentration [1, 33, 35-37]. On the other
hand, alkaline conditions favour the growth and
dominancy of these species as well [7, 38].
A. exile, G. truncatum [21, 39], C. pulchella,
N. dicephala, P. salinarum [40- 42], E. adnata var.
saxonica, S. construens, N. decussis [43- 45], G.
angustatum and C. helvetica are known to be typical alkalibiontic and halophilic taxa in low trophic
state [3, 46]. They were widely reported in epilithic
habitats of rivers, lakes and reservoirs in Turkey
[47-51]. These oligotraphentic rare/scarce species
substantially represented to biomass of diatom
community in the lake.
Even if scarce, probably as a response to increased nutrients in the lake, occurrence of mesoeutraphent taxa with low frequency and high abundance including A. exiguum, A. ambigua, C. pulchella var. lacerate, E. auerswaldii and N. minuta
[17, 21, 52, 53, 54] can attest the enrichment in
Lake Hazar. Occurrence of meso-eutraphent taxa
with low frequency and abundance such as G. acuminatum [55], H. amphioxys [21], N. gottlandica
[56], N. intermedia [57, 58], Pleurosigma salinarum [59, 60], R. sinuata [39, 61], S. parapupula [4,
62] and T. hungarica [3] supported the nutrient
enrichment in the lake. These are termed as rare
species having a wide range of tolerance to pollution and acidification [4, 57, 58, 39, 63]. Thus the
presence of these diatoms can be considered as an
indication of possible variations in species dominancy due to increased nutrient loading in Lake
Hazar.
Although the fact that the reliability of diatoms as indicators of environmental conditions has
been demonstrated in various studies [40-45; 5254]. However the large variations in indicator indices also caused confusion and arbitrariness among
researchers performing quality assessments, probably due to regional datasets and the cosmopolitan
nature of diatoms [4]. Therefore, our results and
data on occurrence and relative abundance of dominant and/or rare taxa can contribute the reclassification of ecological indicator values for salinity, pH
and trophic state as well as development of specific
indices for alkaline habitats.
It is concluded that the diatom species with
high frequency occurrence in alkaline Lake Hazar
primarily grow out in littoral habitats whilst recruitment in phytoplankton are controlled with
increased water depths and wind-driven water currents. Despite to low frequency and abundance,
richness of typical alkalibiontic and halophilic taxa
for low trophic state may be appear to exert significant influences on community functioning. Mesoeutraphent rare species found in benthic communities of Lake Hazar may be considered as indicators
of nutrient enrichment. The autecological studies on
these diatom species of alkaline and low nutrient
conditions can help in developing a greater under-

Another group of these scarce taxa with lower
frequency of occurrence than <1% both in phytoplankton and periphyton composed of alkalibiontic/halophilic and eutraphent taxa (Figure 3). The
fact that Achnanthidium exiguum, Aulacoseira
ambigua, Ctenophora pulchella var. lacerate and
Nitzschia minuta were observed with a higher relative abundance in spite of being present in a few
sample. On the other hand, Encyonema triangulum,
Gomphonema acuminatum, Hantzschia amphioxys,
Navicula gottlandica, Nitzschia intermedia, Pleurosigma salinarum, Reimeria sinuata, Sellaphora
parapupula, Surirella amphioxys and Tryblionella
hungarica occurred with lower relative abundances.

DISCUSSION
Many diatom species can occur naturally in
various habitats of flowing and standing water
bodies with low and high dissolved solid contents
[17]. C. meneghiniana, C. affinis, E. turgida, P.
brevistriata, F. vaucheria, G. olivaceum and S.
pinnata were the diatom species occurring with a
high frequency and abundance both in phytoplankton and periphyton of alkaline Lake Hazar, However these diatoms were also widely reported in literature as alkaliphilic and alkalibiontic forms [18-22].
In addition C. affinis and G. olivaceum were extensively observed both in pelagic and benthic communities of many alkaline/karstic lakes and reservoirs [23-29]. Although species composition and
seasonality show clear variability among habitats
and substrates [30], E. turgida, P. brevistriata, R.
gibba and S. pinnata were also reported as major
members of epipelon and epiphyton in freshwater
ecosystems [22, 31, 32].
It is a well- known fact that many species of
pennate diatoms display specialized structures for
fixation to substrate, such as mucilaginous stalks
and gelatinous matrices. In many cases, these attached pads and stalks distribute in the pelagic zone
when they detach from benthic substrates. In fact,
similar seasonality pattern of dominant species
supported that some diatom species present in phytoplankton are the members of benthic habitats [7,
8]. These benthic species are often carried into the
plankton by currents / waves and may become important components of phytoplankton communities
of the lakes [7, 8]. On the other hand some centric
diatom species, Fragilaria and Staurosirella spp.
can thrive both in pelagic and benthic habitats as
tychoplanktonic forms [33, 34]. The presence of C.
meneghiniana, F. capucina, F. vaucheriae and S.
pinnata in phytoplankton of oligotrophic lakes was
found to be related with a longer growing season
and summer water temperatures [35].
However, the species observed with the high
frequencies and abundances in phytoplankton of
Lake Hazar are majorly oligotraphent taxa, reach-
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Aquaculture is the only agricultural sector
demonstrating constant economic growth within the
past decade. Nowadays trend is to produce drug
free products, which requires the use of animals
with strong immune response to pathogens. The
present study, investigates the seasonal variations
of natural immunity among three of the most common fish in Bulgaria - Rainbow trout, Common
carp and Russian sturgeon. The diverse phylogenetic development of each of them, leads to establishment of different defense strategies and prioritization of immune system components. The focus of
this experiment were the levels of blood serum
lysozyme, the two major pathways of complement
activation (classical and alternative – CPCA and
APCA, respectively) and some of the acute phase
proteins (ceruloplasmin and albumin). Expectedly,
the highest lysozyme and ceruloplasmin levels for
both seasons was observed among the Russian
sturgeon. Surprisingly, the sturgeon showed the
highest CPCA activity as well, whereas its APCA
results were rather modest. Despite the divergent
temperature preferences of the other two species,
they both exhibited an increase in all parameters of
interest in summer to winter direction. Exception of
this rule was detected for the lysozyme and albumin
levels among the common carp, where the opposite
tendency was unveiled. The obtained data should
give a new insight to fish growing programs focused on the specific immune system features of
each species.



 ! 
Recent FAO report states that aquaculture is
the only agricultural sector exhibiting constant rates
of increase within the past decade. Nowadays livestock strategies require fast growing periods and
maximum productivity, where both are complicated
by the desire of high population number of the
reared animals [1]. These circumstances increase
the risk of rapidly transmissible infectious diseases
with potential devastating effect on the entire population [2]. Unlike other livestock branches, where
very precise preventive programs are already established, aquaculture has very limited options for
disease control [3]. Although unspecific, the natural
immune factors, such as phagocytosis, the complement system, serum lysozyme, β lysines etc., have a
significant role in animals’ protection against pathogens. While these immune factors are well investigated among other livestock [4, 5], their potential
in aquaculture remains unclear. The lack of complete information on the subject [6, 7] motivated us
to investigate some of these protective mechanisms
among three diverse fish species and their variations in different seasons.
Seasonal dynamics of innate immunity was
investigated among sheep and goats [8], but this
topic among fish is still a blur. Taking into account
the global climate change and the specific seasonal
temperature amplitudes in Bulgaria, such investigation would give better prospective to farmers and
new opportunities for disease control in different
seasons. The three fish species, included in this
study, have completely divergent requirements to
water temperature and habitat in general. Rainbow
trout (!&$" &"") is markedly a coldwater fish type. In water temperatures above 20°С
it changes its living cycle, lowers its appetite and
performance. This is said to be a normal organism
state in both wildlife [9] and industrial farming
[10]. Contrary, common carp ( & !$" ! )
prefers slightly wormer habitat, where its optimal
water temperature is about 20-21°С. Temperatures
below that, are found to be unsuitable for this fish
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technology differences. The rainbow trout was
grown in concrete tanks and net cages, the common
carp was reared in ponds and net cages, while the
Russian sturgeon was cultivated in net cages only.
The specific biological properties of each fish kind
resulted in different weight of the sampled animals.
The purpose of our project required seasonal investigation of the immune factors – summer (June –
August) and winter (December – February), respectively. For each season 100 fish per species were
analyzed, where the total number of examined
animals was 600.
Blood sampling was performed in farm conditions. To avoid additional injury fish were anaesthetized with clove oil at a concentration of 40 mg/l-1.
Fine mesh nets were used for catching and after
induction fish were placed on a non-abrasive surface (waterproof drape) to prevent damage to delicate piscine cuticle. Blood was drawn from %
$" using a needle (18G) and plain vacutainers.
The levels of the alternative pathway of complement activation (АPCA) was assessed by the
method of Sotirov [17]. Each serum sample was
first diluted by mixing 100μl serum with 350 μl
veronal-veronal Na buffer (final concentrations:
146 mM NaCI, 1.8 mM 5.5-diethylbarbituric acid
sodium salt; 3.2 mM 5.5-diethylbarbituric acid; 1
mM EGTA and 0.8 mM MgCl2), in U bottomed
plates (Flow Laboratories, UK). From each diluted
serum 7 serial dilutions were again prepared in
veronal-veronal Na buffer: 80 μl diluted serum + 20
μl buffer, 70 μl diluted serum + 30 μl buffer, 60 μl
diluted serum + 40 μl buffer, 50 μl diluted serum +
50 μl buffer, 40 μl diluted serum + 60 μl buffer, 30
μl diluted serum + 70 μl buffer and 20 μl diluted
serum + 80 μl buffer. The final serum dilutions
were, 8/45, 7/45, 6/45, 5/45, 4/45, 3/45 and 2/45,
respectively. Then 50 μl buffer and 100 μl of 1%
rabbit erythrocyte suspension were added to each
well. After 1-hour incubation at 37°C the samples
were centrifuged at 150 G for 3 minutes at room
temperature (23°C). Thereafter, 150 μl of supernatant was removed from each well and placed in flat
bottomed plates for measurement of optical density
at 540 nm using “Sumal-PE2” ELISA reader (Karl
Zeiss, Germany).
The classical pathway of complement activation (CPCA) was determined by the method of
Stelzner and Stain [18]. Each serum sample was
first diluted by mixing 30 μl serum with 170 μl
veronal-veronal Na buffer (in final concentrations:
146 mM NaCI; 1.8 mM 5,5-diethylbarbituric acid
sodium salt; 3,2 mM 5,5-diethylbarbituric acid; 15
mM CaCl2 and 0.8 mM MgCl2) in U bottomed
plates (Flow Laboratories, UK). From each diluted
serum 5 other serial dilutions were again prepared
in veronal-veronal Na buffer: 3/20, 3/80, 3/160,
3/320 and 3/640. Then, 100 μl buffer and 100 μl of
1% sheep erythrocyte suspension sensitized with

kind. Thirdly, the Russian sturgeon (  "!
$"##) is a member of ancient fish species, where water temperature does not affect its
viability in such large extent. Most members of the
sturgeon family are discussed as primitive fishes,
since their morphology persisted unchanged since
the first fissile record. Unlike the first two fish
types, sturgeon’s skeleton is almost entirely composed of cartilages tissue [11]. In general, sturgeon
has wide range of suitable temperatures [6, 8],
which corresponds to its ancient origin and ability
to survive in variety of climates.
Considering the diverse phylogenetic state of
each fish species, we decided to focus our experiment on the following three innate immune factors
– the classical and alternative pathway of complement activation (CPCA and APCA, respectively)
and concentration of blood serum lysozyme. Serum
lysozyme has crucial role against gram-negative
bacteria, hence any substantial variation in its concentration might be devastating. The enzyme is
capable of triggering the opsonin of the complement system and phagocytic cells, therefore it enhances the immune defense [12]. Complement
system is part of both innate and adaptive immune
response, therefore it is considered essential defender of invertebrates as well as vertebrates. Different pathogens have the capability to induce complement cascade directly by activating the alternative pathway, while others need specific antibodies
to activate the classical pathway [13].
Acute phase proteins (APPs) are involved in
the regulation of immune response, inflammation,
protection against infection agents and the recovery
of the damaged tissues [14, 15]. They are reactants
synthesized during an acute phase response (APR).
The APPs whose circulating concentrations increase during APR are called positive (e.g. fibrinogen, ceruloplasmin, etc.), and proteins which concentrations decrease are called negative (e.g. albumin, transferrin) [16]. Detection of changes in the
concentration of APPs can be useful in determining
the severity of inflammatory responses in animals
as well as humans exposed to harmful factors.
The aim of this study was to elucidate the influence of seasonal habitual changes to innate immunity as well as examine the variation of the
aforementioned immune factors among three distinct fish species.


  
The fish species included in this study were;
Rainbow trout (!&$" &""), Common
carp ( & !$" ! ) and Russian sturgeon
(  "! $"##). Samples for analyses
were collected from fish farms located within the
region of Trakia valley, Bulgaria. The diverse habitat requirements of each fish type lead to growing
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haemolytic antibodies were added to each well.
After 1-hour incubation at 37°C the samples were
centrifuged at 150 G for 3 minutes at room temperature (23°C).
The last step for both pathways was to pipette
out 150 μl of each supernatant in flat bottomed
plates and measuring the optic density at 540 nm
using a “Sumal-PE2” ELISA reader (Karl Zeiss,
Germany). The final APCA and CPCA activity was
calculated using a special computer software developed at Trakia University and expressed as CH50
units (CH50 units correspond to 50% of complement-induced haemolysis of applied erythrocytes).
Blood serum lysozyme concentrations were
assayed by the method of Lie [19]. Twenty ml of
2% agarose dissolved in phosphate buffer (0.07 M
NaHPO4 and NaH2PO4) was mixed with 20 ml
suspension of 24-hour culture of !$"&"
#$" at 67°C. The mixture was poured out in
14-cm Petri dish. After solidifying at room temperature, thirty-two 5-mm wells were made with a
special device. Fifty microliters of undiluted sera
were pipetted in each well. Eight standard lysozyme
dilutions (from 0.025 to 3.125 μg/ml) were prepared and pipetted in weight wells. The samples
were incubated for 20 hours at 37°C and lytic zone
diameters were measured. The final lysozyme concentrations were calculated by special software
developed at the Trakia University.
Method for ceruloplasmin is based on the 
%#! oxidase activity that it shows with substances
such as p-phenylenediamine (PPD). A colored
oxidation product is formed from the oxidation of
PPD by Cp using Ravin’s method described by
Bestujeva and Kolb [20]. The concentrations of
albumin were determined using commercial kit
(Giesse, Diagnostics, Italy) and an autoanalyzer
(Mindray BA-88, China).
Before performing the statistical analysis, data
was examined with Shapiro- Wilk test for normality
and Levene test for homogeneity of variances as
parametric test assumptions. Descriptive statistics
for each variable were calculated and presented as
“Mean±Standard Deviation”. Data were subjected
to two-way ANOVA (analysis of variance) using
General Linear Model procedure. The model in-

cluded "species" and "season" as the main effects
and "species*season" interaction effects. Post-hoc
testing for significant interactions was performed
using simple effect analysis with Bonferroni adjustment. A probability value of less than 0.05 was
considered significant, unless otherwise noted.
SPSS 14.01 was used for statistical analysis.
! !
The acquired data for the blood serum lysozyme and the two pathways of complement activation is presented on Table 1. The Russian sturgeon
exhibited the highest lysozyme concentrations for
both seasons of interest. Considering the prehistoric
pedigree of this fish, the highest result was somehow predicted. Interestingly, the lysozyme levels
were decreased for the winter period, but still remained twice as high compared to the other two
species. These results acknowledge the understanding that enzyme content and activity are phylogenetically dependent and almost unaffected by feeding and habitat parameters [21]. The serum lysozyme concentration among the common carp and
the rainbow trout were significantly lower, where
season wise an interesting phenomenon was observed. As mentioned above, trout prefers coldwater temperatures, while carp favors wormer habitats. Expectedly, the serum lysozyme levels were
relatively low within the trout group for the summer
period and showed significant increase in the winter. In similar experiment Papezikova et al. [22]
report diametrically opposed results. Authors observe highest lysozyme activity within the month of
April with a continuous decline over the rest of the
year. As a result of their poikilothermic nature, fish
immune system is highly influenced by various of
factors – temperature, light, water quality, salinity
etc. Trout’s lysozyme is known to be related to the
photoperiod, where increase in this environmental
factor usually leads to higher lysozyme activity
[23]. The diverse geographic location between
Bulgaria and the Czech Republic and the different
time zones, could be the clue for the contradictory


*&632&0+08(78&7.3263+.22&7*.1182*+&(7356&132,7-5**).67.2(7+.6-64*(.*6
Species

Body weight (g)

Variable
Summer
Winter
CPCA (CH50)
85.07 ± 2.92 b, B
96.63 ± 1.55 b, A
Rainbow trout
342±18
APCA (CH50)
679.32 ± 4.1 a, B
719.07 ± 7.32 a, A
(&"")
c, B
Lysozyme (mg/L)
0.25 ± 0.09
0.41 ± 0.07 b, A
c, B
CPCA (CH50)
75.43 ± 1.63
86.33 ± 1.97 c, A
Common carp
1184±51
APCA (CH50)
522.41 ± 6.52 c, B
595.31 ± 5.65 c, A
( ! )
Lysozyme (mg/L)
0.36 ± 0.12 b, A
0.19 ± 0.05 c, B
a, B
CPCA (CH50)
96.71 ± 2.52
98.22 ± 1.16 a, A
Russian sturgeon
2135±67
APCA (CH50)
619.96 ± 3.54 b, B
651.17 ± 4.15 b, A
( $"##)
Lysozyme (mg/L)
0.93 ± 0.07 a, A
0.82 ± 0.09 a, B

Values within column followed by different superscript letters indicate significant differences 

Values within row followed by different superscript letters indicate significant differences 
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*&632&0+08(78&7.3263+*580340&61.2&2)0'81.2&132,7-5**).67.2(7+.6-64*(.*6
Species
Body weight (g)
Variable
Summer
Winter
Rainbow trout
Cp (mg/l)
27.32 ± 1.77 b, B
30.83 ± 1.75 b, A
342±18
(&"")
Alb (g/L)
28.9 ± 0.64 a, A
24.5 ± 0.65 a, B
c, B
Common carp
Cp (mg/l)
22.76 ± 0.96
30.15 ± 2.38 b, A
1184±51
c, A
( ! )
Alb (g/L)
13.89 ± 0.62
9.67 ± 0.4 c, B
a, B
Russian sturgeon
Cp (mg/l)
33.08 ± 3.25
58.27 ± 12.38 a, A
2135±67
( $"##)
Alb (g/L)
14.38 ± 0.56 b, B
19.33 ± 0.85 b, A

Values within row followed by different superscript letters indicate significant differences 

Values within column followed by different superscript letters indicate significant differences 

A total dominance of rainbow trout over the
common carp and the Russian sturgeon was witnessed for the APCA activity. The salmonid family
member, presented the highest values of this complement pathway, where summer to winter increase
was perceived. Although thought to be temperature
independent, rainbow trout’s complement activity
was reported to have temperature related variations
favoring the colder habitat [28]. Both other fish
kinds had the same season wise increase trend, but
values were rather modest. Carp’s APCA had a
notable increase in the winter-time which somehow
compensates the lowest lysozyme concentration
within this season. Such compensatory mechanisms
within the natural immunity have been described by
[29]. Buchtíková [30] evaluated seasonal variations
of common carp innate immunity in four seasons.
Authors detected the lowest values of APCA activity in summer, while its levels were significantly
higher in Spring and Winter. Researchers [24, 31]
describe various examples of seasonality of the
immune parameters within other fish of the cyprinid family, which collaborate for the best performance of both vertebrates and invertebrate organisms. Winter favored increase in APCA activity
was witnessed among male and female tench (
#) and Indian major carp ( !#). Combining these findings with our data, we could assume the importance of complement system and its
two major activation pathways in winter period,
when adaptive immune response is depressed.
Changes in the levels of blood ceruloplasmin
(Cp) and albumin (Alb) during the two studied
periods are shown in Table 2. The obtained results
exhibit higher Cp levels during winter season compared to summer for all three fish species: 
&"" 30.83±1.75 versus 27.32±1.77 mg/L, 
!  30.15±2.38 versus 22.76±0.96 mg/L and 
$"## 58.27±12.36 versus 33.08±3.24
mg/l, respectively. Although seeing a clear tendency, the statistically processed data showed lack of
significant differences (P > 0.05) among the Rainbow trout and Russian sturgeon. Contrary, the
plasma albumin concentrations among the sturgeons demonstrated significant increase (P<0.05)
during winter (from 14.38±0.56 to 19.33±0.85 g/L).
The Alb levels in the other two species gradually
decreased, namely: &""from28.90±0.64 g/L

results of Papezikova et al. [22] and our data. Presumably, the photoperiod increase starts a bit earlier
in Bulgaria, which marks high lysozyme activity as
early as the month of February. Contrary, the common carp demonstrated the exact opposite trend –
summer to winter decrease. Similar outcome was
perceived by Swain et al. [24], who report lower
serum lysozyme and myeloperoxidase activities in
winter as compared to any other season. It is a wellknown fact that unsuitable water temperature leads
to inactivity and decrease in all metabolic rates
among fish. Consequently, this state affects even
important molecules as lysozyme. Italian authors
[25] have investigated lysozyme levels within
Greater Amberjack put under starvation for 14
days. Authors report significant decrease of serum
lysozyme concentration due to the chronic stress
factor. Since both fish species from our study, significantly lowered their food income within the
unacceptable season (summer for the rainbow trout
and winter for the common carp), they experienced
chronic stress, which resulted into the same phenomenon observed by the authors above. The acquired data exhibit definite vulnerability of rainbow
trout and common carp within the summer and
winter season, respectively, hence disease management within these periods should be increased.
In addition to the high lysozyme levels, the
Russian sturgeon presented the highest CPCA activity for both seasons. Within this species, the
indicator was somehow untouched by the environment change, so it remained constant all year round.
This phenomenon reflects the adaptability of sturgeons to variety of habitats and ability to survive
for more than 200 million years [26]. The results
for the common carp and the rainbow trout were
entirely different. Despite the temperature preferences they both demonstrated increase in summer
to winter direction. Rainbow trout results for the
winter season were almost indistinguishable from
the sturgeon values, which corresponds to the data
witnessed by Papezikova et al. [22]. Authors report
similar summer to winter increase in the levels of
complement activity among three trout species.
Nowadays rainbow trout is known to be an extremely invasive species, out-competing native
trout populations by ability to survive high pathogen pressure [27].
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in summer to 24.50±0.65 g/L in winter (P<0.05); 
!  from 13.89±0.62 g/L to 9.67±0.40 g/L
(P<0.05). Interestingly, the Russian sturgeon exhibited the highest ceruloplasmin levels for both seasons of interest.
To date mechanism of APR and the induction
of APP synthesis in fish has not been completely
investigated. APPs including ceruloplasmin have
recently been isolated from fish. Cp is APP, released in response to infection and inflammation,
playing anti-inflammatory role and acts as a copper
transporter from hepatocytes to other tissues as well
as a scavenger of free radicals [32]. It is considered
that measurement of Cp can be used as bio indicator of health status of fish i.e. it is part of the nonspecific immunity [33].
Ceruloplasmin refers to humoral factors and
similarly to complement is elevated in sturgeons in
response to seasonal decreasing temperatures [23].
This APP usually found in the blood and its concentration depends on different factors (age, body
weight, physiological state) [23]. Our results coincide with the indicated increases of 42,5 % to 260
% in Russion sturgeon and Siberian sturgeon during
the winter period due to the decrease of the temperatures (october) [12]. Similar trends are observed in
carp giving this to the fact that it prefers warm
waters, where in October-November stops eating,
which opposes to all trout species (P>0.05).
Serum albumin concentrations in our experiment were within the normal range for the duration
of the study among the three fish species. Our data
is similar to the reference range according to [34],
namely about  "!" between 0,45 – 1,112
g/dL, & !" 0,53 – 2,2 g/dL and " 6,2
– 1,52 g/dL. Seasonal variations in the total protein
value in carp are usually related to the intensity of
its metabolism [35]. In winter, when water temperatures are low, the intensity of metabolism, including
that of the hepatopancreas (the major source of
proteins), is reduced. The total amount of protein
increases in summer [35].


!
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Based on scanning electron microscopy and nitrogen adsorption experiment at low temperature, the
pore types and structures of the Longmaxi Formation
shale in the Dianqianbei area, SW China were analyzed, and a molecular model was built. According
to central composite design model, the validation of
the model was solved by converting it into a mathematical formula. Effect of depth, temperature and
pressure on replacement rate is studied. This study
provides the theoretical basis for quantitative study
of shale reservoirs.



("# %
2+9+-;/93:;3-: 70 53-97879/: Micro-pores
occur in various sizes, shapes and distributions in
shales. Micro to nano scale pores have a significant
effect for controlling the porosity and permeability
conditions, and furthermore, organic matter is
strongly dominated by them. This paper focuses on
the Longmaxi formation shale from Dianqianbei
area, and it analyzes the characteristics of micropores.

%>8/:7053-97879/:The pore types that can
help establish a pore model indicate that the shales
went through changes caused by sedimentation and
diagenesis. Scanning electron microscopy is applied
to observe the shales of the Longmaxi Formation in
the study area, with the following results: the pore
types are various, including mineral corrosion pores,
dissolved pores between particles, dissolved pores in
particles, pores between pyrite crystals, pores in clay
mineral layers, residual pores between particles and
organic pores. The different pore diameters and
origin types are dominated by the pores in clay mineral layers and by organic pores. Due to the overmaturation of the shales belonging to the Ordovician
Wufeng Formation – Silurian Longmaxi Formation,
the unstable kaolinites and montmorillonites are
mostly transformed into illites, so that the clay minerals are mainly represented by illites and illite montmorillonite mixed layers. Owing to shales after peak
period of hydrocarbon generation, organic pores develop in shales.

2+9+-;/93:;3-: 70 53-97879/ :;9<-;<9/:
There occurs a corresponding relation between pore
diameter and pore structure. Due to SEM limitations,
only macropores and meso-pores can be observed.
Various pore types in our study area highly vary in
diameter at different depths, pores of the same type
occurring with different diameters, though less variation occurs for the same pore types of different
wells. The pore diameters in all types of pores, such
as in mineral corrosion pores, dissolved pores in particles, dissolved pores between particles, pores between pyrite crystals, pores in clay mineral layers

)'!#$
Shale, Longmaxi Formation, micro-pore, Study



 %#!&%! 
Shale gas is a vital part in unconventional oil
and gas, especially due to huge resources, cleaning
and high efficiency [1-3]. The Upper Yangtze area
has been studied by numerous scholars, especially
for its lithofacies and paleoenvironment, for micropores structure and for its controlling factors, as well
as for geochemical characteristics [4-6], laying the
foundation for the evaluation of shale reservoirs.
However, the complex pore structure system in
shales makes difficult the reservoir evaluation and
development for shale gas [7-11]. The evaluation
methods include the analysis of pore structures in
shale through mercury injection experiments and
through a combination of microscopy and porosity.
Permeability and median of pore throat are common
parameters to describe pores [12-14], but the result
is easily influenced by using traditional equipment.
Based on scanning electron microscopy and nitrogen adsorption experiment at low temperature, the
pore types and structures of the Longmaxi formation
shale in the Dianqianbei area, SW China were analyzed, and a molecular model was built. According
to central composite design model, the validation of
the model was solved by converting it into a mathematical formula. Effect of depth, temperature and
pressure on replacement rate is studied.
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and organic pores are 20-150 μm, 0.08-15.00 μm,
0.12-5.50 μm, 0.02-0.16 μm, 0.01-0.60 μm and 0.010.50 μm.



steeply and reaches the peek. As depths reaching 3
Km, the pressure becomes the major factor, the methane molecule movement intensifies but the replacement rate is lower due to the influence of pressure.
The competitive adsorption studies on methane
and carbon dioxide were undertaken by previous authors. However, under the condition of temperature
and pressure of the stratum, the quantitative study on
the replacement of methane by carbon dioxide is still
less. Based on simulating, the temperature and the
pressure of the stratum, and using the Materials Studio software, we now refine the methane model on a
saturated state and then optimize the stability of the
structure.
For Fig.4 to 6,effect of depth, temperature and
pressure on replacement rate is studied. From 0 Km
to 2 Km, due to the increase of temperature and pressure, for methane and carbon dioxide molecule, the
Brownian movement intensifies and replacement
rate increases steeply and reaches the peek. As
depths reaching 3 Km, the pressure becomes the major factor, the methane molecule movement intensifies but the replacement rate is lower due to the influence of pressure.

#$&%$ $&$$! 

The competitive adsorption studies on methane
and carbon dioxide were undertaken by previous authors. However, under the condition of temperature
and pressure of the stratum, the quantitative study on
the replacement of methane by carbon dioxide is still
less.
For Fig.1 to 3, contour plot of replacement rate
(%) vs C, B is present. In the expression of replacement rate, it means that the volume of methane replaced by carbon dioxide is divided by the methane
volume, before carbon dioxide is filled in the model.
The relationship figure on depth and on replacement rate is obtained with simulation and based
on calculation results. From 0 Km to 2 Km, due to
the increase of temperature and pressure, for methane and carbon dioxide molecule, the Brownian
movement intensifies and replacement rate increases
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Regular fractal characteristics mean that however one narrow or enlarge to watch it, the parts are
the same with their origin, signifying that the shale
has symmetrical characters of infinite expansion and
contraction. The molecular size is in the nanometer
range, so a molecular model can represent the nanopore structure to some extent. Based on the fractal
theory, the equivalent simulation and infinite extension, micrometer-millimeter pore structure can be
characterized.
The factors including the origin of organic
compounds and sedimentary environments influenced constituents and structures of organic matter
(kerogen). The graphene layer can characterize organic (kerogen) pores. The Longmaxi formation
shales are dominated by illite and illite mixed layers,
with major pores represented by pores in clay mineral layers and organic micro-pores. Using the Materials Studio software, the illite molecular model is
used to represent pores in clay mineral layers and the
graphene molecular model is used to represent organic pores. The molecular pore model is established
by building a molecular layer. The infinite expansion
as part of the fractal theory can be used for the molecular model within a micrometer-millimeter range.





The pore types of the Longmaxi Formation
shale in the study area are variable. The pores in clay
mineral layers and organic micro-pores dominate.
The experiment of nitrogen adsorption at low temperature indicates that the groove pores formed by
flaky particle stack and the silt-pores are the main
patterns in the pore system.
Effect of depth, temperature and pressure on replacement rate is studied. This study provides the
theoretical basis for quantitative study of shale reservoirs.


 !' %$
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THE EFFECT OF ADULT NUTRITION ON
PARASITIZATION PERFORMANCE OF TRICHOGRAMMA
EVANESCENS WESTWOOD (HYMENOPTERA:
TRICHOGRAMMATIDAE)
Nihal Ozder*, Seyda Demirtas
Department of Plant Protection, Faculty of Agriculture, Namik Kemal University, Tekirdag, Turkey

Food had a significant effect on parasitoid performance of Trichogramma spp. [11, 12]. Most parasitoids adult depend on carbohydrate-rich food as
an energy source for various activites and physiological processes [13]. Sugrose, glucose and fructose are
the most common sugars in nectars and honeydew;
also these three dominant nectar sugars can increase
SDUDVLWRLGV¶ ORQJHYLW\ DQG IHFXQGLW\ 0RQRVDFFKD
rides, disaccharides and oligosacc-harides can be
finding in significant concentration [14, 15].
Study on the mass rearing of parasitoids has focused on primarily on food. Both longevity and fecundity of parasitoids can increase in presence of
food [12, 16, 17] In the field honeydew and floral
nectar good carbohydrates sourcesfor parasitoids
[18]. Also many study have shown flowering plants
can increase parasitoid abundance and parasitism
level [19, 20, 21, 22].
In this paper, the effects of food sources on
Trichogramma evanescens Westwood (Hymenoptera: Trichogrammatidae) are reviewed.

ABSTRACT
Trichogramma spp. is the most important parasitoids in biological control as egg parasitoids. In this
study the effect of adult nutrition on the parasitization rate, longevity and emergence rate of
Trichogramma evanescens Westwood (Hymenoptera: Trichogrammatidae) were investigated. Honey,
grape molasse and royal jelly as main food; with
resin (derived from plants), acacia nectar, Paulownia nectar, red tulip nectar, yellow asphodel nectar,
apple syrup, liquid of E. kuehniella egg and mashed
E. kuehniella larvae used as food resources. Feeding
on honey and acacia nectar (15.73 days), and honey
(16.00 days) significantly increased longevity. The
shortest longevity of T. evanescens was seen royal
jelly+mashed +E. kuehniella larvae (2.06 days). T.
evanescens, females that fed on honey (104.8 eggs)
and honey+acacia nectar (96.53 eggs), parasitized
significantly more hosts than females that fed on
other floral nectars and artificial diets.

MATERIALS AND METHODS

KEYWORDS:
Trichogramma evanescens, Ephestia kuehniella, floral
nectar, food, fecundity, longevity.

