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REVIEW
NATIONAL AMBIENT AIR QUALITY STANDARDS AND
GUIDELINES: A GLOBAL REVIEW
Sabah A Abdul-Wahab1,*, Amani Alnahdi2, Ali Elkamel2, Emmanuel Ikhile2
1

Department of Mechanical and Industrial Engineering, College of Engineering, Sultan Qaboos University, Muscat, Sultanate of Oman
2
Department of Chemical Engineering, University of Waterloo, Waterloo, Ontario, Canada

different for the same air pollutant that is due to that
different organizations have independently evaluated the evidence on the same air pollutant [4, 5].
In this paper, we investigate the ambient air
quality standards through official publications, relevant responsible government documents, and literature surveys. However, several nations do not have
air quality standards at all and sometimes we face
difficulties to report the standard due to the language issues. As we mentioned earlier, there is significant difference in the ambient air quality standards implemented by different countries. This results in presenting only a total of fifty countries and
organizations as shown in Table 1. It is worth noting that World Health Organization's (WHO) recommendations for air quality is well accepted for
many countries [5, 6]. For instance, Singapore has
standards that are generally adopted from the WHO
guidelines [7].

ABSTRACT
The air quality limits and levels play a key
role for effective and useful air quality management. Ambient air quality standards perform as a
recommendation for what air pollutions levels are
generally safe for most human begins. In this paper,
we identify national ambient air quality standards
and guidelines for include particulate matter (PM10,
PM2.5), sulphur dioxide (SO2), nitrogen dioxide
(NO2), carbon monoxide (CO), lead (Pb), and
ozone (O3) in different countries and organizations.
These national ambient air quality standards covered a verity of averaging times and taken from
literature reviews and inquiring international official databases.

KEYWORDS:
Ambient air quality, Atmospheric pollutants, Guidelines,
Standards

AMBIENT AIR QUALITY STANDARDS
INTRODUCTION

World. The World Health Organization
(WHO). The WHO Air quality guidelines (AQGs)
are proposed to offer global guidance for avoiding
any health effects caused by air pollution [8]. The
first guidelines issued by WHO was in 1979 which
focused on sulphur dioxide and particulate matter
[9]. A comprehensive ambient air quality guideline
that include the carbon monoxide (CO), lead, nitrogen dioxide (NO2), ozone (O3), sulphur dioxide
(SO2) and Total Suspended Particulate (TSP) matter
was published in 1987 by WHO European Office
[10]. The first update to the WHO guidelines was
published in 2000 [11-13] where TSP was replaced
by PM2.5 and PM10, annual average for NO2 was
introduced, and O3 range values were replaced by
an 8-hour average. The most recent update to WHO
guidelines was published in 2005 [13]. The most
significant changes in WHO 2005 compared to
WHO 2000 are as follows:
x For CO: not considering CO where there
was a plan for including it in the WHO indoor air
guidelines [14].

Suspended fine particulate matter, sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO) and ozone (O3) are considered to be the
major pollutants by many countries and organizations [1-5]. Setting air quality limits and thresholds
for these pollutants is very essential in protecting
public health.
Ambient air quality standards are essential for
air quality management. To protect people and the
environment from harm, designing ambient air
quality standards that control concentrations level
of air pollutants is required. The assurance of the air
quality standards comes through Laws and regulations governing air quality [4, 5]. In fact, it is a
challenging task to precisely set a standard for an
air pollutant, which requires inputs from two main
sources including observations of the short-term
and long-term impact of environmental pollutants
and specific experiments under controlled conditions. Ambient air quality standards are sometimes
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x For SO2: the 24-hour guideline value was
decreased by over six times (from 125 to 20 ȝJP3),
but the annual value was stopped and a 10-minute
value introduced.
x For PM10,2.5: numerical guidelines were
provided [15].
The 2005 WHO Air quality guidelines for SO2
in the ambient atmosphere are 500 μg/m3 as a 10minute average concentration and 20 μg/m3 as a 24hour average concentration. The 8-hour averaging
time for O3 is 100 ȝJP3. The SO2 standards include 1-hour and annual averaging times that set to
EH  ȝJP3 and 40 ȝJP3 respectively. The
standard concentration for PM10 based on 24-hour
average is 50 ȝJP3 and based on annual average is
20 ȝJP3. Finally, the standard values for PM2.5 are
25 ȝJP3 and 10 ȝJP3 based on 24-hour and annual average times respectively.

tives in the period from 1996 to 2008 were established [27-30]. However, in 2008, the new Air
Quality Directive (2008/50/EC) entered into force
in which merged four existing Directives into a
single Directive on air quality with no change to
existing air quality objectives [31-32]. The New Air
Quality Directive specifies a concentration limit of
10 mg/m3 for CO in 8-hour averaging times. The 8hours limit for O3 is 120 ȝJP3. The NO2 standard
value for 1-hour is 200 ȝJP3 and for annual averaging times is 40 ȝJP3. The hourly and daily concentration level for SO2 should not exceed 350
ȝJP3 DQG  ȝJP3 respectively. For PM10, the
standard values are 50 ȝJP3 based on 24-hour and
40 ȝJP3 based on annual average times. PM2.5 has
a limit of 25 ȝJP3 in one year averaging time. Finally, the annual averaging times for Pb is 0.5
ȝJP3.

Oceania. Australia. The National Environment Protection Council (NEPC) prepared Australia's first national ambient air quality standards as
part of the National Environment Protection Measure for Ambient Air Quality (NEPM-AAQ) in 1998
[16, 17]. In 2003, the NEPM recommended standards for PM2.5 [18]. The NEPM-AAQ standards
were legally required to be met by the year 2008.
The NEPC established a framework and method for
setting new air quality standards in 2009 [19]. The
NEPM-AAQ standard for CO in an 8-hour averaging time is 10 mg/m3. NO2 should not exceed 225
ȝJP3 per 1-hour and 56 ȝJP3 per year. The standards limits for SO2 in 1-hr/24-hr/year are
524/210/52 ȝJP3. O3 has a limit of 200 ȝJP3 for
every one hour measurement. The PM10 is restricted
to 50 ȝJP3 per day while PM2.5 is limited to 25
ȝJP3 per day and 8 ȝJP3 per year. Finally, Pb
should not exceed 0.5 ȝJP3 in one -year averaging
time.

Asia. Bangladesh. The first set of national
ambient air quality standards was issued in 1997 by
the Department of Environment (DOE) under Environment Conservation Rules [33]. In July 2005
World Bank-Funded Air Quality Management Project3 (AQMP) proposed some modifications to the
established air quality standards. In South Asia,
Bangladesh considered to be one of the first countries to establish PM2.5 in its air quality standards
[34]. Bangladesh specifies a CO 8-hour standard of
10 mg/m3 and 1-hour standard of 40 mg/m3. The
averaging times for SO2 based on 24-hour and annual measurement times are with standard values of
 ȝJP3 DQG  ȝJP3 respectively. Ambient
concentrations of O3 range from 157 ȝJP3 based
on 8-hour averages to 235 ȝJP3 based on 1-hour
averages. The annual averaging times for NO2 and
Pb are 100 ȝJP3 and 0.5 ȝJP3 respectively. The
standard concentration for PM10 based on 24-hour
average is 150 ȝJP3 and based on annual average
is 50 ȝJP3. Finally, the 24-hours and annual averages for PM2.5 are set to be 65 ȝJP3 and 15 ȝJP3.

Europe Union. Many European Union (EU)
Directives have been established for evaluating
environmental air quality in EU member countries.
This is done by the European Commission (EC)
that is the executive body of the European Union
responsible for proposing legislations for EU members [20, 21]. The first EU legislation on ambient
air quality standard was issued in 1980, Directive
80/779/EEC, which was based on two main pollutants including SO2 and TSP [22]. Two years later,
EU established a new legislation, Directive
82/884/EEC, for limiting the value for lead in the
air [23]. Nitrogen dioxide concentration limit came
into force in 1985 through directive 85/203/EEC
[24]. In 1992, EU issued a standard limit for ozone
under legislation No. EC Directive 92/72/EEC [25].
The first comprehensive ambient air quality standard was introduced in 1996 namely, the European
Air Quality Framework Directive (Directive
96/62/EC) [26]. Many European Union (EU) Direc-

Bhutan. Bhutan has been able to establish its
own set of ambient air quality standards in 1999
WKURXJK WKH 1DWLRQDO (QYLURQPHQW &RPPLVVLRQ¶V
(NEC) [35, 36]. The shortcoming of this standard is
that it is adopted straight out of WHO standards
without taking into consideration the realistic relevance to Bhutan. Furthermore, this standard is not
implemented due to the lack of appropriate monitoring equipment and human resources [37]. In
2003, however, NEC had established a Bhutan Air
Quality Network under the project funded by Asian
Development Bank (ADB). The recommended air
quality standard for Bhutan is divided into three
areas including, industrial, residential, and sensitive
areas. The standard specifies the CO limit values
for the industrial areas as 10 mg/m3 per 1-hour and
5 mg/m3 per 8-hours, for residential areas as 4
mg/m3 per 1-hour and 2 mg/m3 per 8-hours, for
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ȝJP3 based on 1-hr/24-hr/annual. The 1-hours
average limits for O3 are 160 ȝJP3 for Grade 1 and
200 ȝJP3 for Grades 2 and 3. Finally, PM10 standards for Grade 1 are 50 ȝJP3 for 24-hr and 40
ȝJP3 annually, for Grade 2 are 150 ȝJP3 for 24hr and 100 ȝJP3 annually, and for Grade 3 are 250
ȝJP3 for 24-hr and 150 ȝJP3 annually.

sensitive areas as 2 mg/m3 per 1-hour and 1 mg/m3
per 8-hours. Bhutan standards share similar values
for both NO2 and SO2 for all industrial, residential,
and sensitive areas where the 24-hours average is
120 ȝJP3 and the annual average is 80 ȝJP3. The
daily maximum allowed values for PM10 is 150
ȝJP3 for industrial areas, 100 ȝJP3 for residential
areas, and 75 ȝJP3 for sensitive areas where the
annual maximum allowed values is 120 ȝJP3 for
industrial areas, 60 ȝJP3 for residential areas, and
50 ȝJP3 for sensitive areas. Finally, the Pb concentration levels for the industrial areas are 1.5
ȝJP3 per daily and 1 ȝJP3 annually, for residential areas are 1 ȝJP3 daily and 0.75 ȝJP3 annually, for sensitive areas are 0.75 ȝJP3 daily and 0.5
ȝJP3 annually.

Hong Kong. The ambient air quality standard
in Hong Kong (Special Administrative Region,
SAR) was established in 1987 under the Air Pollution Control Ordinance (APCO) [45-47]. The Environmental Protection Department (EPD) [48] under
the Environment Bureau of the Hong Kong SAR
Government is responsible for setting the air quality
standards. Hong Kong set a standard for CO in 8hour averaging times as 10 mg/m3 and 1-hour as 30
mg/m3. The SO2 standards include 1-hour, 24-hour
and annual averaging times, which set to be 800
ȝJP3, 350 ȝJP3 and 50 ȝJP3 respectively. The
1-hour averaging time for O3 is 240 ȝJP3. Again,
three averaging times for NO2 including 1-hour, 24hour and annual and the standard values are 300
ȝJP3, 150 ȝJP3 and 80 ȝJP3 respectively. The
standard concentration for PM10 based on 24-hour
average is 180 ȝJP3 and based on annual average
is 55 ȝJP3. Finally, the 3-months averaging times
for Pb is set to be 1.5 ȝJP3. In 2007, the Government proposed new Air Quality Objectives based
on the acknowledgement of the World Health Organization (WHO) which add SO2 (350 ȝJP3 for
10-minute), NO2 (200 ȝJP3 for 1-hour and 40
ȝJP3 for annual); and Pb (0.5 ȝJP3 for annual).
Also, adopting the concentration targets set out
under WHO Interim Target (IT2) for PM10 (100
ȝJP3 for 24-hour and 50 ȝJP3 for annual); and
finally adopting the concentration targets set out
under WHO IT1 for SO2 (125 ȝJP3 for 24-hour)
and update PM2.5 (75 ȝJP3 for 24-hour and 35
ȝJP3 for annual), and the IT for O3 (160 ȝJP3 for
8-hour). In January 2012, the Hong Kong Government update of the proposed new Air Quality Objectives (AQOs) and expected that the update will
take effect in 2014 [48].

Cambodia. In Cambodia, several ministries
contribute during the process of issuing the air quality standards including The Ministry of Environment (MoE), Ministry of Health (MoH) and Ministry of Industry (MoI), and Mine and Energy
(MIME) [38,39]. The first set of ambient air quality standards in Cambodia was established in July
2000. The Cambodian standard for CO in 8-hour
averaging time is 20 mg /m3 and in 1-hour averaging time is 40 mg/m3. For SO2, three averaging
times specified for the Cambodian standards including 1-hour, 24-hour and annual; and the standard
YDOXHV DUH  ȝJP3, 300 ȝJP3 and 100 ȝJP3
respectively. The 1-hour averaging time for O3 is
200 ȝJP3. The standard concentration for NO2
based on 1-hour average is 300 ȝJP3 and based on
24-hours average is 100 ȝJP3. Finally, the 24hours averaging times for Pb is set to be 5 ȝJP3.
The CambodiaQ¶VVWDQGDUGGRHVQRWFRQVLGHU3010
or PM2.5.
China. The air quality standards of China
were first established 1996 and revised in 2000 by
the State Environmental Protection Administration
(SEPA) of China [40-41]. 7KH &KLQD¶V DLU TXDOLW\
standards are divided into three grades based on the
area [43,44]. Grade 1 is for protected areas, such as
natural conservation areas and historical sites,
Grade 2 is for residential commercial areas, and
Grade 3 is for industrial areas. The concentration
levels for CO based on 24-hours averaging times
are 4 mg/m3 for Grades 1 and 2 and 6 mg/m3 for
Grade 3. The NO2 maximum limits based on 1hr/24-hr/annual averaging times for Grade 1 are
120/80/40 ȝJP3 and for Grades 2 and 3 are
240/120/80 ȝJP3. Grade 1 area has limited values
for SO2 of 150 ȝJP3 based on 1-hour average, 50
ȝJP3 based on 24-hour average, and 20 ȝJP3
based on annual average. Grade 2 standards are not
restricted in SO2 as in Grade 1 where the limited
values for 1-hour, 24-hours, and annual averages
are 500 ȝJP3, 150 ȝJP3, and 60 ȝJP3 respectively. Grade 3 standards for SO2 are 700/250/100

India. The first ambient air quality standards
in India was issued in 1982 [49]. The Central Pollution Control Board (CPCB) reported the national
ambient air quality standards in 1994 which uses
different set of standards according to the area prescribed (i.e., industrial, residential, and sensitive
areas) [49]. Again in 2009, Ministry of Environment and Forests (MoEF) updated the air quality
standards where it placed uniform standards for
residential and industrial areas [50]. The concentration levels for all pollutants are similar for industrial, residential, and sensitive areas except for SO2
and NO2 as annual averaging times that set to be 50
ȝJP3 for residential and industrial areas and 20
ȝJP3 for sensitive areas for SO2 as well as 40
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ȝJP3 for residential and industrial areas and 30
ȝJP3 for sensitive areas for NO2. The standard for
CO in 8-hour averaging times is 20 mg/m3 and in 1hour as 40 mg/m3. Both SO2 and NO2 standards for
24-hour averaging times is set to be 80 ȝJP3. The
allowed concentration levels for O3 range from 100
ȝJP3 based on 8-hour averages to 180 ȝJP3 based
on 1-hour average. The standard concentration for
PM10 based on 24-hour average is 100 ȝJP3 and
based on annual average is 60 ȝJP3. For PM2.5, the
standard values are 60 ȝJP3 and 40 ȝJP3 based on
24-hour and annual average times respectively.
Finally, the 24-hours and annual averages for Pb are
set to be 1 ȝJP3 and 0.5 ȝJP3 respectively.
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12.3 mg/m3 (10 ppm) and 24.7 mg/m3 (20 ppm),
respectively. For PM10, the daily average values
VKDOOQRWH[FHHGȝJP3, and annual values shall
QRW H[FHHG  ȝJP3. The environmental quality
standard for PM2.5 was introduced in 2009 where
the 24 hours standard is set to be 35 ȝJP3 and the
annual standard is set to be 15 ȝJP3.
Korea. The Environmental Preservation Act
in Korea issued Air Quality Preservation Act in
1990, which now referred to as the 1990 Clean Air
Conservation Act [56]. The first air quality standards for Korea was established in 1978 and then
revised in 1983, 1991, 1993, 2001, 2007 and 2009
[57]. The Ministry of Environment (MoE) is responsible drafting, reviewing and approving the air
quality standards. The CO standards for averaging
times 1-hour and 8-hours are 28,  ȝJP3 and
ȝJP3 respectively. The SO2 standard value
for 1-KRXULVȝJP3, for 24-hour is 131 ȝJP3,
and for annual averaging times is 52 ȝJP3. For
NO2, the allowed value for 1-hour averaging time is
188 ȝJP3, for 24-hour is 113 ȝJP3 and for annual
is 56 ȝJP3. O3 are limited to 196 ȝJP3 for 1-hour
averaging time and 118 ȝJP3 for 8-hours average.
For PM10, the standard values are 100 ȝJP3 based
on 24-hour and 60 ȝJP3 based on annual average
times. Finally, the annual averaging times for Pb is
0.5 ȝJP3.

Indonesia. The Government Regulation or
Peraturan Pemerintah (PP) of the Republic of Indonesia first established the national ambient air
quality standard in Indonesia in 1999. The Ministry
of Environment (MoE) allows provincial governments to set ambient air quality standards that are
stricter than or at least equivalent to the national
standards [51,52]. The national standard for CO in
8-hour averaging times is 10 mg/m3 and in 1-hour
as 30 mg/m3. The SO2 standards include 1-hour, 24hour and annual averaging times that set to be 900
ȝJP3, 365 ȝJP3 and 60 ȝJP3 respectively. Three
averaging times for NO2 including 1-hour, 24-hour
DQGDQQXDODQGWKH VWDQGDUGYDOXHVDUH ȝJP3,
150 ȝJP3 and 100 ȝJP3 respectively. The concentration levels for O3 are 50 ȝJP3 for 24-hour averaging times and 235 ȝJP3 for 1-hour average. The
standard concentration for PM10 based on 24-hour
average is 150 ȝJP3. Finally, the annual averaging
times for Pb is 1 ȝJP3.

Kuwait. Kuwait Environment Public Authority (KEPA) issued new/revised air quality regulations on March 2012 [58,59]. KEPA is responsible
for mandating strict controls to meet the ambient air
quality standards. Ambient air quality within Kuwait should be under control by applying Kuwait
Ambient Air Quality Standards. The CO standards
are 30 mg/m3 for 1-hour average and 10 mg/m3 for
8-hours average. For NO2, the daily allowed value
is 200 ȝJP3 while the annual limit is 40 ȝJP3. The
daily average limit for SO2 is 20 ȝJP3 and its
hourly limit is 75 ȝJP3. The O3 has a limit of 100
ȝJP3 per 8 hours. The maximum daily limits for
PM10 and PM2.5 are 150 ȝJP3 and 35 ȝJP3 respectively, while the annual limit for them are 90 ȝJP3
and 15 ȝJP3 respectively. Finally, Pb has an annual limit of 0.5 ȝJP3.

Iran. In Iran, the Department of Environment
(DOE) is responsible for prevention of Air Pollution since 1973 [53]. The government of Iran is
considering the air pollution seriously after realizing that Tehran is one of the worst cities in the
world in terms of air pollution, according to data
collected by the Air Quality Control Company
(AQCC) and the DOE. The national air quality
standard for Iran specifies the limit for CO as of 10
mg/m3 every 8-hour averaging time. The annual
NO2 standard is 100 ȝJP3 and the daily SO2 standard is 365 ȝJP3. Finally, the daily PM10 limit is
260 ȝJP3.

Malaysia. The Department of Environment in
Malaysia formulated a set of air quality guidelines
called the Recommended Malaysian Air Quality
Guidelines (RMG) in 1989 [60]. DoE then established the Malaysian Air Quality Index (MAQI)
based on RMG, in 1993 [61] 7KH 0DOD\VLDQ¶V
standards for CO are 35 mg/m3 based on 1-hour
average and 10 mg/m3 based on 8-hours average.
The NO2 guidelines are specified as 320 ȝJP3 for
1-hour average and as 90 ȝJP3 annually. The 1hour and 24-hours averages for SO2 are 350 ȝJP3
and 105 ȝJP3 respectively. For O3, the 1-hour limit

Japan. Japanese Ministry of the Environment
(MoE) enacted the Air Pollution Control Act in
1968 and established the first ambient air quality
standard for SO2 [54, 55]. The standard values for
SO2 in one hour averaging time is 282 ȝJP3 (0.1
ppm) and in 24 hours averaging time is 110 ȝJP3
(0.04 ppm). In 1978 the standard for NO 2 was added where the limited daily value is set to be 120
ȝJP3 (0.06 ppm). The maximum allowed values
for CO in 1-hour and 8-hours averaging times are
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is 200 ȝJP3 and the 8-hours limit is 120 ȝJP3.
The daily average limit for PM10 is 150 ȝJP3 and
the annual average limit is 50 ȝJP3. Finally, the Pb
concentration level based on the Malaysia standard
is restricted to 1.5 ȝJP3 for 3 months average
times.
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daily and annual average limits for SO2 are 80
ȝJP3 and 40 ȝJP3. NO2 daily average level is 120
ȝJP3 while the annual average limit is 20 ȝJP3.
The 1-hour averaging time for O3 is 180 ȝJP3 as of
2009 and 130 ȝJP3 as of 2012. The PM10 standards are 250 ȝJP3 for 24-hr and 200 ȝJP3 annually as of 2009 and 150 ȝJP3 for 24-hr and
ȝJP3 annually as of 2012. The PM2.5 maximum
limits based on 1-hr/24-hr/annual averaging times
for 2009 are 25/40/25 ȝJP3 and for 2012 are
15/35/15 ȝJP3. Finally, the concentration levels
for Pb are 2 ȝJP3 for 24-hr and 1.5 ȝJP3 annually
as of 2009 standards and 1.5 ȝJP3 for 24-hr and 1
ȝJP3 annually as of 2012 standard.

Mongolian. The Mongolian national ambient
air quality standards were established in 1998
through Mongolian Agency of Standardization and
Metrology [62-64]. The Mongolian national standard for 24-hour NO2 concentration is 40 ȝJP3. For
SO2, the standard limit is 30 ȝJP3 on a daily average. The 1-hours averaging time for O3 should not
exceed 120 ȝJP3. Finally, the daily average for Pb
is 1 ȝJP3.

Philippine. The Presidential Decree (PD) in
Philippine issued the first air quality standards in
1978 [70]. Then, the Department of Natural Resources (DENR) Administrative Order (DAO) updated the standards in 1992 as known as the national air quality guidelines values (NAAQGV) [71].
The NAAQGV for CO is 10 mg/m3 as 8-hours averaging times and 35 ȝJP3 as 8-hours. For SO2,
NAAQGV is set to be 180 ȝJP3 as 24-hr averaging times and 80 ȝJP3 annually. The NO2 concentration level is limited to 150 ȝJP3 for 24-hour.
The maximum levels for O3 range between 60
ȝJP3 for 8-hour and 140 ȝJP3 for 1-hour average
times. PM10 has NAAQGV as 140 ȝJP3 for 24-hr
and 140 ȝJP3 annually. The 3-months and annual
averages for Pb are 1.5 ȝJP3 and 1 ȝJP3 respectively.

Nepal. ,Q  +LV 0DMHVW\¶V *RYHUQPHQW
+0*  HVWDEOLVKHG 1HSDO¶V QDWLRQDO DPELHQW DLU
quality standards [64]. Ministry of Science and
Technology (MoST) is in charge of the national
ambient air quality standards. Nepal has ambient
air quality standards for PM10 as 120 ȝJP3 for 24hour. For CO, the standard is 10 mg/m3 for 8-hour
and 10 mg/m3 for 15-minutes. The 24-hours and
annual averaging times for NO2 are set to be 80
ȝJP3 and 40 ȝJP3 respectively. The SO2 concentration levels are limited to 70 ȝJP3 for 24-hour
and 50 ȝJP3 for annual averaging times. Lastly, Pb
has not to exceed 0.5 ȝJP3 annually.
Oman. Ministry of Environment and Climate
Affairs (MECA) is the responsible Ministry for air
quality in Sultanate of Oman. Since there are no
national Omani standards for ambient air quality,
MECA recommends applying the of USEPA's National Ambient Air Quality (NAAQ) [66]. Currently, MECA in the process of developing a preliminary developing Omani Ambient Air Quality
(OAAQ) Standard, which is considering a daily
averaging time for NO2, SO2, and PM10 as 112, 125,
and 125 ȝJP3 respectively. The 8-hour averaging
time for CO is limited to 6 mg/m3 and for O3 is
limited to 120 ȝJP3. This standard also indicates
the limit for hydrocarbon non-methane (HCNM) for
3 hours averaging time as of 160 ȝJP3.

Qatar. The State of Qatar has paid attentions
to the air quality through regulations and implementation of standards by Supreme Council for
Environment and Natural Reserves (SCENR) [72].
In 2002, the Qatar Government published the executive regulations (Law No. 30/2002) related environmental protection and standards related to ambient air quality became legally binding [73]. These
standards defined the maximum authorized values
for CO as 40 mg/m3 based on 1-hour averaging
period. The maximum permissible level for NO2 in
1-hour is 400 ȝJP3, in 24-hours is 150 ȝJP3 and
in 1-year is 100 ȝJP3. For SO2, the allowed value
in one day is 365 ȝJP3 and in one year is 80
ȝJP3. The daily and annual averaging times for
PM10 are 150 ȝJP3 and 50 ȝJP3 respectively.
Finally, the 3-months averages for Pb is 1.5 ȝJP3.

Pakistan. Although, Pakistan lacks standards
for ambient air quality [67], researchers start to
review other standards including, the World Health
Organization air quality guidelines, standards established by the Eastern Mediterranean and Southeast
Asian countries, in order to propose the national
ambient air quality standard for Pakistan [68, 69].
The draft National Air Quality Standards for Pakistan supposed to be effective 2009 and 2012 [69].
Both proposals share the same limit values for all
pollutants except PM, O3, and Pb. The proposed
standards limit values for CO are 10 mg/m3 for 1hour average and 5 mg/m3 for 8-hours average. The

Saudi Arabia. In Saudi Arabia, Presidency of
Meteorology and Environment (PME) is responsible for the protection of the environment and the
development of environmental protection standards
[74]. PME recently issued national ambient air
quality standards that were effectuated in 2012. The
standard recommends limit values for CO are 40
mg/m3 for 1-hour average and 10 mg/m3 for 8-hours
average. For NO2, the 1-hour average is limited to
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ȝJP3 and the 8-hours average is 10305 ȝJP3. For
SO2, three averages are considered where the 1hour average is 784.8 ȝJP3, the 24-hours average
is 313.92 ȝJP3 and the annual average is 104.64
ȝJP3. The O3 concentration level at 1-hour average is 196.2 ȝJP3 and the 8-hours average is
137.34 ȝJP3. PM10 should not exceed 120 ȝJP3
in 24-hours averaging time and 50 ȝJP3 annually.
Finally, Pb standard is 0.5 ȝJP3 as 1-month averaging time.

660 ȝJP3 and 100 ȝJP3 annually. The concentration level for SO2 in 1-hour is 730 ȝJP3, in 8-hours
is 365 ȝJP3, and in 1-year is 80 ȝJP3. O3 has limited values for 1-hour and 8-hours as 150 ȝJP3 and
150 ȝJP3 respectively. The maximum allowed
values for PM10 and PM2.5 per day are 340 ȝJP3
and 35 ȝJm3, and per year are 80 ȝJP3 and 15
ȝJP3. Lastly, Pd is restricted to 0.5 ȝJP3 annually.
Singapore. The National Environment Agency (NEA) is a legal board formed in July 2002
which responsible for implementing environmental
policies [75]. The National Energy Efficiency
Committee (NEEC) is actively engaged in SingaSRUH¶VFOHDQDLU7KH6LQJDSRUHOHJLVODWHGVWDQGDUGV
for air pollutants are adopted for US EPA Primary
air quality standards and WHO air quality guidelines. The one-hour concentration level of CO is
limited to 40 mg/m3 while the 8-hour level is 10
mg/m3. The hourly limit for NO2 is 188 ȝJP3 and
the annual limit is 100 ȝJP3. For SO2, the
1/24/annual averaging times are 196/365/80 ȝJP3.
The O3 is limited to 235 ȝJP3 per hour and 147
ȝJP3 per 8-hour averaging times. The daily and
annual averaging times for PM2.5 are 35 ȝJP3 and
15 ȝJm3 respectively, while the PM10 daily limit
is 150 ȝJP3.

Vietnam. Tieu Chuan VietNam (TCVN) established the air quality standard in Vietnam in
1995 [57]. Provincial Departments of Science,
Technology and Environment (DOSTE) is responsible for developing and issuing standards relating
to environmental issues including the air quality
standard. Some revisions to national ambient air
quality standards were taken in 2005 and 2009. The
9LHW1DP¶V VWDQGDUG VSHFLILHV WKDW WKH &2 FRQFHQ
tration level in 1-hour is set to be 30 mg/m3, in 8hours is 10 mg/m3 and in 24-hours average is 5
mg/m3. The NO2 and SO2 concentration levels for
1-hour, 8-hours and annual averaging times are 200
ȝJP3, 100 ȝJP3, 40 ȝJP3 and 350 ȝJP3, 125
ȝJP3, 50 ȝJP3 respectively. The concentration
levels for O3 are 180 ȝJP3 for 1-hour, 120 ȝJP3
for 24-hour averaging times and 80 ȝJP3 for 1hour average. PM10 has a concentration level as 150
ȝJP3 and 50 ȝJP3 for 24-hours and annual averages. Finally, Pb has an annual average of 0.5
ȝJP3.

Sri Lanka. In Sri Lanka, the first set of national ambient air quality standards were established in 1994 through Gazette Extraordinary and
the Central Environmental Authority (CEA) that is
responsible for implementing the standard [76]. The
first revision of the air quality standard was in 2008
by Ministry of Environment and Natural Resources
(ME&NR). Sri Lanka has national ambient air quality standards for CO as 1-hour with the value of 30
mg/m3 and as 8-hours with value of 10 mg/m3. The
NO2 standards for 1-hour are set to be 250 ȝJP3
and 100 ȝJP3 for 8-hour. The 1-hour standard for
SO2 is 200 ȝJP3 and the 24-hours averaging times
standard is 80 ȝJP3. The O3 has a limit of 200
ȝJP3 based on 1-hour averaging time. The 24hours standard for PM10 is 100 ȝJP3 and for PM2.5
is 50 ȝJP3 where the annually averaging times for
PM10 is 50 ȝJP3 and for PM2.5 is 25 ȝJP3.

Afghanistan. Afghanistan has not established
any national ambient air quality standards. The
Government is still in the process of adoption of
standards [57].
Bahrain. Although, the Bahrain Government
set up air monitoring equipment in each of BahUDLQ¶V ILYH governorates, however; no national
standards are issued but these data are compared
ambient air quality standards [73].
Lao PDR. The Lao PDR government currently does not consider any air pollutants standards for
any of the air pollutants. One of the reasons for why
air pollutants has been compiled to date is that the
government reported to United Nation UN is the
lack of resources [57].

Thailand. Thailand established the first national ambient air quality standards (NAAQS) in
1981 where Ministry of Natural Resources and Environment (MNRE) and the Pollution Control Department (PCD) contributed to the drafting, reviewing and proposing of NAAQS. Including the promulgation of the 8-hours average standard for O3 and
the proposal of the PM10 were proposed during revision of the 1981 standard in 2007 [57,77,78]. The
current NAAQS of Thailand indicates that the NO2
level should not exceeded 319.16 ȝJP3 in 1-hour
average. The 1-hour average for CO is 34.350

Africa. Egypt. The ambient air quality standard was first issued in 1994 under the Executive
Regulations of the Environmental Law (no 4/1994).
The Environmental Information and Monitoring
Program (EIMP) under the Environmental Quality
Sector-Egyptian Environmental Affairs Agency
[79] issued this standard. The 1994 standards specify a limit for CO concentration level as of 1-hour
with the value of 30 mg/m3 and as 8-hours with
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value of 10 mg/m3. The maximum annual/day/hour
allowable limits for SO2 are 60/150/350 μg/m3. The
daily and hourly limits for NO2 are 150 ȝJP3 and
400 ȝJP3 respectively. The maximum allowable
limits for O3 is 120 ȝJP3 per hour and 200 ȝJP3
per 8-hour. The daily limit for PM10 is set to be 70
ȝJP3. Finally, the Pb concentration level is limited
to 1 ȝJP3 per year.

Fresenius Environmental Bulletin

2001 under the Senegalese Norm NS 05-062, which
specifies limit values for ambient air pollution concentration [84]. 7KH 6HQHJDO¶V VWDQGDUG OLPLWV WKH
CO concentration level to be 30 mg/m3 in 24-hours
average. The O3 concentration level at 8-hour average is 120 ȝJP3. The maximum allowed level for
NO2 in 1-hour is 200 ȝJP3 and in 1-year is 40
ȝJP3. For SO2, the allowed value in one day is 125
ȝJP3 and in one year is 50 ȝJP3. The daily average limit for PM10 is 260 ȝJP3 and its yearly limit
is 25 ȝJP3. The Pb annual limit is 2 ȝJP3.

Tunis. The Ministry of Environment and Sustainable Development in Tunis has established
standards regarding the main pollutants [80]. Due to
the lack of any official documents, the establishing
year for this standard could not be presented. The
standard restricted the concentration levels for CO
in 1 hour to be 40 mg/m3 and in 8 hours to be 10
mg/m3. NO2 concentration level should not exceed
660 ȝJP3 based on one hour averaging time and
200 ȝJP3 annually. The daily and annual limits for
SO2 are 80 ȝJP3 and 365 ȝJP3 respectively. O3 is
restricted to 235 ȝJP3 every one hour. For PM10,
the daily average values should not exceed 260
ȝJP3, and annual values should not exceed 80
ȝJP3. The Pb daily limit is 2 ȝJP3.

South African. In 2004, The National
Framework for Air Quality Management in South
Africa established the air quality objectives under
Air Quality Act (Act No. 39 of 2004) [85]. The
standard recommends limit values for NO2 are 200
ȝJP3 for 1-hour average and 40 mg/m3 for annual
average. The concentration level for O3 is 120
ȝJP3 for 8-hour period. For SO2, three averages
are measured where the 1-hour average is 350
ȝJP3, the 24-hours average is 125 ȝJP3 and the
annual average is 50 ȝJP3. The daily and annual
averaging times for PM2.5 are 65 ȝJP3 and 25
ȝJP3 respectively, while daily and annual limits
the PM10 are 120 ȝJP3 and 50 ȝJP3 respectively.

Ghana. Regulations for issuing national environmental standards for ambient air quality in Ghana was first introduced in 2000, under The Environmental Protection Agency Act, (Act 490) [81].
7KH *KDQD¶V VWDQGDUGV IRU DPELHQW DLU TXDOLW\ DUH
divided into two main limits based on the area protected including, Industrial and Residential areas.
Both the Industrial and Residential standards for
CO are 30 mg/m3 in 1-hour and 10 mg/m3 in 8-hour
averaging times. The Industrial standard for NO2 is
 ȝJP3 based on one year average. The SO2
maximum concentration levels based on 1-hr/24hr/annual averaging times for Industrial standard
are 900/150/80 ȝJP3 and for Residential standards
are 700/100/50 ȝJP3. PM10 limit for both Industrial
and Residential standards is 70 ȝJP3 based on 24hour averaging times. Finally, the annual limit for
Pb in both standards is 2.5 ȝJP3.

North America. Canada. The Canadian
Government issued two official standards including
National Ambient Air Quality Objectives
(NAAQOs) and Canada-Wide Standards (CWS). In
mid 1970s, the NAAQOs were issued under the
&DQDGD¶V IRUHPRVW IHGHUDO HQYLURQPHQWDO ODZ WKH
Canadian Environmental Protection Act (CEPA).
The NAAQOs is consider to be a federal standard,
however provincial governments have their own air
quality standards that often differ from the federal
objectives [86]. The NAAQO specifies maximum
desirable, acceptable, and tolerable concentration
levels for SO2, NO2, CO, O3, and PM [87,88]. The
NAAQOs maximum acceptable levels are considered here in this research. The 1-hour and 8-hour
standards for CO are 35 mg/m3 (13 ppm) and 15
mg/m3 (5 ppm). The 1-hour averaging time for
NO2 is 400 ȝJP3 (213 ppb), the daily limit is 200
ȝJP3 (106 ppb), and the annual limit is 100 ȝJP3
(53 ppb). For SO2, three averaging times specified
for the NAAQO standards including 1-hour, 24hour and annual and the standard values are 875
ȝJP3 (334 ppb), 300 ȝJP3 (115 ppb) and 60 ȝJP3
(23 ppb) respectively. Finally, the maximum acceptable levels for O3 are set to be 160 ȝJP3 (82
ppb) for 1-hour averaging times, and 50 ȝJP3(25
ppb) for 8-hour averaging times. The Canada-wide
Standards was first issued in 2000 by the Canadian
Council of Ministers of the Environment (CCME),
for all provinces except Québec, for PM2.5 and O3
[89]. The CWS standard for PM2.5 is 30 ȝJP3 based
on 24-hour averaging time and to be met by 2010.
The CWS for O3 of 128 ȝJP3 (65 ppb) based on 8-

Tanzania. The National Environmental
Standards Committee of Tanzania Bureau of Standards proposed the first national ambient air quality
standards in 2007 [82, 83]. In this standard, CO has
a concentration limit of 30 mg/m3 in 1-hour period
and 10 mg/m3 in 8-hours averaging times. The NO2
concentration level should not exceed 120 ȝJP3
within 8-hour averaging times and should not exceed 150 ȝJP3 on a daily average. The maximum
levels in daily and yearly averaging times for SO2
are 125 ȝJP3 and 50 ȝJP3 respectively. Finally,
the Pb concentration level is 1.5 ȝJP3 in one day
period.
Senegal. The Senegal Government issued
their first national ambient air quality standards in
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hour averaging time is 10 mg/m3 and in 1-hour averaging time is 40 mg/m3. For NO2, the primary
standard in 1-hour average is limited to 190 ȝJP3
and the primary and secondary standard is 100
ȝJP3 annually. The 1-hour averaging time for SO2
in the primary standard is 190 ȝJP3 and the 3-hour
averaging time for that secondary standard is 1300
ȝJP3. The NAAQS for PM10 and PM2.5 are identical for primary and secondary in the daily averaging time, which set to be as 35 ȝJP3 and 15 ȝJP3
respectively. The annual averaging time for PM2.5 in
the primary standard is 12 ȝJP3 and in the secondary standard is 15 ȝJP3. The O3 concentration level at 8-hour average is 150 ȝg/m3 for both primary
and secondary standards. Finally, the Pb concentration level for both primary and secondary standards
is 0.15 ȝJP3 in 3-months.

hours averaging time and to be achieved by 2010 as
well. In 2010, a new Canadian Ambient Air Quality
Standards (CAAQS) was proposed as part of comprehensive air management system for Canada [90,
91]. The CAAQS is proposed to replace the existing Canada-wide Standards by strengthening standards for PM2.5 and O3, and ambient goals to be
achieved by 2015 and 2020 (slight difference between 2015 and 2020 standards). The CAAQS limit
for PM2.5 is 28 ȝJP3 as a 24-hours averaging time
and 10 ȝJP3 per year, and to be achieved by 2015.
The CAAQS for O3 based on 8-hours averaging
time is set to be 124 ȝJP3 (63 ppb) and to be
achieved by 2015.
Mexico. In Mexico, air quality guidelines and
regulations has been established the federal level VLQFH¶VE\0H[LFR VEnvironmental and Natural Resources Ministry, Secretaría de Medio Ambiente y Recursos Naturales (SEMARNAT) [92]. The
first official Mexican standards that control maximum concentrations of environmental pollutants
were issued 1993 [93]. Since then, there were no
any changes to the first official standards [94]. The
0H[LFDQ¶V QDWLRQDO VWDQGDUG IRU &2 RYHU -hours
average is 57 mg/m3 and over 1-hour average is 13
mg/m3. The NO2 concentration level should not
exceed 100 ȝJP3 in one year and 395 ȝJP3 in one
hour averaging times. The maximum allowed level
for SO2 in 1-hour is 524 ȝJP3, in 8-hours is 288
ȝJP3, and in 1-year is 66 ȝJP3. The O3 has a limit
of 157 ȝJP3 in one hours and 216 ȝJP3 in 1 hours
averaging times. The 24-hours standards for PM10
and PM2.5 are 120 ȝJP3 and 65 ȝJP3 respectively,
where their annually averaging times are 50 ȝJP3
and 15 ȝJP3. The Pb standard is 0.5 ȝJP3 as 3month averaging time.

Latin America. Argentina. Argentina has
several environmental regulations similar to other
countries. Different standards are exist for each
level of government including standards for the city
of Buenos Aires (ordenanza 39.025 of 1983),
standards for the Province of Buenos Aires (law
11.459 of 1993), and standards for all the Nation
(law 20.284 of 1973) [94, 97]. In this paper, we will
mention the National Air Quality Standards in Argentina. The national standards limit the CO to be
11 mg/m3 in 8-hour averaging times and 57 mg/m3
in 1-hour averaging time. The standard concentration for NO2 based on 1-hour average is 847 ȝJP3
and based on 24-hours average is 282 ȝJP3. The
maximum level can be reached in SO2 based on 1hour averaging times is 1620 ȝJP3, based on 8hour is 780 ȝJP3, and based on 3-months averaging times is 80 ȝJP3. Finally, the concentration
level of 200 ȝJP3 is the maximum allowed level
for O3 in 1-hour averaging times.

United States. United States Environmental
Protection Agency (EPA) is the Federal Department
that is responsible for ambient air quality standard.
The National Ambient Air Quality Standards
(NAAQS) was the first air quality standard that was
issued in 1970 under the federal law of Clean Air
Act (CAA) [95]. Two types of NAAQS are set by
EPA including, primary standards (for public
health) and secondary standards (for public welfare). Several modifications were applied to
NAAQS such as the addition of Pb in1977 and removal of hydrocarbons in 1983. Other alterations to
the NAAQS include the replacement of total suspended particulates (TSP) by PM10 in 1987 and the
addition of PM2.5 in 1997. In terms of changes in
the maximum allowable level of pollutants since
1970 NAAQS standards to the current one, we refer
reader to National ambient Air Quality Standards
[96] for further details. However, we will mention
the current NAAQS as of 2013 as well as the difference between the primary and secondary standards. The NAAQS primary standard for CO in 8-

Bolivia. The year of 2008 in Bolivia approved
new rules on air quality by the Bolivian Institute
Standardization and Quality (IBNORCA) [94, 98,
99]. Bolivian standards specify a CO 8-hour standard of 10 mg/m3 and 1-hour standard of 40 mg/m3.
The one-hour O3 concentration level should not
exceed 236 ȝJP3. For NO2, the standard for 1-hour
period is 400 ȝJP3 and the standard for 8-hour
period is 150 ȝJP3. The maximum levels for daily
and yearly averaging times in SO2 are 365 ȝJP3
and 80 ȝJP3 respectively. Finally, PM10 should not
be above 150 ȝJP3 in 24-hours and 50 ȝJP3 in
one year averaging times.
Brazil. The standards for air quality were approved in 1990 by the National Environment Council (CONAMA) which is the Brazilian agency in
charged with ambient air quality policies [100].
Similar to US NAAQS, CONAMA air quality
standard is divided into primary standards which
human health would be impacted, and secondary
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mg/m3 per 8-hours and 40 mg/m3 per 1-hour averaging times. The O3 concentration level is set to be
160 ȝJP3 every one hour. The NO2 standard for 1hour averaging time is 400 ȝJP3 and for one year
period is 100 ȝJP3. The daily and yearly concentration levels for SO2 should not be above 365
ȝJP3 and 80 ȝJP3, correspondingly. Finally, the
concentration levels of 150 ȝJP3 and 50 ȝJP3 are
the maximum allowed levels for PM10 in 24-hour
and 1-year averaging times respectively.

standards which related to area other that than in
the primary. The primary standard is the most applicable for Brazil, yet states can designate air quality criteria within their territory. Henceforth, we
will consider the primary standards for the pollutants of our interest in this research. The CONAMA
standard for CO in 8-hour averaging times is 10
mg/m3 and in 1-hour as 40 mg/m3. The 24-hour and
annual averaging times for SO2 DUH  ȝJP3 and
ȝJP3 respectively. For NO2, the allowed value
for 1-hour averaging time is 320 ȝJP3 and for the
annual averaging time is 100 ȝJP3. Finally, the
concentration levels for O3 are 160 ȝJP3 for 1hour averaging times.

Ecuador. One policy established in 2003 by
the Ecuadorian Government is called La Norma
Ecuatoriana de Calidad del Aire (NECAA) [94,
102, 105]. The primary objective of these air pollution level standards is to protect the health of the
citizens of Ecuador, maintain a healthy environPHQW DQG WR SURWHFW (FXDGRU¶V HFRV\VWHPV EcuaGRU¶VVWDQGDUGOLPLWVWKH&2FRQFHQWUDWLRQOHYHOVLQ
1-hour to be 40 mg/m3 and in 8-hour to be 10
mg/m3. O3 concentration levels should not exceed
160 ȝJP3 in one hour and 120 ȝJP3 in 8-hours
averaging times. For NO2, the daily concentration
level is set to be 150 ȝJP3 and the yearly level is
set to be 100 ȝJP3. Finally, the daily limits for
PM10 and PM2.5 are 150 ȝJP3 and 65 ȝJP3 respectively, while the annual limits for them are 50
ȝJP3 and 15 ȝJP3 respectively.

Chile. In 1996, The National Commission for
WKH(QYLURQPHQW³OD&RPLVLyQ1DFLRQDOGHO0HGLR
$PELHQWH´ &21$0$  as part of Law no 19.300
has participated into the process of issuing a number of environmental regulations including air quality standards and emission [94, 101]. &KLOH¶V national ambient air quality standards as reported in
Joanne and Sanchez [94] and Baldasano et al. [102]
set the maximum level of CO in 8-hour averaging
times as 10 mg/m3 and 1-hour as 30 mg/m3. The
hourly and annually averaging time for NO2 should
not exceed 400 ȝJP3 and 100 ȝJP3 correspondingly. For SO2, the allowed value in one day is 250
ȝJP3 and in one year is 80 ȝJP3. The 8-hour averaging time for O3 is 120 ȝJP3. The standard
concentration for PM10 based on 24-hour average is
150 ȝJP3 and based on annual average is 50
ȝJP3. For PM2.5, the standard values are 50 ȝJP3
and 20 ȝJP3 based on 24-hour and annual average
times respectively.

El Salvador. The Ministry of Environment in
El Salvador proposed technical standards on air
quality in 2000 under Law No. DECREE 40/2000
[94, 102, 104]. This standard has CO limits of 40
mg/m3 in 1-hour and 10 mg/m3 in 8-hour averaging
times. The hourly limit for O3 is 235 ȝJP3 and the
8-hours limit is 120 ȝJP3. The concentration levels
for NO2 are 150 ȝJP3 for 24-hour averaging times
and 100 ȝJP3 for 1 year. For SO2, the daily allowed value is 365 ȝJP3 and in one year is 80
ȝJP3. The standard concentration level for PM10
based on 24-hour average is 150 ȝJP3 and based
on annual average is 50 ȝJP3. The 24-hours
standard for PM2.5 is 65 ȝJP3 and the annual
standard is 15 ȝJP3.

Colombia. The first air quality standard in
Colombia as the legally allowable concentration of
contaminate materials in the air was defined in
1995 by the Ministry of Environmental, Housing,
and Territorial (MAVDT) under Decree No.
948/1995 and 601/2006 [103]. Colombia¶Vnational
ambient air quality standards sets the CO concentration limits to 10 mg/m3 based on 8-hour and 40
mg/m3 based on 1-hour averaging times [74,82].
The maximum acceptable levels for O3 are set to be
120 ȝJP3 for 1-hour averaging times and 80 ȝJP3
for 8-hour averaging times. For NO2, the permissible concentration for 1-hour averaging time is 200
ȝJP3, for 24-hour is 150 ȝJP3 and for annual is
100 ȝJP3. For SO2, the daily average value is set
to be 250 ȝJP3, and annual value is set to be 80
ȝJP3. The daily maximum allowed values for
PM10 and PM2.5 are 100 ȝJP3 and 50 ȝJP3, and
the annual values are 50 ȝJP3 and 25 ȝJP3.

Jamaica. Jamaican Natural Resources Conservation Authority (NRCA) issued the first national Jamaican Ambient Air Quality Standards
(JAAQS) in 1996 [106, 107]. Later in 2006 [106],
The National Environment and Planning Agency
(NEPA) proposed an Ambient Air Quality Guideline Document to provide support and information
for implementing the JAAQS under the Natural
Resources Conservation Authority (NRCA) [108].
The national Jamaican Ambient Air Quality Standards (JAAQS) [94, 102] recommends that CO concentration levels should not exceed 10 mg/m3 in 8hour and 40 mg/m3 in 1-hour. The one hour concentration levels for O3 and NO2 are limited to 235
ȝJP3 and 100 ȝJP3 respectively. The SO2 stand-

Costa Rica. In 1996, a law specifying air
quality standard was enacted by the Congress under
legal act of Decree 30.221 [94, 102, 104]. This
standard limits the CO2 concentration level to be 10
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ard value for 1-hour is 700 ȝJP3, for 24-hour is
365 ȝJP3, and for annual averaging times is 80
ȝJP3. PM10 has a limit of 150 ȝJP3 in 24-hour
and a limit of 50 ȝJP3 in 1-year. Lastly, Pd is restricted not to exceed 2 ȝJP3 daily.

period is set to be 100 ȝJP3. SO2 has a daily limit
of 80 ȝJP3. The daily and annual averaging times
for PM10 are 150 ȝJP3 and 50 ȝJP3 respectively,
while the PM10 daily limit is 50 ȝJP3. Finally, the
monthly averaging time for Pb is 1.5 ȝJP3.

Nicaragua. The first Nicaragua Air Quality
Standard has been approved 2001 by Ministry Environment and Natural Resources (MARENA) under law 290 (NTON 05 012 02) [94,102,109].
MARENA formulates environmental quality standards and monitoring compliance to ensure that air
quality is satisfactory for environment in general
and the welfare and health of the population. The
Nicaragua Air Quality Standard restricts the concentration levels on CO to be 40 mg/m3 per 1-hour
and to be 10 mg/m3 per 8-hours. The O3 levels are
not supposed to exceed 235 ȝJP3 in one hour and
160 ȝJP3 in 8-hours averaging times. For NO2, the
1-hour standard is 400 ȝJP3 and the 8-hour standard is 100 ȝJP3. The daily average limit for SO2 is
265 ȝJP3 and its yearly limit is 80 ȝJP3. For
PM10, the daily average values should not exceed
150 ȝJP3, and annual values should not exceed 50
ȝJP3. Finally, the concentration levels for Pb are
1.5 ȝJP3 for 3-months and 0.5 ȝJP3 annually.

Republic of Dominican. In 2003, the Ministry of the Environment and Natural Resources in
Dominican Republic (SEMARENA) issued the
environmental standard on air quality and air emissions control throw Resolution No. 10-2003 [113].
The SEMARENA standard limits the concentration
levels of CO to not exceed 40 mg/m3 per one hour
and 10 mg/m3 per 8-hours [74]. The 1-hour standard for O3 is limited to 250 ȝJP3 and the 8-hours
standard is set to be 160 ȝJP3. The 1-hour, 24hours and annual averaging times for NO2 are set to
be 400 ȝJP3, 150 ȝJP3 and 100 ȝJP3 respectively. The hourly average limit for SO2 is 450 ȝJP3,
the daily average limit is 150 ȝJP3 and its hourly
limit is 100 ȝJP3. The standard concentration for
PM10 based one day average time is 150 ȝJP3 and
based on annual average time is 50 ȝJP3. Finally,
the daily and annual averages for PM2.5 are set to be
65 ȝJP3 and 15 ȝJP3 respectively.
Venezuela. The Ministry of Environment and
Natural Resources in Venezuela established standards for the improvement of air quality and prevention and control of air pollution in 1995 (Decree
No. 638) [114]. This Decree specifies the limit concentration of a pollutant in the ambient air acceptable to protect health and the environment [94, 115].
These standards air quality limits are set for the CO
as of 35 mg/m3 based on 1-hour averaging times
and 10 based on 8-hours period. The 1-hour averaging time for O3 is 200 ȝJP3 and the 8-hours averaging time is 160 ȝJP3. The concentration level
for NO2 in 1-hour is 367 ȝJP3, in 8-hours is 300
ȝJP3, and in 1-year is 100 ȝJP3. For SO2, the
allowed value for 24-hour is 365 ȝJP3 and for
annual is 80 ȝJP3. Finally, the daily average limit
for PM10 is 150 ȝJP3 and its yearly limit is 50
ȝJP3.

Puerto Rico. Puerto Rico usually applies US
(Federal) laws including US environmental laws
such as the Clean Air Act (CAA) [110, 111]. The
Puerto Rico Public Policy Environmental Act (Law
416/2004) established an administrative agency the
3XHUWR 5LFR¶V (QYLURQPHQWDO 4XDOLW\ %RDUG
(PREQB), which sets out regulations and guidelines
for the environmental protection of the island.
Among these regulations is the standard for ambient air quality established by EQB in Regulations
on the Control of Air Pollution. The PREQB standard [74, 82] specify the CO limit as of 10 mg/m3
based on 8-hour period and as of 40 mg/m3 based
on 1-hour averaging times. The one-hour averaging
time for O3 is limited to 235 ȝJP3 and the 8-hours
limit is 147 ȝJP3. For NO2, the hourly average
time is limited to 188 ȝJP3 and 100 ȝJP3 annually. For SO2, the daily and annual standard values
are 367 ȝJP3 and 79 ȝJP3 respectively. The daily
PM10 limit is 260 ȝJP3. Finally, the daily and annual standard values for PM2.5 are 35 ȝJP3 and 15
ȝJP3 respectively.
Peru. The Government of Peru established the
³5HJXODWLRQVIRU1DWLRQDO$LU4XDOLW\6WDQGDUGV´LQ
2001 through the Supreme Decree 074 by The Ministry of Health, through the General Directorate of
Environmental Health (DIGESA) [94, 112]. The
Peru standards set maximum permissible levels of
CO as 30 mg/m3 every one hour and 10 mg/m3 every 8-hours averaging time. The 8-hours standard for
O3 is set to be 120 ȝJP3. For NO2, the 1-hour averaging time is limited to 200 ȝJP3 and the 1-year
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TABLE 1A
6XPPDU\RI,QWHUQDWLRQDO$PELHQW$LU4XDOLW\6WDQGDUGV ȝJP3).
PM2.5
PM10
Country/
A r e a Organization 24h 1yr 24h 1yr
World WHO
Europe EU
Asia

Bangladesh
Bhutan
Industrial
Mixed
Sensitive
Cambodia
China 1
Grade I
Grade II
Grade III
China 2
Grade I
Grade II
Hong Kong
HK1
HK SAR
India
Area 1
Area 2
Indonesia
Iran
Japan
Korea
Kuwait
Malaysia
Mongolia
Nepal
Oman
Pakistan
2009
2012
Philippines
Qatar
Saudi Arabia
Singapore
Sri Lanka
Thailand
Viet Nam
a
: 3 months
b
: 3 hours
c
: 1 month
d
: 10 minutes

SO2

NO2

1h 24h 1 yr

1 h 24h 1yr

25

10

50 20 500

-

25

50 40

65

15 150 50

d

20

350 125
-

366

78

120 80
80 60
30 15
300 100

100

200 -

40

- 120 -

- 10 -

-

0.5

- 100 235 157 -

40 10 -

-

0.5

-

5

-

-

200 120 100 60
75 50
- - 500

-

-

50 40 150 50 20
150 100 500 150 60
- - 700 250 100

120 80 40
240 120 80
240 120 80

-

-

- 150 50
250 150 500 150

20
60

200 80 40
200 80 40

300

120
80
30
100

80
60
15
-

75

- 35 180 55

800 350
- 125

80
-

300 150 80
200 - 40

60
60
35
50
35

40
40
15
25
15

100 60
100 60
150 260 100 200
100 50
150 90
150 50
150 50
120 150 -

900
210
282
393
800
350

50
20
60
-

80
80
400
-

52
10
50
-

40
35
35
35
50
-

25
15
15
15
25
-

250 200
150 120
150 60
150 50
340 80
150 100 50
120 50
150 50

120 80
120 80
180 80
365 80
365 80
365 80
80
314 104
125 50

2622

24h 1yr

40

-

730
196
200
784
350

Pb

200

-

80
80
365
113
131
500
105
30
70
130b -

CO
(mg/m3)
1h 8h 24h 1 h 8h 24h
O3

200

-

-

10
4
2
40

160 200 200 -

-

10 10 20 -

4
4
6

-

1
1
1

-

10 10 -

4
4

-

-

30 10 - - -

-

0.5

2
-

0.5
0.5
1
0.5
1.5
1.5a
0.5

-

-

240 - - 160 -

5
2
1
20

40 50
30 20
150 100
100 -

10

188
200
320
85
-

180 100 4 2
180 100 4 2
235 - 50 30 10
280 - 160 - 50
- - 113 56 196 118 29 10
100
160
40 9
- 90 200 120 35 10
40 30 120 100 - 80 40
- - - 10
- 100
40 -

400
660
188
250
319
200

80 40
80 40
150 150 100
100
- 100
100 - 100 40

5

180 130 140 60
- 235 157
235 147
200 196 137
180 120

80

10
10
35
40
40
40
30
34
30

5
5
10
10
10
10
10
10

-

0.5
1
1.5a 0.5
1.5c 1.5 0.5
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TABLE 1B
6XPPDU\RI,QWHUQDWLRQDO$PELHQW$LU4XDOLW\6WDQGDUGV ȝJP3).
PM2.5
PM10
Country/
Organization 24 1yr 24 h 1 yr
h
Africa Egypt
- 70 Tunisia
260 80
- Ghana
- 70 Industrial
70 Residential - - - Tanzania
- - 260 80
Senegal
South Africa 65 25 120 50

SO2

Area

North Canada
America NAAQO
CWS
CAAQS
Mexico
United State
Primary
Secondary

24h 1 yr

- - 40 10 -

2

1
-

900
700
350

150
100
100
125
125

80
50
60
50
50

- 400
- 120d 150 200 - 40
200 - 40

30 10 30 10 30 10 - - 30
- - -

1.5
-

2.5
2.5
2
0.5

875 300
524 288

60
66

400 200 100 160
50
- - 128 - - 124 395 - 100 216 157 -

35 15 - - - - - 13 -

1.5e

-

-

190
-

- 100
- 100

40 10 - - -

1.5e
1.5e

-

847
400
320
400
200
400
100
400
188
200

282 150 - 100
- 100
150 100
- 100
150 100
150 100
- - 100
- 100
- 100

57
40
40
30
40
40
40
40
40
40
40
30

2e
1.5e 0.5
1.5f -

150 150 -

196 - 1300g

Latin Argentina
AmericaBolivia
Brazil
Chile
Colombia
Costa Rica
Ecuador
El Salvador
Jamaica
Nicaragua
Puerto Rico
Pure
Rep. Dominican
Venezuela

50
50
65
65
35
50

150
150
100
150
150
150
150
150
150
150

2620
365
700
-

Oceania Australia

25 8

-

-

150 50
150 50
50

-

1h 8 h 24h 1 h 8 h 24h 24 h 1 yr

400 150 - 200 120 660 - 200 235 - -

35 12
35 15

65 15

1 h 24 h 1 yr

Pb

60
80

120

50
50
50
50
50
50
50
50
50

CO (mg/m3)

O3

350 150
- 365

- 30 28 10
65 15

20
25
15
15
15
-

50

1h

NO2

780d 80e
365 80
80
250 80
250 80
365 80
350 80
365 80
365 80
365 80
367 79
80
-

450 150 100
-

- - - - - - - 120 - 120 -

- 150 - 150 200 236 160 - 120
120 80
160 160 120
235 120
235 235 160
235 147
- 120

-

-

400 300 100 250 160 -

40 10 -

-

-

35 10 -

-

-

-

0.5

365

80

367 300 100 200 160 -

524 210

52

225

d

: 8 hours
: 3 months
f
: 1 month
g
: 3 hours
e
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11
10
10
10
10
10
10
10
10
10
10
10

-

56

200 -

-

-

10 -
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to see different natural landscapes. In particular, urban tourism is the hippest form of tourism in recent
years. Visiting urban areas, swimming, water sports,
and hiking have been quite attractive for people, and
millions of people have started to carry out tourism
activities in this manner to forget, albeit for a while,
problems in the city and to participate in natural and
cultural activities, desiring to make it even more valuable. Natural, cultural, and historic sites are seen
with great interest. However, the intensive use and
increasing interest in the area also brings the risk of
damage, so establishing the right balance between
the protection and the use of these areas is of paramount importance [9-14].
Removing the environment and wildlife conservation from the forefront and the importance of
recreational from tourism, this process has increased
and continues to increase. Recreational tourism focuses on unusual properties, promoting natural and
cultural areas, and providing a positive contribution
in many areas. Areas where recreational tourism is
applied become the center of attraction. Recreational
tourism activities are carried out with a general
awareness in the use of the natural environment. Besides holding activities for the protection of natural
and cultural values for economic use, to adjust the
balance between protection and use is the sine qua
non of sustainable tourism, and it can be achieved
through the natural and cultural aspects of sustainability in the field of the foreground and environmentally sensitive recreational tourism, as well as aesthetic, recreational, or cultural activities that protect
delicate ecosystems. Education can be brought in the
forefront as awareness [15-20].
Ensuring cooperation among the local population is one of the most important requirements for
planning in the tourism sector. In the long term, natural resources, tourism, alternative tourism, recreational tourism, and nature tourism are becoming an
important choice based on sustainable use. In this
study, the natural and cultural aspects of urban areas
are intended to reveal the potential of recreational
tourism in Kutahya urban forest districts.