Trichogramma evanescens Westwood (Hymenoptera: Trichogrammatidae) used in this experiment had been continuously reared on eggs of the
Mediterranean flour moth, Ephestia kuehniella
Zeller (Lepidoptera: Pyralidae). T. evanescens were
reared in the laboratory at 25±1°C, 70± 5% r.h, and
a photoperiodof 16:8 (L:D). Fresh (less than 24 h
old) E. kuehniella eggs were used. These eggs were
offered to single newly emerged, mated female for
24 h and then were discarded [23].
Eggs of E. kuehniella were used for rearing and
as host eggs in the experiment. The E. kuehniella
were reared on wheat bran. Throughout the rearing,
cultures were kept in a rearing room, equipped with
a control system, at 25±1°C, 70±5% r.h. [11, 23, 24].
The twenty-seven diet treatments were designated. Female grown-up individuals were fed with
honey, grape molasse and royal jelly as main food;
with resin (derived from plants), acacia nectar, paulownia nectar, red tulip nectar, yellow asphodel nectar, apple syrup, liquid of E. kuehniella egg and

INTRODUCTION
Parasitoid wasp genus Trichogramma (Hymenoptera: Trichogrammatidae) includes several species that used as biological control agents for more
than 100 years Trichogramma spp. lay their eggs inside the eggs of insect pest. Every year
Trichogramma parasitoids commercially mass
reared and they are used as inundative releases to
control [1, 2]. Field release reguire a large number of
Trichogramma species [3, 4]. Many studies have focused on the mass rearing and storage of
Trichogramma species [4, 5, 6, 7].
For parasitoids reproduction depends on the
VXLWDELOLW\RIWKHVHOHFWHGKRVWIRUSDUDVLWRLG¶VGHYHO
opment. Different criteria evaluated by the parasitoids, like host size, age, temperature, storage [8, 9,
10, 11].
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Female emergence. Female emergence
showed significantly differences when different food
given. The greatest female emergence was found for
royal jell and combinations (Table 1).
Provision of honey and honey+acacia nectar resulted in increase T. evanescens fecundity compared
to other.Studies have shown no significant difference
Trichogramma exiguum. Providing carbonhydraterich foods for parasitoids, for example, by planting
flowering plants is a potential way to enchance the
activity and efficacy of parasitoids, including
Trichogramma spp. [25, 26].
In this study,longevity of female in the laboratory was found to be influenced by the feeding regime and was significantly higher with the presentation of honey. A number of studies have shown that
an increase in fecundity can occur when parasitoid
wasp is provided food and especially honey [6, 8, 12,
14, 16, 27, 28, 29, 30, 31, 32, 33, 34, 35,36].
That adult Trichogramma females provided
with honey significantly longer lived than unfed females [37, 38]. T. evanescens longevity was increased significantly when wasps were provided
corn pollen+honey compared to pollen alone [39]. In
another studies, the mean fecundity of mated females
fed with was similar to unfed females [11, 25].
Nectar is a good food for insect and nectar and
pollen very effective on longevity, fecundity, adult
emergence and female emergence [40, 41, 42]. T.
chilonis females provided Sesamum indicum flowers
lived significantly longer and fecundity was significantly increased than water provided [26]. Flowering
SODQWVSURYLGHGDVRXUFHRIDQDOWHUQDWHKRVWLQVHFW¶V
eggs for Trichogramma [43].
Many studies showed nectar, pollen, carbonhydrate-rich foods can improve parasitoid performance
of Trichogramma [25, 26, 37, 43, 44].
Our results suggest that the tested honey, grape molasse, acacia nectar, paulownia poplar nectar and
royal jelly food sources could serve as food sources
for T. evanescens in stores, warehouses and in the
field.

mashed E. kuehniella larvae as elevenses; and the
combination of these two food kinds. All of the female parasitoids were fed daily until all female parasitoids died [23].
About 50 fresh E. kuehniella eggs were placed
in glass vials (10 cm x 3 cm) and newly emerged (0±
24 h) T. food sources on T. evanescens Westwood
(Hymenoptera: Trichogrammatidae) longevity, parasitism females were introduced and held for 24 h.
After that exposure time, the adults were removed
and the number of parasitized eggs counted. Fresh
eggs of E. kuehniella were exposed to T. evanescens
adults in glass vials until all female parasitoids died.
All experiments were carried out 25±1°C, 70± 5%
RHwith a 16:8D h photoperiod. Flowers were collected daily and spread on white paper under a lamp
to check for insects and then offered to the parasitoids. Honey, molasses and the other diets were dotted onto the paper with a sharpened dissecting probe
to provide four dots no larger than 2 mm in diameter
[23].
Data were analyzed using SPSS 8 Windows. A
one-way analysis of variance (ANOVA) was used to
study the effects of the food sources applied as a factor and the number of parasitized eggs, adult emergence and female emergence as parasitization efficiency depeQGHQW0HDQVZHUHFRPSDUHG'XQFDQ¶V
Multiple Range test was applied as a means of separation [23].

RESULTS AND DISCUSSION
Longevity. T. evanescens longevity differed
distinctly between individuals provided with food
(P<0.05). Only honey (16.00±5.37 d) and
honey+acacia nectar (15.73±4.62 d) significantly increased longevity compared with other food sources.
When royal jelly+E. kuehniella larvae were given, T.
evanescens individuals lived for only 2.06±0.79 days
(Table 1).
Fecundity.Feeding treatment had a highly significant effect on wasp fecundity (P<0.05). ). A large
variation was found within the diets as regards fecundity. All honey and honey combinations (except
molasse+applesyrup) improved the fecundity but
honey (104.8±17.55 eggs) and honey+acacia nectar
(96.53±25.60 eggs), than the others (Table 1). The
mean parasitism decreased dramatically, especially
for females on fed royal jelly and royal jelly+ reisin.
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Adult emergence. The parasitoid completed
development on all diets tested (Table1). The greatest adult emergence was obtained on the honey+paulownia nectar (99.66±0.81 %).
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TABLE 1
Mean longevity, fecundity and percentage of adult and female emergence of Trichogramma evanescens
Westwood (Mean ± SE, p<0.05)
Diets
Honey
Molasses
Royal jelly
Honey + acacia nectar
Honey + Paulownia
nectar
Honey + apple syrup
Honey + yellow
asphodel nectar
Honey + red tulip
nectar
Honey + E. kuehniella
larvae
Honey + E. kuehniella
eggs
Honey + resin
Molasses + yellow
asphodel nectar
Molasses + red tulip
nectar
Molasses + apple syrup
Molasses + Paulownia
nectar
Molasses + Acacia
Nectar
Molasses +
E. kuehniella larvae
Molasses +
E. kuehniella eggs
Molasses + resin
Royal jelly + Paulownia
nectar
Royal jelly + red tulip
nectar
Royal jelly + acacia
nectar
Royal jelly + resin
Royal jelly + apple
syrup
Royal jelly +
E. kuehniella larvae
Royal jelly +
E. kuehniella eggs
Royal jelly + yellow
asphodel nectar

Longevity (d)

Fecundity

Adult emergence (%)

Female
emergence (%)

16.00 ± 1.38
(8 - 26)J
11.93 ± 1.01
(7 - 19)GHI
3.00 ± 0.92
(1 - 5)A
15.73 ± 1.19 (8 23)J
12.66 ± 0.70
(8 - 18) I
12.26 ± 1.15
(4 ± 20 HI
10.86 ± 0.55
(7 - 14) FGHI
9.53 ± 0.55
(6 - 13) EF
7.93 ± 0.70
(4 - 12) DE
11.93 ± 0.97
(5 ± 18) GHI
9.93 ± 0.56
(6 - 13) FG
5.66 ± 0.37
(4 - 9) BC
5.46 ± 0.23
(4 - 7) BC
10.46 ± 0.64
(6 - 14) FGH
7.00 ± 0.50
(3 - 10) CD
6.53 ± 0.76
(3 - 13) CD
3.80 ± 0.39
(2 - 6) AB
5.93 ± 0.73
(2 - 11) C
3.66 ± 0.33
(2 - 16) AB
3.26 ± 0.22
(2 - 5) A
2.60 ± 0.19
(1 - 4)A
3.13 ± 0.21
(2 - 5)A
3.73 ± 0.24
(3 - 6) AB
3.66 ± 0.27
(2 - 5)AB
2.06 ± 0.20
(1 - 3) A
2.26 ± 0.22
(1 - 4) A
2.20 ± 0.24
(1 - 4) A

104.8 ± 4.53
(70 - 126) K
90.60 ± 5.78
(53 - 126) L
7.40 ± 1.17
(6 - 24) A
96.53 ± 6.61
(56 - 144) KL
70.53 ± 5.84
(36-122) HI
76.53 ± 5.92
(27 - 102) J
57.06 ± 4.88
(31 - 95) G
51.8 ± 3.56
(29 - 74)FG
62.53 ± 5.20
(31 - 97) GH
79.93 ± 5.30
(32 - 110) J
56.6 ± 3.45
(38 - 89) G
27.13 ± 2.99
(12 - 51) DE
24.60 ± 1.67
(15 - 36) CDE
57.8 ± 3.97
(29 - 76) G
31.33 ± 82.28
(17 - 47) E
44.20 ± 6.38
(11 - 91)F
22.20 ± 2.68
(8 - 41)BCDE
32.86 ± 4.61
(8 - 64) E
14.46 ± 1.62
(6 - 26) ABC
11.33 ± 2.04
(5 - 36) AB

99.06 ± 1.43
(96 - 100) C
98.80 ± 2.07
(94 - 100) BC
97.00 ± 6.04
(79 - 100) ABC
98.93 ± 1.38
(96 - 100) BC
99.66 ± 0.81
(97 - 100) C
99.33 ± 1.17
(96 - 100) C
98.53 ± 2.26
(92 - 100) BC
97.40 ± 3.39
(88 - 100) ABC
98.53 ± 1.59
(95 - 100) BC
98.60 ± 1.95
(93 - 100) BC
98.66 ± 1.58
(96 - 100) BC
98.33 ± 3.10
(90 - 100) BC
98.80 ± 2.59
(92 - 100) BC
98.40 ± 2.44
(94 - 100) BC
98.80 ± 2.59
(92 - 100) BC
98.53 ± 1.84
(95 - 100) BC
97.40 ± 3.66
(88 - 100) ABC
99.13 ± 1.95
(94 - 100) C
95.80 ± 4.32
(89 - 100) AB
97.13 ± 4.37
(89 - 100) ABC
98.80 ± 3.19
(90 - 100) C
97.46 ± 5.19
(82 - 100) ABC
94.66 ± 6.44
(77.00 - 100) A
98.60 ± 2.69
(91 - 100) BC
98.60 ± 2.92
(92 - 100) BC
97.86 ± 3.31
(90 - 100) ABC
96.40 ± 4.89
(86 - 100) ABC

86.86 ± 3.29
(77 - 91)DEFGH
86.80 ± 3.23
(82 - 92)DEFGH
79.33 ± 8.92
(62 - 94)ABCDE
84.66 ± 3.49
(77 - 90 ) CDEF
83.53 ± 3.96
(76 - 90) BCDE
81.53 ± 4.67
(70 - 87) BCDE
81.26 ± 4.63
(73 - 91) BCDE
84.86 ± 4.80
(76 - 94)CDEFG
87.33 ± 2.91
(84 - 94)DEFGH
87.60 ± 4.11
(75 - 91) EFGH
82.20 ± 5.58
(71 - 90) BCDE
78.13 ± 5.23
(67 - 86) ABC
72.20 ± 5.55
(60 - 82) A
80.86 ± 4.62
(71 - 89) BCDE
76.20 ± 3.07
(71 - 81) AB
79.00 ± 9.45
(55 - 90) ABCDE
81.46 ± 8.08
(73-100) BCDE
81.20 ± 10.76
(55 - 100) BCDE
84.06 ± 9.14
(75-100)DEFGH
87.66 ± 8.95
(75-100) EFGH
90.86 ± 8.43
(78 - 100) GHI
90.26 ± 4.75
(79 - 100) GHI
90.86 ± 4.59
(80-100) GHI
93.86 ± 4.42
(86-100) JK
94.00 ± 7.28
(80 - 100) K
90.26 ± 7.26
(78 - 100) GHI
93.06 ± 8.81
(75 - 100) JK

7.93 ± 0.84 (3 - 14) A
16.33 ± 1.23 (9 - 28)
ABCD
20.00 ± 1.97 (7 - 37)
ABCDE
16.00 ± 2.09 (6 - 37)
ABCD
8.93 ± 0.95 (5 - 18) AB
10.46 ± 1.39 (5 - 22) A
9.73 ± 1.28 (3 - 19) A

Mean in a column the same letters are not significantly different (P<0.05).

8542

© by PSP

Volume 27 ± No. 12/2018 pages 8540-8545

Fresenius Environmental Bulletin

[11] Özder, N. and Kara, G. (2010) Comparative biology and life tables of Trichogramma cacoeciae, T. brassicae and T. Evanescens (Hymenoptera: Trichogrammatidae) with Ephestia kuehniella and Cadra cautella (Lepidoptera, Pyralidae) as hosts at three constant temperatures.
Biocontrol Science and Technology. 20(3), 245255,
[12] 7XQoELOHN $ù dÕQDU 1 DQG &DQSRODW h
(2012) Effects of artificial diets and floral nectar
on longevity and progeny production of
Trichogramma euproctidis Girault (Hymenoptera: Trichogrammatidae). Journal of Entomology Entomoloji. 36(2), 183-191. (in Turkish).
[13] Jervis, M., Kidd, N., Fitton, M., Huddleston, T.
and Dawah, H. (1993) Flower visiting by hymenopteran parasitoids. Journal of Natural history.
27, 67-105.
[14] Leatemia, J.A., Laing, J.E. and Corrigan, J.E.
(1995) Effects of adult nutrition on longevity,
fecundity, and offspring sex ratio of
Trichogramma minutum Riley (Hymenoptera:
Trichogrammatidae). Canadian Entomologist.
127(2), 245-254.
[15] Wäckers, F.L. (2001) A comparison of nectar
and honeydew sugars with respect to their utilization by the hymenopteran parasitoids Cotesia
glomerata. Journal of Insect Physiology. 47,
1077-1084.
[16] Ashley, T.R. and Gonzalez, D. (1974) Effect of
various food substances on longevity and fecundity of Trichogramma. Environmental Entomology. 3(1), 169-171.
[17] Özkan, C. (2007) Effect of food, light and and
host instar on the egg load of the synovigenic
endoparasitoid Venturia canescens (Hymenoptera: Ichneumonidae). Journal of Pest Science.
80, 79-83.
[18] Wäckers, F.L., van-Rijin, P.C.J. and Heimpel,
G.E. (2008) Honeydew as a food source for natural enemies: making the best of a bad meal. Biological Control. 45(2), 176-184.
[19] Berndt, L.A., Wratten, S.D. and Scarratt, S.L.,
(2006) The influence of floral resource subsides
on parasitism rates of leafrollers (Lepidoptera:
Tortricidae) in New Zealand vineyards. Biological Control. 37(1), 50-55.
[20] Diaz, M.F., Ramírez, A. and Poveda, K. (2012)
Efficiency of different egg parasitoids and increased floral diversity fort the biological control of noctuid pests. Biological Control. 60(2),
182-191.
[21] Masetti, A., Lanzoni, A. and Burgio, G. (2010)
Effects of flowering plants on parasitism of lettuce leafminers (Diptera: Agromyzidae). Biological Control. 54(3), 263-269.

REFERENCES
[1] Li, L. Y. (1994) Worldwide use of Trichogramma for biological control of different crops:
A survey. In: Wajnberg, E. and Hassan, S. A.
(eds.) Biological control with egg parasitoids.
CAB International, Walling-ford, 37-54.
[2] Smith, S.M. (1996) Biological control with
Trichogramma: advances, successes, and potential of their use. Annual Review of Entomology.
41, 375-406.
[3] Stinner, R.E., Ridgway, R.L. and Kinzer, R.E.
(1974) Storage, manipulation of emergence, and
estimation of number of Trichogramma pretiosum. Environmental Entomology. 3, 504-507.
[4] Jalali, S.K. and Singh, S.P. (1992) Differantial
response of four Trichogramma species to low
temperatures for short term storage. Entomophaga. 37, 159-165.
[5] g]SLQDU$DQG.RUQRúRU6  ,QYHVWLgation on some biological relations between
Ephestia küehniella Zeller (Lepidoptera, Pyralidae) and Trichogramma evanescens West.
(Hym., Trichogrammatidae). Çukurova University, Journal of the Faculty of Agriculture. 8,
131-142. (in Turkish)
[6] Özpinar, A. (1994) Life table of Trichogramma
evanescens Westwood (Hym., Trichogrammatidae) on the two different host. Turkish Journal
of Entomology - Entomoloji Dergisi. 18(2), 8388. (in Turkish)
[7] Özder, N. (2008) Effect of cold storage of adult
Trichogramma brassicae, T. cacociae and T. evanescens (Hym: Trichogrammatidae). Archives
of Phytopathology and Plant Protection. 41(4),
296-299.
[8] $\GÕQ-g]GHU1DQG.ÕOÕQoHU1  ,QYHV
tigations on some biological relations between
Agrotis segetum (Denis and Schiff) (Lepidoptera: Noctuidae) and Trichogramma embryophagum (Hartig) and T. turkeiensis Kostadinov
(Hymenoptera; Trichogramma-tidae). Türkiye
Entomoloji Dergisi. 20(1), 35± 49.
[9] Tunçbilek, A.S. and Ayvaz, A. (2003) Influences of host age, sex ratio, population denssity
and
photoperiod
on
parasitism
by
Trichogramma evanescens Westw. (Hym.:
Trichogrammatidae). Journal of Pest Science.
76, 176-180.
[10] g]GHU1DQG6D÷ODPg  2YHUZLQWHULQJ
of the egg parasitoids Trichogramma brassicae
and T. cacoeciae (Hym.: Trichogrammatidae) in
Thrace Region of Turkey. J. Pest Science. 78,
129-132.

8543

© by PSP

Volume 27 ± No. 12/2018 pages 8540-8545

Fresenius Environmental Bulletin

[32] Johanowicz, D. and Mitchell, E.R. (2000) Effects of sweet alyssum flowers on the longevity
of the parasitoid wasps Cotesia marginiventris
(Hymenoptera: Braconidae) and Diadegma insulare (Hymenoptera: Ichneumonidae). Florida
Entomologist. 83, 41-47.
[33] Costamagna, A.C. and Landis, D.A. (2004) Effects of food resources on adult Glypta-panteles
militaris and Meteorus. Environmental Entomology. 3(1), 169-171.
[34] Fuchsberg, J. F., Yong, T.Z., Losey, J.E, Carter,
M.E. and Hoffmann, M.P. (2007) Evaluation of
corn leaf aphid (Rhopalosiphum maidis; Homoptera: Aphididae) honeydew as a food source
for the egg parasitoid Trichogramma ostriniae
(Hymenoptera: Trichogrammatidae). Biological
Control. 40(2), 230-236.
[35] Bari, M.N., Jahan, M., Islam, K. and Ali, M.P.
(2016) Host Egg Age and Supplementary Diet
Influence the Parasitism Activity of Trichogramma zahiri (Hymenoptera: Trichogrammatidae). Biological and Microbial Control. 109(3),
1102-1108.
[36] Lessard, E. and Boivin, G. (2013) Effect of age
and hunger on host-feeding behavior by female
Trichogramma euproctidis (Hymenoptera:
Trichogrammatidae). Canadian Entomologist.
145(1), 53-60.
[37] Hoffmann, M.P., Walker, D.L. and Shelton,
A.M. (1995) Biology of Trichogramma ostriniae (Hymenoptera: Trichogrammatidae) reared
on Ostrinia nubilalis (Lep.: Pyralidae) and survey for additional hosts. Entomopaga. 40, 387402.
[38] Saljoqi, A.U.R. and Khattak, A.S.K. (2007) Effect of different artificial diets on the efficiency
and development of Trichogramma chilonis
(Ishii) (Hymenoptera: Trichogramma-tidae).
Sarhad Journal of Agriculture. 23, 129-133.
[39] g]GHU16D÷ODPg.RUNPD]%'HPLU*
DQG'HPLUWDúù  (IIHFWRI3ODQW3ROOHQV
for Egg Parasitoids of the Trichogramma brassicae Bezdenko and Trichogramma evanescens
Westwood
(Hymenoptera:
Trichogrammatidae). Proceedings of the Fourth Plant Protection Congress of Turkey. 28-30 June,
.DKUDPDQPDUDúp. (in Turkish).
[40] Thompson, S.N. and Hagen, K.S. (1999) Nutrition of entomophagous insects and other arthropods. In: Bellows, T.S., Fisher, T.W., Caltagirone, L.E., Dahlsten, D.L., Huffaker, C. and
Gardh, G. (eds.) Handbook of Biological Control. Academic, San Diego, CA. 594-652.
[41] :lFNHUV)/  7KHSDUDVLWRLGV¶QHHGIRU
sweets: sugars in mass rearing and biological
control. In: van Lenteren, J.C. (ed.) Quality
Control and Production of Biological Control
Agents, Theory and Testing Procedure. CABI
Publishing, Cambridge, 59-72.

[22] Zhu, P.Y., Gurr, G.M., Lu, Z.X., Heong, K.L.,
Chen, G.H., Zheng, X.S., Xu, H.X. and Yang,
Y.J. (2013) Laboratory screening supports the
selection of sesame (Sesamum inducum) to enhance Anagrus spp. Parasitoids (Hymenop-tera:
Mymaridae) of rice planthoppers. Biological
Control. 64(1), 83-89.
[23] g]GHU1DQG'HPLUWDúù  (IIHFWs of artificial diets and floral nectar on parasitization
performance of Trichogramma brassicae Bezdenko, 1968 (Hymenoptera: Trichogrammatidae). Türkiye Entomoloji Dergisi. 41(1), 5360.
[24] Özder, N. (2006) Comparative biology and life
tables of Trichogramma brassicae and Trichogramma cacoeciae with Ephestia kuehniella as
host at three constant temperatures. The Great
Lakes Entomolgist. 39(1-2), 62-66.
[25] Landis, D.A., Wratten, S.D. and Gurr, G.M.
(2000) Habitat management to conserve nature
enemies of arthropod pests in agriculture. Annual Review Entomology. 45, 175-201.
[26] Zhu, P., Wang, G., Xusong, Z., Junce, T., Lu, Z.,
Heong, K.L., Xu, H., Chen, G., Yang, Y. and
Gur, G.M. (2015) Selective enhancement of parasitoids of rice Lepidoptera pests by sesame
(Sesamum indicum) flowers. BioControl. 60,
157±167.
[27] Leius, K. (1961) Influence of food on fecundity
and longevity of adults of Itoplectis conquisitor
(Say) (Hymenoptera: Ichneumonidae). Canadian Entomologist. 93, 771-780.
[28] Yu, D.S.K., Hagley, E.A.C. and Laing, J.E.
(1984) Biology of Trichogramma minutum Riley collected from apples in southern Ontario.
Environmental Entomology. 13, 1324-1329.
[29] Aydin-Özder, N. and Kilinçer, N. (1996) The effect of Agrotis segetum (Denis and Schiff) (Lepidoptera: Noctuidae) eggs age and pattern, food
and temperature on longevity, fecundity, progeny and parasitism rate of Trichogramma embryophagum (Hartig) ve T. turkeiensis Kostadinov (Hymenoptera: Trichogramma-tidae). Türkiye Entomoloji Dergisi. 20(1), 35± 49.
[30] Blanche, S., Cassas, J., Bigler, F. and Jansenvan, B.K.E., (1996) An individual-based model
of Trichogramma foraging behaviour: Parameter estimation for single females. Journal of Applied Ecology. 33, 425-434.
[31] Gurr, G.M. and Nicol, H.I. (2000) Effect of food
on longevity of adults of Trichogramma
carverae Oatman and Pinto and Trichogramma
brassicae Bezdenko (Hymenoptera: Trichogrammatidae). Australian Journal of Entomology. 39, 185-187.

8544

© by PSP

Volume 27 ± No. 12/2018 pages 8540-8545

[42] Zhang, G. R., Zimmermann, O. and Hassan,
S.A. (2004) Pollen as a source of food for egg
parasitoids of the genus Trichogramma (Hymenoptera: Trichogrammatidae). Biocon-trol Science and Technology. 14, 201-209.
[43] Manandhar, R. and Wright, M.G. (2016) Effect
of interplanting flowering plants on the biological control of corn earworm (Lepidop-tera: Noctuidae) and Thrips (Tysanoptera: THripidae) in
sweet corn. Journal of Economic Entomology.
109(1), 113-119.
[44] Bickerton, M.W. and Hamilton, G.C. (2012) Effect of intercropping with flowering plants on
predation of Ostrinia nubilalis (lepidoptera:
Crambidae) eggs by generalist predators in bell
peppers. Environmental Entomology. 41, 612620.

Received:
Accepted:

12.07.2018
27.09.2018

CORRESPONDING AUTHOR
Nihal Ozder
Department of Plant Protection,
Faculty of Agriculture,
1DPÕN.HPDO8QLYHUVLW\
7HNLUGD÷ ± Turkey
e-mail: nozder@nku.edu.tr

8545

Fresenius Environmental Bulletin

$#

! % 

 







!"  ! 




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

",8(6"(2,8 ,8(>"543,? ;8*;,201 ;8,2,+0384,1*0 "54.;2';*, 

1

Firat University, Fisheries Faculty, Elazig, Turkey
2
Fisheries Research Institute, Elazig, Turkey



"#!#

In this study, the digestive system contents of
-%'#*( '%$ Linnaeus, 1758 have been determined. The annual distributions of the organisms in
the contents were evaluated by using Geometrical
Index of Importance (GII). In the digestive system
contents of '%$living in Keban Dam Lake, 53
food items (Bacilariophyta 28 species, Chloropyhta,
3 species, Cyanophyta 2 species, Dinophyta 1 species, Rotifera 10 species, Cladocera 7 species, Copepoda 1 species and Diptera 1 species), in Karakaya
Dam Lake 40 food items (Bacilariophyta 19 species,
Chlopyhta, 1 species, Rotifera 10 species, Cladocera
7 species, Copepoda 2 species and Diptera 1 species)
and in Atatürk Dam lake 41 food items (Bacilariophyta 17, Chlorophyta 4 species, Rotifera 10 species, Cladocera 7 species, Copepoda 2 species and
Diptera 1 species) have been identified. In these dam
lakes species belonging to Bacillariophta were observed in every digestion system contents with high
number of individuals and species richness. Species
from Rotifera were the most recorded animal species. No empty digestive system content during the
study period was observed. The results of Geometric
Index of Importance indicated -%'#*( '%$ as
omnivorous species.

high altitude lakes and they have a considerable tolerance against the lack of oxygen. It has an important
place among cultured species due to its omnivore nature, rapid growth, keeping in closed regions and it
relatively tasty meat. They reach to sexually maturity
at 3-4 years of age and spawn their eggs between
April and June. They can reach to a length of 1 m
and the weight of 40 kg.
Stomach content analysis is very important part
of the feeding habit study, feeding ecology and, in
general terms, a necessary step in research focused
on more complex questions of freshwater fish ecology. Digestive system content analysis helps understand the problematics of fish species natural history,
nutritional requirements, trophic, material and energy dynamics, food webs, food chains, material and
energy transfers between and within ecosystems. It
makes possible to explain interactions with other organisms such like predation or competition and contribute to the understanding of the ecological niche,
ecosystem structure, community composition and
population dynamics [1].
Tanyolaç and Karabatak [2] investigated the digestive content of -%'#*('%$in Mogan Lake.
Atasagun [3] observed the food types and their seasonal variations. Karaca [4], investigated the growth
and feeding behaviour of the common carp in
Hirfanlı Dam Lake, Çetinkaya [5] examined its
breeding and feeding behaviors in Aksehir Lake,
Pala et al. [6, 7] investigated the digestive content of
-%'#*('%$in Keban Dam Lake, Cetinkaya et
al. [8] and Kırankaya and Ekmekçi [9] examined the
growth properties of -%'#*( '%$ in Kockopru
Dam Lake and Gelingullu Dam Lake.
Mc. Crimmon [10] investigated the feeding
habits of -%'#*('%$in Canada, Summerfelt et
al. [11] in Oklahoma, Cherry and Guthrie [12] in
Canada, Hana and Manal [13] in Iraq, Saikia and Das
[14] in India.
Kir et al. [15] observed trace element bioaccumulation in carp from Karacaoren Dam Lake. Transfer factor of some heavy metals in muscle of -%'
#*('%$ has benn investigated [16] and also lead,
mercury, arsenic and cadmium level in muscle of
common carp (-%'#*('%$) in southern caspian
sea and gomishan and anzali wetlands have been de-

'&!"
Keban Dam Lake, Karakaya Dam Lake, Atatürk Dam
Lake,-%'#*('%$ Geometrical Index of Importance
(GII).

#!$#
Common carp (-%'#*('%$L., 1758) has a
very important place among the fish species living in
inland waters of many countries regarding to its economic value and breeding features. The common
carp prefers natural lakes, ponds and deep and slow
flowing rivers with detritus bottom and abundant
vegetation. The young fish generally live in shallow
parts while the elder ones prefer deep waters. They
prefer warm waters and they are not very common in

8546

$#

! % 

 







!"  ! 


termined [17]. Metal concentrations in tissues of -
%'#*('%$ from the Chishui River has also been
investigated [18].
The determination of the feeding biology of
-%'#*('%$, which has an important economic
value and consumption potential for Turkey, is very
important for the proper utilization of Keban, Atatürk and Karakaya Dam Lakes.

NP = TNS \ TNO x100
NP: Numerical Percent
TNS: Total Number of a species
TNO: Total Number of All Organisms
OFP = NFSO \ NFEx100
OFP: Occurrence Frequency Percent
NFSO: the number of fish that the species observed
NFE: Number of fish examined
GII = Vi + Vj + Vk \ √N
GII: Geometric Index of Importance
VI: numerical percentage of the type of food
Vj: Food varieties percentage of the occurrence frequency
Vj: the volume of stomach contents

#!"#"
The digestive system contents of -%'#*('
%$(109 samples form Keban Dam Lake, 132 samples from Karakaya Dam Lake and 178 from Atatürk
Dam Lake) investigated between April 2009- March
2010. Location of the dam lakes was given in Figure
1.
The digestive system contents were preserved
4 % formalin solution and observed under microscope for species identification. The seasonal and annual distributions of species were determined. Seasonal distributions of the organisms were examined
by using numerical method and frequency of occurrence method and Geometrical Index of Importance
Relevant formulas were given below.

!"$#"
Occurrence Frequency Percent (OFP), Numerical Percent (NP) and Geometric Importance Index
(GII) values of food organisms in Keban, Karakaya
and Atatürk Dam Lakes were given in Table 1.
The annual GII values graphics of food consumed by '%$in Keban, Atatürk and Karakaya
Dam Lakes was given in Figure 2.
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0,92

2,44

-!$%(+#*(
 #!
'$#$"*( sp,

In the digestive system contents of  '%$
individialsliving in Keban Dam Lake 53 food items
(Bacilariophyta 28 species, Chlopyhta 3 species, Cyanophyta 2 species, Dinophyta 1 species, Rotifera 10
species, Cladocera 7 species, Copepoda 1 species
and Diptera 1 species), in Karakaya Dam Lake 40
food items (Bacilariophyta 19 species. Chlopyhta, 1
species, Rotifera 10 species, Cladocera 7 species,
Copepoda 2 species and Diptera 1 species) and in
Atatürk Dam Lake 41 food items (Bacilariophyta 17,

0,1

0,83

  
#)$%)$"*(
#)$'#(
-!$%(+#*(
 #!
'$#$"*((%

0,46
3,99
2,45
0,49
1,01
2,16
0,49
0,46
0,49

1,5
1,99
0,46

1,85

0,12

1,94

7,58


3,72

11,03

0,46

0,08

0,82

Chlorophyta 4 species, Rotifera 10 species, Cladocera 7 species, Copepoda 2 species and Diptera 1 species) were identified. Distribution of the organism
groups in the dam lakes was given in Figure 2. The
relative density of organism groups at Keban, Karakaya, and Atatürk dam lakes was given in Figure 3.
Annual GII values of Keban, Karakaya and Atatürk Dam Lakes was given in Table 1. In all dam
lakes species from Bacillariophyta observed in high
relative densities. Among zooplankton rotifers have
taken the first rank.
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(23.80%), Rotifera (4.34%) and Ostracoda (3.78%).
The most observed benthic organism in the digestive
tracts was Diptera with 29.02%. Phytoplanktonic organisms such as Cyanophpyta, Chlorophyta, Chrysophyta, Euglenophyta and some kinds of water
plants have also been reported in the contents. In
Karakaya, Keban and Atatürk Dam Lakes, organisms from phytoplankton and zooplankton detritius,
mud and broken bivalvia shells have been observed
in carp stomach digestion system contents.
Karaca [4], reported zooplanktonic and benthic
organisms and algae in the digestive tracts of -%'
#*('%$ from Hirfanlı Dam Lake. He reported that
the majority of the food observed in the digestive
contents constituted by Chrysophyta from algae with
55.46% followed by benthic organisms with 16.17%
and Copepoda from zooplankton with 8.49%. Animal originated organisms have been constituted
33.77%, zooplankton 56.72% benthic organisms
43.28 %. Animal and plant originated organisms and
detritus were present in the digestive contents of 
'%$throughout the year. Cladocera and Copepoda
from zooplankton, Bacillariopyhta and Chlophyta
from phytoplankton were observed in every month.
Diptera from benthic organisms rarely observed. In
addition, Rotifers were constantly present. Cladocera, Copepoda and Rotifera species were less common in winter. Phytoplanktonic organisms were observed in each month of the year but mostly observed
in spring. In Keban, Atatürk and Karakaya Dam
Lakes, in every months, animal and plant originated
organisms have been observed in the digestive system of carps. No empty digestive tract has been recorded. In every sample, species from Bacillariophyta
and Chlorophyta have been observed.
Cetinkaya [5], stated that the carp is omnivorous, whereas some carp’s stomachs are only filled
with filamentous algae and diatoms. In this study filamentous and unfilamentous algae species, species
from Copepoda, Cladocera, Rotifera, Diptera groups
have been observed in digestive contents of carps.
Tanyolac and Karabatak [2], reported that 
'$#$"*(was dominant in the digestive tract

Occurrence Frequency Percent (OFP), numerical percent (NP) and geometric importance index
(GII) values in Keban, Karakaya and Atatürk Dam
Lakes have been calculated and given in Figure 4.
"$""
The fact that feeding condition of common carp
showed difference according to months and the type
of organisms it consumed exhibited seasonal variations may be attributed to the fact that it changes its
location in certain periods. However the presence of
benthic organisms, detritus and mud in its digestive
content throughout the year indicates that the fish
feed at the bottom of the lake.
Numann [19], reported that -%'#*( '%$
mainly feed on plankton (-!$%(, $("# and
!$#) insects ('$#$" larvae). Summerfelt et
al. [11] and Cherry and Guthrie [12] stated that detritus and zooplanktonic organisms such as Cladocera, Copepoda and Diptera constituted the large part
of the monthly and annual food of -%'#*('%$
Tanyolac and Karabatak [2], observed that the digestive tract content of the common carp in Mogan Lake
largely contained algae, zooplankton (Cladocera,
Copepoda, Rotifera and Ostracoda), benthic organisms (Diptera mainly '$#$"*(), plant residues
and mud.
Kalay et al. [20], reported that mercury accumulation in different tissues of -%'#*('%$ have
been measured after exposing the fish to 25 and 50
ppb mercury for 15 and 30 days. At the end of experiments, gill, liver, spleen and brain tissues of fish
have been dissected separately.
In Mogan Lake, zooplankton and phytoplankton, detritus and mud in the digestive contents of
common carp have been reported [3]. In the stomach
contents of carps zooplankton species have been recorded in 67.58% rate and benthic organisms 32.42%.
Among zooplankton Clodocera species have taken
the first place with 35.65% followed with Copepoda
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contents of common carp at the beginning of fall and
spring and zooplanktonic organisms were dominant
between April and September. In carp digestive system contents from Keban, Karakaya and Atatürk
Dam Lakes zooplanktonic organisms were dominant
in spring, '#$"*( sp. was rarely recorded in the
contens. Atasagun [3], reported small amounts of
Cladocera, Copepoda, Diptera, Rotifera and Ostracoda in the contents. In that dam lakes representive
species of these groups were recorded except Ostracoda.
In  '%$2s digestive content from Keban
Dam Lake -!$)!! /).## from Bacilariophytawas observed in each month with high individual numbers. $)$! (&*"*! from Rotifera
recorded in less number of individual.
In Karakaya Dam Lake, the dominant organism
was recorded as -"!!#( from Bacillaropyta
and the least number of organisms recorded as $)
$!(&*"*! from Rotifera. Pala et al. [6, 7], investigated the digestive content of '%$ in Keban Dam Lake. They found +*! as the most important species as to frequency of occurrence with
78.27%. In this research +*! '-%)$!(
from +*! has been identified with 22.51%.
In Atatürk Dam Lake the dominant organism
was -!$)!! /).## from Bacillariophyta
-#) %)#) from Rotifer was recorded in
less numbers. In Keban, Atatürk and Karakaya Dam
Lakes, species from Bacilariophyta and Rotifera
were observed in every month in every samples.
Mud, seeds, plant residues and detritus were observed in the digestive contents of the fish samples.
In the study, no empty digestive system content of
carp was observed. As a result of Geometric Index
of Importance,'%$could becalled as omnivorous form.
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A healthy environment is a precondition for living creatures to live a healthy life. Building a healthy
environment is possible only with people who are
sensitive to environment where they live and who act
accordingly. Today; human beings are extremely
concerned about whether or not they can pass a livable environment down to future generations. Particularly as a result of over-population and urbanization
after the industrial revolution; numerous environmental changes have occurred but negative outcomes have gained importance in recreational areas.
This study aimed at to investigate environmental
sensitivity of individuals who regularly used recreational areas. In the study, the Environmental Sensitivity scale, Leisure Attitude Scale and Information
Request Form were used. 662 people ( age: 21.69
±3.72; 321 Male, 341 Female) join the study who
were selected using random sampling from 4 different Turkish universities. For the analyses of the data;
descriptive statistics as well as One-Way ANOVA
and Independent Samples T-Test and regression
analysis were employed. According to findings,
highest score was obtained in recommendation subdimension of environmental sensitivity scale
whereas lowest score was obtained in personal behavior. As participation in recreational areas increased, so did subscale scores in Environmental
Sensitivity Scale. It may be argued that participating
individuals were knowledgeable of how they could
fight against environmental pollution but they were
not equally able to put this knowledge into practice.
There was a moderate and positive correlation between environmental sensitivity and leisure attitude
and environmental sensitivity differed in terms of
gender, university types and recreational areas preferred.

It is common news occurring in written and visual media: “Our world will soon turn into desert.”
Based on scientific studies, many argue that this
news, though thought to be exaggerated extremely
by some, is true to a large extent. Of many, main duty
of each person is to know environment and to act accordingly in order to stop this dangerous course.
Like for all living creatures, it is necessary that
environment should be improved and balanced for
human beings to live, to develop and to achieve happiness. Humans generally assess events from daily
benefits but do not pay attention to future. However,
since environmental problems have lately evolved
into a situation that endangers health and life of all
the living creatures, some changes in these views
have occurred. On the one hand, growing environmental problems have almost used up some natural
sources; on the other hand, an unhealthy environment from potable water to fresh air has been created.
Besides; especially following the industrial
revolution, population has raised and needs of humans have triggered technological progress; as a result of which natural sources have been consumed
further. This has led to environmental problems
since human beings have misused and polluted environment by considering it as an infinite source.
Therefore, environmental problems have drawn attention of all countries more and more. With natural
environment of human beings devastated in a dangerous manner, human beings reflecting on their
self-interests have been obliged to understand and to
investigate causes of this danger [1, 2]. These new
approaches among human beings have been shaped
with many studies done to understand environment
better and made human beings realize importance of
environment and its place in their lives by perceiving
environmental problems in a more specific way.
Philosophers with ecological worldviews generally explain causes of environmental problems as
a result of developments in intellectual transformation of western thought while others associate
them only to industrialization and urbanization processes [3]. Growing number of cities and of urban
population is referred as urbanization in the narrowest sense [4].

&% !
Environment, Environmental Sensitivity, Urbanization,
Recreation








8553

$#

! % 









!"  ! 



# 
0(.7(24- ,1(90438/058(243.;(70()1,8





In today’s world where rapid urbanization has
occurred and thus cities have stood out; we witness
that number of urban problems has gone up and become diversified [5]. Due to immigration and rapid
urbanization; infrastructure problems such as education, health, potable water, drainage system, housing, urban transportation and environmental pollution have deepened [6]. This has rendered recreational needs more important and necessary within urban concept. When urban concept is associated with
leisure and leisure areas; urbanization covers situations where recreational services and opportunities
are realized [7, 8].
In today’s world where living areas are devastated by unplanned urbanization, industrialization
and over-population more and more and day by day;
it is necessary that cities be transformed into green
public and recreational places where human beings
exercise more comfortably, can do sports, participate
in recreational activities and -more importantly- can
get rid of urban stress and can rest. Needs of city
dwellers -stuck within concrete wrecks- for green,
clean and safe recreational areas have increased
more and more [9].
On the one hand, it is an undeniable fact that
today’s urban life leads to numerous negative effects
upon human beings; on the other hand, they are overwhelmed more and more by environmental problems
pressuring on them especially in cities. Thus, it may
be argued that city dwellers need more recreational
areas day by day. There are various situations that
make recreation compulsory for city dwellers and all
of these situations are associated with quality of life.
Although type and severity of these situations vary
according to personal and social factors, lifestyles
that have been internationalized and resembled each
other have become universal in many aspects. There
are some assertions as to why recreational areas are
needed; some of which overlap but others differ.
Whether these assertions are based on similar or different causes; it is evident that city dwellers whose
environmental problems grow but quality of life reduce more and more- are in need of recreational ar-

eas so that they can overcome problems. When Jackson explains correlation between outdoor recreational areas and environmental attitudes, it is argued
that environmental attitudes are stronger when they
depend on sources necessary for outdoor recreation
activities. Jackson also explains the correlation
among recreation activity types, environmental attitude/behavior and demographic variables using the
following chart [10].
In this sense, it is worth investigating environmental sensitivity to recreational areas perceived as
an escape from harsh, noisy and stressing life of cities. This study focused on investigating environmental sensitivity to recreational areas perceived as
places that individuals can feel environment and nature more effectively in terms of different variables
(Fig. 1.).

" !"!
The research is a descriptive study and survey
model. The survey model is a research approach
which is aimed at describing a past or present situation as it exists [11, 12]. In this study cross-sectional
was used as a survey model. Cross-sectional is the
type of research that is conducted in a single time
period [13]. The aim of cross-sectional surveys is to
identify the situation in any of the cases [14].
!9:+=.74:5Urban and rural recreational areas users who were aged between 19 and 31 years
and studied at four different public universities
(Mersin University, Kırsehir Ahi Evran University,
Kastamonu University, Corum Hitit University) and
three private universities (Baskent University, Nuh
Naci Yazgan University, Atilim University) were recruited for the study. The simple random sampling
method was used. When data, gathered from a total
of 718 voluntary participants, were investigated; 56
incompletely and wrongly answered survey forms
were excluded from the study. Finally, the study
group consisted of 662 participants. The average age
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of the study group was 21.69 ±3.72 years. 51.5% of
the participant individuals were female and 44.6% of
them were students at private universities, 66.1% of
them used urban recreational areas and 33.5% of
them regarded their health condition as good. Besides, 25.2% of the participants told to use recreational areas for 3-4 days a week.

(9(*411,*904394418In the study, “Environmental Sensitivity Scale” (ESS) designed by Demirel [15] was used as data collection tool. ESS has 17
items and 3 subscales. These subscales are “General
information”, (2) “Recommendation” and (3) “Personal behavior”. Internal consistency coefficients
(Cronbach Alpha) in scale reliability were .910 for
general information, .902 for recommendation and
.872 for personal behavior. Items of this 5 points
Likert scale are rated as I strongly disagree (1 point),
I disagree (2 points), I am neutral (3 points), I agree
(4 points), and I strongly agree (5 points). In order to
measure participants’ leisure attitudes; Leisure Attitude Scale (LAS) designed by Ragheb and Beard and
adapted into Turkish language by Akgul and Gurbuz
[16] (LAS) was applied. LAS is a 5 points Likert
scale and consisted of 3 subscales and 36 items. Internal consistency coefficients (Cronbach Alpha)
were .84 for cognitive subdimension, .95 for affective subdimension and .93 for behavioral subdimension and total scale coefficient was .91. Besides, an
Information Request Form that was developed by the
author and addressed participants’ such demographic information as age, gender, health status,
resident place was used.

For the analyses of the data; descriptive statistics as well as One-Way ANOVA and Independent
Samples t-test and regression analysis, were applied.
!#"!!#!!

According to statistical findings related to factors that constituted subscales of “Environmental
Sensitivity Scale”; made it was identified that “Recommendation” factor ranked first ( =4.11) and was
followed by “General information” ( =3.78) and
“Personal behavior” ( =3.00) factors (Table 1).
"
;,7(.,8*47,8(3+89(3+(7++,;0(9043803
8:)8*(1,84-3;07432,39(1!,38090;09=!*(1,
Subdimensions
Recommendation
General information
Personal behavior
sd: Standard deviation

n
662
662
662


4.11
3.78
3.00

sd
.837
1.125
1.132

The fact that the highest average score of Environmental Sensitivity Scale was in recommendation
subscale indicated that participants were knowledgeable about how to cope with environmental problems. However, the fact that the average score related to personal behavior subscale was low pointed
out that students did not put methods to cope with
environmental problems into practice in terms of
personal behavior subdimension although they did
know these methods. Actually, [17] emphasized that
there is a strong correlation between individuals’ environmental knowledge level and their attitudes. On
the other hand, [18] explained that behavioral
changes in individuals are associated with pursuing
the literature of environment. Therefore, this current
study suggested that knowledge level concerning environment affects peoples’ environmental attitude
but did not produce an equivalent effect upon personal behavior subdimension in terms of putting attitudes into practice in a stronger way.
Participants’ t-test results that explored differences in environmental sensitivity in terms of gender, university type and recreation area variables
were demonstrated in Table 2.

(9(*411,*9043(3++(9((3(1=8,8Data collection forms were administered in 16 different recreational areas that were thought frequently to be
used by locals and were built in 7 different provinces
in Turkey. Forms were administered by 8 interviewers who joined data collection process previously.
Before forms were administered during weekdays
and at the weekend at different hours of the day; the
interviewers explained that the forms were related to
environmental sensitivity, names should not be written on forms, answering the forms would last six
minutes averagely and each question had to be answered carefully.


"
"9,897,8:1984-3;07432,39(1!,38090;09=!*(1,8*47,8(**47+03.94.,3+,7;(70()1,
Gender
n
sd
t
p

F
321
4.0690
.86662
Recommendation
-1.348
.178
M
341
4.1567
.80782
F
321
3.6173
1.14953
General information
-3.726
.001*
M
341
3.9401
1.07958
F
321
3.0135
1.09362
Personal behavior
.408
.683
M
341
2.9775
1.16841
*

p<0.05
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"9,897,8:1984-3;07432,39(1!,38090;09=!*(1,8*47,8(**47+03.94:30;,7809=9=5,8;(70()1,
University types
n

sd
t
p
Private
295
4.3264
.54723
Recommendation
6.000
.001*
Public
367
3.9436
.97994
Private
295
3.9136
1.10731
General information
-3.343
.001*
Public
367
3.6218
1.12737
Private
295
3.0316
1.13312
Personal behavior
.747
.455
Public
367
2.9655
1.13187
*

p<0.05


" 
"9,897,8:1984-3;07432,39(1!,38090;09=!*(1,8*47,8(**47+03.94;(70()1,4-7,*7,(9043(1
(7,(857,-,77,+
Recreational areas
n
Sd
t
p

Urban
444
4.1908
.75156
Recommendation
3.387
.001*
Rural
218
3.9581
.97274
Urban
444
3.7738
1.11093
General information
-.318
.751
Rural
218
3.8034
1.15502
Urban
444
2.9805
1.13746
Personal behavior
-.470
.639
Rural
218
3.0245
1.12296
*

p<0.05

According to this finding, students who studied at
private universities had higher environmental sensitivity than those who studied at public universities.
We are of the opinion that educational level of families was effective upon this finding. The fact that
educational level of parents whose children study at
private universities is higher [26] and another fact
that there is a positive correlation between educational level and environmental sensitivity might be
justifying this finding [20, 27, 28].
When environmental sensitivity of the participants who used recreational areas regularly was examined in terms of variable of recreational areas preferred; it was determined that there was no significant difference among the groups in general information and personal behavior subscales while a significant difference existed in recommendation subscale (Table 4). According to this finding, it may be
argued that users of urban recreational areas had
higher environmental sensitivity in recommendation
subscale than those users of rural recreational areas
because in our opinion this finding is correlated with
the fact that users of urban recreational areas have
quite limited environment opportunities. Rural recreational areas are generally built in areas with natural vegetation and natural sources whereas urban recreational areas are created with artificial lakes and
ponds, afforested areas and landscaping projects;
which increases urban dwellers’ longing for nature
and makes them offer recommendations on environmental sensitivity. In fact, [29] emphasizes importance of environmental sustainability for city
people and [30] argues that a sustainable environment is possible with systematic measures to be
taken in cities.

When environmental sensitivity of those who
used recreational areas regularly was examined in
terms of gender variable, a significant difference was
found in general information subscale. It was seen
that male participants’ Environmental Sensitivity
Scale scores were higher than those of female participants in general information subscale; which may
suggest that male participants were more informed
of environmental sensitivity as compared to female
participants. According to [19], although environmental responsibility behavior includes numerous
behaviors, one of the factors that affect this behavior
is gender. [20] stated that males are more insensitive
to environmental issues as compared to females. On
the other hand, the study of [21] demonstrated no
significant correlation between gender and environmental sensitivity. However, many studies on gender-environment correlation established that environmental sensitivity is influenced by social roles
and cultural differences and this correlation may
change depending on time [22, 23]. Besides, it was
identified that females join political movements related to the protection of environment less than
males [23-25].
When environmental sensitivity of the participants was examined in terms of university types
where they studied, a significant difference was
found in general information subscale and it was
seen that there were significant differences in recommendation and general information subscales (Table
3). As far as study findings were concerned, it was
identified that those students who studied at private
universities demonstrated higher environmental sensitivity in both subdimensions. As for personal behavior subscale, it may be suggested that university
types did not influence environmental sensitivity.

8556

$#

! % 









!"  ! 


" 
"9,897,8:1984-3;07432,39(1!,38090;09=!*(1,8*47,8(**47+03.94;(70()1,4--7,6:,3*=94:8,
7,*7,(9043(1(7,(8

Recommendation

General
information

Personal behavior

Frequency to participate
in recreational areas
Once or twice a week
Three or four times a
week
Five times a week or
above
Never
Once or twice a week
Three or four times a
week
Five times a week or
above
Never
Once or twice a week
Three or four times a
week
Five times a week or
above

n



sd

df

F

p

Difference

86
361
167

4.0051
4.0860
4.0981

.874
.775
.914

3-658

2.707

.044*

48

4.3472

.429

Never- Five
times a week or
above

86
361

3.6987
3.7839

.911
1.115

167

3.8895

1.258

3-658

.866

.458

48

3.9018

1.043

86
361

2.9710
3.0314

1.106
1.115

167

3.0400

1.190

3-658

.136

.938

48

3.0556

1.120

*

p<0.05

" 
477,1(9043*4,--0*0,398),9<,,33;07432,39(1!,38090;09=!*(1,(3+,08:7,9909:+,!*(1,
Variables
n
Pearson Correlation
Sig. (2-tailed)
Environmental sensitivity
662
.676
.001*
Leisure attitude
*

Correlation is significant at the 0.01 level (2-tailed).

" 
"/,,--,*94-,3;07432,39(18,38090;09=:5431,08:7,(9909:+,
bj
S(bj)
t
p
F
Constant
.920
0.137
6.879
0.001
440.828
Environmental sensitivity
.767
0.037
20.996
0.001

When environmental sensitivity of the participants was examined in terms of variable of frequency to participate in recreational areas; it was determined that frequency to participate in recreational
areas did not produce a significant difference in general information and personal behavior subscales but
it did differ in recommendation subscale. It may be
argued that as participants’ frequency to participate
in recreational areas increases, so does their environmental sensitivity in recommendation subscale (Table 5). We may conclude that this finding is correlated with the fact that recreational areas are generally outdoor areas enabling people who use them to
be more environmentally sensitive individuals. Similarly; there are studies arguing that particularly joining outdoor recreation activities are effective upon
helping develop a useful and different perspective
towards environment [31, 32]. On the other hand,
[33] emphasized that ecological perception is a natural process that emerges when people interact with
their environments. As for [34], they stated that nat-

p

R2

0.001

0.458

ural recreational areas have different ecosystem classifications and effect of these natural recreational areas upon ecology is emphasized.
When Table 6 was investigated, it was identified that correlation coefficient between environmental sensitivity and leisure attitude was positive
and significant (r= 0.676, p<0.01). As far as this
finding was concerned, it may be suggested that as
people’s leisure attitudes increase so does their environmental sensitivity.
Regression model that will determine the effect
of environmental sensitivity upon leisure attitude
may be constructed as follows. It was seen that the
model constructed is statistically significant
(F=440.828; p<0.05) and ratio of independent variable to account for the variation in dependent variable
is R2= 0.458. Besides, it was also found that coefficients of this regression model constructed were statistically significant (Table 7).
Leisure Attitude = 0.920 + (0.767 x Environmental
Sensitivity)
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When this regression model was realized, it
was found that one-unit-increase in leisure attitude
accounted for 0.597 of environmental sensitivity.


#!

It may be concluded that those participants
were informed of how to cope with environmental
problems but were equally unable to put this information into practice. It was identified that male participants’ environmental sensitivity was higher than
that of female participants in general information
subscale. Preferring rural recreational areas or preferring urban recreational areas produced a significant difference about environmental sensitivity in
recommendation subscale. It may be argued that
those who chose urban recreational areas were more
sensitive than those who chose rural recreational areas. University types where participants studied
were effective upon environmental sensitivity. It was
found that those students who studied at private universities were more sensitive to environment. Although there was no correlation between frequency to
participate in recreational areas and environmental
sensitivity, it was seen that as participation in recreational areas increases, there are also increases in
subscales of Environmental Sensitivity Scale. It was
identified that there was a moderate, positive and
significant correlation between environmental sensitivity and leisure attitude.
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Malondialdehyde, ROS, Gene Regulation

Drought is a major limiting factor for plant
growth and productivity. The APX enzyme family
plays crucial roles in mitigation of drought-induced
adversities in plants. The present work investigated
the effect of genotypic variations in three sorghum
cultivars, Aldari, Beydari and Ogretmenoglu-77 for
foliar expression and protein activities of 
genes under 5d and 10d drought stresses. The expression of sorghum in leaves were between 1.13 ( ; Aldari) and 0.54 ( ; Ogretmenoglu) under 5d drought stress, while it ranged from 1.81 (  ; Beydari) to 1.51 (  ; Ogretmenoglu)
fold changes (FC) under 10d drought. 5d stress resulted in mostly downregulation in  expression,
while 10d drought mostly upregulated them. Interestingly,  gene showed similar regulation pattern -with downregulation- in all test cultivars under
both treatments. Based on an arbitrary but significant
cutoff (− 1 < log2FC > + 1), genes with the meaningful levels of expression were found as 
(Ogretmenoglu-77; 10d stress),  (Aldari; 5d
stress),   (Aldari/ Ogretmenoglu; 10d stress)
and   (Aldari/Beydari; 10d stress). As a response to 5d drought, a significant increase (~2.25
fold) in total APX protein concentrations in Aldari
was noted comparing to non-stressed (control)
group. Foliar APX amounts demonstrated slight decrease and increase in Beydari and Ogretmenoglu77, respectively. On the other hand, under 10d stress,
foliar APX concentrations slightly increased in Aldari and Ogretmenoglu-77 decreased slightly in Beydari. More notably, APX amounts in Beydari control
groups were considerably higher than even in the
other stressed groups. Naturally higher APX levels
may imply the tolerance of this cultivar to drought.
Moreover, in the assays of drought-induced lipid peroxidation, it was found that drought considerably
increased the MDA concentrations in all sorghum
cultivars. Furthermore, studies targeting sorghum
cultivars under drought conditions were extremely
scarce, and results presented here could be invaluable for guiding breeding effort to improve sorghum
drought tolerance.



!"!
Drought stress is a major environmental challenge for plant growth and development and also a
major limiting factor for productivity [1-5]. Improving tolerance to drought stress involves synergetic
regulation of plethora of changes at chemical and
physiological levels, and fundamentally most of
these changes are dynamically regulated by temporal
and spatial alterations in gene expression [6-9]. In
this regard, ascorbate peroxidases (APXs; EC,
1.11.1.11), which belongs to the heme peroxidase
superfamily, are major hydrogen peroxide (H2O2)scavenging enzymes in plants [10-12]. H2O2 is a
non-radical reactive oxygen species (ROS), and it is
produced as results of normal metabolic activities
like photosynthesis, photorespiration etc. [13, 14].
They are also generated by biotic/abiotic stresses
such as drought, salinity, cold, UV, wounding and
pathogens [15-18]. Therefore, H2O2 plays a dual role
in plants; under physiological conditions it acts as a
signaling molecule which involves in various biological processes like growth and development, photosynthesis, cell cycle and stress responses while its
excess concentrations cause oxidative damages to
DNA, proteins and lipids [17, 19-22]. On the other
hand, plants are equipped with effective H2O2-detoxifying enzymes to mitigate these toxic ROS derivatives in cells [23]. Among antioxidant enzymes,
APXs have higher affinity for H2O2, and they reduce
toxic H2O2 to H2O in cytosol, chloroplasts, peroxisomes, mitochondria and even apoplastic space, using ascorbate (AsA) as an electron donor [11, 12,
17]. The scavenging role of APX enzymes under
drought conditions was clearly established in various
plant species, including peanut [24], tomato [25],
finger millet [26], maize [27], barley [28], wild
peach [29], wheat [30], oil palm [31], sorghum [12],
citrus [32], rice [33], cotton [34], Indian mustard
[35] and some others. Those studies along with many
others also projected that APX activity in plants is
regulated at time and/or tissue-dependent manner.
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corresponding reference (control) was calculated using the given equation.

ΔT = T (target gene) – T ( )

ΔΔT = ΔT (stressed plant) – ΔT (control)

Fold change = 2 -(ΔΔT)
Average T values were obtained from six biological and three technical replicates for each gene.

3>=2+')8/:/8='77'=70.5 g sorghum leaves
were grounded in liquid nitrogen, and homogenized
using 1 ml 50 mM potassium phosphate buffer (pH
7,5) containing 0,1 mM ethylenediaminetetraacetic
acid (EDTA), 1% polyvinylpyrrolidine (PVP-40),
0,2% Triton X-100 and 0,1 mM Phenylmethylsulfonyl fluoride (PMSF). Samples were centrifuged
in a refrigerated centrifuge at 14,000 rpm for 20
minutes. Supernatants were kept on ice for analyses.
Protein contents of supernatants were determined by
Pierce Coomassie (Bradford) Protein Assay Kit [40].
Standard microplate protocol was followed according to the manufacturer’s instructions.

Sorghum is an economically important grass
species which ranks fifth in cereal production in the
world [36]. It is raised for production of forage,
grain, brewing, sugar/syrup and lignocellulosic biomass for bioenergy [37]. Hence, gaining further
knowledge on stress factor like drought in sorghum
plants would significantly contribute to future studies or breeding programs, aiming to improve plant
productivity and/or traits. The present work attempted to figure out the effect of genotypic variations in three drought-induced sorghum cultivars Aldari, Beydari and Ogretmenoglu-77 for expression
of  genes, and also investigated respective
changes in lipid peroxidation levels.


! ! 

1'38 2'8+6/'1 '3* -64;8. )43*/8/437 Aldari, Beydari and Ogretmenoglu-77 commercial sorghum (L.) seeds were obtained from Bati
Akdeniz Agricultural Research Institute in Turkey.
Seeds were individually planted in 10-cm square-top
pots containing 25% perlite and 75% peat. Plants
were grown at 25°C and 50% humidity in a growth
chamber under LD (140 μmol m-2 s-1) with 16hlight/8h-dark regime. Each plant was watered with
40 ml of ½ Hoagland solution every third day. Control plants were continued to be watered,
whereas watering was entirely stopped with the
drought-stressed plants after day 14. Upon 5 and 10
d of the drought-stress, plant leaves were harvested
for RNA and protein assays.

/741'8/43RNA from leaves was isolated
using RNA Plant Mini Kit (Qiagen, Cat No: 74904)
according to the manufacturer’s instructions. RNA
samples were treated with RQ1 RNase-Free Dnase
(Promega, USA). The intactness of RNA and DNA
contamination were checked by gel electrophoresis.
RNA amounts in the samples were determined with
Qubit (Invitrogen, USA).

+3++<56+77/43'3'1=7/7RT-qPCR was carried out using Light Cycler 96 System (Roche).
 genes expressions were quantified in 10 ng
RNA samples using Luna Universal One-Step RTqPCR Kit (NEB, USA). The forward and reverse primer sequences for were obtained from one of
our previous studies [12]. As an endogenous control,
the serine/threonine-protein phosphatase ( )
gene was used as a reference [38]. Gene expression
was determined using ΔΔT method [39] with following steps:

The T values of reference genes ( ) were
subtracted from the T of target genes to normalize
each sample.

ΔΔT was obtained by comparing the ΔT
value of drought-stressed plants to control plants.
The fold change for each line based on its

77'=/3-  2'143*/'1*+.=*+ )438+38
To determine lipid peroxidation, MDA content was
assayed using a method modified from [41]. Based
on this modified protocol, 0.2 g leaf tissue grounded
by liquid nitrogen was suspended in 1 ml 5% Trichloroacetic acid (TCA). Homogenate was transferred into a clean 1.5 ml microfuge tube (Eppendorf) and centrifuged at 12000 rpm in room temperature. Equal amounts of lysate and freshly prepared
0.5 % thiobarbituric asit (TBA) in 20% TCA were
mixed, and then incubated at 100°C for 25 min.
Tubes were chilled on ice until reacting in room temperature, and then centrifuged at 10000 rpm for 5
min. Absorbance of the supernatant was measured at
532 nm and also 600 nm wavelengths to clear off
non-specificity due to turbidity. 0.5% TBA in 20%
TCA was used as blank. MDA content was assayed
using an absorbance coefficient of 155 mM-1 cm-1.

77'=/3-%')8/:/8=APX (EC1.11.1.1) activity was determined by a method proposed by [42]
after some modifications. Based on this modified
method, 5 μl lysate and 185 μl solution composed of
50 mM potassium phosphate buffer and 0.25 mM
ascorbic acid were added into each well of UV transparent 96-well microplate (Costar, USA). APX reaction was started by adding 5 μl 200 mM H2O2 into
each well. Ascorbate peroxidase was assayed at 25°C
from the decrease in absorbance at 290 nm (an absorbance coefficient of 2.8 mM-1 cm-1) in every 49
seconds for 5 minutes. Spectrophotometric readings
at the same conditions before adding H2O2 were used
as reference.
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down- regulation. In Ogretmenoglu-77,  and
were highest with 0.54-fold up-regulation and
0.82 down-regulation respectively. Overall, expression of sorghum in leaves were distributed between -1.13 ( ; Aldari) and 0.54 ( ; Ogretmenoglu-77) fold changes, as response to 5d
drought-stress. In Aldari leaves, a significant increase (~2.25 fold) in total APX concentrations was
noted comparing to non-stressed control groups (Fig.
2A). Besides, total foliar APX amounts in Beydari
and Ogretmenoglu-77 cultivars showed mere slight
decrease and increase respectively. However, interestingly, APX concentrations in cultivar Beydari in
control groups were even higher than APX concentrations in the stress groups of other cultivars (Fig.
2A).

 "! 
After 5 and 10d of drought-stress, plants of Aldari, Beydari and Ogretmenoglu-77 cultivars were
harvested to investigate foliar expression and protein
levels of APX1-9 as well as malondialdehyde
(MDA) concentrations. Nine genes in 
genome were identified and annotated as  
in one of our recent works [12]In the present work,
the previously designed primers for sorghum 
genes were used in RT-qPCR quantification.
In 5d drought-stressed sorghum plants,  
and  in Aldari cultivar showed highest (0.11fold) up- and (1.13-fold) down-regulation respectively (Fig. 1A). In Beydari,  and respectively had highest (0.09-fold) up- and (0.97-fold)



" 
41/'6+<56+77/43564,/1+74,-+3+7/3 *'3* **649-.8/3*9)+*746-.92)918/:'67
1*'6/+=*'6/'3*-6+82+34-19 
Quantification was performed by RT-qPCR. Data are represented as log2 expression values.
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41/'6%5648+/3'3*)43)+386'8/437/3 *'3* **649-.8/3*9)+*746-.92)918/:'67
1*'6/+=*'6/'3*-6+82+34-19 
MDA and APX contents were assayed using modified methods from [41] and [42] respectively.

as in 5d stress application. To identify genes with
meaningful levels of expression, an arbitrary but significant cutoff (− 1 < log2FC > + 1) was determined.
Based on the given threshold, genes  (Ogretmenoglu-77; 10d stress),  (Aldari; 5d stress),
 (Aldari/ Ogretmenoglu; 10d stress) and  
(Aldari/Beydari; 10d stress) demonstrated significant expression levels as response to drought stress.
Moreover, MDA levels under drought conditions were elevated in all three cultivars, compared
to control groups (Fig. 2B). Its amounts in the stress
groups of Aldari and Ogretmenoglu-77 cultivars
were almost same at 5d and 10d stress points, while
MDA amounts in Beydari cultivar decreased from
5d stress (23,94 nanomole g FW-1) to 10d (17,31 nanomole g FW-1) stress. Interestingly, concentrations
of MDA in the control groups from all three cultivars
also decreased from 5d to 10d applications.