ABSTRACT
Kutahya urban forest has an important historical value and great potential because of its outstanding natural and cultural heritage. It is an area that can
make an important contribution to the entire region.
But in order to do so, making long-term plans for the
area and its surroundings, creating the necessary infrastructure, and promoting it locally and internationally are required. This study deals with the recreational tourism resources of Kutahya urban forest
that include its historical, cultural, and natural landscape to determine its potential classification in
terms of values that can be a source of tourism activity and are intended to be mapped. For this purpose,
the value of the tourism resources that constitute
Kutahya urban forest¶VYDOXHVVXFKDVPDSVSKRWRV
and surveys were evaluated in light of data collected
as a result of work done in the area and of existing
and potential recreational activities. Then the appropriate fields for the specified activities creating a digital base were determined. During the evaluation and
processing of data, they were used to map the
ArcGIS program. In conclusion, Kutahya urban forest¶V recreational resources including its historical,
cultural, and ecological values were identified and
mapped.

KEYWORDS:
GIS, Recreational potential, sustainable, Urban forest,
Kutahya

INTRODUCTION
Natural resources are vital to human life. However, especially in the last century, the irresponsible
use of natural resources has become one of the most
alarming problems threatening nature and the environment. Therefore, global warming, climate
change, air pollution, the irresponsible use of water
resources, and the sustainable use of natural resources in all areas have been brought to the agenda
[1-8]. For centuries, people have been inspired by
nature, and tourism activities have been carried out
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beach, the altitude of the large amount of snow in the
inner part is over 1000 meters. Winter rain is experienced in urban areas, while inland, snow is seen. The
summers are hot and arid.
While old houses are made of wood, because of
the concrete forest district, new homes are now made
of wood and brick. In indigenous places, slate stones
are used in the roof.
Our district is full of natural beauty for tourism
due to take place on the beach. It has unique landscapes that combine the water and the forest, the
green and blue intertwining.
In the study, geological, hydrological, topographical, and soil maps were obtained. Then the climate of the region and flora and fauna information
were collected. The obtained data can be fed into
computers belonging to the area with the help of
ArcGIS maps, and the data is processed on the maps.
During the fieldwork in the study area, surveys,
opportunities, and constraints were determined by
considering various pieces of information regarding
the local population. SWOT was used in analyzing
the obtained data, and these data were evaluated using maps. All the data and created maps of areas suitable for recreational tourism were evaluated to develop an alternative to the FXUUHQWXVHRIWKHDUHD¶V
strengths and weaknesses in terms of recreational
tourism, and threats and opportunities were identified.

FIGURE 1
Kutahya urban forest height analysis

RESULTS
The urban areas, forest areas, forest openings,
potential areas for accommodation, and recreational
facilities in the Kutahya urban forest districts are rather limited. Landscape, urban areas, nature and culture, vegetation and wildlife, geological and hydrological conditions, and soil have values in Kutahya
urban forest. Given the topographical features of the
Kutahya urban forest districts, the slope of the high
woodlands and narrow urban strip limit the number
of suitable areas for construction.
The geological, geomorphological, and geological structures of the soil groups in the region have
interesting features, such as urban and mountain formations. The height and slope analysis of Kutahya
urban forest area shown in Figure 1 and 2, and the
soil groups are shown in Figure 3. Different geomorphological character movements in the valley are
characterized by ridges and peaks. This geomorphological structure creates an extraordinary natural
landscape with lush forests.
The Aegean Sea climate prevails in the region.
Summers are hot, and winters are usually mild. Adequate rainfall is experienced in all seasons. The
number of visitors per day during the tourist season
ranges from 15,000 to 20,000. During this period, the
following activities can be done: hiking, camping,
photo safari, trekking, cycling, and amateur fishing.

FIGURE 2
Kutahya urban forest slope analysis

MATERIALS AND METHODS
The study material includes Kutahya urban forest districts. The geographic location of Kutahya urban forest districts with rich natural and cultural areas are found between the coordinates 39°25' north
latitude and 29°59' east longitude.
Located in urban areas in the West Aegean Region, Kutahya urban forest town is a mountainous
and rugged terrain. The average altitude is around
five meters in the central district. It is 121 km from
the city center through the district [21, 22].
Temperatures in winter fall as much as 5 degrees and in summer around 30 degrees. The beach
continues to increase toward the interior upgrade.
With a mild climate, during winter season on the
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Many recreational activities, such as botanical tourism and air sports, are also offered. The Kutahya urban forest survey was conducted to determine the
protection of the urban area in the protection-use balance and to determine the level of awareness. The
SWOT analysis was conducted, and the opportunities that may be encountered in the future, as well as
the current strengths and weaknesses and threats
identified in the area, are shown in Table 1.
Areas under recreational tourism activities in
the study area, urban tourism, historical sites, bird
observation areas, natural monuments, springs, rivers, canyons, bike tours, hiking, photo-jeep safari,
camping, rock climbing, cave, winter tourism hunting-fishing, paragliding, wind, water, surf, cultural,
and thermally processed tourism maps are shown in
Figure 4.

FIGURE 3
Kutahya urban forest soil groups
TABLE 1
SWOT analysis for determining the recreational tourism potential of the Kutahya urban forest District

Strengths:
Protection of the natural character of the urban areas
Protection of the natural character of the forest areas
Historical and cultural values
Applicability of different recreational tourism activities in
all seasons
Climate and geomorphology
Unique urban areas in terms of beauty and cultural landscapes
Urban tourism, swimming, water sports, cave tourism, hiking, mountain sports, photo safaris, bird and butterfly watching, nature walks, and many other activities such as study
tours
Opportunities:
Kutahya¶VJURZLQJGHPDQGIRUUHFUHDWLRQDOWRXULVP
Preservation of natural and cultural landscape values
Different geographical structures
Local awareness of nature conservation, national and global
awareness of development opportunities
A wide range of leisure and tourism activities
Transport facilities and consequently long-distance travel
opportunities
Rich flora and fauna and natural structure
Landscape beauty
recreational tourism being considered an alternative type of
tourism
Growing interest in recreational tourism issues worldwide
Increase in the quality and quantity of natural areas protected
by law

Weaknesses:
People unconsciously using natural resources
Lack of social awareness about the urban areas
Shortage of qualified personnel
Lack of imagination and target recognition
Apparent lack of eligibility criteria for recreational tourism
activities in different environmental, economic, and social
problems
Uncontrolled access and lack of an institutional structure to
control recreational tourism activities
Defensive awareness being an underdeveloped tourism
Lack of control
Lack of infrastructure and superstructure
Lack of adequate studies on flora and fauna
Lack of accommodation
Threats:
Increase in pressure and threat of extinction of biodiversity
in recreational tourism
Destruction of flora and fauna in protected areas
Extinction of endemic species and rise of their economic
value as a result of the illegal smuggling trade
Unplanned expansion
Use exceeding carrying capacity
Solid waste pollution
Air and water pollution
Natural and cultural texture corruption
Uncontrolled and unconscious ecotourism that cause loss of
life
Monotony in recreational tourism activities, implementation
of similar activities everywhere
Natural areas of investment that cause excessive use
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FIGURE 4
Potential Kutahya urban forest recreational tourism map
and assets allow different tourism activities in different seasons.
The Kutahya urban forest 'LVWULFW¶VEHDFKKLV
torical sites, photography, bird watching, adventure
and sports tourism, historical and cultural tourism,
wildlife tours, caves, camping, picnic activities,
horse riding, cycling, and rich recreational tourism
activities such as fishing have a potential.
Kutahya urban forest¶VUHJXODWLRQVRQWKHurban
forest area for recreational tourism has a significant
potential. However, the routes for many activities
and lack of contacts and facilities are a major problem. The solution to these problems and the use of
the potential of the region, as well as the process involved, can provide important economic contributions to the region.
Kutahya urban forest is rich in vegetation, and
the mountain tourism potential is high in the region.
In the area of botanical gardens, arboretum structures
WKDWSURPRWHWKHUHJLRQ¶VELRGLYHUVLW\FDQPDNHDQ
important coQWULEXWLRQ WR LQFUHDVH WKH SXEOLF¶V
awareness and so on. In addition, the area contains
interesting examples of different geological and geomorphological structures. In terms of biodiversity,
this area may be of interest to enthusiasts and researchers in particular.

CONCLUSIONS AND DISCUSSION
Once it is known enough to become one of the
most important tourist areas in the town of Kutahya,
even the Aegean Sea will take its rightful place in
tourism. Enough accommodation is needed so there
is no reason to eliminate openness to tourists. There
are those rare places where natural beauty remains
intact in their natural state. On weekends, families
can come and go easily, although there are tea gardens and recreational areas where they can have a
picnic in Kutahya and the surrounding counties that
are not known. Although it has the same features as
our other urban districts, because it has not been introduced that much, Kutahya urban forest is not
known.
For the development and economic growth of
countries, the importance of sustainable tourism activities with an ecological approach is great. Sustainable recreational tourism can be achieved only with
a proper approach to the ecological characteristics of
tourism development and management plan. To set
up recreational tourism strategy in the area of tourism and recreational activities, there is a need to organize and have a good planning. The study area has
quite a high tourism potential in terms of tourism and
recreation. Kutahya urban forest¶VVFDUFHUHVRXUFHV

2632

© by PSP

Volume 27 ± No. 5/2018 pages 2629-2634

Fresenius Environmental Bulletin

REFERENCES

Areas suitable for various activities are shown
in Figure 4. This map of recreational tourism infrastructure, site selection, planning, design, transportation, management of solid waste pollution, and
sewage systems can be used in accommodation facilities and the natural environment and can also be
utilized for taking measures to protect wetlands.
In addition, historical and cultural tourism resources have been identified and are again shown in
Figure 4. A forest area, an ideal area for the observation of wild animals, offers substantial opportunities
for wildlife tours. Ideal plateau areas for wildlife
tours are also shown in Figure 4. The use of these
fields also needs to be done with trained guides and
an orientation on plants.
There are problems in the area of transport, especially in regional transport, which as to be available and seamless. In addition, the area is very safe,
and people are very hospitable. Promotion should be
done in this regard. Also, at the entrance to the urban
forest of Kutahya urban forest, information about
important areas in the region must be available, and
promotion should be done by putting up maps. Also,
the introduction of the place should be done at the
national and international levels.

[1] Cetin, M., Zeren, I., Sevik, H., Cakir C.,
Akpinar, H. (2018) A study on the determination of the natural SDUN¶VVXVWDLQDEOHWRXULVPSR
tential. Environmental Monitoring Assessment.
190(3), 167.
[2] Cetin, M., Topay, M., Kaya L.G., Yilmaz, B.
(2010) Efficiency of bioclimatic comfort in
landscape planning process: case of Kutahya.
Turkish Journal of Forestry. 1(1), 83-95.
[3] Maple, L.C., Eagles, P.F.J., Rolfe, H. (2010)
Birdwatchers' specialization characteristics and
National Park Tourism Planning. Journal of
Ecotourism. 9(3), 219-238.
[4] Cetin, M. (2015) Determining the bioclimatic
comfort in Kastamonu City. Environmental
Monitoring Assessment. 187(10), 640.
[5] Cetin, M. (2016) Changes in the amount of chlorophyll in some plants of landscape studies.
Kastamonu University, Journal of Forest Faculty. 16(1), 239-245.
[6] Cetin, M., Sevik, H. (2016) Evaluating the recreation potential of Ilgaz Mountain National
Park in Turkey. Environmental Monitoring and
Assessment. 188(1), 52.
[7] Cetin, M, Sevik, H. (2016) Assessing Potential
Areas of Ecotourism through a Case Study in Ilgaz Mountain National Park. (Chapter 5). In:
Butowski, L. (ed.) Tourism - From Empirical
Research Towards Practical Application.
ISBN:978-953-51-2281-4. InTech. 81-110.
[8] Cetin, M., Adiguzel, F., Kaya, O., Sahap, A.
(2018) Mapping of bioclimatic comfort for potential planning using GIS in Aydin. Environment, Development and Sustainability. 20(1),
361-375.
[9] Nouri, J., Danehkar, A., Sharifipour, R. (2008)
Evaluation of ecotourism potential in the Northern Coastline of the Persian Gulf. Environmental Geology. 55, 681-686.
[10] Kaya, L.G., Cetin, M., Doygun, H. (2009) A holistic approach in analyzing the landscape potential: Porsuk Dam Lake and its environs, Turkey. Fresen. Environ. Bull. 18, 1525-1533.
[11] Ngoka, P.C. (2013) Capacity and levels of utilization of tourism potentials of Yankari and
Cross River National Parks ± implications for
optimistic ecotourism development in Nigeria.
African Journal of Hospitality, Tourism and
Leisure. 2(4), 1-12.
[12] Cetin, M. (2016) A change in the amount of CO2
at the center of the examination halls: case study
of Turkey. Studies on Ethno-Medicine. 10(2),
146-155.
[13] Cetin, M. (2016) Determination of bioclimatic
comfort areas in landscape planning: A case
study of Cide Coastline. Turkish Journal of Agriculture-Food Science and Technology. 4(9),
800-804.

ACKNOWLEDGEMENTS
The study has been supported by The Scientific
and Technological Research Council of Turkey
(TUBITAK) during the 2209-A-2016/1 period (University Students Domestic Research Projects Support Program) working on projects numbered
1919B011601370. We sincerely thank TUBITAK
2209-A-2015/2.
)XUWKHUPRUH8JXU&DQWXUN¶V0DVWHU7KHVLVLQ
Kastamonu University, Institute of Science, Program
of Landscape Architecture conducted one of part of
WKLV UHVHDUFK +H VLQFHUHO\ WKDQNV WR KLV DGYLVRU¶V
Assist. Prof. Dr. Mehmet Cetin and Kastamonu University.
Author Contributions. Mehmet and Hakan
conceived and designed the experiments, Ugur and
Cansel performed the experiments. Ugur and
Mehmet analyzed the data, Cansel, Mehmet and
Hakan contributed reagents/materials/analysis tools,
Cansel and Mehmet wrote the paper.
Conflict of Interest. The authors declare no
conflict of interest.

2633

© by PSP

Volume 27 ± No. 5/2018 pages 2629-2634

[14] Cetin, M. (2016) Sustainability of urban coastal
area management: A case study on Cide. Journal
of Sustainable Forestry. 35(7), 527-541.
[15] Cetin, M. (2015) Evaluation of the sustainable
tourism potential of a protected area for landscape planning: a case study of the ancient city
of Pompeipolis in Kastamonu. International
Journal of Sustainable Development & World
Ecology. 22(6), 490-495.
[16] Cetin, M. (2015) Using GIS analysis to assess
urban green space in terms of accessibility: case
study in Kutahya. International Journal of Sustainable Development & World Ecology. 22(5),
420-424.
[17] Cetin, M. (2015) Consideration of permeable
pavement in landscape architecture. Journal of
Environmental Protection and Ecology. 16(1),
385-392.
[18] Powell, R.B., Ham, S.H. (2008) Can ecotourism
interpretation really lead to pro-conservation
knowledge, attitudes and behaviour? Evidence
from the Galapagos Islands. Journal of Sustainable Tourism. 16(4), 467-489
[19] Cetin, M., Sevik, H., Saat, A. (2017) Indoor air
quality: The samples of Safranbolu Bulak
Mencilis Cave. Fresen. Environ. Bull. 26, 59655970
[20] Cetin, M. (2017) Change in amount of chlorophyll in some interior ornamental plants.
Kastamonu University Journal of Engineering
and Sciences. 3(1), 11±19.
[21] T.C. Municipality. T.C. Kutahya Municipality,
(2017) http://www.kutahya.bel.tr/, (Accessed:
18/05/2017)
[22] T.C. District Governorship. T.C. Kutahya District Governorship. (2017) http://www.kutahya.
gov.tr/, (Accessed: 18/05/2017)

Received:
Accepted:

09.09.2017
25.02.2018

CORRESPONDING AUTHOR
Mehmet Cetin
Kastamonu University,
Faculty of Engineering and Architecture,
Department of Landscape Architecture,
37150, Kastamonu ± Turkey
e-mail: mcetin@kastamonu.edu.tr

2634

Fresenius Environmental Bulletin

%$

" &     







 " #!"!




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

!.69%2F46: 96:592@+2?68  2592@8@A: '4A>9>2&292886 %2965!2986;48A 
1

Istanbul University, Faculty of Engineering, Department of Environmental Engineering, 34320 Avcilar, Istanbul, Turkey
2
Istanbul University, Faculty of Engineering, Department of Chemistry, 34320 Avcilar, Istanbul, Turkey
3
Istanbul University, Vocational School of Technical Sciences, Property Protection and Security Department,
Civil Defense and Fire Fighting Program, 34320 Avcilar, Istanbul, Turkey

%&$&

popularized by virtue of advantages such as easy use,
low cost, high yield, high stability, and abundant varieties [3]. Dyes have been used with the large-scale
industries such as textile, leather, paper, and printing
industries. Also, dyes are increasingly used as a
tracer dye in wastewater discharge research both 
 and laboratory scale experimental studies [4, 5].
Common goals of a tracer study on marine outfall
system include the measurement of the dilution factor, the estimation of the dispersion field, the measurement of transportation field of the effluent discharge, and its transport model calibrations [6]. During such experimental studies, fluorescent dyes can
mostly be selected as ideal tracer dyes, because they
remain clear at even low concentrations they are
transparent quantitatively and optically measurable.
In addition, they have ionic character, thus they can
be measured with ion-selective electrodes and by
conductometry [7].
A tracer may be defined as any substance which
can demonstrate the course of process and can be
measured. Tracers to be used in water can be derived
from natural or artificial processes. There are several
fluorescent dyes that have been suggested for use in
outfall tracer studies. Among these include, Acid
Red 50 and Acid Yellow 73 [8], Uranine, Pyranine,
Eosin, Sulfo-Rhodamine, and Na Naphthionate [9],
red Rhodamine WT dye and Saturn Yellow Day-Glo
fluorescent paint [10, 11]. Rhodamine derivatives
(Rhodamine B, Rhodamine WT, Rhodamine 6G) are
popular tracers and Rhodamine B (RhB) are used in
laboratory experiments, while Rhodamine WT is
used   experiments [12], and Rhodamine 6G is
used in laser-induced fluorescence (LIF) [13]. A fluorescent dye must be water soluble, fluorescent in a
wavelength range distinguishable from background,
non-toxic to humans, inexpensive and commercially
available, stable with respect to photochemical decay, resistant to adsorption onto silt particles, and
easy to handle [14].
RhB (C28H31ClN2O3), which is a rhodamine derivative, is a green crystal or reddish-violet powder
that turns bluish-red when dissolved in water-soluble
compound [15]. The dilute solutions of RhB are
strongly fluorescent—and because of the fact that

Rhodamine B (RhB) as a dye tracer is widely
used both in laboratory scale and   studies
about determination of wastewater plumes’ movement and their dilution characteristics in marine environments. RhB added salt (mainly NaCl) water solutions are used on brine outfall laboratory physical
model experiments. Some of the experiments in laboratory tanks can be conducted via taking samples
inside the discharged brine jets. Taken samples can
be measured by optical methods such as ultravioletvisible spectrophotometry for determination of dye
tracer concentrations and dilution levels. However,
absorbance specifications of a dye tracer, like RhB,
might be affected by high concentrations of NaCl in
discharge solutions.
This study, aimed at determining the effect of
variable NaCl concentration, which represents the
discharged solutions, on prepared with RhB as a dye
tracer which are diluted with distilled water in the laboratory. Absorbance levels of variable dilutions of
source discharge solution were obtained and their
differences were compared with different levels of
NaCl concentrations. In order to decrease the experimental errors for tap water used in lab scale dye
tracer studies, a mathematical expression for Salinity
(S)-Absorbance (I)/Concentration(c) relation was
suggested in the studied range for salinity 30-100
ppt.


+)"$%
Brine outfall, Dye tracer, Rhodamine B, UV-visible spectrometry
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Water-soluble dyes have been used for ages.
Early types of natural dyes were stable and nontoxic.
However, most of them have been replaced by synthetic dyes, because of their limited availability, low
yield, and increased cost [1, 2]. Since their first synthesis in the 1850s, synthetic dyes have slowly been
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ances, which were measured with UV-Vis spectrophotometry, were investigated by considering the
water sources used for the physical modeling experiments.

RhB is a chloride salt, it is a traceable substance in
aqueous environment not only by optical but also by
chemical methods. On the other hand, if there are
some impurities such as metals, they can easily make
complexes with dyes [16, 17] and the wavelength of
maximum absorption might shift.
RhB is commonly used in many aquatic environments such as ocean, sea, lake, and stream as a
tracer in wastewater dispersion in environmental engineering applications [18], outfall performance tests
both in laboratory [19] and in-site applications. Simulated wastewater discharges can be domestic, industrial, or thermal effluents. Laboratory tests of outfalls can include photographic inspections of simulated wastewater jets’ trajectories originated from a
singular port or multi-port outfall diffusers. In this
kind of experimental studies, especially the shape of
jets, concentration distribution of the wastewater jets
in cross-sectional area, and jet interactions are inspected. On the other hand, in many cases, discharged and receiving waters are artificially prepared from tap water.
In order to determine the local dilution of dense
wastewaters discharged into the sea (local dilution =
c0/c, where c0 is source pollutant concentration, c is
local pollutant concentration), laboratory studies are
usually performed with RhB tracer and physical
models with down-scale. After the tracer dye concentration is set to c0 in physical laboratory models,
amount of dilution of the simulated wastewater jet
discharged into a receiving water body (mainly tap
water is used) in a laboratory tank can be determined
by precisely measuring the local concentration, c, in
the jet. The physical model is realized by the discharge of stock solution representing the wastewater
containing NaCl at definite concentrations in order
to provide the high density and RhB is added and
prepared with the same water sample and they are
put into the physically modeled experimental tank altogether. There should be many holes to deliver the
RhB into the tank. Water samples are taken at definite positions, in order to determine the local dilution
conditions of the dense wastewater jet, while the distribution is observed in the experimental tank. The
dilution values of these wastewater samples are determined with UV-Vis spectrophotometry, by measuring the concentration of RhB. However, since copious amounts of water are used in these type of discharge experiments, tap water instead of distilled
water is used. Both tap water and increasing salinity
concentrations will make the absorbances measured
with UV-Vis spectrophotometry different. These differences will affect the determinations of dilutions of
RhB trace solution added to saline, both of which are
discharged in the experimental tank. Therefore, to remove these differences and to measure RhB plus
NaCl stock solution concentrations more efficiently,
concentration–absorbance calibration curves are
needed. In this study, the difference of RhB absorb-

&$%! &"%

.@2>6.8?Rhodamine B (RhB) was used as a
dye-purchased from commercial suppliers, Merck.
Absorbance values of all solutions were measured on
Perkin Elmer Lambda 35 UV-Vis Spectrophotometer (Norwalk, USA) with 1400 µL Hellma quartz cuvette.

2@5;10.05 g/L (1,046 x10-4 M) RhB stock
solution was prepared for use in the analysis. Maximum wavelength of absorbance that will be adopted
was determined by use of this stock solution (λ = 553
nm, Fig. 1) and by use of Beer-Lambert Law. Then,
0.1 mL of stock solution was taken into test tubes and
diluted 10, 25, 40, 50, 65, 80, 90, 100 times separately with distilled and tap water. Absorbance values of solutions were measured at 553 nm in a spectrophotometer.

%2@@6:4 ;3 %.86:6@62? NaCl was weighed and
put into test tubes to be 30, 60, 75, 90, 100 ppt ratio
of the mass of solution and the new stock solution
was prepared providing specified salinity of total
mass of solution to be 20 g. Then, separately and respectively diluted with distilled and tap water for 10,
25, 40, 50, 65, 80, 90, 100 times. Absorbance values
of solutions were measured at 553 nm in a spectrophotometer.
$%'&%!%'%%"!
Firstly the maximum absorbance values were
determined for aqueous RhB solutions (dissolved in
distilled water) at 0.005, 0.002, 0.001, and 0.0005
g/L concentrations. The maximum wavelengths
were found according to the dilution factor at
λ=553nm, and 554nm. According to these results,
maximum absorbance values and the optimum
wavelength was λ=553 nm for solutions prepared
with distilled water—then the spectra were generated as seen in Figure 1.
D<2>692:@?C6@516?@68821C.@2>RhB solutions prepared with distilled water at 0.0005 – 0.005
g/L and containing salinity concentrations of S = 30100 ppt were applied to UV-Vis spectrophotometry
and the obtained absorbance values (I) are given in
Table 1. The absorbance values in Table 1 show that
increasing salinity also increases the absorbance values.
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0.00050
0.00056
0.00063
0.00077
0.00100
0.00125
0.00200
0.00500
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0.1190
0.1498
0.1755
0.1801
0.2280
0.3005
0.4450
0.9959
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0.1198
0.1522
0.1699
0.1939
0.2513
0.3173
0.4990
1.1356
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0.1290
0.1578
0.1658
0.2074
0.2513
0.3128
0.4915
1.1783
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0.1373
0.1450
0.1784
0.1996
0.2556
0.3410
0.4815
1.2184

%<<@

0.1340
0.1497
0.1785
0.2020
0.2550
0.3320
0.4890
1.2295
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0.00050
0.00056
0.00063
0.00077
0.00100
0.00125
0.00200
0.00500
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0.12007
0.13750
0.14520
0.19753
0.22047
0.31837
0.51807
1.04077

/?
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0.12613
0.14427
0.15633
0.21193
0.23830
0.32757
0.53137
1.20967
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0.12233
0.14177
0.15223
0.20130
0.22723
0.31200
0.51870
1.17473


D<2>692:@? C6@5 &.< ).@2> RhB concentrations between 0.0005-0.005 g/L were prepared
with tap water. The different average absorbance
values (I) at S=30-100 ppt salinity concentrations are
gave in Table 2. Results show that tap water-prepared solutions have higher absorbances with increasing salinity. When compared with Table 1,
these absorbances were higher. This can be attributed to the increase of the ionic strength [20, 21].
In addition, the tap water content used in the experiments were published in Istanbul Water and Sewerage Administration (ISKI) website [22], and given in
Table 3.

%<<@
 
0.13233
0.14653
0.15960
0.21597
0.25653
0.34160
0.54000
1.24437

%<<@

0.13153
0.14730
0.16183
0.21970
0.26113
0.34870
0.55267
1.26647

graphs were prepared for data obtained with distilled
water and tap water. For each of these graphs, separated c-I calibration curves were plotted. By using
calibration curve equations and salinity concentrations, a new graph was generated from salinity (S),
absorbance (I) and RhB concentrations (c) to show
the relationship among them (Figure 2). In Figure 2,
both distilled water, and tap water S-I/c values were
used to obtain the trend-lines. These trend-lines
show a linear relationship between salinity concentration and absorbance/RhB concentration. In addition, Figure 2 shows that distilled water and tap water trend-lines are parallel to each other, and tap water I/c values are greater than those of tap water. The
main theme of this work was accepted as the mathematical expression of the tap water trend-line having

6332>2:02;3/?;>/.:02In this work, separate RhB concentration (c) and Absorbance (I)
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was used to estimate the absorbance values for each
salinity concentration. The experimental and theoretical absorbance values are shown in Figure 3. When
the graphs in Figure 3 are examined, it is revealed
that the recommended mathematical expression and
experimental values are highly harmonious to each
other. In Tables 1 and 2, the given absorbance values
show that distilled water-originated values are less
than those of tap water. Figure 4 shows the comparison between experimental absorbance values and
mathematical expression absorbance values. The
high success of the suggested absorbance prediction
mathematical expression can be seen with the experimental tap water results and that the mathematical
expression predictions are close to y=x line.

S, I, and c values. Therefore, by using the recommended equation used in the UV-Vis spectrophotometric measurements which are related to the salinity
concentrations and RhB concentrations, tap waterbased calibration curves was obtained. Equation 1
gives the mathematical expression obtained by linear
regression.




(1)

In Equation 1, I is absorbance (Abs), c is the
concentration of RhB (g/L), S is salinity concentration (ppt).
The recommended mathematical expression


& 
&.<C.@2>05.>.0@2>6?@60?6:AEA70279202?@.:/A8.1;<@213>;9%A:2
#.>.92@2>:.92
B2>.42(.8A2?
#>69.>E%@.:1.>1?6?6:320@6;:E#>;1A0@?G4
Total Trihalomethanes
76.4
Bromate
< 2.0
#>69.>E%@.:1.>1?:;>4.:6052960.8?94
Aluminum
0.142
Arsenic
0.0006
Boron
0.072
Nickel
Barium
Cadmium
Chromium
Bromide
Fluoride
Cyanide
Lead
Mercury
Nitrate
Selenium
Silver
Antimony
Beryllium

0.002
0.065
<0.0001
<0.0002
0.05
0.223
<0.02
<0.0003
<0.0001
1.1
<0.0003
0.00003
<0.0002
<0.0001

116@6;:.8#.>.92@2>?94
Calcium
Hardness as (CaCO3)
Magnesium
Potassium
Sodium
Residual Chlorine
Ammonia

'$ 
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Chloride
80
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Iron
0.012
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<0.002
Taste-Odor Causing Geosmin
4.8
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pH
7.38
Sulfate
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Total Dissolved Solids
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<0.001

63.9
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a. S=30ppt

a. S=30ppt

b. S=60ppt

b. S=60ppt

c. S=75ppt

c. S=75ppt

d. S=90ppt

d. S=90ppt

e. S=100ppt
'$ 
;9<.>6?;:?3;>@.<C.@2>2=A.@6;:>2?A8@?
2D<2>692:@.81.@.?2@?;316?@68821C.@2>.:1@.<
C.@2>

e. S=100ppt
'$ 
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study, by referring to salinity, the absorbance difference between solutions prepared with distilled water
and tap water will guide researchers to the application of laboratory experiments of brine outfall systems in the forthcoming studies.

Tracers are used in the physical modeling experiments carried out in the laboratory scale to determine the initial dilution capacities of plants where
dense wastewater is discharged to the sea. The accuracy of dilution factors of wastewater jet in the receiving ambient depends on the sensitive measurement of dye tracers. In laboratory experiments, some
margin of error is present up to a defined level. For
real project designs, the margin of error values is
used as a security factor. A low margin of error is
important in the construction of more economical designs. High accuracy in the experimental results in
the physical modeling studies for sea outfall system
designs means that the selected security factor will
be low. Therefore, the accuracy of experimental
studies is highly important. For physical modeling,
experimental studies use RhB for tracing dye and
brine (NaCl) is used to obtain dense wastewater. The
stock solution as the source of wastewater and water
samples taken at definite points of the experiment
tank is used in spectrophotometric measurements to
see the concentration of RhB. With this way, different RhB concentrations produce the RhB concentration – Absorbance (c-I) calibration curve and the
samples taken from the experimental study will give
absorbance (I) values. These measurements will give
the RhB concentrations, and therefore, the dilution
values of the wastewater in the receiving environment are obtained. Different concentrations of RhB
solutions used to generate the calibration curve are
most commonly prepared with distilled water with
no salt content. However, generally tap water is used
to prepare NaCl and high concentration of RhB stock
solutions along with the receiving environment water. Since different water sources are used in the
preparation of calibration curve and experimental solutions, the accuracy investigation of measured absorbance values is important. In this study, the
change of RhB absorption, measured with spectrophotometry, in used water sources of the experimental studies are investigated by including salinity
concentrations. For this purpose, both RhB, and
NaCl solutions were prepared and distilled water and
tap water were used as water sources; the c-I calibration curves were generated. The c-I measurements at
30-100 ppt salinity were compared and there were
differences in measurements. These differences are
caused by both the concentration of NaCl and the
constituents of tap water. In solutions where tap water was used, increasing NaCl concentrations gave a
linear I/c line. In addition, in order to decrease the
experimental errors for tap water used in the lab scale
dye tracer studies, a mathematical expression for SI/c relation was suggested in the studied range. With
the recommended mathematical equation, the
amount of salinity effect on the c-I calibration curve
could be predicted for tap water condition in the
range of 30-100 ppt. According to the result of this
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Acne vulgaris is a skin disease that affects
79%–95% of the adolescent population in western
societies. The bacterial agent     
  may colonize sebum-rich follicles, and  
     and       
can be isolated from skin lesions. Hundreds of medicinal plant extracts and oils have been investigated
  for antibacterial activity against acne vulgaris. However, new approaches are under development for topical delivery of herbal oils as there is a
need for novel and more efficient drug-delivery systems. Considering the attractive properties and advantages of chitosan nanoparticles (NPs), we aimed
to develop coconut oil-loaded chitosan NPs and to
identify their antibacterial effects, antibiofilm properties, and toxicity profile.
Coconut oil-loaded chitosan NPs were prepared using the ionic gelation method based on the
interactions between positively-charged chitosan
and coconut oil. The NP size was analyzed with a
Zetasizer and investigated for antibacterial and antibiofilm effects against   ,    
 , and a mixed culture. The toxicity of the developed formulations was studied with the XTT method
using L929 fibroblast cells.
These novel chitosan-encapsulated coconut oil
NPs showed good antibacterial and antibiofilm effects and are potent candidates for the treatment of
acne vulgaris.

     and      
  are other bacterial agents that can be isolated
from pustular and nodulocystic skin lesions [3].
Systemic and epicutaneous antimicrobial
agents and antibiotics have also been used for several
decades. However, antibiotics may be ineffective
against antibiotic-resistant bacteria and biofilm formation [4]. Biofilms are defined as communities of
single- or multi-bacterial species attached to biological or non-biological surfaces [5, 6]. Bacterial cells
within biofilms have certain advantages, such as resistance to antibiotics, chemicals, UV damage, and
other unfavorable environmental conditions [7]. 
   can cause serious skin infections due to biofilm formation. Antibiotics used for treating acne can
be ineffective against     biofilms [8]. Novel
approaches to replace conventional acne treatments
are under wide development [1] due to the limitations of current treatments, including inefficacy
against antibiotic-resistant bacteria and biofilm formation.
Coconut oil, an antibacterial herbal oil, has
been tested against different microorganisms[9] due
to its unique chemical composition of fatty acids
(lauric and capric acid), sugars, vitamins, minerals,
amino acids, and phytohormones. Coconut oil contains vitamin E and antibacterial compounds and is
used to cure and prevent acne and to treat acne scars
and blemishes [10]. It is also an effective and safe
skin moisturizer and softener [11]. For the topical
delivery of herbal oils, new approaches are being developed as there is a need for novel and more efficient drug-delivery systems [12].
Nanodelivery systems for the treatment of
wounds and other cutaneous disorders provide a high
surface area-to-volume ratio. NPs with dimensions
of 1–1000 nm exhibit properties different from those
of their macroscale counterparts, including enhanced
solubility, bioavailability, permeability, penetration,
and retention of active compounds on the outer skin
layer [13, 14]. NPs also have the ability to protect
and transport drug molecules to specific targets, thus
decreasing drug degradation and adverse effects
[15]. Chitosan, a natural nontoxic biopolymer derived from the deacetylation of chitin, has been

'% !
Nanoparticle, Chitosan, Coconut Oil, Acne Vulgaris
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Acne vulgaris (generally called acne) is a skin
disease [1] affecting 79%–95% of the adolescent
population in western societies [2]. Acne is an inflammatory disease resulting from    
  colonization in sebum-rich follicles [1].
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"8)594199165-3-+:865 41+869+67? )5)3?919
The solution of coconut oil-loaded chitosan NPs was
placed directly into an ultrasonic bath at room temperature for 1–2 min; then, two drops of the solution
were deposited on a Formvar-coated, carbon-supported copper grid. Thereafter, TEM imaging was
performed with a JEOL JEM 1400 Plus at 80 kV. 

)+:-81)39:8)159)5,+;3:;8-  6919
was kindly provided from the Anadolu University,
Eskisehir, Turkey.   ATCC 25923 and  
   ATCC14990 were kindly provided from
the Yeditepe University, Istanbul, Turkey. All
strains were cultivated in enriched thioglycollate
broth (HiMedia, M738) at 37°C for 24 h. Thioglycollate medium was used for this experiment because it supports the growth of both aerobic and anaerobic microorganisms. 

widely studied as a nanocarrier. In addition to antimicrobial and antifungal properties, the small size
and quantum effects of chitosan NPs make them very
attractive for drug-delivery applications [16]. Only
few studies have studied chitosan as a nanocarrier
against acne [17], and there are none specifically on
chitosan-encapsulated coconut oil NPs for the treatment of acne. Considering the attractive properties
and advantages of both coconut oil and chitosan
NPs, we aimed to develop coconut oil-loaded chitosan NPs and to identify the antibacterial, antibiofilm, and toxicity properties of this novel formulation.
" !"!

8-7)8):165 6. +6+65;: 61336),-, +01:69)5
9 Coconut oil-loaded chitosan NPs were prepared according to a modified version of the methods
reported by Calvo et al. and Yoksan et al. [18, 19].
Chitosan NPs were synthesized by ionotropic gelation of chitosan with tripolyphosphate (TPP, 775829-4, Sigma–Aldrich) anions. Chitosan solution
(0.25% [w/v]) (75%–85% degree of deacetylation,
9012-76-4, Sigma–Aldrich) was mixed with 2.5-mg
chitosan and 1% (v/v) aqueous acetic acid solution
at 60°C for 45 min using magnetic stirrer. Coconut
oil (140 µg) was then added to Tween 80 (hydrophilic–lipophilic balance [HLB] 15.9, 1.5%) as a
surfactant and stirred at room temperature for 2 h to
obtain a homogeneous mixture. Then, chitosan NPs
were spontaneously synthesized by the dropwise addition of the chitosan solution to TPP solution during
magnetic stirring (110×g, 2 h) at room temperature.
The suspension was filtered through 0.45-µm poresize filters. 

-:-8415):165 6. )5:1*)+:-81)3 )+:1<1:? )5,
41514;4 1501*1:68? +65+-5:8):165  The
antibacterial activity and MIC values of chitosan
NPs, coconut oil, and coconut oil-loaded chitosan
NPs were determined against the tested microorganisms by the broth microdilution method with some
modifications [20]. Briefly, 100 µL of the microorganisms to be tested (     
 , and the mix culture) containing 0.5 Mc Farland at the final concentration was added to 96-well
plates. Next, 100 µL of thioglycollate medium
(HiMedia, M738) enriched with diluted extracts
from stock solutions (140 µg coconut oil in 11 mL,
2.5 mg chitosan in 11 mL, and 140 µg coconut oil +
2.5 mg chitosan in 11 mL) was added to 96-well
plates with different dilutions (50%, 25%, 12.5%,
6.5%, and 3.125%) and incubated at 37°C for 24 h.
Ampicillin (Thermo Fisher, 11593027) was used as
a positive control. After incubation, the MIC of each
extract was spectrophotometrically measured at a
wavelength of 600 nm (Multiskan Go Microplate
Spectrophotometer, Thermo Fisher Scientific). The
lowest concentration of extract that visibly inhibited
the microbial growth was considered as the MIC. For
anti-biofilm studies, sub-MIC concentrations of
these three extracts were selected. Percent viability
was estimated with the following formula:

8-7)8):165 6. +01:69)5 9 Chitosan NPs
were synthesized using the same method without coconut oil. Briefly, the chitosan solution was prepared
in an aqueous acetic acid solution [1% (v/v)]; then,
Tween 80 (HLB 15.9, 1.5%) was added as a surfactant, and the solution was stirred at room temperature
for 2 h to obtain a homogeneous mixture. Chitosan
NPs were spontaneously fabricated with the dropwise addition of 5 mL of the chitosan solution to 6
mL of TPP solution under magnetic stirring (110×g,
2 h) at room temperature; these were then filtered
through 0.45-µm pore-size filters. 

(-:)91@-8)5)3?9196.+6+65;:61336),-,+01
:69)59 The average particle size and size distribution (polydispersity index [PDI]) of the particles
were measured based on the dynamic light scattering
(DLS) technique. A Zetasizer Nano ZS (Malvern Instruments, UK) instrument equipped with a 4.0-mV
He–Ne laser (633 nm) was used at 25°C. Next, the
samples were filtered in phosphate-buffered saline
(PBS) by using 0.22-μm pore size filter.


-:-8415):1656.)5:1*16.134)+:1<1:?A biofilm-formation assay was performed using the microdilution method as described previously with
some modifications [21]. Overnight cultures of all
strains (   and   and
the mix culture were diluted 1:100 with thioglycollate medium. Various volumes of diluted cultures
were added to 96-well plates. To determine the impact of the various extracts on biofilm formation,
chitosan NPs (2.5 mg chitosan in 11 mL), coconut
oil (140 µg coconut oil in 11 mL), and coconut oil-
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µg coconut oil and 2.5 mg chitosan in 11 mL) were
added and incubated for another 24 h. The media
containing chitosan or NPs were then aspirated, and
100 μL of 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanili-de (XTT)
solution in fresh medium was added to the wells at a
concentration of 0.5 mg/mL (with 7.5 μg/mL phenazine methosulfate). The pla-tes were incubated for 3
h at 37°C, and the optical density was measured at
450 nm using a multi-plate reader (Thermo Labsystems Multiskan Ascent 354 Microplate Photometer).

loaded chitosan NPs (140 µg coconut oil and 2.5 mg
chitosan in 11 mL) were added to culture suspensions in different dilutions (25%, 12.5%, and
6.25%), and the final volume of the wells was adjusted to 100 µL. Thioglycollate medium was used
as the negative control. The microplates were incubated at 37°C for 24 h without shaking. After incubation, the culture suspensions removed from the
wells and microplates were washed three times with
distilled water. The biofilm was visualized by staining with 125 µL of 0.1% crystal violet (Merck,
1159400025) for 10 min. The microplates were
washed with distilled water three times to remove the
excess stain. After the microplates had dried, crystal
violet was dissolved with 125 µL of 10% acetic acid,
and the measurements were performed at 590-nm
wavelength.

-:-8415):1656.+?:6:6>1+1:?The L929 cell
line was used to determine the cytotoxicity of chitosan NPs, coconut oil, and coconut oil-loaded chitosan NPs. Briefly, the cells were cultured in
DMEM-F12 medium (supplemented with 10% fetal
bovine serum and penicillin–streptomycin) and incubated at 37°C in 5%CO2. After 3–4 days, the cultured cells were detached by trypsinization and
counted with a hemocytometer. 
The L929 cells were seeded (10,000 cells/well)
in 96-well flat-bottom microplates with 100 μL of
medium. They were incubated for 24 h at 37°C for
attachment to the well bottom. Different dilutions
(25%, 18%, 12%, and 6.5%) of chitosan NPs (2.5 mg
chitosan in 11 mL), coconut oil (140 µg coconut oil
in 11 mL), and coconut oil-loaded chitosan NPs (140

!#"!
The preparation of chitosan NPs was based on
an ionic gelation interaction between positivelycharged chitosan and coconut oil. Empty chitosan
NPs were also synthesized for a comparison of effects on cells. Particle size, surface charge, and PDI
are important considerations in the design of delivery systems for bioactive compounds. In theory, the
most ideal NPs have the smallest size, highest surface charge, and lowest PDI [22].
The size and size distribution of chitosan NPs
and coconut oil-loaded chitosan NPs were analyzed
using the Zetasizer. In the size distribution profile, a
typical batch of chitosan NPs had a mean diameter
of 37.93 nm and a narrow size distribution (PDI).
The size of coconut oil-loaded chitosan NPs was approximately 11.08 nm with a PDI of 0.124. TEM images of coconut oil-loaded chitosan NPs clearly
showed spherical structure (Figure 1).


#  
"14)/-96.+6+65;:61336),-,+01:69)59
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5:1*)+:-81)3-..-+:96.+6+65;:613)5,6.+01:69)59=1:068=1:06;:+6+65;:613

Coconut oil, chitosan NPs, and coconut oilloaded chitosan NPs were analyzed with the
Zetasizer, and the morphology of the loaded NPs
was observed on TEM. All results indicated that the
loaded NPs were formed successfully. Then, the antibacterial and antibiofilm effects of coconut oilloaded chitosan NPs were analyzed. The results of the antibacterial activity tests of chitosan, coconut oil, and coconut oil-loaded chitosan NPs are
shown in Figure 2. The highest concentration of chitosan showed a strong antibacterial activity against
    (9% viability),    (18% viability),
and the mixed bacterial culture (22% viability).
However, at lower concentrations, the antibacterial
activity of chitosan was decreased. Chitosan did not
show significant antibacterial activity against  
 (51% viability). Coconut oil showed significant antibacterial activity against all tested bacterial
species, except for     (41% viability)
Particularly against the mixed culture, coconut oil
showed antibacterial activity even at lower concentrations. Coconut oil-loaded chitosan NPs showed
relatively strong antibacterial activity against  
 (7% viability),  (4% viability),  
 (31% viability), and the mixed culture (2%
viability). In addition, coconut oil-loaded chitosan
NPs decreased the concentration of    
more than the two other groups.
Chitosan decreased biofilm formation of all
tested pathogens, albeit not significantly. As seen in

Figure 3, the highest concentration of coconut oil decreased biofilm formation in all tested groups, except
for   ; however, the lower concentrations
showed no significant anti-biofilm activity. Coconut
oil-loaded chitosan NPs showed high antibiofilm activity, particularly against  with 6.25% and
12.5% dilutions.
After determining the antibacterial and antibiofilm effects of coconut oil and of NPs with or without
coconut oil, the fibroblast toxicity profile was assayed with the XTT method.
As seen in Figure 4, chitosan NPs had no toxic
effect on fibroblast cells. Coconut oil showed a low
degree of toxicity, but chitosan encapsulation prevented such toxicity. There were no adverse effects
on fibroblasts from chitosan-encapsulated coconut
oil NPs at any of the studied concentrations.
The results showed that chitosan NPs had good
antibacterial and antibiofilm effects at non-toxic
concentrations.


!#!!
For the first time in the literature, this study has
shown the antibacterial and antibiofilm effects of coconut oil-loaded chitosan NPs. These NPs demonstrated excellent antibacterial and antibiofilm effects
at non-toxic concentrations.
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ment of acne vulgaris. Effective and non-toxic concentrations may be used directly as acne treatments
or as additives in anti-blemish cosmetic products.

The antibacterial, antifungal, antiviral, and antiparasitic effects of coconut oil have been reported
in several previous studies. Like many medicinal
plants, coconut shows excellent antibacterial activity
against life-threatening infections [9]. In our study,
coconut oil used alone showed strong antibacterial
effects, particularly against    and  .
  and    are known to be primarily responsible for acne [3], and defenses against these
bacteria are important for the treatment of this condition. Effects against    were also observed; however, they were not as strong as the effects in the mixed culture. The mixed culture was
prepared as a model for acne vulgaris by including
the common bacteria involved in acne [3].
A biofilm is defined as a community of bacteria
enclosed in an extracellular matrix [23]. Little is
known about the antibiofilm effects of coconut oil in
the literature. Our results showed that coconut oil
displays antibiofilm effects against selected bacteria
separately as well as in mixed cultures. The antibacterial and antibiofilm effects of coconut oil make it a
very attractive candidate for the treatment of acne
vulgaris. Herein, to increase its efficacy and to provide a delivery system, coconut oil was encapsulated
in a chitosan biopolymer of nanodimensions. The
antibacterial properties of chitosan biopolymers are
well known, and their antibiofilm properties have
also been shown in a few studies [23, 24]. The present study showed that nano-sized empty chitosan
NPs displayed antimicrobial and antibiofilm effects.
These effects were weaker than those of coconut oil;
however, when coconut oil is encapsulated in chitosan, the total antibacterial effect is significantly increased. At the lowest dilution, the percent viability
of   ,  , and mixed culture exposed to
chitosan-encapsulated coconut oil NPs was approximately 20%.
This increased effect may be caused by a synergistic relationship between coconut oil and chitosan. Another factor may be the nanodimensions of
the formulation as it is known that NPs provide
greater efficacy against bacterial cells as a result of
the quantum-size effect. NPs may be adsorbed, thus
disrupting the bacterial membrane. Taken together,
nanotechnology makes novel approaches possible
for efficient drug-delivery strategies, including for
dermatological diseases. Many NP-based formulations are currently commercially available for cosmetic purposes [15].
Chitosan is a well-known biocompatible polymer; however, to our knowledge, the toxicity of chitosan-encapsulated coconut oil NPs has not been
previously studied. Therefore, we evaluated the toxicity of our newly developed chitosan-based coconut
oil NPs and found no toxicity against fibroblast cells.
These novel chitosan-encapsulated coconut oil
NPs, owing to their strong antibacterial and antibiofilm effects, may be a good candidate for the treat-
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THE EFFECTS OF OLIVE MILL WASTEWATER IN FOUR
ADSORBENTS ON GERMINATION CHARACTERISTICS OF
WHEAT (TRITICUM AESTIVUM L.)
Ilkay Yavas*
Adnan Menderes University, Kocarli Vocational High School, Department of Crops and Animal Production, Aydin, Turkey

pectins and sugars. Therefore its high phenol, lipid
and organic acid concentrations they are phytotoxic
materials [1, 2] and becoming enormous problems
for crops, aquatic life, environment and human
health in the Mediterranean region [3, 4, 5, 6, 7, 8,
9].
On the other hand the high potassium, nitrogen, phosphorus, calcium, magnesium, and iron
levels in OMWW are favourable for soil fertility.
Thus, addition of this matter can accelerate leaching
of Na+, reduce the electrical conductivity, and enhance water infiltration, waterholding capacity, and
aggregate stability especially in sodic soils [7].
It was indicated that adsorbent material using
with low cost and high metal binding capasity is a
suitable method to waste water such as olive mill
and, different absorbent materials are used for decontamination of soil and water [10]. .RFDGDJOÕ HW
al. [8] showed that resin can be a suitable adsorbent
material for removal of phenolic compounds in
OMWW.
This investigation focused on some adsorbents
such as perlite, zeolite, fine sand and volcanic tuff
materials. We aimed to reduce the phytotoxic compounds produced by OMWW using with these
materials and assess seed germination and seedling
growth of Triticum aestivum L. during the germination and seedling period.

ABSTRACT
Olive mill wastewater (OMWW) has been a
significant environmental problem in countries
producing them. Therefore a randomized parcel
design with two factors was set up during the germination period to assess effects of different adsorbent materials on OMWW phytotoxicity on wheat
(Triticum aestivum L.) growth parameters. The
different concentrations of OMWW and perlite,
zeolite, fine sand and volcanic tuff as adsorbent are
used materials. The best germination percentage
and seedling growth were found in control and
OMWW at 25% concentration respectively. Results
of germination studies showed that at 25% concentrations of OMWW along with application of perlite, zeolite, fine sand and volcanic tuff increased
the germination (%), germination index, seedling
length, root length and shoot length of the crop. The
results indicated that 100, 75, and 50% OMWW
were very phytotoxic and completely prohibited
seed germination. In our other studies examining
the effects of adsorbent dose; phytotoxicity decreased significantly by the 25 % OMW dilution,
and along with adsorbents (0.8 g) as results of removing the phenols and other phytotoxic organic
compounds. In conclusion, the zeolite and volcanic
tuff can be used at 0.8 g and 0.5 g doses to reduce
the negative effects of 50% and 25% OMWW respectively.

MATERIALS AND METHODS

KEYWORDS:
Adsorbents, germination percentage, wheat, Olive mill
wastewater, seedling growth

Materials. This research was conducted at
Kocarli VoFDWLRQDO+LJK6FKRRO¶Vlaboratory located at the Adnan Menderes University in Turkey.
Experimental plots were arranged in randomized
parcel design with two factors and five replicates.
Germination tests were conducted with wheat seed
(Triticum aestivum L.) with as control along with 4
different concentrations (25%, 50%, 75% and
100%) of treated oil mill wastewater (factor 1).
Twenty five healty wheat seeds were placed on
filter papers installed in petri plates and incubated
for 7 days in dark conditions 25 oC. Ten milliliter of
tap water was placed in petri plate for the control
treatment, instead of oil mill wastewater (OMWW).
OMWW used as liquid was obtained from olive oil

INTRODUCTION
There are about 750 million olive tree species
in the world, 98% of them living in the Mediterranean region. Main producers of olive oil are Spain,
Italy, Greece, Turkey, Tunisia, Portugal, Morocco,
and Algeria. Olive mill waste water (OMWW) is a
violet-dark brown up to black liquid which is
caused by polyhenols that contains high percentage
of water, organic acids mineral nutrients, phenols,
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These results are similar to those of [11] who considered the root length was higher in 25% Blue
water (BW): 75% Oil mill watewater (OMW).
Phytotoxicity index (PI) was significantly higher up
to 25% doses of OMWW. These results proved that
OMWW was very phytotoxic to wheat. Besides
Mycin et al. [15] stated that the toxicity of the sugar
mill effluent increased gradually with the increase
of percentage of phytotoxicity values. Similar results were observed for Leucaena leucocephala by
Al-Tabbal et al. [11]. Rusan et al. [11] in their experiment on effect of OMWW on seed germination
found that, at 25 % OMWW concentrations enhanced dry weight, shoot length and root length,
germination percentage and phytotoxicity index.
The tolerance index value decreased with increase
in the OMWW concentrations. Similarly Mycin et
al. [15] found that the tolerance index decreased
with increase in the 5% of sugar mill effluent in
cowpea plants.
The root length, shoot length, tolerance index,
phytotoxicity index and phytotoxicity of wheat
were significantly affected by growing medium
(Table 2).
While OMWW combined with perlite and zeolite showed better root length and shoot length
respecively. Kelepesi and Tzortzakis [7] also found
that similar results using OMWW. The highest
tolerance index values obtained from zeolite
(0.266). Perlite and volcanic tuff gave similar results. The lowest tolerance index was found at fine
sand medium. Similar trends were observed on
phytotoxicity and phytotoxicity index in wheat.
Killi and Erol [16] in their experiment to evaluate
seed germination and seedling growth based vegetation waster also found similar results.
The effect of OMWW on seedling growth
length was found to be statistically significant with
treament at various concentrations of OMWW as
well as between different medium. The seedling
growth length was also increased at lower concentrations of OMWW (Table 3).
The results of the data was 2 zero counts
which were observed at the 75% and 100%
OMWW levels. The values were increased with
control conditions and thereafter they declined
gradually towards high concentrations of OMWW.
Mixing adsorbents into the growing medium resulted in increased seedling length. The highest seedling growth length values were generally obtained
from the combination of 25% OMWW with zeolite
and volcanic tuff after control conditions.
The germination percentage of wheat was significantly affected by growing medium and adsorbent doses (Table 4). Increasing levels of adsorbents in growing media were effective in seed germination of wheat. The adding of some adsorbents
(perlite and zeolite) gave higher values at different
OMWW conditions.

mill in the Aydin province. The seeds were sown 4
various growing adsorbents (perlite, zeolite, fine
sand and volcanic tuff as factor 2). In other experiment, OMWW, adsorbents and three different doses
(0.3 g, 0.5 g, 0.8 g) of adsorbents were only evaluated for germination pertentage. The zeolite used in
this study was obtained from the mines of ManisaGördes located in Aegean District of Turkey.
Methods. After the two days period, the observations of seeds were recorded daily up to 5
days. At the end of the 7th day, a number of growth
parameters such as root length, shoot length, seedling growth length phytotoxicity index, phytotoxicity (%) and tolerance index were measured.
Germination (%): Germination was defined by
radical emergence [11] as follows;
Germination (%) =[total number of seeds
germinated/total number of seeds sown] x 100
The following charactersitics were determined
according to [12]. Root length (cm) was measured
from the tip of the primary radicle to the base of
hypocotyl. Shoot length (cm) was measured from
the base of the primary leaf to the base of the hypocotyl. Seedling growth length (cm) was calculated
by adding the root length and shoot length.
Phytotoxicity index (PI): It was estimated using equation; PI = 1 ± RLT/RLC
RLT= Root length in the treated seeds
RLC= Root length in the control treatment.
PI values changes from 0 to 1, in which higher
value means a negative (toxic) effect and a lower
value means a positive (stimulatory) effect.
The main objective of this study was to evaluate the effect of different adsorbent materials on
olive mill wastewater (OMWW) phytotoxicity of
wheat (Triticum aestivum L.) growth parameters
during the germination and seedling period.
Statistical analysis was performed by the
SPSS statistical programme, and means were separated by use of LSD test at p<0.05.

RESULTS AND DISCUSSION
Effects of OMWW at different dilutions on
root length, shoot length, tolerance index, phytotoxicity index and phytotoxicity of wheat was significant (Table 1).
The examined characteristics decreased as
OMWW concentrations increased. Higher concentrations (75% and 100%) of OMWW were inhibitory of germination percentage. The seeds showed
higher root and shoot length at control than at different concentrations of OMWW in Triticum aestivum plants. These results are in line with that
obtained by Singh et al. [13]. In a related study,
Wins and Murugan [14] observed that higher root
and shoot length at 25 % of textile mill effluent
than control after 96 hours in Vigna mungo plants.
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TABLE 1
Effects of different treatment of OMWW on root and shoot length, tolerance index, phytotoxicity index
and phytotoxicity
Treatment
Control
25% OMWW
50% OMWW
75% OMWW
100% OMWW
LSD

Root length
(cm)
10.27 a
3.289 b
1.833 c
0.0 d
0.0 d
0.054

Shoot length
(cm)
4.490 a
4.093 b
2.397 c
0.0 d
0.0 d
0.053

Tolerance
index
0.321 a
0.178 b
0.0 c
0.0 c
0.003

Phytotoxicity
index
0.680 b
0.823 a
0.0 c
0.0 c
0.003

Phytotoxicity
(%)
67.990 b
82.340 a
0.0 c
0.0 c
0.287

TABLE 2
Effects of different adsorbent on root and shoot length, tolerance index, phytotoxicity index and
phytotoxicity
Root length
(cm)
5.063 a
5.427 b
4.871 c
5.161 d
0.065

Medium
Perlite
Zeolite
Fine Sand
Volcanic Tuff
LSD

Shoot length
(cm)
3.564 c
3.991 a
3.389 d
3.687 b
0.059

Tolerance
index
0.249 b
0.266 a
0.230 c
0.251 b
0.007

Phytotoxicity
index
0.751 b
0.734 c
0.770 a
0.749 b
0.007

Phytotoxicity
75.090 b
73.660 c
77.080 a
74.830 b
1.016

TABLE 3
Effects of different concentrations of OMWW and different adsorbent on seedling length
Adsorbents
Treatment
Perlite
Zeolite
Fine Sand
Volcanic Tuff
Control
14.440 a
15.460 a
14.260 a
14.900 a
25% OMWW
7.264 b
8.054 b
6.814 b
7.398 b
50% OMWW
4.178 c
4.738 c
3.726 c
4.276 c
75% OMWW
0.0 d
0.0 d
0.0 d
0.0 d
100% OMWW
0.0 d
0.0 d
0.0 d
0.0 d
LSD
0.112
TABLE 4
Effects of different concentrations of OMWW and different adsorbent on germination percentage
Perlite
OMWW
(%)
Control
25
50
75
100
LSD

Zeolite

Fine Sand

Volcanic Tuff

0.3g

0.5g

0.8g

0.3g

0.5g

0.8g

0.3g

0.5g

0.8g

0.3g

0.5g

0.8g

94.6a
22.7b
19.0c
0.0d
0.0d

94.9a
33.1b
19.6c
0.0d
0.0d

95.1a
34.1b
28.0c
0.0d
0.0d

94.5a
69.8b
63.5c
0.0d
0.0d

95.4a
71.1b
69.4c
0.0d
0.0d

96.1a 91.9a
74.1b 27.3b
71.3c 24.1c
0.0d
0.0d
0.0d
0.0d
1.57

92.3a
28.9b
28.1b
0.0d
0.0d

95.4a
31.0b
28.0c
0.0d
0.0d

95.1a
69.5b
64.5c
0.0d
0.0d

95.3a
71.5b
71.2b
0.0c
0.0c

96.5a
76.0b
72.8c
0.0d
0.0d

Ogboi et al. [17] in their experiment on influence of palm oil mill effluent (POME) on seed
germination found that, germination rate at the first
two days after planting, zero germination was recorded. At the 4rd day after planting, 100% germination was observed in POME application while 65 %
germination was recorded in non-POME application. Dash [18] found that, seed germination efficiency and vigor index of rice and wheat was increased progressively with increasing doses of
domestic waste water up to 50% and thereafter it
decreased. Results indicated that growing media
(100 % zeolite, 100 % perlite) had similar influ-

ences on the germination percentage, height, stem
diameter, and fresh weight of cucumber seedlings.
Besides zeolite, turf, and perlite mixture affect
seedling improvement [19]. Seed germination percentage for green gram and mustard decreased with
increasing sugar industry concentrations. At lower
dilutions (75%) the seeds showed positive effect on
germination and seedling growth [20]. Germination
percentage of kidney bean was higher at control,
followed by 50% and 25% respectively. Germination percentage and seedling growth were inhibited
at 100% concentration of POME at 24 hrs. The root
and shoot length were decreased with increasing
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[4] Mebirouk, M., Sbail, L., Lopez, M. and Gonzalez, J. (2007) The absorption of polyphenols
from olive oil mill wastewaters by sawdust and
biodegradation by the fungus Phanerochaetae
chrysosporium. Grasas Y Aceites. 58(4), 366371.
[5] Leouifoudi, I., Zyad, A., Amechrouq, A.,
Oukerrou, M.A., Mouse, H.A. and Mbarki, M.
(2014) Identification and characterisation of
phenolic compounds extracted from Moroccan
olive mill wastewater. Food Science and Technology. 34(2), 249-257.
[6] Otles, S. and Selek, I. (2012) Treatment of
Olive Mill Wastewater and the Use of Polyphenols Obtained After Treatment. International Journal of Food Studies. 1, 85-100.
[7] Kelepesi, S. and Tzortzakis, N.G. (2009) Olive
Mill Wastes-A Growing Medium Component
for Seedling and Crop Production of Lettuce
and Chicory. International Journal of Vegetable Science. 15, 325-339.
[8] .RFDGDJOÕ7$WDo0RJRO%and Gökmen, V.
(2014) Removal of Phenolic Compounds from
Olive Mill Wastewater by Adsorbent Resins.
Desalination and Water Treatment. 52(13-15),
2875-2885.
[9] PROSODOL (2012) Strategies to improve and
protect soil quality from the disposal of Olive
Oil Mill Wastes in the Mediterranean region:
Results and Achievements of a 4-year demonstration project. What to consider; What to do.
Doula, M.K., Kavvadias, V., Komnitsas, K.,
Tinivella, F., Moreno-Ortego, J.L., Sarris, A.
(Eds.) LIFE07 ENV/GR/000280.
[10] Azmat, R., Akhter, Y., Ahmed, T. and Qureshi,
S. (2010) Treatment of Cr+3 contaminated soil
by solid tea wastage; A study of physiological
processes of Vigna radiata. Pakistan Journal of
Botany. 42(2), 1129-1136.
[11] Al-Tabbal, J.A., Ammary, B.Y., Al-Zboon,
K.K. and Al-=RX¶%\, J. (2015) Effect of treatHGLQGXVWUÕal wastewater reuse on the germination and seedling growth of Leucaena leucocephala. Proceedings of the 14th International
Conference on Environmental Science and
Technology. Rhodes, Greece. 3-5 September
2015.
[12] Rusan, M.J., Albalasmeh, A.A., Zuraiqi, S.
And Bashabsheh, M. (2015) Evaluation of phytotoxicity effect of olive mill wastewater treated by different technologies on seed germination of barley (Hordeum vulgare L.). Environmental Science and Pollution Research International. 22(12), 9127-35.

palm oil mill effluent (POME) concentration as
compared to that of control These results are in line
with those obtained by [13]. Muscolo et al. [21]
mentioned that low concentrations of OMWW
GLGQ¶W UHGXFH VHHG JHUPLQDWLRQ DQG VHHGOLQJ
growth. Dilution with water at a high ratio reduced
OMW phytotoxicity.