In 10d drought-stressed sorghums, expression
of  and  in Aldari leaves were highest
with 1.15-fold up- and 1.33-fold down- regulation,
respectively (Fig. 1B). In Beydari, and 
had the highest 0.94-fold up- and 1.81-fold downregulation, respectively. In Ogretmenoglu-77 leaves,
 and  respectively showed highest (1.51fold) up- and (0.75-fold) down- regulation. Overall,
expression of s in sorghum cultivars as response
to 10d drought-stress ranged from -1.81 (  ; Beydari) to 1.51 (  ; Ogretmenoglu) fold changes. In
the assays of total foliar APX protein concentrations
under 10d drought stress (Fig. 2A), a slight increase
in APX concentrations was observed in Aldari and
Ogretmenoglu-77 cultivars comparing to control
groups while total foliar APX levels were slightly
decreased in Beydari cultivar. Notably, APX concentrations in control groups in Beydari cultivars
were also higher than those in the other stress groups,
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changes. Therefore, it is difficult to propose a global
one-size-fits-all expression pattern.
Overall, it was found that 5d drought stress
mainly down-regulated  genes in sorghum cultivars while 10d treatment mostly upregulated 
genes. This implicates the presence of a synergetic
coordination of stress-regulatory genes in abiotic
stress response. Interestingly,  gene was significantly down-regulated in both treatments of all three
cultivars. This member may have other critical
role(s) in addition to drought stress mitigation, and
thus further studies under various perturbations are
required to elucidate its precise role. The amounts of
APX proteins at control groups in Beydari cultivar
were substantially higher than that of stressed
groups. Naturally, high levels of APX concentrations
gave clues about its function in drought tolerance.
Under drought stresses,  (Ogretmenoglu-77;
10d stress),  (Aldari; 5d stress),  (Aldari/
Ogretmenoglu; 10d stress) and   (Aldari/Beydari; 10d stress) showed meaningful levels of expression. Hence, these genes could play significant
roles in drought response in sorghum plants. It was
also revealed that these genes could be localized in
cytosol ( ), nuclear ( ) and chloroplast or
mitochondria (  and ) [12]. Interestingly, only
10d drought stress differentially regulated cytosolic
and chloroplastic/mitochondrial  genes, this
may be attributed to the damages exerted by drought.
Moreover, changes in lipid peroxidation were
estimated by measuring MDA concentrations in
leaves. Lipid peroxidation is induced by drought
stress and indicates the level of oxidative damage on
cellular membranes. MDA is a decomposition product of lipid peroxidation; therefore, increase in MDA
amount correlates with level of drought stress in
plants [49-51]. In the present study, applied drought
stresses considerably elevated the MDA levels in all
sorghum cultivars compared to control groups (Fig.
2B). Interestingly, MDA concentrations from 5d to
10d in control groups were decreased. This indicates
that normal physiological growth in plants is also associated with the antioxidant mechanism, thereby
with the lipid peroxidation. Similar projections were
also done by other studies [11, 52, 53].


" 

Drought stress is an inevitable global phenomenon in agricultural production, and plant responses
to it involve a complex cascade of a regulatory network. Subsequently, plants employ various enzymatic and non-enzymatic mechanisms to suppress or
mitigate those biotic/abiotic stressors. Among enzymatic mechanisms, antioxidant enzymes such as
APXs play crucial roles in scavenging of reactive oxygen species. APXs demonstrate particularly high
affinities to H2O2, generation of which is triggered
by various stresses including drought [12, 23]. Regarding the importance of these enzymes, the present
work investigated genotypic variations among sorghum cultivars, Aldari, Beydari and Ogretmenoglu77 for foliar expression and protein activities of 
genes under 5d and 10d of drought stress. Lipid peroxidation was also evaluated by measuring MDA
concentrations to reveal drought-induced stress and
its level. A detailed literature search was conducted
to find out drought tolerance levels of sorghum cultivars tested in the present study, Aldari, Beydari and
Ogretmenoglu-77. Nevertheless, only one study was
available in the literature demonstrating that Aldari
performs better than Beydari under salt, drought and
seedling survival tests [43]. Therefore, the findings
of this work are thought to fill the literature gap in
this regard.
In the quantification of sorghum  gene
expression, reference gene  was used in normalization of expression values.  was reported
to be one of the most stable genes for RT-qPCR analysis in sorghum plants [38]. Under drought conditions, plant stomata naturally close to hinder further
H2O loss. As a result, CO2 levels decreases in leaves
and enhances Ribulose 1,5-bisphosphate oxygenation, resulting in H2O2 production [44, 45]. Since
H2O2 is highly targeted by APXs, up- or down- regulations of these genes under drought stress have
been thereby inevitable. Relevantly, drought stress
herein was noted to considerably induce most 
genes. 5d- drought application mostly led to the
down-regulation of genes. This negative feedback at transcriptional level is thought to be associated with adaptation and stress tolerance levels in
cultivars. Previous studies also reported that a plethora of genes  photosynthesis genes are significantly down-regulated under drought stress [1, 46,
47]. Interestingly, in contrary to 5 d of stress application, 10d drought stress mostly up- regulated the
expression of  genes. In a recent study from
global gene expression analysis in drought-sensitive
and drought-tolerant sorghum varieties, each cultivar
was demonstrated to be up- regulated a unique set of
genes depending on the time points and cultivar line
[8]. Many other studies also showed the differential
upregulation of genes as response to drought stress
[1, 17, 48]. However, gene expression under stresses
is dynamically regulated by temporal and spatial

Drought is a limiting factor for plant growth
and productivity, and responses to it involve various
enzymatic and non-enzymatic mechanisms. APXs
are one of the enzymatic ways to alleviate those
stresses. In the present work, sorghum  appeared to be differentially regulated depending on
stress duration; 5d drought mostly down- regulated
 genes while 10d drought mostly up-regulated
them. There was also considerable increase in APX
protein and MDA concentrations in sorghum leaves
under drought conditions. Among the cultivars,
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Beydari seemed to have more natural tolerance to
drought stress. This work overall provided insights
about foliar expression profiles and activities of 
genes under drought-stress conditions in three sorghum cultivars, and knowledge obtained in the present study is thought to make significant contributions in future studies for further elucidation of
drought stress mechanisms in plants.
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important to investigate the causes, types, and conditions of soil pollution in China to enhance the
effective application of remediation techniques
such as chemical and phytoremediation technologies [6, 15]. Tao et al. found that the average concentration of heavy metals was highest for Cu and
lowest for Cd at 442.8 and 1.6 mg kg−1 in the Shangrao copper mine area, Jiangxi, China [17]. Jiang et
al. studied the status of heavy metal contamination
in agricultural soil near the mining area in Tongling
County, Anhui Province, China, and found ratio of
exceeding the background levels for Cd, Zn, and Cu
was 100%, 75.10% and 71.43%, respectively [18].
Also, the levels of heavy metals in some other industrial parks were investigated by some researchers [19, 20]. Fuling is an industrial region in the
center of the Three Gorges Reservoir Area, Chongqing Municipality, China. Although there are many
industrial enterprises in the area, including chemical-producing companies, little research has been
conducted on soil pollution in the region near the
Fuling Industrial Park. Therefore, the aim of our
study was to investigate the primary physical and
chemical composition of soils near Fuling Industrial
Park to elucidate the extent of the local soil pollution.

In this study, we investigated the quality of
soils near the Fuling Industrial Park, Chongqing,
Southwestern China. We collected samples from
six points near to determine the level of soil pollution in the area, which would promote pollution
control and environment management. The physical
and chemical composition of the samples was determined using standard methods. We found that
the pollution by heavy metals of the soils examined,
which had a strong conservation capacity. Arsenic
and chromium were present in the soil samples at
all six sampling points. Two areas were slightly
polluted by arsenic, whereas the third at 5# required
remediation of chromium pollution. The pollution
load and risk indices of the soils were within a
range of low values. In general, the quality of the
soils tested was controllable.
)( #$
Soil quality, Soil pollution control, Heavy metals
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Soil is a principle natural resource for human
survival and the central link between organic and
inorganic worlds. Moreover, it is an important part
of human ecological environment. Industrial development has resulted in serious soil pollution, which
has become a significant threat to water supply and
agricultural products [1-5]. Soil pollution by heavy
metals, pesticides and sewage is a common problem
worldwide [6-9]. A large quantity of heavy metals
has been released into the environment through
organic manure application [10]. A number of reports have indicated that heavy metal-contaminated
water or soils affect the quality of agricultural
products and public health [10-14]. China is a country with extensive industrial development and obvious soil pollution [15, 16]. Thus, it is extremely

%#$% $

The study area was a mountainous terrain situated near the Fuling Industrial Park, southwestern
China (Fig. 1). Soil samples were taken from a 30
cm-depth below the soil surface at six points (1#:
107°14'19’’E 29°45'2’’N/277m;
2#: 107°18'10’’E 29°43'23’’N/276m;
3#: 107°18'25’’E 29°42'38’’N/312m;
4#: 107°30'07’’E 29°33'16’’N/179m;
5#: 107°33'17’’E 29°35'26’’N/354m;
6#: 107°32'26’’E 29°35'38’’N/346m). Three representative soil samples were collected using the
coning and quartering method at each point [21].
Soil moisture was measured by an analytical bal-
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and the cation exchange capacity (Fig. 2). The carbon, hydrogen, oxygen, nitrogen, sulfur, and phosphorus contents were 0.68%-9.56%, 0.67%-2.33%,
15.89%-26.89%, 0.05%-0.31%, 0.03%-0.17%, and
0.26-0.81 g/kg, respectively. The soil samples from
4# indicated the highest soil fertility, whereas those
from 1# were with the least one. Industrial activities
are one of the main reasons behind the increasing
concentrations of heavy metals in the soil. Cadmium, mercury, and palladium were not detected in all
sampling points. However, arsenic and chromium
were existent, although the concentrations of arsenic and chromium were different, indicating that
these heavy metals may have had the same source.
There are several large scale chemical enterprises in
the survey area. This implies that the contamination
may originate from chemical waste discharge. Arsenic and chromium were found in the soil samples
from all six sampling points. The maximum arsenic
content was approximately 19.50 mg/kg, which is
lower than previously reported for certain other
arsenic-contaminated areas [19, 22, 23]. The maximum chromium content was higher than that of the
soil samples around the Dagang industrial park in
Tianjin, China [19]. But it was lower than that of
the soil samples from an abandoned area of the
Shangrao copper mine, Jiangxi, China [17]. Although the arsenic and chromium contents of the
soil samples did not exceed the limits prescribed in
the soil environmental quality standard, the arsenic
content of the soil samples from points 4# and 6#
were slightly high, and the chromium content in the
soil samples from 5# were within the normal range
but close to the standard limit value [24]. Therefore
the soil from 4# and 6# was slightly polluted by
arsenic and the sample from 5# needed remediation
work to be implemented to eliminate the excessive
chromium. 

ance (EL104, Mettle Toledo International Trade
(Shanghai) Co. Ltd., Shanghai, China). Soil pH was
determined in a solution at a ratio solid: deionized
water = 1:2 w/v using a pH meter (PHS-2F, Shanghai Electric Scientific Instruments Co. Ltd., Shanghai, China). The organic matter content and cation
exchange capacity were established by standard
methods [21]. The concentrations of selected nonmetallic elements (carbon, hydrogen, oxygen, nitrogen and sulfur) were measured using an elemental analyzer (Vario EL III, German Elementar
company, Frankfurt, Germany). Soil phosphorus
content was determined through an ultraviolet visible spectrophotometer (UV-5100, Shanghai Shuang
Xu Electronics Co. Ltd., Shanghai, China). Additionally, the contents of selected heavy metal and
metalloid elements (arsenic, chromium, cadmium,
mercury, and palladium) in the soil samples were
measured via an inductively coupled plasma spectrometer (ICP; Agilent 720 ICP-OES, Agilent
Technologies Inc., Santa Clara, CA, USA). All
statistical analyses were conducted using the SPSS
statistical package (SPSS 16.0; IBM SPSS, Chicago, IL, USA).
#$&%$$&$$ 

The detailed compositions of the soil samples
taken from the area near the Fuling Industrial Park
are presented in Table 1. The measured soil moisture ranged within 13.40%-23.00%; the pH was
within the range 7.05-8.39, indicating a slightly
alkaline soil reaction. The organic matter content
ranged from 9.15 to 52.58 g/kg, and the cation
exchange capacity was 33.47-523.39 cmol/kg,
showing that the soil conservation capacity was
strong. However, no direct relationship was established between nitrogen and phosphorus contents


%
/<-;39=3?/<=+=3<=3-<8092B<3-+5+7.-2/63-+5-8698<3=387<80<835<+695/<
Variable
Soil moisture (%)
pH
Organic matter content (g/kg)
Cation exchange
capacity (cmol/kg)
C (%)
H (%)
O (%)
N (%)
S (%)
P (g/kg)
As (mg/kg)
Cr (mg/kg)
Cd (mg/kg)
Hg (mg/kg)
Pd (mg/kg)

1#
18.13±0.25
7.05±0.01

2#
19.47±0.23
8.18±0.03

3#
13.40±0.70
8.20±0.01

4#
16.50±0.46
8.39±0.01

5#
23.00±0.61
8.17±0.02

6#
19.77±0.59
8.30±0.01

9.15±0.13

12.12±0.47

10.52±0.57

52.58±2.81

22.68±0.45

14.63±0.57

33.47±7.29
0.68±0.09
0.71±0.06
19.84±1.53
0.05±0.02
0.04±0.01
0.26±0.03
3.87±0.06
42.67±0.06
Nd
Nd
Nd

142.46±16.25
1.26±0.69
0.83±0.17
15.89±1.86
0.08±0.05
0.06±0.03
0.40±0.01
3.37±0.06
32.17±0.23
Nd
Nd
Nd

109.79±20.59
1.07±0.45
0.67±0.11
16.11±0.67
0.09±0.05
0.04±0.01
0.81±0.08
1.77±0.06
54.90±0.10
Nd
Nd
Nd

523.39±3.25
9.56±0.33
1.07±0.08
20.12±4.29
0.31±0.05
0.17±0.01
0.60±0.05
12.90±0.01
37.87±0.06
Nd
Nd
Nd

106.77±18.70
1.81±0.55
2.33±0.18
26.89±0.61
0.18±0.05
0.05±0.02
0.59±0.01
8.20±0.20
217.57±0.12
Nd
Nd
Nd

313.99±4.50
2.00±0.51
1.96±0.57
23.54±0.64
0.10±0.01
0.03±0.02
0.50±0.02
19.50±0.01
69.13±0.06
Nd
Nd
Nd

‘Nd’ - not detected; mean ± standard deviation; n = 3.
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Sampling points
1#
2#
3#
4#
5#
6#
‘a’ - pollution of low degree.

Fi
As
0.129
0.135
0.071
0.516
0.328
0.780

Cr
0.213
0.129
0.220
0.151
0.870
0.277
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IPL, degree of pollution
0.166a
0.132a
0.125a
0.279a
0.534a
0.465a
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E ir = Tri × Cif

Following the method of Zhao et al., we used
the pollution load index (IPL) to evaluate the pollution level of the soil by arsenic and chromium [25].
IPL was calculated using Eq. (1) and Eq. (2). The
soils in the investigation area could be regarded as
having exceedingly low pollution levels (Table 2).
The IPL of 5# was 0.534, higher than that of the
other five sampling points, whereas the IPL of 3#
was 0.125, which is lower than that established for
the other five sampling points (Table 2).
Fi = Ci/C0i
IPL = (F1×F2×F3×Fn)1/n

i
r

T (Arsenic)

(pH>7.5);

um) = 250 (pH>7.5); n=2.

%
%2//-85813-+52+C+;.37=2/<835<
As

Cr

1#
2#
3#
4#
5#
6#

1.290
1.348
0.708
5.160
3.280
7.800

0.427
0.322
0.549
0.379
2.176
0.691

RI, potential
ecological
risk degree
1.717b
1.670b
1.257b
5.539b
5.456b
8.491b

2;

 (%$
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‘b’ - potential ecological risk of low degree.
According to the findings of the study by Lars,
we used the potential ecological hazard index
method to evaluate the ecological harm caused by
arsenic and chromium in the soil [26, 27]. The risk
index (RI) and the single factor of the potential
ecological hazard ( E ir ) were calculated using Eq.
(3) and Eq. (4). The potential soil ecological risk
caused by arsenic and chromium at the six sampling
points was found to be mild (Table 3). It is noteworthy that the potential ecological risk was lower
than that in some industrial parks in Fujian [27].
However, the RI of 6# was 8.491, higher than those
of the five other sampling points, indicating that
there may be a relative ecological risk problem at
6# (Table 3). Tao et al. found that 50% of the study
points (an abandoned area of the Shangrao copper
mine, Jiangxi, China) showed a moderate ecological risk, indicating serious ecological hazard in the
abandoned mine area [17]. However, our investigation showed that there was low ecological risk at
present for all sampling points near the Fuling Industrial Park, southwestern China.

RI = ∑ E ir

=

 &$ 

The findings of this study serve as the basis to
improve the understanding of the pollution levels of
the soil in the areas near the Fuling Industrial Park
in Fuling, Chongqing, China. Herein, we provide a
reference that is important for the future pollution
control and environmental management. The soil
samples collected were with slightly alkaline pH
and a strong conservation capacity. We found that
the soil at 4# was the most fertile, whereas that at
1# the least fertile. Arsenic and chromium were
detected in the soil samples from all six sampling
points, but those from 4# and 6# were slightly polluted with arsenic while 5# required remediation of
chromium contamination. The pollution load and
risk indices of the soils tested were within a fairly
small range. In general, the quality of the soil near
the Fuling Industrial Park was found to be controllable.

C0i (chromium) = 200 (6.5<pH≤7.5); C0i (chromi-

E ir

Tri (Cr)

(pH>7.5); Cin (Cr) = 200 (6.5<pH≤7.5); Cin (Cr) =
250 (pH>7.5).


content of arsenic or chromium; C0i (arsenic) = 30

Sampling
points

10;

um; Cin (As) = 30 (6.5<pH≤7.5); Cin (As) = 25

Fi - pollution coefficient for element i; Ci -

25

=

Cif = Ci / Cin ; Ci - contents of arsenic or chromi-

(1)
(2)

(6.5<pH≤7.5); C0i (arsenic) =

(4)
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This study was conducted to investigate the effect of ozonation treatment at different ozone concentrations (0.5, 2 and 5) ppm for different periods
of time (5, 10 and 15) minutes on reduction percentage of spiked myclobutanil of (2, 6 and 10) ppm on
tomato fruits using gas chromatography equipped
with micro electron capture detector. The results
showed that ozonation treatment at 0.5, 2 and 10 ppm
significantly reduced the spiked myclobutanil concentration on tomato fruits, after 15 minutes of ozone
treatment the concentration of myclobutanil was
reached the allowed maximum residues limits in Codex Alimntarous and European regulations (0.3)
ppm. The maximum reduction percentages after 15
min of ozone treatment at 0.5 ppm were 82.60, 85.96
and 90.31 % for spiked concentrations of myclobutanil at 2, 6 and 10 ppm, respectively. On the other
hand, the maximum reduction percentages after
ozone treatment for 15 min at 2 ppm were 88.82,
88.13 and 96.56 % for spiked concentration of myclobutanil at 2, 6 and 10 ppm, respectively. At last
the maximum reduction percentages for 15 min at 5
ppm ozone concentration were 92.31, 94.80 and
98.32 % for spiked concentrations of myclobutanil at
2, 6 and 10 ppm, respectively. Meanwhile, the reduction percentages after soaking with tap water for 15
min were 12.37, 14.44 and 15.29% for 2, 6 and 10
ppm spiked myclobutanil concentrations on tomato
fruits. It was concluded from this research that ozone
treatment has a significant effect on myclobutanil
spiked concentration and it could be used as a
method for reduction of this pesticide residues in
fruits and vegetables. Ozone affected the pesticides
residues concentration in a concentration–time dependent manner.



 %#!&%! 
Tomato fruits are commonly consumed in several dishes in Jordan. In 2016, the produced amounts
were 837344.4 tons of tomatoes [1, 10]. The annual
per capita consumption of vegetables is around
106.35 kg, and of tomato fruit is 33.7 kg [2, 9]. Tomato fruits are perishable product and could be attacked by different agricultural pests, as a result
farmers have to use pesticides to improve their products quality and quantity. The intensive use of pesticides resulted in residues that remains in agricultural
products after harvest, and in many cases these residues exceed the maximum residues limits (MRL)
recommended by the Codex Alimntarous or European Maximum Residues Limits (EU MRL’s),
which may have the potential of adverse health impacts on human [1, 3]. Ozonation treatment, ultraviolet radiation, washing vegetables with salts or vinegar or salt and vinegar mixture at different concentrations have been used to reduce or eliminate pesticides residues and microbes [2, 3, 4, 5]. Ozone, in
particular, has been recognized as a strong oxidizing
agent and could be used in gaseous or liquid state [6,
19]. In 2001, ozone was declared as a GRAS (generally recognized as safe) substance by the FDA after
a Food Additive Petition containing safety and efficacy data was submitted to them. Later, the USDA
approved its use on meats and on certified organic
foods. In the mid-1990s, ozone was approved for
food processing in Japan, France, and Australia [7,
12]. Several workers [8, 11, 20] showed that Ozone
is relatively unstable compound in aqueous solutions. It decomposes continuously; leaving no residues with relatively short half-life ranged from 20 to
30 min at 20 oC. Ozone half-life is inversely proportional with temperature and pH. pesticide residues
remain in almost all the food commodities, as a result
of pre-harvest or postharvest application. The location of pesticides in different parts of food varies
with the nature of molecule and type of food commodity and environmental conditions [7, 13, 14].
Pesticide can be degraded by; ozonation, photolysis,
hydrolysis, oxidation and reduction, metabolism,
temperature, and pH. The level of pesticide residues
is affected by washing, preparatory steps, heating or
cooking, processing during product manufacturing,
postharvest handling and storage. The extent of

('!#$
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reduction varies with nature of pesticide molecule,
point of location, type of commodity, processing
steps and product prepared [7, 15, 16, 17]. The effectiveness of ozone gas treatment in the removal of residues of organophosphate (fenitrothion) and pyrethroid (deltamethrin) pesticides in wheat grains by
ozone gas was evaluated by Savi et al. [18]. The
fenitrothion content was decreased following (60
µmol/mol) of O3 treatment after 180 min of exposure
(66.7% reduction), similarly deltamethrin residues
were reduced by 67.5, 88.1 and 89.8% after 60, 120
and 180 min of O3 exposure, respectively. The use of
O3 may be a potentially effective method of reducing
pesticide residues in stored grains [18]. Alcalde et al.
[4] Showed that the degradation of acetamiprid during ozonation could be well-explained by the reactivity of this pesticide with OH..
The objective of this study was to study the effect of continuous exposure to aqueous ozone at 0.5,
2 and 5 ppm for 5, 10 and 15 min on reduction percentage of spiked myclobutanil concentrations on tomato fruits at (2, 6 and 10) ppm.

weight 200 g ± 0.0001 g for weighing standards materials. Muffle furnace (Carbolite EML, UK), used
for ashing of anhydrous magnesium sulphate for 5
hours at 500oC.Vortex mixer (Heidolph, Germany)
used for shaking the samples with 1% acetic acid in
acetonitrile solution. Freezer (Kelvinator, Italy) used
for storing samples at temperature -18 oC before
analysis. Centrifuge (Jouan, France) for holding 50
ml centrifuge tubes, with speed of 1500-3000 rpm.
Centrifuge (Hettich, USA) for holding10 ml centrifuge tube for clean-up, operated at ambient temperature with 3000 rpm speed. Food chopper (Fimar, Italy) used for sample homogenization before taking
the required weight for extraction. Blender (Laboratory blender 8010D, USA) used for further homogenisation of subsamples. Ozone generator (ZAET
Fruit and Vegetable Washer by Ozone, China) model
ZA-BF-L with properties: height 290 mm, length
378 mm and width 300 mm. It consists of Acrylonitrile Butadiene Styrene (ABS) plastic cleaning
chamber with 9 L capacity, transparent cover, and at
the bottom of the machine the ozone generator which
generates ozone by Oxidation Reduction Potential
electrode (ORP) to generate ozone at concentration
of 0.5 ppm, also ozone diffuser is located at the bottom of the machine, power 35 W, 220 V. This machine applies the CE marketing in accordance with
European Union rules. And A2Z ozone generator,
USA, can produce ozone in the range of (1- 9) ppm.

%#$ %!$
1.52,*4;*6-9=285.6<: Anhydrous magnesium sulphate (MgSO4, assay 99%) (Sigma-Aldrich, USA), ashed at 500oC for 5 hours was carried
out before usage to eliminate phthalates and remained water. Acetonitrile (CH3CN, HPLC-grade,
assay of 99.8%) (LAB-SCAN analytical sciences,
Ireland). Acetic acid (CH3COOH, assay 99%) (J. T.
Baker, USA). Acetone (C3H6O, GC-grade, assay
99.8%) (LabChem, USA). Sodium chloride (NaCl,
assay 99.9%)(AVONCHEM, UK). Primary Secondary Amine (PSA) sorbent, with 40 – 60 µm particle
size (Agela Technologies, USA). Water (H2O,
HPLC-grade of assay 99.9%) (AVONCHEM, UK).
Myclobutanil standard C15H17ClN4, assay 99.5%).
Aldrin (C12H8Cl6 assay 99%) was purchased from
(Sigma-Aldrich, USA). Ditalimifos (C12H14NO4PS,
assay 97.5%) from (Sigma-Aldrich, USA) both aldrin and ditalimfos were used as internal standards.
The following apparatus and equipment were used
for preparation and analysis of myclobutanil; Teflon
centrifuge tubes of 10 and 50 ml. Pipettes 0.5-5 ml
for transferring the sample extract to the clean-up
centrifuge tube. Vials 2 ml capacity, Weighing boats,
volumetric flasks, graduated cylinders, and other
containers in which to contain samples, extracts, solutions, standards, and reagents. Micro-syringes, 10100 µL (SGE, Australia) Gas chromatography model
(Agilent 6890N, USA) equipped with micro electron
capture detector (µECD). The capillary column was
HP-5 with composition of 5% Phenyl 95% methyl
polysiloxane with dimensions 30 m x 0.32 mm, 0.50
µm (Agilent, USA). Balance (Mettler PM6400,
USA) for weighing the samples. Balance (Bosch
SAE200, Germany) of four digits with maximum

//.,<!/!B76*<276%:.*<5.6<<2//.:.6<
76,.6<:*<276; 7: 2//.:.6< ".:27-; !/ %25.
!6#.-=,<276".:,.6<*0.;!/A,47+=<*624".;
<2,2-.$823.-%7%75*<7:=2<;$*5842607/<7
5*<7 /:=2<; Two hundred seventy samples for tomato fruits were collected randomly from the local
market during the period of October –November,
2017.The size of each sample taken for analysis was
in the range of (1- 3) kg as recommended by Codex
Alimntarous sampling guidelines [22]. All samples
were kept in polyethylene plastic bags, then labelled
and refrigerated at 5oC until analysis not more than
three hours to investigate the effect of ozonation
treatment onmyclobutanil pesticides residues.
!B76*<276<:.*<5.6< Twenty seven samples
of tomato fruits around (1 kg each) (free from pesticides residues) to be used for each concentration of
ozone 0.5, 2.0 and 5 ppm were spiked with different
concentrations 2.0, 6 and 10 ppm for myclobutanil.
Each sample was divided into three portions to be
treated for 5, 10 and 15 minutes using two instruments for ozonation. The first one gives fixed ozone
concentration of 0.5 ppm, and the other one with variable ozone concentration 1-9 ppm. The effect of
ozone treatment on myclobutanil was evaluated by
analysing tomato fruit samples before and after the
treatment. The spiked tomato fruit samples were held
inside the cleaning chamber during ozone treatment.
Each sample was extracted by QuEChERS method
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film thickness. The carrier gas was argon methane.
The operating conditions were: injection volume of
1 µL. The temperature program was: injector temperature 225oC, and detector temperature 300 oC [8].
The oven temperature program was as follow: initial
temperature 90 oC for 1 min; 12 oC min-1 to 150oC
for 1 min; 20oC min-1to 270 oC for 1 min [8]. For data
acquisition ChemStation software was used.

$<*<2;<2,*4*6*4A;2;The design of the experiment was factorial. Mean values and standard errors
were calculated and analysed. The obtained data
were subjected to analysis of variance (ANOVA) using Minitab programme, version 18. Mean comparisons were performed by LDS test was used at 0.01
probability levels. The obtained results were summarized in the results section.


#$&%$ $&$$! 

and analysed using GC-µECD to determine the recovered amounts of myclobutanil in order to evaluate the efficiency of ozonation on the reduction percentages of this pesticides with time.
For comparison between the effect of ozonation
treatment and soaking with tape water 9 samples of
tomatoes fortified with myclobutanil at concentrations of 2.0, 6and 10.0 ppm then the fortified samples
soaked with tap water for 5, 10 and 15 min then each
sample extracted and the concentration of myclobutanil was determined using GC/µECD. Each sample
repeated three times.
6*4A<2,*45.<17-$*584.8:.8*:*<276*6-
.@<:*,<276 The method for extraction of pesticide
residues in food called QuEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe) based on the extraction by acetonitrile and partitioning with anhydrous magnesium sulphate was used for extraction of
spiked myclobutanil from tomato fruits [6,19,20,21].
@<:*,<2767/<75*<7/:=2<;$*584.;.@<:*,
<276; One kilogram of tomato fruits sample was
chopped into small pieces with the chopper to get a
homogenous sample, then 200 g was taken as subsample and further homogenised with the blender.
Then three subsamples were taken, and kept in deep
freezing conditions -18oC, until analysis. Ten grams
from each of homogenised subsample was transferred into 50 ml Teflon centrifuge tube. Acetonitrile
with 1% acetic acid solution was prepared on v/v basis (25 ml acetic acid in 2.5 L acetonitrile), solution
A. Ten ml of solution A was added to the sample and
was shaken by the Vortex mixer for 1 min at low
speed. Four grams of anhydrous MgSO4 and 1 g of
NaCl were added to the sample, then vortexed again
for 1 min. Ditalimifos of 0.5 ppm and aldrin 1.0 ppm
concentrations were added as internal standards. Finally, sample was vortexed for 30 s and centrifuged
at 3000 rpm for 5 min. By this step the sample extract
ready for clean-up.

$*584.;,4.*6=8One millilitre of the upper
acetonitrile layer was transferred into 10 ml centrifuge tube containing 25 mg PSA as sorbent and 150
mg anhydrous MgSO4, then it was vortexed for 30 s,
as a final step the centrifuge tube was centrifuged at
3000 rpm for 5 min. The extract was transferred into
2 ml GC vial to be analysed with GC-µECD to determine the residues of spiked myclobutanil.

Data presented in Tables (1, 2 and 3) clearly
showed that the reduction percentages after ozone
treatments at 0.5, 2 and 5ppm of spiked tomato fruits
with myclobutanil at concentrations of 2.0, 6 and 10
ppm. These reduction percentages increased significantly at probability level of (P ≤0.01). The maximum reduction percentages of myclobutanil were
90.31, 96.56 and 98.32 % for spiked concentration of
10 ppm after 15 min at ozone concentration of 0.5, 2
and 5 ppm, respectively. Moreover, myclobutanil
concentrations after ozone treatments at 0.5 ppm after 15 min for all spiked concentrations 2, 6 and 10
ppm had not reduced below Codex Alimntarous and
EU-MRL which is equal to 0.3 ppm. But the remaining concentrations of myclobutanil after 15 min of
ozone treatment at 5 ppm for all the spiked concentrations 2, 6 and 10 ppm were reduced below the allowed MRL. In addition the results for soaking of tomato in tap water for 15 min indicated that the maximum reduction percentages of myclobutanil were
12.37, 14.44 and 15.291 % for myclobutanil spiked
concentrations of 2, 6 and 10 ppm, respectively.
These results for reduction percentages of myclobutanil explained due to its low solubility in water (142
mg/l at 25 oC) which indicated that hydrolysis was
not significant route of degradation [11].
In this study it was found that the maximum reduction percentage of spiked myclobutanil in tomato
fruit was 98.32 % after ozonation for 15 min using 5
ppm ozone concentration, these results agreed with
the results obtained by several authors [15, 17, 16,
22]. These authors concluded that ozonation treatment could be considered as an efficient treatment to
remove high concentrations of pesticide residues if
ozone generated continuously for a sufficient time of
treatment.

*; ,1:75*<70:*81A ?2<1 52,:7 .4.,<:76
,*8<=:. -.<.,<7: *6*4A;2; The chromatographic
system consisted of a gas chromatography equipped
with electron capture detector, splitless injector and
the capillary column HP-5 model No. (19091J-413)
with composition of 5% Phenyl and 95%
methylpolysiloxane, dimensions are 30 m length,
0.32 mm nominal diameter, and 0.52 µm nominal
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//.,<7/<75*<7/:=2<;7B76*<276*< 885765A,47+=<*624/=602,2-.8.:;2;<.6,.*<-2//.:.6<;823.-
,76,.6<:*<2764.>.4;=;260D

$823.-*57=6<

885

 
 
@87;=:.
57=6<
#.-=,<276
57=6<:.,7>.:.-
#.-=,<276
<25.
:.,7>.:.-
885C$
C$
C$
526
885C$
a*
a
a

1.881 ± 0.001
0.00
5.964 ± 0.026
0.00a
$7*3260?2<1<*8?*<.:

1.800b ± 0.008
4.430b ± 0.201
5.521b ± 0.001
7.418b ± 0.010

1.710c ± 0.002
9.073c ± 0.097
5.353c ± 0.001
10.224c ± 0.010
12.369d ± 0.092
5.102d ± 0.006
14.439d ± 0.102

1.648c ± 0.002
!B76*<276

1.372d ± 0.007
27.043e ± 0.342
3.951e ± 0.001
33.758e ± 0.306

1.013e ± 0.032
46.128f ± 1.694
2.200f± 0.012
63.112f ± 0.160
0.327f ± 0.002
g
g
82.600 ± 0.089

0.838 ± 0.002
85.955g ± 0.051

 
57=6<:.,7>
.:.-
885C$
8.853a ± 0.004

#.-=,<276
C$
0.00a

8.028b ± 0.037
7.784c ± 0.015
7.500d ± 0.011

9.315b ± 0.144
12.075c ± 0.163
15.291d ± 0.116

5.288e ± 0.007
2.280f ± 0.007

40.273e ± 0.102
74.250f ± 0.066

0.858g ± 0.001

90.308g ± 0.017

*Means within the same column sharing the same letters in superscript are not significantly different using LSD test at 0.01 probability level.
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$823.-*57=6<
885
 

 

 



57=6<
:.,7>.:.-
885C$
1.881a* ± 0.001



1.800b ± 0.008

4.430b ± 0.201

5.521b ± 0.001

7.418b ± 0.010

8.028b ± 0.037



1.710c ± 0.002

9.073c ± 0.097

5.353c ± 0.001

10.224c ± 0.010

7.784c ± 0.015



1.648c ± 0.002

12.369d ± 0.092

5.102d ± 0.006

14.439d ± 0.102

7.500d ± 0.011

0.475d ± 0.029

74.730e± 1.533

1.169e ± 0.017

80.393e ± 0.203

1.483e ± 0.001

0.329e ± 0.002

82.492f ± 0.113

0.827f ± 0.016

86.128f ± 0.234

1.024f ± 0.001

88.818g ± 0.417

0.708fg ± 0.002

88.134g ± 0.063

0.304g ± 0.000

@87;=:.
%25.526

#.-=,<276
C$

57=6<:.,7>.:.-
885C$

#.-=,<276
C$

57=6<:.,7>.:.- #.-=,<276
885C$
C$

0.00a

5.964a ± 0.026
$7*3260?2<1<*8?*<.:

0.00a

8.853a ± 0.004

0.00a
9.315b ±
0.144
12.075c ±
0.163
15.291d ±
0.116

!B76*<276




0.210f ± 0.007

83.253e ±
0.024
88.434f ±
0.008
96.563g ±
0.002

//.,<7/<75*<7/:=2<;7B76*<276*<  885765A,47+=<*624/=602,2-.8.:;2;<.6,.*<-2//.:.6<;823.-
,76,.6<:*<2764.>.4;=;260D
*Means within the same column sharing the same letters in superscript are not significantly different using LSD test at 0.01 probability level.
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//.,<7/<75*<7/:=2<;7B76*<276*< 885765A,47+=<*624/=602,2-.8.:;2;<.6,.*<-2//.:.6<;823.-
,76,.6<:*<2764.>.4;=;260D


57=6<
@87;=:.
:.,7>.:.-
%25.526
885C$

1.881a* ± 0.001

$823.-*57=6<885
 

 
#.-=,<276
C$

57=6<:.,7>.:.-
885C$

0.00a

#.-=,<276
C$

 
57=6<:.,7>.:.-
885C$

#.-=,<276
C$

5.964a ± 0.026
0.00a
8.853a ± 0.004
0.00a
$7*3260?2<1<*8?*<.:

1.800b ± 0.008 4.430b ± 0.201
5.521b ± 0.001
7.418b ± 0.010
8.028b ± 0.037
9.315b ± 0.144

1.710c ± 0.002 9.073c ± 0.097
5.353c ± 0.001
10.224c ± 0.010
7.784c ± 0.015
12.075c ± 0.163

1.648c ± 0.002 12.369d ± 0.092
5.102d ± 0.006
14.439d ± 0.102
7.500d ± 0.011
15.291d ± 0.116
!B76*<276

0.373d ± 0.002 80.188e± 0.101
0.976e ± 0.003
83.635e± 0.048
1.193e ± 0.018
86.528e± 0.196

0.266 e± 0.002 85.841f± 0.134
0.650 f± 0.010
89.107f± 0.211
0.873f ± 0.002
90.135f± 0.022
0.310 g± 0.001
94.797g± 0.018
0.149g ± 0.002
98.317g± 0.023

0.145f ± 0.001 92.309g± 0.073
*Means within the same column sharing the same letters in superscript are not significantly different using LSD test at 0.01 probability level.
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It was reported that ozonation of spiked tomato
juice samples at different concentration levels of
methomyl, oxamyl and carbosulfan was found to be
an effective treatment in removal of carbamate pesticides residues [5]. Complete removal of carbosulfan and oxamyl pesticides from spiked tomato juice
was achieved after 15 and 30 min of ozonation, respectively [5]. In another study it was concluded that
ozone as a powerful oxidant is effective in solving
the problems of the food industry like mycotoxin and
pesticide residues by ozone application on fruits and
vegetables without forming hazardous residues [13].
On the other hand, it was shown that the cucumber
and strawberry washing with tap water could not increase the percentage of reduction for all the examined pesticides; organophosphorus (diazinon, malathion, chloropyrifos, quinalphos, profenofos) and organochlorine (chlorothalonil, alpha-endosulfan and
beta-endosulfan) more than 20% [14].
It was shown that the reduction percentages after washing of cabbage with tap water for 20 min on
chlorpyrifos, -DDT, cypermethrin, chlorothalonil) residue levels were 17.6%, 17.1%, 19.1% and
15.2%, respectively, [21].
Alcalde et al. [4] Showed that the degradation
of pesticides residues during ozonation could be
well-explained by the reactivity of pesticides residues with the formed OH. after ozone dissolved in
water, and as the treatment time increased the
amount of the formed OH. Increased so more pesticide degraded and the reduction percentage will be
higher.


! &$! 
Ozone up to 5 ppm concentration for 15 min
was effective to reduce the concentrations of myclobutanil below the maximum residue limits in tomato
fruits, so it is an effective method to be used in domestic scale to reduce the pesticides residues and
have healthy food.
 !' %$
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The date palm is the main host of dubas bug,
which is also known as the palm bug. Dubas bug,
     De Bergevin is a destructive
pestin Gulf countries. The intensive use of insecticides in Oman to control the dubas bug might lead to
resistance. An entomological field study was conducted to test pesticides against dubas bug insect on
spring generation in Al-Batinah region in sultanate
of Oman. Four pesticides were used: Decis, Oberon,
Mospilan and Ecodaneem (which is neem extract)
and the control was sprayed by water only. There
were no significant differences for the five used plots
one day before spraying treatments. Insect densities
of alive dubas nymphs after 10 days of the spraying
treatments were decreased gradually in the treatments. At the present study, the pesticides treatments
were carried in the first week of April which explained the decreased populations of nymphs in all
treatments including the control. However, the number of alive nymphs in the Oberon treatment was the
highest without significant difference with the control treatment. In conclusion, the efficacy of the
tested insecticides was Oberon, Ecodoneem, Mospilan and Decis, in a descending order.



Over forty varieties of date are grown in Oman,
with over 150,000 tons of fruit produced annually. It
is the largest crop in the country and, until the discovery of oil, far and away the most economically
important [1]. Most fruits are harvested between August and December. In many places, dates are still
handpicked, although mechanical shakers may be
used in larger plantations. There are an estimated
eight million date palms trees in Oman, and travelling around the Batinah region you’ll rarely be out of
sight of the endless plantations which blanket the
coast. There are two types of dates. One is the raw
date which accounts for 64 per cent of the total produce and is consumed in raw form by people in various ways.
According to the report by El Mardi [4], there
were 20 kinds of best dates which are being produced in Oman include Nahal, Khasab, Fardh,
Khanizi, Khalas Al Dhahira, Madluki, Barni, Abu
Daan, Zabd, Abu Naranjah, Masli, Jabri, Handhal,
Suwaih, Barshi, QashAbyadh, Tabaq, Abu Maan,
Hilali Al Hassa and Baql. In Oman, date palms occupy an estimated 85 per cent of the total area under
fruit cultivation and about 50 per cent of the total agricultural land [5].
The date palm is the main host of dubas bug,
which is also known as the palm bug. Lepesme [6]
has reported that the first description of dubas bug
was made by Fieber in Spain in 1875, after he collected samples from ornamental trees (  
). It is an important pest of date palm, 
  in Gulf countries [7, 8, 9, 10, 11, 12].
This destructive pest is active on leaflets, rachis,
fruiting bunches and spines during the different
stages of date palm tree [13, 14, 12]. It causes several
direct and indirect damages to the date palm. The direct damage of this pest appeared when the nymphs
and adults feed and suck sap from leaflets and rachis
in spring and autumn [12, 15].
This pest is active on leaflets, rachis, fruiting
bunches and spines during the different stages of
date palm tree [16, 13, 14] and causes several direct
and indirect damages to the infested date palm and
other palm members. The direct damage of this pest
appeared when the nymphs and adults feed and suck

(&!"
Date palm trees, Dubas bug, Insecticides, Neem, Toxicity

#!$#
The date palm (  ) is the oldest cultivated plant in the dry subtropical regions of north
Africa, the Arabian Peninsula, southern Iran, Afghanistan, and Pakistan. Cultivation of the date palm
was known in the seventh millennium B.C in Sumeria, Assyria, and Egypt [1, 12]. Iraq is the leading
date-producing country, with a yield of approximately 350,000 tons annually [2, 3]. Dates are something of a self-contained nutritional super-fruit, and
an excellent source of protein, vitamins and minerals.
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sap from leaflets and rachis in spring and autumn
[12, 15]. However, the indirect damage can be also
explained by the deterioration of date palm fruits and
other fruits of trees that planted underneath through
honey dew that attracts the dust, dry leaflets and rot
fungi. Gassouma [17] demonstrated that in the case
of heavy infestation, dubas bug can reduce the crop
yield by 50%. Moreover, fruits of infested palm trees
are also reported to be smaller and ripen more
slowly.
Organophosphate (OPs) chemicals are reported
to be the most widely used group of insecticides in
the world, particularly in Oman and Jordan [12, 25,
26]. OPs have a wide range of pest control applications as contact, systemic and fumigant insecticides
[12, 19, 24, 25]. In most countries OPs are widely
used because, they are cheaper than the newer insecticides. They are unstable and therefore break down
quickly in the environment. The second main groups
of pesticides are the synthetic pyrethroids (PYr). PYr
were introduced at the end of 1970’s and their uses
have increased in agriculture, and public health. Pyrethroids are a cost-effective and friendly environment type of insecticides due to their low toxicity to
mammals, and minimal accumulation in the environment [12, 20, 25, 26].The intensive use of insecticides in Oman to control the dubas bug might lead to
resistance which allow this pest to escape from insecticide application. Moreover, pesticide resistance
in agriculture systems has been recognized as one of
the world’s most significant environmental problems
for nearly two decades [12, 21, 22, 23, 25, 26].Neem
as a botanical insecticide as been used to control the
dubas bug. However, neem is a plant extract that is
not harmful to human health or the environment,
when used alone or in combination with summer oil
proved to be an ideal alternative to chemical insecticides for controlling dubas bug. Neem and neem plus
summer oil has shown to be effective against this
pest [12, 24, 25]
Therefore, the objective of this study is to evaluate of the toxicity of two insecticides from different
groups and a neem product in the field against the
dubas bug on date palm trees in the field.

Al Batinah region contained twelve provinces(Wilayat). It contains the largest number of
provinces. These are: Sohar and Ar Rustaq. Murry
village (23°39'14"N) (56°20'44"E) in the Wilayat of
Al Rustaq in Governorate of South Al Batinah is one
of the beautiful villages famous for agriculture and
tourist spots.
The field experiment was carried on spring
generation of the dubas bug insect on April 6, 2018.
The farm is located in Al-Eer village in Wadi Bany
Awf in Al-Battenah region in Sultanate of Oman.
The field surrounded by mountains from the four
places. The chosen field was totally planted by date
palms. It contained about 300 trees of the date palm
and being infested every year by the dubas bug. The
farm was irrigated by Falaj system which means underground water channel. The most common cultivar
of the dates was Naghal. The rest were Fard, Khesab
and Khenazi, Fahel and Kheshosh. The field was interplanted with different plants which were mostly
used for animal feeding. The date trees were generally 4o years in age. Also, new date palm trees were
planted. The average height for each old tree was 7
m and 50cm in diameter. The space between every
two trees was from 3-5m. The study was arranged in
a completely randomized design (CRD). There were
five replicates for each treatment. The replicate was
consisting of five trees represented as a plot. There
were four treatments and untreated control (water
only) was randomly distributed in the five plots. The
trees were labeled by different colored long ribbons
on April 6, 2018, one week before treatment. The
barrier between each two trees was untreated tree.
The treatments were: Oberon, Mospilan, Decis, Ecodaneem and control.
"79)@15/ #9-);4-5; The experiment was
conducted in Al-Ear village in Al-Rustaq region in
Sultanate of Oman. There were four pesticides and
the control as shown in Table 1.
Calibration for spraying using water only was
carried out by a motor equipped with 200L tank and
high pressure high volume nozzles. The calibrated
trees (50 trees) were sprayed with water only to the
complete coverage state i.e. to the point of run-off of
water from the trees, and then calculated for five
trees. The spraying was started with the control and
then the different treatments. Tank was washed with
water and then sprayed away from treated trees and
then filled with the needed dilution from each pesticide, separately.

#!"#"

#0- ?7-914-5;)3 &692 An entomological
field study was conducted to test pesticides against
dubas bug insect on spring generation in Al-Eer village in Wadi Bany Awf in Al-Battenah region in Sultanate of Oman. Al Batinah region occupied an important location on the coast of Gulf of Oman. It lays
between Khatmat Malahah in the north and Ras alHamra in the south and confined between the Al
Hajar Mountains in the west and the Gulf of Oman
in the east. Most of Oman's population lives in that
region, because of the green plains between the Al
Hajar Mountains and the sea.

-).3-;")47315/ A pre leaf spray count was
carried out one day a head before pesticide spraying
as mentioned in (Table 1). The sample size was 2
leaves from each tree. There were five trees for each
treatment chosen randomly from each plot which
contained more than 50 trees. 20 leaflets from each
leaf were chosen randomly from two leaves. These
20 leaflets were labeled by colored tape on each leaf.
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The numbers of the nymphs were counted 7 and 10
days after treatments. The mean number of the
nymphs on each leaflets and each plot was calculated.

in the control and Oberon treatments were the highest compared with the other treatments but without
significant differences. But when comparing the
densities for each treatment with those before treatment, always the means were highest (Tables 2 and
3) indicating that the dubas nymphs were still
emerged from eggs. However, densities of alive
nymphs in the Oberon and E-codaneem treatments
were the highest, although it did not differ significantly than the other treatments. On the contrary,
Fanigliulo et al. [ 28] indicated that Oberon was very
effective in the control of mites at both doses of 45
and 60 g/hl.
Insect densities of alive dubas nymphs after 10
days of the spraying treatments were decreased gradually in the treatments (Table 3). This was due to the
continue of nymphs emerged to adults on sampled
leaflets and effect of pesticides application. However, MAF [29] stated that dubas bug nymphs of the
spring generation started to give adults in 2nd week
of April, in Oman. At the present study, the pesticides treatments were carried in the first week of
April which explained the decreased populations of
nymphs in all treatments including the control. Although, still there were significant differences between Decis, Mospilan and E-codaneem applied
treatments and the other treatments, but they did not
differ significantly. However, the number of alive
nymphs in the Oberon treatment was the highest
without significant difference with the control treatment. In Oman, Organophosphate and pyrothroid insecticides have been wildly used in dubas bug control programmes mainly one aerial spray [30, 34].

!"$#""$""

5:-+;: -5:1;1-: -.69- #9-);4-5; 65
"7915/ -5-9);165 The mean densities of the
spring generation of dubas bug nymphs on leaflets
one day before treatment sampled on April 7, 2018
from Al-Ear village in Sultanate of Oman are shown
in Table 2. There were no significant differences between the means of densities one day before treatment for the five used plots (spraying treatments).
These results indicated that the dubas bug populations were distributed randomly in all used plots for
treatments of spraying with the different pesticides.
In the present study, most of alive dubas bug populations were in the third and forth nymphal instar.
Abd-Allah et al. [27] reported that during spring generation, dubas bug nymphs peak was between 2nd
and 4th week of March in Sultanate of Oman.

5:-+; -5:1;1-: .;-9 #9-);4-5; 65 #0-
"7915/ -5-9);165 The mean densities of the
spring generation of dubas bug nymphs on leaflets
after treatments on April 7, 2018 from Al-Ear village
in Sultanate of Oman are shown in the Table 3.
There were no significant differences between
the mean of densities of dubas bug after 7 days of the
treatment. The density of alive nymphs of dubas bug


# 
-:;1+1,-:5)4-:.694<3);165:)5,;0-<:-,)46<5;:
46<5;6.7-:;1+1,-
47191+)3
64465
#9-);4-5; 694<3);165
4369/4

.694<3)
5)4-
 
Decis
25EC
C22H19Br2NO3
200ml
Deltamethrin
Oberon
240 SC
C23H30O4
150ml
Spiromesifen
Mospilan
20 SP
C10H11CIN4
100gm
Acetamiprid
E-codoneem
32.1 EC
C35H44O16
600ml
Azadirachtin
Control
Only water

96<7
Pyrethroids
Spinosins
Neonicotinoides
Botanicals

# 
#0-4-)5,-5:1;1-:6.;0-:7915//-5-9);165,<*):*</5@470:653-).3-;:65-,)@*-.69-:7915/
;9-);4-5; 
66.,<*):*</5@470:*-.69-;9-);4-5;:
#9-);4-5;:
-)5A"
Decis
6.00±0.61 a
Miospilan
6.25±0.60 a
E-codaneem
6.00±2.31 a
Oberon
9.00±3.06 a
Water
5.88±2.90 a
Means in the column followed by same letter are significantly not different using LSD (p< 0.05).
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# 
#0-4-)5,-5:1;1-:6.;0-:7915//-5-9);165,<*):*</5@470:653-).3-;:)5, ,)@:).;-9:7915/
;9-);4-5;15
.
#9-);4-5;:

66.,<*):*</5@470:).;-9;9-);4-5;:-)5A"
,)@:
,)@:
=-9)33
-+1:
1.25±0.66 a
0.63±0.47 a
0.94±0.31 a
16:713)5
2.25±1.65 a
1.75±1.13 a
2.00±0.25 a
E-codaneem
2.88±2.05 a
4.50±2.73 a
3.69±0.81 a
*-965
3.00±0.58 a
10.25±0.72 b
6.63±3.63 a
&);-9
3.50±0.29 a
11.67±2.67 b
7.59±4.09 a
*Means in the same column followed by same letter are significantly not different using LSD test (p< 0.05).



Insect densities of alive dubas nymphs as overall means within the whole experimental work from
7 days of spraying to 10 days of the same applications were shown in Table 2. There were no significant differences between all accumulative means of
the treatments. In general, alive counted dubas bug
number in the control treatment was the highest. This
indicates that all used pesticides are effective in decreasing the dubas bug population, leading to effective control. Decis treatment (0.94 nymphs/ leaflet)
showed the lowest number of alive dubas bug but
without significant differences compared with the
other tested pesticide. Mospilan treatment (2.00
nymphs/leaflets) gave alive dubas bug number less
than E-codaneem (3.69 nymphs/leaflets) and Oberon
(6.63 nymphs/leaflets), although they didn't differ
significantly.
However, in conclusion, the efficacy of the
tested insecticides was Oberon, Ecodoneem, Mospilan and Decis, in a descending order. Several workers [31, 32] had showed in their experiments that
Decis was one of the most effect insecticides against
the nymphs of the dubas bug and other insects in
Oman. Dubas bug insecticide treatment is required
when more than 75% of eggs have hatched and/or
fourth nymphs are dominant in the population [33].
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development. Viruses and bacteria are sometimes involved, but fungi are the widest pathogens. In this
respect, Palmateer et al. [2] found that &!
  " "  were the most pathogenic fungi causing mortality of cotton plants. So
that, the use of fungicides is a common strategy for
controlling   involved in damping off of cotton seedlings. Some fungicides may enhance plant
defenses through phytoalexin synthesis and cell wall
lignifications or stimulate enzymes involved in the
synthesis of phenolic compounds [3].
In modern agriculture, pesticides have become
an essential component which increases the yield by
reducing the disease rate. Despite the undoubted effectiveness of these pesticides in controlling plant
diseases and improving crop yield, many studies
have underlined their toxic effects on crop plants.
Fungicides are biological organisms or chemical
compounds that inhibit or destroy the growth of
fungi or fungal spores. Recently, the use of fungicides for an effective control of plant diseases has
become crucial in the agriculture system since it is
estimated that fungal infections cause yield reductions of almost 20% of crops worldwide [4]. Due to
their relatively low cost, ease of use, and effectiveness, fungicides became the primary means of fungi
control [5]. In spite of that, the intensive use of these
compounds to control fungal disease in plants release new strains of pathogens that have become resistant to the available commercial products [6].
Fungicides remain a vital solution to the effective control of plant diseases, which are estimated to
cause yield reductions of almost 20 percent in major
food and cash crops worldwide. The great variety of
known fungicides can be classified into two main
categories, contact and systemic. Contact fungicides,
such as copper or sulfur have a preventive action by
killing fungi as their spores germinate, before mycelia can grow and develop within plant. Older nonsystemic products have gradually replaced by systemic fungicides since their introduction in the
1960’s, establishing higher levels of disease control
and developing new fungicide markets. Systemic

Fungicides using for an effective control of
plant diseases have become crucial in the last decades in the agricultural system. The efficiency of
seed dressing fungicides in controlling damping off
caused by &!  under greenhouse conditions and its effect on plant growth and metabolism
of cotton plant seeds was studied by treatment with
systemic and contact fungicides. The results showed
that Monceren showed the highest efficiency (72%)
while each of Montoro and Sumi-8 showed the lowest efficiency (48% and 36 % respectively) in controlling damping off. Significant decrease in plant
height, dry weight of plant, phytohormones, photosynthetic pigments, soluble sugars, soluble proteins,
total free amino acids, polyphenol oxidase caused by
Bastin fungicide, but caused significant increases in
total phenols, flavonoids, antioxidant enzymes, reduced glutathione, lipid peroxidation and hydrogen
peroxide as compared with untreated plants. On the
other hand, Topsim and Monceren fungicides increased all the above recorded parameters except
phenols, MDA and H2O2 as compared with untreated
plants. Our results indicated that Topsim Monceren
and Premis fungicides can be used as growth regulators and decreased plant diseases.
)(!#$
Amino acid, Flavonoid, Hydrogen peroxide, Phenols, Lipid peroxidation, Photosynthetic pigments
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Cotton ( %"  "!" L) is an economic plant of world importance. It is the world's
leading textile fiber crop and it is also a source of
secondary products such as oil, livestock feed (cotton seed cake) and cellulose [1]. Cotton is attacked
by several pests such as insects, fungi, bacteria and
nematodes at the different stages of growth and
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fungicides, known as eradication or curative fungicides, can also kill the fungus when mycelia have
penetrated into the parenchyma, stopping the dispersal or infection within the plant [7].
Agrochemicals such as insecticides and fungicides could alter the various metabolic processes [8].
Several systemic fungicides generated irregular depression and chlorosis at the central and marginal
portions of saffron leaf [9], induced sharp decrease
in cell division [10] and prevented seedling growth
of pea [11]. Another fungicide has a unique mode of
action which targets mitochondrial respiration in
fungi, increased grain yields, dry matter, chlorophyll
and protein contents and delayed senescence [12].
This work aimed to evaluate the efficacy of
some commercial fungicides in controlling damping
off of cotton seedlings grown under greenhouse conditions and to study their effect on plant growth, phytohormones, photosynthetic pigments, secondary
metabolites, oxidative damage, enzymatic and nonenzymatic antioxidants.

"8.7*8*:265 6/     2963*:.
Substrate for growth of a highly pathogenic isolate
of   (AG-4) was prepared in 500 ml glass
bottles; each bottle contained 50 g of sorghum grains
and 40 ml of tap water. Contents of each bottle were
autoclaved for 30 minutes. Isolate inoculums taken
from one week old culture on PDA was aseptically
introduced into the bottle and allowed to colonize
sorghum for three weeks. The present study was carried out by using autoclaved clay loam soil. The soil
was infested with   inoculums at a rate of one
g kg -1. Infested soil was dispensed in 15 cm diameter
clay pots.

"3*5: 9*473250 Plants were sampled at 45
days after the initiation of the experimental treatments. Percentage of germination; plant height and
dry weight of plant, as well as pytohormones, photosynthetic pigments, sugars, amino acid, soluble protein, lipid peroxidation, phenolic compounds, flavonoid, non enzymatic antioxidant and enzymatic antioxidant were determined.

%#$ %!$

>7.824.5:*3 786,.-;8.9 Seeds of cotton
cultivar Giza 85 were treated with fungicides (Table
1). Flowable fungicides were added to dry seeds
while powdered ones were added to slightly moist
seeds. The seeds were shaken thoroughly in plastic
bags for five minutes and allowed to dry before being planted in the pots (20 seeds/ pot).Cotton seeds
were sown into pots (25 cm in diameter and 25 cm
in depth) containing 3.5 kg of homogeneous loamy
clay soil. The soil characteristics were as follows,
sandy loam in texture, sand 80%; silt 15.5%; clay
4.5%; pH, 7.8; EC 0.4 dSm-1 and organic matter
0.45%. In the control treatments, no fungicides were
added to seeds. There were three pots for each fungicide. Pots were randomly distributed on a greenhouse under a temperature regime ranged from
21±3.5 to 31.0±3.0. Percentage of seedlings infected
with damping off were recorded 45 days after planting. Fungicide treated seeds of Giza 86 were sown in
autoclaved non-infected soil percentage of germination; plant height and dry weight were recorded 45
days after planting.

26,1.42,*3*5*3?9.9.:.8425*:2656/716
:69?5:1.:2, 7204.5: Chlorophyll a, chlorophyll b
and carotenoids were determined in leaves tissues of
cotton plants. The spectrophotometric method recommended by Vernon and Seely [13] was used. The
pigment contents were calculated as mg g–1 fresh
weight of leaves.

.:.8425*:2656/9;0*8,65:.5:Seedlings of
treated and untreated cotton plants were ground in a
mortar and pestle in 5 ml of 80% ethanol (v/v) and
the mixture was boiled for 10 min and centrifuged at
2000 rpm for 10 min. The supernatant was collected
and total soluble sugars were then determined by the
phenol sulfuric acid [14]. Pure glucose was used as
standard.
.:.8425*:265 6/ :6:*3 963;+3. 786:.25 The
seedlings were ground in sodium phosphate buffer at
pH 6.5. Total soluble protein content in the supernatant was determined according to Lowry et al. [15].
The quantity of total soluble protein was calculated
according to the standard curve of Bovine Serum Albumin and expressed as mg g-1 fresh weight.


% 
$..--8.99250/;502,2-.9;9.-25:1.78.9.5:9:;-?
Rate
Formulation c
kg /seed
Topsin M70
70% Thiophanate-methyl
2g
WP
Monceren
25% Pencycuron
3g
WP
Sumi-8
5% Diniconazole
1 cm
EC
Bastin
80% Carbendazim
2g
WP
Premis
2.5% Triticonazole
2 cm
FS
Montoro
15% Propiconazole+ 15% Difenoconazole
1 cm
EC
a: trade name, b: common name, c: formulations were flowable concentrate for seed treatment (FS), wettable powder (WP),
emulsifiable concentrate (EC), suspension concentrate (SG) and soluble concentrate (SL).
Fungicide a

Active ingredient b
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Heath and Packer [23]. The absorbance of the resulting supernatant was recorded at 532 nm and 600 nm.
The absorbance coefficient of malondialdehyde was
calculated by using the extinction coefficient of
155mM–1 cm–1. The H2O2 level was colorimetrically
measured as described by Jana and Choudhuri [24].
The intensity of yellow color of supernatant was
measured at 410 nm. H2O2 level was calculated using the extinction coefficient 0.28 μmol-1 cm-1.

.:.8425*:265 6/ :6:*3 /8.. *4256 *,2-9
Seedlings were ground in a mortar and pestle in 5 ml
of 80% ethanol (v/v) and the mixture was boiled for
10 min and centrifuged at 2000 rpm for 10 min, the
supernatant was collected and total free amino acids
content was estimated by ninhydrin method [16].

.:.8425*:2656/:6:*371.5639Levels of soluble phenols in cotton seedlings were determined in
accordance with Dihazi et al. [17]. The absorbance
of the developed blue color was read at 725 nm. Tannic acid was used as standard and the amount of soluble phenols was expressed as milligrams of gallic
acid per gram of fresh weight.

.:.8425*:265 6/ :6:*3 /3*<6562-9 The total
flavonoids were measured by the method of Bushra
et al. [18]. The amount of flavonoids was expressed
as milligrams of quercetine per gram of fresh weight.

.:.8425*:265 6/ .5@?4*:2, *5:26>2-*5:
The leaves were ground in sodium phosphate buffer
at pH 6.5 for POD, PPO, GPX and CAT. The supernatant was used to measure the activity of the following enzymes. Peroxidase (POD) and Polyphenol
oxidase (PPO) were assayed following the method
of Kar and Mishra [19]. Guaiacol peroxidase (EC
1.11.1.7) activity was estimated by the method of
Polle et al. [20]. Catalase (EC 1.11.1.6) was assayed
following the method of Beers and Sizer [21]. 

.:.8425*:265 6/ 565 .5@?4*:2, *5:26>2
-*5:The GSH concentrations were estimated fluorimetrically following a previously described
method with some modifications [22]. Fluorescence
intensity was recorded at 420 nm after excitation at
350 nm using a fluorescence spectrophotometer. 

.:.8425*:265 6/ 6>2-*:2<. -*4*0. Lipid
peroxidation was determined by estimating the
malondialdehyde content following the method of

$:*:29:2,*3*5*3?9.96/:1.-*:*All data were
subjected to the analysis of variance (ANOVA) for a
completely randomized design, after testing the homogeneity of error variances according to the procedure outlined by Gomez and Gomez [25]. Duncan's
multiple range test was applied to assess the significance of the treatment, at the 5% level of probability
(P ≤ 0.05).
#$&%$

//2,2.5,?6/9..--8.99250/;502,2-.925,65
:8633250 -*47250 6// 6/ ,6::65 9..-32509 All the
tested fungicide was effective in reducing damping
off. Monceren showed the highest efficiency
(72.00%) while each of Montoro and Sumi-8
showed the lowest efficiency (48.0 and 36.0% respectively). The other fungicides showed variable
levels of efficiency between these extremes (Table
2). The use of fungicides is a common strategy for
controlling   involved in damping off of cotton seedlings.
//.,:6//;502,2-.6573*5:086=:1*5-71?
:6168465.9Data in Table (3) showed that all fungicide used to cause significant increase in % of germination as compared with control plant except in
plants treated with Topsim which showed non significant effect as compared with untreated plants. 

% 
//2,2.5,?6/9..--8.99250/;502,2-.925,65:8633250-*472506//6/,6::659..-32509,*;9.-+? 
  ;5-.808..516;9.,65-2:2659
Efficiency d
Damping off c
Fungicide
%
%
Topsin M70
33.33
60.00
Monceren
23.33
72.00
Sumi-8
53.33
36.00
Bastin
26.67
67.99
Premis
26.67
67.99
Montoro
43.33
48.00
Control 1a
83.33
3.33
Control 2 b
LSD (P≤ 0.05)
16.77
a: nontreated seed sown in infested soil, b: nontreated seed sown in autoclaved soil, c: combined pre and postemergence damping off and each value is the mean of three replicates, d: (control 1- fungicide/control)*100, control 1: was damping off of
control1 and fungicide was damping off of fungicide.
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% 
//.,:6/9?9:.42,*5-5659?9:.42,/;502,2-.656/0.8425*:26573*5:1.201:*5--8?=.201:6/,6::65
9..-32509
Plant height
Dry weight
IAA
GA3
ABA
cm/plant
mg/plant
mg/100 g
mg/100 g
mg/100g
Control
55.0±1.0d
12.96±0.3c
101.3±3.0d
5.20±0.1d
7.22±0.3c
0.19±0.02b
d
a
a
a
Topsim
55.0±0.9
15.21±0.6
151.7±5.0
8.30±0.4a
9.33±0.5
0.14±0.01c
Monceren
58.3±1.1c
14.15±0.6b
118.3±3.0c
7.50±0.4b
9.50±0.5a
0.13±0.10c
a
a
b
a
b
Sumi 8
65.0±1.3
15.20±0.7
126.3±4.0
8.50±0.5
8.80±0.4
0.12±0.01c
Bastin
60.0±1.2b
6.65±0.1d
84.7±2.0f
4.00±0.1e
5.50±0.2d
0.30±0.01a
Premis
58.3±1.0c
14.56±0.5b
78.7±1.0g
7.30±0.2bc
8.90±0.4b
0.12±0.01c
b
e
c
b
Montoro
60.0±1.0b
14.29±0.6
96.0±2.0
7.10±0.3
8.70±0.4
0.13±0.01c
Mean values (n = 3) in the same column for each trait followed by the same lower case letter are not significantly different
according Duncan's multiple range test at P ≤ 0.05.
Treatment

% of germination


% 
//.,:6/9?9:.42,*5-5659?9:.42,/;502,2-.65716:69?5:1.:2,7204.5:9253.*<.96/,6::659..-32509
Chlorophyll a
Chlorophyll b
Carotenoids
Total chlorophyll
mg/g
mg/g
mg/g
mg/g
Control
0.66±0.03c
0.23±0.01b
0.21±0.01b
1.10±0.04c
Topsim
0.85±0.03a
0.26±0.01a
0.25±0.01a
1.37±0.04a
Monceren
0.70±0.03b
0.24±0.01b
0.21±0.01b
1.15±0.04b
Sumi 8
0.57±0.02e
0.17±0.01d
0.16±0.01d
0.90±0.02e
d
c
c
Bastin
0.61±0.03
0.20±0.01
0.18±0.01
0.98±0.02d
Premis
0.67±0.03c
0.23±0.01b
0.20±0.01b
1.10±0.04c
e
c
c
0.21±0.01
0.18±0.01
0.98±0.03d
Montoro
0.59±0.02
Mean values (n = 3) in the same column for each trait followed by the same lower case letter are not significantly different
according Duncan's multiple range test at P ≤ 0.05.
Treatment


showed that total soluble sugars, total soluble proteins and total free amino acids content increased
significantly in cotton plants treated with fungicides
as compared with control plants except Bastin which
showed significant decrease in all the above contents. 
In addition, total phenol content decreased significantly after treatment with Topsim, Monceren,
Sumi 8 and Premis fungicides as compared with untreated plants. On the other hand, Bastin fungicide
caused significant increase as being compared with
control plants. Treatment with fungicides caused significant increases in flavonoids content as compared
with control plants.