CONCLUSION
The results of the study showed that the raw
oil mill wastewater directly affects the wheat germination percentage and other growth parameters.
The results of germination percentage showed germination (%) higher than 50% only for control,
25% and 50% treatments. Therefore apply of
OMWW (at 25% and 50%) may be used for germination and seedling production. OMWW can be
used in agricultural practices after proper dilutions.
For, 75 % and 100% OMWW treatment showed
0% germination (%) and LW¶V proved that 75% and
100% concentrations of treated OMWW not safely
used for agricultural purposes because of its high
toxicity level. Therefore they should not be applied
presowing due to lowering germination percentage.
If it dilutes, salt content can be reduced. Thus germination problem can be eliminated. The using
zeolite and volcanic tuff were efficient in reducing
the detrimental effects of OMWW. Therefore it has
a significant impact on germination and seedling
growth. They will be effective at the seedling stage
because of increasing N content of seedling adhere
to the root. The study suggests that the OMWW can
be used safely for wheat, only after dilution and
mixing with zeolit or volcanic tuff at 0.8 g and 0.5
g doses.
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contingent of research performed worldwide focusing on efficient degradation of a variety of cellulose
materials [5, 6]. Studies in this field started in late
1960s. Khan and Trottierwere, in 1978, the first to
degrade cellulose through anaerobic degradation
technology [7]. Since then, different degradation
technologies have been studied and applied to the
cellulose material recycling process [8, 9, 10, 11].
More and more disciplines, including biotechnology,
environmental science, energy and fuel science, polymer materials and medicine have been involved in
this area and it is evident that cellulose degradation
has become an interdisciplinary field [12, 13, 14,
15].
The literature can reflect the results of scientific
research. By analyzing the literature, we can systematically evaluate the significance of the results in a
particular research field, reveal research trends and
determine the regional distribution of research efforts [16]. Bibliometric methods have been applied
to different topics, such as rehabilitation [17], adsorption technology [18], and aerosols [19].
In recent years, a large number of articles related to cellulose degradation have been published
annually. However, reports on its development and
research trends are relatively few. In this paper, a
bibliometric technique was used to analyze research
trends in cellulose degradation in order to provide a
basis for a better understanding of the present state
of global cellulose degradation research.

As a renewable biomass energy resource, cellulose materials are an important solution to global
energy scarcity. In this study, bibliometric analysis
was used for the statistical evaluation of research
trends in cellulose degradation. In this study, the research articles indexed in SCI-EXPANDED from
the ISI Web of Science database published from
1996 to 2013 were investigated. The results indicate
that number of scientific papers published on cellulose degradation increased significantly from 19962013, and that America dominated research output
through this period. Among all institutes involved in
this field, the University of Tokyo, Japan, had the
largest production. The majority of research on cellulose degradation is related to biotechnology, energy, environment and materials engineering. The
three most popular journals in this area, in descending order of most cellulose degradation papers published, are     ,      
 , and       .
In addition, keyword analysis revealed that biomass,
biodegradation, pyrolysis, fermentation and enzymolysis have been research hotspots from 19962013.
(' #$
cellulose materials, degradation, bibliometrics, research
trends, energy resource

%$ &#$% $
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ISI Web of Science is the world’s largest and
most comprehensive academic information resource.
In this study, articles related to cellulose degradation
were queried based on the topic “(fibrin or cellulose)
and (degradation or degrade or degrading or degradable or degradative or degradability or degraded
or degrades or degradations)” based on the ISI Web
of Science database. A total of 10193 articles were
retrieved and 9623 of which were published from
1996-2013. Microsoft Excel 2007 software was used
to collate and statistically analyze article information
including document types, languages, countries, institutes, authors, citations, reference numbers, page

Cellulose materials exist widely in nature and
are commonly used in a variety of industrial processes As the energy crisis and related environmental problems become increasingly severe, utilization
of cellulose materials to produce high value-added
resources (ethanol, biogas, lactic acid, etc.) has become one of the hot areas of research to maintain
sustainable industrial development [1,2,3,4]. Since a
majority of cellulose is wrapped by complex structures consisting of hemicellulose and lignin, its efficient degradation becomes key to the utilization of
cellulose materials. There has therefore been a large
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Table 1 shows the characteristics of cellulose
degradation related articles during 1996-2013. The
average number of references increased from 30 in
1996 to 40 in 2013; the average number of authors
per article also increased from 3.9 to 4.4. Paper
length remained relatively stable at an average of 8.5
pages per article. The average number of institutes
and countries involved increased from 1.5 to 2.2 and
1.1 to 1.2, respectively, implying a strengthening in
international and inter-institutionary cooperation.

numbers, subject categories, and journals, based on
the method used by Ho [20]. Keyword analysis was
carried out to obtain the research trends in this field.
#$&%$$&$$ 

8,>6.7=%A9.*7-*70>*0.There were 9
document types found in a total of 10193 publications during 1996-2013. Article (87.11%) is the
dominant document type, followed by review
(4.31%), meeting abstract (2.23%), note (1.42%),
editorial (0.89%), letter (0.92%), correction (0.78%),
reprint (0.78%), correction addition (0.65%), news
item (0.61%), and discussion (0.41%). Non-articles
were discarded from further analysis.
Among the 9623 articles, 9344 (97.1%) were
published in English, followed by Germany (64),
French (38), Chinese (28), Russian (26), Japanese
(26), Portuguese (18), Spanish (14), Polish (9),
Czech (5), Korean (4), Serbian (2), Turkish (2), Hungarian (1), and Croatian (1). This may not purely be
because English is the dominant language in cellulose degradation research, but may also be because
most journals in the ISI database are published in
English.

87=;2+>=287< 8/ 7<=2=>=.< *7- 8>7=;2.<
Contributions of different countries were estimated
by the affiliation of at least one author of the articles.
Articles originating from England, Scotland, Wales
and Northern Ireland were reclassified as being from
the United Kingdom (UK), and publications from
Hong Kong were combined with those of mainland
China. Among the 9623 articles, 294 (3.1%) articles
were published by one author, and the other 9329
(96.9%) articles were published by two or more authors. The top 10 most productive countries together
with their total number of publications, independent
publications, first author publications, and corresponding author publications are listed in Table 2.
The USA published a total of 1659 (17.23%) articles
from 1996-2013, which almost doubled that of the
second most productive country, China. The numbers of articles published over this period by China,
Japan, Germany and France are all above 400, and
cooperative publications accounted for 2%, 11%,
19% and 21% of the total publications of each respective country. The number of cellulose degradation related articles from a country may reflect the
urgency of energy demand, concern for environmental pollution, as well as the scientific capabilities of
that country.

%;.7- 8/ !;8->,=287 Research on cellulose
degradation increased rapidly in the 21st century,
with annual publications surging from 368 in 2002
to 1069 in 2012. As shown in Figure 1, annual publications on cellulose degradation kept relatively stable prior to 2007, but subsequently rapidly increased.
This may be explained by an unprecedented increase
in global energy demand making resource utilization
and energy regeneration of cellulose materials a crucial global research topic.
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Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
Total
Average

TP
364
363
372
364
416
392
368
428
431
439
493
469
548
643
718
826
1029
960
9623

AU/TP
4.0
4.1
4.0
4.0
4.0
3.9
4.1
3.9
4.0
4.0
4.4
4.0
4.1
4.1
4.1
4.1
4.0
4.0

NR/TP
30
30
31
30
33
30
29
31
31
31
32
33
33
34
35
36
39
40

PG/TP
8.0
7.8
8.6
8.4
8.6
8.1
8.2
8.7
8.6
8.8
8.4
8.6
8.5
8.4
8.5
8.8
9.1
9.2

NC/TP
1.1
1.1
1.2
1.2
1.2
1.1
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2

NI/NP
1.5
1.6
1.6
1.7
1.7
1.8
1.8
1.6
1.8
1.8
1.9
1.8
1.8
1.8
1.9
2.1
2.2
2.2

4.1

33

8.5

1.2

1.8

* TP: total publications; AU/TP: average number of authors per article; PG/TP: average number of pages per
article; NR/TP: average number of references per article; NC/TP: average number of countries involved per article; NI/TP: average number of institutes involved per article.
% 
%8968<=9;8->,=2?.,8>7=;2.<=.;;2=8;2.</;86 =8  
 













USA
China
Japan
Germany
France
India
Italy
Brazil
UK
Canada

1659
864
857
488
415
397
310
302
298
296

1 (17.23)
2 (8.97)
3 (8.9)
4 (5.07)
5 (4.31)
6 (4.12)
7 (3.22)
8 (3.14)
9 (3.09)
10 (3.07)

1 (17.18)
2 (10.72)
3 (9.59)
4 (4.99)
6 (4.13)
5 (4.66)
8 (3.25)
7 (3.35)
12 (2.68)
9 (2.86)

1 (16.32)
2 (10.93)
3 (8.52)
4 (5.12)
5 (4.18)
6 (4.01)
8 (2.95)
7 (2.98)
9 (2.84)
10 (2.82)

1 (16.83)
2 (10)
3 (8.78)
4 (4.96)
5 (4.26)
6 (4.1)
7 (3.19)
8 (3.15)
47 (0.25)
9
(3)

18
2
11
19
21
7
17
12
29
24

*TP: total publications; TPR (%): Rank and percentage of total publications; SPR (%): Rank and percentage of
independent publications; FPR (%): Rank and percentage of first author publications; RPR (%): Rank and percentage of statistical corresponding author publications; C (%): percentage of cooperative publications in total
publications.

The annual numbers by publications of the top
8 most productive countries during 1996-2013 are
shown in Figure 2. The number of publications by
the USA and China increased rapidly since 2006.
China published the least articles amongst the 8
countries prior to 1998, but from 2006 to 2010 became the world’s second biggest contributor to this
field, only after the USA.
Contributions of different institutes were analyzed by the affiliations of at least one author of the
articles. Among the 9623 articles, 564 (5.9%) were
published independent of other institutes, and 9059
(94.1%) were inter-institutionary publications. The
9623 articles were submitted by 3804 different institutes, among which 2447 (64.3%) institutes published only one article and 492 (12.9%) published
two articles. As shown in Table 3, 8 out of the top 15
most productive institutes are from China, 3 are from
the USA, 2 are from Japan and one each is from Rus-
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and 4 in the world, respectively. This indicates that
sia, Brazil, and France. Chinese Academy of Scithe technology and research reserves of China are
ences, University of Tokyo, and South China Uniclose to those of developed countries (Table 3).
versity of Technology were the top three most productive institutes. However, since the Chinese Acad2<=;2+>=287 8/ $>+3.,= *=.08;2.< 7-
emy of Science has branches in many cities, a differ8>;7*5<According to the classification of subject
ent ranking would be generated if the articles were
categories in ISI Journal Citation Reports (JCR), the
divided between the branches. Shandong University,
9623 articles were distributed in 158 subject categoChina, and Cornell University, USA, published the
ries. As shown in Figure 3, the top 6 subject categomost independent articles. Chinese Academy of Sciries containing the most articles are chemistry (1201,
ences carried out more collaborative research. Uni12%), biotechnology & applied microbiology (1046,
versity of Tokyo, Japan was home to the most corre11%), biochemistry & molecular biology (962,
sponding authors besides Chinese Academy of Sci10%), agriculture (878, 9%), materials science (741,
ences, indicating its long history in cellulose degra8%), and engineering (685, 7%). The top 10 most
dation research. Based on the above analysis, it is evproductive journals in this field from 1996-2013 are
ident that the USA, China, and Japan possess more
listed in Table 4. These top 10 journals accounted for
power in cellulose degradation research, which is
16.5% of total publications. Based on the above analrelative to the national resource demand and policies
ysis, cellulose degradation is closely related to bioon development and utilization of new energies in
logical, chemical, agricultural, materials, and engithese countries. The top 3 most productive institutes
neering industries. Among them, biotechnology and
in cellulose degradation research from China from
applied microbiology are important methods used af1996-2013 were Chinese Academy of Sciences
ter cellulose degradation, indicating that degradation
(169), South China University of Technology (74)
and China Agricultural University (73), ranking 1, 3

% 
%89 68<=9;8->,=2?.27<=2=>=.</;86 =8  
27<=2=>=.<
Chinese Acad Sci, China
Univ Tokyo, Japan
S China Univ Technol, China
China Agr Univ, China
INRA, France
Kyoto Univ, Japan
Univ Sao Paulo, Brazil
Shandong Univ, China
Sichuan Univ, China
Russian Acad Sci, Russia
Univ Calif Davis, USA
Beijing Forestry Univ, China
USDA ARS, USA
Zhejiang Univ, China
Cornell Univ, USA


169
74
74
73
68
62
59
55
54
51
48
48
48
47
46


1 (1.09)
2 (0.6)
3 (0.58)
4 (0.52)
5 (0.45)
6 (0.42)
7 (0.39)
8 (0.36)
8 (0.36)
10 (0.35)
11 (0.34)
13 (0.31)
14 (0.3)
15 (0.29)
16 (0.28)


5 (0.89)
9 (0.71)
2 (1.06)
3 (1.01)
5 (0.89)
87 (0.18)
9 (0.71)
1 (1.24)
6(0.82)
9 (0.71)
9 (0.71)
7(0.79)
25 (0.35)
4 (0.91)
2 (1.06)


1 (1.71)
4 (0.71)
2 (0.75)
3 (0.74)
5 (0.64)
6 (0.62)
7 (0.56)
9 (0.49)
8 (0.55)
11 (0.48)
14 (0.44)
9 (0.49)
13 (0.47)
11 (0.48)
16 (0.4)


1 (0.99)
3 (0.58)
7 (0.44)
3 (0.58)
5 (0.52)
2 (0.6)
6 (0.45)
8 (0.43)
11 (0.37)
8 (0.43)
17 (0.31)
14 (0.34)
14 (0.34)
16 (0.33)
10 (0.4)


1 (1.03)
2 (0.75)
12 (0.42)
6 (0.61)
3 (0.69)
4 (0.65)
5 (0.62)
16 (0.37)
13 (0.4)
7 (0.52)
9 (0.47)
18 (0.35)
8 (0.48)
17 (0.36)
9 (0.47)

TP: total publications; TPR (%): Rank and percentage of total publications; SPR (%): Rank and percentage of
independent publications; CP R (%): Rank and percentage of cooperative publications; FPR (%): Rank and
percentage of first author publications; RPR (%): Rank and percentage of corresponding author publications.
% 
%8968<=9;8->,=2?.38>;7*5<87,.55>58<.-.0;*-*=287/;86 =8 
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Bioresource Technology

298

4.75

Carbohydrate Polymers
Journal of Applied Polymer Science

223
194

3.479
1.395

Cellulose

151

3.476

Polymer Degradation and Stability
Applied And Environmental Microbiology
Journal Of Analytical And Applied Pyrolysis
Thrombosis and Haemostasis
Applied Microbiology and Biotechnology
Thrombosis Research

148

2.77

$>+3.,=,*=.08;A
Agricultural Engineering; Biotechnology & Applied Microbiology; Energy & Fuels
Chemistry, Applied; Chemistry, Organic; Polymer Science
Polymer Science
Materials Science, Paper & Wood; Materials Science, Textiles; Polymer Science
Polymer Science

147

3.678

Biotechnology & Applied Microbiology

122

2.56

Chemistry, Applied

110

6.094

Hematology; Peripheral Vascular Disease

96

1.349

Biotechnology & Applied Microbiology

96

2.406

Hematology; Peripheral Vascular Disease

TP: total publications; IF: based on JCR 2013.
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of cellulose is an important technology for mitigating energy crises and environmental pollution.
About 26.3% of articles on cellulose degradation
from China were published in journals listed Table
4. 2 of the 10 journals listed in Table 4 are from
China, and their impact factors are relatively low.

more infrequent. In this study, a total of 15062 keywords were listed by authors from 1996-2013 in the
cellulose degradation field. Author keywords appeared in articles referring to cellulose degradation
were calculated and ranked by total 18-year and
three 6-year sub-periods (Table 5). By analysis of
these keywords, it could be concluded that cellulose
degradation can be classified into many subject categories. For example, “biodegradation” and “fermentation” were related to biological engineering;
“kinetics,” “pyrolysis,” and “fibrinolysis” were related to chemical engineering; and “mechanical
properties”, “d-dimer”, and “lignocellulose” were
related to material science.
By analyzing the top 25 most frequently used
author keywords, we can roughly draw the research
trends of each sub-period. Except for search terms
like “degrad*”, “cellulose”, and “fibrin*”, other keywords including “biodegradation”, “pyrolysis”,
“thermal degradation”, “fermentation”, “endoglucanase”, “xylanase”, and “beta-glucosidase” were
frequently used, indicating that the main methods for
cellulose degradation are biodegration, pyrolysis,
fermentation, and enzymolysis. During the study pe&# 
riod, the rankings of some author keywords changed
%1.=89 68<=9;8->,=2?.<>+3.,=<@2=127,.55>
dramatically. For instance, “biodegradation” and
58<.-.0;*-*=287  
“thermal degradation” ranked 23 and 22 during
1996-2001, respectively, and increased to 6 and 11
2<=;2+>=2878/>=18;.A@8;-<Statistical
during 2008-2013. This suggests that biodegradation
analysis of keywords can help researchers find sciand thermal degradation have gradually become reentific research trends in a particular field. Bibliosearch hotspots. On the contrary, enzymatic hydrolmetric methods concerning author keywords analyysis, which ranked 8 during 1996-2001, had declined
sis can only be found in recent years, so using the
to 101 during 2008-2013, indicating that enzymatic
author keywords to analyze research trends is much
hydrolysis has matured as a research technology in
this field.
% 
%89 68<=/;.:>.7=5A><.-*>=18;4.A@8;-</;86 =8  
author keywords

 

Cellulase
Fibrinolysis
Lignin
Degradation
Cellulose Degradation
Biodegradation
Kinetics
Mechanical Properties
Fibrin
Pyrolysis
D-Dimer
Hemicellulose
Thermal Degradation
Xylanase
Coagulation
Endoglucanase
Fibrinogen
Hydrolysis
Enzymatic Hydrolysis
Fermentation
Purification
Biomass
Lignocellulose
Xylan
Biodegradation

279
235
204
159
116
101
98
96
93
89
87
85
85
80
78
76
75
69
66
57
57
56
55
55
54

 

4 (3.18)
2 (3.73)
3 (3.24)
5 (2.53)
6 (1.84)
7 (1.6)
8 (1.56)
9 (1.52)
10 (1.48)
11 (1.41)
12 (1.38)
13 (1.35)
13 (1.35)
15 (1.27)
17 (1.24)
18 (1.21)
19 (1.19)
20 (1.1)
21 (1.05)
22 (0.91)
22 (0.91)
24 (0.89)
25 (0.87)
25 (0.87)
27 (0.86)



3 (2.95)
16 (1.31)
2 (3.12)
4 (2.74)
18 (1.26)
23 (0.99)
13 (1.53)
5 (2.68)
25 (1.04)
10 (1.81)
65 (0.49)
21 (1.15)
22 (1.04)
7 (1.91)
52 (0.6)
30 (0.82)
65 (0.49)
13 (1.53)
8 (1.86)
27 (0.93)
30 (0.82)
80 (0.58)
19 (1.2)
30 (0.82)
15 (1.48)

TP: total publications; R (%): Rank (percentage of total publications).
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4 (3.02)
5 (2.48)
3 (3.06)
2 (3.4)
9 (1.8)
6 (1.99)
7 (1.95)
10 (1.75)
18 (1.12)
8 (1.85)
24 (0.92)
12 (1.46)
13 (1.36)
24 (0.92)
17 (1.22)
11 (1.7)
24 (0.92)
14 (1.26)
20 (1.07)
21 (0.97)
18 (1.12)
60 (0.47)
32 (0.83)
21 (0.97)
52 (0.63)

  

3 (3.48)
2 (6.63)
3 (3.48)
10 (1.62)
6 (2.32)
6 (1.97)
15 (1.24)
87 (0.46)
7 (2.11)
42 (0.75)
5 (2.44)
14 (1.41)
11 (1.75)
20 (1.08)
9 (1.74)
20 (1.08)
8 (1.95)
53 (0.62)
101 (0.41)
32 (0.83)
39 (0.79)
12 (1.46)
50 (0.66)
32 (0.83)
57 (0.58)
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% 
%89 68<=/;.:>.7=5A><.-4.A@8;-<95></;86 =8  
Keyword plus
degradation
cellulose
purification
lignin
hydrolysis
biomass
wood
expression
fermentation
kinetics
enzymes
behavior
water
acid
decomposition
mechanism
identification
system
trichoderma-reesei
polysaccharides
cellulases
bacteria
pyrolysis
pretreatment
binding
fibers
growth
model
wheat-straw
enzymatic-hydrolysis

96-13 TP
1911
1481
454
435
427
420
371
334
324
287
272
262
251
240
235
232
218
211
200
194
194
194
192
191
190
188
183
178
172
172

96-13 R (%)
1 (20.65)
2 (16)
3 (4.91)
4 (4.7)
5 (4.61)
6 (4.54)
7 (4.01)
8 (3.61)
9 (3.5)
10 (3.1)
11 (2.94)
12 (2.83)
13 (2.71)
14 (2.59)
15 (2.54)
16 (2.51)
17 (2.36)
18 (2.28)
19 (2.16)
20 (2.1)
20 (2.1)
20 (2.1)
23 (2.07)
24 (2.06)
25 (2.05)
26 (2.03)
27 (1.98)
28 (1.92)
29 (1.86)
29 (1.86)

96-01R (%)
1 (3.89)
2 (2.24)
3 (1.51)
7 (0.8)
9 (0.67)
51 (0.3)
22 (0.48)
4 (1.04)
13 (0.58)
20 (0.51)
22 (0.48)
164 (0.13)
43 (0.32)
16 (0.56)
66 (0.27)
16 (0.56)
24 (0.46)
30 (0.41)
27 (0.42)
33 (0.38)
19 (0.53)
13 (0.58)
73 (0.25)
264 (0.09)
8 (0.69)
126 (0.16)
12 (0.59)
36 (0.36)
204 (0.11)
126 (0.16)

02-07 R (%)
1 (5.75)
2 (4.12)
3 (1.33)
4 (1.16)
7 (0.88)
16 (0.66)
6 (0.89)
5 (1.13)
9 (0.83)
9 (0.83)
11 (0.78)
14 (0.69)
12 (0.75)
22 (0.61)
12 (0.75)
8 (0.86)
15 (0.68)
16 (0.66)
21 (0.62)
24 (0.57)
38 (0.41)
26 (0.49)
49 (0.37)
68 (0.28)
16 (0.66)
55 (0.35)
25 (0.56)
19 (0.64)
40 (0.4)
102 (0.22)

08-13 R (%)
1 (11.28)
2 (9.81)
7 (2.18)
5 (2.8)
4 (3.17)
3 (3.6)
6 (2.72)
16 (1.51)
8 (2.12)
10 (1.78)
11 (1.73)
9 (2.04)
13 (1.67)
20 (1.43)
14 (1.61)
32 (1.08)
23 (1.25)
25 (1.24)
29 (1.15)
27 (1.18)
27 (1.18)
34 (1.03)
18 (1.48)
12 (1.7)
55 (0.71)
15 (1.52)
44 (0.82)
37 (0.96)
21 (1.37)
16 (1.51)

TP: total publications; R (%): Rank (percentage of total publications
2<=;2+>=287 8/ .A@8;-< !5>< ‘Keywords
Plus’ were generated independently of the title or author keywords, describing the article’s contents with
greater depth and variety. As additional search
terms, keywords plus are usually more concerned
about novel research directions than the mature directions in the field [21, 22]. For example, the word
“biomass”, which represents the resource utilization
direction of cellulose materials, ranked 51 during
1996-2001, surged to 16 during 1998-2003 then
ranked 3 during 2008-2013. By 2008 much cellulose
degradation research had adopted “biomass” techniques [23, 24, 25]. This is due to the fact that the
increasing demand for new energy because of energy
crises in recent years has made studies on cellulose
degradation to produce high value-added products a
hot topic. As shown in Table 6, the most frequently
studied cellulose-based materials were straw and
wood, because these two materials are extensively
available and inexpensive, which meets the great demand for raw materials to produce new energy [26].

chemical engineering and biological engineering, especially enzymolysis-related researches. Generally,
hotspots of biological engineering were biodegradation, cellulases and bacteria related research. Each
hotspot was supported by a single word or a word
cluster. For example, degradation was supported by
“biodegradation”, “thermal degradation”, “pyrolysis”, and “enzymatic hydrolysis”. The supporting
words of “cellulases” were “cellulose”, “xylanase”,
“enzymes”, and “trichoderma-reesei”. “Bacteria”,
“growth”, “biodegradation”, and “fermentation”
comprised the supporting word cluster of bacteria.
Hotspots of materials engineering were classified
into two sub-groups. One was raw materials-related
research, whose supporting word cluster included
“biomass”, “wood”, “wheat-straw”, “fibers”, “lignocellulose”, “lignin”, and “hemicellulose”. The other
was material property-related research, whose supporting words contained “mechanical properties”,
“binding”, “mechanism”, and “coagulation”. Chemical engineering related research was supported by
“pretreatment”, “acid”, “purification”, “decomposition”, “pyrolysis”, “polysaccharides”, and “expression”.
Generally, the above mentioned hotspots can be
reflected by certain highly cited articles. Taking degradation-related research for example, Zhang and
Lynd [27] reviewed the enzymatic hydrolysis by

7*5A<2< 8/ #.<.*;,1 8=<98=< By comprehensively analyzing the distribution of two keyword
types (author keywords and keyword plus), we
summed the research hotspots on cellulose degradation into three categories: materials engineering,
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noncomplexedcellulase enzyme systems, emphasizing on the development of aggregated understanding
incorporating substrate features as well as concentration and multiple cellulase components. Pääkkö and
Viikari [28] adopted enzymatic hydrolysis combined
with mechanical shearing and high-pressures to research homogenization for nanoscale cellulose fibrils and strong gels.

[1] Sun, Y. and Cheng, J.Y. (2002) Hydrolysis of
lignocellulosic materials for ethanol production:
a review. Bioresource Technology. 83(1), 1
11.
[2] Sun, F.B. and Chen, H.Z. (2008) Enhanced enzymatic hydrolysis of wheat straw by aqueous
glycerol pretreatment. Bioresource Technology.
99(14), 61566161.
[3] Singhvi, M., Joshi, D., Adsul, M., Varma, A.,
Gokhale, D. (2010) D-(-)-Lactic acid production
from cellobiose and cellulose by Lactobacillus
lactis mutant RM2-24. Green Chemistry. 12(6),
11061109.
[4] Chen, W.H., Tu, Y.J., Sheen, H.K. (2011) Disruption of sugarcane bagasse lignocellulosic
structure by means of dilute sulfuric acid pretreatment with microwave-assisted heating, Applied Energy. 88(8), 27262734.
[5] Divya Nair, M.P., Padmaja, G., Moorthy S.N.
(2011) Biodegradation of cassava starch factory
residue using a combination of cellulases, xylanases and hemicellulases. Biomass Bioenergy.
35(3), 12111218.
[6] Foston, M. and Ragauskas, A.J. (2010) Changes
in the Structure of the Cellulose Fiber Wall during Dilute Acid Pretreatment in Populus Studied
by H-1 and H-2 NMR. Energy & Fuels. 24(10),
56775685.
[7] Khan, A.W. and Trottier T.M. (1978) Effect of
sulfur-containing compounds on anaerobic degradation of cellulose to methane by mixed cultures obtained from sewage sludge, Applied &
Environmental Microbiology. 35(6), 1027 
1034.
[8] Liu, C.Z. and Cheng, X.Y. (2010) Improved hydrogen production via thermophilic fermentation of corn stover by microwave-assisted acid
pretreatment. International Journal of Hydrogen
Energy. 35(17), 89458952.
[9] Moilanen, U. and Viikari, L. (2010) Enzymatic
modification of lignin for enhanced hydrolysis.
Journal of Biotechnology. 150(6), 574575.
[10]Zheng, M., Li, X., Li, L., Yang, X., He, Y.
(2009) Enhancing anaerobic biogasification of
corn stover through wet state NaOH pretreatment. Bioresource Technology. 100(21), 51405145.
[11]Liu, Y., Yu, P., Song, X., Qu, Y.B. (2008) Hydrogen production from cellulose by co-culture
of Clostridium thermocellum JN4 and Thermoanaerobacterium
thermosaccharolyticum
GD17. International Journal of Hydrogen Energy. 33(12), 29272933.

 &$ $
A bibliometric technique was used to analyze
the literature related to cellulose degradation based
on the ISI web of science database, and research
trends during 1996-2013 in this field were obtained.
The results show that along with the development of
the world economy, the emergence of energy crises
and increasing concern over environmental pollution, research on degradation of cellulose-based material has attracted widespread attention from more
and more countries, institutes, and researchers.
Among them, the Chinese Academy of Sciences and
the University of Tokyo were the largest contributors. The dominant subject categories include biology, chemistry, agriculture, and materials engineering; keywords analysis shows that biodegradation,
pyrolysis, fermentation, and enzymolysis have become hotspots in current cellulose degradation research. Two kinds of cellulose degradation technology: “biodegradation” and “thermal degradation”
have gradually become focal points of this field.
Meanwhile, the degradation of cellulosic materials
to produce high value-added energy has also become
a hot topic. The research hotspots can be classified
into three subjects: materials engineering, chemical
engineering and biological engineering (especially
enzyme-related research). These changes bear a historical background. With the rapid development of
modern technology and growing global energy depletion, energy produced from cellulose-based substances is under increasingly strong demand. As
costs decrease, we expect that an efficient low-cost
celloluse degradation technology will be developed
in the near future.


 '%$
This work was supported by the Inner Mongolia Autonomous Region Natural Science Foundation
under Grant (number 2015BS0509); The National
Natural Science Foundation of China under Grant
(number 21666028); and The Inner Mongolia Autonomous Region science and technology major projects.

2660

$#

! %  









!"  ! 


[25]Lee, J. (1997) Biological conversion of lignocellulosic biomass to ethanol. Journal of biotechnology. 56(1), 1-24.
[26]Feamside, P.M. (1997) Wood density for estimating forest biomass in Brazilian Amazonia.
Forest ecology and management. 90(1), 5987.
[27]Zhang, Y.H. and Lynd, L.R. (2004) Toward an
aggregated understanding of enzymatic hydrolysis of cellulose: noncomplexedcellulase systems. Biotechnology and Bioengineering.
3088(7), 797824.
[28]Pääkkö, M., Ankerfors, M., Kosonen, H.,
Nykänen, A. (2007) Tenzymatic hydrolysis
combined with mechanical shearing and highpressure homogenization for nanoscale cellulose fibrils and strong gels. Biomacromolecules.
8(6),19341941.

[12]Abdel-Rahmana, M.A., Yukihiro, T., Sonomoto, K. (2011) Lactic acid production from lignocellulose derived sugars using lactic acid bacteria Overview and limits. Journal of Biotechnology. 156(4), 286301.
[13]Quye, A., Littlejohn, D., Pethrick, R.A., Stewart, R.A. (2011) Investigation of inherent degradation in cellulose nitrate museum artefacts.
Polymer Degradation and Stability. 96(7),
13691376.
[14]Chen, Y., Li, G., Yang, F., Zhang, M.S. (2011)
Mn/ZSM-5 participation in the degradation of
cellulose under phosphoric acid media. Polymer
Degradation and Stability. 96(5), 863869.
[15]Ben, M.M., Majdoub, H., Bataille, I., Roudesli,
M.S., Hassine, M., Ajzenberg, N., Chaubet, F.,
Maaroufi, R.M. (2009) Polysaccharides from
the skin of the ray Raja radula. Partial characterization and anticoagulant activity. Thrombosis
Research. 123(4), 671678.
[16]Cimmino, M.A., Maio, T., Ugolini, D., Borasi,
F., Mela, G.S. (2005) Trends in otolaryngology
research during the period 1995–2000: a bibliometric approach. Otolaryngol Head Neck Surg.
132(2), 295302.
[17]Tesio, L., Gamba, C., Capelli, A., Franchignoni
F.P. (1995) Rehabilitation: the Cinderella of
neurological research-a bibliometric study. Italian Journal of Neurological Sciences. 16(7),
473477.
[18]Ho, Y.S. (2007) Bibliometric analysis of adsorption technology in environmental science.
Journal of Environmental Protection Science.
1(1), 111.
[19]Xie, S.D., Zhang, J., Ho, Y.S. (2008) Assessment of world aerosol research trends by bibliometric analysis. Scientometrics. 77(1), 113-130.
[20]Ho, Y.S. (2008) Bibliometric analysis of biosorption technology in water treatment research
from 1991 to 2004. International Journal of Environment & Pollution. 34(1-4), 1-13.
[21]Garfield, E. (1990a) Keywords plus—Isis
breakthrough retrieval method.1. Expanding
your searching power on current-contents on
diskette. Current Contents. 32, 59.
[22]Garfield, E. (1990b) Keywords-plus takes you
beyond title words.2. Expanded journal coverage for current contents- on-diskette includes
social and behavioral-sciences. Current Contents. 33, 5-9.
[23]Frostegard, A. and Baath, E. (1996) The use of
phospholipid fatty acid analysis to estimate bacterial and fungal biomass in soil. Biology and
Fertility of Soils. 22(1), 59-65.
[24]Laurance, W.F. and Laurance, S.G. (1997) Biomass collapse in Amazonian forest fragments.
Science. 278(5340), 1117-1118.

#.,.2?.-
   
,,.9=.-
  


 ##$! &% #

2*70>82>
Department of Environmental Engineering,
Inner Mongolia University of Technology,
Inner Mongolia 010051 – China
e-mail: jgliu_yxc@163.com.

2661

Volume 27 ± No. 5/2018 pages 2662-2670

© by PSP

Fresenius Environmental Bulletin
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DISTRIBUTION OF PRINCIPAL COMPONENTS AND THE
SOURCES OF HEAVY METALS IN FARMLAND SOILS
NEAR MINING AREA IN TONGLING, CHINA
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ABSTRACT

INTRODUCTION

This study was performed to determine the status of heavy metal contamination in agricultural soil
near the mining area in Tongling County, Anhui
Province, China. Soil samples (490) were collected
from farmland across the county, and contents of Cr,
Pb, Cd, As, Hg, Cu, Zn, and Ni, were measured.
Multiple statistical analyses (MSA), including correlation analysis, principal components analysis
(PCA), and clustering analysis, in combination with
GIS, have identified clearly the sources of these pollutants. Results showed that ratio of exceeding the
background levels for Cd, Zn, and Cu was 100%,
75.10% and 71.43%, respectively. The average content of Cr and Hg was lower than their respective
background level. This study showed that soil contents of Pb, Cd, and Cu were greatly affected by human activities; and the exogenous contamination had
very minimal influence on soil Ni content. The 8
heavy metals were divided into four principal components according to the spatial distribution of soil
contents across Tongling. The first principal component (PC1) is comprised of Pb, As, Zn and Cu, and
the major sources of contaminants were from mining, milling, smelting industrial activities. The second principal component (PC2) contains Cr and Ni;
the contents of these two metals were basically influenced by soil parent materials from lacustrine sediments and recent Youngtze river alluvium. The third
principal component (PC3) has Cd. Soil Cd content
was greatly affected by human activities involving a
complex set of sources but mainly from mining and
irrigation with contaminated water. The fourth principal component (PC4) has Hg which mainly came
from air precipitation.

Soils are vital to humans because they provide
the major resources for agricultural production and
the sustainable development. According the most recent survey by the Ministry of China Environmental
Protection and Ministry of Land and Resources, the
national soil quality situation in China is not optimistic. Among the most serious problems, is that the
quality of agricultural lands continuously declines
and over 19.4% of farmland soil contains heavy metals far above the standard levels [1].
Soil heavy metal pollution has engrossed a
great attention all over the world [2, 3]. Tongling is
NQRZQDVµ7KHDQFLHQWFDSLWDORIFRSSHUDQGPRGHUQ
FRSSHU SURGXFWLRQ EDVH LQ &KLQD¶ 7KH KLVWRU\ RI
copper smelting in this area is dated back to about
3500 year ago during the Shan-Chou Dynasty. Many
scholarly studies have been performed to identify the
negative effects of heavy metals from various aspects, and the associated environmental geochemistry properties in Tongling [4-6]. These studies
mostly were performed in designated mining areas,
or around a few watersheds. Because of the limited
smaller number of sampling sites, none of these studies were able to provide insight information on heavy
metal pollution in agricultural soil as a whole across
the county.
In many of these related studies, GIS has been
used when assessing the soil heavy metal pollution
situation, and, together with the principal component
analysis (PCA) method, to predict the sources of
contamination. Still, there is an urgent need to identify the relationship and common properties among
multiple species of heavy metals in agricultural soil.
In this study, we have collected top soil samples from farm lands in Tongling County. Soil contents of 8 heavy metals including Cr, Pb, Cd, As, Hg,
Cu, Zn, Ni, were measured. Then GIS and multivariate statistical analysis were performed to identify
the pollution sources and distribution of these heavy
metals in soils across the region.

KEYWORDS:
Farmland Soil, Heavy Metal, Sources of Pollution,
Tongling

2662

© by PSP

Volume 27 ± No. 5/2018 pages 2662-2670

Fresenius Environmental Bulletin

FIGURE 1
Location of soil sample collection sites in Tongling farmland soils near mining area

2008. The content of Cd, Pb, Cr, Cu, Zn, Ni was analyzed using atomic absorption spectroscopy on a
NY/T1613-2008. Analysis of parallel double samples was included for each soil sample. A full-range
quality control and monitoring system was implemented for blank and treated samples during sample
loading and the analytical procedures.

MATERIALS AND METHODS
Description of the study area. Tongling sits
on the south bank of the lower reaches of Yangtze
River in southern Anhui province, China. GeogUDSKLFDOO\ WKH FRXQW\ VSUHDGV IURP ¶´ WR
¶´ ( DQG ¶´ WR ¶´ 1
Tongling is on the Iron-copper Minerogenetic Belt
on Yangtze River, where the land has a favorable
metallogenic condition rich in mineral resources. It
is well known for metallurgy non-ferrous metal copper mines. The geological structure in this area is
very complex and therefore soils are formed from
various parent materials.

Data analysis. The descriptive statistics, correlation analysis, and principal components analysis
(PCA) of heavy metal content were conducted using
SPSS 20.0. Exploratory data analysis and the space
Kriging interpolation were carried out using the geostatistical analyst module in ArcGIS 9.3.

Sample collection and analysis. A soil sampling map covering every major crop species and soil
types was drawn using the GPS accurate positioning
system in reference to the present land use map, and
soil type map in the study area. Soil sampling spots
were chosen on farmlands which were suspected to
be contaminated by industrial and mining pollution
and irrigated with polluted water. A soil sample was
collected per 10 hectare of contained farm land. For
the non-contained soil, a soil sample was taken every
200 hectare of farm land. Soil samples were taken at
the 0-20cm depth, and a total of 490 soil samples
were collected (Fig. 1). These soil samples represent
each type of soils of major crop fields.
The content of As, Hg was determined using
atomic fluorescence spectroscopy on a GB/T22105-

RESULTS AND ANALYSIS
Soil heavy metal element contents. Soil contents of the eight heavy metals were measured and
then compared to the background levels [7] in
Tongling area and the soil environmental quality for
agricultural land with the second grad of criteria
(GB15618-1995 in China). As shown in Table 1, according to the rate of exceeding the national standard
level, the 8 heavy metals were ranked as
Cd㸼Cu㸼Zn㸼Ni㸼As㸼Cr㸼Hg㸼Pb. According to
the rate of exceeding the background level, they
were arranged in a descending order as
Cd㸼Zn㸼Cu㸼Ni㸼Pb㸼As㸼Cr㸼Hg. Between the
two types of comparison analysis, Cd, Cu, Zn, Ni did
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not change their position relative to other heavy metals. However, for the other heavy metals, there are
some discrepancies between the background level in
Tongling and the criterial level in the national standards. Consequently, the relative ranking of these
metals differed when compared in the two systems.
For instance, the national criterial level of Pb and Cr
is four-fold higher than the background level in
Tongling, therefore the two metals were placed at a
lower end of the rank in the former system.
Similar results were also reported in a former
study [8] of heavy metal contents in Shanghai agricultural soil. According to the average soil content
levels, six heavy metals (excluding Hg and Cr) were
all above the background levels. These results indicate that the agricultural soils in Tongling area were
invaded by exogenous heavy metals. The CV of Cd
and Cu is > 1, which indicates that the two heavy
metals differ greatly in spatial distribution. Presumably, human activities should have some influences
on soil accumulation of these two heavy metals.

and As indicates a strong linear relationship among
the three heavy metals. In other words, these three
heavy metals should come from the same pollution
sources. For the pairs of Cu and Zn, Cu and As and
Cr and Ni, there is still to a lesser degree of correlation, these results indicate the some of the contamination sources should be the same for the two metals
in each group.
The principal components of heavy metals in
soil. As shown in Table 3, the 8 heavy metals were
placed in four significant principal components
which account for 76% of the total variation in the
spatial distribution in the study area. The eigenvalues of PC1-3 is above 1, and for the PC4, the eigenvalues of the rotation matrix is also greater than 1.
Analysis of the component loading matrix clearly indicates that Pb, As, Cu and Zn belong to PC1, Cr and
Ni to PC2, Cd to PC3, and Hg to PC4. Additionally,
Cu has some loading value on PC3, Cd has some
loading value in PC1 and PC2, and Hg has some
loading value in PC1. These results indicate that
these heavy metals have multiple and complex instead of single pollution sources. A similar situation
was reported by Zheng Y M et al. [9].

Correlation analysis of soil heavy metals. As
shown in Table 2, based on the Pearson correlation
coefficient, the higher value (> 0.5) among Zn, Pb

TABLE 1
Descriptive statistical analysis of soil heavy metals on agricultural land near mining area in study area
Heavy metals
Cr
Pb
Cd
As
Hg
Cu
Ni
Zn
Highest soil content (mg kg-1) 591.0
605.5 11.792 91.71
0.697
1065.7
72.4
909.4
Lowest soil content (mg kg-1)
25.0
16.6
0.108
2.97
0.017
16.6
11.4
52.3
87.1
73.9
1.315
15.47
0.140
67.0
29.4
139.7
Average soil content (mg kg-1)
SE (%)
58.57
67.83
1.89
11.49
0.074
92.71
8.20
85.71
CV
0.67
0.92
1.44
0.74
0.53
1.38
0.28
0.61
BL
88.56
47.79
0.086
12.44
0.25
32.15
24.71
85.58
ERB (%)
30.20
47.75
100
43.88
5.92
71.43
66.53
75.10
SSG
250
250
0.30
30
0.30
50
40
200
ERS (%)
2.86
2.45
82.86
8.77
2.65
32.86
13.67
17.96
Note: SE, Standard error; CV, coefficient of variation; BL, Background level for heavy metals in Tongling; ERB,
exceeding rate above the background level; SSG, the second grad soil quality standard for heavy metal contents;
ERS, exceeding rate above SSGS level.
TABLE 2
3HDUVRQ¶VFRUUHODWLRQFRHIILFLHQWRIVRLOKHDY\PHWDOFRQFHQWUDWLRQVLQstudy area
Cr
Pb
Cd
As
Hg
Cu
Ni
Zn
Cr
1
Pb
-0.011
1
Cd
0.232**
0.185**
1
As
0.029
0.582**
0.203**
1
Hg
-0.004
0.313**
0.019
0.160**
1
Cu
-0.039
0.186**
0.150**
0.300**
0.122**
1
Ni
0.253**
-0.097*
-0.005
0.094*
-0.121**
-0.118**
1
Zn
0.021
0.771**
0.234**
0.723**
0.233**
0.418**
0.083
1
Note㸸* Metals are significantly correlated at p = 0.05 level (two-tails); ** Metals are significantly correlated at p
= 0.01 level (two-tails)
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TABLE 3
Principal component analysis of soil heavy metal concentrations in study area

Initial Eigenvalues
Component
Sum
1
2
3
4
5
6
7
8

2.759
1.377
1.004
0.941
0.789
0.608
0.374
0.148

Variance
%
34.483
17.211
12.556
11.767
9.857
7.594
4.679
1.852

Cumulative
%
34.483
51.694
64.250
76.018
85.875
93.469
98.148
100.000

Total variance explained
Extraction Sums of
Squared Loadings
Variance
Cumulative
Sum
%
%
2.759
34.483
34.483
1.377
17.211
51.694
1.004
12.556
64.250
0.941
11.767
76.018

Sum
2.578
1.232
1.223
1.049

Rotation Sums of
Squared Loadings
Variance
Cumulative
%
%
32.230
32.230
15.398
47.628
15.283
62.912
13.106
76.018

Components matrix a
Heavy
metals
Cr
Pb
Cd
As
Hg
Cu
Ni
Zn

1

2

3

4

0.053
0.836
0.360
0.819
0.385
0.505
-0.013
0.923

0.756
-0.108
0.396
0.098
-0.297
-0.171
0.712
0.040

0.247
-0.146
0.677
-0.211
0.027
0.331
-0.532
-0.159

0.332
0.157
-0.033
-0.150
0.766
-0.426
-0.067
-0.102

dicate that human activity had a very minimal influence on soil Ni accumulation whereas the heavy
metal should mainly come from natural factors [1719].
(3) PC3 mainly represents Cd with a proportion
of variance of 12.556%. Thus, Cd in the agricultural
soil should come from a complex source. Cr also
showed some loading values in PC1 and PC2. The
CV of Cd is as high as 1.44, and it has a 100% in the
rate exceeding background level, 82.26% higher
than the national second grad criteria level. These results indicate that Cd pollution in agricultural lands
in Tongling has become a wide-spread problem [20].
In nature, Cd can only be found in some ore
species. The heavy metal is released in large amount
during mining in the area. Additionally, human activities such as irrigation with polluted water and fertilizer, all have some influences on the elevated level
of exchangeable Cd in soil [21, 22]. It can be summarized that the Cd pollution in Tongling agricultural soil is a result of many factors including the position of ore layers, industrial and mining activities,
fertilizer, and irrigation with polluted water.
Cu has some loading in the PC3, indicating that
the accumulation of this metal was affected by airprecipitation, milling and mining, the position of the
ore body, and agricultural irrigation [23, 24].
(4) PC4 mainly explains soil Hg, with a variance contribution rate of 11.767%. In the study area,
the average level of Hg was lower than the background level (which is already very low at 5.92) in
Tongling area. These results show that these farmland soil Hg was not influenced by exogenous pollutant sources. However, the higher CV (0.53) together
with the loading in PC1 indicate that on a smaller

(1) In PC1, the loading value of Pb, As, Zn ad
Cu is 0.836, 0.819, 0.923 and 0.505㸪 respectively.
In the correlation analysis, these four metals have a
very high correlation coefficient. Together these results indicate that the four heavy metals share the
same pollution sources. Pb, Cu and Zn mainly accumulate in soil due to air precipitation [10, 11]. Previously, it was found that the effects of air precipitation
on heavy metal pollution also varied among functional regions [12]. Tongling has a very aggressive
mining industry. Those mining and smelting industrial activities may have caused more serious air precipitation compared to traffic. Results from this
study agree with a study by Wang Y Q [13].
The coefficient of variation (CV) of Pb, As, Zn
and Cu, and the rate exceeding the background levels
are all very high. The CV of Pb and Cu is 0.92 and
1.38㸪and the content of Cu and Zn in more than
70% soil samples is above the background level.
Based on these results, soil accumulation of these
heavy metals was primarily caused by air precipitation from mining and smelting industrial activities.
Additionally, several studies have found that
Hg and Cd in air mainly come from mining and metallurgical operations [14, 15]. These can help to explain the loading of Cr and Hg in PC1, thus validating the conclusion that Cd and Hg in soil came from
air precipitation [16].
(2) In PC2, Cr and Ni have a relatively high
loading value each at 0.756 and 0.712, respectively.
The average content of Cr did not rise to above the
background level, Ni was slightly higher than the
background level with the smallest CV (0.28) compared to the other 7 heavy metals. These results in-
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were used to simulate the spatial distribution of soil
heavy metals in this study.
When measured by the nugget effects, PC4 had
the highest value of 0.91 which indicates that the
spatial distribution of this metal was absolutely affected by random factors. The nugget effect value
was 0.65 and 0.51 for PC1 and PC3, respectively,
which indicate that heavy metals in these two components have a medium-level spatial correlation relationship, and furthermore they were affected by
natural and random factors. The smaller nugget effect (0.25) of PC2 indicates that natural factors had
a bigger influence on metals in this component. In
general, these properties of variance in spatial distribution measured by the nugget effects of each component agree with the results of descriptive statistics,
PCA and clustering analysis.
The spatial distribution of the major principal
components in Tongling area was described in Fig.
3. Then a soil parent material distribution map (Fig
4) was used to corroborate with the sources of heavy
metals as described above in PCA analysis.

scale, Hg was affected by human activity, such as air
precipitation due to mining, but the overall pollution
level remained low [25-27].
Cluster analysis. A dendrogram was constructed using clustering analysis of the normalized
data (Fig. 2). Pb, Zn and As were clustered into first
group, Cr and Ni in the second, Cu and Cd in the
third, and Hg in the fourth group. These clustering
analysis results not only validated the PCA analysis,
they also demonstrated that Cd and Cu accumulation
in the farmland soil was affected by a multiple set of
factors, consequently, the pollution sources for these
heavy metals need to be investigated more comprehensively.
Analysis of sources of soil heavy metal pollutants. As shown in Table 4, PC1 and PC4 both fit
into the spherical model. The PC2 and PC3 fit into
LQGH[PRGHODQG*DXVVLDQ¶VPRGHO,QWKHVHPRGHOV
ME and the absolute value of NME are both close to
nil (0); RMSE is similar to NME; and NRMSE value
is around 1. It is apparent that these theoretical models meet the basic requirements [28], and thus they

FIGURE 2
Cluster tree of soil heavy metals in study area
TABLE 4
The semivariance fitting of soil heavy metals in study area
Model
NV
NE
ME
RMSE
ASE
NME
NRMSE
PC1
Spherical
1.32
0.65
-2.18E-03
1.420
1.228
-2.37E-03
1.068
PC2
Exponential
0.35
0.25
-3.25E-03
0.861
0.815
-2.64E-03
1.067
PC3
Gaussian
0.47
0.51
-7.3E-04
0.821
0.769
-9.93E-04
1.067
0.77
0.91
1.34E-02
0.901
0.909
1.46E-02
0.9898
PC4
Spherical
Note: NV, nugget value; NE, nugget effect; ME, mean error; RMSE, root mean squared error; ASE, average
squared error; NME, Normalized mean error; NRMSE, normalized root mean square error
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FIGURE 3
Spatial distribution of principal components of soil heavy metals in study area

FIGURE 4
Spatial distribution of soil parent materials in study area
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confluence, water was polluted by acidic waste water from mining, industrial waste and municipal sewage. Cr and Ni may have entered soil through irrigation [23, 32]. Tianmen has a large number of mining,
milling and metallurgy non-ferrous metal factories.
These industrial and mining activities all have contributed to the enrichment of Cr and Ni in local soil.
Therefore, for Cr and Ni in PC2, the major sources
of pollutants include soil parent materials, followed
by limonite and discharge of industrial waste water
and irrigation with polluted water.

(1) PC1 spatial distribution properties and
sources of pollutants. PC1 mainly represents Pb,
As, Cu Zn. The high value areas were localized to
WKUHHVSRWVLQZHVWRI6KXQ¶DQVRXWKHDVWRI=KRQJ
ming, and east of Tianmen. The pattern of soil contamination of these heavy metals has a central hot
spot which then spread out spherically into surrounding areas. These results indicate that these heavy
metals were introduced into soil through human activities [29-31].
The high value area in west RI 6KXQ¶DQ RF
curred in places where all the copper, gold and limonite mines and mining milling factories were located.
The high value areas near southeast Zhongming
matched to the area with lead-zinc mines, Pyrites
ore, and active mining and milling companies. The
high value area in east of Tianmen also was localized
to an area having several mining factories and copper ore mines. Therefore, Pb and Zn pollution in agricultural soil in Tongling is connected to gold lead
and zinc mining and milling [22, 32].
The pollution origin of As was associated with
the pyrite mining area. The pollution sources of Cu
were not able to separate from copper-iron and gold
mining beds. Even though the distribution of these
mines had some influences on accumulation of
heavy metals in soil, the major causes of the enrichment of these heavy metals should be from mining,
PLOOLQJ DQG VPHOWLQJ DQG WKH µ7KUHH :DVWHV¶ GLV
charged from these factories. Based on the spatial
distribution of PC1, the high value areas in the east
of Tianmen, and Zhongming tended to spread out in
northwest direction along the river. These results indicate that irrigation with polluted water was the major cause for the high heavy metal content in agricultural soil [33]. In PC1, the content of Pb, As, Zn and
Cu in soils was found to have some degree of correlation with raw ore layers. These heavy metals may
have also entered soil through air precipitation. Cu
accumulation in soil was also caused through irrigation by the local farmers.

(3) PC3 spatial distribution properties and
causes of pollutants. PC3 mainly reflects Cd. The
high value area spread out widely into the surrounding areas from the Economic Zone in Zhongming. In
6KXQ¶DQHOHYDWHGVRLO&GOHYHOZDVLGHQWLILHGDORQJ
rivers. On the west side of the county there is a high
value area which overlaps with PC1.
According to the survey data in the Economic
Development Zone, a metallurgy non-ferrous metal
factory was identified as the most likely source of Cd
pollution. Zhongming is located in the vicinity of pyrite mine layers. Around the town there are many
mining, smelting and commercial foundry. These
factories have big influences on the emission of Cd
DQG LWV DFFXPXODWLRQ LQ VRLO ,Q 6KXQ¶DQ WKH KLJK
value area has a strong correlation with mining beds
of pyrite, gold, lead, and zinc. They are also strongly
correlated with the location of several mining, and
milling factories. The high value areas on the two
river banks spread out gradually, which supports the
conclusion that irrigation has a significant impact on
VRLO&GDFFXPXODWLRQ,QZHVW6KXQ¶DQDODUJHSRU
tion of the high value area overlapped with PC1. In
those mines nearby 6KXQ¶DQPLQHUDOVKDYH ZHDWK
ered completely which occurred mainly near the
rock-soil interface [21, 22, 25]. Additionally, frequent acid rain together with very low soil pH results
in formation of exchangeable Cd in soil. Cd leaching
into the waste acidic water when discharged during
mining and ground water, would enter soil through
irrigation and then bind onto soil colloids. Mining
and milling also produce dust, and precipitation from
of the metallurgical Cd-bearing dust also adds Cr
into soil. In summary, the sources of Cd in Tongling
are very complex. The enrichment of the heavy
metal in soil is a result under influences of polluted
air, water and soil.

(2) PC2 spatial distribution properties and
the cause of pollution. Cr and Ni were placed in
PC2. The high value spots were found on the alluvial
plain of Yangtze River north of Tongling. Soil parent
materials in this northern area are basically comprised of modern Yountze river alluvium and lacustrine sediments. The shape of the landscape nearly
overlapped with the high value region of PC2, and it
was distantly separated from other soil parent materials. These results indicate that soil Cr and Ni were
mainly regenerated from the parent materials in
Yountze river alluvium and lacustrine sediments.
The additionally two high value areas were loFDWHG LQ 6KXQ¶DQ DQG 7LDQPHQ 6RLO LQ WKH IRUPHU
area is rich in limonite. There are several studies
showing that soil enrichment of Ni occurs in the
SUHVHQFHRIOLPRQLWH,Q6KXQ¶DQZKHUHWKUHHULYHUV

(4) PC4 spatial distribution properties and
causes of pollutants. PC4 has only Hg. No obvious
high-value spots were found on the spatial distribution map. In other words, the heavy metal did not
show accumulation in areas of dense mineral deposits and industrial and mining activities. There was no
correlation between soil Hg content and soil parent
materials either. This heavy metal was only found
along the border of Zhongming. These results suggest that soil Hg should be influenced by random
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[2] Uncumusoglu, A.A., Sengul, U. and Akkan, T.
(2016) Environmental contamination of heavy
metals in the Yaglidere Stream (Giresun),
southeastern Black Sea. Fresen. Environ. Bull.
25, 5492-5498.
[3] Mazur, Z., Radziemaka, M., Fronczyk, J. and
Jeznach, J. (2015) Heavy metal accumulation in
bioindicators of pollution in urban areas of
northeastern Poland. Fresen. Environ. Bull. 24,
216-223.
[4] Wang, S.H. (2012) The environmental geochemistry investigation of heavy metal elements
in the Shizishan mining area, Tongling, Anhui
Province. M.S. Dissertation. Nanjing University.
[5] Ye, H.M., Yuan, X.Y. and Zhao, J. (2012) Spatial migration and environmental effects of
heavy metals in river sediments from in the
Tongling mining area, Anhui province. China
Environmental Science. 32, 1853-1859 (in Chinese).
[6] Li, R.Z., Xu, J.J., Jiang, Y.M., Chen, J. and
Ding, G Z. (2012) Fraction distribution and ecological risk assessment of soil heavy metals in
the riparian zone of Huixi stream in Tongling
City. Research of Environmental Sciences. 26,
88-96 (in Chinese).
[7] China Environmental Monitoring Station
(1990) Chinese soil element background values.
China Environmental Science Press, Beijing.
[8] Meng, F., Liu, M. and Shi, T.G. (2008) Evaluation on environmental quality of heavy metals in
agricultural soils of Shanghai. Environmental
Science. 29, 428-433.
[9] Zheng, Y.M., Chen, T.B. and He, J.Z. (2008)
Multivariate Geostatistical Analysis of Heavy
Metal in Top soils from Beijing, China. Soils
Sediments. 8, 51±58.
[10] Martin, L. (2001) Urban land use influences on
heavy metal fluxes and surface sediment concentrations of small lakes. Water Air Soil Poll.
126, 363±383.
[11] Nicholson, F.A., Smith, S.R., Alloway, B.J.,
Carlton-Smith, C. and Chambers, B.J. (2003)
An inventory of heavy metals inputs to agricultural soils in England and Wales. Sci Total Environ. 311, 205±219.
[12] Li, S.Q., Yang, J.L., Ruan, X.L. and Zhang,
G.L. (2014) Atmospheric deposition of heavy
metals and their impacts on soil environment in
typical urban areas of Nanjing. China Environmental Science. 34, 22-29.
[13] Wang, Y.Q. (2014) Pollution assessment and
source apportionment of heavy metals in soils
around XinQiao Mining Area in Tongling, Anhui Province. M.S. Dissertation, Hefei University of Technology.

factors, which concurs with the conclusion from the
PCA analysis as described above. The Hg content of
ore in the mining areas in this area is rather low [23]
and sediment of dust in air might be the major source
of this heavy metal leading to the accumulation of
the heavy metal in soil.

CONCLUSIONS
(1) The overall situation of soil heavy metal
concentration in Tongling County can be summarized as: soil content of Cd was the highest reaching
a 100% exceeding rate against the background level,
followed by Zn and Cu at 75.10% and 71.43%, respectively. The average level of Cr and Hg across the
county was lower than the background level in the
area.
(2) Soil content of Pb, Cd, Cu showed a characteristic big variation across sampling sites (with
higher CV). These results suggest that these heavy
metals were affected greatly by human activities.
Additionally, soil contents of these two metals differed greatly in farmlands across the county. Soil Ni
content varied very slightly among the sampling
sites, which indicates that exogenous sources had
made very minimal influences on this heavy metal.
(3) In the study area, Pb, As, Zn and Cu were
clustered in PC1. Contents of these heavy metals
were correlated with the position of the ore-containing layers in Tongling. The major source of these
pollutants came from mining, milling and smelting
industrial activities. Soil Cu content was also influenced by irrigation with polluted water.
(4) Cr and Ni are placed in PC2. The major pollution sources were identified to be the soil parent
materials in lake sediments and modern Youngtze
river alluvium and irrigation.
(5) Cd is the only metal in PC3. The source of
this pollutant is very complicated, which involves in
the ore-EHDULQJOD\HUVRI3\ULWHVWKHµ7KUHH:DVWHV´
discharged from manufactories and mines as the major sources of pollutants. In particularly, irrigation
with acidic waste water and precipitation of mining
dust should have the greatest influence on Cd accumulation.
(6) Hg, as the component of the PC4, was found
to be strongly influenced by small-scale human activities. But in general soil content of this metal is
very low, and accumulation in certain areas is more
likely due to air precipitation.