In addition, treatment with all fungicides
caused significantly increased in plant height except
in plants treated with Bastin fungicide which showed
significant decrease as compared with control plants.
In addition, dry weight of plant significantly increased in plants treated with Topsim, Monceren and
Sumi 8 fungicides as compared with untreated
plants. On the other hand, the other fungicides
caused significant decrease in dry weight as compared with control plants. In addition, all fungicides
treatment caused significantly increased in IAA and
GA3in plants as compared with control plants except
Bastin fungicide which caused significant decrease
in the same contents. Moreover, ABA content decreased significantly in the plants treated with different fungicides except Bastin which caused significant increase as compared with untreated plants.

//.,:6//;502,2-.65.5@?4*:2,*5-565.5
@?4*:2,*5:26>2-*5:9Bastin fungicide caused significant decrease in PPO activity in cotton seedlings
as compared with control plants. On the other hand,
the other fungicides significantly increased PPO
content as compared with control plants except
Premis and Montoro which showed non significant
effect (Table 6). GPX activity increased significantly
in all plants treated with fungicides except Bastin
which showed non significant effect as compared
with control plants. Treatment with Topsim, Monceren and Premis showed significant increases in
CAT activity as compared with untreated plants,
while the other fungicides showed non significant effect. Data in table (6) showed that GSH content increased significantly in cotton seedlings treated with
fungicides as compared with untreated plants.

//.,: 6/ /;502,2-. 65 716:69?5:1.:2, 720
4.5:9Treatment with Topsim and Monceren fungicides caused significant increase in the photosynthetic pigments (Chlorophyll a, b and total chlorophyll) contents in leaves of cotton seedlings as compared with control plant (Table 4). In addition, treatment with Sumi 8, Bastin and Montoro fungicides
caused significant decrease in the same contents as
compared with control plants. Moreover, Premis
fungicide showed non-significant effects in same
contents as compared with untreated plants.

//.,:6//;502,2-.6569463?:.9,6476;5-9
*5- 9.,65-*8? 4.:*+632:.9 Data in Table (5)

8588

$#

! % 









!"  ! 


%
//.,:6/9?9:.42,*5-5659?9:.42,/;502,2-.6569463?:.9,6476;5-9*5-9.,65-*8?4.:*+632:.925,6:
:659..-32509
Total soluble
Total soluble
Total free amino
Total phenols mg
Flavonoids mg
sugars mg
proteins mg /g
acids mg /g
gallic acid /g
qurecetin/g
glucose/g
Control
26.6±1.4d
4.85±0.02d
18.1±1.0d
1.69±0.01c
0.56±0.02f
Topsim
38.7±1.7a
11.27±0.05a
27.3±1.5a
1.33±0.02d
1.14±0.03b
Monceren
35.6±1.7b
8.75±0.04b
24.0±1.4b
0.85±0.01e
1.48±0.03a
Sumi 8
32.4±1.6c
6.76±0.03c
22.8±1.4bc
0.63±0.01f
0.88±0.02cd
Bastin
22.2±1.0e
3.15±0.02e
14.4±1.0d
4.41±0.04a
0.65±0.01e
c
c
b
ef
Premis
34.2±1.4b
6.20±0.03
24.2±1.3
0.77±0.01
0.95±0.03c
Montoro
32.7±1.5c
6.55±0.03c
20.9±1.0c
3.02±0.03b
0.84±0.02d
Mean values (n = 3) in the same column for each trait followed by the same lower case letter are not significantly different
according Duncan's multiple range test at P ≤ 0.05.
Treatment


%
//.,:6/9?9:.42,*5-5659?9:.42,/;502,2-.65.5@?4*:2,*5-565.5@?4*:2,*5:26>2-*5:25,6::659..-
32509
PPO
GPX
POD
CAT
GSH
Enzyme activity/
Enzyme activity/ g Enzyme activity/ g Enzyme activity/ g μmol GSH /g
g FW/h
FW/h
FW/h
FW/h
FW
Control
4.47±0.07c
31.9±1.4d
8.34±0.08e
1.87±0.02d
6.23±0.07e
Topsim
5.32±0.05b
87.0±1.9ab
10.11±0.09d
2.50±0.05c
8.87±0.08d
Monceren
8.94±0.09a
90.9±1.9a
13.78±0.05b
4.15±0.08a
16.99±0.1a
Sumi 8
5.77±0.04b
43.0±1.4c
20.69±0.07a
2.20±0.04cd
4.02±0.08f
d
d
e
d
Bastin
2.62±0.02
35.9±1.3
8.52±0.07
1.91±0.02
10.67±0.09c
Premis
4.47±0.02c
82.6±1.8b
4.69±0.03f
3.47±0.04b
3.71±0.02g
c
b
c
cd
Montoro
4.55±0.02
83.7±1.8
11.50±0.08
2.18±0.02
12.53±0.05b
Mean values (n = 3) in the same column for each trait followed by the same lower case letter are not significantly different
according Duncan's multiple range test at P ≤ 0.05.
Treatment

%
//.,:6/9?9:.42,*5-5659?9:.42,/;502,2-.656>2-*:2<.-*4*0.25,6::659..-32509
Lipid peroxidation
H2O2
nmol cm−1
µmol g−1 FW)
Control
54.3±1.6b
2.18±0.02c
Topsim
48.1±1.4c
1.89±0.01d
Monceren
33.3±1.3d
1.90±0.01d
Sumi 8
54.3±1.3b
2.17±0.02c
a
Bastin
74.3±1.6
2.55±0.02a
Premis
56.3±1.5b
2.35±0.02b
Montoro
56.0±1.5b
2.16±0.01c
Mean values (n = 3) in the same column for each trait followed by the same lower case letter are not significantly different
according Duncan's multiple range test at P ≤ 0.05.
Treatment

$&$$! 

//.,: 6/ /;502,2-. 65 6>2-*:2<. -*4*0.
Treatment with Topsim and Monceren fungicides
caused significant decreased in lipid peroxidation
content as compared with untreated plants except
Bastin fungicide which caused significant decrease
in lipid peroxidation as compared with untreated
plants (Table 7). Moreover, the other fungicides
treatment caused non significant effect in the same
content. In addition, treatment with Topsim and
Monceren fungicides caused significant decrease in
H2O2 while Bastin and Premis showed significant increases in the same content as compared with untreated plants.

All the tested fungicide was effective in reducing damping off. The use of fungicides is a common
strategy for controlling   involved in damping off of cotton seedlings. For instance, Aly et al.
[26] evaluated the efficiency of monceren and Pencycuron for controlling   
on cotton under greenhouse conditions. Monceren
and Pencycuron were effective in increasing the percentage of surviving seedlings and the plant height;
however, monceren was the only fungicide which
significantly increased dry weight of seedlings.
Also, Omar [27] showed that monceren was the best
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performing fungicides in controlling  
on cotton under greenhouse conditions.
Topsim (Thiophanate-methyl) and Sumi 8
(Diniconazole) fungicides have shown the highest
growth promoting effect on the germination and
growth of cotton. The improvement in growth parameters may be because of its application suppressed and /or elimination of pathogenic population
and the other factors. Growth stimulation may also
be due to the increase in the growth promoting factors i.e. increase in auxin or gibberellins production,
etc. Plant growth is affected by an osmotic shock effect of systemic pesticides which cause release in
structural protein and loss of transportability in the
leaf cells [28]. Also, the fungicide caused the rapid
growth of seedlings may be due to increased availability of amino acids for protein synthesis. These
amino acids may result from increased activity of alkaline protease enzyme [29].
Bastin (Carbendazim) fungicide has shown the
lowest growth promoting effect on the germination
and growth of cotton. These results are in accordance
with Aamil et al. [30] who observed that application
of fungicide Carbendazim, Captan, Thiram and
Mancozeb on chickpea seeds caused a significant decline on plant vigor and seed yield at 2 g /kg seeds.
Treatment with Topsin (Thiophanate-methyl)
and Monceren (Pencycuron) caused significant increase in photosynthetic pigments as compared with
untreated plants. These results are similar to Siddiqui
and Khan (2001) [31] who found that application of
systemic fungicide (topsin-M) showed significant
(P<0.001) increase in total chlorophyll content as
compared to control. Increase in chlorophyll content
by the use of systemic fungicide has also been reported in !" !#",  "  "!" and
 " " [32]. The increase in chlorophyll
might be due to increase in number of grana and intergrana spaces [33], NADP and NAD ratios [34],
NADP and ATP Levels or it could be due to increased uptake of K+, Mg+ Ca++ and other ions [35].
In addition, treatment with, Bastin (Carbendazim) and Montoro (Propiconazole+ Difenoconazole) fungicides caused reduction in the photosynthetic pigments contents as compared with untreated plants. Pesticides may act as photo-oxidants
[36], leading to chlorophyll destruction and thereby
causing a decrease in the total chlorophyll contents.
As the chlorophyll pigments are found in thylakoids
within chloroplasts, the denaturation of these pigments correlates to changes in these structures. The
observed decrease in chlorophyll content at higher
pesticide concentrations may be due to the breakdown of the thylakoids and chloroplasts envelop [37,
38]. Chlorophyll content may also be reduced due to
decrease in leaf area, as observed in many earlier
studies [39].
As seen in the results, Bastin fungicide caused
decrease in protein content and sugars in cotton seedlings. These results are similar to Siddiqui and

Ahmed [40] who reported that the use of systemic
fungicides caused a significant decrease in protein
and carbohydrate content as compared to the control.
An osmotic shock caused by fungicides results in the
release of protein and loss of membrane transport
ability in the cells of leaves. It has been suggested
that the toxic substances which were produced by the
use of fungicides inhibits protein synthesis by binding to the larger ribosomal subunits and thus induces
change in the enzymatic system [41], ceasing ATP
and NADP formation [35], inhibiting activity of
NADH cytochrome “c” oxidases in the respiratory
chain, the accumulation of succinate and blocking of
alternative pathway of respiration [42]. The decreased leaf protein and amino acids contents indicate that pesticide application disturbs nitrogen metabolism [43].
Bastin fungicide caused significant increases in
total phenols and flavonoids content. Also, treatment
with Bastin caused decrease in plant growth (Table
3). Einhellig [44] found that a primary effect of phenolic acids is on the plasma membrane, and this perturbation contributes to a number of physiological
effects causing growth reduction. The phenolic acids, Vanillic acid, ρ-Coumaric acid, Ferulic acids,
were as well reported to strictly inhibit photosynthesis and protein synthesis of isolated leaf cells of velvet leaf "!! ! [45]. Pravious study reported that phenolic stress on plant growth can occur
in two ways (1) by the blockage of biosynthetic pathway of chlorophyll (an inhibition of supply orientation) or (2) by stimulating degradative pathway (i.e.
a stimulation of consumption orientation) or both
leading to a reduction of chlorophyll accumulation,
which in turn causes reduction of photosynthesis, retardation in plant growth [46]. In addition, flavonoids content increase significantly after treatment
with all fungicides as compared with untreated
plants. Flavonoids are known to enhance plant tolerance to a variety of biotic and abiotic stresses because of their elevated capacity for scavenging free
radicals associated with various diseases [47].
PPO activity increased in all plants treated with
fungicides except treatment with Bastin which
showed significant decreases. There is a correlation
between the phenol content and polyphenol oxidase
activity. Jaleel et al. [48] found that treatment with
fungicide caused increment in PPO activity in !
 plants. This increase in PPO activity
may decrease the phenol content, thereby protecting
the level of IAA and this can increase cell wall
growth, thereby inducing growth in the stressed
plants. The increase in PPO activity was well correlated with the increase in the growth of fungicide
treated plants.
Treatment with some fungicides caused significantly increased in the enzymatic antioxidants and
non-enzymatic antioxidants. These results are similar to Jaleel et al. [49] reported the antioxidant enzyme activities like CAT, APX and SOD in
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!!"    were increased after treatment
with fungicide. Treatment with fungicides caused
accumulation of reactive oxygen species (ROS).
This leads cells to produce more antioxidant enzymes to cope with damages caused by free radicals.
CAT and GPX would contribute to convert toxic
H2O2 to H2O [50-52]. The H2O2 scavenging system
represented by CAT is more important in tolerance
to oxidative stress as observed in flax [53, 54]. Also,
the activities of the antioxidative enzymes superoxide dismutase (SOD), catalase (CAT) and peroxidase
(POD) in flag leaves of the fungicide-treated plants
were also higher than that in untreated plants. The
results proposed that the fungicide caused retard of
senescence was due to an enhanced antioxidant enzyme activity protecting the plants from harmful
ROS [55- 57]. 
Jaleel et al. [58] found that reduced glutathione
were increased in fungicide treated ! 
 plants. GSH plays important role in plant growth
and development and has been shown to regulate the
expression of genes whose products are involved in
redox regulation and enhancement of stress tolerance [59-61]. Treatment with Topsim and Monceren
fungicides caused significantly decreased in MDA
and H2O2 content as compared with untreated plants.
These results are in accordance with Jaleel et al. [58]
who reported that MDA and H2O2 decreased in
!!" seus treated with fungicide as compared to control plants.

 !( %$
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The dubas bug,      De Bergevin is an important pest of date palm,   
  in Gulf countries, Middle East and north Africa regions. The intensive use of insecticides in
Oman to control the dubas bug might lead to resistance. An entomological field study was carried
out to test pesticides against dubas bug insect on autumn generation in Al-Batinah region in sultanate of
Oman. Four insecticides were used: Decis, Oberon,
Mospilan and Nimbecidine (which is neem extract)
and the control was sprayed by water only. The number of the nymphs were counted visually on the trees
before one day and after 3, 7, 10 and 14 days of the
treatments. There were no significant differences between the means of densities one day before treatment for the five used plots. The number of alive
nymphs for Nimbecdine (azadirachtin) and for
Mospilan (acetamiprid) were the least compared
with Dices and Oberon after 10 days of treatments,
but without significant differences. Insect densities
of alive dubas bug nymphs after 14 days of the applied treatments showed significant differences between the treatments. Mospilan treatments showed
the least number of alive dubas bug significantly
compared with the other tested pesticides. Overall
means within the whole experimental work from
three days spraying to 14 days of the same applications indicated that all used pesticides were effective
in decreasing the dubas bug population, leading to
effective control. However, preferable to spray insecticides when dubas bug nymphs in the fourth instars, or when more than 75% of egg have hatched,
treated the dubas bug in autumn generation with the
Mospilan insecticide under field conditions is more
effected to control this pest and even the Nimbecdine
gave low results in the pest control, but it is good to
be used in pesticide application programmes, because they are a biological, eco-friend insecticides,
less residues and to avoid pesticide resistance.

#!$#
Over forty varieties of date palm are grown in
Oman, with over 150,000 tons of fruit produced annually which considered to be: the largest crop in the
country, and, until the discovery of oil, far and away
the most economically important [1]. There are several pests attacking date palm trees and fruits in the
Arab countries [2]. The date palm is the main host of
dubas bug, which is also known as the palm bug.
Lepseme [3] has reported that the first description of
dubas bug was made by Fieber in Spain in 1875. It
causes several direct and indirect damages to the date
palm. The direct damage of this pest appeared when
the nymphs and adults feed and suck sap from leaflets and rachis in spring and autumn [4, 2]. This pest
is active on leaflets, rachis, fruiting bunches and
spines during the different stages of date palm tree
[3, 4, 2] and causes several direct and indirect damages to the infested date palm. The direct damage of
this pest appeared when the nymphs and adults feed
and suck sap from leaflets and rachis in spring and
autumn [3, 4, 2]. The indirect damage is caused by
the females during the deposition of their eggs inside
the tissue of biaxial frond surface reducing the photosynthesis activities of the plant [2, 5]. However,
the indirect damage can be also explained by the deterioration of date palm fruits and other fruits of trees
that planted underneath through honey dew that attracts the dust, dry leaflets and rot fungi. Gassouma
[6] demonstrated that in the case of heavy infestation, dubas bug can reduce the crop yield by 50% in
some Gulf countries. Moreover, fruits of infested
palm trees are also reported to be smaller and ripen
more slowly [2].
The intensive use of insecticides in Oman and
Jordon to control the dubas bug might lead to resistance which allow this pest to escape from insecticide application [7, 8, 9]. Although the chemical
control is still a part of the IPM programmes everywhere, the preservation of the environment and the
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safety of the human health has became major concerns when applying insecticides in agriculture [7, 8,
9]. In this respect, the use of chemicals against dubas
bug is a very risky operation because date palm plantations are mostly present at the places near the settlement of people particularly in Oman. This is true
in all date palm growing areas of the world [7, 8, 9].
Therefore, research aiming at selecting effective
chemicals against dubas bug with little side effects is
of utmost importance. Organophosphate (OPs)
chemicals are reported to be the most widely used
group of insecticides in the world, particularly in
Oman and Jordan [7]. OPs have a wide range of pest
control applications as contact, systemic and fumigant insecticides [10]. In most countries OPs are
widely used because they are cheaper than the newer
insecticides. They are unstable and therefore break
down quickly in the environment. The second main
groups of pesticides are the synthetic pyrethroids
(PYr). PYr were introduced at the end of 1970’s and
their uses have increased in agriculture, and public
health. Pyrethroids are a cost-effective and friendly
environment type of insecticides due to their low
toxicity to mammals, and minimal accumulation in
the environment [7, 8, 9, 11]. However, recent Environmental Protection Agency (EPA) data showed organophosphate use as a percent of total 101 insecticide used has decreased from 70 % of all insecticides
in 2001 to 36% in 2007 [12]. This decrease is attributed to the phase-out of organophosphates in
public health purposes, beginning in 2000 [12], but
with the increasing use of pyrethroids. The increasing costs of discovering, developing and marketing
new insect control technologies underscores the seriousness of this situation. In response, a number of
programs involving collaboration between government, academia and industry have been initiated to
monitor for the spread of OPs and PYr resistance in
insect species and to manage the use of these pesticides [7, 8, 9, 13, 14]
Certain pest control practices have consistently
been shown to exacerbate the loss of susceptible pest
populations and the development of resistance [15].
Resistance to pesticides in pest populations imposes
substantial economic costs on agricultural production [2, 7, 8, 9, 15, 16] Moreover, pesticide resistance
in agriculture systems has been recognized as one of
the world’s most significant environmental problems
for nearly two decades [7, 8, 9, 17]. However, botanical neem insecticide from plant extract is not

harmful to human health or the environment, when
used alone or in combination with summer oil
proved to be an ideal alternative to chemical insecticides for controlling dubas bug. Neem and neem plus
summer oil has shown to be effective against this
pest [18]. Therefore, the objective of this study is to
evaluate the toxicity of three insecticides from different groups and the botanical neem in the field on
dubas bug autumn populations in Oman.
#!"#"

>6,803,4:(20,2+&581An entomological
field study was conducted to test pesticides against
dubas bug insect in Al-Murry village in Al-Batinah
region in sultanate of Oman. Al Batinah region occupied an important location on the coast ofGulf of
Oman. The experiment was carried out on autumn
generation of the dubas bug. It's about 250 km from
Muscat, the capital of Oman. The chosen field was
totally planted by date palms. The cultivars of the
dates were mostly Zabad, Naghal, Khesab and
Khenazi. The most common cultivar in the field was
Naghal. There were interpolating in field which were
mostly used for animal feeding. The date trees were
generally 4o years in age. Also, new date palm trees
were planted. The average height for each old tree
was 7 m and 50cm in diameter. The space between
every two trees was from 3-5m. The field was irrigated by Falaj system, which is a system of tapping
underground water which is led by man-made subterranean channels to villages where it is used for irrigation and domestic purposes. The study was arranged in a completely randomized design (CRD).
There were five replicates for each treatment. The
replicate was consisting of five trees represented as
a plot. There were four treatments and untreated control (water only) were randomly distributed in the
five plots. The trees were labeled by different colored long ribbons on October 10, 2017 one week before treatment. The barrier between each two trees
was untreated tree.

"68(?04. #8,(:3,4: There were four pesticides used in the experiment for treating the insects:
Decis, Oberon, Mospilan and Nimbecidine (which is
botanical neem) and the control was sprayed by water only as shown in Table (1) [19].

# 
,9:0*0+,94(3,9-583;2(:0549(4+:/,;9,+(35;4:9
#8,(:3,4:
Decis
Oberon
Mospilan
Nimbecidine
Control

583;2(:054

36080*(2
-583;2(

25EC
240 SC
20 SP
0.03 EC

C22H19Br2NO3
C23H30O4
C10H11CIN4
C35H44O16

35;4:5-6,9:0
*0+,3258.3 
 
200ml
150ml
100gm
200ml
Only water
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# 
#/,3,(4+,490:0,95-:/,(;:;34.,4,8(:054+;)(9);.4?36/9542,(-2,:954,+(?),-58,-(22:8,(:3,4:

9(362,+54*:5),8  -8532(88?<022(.,04";2:(4(:,5-3(4
No. of dubas bug nymphs/leaflet before treatments
(Mean ± SE)*
Plot 1. (Decis)
19.3 ± 4.99 a
Plot 2. (Mospilan)
21.4 ± 7.03 a
Plot 3. (Oberon)
12.4 ± 4.43 a
Plot 4. (Nimbecidine)
10.1 ± 1.39 a
Plot 5. (Control)
18.2 ± 3.42 a
*Means within the same column followed by same letter are significantly not different using LSD test (p< 0.05).
Treatments


# 
#/,3,(4+,490:0,95-:/,(;:;34.,4,8(:054+;)(9);.4?36/9542,(-2,:9  (4+ +(?9(-:,8-(22
:8,(:3,4: 9(362,+54*:5),8  -8532(88?<022(.,04";2:(4(:,5-3(4
Treatments


No. of dubas bug nymphs after treatments (Mean ± SE)*
3 days
7 days
10 days
14 days
Over all
Decis
13.20±6.39 a
16.50±8.76 a
10.80±6.03 ab
8.60±4.80 a_
12.28±1.69 b
Mospilan
7.30±3.57 a
11.30±5.53 a
11.25±2.50 a_
2.80±1.60 a_
6.48±1.86 a
Oberon
12.20±2.86 a
14.30±4.50 a
16.60±7.42 ab
7.90±1.84 a_
12.75±1.85 b
Nimbecidine
9.10±5.12 a
15.80±4.86 a
9.50±2.83 ab
18.00±4.11 ab
13.10±2.24 b
Control
16.00±4.36 a
23.10±6.58 a
21.50±6.26 b_
19.20±3.04 b_
19.95±1.54 c
*Means within the same column followed by same letter are significantly not different using LSD test (p< 0.05) .

are shown in the Table (2). There were no significant
differences between the means of densities one day
before treatment for the five used plots (treatments
spraying), when sampled on October 10, 2017 from
Al-Marry village in Sultanate of Oman. These results indicated that the dubas bug populations were
distributed randomly in all used plots for treatments
of spraying with the different pesticides. In the present study, most of alive dubas bug population in the
third and forth nymphal instar. Mokhtar et al (20) reported that it is preferable to spray insecticides when
dubas bug nymphs in the fourth instar.

The number of the nymphs were counted visually on the trees before one day and after 3, 7, 10 and
14 days of the treatment and recorded in designed
application forms. Calibration for spraying using
water only was carried out by a motor equipped with
200L tank and high pressure volume nozzles. The
calibrated trees (50 trees) were sprayed with water
only to the complete coverage state i.e. to the point
of run-off of water from the trees, and then calculated for five trees. The spraying was started with the
control and then the different treatments. Tank was
washed with water and then sprayed away from
treated trees and then filled with the needed dilution
from each pesticide, separately [19].

49,*:,490:0,9-:,8#8,(:3,4:54#/,;
:;34 ,4,8(:054 The mean densities of the autumn generation of dubas bug nymphs on leaflets after treatments on, October 10, 2017 when sampled
four times after treatment, from Al-Marry village in
Sultanate of Oman, are shown in the Table (3).
There were no significant differences between
the mean of densities of dubas bug after three days
of the treatment. The density of alive nymphaldubas
bug in the control treatment was the highest compared with the other treatments, but without significant differences. But when comparing the densities
for each treatment with those before treatment, always the means were less (Table 2 and Table 3).
However, densities of alive nymphs in Mospillan
treatment were the lowest, although it did not differ
significantly than the other treatments. The density
in Decis treatment was the highest, but without significant differences compared with the other pesticides treatments. MAF [21] in Oman showed that
Decis was with (0.174 ppm) LC50 value compared
with several tested insecticides against the dubas bug
nymphs under laboratory conditions. Of these tested

,(-2,:"(36204. A pre leaf spray count was
carried out one day a head before pesticide spraying
as mentioned in Table (1). The sample size was 2
leaves from each tree. There were five trees for each
treatment chosen randomly from each plot which
contained more than 50 trees. 20 leaflets from each
leaf were chosen randomly from two leaves. These
20 leaflets were labeled by colored tape on each leaf
[19]. The numbers of the nymphs were counted 3
days, 7 days, 10 days and 14 days after treatments.
The mean number of the nymphs on each leaflets and
each plot was calculated.

!"$#""$""

49,*:9 ,490:0,9 ,-58, #8,(:3,4: 54 ;
:;34 ,4,8(:054 The mean densities of the autumn generation of dubas bug nymphs on leaflets
one day before treatment sampled on October 10,
2017 from Al-Marry village in Sultanate of Oman
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Nimbecidine treatment gave the higher alive nymphs
compared with the pesticides treatments, but without
significant differences. Abd-Allah et al. [23] found
that acetamiprid and imidacloprid were the most effective screened insectides in the field against dubas
bug, while azadirachin was the least in efficacy.
Insect densities alive dubas nymphs as overall
means within the whole experimental work from
three days of spraying to 14 days of the same applications were shown in Table (3). There were significant differences between all accumulative means of
the treatments. In general, alive counted dubas bug
number in the control treatment was significantly
higher than the pesticides treatments. This indicates
that all used pesticides were effective in decreasing
the dubas bug population, leading to effective control. Mospilan treatment (6.48 nymphs/ leaflets)
showed the least number of alive dubas bug significantly compared with the other tested pesticides.
Decis treatment (12.28 nymphs/leaflets) gave alive
dubas bug number less than Oberon (12.75) and
Nimbecidine (13.1), although they didn't differ significantly. However, in conclusion the efficacy of
the tested insecticides was Mospilan, Decis, Oberon
and Nimbecidine in a descending order. Several
works, had showed in their experiments that Mospilan was one of the most effect insecticides against
the nymphs of the dubas bug; in Oman [24] Iraq [22]
and Iran [23]. In addition, Mamoon [25] studied the
controlled dubas bug in Oman. He stated that current
control programs of dubas bug are reliant on chemical pesticides. The pesticides are currently the only
feasible control measure against this pest. Dubas bug
insecticide treatments are required when more than
75% of egg have hatched and/or fourth nymphs are
dominant in the population [20].

pesticides were Sumi-alpha (0.116 ppm), Mospilan
(0.350 ppm), Sumithion (1.176 ppm), Vertamic
(8.61 ppm) and Green (11.18).
Insect densities of alive dubas nymphs after 7
days of the spraying treatment were increased gradually compared with those after 3 days of treatment
(Table 3). This was due to the continuation of egg
hatching to emerge counted nymphs on sampled
leaflets. However, still there were no significant differences between the five applied treatments including the control (Table 3). However, the number of
alive nymphs in the Mospilan treatment was the
highest without significant differences, although, it
was lower than the control treatment. MAF [21] in
Oman, reported that Mospilan was les effect than
Decis against dubas bug nymphs under laboratory
conditions while the present study was under field
conditions.Salim et al [22] in Iraq indicated that in
populations of dubas bug after spraying of Telstar
(bifenthrin) and Decis (deltamethrin) in the field
were reduced to 2 and 3%, respectively, after seven
days of the treatments. Abd-allah et al. [23] reported
that Mospilan (acetamiprid) gave 96% efficacy in
controlling dubas bug in Iran.
Insect densities of alive dubas nymphs after 10
days of the pesticide treatment were shown in Table
(3). There were significant differences in nymph
density between the different treatments. In general,
the number of alive nymphs counted on pesticides
treatments were significantly less than those counted
on the control treatment. This indicates that the
sprayed pesticides were effect in decreasing the population of dubas bug, but in different levels of efficacy. The number of alive nymphs on sampled leaflets for Nimbecdine (azadirachtin) (9.50 nymphs
/leaflet) and Mospilan (acetamiprid) (11.25 nymphs
/leaflet) were the least compared with Dices and
Oberon, but without significant differences. Abd-Allah et al. [23] reported the efficacy of several insecticides on dubas bug on date palm trees in the field.
The efficacy of azadirachtin and acetamiprid were
34.3% and 96%, respectively. In Oman, Organophosphate and pyrothroid insecticides have been
wildly used in dubas bug control programs mainly
one aerial spray [24].
Insect densities of alive dubas bug nymphs after 14 days of the applied treatments were shown in
Table (3). There were significant differences between the treatments particularly with the control
treatment. The number of alive nymph's densities
counted on all pesticides treatments were significantly less than the control treatment of the same
date and the previous sampling dates. This indicated
that there was more decrease in the occurred alive
nymphs on sampled leaflets, leading to conclude that
the applied pesticides were efficient in decreasing
the dubas bug population. The number of counted
alive nymphs on Mosplian treatment was less than
the number of the other pesticides treatment, but
without significant differences (Table 3).


$""!#"

The present results indicated that:
- The dubas bug populations were distributed
randomly in all used plots for treatments of spraying
with the different pesticides.
- The densities of alive nymphs in Mospillan
treatment plot after 3 days were the lowest, although
it did not differ significantly than the other treatments.
- The density in Decis treatment was the highest, but without significant differences compared
with the other pesticides treatments after 3 days.
-There were significant differences in nymphs
densities between the different treatments after 10
days of the pesticide treatments.
-The sprayed pesticides were effective in decreasing the population of dubas bug, but in different
levels of efficacy.
- Nimbecidine treatment gave the higher alive
nymphs compared with the pesticides treatments, but
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without significant differences after 14 day9 of pesticide application.
-The efficacy of the tested insecticides was
Mospilan, Decis, Oberon and Nimbecidine in a descending order from three days of spraying to 14
days of the same applications.
As observed on the results of the study, the following recommendations could be suggested:
- Preferable to spray insecticides when dubas
bug nymphs in the fourth instars, or when more than
75% of egg have hatched [19].
- Treated the dubas bug in autumn generation
with the Mospilan insecticide under field conditions
is more effected to control this pest.
- Even the Nimbecdine gave low results in the
pest control, but it is good to be used in pesticide application programmes, because they are biological,
eco-friendly insecticides, less residues and to avoid
pesticide resistance.
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This study was performed to investigate the effect of ozonation treatment at different ozone concentrations (0.5, 2 and 5) ppm for different periods
of time (5, 10 and 15) minutes on reducing the percentage of spiked myclobutanil of (2, 6 and 10) ppm
on lettuce leaves using gas chromatography
equipped with micro electron capture detector. The
results showed that ozonation treatment at 0.5, 2 and
10 ppm significantly reduced the spiked myclobutanil concentration on lettuce, after 15 minutes of
ozone treatment. The concentration of myclobutanil
did not reach the allowed maximum residues limits
in Codex Alimntarous and European regulations
(0.05) ppm. The maximum reduction percentages after 15 min of ozone treatment at 0.5 ppm were 87.48,
90.00 and 92.80% for spiked concentrations of myclobutanil at 2, 6 and 10 ppm, respectively. On the
other hand, the maximum reduction percentages after ozone treatment for 15 min at 2 ppm were 90.55,
96.77 and 97.95% for spiked concentration of myclobutanil at 2, 6 and 10 ppm, respectively. At last
the maximum reduction percentages for 15 min at 5
ppm ozone concentration were 94.49, 98.30 and
99.00% for spiked concentrations of myclobutanil at
2, 6 and 10 ppm, respectively. Meanwhile, the reduction percentages after soaking with tap water for 15
min were 17.56, 19.32 and 22.51% for 2, 6 and 10
ppm spiked myclobutanil concentrations on lettuce
fruits. It was concluded from this research that ozone
treatment has a significant effect on myclobutanil
spiked concentration and it could be used as a
method for reduction of this pesticide residues in
fruits and vegetables. Ozone affected the pesticides
residues concentration in a concentration–time dependent manner.



capita consumption of vegetables is around 106.35
kg [2]. Lettuce leaves are perishable product and
could be attacked by different agricultural pests, as a
result farmers have to use pesticides to improve their
products quality and quantity. Ozonation treatment,
ultraviolet radiation, washing vegetables with salts
or vinegar or salt and vinegar mixture at different
concentrations have been used to reduce or eliminate
pesticides residues and microbes [3, 4, 5, 6]. Ozone,
in particular, has been recognized as a strong oxidizing agent and could be used in gaseous or liquid state
[7]. In 2001, ozone was declared as a GRAS (generally recognized as safe) substance by the FDA after
a Food Additive Petition containing safety and efficacy data was submitted to them. Later, the USDA
approved its use on meats and on certified organic
foods. In the mid-1990s, ozone was approved for
food processing in Japan, France, and Australia [8].
[20] showed that Ozone is relatively unstable compound in aqueous solutions. It decomposes continuously; leaving no residues with relatively short halflife ranged from 20 to 30 min at 20 oC. Ozone halflife is inversely proportional with temperature and
pH. Pesticide residues remain in almost all the food
commodities, as a result of pre-harvest or postharvest application. The location of pesticides in different parts of food varies with the nature of molecule
and type of food commodity and environmental conditions [9]. Pesticide can be degraded by; ozonation,
photolysis, hydrolysis, oxidation and reduction, metabolism, temperature, and pH. The level of pesticide
residues is affected by washing, preparatory steps,
heating or cooking, processing during product manufacturing, postharvest handling and storage. The
extent of reduction varies with nature of pesticide
molecule, point of location, type of commodity, processing steps and product prepared [2, 3, 5, 9]. The
effectiveness of ozone gas treatment in the removal
of residues of organophosphate (fenitrothion) and
pyrethroid (deltamethrin) pesticides in wheat grains
by ozone gas was evaluated by Savi et al. [10]. The
fenitrothion content was decreased following (60
µmol/mol) of O3 treatment after 180 min of exposure
(66.7% reduction), similarly deltamethrin residues
were reduced by 67.5, 88.1 and 89.8% after 60, 120
and 180 min of O3 exposure, respectively. The use of
O3 may be a potentially effective method of reducing
pesticide residues in stored grains [10]. Several

&%!"
Myclobutanil, Lettuce, Ozonation, Reduction percentage
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Lettuce is commonly consumed in several
dishes in Jordan. In 2016, the produced amounts
were 70557.3 tons of lettuce [1]. The annual per
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workers [10] reported the reduction in residues of
deltamethrion and fenitrothion on stored wheat
grains by ozone gas. Journal of Stored Products Research, 61, 65-69. Laclede et al. [4] showed that the
degradation of acetamiprid during ozonation could
be well-explained by the reactivity of this pesticide
with OH.. However, the objective of this study was
to study the effect of continuous exposure to aqueous
ozone at 0.5, 2 and 5 ppm for 5, 10and 15 min on
reduction percentage of spiked myclobutanil concentration on lettuce leaves at (2, 6 and 10) ppm.

with 3000 rpm speed. Food chopper (Fimar, Italy)
used for sample homogenization before taking the
required weight for extraction. Blender (Laboratory
blender 8010D, USA) used for further homogenisation of subsamples. Ozone generator (ZAET Fruit
and Vegetable Washer by Ozone, China) model ZABF-L with properties: height 290 mm, length 378
mm and width 300 mm. It consists of Acrylonitrile
Butadiene Styrene (ABS) plastic cleaning chamber
with 9 L capacity, transparent cover, and at the bottom of the machine the ozone generator which generates ozone by Oxidation Reduction Potential electrode (ORP) to generate ozone at concentration of
0.5 ppm, also ozone diffuser is located at the bottom
of the machine, power 35 W, 220 V. This machine
applies the CE marketing in accordance with European Union rules. And A2Z ozone generator, USA,
can produce ozone in the range of (1- 9) ppm.

#!"#"
/,30*(29(4+7;063,4: Anhydrous magnesium sulphate (MgSO4, assay 99%) (Sigma-Aldrich, USA), ashed at 500oC for 5 hours was carried
out before usage to eliminate phthalates and remained water. Acetonitrile (CH3CN, HPLC-grade,
assay of 99.8%) (LAB-SCAN analytical sciences,
Ireland). Acetic acid (CH3COOH, assay 99%) (J. T.
Baker, USA). Acetone (C3H6O, GC-grade, assay
99.8%) (LabChem, USA). Sodium chloride (NaCl,
assay 99.9%) (AVONCHEM, UK). Primary Secondary Amine (PSA) sorbent, with 40 – 60 µm particle
size (Agela Technologies, USA). Water (H2O,
HPLC-grade of assay 99.9%) (AVONCHEM, UK).
Myclobutanil standard C15H17ClN4, assay 99.5%).
Aldrin (C12H8Cl6 assay 99%) was purchased from
(Sigma-Aldrich, USA). Ditalimifos (C12H14NO4PS,
assay 97.5%) from (Sigma-Aldrich, USA) both aldrin and ditalimfos were used as internal standards.
The following apparatus and equipment were used
for preparation and analysis of myclobutanil; Teflon
centrifuge tubes of 10 and 50 ml. Pipettes 0.5-5 ml
for transferring the sample extract to the clean-up
centrifuge tube. Vials 2 ml capacity, Weighing boats,
volumetric flasks, graduated cylinders, and other
containers in which to contain samples, extracts, solutions, standards, and reagents. Micro-syringes, 10100 µL (SGE, Australia) Gas chromatography model
(Agilent 6890N, USA) equipped with micro electron
capture detector (µECD). The capillary column was
HP-5 with composition of 5% Phenyl 95% methyl
polysiloxane with dimensions 30 m x 0.32 mm, 0.50
µm (Agilent, USA). Balance (Mettler PM6400,
USA) for weighing the samples. Balance (Bosch
SAE200, Germany) of four digits with maximum
weight 200g ± 0.0001 g for weighing standards materials. Muffle furnace (Carbolite EML, UK), used
for ashing of anhydrous magnesium sulphate for 5
hours at 500oC. Vortex mixer (Heidolph, Germany)
used for shaking the samples with 1% acetic acid in
acetonitrile solution. Freezer (Kelvinator, Italy) used
for storing samples at temperature -18oC before analysis. Centrifuge (Jouan, France) for holding 50 ml
centrifuge tubes, with speed of 1500-3000 rpm. Centrifuge (Hettich, USA) for holding10 ml centrifuge
tube for clean-up, operated at ambient temperature

--,*: 5-@54(:054 #8,(:3,4: (: 0--,8,4:
54*,4:8(:0549-580--,8,4: ,805+95-#03,54
!,+;*:054 ,8*,4:(.,95-?*25);:(402 ,9:0*0+,
"601,+ :5 ,::;*, 8;0:9 "(36204. 5- 2,::;*,
-8;0:9 Two hundred seventy samples for lettuce
fruits were collected randomly from the local market
during the period of October –November, 2017. The
size of each sample taken for analysis was in the
range of (1- 3) kg as recommended by Codex Alimntarous sampling guidelines [11]. All samples were
kept in polyethylene plastic bags, then labelled and
refrigerated at 5oC until analysis not more than three
hours to investigate the effect of ozonation treatment
on myclobutanil pesticides residues.
@54(:054:8,(:3,4: Twenty seven samples
of lettuce leaves around (1kg each) (free from pesticides residues, examined by GC/µECD) to be used
for each concentration of ozone 0.5, 2.0 and 5 ppm
were spiked with different concentrations 2.0, 6 and
10 ppm for myclobutanil. Each sample was divided
into three portions to be treated for 5, 10 and 15
minutes using two instruments for ozonation. The
first one gives fixed ozone concentration of 0.5 ppm,
and the other one with variable ozone concentration
1-9 ppm. The effect of ozone treatment on myclobutanil was evaluated by analysing lettuce leaves samples before and after the treatment. The spiked lettuce leaves samples were held inside the cleaning
chamber during ozone treatment. Each sample was
extracted by QuEChERS method and analysed using
GC-µECD to determine the recovered amounts of
myclobutanil in order to evaluate the efficiency of
ozonation on the reduction percentages of this pesticides with time.
For comparison between the effect of ozonation
treatment and soaking with tape water 9 samples of
lettuce leaves fortified with myclobutanilat concentrations of 2.0, 6 and 10.0 ppm then the fortified samples soaked with tap water for 5, 10and 15 min then
each sample extracted and the concentration of
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":(:09:0*(2(4(2?909The design of the experiment was factorial. Mean values and standard errors
were calculated and analysed. The obtained data
were subjected to analysis of variance (ANOVA) using Minitab programme, version 18. Mean comparisons were performed by LDS test was used at 0.01
probability levels. The obtained results were summarized in the results section.

myclobutanil was determined using GC/µECD. Each
sample repeated three times.

4(2?:0*(23,:/5+"(362,68,6(8(:054(4+
,>:8(*:054 The method for extraction of pesticide
residues in food called QuEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe) based on the extraction by acetonitrile and partitioning with anhydrous magnesium sulphate was used for extraction of
spiked myclobutanil from lettuce fruits [6].

>:8(*:0545-2,::;*,2,(<,9"(362,9,>:8(*
:0549 One kilogram of lettuce leaves sample was
chopped into small pieces with the chopper to get a
homogenous sample, then 200 g was taken as subsample and further homogenised with the blender.
Then three subsamples were taken, and kept in deep
freezing conditions -18oC, until analysis. Ten grams
from each of homogenised subsample was transferred into 50 ml Teflon centrifuge tube. Acetonitrile
with 1% acetic acid solution was prepared on v/v basis (25 ml acetic acid in 2.5 L acetonitrile), solution
A. Ten ml of solution A was added to the sample and
was shaken by the vortex mixer for 1 min at low
speed. Four grams of anhydrous MgSO4 and 1 g of
NaCl were added to the sample, then vortexed again
for 1 min. Ditalimifos of 0.5 ppm and aldrin 1.0 ppm
concentrations were added as internal standards. Finally, sample was vortexed for 30 s and centrifuged
at 3000 rpm for 5 min. By this step the sample extract
ready for clean-up.

!"$#""$""
Data presented in Tables (1, 2 and 3) clearly
showed that the reduction percentages after ozone
treatments at 0.5, 2 and 5 ppm of spiked lettuce
leaves with myclobutanil at concentrations of 2.0, 6
and 10 ppm. These reduction percentages increased
significantly at probability level of (P ≤0.01). The
maximum reduction percentages of myclobutanil
were 92.80, 97.95 and 99.00% for spiked concentration of 10 ppm after 15 min at ozone concentration
of 0.5, 2 and 5 ppm, respectively. Moreover, myclobutanil concentrations after ozone treatments at 0.5,
2 and 5 ppm after 15 min for all spiked concentrations 2, 6 and 10 ppm had not reduced below Codex
Alimntarous and EU-MRL which is equal to 0.05
ppm. In addition, the results for soaking of lettuce
leaves in tap water for 15 min indicated that the maximum reduction percentages of myclobutanil were
17.56, 19.32 and 22.51% for myclobutanil spiked
concentrations of 2, 6 and 10 ppm, respectively.
These results for reduction percentages of myclobutanil explained due to its relatively low solubility in
water (142 mg/l at 25 oC) which indicated that hydrolysis was not significant route of degradation
[12].
In this study it was found that the maximum reduction percentage of spiked myclobutanil in lettuce
leaves was 99.00% after ozonation for 15 min using
5 ppm ozone concentration However, these results
agreed with the results obtained by several authors
[3, 5, 13, 14, 15, 16, 17]. These authors concluded
that ozonation treatment could be considered as an
efficient treatment to remove high concentrations of
pesticide residues if ozone generated continuously
for a sufficient time of treatment.
It was reported that ozonation of spiked tomato
juice samples at different concentration levels of
methomyl, oxamyl and carbosulfan was found to be
an effective treatment in removal of carbamate pesticides residues [5, 7, 8, 18]. Complete removal of
carbosulfan and oxamyl pesticides from spiked tomato juice was achieved after 15 and 30 min of ozonation, respectively [5, 7, 8, 18]. In another study, it
was concluded that ozone as a powerful oxidant is
effective in solving the problems of the food industry
like mycotoxin and pesticide residues by ozone application on fruits and vegetables without forming
hazardous residues [3, 5, 19, 20, 21, 22]. On the other
hand, it was shown that the cucumber and strawberry

"(362,9*2,(4;6One millilitre of the upper
acetonitrile layer was transferred into 10 ml centrifuge tube containing 25 mg PSA as sorbent and 150
mg anhydrous MgSO4, then it was vortexed for 30 s,
as a final step the centrifuge tube was centrifuged at
3000 rpm for 5 min. The extract was transferred into
2 ml GC vial to be analysed with GC-µECD to determine the residues of spiked myclobutanil.

(9 */853(:5.8(6/? =0:/ 30*85 ,2,*:854
*(6:;8, +,:,*:58 (4(2?909 The chromatographic
system consisted of a gas chromatography equipped
with electron capture detector, splitless injector and
the capillary column HP-5 model No.(19091J-413)
with composition of 5% Phenyl and 95% methyl polysiloxane, dimensions are 30 m length, 0.32 mm
nominal diameter, and 0.52 µm nominal film thickness. The carrier gas was argon methane. The operating conditions were: injection volume of 1 µL. The
temperature program was: injector temperature
225oC, and detector temperature 300 oC [8]. The
oven temperature program was as follow: initial temperature 90 oC for 1 min; 12 oC min-1 to 150oC for
1min; 20oC min-1to 270 oC for 1 min [8]. For data
acquisition ChemStation software was used.
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washing with tap water could not increase the percentage of reduction for all the examined pesticides;
organophosphorus (diazinon, malathion, chloropyrifos, quinalphos, profenofos) and organochlorines (chlorothalonil, alpha-endosulfan and beta-endosulfan) more than 20% [11, 9, 20, 21].
It was shown that the reduction percentages after washing of cabbage with tap water for 20 min on
chlorpyrifos,
-DDT,
cypermethrin
and

chlorothalonil residue levels were 17.6%, 17.1%,
19.1% and 15.2%, respectively [22]. Alcalde et al.
[6] showed that the degradation of pesticides residues during ozonation could be well-explained by
the reactivity of pesticides residues with the formed
OH .after ozone dissolved in water, and as the treatment time increased the amount of the formed OH.
increased so more pesticide degraded and the reduction percentage will be higher.



# 
--,*:5-2,::;*,5@54(:054(:  663543?*25);:(402-;4.0*0+,6,8909:,4*,(:+0--,8,4:9601,+
*54*,4:8(:0542,<,29;904.B




>659;8,
:03,
304


"601,+(35;4:663
 
35;4:
8,*5<,8,+
663A"
1.972a ± 0.004





1.821b ± 0.001
1.730c ± 0.002
1.627d ± 0.001





1.365e ± 0.003
0.776f ± 0.002
0.247g ± 0.002

 

35;4:
35;4:
!,+;*:054
8,*5<,8,+
8,*5<,8,+
A"
663A"
663A"
a
a
0.00
5.496 ± 0.016
0.00a
9.832a ± 0.003
"5(104.=0:/:(6=(:,8
7.657b± 0.017 4.887b ± 0.004 11.081b± 0.058 8.540b ± 0.001
12.255c± 0.041 4.690c ± 0.002 14.671c± 0.016 8.062c ± 0.001
17.563d± 0.030 4.434d ± 0.002 19.317d± 0.011 7.619d ± 0.001
@54(:054
30.798 e± 0.287 2.699 e± 0.001 50.885 e± 0.121 3.962 e± 0.002
60.666 f± 0.076 1.461 f ± 0.002 73.417 f± 0.055 1.985 f ± 0.010
87.475 g± 0.085 0.550 g ± 0.002 89.999 g± 0.060 0.708 g ± 0.002
!,+;*:054
A"

 
!,+;*:054
A"
0.00a
13.141b± 0.231
18.006c± 0.214
22.505d± 0.199
59.707 e± 0.016
79.813 f±0.106
92.796 g± 0.018

*Means within the same column sharing the same letters in superscript are not significantly different using LSD test at 0.01 probability level.
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# 
--,*:5-2,::;*,5@54(:054(:  663543?*25);:(402-;4.0*0+,6,8909:,4*,(:+0--,8,4:9601,+
*54*,4:8(:0542,<,29;904.B




>65
35;4:
9;8,
8,*5<,8,+
:03,
663A"
304

1.972a* ± 0.004

"601,+(35;4:663
 

 
!,+;*:054
A"

35;4:8,*5<,8,+
663A"

 
!,+;*:054
A"

35;4:8,*5<,8,+
663A"

!,+;*:054
A"

0.00a

5.496 ± 0.016a
0.00a
9.832a ± 0.003
0.00a
"5(104.=0:/:(6=(:,8

1.821b ± 0.001
7.657b± 0.017
4.887b ± 0.004
11.081b± 0.058
8.540b ± 0.001
13.141b± 0.231

1.730c ± 0.002
12.255c± 0.041
4.690c ± 0.002
14.671c± 0.016
8.062c ± 0.001
18.006c± 0.214
17.563d± 0.030
4.434d ± 0.002
19.317d± 0.011
7.619d ± 0.001
22.505d± 0.199

1.627d ± 0.001
@54(:054

0.522e ± 0.001
73.513 e± 0.0239
0.849 e ± 0.001
84.574 e± 0.0184
1.301 e ± 0.004
86.769 e± 0.036

0.282f ± 0.002
85.683 f± 0.075
0.371 f ± 0.001
93.261 f± 0.030
0.845 f ± 0.005
91.410 f± 0.052
g
g
g
g
g

0.186 ± 0.001
90.551 ± 0.025
0.178 ± 0.001
96.773 ± 0.013
0.202 ± 0.003
97.949 g± 0.026
*Means within the same column sharing the same letters in superscript are not significantly different using LSD test at 0.01 probability level.

$! 
--,*:5-2,::;*,5@54(:054(:  663543?*25);:(402-;4.0*0+,6,8909:,4*,(:+0--,8,4:9601,+
*54*,4:8(:0542,<,29;904.B
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Ozonation using aqueous ozone was effective
method to reduce the concentrations of myclobutanil
in lettuce leaves, but the treatment time to reduce
myclobutanil in lettuce leaves below the maximum
residues limits must be more than 15 min, and it
could be used in domestic scale to reduce the pesticides residues to have healthy lettuce leaves.
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University of Jordan and Ministry of Agriculture/
Jordan.
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--,*:5-2,::;*,5@54(:054(: 663543?*25);:(402-;4.0*0+,6,8909:,4*,(:+0--,8,4:9601,+
*54*,4:8(:0542,<,29;904.B




>65
35;4:
9;8,
8,*5<,8,+
:03,
663A"
304

1.972a* ± 0.004

"601,+(35;4:
663
 

 
!,+;*:054
A"

35;4:8,*5<,8,+
663A"

 
!,+;*:054
A"

35;4:8,*5<,8,+
663A"

!,+;*:054
A"

0.00a

5.496 ± 0.016a
0.00a
9.832a ± 0.003
0.00a
"5(104.=0:/:(6=(:,8

1.821b ± 0.001
7.657b± 0.017
4.887b ± 0.004
11.081b± 0.058
8.540b ± 0.001
13.141b± 0.231

1.730c ± 0.002
12.255c± 0.041
4.690c ± 0.002
14.671c± 0.016
8.062c ± 0.001
18.006c± 0.214
17.563d± 0.030
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invented chrome tanning method. Chrome tanning
method which can endow leather soft handle, good
elasticity, high mechanical strength, and particularly unparalleled high thermal stability are still very
popular in the leather industry worldwide. As much
as 90% of the global leather production is tanned
using trivalent chrome sulfate [2]. However, basic
chrome sulphate performs far less efficiently in
traditional tanning system. Generally, only 60-80%
of the chrome is utilized, leading excessive discharge of chrome into effluents [3].
Therefore, tannery industry has been categorized as one of the highly polluting industries due to
its adverse influence on the environment. Processing of 106 kg of rawhide results in 190-350 kg
of non-tanned waste, 200-250 kg of tanned leather
waste, and 50,000 kg of wastewater, especially
chromium-contained [4]. Cr(VI) is carcinogenic
and mutagenic to living organisms [5, 6]. Although
Cr(VI) is not directly used during leather production. Due to influence of various environmental
conditions such as heat, light [7], and humidity[8],
Cr (Ϫ) may be oxidized into Cr (ϭ) [9-11].
Meanwhile various unsaturation fatliquoring agents
[12], retanning agents, and finishing process [13]
may potentially cause Cr (ϭ) formation in leather
[14, 15].
Contact allergy to Cr is the third most common metal allergy [16, 17], after allergy to nickel
and cobalt, affecting approximately 1-3% of the
adult general population [18, 19]. It leads to liver
damage, pulmonary congestion and causes skin
irritation resulting in ulcer formation [20]. Prevention of Cr allergy among construction workers by
limiting Cr(VI) in cement has been shown to be
successful in Nordic countries and Germany.
Hence, the environmental regulatory agencies in
many countries have legislated that the chrome
discharges in wastewater is not more than 2 ppm.
Concerning the environmental and sustainable
development of leather industry, cleaner chrome
process with low chrome discharge has been widely
investigated in recent twenty years.
In order to solve the problem of chromium

ABSTRACT
Hide or skin, a by-product of the meat industry, is composed of collagen fibers with tight network. Tanning is the process which converts the
waste hide into useful artefacts, such as sofa and
automotive cushion, shoes, bags and garment. Although several types of tanning methods have employed for tanning of hide, chrome tanning which
endow leather unparalleled properties are still considered as the most popular in the leather industry
worldwide. Generally, only 60-80% of the offering
chrome is effectively utilized and chrome-contained
leather shavings and effluent is discharge into the
environment, which triggers to severe environmental pollution. Hence, finding a sustainable solution
to reduce chrome disposal is a prime challenge for
global tanners and researchers. This review focuses
the methodology of cleaner chrome tanning, that is,
integrated chrome tanning process, high exhaustion
agents or auxiliaries based on chemical materials
are discussed in this review.
KEYWORDS:
chrome tanning, chrome uptake, integrated chrome tanning process, high exhaustion agent, hyperbranched
polymer

INTRODUCTION
As a natural high-quality biological resource,
leather products have an irreplaceable huge consumer market all around world. The areas of tanning including: oil and aldehyde tannages, vegetable tanning with plant polyphenols, synthetic tanning agent, and mineral tanning with metal salts [1].
In the long history of tanning, vegetable tannins,
aldehyde tanning and oil tanning have always dominated. With the development of modern science
and technology, the principles and techniques of
tanning have been deeply studied and widely promoted. Until 1858, the Germans discovered the
chromium tannage and in 1885, the Americans
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pollution in leather industry, researchers have been
conducting extensive research on the chrome tanning process in terms of materials, technologies,
and reusing or recovering chromium-contained
effluent. Due to the performance of the leather and
economic cost, chrome tanning method cannot be
replaced by other tanning method at the stage. As
an advanced tanning technology that can balance
tanning costs, leather product quality and environmental pollution, it is undoubtedly one of the most
interesting research hotspots for the comprehensive
PDQDJHPHQW RI FKURPH WDQQLQJ XVLQJ ³KLJK H[
KDXVWLRQDQGORZSROOXWLRQ´

chrome tanning process. The commonly employed
chrome tanning process of pigskin is listed in Table
1. All the reagent dosage is based on the weight of
pickled skin and postulated that pickled skin weight
100 g.
Thus, we can build an equation (1) based on
the relationship between chrome concentrations in
the effluent with chrome uptake to evaluate cleaner
degree (for chromium discharge aspect). The equation is just based on the chrome tanning process
listed in Table 1.
mcr
(1- x) u 8.0 u 25.0% u 34.2% g
Crconcentration
Veffluent
Veffluent mL

Conventional chrome tanning. Skin is processed into leather under a series of chemistry and
physics process. Usually, after mechanical dehairing and fleshing, and further defatting by surfactants, the skin is limed and delimed at room temperature to remove proteoglycan and other noncollagenous substances. The obtained pure collagen
matrixes or skin substances are weighted as the
base of dosage [21, 22]. Then wet-salt pelts are
processed by pickling, tanning, basification, neutralizing, water washing, fat liquoring, horse up,
samming, hang-drying, and staking.
Herein, we take the conventional chrome of
wet-VDOWSLJVNLQDVDQH[DPSOH%ULHÀ\ the wet-salt
pigskin are soaked in 8%wt sodium chloride, then
the pH was adjusted to 3.0 by 5% wt sulfuric acid
and formic acid at 25 qC. Secondly, the pickled
skins are treated with chrome powder of 6-8% wt
(on weight of hide). After ascertaining the penetration of chrome by examining the cross-section, the
pH of the tanning bath raised to 4.0 by using 10
wt% of NaHCO3 solution. Thereafter setting the
temperature of the drum to 45qC for another 4 h,
the drum is stayed overnight and shaked for another
1h in the next day. Table 1 illustrates the detail
tanning process of pigskin for garment.

0.684 u (1  x) g

(1)

Veffluent mL

Where, x is the chrome uptake in chrome tanning process; Veffluent stands for the volume of effluents. Chrome powder used in tanning process is 8
% wt of pickled pigskin. 25.0% is the Cr 2O3 content
in chrome powder, 34.2% is the mass fraction of
chromium in Cr2O3.
The effluent volume ( Veffluent ) can be count according to two main processes, that is, pickling and
basifying. For the convenience of calculation, the
volume of effluent is 200 mL (pickling 100 mL and
basifying 100 mL). Literature [24, 25] has reported
that chrome uptake can reach 70% for conventional
chrome tanning process, and 95% for high exhausted chrome tanning. The concentration of chromium
can be calculated as follow equation˖
for conventional tanning : Crconcentration

'

for high exhausted tanning : Cr concentration

mcr

(1- 70.0%) u 8.0 u 25.0% u 34.2% g

Veffluent

200 mL

1.026

m 'cr

(1- 95.0%) u 8.0 u 25.0% u 34.2% g

Veffluent

200 mL

g
L

0.171

It is apparent that the chromium concentration
Chromium concentration in effluents. The
of the effluent up to 1026 ppm. If effective
chromium concentration in the effluents after
measures are taken to improve the chrome uptake to
chrome tanning process is quite high. Zhang [23]
90% or more, the chromium concentration in the
reported that chromium in spent liquor can be up to
effluents can be reduced greatly.
1636.7 mg/L. We can theoretically calculate the
chromium concentration in the effluents after
TABLE 1
chrome tanning process of pigskin for garment
Process

Pickling

Chrome
tanning

Basifying

Chemical
water
salt
10% Formic acid
5% Sulfuric acid
Chrome powder
TML (Cr2O3
24±1%)
Sodium
bicarbonate
water

Temperature
(qqC)
25

dosage
(%)
100
8
0.5
0.5

Time
(h)
1
1.5
2

Remark

pH 2.9-3.0

25

8

4

For exhausted chrome tanning process, certain amount
of auxiliary was added.

25

3

8×0.5

pH 4.0

45

100

2
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At present, methodology of cleaner chrome
tanning can be included following, ie. Integrated
chrome tanning process, high exhaustion agent
based on chemical materials.
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chrome concentration of the effluent could be calculated below.
Crconcentration

0.684 u (1  x) g
Veffluent mL

=

0.684 u (1-0.81) g

649.8 mg/L

200 mL

Where x is 81%, and Veffluent keeps unchanged which
INTEGRATED
CHROME TANNING PROCESS

is substituted by equal volume organic solvent.
If water is excluded in the WLCT process, the
chromium concentration must be higher than 649.8
mg/L. Although tanning with organic solvent provide lower waste generation compared to conventional trial, it is impractical in the beamhouse operation recently.

Waterless chrome tanning technology. Waterless chrome tanning technology (WLCT) or
called solvent based chrome tanning techniques
carried out without water or less water. WLCT has
been widely investigated and acted as the 12-th
five-year plan of India [26, 27]. This technique
relies on the fact that free water present in the pelt
is sufficient for the diffusion and fixation of chrome
in the skin matrix. S. Selvaraj [28] has demonstrated that 55-65% internal water content is essential
for chrome tanning in ethanol medium. Trichlorotrifluoroethane [29, 30] along with 250% of water
(based on the dry pickled skin) was proposed in
waterless tanning, which demonstrated that the
chrome content in effluent could be reduced. In the
21th century, another green solvent, ethanol [31],
ethyl acetate and ethyl lactate or mixed solvent(water-ethanol-ethyl acetate) [32] have also
been explored in leather process. Tanning with
ethanol provided better chrome tanned leathers in
terms of color, chrome uptake (up to 81%) and
organoleptic properties as well as helps in minimizing waste generation, such as chemical oxygen
demand (COD), biological oxygen demand (BOD)
and chromium.
In order to screen the solvent for leather making from the view of sustainable manufacturing, the
*6.¶V VROYHQW VHOHFWLRQ JXLGH 66*  KDV EHHQ
explored by M. Sathish [33]. The SSG based on
following four screening guides: cumulative score
(Screening-I), toxicity (LD50) (Screening-II), impact of solvents on the hydrothermal stability of the
skin matrix (Screening-III), and tanning performance (Screening-IV).
Based on the SSG, propylene carbonate, dimethyl carbonate, ethanol and 2-butanol show superior
tanning performance in terms of mass transfer efficiency (>99% w/w), hydrothermal resistance (104
°C) and parallel leather quality. Moreover, the propylene carbonate based tanning process enjoys zero
discharge of water/chromium (III) and is ecologically acceptable. India government official Mishra
VWDWHG WKDW µDSDUW IURP DGGUHVVLQJ WKH LVVXH RI
chromium discharge, this technology also brings
about the benefits of reduction in total dissolved
solids load. The quality of leathers thus produced is
also found to be better than the leather produced in
the conventional manner[27]¶
Aforementioned literature demonstrated that
the chrome uptake of waterless chrome tanning can
up to 81%. Hence, according to the equation 1,

Supercritical carbon dioxide tanning. Supercritical fluids have been attracting considerable
interest as reaction media. Supercritical carbon
dioxide (scCO2) is a clean and versatile solvent for
various processes and synthesis [34]. Several steps
of tanning process can be intensified by highpressure technology. scCO2 can be used to shorten
tanning times, to reduce wastewater discharge and
to save leather finishing fats. The first scCO2 trial
for degreasing in leather making was reported by
Caries [35]. Thereafter, supercritical carbon dioxide
has been used for degreasing [36-39], fiber separation [40-42], deliming [43, 44], chrome tanning
[45], dyeing [46], and fatliquoring [47].
Using scCO2 as auxiliary substance can effectively reduce tanning time and improve of chrome
uptake[45]. The trials on pickled pelt with scCO2
with 10% auxiliary at temperature of 41 qC and
pressure of 9 MPa for 2 h shows that the wet blue is
spongy, chromium is highly exhausted and spent
float is almost clear[48]. It is demonstrated that
permeation and fixation of chromium, which significantly affect chrome uptake and hydrothermal
stability or shrinkage temperatures (Ts)[49]. Renner
proposes a model in traditional chrome tanning
process. The tanning time can be divided into four
sectors (only three sectors were shown). The fast
rise in the first sector infers to a fast binding of the
chrome on the surface of the hide. The second sector which is the most time-taking process is characterized by the diffusion process of the chrome into
the hide. The renewed rise of chrome uptake in the
third sector is explained by the dramatic increase of
the diffusion rate. This increase can be affected by
the swelling of the hide. Therefore, good swelling,
fiber loosening-up and faster chrome uptake of hide
can be obtained by scCO2.
In conclusion, chrome tanning with scCO2 is
an effective chrome tanning method which reduce
the tanning time and chrome offer. If the economic
cost and insecurity will be solved, supercritical
carbon dioxide could deliver its potential values in
the forthcoming years for greener and cleaner
leather production.
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Ultrasound assisted chrome tanning. Conventional chrome tanning is a two-step process. In
the lower pH (2.5-3.0), the chrome sulfate diffuses
into skin. Then, the chrome will react with dissociate carboxyl at higher pH (4.0). Because of the
diffusion and combination limitations of the tanning
agent, only part of chrome is consumed effectively.
Ultrasound technology has already been well exploited in the dyeing step of leather processing and
is found to be very efficient in increasing the dyeing quality of the finished leather [50, 51] and retanning process [52]. To achieve a higher diffusion
rate, ultrasound during the chrome tanning process
is developed [53-55]. In solid-liquid systems, the
implosion of cavitation bubbles accelerates the
liquid to move with a velocity of up to 104 cm/s and
generates micro-jets directed towards the solid
surface [56, 57]. These micro-jets cause an increase
of the pore diameters at the surface of the solids and
create micro-mixing in the liquid near the surface.
Sivalumar has found that chrome tanning by using
80-100W ultrasound could increase the chrome
uptake. Mengistie [58] also demonstrated that exposure of the skin to ultrasound increase the chrome
uptake by 13.8% or reduces the chrome offer from
8% to 5%, as well as shorten the tanning time to
one third.
In the near future, a proper choice of operation
and design parameters it could be an economic and
environmentally friendly alternative for the leather
making for reducing chromium discharge and
shortening tanning time.