REFERENCES
[1] Ministry of Environmental Protection and Ministry of Land and Resources. (2014) National
survey of soil pollution bulletin. Environmental
Education. 6, 8-10.

2669

© by PSP

Volume 27 ± No. 5/2018 pages 2662-2670

Fresenius Environmental Bulletin

[24] Bai, X.Y., Yuan, F., Li, X.L., Zhou, T.F.,
Zhang, X., Chen, X.R., Chen, Y.N., Chen, F.R.
and Jia, S.J. (2008) Spatial variance and pollution analysis of soil heavy metals in Tongling
mining area, South China. Earth Science Frontiers. 15, 256-263.
[25] Lin, Y.S., Song, Y.Q. (2013) Research Advances on Heavy Metal Pollution in Tongling
city. Science& Technology Information. 21,
137-139.
[26] Yang, X.F. (2007) A current research on heavy
metal pollution to the soil and rice in the farmland in Tongling mining district. M.S. Dissertation. Hefei University of Technology.
[27] Liu, Y.L., Zhang, L.J., Han, X.F., Zhuang, T.F.,
Shi, Z.X. and Lu, X.Z. (2012) Spatial variability
and evaluation of soil heavy metal contamination in the urban- transect of Shanghai. Environmental Science. 33, 599-605.
[28] Sun, L.H., Gui, H.R., Xu, D.S. and Huang, S.L.
(2012) Heavy metal pollution in rural area of
China: a case study of pond sediments from
Sixian County, northern Anhui Province.
Fresen. Environ. Bull. 21, 263-268.
[29] Mamat, Z., Yimit, H., Ji, R.Z.A. and Eziz, M.
(2014) Source identification and hazardous risk
delineation of heavy metal contamination in
Yanqi basin, northwest China. Science of the
Total Environment. 493, 1098-1111.
[30] Alam, N., Ahmad, S.R., Qadir, A., Ashraf, M.I.,
Lakhan, C. and Lakhan, V.C. (2015) Use of statistical and GIS techniques to assess and predict
concentrations of heavy metals in soils of Lahore City, Pakistan. Environmental Monitoring
and Assessment. 187, 636.
[31] Zhou, T.F. (2012) Environmental geochemistry
and pollution remediation of heavy metal elements in Tongling mining area. Geological Publishing House, Beijing.
[32] Li, Y.X., Gao, H.C., Mo, L., Kong, Y.H. and
Lou, I. (2013) Quantitative assessment and
source apportionment of metal pollution in soil
along Chao River. Desalination and Water
Treatment. 51, 4010-4018.

[14] Streets, D.G., Hao, J.M., Wu, Y., Jiang, J.K.,
Chan, M., Tian, H.Z. and Feng, X.B. (2005) Anthropogenic mercury emissions in China. Atmos. Environ. 39, 7789±7806.
[15] Yin, H.Q., Zhou, T.F., Chen, Y.N., Chen, F.R.,
Yuan, F. and Li, X.L. (2011) Pollution character
of Cd in dust fall of Tongling City and its effect
on soil. Geological Review. 57, 218-222.
[16] Lu, A.X., Wang, J.H., Qin, X.Y., Wang, K.Y.,
Han, P. and Zhang, S.Z. (2012) Multivariate and
geostatistical analyses of the spatial distribution
and origin of heavy metals in the agricultural
soils in Shunyi, Beijing, China. Science of the
Total Environment. 425, 66-74.
[17] Facchinelli, A., Sacchi, E. and Mallen, L. (2001)
Multivariate statistical and GIS-based approach
to identify heavy metal sources in soils. Environmental Pollution. 114, 313-324.
[18] Cai, L.M., Xu, Z.C., Bao, P., He, M., Dou, L.,
Chen, L.G., Zhou, Y.Z. and Zhu, Y.G. (2015)
Multivariate and geostatistical analyses of the
spatial distribution and source of arsenic and
heavy metals in the agricultural soils in Shunde,
Southeast China. Journal of Geochemical Exploration. 148, 189±195.
[19] Kumar, A. and Maiti, S.K. (2015) Assessment
of potentially toxic heavy metal contamination
in agricultural fields, sediment, and water from
an abandoned chromite-asbestos mine waste of
Roro hill, Chaibasa, India. Environmental Earth
Sciences. 74, 2617-2633.
[20] Bai, X.Y., Yuan, F., Zhou, T.F., Li, X.L.,
Zhang, X., Fan, Y., Chen, X.R., Chen, Y.N. and
Chen, F.R. (2008) The determination of geochemical abnormity of soil Cd in Tongling mining area using multifractal method. Bulletin of
Mineralogy, Petrology and Geochemistry. 27,
306-310.
[21] Zhang, X., Zhou, T.F., Yuan, F., Shi, X.L., Fan,
Y. and Liao, X.N. (2004) Speciation and bioavailability of cadmium in Tongling mining
soils. Ecology and Environment. 13, 572-574.
[22] Yin, H.Q., Chen, F.R., Chen, X.R., Chen, Y.N.,
Jia, S.J., Wang, X.Y. (2010) Assessment of
heavy metal pollutions to the soils in Tongling
City, Anhui. Journal of Safety and Environment. 10, 98-102. Zhang, X. (2005) Geochemical characteristics and environmental effects of
heavy metal elements releasing and migrating in
Tongling mine area, Anhui Province. M.S. Dissertation. Hefei University of Technology.
[23] Yin, H.Q., Zhou, T.F., Zhang, X., Yuan, F., Li,
X.L., Chen, Y.N., Chen, X.R., Chen, F.R. and
Jia, S.J. (2009) Pollution characteristics of copper element in dustfall of Tongling City in Anhui Province. Journal of Jilin University (Earth
Science Edition). 39, 734-738.

Received:
Accepted:

07.07.2016
05.03.2017

CORRESPONDING AUTHOR
Youhua Ma
Anhui Agricultural University
Hefei, 230036 ± China
e-mail: yhma2020@qq.com

2670

#"

  $ 









  !






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


*4,91082?93?3,8308?854,8&,82
Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005, China

%&$&

coastlines; changes submarine topography; influences the hydrodynamic environment, e.g., via seabed erosion or siltation of the surrounding marine
area; and reduces the tidal prism and self-purification capacity of bays [2]. Hence, in addition to guaranteeing the structural stability of artificial islands,
construction projects should analyze the potential influences of construction on the surrounding marine
environment [3-4], and develop appropriate preventive measures to significantly mitigate potential adverse effects on the environment [1].
The hydrodynamic impact of an artificial island
project can be studied using numerical simulation
methods [5-8]. The present study used a semi-implicit Lagrangian–Eulerian finite difference method
and triangular or quadrilateral meshes [9-10] with a
5 m minimum mesh length to determine the tidal current field adjacent to the island [11-12] and simulate
the hydrodynamic effects of island construction on a
marine area. The impact of artificial island construction on the marine environment was then assessed
based on the prediction of the hydrodynamic effects
[13].


 &$!'&! !
$ "$!&' $%&'+

#?,8D39? ,C Quanzhou Bay is located off
the southeastern coast of Fujian Province (Figure 1).
It is surrounded by Huian County to the northeast,
Quanzhou City to the northwest, and Jinjiang City
and Shishi City to the southwest, and it is adjacent to
the Taiwan Strait to the east. A mouth-bar development (Xiesha Shoal) is located at the bay front,
which opens to the southeast, where Dazhui Island
and Xiaozhui Island cross the middle of the entrance.
With its wide mouth, winding shorelines, and alternating headlands, Quanzhou Bay is characterized by
regular semi-diurnal tides with a mean range of 4.27
m. The bay has reciprocating tidal currents that are
relatively stable. Currents flow into the bay at high
tide and flow back out at low tide. Waves in Quanzhou Bay are mainly mixed waves formed by wind
waves in the NNE–NE and SSW directions and
surges from the SE direction. Historical measurements have yielded a monthly average wave height
of 0.7–1.1 m and an average wave period of 3.7–4.2
s. Quanzhou Bay is a semi-closed bay joined by the

This study simulated the hydrodynamic effects
prior to and after the construction of Quanzhou Bay
Artificial Island using a semi-implicit Lagrangian–
Eulerian finite difference method. Triangular meshes
were used to refine mesh in the sea area surrounding
the island in the model. To increase the accuracy of
the simulation, the minimum mesh length was set to
approximately 5 m. The simulation results indicated
that during the falling tide, the flow velocities at the
front of the berths on the west end and on the south
side of the island increased by 0.2–0.4 m/s, and flow
velocity in the main navigation channel between
south Shihu and Dazhui Island decreased by 0.05–
0.2 m/s. During the rising tide, the flow velocities at
the front of the southwest end and south side of the
island increased by 0.1–0.4 m/s, and the flow velocity in the main navigation channel between south
Shihu and Dazhui Island decreased by 0.05–0.1 m/s.
After construction, sediment concentrations decreased in the main navigation channel on the south
side of Quanzhou Bay, in the channel to the north of
the island, and in the marine space west of Baiyu.
The waters between the Shihu Port area and the island underwent erosion and siltation within a range
of -20–20 cm/a, which indicated slight sedimentation. The change of the movement rule of tidal current and sediment will reduce the tidal prism and
self-purification capacity of bay and thus affect the
structures and functions of the marine ecosystem.


+)!$%
Numerical simulation, Lagrangian–Eulerian finite difference, Triangular mesh, Quanzhou Bay artificial island 

 &$!'&! 
An artificial island is a multi-purpose,
manmade offshore structure in shallow water. Artificial islands can serve as deepwater ports, offshore
airports, floating towns, or as bases for activities
such as offshore oil and gas development, seabed
mineral exploitation, aquatic product processing,
and waste disposal. Rapid economic development
has significantly increased sea space utilization and
resulted in the increasing construction of artificial islands [1]. Artificial island construction creates new
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of the bay mouth. It extends from east to the west and
is primarily parallel to tidal currents (Figure 2). The
maximum length of the artificial island is 4,446 m
from east to west and 800 m from south to north. The
enclosed land area is 323 hm2. To reduce local deflecting flow and backflow at the corners of the eastern and western coastlines, a diverging opening was
created on the west tip of the artificial island. The
western coastline is deflected 14° clockwise, and an
arc flow adjustment occurs along the east bank for
protection, with a 100–700 m wide tidal channel remaining between the artificial island and Dazhui Island [14]. Twelve 50,000 ton multi-functional berths
are planned for the southern coastline [15].

Jinjiang River and Luoyang River. Its sediment is
mainly transported by runoff from the Jinjiang River
and via tidal currents at high tide. The average sediment concentration during middle tide is lower than
that during spring tide but higher than that during
neap tide. The suspended sediments in different parts
of Quanzhou Bay are categorized as fine-grained
sediments, with an average median particle diameter
of approximately 0.01 mm. Sediment samples collected from Quanzhou Bay include coarse sand, medium-coarse sand, medium sand, medium-fine sand,
medium sand, clayey sand, and sandy clay.

"<950.>?8/0<%>?/CQuanzhou Bay Artificial
Island is located on the Xiesha Shoal in the middle
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9/06 98><96 ;?,>498= Two-dimensional
(2D) shallow water equations in plane rectangular
coordinates were used to simulate the tidal current
field, which was the basis for solving the sediment
and water exchange fields. The 2D transport equations of mean suspended sediment and seabed deformation equations [16] were derived from the sediment transport equations originally developed by
Dou [17] under the combined influence of waves,
tides, and the dynamic diffusion effect. Mass
transport equations were used for the water exchange
field, whereas the corresponding equations for the
tidal current field, sediment field, and water exchange field were as follows:

∂η
∂

+

∂
∂

(  ) +

∂
∂

(  ) = 0

∂ ∂ ∂
∂
∂
∂
∂
+
+
+ αω (  − * ) = (  ) + ( 
)
∂
∂
∂
∂
∂ ∂
∂

∂η
= αω  (  − * )
∂

ω is the settling veloc-

Equations (1) – (6) were solved using Vincenzo
Cassulli’s semi-implicit finite difference method
[21- 27], which uses non-structural triangular or
quadrilateral orthogonal meshes for modeling. Each
side of the triangular (or quadrilateral) mesh was the
boundary of another triangular (or quadrilateral)
mesh. The central lines of adjacent meshes were perpendicular to the boundary sides [28-29]. Implicit finite difference components in equations were selected to solve the model, and the Lagrangian–Eulerian method was used to decompose the transport
and horizontal viscosity components. Thus, the time
step of the solution was not limited by the CFL condition and could be amplified in comparison with the
time steps used in other methods. This method ensured the stability of the solution [26].
When the model is applied to artificial island
construction, smaller sides can be used for the
meshes, and the time step can be longer (20 s). This
treatment ensures the stability of the solution and improves the computational efficiency. Minimum mesh
sides of 5 m were used in this study. Coastal waters
have wide tidal areas that are submerged when the
tide rises and emerge when the tide falls. In the modeling computation, beach exposure was treated as a
dynamic boundary condition [30]. A non-flow passing technique was used in the model to automatically
assess and treat the dry-wet elements, sides, and
nodes [24].

9?8/,<C ,8/ 01484>0 98/4>498= 9?8/
,<C,8/01484>098/4>498=91>30&4/,6?<<08>
406/Coastal line is a solid boundary, and the flow
velocity in the normal direction is zero. However, a
tidal flat is a variable boundary, and the water level
of the open boundary of the tidal current field is
based on the tide level of the tidal current field in the
Taiwan Strait [31].

9?8/,<C ,8/ 01484>0 98/4>498= 91 >30
%0/4708>406/
A. Boundary conditions:

(3)
(4)

(6)

and  directions, respectively;  = (1/  )∫−   and
 = (1/  )∫  
are the average flow velocities
integrated over the water depth; is gravitational
acceleration; is the Coriolis parameter; is the
bottom friction coefficient, which equals
η

γ and γ  are the bulk densities of wa-

 is the Chézy coefficient,  is the water
depth, and  is the tidal velocity. The annual average wave height of Quanzhou Bay  is 0.9 m, and
the average wave period  is 4.0 s.

where  and  are plane rectangular coordinates; 
is time;  is water depth (= +); is the water
depth beneath the mean water level;  is the water
level;  and  are the directional components in the 
η

(7)

ity,

(5)

∂ (  ) ∂ (  ) ∂ (  ) ∂
∂
∂
∂
+
+
= (  
) + (  
)
∂
∂
∂
∂
∂
∂
∂
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+
)
β
γ  − γ  2 ω
 ω
(

ter and sand, respectively,

(2)

∂
∂
∂
∂η
∂2 ∂2
+
+
= −
−   −  +  ( 2 + 2 )
∂
∂
∂
∂
∂
∂

γγ 

where

(1)

∂
∂
∂
∂η
∂ 2 ∂ 2
+
+
= −
+   −  +  ( 2 + 2 )
∂
∂
∂
∂
∂
∂

γ'

* = α

'

'

−

 =   2 +  2 /  2  ;  =  1/ 6 /  is the Chézy
coefficient;
is the roughness coefficient of the
seabed;  and  are the viscosity coefficients of
horizontal movements;  is the vertical mean
sediment concentration;  is the settlement velocity
of suspended sand particles;  and  are sediment
dispersion coefficients in the  and  directions,
respectively; γ ' = 1750 0.183 is the dry density of
50
suspended sediment [18];  is the settlement
probability of suspended sediment particles;  is the
erosion and siltation thickness associated with
suspended sediment;  is the water body
concentration; and  and  are the water body
diffusion coefficients in the  and  directions,
respectively. , which is the sand-carrying capacity
under the combined influence of waves and tides,
can be calculated using the following equation [1920]:

Shore boundary: ∂ = 0

∂

(where

normal direction of the shore boundary)
Water boundary:
Computational
domain
of
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 ( , ,  ) =  ( , ,  ), where

97:?>,>498,6 97,48 ,8/ >30 ==9.4,>0/
/08>414.,>49891>309/06Computational domain
includes the marine space east of Weitou and south
of Chongwu. The meshes of the marine space near
the Quanzhou Bay construction site were refined.
The maximum mesh length was 1,000 m, and the
minimum mesh length was 5 m. The overall number
of mesh nodes was approximately 20,000, with approximately 40,000 meshes. The coastline was a
solid boundary. The flow velocity in the normal direction was zero [32]. The open fluid boundary of
the open sea included two cross-sections. One control point, the SE point, was located at the southeast
corner of the computational marine space. The line
connecting the SE point and Weitou was south of the
open boundary section, whereas the line connecting
the SE point and Chongwu was to the east. The water
depth of the open boundary was based on the tide
level of the tidal current field in the Taiwan Strait.
Tidal level and tidal current data were collected
from flow measurements of the 2009 spring tide and
from real data on tidal level synchronization. The hydrological observation stations are shown in Figure
2. Tidal level stations were located at Xunpu, Shihu,
and Xiangzhi, and there were five tidal current and
sediment stations. Stations 1 through 3 were located
on both sides of the artificial island, Station 4 was
located at the Jinjiang River estuary on the southeastern side of Xunfu, and Station 5 was located at the
edge of the main navigation channel on the south
side of the construction site.


 is the measured

value of sediments at the water boundary.
Computational
domain
of
outflow:
∂(  ) ∂(  ) ∂(  )
+
+
=0
∂
∂
∂
The values assigned at the open boundary of the
suspended sediment field are as follows: 0.44 kg/m3
is the sediment concentration at the mouth of the Jinjiang River; 0.03 kg/m3 (spring tide), 0.02 kg/m3
(middle tide), and 0.012 kg/m3 (neap tide) were the
sediment concentrations in the open sea at the eastern open boundary of the construction site; and 0.03
kg/m3 (spring tide), 0.02 kg/m3 (middle tide), and
0.012 kg/m3 (middle tide) were the sediment concentrations in the open sea at the southern open boundary of the construction site.
B. Initial condition:

 ( , ,0) = 0 ( ,  ).


9?8/,<C ,8/ 01484>0 98/4>498= 91 >30
),>0<B.3,820406/
Condition of shore boundary:

∂
=0
∂
, where

is the normal direction of the shore boundary.
Conditions of open boundary are calculated by
∂
∂
∂
∂
+ =0
+
=0
∂
∂
∂

∂

and
during the falling
tide. The concentration at the boundary during a rising tide was zero.
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plan and a construction plan as follows. 
Figure 3 shows the computational and observed
(1) The status quo plan refers to the pre-contidal levels at spring tide from the Xunfu, Shihu, and
Xiangzhi temporary tidal level stations in February
struction plan, i.e., the current coastline and water
2009. The computational and observed values exhibdepth scenarios in Quanzhou Bay.
ited satisfactory agreement based on the tidal curves.
(2) The construction plan for the Quanzhou Bay
Figure 4 shows the curves of simulated and observed
Artificial Island project was executed based on the
values at tidal current stations No. 1 through 5 in
pre-construction plan, and the minimum distance beFebruary 2009. In general, the computational values
tween the east coast of the artificial island and the
matched the observed values of flow velocity and diwest tip of Dazhui Island was 100 m.
rection. Figure 5 shows the variations in sediment
concentration curves over time at hydrology and sed%47?6,>498 $0=?6>= 91 >30 %>,>?= #?9 "6,8
iment stations No. 1 through 5 for the spring tide in
The flow velocity in Quanzhou Bay was high near the
February 2009. The sediment concentration values
deep trough and low in shallow areas. At high tide, the
observed at various stations were similar to the comflow velocity near the construction site was low. The
rapid falling stage exposed part of the coastal shallows.
puted and vertically averaged sediment concentraThere were two main ebb currents. The ebb currents of
tions. Hence, the numerical simulation results sugthe Houzhu navigation channel flowed east and outgested that the model satisfactorily reflected the tidal
ward via the Xiesha north channel and converged with
sediment movement in Quanzhou Bay and that the
the Jinjiang River to the east of Baiyu. They then conmodel could be used for construction analysis.
tinued eastward via the Shihu channel to outer Quan
zhou Bay via the Dazhuimen and Xiaozhuimen naviga
tion channels. The ebb currents associated with Xiesha
$%'&% %'%%! 
Shoal flowed southeast into the deep trough south of

Dazhui Island. Low tide exposed the shallow areas
?70<4.,6 %47?6,>498 91 >30 &4/,6 ?<<08>
along the coastline of Xiutu and the large shallows on
,8/%0/4708>%?77,<C91>30 ?70<4.,6%47?
both sides of Xiesha and Shihu while water continued 
6,>498 "6,8 This simulation included a status quo
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to flow through a trough in the middle of Xiesha. The
tidal direction in Quanzhou Bay during the rapid rising
stage was opposite that of the ebb tide. The rising tide
consisted of two streams to the south and north of Xiesha. One stream flowed along and into the north channel of Dazhui Island, whereas the other flowed along
the Dazhuimen and Xiaozhuimen navigation channels
into the Shihu navigation channel (south channel). The
flow velocity of the current in the north channel was
slightly higher than that in the south channel. After
flowing through Shihu-Xiutu, the current fanned out,
with the north branch flowing into the Houzhu navigation channel and the west branch entering the Jinjiang
River estuary.
The frontier waters along the northwest-west
coast of Dazhui Island were shallow, allowing water to
only flow at high tide. The tidal current weakened before reaching the shallow area, with the flow direction
varying greatly. The flood and ebb currents at the southwest beach frontier of Dazhui Island were reciprocating
currents. The flood currents south of Dazhui Island
flowed northwest to Xiesha Shoal, and the ebb currents
from Xiesha Shoal flowed southeast and converged
with the mainstream ebb current south of Dazhui Island, which was tranquil.
Figure 6 shows the isogram distribution of the average flow velocity during rising and falling tides prior
to construction. Additionally, Figure 6 shows that the
flow velocity in Quanzhou Bay was high in the southern and northern channels and low in shallow areas. At

ebb tide, the flow velocity in the Xiesha northern channel was approximately 0.4–0.8 m/s, the average flow
velocity in the deep trough at the Shihu frontier was approximately 0.8–1.0 m/s, and the flow velocity in the
deep trough to the south of Dazhui Island was approximately 0.6–0.8 m/s. At rising tide, the flow velocities of
the currents in the Xiesha north channel were slightly
higher than those of the ebb currents, but in other areas,
the average flow velocities during the rising tide were
lower than those of the ebb currents.
The sediment field in Quanzhou Bay was
mainly formed by suspended sediment transport and
bed load movement under tidal dynamics and wave
action. Figure 7 shows the annual sedimentation intensity distribution near the construction site along
the current coastline. The figure shows that the annual sedimentation intensity in the Xiesha north
channel was approximately 5–20 cm/a. Sediment
erosion and siltation occurred in the Xiesha waters,
and the sediment erosion intensity was 0–10 cm/a,
whereas the sedimentation intensity was 5–20 cm/a.
The annual sedimentation intensity in the Shihu harbor district, where the Shihu main navigation channel is located, was approximately 10 cm/a. The annual sedimentation intensities in the waterways connected to the adjacent Dazhui and Xiaozhui Islands
were 2–10 cm/a, indicating that sedimentation in
Quanzhou Bay occurred along the main navigation
channel and the Xiesha south and north channels.
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Figure 8 shows the isogram distribution of flow velocity variations during the rising and falling tides

prior to and after construction. The figure shows the
following results:
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channel of the artificial island decreased by 0.02–0.1
m/s.
Annual isogram curves of the sediment intensity variation were used to compare the variations in
the annual suspended sediment intensities near the
construction site prior to and after construction. The
annual suspended sediment intensity at nodal points
prior to construction was subtracted from the intensity after construction, as shown in Figure 9. Sediment concentrations decreased in the main navigation channel south of Quanzhou Bay, the north channel of the artificial island, and the sea area west of
Baiyu during construction, indicating that the artificial island helped regulate outward sediment
transport from the bay. Sediment scouring and silting
within -20–20 cm/a occurred in the waters between
the Shihu harbor district and the artificial island, and
minor siltation was observed.

(1) After the southwestern and eastern coastlines of the artificial island were optimized, no reflow occurred in the frontier waters on the southwest
side of the island during the rapid falling stage, and
weak reflow was observed near low tide. Additionally, almost no reflow occurred in the frontier waters
off the protected east bank at ebb tide.
(2) Following island construction, the flow velocities near the western tip and southern berth frontiers increased by 0.2–0.4 m/s at ebb tide, and the
flow velocity in the main navigation channel from
Shihu to southern Dazhui Island decreased by 0.05–
0.2 m/s. At high tide, the flow velocities near the
southwest end and southern frontier of the artificial
island increased by 0.1–0.4 m/s, and the flow velocity in the main navigation channel from Shihu to
south Dazhui Island decreased by 0.05–0.1 m/s. In
addition, the flood and ebb currents in the north
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Stage
Prior to
construction

After
construction

Falling tide
(×108 m3)
S1 Section
Spring tide

Rising tide
(×108 m3)
S2 Section
6.268











S3 Section
0.448

S1 Section
0.291

S2 Section
6.157

S3 Section
0.451


0.206

Middle tide
Neap tide
Average
Spring tide

4.860
3.348
4.825
6.138

0.306
0.252
0.335
0.448

0.213
0.182
0.229
0.291

4.766
3.280
4.734
6.025

0.301
0.256
0.336
0.451

0.147
0.119
0.157
0.206

Middle tide
Neap tide
Average
Increase/decrease
Percentage

4.757
3.270
4.722
-0.104

0.306
0.252
0.335
0

0.213
0.182
0.229
0

4.658
3.210
4.631
-0.103

0.301
0.256
0.336
0

0.147
0.119
0.157
0

-2.1

0

0

-2.2

0

0
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(,<4,>498= 48 >30 &4/,6 "<4=7 "<49< >9 ,8/
1>0<98=><?.>498The tidal prism is a key indicator that represents the vitality of a semi-closed bay.
Tidal prism variations generally reflect changes in
tidal current characteristics and can affect the sediment discharge, water exchange capacity, and environmental capacity of the bay. This study determined
the tidal prism by calculating the fluxes through different sections [33]. The sectional flows of rising and
falling tides represented the integrals of sectional velocity fluxes during these tides. In the planned analog computation, the S1 section from Xiangzhi–
Dazhui Island and Xiaozhui Island–north coast, the
S2 section from Houzhu, and the S3 section from the
Jinjiang River estuary were used to compute the
flows associated with spring, modest, and neap tides
in the tidal cycle. The S1, S2, and S3 sections are
shown in Figure 2. Table 1 compares the sectional
flows between the rising and falling tides in a tidal
cycle prior to and after construction. After construction, the average flows of falling and rising tides in
section S1 were 4.722 × 108 m3 and 4.631 × 108 m3,
respectively; thus, they decreased by 1.040 × 107 m3
and 1.030 × 107 m3, or by approximately 2.1% and
2.2%, compared with the volumes observed during
the status quo plan. The flows of rising and falling
tides in sections S2 and S3 remained unchanged.
These observations indicated that the construction of
Quanzhou Bay Artificial Island had no significant
impact on the tidal prism of the bay.

?70<4.,6 %47?6,>498 91 ),>0< 9/C B
.3,820"<49<>9,8/1>0<98=><?.>498To calculate the water exchange in a specific area, we assumed that water was evenly distributed inside and
outside the research area. The initial concentration of
water was c=1 in the specific area and c=0 outside
the specific area. During the water exchange process,
the concentration within the specific area gradually

became 0<c<1 (the average concentration after mixing) [34-35]. In each calculation step, the average
“concentration”
area as follows:

=
where

 is computed within the specific

∑

 

(8)

0


is the concentration of the ith mesh

node at a given time,
in the ith node, and



is the water body volume

0 is the total volume of the wa-

ter body in the bay. The cumulative time was also
calculated.
When  =0.5 (where  is the average value in
a tidal cycle), the corresponding time is the half-life
time.
Based on the water exchange within and outside of Quanzhou Bay with the S1 section serving as
the boundary, the water outside the bay was new,
whereas the water in the bay was original, as shown
in Figure 2. Specifically, water to the west of S1 was
original, water to the east of S1 was new, and water
flowing into the Jinjiang River estuary was new. At
high tide, water outside Quanzhou Bay passed
through the S1 section and flowed into the bay. Thus,
mixing intensity was high near the mouth of the bay
and low distant from the bay mouth. At low tide, water within the bay was transported beyond the bay
mouth to areas outside the bay.
The simulation of water exchange showed that
the half-life of water off the coastline of Quanzhou
Bay was 113 hours prior to construction and 111
hours after construction. This result indicated that
the half-life of water prior to and after construction
changed minimally and that construction of the artificial island had little impact on the water exchange
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in Quanzhou Bay. Figure 10 shows the concentration
distribution at high tide prior to and after island construction. The figure shows that after construction,
the isoline of concentrations lower than 0.2 in the
water west of the artificial island extended further toward the inner bay. This result was attributed to the
increase in flow velocity during rising and falling
tides in the water west of the artificial island, which
increased the water body exchange in pertinent local
waters.
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OPTIMIZATION OF PHOTODEGRADATION OF
o-TOLUIDINE IN WATER WITH NANO SPHERICAL CoFe2O4
/ COPPER SLAG AS A CATALYST
Rezvan Zeynolabedin, Kazem Mahanpoor*
Department of Chemistry, Arak Branch, Islamic Azad University, Arak, Iran

oxidation processes (AOPs), including new methods that do not have these problems [5-7].
The use of heterogeneous photocatalytic oxidation techniques for wastewater treatment has
been the subject of a wide range of investigations.
The mechanism constituting heterogeneous photocatalytic oxidation processes has been discussed
extensively in the literature [6-10].
Irradiation of semiconductors like TiO2,
Fe2O3, ZnO in fixed to various supports, in water
containing organic pollutants, creates a redox environment, which is effectively able to destroy these
pollutants.
CoFe2O4, the most stable Ferrite under ambient conditions, is widely used in catalysts, sensors,
water treatment [11-13].
Photocatalytic activity is strongly dependent
on the tranVSRUWDQGVHSDUDWLRQHI¿FLHQFLHVRISKR
to-generated electrons and holes in the photocatalysts. However, free charge carriers (free electrons
and holes) can be trapped or scattered by various
kinds of random defects, resulting in increasing
recombination probability [8-10].
Therefore, promoting the separation of photogenerated electrons and holes will facilitate the
photocatalytic process.
There is a wide range of applications of
Taguchi method, from engineering and agriculture
to chemistry [14, 15]. The using of the Taguchi
method of the ordinary experimental design methods, in addition to keeping the experimental cost at
a lowest level, is that it minimizes the product diversity response while keeping the average response on objective Another benefit is that optimal
experimental conditions can be used in the real environment [16].
In the present work is stabilized CoFe2O4 on
the copper slag. Precipitation method has been used
to stabilize CoFe2O4 on the copper slag.
In this study was determined optimum process
conditions for the removal of o-toluidine from water using Taguchi fractional design.
In this research, four controllable factors (pH,
o-tolouidine concentration and H2O2 concentrations) were used in the optimization of the removal
of o-toluidine.

ABSTRACT
In the present work, precipitation method has
been used to stabilize CoFe2O4 on Copper
Slag(CS). CoFe2O4/Copper Slag catalysts have
been characterized by SEM, XRD and BET surface
area analysis. process done in Circulate Packed Bed
Photo Reactor (CPBPR). Optimum process conditions were determined for the removal of Otoluidine from water using Taguchi fractional design. Three controllable factors containing pH, otoluidine concentration and H2O2 concentrations at
three levels were identified for each factor. The
optimum conditions were found to be as follows
pH= 10, O-toluidine concentration = 20(mg/l) and
H2O2 concentrations =150(ppm). In optimum conditions a first order reaction to k= 0.0387 miní was
observed for the photocatalytic degradation of otoluidine in water by UV+H2O2/ CoFe2O4/Copper
Slag.

KEYWORDS:
CoFe2O4/Copper Slag, Photodegradation, Taguchi, otoluidine

INTRODUCTION
One of the most important sources of water
pollutants are organic materials and these compounds are found in industrial wastewater. Aromatic amines are one of the most toxic and hazardous substances and Ortho toluidine is one of these
compounds that are widely used in rubber and dye
industrial. Ortho toluidine is known as a cause of
urinary bladder cancer [1, 2]. In view of environmental aspects, it is essential to remove the otoluidine to desired concentration on wastewater.
Different techniques such as adsorption, ozonation, photocatalytic degradation and thermal decomposition exist for the removal of environmental
pollutants [3-6].
These methods have problems such as formation of solid pollution, relatively high cost and a
long time to remove contaminants [3, 4]. Advanced
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phologies of the photocatalyst were taken by using
a Mira 3-XMU (USA) scanning electron microscope (SEM).

The four parameters were set at four levels to
observe the main effects.

MATERIALS AND METHODS
Materials. In this study, Or-tolouidine
(C7H9N), Cobalt nitrate (Co (NO3)2.6H2O) and Iron
nitrate (Fe (NO3)3.9H2O) salt and other materials
was provided from Merck Company (Germany).
Copper Slag including Al2O3(2%), SiO2(34.5%),
FeO (51.3%), CaO (6.5%), MgO (4.6%), CuO
(0.7%) and undetectable materials (0.4%) (Analyzed by XRF) purchased from the Iranian company of Messbareh. The pH values were adjusted desired level using dilute NaOH and HЇSOЉ.

FIGURE 1
Schematic view of apparatus: 1- Reactor
(CPBR), 2- Heat exchanger, 3-Thermo bath 4Storage tank, 5- Water pump

Preparation of CoFe2O4 immobilized on
Copper Slag. For the preparation of CoFeЇOЉ, 50
ml 0.25 M Cobalt nitrate solutions were added to
the 50 ml 0.5 M Ferric nitrate solution, then the
prepared solution was poured into the 250 ml flask
refluxes and 100 ml 2M molar urea solutions (as
the precipitating agent to release hydroxyl ions
slowly during the reaction) was added to this solution and reflux in the hot water bath to 12 hours. All
reflux was performed at 90° C in nitrogen atmosphere.After completing the process, precipitate was
confirmed. After filtering and washing with distilled water the precipitates were placed inside an
oven at 110 °C to dry. To form CoFeЇOЉ 
this dried deposition was put into the furnace at a
temperature of 550 °C to 6 hours. Copper slags
were used as the basis of the above catalyst. Copper
slags were washed several times by dilute H2SO4
and dilute NaOH solutions, after which they were
rinsed with doubly distilled water and dried at
120°C. Copper slags were mixed with a large
amount CoFe2O4, this mixture was put into the furnace at a temperature of 550 °C to 6 hours. The
catalyst is completely stuck to the base and catalyst
CoFe2O4 / Copper slag was prepared.

Procedures. For the photodegradation of otoluidine, a solution containing knew concentration
of o-toluidine and H2O2 was prepared. The solution
pH values were adjusted to desired level using dilute NaOH and H2SO4 (the pH values were measured with Horiba M12 pH meter). The degree of
photodegradation (X) as a function of time is given
by equation 1:
(1)
COD  COD

X

0

COD0
Where

COD0 and COD are the Chemical

Oxygen Demand of o-toluidine solution to t = 0 and
t, respectively.
For determination of optimal condition used
Taguchi experimental design. This method includes
the following steps:
1- The variables affecting the test results will
be determined
2- Levels of each variable is identified separately (interaction between variables to be considered)
3- Choose the suitable orthogonal array (OA)
and the assignment of process parameters to the
orthogonal array
4- Required experiments are performed based
on the (OA)
5- Calculate the performance statistics
6- Experimental result analysis is done using
ANOVA statistics and performance
The study was done to determine the optimal
process conditions for removing o-toluidine from
aqueous solution. Optimal conditions were determined by Taguchi experimental design with Qualitek-4 software. Effect of experimental parameters
on the removal of o-toluidine and their levels are
given in (Table 1).

Apparatus. Figure 1 shows the schematic diagram of the equipment. The Circulate Packed Bed
Reactor (CPBR). Total volume of 1 liter and effective volume of reactor was 0.3 liter. One UV lamp
with a power of (15 W, Philips) was placed directly
inside the reactor and around the UV lamp was
filled with catalyst.
The photocatalytic process, the reactor CPBR
was filled with 70 grams of catalyst CoFe 2O4 /
Copper slag. The different volume levels of Hydrogen peroxide were added to the o-toluidine solution.
The solution pH was adjusted to diluted sodium
hydroxide or sulfuric acid. The resulting solution
was transferred to the storage tank and send in to
the reactor by using a water pump.
XRD analysis of the samples was done using a
XRD stoe-stidy-mp model (German). The mor-

2684

© by PSP

Volume 27 ± No. 5/2018 pages 2683-2689

Fresenius Environmental Bulletin

TABLE 1
Experimental parameters and their levels
Factors
A) pH
B) o-toluidine concentration(ppm)
C) H2O2 concentration(ppm)

Level 1
4
20
50

Level 2
7
40
100

Level 3
10
60
150

TABLE 2
Experimental plan table
Experiments No
1
2
3
4
5
6
7
8
9

A
1
1
1
2
2
2
3
3
3

B
1
2
3
1
2
3
1
2
3

C
1
2
3
2
3
1
3
1
2

FIGURE 2
The XRD patterns of photocatalyst CoFe2O4 / CS

In Taguchi experimental design method, the
experiment corresponding to optimum experimental
conditions might not have been done during the alltime of the experimental stage. In such cases, the
function amount corresponding to optimum test
conditions can be predicted by utilizing the balanced characteristic of OA. For this, the additive
model may be used equation 3 [16]:
(3)
Y P  X e

The orthogonal array experimental design
method was selected to determine experimental
plan, as seen Table 2 [16].
In order to see the effects of noise sources remove o-toluidine, each test was repeated three
times at same conditions. Optimize function statistics were chosen as indicators. Three classes of
function statistics, bigger are better, smaller are
better and nominal are the better. In this research,
the function statistics bigger is the better was used
to define optimal conditions [16].
The bigger are better function statistics was
given by equation 2.

SN L

§1 n 1
10 log¨¨ ¦ 2
© n i 1 Yi

·
¸
¸
¹

i

i

i

:KHUH ȝ LV WKH RYHUDOO PHDQ RI SHUIRUPDQFH
values; Xi the fixed effect of the parameter level
combination used in ith experiment and ei the random error in ith experiment.

(2)
RESULTS AND DISCUSSION

Where SNs are function statistics, n the number of repetition done for an experimental combination, and Yi the function value of ith experiment.

Characterization of photocatalyst. After
preparation of Photocatalyst CoFe2O4 based on
Copper slag, identification was performed by XRD
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results are given in (Table 3). The degrees of the
LQÀXHQFHVRISDUDPHWHUVRQWKHSHUIRUPDQFHVWDWLV
tics are given at the graphs in (Figure 5).
The numerical value of the maximum point in
each graph marks the best value of particular parameter.
Photocatalyst mechanism is for this reason
that ultraviolet radiation to the semiconducting oxides; electrons are transferred from the valance
Bond to conduction Bond. On this transition, is
created the holes in the valance Bond and is created
electrons additional in the conduction bond. Dissolve oxygen molecules in water are extra electrons
from the conduction bond and after doing some
reaction there to bring hydroxide radical. On the
other hand, the water molecules and the hydroxide
ions after reaction to several holes (created in the
valance bond) is created hydroxide radicals. Finally, hydroxide radicals with organic pollutants such
as o-toluidine react and causes the breakdown and
failures and to convert them into minerals. This
mechanism is summarized in Figure 4 [6-10].
Catalytic activity of CoFe2O4/CS after being
stabilized on the copper slag increases, and to justify it is assumed that the hydroxide radicals are
available for the reaction with the o-toluidine absorbed on the surface of copper Slag.

and SEM devices. The corresponding powder X-ray
diffraction (XRD) pattern provides further crystallinity and phase information on the obtained
CoFe2O4 (Figure 2). The observed peak positions
are consistent with the characteristic peaks reported
for CoFe2O4 in the literature [17].
Moreover, the mean size of the synthesized
Nano-spherical are calculated from the peak broadening in the XRD pattern by using the Debye±
Scherrer formula [17]. The average size of CoFe2O4
Nano-spherical are 96 nm.
The morphology of the ferrite powders was
investigated by SEM. In the Figure 3 are presented
the SEM micrographs. As shown that in this Figure
the structural of the CoFe2O4 are Spherical shape
and CoFe2O4 Nano-spherical particles have loaded
on the surface of copper slag.
Determination of optimum operational parameter on the photodegradation of o-toluidine.
The removal of o-toluidine process of the synthetic
wastewater was investigated in different experimental conditions (according Table 2). To determine the optimum conditions for the removal of otoluidine in the solutions, o-toluidine concentration,
pH and H2O2 concentration were investigated, respectively. The reaction conditions in which the
effect of parameters investigated. The experimental

FIGURE 3
SEM images of CoFe2O4 / CS
TABLE 3
Experimental result of an orthogonal array of L9
Exp No
1
2
3
4
5
6
7
8
9

X1(%)
53.25
56.31
62.84
69.14
75.58
50.47
91.86
72.78
59.50

X2(%)
53.42
56.26
63.15
69.37
75.42
50.51
91.86
73.67
59.55

X3(%)
53.12
59.18
62.76
69.02
75.58
50.55
91.96
73.35
59.50

2686

Average
53.2633
57.2500
62.9167
69.1767
75.5267
50.5100
91.8933
73.2667
59.4067

S/N
50.9811
30.6928
49.6982
51.7977
58.2508
62.0263
64.0369
44.2182
49.1792

St Dev
0.15044
1.67162
0.20599
0.17786
0.09238
0.04000
0.05774
0.45081
0.20648
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FIGURE 4
General mechanism of the photocatalysis

FIGURE 5
Main Effects Plot for Means

FIGURE 6
Effect of parameters on photocatalytic decomposition of o-toluidine

As seen in Figure 5, when H2O2 concentration
increased, the decomposition rate will increase.
The formation rate of hydroxyl radical from H2O2
was increased from two ways. First, H2O2 symmetry breaking by illumination would also produce
hydroxyl radicals (Equation 4). Second, the reduction of hydrogen peroxide at the conduction band
would produce hydroxyl radicals (equation 5) [610].
(4)
H O  hX 
o 2OH x

As show in Figure 5, photocatalytic decomposition of o-toluidine better dons in alkaline solution.
The reaction to hydroxide ions and holes makes
hydroxide radicals (h  + OH- o x OH). In
VB

alkaline solution are formed more hydroxyl radicals, so effectively can destroy the o-toluidine molecules. thus, the photodegradation efficiency increases to the alkaline to o-toluidine photodegradation.

2
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H 2 O2  photocatalyst(eCB
)
o photocatalyst  OH x  OH  (5)

FIGURE 7
Effect of each parameter on other variables

FIGURE 8
Kinetic plot of pseudo-first order photocatalytic degradation of o-toluidine in optimal condition.
(pH= 10; H2O2 concentrations=150(ppm), and initial o-toluidine concentration=20(ppm)

As shown in Figure 6, H2O2 concentration is
the most effective parameters on the photocatalytic
decomposition of o-toluidine
In Figure 7, the effect of each of the variables
on other variables defined. Interaction of otoluidine concentration and concentration of hydrogen peroxide on each other is the highest value. The
optimum conditions were found to be as follows:
pH=10; H2O2 concentrations=150 (ppm); and otoluidine =20 (ppm).

A plot of ln (COD0/COD) versus t for optimal
condition of photo catalytic degradation of otoluidine is shown in Figure 8.

CONCLUSIONS
Physical and chemical characterization of
supported photocatalyst were determined by SEM,
XRD and BET techniques. According to the literature, the results demonstrated that produced
CoFe2O4/CS has sufficient properties as a photocatalyst for degradation of o-toluidine. Here,
Taguchi design method was used to optimize the
parameter values for obtaining desired characteristics. Various factors affecting the degradation process were analyzed and optimized pH, H2O2 concentration have been shown to be highly influential
upon the photocatalytic degradation of o-toluidine.
In optimal conditions (pH=10, H2O2 concentrations=150 (ppm) and initial o-toluidine concentration=20(ppm)) that analyzed by Taguchi method,
determined kinetics of photocatalytic decomposition reaction. Pseudo-first-order models reaction

Kinetics of photocatalytic degradation of otoluidine. Photocatalytic decomposition reaction
kinetics of o-toluidine shows good agreement with
the kinetic of pseudo-first-order reaction model
reaction. In the for our semi batch system, kinetic
integral equation of pseudo-first-order relationship
between concentration(C) and time (t) is as follows
equation 6 [18]:

[ln(

COD0
)]
COD

k app t

(6)

Where kapp is the apparent pseudo-first-order
rate constant (that is affected by o-toluidine concentration), and t the reaction time.
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[11] Sadri, F., Ramazani, A., Massoudi, A., Khoobi,
M., Azizkhani, V., Tarasi, R., Dolatyari, L.,
Min, B.K. (2014) Magnetic CoFe2O4 Nanoparticles as an Efficient Catalyst for the Oxidation
of Alcohols to Carbonyl Compounds in the
Presence of Oxone as an Oxidant. Bull. Korean
Chem Soc. 35, 2029-2032.
[12] Ye, D., Xu, Y., Luo, L., Ding, Y., Wang, Y.,
Liu, X. (2012) LaNi0.5Ti0.5O3/CoFe2O4-based
sensor for sensitive determination of paracetamol. Journal of Solid State Electrochemistry.
16, 1635±1642.
[13] Goldman, A. (1993) Modern Ferrite Technology. Marcel Dekker Inc. Publication Company,
New York
[14] K-Roy, R. (2001) Design of experiments using
the Taguchi approach. 16 steps to product and
process improvement. John Wiley & Sons Hoboken NJ Publication Company, New York
[15] Singh, H. (2012) Taguchi optimization of process parameters: A review and case study. International Journal of Advanced Engineering
Research and Studies. 1, 39-41.
[16] Ross, P.J. (1998) Taguchi techniques for quality engineering. McGraw-Hill Publication Company, New York.
[17] Sathiya, S., Parasuraman, K., Anbarasu, M.,
Balamurugan, K. (2015) FT-IR, XRD, and
SEM Study of CoFe2O4 Nanoparticles by
Chemical Co-Precipitation Method. Nano Vision. 5, 133-138.
[18] Shokri, A., Mahanpoor, K., Soodbar, D. (2016)
Degradation of 2-Nitrophenol from Petrochemical Wastewater by UV/NiFe2O4/Clinoptilolite
Process. Fresen. Environ. Bull. 25, 500-508.

good agreements with experiment data on to photocatalytic degradation of o-toluidine reaction.
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Total concentrations of copper (Cu), zinc (Zn),
chromium (Cr), cadmium (Cd), lead (Pb) and nickel
(Ni) were determined in the soil and four vegetable
plants from the Zeta valley of Montenegro. The results obtained indicate that in the soil, generally contaminated with Ni and Cr (215.6 mg kg-1; 196.6 mg
kg-1), the concentrations of both elements often exceeded soil quality guidelines. The distribution of
metals in vegetables decreases in the following order: Zn> Cu> Cr > Pb > Ni > Cd. The concentrations
of Zn, Cu and Cd were highest in the fruit of   
  L. and the concentrations of Cr and Ni in the
fruit of     L, while the concentration
of Pb was almost the same in all species. The mean
value of the Metal pollution index (MPI) was the
highest in the fruit of     L. and   
 L., followed by       
Mill. and then   L. In general, it can be
concluded that the concentrations of trace metals in
the four vegetable plants were below the limits set
by Codex general standard for contaminants and toxins in food and feed and do not constitute a health
hazard for consumers.

[1]. Many heavy metals are essential micronutrients
(Cu, Zn) for plants, because they are involved in numerous metabolic processes as constituents of enzymes and other proteins. However, they can become toxic if their concentration is higher than a specific critical point, as they can propagate a range of
interactions at the cellular and the molecular level [2,
3]. Heavy metals such as Cd and Pb have been
shown to have carcinogenic, mutagenic and teratogenic effects [4, 5]. Uptake from the soil and the distribution of metals in the above ground parts of vegetables depends on a variety of factors: the chemical
characteristics of the metal, the plant species in question and the environmental conditions [6]. Metal distribution in plants is quite heterogeneous and controlled by genetic, environmental and toxic factors.
The dynamics of heavy metals in plant-soil interactions depends mainly on the levels of soil contamination and plant species [7, 8].
Numerous investigations of heavy metals in
vegetables and their corresponding soils have been
conducted in recent years [9-16].
The primary purpose of this study was to obtain
quantitative information on the concentration of
trace metals (Cu, Zn, Cr, Cd, Pb and Ni) in the fruit
of four vegetable plants:   L.,   
 L.,        Mill. and   
  L. from the Zeta Valley of Montenegro. The
following points were considered: a. variations in
metal concentrations between species; b. variations
in metal levels from one sampling site to another and
c. the determination of the average of the Metal Pollution Index (MPI) at the different sampling sites for
all the selected species.

!-,%'(
Trace metal, vegetables, soil, contamination, metal pollution index

$)'%*) %$
The effects of air, water and soil pollution by
heavy metals are different and are first manifested
through plants, as the most sensitive part of the food
chain: plants-animals-man.
The presence of heavy metals in soil usually
comes from anthropogenic sources. Increased concentrations can result in the accumulation of metals
in agricultural crops, clearing the way for further
transport up the food chain. Precisely applied agrochemical measures in order to improve yields are one
of the ways of introducing heavy metals into the soil

#)' "($#)%(

(/;>:31=::31A7=< The samples of plant material and soil were taken from five different locations
from the Zeta Valley during the summer of 2013. A
description of the sampling sites and their positions
is given in Table 1.
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The samples were mainly collected to the
south-west of the Aluminium Factory in Podgorica
(Figure 1).
These sites were selected along a gradient from
the pool of red mud within the factory. In this area,
north-easterly winds blow that transport particles of
red mud to the south-west of the factory.

</:FA71/:;3A6=2@  #3A/:/</:F@7@ In the
laboratory, the plant material was washed thoroughly using deionized water and dried at 75 °C for
48 hours. The dry samples were ground into a fine
powder and homogenized in an electrical mill. The
prepared samples (0.5 g) were mineralized by the
Milestone Microwave Ethos 1, with a mixture of
HNO3 and H2O2 (3:1). After digestion, the solution
was diluted using deionized water to a final volume
of 50 ml.
The soil samples were first air-dried and then
in an oven at 75 °C for 48 hours. The dry soil samples were ground in an agate mortar and sieved
through a 1.5 mm sieve. Approximately 0.5 g of the
sample was mineralized using microwave digestion
with a mixture of HCl and HNO3 (3:1). After mineralization, the solutions were diluted by 2M HNO3 to
a final volume of 100 ml.
The concentrations of the metals (in relation to
Cu, Zn, Cr, Cd, Pb, Ni) in the plant and soil samples
were determined by using an inductively coupled
plasma optic emission spectroscopy (ICP-OES)

technique on the Spectro Acros instrument. The
working standards for the measurement of the elements were prepared on the Sigma Aldrich for solutions of 1000 mg dm-3 each. The reliability of the analytical method was evaluated by the analysis of certified standard reference materials NCS DC73348
(Bush Branches and Leaves) and NCS DC70312 (Tibet sediment) from the China National Analysis
Center for Iron and Steel, Beijing. All the results are
expressed on their dry weight basis.
 /:1B:/A7=<=4A63#3A/:&=::BA7=< <23E
#&  To compare the total content of the metals at
the different sampling sites, the Metal Pollution Index was used. This was obtained using the equation
[17, 18].
MPI= (Cf1 x Cf2…….Cfn)1/n
where Cf is the concentration of the metal in the sample 1-n.

(A/A7@A71/: /</:F@7@  The experimental data
were analyzed using the statistical software program
Statistica 7.1. (StatSoft Inc., 2006). The comparison
of the metal concentrations by species or sampling
areas was performed using a One-way ANOVA with
the value of p˂ 0.05. The correlations between the
metal concentrations in the plant and in the soil samples were evaluated using the Pearson correlation coefficient. 



)" 
3@1?7>A7=</<2>=@7A7=<=4A63@/;>:7<5@7A3@
"=1/A7=<
) 
) 
)
)
)

3@1?7>A7=<
Botun (south of the Aluminium Factory)
Botun (south of the Aluminium Factory)
Botun (south of the Aluminium Factory)
Inflow of the River Morača (south of the Aluminium Factory)
Dajbabe (north of the Aluminium Factory)

 *' 
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#7<;/E;595 
28,8-35,3
46,6-67,1
83,4-196,6
0,068-0,596
8,4-21,7
84,0-215,8

C3?/53G(
31,36±2,31
59,54±7,28
153,5±37,64
0,243±0,211
14,32±4,03
173,8±46,32

C
7,36
12,23
24,51
87,09
28,19
26,63
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Mean concentration values for metals analysed in the
soil are given in the Table 2. 
The metal distribution in the soil by the locations used in this research is given in the Figure 2.
The maximum concentrations were recorded
for Ni and Cr (215.8 mg kg-1,196.6 mg kg-1) at location T3, while the minimum concentration was registered for Cd (0.068 mg kg-1) also at location T3.
Zn, Cu and Pb concentrations by location in this research were significantly more even. The values of
the metal concentrations in the soil at all the sampling sites decrease in the following order: Ni> Cr
>Zn >Cu>Pb> Cd. Analyses show that the content of
metals at the studied locations differs significantly.
Similar distributions are noticeable for Cr and
Ni on the one hand, with maximum concentrations
registered at location T3, as well as for Cd, Zn and
Pb on the other, with maximum concentrations registered at location T5. It is very important to note that
the Ni and Cr concentrations at all the studied locations were above the MAC for soil according to the
world standards [19].
The results of the analysis of the metal content
in the fruit of the agricultural crops covered by the
study are given in the Figure 3.
Significant differences can be noted in their
content depending on the species, metal and the location from which the plant material was sampled.

The metal distribution in the fruit of all four
plant species decreases in the following order: Zn >
Cu > Cr > Pb > Ni > Cd. Of all the metals analysed,
the highest concentration was registered for Zn in the
fruit of the species    L. (4.62 mg kg-1) at
location T3 and lowest for Cd (0.005 mg kg-1) in the
fruit of the species    L. at location
T2. The extremely high concentrations of Cr and Ni
in the soil did not have a significant effect on their
content in the fruit of all four of the plant species
studied.
The comparison of the metal content in all four
of the selected agricultural crops showed that the
maximum concentrations of Cu, Zn and Cd were
registered in the fruit of the species     L.,
while the maximum concentrations for Ni and Cr
were registered in the fruit of the species   
 L. Pb concentrations in all four species was
almost equal at all the locations studied (Pb ˂ 0.05
mg kg-1). The minimum concentrations for most of
the metal analyses were registered in the fruit of the
species   L. (Cr, Ni) and the fruit of the
species       Mill. (Cu, Zn). The
same trend of concentrations for Cu, Zn, Pb and Cd
was recorded in the species   L. (Cu0.437 mg kg-1; Zn- 1.229 mg kg-1; Cd-0.020 mg kg1
) and the species        Mill.
(Cu- 0.744 mg kg-1; Zn- 1.495 mg kg-1; Cd-0.318 mg
kg-1) in the paper of Maksimović et al. [13] who took
their samples from a number of locations in the Republic of Serbia. Mirecki et al. [7] was recorded
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est Zn/Cd ratio was recorded in the fruit of   
     Mill. (70.89). There were significant differences between     L. and
       Mill.cultivars with respect
to Zn/Cd concentration. Maksimović   [13]
found a similar Zn/Cd ratio in the species   
    Mill. (68.29), while in the species
  L., the Zn/Cd ratio was somewhat lower
(93.16).
The concentration of all the metals analysed,
except Pb, in all four species varies significantly by
location. It was noted that the maximum metal concentrations for all four plant species were recorded
at locations T1, T3 and T5, as well as that the concentrations of all the metals analysed in the fruit of
all four species were below the maximum allowable
concentrations (MAC) for vegetables, according to
the world standards [19].

some higher concentrations for Cu, Zn, and Cd in the
species   L. (Cu (mg kg-1) - 1.25 G0.10; Zn
-1
-1
(mg kg ) - 6.82 ± 0.64; Cd (mg kg ) - 0.06 ± 0.01) and the
species    L. (Cu (mg kg-1)-3.88 ±0.48; Zn
-1
-1
(mg kg ) - 16.05 ± 1.55; Cd( mg kg )- 0.16 ± 0.02) from
unpolluted area-Leposavic, in south of Serbia .
Reaves and Chaney [20] demonstrated that low
plant-available Zn in the soil promotes Cd uptake.
The results of this study also suggest that the bioavailability of Cd is different for different food
sources. This indicates that the food that is nutritionally marginal with respect to Zn has much higher risk
of containing more Cd. Therefore, we compared the
Zn/Cd ratio in all the vegetable plants (Table 3).
The Zn/Cd ratio was the highest in the fruit of
   L. (239.66) and lower in   
 and   L. (142.74; 132.15). The low-

 *'
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Cu
Mean
0.348
Std. Dev
0.023
Coef.Var.
6.65
! 
Mean
0.582
Std. Dev
0.272
Coef.Var.
46.78
  
Mean
0.722
Std. Dev
0.168
Coef.Var.
23.37
"  
Mean
0.404
Std. Dev
0.152
Coef.Var.
37.75

/

Zn
1.508
0.085
5.65

=<13<A?/A7=<;595 
Cr
Cd
Pb
0.035
0.012
<0.05
0.021
0.004
60.66
32.50

Ni
0.030
0.012
42.11

Zn/Cd
132.15
34.57
26.17

3.192
1.253
39.27

0.049
0.0121
24.86

0.024
0.005
24.72

<0.05

0.042
0.017
40.21

142.74
71.18
49.87

2.010
0.169
8.41

0.056
0.035
63.48

0.011
0.007
62.83

<0.05

0.103
0.092
89.66

239.66
121.53
50.71

1.334
0.331
24.84

0.038
0.011
29.12

0.020
0.006
34.64

<0.05

0.092
0.082
88.74

70.89
17.51
24.71


0
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The results of the correlation analysis (using
Pearson’s correlation coefficient, p˂0.05) between
the metal content in the soil and the fruit of all four
agricultural crops (Figure 4), show the existence of a
highly significant positive correlation (r=0.88;
p˂0.05) between the Zn content in the soil and the
fruit of the species   L., as well as a highly
significant negative correlation between the Ni content in the soil and the fruit of the species   
 L. (r=-0.92; p˂0.05), which points to the fact
that a high Ni concentration in the soil has no significant effect on the Ni content in the fruit of the species     L.

#3A/: &=::BA7=< <23E #&   The average
value of the Metal Pollution Index (MPI) was highest in the fruit of    L. and of   
L. (0.123 and 0.120, respectively) (Figure 5).
The average value of the MPI in the fruit of 
  L. was considerably lower. Sharma  
[11] found the highest value of the MPI in   
 L. (2,82). Maksimovic et al. [13] registered
similar values for the MPI in   L. and
      Mill. (0.269 and 0.166, respectively).
The concentration of most of the metals varied
significantly depending on the location of the sampling sites. Figure 5 clearly shows that, for all the
species studied, the MPI was the highest in those
samples taken from the locations at T1, T3 and T5.

This work was supported by the Ministry of
Science of the Montenegro (through the project Application of Bioassays to test the Cause-effect relationship between Environmental Pollutants and the
Level of Toxicity of the soil of the Zeta Plain and the
sediments of Lake Skadar).
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In general, it can be concluded that the concentrations of trace metals in four vegetable plants were
below the limits set by the Codex general standard
for contaminants and toxins in food and feed and do
not constitute health hazards for consumers [19]. The
distribution of metals in vegetables decreases in the
following order: Zn> Cu > Cr > Pb > Ni > Cd. The
concentrations of Zn, Cu and Cd were the greatest in
the fruit of     L. and of Cr and Ni in the
fruit of     L, while the concentration
of Pb was almost the same in all the species.
Since this research has shown that the maximum concentrations of metals in the soil were registered for Ni and Cr, and that their concentrations in
most of the locations studied in this research were
above the maximum allowable concentrations, in accordance with global standards, particular attention
should be paid in the upcoming period to the biomonitoring of the quality and suitability of the soil
for plant production in these areas.
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The effects of prochloraz (fungicide) and
tralkoxydim (herbicide) on the root morphology,
root growth, mitotic index and chromosomal behaviour were analysed in a non-target plant, barley
(    L.). The commercial and higher
doses of prochloraz (40, 80 and 120 µM) and
tralkoxydim (50, 100 and 150 µM) were applied to
barley roots up to 60-h. Some morphological defects
such as grey regions and tumours occurred on the
root tips of barley treated with the prochloraz and
tralkoxydim, respectively. Besides the root elongation and mitotic indices were inhibited by the treatment with the two pesticides time and dose dependently. Various types of mitotic aberrations such
as chromosome bridges, stickiness, laggards, monopolarity, c-mitosis, abnormal metaphase and anaphase were observed in prochloraz and tralkoxydim
treated barley root tips. Based on our results,
tralkoxydim is more toxic to barley roots in comparison to prochloraz. In conclusion, the two pesticides,
prochloraz and tralkoxydim may be harmful to nontarget organisms even their commercial and higher
concentrations.

While the pesticides have provided to repel or
control the pests, they can be toxic to not-target organisms through contaminating soil, water and air.
Pesticides can interact with algae, fungi, animals and
plants from the water resources and soil penetrating
to the food chain causing serious harmful effects in
animals and humans. Plants which are one of the essential base components of the ecosystems undertake an important role to evaluate the effects and
chain reactions of pesticides in the environment being sessile organisms [3, 4].
One of the imidazole fungicides is prochloraz
and it is extensively used within horticulture and agriculture against a wide range of diseases affecting
cereals, field crops, fruit and many other crops [5].
Tralkoxydim is a cyclohexane herbicide for use in
wheat, barley, rye and triticale against grassy weeds
[6]. According to the literature most of the attention
has been paid to economic return including seed production, yield quantity and quality [7, 8]. In the present paper, root morphology, root growth, mitotic index and chromosome aberrations were evaluated to
detect the toxic damage of prochloraz and
tralkoxydim in one of the non-target organism barley
(   L.) roots.