Fresenius Environmental Bulletin

FIGURE 1
Simplified structure of the sulphonic aromatic
acid.
Based on this option, a serials of aromatic sulfonic [63], phenol sulfonic, phenol sulfone sulfonic
[62] have been explored. The compound used in
salt-free or salt-less pickled process are listed in
Table 2.
The usage of salt-free and salt-less pickled
process has an advantage that minimizes the emission salt as well as improves the chrome uptake up
to 98%. However, these non-swelling acids perform
far less efficiently of penetration than formic acid
and sulphuric acid. That is, it takes a longer time
and more dosage for sulphonic aromatic acid to
penetrate into intradermal. Moreover, these acids
have higher pKa values and are weaker than formic
acid and sulfuric acid. In order to reach the pH
requirement of pelts of conventional chrome tanning (2.5-3.0), more non-swelling acid are consumed, thus will affect the performance of the
leather.
Pickling-free process. Pickling alone contributes about 35% total dissolved solids (TDS) in the
effluents [70]. The main idea of pickling-free
chrome tanning process is to modify the conventional chrome tanning agent so that it can also penetrate well at high pH conditions, and use the acidity
of the chrome tanning agent to adjust the pH of the
bath to a suitable chrome tanning range. A picklefree chrome tanning method has been coupled with
in-situ neutralization of acid generated during the
hydrolysis of chrome salts. The elimination of pickling has given a significant reduction in TDS and
increase of chrome uptake. The common used
product in China is the non-leaching chromium
tanning agent C-2000 developed by Prof. Chen
Wuyong of Sichuan University of China.
A macromolecular aliphatic aldehyde is synthesized and employed to pre-tan bated pelt before
chrome tanning so that the conventional pickling
process is eliminated. It is found that possesses
moderate tanning property itself and favors the
penetration of chrome, resulting in a chrome exhaustion of 90% [71]. But these syntans are based
on the polymeric back-bone built up using formaldehyde. The conventional synthetic tanning agents
are prepared by condensation of naphthalene/phenol sulphonic acid or urea with formaldehyde. These condensates always have a possibility
of releasing free phenol or formaldehyde.
Later, a more eco-benign polymeric syntan

Salt-free and salt-less pickling. In the conventional chrome tanning process, sodium chloride
is still left over in the float. Moreover, excess sodium chloride has an adverse effect on chrome uptake
of the leather. As a result, the chrome concentration
in spent float is in a range of 2500-3000 ppm [59,
60]. In order to minimize the emissions of chrome
and chloride, a salt-less pickling[61] or salt-free
pickling process is developed based on using nonswelling acid, usually aromatic sulfonic acids. Generally, sulfonic acid group can react with the amino
group of collagen in low pH float, and phenolic
hydroxyl group from phenolsulfonic acids can form
hydrogen bonds with peptide bonds of collagen.
Non-swelling acid can also prevent water permeating uncontrollably into hides, thus avoiding the
serious swelling and ensuring the quality of pickling pelts. The use of this type of non-swelling
acids permits the replacement of salt and thus prevents the swelling that takes place if formic acid
and sulphuric acid are used. The sulphonic aromatic
acid structure is shown in Fig. 1.
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contains naphthalene sulphonic acid and acrylic
polymer, which can enable pickle-free chrome
tanning using commercial basic chrome sulphate
[72, 73], the results show the integrated chrome
tanning approach enables environmental benefits
through the reduction of the COD, TDS and chlorides loads by 50, 80 and 98%, as well as get 94%
chrome uptake.

Fresenius Environmental Bulletin

uors, and then tanned at pH 5.0-5.2. The process
enjoys a significant reduction in COD and TS by
53% and 79%, respectively. Water consumption
and discharge is reduced by 65% and 64%, respectively. Also, this process benefits from significant
reduction in chemicals, time, power, and cost compared to the conventional process. However, the
purpose of reversed technology is just to simplify
leather making process and to reduce pollution and
water consumption, chrome tanning is directly
performed in the float of post tanning, which makes
it difficult to recover chrome from dye and fatliquor-contain wastewater.

Reverse chrome tanning. Reverse chrome
tanning was firstly proposed by Saravanabhavan
[74-77]. Delimed pelts was firstly treated with posttanning chemicals such as syntans, dye, and fatliq-

TABLE 2
The compound used in salt-free or salt-less pickled process
Materials and Structure

Reference

[64]

[65]

[66]

[67]

[23]

[68]

Tricarboxylic and dicarboxylic acid chrome syntan

[69]
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FIGURE 2
The chrome discharge of conventional chrome tanning (a) and reverse chrome tanning process (b)
TABLE 3
Commonly used high exhaustion chrome tanning auxiliary
High exhaustion agent or auxiliaries
citric acid, tartaric acid
acrylic ester and amino acid copolymer
micro-emulsion [79]
Oxazolidines [65, 80]
tetrakis (hydroxymethyl) phosphonium
sulfate (THPS) [81]
methanesulfonic acid [82]
gallic acid [25]
nanocomposite based materials [24, 83]
In above text, equation (1) can be simplified to (2)

dosage (based on weight of pelt)
3%

Chrome uptake
88%

unknown

94%

In order to avoid the release of chrome from
post tanning effluents and generation of chrome
shavings, a reverse tanning technology based on
wet-white leather LV SXW IRUZDUGHG E\ 6KL¶V JURXS
[21]. The reverse chrome tanning process is shown
in Fig. 2. Firstly, conventional bated pelt is tanned
by using TWT (amphoteric organic tanning agent)
without pickling. Then, TWT tanned wet-white
leather is processed with conventional post tanning
process. At the end, chrome tanning is performed to
improve hydrothermal stability and Organoleptic of
the leather.
The inverse chrome tanning technology based
on wet white is effective in avoiding the generation
of chrome shaving and the release of chrome from
leather during post tanning process. Of course, the
wide suitability of this technology should be further
investigated, although this research demonstrated
that the properties of leather made by the inverse

0.75%

90%

5-10%

Above 90%

unknown
5%
3.0%

95.8%
93%, 350-550 mg/L Cr in effluent
80%

chrome tanning technology are on par with conventional chrome tanning leather.

HIGH EXHAUSTION CHROME
TANNING AGENT AND AUXILIARY AGENT
In order to make chrome tanning process sustainably, it is essential that the chrome uptake be
increased so as to reduce the chrome concentration
in residual floats to a maximum degree. For the
most part, modifications designed to improve
chrome uptake or reduce chrome concentration in
effluent involve increasing the collagen reactivity
by functionalization terminal group and masking
the chrome tanning complex. The former just retains in laboratory stage because modification of
FROODJHQVHHPVFXPEHUVRPHDQGLW¶VLPSUDFWLFDOWR
pretreatment all the leather by increasing the modi-
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complex chromium. The polymeric chrome tanning
aids often have double (multi) functional groups
with carboxyl groups and other groups. While
chemically bonding with collagen, a large amount
of carboxyl groups are introduced into the collagen
fibers, thereby greatly increasing the number of
carboxyl groups that can be combined with chromium on the collagen fibers, significantly improving
the absorption and fixation ability of the collagen
fibers of the skin, and reducing the amount of waste
liquid that is tanning. Chromium content, but also
can significantly improve the quality of leather,
giving the excellent performance of the leather
blank.

fication process before chrome tanning. To this end,
high exhaustion agent and auxiliary agent stand out.
High exhaustion agent and auxiliary agent.
High chrome exhaustion can be realized based on
chemical or coordination reaction among high exhaustion agent, collagen and Cr (III). It is now
technologically possible to increase the chrome
uptake to level exceeding 85%. The molecular
structure of high exhaustion agent or auxiliary
agent always has active carboxyl, hydroxyl, amino,
and aldehyde. Table 3 lists several commonly used
chrome exhaustion auxiliaries.
Crconcentration

mcr
Veffluent

Fresenius Environmental Bulletin

(1- x) u 8.0 u 25.0% u 34.2% g
Veffluent mL

At present, the common used high molecular
chrome auxiliary including, aldehyde acid [71, 87,
88], acrylic polymers [89, 90]. For example, Jin
Yong [91, 92] developed a kind of acrylic copolymer whose backbone chain contained carboxyl and
aldehyde, which could reduce initial chrome input
by 30-40%.
It is apparent that the chrome concentration
could be reduced to 34.2 mg/L when the chrome
uptake reaches 99%. Hence, clean chrome tanning
process may be reached by improving the chrome
uptake under the condition of technology possibility. Owing to the high molecule of linear acrylic
polymer, the solubility could be reduced. Thus its
usage for chrome tanning and pre-tanning agent
will be restricted.

0.684 u (1  x) g
=3.42 u (1- x) g / L
200 mL
(2)
Where x is the chrome uptake, and chromium
concentration can be reduced to 171 mg/L under the
chrome uptake (x) reach 95%.

Low molecular chrome tanning auxiliary
agent. It is generally believed that glyoxylic acid
reacts with amino groups on the lysine of collagen
and sulfhydryl groups on arginine to form a stable
compound and introduce carboxyl groups, increasing the number of carboxyl groups in the side
chains of collagen.
Thus, compared with traditional chrome tanning process, chromium is better absorbed and
fixed. Luan [84] and Li [85, 86] synthesis LL-I
aldehyde acid chrome tanning agent which its
backbone is consist of glutaraldehyde and pendant
chain contains carboxyl based on the Michael addition reaction. In actual chrome tanning, 3%-3.5%
usage could endow the shrinkage temperature of
leather up to 100 qC and 88%-89% chrome upake.
However, the absorption capacity of such chrometanning additives on chromium is still limited, and
the fullness and elasticity of the blanks have almost
no improvement. In order to reach better chromepromoting effect and 10-20% of the leather are
needed.
Generally, low molecule chrome tanning auxiliaries, in addition to assisting chromium absorption, do not significantly improve the physical and
mechanical properties such as leather plumpness,
dyeing properties, and have certain limitations in
improving leather quality.

Hyper-branched polymer. Compared with
linear polymer with same molecular weight, low
generation dendrimer and HBP show high solubility, reactivity, coordination or chelation ability and
lower viscosity because of its highly branched
structure, ellipsoidal shape, non-entangled molecular chains and large numbers of terminated functional groups (hydroxyl, amino and carboxyl for
leather usage), which have attracted increasing
attentions of researchers of leather science in past
ten years [22, 93]. Researches have shown that
HBP can be used in leather industry, such as pretanning agent [94, 95], re-tanning agents[96],
chrome tanning auxiliary[97, 98] which could increase the chrome uptake above 95%. According to
the terminate group, the using of HBP or dendrimer
can be classified into three aspects.
Carboxyl-terminated HBP. The application
of carboxyl-terminated hyper-branched (CHBP) in
leather making is proposed by our group [99, 100]
DQG:DQJ¶VJURXS[101, 102]. Our group [103] has
also demonstrated that compared with linear polyacrylic acid, CHBP could reduce the content of
residual chrome in waste by 28.5%, and improves
the leather quality. We [104] has determined the
coordination number and stability constants of
CHBP with Cr3+ can reach 4 and 6.55e+008, which

High molecular chrome tanning auxiliary
agent. In view of the shortcomings of smallmolecule chrome tanning auxiliaries, research in
recent years has mainly focused on the development of polymer chrome tanning auxiliaries, which
are mainly synthesized by macromolecule design
methods with a large molecular weight, a large
number of functional groups, and a strong ability to
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demonstrated it can be selected as a good ligand to
coordination with Cr3+. Later, we [22] further found
that compared to conventional chrome tanning
process, incorporation with CHBP has endowed the
obtained leather with higher Ts and chrome uptake.
The leather tanned with 3% chrome and 1.5%
CHBP possesses similar properties to the traditional
tanning process using 6-8% chrome. If the chrome
offer is 3%wt of the pickled leather, the equation (1)
can be expressed as:

Cr

concentration

Fresenius Environmental Bulletin

chrome and collagen. CHBP plays a bridge effect
between the collagen and chrome. That is, it forms
a stable crosslinking network based on the multisite
cross-linked structure, thus improving the chrome
fixation and reducing the chrome dosage in effluent.
Hydroxyl-terminated HBP. As we know, the
vegetable tannins, including the hydrolysable tannin
and condensed tannin, could improve the hydrothermal stability of hide is not only based on numerous phenolic hydroxyl group but also on their
large molecular weights, usually in the range of
500-3000 Dalton [1]. Sparking from the vegetable
tanning, we have found that hydroxyl terminated
dendrimers (HTD) has been developed for enhancing the hydrothermal stability of hide and chrome
uptake in the chrome tanning. HTD also play a
pivotal role in cleaner chrome tanning improving
the chrome uptake [105].

12.8 u (100  chrome uptake) mg/L

If the chrome uptake reaches 99%, the chrome
concentration was reduced to 12.8 ppm.
The mechanism of CHBP acting in reducing
chrome uptake and Ts of the leather is also investigated (As Fig.3 depicted). In conventional chrome
tanning process, just four chrome molecules (tetrameric chrome) bridge gap of collagen fibers to
crosslink the collagen effectively. Incorporation of
CHBP changes the crosslinked pattern between the

FIGURE 3
Crosslinking model of conventional chrome tanning (upper graph) and Reduced-chrome
tanning process (down)
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(a) Pickled process

(b) Basification process
FIGURE 4
Schematic graph of collagen before and after added HTD
In addition, hydroxyl-terminated HBP can be
used as pre-tanning. The chrome concentration of
the effluent reduced to 600 ppm and the hydrothermal stability could be improved most.

We have further studied the mechanism of
HTD acting on improving chrome uptake [106] (As
Fig. 4 illustrated). During the pickled process, the
pH of the solution is 2~3, the carboxyl the amino
acid residues keeps its original state, and the amino
turn to NH3+. Subsequently certain amounts of
sodium bicarbonate is added, pH of solution is
elevated to 3~4 in the basification process. Here
near 75% of the carboxyl dissociate to COO-, which
the Cr3+ could rapidly coordinate with. Rapid combination will result in coarse surface and poor properties and performance (especially low hydrothermal stability). In order to weaken the interaction of
COO- with Cr3+ in the basification process, sodium
bicarbonate is calculated beforehand and added by
several times. Once certain amount of HTD is incorporated in chrome tanning process, in one hand,
HTD could form the hydrogen action with collagen
carboxyl at pickled process (Fig. 4 a), which act as
a buffer agent in the basification process. That is, in
order to elevate the pH of the effluent, extra amount
of sodium bicarbonate is consumed to break the
hydrogen bonds. The existence of hydrogen bonds
slows down the basification process, which could
make the chrome well-distributed. In other hand,
HTD could make the collagen fibril bundles looser
(>1.7 nm), resulting in the good permeation of
chrome. Meanwhile crosslinked pattern between the
chrome and collagen is also changed by added with
HTD (Fig. 4 b). HTD could form hydrogen with
collagen fibril. Hence, stable multisite cross-linked
structure between HTD, chromium and collagen is
built, leading an improved chrome fixation.

Amino-terminated HBP. Amino-terminated
HBP are commonly used to improve the dyeing
property of leather. We have compared the coordination behavior between carboxyl-terminated polyamide and polyester. The result shows that incorporation of N atom increasing the coordination ability
between HBP and Cr3+ [107, 108]. Theoretically,
amino-terminated HBP could react with the carboxyl of collagen fiber by forming chemical and
hydrogen bond; contribute to high crosslink density
and thermal stability. In addition, the terminated
amino could coordinate with Cr3+, resulting in endow the leather with higher chrome uptake. For
example, A. A. Ibrahim [109] amino-terminated
polyamide (HPAM) was used as pre-tanning agent
for pickled pelt. The result show the usage of
HPAM, improve the chrome absorbance and fixation by increase the coordination site of collagen
fiber.
For instance, most of tanneries have relatively
stable technology. They usually would not like to
adopt the integrated chrome tanning technologies
which has lower commercial acceptability because
of complex or unfamiliar operation. Unlike the
integrated chrome tanning technology, high exhaustion agent or auxiliaries can be directly added in the
pickling, or chrome tanning process. It is conceivable that HBP or low generation dendrimer, especial
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efficient pre-tanning agent for cowhide shoe upper
leather [125]. The mechanism figure (Fig. 5) has
been given.
The cowhide pelt was pre-tanning by ZnO
nanocomposites with terminated carboxyl chain
which could form hydrogen and chemical bond
linkage with collagen. Meanwhile the carboxyl
chains also could combine with chromium (III)
ions. In this way, the nanocomposites-chromiumcollagen structure that endowed leather with high
hydrothermal stability in reduced-chrome tanning
(chrome input was reduced to 4%).
In the above combination chrome process, the
chrome uptake is improved by a large margin.
Meanwhile, less-chrome or reduced-chrome processes are accompanied with combination chrome
process. Furthermore, the chrome cannot be washed
in the post-process treatment for the stable fixation
of chrome onto the leather collagen. That is, combination could not only improve the chrome uptake,
also reduce the chrome offer.

CHBP, could be used in chrome tanning process to
reduce chromium discharge in effluent at a large
margin.
Combination tanning. Combination tanning
was widely found in vegetable tanning for the lower
shrinkage temperature which single vegetable tannin has brought in [110-113]. According to CovLQJWR¶VOLQN-lock theory [114], high shrinkage temperature can only be achieved by tanning with at
least two conventional components. These high
exhaust aid could be superior to tanning with
chrome alone and expected to yield a novel alternate to conventional tanning process in leather
making[ 49].
Combination tanning have widely studied on
the past twenties years, Zn-Cr combination tanning
[115], THPS-Cr combination[81, 116-118], amphoteric organic-Cr tanning[119], amphoteric vinylpolymer/ZnO nanocomposite-Cr tanning agent
[120], Lignosulfonate-Cr combination[121], and
hyper-branched polymer-Al-Cr [122] HWF 6KL¶V
group [119] developed a amphoteric organic tanning agent TWT-Cr combination agent, lowering
the chrome offer to 3% (based on the mass of pelt).

Chrome-free tanning agent. However,
chrome tannage involves serious environmental
risks resulting from the possible oxidation of chromium to a hexavalent state, although tanners are
aware of the carcinogenic effect, in accordance with
the International Agency for Research on Cancer
(IARC) [126]. For this reason, the market has
VKRZQ D JURZLQJ GHPDQG IRU ³HFRORJLFDO´ SURG
ucts, especially regarding the development of tanning processes using alternative tanning agents
different from chromium [127, 128]. Tanning technologies include the use of oxazolidine in combination with other re-tannig agents of vegetal or synthetic tannins, which allow for obtaining quality
leathers that may be used by footwear and upholstery industries. A greener and eco-friendly method
to leather tanning process has been developed based
in free-chrome tanning agent [129, 130].

Nanocomposites. Recently, increasing interest
has been directed toward incorporating nanotechnologies with leather manufacturing [123] 0D¶V
group has first proposed using of nanocomposites
for leather tanning agent [24, 124]. It was found
that 2% chrome offer accompanied with vinylpolymer/ZnO nanocomposite could improve the
mechanical and thermal properties of the leather.
Unfortunately, the author did not give the chrome
XSWDNH LQGH[ /DWHO\ 0D¶V JURXS KDV HPSOR\HG
nanocomposites and 3% chrome in goat garment
tanning, the chromium concentration of system
decreased to 165.6 mg/L which brought about better chromium uptake [120]. Following, they has
done a series of works based on nanocomposites for

FIGURE 5
The tanning mechanism of polymer-ZnO nanocomposites on less-chrome tanning.
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FIGURE 6
The crosslink or tanning mechanism of Laponite in chrome-free tanning
[2] Janardhanan, S.K., Jonnalagadda, R.R., and
Nair, B.U. (2013) Chromium and Leather. In:
Kretsinger, R.H., Uversky, V.N., and
Permyakov, E.A. (Eds.) Encyclopedia of Metalloproteins. Springer New York. 616-622.
[3] Kanagaraj, J., Babu, N.K.C., and Mandal, A.B.
(2008) Recovery and reuse of chromium from
chrome tanning waste water aiming towards
zero discharge of pollution. J. Clean. Prod. 16,
1807-1813.
[4] Sundar, V., Gnanamani, A., Muralidharan, C.,
Chandrababu, N.K., and Mandal, A.B. (2011)
Recovery and utilization of proteinous wastes
of leather making: a review. Rev. Environ. Sci.
Bio. 10, 151-163.
[5] Jiang, J. and Zhao, J. (2014) Hazards, Regulations and Alternatives of Restricted Substances
in Leather/Textile Industry: Hexavalent Chromium. J. Soc. Leather Technol. Chem. 98, 177181.
[6] Moretto, A. (2015) Hexavalent and trivalent
chromium in leather: What should be done?
Regulatory toxicology and pharmacology :
RTP 73, 681-686.
[7] Font, J., Cuadros, R.M., Reyes, M.R., CostaLopez, J. and Marsal, A. (1999) Influence of
various factors on chromium (VI) formation by
photo-ageing. J. Soc. Leather Technol. Chem.
83, 300-306.
[8] Fathima, N.N., Rao, J.R., and Nair, B.U.
(2001) Chromium(VI) formation: Thermal
studies on chrome salt and chrome tanned hide
powder. J. Am. Leather Chem. Assoc. 96, 444450.
[9] Colak, S.M. and Dandar, U. (2010) The effect
of tannic acid usage on the formation of Cr(VI)
in leather. Fresen. Environ. Bull. 19, 15111516.
[10] Ferreira, M.J., Almeida, M.F. and Pinto, T.
(1999) Influence of temperature and holding
time on hexavalent chromium formation during
leather combustion, J. Soc. Leather Technol.
Chem. 83, 135-138.

An organic combination tanning system based
on tannic acid, a precursor to vegetable tannins and
THPS as a substitute for chrome tanning has been
developed [131].The shrinkage temperature of the
leathers obtained is 88 qC. The tanning system is
versatile in terms of processing both upper and
garment leathers. In addition, Wei Lin has also
explored the chrome-free tanning agent based on
using of Laponite as an emerging tanning agent in
leather manufacture [132]. The mechanism figure is
provided in Fig. 6.

CONCLUSION
An insight into the management technologies
for minimization chrome discharge in effluent in
the leather industry is provided. Some of these
technologies are in commercial practice while others are at laboratory or initial stages. In general,
cleaner chrome tanning practice involves implementation of the above strategies either individually
or in combination. For a sustainable development,
there is a constant need to develop newer and
cleaner processes. In the near IXWXUH WKH ZRUOG¶V
oldest technologies would be sustainable development with the prolonged efforts of scientists.
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SUBJECT INDEX
A
Abamectin
Accumulation
activated carbon
Activated Sludge Process
acute phase proteins
Adaptation
Adsorbent
adsorption
Adsorption efficiencies
Agrochemical
Air Pollution
air pollution in spas
Air Quality Index
airborne microbes
alkaline lake
alkaloid
Allium sativum L.

8042
8104
7973
8071
8529
8139
8228
7973
8112
8244
8308
8405
8308
8317
8519
8447
8042

Allium test
Amino acid
ammonium
ANFIS
Animal manure
Anticandidal Activity
antimicrobial activity
Antioxidant enzymes
AOX
Aphanius fasciatus
Apple
Aquatic Ecosystem
Artificial Neural Networks
Artvin
Ascorbate peroxidase
Atatürk Dam Lake
Azadirachtin indica

B
Bacteria
Bacterial biosorbent
biogas
biogas potential
Biolog-ECO
biomarkers

8286
8112
8509
8509
8317
8438

biomethanization
Biosorption of nickel
bottled water
Bulb quality
bulb yield
bulk deposition

8509
8112
8264
8029
8029
8158

C
Cable
Cannabis
carbon fractions
carbon metabolic characteristic
Carbon monoxide
Catalyst
catalytic combustion
Catechol-driven Fenton
Chalcalburnus tarichii
changes in air quality
Chemical compounds
Chemical quality
chlorophyll
chromatography-mass
chrome tanning
chrome uptake
Clavibacter

8035
8200
8205
8317
8297
8493
8297
7959
8286
8405
8359
8414
8228
8438
8607
8607
8498

climate change
Clustering effect
Cmm
COD
collar
Combining ability
Complement
condition
connectivity matrix
Copper
Correlation Analysis
Coruh Valley
cotton
critical heat flux
Cucumis melo
CVA
Cyprinus carpio

8468
8053
8498
7959
8035
8380
8529
8047
7953
8062
8244
8006
8191
8387
8006
8328
8546

D
Dam construction
Date palm
Date palm trees
DEM
Deposition collectors
diallel crossing
Diatoms
diesel-contaminated soil
Directive 2012/19/EU

8468
8594
8580
8253
8158
8213
8519
7983
7935

Distribution
diversity
drinking water
Drought
Dry bean
Drying rate
Drying temperature
Dubas bug
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8147, 8585
8205
8308
8509
8481
7991
8280
7959
8047
8244
8088
7997
8468
8560
8546
8042
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8392
8264
8560
8147
8270
8270
8580, 8594
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E
ecology
Electrocoagulation
Electrophoresis
ELISA
endemic
energy
Energy consumption
Energy Efficiency
Energy efficient
Energy-related carbon emissions

8392
8367
8340
8340
8119
8509
8270
8167
8180
8053

enhancement
Environment
Environmental geography
environmental management
Environmental Sensitivity
Ephestia kuehniella
Essential Oil
Estimated Daily Intakes
Estimated Weekly Intakes
extract

8387
8553
8081
7935
8553
8540
8481
8505
8505
7991

F
farmland drainage
fatty acids
fecundity
Fenthion
fish immunity
Flavonoid
floral nectar
food

8191
8213
8540
8280
8529
8585
8540
8540

Food allergens
fractal dimension
Fractional order controller
fracturing flow-back wastewater
freezing
Freshwater rivers flowing into Van lake
Friction
functional diversity

8340
8367
8071
8367
8414
8286
8463
8317

G
Galleria mellonella
Gamma irradiation
Gene Regulation
genepool
genetic diversity
genotype
genus sources

8280
8021
8560
8498
8351
8006
8006

geo-accumulation index
8220
geochromatography
8438
Geometrical Index of Importance (GII)
8546
germination
8119, 8200
GGE biplot
8213
green spaces
7945

H
halophytes
Heat transfer
heat transfer coefficient
heat treatment
Heavy Metal
Heavy metals
hemp
Herbicide
Heterogeneity
Hexythiazox
high exhaustion agent
high-temperature

8096
8387
8387
8200
8104
8220, 8568
8200
8133
8088
8042
8607
8200

Histopathology
historical military maps
Honey
hormone
HPLC
hydrocarbon migration
Hydrofining
Hydrogen peroxide
hydropower plants
hyperbranched polymer
Hypericum sp.

8286
8081
8328
8147
8447
8438
8493
8585
8468
8607
8481

I
immunoblotting
in vitro
indicator species
Industrial waste
Influencing Factor
inheritance
Insecticides

8340
8119, 8447
8519
7973
8167
8213
8580, 8594

integrated chrome tanning process
Intermittent and ephemeral channel
IPAT equation
Iron
ISSR
ø]PLU

8607
8233
8053
8456
8351
8047

Karamenderes basin
Keban Dam Lake
Kraft effluent

8253
8546
7959

K
.DPLO$EGXúODJRRQ
Karakaya Dam Lake
Karakoram

8392
8546
8128
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L
Labiatae
Landraces
landscape planning
landslide
land-use historical changes
Large sea trout
Laying hens
Leaf
legal threshold
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8456
7945
8128
8081
8505
8014
8244
8505
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Lettuce
line x tester
Linolenic acid
Lipid peroxidation
longevity
Longmaxi Formation
low-temperature
LWR
lysozyme

8600
8380
8452
8585
8540
8536
8424
8047
8529

M
macronutrients
magnolia species richness
Maize
maize oil
major ions
Malondialdehyde
MDA
Mechanical seal
Mechanism
medicinal
mediterranean toothcarp
melissopalynological analysis
melon
Melons
Mentha pulegium extract
metal levels
microbiological preparation UGmax

8205
7953
8213
8213
8158
8014, 8560
8280
8463
8062
8119
8047
8359
8006
7997
8014
8505
7967

microbiological quality
Micronutrients
micro-pore
Micro-waterbodies
Millet
Mineral composition
mineral water
Mistletoe leaves
mitotic abnormality
mitotic index
MnOx/TiO2-GO
morphological characters
Morphometric analyses
mountain agriculture
Multivariate Statistical Methods
Myclobutanil

8414
8456
8536
8088
8452
8096
8264
7991
8021
8021
8424
8486
8253
8128
8104
8574, 8600

N
Neem
Nepeta viscida
NH3-SCR
NiMo/Al2O3
nitrate

8580, 8594
8119
8424
8493
8205

nitrogen fertilizer form
NMR
nonpoint source infiltration
nutrient element

8486
8328
8191
8029, 8147

8463
7973
8147
8351
8392
8560
8574, 8600

O
oak honey
Oil
oligotrophic
olive mill wastewater
Oman
onion bulb
opportunities
Optimization

8359
8493
8519
8228
8594
8029
7935
8270

Optimum conditions
orange pulp
organic acid
Oryza sativa
Ostracoda
Oxidative damage
Ozonation

P
Parameter estimation
PCA
PCR
Pd monolithic catalyst
Peganum harmala L.
Perfluorinated compounds
Perfluorooctane Sulfonyl Fluoride
periphyton
permanent grassland
Persisten organic Pollutant
pH
phenolic compounds

8071
8328
8340
8297
8447
8347
8347
8519
8081
8347
8328
8228

phytoplankton
Picloram
Plant Growth Regulator
point source infiltration
pollution
polyacrylamide system
ponds
potato
potential ecological risk index
Potentially Toxic Element
prioritization
protein
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8519
8133
8133
8191
8392
8367
8081
7967
8220
8244
8253
7967
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Phenols
phosphate ions
Photosynthetic pigments
physico-chemical

8585
7973
8585
8128

Q
Quercus frainetto Ten

8359
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public health
pumpkin
pure autoregressive model

8505
8021
7953

R
rainwater
rare earth metal
reaction
Real-Time PCR
Recreation
redox
Reduction percentage
remediation
Remove heavy metal method

8180
8297
8498
8286
8553
8424
8574, 8600
7983
8112

reservoir forming zonation
reverse flow
rice
Rice quality
Rich Genotype
River
ROS
ruminants

8438
8297
8351
8270
7997
8035
8560
8096

S
saline rangelands
Scour
SDS
sea urchin toxicity test
Sediment
Sediment Transport
seed maturity stage
seedling development
Selenium fertilizer
Semi-Arid
sensory quality
Sesame
Shale
Shell Colors
Silurian reservoir
sludge
Soil
Soil pollution control
soil quality
Solanum lycopersicum
sol-gel impregnation method
sorghum
southern Xinjiang

8096
8035
7983
8347
8104
8035
8096
8119
8452
8139
8414
8139, 8456
8536
8139
8438
8220
8062,
8568
8568, 8205
8498
8424
8380
8191

sowing date
spas in south-western Poland
Spatial
Spatial autocorrelation
Spatial panel model
Spatial spillover effect
stevia
stream bank and gully erosion
street design
stress
Study
suburban area
sudangrass and water stress
sugar analysis
sugar beet
suitability of drinking water
Sunflower (Helianthus annuus L)
Superoxide dismutase.
surfactant
survey methods
sustainability
Synthesis

8486
8405
8088
7953
8053
8053
8228
8233
8180
8447
8536
8158
8380
8359
8081
8264
8486
8014
7983
7945
7945
8493

T
Target Responsibility System
Technology innovation
Temporal
thawing
TiO2
Tissue culture
Tolerance
Tomato
total phenolic and flavonoid content
Toxicity

8167
8053
8088
8414
8387
8133
8062
8574
8359
8580

Trabzon city
Trace elements
trace metals
Traffic Congestion.
Transportation Emissions
treatment
trend analysis
Tribological properties
Trichogramma evanescens
trnL-F

8180
8452
8158
8308
8308
7959
8468
8463
8540
8351

U
Unwashed biochar
urban landscape

8205
8180

Urbanization

8553
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V
Variety
Virus
Viscum album L. subsp. album L.
W
washed biochar
Waste electronic and electrical equipment (WEEE)

water conservation
water salinity
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8139
8286
7991

Vitamin
Vitamin C
Vitamin E

8452
7997
8014

8205
7935
8180
8029

water washing
Western Balkan
winter squash
wire-cage and dry-stone sills

7983
7935
8021
8233

Y
yield

8139, 8486

Z
Zinc

8456
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FEB ± GUIDE FOR AUTHORS
few brief sentences (one-fourth to one page)
particularly significant findings. Short articles by
relative newcomers to the chemical innovation
arena highlight the key elements of their Master and
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific
journals, by a board of reviewers. Papers are
processed with the understanding that they have not
been published before (except in form of an abstract
or as a part of a published lecture, review or
thesis);that they are not under consideration for
publication elsewhere; that their publication has
been approved by all co-authors, if any, as well astacitly or explicitly- by the responsible authorities
at the institute where the work has been carried out
and that, if accepted, it will not be published
elsewhere in the same form, in either the same or
another language, without the consent of the
copyright holders.

Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as
online journal on the web. You can now e-mail
your manuscripts with an attached file. Save both
time and money. To avoid any problems handling
your text please follow the instructions given
below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer
a lot of features. Some of them can do serious harm
to our layout. So please do not insert hyperlinks
and/or automatic cross-references, tables of
contents, references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS
Word).
2. Please do not insert automatisms or secret linkups between your text and your figures or tables.
These features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical
presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
who are less familiar with the English language
should seek assistance from proficient colleagues in
order to produce manuscripts that are
grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!
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BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
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Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORAL THESIS:
3. Author, N.N. (Year) Title of the thesis,
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UNPUBLISHED WORK:
Papers that are unpublished but have been
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cross-indexing your article.
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field will be able to understand the intention. The
word length of the introduction should be 150 to
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Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.

Corresponding author: The name of the
corresponding author with complete postal address

Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.
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