!'% &"!'#&

Barley (    L. cv. Efes) seeds
were obtained from The Field Crops Central Research Institute (Ankara-Turkey). Similar-sized
seeds were surface-sterilized with freshly prepared
1% sodium hypochlorite solution for 5 min. After
rinsing, the seeds were left for one night in deionized
water for imbibition. Seeds were germinated on
moistened filter paper with or without prochloraz
(IUPAC
N-propyl-N-[2-(2,4,6-trichlorophenoxy)ethyl]
imidazole-1-carboxamide)
and
tralkoxydim (IUPAC - 2-[1-(ethoxyamino)propylidene]-5-(2,4,6-trimethylphenyl) cyclohexane-1,3dione) in Petri dishes. Stock solutions of prochloraz
(40, 80, 120 μM) and tralkoxydim (50, 100, 150 μM)
were prepared according to commercial application
doses and their folds. Deionized water was used for
the control group. Relative primary root length of

,*#%&
Chromosomal abnormalities, Fungicide, Herbicide, Mitotic index, Root growth.

"'%#('#"

Pesticide has been defined as any substance or
mixture of substances used to prevent, control, repulse, reduce or damage any pest, including insects,
snails, nematodes, rodents, weeds, fungi and bacteria
[1, 2]. Although pesticides have been used for a long
time, their widespread usage began after World War
II with the introduction of DDT (dichlorodiphenyltrichloroethane), BHC (beta-hexachlorocyclohexane), 2,4-D (2,4-dichlorophenoxyacetic acid), dieldrin, endrin, and aldrin [2]. Contemporary agribusiness involves broad use of pesticides for qualified
yield and it is definite that the application of pesticides will be increased in the near future [3].
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of prochloraz (herbicide) and tralkoxydim (fungucide) in barley roots.
The average root lengths of prochloraz and
tralkoxydim treated barley roots were measured by
12-h intervals up to 60-h. Prochloraz application
stimulated the root elongation in all concentrations
up to 24-h period with regard to controls. Although
there was no significant difference between control
and 40 µM prochloraz treatment, the root elongation
inhibited in 80 µM and 120 µM concentrations after
48-h. While the root elongation decreased by 17.2%
in 120 µM prochloraz application at the end of the
60-h, no significant difference was determined in 40
µM and 80 µM in contrast to control (Table 1). On
the other hand tralkoxydim applications also caused
alterations in barley root growth. Even if 50 µM
tralkoxydim application stimulated the root growth,
it was inhibited slightly in 100 and 150 µM concentrations after 24-h in compare to control. Furthermore all of the treatments started to inhibit the root
elongation after 36-h with respect to controls. It was
reduced by 38.4% in 50 µM, 40.7% in 100 µM and
41.6% in 150 µM tralkoxydim application after 60h (Table 2).
Moreover prochloraz and tralkoxydim treatments caused some morphological alterations on
barley roots. In prochloraz treatment grey regions on
roots were distinctive in compare to controls (Figure
1). Similarly tralkoxydim treatment induced tumour
formations in the barley roots significantly (Figure
2).
Mitotic index is a significant parameter to evaluate the percentage of mitotic cells. For better comprehension the mitotic index and chromosomal abnormalities were evaluated by Feulgen procedure.
The frequency of dividing cells in meristematic cells
of root tips was found to decrease after prochloraz
and tralkoxydim treatment at 60-h with regard to
control. This result is evidenced by the ratio of the
cells in different mitotic phases. The data revealed
that while the ratio of interphase increased distinctively, the different mitotic phases (metaphase, anaphase and telophase) decreased in barley roots with
increasing concentrations of prochloraz and
tralkoxydim at 60-h (Table 3).

control and treated groups was measured by 12-h periods up to 60 h. For better comprehension the germinated seedlings, which reached 1 cm root elongation, were chosen at 12 h to precede the treatment.
Control and 60 h treated groups of barley roots
were fixed in acetic-alcohol (1:3, v/v) for 24-h and
stored in 70% ethanol at +4ºC. The standard Feulgen
technique applied to the Al treated roots has been
adapted and modified from Vardar et al. [9]. The root
tips were hydrolyzed in 5 N HCl at room temperature
for 25 min. After hydrolysis roots were transferred
to basic fuchsin for 2-h in the dark. Squash preparations were performed in 2% aceto-orcein. In each
treatment, ten well-spread preparations were chosen
and approximately 5000 cells were scored for mitotic analysis including mitotic index (MI) and scoring of aberrant cells. MI was calculated as the ratio
of the number of dividing cells to the total number of
cells. The mitotic analysis was completed with KAMERAM software, assisted by a KAMERAM colour camera and an Olympus BX-51 light microscope. Thirty seeds were used for each experiment.
All experiments were repeated three times and results were evaluated statistically. All the experimental data were subjected to Duncan's post-hoc
HSD using SPSS with 95% (p<0.05) significance of
differences between means.
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Barley is one of the important cereals that has
been bred for centuries and is considered as essential
nutrition in animal fodder, a source of fermentable
material for beer and certain distilled beverages, and
a component of various health foods [10]. The yield
quantity and quality of barley has been limited due
to different types of pests. To eliminate the potential
pests, various types of pesticides are used. On application of pesticides the growth and development of
barley as being a non-target organism might be affected unfavourably [11]. In this context, we aimed
to display the possible toxic effects of different doses
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150 µM tralkoxydim treatment at 60-h. These results
can be considered as the commercial and higher
doses of tralkoxydim are strikingly toxic on mitotic
index. Our results also indicated that tralkoxydim is
more toxic to barley roots in comparison to prochloraz.
Mitotic observations in the prochloraz and
tralkoxydim treated root tip cells revealed various

The mitotic index was 11.87% in the control
barley root tips. It was reduced by 27.1% in 40 µM,
63% in 80 µM and 57.4% in 120 µM prochloraz
treatment at 60-h. According to the results the higher
concentrations (80-120 µM) reduced the mitotic index by 60% approximately leading to intensive toxicity. Furthermore the mitotic index was decreased
by 67.5% in 50 µM, 50.6% in 100 µM and 72.8% in
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types of chromosomal abnormalities (Figure 3).
Most of the aberrations were characterized by monopolarity, chromosome stickiness, laggards, anaphase
bridges, c-mitosis and abnormal appearance at metaphase and anaphase. Laggards were only seen in the
application of 80 µM and 120 µM prochloraz. The
most frequently occurred abnormal metaphase and
anaphase were obvious for both prochloraz and
tralkoxydim. The frequency of cells with chromosomal abnormalities increased with increasing dose of
prochloraz treatments.Although the total chromosomal aberration ratio showed fluctuations with increasing doses of tralkoxydim, the possible fact of
lower abnormalities may be inhibition of mitotic index. 
Several researchers examined the effects of
pesticides in many aspects. Coşkun [12] stated that
decis (insecticide) caused sticky chromosomes in
   roots with increasing doses. A similar process was performed by Ateeq et al. [13]. The researchers treated   roots with 3 different herbicides (2,4-D, butachlor, pentachlorophenol). According to their results the herbicides affected the
root morphology and caused tumours. Although the
mitotic index values was similar with respect to control in butachlor treatment, 2,4-D and pentachlorophenol reduced the mitotic indices. Moreover, Türkoğlu [14] examined the genotoxic effects of
chlorfenvinphos (insecticide) and fenbuconazole
(fungicide) by evaluating mitotic index and chromosomal aberrations on the roots of  . The researcher indicated that the both pesticides decreased
the mitotic indices, while the chromosomal aberrations increased. In one of the latest researches the
genotoxic effects of carbendezim (fungicide) on the
roots of   were determined [15]. According to
the results carbendezim caused several chromosomal
aberrations and decreased mitotic indices time and
dose dependently. Consistent with our results different types of pesticides induced reduced mitotic index
and increased chromosomal abnormalities.
Cytological abnormalities in plants represent as
a significant monitoring procedure for the evaluation
of environmental chemicals/mutagens that may
cause a genetic damage [16]. Furthermore determination of mitotic index and chromosomal behaviour
reveals whether or not a particular chemical can
cause breaks in chromosomes, leading to detect parts
of the chromosome being deleted, added, or rearranged. The term of clastogen is the general name of
the chromosome breaks. Clastogenity is a form of
mutagenesis, and can lead to carcinogenesis [13, 17].
Most of the toxicity researches performed with many
types of pesticides has shown that plant chromosomes exhibit different types of aberrations some of
which are specific for different pesticides. It has
been noted that there is an excellent correlation between chromosome abnormalities recorded in roots
and those observed in mammalian cells. It can be
suggested that several higher plants provide specific

and important systems for monitoring and evaluating
the effects of chemicals/mutagens [16].


#" (&#"
Based on our results, tralkoxydim caused significant toxicity even in the commercial doses. Although the commercial dose of prochloraz (40 µM)
revealed slight toxicity, in the highest concentrations
(80 and 120 µM) the toxicity was more severe. According to WHO [18] prochloraz and tralkoxydim
are in Class III, which contains slightly hazardous
pesticides. It has been widely known that the impact
rate of the pesticides depends on their type, dose and
application period. Moreover developmental, morphological, biochemical and physiological conditions of the plants are also very important criterions
for their interaction [19]. It can be concluded that
prochloraz and tralkoxydim may be harmful to nontarget organisms even their commercial and higher
concentrations. The presented study will help to understand potential impacts of prochloraz and
tralkoxydim being a potential risk to humans and
other life forms. Our results may also assist in terms
of use and control of pesticides as the reduction of
its harmful adverse effects in both environmental
and agricultural systems.
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uranium remains a challenge for environmental scientists worldwide [3, 4]. Several technologies [5-7]
exist for the remediation of U(VI)-contaminated
groundwater, and are broadly categorized as chemical treatment technologies, biological treatment
technologies and physical–chemical treatment technologies. Compared with other technologies, permeable reactive barriers (PRBs), with a reactive media
emplaced to separate contaminants from groundwater, may create a passive treatment system (based on
factors including: reactivity, permeability, environmental compatibility, availability, cost, and longterm stability) are a passive remediation technology
that offer a cost-effective alternative to the conventional pump and treat (P&T) systems for remediating
contaminated groundwater [8, 9].
It was first proposed as an in-situ remediation
in 1982 by U.S. Environmental Protection Agency.
Various reactive media have been used in various
studies [10-12], these include zero-valent iron (ZVI),
activated carbons, zeolites, lime and other alkaline
materials, apatite, transformed red mud, oxides, sodium dithionite and combination of reactive materials. ZVI is the most widely used material filled in
PRBs, however, it is expensive and increases the
overall cost of the entire remediation engineering. In
this study, PRB was composed of hydroxyapatitecoated quartz sands to treat a groundwater contaminated with uranium. The particle size of quartz sand,
hydroxyapatite coating amount, velocity and initial
uranium concentration were considered in the removal of U(VI) in the aqueous solution by dynamic
column tests. The optimal experimental conditions
were determined and analyzed using a dynamic adsorption model.

Treatment of uranium-contaminated groundwater remains a challenge for environmental scientists worldwide. In this study, a permeable reactive
barrier (PRB) was coupled with hydroxyapatitecoated quartz sands to treat uranium-contaminated
groundwater. The effects of quartz sand particle size,
hydroxyapatite coating amount, and velocity and initial concentration of uranium on the removal of
U(VI) from an aqueous solution was investigated by
dynamic column tests, so as to determine the optimal
conditions for uranium removal. The adsorption process was studied using a dynamic adsorption model.
Results showed that when the diameter of quartz
composite sand was 0.6–1.18 mm, the adsorption capacity of the composites reached the maximum of
6.26 mg/g. The Thomas and Yoon–Nelson models
suitably described the influence of quartz sand diameter on the adsorption of U(VI) by the PRB. The
equilibration adsorption capacities of the PRB for
U(VI) estimated by the Thomas and Yoon–Nelson
models were 5.62 and 5.88 mg/g, respectively. This
study indicates that the combination of the PRB technique and hydroxyapatite-coated quartz sands is efficient and promising for uranium removal from
groundwater.
*( #$
Permeable reactive barrier (PRB), groundwater, uranium,
hydroxyapatite
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Groundwater contaminated with heavy metals
such as lead can pose a serious threat to drinking water supply systems and ecosystem health [1, 2]. Radionuclide contamination also threatens aquatic life
and human health due to its potential toxic and carcinogenic effects. Therefore, developing highly efficient methods for the removal of radionuclides from
aqueous solutions has become an issue of great concern. Treatment of groundwater contaminated with

%   *
0>39/= The breakthrough curves show the
performance of PRB dynamic columns. The breakthrough time of the breakthrough curve influences
the dynamic column of PRB. The time that the effluent concentration of uranium (Ct) is 10 percent of the
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initial influent concentration (C0) is called the breakthrough point; the time that the effluent concentration of uranium (Ct) is about of 95 percent of the influent initial concentration (C0) is called “post consumption” [13], that is, through the end point. Once
the reaction of the PRB dynamic column has been
defined, the breakthrough curve is generally a function of Ct/C0 to time or volume [14, 15]. The calculation equation of the effluent total volume flow 
at the breakthrough end point is:

The calculation equation of the total adsorption
percentage(Y), that is the removal rate of uranium in
the dynamic column of PRB is:

 (%) =

(5)


#$&%$$&$$ 

110.> 91 ;?,<>D =,8/= :,<>4.60 =4D0 48 >30
.97:9=4>0 7,>0<4,6=98>30<079@,691 &' -C
/C8,74.,-=9<:>498Fig. 1 is a schematic diagram
of quartz sands particle size in the composite materials on the removal of U(VI) by a dynamic PRB absorption column. As shown in Fig. 1, the dielectric
materials in the third part of the four PVC column
are (a) ranged from 0.15 to 0.3 mm hydroxyapatitecoated quartz sands, (b) ranged from 0.3 to 0.6 mm
hydroxyapatite-coated quartz sands, (c) ranged from
0.6 to 1.18 mm hydroxyapatite-coated quartz sands,
(d) ranged from 1.18 to 2.36 mm hydroxyapatitecoated quartz sands, respectively. When the influent
concentration of uranium solution was 3 mg/L, the
flow rate was 6 ml/min, pH was 4.01, the color of the
third part of PVC column gradually turned from
white to yellow. The effect of quartz sand particle
size on U(VI) adsorption by dynamic PRB absorption column is shown in Fig. 2. The size of reaction
medium quartz sand is the greatest, the specific surface area is the smallest, the penetration time is the
shortest, and column consumption occurs the fastest.
When the condition of influent concentration of uranium sand in composite materials is gradually increased from 0.15-0.3 mm to 0.6-1.18 mm, the
breakthrough point of PRB dynamic column breakthrough curves moved to the right, while the upward
slope of breakthrough curve slowed down.

 = 24 × 60 ×  

(1)
where, Q is the flow rate (mL/min), and  is
the total outflow time (min) when the adsorption
equilibrium is reached.
When the initial concentration and flow rate of
uranium is defined, the calculation equation of saturated adsorption capacity  is [16, 17]:

 =

 × 24 × 60  =
 
1000 ∫ =0

(2)
where  is the removal concentration of uranium (VI) solution (mg/L).
The adsorption capacity of uranium  (mg/g)
when the dynamic column of PRB equilibrium is
reached and the equation is:

 =




(3)
In the equation, m is the dry weight (g) of the
reaction material in the dynamic column of PRB.
The calculation formula for the total amount of the
adsorbed
 mass flowing through the dynamic
column of PRB is:

 =

24 × 60 × 0 ×  × 
1000


× 100


(4)
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C0
mg/L
3
3
3
3

Q
mL/min
6
6
6
6

Quartz sand diameter
mm
0.15–0.3
0.3–0.6
0.6–1.18
1.18–2.36



d
33
34
31
34
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mg
855.36
881.28
803.52
881.28


mg
595.16
614.16
626.37
509.81

 
mg/g
5.95
6.14
6.26
5.10


mL
285120
293760
267840
293760

Y
%
69.58
69.69
77.95
57.85
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The penetration curve parameters of quartz
sands particle size on the breakthrough curve of dynamic PRB absorption column for U(VI) adsorption
were calculated and are shown in Table 1. The maximum adsorbing capacity of composite materials
used for uranium(VI) adsorption is 5.95 mg/g, 6.14
mg/g, 6.26 mg/g, 5.10 mg/g for quartz sands in the
corresponding composite materials from the ranges
from 0.15 to 0.3 mm, 0.3 to 0.6 mm, 0.6 to 1.18 mm
and 1.18 to 2.36 mm, respectively. Thus, it could be
seen that the adsorbing capacity of composite materials used for uranium(VI) adsorption increased first
and then decreased with increasing quartz sand particle size in composite materials. This is because
quartz sand of larger particles sizes provided less adsorption sites for PRB dynamic column [18-20], thus
shortening the contact time. As can be seen from Table 1, with increasing composite particle size from
0.15–0.3 mm to 0.6–1.18 mm, the removal rate of
the uranium solution in the PRB dynamic column increased from 69.58% to 77.95%.

(c) 0.0094, (d) 0.0079, respectively. When the influent concentration of uranium solution was 3 mg/L,
the flow rate was 6 ml/min, and pH was 4.01, the
color of the dielectric materials in PRB dynamic column turned from white to yellow. Fig.4 shows the
effect of hydroxyapatite dosage on the breakthrough
curve of dynamic PRB absorption column used for
U(VI) adsorption. In Fig. 4, the reaction medium for
the ratio of hydroxyapatite and quartz sands is
0.0079. As can be seen from Fig. 4, the penetration
point of PRB dynamic column breakthrough curve
moves to the left, indicating that the cycle the penetration curve used shortens as the ratio of hydroxyapatite and quartz sands in composite materials gradually increases from 0.0157 to 0.0079.
The parameters of hydroxyapatite dosage on
the breakthrough curve of dynamic PRB absorption
column used for U(VI) adsorption have been calculated and are shown in Table 2. When the ratio of
hydroxyapatite and quartz sands in composite materials are 0.0157, 0.0118, 0.0094, and 0.0079, the
maximum adsorbing capacity of composite materials
used for U(VI) adsorption were 9.67 mg/g, 8.97
mg/g, 8.74 mg/g and 7.52 mg/g, respectively. Thus,
as the amount of hydroxyapatite in the composite increased, the adsorption capacity of the composite
materials also increased gradually. We added lesser
amounts of quartz sand when the size of quartz sands
was all the same, because the surface of quartz sand
could provide better contact with hydroxyapatite solution in the process of preparation. Therefore, hydroxyapatite coating in composite materials is beneficial for the enhancement of adsorption capacity to
uranium(VI). From Table 2, the removal rate of uranium in PRB dynamic column increased from 69.8%
to 81.3% with increasing the ratio of hydroxyapatite
and quartz sands from 0.0079 to 0.0157. Therefore,
the ratio of dielectric material of hydroxyapatite and
quartz sands used in follow-up test is 0.0157 is appropriate.
110.> 91 169A<,>0 98 >30 /C8,74. ,/=9<:
>49891&'Figure 5 is a test schematic diagram
of U(VI) removal using a dynamic PRB absorption
column. The figures to the left and right show the
reaction column before and after the reaction, respectively. The reaction dielectric materials in the
three columns in Fig. 5 are hydroxyapatite-coated
quartz sands of size 0.6–1.18 mm (the ratio of the
hydroxyapatite to quartz sands is 0.0157). We studied the effect of different flow rates (3 mL/min, 6
mL/min, and 9 mL/min) on U(VI) removal for an influent uranium solution concentration on 3 mg/L and
a pH of 4.01. Figure 6 shows the effect of flow rate
on the breakthrough curve of the dynamic PRB absorption column used for U(VI) adsorption. As
shown in Fig. 6, when the flow rate increases gradually from 3 mL/min to 9 mL/min, the point of penetration on the penetration curve moves to the left.

&# 
110.>913C/<9BC,:,>4>0/9=,2098>30<079@,6
91&'-C/C8,74.!#,-=9<:>498.96?78
>0=>=.307,>4./4,2<,7

110.> 91 3C/<9BC,:,>4>0 /9=,20 48 .97:9
=4>0 7,>0<4,6= 98 >30 -<0,5>3<9?23 .?<@0 91 /C
8,74. ,/=9<:>498 91 ?<,84?7' Fig. 3 shows
the color change of the U(VI) contained dielectric
materials before (Fig. 3(1)) and after (Fig. 3(2))
treatment. The proportion of hydroxyapatite and
quartz sands in the third part of dielectric materials
of the four PVC columns are (a) 0.0157, (b) 0.0118,
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&# 
110.>913C/<9BC,:,>4>0/9=,2098>30-<0,5>3<9?23.?<@091/C8,74.!#,-=9<:>498.96?78?=0/19<
&',/=9<:>498
% 
!,<,70>0<=913C/<9BC,:,>4>0/9=,2098>30-<0,5>3<9?23.?<@091/C8,74.!#,-=9<:>498.96?78?=0/
19<&',/=9<:>498
C0
mg/L
3
3
3
3

Q
mL/min
6
6
6
6

Hydroxyapatite: quartz sand
0.0157
0.0118
0.0094
0.0079



d
64
62
62
58


This is because the flow velocity is lower, the contact
time of uranyl ion and the adsorbent is longer.
Table 3 presents the calculated parameters of
the breakthrough curve dynamic column for U(VI)
adsorption. When the flow rate is 3 mL/min, 6


mg
1664.82
1612.79
1612.79
1508.74


mg
1353.45
1256.36
1222.99
1053.17

 
mg/g
9.67
8.97
8.74
7.52


mL
570240
570240
570240
570240

Y
%
81.30
77.90
75.83
69.80

mL/min, and 9 mL/min, the corresponding composite maximum of U(VI) is 11.76 mg/g, 10.67 mg/g,
and 7.92 mg/g. When the flow velocity increases
gradually from 3 mL/min to 9 mL/min, the removal
rate of the uranium solution reduces from 69.8% to
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110.>91169A98>30<079@,691&'?=482>30/C8,74.!#,-=9<:>498.96?78>0=>
=.307,>4./4,2<,7
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&#
110.>91169A98>30-<0,5>3<9?23.?<@091/C8,74.!#,-=9<:>498.96?78?=0/19<&',/=9<:>498
% 
69A:,<,70>0<=98>30-<0,5>3<9?23.?<@091>30/C8,74.!#,-=9<:>498.96?78?=0/
19<&',/=9<:>498
C0
mg/L
3
3
3

Q
mL/min
3
6
9


d
156
72
43


mg
2021.76
1866.24
1671.84


mg
1411.1
1280.32
950.94

 
mg/g
11.76
10.67
7.92


mL
673920
622080
557280

Y
%
69.8
68.6
56.88

?<@014>>48279/06The flow curve is usually
utilized for the PRB dynamic column adsorption
test. Laboratory-scale dynamic column adsorption

56.88%. Thus, higher flow velocities are unfavorable for U(VI) removal by the composite materials.

2708

$#

! %     





!"  ! 


the uranium solution (mg/L), Ct is the outflow concentration of the uranium solution (mg/L), represents the volume of the solution passing through the
dynamic column (L), and m is the dosage of the composite materials in the prb dynamic column (g).

experiments typically rely on a series of simple
mathematical models, which could provide relatively accurate design parameters for the project of
laboratory adsorption but more accurate information
is required at expanded scales applications. In this
work, the Thomas and Yoon–Nelson models were
used to simulate the lm-prb dynamic column adsorption process, so as to provide reliable design parameter data for further practical applications.

%397,=F 79/06 Thomas’ model is based on
the Langmuir kinetics equation. It is an idealized
model that assumes no axial diffusion. It is used to
calculate saturated adsorption capacity and the adsorption rate constant of the lm-prb dynamic column. The following expression applies.
(6)
t
1
0

=

 110.>91;?,<>D=,8/:,<>4.60=4D048.97
:9=4>07,>0<4,6=98>30/C8,74.,/=9<:>49891&
GUsing equation (6), the plot for V versus Ct/C0
is drawn (Fig. 7). The calculated parameters, kTh, q0,
and phase sequence, are presented in Table 4. Since
the value of the correlation coefficient R2 is greater
than 0.95, the Thomas model can well describe the
removal of U(VI) by the dynamic PRB absorption
column. Based on the assumption made by the
Thomas model, the internal diffusion and external
diffusion in the adsorption process are considered as
inessential steps. When the initial U(VI) concentration is 3 mg/L and the flow rate is 6 mL/min, the adsorption capacities are 5.20 mg/g, 5.23 mg/g, 5.62
mg/g, and 4.64 mg/g for quartz sand particle sizes of
0.15–0.3 mm, 0.3–0.6 mm, 0.6–1.18 mm, and 1.18–
2.36 mm, respectively. When the particle size of

⎤
⎡
1 + exp ⎢  (0  − 0  )⎥
⎦
⎣

In equation (6), kTh is Thomas’ rate constant
(L/d mg), q0 is the amount of U (VI) absorbed by unit
mass at the equilibration time (mg/g), Q is the column flow rate (L/d), C0 is the initial concentration of
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110.>91;?,<>D=,8/:,<>4.60=4D098>30<079@,691&G-C>30/C8,74.!#,-=9<:>498.96?78
,=:0<%397,=F79/06
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% 
!,<,70>0<=91;?,<>D=,8/:,<>4.60=4D0=,=:0<%397,=F79/06
Initial U(VI) concentration
C0
(mg/L)
3
3
3
3





Flow rate
Q
(mL/min)
6
6
6
6

Quartz sands particle size
(mm)
0.15–0.3
0.3–0.6
0.6–1.18
1.18–2.36













 
  

   






































 
   





































 
  




























0.9777
0.95876
0.97606
0.96834





 

R2

Thomas
KTh
q0
(L/dmg)
(mg/g)
0.36
5.20
0.12
5.23
0.22
5.62
0.40
4.64






















&#
110.>913C/<9BC,:,>4>0/9=,2098&G<079@,6-C>30/C8,74.!#,-=9<:>498.96?78
,=:0<%397,=F79/06

% 
!,<,70>0<=:0<>,48482>93C/<9BC,:,>4>0/9=,20,=:0<%397,=F79/06
Initial U(VI) concentration
C0
(mg/L)
3
3
3
3

Flow rate
Q
(mL/min)
6
6
6
6

Hydroxyapatite: quartz sand particle

0.0157
0.0118
0.0094
0.0079

Thomas
KTh
(L/dmg)
0.08
0.09
0.11
0.10

q0
(mg/g)
10.34
9.47
9.21
7.98

R2

0.97083
0.99310
0.99398
0.99196


 110.>913C/<9BC,:,>4>0/9=,2098&G
<079@,6/?0>9>30/C8,74.,/=9<:>498.,:,.4>C
91 >30 .97:9=4>0 7,>0<4,6 Using equation 6, the
plot for V versus Ct/C0 is drawn (Fig. 8). The calcu-

quartz varies from 0.6–1.18 mm, the calculated maximal U(VI) absorption capacity is 5.62 mg/g, which
is close to the measured adsorption capacity (6.26
mg/g).
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lated parameters, kTh, q0, and other correlation coefficients, are presented in Table 5. The table shows
that the correlation coefficient R2 is greater than
0.971, and thus, Thomas’ model can well describe
the removal process of U(VI) by the dynamic PRB
absorption column. For an initial U(VI) concentration of 3 mg/L and a flow rate of 6 mL/min, the adsorption capacity is 10.34 mg/g, 9.47 mg/g, 9.21
mg/g, and 7.98 mg/g when the ratio of quartz to hydroxyapatite is 0.0157, 0.0118, 0.0094, and 0.0079,
respectively. The maximal U(VI) absorption capacity is obtained when the ratio of quartz to hydroxyapatite is 0.0157, and this value is close to the measured adsorption capacity (9.67 mg/g).

based on the formula 6, which is shown in Fig. 9.
The calculate kTh, q0 and other correlation coefficients are summarized in Table 6. As shown in Table
6, the correlation coefficient R2 value is greater than
0.972, which means the Thomas model can better describe the effect of velocity on the U(VI) removal by
the PRB dynamic column. When the initial concentration of U(VI) is 3 mg/L, the flow rates were 3
mL/min, 6 mL/min and 9 mL/min, the corresponding
maximum adsorption amount of U(VI) were 12.11
mg/g, 10.98 mg/g and 8.50 mg/g. When the flow rate
was 3 mL/min, the maximum saturated adsorption
capacity was 12.11 mg/g, which was close to the
measured adsorption capacity (11.78 mg/g). Therefore, the effect of flow velocity on the performance
of PRB dynamic column adsorption of U(VI) can be
processed with Thomas model.

  110.> 91 169A <,>0 98 >30 <079@,6 91
&G-C/C8,74.,/=9<:>498.,:,.4>C91.97:9
=4>07,>0<4,6The curve of V versus Ct/C0 was drew

  

  












 

 







  

    
















































  



    





 






 

















&#
110.>91169A<,>01<97%397,=79/0698>30<079@,691&G-C/C8,74.!#,-=9<:>498.96?78
%
!,<,70>0<=91169A1<97%397,=79/0698>30.?<@091/C8,74.!#,-=9<:>498.96?78?=0/19<&G
,/=9<:>498
Initial U(VI)concentration
Flow rate
Thomas
R2
C0
Q
KTh
q0
(mg/L)
(mL/min)
(L/dmg)
(mg/g)
3
3
0.05
12.11
0.99654
3
6
0.05
10.98
0.97869
3
9
0.08
8.50
0.9729
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8,6C=4= 91 >30 *998–06=98 79/06 Yoon
and Nelson [19] jointly established an adsorption
probability model, which is a semi-empirical gas adsorption model. This model is primarily based on the
assumption that the rate of decrease in adsorption
and the probability of adsorbate adsorption are proportional to the probability of adsorbent penetration.
The advantages of this model are that it is simpler
than other models and does not require detailed characterization data (such as adsorbent and fixed bed).
By using this model, the time required to achieve the
initial concentration can be calculated and the complete breakthrough curve can be predicted. The expression for the Yoon-Nelson model is:

Ct
=
C0

1

breakthrough (d); C0 is the initial concentration of
the uranium solution (mg/L); Ct is the concentration
of uranium in the outflow solution (mg/L); and Q is
the flow rate (mL/min).
 %300110.>91;?,<>D=,8/:,<>4.60=4D098
>30 ,/=9<:>498 91 ?<,84?7 ' According to
equations 7 and 8, the curve of breakthrough time (t)
versus Ct/C0 was plotted (shown in Fig. 10). The calculated parameters (KYN, τ, and q0) and correlation
coefficients are listed in Table 7. As shown in Table
7, all the correlation coefficients (R2) are higher than
0.956. This suggests that the Yoon–Nelson model
can describe the effect of quartz sand particle size on
(VI) removal in the PRB dynamic column in a better
manner. When the initial concentration of the U(VI)
solution was 3 mg/L, the flow rate was 6 mL/min,
and the quartz sand diameters were 0.15–0.3 mm,
0.3–0.6 mm, 0.6–1.18 mm, and 1.18–2.36 mm, the
saturated adsorption capacities of the corresponding
composite for uranium (VI) were 5.57 mg/g, 5.88
mg/g, 529 mg/g, and 5.02 mg/g, respectively. When
the grain size of composite quartz sand was 0.3–0.6
mm, the maximum saturation adsorption capacity
(5.88 mg/g), which is close to the measured adsorption capacity (6.14 mg/g), was achieved.

(7)

1
1+
exp[k YN (kt − τk )]
t

q0 =

C 0 Qt − ∫ CeQdt
0

(8)

m

where kYN is the rate constant (min-1); t is the
breakthrough time of the PRB column used in this
study (d); τ is the time required for 50% adsorbate
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110.>91;?,<>D=,8/:,<>4.60=4D01<97>30*998–06=9879/0698>30<079@,691&G48>30/C8,74.
!#,-=9<:>498.96?78
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%
!,<,70>0<=913C/<9BC,:,>4>0/9=,201<97>30*998–06=9879/0698>30.?<@091>30/C8,74.!#
,-=9<:>498.96?78?=0/19<&G,/=9<:>498
Initial concentration
C0
(mg/L)
3
3
3
3

(A) 

Flow rate
Q
(mL/min)
6
6
6
6

Particle size
(mm)
0.15–0.3
0.3–0.6
0.6–1.18
1.18–2.36
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0.97648
0.95566
0.96688
0.97944














R2

Yoon–Nelson model
Kyn×10-4
τ
q0
(min-1)
(d)
(mg/g)
6.81
23.8
5.57
2.48
24.0
5.88
3.82
25.6
5.29
5.36
20.8
5.02

 



















&# 
110.>913C/<9BC,:,>4>0/9=,201<97>30*998–06=9879/0698>30<079@,691&G48>30/C8,74.
!#,-=9<:>498.96?78
%
!,<,70>0<=913C/<9BC,:,>4>0/9=,201<97>30*998E06=9879/0698>30.?<@091
>30/C8,74.!#,-=9<:>498.96?78?=0/19<&G,/=9<:>498
Initial concentration
C0
(mg/L)
3
3
3
3

Flow rate
Q
(mL/min)
6
6
6
6

hydroxyapatite dosage

0.0157
0.0118
0.0094
0.0079

 %300110.>91,79?8>91.9,>48248.97
:9=4>0 7,>0<4,6= 98 >30 ,/=9<:>498 91 ?<,84?7
' The curve of breakthrough time (t) versus
Ct/C0 was drawn according to equations 7 and 8 and
is shown in Fig. 11. The calculated parameters (KYN,
τ, and q0) and the correlation coefficients are listed

Yoon–Nelson model
Kyn×10-4
τ
q0
(min-1)
(d)
(mg/g)
1.71
55.8
8.51
1.76
51.1
7.45
2.31
49.7
7.21
2.13
43.1
5.25

R2

0.97083
0.9931
0.99398
0.97042

in Table 8. As shown in Table 8, the correlation coefficients (R2) were higher than 0.970. This indicates
that the Yoon–Nelson model can describe the effect
of hydroxyapatite coating amount on U(VI) removal
in the PRB dynamic column in a better manner.
When the initial concentration of the U(VI) solution
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and 8 (shown in Fig. 12). The calculated parameters
(KYN, τ, and q0) and correlation coefficients are listed
in Table 9. As shown in Table 9, the correlation coefficients (R2) were higher than 0.972, indicating
that the Yoon–Nelson model can describe the flow
behavior in the PRB dynamic column used for U(VI)
removal. When the initial concentration of the U(VI)
solution was 3 mg/L and the composite filling was
consistent, the saturated adsorption capacities for
uranium (VI) were 11.43 mg/g, 10.02 mg/g, and 7.92
mg/g at flow rates of 3 mL/min, 6 mL/min, and 9
mL/min, respectively. When the flow rate was 3
mL/min, the maximum saturated adsorption capacity
was 11.43 mg/g. This value is close to the adsorption
capacity (11.78 mg/g) obtained in the experiment.

was 3 mg/L and the flow rate was 6 mL/min, the proportion of hydroxyl phosphorus limestone and
quartz sand were 0.0157, 0.0118, 0.0094, and 0.0079
respectively. Furthermore, under these conditions,
the saturated adsorption capacities of the corresponding composites for uranium (VI) were 8.51
mg/g, 7.45 mg/g, 7.21 mg/g, and 5.25 mg/g, respectively. When the ratio of hydroxyapatite to quartz
sand was 0.0157, the highest saturated adsorption capacity was 8.51 mg/g, which is close to the measured
adsorption capacity (9.67 mg/g).
  110.> 91 169A <,>0 98 >30 /C8,74. ,/
=9<:>49891&'The curve of breakthrough time
(t) versus Ct/C0 was plotted according to equations 7
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110.>91169A1<97>30*99806=9879/0698>30<079@,691&G48>30/C8,74.!#,-=9<:>498
.96?78
%
!,<,70>0<=91169A9->,480/1<97>30*998E06=9879/0698>30.?<@091>30/C8,74.!#,-=9<:>498
.96?78?=0/19<&G,/=9<:>498
Initial concentration
Flow rate
Yoon–Nelson
R2
-4
C0
Q
Kyn×10
τ
q0
(mg/L)
(mL/min)
(min-1)
(d)
(mg/g)
3
3
1.0839
112.14
11.43
0.99654
3
6
0.992
50.86
10.02
0.97869
3
9
1.4027
27.25
7.92
0.9729
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als from such sources are used in construction, human beings are exposed to radioactivity [1]. The rate
of radioactivity in the buildings depends on the activity concentrations of radionuclides in the construction materials, amount of used materials and the
type of building [2].
Concrete and cement are important materials
for the construction of buildings and they are used
almost in all the residential buildings. Concrete is obtained by mixing cement, sand and water [3]. These
concrete materials can have naturally occurring radionuclides whose activity concentrations depend on
the location from where the raw materials were
sourced. The emitted radioactivity from raw materials of concrete leads to some radiation exposure of
inhabitants in the buildings. Depending on the level
of radioactivity, some reverse effect can occur to living human beings in the buildings. Consequence,
knowledge of radioactivity of some building materials such as concrete and cement is important for human safety. The criterion limit of radium equivalent
is 370 Bq kg-1 in building materials as recommended
by Nuclear Energy Agency [4]. Table 1 shows the
recommended maximum levels of radium equivalents for building materials [5].
Eskisehir is located in the northwestern Turkey,
Figure 1. According to the Population Registration
System, 2013 of Turkey, Eskisehir population is
799,724 and is the twenty-fifth most populous city of
Turkey [6]. Eskisehir, which is defined as the gateway to the west of Central Anatolia, is one of the
well-developed city in addition to transportation
convenience, energy facilities, suitable agricultural
structure and rich mineral resources in Turkey. Recently, due to these factors, the rate of urbanization
and the number of buildings built in Eskisehir are on
constant rise.In this study, the activity concentrations
of natural radionuclides of 226Ra, 232Th and 40K, and
radiological parameters were determined to assess
the radiation risk associated with the concrete core
from Eskisehir and cements samples around Eskisehir (Eskisehir, Bilecik, and Ankara), because of high
amount of natural radioactivity expected in thoriumrich soils located in Eskisehir, Turkey.

People spend large part of their daily lives inside the building where they are exposed to environmental factors—natural radioactivity. Cement is a
building material of reinforced concrete structures;
therefore, determination of the natural radiation level
of cement is important for human health. Natural radio activity levels of raw material sources affect radioactivity level of cement which in turn affect the
radioactivity level of concrete in structures. High
amount of natural radioactivity can be expected in
thorium-rich soils such as Eskisehir, Turkey.
In this study, fifteen concrete core samples
from Eskisehir, and five cement samples collected
from Bilecik-Eskisehir-Ankara area. The levels of
natural radioactivity (226Ra, 232Th, and 40K) were
measured using gamma-ray spectrometry, and some
of the radiological parameters were calculated. The
mean activity concentrations of 226Ra, 232Th, and 40K
were 13.2, 15.4, and 212.6 Bq kg-1 in concrete core
samples, and 30.6, 21.3, and 247.2 Bq kg-1 in cement,
respectively. The mean radium equivalent activities
(Raeq) were calculated as 54.5 and 80.2 Bq kg-1 for
concrete and cement samples, respectively. All Raeq
values in the studied samples were found to be lower
than the criterion limit of 370 Bq kg-1. The mean
Representative Level Index (RLI) values of concrete
and cement samples were lower than the upper limit
for RLI but higher than worldwide mean values. According to RLI results, concrete and cement can be
considered as non-harmful to human.
&% !
Specific Radioactivity, Concrete, Cement, Eskisehir, Public Health

" #"
Human are exposed to naturally occurring radioactivity emitted from radioactive nuclides. The radionuclides such as Potassium-40 (40K), uranium238 (238U) and thorium-232 (232Th) are always present in the Earth’s crust. When building raw materi-
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Raeq
<370
370-740
740-2220
2220-3700
>3700

(Bq kg-1)

Class
1
2
3
4
5

Recommendation
Good for homes
Good for industries
Good for roads and bridges
Good only for use in foundations of non-residential
Not to be used for construction of any type
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This detector was manufactured by Canberra Inc.
and it has an active volume of 451 cm3. Background
gamma rays were shielded using the cylindrically
!)473- +633-+;165 )5, 79-7)9);165 In this
shaped lead of 100 mm thick [11]. The back ground
study, to measure the natural radioactivity levels of
spectra were collected and for 20,000 seconds for
building concrete core and cement samples in
each sample and the counts were subtracted from the
Eskisehir, a total of 20 samples (15 concrete core, 5
respective region of interest [12]. The main obstacle
cement) were collected from buildings in different
to widespread use of detectors has been the non-linparts of Eskisehir for concrete core, and local market
earity of its response to ionizing charged particles,
in Eskisehir, Bilecik and Ankara cities for cement
therefore a detailed is necessary for the nuclear spesamples.
cies to be detected over a whole energy range [13].
The concrete core samples were first pulverThe energy calibration was done by measuring
ized, homogenized and sieved by a sieve of 2 mm
mixed standard sources with well-defined energies
grid mesh before measurement of activity concentrawithin the energy range of interest usually 200 keV
tion [7, 8]. Cement samples were used without any
to 3000 keV mixed gamma ray standard, which were
prior processing (such as pulverization, homogenizaobtained from International Atomic Agency in Vition and sieving) because they were in a powder
enna Australia. The 1460.8 keV gamma line was
form. All concrete core and cement samples were
used to directly estimate 40K, while 609.3 keV
dried in a temperature-controlled furnace at 110 ºC
gamma line from 214Bi and 1764.5 KeV from 214Bi
for 20-24 h until constant weight was obtained, enwas used to determine 238U activities and 583.19 keV
suring complete removal of moisture from the samfrom 208Tl was used to determine the activity of
ples. The weighted samples were kept in a plastic
232
3
Th [14]. The gamma spectroscopy was done by a
container of 250 cm , and hermetically sealed for 4
computer
based program, which matches gamma enweeks. This process was done to ensure secular equiergies at various levels to a library of possible isolibrium of 238U and 232Th in the sample with their retopes [15]. The activity concentration in Bq kg-1 (A)
spective daughters [9]. The natural radioactivity levin the environmental samples was obtained as folels of present radionuclide in the samples were measlows:
ured using a gamma-ray spectrometry with a high

purity Germanium (HPGe) detector [10]. All meas(1)
  
urements were duplicated and presented data sets
where, Np is (cps) sample-(cps) background, e
were given as calculated mean values.
is the abundance of the γ-peak in a radionuclide, ɳ is
the measured efficiency for each gamma-ray peak
)44) :7-+;964-;9> 4-):<9-4-5;:
observed for the same number of channels either for
Gamma spectrometric measurements of the concrete
the sample or the calibration source and m is the samcore and cement samples were done using a high resple mass in kilograms.
olution HPGe (High Purity Germanium) detector.
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),1<4-8<1=)3-5; )+;1=1;> Radium equivalent activity (Raeq) for both concrete and cement was
calculated using Equation 2. The radium activity is a
very useful index commonly used to determine the
total activities of 226Ra. 232Th and 40K. The Raeq [16,
17].
(2)
Raeq =ARa+1.43ATh+0.077AK
where ARa, ATh and AK are the specific activities
of 226Ra, 232Th and 40K respectively, in Bq kg-1. In the
definition of the radium equivalent, it is assumed that
10 Bq kg-1 of 226Ra, 7 Bq kg-1 of 232Th and 130 Bq
kg-1 of 40K each produce an equal gamma-ray dose
rate [18,19]. The calculated values of Raeq for concrete and cement samples are presented in Table 2.
The mean radium equivalent activities were calculated as 54.57 and 80.29 Bqkg-1 for concrete and cement samples, respectively. All values of Raeq in the
studied samples were found to be lower than the criterion limit of 370 Bq kg-1 [4]. The calculated radium
equivalent values and some radiological index of
some country of the world for concrete and cement
samples are given in Table 3 and 4 [20]. The Raeq
values that are presented in this study were found to
be lower than the mean values of world country in
Table 3 and 4.

!#"!!#!!

!7-+1.1+9),16)+;1=1;>+65+-5;9);165:6.+65
+9-;-+69- )5,+-4-5; :)473-: The activity concentrations and some radiological parameters of
226
Ra, 232Th and 40K in concrete and cement samples
are shown in Table 2. According to Table 2, mean
activity concentration of 226Ra, 232Th and 40K were
measured as 13.23, 15.41 and 212.63 Bqkg-1 for concrete samples and 30.68, 21.38 and 247.20 Bq kg-1
for cement samples, respectively. The mean concentration values of radionuclides in concrete and cement were found to be lower than the corresponding
worldwide mean values, which are 35, 30 and 400
Bq kg-1for 226Ra, 232Th and 40K, respectively [14]. As
given in table 2, the maximum specific activity values of 226Ra, 232Th and 40K in concrete samples were
measured as 25.00, 38.00 and 490.00 Bq kg-1 in CS06
sample, respectively. 232Th and 40K activity concentrations were measured higher than worldwide mean
values. For cement samples, maximum activity values of 226Ra, 232Th and 40K were 44.00 (CEM2),
32.00 (CEM1) and 340.00 (CEM1) Bq kg-1, respectively. 226Ra (CEM2) and 232Th (CEM1) activity concentrations were found higher than worldwide mean
values.

"
"0-)+;1=1;>+65+-5;9);165:)5,9),1636/1+)37)9)4-;-9:6.+65+9-;-)5,+-4-5;:)473-:
Activity concentration
Sample ID
226

CS01
CS02
CS03
CS04
CS06
CS07
CS08
CS09
CS10
CS11
CS12
CS13
CS14
CS15
CS16
Min
Mean
Max
SD
CV

Ra

12.4
6.8
6.8
14.05
25
21
15
10.2
24
3.7
20
17.5
12.2
2.3
18.5
2.30
13.23
25.00
7.10
0.51

(Bq kg-1)
232
Th

Limit

17.4
44
32
30
30
17.40
30.68
44.00
9.44
0.31

RLI

(Bq kg-1)

(Bq kg-1)

Concrete Sample
58.62
28.92
25.56
60.81
117.07
65.89
57.21
58.50
84.02
13.47
67.85
49.64
55.38
7.61
68.04
7.61
54.57
117.07
27.72
0.51

0.45
0.21
0.19
0.46
0.87
0.48
0.43
0.45
0.62
0.10
0.50
0.36
0.43
0.05
0.50
0.05
0.41
0.87
0.21
0.51

370.00

1.00

Absorbed dose
rate (DR)
(nGy h-1)

Annual effective dose
rate (HR)
(mSv y-1)

53.30
25.54
22.39
54.57
104.00
57.86
52.29
53.16
74.02
11.62
60.40
43.67
51.41
6.56
60.78
6.56
48.77
104.00
24.74
0.51
84.00
(world average)

0.07
0.03
0.03
0.07
0.13
0.07
0.06
0.07
0.09
0.01
0.07
0.05
0.06
0.01
0.07
0.01
0.06
0.13
0.03
0.51
0.48
(world average)

78.41
65.37
74.56
70.88
68.38
65.37
71.52
78.41
5.12
0.07
84.00
(world average)

0.10
0.08
0.09
0.09
0.08
0.08
0.09
0.10
0.01
0.07
0.48
(world average)

K

15.9
9.6
8.7
18
38
21
13.9
16.6
27
5
20
15.1
12.1
2.8
20
2.80
15.41
38.00
8.76
0.54

305
109
82
273
490
193
290
319
278
34
250
137
336
17
272
17.00
212.63
490.00
128.83
0.57

32
12.3
24
20
18.6
12.30
21.38
32.00
7.28
0.34

Cement Sample
340
89.34
142
72.52
234
84.34
266
79.08
254
76.16
142.00
72.52
247.20
80.29
340.00
89.34
71.16
6.66
0.29
0.08

Limit
CEM1
CEM2
CEM3
CEM4
CEM5
Min
Mean
Max
SD
CV

40

Raeq

370.00
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0.66
0.51
0.61
0.58
0.56
0.51
0.58
0.66
0.06
0.10
1.00
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"0-)+;1=1;>+65+-5;9);165:)5,9),1636/1+)37)9)4-;-9:6.:64-+6<5;9>+65+9-;-'(
Activity concentration

Raeq

RLI

(Bq kg-1)
232Th
41.00
49.40
25.3
12.00
17.40
23.00
16.00
6.00
17.00
52.00
16.00
36.00
21.00
39.10
77.00
80.00
11.00
6.00
32.12
80.00
22.87
0.71

(Bq kg-1)

(Bq kg-1)

89.03
126.49
61.31
87.48
77.09
97.54
63.13
57.21
89.11
184.15
46.89
129.53
75.51
128.21
249.80
205.83
69.68
46.89
108.12
249.80
56.97
0.53

0.32
0.45
0.21
0.34
0.29
0.37
0.23
0.20
0.33
0.65
0.17
0.49
0.28
0.48
0.92
0.75
0.26
0.17
0.40
0.92
0.21
0.52

370.00

1.00

Sample ID
226Ra

Australia
Bangladesh
Brazil
Cuba
Czech Republic
Germany
Italy
Jordan
Lithuania
Malaysia
Netherlands
Norway
Pakistan
Rep. of Korea
Romania
Sweden
United States
Min
Mean
Max
SD
CV

15.00
36.60
21.90
24.50
21.10
30.00
22.00
38.00
32.00
85.00
14.00
28.00
27.00
26.40
69.00
47.00
27.00
14.00
33.21
85.00
18.59
0.56

Absorbed dose
rate (DR)
(nGy h-1)

Annual effective dose
rate (HR)
(mSv y-1)

74.90
108.01
51.34
83.34
70.87
88.90
56.80
52.60
82.22
161.16
40.88
117.36
67.14
114.98
221.62
177.40
64.94
40.88
96.14
221.62
49.59
0.52
84.00
(world average)

0.09
0.13
0.06
0.10
0.09
0.11
0.07
0.06
0.10
0.20
0.05
0.14
0.08
0.14
0.27
0.22
0.08
0.05
0.12
0.27
0.06
0.52
0.48
(world average)

40K

200.00
250.00
42.00
595.00
404.00
450.00
237.00
138.00
426.00
322.00
130.00
650.00
240.00
596.00
918.00
577.00
350.00
42.00
383.82
918.00
227.80
0.59

Limit


" 
"0-)+;1=1;>+65+-5;9);165:)5,9),1636/1+)37)9)4-;-9:6.:64-+6<5;9>+-4-5;'(
Activity concentration
Sample ID
226

Australia
Austria
Bangladesh
China
Cuba
Czech Republic
Finland
Germany
Italy
Jordan
Jordan
Jordan
Lithuania
Malaysia
Netherlands
Norway
Pakistan
Rep. of Korea
Romania
Spain
Sudan
Sudan
Sudan
Sudan
Sudan
Turkey
Min
Mean
Max
SD
CV
Limit

Ra
51.80
26.70
62.30
50.00
22.80
26.50
40.20
15.10
42.00
43.21
45.07
49.10
31.00
81.40
27.00
29.60
36.50
34.50
64.00
48.30
16.60
24.00
19.50
25.90
19.80
33.00
15.10
37.15
81.40
16.20
0.44

(Bq kg-1)
232
Th
48.10
14.20
59.40
30.00
10.60
20.70
19.90
22.90
66.00
11.23
11.42
13.47
13.00
59.20
19.00
18.50
28.10
19.40
27.00
32.30
13.20
13.60
12.30
16.80
10.60
16.70
10.60
24.14
66.00
16.18
0.67

Raeq

RLI

((Bq kg-1)

(Bq kg-1)

129.41
63.18
172.58
103.68
73.92
79.66
87.98
72.87
164.79
79.68
78.83
76.98
62.83
189.43
71.88
76.00
93.23
80.80
124.25
118.84
43.73
50.52
44.87
63.50
41.93
75.48
41.93
89.26
189.43
39.05
0.44

0.45
0.23
0.61
0.36
0.28
0.29
0.32
0.27
0.59
0.29
0.28
0.27
0.23
0.67
0.26
0.28
0.33
0.29
0.44
0.43
0.16
0.18
0.16
0.23
0.15
0.55
0.15
0.33
0.67
0.14
0.44

370.00

1.00

Absorbed dose
rate (DR)
(nGy h-1)

Annual effective dose
rate (HR)
(mSv y-1)

109.74
56.98
148.98
90.20
70.00
71.63
78.95
65.08
140.76
73.32
72.14
68.94
56.58
164.29
64.14
68.30
81.68
72.36
111.06
105.27
38.37
44.39
39.56
56.41
37.12
68.01
37.12
79.01
164.29
33.13
0.42
84.00
(world average)

0.13
0.07
0.18
0.11
0.09
0.09
0.10
0.08
0.17
0.09
0.09
0.08
0.07
0.20
0.08
0.08
0.10
0.09
0.14
0.13
0.05
0.05
0.05
0.07
0.05
0.08
0.05
0.10
0.20
0.04
0.42
0.48
(world average)

40

K
114.70
210.00
329.00
140.00
467.00
306.00
251.00
325.00
369.00
265.12
226.40
111.91
172.00
303.50
230.00
259.00
214.90
241.00
281.00
316.30
107.20
91.90
101.10
176.30
90.60
239.00
90.60
228.42
467.00
96.05
0.42
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5,1+-:)5,:64-9),1636/1+)37)9)4-;-9:6.
+65+9-;-)5,+-4-5;:)473-:The calculated Representative Level Index (RLI) and radiological parameters such as absorbed dose rate (DR) and annual
effective dose rate (HR) are given in Table 2. The RLI
which is used to estimate the level of gamma radioactivity associated with different concentration of
certain specific radionuclides is determined with Eq.
3 [4, 22-24].
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other concrete sample values remained lower compared to the global average of 84.00 nGy h-1. On the
other hand cement sample values were between 65.3
and 78.4 nGy h-1; these results are lower than the reference value for DR parameter.
Annual effective dose rate (HR) values were between 0.01 and 0.13 mSv y-1 (mean is 0.06 mSv y-1)
for concrete samples, and 0.08 and 0.10 mSv y-1
(mean is 0.09 mSv y-1) for cements samples. All of
HR values of for both concrete and cement samples
are very low when they compared with global reference value.

(3)

where ARa, ATh, and AK are the average activity
concentrations of 226Ra, 232Th, and 40K, respectively.
The mean values RLI for concrete and cement samples were 0.41 and 0.58 Bq kg-1, respectively. The
maximum RLI values were 0.87 Bq kg-1 (CS06) for
concrete samples and 0.66 Bq kg-1 (CEM1) for cement samples. The mean RLI values of concrete and
cement samples were lower than the upper limit for
RLI but higher than worldwide mean values as
shown in Table 3. The upper limit of RLI is 1 [24]—
therefore, RLI results of these samples of concrete
and cement are not harmful to humans.
For calculation of the absorbed dose rates in indoor air (DR) and the corresponding annual effective
doses (HR) from 226Ra, 232Th, and 40K in concrete and
cement samples, formulas recommended by UNSCEAR [13] and the European Commission [24]
were used. In the UNSCEAR [13] and EC reports,
the dose conversion coefficients were calculated for
the center of a standard room. The dimensions of this
room were 4 m x 5 m x 2.8 m. The thickness of the
walls, floors and ceiling and the density of the structure were 20 cm and 2350 kg m-3 (concrete), respectively. The DR formula is given as Eq. 4;

#!!
The natural radionuclide content of the 226Ra,
Th, and 40K in concrete core samples from Eskisehir, and cement samples from around Eskisehir region in Turkey were evaluated in this study. All
measurements were performed by gamma-ray spectroscopy method. The results of this study could be
helpful about evaluation of the exposures and the radiation doses of the natural radioactive element ingredients in concrete core and cement in the related
region, which is a thorium-rich territory.
The mean activity concentrations of 226Ra,
232
Th, and 40K were 13.2, 15.4, and 212.6 Bq kg-1 in
concrete core samples, and 30.6, 21.3, and 247.2 Bq
kg-1 in cement, respectively. The mean concentration
values of radionuclides in concrete and cement were
lower than the corresponding worldwide mean values, which are 35, 30 and 400 Bq kg-1for 226Ra, 232Th,
and 40K, respectively. The maximum specific activity values of 226Ra, 232Th, and 40K in concrete samples were measured as 25.00, 38.00 and 490.00 Bq
kg-1 in CS06 sample, respectively. 232Th, and 40K activity concentrations were higher than worldwide
mean values. For cement samples, maximum activity
values of 226Ra, 232Th, and 40K were found 44.00
(CEM2), 32.00 (CEM1) and 340.00 (CEM1) Bq kg1
, respectively. 226Ra (CEM2) and 232Th (CEM1) activity concentrations were higher than worldwide
mean values.
The mean radium equivalent activities were
calculated as 54.5 and 80.2 Bq kg-1 for concrete and
cement samples, respectively. All values of Raeq in
the studied samples were lower than the criterion
limit of 370 Bq kg-1. This study clearly shows that
Raeq values are lower than the mean values of world
countries.
The mean values RLI for concrete and cement
samples were 0.4 and 0.5 Bq kg-1, respectively. The
maximum RLI values were found to be 0.8 Bq kg-1
(CS06) for concrete samples and 0.6 Bq kg-1 (CEM1)
for cement samples. The mean RLI values of concrete and cement samples were lower than the upper
limit for RLI but higher than worldwide mean values. The upper limit of RLI is 1, thus Eskisehir’s concrete and cement can be considered as non-harmful
232

DR(nGy h-1)=0.92ARa+1.1ATh+0.08 AK (4)
where ARa, ATh, and AK are the specific activities of 226Ra, 232Th, and 40K respectively, in Bq kg-1.
According to UNSCEAR, the external exposure
rates from terrestrial gamma radiation of populationweighted average of global absorbed dose rate in air
is 84.00 nGy h-1. For DR values comparison, this
global average value was accepted as a reference in
this study.
The effective dose rate is determined as follows:
HR(mSv y-1)= DR × 8766 × 0.2 × 0.7 × 10-6 =
DR × 0.00123
(5)
where DR(nGy h-1) is stated by Eq. (4). The
global mean value of HR is 0.48 mSv y-1 which is
taken from UNSCEAR [13] as a comparison limit.
Absorbed gamma dose rates (DR) in the indoor
air for concrete samples varies between 6.5 and
104.0 nGy h-1. The mean value of DR is 48.7nGyh-1.
Except for only one concrete sample (CS06), all of
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to human beings.
Concrete absorbed gamma dose rates, DR for
indoor air for varied between 6.5 and 104.0 nGy h-1
with a mean value of 48.7 nGy h-1. Except for only
one concrete sample (CS06), all concrete samples
values were lower compared to the global average of
84.00 nGy h-1. On the other hand cement sample values were between 65.3 and 78.4 nGy h-1, which are
below the reference value for DR parameter. Annual
effective dose rate (HR) values were between 0.01
and 0.13 mSv y-1 (mean is 0.06 mSv y-1) for concrete
samples, and 0.08 and 0.10 mSv y-1 (mean is 0.09
mSv y-1) for cements samples. All of HR values of for
both concrete and cement samples are very low when
compared with global reference value. Especially for
a thorium-rich region, the results of the present study
are valuable for evaluation of such site about radioactive pollution levels and comparison between concrete and cement relations concerning building material sources.
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immobilization [3-5]. The properties of these particles are of particular interest for biomagnetics and
bionics. Although magnetosomes are important for
theoretical research and have potential value in that
area, they have not been widely applied for commercial purposes owing to the low level of magnetosome
production during cell development.
Hence, in order to increase magnetosome production, it is necessary to clarify the function of related proteins or genes associated with magnetosome
biosynthetic mechanisms [6-14]. The discovery of
the magnetosome island (MAI), containing conserved genes for its production, has allowed for a
broader examination of the evolution and conservation of magnetosome formation, including membrane biogenesis, iron uptake, magnetite biomineralization, and magnetosome chain regulation in magnetotactic bacteria. In order to obtain a large amount
of mutants, classic transposon mutagenesis methods
have been adopted for decades, in order to acquire
target genes in cells. For example, a non-magnetic
strain, NMA21, and two magnetosome-deletion mutants ² all generated by mini-Tn5 transposon mutagenesis ² demonstrated the relationship between
the ORFs and magnetosome biosynthetic mechanisms [15-17]. Although some aspects of genes associated with magnetosome biosynthesis have been
confirmed, detailed molecular analysis and discovery of their exact functions in magnetosome formation require further investigation [8-11].
In this study, the transposon insertion method
was adopted to seek functional genes. A mutant
strain of M. gryphiswaldense MSR-1, denoted
³10´ZDVLVRODWHGDQGDFRPSOHWHIUDJPHQWZDV
cloned from the insertion site by mini-Tn5 lac Z2
transponson mutagenesis. Experiments and sequence analysis showed that the MamZ protein may
play a significant role in magnetosome formation in
M. gryphiswaldense MSR-1.

ABSTRACT
A magnetosome-deletion mutant strain of
Magnetospirillum gryphiswaldense MSR-1, known
as NM7, was obtained by means of a mini-Tn5 lac
Z2 transposon insertion in conjugation experiments.
A 4642-bp fragment containing a mini-Tn5 lac Z2 in
NM7 was cloned through the sequential steps of digestion, self-ligation, and transformation, followed
by complete sequencing. The results showed that
this fragment contained two putative ORFs, designated ORF1 and ORF2, and the mini-Tn5 lac Z2 was
inserted into the ORF2 sequence encoding the
MamZ protein by using the BLAST program in
NCBI. Experiments and software analysis indicated
that the MamZ protein might possess both the iron
transport and ferric-ion reduction capabilities, both
of which activities participate in magnetosomes biometabolism in M. gryphiswaldense MSR-1.

KEYWORDS:
Magnetospirillum gryphiswaldense, magnetosome biosynthesis, protein expression, functional analysis, major
facilitator superfamily

INTRODUCTION
Magnetospirillum gryphiswaldense MSR-1 is a
member of a widespread group of Gram-negative
magnetotactic bacteria (MTB) exhibiting genetic
polymorphisms. Most of these bacteria are obligate
micro-aerobic motile prokaryotes that navigate
along geomagnetic field lines and swim to a favorable habitat [1]. MTB cells usually contain intracellular, nanoscale, membrane-bound magnetic particles,
WHUPHG³PDJQHWRVRPHV´ WKDWFRQVLVWRILURQR[LGH
or iron sulfide crystals aligned in cytoplasmic chainlike structures. These magnetosomes are synthesized
via a biomineralization process under precise genetic
control and they direct bacterial movement toward
micro-aerobic zones [2].
Several aspects of applied magnetosome biochemistry have been clarified, such as obtaining high
chemical purity, crystal morphology and excellent

MATERIALS AND METHODS
Strains and culture conditions. Herein, the
strains and plasmids used are listed in Table 1. The
growth medium (per liter) contained the following:
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aspirated for use in inoculation and in screening nonmagnetic mutants, because E. coli UQ3022 cannot
grow with glutamate as carbon source.

0.5 g K2HPO4, 0.6 g NH4Cl, 0.1 g yeast extract, 2
mL sodium lactate, 0.1 g MgSO4·7H2O, 0.05 g sodium thioglycolate, 5 mL mineral element solution
DQGȝ0IHUULFFLWUDWH(DFKP/LQIXVLRQERW
tle contained a 10% inoculation in 45 mL of medium
and was cultivated for 15 h at 120 rpm and 30 °C.
The non-magnetic mutant, NM7, was inoculated into selective medium, which had the same
components as the growth medium but without ammonium chloride and yeast extract. In addition, sodium glutamate was used instead of sodium lactate
DQGȝJP/NDQDP\FLQZDVDGGHG
Escherichia coli (E. coli) were cultured in Luria±Bertani (LB) medium overnight at 200 rpm and
37 °C. Additionally, the antibiotics, Kanamycin and
Ampicillin were added to the medium in order to isolate resistant strains containing recombinant plasmids.

Screening for non-magnetic mutants in conjugants. Discrete colonies on solid selective medium were transferred to serum bottles containing 8
mL selective medium at 30 °C for 48 h. Cells positive for magnetism were detected by using a magnet
attached to the infusion bottle. Any non-magnetic
mutants selected by this procedure were observed
with a transmission electron microscope (TEM)
(Technai G2 F20, Tecnai Corp., Hillsboro, Oregon,
USA) at 20 kV.
Isolation of the fragment flanking mini-Tn5
lac Z2 in mutant NM7. The genomic DNA of NM7
was extracted by a rapid bacterial genomic DNA isolation kit (Sangon Biotech Co., Shanghai, China)
and digested with restriction endonuclease BamHI,
which has no restriction site within mini-Tn5 lac Z2.
The digestion was performed in a 20-μL system that
contained 2 μL genomic DNA, 2 μL buffer and 16
μL ddH2O for 4 h at 35 °C. After digestion, 3±5 kb
fragments were recovered by agarose gel electrophoresis. The fragments were then self-ligated and transformed into E. coli UQ3021, cultivated on solid LB
PHGLXPFRQWDLQLQJȝJP/NDQDP\FLQ:KHQGLV
crete colonies developed on the plate, the plasmids
were extracted and sequenced using a pair of primers
provided by Sangon Corporation: primer 1 (5´-AAC
AAG CCA GGG ATG TAA CG-3´) and primer 2
(5´-CAG CAA CAC CTT CTT CAC GA-3´).

Conjugation of both M. gryphiswaldense
MSR-1 and E. coli UQ3022. M. gryphiswaldense
MSR-1 and E. coli UQ3022 were cultivated and harvested when they reached logarithmic phase. A 0.9mL sample of M. gryphiswaldense MSR-1 and a 0.3mL sample of E. coli UQ3022 were mixed in a 1.5mL tube. The cells were then washed twice and resuspended with 50 μL selective medium after discarding the supernatant. The mixtures were spread
on a sterilizing filter membrane attached to the solid
selective medium for 10-h conjugation and sealed.
Subsequently, the filter membrane was transferred to
a 1.5-mL tube with 0.8 mL selective medium and
shock blended. A 100-ȝ/PL[WXUHRIWKHVROLGVHOHF
tive medium containing 5 μg / mL kanamycin was

TABLE 1
Strains and plasmids utilized in this study
Strains / plasmids
Strains
M. gryphiswaldense
MSR-1
M. gryphiswaldense
NM7
E. coli '+Į
E. coli BL21
E. coli UQ3022
E. coli UQ3021
Plasmids
pMD-18T
pMD187
pGEX-KG
pGEX1877
pRL27

Relevant genotype and description

Source

Wild type

Provided by China Agricultural University

Non-magnetic mutant of M. gryphiswaldense MSR-1
7KHKRVWIRUUHFRPELQDQWSODVPLGODF=ĮFRPSOHPHQW
The host for expression vectors
BW20767/pRL27; Kmr
'+ĮȜSLU

2.69 kb cloning and sequencing vector, Amp r
pMD18-T containing MamZ fragments at the sites of BamH
I, EcoR I, Ampr
Expression vector with the GST tag protein, pBR322 origin,
Ampr, LacIq
The vector pGEX-KG containing MamZ fragment, at the
sites of BamH I, EcoR I, Ampr
Contains mini-Tn5 transposon˄oriR6K˅delivery vector;
Kmr
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there was a 17-bp overlap between ORF1 and ORF2.
The mini-Tn5 lac Z2 was inserted into ORF2 between 2173 and 2174 bp (Fig. 3), which was registered at GenBank (Accession No. AM085146). The
homology analysis indicated that this cloning fragment had high homology with M. magneticum
AMB-1. The fragment had 85% identity with a 3.6kb fragment containing the gene of the predicted cell
division±related GTPase from M. magneticum
AMB-1. Moreover, it had 81% identity with the approximately 800-bp fragment containing the predicted methyl-accepting chemotaxis protein from
base-pairs 27 to 830.

Construction and expression of pGEX-KG
1877. In wild type M. gryphiswaldense MSR-1, the
ORF2 fragment was amplified by PCR using a pair
of specific primers: primer 1 (5´-TT GGA TCC ATG
CCG AAG AGC GGT AAA-3´) and primer 2 (5´TT GAA TTC TTA GCC GAT TCG CAG GGC-3´).
The process was carried out as follows: (1) 95 °C for
5 min; (2) 30 cycles of 95 °C for 30 s, 45 °C for 30
s, and 72 °C for 90 s; and (3) 72 °C for 10 min. The
amplified fragments were extracted and cloned into
the pMD18-T easy vector to yield pMD187 for sequencing. Additionally, the two target fragments digested from pMD187 and pGEX-KG, were isolated
and ligated together to construct the expression vector pGEX-KG 1877. Meanwhile, the recombinant
plasmid pGEX-KG 1877 was transformed into E.
coli %/ DQG LQGXFHG E\ ,VRSURS\O ȕ-D-1-thiogalactopyranoside (IPTG) for 2 h, 4 h, or 6 h to determine protein expression by polyacrylamide gel
electrophoresis (SDS-PAGE).

Functional analysis of the proteins encoded
by the ORFs. The proteins encoded by the ORFs
were analyzed using the BLAST program in NCBI.
Results showed that the protein encoded by ORF1
was similar to the MamE and Mams proteins from
M. gryphiswaldense MSR-1. It exhibited 85% identity with the protein amb1017 from M. magneticum
AMB-1 and 47% identity with MamX from the magnetite-containing magnetic vibrio. The amino acid
sequence transcribed by ORF2 demonstrated that it
was the MamZ protein controlled by the gene operon
mamXY in the magnetosome island. The MamZ
protein has 92% identity with the permease of the
major facilitator superfamily (MFS) from M. magneticum AMB-1, 44% identity with MamH from M.
gryphiswaldense MSR-1, and 40% identity with
MamZ from Magnetovibrio blakemorei. Notably, all
of these proteins belong to the major facilitator superfamily (MFS), a large family of transmembrane
transporters that utilize electrochemical gradients to
drive transport, or else, function as co-transporters.
Meanwhile, in an analysis for ferric reductase
activity, the entire amino acid sequence transcribed
by MamZ presented 45% identity with the ferric reductase transmembrane protein from Burkholderia
sp. Y123 [18], 44% identity with the ferric reductase
from Comamonas testosterone CNB-2 [19], 37%
identity with the ferric reductase transmembrane
subunit from Candidatus koribacter versatilis Ellin
345 [20], 41% identity with the ferric reductase domain-containing transmembrane protein from
Burkholderia spp. CCGE1002 [21], 42% identity
with the ferric reductase transmembrane protein
from Rubrivivax gelatinosus IL 144 [22], and 42%
identity with ferric reductase domain from Ralstonia
syzygii R 24 [23]. However, when these ferric-reductase transmembrane proteins were compared with
the relevant portion of the MamZ protein, high homology with the displayed proteins was observed
(Fig. 4).
The ExPASy Server was used to analyze protein hydrophobicity and tertiary structure for MamZ.
With respect to its structure as a transmembrane protein, the functionally important amino acids possessed strong hydrophobicity throughout the cell
membrane (Fig. 5). Additionally, the Z-scores for

Functional analysis for the proteins encoded
by the ORFs. Whole cloning fragments and the proteins encoded by the ORFs were analyzed with
DNAman and identified by using the BLAST program in NCBI. TMpred software was used to confirm the transmembrane domains of the whole proteins,
and
the
ExPASy
Server
(http://www.expasy.org/resources) was used to analyze the protein hydrophobicity and to perform a tertiary structure simulation.

RESULTS
Screening conjugants for mutant strains. A
non-magnetic mutant containing the mini-Tn5 lac
Z2 transposon was screened out from conjugants and
designated as M. gryphiswaldense NM7. Magnetotaxis of NM7 in liquid medium was absent; it formed
no black magnetic cell spot at the position of the
magnet after 12 hours (Fig. 1), and NM7 cells contained no magnetosomes detectable by TEM (Fig. 2).
These results demonstrate that the mini-Tn5 lac Z2
might be interfering with processes related to magnetosome formation in MSR-1, thus leading to the
absence of magnetosomes in NM7 cells.
Cloning and analysis of the whole cloning
fragment. With the hypothesis that the absence of
magnetotaxis in the non-magnetic mutant NM7
might be the result of the mini-Tn5 lac Z2 transposon
insertion, experiments were conducted to investigate
the fragment related to the formation of magnetosomes. A 4642-bp fragment was obtained by recovering the NM7 genomic digestion fragments from 3
to 5 kb, which were self-ligated and transferred into
UQ3021 as described above. Afterward, this 4642bp fragment was analyzed using BLAST in NCBI,
demonstrating that it consisted of two ORFs and that
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&ȕLQWHUDFWLRQ ±6.72), all-atom interaction (±5.71),
salvation (±6.21), and torsion (±5.16) indicated that
the MamZ protein had a low QMEAN Z-score (±
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8.43), suggesting that it may be a membrane protein
with transmembrane domains, as previously described (Fig. 6) [24].

FIGURE 1
Detection of the magnetotaxis of wild type MSR-1 and non-magnetic mutant NM7 by growth in liquid
medium. The arrow shows the black magnetic cell spot coalesced by placement of a magnetic disk, which
is absent in NM7.

FIGURE 2
TEM images of the magnetosomes in MSR-1 and NM7 cells. (a) MSR-1; (b) NM7.
The arrow indicates magnetosome position in MSR-1.

FIGURE 3
Arrangement of ORFs and location of the mini-Tn5 insertion site within the OFR-2 sequence of
the 4642-bp fragment.
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FIGURE 4
The amino acids from residue positions 433 to 644 of MamZ compared with other ferric reductases.

major facilitator superfamily (MFS) can transport
substrates such as ions, sugar phosphates and amino
acids into cells. Moreover, both the conserved
COG2717 domain and the conserved PRK 05419
domain belong to the ferric reductase superfamily
(FRS) that can reduce trivalent iron into divalent iron
in E. coli. These predictions appear to indicate that
the MamZ protein contains both iron transport and
reduction capabilities relevant to the process of magnetosome biometabolism in M. gryphiswaldense
MSR-1.

TMpred software and BLAST program were
used to analyze the transmembrane domains of the
MamZ protein. Results indicated that this protein
contains seventeen transmembrane domains and
three putative conserved domains as: CD06174,
PRK05419 and COG2717. Zigzag fluctuation above
and below zero degrees of the transmembrane domains indicated the helical structures of the MamZ
protein shown in Fig. 7. Most transmembrane domains are embedded in the membrane, with especially the amino acids at the positions of approximately 220, 430 and 580, showing strong protrusion.
The conserved CD06174 domain, belonging to the
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and subsequently assessed by PAGE. Fig. 8 shows
that the induced proteins appeared at the 70 kD position, which gradually became darker over time.
This darkening could indicate increased expression
of the MamZ protein in cells. However, whether this
phenomenon was caused specifically by the MamZ
protein will need to be verified in future work.

Expression of the MamZ protein in E. coli
BL21. MamZ protein analysis with DNAStar software and the ExPASy Server showed that the molecular weight of the protein was approximately 70 kD
and the projected isoelectric point occurred at approximately pH 9.6. For further analysis, the recombination plasmid pGEX-KG 1877 was introduced
into E. coli BL21 and induced for 0, 2, 4, or 6 hours

FIGURE 5
Hydrophobic analysis of the MamZ protein

FIGURE 6
(a) the predicted three-dimensional structure simulation range from amino acid residues 58 to 430 of
MamZ; (b) the QMEAN Z-scores of the MamZ protein.
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FIGURE 7
Transmembrane domains of the MamZ protein.

FIGURE 8
PAGE. Lane M : protein markers; Lane 1 : total protein in E. coli BL21 cells containing pGEX-KG prior
to induction; Lane 2 : total protein in E. coli BL21 cells containing pGEX-KG 1877 prior to induction;
Lanes 3-5 : the total protein in E. coli BL21 cells containing pGEX-KG 1877 induced by IPTG for 2, 4, or
6 hours, respectively. The arrow shows the position of protein expression at approximately 70 kDa.
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their transmembrane domains, and which, therefore,
might function in heme binding [32]. Because the
MamZ protein contains both these conserved domains, we predict that the conserved domain of
PRK05419 might have the ability to use heme binding as an auxiliary function to complete the reduction
of ferric ions that interact with the conserved domain
COG2717. Nevertheless, in M. gryphiswaldense
MSR-1, extracellular ferric iron must first be reduced to the ferrous state during iron uptake. The
MamZ protein is likely equipped with the abilities to
transport ferric ions into cells and reduce them to the
ferrous state directly through an electron transport
chain to simultaneously complete both iron transport
and reduction. Consequently, this should lead to a
higher cellular free ferrous-ion concentration. However, to avoid ferrous-ion toxicity, the divalent metal
ions are restricted to the membrane-bound magnetic
particles through the efflux of ferric ion from the cytoplasm.
Bazylinski, DA et al. have proposed a model
for the biosynthetic mechanism of magnetosome formation in MTB and have demonstrated that M.
gryphiswaldense MSR-1 is able to transport ferric
ions into the cytomembrane by siderophores, using
the same mechanism as MV-1 or MS-1, and that the
ferric irons might be reduced to the ferrous form during their transport [33]. For the magnetosome biosynthesis mechanisms in M. gryphiswaldense MSR1, we hypothesized that two major methods of energy generation exist during this process. One could
use oxygen as the electron acceptor and the other
could alternatively use ferric ions, with both mechanisms either alternating or occurring simultaneously.
When high ambient oxygen concentrations exist, M.
gryphiswaldense MSR-1 usually uses oxygen as an
electron acceptor to generate energy, but if ferric
ions predominate, MSR-1 could switch to them as
electron acceptors. Additionally, within a certain,
possibly limited range of oxygen concentrations, the
two possible mechanisms might co-exist simultaneously. However, in a micro-aerobic environment, the
electrons were transferred to ferric acceptors by ferric reductases in an electron transport chain, and the
generated ferrous ions would be transported into
cells accompanied by liberation of energy [34, 35].
In this case, to acquire more energy, the concentration of ferrous ions was approximately 10- to 100times higher in MSR-1 cells than in other non-magnetotactic bacteria [36, 37]. Due to the toxicity of the
higher concentration of ferrous ions and the subsequent inhibition of ferric reductase activity, energy
production can be lessened. Other studies indicate
that magnetosome vesicles will be formed by cell
membrane invagination in response to the pressure
of a higher ferrous ion concentration [38, 39]. The
excess ferrous ions were transported into magnetosome vesicles by transferrins, and formed magnetosomes by redox, hydration, and dehydration mecha-

DISCUSSION
The non-magnetic mutant, NM7 was screened
out using a mini-Tn5 lac Z2 transposon insertion in
conjugation experiments, and the entire 4642-bp
fragment sequences flanking mini-Tn5 in NM7 were
cloned. The entire sequence contains two ORFs; the
mini-Tn5 lac Z2 was inserted into the ORF2 fragment encoding the MamZ protein. It appears that the
MamZ protein may exhibit both transport and reducing activities relevant to magnetosome biosynthesis
in M. gryphiswaldense MSR-1.
Analysis of the MamZ protein using NCBI program indicated that the protein contains the following three putative conserved domains: CD06174,
COG2717 and PRK05419. The conserved domain
CD06174 in GlpT belongs to the MFS, which comprises a large and diverse group of secondary transporters that facilitate transport of a variety of substrates such as ions, sugar phosphates, and amino acids across cytoplasmic or internal membranes [25].
In E. coli, glycerol-3-phosphate (G3P) plays a significant role in glycolysis and phospholipid biosynthesis. The secondary membrane transporter GlpT
serves as an organic phosphate/inorganic phosphate
antiporter that is involved in organic phosphate
(G3P) uptake by exporting an inorganic phosphate
out of the cytoplasm to complete the exchange of organic and inorganic phosphates [26-28]. Similarly,
the MamZ protein may act as an antiporter that functions in ferric ion absorption via the uptake of organic iron (ferric citrate) into the cytoplasm. However, to confirm this functionality, evidence is still
needed to clarify whether the system has the ability
to export an inorganic ferric ion, as is the case in E.
coli.
The conserved domains, COG2717 and
PRK05419, belong to the ferric reductase family
(FRS), members of which contain a common ferric
reductase transmembrane component such as that
found in both yeast and in the respiratory burst oxidase from mouse-ear cress. For example, the Frp1
protein, containing the conserved domain COG2717
from Schizosaccharomyces pombe, exhibits a ferric
reductase component that is required for cell-surface
ferric reductase activity, during ferric ion uptake that
participates in electron transport from cytoplasmic
NADPH to ferric ions. Additionally, the heme acts
as an intermediate in trivalent iron reduction during
this process [29]. Furthermore, the frp1 mutants
from S. pombe are deficient in ferric iron uptake, as
described by Takegawa et al. [30]. Another transmembrane-spanning protein, YedZ, is anchored to
the membrane by a heme-containing transmembrane
subunit that contains the conserved domain
PRK05419 in E. coli [31]. The results of this study
indicate that some of the YedZ homologues encoded
in magnetotactic bacteria could combine protein
transporter and electron-transfer activities that exhibit the requisite conserved histidyl residues within
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nisms. As a result, the toxic ferrous ions were transformed into nontoxic magnetosomes, which could be
used as an iron source or as an energy reserve. Notably, the process of ferrous-ion transfer is driven by
concentration gradients eliminating the necessity for
consumption of ATP or GTP. This mechanism might
provide an explanation for the following three research findings: (1) why the low production of magnetosomes was associated with both the interruption
of electron transfer by respiratory chain inhibitors
and the inhibition of ferric reductase activity under a
micro-aerobic condition [39, 40]; (2) why there is little effect on magnetosome biosynthesis when certain
gene sequences of the ferrous transporter were
knocked out [41]; and (3) why the utilization of ferric ions in MSR-1 is 70-times faster than in E. coli
during magnetosome formation [39, 42-44]. These
conditions illustrate that ferric ions act as electron
acceptors during the process of electron transport in
a micro-aerobic environment, thereby creating a
high ferrous ion concentration, which leads to the
coupling of magnetosome vesicle synthesis with the
invagination of the cell membrane. Ultimately, magnetosomes were assembled when the ferrous ions
were transferred into magnetosome vesicles by
transferrins.
Additionally, the transmembrane-domain and
hydrophobic analysis of the MamZ protein indicated
that, throughout its structure, this protein might well
be a transmembrane protein. And simultaneously,
compared with other ferric reductases, MamZ has a
high homology with genes associated with the ferric
reductase process in biometabolism.
In conclusion, the MamZ protein may play a
significant role in this metabolic pathway, in that it
might be responsible for the transit of trivalent iron
into cells coupled with ferric ion reduction, ultimately resulting in cell membrane invagination to
form membrane-bound, nanoscale magnetic particles. We suspect that the MamZ protein may have
both transporter and reductase functionalities during
magnetosome biosynthesis.
Herein, the MamZ protein with a molecular
weight of nearly 70 kD has reported, but there still
need more inveatigation of this protein by western
blotting as well as its complex crystal structure. In
the further work, the protein will be purified with a
GST tag in pGEX-KG and the precise structure will
be explored with X-ray diffraction, which might provide more information on magnetosome particles biosynthetic mechanism in M. gryphiswaldense MSR1.
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On the basis of the advantages of ACE²
including high selectivity, perceived relative environmental safety, and efficient inhibition in sucking
and biting pest insects²it is widely used in agriculture, worldwide. However, this extensive application of such neonicotinoids has provoked a major
problem, that is, their exertion of extreme toxic
effects on non-target economical insects such as
honeybees and silkworms [4], the acute sublethal
treatment of ACE on the behavior of the honeybee
(Apis mellifera)was studied and indicated ACE
could affected physiology or behavior of honeybee
through locomotor activity, sucrose gustatory sensitivity, water responsiveness, and olfactory learning
and memory[5]. Furthermore, the accumulation of
ACE in soil can also result in serious concerns
about inhibition of soil respiration and phosphatase
activity [6]. Moreover, in recent years, ACE residues in crops are receiving considerable attention
with respect to their potential toxicity to humans [7,
8], with the publication of reports regarding headaches, dizziness, nausea, vomiting, and other symptoms after the inhalation of ACE as a pesticide [911]. These reports have promoted active investigations into methods for the biotransformation of
neonicotinoids, particularly because ACE remains
stable, even under submerged conditions, and is not
affected by field capacity nor levels of submerged
moisture. Bioremediation of ACE pollution is
therefore recognized as a cost-effective and reliable
method of removal. More generally, microbial
GHJUDGDWLRQLVFRQVLGHUHGWREHDQHIILFLHQW³JUHHQ´
solution for eliminating environmentally polluting
chemicals [12, 13]. Therefore, it is essential to
study the microbiological degradation of ACE, both
in terms of its biology and its application to environmental remediation.
This review presents an overview of recent
advances in the microbiological degradation of
ACE through pure culture microorganisms, as well
as pathways for the degradation of ACE, behavior
of ACE in soil, effects of environmental conditions
on the degradation of ACE in soil, and research into
prospects for the bioremediation of ACEcontaminated ecosystems.

ABSTRACT
A member of the neonicotinoid class of systematic broad-spectrum insecticides, Acetamiprid
(ACE) has been extensively used in agriculture, and
because of its massive application, adverse effects
on ecology and the environment have also been
increasing. These effects include the contamination
of water and soil and the disruption of biogeochemical cycles, and their impact has led to an increasing
trend toward research involving available microbial
methods for ACE degradation. This review summarizes progress in research on microbiological degradation of ACE, including organisms capable of
degrading ACE, pathways for ACE biodegradation,
$&(¶V EHKDYLRU LQ VRLO DQG WKH HIIHFW RI HQYLURQ
mental conditions on soil ACE degradation, as well
as the prospects for ACE elimination. In addition,
we review a broader spectrum of knowledge regarding the biodegradation of ACE, and we attempt
to place this information into context with the most
recent and sometimes surprising research results.
KEYWORDS:
Biodegradation, Acetamiprid, Soil, Neonicotinoid Insecticide

INTRODUCTION
Acetamiprid(ACE),((E)-N1-[(6-chloro-3-pyridyl)methyl]-N2-cyano-N1-methylacetamidine), a
member of the group of chloropyridinyl neonicotinoids, has been considered to be a favorable
choice for controlling insects, given its activity
against numerous sucking and biting insect pests,
including aphids, whiteflies, thrips, leaf miners,
beetles, some lepidopteran species [1], and fleas on
dogs and cats [2, 3]. As a neonicotinoid insecticide,
ACE acts as an agonist at the nicotinic acetylchoOLQH $FK  UHFHSWRUV RI LQVHFWV¶ FHQWUDO QHUYRXV
system synapses, but at high levels that accumulate
at nicotinic synapses-and similarly to overaccumulation of Ach at such synapses-blocks neurotransmission, thus interfering with stimulus conduction, leading to obstruction of nervous system
pathways and to insect paralysis and eventual death.

Organisms capable of degrading ACE. In
recent years, ACE residues in crops have been
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mentiphaga sp.strain AAP-1, could synchronously
enhance the degradation efficiency of ACE and
CTN [15]. Moreover, beyond the aforementioned
organisms, there are also some other strains that can
bio-transform ACE; are shown in the following
table (Table 1).

receiving considerable attention due to their potential toxicity to humans. There are, of course, many
research reports describing the metabolism of ACE,
and a number of microorganisms capable of degrading neonicotinoids have been identified. For
example, one previous study examined the elimination of ACE from a liquid medium by the white-rot
fungus Phanerochaete sordida YK-624 [10] and
reported that, after 15 days of incubation, 45% and
30% of ACE was eliminated under ligninolytic and
non-ligninolytic conditions, respectively. In addition, the bacteria Stenotrophomonas maltophilia
CGMCC 1.1788 and Rhizopus sp. have also been
reported to metabolize ACE via N-demethylation to
IM 2-1 [9-11]. Further, the bacteria Pigmentiphaga
sp. ACE-1, Pseudoxanthomonas sp. ACE-7,
Ochrobactrum sp. D-2, D-12, Rhodococcus sp.
BCH2, and Stenotrophomonas sp. THZ-XP, and the
yeast Rhodotorula mucilaginosa IM-2 metabolize
ACE via the proposed N-deacetylation, Cdemethylation, or oxidative cleavage of the Ncyanoimine group to IM-1-4, which is further metabolized by Rhodococcus sp. BCH2 to IC-0 or by
R. mucilaginosa IM-2, Rhodotorula mucilaginosa
R1 and Pigmentiphaga sp. D-2 to IM1-3 [14]. In
addition, it is notable that a new functional strain,
AC, reformed through protoplast fusion of Pseudomonas sp. CTN(chlorothalonil)-4 and Pig-

Metabolic Pathways of ACE Biodegradation in Microorganisms. Many studies of the metabolites of the microorganisms in table 1 have been
performed to verify the environmental fate of ACE,
and a variety of analytical techniques have been
applied for analyzing its biodegradation based on
distinct properties of metabolites, such as the UVVis absorption spectra, Thin layer chromatography
(TLC) analyses, High Performance Liquid Chromatography (HPLC), Liquid Chromatography-Mass
Spectrometry (LC-MS) for IM1-4, Gas Chromatography-Mass Spectrometer (GC-MS), Nuclear Magnetic Resonance (NMR) Spectra, FTIR spectrum,
High-resolution electro spray ionization mass spectra (HR-ESI-MS) and so on. Consequently, about
five main types of ACE metabolites have been
detected and identified during ACE biotransformation by pure culture strains or soil microbial
consortia. This, in turn, led to the elaboration, in
many of the studies, of various ACE-degradation
pathways.

TABLE 1
Summary of microorganisms capable of biodegrading ACE
Microorganisms
Pseudomonas sp. strain FH2

Metabolic product
ND
IM1-3, IM1-4

Rhodotorula mucilaginosa strain IM-2
Stenotrophomonas maltophilia
CGMCC 1.1788
Pigmentiphaga sp. strain AAP-1

Phylogenetic group
Ȗ-Proteobacteria

Reference
[6]

Urediniomycetes

[11]

IM2-1

Ȗ-Proteobacteria

[9]

IM1-4

ȕ-Proteobacteria
Saccharomycetes

Pichia guilliermondii W1

ND

Rhizopus sp.

IM2-1㸪IM1-3㸪
IM1-4㸪IM2-3

Mucormycotina
Agaricomycetes

[16]
[11]
[11]

Phanerochaete sordida YK-624

IM2-1

Stenotrophomonas sp. THZ-XP

IM1-4

Rhodotorula mucilaginosa R1

IM1-3

Urediniomycetes

penicillium sp. X1

ND

Eurotiomycetes

Rhodococcus sp. BCH2

IM1-4 and IC 0

Actinobacteria

Pseudoxanthomonas sp. AAP-7
Pigmentiphaga sp. D-2
Ochrobactrum sp. D-12

IM1-4
IM 1-3 and IM1-4

Ȗ-Proteobacteria
ȕ-Proteobacteria

[4]
[18]
[19]

IM1-4

Į-Proteobacteria

[20]

IM1-2, IM1-4

Į-Proteobacteria

[14]

Ensifer meliloti CGMCC 7333
Fusant-AC

Ȗ-Proteobacteria

ND

[10]
[17]
[10]

[11]

[15]

i. ACE served as both carbon and energy source during ACE biodegradation.
LL7KHDEEUHYLDWLRQVOLVWHGXQGHUWKH³0HWDEROLFSURGXFW´column of the table are the same as those referred to in
figure 1; ND = not determined.
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mamide, IM-1-4 and IM-1-3, respectively [19]. The
fifth and final pathway was proposed by Zhou et al.
(2014) [14]; they indicated that the nitrogen-¿[LQJ
bacterium Ensifer meliloti CGMCC 7333 with its
QLWULOH K\GUDWDVH 1+DVH  VSHFL¿FDOO\ WUDQVIRUPHG
the neonicotinoid insecticide ACE to its (Ncarbamoylimine derivate) IM-1-2 by means of
HPLC, LC-MS and NMR analysis. Interestingly,
the unstable IM-1-2 could not be further degraded
by this nitrogen-¿[Lng bacterium, but was instead
hydrolyzed to the derivate ACE-NH through the Ncarbamoylimine group; the ACE-NH was further
converted to the derivative ACE-NH2. Subsequently, ACE-NH2 was cleaved to the major metabolite
IM-1-4 [14]. It is worthwhile to note that this is the
only article which reported and thoroughly described NHase, with respect to cloning the responsible genes involved in the degradation pathway,
and this study has improved the understanding of
the corresponding enzymatic biochemical mechanism of ACE biotransformation. Moreover, all the
products proposed above are less toxic than ACE,
which suggested that the method of microbiological
ACE degradation is essential for environmental
protection. The related metabolic pathways of ACE
biodegradation are shown in detail in figure 1.

The metabolic pathway for ACE degradation
has been studied in apple, cabbage, carrots, cotton,
honeybee, mice, spinach, and soil bacteria [21, 22].
There are five main metabolic pathways to biodegrade ACE. First, we observed that six recently
isolated strains metabolized ACE via the proposed
C-demethylation, oxidative cleavage, or Ndeacetylation of the N-cyanoimine group to 1-(6chloropyridin-3-yl)-N-methylmethanamine (IM-14), which is further metabolized by Rhodococcus
sp. BCH2 to 6-chloronicotinic acid (IC-0) based on
UV-Vis absorption spectra analysis, FTIR, (HPLC)
and GC±MS results [4] or by R. mucilaginosa IM-2
to 1¶-[(6-chloropyridin-3-yl)methyl]-N-methylacetamide (IM-1-3) by HR-ESI-MS)analysis [10]. The
second metabolic pathway involves N-demethylation to form (E)-N-[(6-chloro-3-pyridyl)-methyl]N-cyano-acetamidine (IM2-1) from ACE biodegradation, which was associated with Phanerochaete
sordida YK-624 and Stenotrophomonas maltophilia
CGMCC 1.1788 according to HPLC-MS/MS and
NMR Spectra analysis results, [9, 10]. It is interesting to note that the strain Pigmentiphaga sp. D-2
utilized the third and fourth pathway of ACE degradation, and the metabolites were identified in
terms of the HPLC-ESI-MS analysis results as Nccyano-N-methyl-N-(pyridin-3-ylmethyl)imidofor-

FIGURE 1
Proposed metabolic pathways of ACE metabolism in microorganisms. Abbreviations denote the following:
IM-1-4 (1-(6-chloropyridin-3-yl)-N-methylmethanamine) [4, 11, 14, 16-18, 20]; IC-0 (6-chloronicotinic
acid) [4]; IM2-1 ((E)-N-[(6-chloro-3-pyridyl)-methyl]-N-cyano-acetamidine) [9, 10]; IM-1-2 (Ncarbamoylimine derivate) [14]; IM-1-3 (Ncc-[(6-chloropyridin-3-yl)methyl]-N-methylacetamide) [11, 19].
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Furthermore, the potential human toxicity of
the residues present in the environment has been
considered an essential problem and has been discussed in many studies [27, 28]. In the study of
Cavas T et al. (2012) [27], CaCo-2 cells, a validated
in vitro model for the human intestinal epithelium,
were selected for experiments, and these studies
demonstrated the in vitro cytotoxicity and genotoxicity of technical grade ACE on CaCo-2 cells.
Zhang et al. [28] and Samiran et al. [29] investigated the effects of ACE on mice and Wistar rats, and
they noted that ACE had deleterious effects on male
reproductive function and suppressed both cell
mediated immune response and the antibodyforming ability of lymphocytes in female Wistar
rats, acting potentially through its metabolites,
which induced oxidative stress. In addition, based
on liquid chromatography with tandem mass spectrometry (LC±MS/MS), Marin A et al. (2004) [30]
also clarified the human hazards of ACE by assessing the exposure of greenhouse workers to
ACE. Most of these papers reported that pesticide
residues pose one of the major environmental
health problems due to their potential adverse effects on non-target organisms, and suggested that
ACE should, therefore, be used in a restricted and
cautious manner to protect animals and other organisms. In contrast, Bibhuti et al. (2012) [31] indicatHGWKDW$&(SURGXFHGVLJQL¿FDQWHOHYDWLRQLQRQO\
WKUHH HQ]\PHV ZLWK QR VLJQL¿FDQW HIIHFW REVHUYHG
on total plasma protein, blood cholinesterase, lactate dehydrogenase, and five additional enzymes.
That study also revealed that ACE at recommended
concentration is a mild-risk insecticide in buffalo
calves. Taken together, the available studies therefore suggest that far more research is needed to
clearly understand the influence of ACE residues
on soil and other organisms.

Behaviors of ACE in soil. There have been
many reports concerning the effects of pesticides on
soil enzyme activities, studies that demonstrate
differences in the responses of soil enzymes to
pesticides [23-25]. Yang et al. (2004) found mefenacet strongly inhibited soil urease activity in a
concentration-dependent manner, but stimulated
phosphatase activity; by contrast, quinclorac could
inhibit proteinase, hydrogen peroxidase, phosphatase, and urease activities, which demonstrated that
the higher the concentration of applied pesticides,
the more significant the inhibition observed to these
enzyme activities, and the longer time necessary to
recover to the level of controls [26]. Unfortunately,
in the case of ACE, there is only a relatively small
amount of available information about the influence
of this new pesticide on soil enzyme activities and
soil respiration [6]. Yao et al. (2006) indicated that
a normal field (0.5 mg kg-1 dried soil) dose of ACE
would not pose a threat to soil enzymes, but could
potentially pose a threat to soil respiration. However, when ACE concentration was increased (5 mg
kgí1 and 50 mg kgí1 dried soil), the threat to soil
phosphatase and respiration increased, and the
enzyme activities in soil treated with these high
concentrations of ACE were dramatically (P < 0.05)
lower than control after incubation [6]. Actually,
the effects of this pesticide on soil is generally a
long-term process, closely related to other soil
characteristics, such as the presence of other pesticides, physico±chemical characteristics of soil,
heavy metal concentrations and other factors.
Taken together, these studies imply a wellknown and quite intimate set of connections between soil characteristics and ACE behaviors²the
efficiency of ACE degradation may be, directly or
indirectly, strongly influenced by the composition
of the surroundings. For example, soil adsorption
might reduce the concentration of ACE in contact
with microorganisms; this is important because
ACE is stable to hydrolysis at environmental temperatures, and biodegradation is reported to be the
most significant mechanism for its dissipation from
soil.
Given these observations, it is noteworthy that
a bacterial strain capable of effectively degrading
ACE has been isolated from soil and characterized
by authors. Consequently, it is conceivable that
these identified microorganisms, which could degrade ACE efficiently in soil, would both decrease
the concentration of ACE, and could subsequently
provoke additional changes in soil. For example,
diminishment in ACE toxicity would affect the
behavior of soil enzymes[26]; moreover, some
changes caused by the metabolites of ACE affectLQJ VRLOV¶ ELRORJLFDO DQG ELRFKHPLFDO SURSHUWLHV
might influence the structure of soil; and, in addition, these metabolites might act as growth factors
for certain other soil microbes or as inhibition factors for certain soil enzymes.

Effect of environmental conditions on the
degradation of soil ACE. ACE is a chloronicotinoid insecticide, and its residues in crops are receiving considerable attention due to their potential
toxicity to humans; hence, many articles have reported investigations of microbial ACE degradation
under different conditions of laboratory-reared soil.
ACE could be degraded more quickly by microbes
from soil and mixed microbial enrichment culture.
One of these studies clarified that the half life of
ACE was 5.0 d in unsterilized soil, 8 times shorter
than in sterilized soil [32]. It wasreported that the
half-life values of ACE in chili (Capsicum annum
L.) were in the range2.24±4.84 days[8]. But in contrast with the controls, several bacteria and fungi
have been reported to be capable of degrading ACE
more slowly. Pseudomonas sp. FH2 was reported to
degrade 53.3%±96.7% of ACE in different media
within 14 days [6], the white-rot fungus Phanerochaete sordida YK-624 was reported to transform
45% and 30% of ACE within 15 days under lig-
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Beyond the aforementioned factors, some others
could affect degradation of ACE were summarized
in the following table 2.

ninolytic and non-ligninolytic conditions, respectively[10]. In the study of Gupta S et al. (2008),
residues of ACE in soil dissipated with half-lives of
11.1 days under UV light and 19.1 days under sunlight, respectively [33]. And Zhou et al. [14] described that the newly identified nitrogen-¿[LQJ
bacterium Ensifer meliloti CGMCC 7333 could
degrade 65.1% of ACE in 96 h, with a half-life of
2.6 days rather than controls that was not incubated.
To summarize, the degradation of ACE was obviously influenced by environmental conditions.
ACE degradation in soil primarily depends
upon the species and numbers of microbes with the
required degrading ability in the contaminated soil.
It is well known that the degradation of ACE in soil
was induced by microorganisms, and the factors
that affect microbial activity could cause some
difference with respect to its degradation in soil.
Moreover, temperature and pH also play an essential role in its degradation. Wang et al. (2010) [20]
demonstrated that degradation of ACE occurred at
25±35 °C and pH 6±8, whereas Yang et al. (2013)
[19] clarified that the optimal conditions for ACE
degradation occurred at temperatures ranging from
30 °C to 45 °C and pH values ranging from 5 to 10.
In addition, the effect of initial pesticide concentration on biodegradation is also an important parameter that reveals the correlation between cell biomass
and biodegradation rate [4]. In the study of Phugare
S et al. (2013), the researchers indicated that the
biodegradation rate was 85% for 50 mg L-1 ACE
concentration, with the degradation rate decreased
to 14% at 250 mg L-1 in comparison with the controls. Wang et al. (2013) [20] also illustrated that
high concentration would inhibit degradation.
Beyond these parameters, there are also many
other physicochemical factors that can affect the
efficiency of ACE degradation, such as metal ions,
light, and the presence of other co-subrates. It was
found that K+, Ca2+ and Co2+ enhanced the biodegradation of ACE, while ACE degradation was significantly inhibited by Zn2+, Fe2+, Cu2+ and Ni2+
compared with the controls [16]. Moreover, in
another study the researchers demonstrated that
adding additional glucose or ammonium chloride
would delay ACE biodegradation [20], but that
enhanced degradation occurred with extra glucose
or ammonium nitrate, which could be regarded as a
second carbon or nitrogen source to be cometabolized [18]. It is notable that photolysis is
also an efficient way to eliminate ACE in the environment, some studies under sunlight and UV-light
revealed that ACE is unstable to light, especially
UV wavelengths [33, 34], so some substances coexist could influenced its efficiency, like photocatalysts (such as TiO2 and Degussa P25), the surfactants (such as sodium dodecylbenzene sulfonate and
Tween-80 ) [34, 35] . Finally, some other reports
indicated that a matrix or matrices present in soil
may also slow down the removal process [36].

TABLE 2
Summary of factors in soil that can influence
ACE elimination
Parameters
Temperature

Descriptions
Range of 30-37°C

Metal ions

K+,Ca2+,Co+,Zn2+,Fe2+,Cu2+,
Ni2+,Mg2+,Al3+,Mn2+
Range of 3-11

pH values

Reference
[16]

Range of 50-600 mg.L-1

[4, 16]

Sucrose, glucose, yeast
extract
NH4Cl, (NH4)2 SO4,
NaNO3, NH4NO3
Woodchip biochar

[18,
20,10]
[4, 17,
18, 20]
[36]

Light

Sunlight, UV-light

[33,37]

Oxidative
stress
Bacterial
communities
Surfactants
Photocatalysts

SOD, CAT

[4]

Phyllospher microbes

[38]

SDBS, CTAB, Tween-80
TiO2, Degussa P25

[34]
[35]

Initial concentrations
Carbon
sources
Nitrogen
sources
Matraix

Genes Responsible for the ACE Biodegradation. Currently, many studies have reported various pathways involved in the biodegradation of
ACE. However, only a little about genes was reported to be responsible for the ACE elimination.
The nitrile hydratase (NHase) gene was cloned
from the Nitrogen-Fixing Bacterium Ensifer meliloti CGMCC 7333, which coded a cobalt-type
NHase composed of an a-subunit, b-subunit, mediated the hydration of ACE to metabolites IM-1-2
[14]. In fact, the NHase has been reported for hydrolyzing nitrile to the corresponding amide by
amidase [39]. Interestingly, CGMCC 7333 NHase
catalyzed the hydration of ACE to IM-1-2, whereas
IM-1-2 was not further degraded by CGMCC 7333
and would be converted to ACE-NH due to chemical hydrolysis, ACE-NH was then transformed to
ACE-NH2, which was subsequently cleaved to IM1-4 (Fig. 1) [14] Actually, the Ensifer meliloti
CGMCC 7333 was isolated from THI(Thiacloprid)contaminated soil, which has the same Ncyanoimine group as ACE and also belongs to neonicotinoid insecticides. These presentations above
would elucidate that the same structural components correspond to chemical compounds are hydrolyzed by the same enzyme or metabolized by the
same microbes.
Besides, cytochrome P450-enzyme-system
was also involved in the N-demethylation of ACE
accompanied with some degrading strains. It has
been reported that cytochrome P450 in white-rot
fungi was essential in degrading various obstinate
aromatic compound, such as the Phanerochaete
sordida YK-624, which was related to catalyze
demethylation and detoxification of ACE. Another

2739

© by PSP

Volume 27 ± No. 5/2018 pages 2735-2742

Fresenius Environmental Bulletin

catalysts and surfactants were also found to catalyze the photodegradation of ACE under the condition of oxygen and light[34,35]. To sum up, all
descriptions above suggest that probable mechanisms in various aspects could be responsible for
the elimination of ACE, which indicated more attention should be paid to this research area.

studies indicated that the hydroxylation of ACE by
Stenotrophomonas maltophilia CGMCC 1.1788
could proceed neonicotinoid insecticide imidacloprid (IMI). However, cytochrome P450 in the same
S. maltophilia CGMCC 1.1788 demethylize ACE,
and the activity of enzymes in cytochrome P450enzyme-system was promoted by adding reduced
nicotinamide adenine dinucleotide (NADH) but
was critically inhibited through the increase of
piperonyl butoxide (PB)[9, 40].
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DISCUSSION
ACE belongs to the chloropyridinyl neonicotinoid class of systemic broad-spectrum insecticides, which has been widely applied in controlling
insects for crop protection, and for this reason, the
biotransformation of ACE has garnered significant
attention from the research community. There are
about 15 types of microorganisms isolated and
identified from contaminated agricultural soil that
are able to use ACE as sole carbon and energy
source, as well as nitrogen source for growth. This
body of research additionally established that fungi
can also degrade neonicotinoid compounds, such as
the white-rot fungus Phanerochaete sordida YK624 [10] and the yeast Rhodotorula mucilaginosa
IM-2 [11]. Moreover, many metabolites have been
produced in soil biogeochemical cycles or in other
diverse ecosystems, but do not provide ideal conditions for the bioremediation of ACE; and some
products like IC-0 are more readily dissolved in
water leading to secondary pollution, although most
metabolites are less toxic than ACE itself.
Therefore, new strategies for mitigating ACE
contamination should be developed on the basis of
previous studies, especially directed at isolating and
identifying new strains or stable microbial communities that can absolutely eliminate ACE or its potentially harmful metabolic byproducts. The high
ability of fusant-AC strain to CTN and ACE degradation were verified, which implied a potential role
of fusant strains in the development of novel strategies for the bioremediation of ACE contaminated
environments. Beyond these prospective studies are
those focused on the genome, because there is limited knowledge regarding key genes or enzymes in
ACE degradation. For example, Wilkinson et al.
(1972)[41] indicated that ACE is biotransformed in
the honeybee by Phase I enzymes, mainly by mixed
function oxidases that convert ACE into more polar
metabolites that are more readily excreted; NHase
from CGMCC 7333 and P450-enzyme-systemsmediated demethylation was responsible for the
biotransformation of ACE [9, 14]. These sparse
studies remind us that cloning the genes involved in
the degradative pathway may help to understand the
corresponding enzymatic biochemical mechanism
of ACE biotransformation. In other ways, photo-
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standards [1]. Nitrogen dioxide (NO2) is one of the
seven conventional (criteria) pollutants (including
SO2, CO, particulates, hydrocarbons, nitrogen oxides, O3 and lead). These pollutants produce the
highest volume of pollutants in the air and the most
serious threat for human health and welfare. Concentration on these pollutants, especially in cities, has
been regulated by Clean Air Act since 1970 [6].
Some Properties of Nitrogen dioxide (NO2) are:
reddish brown gas, formed as fuel burnt in car, strong
oxidizing agent and forms Nitric acid in air. Its
Sources are divided to two parts: 1) natural emissions including forest fires, volcanoes, bacteria in
soil, lightening, etc. 2) anthropogenic activity including motor vehicle emissions and power generation. Fuel combustion increases NO2 production.
Half of emission of HC and NOx in cities is by Motor vehicles.
Nitrogen oxides (NOx) include different forms
of oxides of nitrogen. NO2 generally derives from
emissions of NO (in high temperature). About 95%
of Nitrogen oxides are emitted as NO and 5% as
NO2. Other oxides are N2O, N2O3 and N2O5 which
are not so important in air pollution. Among NO x,
NO2 lead to respiratory problems and therefore NO 2
is the most important of the oxides of nitrogen.
The presence of pollutants in the atmosphere,
FDXVHVDORWRISUREOHPVWKXVWKHVWXG\RISROOXWDQW¶
behaviour is necessary [7]. Some of the main health
effects of NO2 as follow: lung and heart problems,
NO2 poisoning, asthma, lowered resistance to infection. Other effects include on plants and materials
such as damages of leaves, retard photosynthesis activity, cause chlorosis, damages on various textile fibers, multiplying the photochemical smog problems
and damages of acid rain.
Status of pollutants concentration and effects of
meteorological and atmospheric parameters on these
pollutants compose the base of following studies: Ho
and Lin [8] studied semi-statistical model for evaluating the NOx concentration by considering source
emissions and meteorological effects. Street level of
NOx and SPM in Hong Kong has been studied by
Lam et al [9] in a study, the relationship between
monitored air pollutants and meteorological factors,
such as wind speed, relative humidity ratio and temperature, was statistically analyzed, using SPSS. According to the results obtained through multiple linear regression analysis, for some months there was a

ABSTRACT
In the present study, air quality analyses for Nitrogen dioxide (NO2) were conducted in Isfahan,
Iran. The measurements were taken in three different
locations to prepare average data in the city. The averages concentrations were calculated for every 24
hours, each month and each season. Results showed
that the highest concentration of Nitrogen dioxide
occurs generally in morning and night while the least
concentration occurs in the afternoon and mid-night.
Monthly concentrations of the Nitrogen dioxide
showed highest value in March. The seasonal concentrations showed the least amounts in spring while
the highest in winter. Then Relations between the air
pollutant and some meteorological parameters were
calculated statistically using the daily average data.
The temperature (min, max), precipitation, Wind Direction (max), Wind Speed (max) and Evaporation
were considered as independent variables. The level
relationships between concentration of pollutant and
meteorological parameters were expressed by multiple linear equations for both annual and seasonal
conditions using SPSS software. RMSE test showed
that among different prediction models, stepwise
model is the best option. Results showed that quantities of NO2 in different seasons and whole year
could be estimated by climate parameters. Results
also indicated that relations between the NO2 and
meteorological parameters are stronger than whole
year during the seasons.

KEYWORDS:
NO2, Air pollution, Meteorological Parameters, Regression model.

INTRODUCTION
Air sustains life. But the air we breathe is not
pure. It contains a lot of pollutants and most of these
pollutants are toxic [1, 2, 3, 4, 5]. While developed
countries have been making progress during the last
century, air quality has been getting much worse especially in developing countries air pollution exceeds all health standards. For example, in Lahore
and Xian (china) Dust is ten times higher than health
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meteorological factors. Temperature, relative humidity, precipitation and wind speed were negatively
correlated with API, while diurnal temperature range
and atmospheric pressure were positively correlated
with API in the annual condition. Yoo et al. [19]
mentioned that all of the pollutants showed significant negative correlations between their concentrations and rain intensity due to washout or convection. The relative effect of the precipitation on the air
pollutant concentrations is estimated to be: PM10 >
SO2 > NO2 > CO > O3, indicating that PM10 was
most effectively cleaned by rainfall.
Wang et al. [20] studied on air quality in
Chongqing, the largest mountainous city in China.
From 2002 to 2012, statistical analysis of SO2, PM10
and NO2 concentrations is conducted. The analysis
of Pearson correlation indicated that concentrations
of SO2, PM10 and NO2 were positively correlated
with atmospheric pressure, but negatively with temperature and wind speed. The analysis of Multi-Pollutant Index (MPI) showed that air quality in Chongqing was serious.
The climatology of tropospheric ozone at Irene
was investigated using SHADOZ network data to assess the correlation between the observed seasonal
ozone enhancement and meteorological factors [21].
A multiple linear regression model was used to provide seasonal correlation between ozone and temperature and relative humidity. All seasons display
strong regression coefficients between ozone and
temperature. Similar trends are also observed for relative humidity and ozone concentrations in autumn,
spring and summer.
Statistical modelling of ozone in Shiraz and
PM10 in Tehran were studied by Masoudi et al. [22,
23]. According to the results obtained through multiple linear regression analysis, for seasonal and annual conditions there were significant relationships
between ozone and PM10 levels and the meteorological factors in both cities.
The present study exhibits diurnal, monthly and
seasonal variations of concentration of NO2 and also
a statistical model that is able to predict its amount.
This is based on multiple linear regression technique.
Multiple Regression estimates the coefficients of the
linear equation, involving one or more independent
variables that best predict the value of the dependent
variable (NO2 in this study). So, large statistical and
graphical software package (SPSS, Software Package of Social Sciences, V. 20) as one of the best
known statistical packages has been used [24].

moderate and weak relationship between the air pollutants like PM level and the meteorological factors
in Trabzon city [10].
Mandal [11] has shown the progressive decrease of air pollution from west to east in Kolkata.
Statistical modelling of ambient air pollutants in
Delhi has been studied by Chelani [12]. AbdulWahab and Al-Alawi [13] developed a neural network model to predict the tropospheric (surface or
ground) ozone concentrations as a function of meteorological conditions and various air quality parameters. The results of this study showed that the artificial neural network (ANN) is a promising method for
air pollution modelling. The observed behavior of
pollution concentrations to the prevailing meteorological conditions has been studied for the period
from June 13 to September 2, 1994, for the Metropolitan Area of Sao Paulo [14]. Results show low
concentrations associated with intense ventilation,
precipitation and high relative humidity. While high
values of concentrations prevailed due to weak ventilation, absence of precipitation and low relative humidity for some pollutants. Also for predicting CO,
Sabah et al. [15] used a statistical model.
Elminir [16] mentioned dependence of air pollutants on meteorology over Cairo in Egypt. The results hint that, wind direction was found to have an
influence not only on pollutant concentrations but
also on the correlation between pollutants. As expected, the pollutants associated with traffic were at
highest ambient concentration levels when wind
speed was low. At higher wind speeds, dust and sand
from the surrounding desert was entrained by the
wind, thus contributing to ambient particulate matter
levels. It was also found that, the highest average
concentration for NO2 and O3 occurred at humidity
 40% indicative for strong vertical mixing. For CO,
SO2 and PM10 the highest average concentrations occurred at humidity above 80%. In another research,
data on the concentrations of seven air pollutants
(CH4, NMHC, CO, CO2, NO, NO2 and SO2) and meteorological variables (wind speed and direction, air
temperature, relative humidity and solar radiation)
were used to predict the concentration of ozone in
the atmosphere using both multiple linear and principal component regression methods [17]. Results
showed that while high temperature and high solar
energy tended to increase the day time ozone concentrations, the pollutants NO and SO2 being emitted
to the atmosphere were being depleted. However, the
model did not predict the night time ozone concentrations as precisely as it did for the day time. Asrari
et al. [7] studied effect of meteorological factors for
predicting CO. Also variations in concentration of
CO in different times have been shown in this study.
Li et al. [18] presented the spatial and temporal
variation of Air Pollution Index (API) and examined
the relationships between API and meteorological
factors during 2001±2011 in Guangzhou, China. Relationships were found between API and a variety of

MATERIALS AND METHODS
Study Area. The research area, Isfahan, capital of Isfahan Province, is one of the biggest cities in
the central part Iran (Fig. 1) located around 32° 38'
N and 51º 40' E and the elevation is about 1590 m
above the mean sea level. It has semi-arid climate
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was the next step. The metrological parameters studied include: temperature (min, max), precipitation,
Wind Direction (max), Wind Speed (max) and Evaporation.
In the next step, daily average data at three stations in 2011 was considered as dependent variable
for statistical analysis while daily data of meteorological parameters during this year were selected as
independent variables in SPSS programme and the
multiple regression equations showed that the concentration of Nitrogen dioxide on the kind of meteorological parameters and also give an idea about the
levels of these relations. The relationship between
the dependent variables and each independent variable has been considered for linear technique. The
significant values in output are based on fitting a single model. Also linear regression equation was made
for different seasons maybe show those relationships
which are not observed using annual data.
The model for predicting Nitrogen dioxide was
determined using two multiple regression modelling
SURFHGXUHVRIµHQWHUPHWKRG¶DQGµVWHSZLVHPHWKRG¶
,QµHQWHUPHWKRG¶DOOLQGHSHQGHQWYDULDEOHVVHOHFWHG
DUHDGGHGWRDVLQJOHUHJUHVVLRQPRGHO,QµVWHSZLVH¶
which is better, all variables can be entered or removed from the model depending on the significance. Therefore only those variables which have
more influence on dependent variable are observed
in a regression model.

with four distinct seasons. Residential population
was 1,834,000 in 2011. Isfahan is built on the banks
of the Zayandeh-rud River. There are a lot of cars in
city and many factories and industrials place around
the city. Because of these problems Isfahan is one of
the most polluted cities in Iran. Hence a need was felt
to carry out an ambient air quality analysis in this
city.

RESULTS AND DISCUSSION
In Figs. 2, 3 and 4, the diurnal, monthly and
seasonal variations in concentration of Nitrogen dioxide have been presented. As shown in fig. 2 the
high concentration of Nitrogen dioxide occurs in the
morning and night. High traffic during these times
may be responsible for this high concentration.
Monthly concentration of the Nitrogen dioxide
shows the highest values in March and the least
amounts in June and July (Fig. 3). Seasonal concentration of Nitrogen dioxide showed the highest values in winter and the least in spring (Fig. 4). Unfortunately, all graphs showed that the concentrations
of the Nitrogen dioxide are upper than Primary
Standards of Nitrogen dioxide recommended by National Ambient Air Quality Standards (NAAQS) of
Iran (21 ppb), protecting human health. These results
are almost in good agreement other results obtained
in other cities like Shiraz [25], Tehran [26] and Ahvaz [27].

FIGURE 1
Two photographs from the same place in Isfahan showing impacts of dust pollution during recent years (left one in clean condition and right
one in worse condition).
Data and methodology. Three available sampling stations in the city called, Azadi, Bozorg-mehr
and Laleh, belong to Environmental Organization of
Iran were selected to represent different traffic loads
and activities.
The sampling has been performed every 1hour
daily for each pollutant during all months of 2010
and 2011. Among the measured data in the three stations Nitrogen dioxide was chosen. Then the averages were calculated for every hour, each month and
each season for the three stations by Excel. Finally
averages of data at three stations were used to show
air pollution situation as diurnal, monthly and seasonal graphs of concentration of Nitrogen dioxide in
the city.
Studying correlation of Nitrogen dioxide and
metrological parameters of synoptic station of city
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FIGURE 2
Diurnal variation of Nitrogen dioxide concentration in Isfahan.

FIGURE 3
Monthly variation of Nitrogen dioxide concentration in Isfahan.

FIGURE 4
Season variation of Nitrogen dioxide concentration in Isfahan.
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agreement with other results regarding Nitrogen dioxide assessment in other Iranian cities like Shiraz
[25], Tehran [26] and Ahvaz [27].
Correlation coefficients significant at the 0.05
level are identified with a single asterisk (significant), and those significant at 0.01 level are identified with two asterisks (highly significant).
Table of analysis of variance (Table 2) shows
ERWK UHJUHVVLRQV RI µHQWHU¶ DQG µVWHSZLVH¶ PHWKRGV
for annual condition are highly significant, indicating a significant relation between the different variables.
In Tables 3 the coefficients of Nitrogen dioxide
pollution model and regression lines for both enter
and stepwise methods in annual condition are presented. Regression coefficients, standard errors,
standardized coefficient beta, t values, and twotailed significance level of t have been shown in the
Tables.

TABLE 1
Correlation between air pollutants and Nitrogen
dioxide.
Pearson
Correlation
Sig.
(2-tailed)
N

CO
-.128**

O3
.562**

NOx
.675**

PM10
-.409**

SO2
-.143**

.018

.000

.000

.000

.008

344

344

344

344

344

Fresenius Environmental Bulletin

Table 1 shows the relationships between Nitrogen dioxide and other air pollutants. For example the
concentration of Nitrogen dioxide shows negative
correlation with PM10 and SO2 while it shows positive correlation with O3 and NOx. NO2 like most of
pollutants is increased when traffic and industrial activity are increased while PM10 in this city, which its
main source is detached, soils from western neighbors like Iraq. These results are almost in good

TABLE 2
7DEOHVRIDQDO\VLVRIYDULDQFHIRUERWKUHJUHVVLRQVRIµHQWHU¶ D DQGµVWHSZLVH¶
(b) methods for annual condition.
Analysis of variance (a)
Model
Sum of Squares
df
Mean Square
Regression
3093.106
6
515.518
Residual
23385.068
258
90.640
Total
26478.173
264
Predictors: (Constant), Rain, Wind direction (max), Wind speed (max),
Temperature (max), Temperature (min) and Evaporation.
Dependent Variable: Nitrogen dioxide

F
5.688**

Sig.
.000

F
14.751**

Sig.
.000

Analysis of variance (b)
Model
Sum of Squares
df
Mean Square
Regression
2679.737
2
1339.868
Residual
23798.437
262
90.834
Total
26478.173
264
Predictors: (Constant), Wind speed (max), Temperature (max)
Dependent Variable: Nitrogen dioxide

TABLE 3
Coefficients of Nitrogen dioxide pollution model and regression lines for both enter (a) and stepwise (b)
methods for annual condition.
Coefficients (a)
Model

(Constant)
Evaporation
Temperature max
Temperature min
Rain
Wind direction max
Wind speed max

Unstandardized Coefficients
B
45.616
.660
-.346
-.336
-.002
.002
.449

Std. Error
3.512
.342
.221
.271
.331
.006
.221

Standardized
Coefficients
Beta
.229
-.288
-.217
.000
.020
.129

t

Sig.

12.988
1.930
-1.565
-1.244
-.006
.311
2.031

.000
.055
.119
.215
.995
.756
.043

t

Sig.

19.724
-5.071
2.369

.000
.000
.019

Dependent Variable: Nitrogen dioxide

Coefficients (b)
Model

Unstandardized Coefficients

(Constant)
Temperature max
Wind speed max

B
46.163
-.358
.485

Std. Error
2.340
.071
.205

Dependent Variable: Nitrogen dioxide
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Beta
-.298
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consideration consumption of fossil fuel especially
Motor vehicles. Half of emission of (VOC) Hydrocarbons and NOx in cities is by Motor vehicles. The
automobile exhaust produces 75% of total air pollution. It releases poisonous gases of CO (77%), NOx
(8%) and Hydrocarbons (14%) [1]. On the other
hand, R in enter method (0.34) is equal to stepwise
method (0.32), showing no difference. Therefore,
second equation based on stepwise method can be
used to predict Nitrogen dioxide in the city instead
of using first equation which needs more data. On
the other hand, no difference between the two R values indicates that the excluded variables in second
equation have less effect on measuring of Nitrogen
dioxide in the city.
Beta in Table 3 shows those independent variables (meteorological parameters) which have more
effect on dependent variable (Nitrogen dioxide). The
beta in the both Table 3 shows a highly significant
effect of some variables like temperature compared
to other meteorological parameters for measuring the
Nitrogen dioxide which is close to the results of Shiraz [25], Tehran [26] and Ahvaz [27].
Parameter Sig (P-value) from Table 3 shows
amount of relation between Nitrogen dioxide and
meteorological parameters. For example, Table 3a
shows Wind speed max has higher effect than other
parameters on Nitrogen dioxide.
On the other hand, in Table 4 the linear regression equations of Nitrogen dioxide amount are presented for both enter and stepwise methods for different seasonal condition. Almost all of the models
except summer models are significant. Stepwise
methods show those meteorological parameters
which are most important during these seasons for
estimating the pollution. Among the models, autumn
models have the highest R which these results for
different seasonal condition differ a little from the
results of Tehran [26] and Shiraz [25]. R amounts in
spring, winter and autumn models are higher than in
annual models, also indicating that relations between
the pollutant and meteorological parameters are
stronger than whole year during these seasons.

The linear regression equations show that the
Nitrogen dioxide pollution depends on the meteorological parameters and also give an idea about the
levels of relations. The linear model equations after
XVLQJµHQWHUPHWKRG¶DQGµVWHSZLVHPHWKRG¶IRUDQ
nual condition are:
Nitrogen dioxide DPRXQW SSE  XVLQJ µHQWHU
method¶ IRU DQQXDO FRQGLWLRQ     
Evaporation + (-.346) Temperature max + (-.336)
Temperature min + (-.002) Rain + (.002) Wind direction max + (.449) Wind speed max R= .342 (significant
at 0.01)
Nitrogen dioxide DPRXQW SSE XVLQJµVWHSZLVH
PHWKRG¶ for annual condition = 46.163 + (-.358)
Temperature max + (.485) Wind speed max
R= .318 (significant at 0.01)
Results of linear regression model show that
Temperature max have reverse effect on concentration
of Nitrogen dioxide. So that when these parameters
increase, the concentration of Nitrogen dioxide decreases. While, when Wind speed max increases, the
concentration of Nitrogen dioxide significantly increases (Table 3b). Other meteorological parameters
show different effects on Nitrogen dioxide amounts
although these results are not significant. For example rainfall has reverse effect on concentration of Nitrogen dioxide (Table 3a). These results are almost
in good agreement with other results regarding Nitrogen dioxide measurements in other Iranian cities
like Shiraz [25], Tehran [26] and Ahvaz [27] and
other regions [14, 16, and 18]. Actually some of
these events happen in real condition. Increasing in
rainfall, and temperature (inversion happens in low
temperatures) usually decrease most of air pollutants
[7].
The values and significance of R (multiple correlation coefficients) in both equations show capability of them in predicting Nitrogen dioxide amount.
The amount of Adjusted R2 in both equations is almost 0.10 showing that different parameters used
can calculate almost 10% variability of Nitrogen dioxide. This result indicates for predicting most of air
pollutants like Nitrogen dioxide, we should take into

TABLE 4
Nitrogen dioxide amount (ppb) using two methods of enter and stepwise for different
seasonal condition.
season
Spring

Summer

Enter method
= 61.402 + (.019) Evaporation + (-.160) Temperature max +
(-1.162) Temperature min + (-.196) Rain + (-.020) Wind direction max + (.321) Wind speed max
= 28.095+ (.072) Evaporation + (.416) Temperature max + (.586) Temperature min + (-.783) Rain + (-.001) Wind direction max + (.603) Wind speed max

R
.624
(0.01 significant)
.244
(not significant at 0.05)

Autumn

= 52.479 + (.087) Evaporation + (-.957) Temperature max + .640 (signifi(.775) Temperature min + (-.103) Rain + (-.001) Wind direc- cant at 0.01)
tion max + (-.526) Wind speed max

Winter

= 61.402 + (.019) Evaporation + (-.160) Temperature max +
(-1.162) Temperature min + (-.196) Rain + (-.020) Wind direction max + (.321) Wind speed max
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.624 (significant at 0.01)

Stepwise method
= 61.044 + (-1.304)
Temperature min + (.018) Wind direction max
-

R
.614 (significant at
0.01)

Not prepared by
software showing
no significance
relationship
= 51.797 + (-.905) Tem- .639 (significant at
perature max + (.747)
0.01)
Temperature min + (.549) Wind speed max
= 61.044 + (-1.304)
.614 (significant at
Temperature min + (0.01)
.018) Wind direction max
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proportion of pollutants. Therefore, as far as possible, some strategies like reduction in the number of
imported vehicles and the proportion of distance
travelled by vehicles etc. can be applied to implement the pollution reduction [28, 29, and 30].

To test which annual model is better to use,
RMSE (Root Mean Square of Error) is calculated for
different linear models of enter and stepwise. Predicted amounts using the different annual models for
25 days during 2011 are calculated and compared
with observed data during those days using RMSE
equation:
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Oobs: observed NO2 value
OPre: predicted NO2 value using model
The values of RMSE in both linear models of
enter and stepwise is equal (16) show capability of
stepwise model in predicting NO2 amount compared
to enter model due to easy calculation. This result
which is the same as the other results [25, 26, and
27] indicate for predicting most of air pollutants like
Nitrogen dioxide, we may take into consideration
only linear models of stepwise which need less data
compared to enter model and also its calculation is
easier than other models. Results showed that quantities of NO2 in different seasons and whole year
could be estimated by climate parameters. Results
also indicated that relations between the NO2 and
meteorological parameters are stronger than whole
year during the seasons.
Actually it shows that NO2 levels during the
seasons may have larger peaks of NO2 than whole
year. The findings of the current study should be
considered with its limitations.
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$%#%

are the most common symptoms of the diseases [1].
The most important factors responsible for these
symptoms are the diseases like grey mould [2].
Among the diseases Alternaria leaf blight caused by
&$ $ &$ & is one of the most destructive
disease, commonly prevailing in almost all chrysanthemum growing [3]. Septoria leaf spot has a wide
geographical distribution, including the Asian,
American and European regions [4]. The situation is
similar with white rust (CWR) caused by ' 
!$  [5, 6]. Recommended fungicides are often
effective but windy weather weakens their effectiveness. In Poland the pesticides should be applied with
wind less than 4 m/sec and that is why attempts are
being made to improve the effectiveness of spraying
and looking for a modern method of application [7,
8]. The main goal in pest-management research is to
improve pesticide application technology for its effective action and rapid dissipation from crop tissuses [9].
Effectiveness of spraying depends largely on
technique which was used for doing it. In practice of
plant protection different types of nozzles are used.
In field spraying flat-stream standard nozzles are
used most frequently. With higher work pressure
they give small and very small droplets which perfectly cover the spraying surface but are prone to
drifting. The second kind of tested nozzles were airejector nozzles. These nozzles generate a lot of aerated droplets which are less prone to drifting and to
a lesser extent cover the spraying surface. Nowadays
on the labels of pesticides there is information on parameters of doing spraying and recommended spectrum of droplets [10, 11].
The aim of investigation was to determine the
influence of the fungicides sprayed by means of
standard and thick drop nozzles on the healthiness of
the cv. Tripoli Dark and to estimate the fungal communities colonising the chrysanthemums grown in
the field in Czeslawice, Lublin region. 

The aim of our investigation was to evaluate
three fungicides for their antifungal activity against
fungi occurring on chrysanthemum plants using two
types of nozzles: standard RS-MM 110 03 and ejector type ID 120 03 C.
Studies of three years (2007-2009) were conducted at Czesławice in the south-east of Poland.
The objects of research were the plants of cultivar
Tripoli Dark. The following agents were used for
protection: Dithane NeoTec 75 WG, Sumilex 500
SC and Amistar 250SC. Observations were carried
out in October in each year. Diseased plants were
collected for mycological analysis. Plants with
symptoms of stem and root rot, leaves yellowing and
wilt were noticed on the investigated plantations.
The results of mycological analysis showed that
chrysanthemum plants were colonized by '%$'
spp., $!&  spp. and &$ $ spp. Among
isolated fungi &$ $ &$ &, '%$' !)
*%"!$' '%$'( 'and $!& %
$!&!$' predominated among pathogenic species.
The best health status and the lowest number of colonies were noticed on plants protected by azoksystrobine with both types of nozzles.
)(!#$
Chrysanthemum, root and stem rot diseases, ejector nozzles

 %#!&%! 
Chrysanthemum ( $*% &' $ !
$'Ramat. /Kitam) is one of the most beautiful and
the oldest flowering plants commercially grown in
different parts of the world. There has been constant
demand for chrysanthemum flowers from European
market. However, it is difficult to get good quality
exportable blooms, higher yields and long lasting
postharvest life of the cultivars under open and cover
conditions. The beauty of chrysanthemums is
spoiled by many soil-borne and air-borne pathogens.
Necrotic lesions on roots, stems and leaves and wilt
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@9/:36/7<+5./;317+7.6+7+1/6/7<The
experiment was conducted at the Agricultural Research Station in Czeslawice, Lublin region, Poland
(51°18’23’’N 22°16’02’’E). The experiment was
conducted in a randomized complete blocks design
with four replicates where block was the random effect. The chrysanthemum plants were planted in the
field in mid May in 60 × 60 spacing. The experimental combination consisted of 36 plants of each
cultivar (9 plants in 4 replicates). Chrysanthemum
cultivar Tripoli Dark received three levels of fungicide treatments: (1) – non treated control and (2)three fungicide applications with use of standard RSMM 110 03 (Marian Mikołajczyk) sprayers and (3)
- three fungicide applications with use thick drop
nozzles ID 120 03 (Lechler). Fungicide was applied
starting 6 weeks after planting and repeated every 14
days thereafter. Three products were used: Dithane
NeoTec 75 WG, Sumilex 500 SC and Amistar 250
SC (Table 1).

and then surface disinfected with for 1 minute.
Disinfected plant material was rinsed 3 times in
distilled water. Next, 3 mm fragments were placed
on mineral medium in Petri dishes [16]. For each
experimental treatment 10 dishes with plant
material, 10 plant fragments, were prepared and
incubated in the thermostat at 20–22ºC for 7 days in
darkness. The obtained fungal colonies were
transferred to potato dextrose medium (PDA, Difco)
and identified to the species with the available
monographs.
#$&%$
(/+<2/: Weather conditions in 2007–2009
were very favourable for the development of fungal
diseases (Tab. 2). Average precipitation per month
from May to the end of October in 2007, 2008, 2009
was 22,6 to 125,8mm respectively (according to
Czeslawice Meteorology Station).
00/-<3>/7/;; 80 0=713-3./; $<=.A 37 <2/
03/5.Several symptoms were observed on diseased
plants: yellowing (Fig. 1) and necrosis of leaves (Fig.
2), stem and root rot (Fig. 3) and tracheomycosis.
Weather conditions in 2007–2009 were very favourable for the development of grey mould and alternariosis (Tab. 2). The highest mean effectiveness of
fungicides in 2007 was noticed for Amistar 250 SC
with thick drops nozzles (29%) and the lowest one
for Dithane NeoTec 75WG with standard nozzles
(17%). In 2008 the highest mean effectiveness of
fungicides was noticed for Amistar 250 SC with
thick drops nozzles (65%) and the lowest one for Sumilex 500SC with standard nozzles (23%). The
highest mean effectiveness of fungicides in 2009
was noticed for Amistar 250 SC with standard nozzles (27%) and the lowest one for Amistar 250 SC
with thick drops nozzles (10%) (Tab. 3). Effectiveness of fungicides for the tested fungicides varied
statistically and its values depended on pesticides
and weather conditions (Tab. 2).

(/+<2/: 9+:+6/</:; Weather parameters,
measured at Meteorological Station, were achieved
from the Laboratory of Agrometeorology
(Czesławice Meteorology Station).

00/-<3>/7/;;800=713-3./;The healthiness of
plants was estimated at the blooming period in October using McKinney’s formula [12]. Effectiveness
of fungicide was estimated using Abbot’s formula
[13]: S=(A-B)/A x 100% (S- effectiveness, A - diseases index in the control object, B - diseases index
in the object with protection).
The results were statistically tested with
ANOVA using Statistica 10 software (StatSoft) [14].
A-85813-+5 +7+5A;3; 80 95+7<; During
flowering (end of October), 6 randomly selected
chrysanthemum plants were sampled from each plot.
The diseased plants (roots, stems and leaves) were
analyzed in laboratory. Plant material was
precleaned, rinsed with running water for 20 minutes

% 
-<3>/371:/.3/7<;800=713-3./;=;/.3737>/;<31+<387
Active
Producer
ingredient
Control
Dithane NeoTec 75 WG
WG
mancozeb
Dow AgroSciences Polska
Dithane NeoTec 75 WG- ID
WG
mancozeb
Dow AgroSciences Polska
Sumilex 500 SC
SC
procymidone
Sumi-Agro Poland
Sumilex 500 SC - ID
SC
procymidone
Sumi-Agro Poland
Amistar 250 SC
SC
azoksystrobine
Syngenta Polska Sp. z o.o.
Amistar 250 SC - ID
SC
azoksystrobine
Syngenta Polska Sp. z o.o.
Pressure of spray amounted to 3 bars and working speed was 4 km/h
Combination

Formulation
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Dose
(%)
0,2
0,2
0,1
0,1
0,1
0,1
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% 
>/:+1/687<25A</69/:+<=:/C+7.:+370+5537687<2;66
Year
2007
2008
2009
Multiannual mean for 1951–2005

V
14.9
12.5
12.7
13.0

Average monthly temperature (°C)
VI
VII
VIII
IX
V
18.2 18.8 18.8 13.0
46.4
16.8 18.4 18.6 12.1
103.8
15.9 19.6 18.3 15.2
72.2
16.2 17.8 17.7 12.6
57.7

Sum of rainfall in months (mm)
VI
VII
VIII
IX
85.1
70.0
31.4
105.1
30.2
77.1
55.1
78.2
125.8
55.6
57.5
22.6
65.7
83.5
79.2
51.6

&# 
)/558?371805/+>/;80-2:A;+7<2/6=6+7.03:;<7/-:8<3-;98<;

&# 
/-:8<3-;98<;875/+>/;80-2:A;+7<2/6=6
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&# 
/-+A37180,+;+5;</6;
% 
00/-<3>/7/;;800=713-3./;
86,37+<387
Control
Dithane NeoTec 75WG
Dithane NeoTec75WG -ID
Sumilex 500 SC
Sumilex 500 SC - ID
Amistar 250 SC
Amistar 250 SC - ID
HSD

2007
ID
45,250a*
32,500ab
34,250ab
35,000ab
36,750ab
21,750ab
20,750b
24,182

Eff
17
22
20
25
21
29

Year of research
2008
ID
81,500a
71,750c
74,250bc
82,000a
78,000ab
58,000d
57,500d
4,9861

Eff
24
56
23
61
47
65

2009
ID
21,000a
16,500a
18,750a
17,250a
17,250a
15,250a
18,500a
11,458

Eff
20
11
17
17
27
10

* values marked with the same letters (a, b, c...) within columns do not significantly differ at 5% error
To define the degree of covering plants with
fungicide when doing plant spraying with two kinds
of nozzles, water sensitive papers were placed on
plants on the upper part. After spraying the papers
were scanned and the obtained image was analysed.
The image analysis was done with the use of ImagePro Premier 3D. The degree of covering the water
sensitive papers was defined in percentage. The
diameter of droplets which fell on the plants was
measured and the number of droplets which were on
the analysed surface was defined. Percentage share
in particular fractions of droplets in eight size
intervals was defined. Average results from eight
measurements for each kind of nozzles were
presented in Table 1 [15].


The results of three-year investigation showed
that the type of atomizer had no effect on the populations of chrysanthemum pathogens. We saw the
differences between monitored fields where we didn't carry out the security plants and fields where was
this operation. On the monitored fields all plants had
diseases symptoms. The chemical preparation which
used have influence on this illness. The best was
Amistar 250 SC chemical preparation especially in
2008. More effective was Amistar 250 SC and Sumilex 500 SC preparations which used in thick drops
nozzles ID" with broad-spectrum of drops. Where
we used Dithane NeoTec 75 WG preparation and
standard RS-MM nozzles all plants were infect with
lots of symptoms. Because we didn't have enough
parameters we must continue more investigation
about effectiveness protection at use of different
kinds of nozzles.
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% 
%2/./1://80-8>/:371<2/;9:+A/.;=:0+-/?3<2<2/=;/80<?8437.;80;9:+A37178BB5/;

>/:+1/;+695/0:86#$ >/:+1/;+695/0:86/-25/:




Sample surface area [mm2]
1000,00
1000,00
Droplets surface area [um2]
4968647,25
1168369,53
Degree of covering [%]
49,19
22,81
Number of droplets [pcs.]
360
199
%
%2/+>/:+1/./1://80-8>/:371<2/;9:+A/.;=:0+-/37;3B/37</:>+5;80.:895/<;08:<?8437.;80</;</.
78BB5/;

Range
[um]
0-49
50-99
100-249
250-399
400-599
600-999
1000-1499
1500 i pow.

>/:+1/;+695/0:86#$ 
Droplets
%
Number of
surface area sample area
droplets
[um2]
[%]
[pcs.]
105411,26
1,04
226
312333,04
3,09
65
1261450,60
12,49
53
1184517,21
11,73
12
707590,34
7,01
3
388391,50
3,85
1
173218,61
1,71
1
835734,68
8,27
1

To measure the degree of covering water
sensitive papers were used. The papers were attached
to leaves of sprayed plants. On each paper the area
of 1000 mm2 surface was analysed. On the basis of
the image analysis of the measured surface it was
stated that droplets generated by standard atomizers
RS MM gave the average degree of covering 49,19%
of the spayed surface and the number of these
droplets was 360 pieces. Whereas, with the same
parameters of spraying, the average degree of
covering with droplets generated by air-ejector
atomizers was 22,81% and the number of droplets
was 199.
Analysing the average degree of covering the
sprayed surface in 8 size intervals of droplet trace for
two kinds of tested nozzles (tab. 2) it was stated that
standard nozzles generated the most droplets from
the size interval from 0 to 49 um. Average uniformity
of these droplets was 226 pieces, while these
droplets covered only 1,04% of the tested area. The
largest degree of covering for standard nozzles was
occupied by droplet traces from the size interval 100249 um (12,49%) and 250-399 um (11,73%) for
which the number of droplet traces was respectively
53 and 12 pieces. In another size intervals of droplet
traces their number was little 1-3 but their degree of
covering was quite considerable and they occupied
almost the half of the area covered by droplet traces.
It was caused by the fact that traces of largest
droplets joined together creating the uniform
surface.

>/:+1/;+695/0:86/-25/:  
Droplets
%
Number of
surface area sample surface
droplets
[um2]
[%]
[pcs.]
168755,84
1,67
85,33
662774,30
6,56
48,17
911738,46
9,03
28,00
404589,92
4,01
4,33
120516,02
1,19
0,67
359321,23
3,56
32,67
0,00
0,00
0,00
0,00
0,00
0,00

Air-ejector nozzles also in the largest number
generated droplets whose trace was in the interval
from 0 to 49 um. The number of these droplet traces
was 85 pieces and the surface covered with them
occupied 1,67% of the analysed area. The largest
percentage participation of the covered area was
occupied by droplet traces from the interval 100-249
um. The number of these traces was 28 pieces. A
quite considerable number of droplet traces in this
type of nozzles was occupied by traces from the
range 600-999um, their average number was 33
pieces and the area which they occupied was 3,56%
of the analysed surface. In this type of nozzle there
was no signs of droplets bigger than 1000 um.
The analysis of the image of the sprayed
surface with two kinds of nozzles showed that
standard nozzles give higher degree of covering and
traces of particular droplets join together in bigger
areas; whereas air-ejector nozzles give a smaller
degree of covering and the number of droplets
generated at these nozzles is smaller.

A-85813-+5+7+5A;3;8095+7<;In 2007–2009
from roots, as the result of mycological analysis,
1456 fungal colonies belonging to 17 species were
isolated. The predominating species were &$ $
&$ &, '%$' spp., !&$*&%  $ and
$!&  %$!&!$' (Tab. 6). More colonies
were obtained in autumn than in summer. From
stems were isolated 1689 fungal colonies belonging
to 20 species (Tab. 7). In 2007–2009 from leaves
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1140 fungal colonies belonging to 18 species were
isolated (Tab. 8).
&$ &, '%$' spp. and %$!&!$'
predominated among fungi which are regarded as
pathogenic. The occurrence of indiwidual species of
'%$' depended on the used fungicides.  !)
*%"!$' was isolated frequently from all plant organs especially from plants treated by azoksystrobine with both types of nozzles. Numerous colonies of ( 'were obtained every year especially from chrysanthemum roots and stems

treated with mancozeb, procymidone and azoksystrobine. &$ & occurred on all plants but more
frequently on plants treated with mancozeb and procymidone.  %$!&!$' colonised frequently
leaves and stems. Also three other fungi:  !&'
%%"!$', %!  and $*% & were isolated frequently. +!&!  %! ,  %$!&
!$',   $ and  %&$'& % colonised the
plants very rarely.

%
=713-85873B371:88<;80-2:A;+7<2/6=6
)/+:

=71=;;9/-3/;








&$ $&$ & (Fr.) Keiss.
!&$*&% $ Pers. ex Fries.
* $!$"! %&$'& %(Zins.) Sch.
"!' $' Link
'%$'( ' (Corda ex Fries) Sacc.
'%$'#'%& (Corda) Sacc.
'%$'!)*%"!$' Schlecht.
!'& '&' Gill. et Abb..
'!$'! Mich. Ex St.-Am.
 ')" %' Link ex S.F.Gray
 &"!$'%''$% Kühn
$!& %$!&!$' (Lib.) de By
$!$$+ ' Rifai
$!$!   Oud.
total
&$ $&$ & (Fr.) Keiss.
%"$'% $ van Tieghem
!&$*&% $ Pers. ex Fries.
"!' $' Link
'%$'( ' (Corda ex Fries) Sacc.
'%$''!$' (Smith) Sacc.
'%$'#'%& (Corda) Sacc.
'%$'!)*%"!$' Schlecht.
'!$'! Mich. Ex St.-Am.
 ')" %' Link ex S.F. Gray
$!& %$!&!$' (Lib.) de By
$!$$+ ' Rifai
$!$!   Oud.
$&' Kleb.
total
&$ $&$ & (Fr.) Keiss.
!&$*&% $ Pers. ex Fries.
* $!$"! %&$'& % (Cooke&Hark.)
"!' $' Link
'%$'( ' (Corda ex Fries) Sacc.
'%$'#'%& (Corda) Sacc.
'%$'!)*%"!$' Schlecht.
!'& '&' Gill. et Abb..
 ')" %' Link ex S.F.Gray
 ' $ % (Bain.) Thom
&*'!&$*!%' Wallr.
 &"!$'%''$% Kühn
$!$$+ 'Rifai
$!$!   Oud.
total

87<:85

58
16
6
14
13
21
6
10
11
22
21
21
2
14
235
13



















































3<2+7/
$

56
41









$=635/@
$

21
12

63;<+:
$

12
16

2

2

2

12

1

2

1
14
32
22
4

8
14

4
11
2

1
6

4

8

4

11
11
14
1
119

1

1

2
69
29
11

32
12

1
33
41

4
12
2
1

5

23

3
3
3

23
2
14

4

12

8

1
18
51
31
34
8
21
22

6

6

2
2
7

2
14
12

6

31

6

3
2

11

12
5

90
6

43

121

4
2
6
4
14
70
2

12
32
21
14
22
248
2
2

4

4
6
4

18

2

18

3
37
11
2
4
4
2
13

7
7

11
6

13
7

26

7

1

8

4

6

6
4
4
2

3

47

37
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2
46

2
8

8

17

8

28

38

5
49

40

%8<+5



216 (38)
16(3)
10(2)
34(6)
43(7)
33(6)
38(7)
11(2)
11(2)
25(4)
34(6)
32(6)
18(3)
50(8)
571
148 (24)
49(8)
36(6)
47(8)
51(8)
17(3)
4 (1)
65 (11)
19 (3)
25 (4)
46 (8)
45 (7)
21 (3)
36 (6)
609
28(10)
2(1)
28(10)
6(2)
22(8)
2(1)
97(35)
7(3)
15(5)
6(2)
6(2)
48(17)
2(1)
7(3)
276
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=713-85873B371;</6;80-2:A;+7<2/6=6
)/+:


















































=71=;;9/-3/;


&$ $&$ & (Fr.) Keiss.
%"$'% $ van Tieghem
!&$*&% $ Pers.ex Fries.
!%"!$'!%"!$!% (Fres.) deVries
* $!$"! %&$'& % (Cooke&Hark.)
&!'!!% Palliser
'%$'( ' (Corda ex Fries) Sacc.
'%$''!$' (Smith) Sacc.
'%$'#'%& (Corda) Sacc.
'%$'!)*%"!$' Schlecht.
'%$'%"!$!&$!% Scherb.
!'& '&' Gill. et Abb..
 '($$'!%' Dierckx
!$*% &! Hollos
 &"!$'%''$% Kühn
$!& %$!&!$' (Lib.) de By
$!$$+ ' Rifai
$' & '%&& (Pers.ex Lk) Hughes
total
&$ $&$ & (Fr.) Keiss.
!&$*&% $ Pers.ex Fries.
"!' $' Link
'%$'( ' (CordaexFries) Sacc.
'%$''!$' (Smith) Sacc.
'%$'#'%& (Corda) Sacc.
'%$'!)*%"!$' Schlecht.
'!$'! Mich.Ex St.-Am.
 ')" %' Link ex S.F.Gray
$!& %$!&!$' (Lib.) de By
$!$$+ ' Rifai
$&' Kleb.
total
&$ $&$ & (Fr.) Keiss.
!&$*&% $ Pers.ex Fries.
* $!$"! %&$'& %(Zins.) Sch.
"!' $' Link
'%$'( ' (Corda ex Fries) Sacc.
'%$''!$' (Smith)Sacc.
'%$'#'%& (Corda)Sacc.
'%$'!)*%"!$' Schlecht.
!'& '&' Gill. et Abb..
 ' $ % (Bain.) Thom
 &"!$'%''$% Kühn
&*'!&$*!%' Wallr.
$!$$+ ' Rifai
$!$!   Oud.
total


87<:85

67
4
18
2
2
2
8
12
2
14
13
4
8
42
18
4
220
27
2
3
2
11
14
59
4
12
11
4
11





3<2+7/
$

18
2

4
2
2
3
4

14
9

2
3

2
2

14
2

14

$=635/@

32





63;<+:
$

8
2

3
31
12
2
109

5

2

2

4

2

4
2
3

1

2
3
2

1

16
2

10

47
17
12
12
18
7
17
22
105
9

79
11
19
23
13
66
7

54
12
18
13
13
19
14
29
11
23
152
46

19

11
23

6
4
32
2
2

12
18
2
19

4

2
2

11

8
104

21
13
108

9
39

2
19
4

4

55

2
2

13
34
3

1
2

4

9



$&$$! 

$
41
3



14

12

12
91



10
2
53

2
3
2
5

53

1
13
2
31
18
7
19
9
14
13
80
9
2
8

1
9
39
7
21
27
21
13
28
19
175
3

10

4
2

%8<+5



170(31)
7(1)
32(6)
6(1)
6(1)
18(3)
23(4)
3(1)
26(5)
25(5)
4(1)
19(3)
33(6)
4(1)
14(3)
103(19)
48(8)
8(1)
549
124(20)
44 (7)
15 (2)
75 (12)
21 (3)
12 (2)
79 (12)
28 (4)
36 (6)
88 (14)
65 (10)
50 (8)
637
83(17)
14(3)
32(6)
17(3)
106(21)
64(13)
4(1)
48(9)
5(1)
10(2)
41(8)
4(1)
31(6)
44(9)
503

years and seasons what was probably due to weather
conditions as the high humidity of soil favours the
development of these species [18, 19]. !)*%"!$'
is known as the pathogen of chrysanthemum in many
countries [20]. Also  ( ' is regarded by
some researches as the cause of stem and root rot, as
well as flower blight [21]. %! , isolated mostly
from roots and stems, was observed also in other
countries as the cause of stem rot and leaves spot
[22]. %$!&!$' causes rots of many crops under conditions of high humidity. Such conditions occur under covers, especially in autumn. The pathogen has a great importance in many countries, especially in Asia [23].

The results of investigations showed the effect
of tested fungicides on the health status of chrysanthemums. During the time of experiment the statistically significant differences were observed despite
rather low disease indexProbably with stronger infection pressure it would be possible to observe the
greater differences in the effectiveness of tested fungicides with the application of various drop nozzles
[17]. The results proved that '%$' spp., %
$!&!$' and %!  were most probably the cause
of diseases of chrysanthemum grown in the field.
The populations of these fungi differed between
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14
10
53
6
4
8
11
3
2
4
13
128
4
6
5
2
4
6
8
35
35
2
4
10
4
4
14
21
2
14
12
122

 $*% &!  %&$ and  $*
% &, known for their pathogenicity to chrysanthemum [24, 25], were not isolated frequently
from analysed plants.
 &$ & is regarded very often as weak
pathogen but its importance for health status of many
crops is increasing recently. In Poland this species
was not connected with chrysanthemum diseases
while in China it caused considerable losses in chrysanthemum production [26]. Numerous populations
of &$ & obtained in our investigations suggest
further studies on its pathogenicity to chrysanthemum.
Frequently isolated antagonistic fungi, like
$!$ sp. or &!' sp., have a great influence on healthness of chrysanthemum plants due
to the reduction of pathogenic fungi number, especially in the soil [27].
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12
8

3
2

1
3

1
1
1

3
2

1
4

2
14
11
68

23
6
3
9
2

2
3
15
25
13
31
7
6
6
12
11
111
34
6

4

2
49

4
12
24
80

28
2
2
3
7
12
4
5

2
7
11
8
16
9
44
23

2
20
12
8
5
21
3
3
52
12

3
17
31
12
17
16
4
18
12
14
31
27
182
8
1

2

4
16

4
2

2
2

2

11
12
2
11

10
10
9

4
4
49

35

50

3
41

%8<+5



74(27)
11(4)
58(21)
24(8)
15(5)
8(3)
7(2)
25(9)
3(1)
4(1)
20(7)
34(12)
283
71(16)
35(8)
54(13)
35(8)
19(5)
31(7)
59(14)
26(6)
43(10)
23(5)
35(8)
431
147(35)
7(2)
23(5)
3(1)
48(11)
46(11)
6(1)
42(10)
23(5)
6(1)
32(8)
43(10)
426

It should be observed that with the application
of standard as well as ejector nozzles, the health status of plants was the best when the azoxystrobine
was used. Only in 2009 the disease index in this
combination did not differ from the control. The effectiveness of azoxystrobine as the active ingredient
is known for many years [28]. This fungicides has
also a positive effect on the physiological processes
in leaves [29]. During our experiment, the colour of
leaves on the plots treated with azoxystrobine was of
darker green. However, too often application of this
active ingredient might cause the resistance of fungi
[30]. The inconsiderable effect of nozzles might be
due to the weather conditions during the experiment
and the low infection pressure of pathogens on the
tested plants.
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A retrospective analysis of the widely used antibiotics all susceptibility testing results from
   and    cultured
from clinical specimens Muğla Sıtkı Koçman University Educatioan and Research hospital (January to
December in 2015) was performed. The new BD
PHOENIX automated microbiology system (Becton
Dickinson Diagnostic Systems, Sparks, Md.) is designed for automated rapid antimicrobial susceptibility testing and identification of clinically relevant
bacteria. Minimum Inhibitory Concentration (MIC)
results previously obtained in recent clinical isolates
with well-defined in isolates with well-characterized
resistance mechanisms with the microdilution
method were re-interpreted for the susceptible, intermediate and resistant categories using the 2012 EUCAST breakpoints. Clinical samples are most commonly isolated from tracheal aspirates, wound site,
blood, mucus, abcess, catheter, urine samples, throat
and nose cultures.   isolates were highly resistant to Ciprofloxacin (CIP), Cefepime (FEP), and
Aztreonam (ATM) 47%, %47 and 40% respectively.
Unlike   isolates were highly resistant
to Ampicillin/Sulbactam (SAM), ATM and FEP
58%, 53% and 50% respectively. Both of the bacteria showed the highest sensitivity rate to Amikacin
(AN) 98% and 90%   and   respectively. Out of the 60  strains 34 (57%) isolates showed Multiple Antibiotic Resistance (MAR)
two to ten antibiotics. Out of the 60  
strains 38 (63%) isolates showed MAR two to ten
antibiotics. Considering the antibiogram, AN and
Meropenem (MEM) should be preferred drugs for 
  and   infection isolated from clinical samples.



Antibiotic resistance in Gram-negative bacteria
is a major threat to public health [1-4]. Patients with
non-severe infections caused by multidrug-resistant
bacteria are subject to in-hospital intravenous therapy because there are no effective oral drugs available. Resistance to empirical antibiotic therapy results
in delayed appropriate antibiotic treatment for severe
infections, which is associated with increased mortality, prolonged hospital stay and higher costs [5-7].
Further, resistance challenges the achievements of
modern medicine, including advanced surgery and
immunosuppressive treatment, which are dependent
on effective antibiotics.
     and     
are two important members of Gram-negative rods
(Enterobacteriaceae), which belongs to a part of human gastrointestinal normal flora [8-10]. These organisms are substantial human pathogens which lead
to a wide spectrum of hospital and community-acquired infections such as urinary tract infection
(UTI), septicemia, pneumonia, peritonitis, meningitis, etc. [11, 12]. In the lack of appropriate treatment
of infections by these organisms, noticeable morbidities and mortalities will occur [13].
The aim of this study was to determine the
characteristics and patterns of antibiotic resistance
among isolates of      and   
  recovered from clinical specimens in
Muğla
! ! 

&(7*5.&0 .630&7*6 Ethical approval is was
taken before study. Because ofretrospective analysis, we did not patient approval.60    
and 60      were isolated from
clinical specimens from intensive care unit of internal medicine in Muğla Sıtkı Koçman University Education and Research hospital. Bacterial isolates
were identified to level of species and subspecies by
using the morphological and traditional biochemical

%$ 
   ,     , antibiotic sensitivity, clinical specimens, intensive care unit
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*6.67&2(*4&77*525*68076The results of resistance pattern of   isolates in our locality to
antimicrobial agents showed that the 60   and
60   strains tested against ten antimicrobial agents in Table 1.   isolates were highly
resistant to Ciprofloxacin (CIP), Cefepime (FEP),
and Aztreonam (ATM) 47%, %47 and 40% respectively. Unlike   isolates were highly resistant to Ampicillin/Sulbactam (SAM), Aztreonam
(ATM) and Cefepime (FEP) 58%, 53% and 50% respectively. Both of the bacteria showed the highest
sensitivity rate to Amikacin (AN) 98% and 90%
  and   respectively.
In our study, when we compared to resistance
of CIP,   isolates showed high antibiotic resistance with 47% CIP. Unlike   isolates showed resistance to CIP with 18%. Many researchers were reported resistance rate to CIP  
and  [20-22]. Our results were similiar
to Giray et al. (2012) [23] who also reported that
Ciprofloxacin resistance rate to   was 47%.
In this study, resistance of FEP   and
  47% and 50% respectively. Many researchers were reported resistance rate to FEP  
and  [24-27]. Our results were similiar
to previous researchers.
When it comes to resistance of ATM 
  isolates showed high resistance to ATM with
53%. Unlike   isolates showed resistance to
ATM with 40%. Many researchers were reported resistance rate to ATM   and  [2533]. Our results were similiar to Sabir et al. (2014)
[33] who also reported that ATM resistance rate to
  was 44.8%.
In our study, resistance of Norfloxacin (NOR)
were   with 35% and   with 32%.
Many researchers were reported resistance rate to
NOR   and   [34-36].Our results
were similiar to previous researchers.

tests and automatic diagnostic systems currently present in the market and commonly used for AST (Antimicrobial Susceptibility Testing) in clinical laboratories will therefore have to incorporate these criteria
in their instruments to meet the needs of European
microbiology laboratories according to standard
methods described by [14-16]. All isolates were obtained from patients at intensive care units. In total,
120      and     
were isolated from various clinical samples and detected by the PHOENIX (Becton Dickinson, USA)
at the microbiology laboratory of our hospital between from January to December 2015.The PhoenixTM Automated Microbiology System (BD Diagnostics, Sparks, MD, USA) is designed for the rapid
bacterial identification at the species level and determination of AST of clinically significant human bacterial pathogens [17].
27.'.3,5&1453+.0*3+&2)
  Minimum Inhibitory Concentration (MIC) results previously obtained in recent clinical isolates with well-defined in isolates
with well-characterized resistance mechanisms with
microdilution method were re-interpreted for the
susceptible, intermediate and resistant categories using the 2012 EUCAST breakpoints. Ten different
antibiotics were used.

807.40* 27.'.37.( *6.67&2(*  .2
)*:For all isolates, we calculated the MAR index
values (a/b, where a represents the number of antibiotics the isolate was resistant to, b represents the total number of antibiotics the isolate tested against).
A MAR index value ≥ 0.2 is observed when isolates
are exposed to high risk sources of human or animal
contamination, where antibiotics use is common; in
contrast a MAR index value <or = 0.2 observed
when antibiotics are seldom or never used [18-19].


! 
27.'.37.(5*6.67&2(*4&77*523+&2) .630&7*)+531(0.2.(&064*(.1*26.2.27*26.9*(&5*
82.7
Antibiotics

CIP 
FEP
ATM
NOR 
CXM
SAM
TZP
AMC
MEM
AN 


28(47%)
28(47%)
24(40%)
21(35%)
20(33%)
18(30%)
6(10%)
5(8%)
3(5%)
1(2%)




 

2(3%)

1(2%)

14(23%) 
4(7%) 
8(13%) 
2(3%)

-


32(53%)
30(50%)
36(60%) 
39(65%)
39(65%)
28(47%)
50(83%)
47(78%)
55(92%)
59(98%)


23(18%)
30(50%)
32(53%)
19(32%)
28(47%)
35(58%)
14(23%)
13(22%)
15(25%)
6(10%)










 

1(2%)
1(2%)
1(2%)
1(2%)
5(18%)
7(12%)
9(15%)
3(5%)



36(60%)
29(48%)
28(47%)
40(67%)
31(52%)
20(33%)
39(65%)
38(63%)
42(70%)
54(90%)

Abbrevations; CIP; Ciprofloxacin, FEP; Cefepime, ATM; Aztreonam, NOR; Norfloxacin, CXM; Cefuroxime sodium, SAM; Ampicillin/Sulbactam; TZP;Tazobactam/Piperacillin, AMC; Amoxicillin/Clavulanic Acid, MEM;
Meropenem, AN; Amikacin, -; No result.
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81'*53+(0.2.(&06&140*6&2)2)*: &2) 675&.26
Clinical
Samples in
Intensive
Care Unit
Urine
Tracheal
aspirate
Blood
Gaita
Vagen
Abces
Wound
Periton
Throat
Mucus

 
Number of
Isolates
37
6
4
1
6
4
1
1
-

 
Number of
Isolates

MAR
0(13isl), 0,1(4isl), 0,2(7isl), 0,3(1),
0,4(2isl), 0,5(3isl), 0.6(4isl), 0,7(1),
0,8(2isl)
0(1), 0,1(1isl), 0,5(2isl), 0,6(1isl),
0,7(1isl)
0,3(2isl), 0,4(2isl)
0,4
0(2isl), 0,1(3isl), 0,2(1isl)
0(1isl), 0,1(1isl); 0,2(1isl); 0,3(1isl)
0,3(1isl)
0,3(1isl)
-

35
10
5
2
2
3
1
2

MAR
0(9isl), 0,1(4isl), 0,2(3isl), 0,3 (3isl), 0,4(3isl),
0,5(1isl), 0,6 (5isl), 0,7(3isl), 0,8(1isl), 0,9(2isl),
1(1isl)
0(4isl), 0,2(2isl), 0,3(1isl), 0,4(1isl), 0,5(1isl),
0,8(1isl)
0(2isl), 1(1isl), 0,5(1isl), 0,9(1isl)
0(1isl), 0,5(1isl)
0(1isl), 0,5(1isl)
0,1(1isl), 0,8(1isl),1(1isl)
0,4(1isl)
0,4(1isl), 0,7(1isl)

MAR, Multiple Antibiotic Resistance Index, isl; isolates, -; No result.
Amsath (2013) [55] reported that the highest susceptibility pattern of bacterial isolates from respiratory
tract infection showed to AN like our study.

When we compared to resistance of Cefuroxime sodium (CXM)   isolates showed
high resistance to CXM with 47%, but   isolates
showed resistance of CXM with 33%. Many researchers were reported resistance rate to CXM
  and  [30, 37]. Our results were
similiar to previous researchers.
In this study,   resistance (58%)
of SAM were higher than   (30%). Many researchers were reported resistance rate to SAM
  and  [38-42].Our results were
similiar to Tsakris et al. (1997) [42] who also reported that SAM resistance rate to   was 32.1%
.
When we compared to resistance of Tazobactam/Piperacillin (TZP),   (23%) isolates showed more resistance than   (10%).
Many researchers were reported resistance rate to
TZP  and  [43, 44]. Our results
were similiar to Tsakris et al. (1997) [42] who also
reported that TZP resistance rate to   was
10.5%.
When it comes to resistance of Amoxicillin/Clavulanic acid (AMC),   (22%)
isolates showe more resistance than    
(8%). Many researchers were reported resistance
rate to AMC   and  [45-47]. Our
results were similiar to previous researchers.
In this research, Meropenem (MEM) and AN
were the most sensitive antibiotics to both of the isolates. While percentage of MEM sensitivity was
92% and 70%   and   respectively. Many researchers were reported resistance
rate to MEM  and  [36, 48-50].
Our results were similiar to Sohail et al. (2015) [51]
who also reported that MEM resistance rate to  
was 3%.
In our study, sensitivity rate of AN were  
with 98% and   with 90%. Many researchers were reported resistance rate to AN 
and   [23,31,52-54]. Manikandan and

 .2)*: 5*68076 Out of the 60  
strains 34 (57%) isolates showed MAR two to ten
antibiotics. 17 (28%) isolates showed no antibiotic
resistance especially isolated from urine samples.
Out of the 60   strains 38 (63%) isolates showed MAR two to ten antibiotics. Both of the
bacteria, 17 (28%) isolates showed no antibiotic resistance especially isolated from urine samples. The
MAR indices give an indirect suggestion of the probable source(s) of the organism. The results were
given Table 2. Some researchers have reported MAR
rate to   from 2% to 97% [56-58]. MAR is considered as a good tool for risk assessment. This also
gives an idea of the number of bacteria showing antibiotic resistance in the risk zone in the study’s routine susceptibility testing. This MAR index also recommended that all isolates, somehow, originated
from the environment where antibiotics were over
used% [59]. Notably, MAR indices for the clinical
isolates of   were generally lower than
    isolates recovered from same
conditions (Table 2).


"  
High antibiotic resistance of   
and   towards commonly used antibiotics are
the major reasons for prolonged infections, increased
hospitalization, increased cost of therapy and enhanced morbidity and mortality rates.  
  and   was found to be most sensitive to
AN and MEM. Considering the antibiogram, AN
and MEM should be preferred drugs for  
  and   infection isolated from clinical
samples. MAR indices for the clinical isolates of 
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 were generally lower than    isolates recovered from same conditions. The findings
in present the study suggest that there is an urgent
need for constant monitoring of susceptibility of
pathogens in different populations to commonly
used antimicrobial agents. The data of this study may
be used to determine trends in antimicrobial susceptibilities, to formulate local antibiotic policies and
overall to assist clinicians in the rational choice of
antibiotic therapy to prevent misuse, or overuse, of
antibiotics.
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mountains of gold and silver” to “green hills and
clear waters are mountains of gold and silver”, the
change in slogans reflects the central government’s
firm resolution in and strategic emphasis on environmental protection [4, 5]. In order to further
strengthen the environmental regulation in China,
the local government has been actively enacting environmental laws and regulations over the years,
seeking to improve the level of environmental regulation with a full-fledged system of laws and regulations. In 2014 alone, 31 local laws and regulations
and 27 local government rules were formulated
across the country [1]. In total, 391 local regulations
and 346 local government rules are currently in effect. Apart from the development of sound laws and
regulations, the local government have also strengthened the collection of sewage charges and stepped
up the investment in the control of environmental
pollution [6]. The country collected 2.08 billion yuan
of sewage charges in 2013, and invested 902.1 billion yuan on the control of environmental pollution
in 2014 [4].
In this background, what are the temporal and
spatial characteristics of environmental regulation in
China? Does the intergovernmental environmental
regulation bear clustering characteristics? So far,
scholars at home and abroad have studied the relationship between environmental regulation and FDI
[2, 6-14], the competitive strategy of intergovernmental environmental regulation [1, 15-22], and the
effect of environmental regulation on economic development [3, 23-29]. However, few of them have
examined the development trend and spatial distribution characteristics of China’s environmental regulation over the years. Aiming to fill up the gap, this
paper attempts to provide the government a panorama of the status quo and spatial distribution characteristics of China’s regional environmental regulation, and blaze a new trail in the improvement and
perfection of the level of regional environmental regulation in China.

Strict environmental regulation is the foundation and guarantee of the ecological civilization in a
country. Based on the data of total pollution control
investment in China from 2003 to 2014, this paper
uses spatial exploratory data analysis technology to
analyze the temporal and spatial evolution characteristics and spatial cluster trend of regional environmental regulation in China. It is discovered that,
from 2003 to 2014, the Global Moran's I values of
regional environmental regulation level fluctuates
between -0.0071 and 0.3599. In every year except
2010, the values are greater than 0.2. This indicates
the spatial distribution of environmental regulation
in China is not completely randomized. As for the
spatial cluster of environmental regulation, the highhigh cluster area with high environmental regulation
is concentrated in the eastern part of China, covering
2, 5, 3 and 5 provinces in 2003, 2007, 2011 and 2014,
respectively. The low-low cluster area with low environmental regulation is mainly distributed in the
western part of China. With the passage of time, the
high-high cluster area is expanding, while the lowhigh cluster area is gradually transforming into highhigh cluster area. Finally, this paper puts forward
some recommended policies on improving environmental regulation in China in light of the results.


(' "#
Regional environmental regulation, exploratory spatial
data analysis technology, spatial autocorrelation
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As China’s economic development enters a
new normal, the country has to simultaneously deal
with the slowdown in economic growth, make difficult structural adjustments, and absorb the effects of
previous economic stimulus policies [1-3]. The situation calls for the transition from the environmentalunfriendly extensive development mode to the green
development mode. From “we need both mountains of gold and silver and green hills and clear waters”, “green hills and clear waters are better than
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Exploratory spatial data analysis of environmental regulation in China

Spatial and temporal distribution
of environmental regulation

Spatial correlation analysis of
environmental regulation

Temporal evolution of
environmental regulation

Spatial autocorrelation
analysis of environmental
regulation

Spatial variation of
environmental regulation

Local spatial
autocorrelation analysis

Policy recommendations
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Zone
Beijing
Tianjin
Hebei
Shanxi
InnerMongolia
Liaoning
Jilin
Heilongjiang
Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong
Henan
Hubei
Hunan
Guangdong
Guangxi
Hainan
Chongqing
Sichuan
Guizhou
Yunnan
Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

2003
64.5
51.5
75.8
32.0
28.0
88.0
22.4
56.1
79.4
179.4
139.3
28.0
34.9
21.6
156.4
48.1
31.8
25.6
123.6
27.5
3.6
40.1
59.7
10.0
17.1
30.8
13.3
3.7
16.0
35.6

2004
65.4
42.7
91.2
45.0
44.3
118.9
35.4
61.3
70.3
205.0
158.3
41.3
52.6
29.6
191.9
61.1
44.8
29.0
112.2
32.0
7.2
48.2
74.7
15.4
22.6
35.7
16.5
6.3
18.1
37.8

2005
84.9
71.4
121.4
48.5
68.0
129.0
34.0
46.7
88.1
294.3
160.3
49.3
80.9
37.1
238.8
82.4
62.0
37.7
171.5
41.4
6.3
50.2
78.3
14.1
28.4
36.5
20.4
5.3
12.1
33.5

2006
165.5
40.8
132.2
63.2
104.8
145.8
42.3
54.2
94.3
282.7
140.3
52.0
59.8
37.5
258.1
95.1
67.7
54.0
160.4
41.2
8.3
60.1
71.1
19.8
29.0
41.0
27.8
6.1
21.3
23.3

2007
185.3
59.8
170.2
97.0
90.5
125.1
50.9
58.7
123.0
318.2
177.4
82.4
78.0
45.5
320.8
114.4
64.3
64.6
153.6
65.5
14.9
63.7
102.2
22.4
29.9
63.8
38.1
10.6
33.4
35.2

2008
152.9
68.1
208.3
140.9
135.0
163.7
59.6
98.8
153.5
395.9
519.7
139.0
83.1
39.2
432.2
109.9
90.1
91.4
164.6
93.0
12.7
67.3
100.7
23.2
44.1
75.5
31.2
18.1
30.9
47.7

$"#$ #

$1.8:.<2,*5 7*5A;2; :*6.?8:4 The purpose of this study is to analyze the temporal and spatial distribution characteristics of environmental regulation in China based on spatial exploratory data
analysis technology, and find the spatial agglomeration characteristics and changing trend of environmental regulation in China. As shown in Figure 1,
the research framework consists of the following
parts: First, the discussion of the spatial and temporal
pattern of environmental regulation. The national

2009
208.7
103.7
248.6
157.8
155.2
204.9
66.1
107.8
160.1
369.9
198.0
139.2
87.2
70.4
459.5
121.3
150.6
146.4
240.1
132.3
19.7
109.7
103.5
21.2
79.6
119.1
44.4
12.3
28.7
78.2

2010
231.4
109.7
370.9
206.9
238.9
206.5
124.2
131.3
134.0
466.4
333.7
179.9
129.7
156.5
483.9
132.2
146.8
106.6
1416.2
164.1
23.6
176.3
89.0
30.0
106.2
179.2
63.9
17.0
34.5
78.4

2011
213.1
174.9
623.9
248.5
395.9
376.5
101.2
152.7
144.8
575.8
238.7
267.5
198.4
241.2
614.1
163.3
259.8
127.3
332.6
161.5
28.0
259.2
140.1
64.9
119.2
153.3
59.6
26.2
57.4
132.7

2012
342.6
157.5
486.1
328.2
445.1
683.4
103.4
218.1
134.1
657.1
375.4
330.2
222.5
316.1
739.1
209.5
285.5
190.3
260.2
190.5
44.7
186.9
178.3
68.9
132.4
180.6
121.4
24.1
55.7
255.1

2013
433.5
191.3
490.0
337.2
506.8
347.6
105.4
298.5
187.6
881.0
390.4
506.0
282.9
239.6
848.0
288.1
252.7
233.9
351.9
217.8
26.6
173.3
234.0
109.7
197.1
221.7
176.2
36.7
72.4
318.7

2014
624.4
278.9
455.5
293.2
562.3
271.5
98.1
182.1
250.0
880.6
474.2
428.7
193.4
231.2
823.8
295.1
316.5
213.7
303.1
200.4
21.1
168.4
288.2
170.4
152.0
185.4
143.5
30.0
78.6
392.4

and provincial temporal variation and spatial distribution of environmental regulation are depicted
based on the data in China from 2003 to 2014. Second, it is the spatial correlation analysis of environmental regulation in China. The spatial autocorrelation characteristics of environmental regulation in
China are explored by the theory and method of spatial autocorrelation in spatial econometrics. Finally,
policy recommendations are given to enhance policy
recommendations are given to enhance in China.

".;.*:,1.<18-In China, the environmental regulation situation varies from province to province. During the promotion of corruption governance,
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it is of great importance to make rational zoning of
corruption control regions, identify key regions, and
take pertinent policies. Based on the theory and
method of spatial autocorrelation in spatial econometrics, this paper analyzes the correlation of corruption in each region. The term spatial autocorrelation refers to analyzing the correlation of the same
variable in different spatial locations. The analysis
methods include global spatial autocorrelation and
local spatial autocorrelation [30]. There are three
possible: positive spatial autocorrelation, negative
spatial autocorrelation and no spatial autocorrelation.
The theory and method of global spatial autocorrelation. Global spatial autocorrelation detects
the spatial pattern of the whole research area and
uses a single value to reflect the autocorrelation of
the entire region. In this paper, the global spatial autocorrelation index is adopted to calculate the global
spatial autocorrelation. The global spatial autocorrelation index is denoted as Global Moran’s I [28]. The
calculation process is given in formula (1).
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Where, N is the total number of regions, Wij is the
adjacency relation between regions i and j. In this research, the weight matrix is constructed based on
spatial adjacency relation. In other words, if region i
and region j share common vertex or common
boundary, Wij is 1; otherwise, Wij is 0.

*<* #8=:,. As is known to all, there is no
direct indicator of “environmental regulation”. The
existing literatures generally measure the intensity of
environmental regulation with alternative indicators.
These indicators either focus on investment or performance. The investment indicators include pollution reduction cost, pollution control investment, supervision and inspection frequency, and the government’s environmental expenditure; the performance
indicators consist of sewage charges and major pollutant emissions. Targeted at disclosing the intensity
of regional environmental regulation and analyzing
the provincial investment in environmental regulation, this paper chooses to measure the level of environmental regulation by the regional investment in
pollution control in reference to the practice of scholars like Li (2013) and Zhang (2016) [1, 32]. Total
investment in regional pollution control in China in
2003-2014 is shown in table 1.



 2 ∑∑ 
 =1  =1

2

Where

 =1

Where, Ii is the local spatial autocorrelation index; n
is the number of spatial unit data; Xi and Xj are the
attribute values of the spatial units i and j, respectively; Wij is the spatial weight coefficient matrix to
describe the adjacency relation of each spatial unit.
Establishment of the spatial weight matrix. The
spatial weight matrix expresses the spatial arrangement of the observable variables between different
regions. The adjacent relations between several regions are often illustrated by a binary symmetric spatial weight matrix (W) [31]. The matrix is expressed
as below:

 =1  =1
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1 
 = ∑ (  −  ) ,  = ∑ 
  =1
  =1
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In formula (1), I is the global spatial autocorrelation index, n is the number of spatial unit data, Xi
and Xj are the attribute values of the spatial units i
and j, respectively, Wij is the spatial weight coefficient matrix to describe the adjacency relation of
each spatial unit.
The global Moran’s I falls in the range of [-1,1].
When the index is greater than 0, the research area
exhibits positive spatial autocorrelation in the spatial
distribution, and the observable attributes are clustered; the positive correlation grows as the index approaches 1. On the contrary, when the index is
smaller than 0, the research area exhibits negative
spatial autocorrelation in the spatial distribution, and
the observable attributes are discretized; the negative
correlation grows as the index approaches -1. When
the index gets close to 0, the observable attributes
show no spatial autocorrelation and are randomly
distributed [28].
The theory and method of local spatial autocorrelation. Local spatial autocorrelation detects the association between each spatial unit and its neighbors
on a certain attribute. It can be expressed by local
indicators of spatial association (LISA). According
to the properties of spatial autocorrelation, this paper
calculates the autocorrelation of local space by the
local autocorrelation index, which is denoted as Local Moran’s I [31]. The calculation process is given
in formula (2).
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terms of temporal distribution, the Chinese government’s investment in environmental pollution control has increased year by year. From 154.41 billion
yuan in 2003 to 902.11 billion yuan in 2014, the national total investment in environmental pollution
has grown by nearly 5 times in the 12-year period.
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Figure 2 illustrates the variation of China’s total investment in regional environmental regulation in
2003-2014. As can be seen from the figure, the national total investment in environmental pollution
rises slowly from 2003 to 2006, and rather rapidly
from 2007 to 2013, and slows down in 2014. The
overall trend of growth shows: the environmental
protection awareness and the environmental regulation intensity of the Chinese government have been
growing year by year with the economic development.
In terms of spatial distribution, the provinces
differ significantly in the intensity of environmental
regulation. Figure 3 lists the total investment in environmental regulation by different provinces of
China in 2014. Jiangsu invests more money (88.06
billion yuan) in environmental pollution control than
any other province in 2014, followed by Shandong
(82.38 billion yuan) and Beijing (62.44 billion yuan).

By total investment in pollution control, Hainan and
Qinghai ranks lowest and second lowest in that year.
The total investment in pollution control by Jiangsu
is about 42 times that of Hainan. Hence, there is a
huge gap between the provinces in the investment in
environmental regulation.
#9*<2*5 =<8,8::.5*<287 7*5A;2; 8/ ".
0287*57>2:876.7<*5".0=5*<287(1) Global spatial autocorrelation analysis. For the purpose of exploring the spatial distribution characteristics and
clustering trend of China’s regional environmental
regulation, the global spatial autocorrelation index I
and the local spatial autocorrelation index Ii of
China’s regional environmental regulation in 20032014 are calculated by Geoda1.6.7. Table 2 presents
the results of the global spatial autocorrelation indexes. The following conclusions are drawn from the
table.
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Years
2003
2004
2005
2006
2007
2008

$ 
58+*58:*727-.@.;8/127*B;:.0287*5.7>2:876.7<*5:.0=5*<28727    

Moran
P-value
Years
Moran
P-value
0.270899
0.013
2009
0.309379
0.006
0.273369
0.014
2010
-0.007145
0.323
0.304102
0.004
2011
0.280477
0.011
0.267382
0.011
2012
0.237961
0.017
0.359937
0.006
2013
0.276695
0.006
0.318529
0.004
2014
0.235505
0.021
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0
-0,05

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

%" 
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There is a significant positive spatial autocorrelation between the provinces in environmental regulation. During the 12 year observation period, 2010
is the only year for which the global spatial autocorrelation index of the total investment in provincial
pollution control in China is negative; in the remaining 11 years, however, the indexes are always positive and proved acceptable in the significance test.
This indicates the spatial distribution of provincial
investment in pollution control in China is not completely randomized; instead, the similar values are
clustered together. Since the spatial autocorrelation
indexes are predominantly greater than 0, the provinces with high total pollution control investment
tend to be adjacent to the provinces with high total
pollution control investment, and the provinces with
low total pollution control investment tend to be adjacent to the provinces with low total pollution control investment. In other words, the adjacent provinces mostly bear the “high-high” or “low-low” spatial agglomeration characteristics, and rarely the
“high-low” or “low-high” spatial agglomeration
characteristics.
The spatial autocorrelation of the provincial
spatial regulation level is fluctuating. Figure 4 depicts the variation of the global spatial autocorrelation indexes of China’s regional environmental regulation level from 2003 to 2014. It can be seen that
the Global Moran's I value varies between -0.0071

and 0.3599 from 2003 to 2014. The minimum value
-0.007145 appears in 2010, and the maximum value
0.359937 appears in 2007. However, the overall
fluctuation is not fierce as the Global Moran’s I is
greater than 0.2 in every year except 2010.
(2) Local spatial autocorrelation analysis. The
DeoDA software is used to calculate the local Moran’s indexes of regional environmental regulation
levels in 30 Chinese provinces in 2003-2014, and to
obtain the Moran scatterplots of the corresponding
years. Due to space limitation, 2003, 2007, 2011 and
2014 are selected as typical years for analysis. The
results are shown in Figure 5.
It can be seen from Figure 5 that most Chinese
provinces are distributed in the first and third quadrants of the Moran scatterplots on environmental
regulation. There are 20 provinces falling into these
quadrants in 2003, 23 in 2007, 19 in 2011, and 16 in
2014. Overall, 66.67%, 76.67%, 63.33% and
53.33%of the provinces are located in in the first and
third quadrants of Moran scatterplots in the four
years, respectively. The distribution further testifies
that the regional environmental regulation in China
features significant spatial autocorrelation.
Figure 6 shows the LISA agglomeration maps
of China’s regional environmental regulation levels
in 2003, 2007, 2011 and 2014. As shown in Figure
6, China’s regional environmental regulation levels
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form different agglomeration areas in the local spatial distribution. The high-high agglomeration area
with high environmental regulation concentrates in
Jiangsu and Shanghai in 2002, Jiangsu, Shanghai,
Shandong, Hebei, Beijing and Tianjin in 2007, Shandong, Hebei and Anhui in 2011, and Jiangsu, Shandong, Anhui, Hebei and Tianjin in 2014. From 2003
to 2014, the number of provinces within the highhigh agglomeration area fluctuates, but the overall
trend is increasing. The low-low agglomeration area

Moran´s
I=0.359937





2

2

1

1

W_ER_2007

W_ER_2003


Moran´s

 I=0.270899

with low environmental regulation is mainly distributed in Xinjiang in 2003 and 2007, Xinjiang and Sichuan in 2011, and Sichuan in 2014. The high-low
agglomeration area with high environmental regulation covers Sichuan in 2007 and 2011, and Xinjiang
in 2014. The low-high agglomeration area with low
environmental regulation lies in Anhui in 2003 and
2007, Henan and Tianjin in 2011, and Shanghai in
2014.
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2007, 2011 and 2014, respectively. The low-low agglomeration area with low environmental regulation
is mainly distributed in the western part of China.
With the passage of time, the high-high agglomeration area with high environmental regulation is expanding, while the low-high agglomeration area with
low environmental regulation is gradually transforming into high-high agglomeration area. For example, Anhui gradually moves from the low-high
agglomeration area into the high-high agglomeration
area. Moreover, the low-low agglomeration area
with low environmental regulation is slowly changing to high-low agglomeration area. A typical example is Xinjiang, which evolves from the low-low agglomeration area with low environmental regulation
into the high-low agglomeration area with high environmental regulation.
In view of the correlations and differences between the Chinese provinces in environmental regulation level, the author puts forward the following
policy recommendations: First, the environmental
regulation policies should be adjusted in a timely
manner according to the temporal and spatial evolution pattern of regional environmental regulation.
Facing constantly changing provincial environmental regulation situation across the country, it is unwise to stick to the same policy throughout the years.
The government must note the dynamic changes in
various provinces and issue balanced policies on environmental regulation. It is clearly observed in the
empirical analysis that: the level environmental regulation in the eastern part of China is much higher
than that in the western part the country. Hence, the
Chinese government ought to further increase its investment and strike a balance between the investments on environmental pollution control in the eastern and western parts. Second, in light of the spatial
distribution of provincial environmental regulation
in China, the provinces within the high-high agglomeration area (the core provinces) and their neighboring provinces spend more efforts in environmental
pollution control; these provinces, particularly the
eastern provinces of Shandong and Hebei, should be
treated as the demonstration areas of environmental
pollution control, aiming to promote their experience
in environmental pollution control to other provinces, and elevate the regional environmental regulation intensity across the country.
Based on the data of provincial environmental
regulation in the country from 2003 to 2014, this paper explores the effective ways and makes policy
recommendations for regional pollution control in
China. Although it is more in-depth and inclusive
than the existing research, this study is subjected to
certain limitations. There are two main limitations.
First, the analysis of this research is entirely based
on the data from the 12 years from 2003 to 2014.
Objectively speaking, the period is rather short. Second, this is only a preliminary research into the tem-

For the overall spatial agglomeration of regional environmental regulation in China, the highhigh agglomeration area with high environmental
regulation is concentrated in the eastern part of
China, covering 2, 5, 3 and 5 provinces in 2003, 2007,
2011 and 2014, respectively. The low-low agglomeration area with low environmental regulation is
mainly distributed in the western part of China. With
the passage of time, the high-high agglomeration
area with high environmental regulation is expanding, while the low-high agglomeration area with low
environmental regulation is gradually transforming
into high-high agglomeration area. For example, Anhui gradually moves from the low-high agglomeration area into the high-high agglomeration area.
Moreover, the low-low agglomeration area with low
environmental regulation is slowly changing to highlow agglomeration area. A typical example is Xinjiang, which evolves from the low-low agglomeration area with low environmental regulation into the
high-low agglomeration area with high environmental regulation.


#%##  %# 
Based on the spatial exploratory analysis of environmental regulation in China in 2003-2010, the
following conclusions can be drawn: First, in terms
of temporal distribution, the Chinese government’s
investment in environmental pollution control has
increased year by year. From 154.41 billion yuan in
2003 to 902.11 billion yuan in 2014, the national total investment in environmental pollution has grown
by nearly 5 times in the 12-year period. In terms of
spatial distribution, the provinces differ significantly
in the intensity of environmental regulation. In 2014,
Jiangsu invests more money in environmental pollution control than any other province, while Hainan
makes the fewest investment in controlling environmental pollution. The total investment in pollution
control by Jiangsu is about 42 times that of Hainan.
Second, the spatial autocorrelation of the provincial
spatial regulation level is fluctuating. From 2003 to
2014, the Global Moran's I of China’s regional environmental regulation level fluctuates between 0.0071 and 0.3599. In every year except 2010, the
Global Moran’s I is greater than 0.2. The Moran
scatterplot analysis reveals that: 20, 23, 19 and 16
regions falls into the first and third quadrants in
2003, 2007, 2011 and 2014, respectively. This indicates the spatial distribution of provincial investment
in pollution control in China is not completely randomized; instead, the similar values are clustered together. Then, when it comes to the spatial agglomeration characteristics of environmental regulation, the
high-high agglomeration area with high environmental regulation is concentrated in the eastern part
of China, covering 2, 5, 3 and 5 provinces in 2003,
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poral and spatial distribution characteristics and spatial correlation of regional environmental regulation
in China with the aid of spatial exploratory analysis.
Actually, the regional environmental regulation is
not only under the influence of factors like economic
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In the future, more spatial measurement methods
should be utilized to further study the effect of regional environmental regulation on a country’s economic and regional development.
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unit are coordinated. This approach requires international integration as water use often has a transborder
character [7].
The quality of water is difficult to assess because of a large number of factors which influence it
and a large number of parameters describing water
characteristics. One outcome of water monitoring
studies is a great wealth of analytical data, which is
another obstacle to a more rapid interpretation of the
results [10].
The water quality index (WQI) is a single numerical expression which inteprets the complex information on water quality represented by a large
amount of data [11, 12, 13, 14, 15]. In many countries, e.g. in the USA, Canada, Spain, France, Germany, Austria, Italy and Turkey, the WQI is treated
as an inseparable element of environmental monitoring used for reporting the results [5]. The WQI can
be determined rapidly, and is therefore an important
tool for the assessment of the quality and management of water resources [15, 16].
The objective of this research has been to use
the selected WQI calculation method to assess the
quality of water in watercourses supplying water to
four lowland dam reservoirs. The investigations
were carried out with the aim to identify the sources
of pollution and to make more rational the management of water resources in the catchment basins of
the watercourses supplying water to the reservoirs.
Another purpose was to analyse the impact of the
water reservoirs on the quality of waters which flow
through them.

The purpose of this study was to analyze the use
of water quality indicators (WQIs) in assessing water
quality in four river basins closed by impacts with
retention reservoirs constructed on these inlets, and
evaluation the application of this tool in water resource management. Water samples for determination of physicochemical parameters were collected
from inflows supplying water to the reservoirs, from
the reservoirs from the layers near the surface and
close to the bottom. Analyses also comprised samples of treated municipal wastewater reaching two of
the studies rivers at points upstream the reservoirs,
and samples of waters before their inflow to the reservoirs.
Values of Water Quality Indicators were derived from 16 physicochemical parameters measured
in 2004-2013. These numerous data, by means of the
calculation method developed by the Canadian
Council of Ministers of the Environment, were
brought to single WQI values. Of key importance for
the protection of water quality in rivers is the water
and wastewater management carried out in river
catchments. The input of treated wastewater to rivers
is responsible for deterioration of the water quality
class. This negative effect can be eliminated if water
reservoirs are constructed below a wastewater treatment plant. Studies have shown their positive influence on the quality of water passing through such facilities, for example the CCME-WQI can rise by
over 10 per cent. In consequence, the quality of water
in rivers below such water bodies reached the same
level as above a given WTP.

" !"!

,8*70590434-9/,!9:+>7,((3+!09,8The
studies were carried out in catchment basins of four
rivers in northeastern Poland, in the North Masovian
Lowland, in the area covered by the District of Ostrołęka and the Distrct of Przasnysz. Dam water retention reservoirs have been constructed on these rivers (Figure 1). They are situated between
52o57`36``N and 53o19`42``N latitude and
20o48`32``E and 21o43`57``E longitude.
The water reservoirs covered by this research
are used for recreation: bathing, water sports, angling, family and social get-togethers, as well as a

%$ !
water reservoirs, water resources, water quality, WQI
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For economy, a key element in water resources
management is to make an assessment of both quantity and quality of avaliable water [1, 2, 3, 4, 5, 6, 7,
8, 9]. The WFD defines the concept of integrating
water management in river basins, where the preparation and implementation of measures concerning a
single ecological, hydrological and hydrogeological
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source of water for irrigation in agriculture. The
catchment basins of the reservoirs are used for farming or forestry and farming. The watercourses supplying water to the reservoirs Grodzisk Duży and
Wykrot receive treated municipal wastewater and
storm water. Wykrot Reservoir is divided into two
parts: the main reservoir and the preliminary reservoir, which plays a protective role for the main part
of the reservoir. In addition to the Rozoga River, the
preliminary reservoir is supplied with water by a
small stream called the Pełtówka and a drainage
ditch. The analysed reservoirs belong to small and
shallow water bodies: their average depth does not

exceed 1.5 m, while the maximum depth is within the
range of 2.0 m to 3.4 m (Table 1).

!(25103. (3+ ()47(947> 3(1>808 Water
for laboratory analyses was sampled from the watecourses supplying water to the reservoirs, from two
depths of the reservoirs: near the surface and near the
bottom, and from the rivers downstream from the
reservoirs (Figure 1, Table 2). The analyses also
comprised samples of treated wastewater discharged
to the rivers above the reservoirs Grodzisk Duży and
Wykrot, and water sampled from the rivers prior to
the wastewater discharge point.


# 
4*(90434-9/,7,8,7;4078*4;,7,+)>9/,8:7;,>8(3+2,(8:7,2,39540398


Reservoir
Grodzisk Duży
Karwacz
Łoje
preliminary
Wykrot
main

"
(80*2475/42,970*5(7(2,9,784-9/,(3(1>?,+7,8,7;4078

Basin area Water surface area [ha]
Capacity
Depth [m]
[km2]
[m3]
average
maximal
300
5.1
68 000
1.3
2.0
155
10.2
122 000
1.2
2.1
6
4.6
55 000
1.2
3.3
8.3
83 000
1.0
1.5
275
43.7
687 000
1.5
3.4
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!09,84-<(9,78(25103.-471()47(947>(3(1>8,8(3+9/,+,9,7203(904387:3438(251,8
Sampling station

Location of a sampling site

The river before a water treatment plant
The outflow from the treatment plant
Rozoga
Inflow into the resPełtówka
ervoir
drainage ditch
Preliminary reser- layer at the surface
layer at the bottom
voir
layer at the surface
Main reservoir
layer at the bottom
The outflow from the reservoir

Wykrot
W1
W2
W3a
W3b
W3c
W4
W5
W6
W7
W8

Reservoir
Grodzisk Duży
Karwacz
G1
G2
-

Łoje
-

G3

K3

L3

G6
G7
G8

K6
K7
K8

L6
L7
L8

" 
"/,$03+,=*(9,.470?(90438>89,2&'
WQI
value

Water quality

95-100

Excellent

80-94

Good

65-79

Fair

45-64

Marginal

0-44

Poor

Description
Water quality is protected with a virtual absence of threat or impairment, conditions very close to
natural or pristine levels
Water quality is protected with only a minor degree of threat or impairment, conditions rarely depart
from natural or desirable levels
Water quality is usually protected but occasionally threatened or impaired, conditions sometimes depart from natural or desirable levels
Water quality is frequently threatened or impaired, conditions often depart from natural or desirable
levels
Water quality is almost always threatened or impaired, conditions usually depart from natural or desirable levels

variables”), relative to the total number of variables
measured:
# $ !
2  
& / 0
"# $ !
 – Frequency - represents the percentage of
individual tests that do not meet objectives (“failed
tests”):
# "!"!
2  
' /0
"# "!"!
 – Amplitude - represents the amount by
which failed test values do not meet their objectives:
!
6
( /5
  ! - 
where:
  - normalized sum of excursions - is calculated through the formula of:
,
*)& %# !*
! /
"# "!"!
The number of times by which an individual
concentration is greater than (or less than, when the
objective is a minimum) the objective is termed an
“excursion” and is expressed as follows:
- when the test value must not exceed the objective:
"!"$#*
%# !* / 7
8.
"$+
- for the cases in which the test value must not
fall below the objective:
"$+
%# !* / 7
8.
"!"$#*

Water samples were taken in the years 20042013. The following parameters were determined in
field, using a multi-parameter probe YSI 6600: pH,
dissolved oxygen, electrical conductivity, total dissolved solids TDS, turbidity.
In the laboratory, the following water parameters were analysed: nitrite, nitrate, ammonia, phosphates, sulphates, chloride, sodium, potassium, calcium, magnesium in line with the methodology described in the Standard Methods [17], and total hardness – as a sum of Mg and Ca ions [18].

(1*:1(903.4-$(9,7:(109>3+,=$
The water quality index according to the Canadian
Council of Ministers of the Environment: CCMEWQI was chosen for the assessment of water quality.
He is calculated based on the water physicochemical
characteristics referred to in the potable water quality
requirements set by the WHO [19, 20, 21], as these
are broadly recognisable norms, used all over the
world [22].
The Canadian Council of Ministers of the Environment Water Quality Index is determined from
the relationship [11, 23]:
4 &' - '' - ('
3
 .  /  . 1

where:
 – Scope - represents the percentage of variables that do not meet their objectives at least once
during the time period under consideration (“failed
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Axes
Eigenvalues:
Species-environment correlations:
Cumulative percentage variance
of species data:
of species-environment relation:
Sum of all eigenvalues
Sum of all canonical eigenvalues

PCA 1
0.663
0.556

PCA 2
0.276
0.414

PCA 3
0.061
0.477

PCA 4
0.000
0.392

Total variance

1.000
66.3
76.9

93.9
94.8

100.0
100.0

100.0
100.0
1.000
0.266

#  
3(1>8084-7,1(90438/05),9<,,39/,;(1:,84-9/,03+0*,8$*(1*:1(9,+-479/,<(9,7(884*0(9,+
<09/9/,-4:7+(27,8,7;4078:803.2,9/4+
The quality of water is defined by comparing
the calculated value of the CCME-WQI to a 100point scale (Table 3).

unobservable previously. The PCA was also applied
to compare the research stations with respect to the
structure of data as well as the analysed waters depending on their sampling sites. This analysis
showed that the first two components were responsible for 93.9% of the variance of the original data set,
where the first principal component (PCA1) represented 66.3% and the second one (PCA2) – 27.6%
(Figure 2).
The PCA performed demonstrated a strong correlation in the structure of data (values of the CCMEWQI) for waters flowing into, retained and flowing
out of the water reservoirs Grodzisk Duży and
Wykrot, although the waters associated with the reservoir Łoje were of better quality. No such relationships were found for waters associated with the reservoirs which were fed waters through the rivers to
which treated wastewater is discharged.
Waters flowing through rivers above the dam

!9(90890*(1 (3(1>8,8 Our analysis of the relationships between the research stations with regard
to the structure of data, and the analysed waters depending on a sampling site, was based on the PCA
method supported by the software program Canoco
4.5.


!#"!!#!!
The principal component analysis (PCA)
served for interpretation of the data obtained from
the calculations. This appraoch enabled us to diminish the number of attributes, which made it easier to
notice dependences between the data that had been
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water reservoirs built on these watercourses bealso suggested by a study completed on the Qu'Aplonged to the water purity class called ‘fair’ (Table
pelle River in Canada [26]. The quoted research
4).
demonstrated a considerable improvement in the
Wastewater flowing from WTPs flows to the
river water quality, corresponding to an increase in
Rozoga River above the reservoir Wykrot, and to the
the CCME-WQI by 26, after a new waterwater treatOrz River above the reservoir Grodzisk Duży. This
ment plant had been constructed.
wastewater belonged to the worst quality class called
Values of the CCME-WQI for waters fed to the
‘poor’. The CCME-WQI values of these waters
analysed dam reservoirs varied between 60.61 and
(from 29.55 to 32.95) were approximately half the
72.00. The worst quality waters, within the ‘marvalues of this index achieved for the other waters,
ginal’ category, were flowing to the reservoir
and were not correlated with the latter (Figure 2).
Grodzisk Duży from the Orz River, and to Wykrot
The influx of treated wastewater to the above rivers
from the Rozoga (Table 4). The preliminary reserdeteriorated the quality of river waters. The value of
voir Wykrot is also suplied with water classified as
the CCME-WQI for the water in the Rozoga River
‘fair’, which is brought through a drainage ditch and
fell down by 12.48, while decreasing by 4.5 for the
a small stream called the Pełtówka. Values of the
Orz River waters. In both cases, a decrease in the
CCME-WQI obtained for these waters were mutuvalue of the index meant that the water qualiy class
ally correlated (Figure 2).
changed from ‘fair’ to ‘marginal’. A similar tenThe water quality index values calculated for
dency was noted during a study on the quality of wathe water which has passed through the reservoirs
ter in the Jajrood River in Iran, where the inflow of
show an unquestionably beneficial effect of these
water from urbanised areas classified as ‘poor’ led to
water bodies. The CCME-WQI value for water
a decrease in the river water category from ‘marwhich has just flowed through the preliminary reserginal’ to ‘poor’ [24]. Analogously, the discharge of
voir Wykrot increased by an average 14% compared
wastewater to Bherya Lake in India is implicated by
to the values of this index calculated for the water
Panduranga and Hosmani [25] as a reason why the
reaching this water body. The water quality imlake water is classified as ‘poor’ in terms of water
proves to a similar degree after water has passed
quality, i.e. corresponding to the CCME-WQI value
through the reservoirs Grodzisk Wielki and Łoje,
of 32. A strong impact of the water and wastewater
where the surface layer of water represented the
management conducted in river catchment basins is
‘good’ water quality category, i.e. the highest class

" 
"/,;(1:,84-$6:(109>03+0*(9478-479/,(3(1>?,+<(9,7(3+9/,*1(880-0*(9043
4-<(9,76:(109>03    

Location

CCME-WQI

Water quality

76.53
29.55
64.05
69.04
67.30
77.38
75.32
75.86
71.92
76.36

Fair
Poor
Marginal
Fair
Fair
Fair
Fair
Fair
Fair
Fair

65.11
32.95
60.61
70.80
68.24
67.01

Fair
Poor
Marginal
Fair
Fair
Fair

69.89
72.54
68.87
72.92

Fair
Fair
Fair
Fair

72.00
83.52
75.54
81.31

Fair
Good
Fair
Good

Reservoir Wykrot
The river before a water treatment plant
The outflow from the treatment plant
Inflow into the reservoir - Rozoga
Inflow into the reservoir - Pełtówka
Inflow into the reservoir - drainage ditch
Preliminary reservoir - layer at the surface
Preliminary reservoir - layer at the bottom
Main reservoir - layer at the surface
Main reservoir - layer at the bottom
The outflow from the reservoir
Reservoir Grodzisk Duży
The river before a water treatment plant
The outflow from the treatment plant
Inflow into the reservoir
Reservoir - layer at the surface
Reservoir - layer at the bottom
The outflow from the reservoir
Reservoir Karwacz
Inflow into the reservoir
Reservoir - layer at the surface
Reservoir - layer at the bottom
The outflow from the reservoir
Reservoir Łoje
Inflow into the reservoir
Reservoir - layer at the surface
Reservoir - layer at the bottom
The outflow from the reservoir
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achieved by the analysed waters. Nikoo et al. [24]
reported even better results. With regard to the impact of the Lytyan Dam on the Jajrood River in Iran,
the quality index CCME-WQI for the water which
has passed through the reservoir and dam improved
by around 18 and the water quality class changed
from ‘poor’ to ‘marginal’. In another study, the water
which has flowed through the dam Pucalro erected
on the Elqui River in Chile was reported to have an
CCME-WQI value raised from 74 before the reservoir to 95 below the dam, which corresponds to the
improvement of water class from ‘fair’ to ‘excellent’
[27].
Water near the bottom in all the reservoirs was
characterised by a distinctly worse quality, often falling into a lower class than the water sampled near the
surface. The reason could be the enrichment of water
with substances from bottom sediments via resuspension, which proceeds more intensively in shallow
water bodies. This is an important feature of shallow
water bodies in terms of using their water for utility
purposes. Studies on the quality of water in Dobczyce Reservoir, used to supply waterworks, showed
that a better quality water occurs in the surface layer
outside the plant growing season, while during the
plant growing season it is found at medium depths
[28].
The value of the CCME-WQI for most of the
water samples we analysed was within the interval of
65 to 79, which corresponds to the class named ‘fair’,
representing waters of the quality periodically diverging from its natural or desriable quality (e.g. potable water quality). Comparable results with respect
to the water quality in the Rozoga River were
achieved by Grabińska et al. [29], who assessed the
quality of water based on the Macrophyte River Index. The Rozoga River waters demonstrated a moderate ecological state and the water quality class III
(on a five-grade scale), determined according to the
physicochemical parameters. Thus, it can be concluded that method elaborated by the Canadian
Council of Ministers of the Environment for calculating the WQI values is suitable for determination
of the quality of surface waters in the conditions of
northeastern Poland.

by other authors [29].
The CCME-WQI values obtained showed that
most of the analysed waters were of quality that periodically divereged from natural quality or the quality of potable water (class III on the five-grade scale).
The application of water quality indices, the WQI,
which simplify the water quality assessment procedure, provided us with sufficient data to draw key
conclusions for the management of waters in the
catchment basins of the four analysed rivers:
• Among the waters supplied to the dam reservoirs analysed, the best quality was achieved by
the smallest watercourses.
• The worst water quality was determined for
the treated wastewater discharged above Wykrot
Reservoir into the Rozoga River, and Grodzisk Duży
Reservoir into the Orz River. By discharging treated
wastewater to the river, the quality of water flowing
into the resevoirs supplied by these rivers deteriorated, and consequently the quality of water in the
reseervoirs fell into a lower water quality class.
• With respect to the rivers to which treated
wastewater was discharged, the quality of water below the reservoirs was observed to be restored to the
value observed above the site of wastewater discharge.
• The water near the bottom in all the reservoirs was characterised by a distinctly worse quality,
often falling into a lower water quality class, than the
water sampled near the surface. This is an important
feature of shallow water bodies from the point of
view of water intake for household or industrial use.
• The localisation of water reservoirs on running watercourses, especially below the section
where point sources of pollution exist, tends to have
a positive effect on the quality of water flowing
through reservoirs, although the risk of a negative
impact canot be excluded, particularly when a reservoir is a shallow one, with the maximum depth of no
more than 2 m.
• It was not confirmed that the runoff waters
from arable fields lying on intensively cultivated
sand soils were a threat to the quality of waters in the
rivers or reservoirs.
$"!
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The research was performed as part of a statutory grant no 20.610.012-300 executed at the Department of Water Management, Climatology and Environment Managemment, the University of Warmia
and Mazury in Olsztyn, Poland.

The assessment of water quality in four catchment basins located in north-eastern Poland was carried out at key points for water management using
the water quality indicator developed by the Canadian Council of Ministers of the Environment [11].
Calculations were made using 16 parameters measured in 2004-2013. The numerous data available,
through some uncomplicated formulas, were narrowed down to single values of the WQI. The used
method has shown a high degree of comparability of
water quality classifications with reports published
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Turkey [8, 9, 10], Kazakhstan [11] and China [12,
13] have been reported. The chemical composition
of the volatile oil from Z. clinopodiodes in wild
form at Kermanshah province, Western Iran was
examined by Shahabazi, [14]. Twenty-four components were identified in which carvacrol (64.22%),
thymol (19.22%), ߛ-terpinene (4.63%), and cymene (4.86%) [14]. Mohammadreza, [15]. Z.
clinopodioides Lam. samples from North of Iran
and the volatile oil from plant samples was extracted and 26 components were identified. Pulegone
(36.45%), piperitenone (19.12%), and menth-2-en1-ol (5.31%) were reported as the most important
components. A study by Ercisli et al, [16] on the
chemical constituent of volatile oil from eight ecotypes of Z. clinopodioides grown in wild form at
Coruh in Northeastern Turkey was determined
seventeen components. The major contituents of all
samples were (+)-pulegone, 1,8-cineole, limonene,
PHQWKRO ȕ±pinene, menthone, piperitenone and
piperitone.
This study, reports the chemical constituent of
the essential oil of Z. clinopodioides at Eastern
Anatolia in Turkey. The goal of current study is to
illustrate the chemical compostion that can be useful in potential benefits, to provide the accessible
information to help and guide future studies and to
asses the potential chemotaxonomic importance of
these species. Therefore, we evaluated the chemical
constituent of the leaf essential oil of Z. clinopodioides from Turkey and compared the composition
with different geographical locations.

ABSTRACT
Blue Mint Bush (Ziziphora clinopodioides)
belongs to the family Lamiaceae and grows in Iran,
Iraq, Central and Eastern part of Turkey. The leaves
of Ziziphora clinopodioides L. samples were collected on the beginning of July (2010) from Koçköprü area (Van Province, Turkey) at an altitude of
1924 m and described accordingly. Hydrodistillation was used to isolate the essential oil of the plant
and then 33 constituents were identified by using
GC-MS. The majority presented compounds of the
essential oil were Pulegone (29.31%), Menthone
(21.79%), 1,8-&LQHROH  ȕ-Pinene (8.74%),
/LPRQHQH   Į-Pinene (3.17%), 37HUSLQROHQRQH   ȕ-Phellandrene (2.88%),
respectively. Menthofurane, Isopulegone and Germacrene D are represented by low concentrations.
A cluster analysis was carried on the essential oil
composition of Z. clinopodioides to identify homogenous groups.

KEYWORDS:
Essential oil constituent, GC-MS analysis, Ziziphora
clinopodioides, cluester analysis

INTRODUCTION
Ziziphora from to Lamiaceae spreaded in Turkey with 6 taxa belonging to Z. clinopodioides
Lam., Z. capitata L., Z. persica Bunge., Z. tenuior
L. and Z. taurica Biebspecies [1]. These have been
used as a sedative, stomachic, aphrodisiac and carminative in Iranian and Turkish folk medicine.
Three chemotypes of Z. clinopodioides have
been identified to the constituent of volatile oil,
named as pulegone-rich, thymol-rich, and cineolerich chemotypes [2]. In Turkey Z. clinopodioides
oil is a pulegone-rich oil, composed mainly of
pulegone (73%-35%), neomenthol (7%-23%), and
menthone (6%-13%) [3].
Previous studies on the chemical constituent
of Z. clinopodioides growing in Iran [4, 5, 6, 7],

MATERIALS AND METHODS
Plant material. The aerial parts (leaves and stems)
of Z. clinopodioides were sampled during its flowering stage in July from Koçköprü area (Van Province, Turkey) located in the region of Eastern Turkey at an altitude of 1924 m and identified by Dr.
N. Selcuk at Yuzuncu Yil University, Department
of Biology Sciences, Van-Turkey. Voucher specimens were deposited at the Yuzuncu Yil University, Van, Turkey. The leaves were detached from the

2785

© by PSP

Volume 27 ± No. 5/2018 pages 2785-2790

Fresenius Environmental Bulletin

spectra above 95% was needed. The peak area
measurments was used to compare the quantity of
oil components
A total of 29 Z. clinopodioides leaf oil compositions both from the published literature and the
composition from this study were considered as
operational taxonomic units (OTUs). The percentage composition of 23 essential oil FRPSRQHQWV>Į3LQHQH&DPSKHQH6DELQHQHȕ-Pinene, Limonene,
1.8-&LQHROH Ȗ-Terpinene, p-Mentha-3-en-8-ol,
Menthone, neo_Menthol, Menthol, Pulegone,
Piperitone, Thymol, Carvacrol, Borneol, GerPDFUHQH ' LVRPHQWKRO ȕ-caryophyllene, caryophyllene-oxide,
p-Cymene,
p-menthonene,
piperitenone] were used to identify the chemical
association between the various Z. clinopodioides
essential oil samples by agglomerative hierarchical
cluster (AHC). The XLSTAT software, version
2015.4.01 was used for clustering and the unweighted, pairgroup method with Centroid linkage
clustering (UPGMC) was used a linkage criteria to
spesify the distance between group of observations
as a function of the pairwise distances and to develop a dendrogram for the Z. clinopodioides samples
[20]. Chemical composition of the Z. clinopodioides leaves essential oils used in the cluster analysis are given in Table 1; the dendrogram of the
cluster analysis is depicted in Figure 3.

stem and then dried in shade conditions as well as
at the appropriate room temperature.
Preparation of essential oil. Air-dried plant
materials were crushed and subjected to hydrodistillation using Clevenger-type apparatus for 3 h as
suggested by European Pharmacopoeia [17]. The
distillated oils were dried over anhydrous sodium
sulphate and stored in an amber vial at 4 °C in the
dark prior until analysis after the filtration.
Gas chromatography ± mass spectrometry.
Essential oils from plant were diluted 1/10 in nhexane (v/v) before the analysis. GC/MS instrument (GCMS-QP 2010 Plus Shimadzu, Japan)
fitted with built-in-Auto sampler using a
Teknokroma TRB Wax capillary colomn (30m x
0.25 mm i.d., 0.25μm film thickness) was used.
Injector temperature was 240 oC. Column temperature was set from 60o to 240 oC, temperatures held
at 60 oC during 2 min, and then gradually increased
up to 240oC at 10 oC /min kept there for 5 minutes.
As the carrier gas, helium was used and mass spectra were reported in the scan mode. The flow rate of
helium was set 1 mL/min. Ionization voltage considered as 70 eV. The split ratio was set as 1:20. Ion
source temperature was 200 oC. Interface temperature was 240 oC and mass was ranged from 40 to
350 amu (Resolution). The cut time of solvent was
set 3 min. A VDPSOHRIȝOZDVXVHGIRU the GSMS analysis. The essential oil constituents were
determined as a pilot study of previously sampled
plant species. An then most appropriate temperature
program for GC-MS was defined for analysis of the
essential oils and the same program was considered
for all samples. Each analysis in this experiment
was repeated twice.
The preparation was analyzed to uncover of
chemical components by GCǦMS. For identification
of the constituents, the retention time (Rt) and on
computer matching against the spectra with MSdata bank (Wiley and Nist Library) was used. The
relative quantity of compounds was estimated by
integrating the total ion content of the individual
peaks [18, 19]. For the identification of compounds,

RESULTS AND DISCUSSION
The chemical components were analyzed by
GCǦMS. In total thirty-three compounds were identified that representing 100% of the oil (Table. 1)
which were extracted from essential oil of Z. clinopodioides leaves. The retention times and percentage compositions of identified compounds are listed
in Table 1. The main components were Pulegone
(29.31%), Menthone (21.79%), 1,8-Cineole
 ȕ-3LQHQH  /LPRQHQH  ĮPinene (3.17%), 3- 7HUSLQROHQRQH   ȕPhellandrene (2.88%) respectively (Figure 1 and
Figure 2).

FIGURE 1
Some principals identified in the essential oil for the leaves of Z. Clinopodioides
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TABLE 1
Chemical composition of the Z. clinopodioides leaves essential oils
Peak number
Componenta
Rt(min)
1
Į- Pinene
3.043
2
Camphene
3.503
3
ȕ- Pinene
4.020
4
ȕ- Phellandrene
4.163
4.708
5
ȕ- Myrcene
6
Limonene
5.255
7
1,8- Cineole
5.438
8
Ȗ- Terpinene
5.926
9
Octan-3-one
6.052
10
Thymene
6.307
11
1-Octen-3-ol
8.945
12
Menthone
9.313
13
Menthofurane
9.491
14
ȕ- Bourbonene
10.024
15
Linalool
10.253
16
Isopulegol
10.517
10.889
17
Isopulegone
18
neo-Menthol
11.067
19
Menthol
11.642
20
Pulegone
11.865
12.277
21
Į- Terpineol
22
Borneol
12.338
23
Germacrene D
12.519
12.674
24
Cis Piperitone Oxide
25
p-Menth-1-en-3-one
12.763
26
ȕ- Citrenellol
13.086
27
Myrtenol
13.488
15.093
28
3-Terpinolenone
29
cis-Jasmone
15.266
30
Cuminal
15.753
31
Eugenol
17.603
32
T hymol
17.700
33
Cembrene
18.257
Total
a Compounds given in order of elution for a TRB Wax capillary colomn

Rate (%)
3.17
0.31
8.74
2.88
0.75
3.91
15.31
0.18
0.14
0.15
0.19
21.79
0.34
0.63
0.21
0.10
0.58
1.23
0.09
29.31
0.42
1.05
0.56
0.88
1.80
0.10
0.13
3.09
0.17
0.55
0.39
0.75
0.10
100

FIGURE 2
The main components rates obtained in Z. clinopodioides leaves essential oil
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FIGURE 3
Dendrogram of agglomerative hierarchical cluster of 29 Ziziphoraclinopodioides leaf essential
oil compositions
23, 10] studies about the main chemical component
of Z. clinopodioides. In addition [24], 5 presented
in a study that, Z. clinopodioides essential oil is
used as a natural flavoring and stabilizer in food
products. Z. clinopodioidesis recommended for
gastric pain. The powders of its leaves are used for
giving aroma to food. The essential oil of Z. clinopodioidesZDV IRXQG WR EH IXQJLFLGDO DW ! ȝOPO
against T. rubrum and M. gypseum [23].

Enable to provide some insight into the chemotaxonomy of Z. clinopodioides, hierarchical cluster analysis was run on 29 different Z. clinopodioides essential oil samples reported in the literature
as well as the current samples from Van (Turkey)
(Figure 3). The cluster analysis reveals at least 26
pulegone-rich samples, a 1,8-cineole-rich sample, a
thymol-ULFK VDPSOH DQG D ȕ-caryophyllene-rich
sample. The chemical composition of leaf essential
oil of Z. clinopodioides from Van-Turkey is qualitatively similar to leaf oil from other geographical
locations. The cluster analysis discloses the similarities in most of the leaf oils with the exception of
three samples from Iran (#3) [5,14] (Figure 3),
samples from Iran (#3 and #4) had not have thymol,
Iran (#10) had not have any amount of 1,8-cineole
and had very small concHQWUDWLRQ RI ȕ-pinene
(%0.06). The samples from different part of Turkey
had high concentration of Limonene (%6.98-10.66)
after the pulegone except for Van region and they
had also high concentration of 1,8-cineole (%5.6715.31) except for Adiyaman location [9].
The major essential oil components in Z.
clinopodioides (pulegone, limonene, 1,8-cineole,
piperitenone or thymol) and piperitenone showed
relevant antibacterial activity, indicating that the
plant has potential use in phytotherapy. With phytochemical studies, Ziziphora species including Z.
clinopodioides was found to be rich in particular for
Pulegone [21, 22] which is agreement with our
results. In addition the genus also has been reported
to be strong antioxidant activity [22].
Our results showed some similarities with [4,

CONCLUSION
This study revealed that the leaf essential oil
of Z. clinopodioidesfrom Van, Turkey rich inPulegone (29.31%), Menthone (21.79%), 1,8-Cineole
 ȕ-Pinene (8 /LPRQHQH  ĮPinene (3.17%), 3- 7HUSLQROHQRQH   ȕPhellandrene (2.88%) (Table 1). These components
have antibacterial characteristics and can be used in
making anaesthetic and antiseptic drugs and may be
a commercially significant source of these phytochemicals.
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[13] Zhoua, X., Yua, Q., Gonga, H and Tiana, S.
(2012). GC-MS Analysis of Ziziphoraclinopodioides Essential Oil from North Xinjiang,
China Natural Product Communicatioans.
Vol.7, No.1, 81-82
[14] Shahbazi, Y. (2015) Ziziphora clinopodioides
essential oil and nisin as potential antimicrobial
agents against Escherichia coli O157:H7 in
Doogh (Iranian Yoghurt Drink). Journal of
Pathogens. 2015, Article ID 176024, 7p.
[15] Mohammadreza, V.R. (2008) Essential oil
composition and Biological Activity of Z.
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used in Germany to evaluate water quality [1]. Indices built on numerical scales were first developed in
1965 by Horton [2]. Water quality indices (WQI) are
a useful tool to simplify, inform and interpret complex information about water quality, which is described by many parameters but here can be expressed by a single number [3, 4, 5, 6, 7, 8]. Many
methods applied to caclulate WQI are referred to the
potable water quality requirements set by the WHO
[9, 10, 11], which are the standards broadly
acknolwedged and used all over the world [12].
Many authors use them to assess the quality of waters in watercourses [4, 5, 7, 13, 14, 15, 16, 17, 18],
natural and artificial water bodies [19, 20, 21, 22], or
groundwater resources [12, 23, 24, 25, 26, 27, 28].
The objective of this research has been to apply
the water quality index CCME-WQI to analyse interactions between groundwater and water retained
in four lowland dam water reservoirs, situtated in
north-eastern Poland.

The study covered four lowland dam reservoirs
and groundwater in the direct catchment basins of
these water bodies, situated in north-eastern Poland.
The analysis of the impact of the reservoirs on water
quality was supported by the method developed by
the Canadian Council of Ministers of the Environment, that is the Water Quality Index based on 16
physicochemical water parameters, which were determined in 2004-2013. The groundwater in the area
surrounding the reservoir Grodzisk Duży was classified as ‘poor’, while in the basins of the reservoirs
Karwacz and Łoje it belonged to the category ‘marginal’, and that in the basin of Wykrot was categorised as ‘fair’. The analysis showed a relationship between changes in the quality of groundwater and its
distance to the shoreline of a reservoir, which was in
agreement with the direction of water filtration from
the basin to the reservoir. The best quality of groundwater, comparable to the quality of water in the reservoirs, was determined in piezometers most distant
from the reservoirs, and the worst one – in piezometers closest to these water bodies. Despite the small
distance, the quality of groundwater in the latter location was significantly worse that the quality of water retained in the reservoirs. Thus, it can be concluded that infiltration of worse quality water from
the ground to the reservoirs was not intensive enough
to pose a threat to the quality of water retained in
these artificial water bodies, not even in ones created
in easily permeable soils.

"!" !
The study covered the groundwater resources
lying in the direct catchment basin of four dam water
reservoirs situated in north-eastern Poland, in the
North Masovian Lowland, between the latitudes
52o57`36``N and 53o19`42``N and the longitudes
20o48`32``E i 21o43`57``E (Figure 1).
Several small watercourses had been dammed
to create the four reservoirs, which now cover the
following area: 4.6 ha – the reservoir Łoje, 5.1 ha Grodzisk Duży and 10.2 ha - Karwacz. The largest
one, Wykrot, is divided into two parts: the main reservoir covering 43.7 ha, and the preliminary reservoir, which is 8.3 ha in size. The average depth of the
reservoirs does not exceed 1.5 m, and the maximum
one is 3.4 m.
The direct catchment basin of Grodzisk Duży lies on
peat soil developed on alluvial deposits, fine sands
and gravels, underlain by low-plasticity sandy clays.
The clays appear from the depth of 1.3-2.8 m. The
geological profile in the Karwacz reservoir catchment has a similar structure. In it, the top layer consists of sands and gravel, peat and alluvial deposits
are found in relief depressions, and all are underlain

'% !
groundwater, water quality, WQI, dam reservoirs
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Many countries across the world apply various
methods to determine the quality of water. For years,
attempts have been made to unify and improve water
quality assessment systems. An example is the use of
water quality indices. The earliest work in this area
dates back to 1848, when a biological criterion was
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Groundwater was sampled from 20 piezometers located along 3 transects: one perpendicular to the axis
of the preliminary reservoir and composed of 6 piezometers, and two in the catchment of the main reservoir, one of which had 8 piezometers while the
other one contained 6 piezometers.
Groundwater samples for laboratory analyses
were drawn from the piezometers in 2004-2013. In
field, using a multi-parameter probe YSI 6600, the
following were determined: pH, dissolved oxygen,
electrical conductivity, total dissolved solids (TDS)
and turbidity. In the laboratory, in line with the
Standard Metods [29], the following determinations
were made: nitrite, nitrate, ammonia, phosphates,
sulphates, chloride, sodium, potassium, calcium,
magnesium. Total hardness was determined as the
sum of Mg and Ca ions [30].
The quality of groundwater was assessed using
the Canadian Council of Ministers of Environment
Water Quality Index. This index is calculated from
the formula [31, 32]:
4 &' - '' - ('
3
 .  /  . 1


by glacial till.
Around the reservoir Łoje there are fine to medium sands, moderately and well compacted, lying
down to the depth of 5.5-6.0 m on low- and slightplasticity clayely sands.
One transect, composed of 3 to 6 piezometers,
whose exact location is shown in Fig. 1 was prepared
for each of the analysed water reservoirs in order to
make a quality assessment of groundwaters found in
its direct catchment basin.
The number of piezometers depended on the
land relief of a given basin and the depth at which
groundwater was found – although the piezometers
were drilled with a manual drill down to the depth of
6.0 m, some holes made in the catchment of Łoje reservoir remained empty during the study.
The reservoir Wykrot lies within the zone of
sandur deposits accumulated on moraine clays from
the North Polish Glaciation. The geological profile
contains loose fine sands on medium dense fine
sands to the depth of 2.0 m, while below 9.0 m there
are silty clays of low plasticity and slight plasticity.
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where:
 – Scope - represents the percentage of variables that do not meet their objectives at least once
during the time period under consideration (“failed
variables”), relative to the total number of variables
measured:
# $ !
2  
& / 0
"# $ !
 – Frequency - represents the percentage of
individual tests that do not meet objectives (“failed
tests”):
# "!"!
2  
' /0
"# "!"!
 – Amplitude - represents the amount by
which failed test values do not meet their objectives:
!
6
( /5
  ! - 
where:
 - normalized sum of excursions - is calculated through the formula of:
,
*)& %# !*
! /
"# "!"!
The number of times by which an individual
concentration is greater than (or less than, when the
objective is a minimum) the objective is termed an
“excursion” and is expressed as follows:
- when the test value must not exceed the objective:
"!"$#*
8.
%# !* / 7
"$+
- for the cases in which the test value must not
fall below the objective:
"$+
8.
%# !* / 7
"!"$#*
The calculated values of the CCME-WQI were
referred to a 100-point scale and assigned to one of
the five classes (Table 1).

Statistical analyses were supported by the program Statistica v.10.0 PL. Homogeneous groups
were identified with respect to the WQI values calculated for the groundwater found in the direct catchments of the dam reservoirs. The groups were determined with the aid of one-factor analysis of variance
(ANOVA) and the Duncan’s range test, at p ≤ 0.05.
The Hierarchical Clustering Analysis (HCA) approach was applied to analyse the quality of groundwater determined with the CCME-WQI, depending
on the distance to a reservoir. The data set was
treated by the Ward’s method of linkage with the Euclidean distance as a measure of similarity. The PCA
method, supported by the software programe package Canoco 4.5, was applied to analyse relationships
between the original quality parameters for waters
retained in the reservoirs and the groundwater found
at different distance from the reservoirs.

!#"!!#!!
The CCME-WQI values for the water retained
in the analysed water reservoirs ranged from 69.52
for the reservoir Grodzisk Duży, whose catchment is
used for intensive agricultural production and which
is supplied water by a river to which treated
wastewater is discharged at a point above the reservoir, to 79.53 for the reservoir Łoje, fed water by a
small watercourse and located in an agricultural and
forest catchment (Table 2). Waters from all the reservoirs fell within the water quality class termed as
‘fair’. Approximately same results were obtained by
researchers who studied the quality of waters in reservoirs in other parts of the world. For example, the
CCME-WQI values between 49 and 62 were calculated for the water in Lake Hawassa in Ethiopia, corresponding to the water quality class called ‘marginal’ [33, 34]. Slightly higher values of the CCMEWQI, within the range of 64 – 67, were achieved for
the waters of the dam reservoir called Tehri in India
[35], as well as for the waters of the marsh Al-Hammar in Iraq, where the CCME-WQI values ranged
from 64 to 73 [36]. However, some of the analysed
waters fell into the category ‘poor’ (values of the
CCME-WQI from 34.3 to 44), and the reason was
the discharge of wastewater from sewers [37]. The
same cause of poor quality of waters was implicated
by Panduranga Murthy and Hosmani [38], who analysed the water in Bherya Lake in India. Such bad
quality of water is often responsible for diseases of
aquatic organisms, including fish, which was
demonstrated by Rakesh and Ammini [39], who examined waters of Chakkamkandam Lake in India.
Compared to the quality of waters retained in the analysed water reservoirs, situated in north-eastern Poland, the quality of the groundwater in the catchments of these reservoirs was much worse (Table 2).

" 
"1.%26-.@,*<.07:2B*<276;A;<.5
( )
Water
quality

WQI
value

Excellent

95-100

Good

80-94

Fair

65-79

Marginal

45-64

Poor

0-44

Description
Water quality is protected with a virtual absence of threat or impairment,
conditions very close to natural or
pristine levels
Water quality is protected with only a
minor degree of threat or impairment,
conditions rarely depart from natural
or desirable levels
Water quality is usually protected but
occasionally threatened or impaired,
conditions sometimes depart from natural or desirable levels
Water quality is frequently threatened
or impaired, conditions often depart
from natural or desirable levels
Water quality is almost always threatened or impaired, conditions usually
depart from natural or desirable levels
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Reservoir

Index CCME-WQI

Groundwaters – off the left shore
Distance of a pie- 190-200
100-110
40-50
zometer to the reservoir [m]
Grodzisk Duży
45.05
45.85

10-20

Water in the Groundwaters – off the right shore
reservoir
10-20
40-50 100-110
190-200

Groundwaters, on
average

57.10

69.52

17.73

24.76

35.04

-

37.59a

Karwacz

-

50.04

45.32

58.20

70.71

26.90

51.54

-

-

53.34a

Łoje

-

-

-

47.02

79.53

50.18

60.86

-

-

52.69a

73.28

60.90

48.91

76.35

73.40

81.13

79.25

-

69.48b

79.25

78.29

70.89

73.89

67.94

83.73

78.83

78.09

72.46b

76.22

61.32

65.19

36.17

83.03

72.94

-

Wykrot - prelimi- nary reservoir
Wykrot – main re- 82.58
servoir
-

a, b – homogeneous groups identified by one-factor analysis of variance (ANOVA) and the Duncan’s test at p≤0.05
A similar relationship was reported by Zhang et
al. [40], who examined waters in the Second Songhua River basin, China, and concluded that the difference in water quality was mostly due to the higher
concentrations of sodium, chlorides and nitrates in
groundwater than in surface water.
The lowest value of the CCME WQI among the
grounwater samples tested in this study was calculated for the ones drawn from the piezometer located
10-20 m from the reservoir Grodzisk Duży, where it
equalled 17.73, whereas the highest value, 83.73,
was achieved by the groundwater samples drawn at
a distance of 40-50 m from the main reservoir of
Wykrot. On average, the groundwater in the area
around Grodzisk Duży belonged to the lowest category ‘poor’, the one in the catchments of Karwacz
and Łoje – to the category ‘marginal’, and the
groundwater in the catchment of Wykrot fell into the
category ‘fair’. High variance among the CCMEWQI values was also noted by the researchers who
studied the quality of groundwater in India [41, 42],
or Sri Lanca [43]. These authors underlined the negative impact of anthropogenic factors, of which
farming played an important role, being responsible
for high concentrations of nitrates in grounwater.
This conclusion is supported by results of investigations carried out in north-eastern Poland [44, 45].
The application of a one-factor analysis of variance (ANOVA) and the Duncan’s test at p ≤ 0.05
revelaed two homogeneous groups: the first one included groundwaters of worse quality (categories
‘poor’ and ‘marginal’), which were found in the
catchments of Grodzisk Duży, Karwacz and Łoje,
while the second group comprised groundwaters of
better quality (category ‘fair’), which appeared in the
direct catchment of the reservoir Wykrot. This is the
catchment dominated by forests growing on sandur
sands.
The physiographic and hydrological conditions
suggest that the analysed water reservoirs drain their

direct catchments. The run-off water carries away
certain substances from a given catchment, which
means that the quality of groundwater deteriorates
along the direction towards the reservoir (Figure 2).
The best quality of groundwater was identified in the
catchment of the reservoir Wykrot, situated on outwash sands, in piezometers located 190-200 m away
from the reservoir’s shoreline. These waters belonged to the catgory ‘good’, having the highest
value of the CCME-WQI, which reached 80.34. In
the dendrogram produced by the Ward’s hierarchical
method, they appeared in the same cluster as the waters from the reservoirs, even though the latter were
classified as belonging to a lower water quality class,
i,e, ‘fair’, as the CCME-WQI value they obtained
was lower by 6.36.
The groundwaters distant by 100-110 m from
the reservoir were classified as belonging to the same
water quality category, although attaining a lower
average value of CCME-WQI, namely 65.54. The
grounwaters nearest to the reservoirs compose a separate cluster, containing waters of the lowest quality
class, i.e. ‘marginal’. The worst quality grounwaters
occurred in the nearest vicinity of the reservoirs, that
is 10-20 m away from these water bodies. Despite
such a short distance, their quality was statistically
significantly worse than the quality of waters retained in the reservoirs. The average values of the
CCME-WQI for the compared waters were different
by 22.34. Among the 16 parameters applied to calculate the CCME-WQI values, values of 13 parameters were higher for the groundwaters sampled 10-20
m from the shoreline than for the waters in the reservoirs (Table 3), and of these parameters the values of
electrical conductivity and turbidity as well as the
concentrations of TDS, nitrate, ammonia, phosphates, sodium and potassium were statistically significantly higher, which was confirmed by the Duncan’s test at p≤0.05.
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Distance from the
reservoirs [m]
Mean value
CCME-WQI
Water quality

10-20

40-50

100-110

190-200

Reservoirs

51.64

61.52

65.54

80.34

73.98

marginal

marginal

fair

good

fair
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%
Parameter

Unit

Reserviors

Dissolved oxygen
Electrical conductivity
TDS
Turbidity
Nitrite
Nitrate
Ammonia
Phosphates
Chloride
Sulfate
Magnesium
Calcium
Sodium
Potassium
Total hardness

mg·dm-3
µS·cm-1
mg·dm-3
NTU
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3
mg·dm-3

9.46*
430
281.3
6.4
0.048
2.76
0.20
0.24
13.6
137.2
9.1
72.6
7.0
3.0
81.7

Distance from the reservoirs [m]
10-20
40-50
100-110
4.47
3.97
4.07
589*
582
434
384.5*
372.3
275.7
68.4*
21.4
16.1
0.036
0.025
0.031
12.38*
1.89
9.46
4.95*
0.56
0.13
1.24*
0.20
0.13
26.2
50.7
48.3
219.9
254.9
170.4
12.6
14.8
11.6
75.9
69.9
57.4
13.6*
18.5
15.1
22.2*
16.4
4.0
88.5
84.7
69.0

190-200
4.15
150
96.9
3.7
0.024
0.59
0.08
0.14
9.0
68.5
2.1
19.4
6.0
0.6
21.5

* statistically significant differences between the waters in the reservoirs and groundwaters at a distance of 10-20 m from the
shorelines were determined with the Duncan’s test at p ≤ 0.05

Figure 4 shows values achieved by the parameters characteristic for each of the above groups, in the
reservoir waters and in groundwaters relative to their
distance to the reservoirs. The statistical analysis and
visualisation of results in the diagrams, representative for the distinguished three groups of parameters
applied to testing water quality, confirm the results
obtained from the calculated values of the CCMEWQI. With respect to lowland water reservoirs
which drain the surrounding soils, water running off
from the direct catchment towards such reservoirs is
enriched with substances. In consequence, the worst
quality groundwaters were found in piezometers located at the shortest distance to these reservoirs.
However, the infiltration of worse quality water from
the ground to the reservoirs was not intensive enough
to deteriorate significantly the quality of water retained in these water bodies.

The Principal Component Analysis was carried
out in order to explore the dependences between the
aforementioned parameters of the waters retained in
the reservoirs and the groundwaters found at different distances from these water bodies. The first two
analyses (PCA 1 and PCA 2) represent 77.3% of the
variance of the original data set (Figure 3). Based on
the PCA results, three groups could be distinguished.
The first group of water quality parameters, with
strong, mutual positive correlations, demonstrates a
close relationship between electrical conductivity
versus TDS and the water content of the analysed
metals, of which Na and K are shown in Figure 3.
The second group implicates a relationship (positive
correlation) between turbidity and the water content
of biogenic substances, which in this analysis were
represented by nitrates and phosphates. The third
group comprises ammonia, which is not correlated
with any of the analysed parameters.
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Axes
Eigenvalues:

PCA 1
0.582

PCA 2
0.191

PCA 3
0.124

PCA 4
0.060

Species-environment correlations:

0.068

0.113

0.140

0.154

of species data:

58.2

77.3

89.7

95.8

of species-environment relation:

20.7

39.1

57.5

68.4

Cumulative percentage variance

Total variance

1.000

Sum of all eigenvalues

1.000

Sum of all canonical eigenvalues

0.013
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our understanding of the cysts’ modern biogeography, ecological affinities, and use as a proxy for sea
surface conditions reconstruction [6].
Turkey has a very unique location geographically, and is surrounded by seas with different environmental features, such as the Marmara Sea, Black
Sea, Aegean Sea, and Mediterranean Sea [7]. Fossil
and modern dinoflagellate cysts have been researched in various samples of sediment from the
Marmara Sea, Black Sea, Aegean Sea, and Mediterranean Sea [7, 8, 9]. Dinoflagellate cyst abundance
and distribution were recorded horizontally from
open sea areas of the Marmara Sea, Black Sea, and
Aegean Sea [7, 8, 9, 10, 11, 12, 13]. Dinoflagellate
cyst distributions were also investigated alongside
environmental changes in recent years in these studies. Surface sediment studies (or modern dinoflagellate cyst studies) were started to offer a different perspective of the cyst distribution and have increased
in different locations in the coastal waters of Turkey
[14, 15, 16, 17, 18, 19, 20, 21]. Modern cyst studies
have focused on cyst distribution, abundance, and relationship to environmental conditions [14, 15, 17,
18, 19, 20, 21]. Recently, cyst culture studies, and
molecular and phylogenetic surveys have begun in
these coastal areas as well [22, 23, 21]. Here, we
aimed to provide a detailed review of dinoflagellate
cyst studies in the marine sediments of Turkish
coastal waters and discuss the potential of future dinoflagellate cyst surveys in Turkey with regards to
global aspects.

Marine organisms provide a valuable source of
knowledge regarding how the marine ecosystem
works. Studies of phytoplankton ecology and their
dynamics offer a great opportunity for understanding
these ecosystems. Dinoflagellates are a major part of
marine phytoplankton and some dinoflagellates are
able to produce resting cysts, which are composed of
organic polymers that are highly resistant. These
cysts are usually preserved very well in marine sediments. The number of studies on dinoflagellate
cysts in the world’s oceans is gradually increasing
and these studies have become more detailed and
multidisciplinary. Studies on dinoflagellate cysts in
sediments have undergone a very important development in recent years, both in Turkish coastal waters
as well as in the world’s oceans. Here, we review the
aims of the existing dinoflagellate cysts studies and
summarise their results. We also give different future
perspectives so as to contribute to the dinoflagellate
cysts studies from Turkish coastal waters.


)' "#
Ecology, phytoplankton, dinoflagellate, resting cyst, sediment, biodiversity, indicator.
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Dinoflagellates, a highly variant group of marine phytoplankton, include a high number of harmful and toxic species [1, 2]. It is known that some
dinoflagellates, as a part of their life cycle, have the
ability to create a resting cyst [3]. These cysts help
them survive unfavourable conditions and can be
preserved in the soil sediment for an extensive period
of time [4, 5]. Therefore, dinoflagellate cysts can
provide historical data regarding their past occurrences. These data have been compiled via innumerable regionally-focused studies over the last century,
which have greatly enhanced our understanding of
sedimentary dinoflagellate cyst associations with regards to their palaeoecological significance. This
abundance of worldwide studies has also enhanced

!"& %#
 $)#$#$%#
" $%"# #$'$"#
Dinoflagellate cyst studies on sediment were
completed both paleontologically and recently from
Turkish coastal waters. Paleontological and fossil dinoflagellate cyst study samples were mainly collected from the open sea, whereas modern cyst studies in surface sediment were mostly collected from
coastal regions of Turkey.
Although each of the dinoflagellate cyst studies
in the literature provide detailed information, the dinoflagellate cysts were studied for different pur-
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Noah’s Flood hypothesis, using dinoflagellate
cysts collected from the sediments of the Black Sea,
was investigated by Mudie et al. [9]. They aimed at
presenting a statistical analysis of the distributions of
dinocyst assemblages in relation to the surface salinity of the Marmara Gateway and eastern Mediterranean regions, as well as a detailed account of the present-day oceanography. The morphological variations of key indicator species were also provided.
The results showed that autotrophic cysts with a high
gonyaulacoid cyst abundance were found at a higher
rate in the Aegean and Mediterranean seas, whereas
the Black and Marmara seas were more abundant
with heterotrophic peridinoid dinoflagellate cysts.
This hypothesis was re-examined by Mudie et al. [9]
using organic-walled dinoflagellate cysts, which
showed moderate to high diversity and outstanding
preservation in Marmara Sea Gateway sediments
from the Pleistocene Holocene. Their study results
supported the theory that the Black Sea had saline
surface conditions and the salinity had decreased
with an increase in the flow of fresh water. Evidence
supporting the concept that, in the early Holocene,
the Black Sea was a large fresh-water lake appropriate for farming, or that a sudden (6500-year) flood
by the Black Sea, causing a 100-m high waterfall in
the waters of the Mediterranean, took place at 7.5 ka
has never been found. To sum up, in the Marmara
Gateway, organic-walled dinocysts proved to be
highly useful markers of the surface water salinity,
and the results of the study definitively supports the
semi-persistent overflow model, indicating an exchange of water between the Black and Marmara
seas.
Mudie et al. [10] reported their initial results
from the south-western Black Sea Shelf, which provides records of anthropogenic activity and decadalscale climate changes in the Holocene. Their study
results showed that dinoflagellate cyst assemblages
had major changes throughout the Black Sea-Mediterranean corridor. The process length variability
marked low diversity Pleniglacial-early Holocone
" $&%$'!$% assemblages with conditions
ranging from brackish to saline. To help understand
the estimated time period of these corridor connections, the distribution of some euryhaline cysts, such
as " $&%  &!$ and " $&% $%,
were used. No palynological evidence of freshwater
or catastrophic marine flooding was observed in the
study samples.
A new record was presented by Marret et al.
[12] from the south-western shelf of the Black Sea
detailing organic-walled dinoflagellate cyst assemblages with resolution ranging from decadal to centennial. In this study, this record of high-resolution
dinoflagellate cysts was analysed in detail so as to
more extensively evaluate the legitimacy of the hypothesis of a catastrophic flood which has been proposed by several researchers [25, 26, 27]. The dinoflagellate cyst assemblages from the Black Sea shelf

poses. For example, paleontological and fossil dinoflagellate cyst studies in Turkish coastal areas were
mainly focused on the cyst distribution and abundance in relationship to past environmental changes
and morphological traces of past environmental conditions. Dinoflagellate cyst studies from surface sediments include cyst distribution and abundance with
environmental factors, potential toxic cyst distribution, cyst-theca relationships, and molecular phylogenetic links between the cysts and vegetative cells.
69913*5,7*3-65:636/1+*3,156.3*/-33*:-+>9:
9:;,1-9.864$;82190+6*9:*3=*:-89Over recent
decades, important developments have been taking
place with regards to the discipline of marine micropaleontology, which includes the emergence of micropaleontological indicators with a highly varied
chemical composition and biological affinities from
the world of Micropaleontology, influenced mainly
by carbonate foraminifers. Organic-walled dinoflagellate cysts, which are also known as dinocysts and
are among these microfossils, have recently been receiving more attention, as they seem to be quite
unique and have a fascinating position in the field of
micropaleontology [24]. 
Mudie et al. [8] investigated dinoflagellate cyst
assemblages and environmental effects on cyst morphology in Late Quaternary drill cores from the Marmara Sea, Black Sea, Aegean Sea. In this paper, a
quantitatively study of the connection between dinoflagellate cyst morphology and sea surface salinity
was performed. Data from this study showed that dinoflagellate cysts have unusual features, such as
their cruciform shape and processes being a reliable
indicator of low-salinity paleoenvironments. The
statistical relationship between variations in dinoflagellate cyst morphology and paleosalinity estimates was used by Mudie et al. [8] in their study.
To determine past changes in the sea surface
salinity, from the Black and Marmara seas, they used
fungal spores and freshwater algae with dinoflagellate cysts as an environmental indicator [7]. In their
study, it was observed that the dinoflagellate cyst assemblages from the Marmara and Black seas were
different than those from the Mediterranean Sea.
!+%"$' ,!$+, "$'! ' %$
 ', and " ' '&', are dinocyst
species which indicate summer salinities, and are
currently restricted to the Aegean and Mediterranean
seas. In contrast,   #'%, " $&% $'
!$%, !+$!% spp., and $ ' "! &'
were found in the Marmara Black seas, which have
low salinity. ' #''%"% ! $& was present
only in the Marmara Sea, which has intermediate salinity. Mudie et al. [7] pointed out that, in the Black
Sea, Early Holocene dinoflagellate cyst assemblage
s indicated a surface salinity lower than present, yet
no clear-cut evidence has been found proving that
the surface salinity had ever been as low as that of a
fresh water lake.
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were also compared to the recent record of the dinocysts from the Central Asian Sea. There are 2 main
assemblages: the first, which is dominated by brackish species, includes freshwater algae, +* !"%%
"%&, and " $&%$'!$%, while the second, which is characterised by euryhaline species,
includes $!&!"$ '"! &',$ & '
spp., and $!"!$'. In addition, Marret et
al. [12] first reported the presence of a harmful algal
bloom (HAB)-forming species from the Holocene in
the Black Sea. In their study, they showed the occurrence of extremely large "!+$' cyst blooms
approximately 6000–5000 years ago, and new HAB
cysts within the past 2000 years.
Another study was carried out on samples from
the Marmara Sea regarding Holocene hydrology and
dinoflagellate cyst records by Londeix et al. [13].
The objectives of this study were to provide evidence
of either the flood or outflow hypothesis regarding
the reconnection of the Mediterranean and Black
seas, and as well, with regards to the demise of the
Fennoscandian ice sheet, to determine the sequence
and timing of the events involved along with its impact on the hydrography of the Marmara and Black
seas. The results showed that the Marmara Sea was
slightly brackish according to late glacial dinoflagellate cyst assemblages. Prior to the end of the late glacial maximum, a strong melt water influence and
flux were observed in the Marmara Sea for the first
time.

Mudie et al. [11] studied dinoflagellate cysts
with other non-pollen palynomorphs in the corridor
of the Black Sea. In their study, the importance of
dinoflagellate cysts as indicators of eutrophication
and salinity in the Black Sea was summarised.
Mudie et al. [11] pointed out that dinoflagellates and
other non-pollen palynomorphs might be more sensitive to nutrient changes then salinity.
Dinoflagellate cysts were studied focusing on
their morphological characters, such as process
length in the Black Sea, by Mertens et al. [28]. The
process length of  '! ' $!"!$'
was chosen to understand the surface salinity
changes during the Holocene Black Sea. In their
study, it was shown that, after the earliest Holocene,
the salinity increase was gradual, ranging between
12.3 and 17.1 psu. It was also pointed out that following an early period of low salinity caused by enhanced precipitation, large Holocene salinity fluctuations were not recorded in the salinity-proxy.
#;8.*+-9-,14-5:,156.3*/-33*:-+>9:9:;,1-9
.864 $;82190 +6*9:*3 =*:-89 Dinoflagellate cyst
studies have become more interesting and provide
more information regarding their link to the water
column as a biological and physicochemical indication, due to their excellent preservation in sediment
(Figure 1 and Table 1).
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1
2
3
4
5
6

8-*
Black Sea
Marmara Sea
Gemlik Gulf (Marmara Sea)
Çanakkale Strait
Aliağa Bay (Aegean Sea)
Nemrut Bay (Aegean Sea)

7

İzmir Bay (Aegean Sea)

8
9

Homa Lagoon (Aegean Sea)
Fethiye Bay (Mediterranean Sea)

"-.-8-5+-9
Aydın et al. [20]
Aydın and Uzar [17]
Balkıs et al. [21]
Aydın et al. [20]
Aydın et al. [19]
Aydın et al. [19]
Uzar et al. [14], Aydın and Uzar [16, 17], Aydın et al. [15, 18],
Mertens et al. [22], Luo et al. [23]
Aydın et al. [29]
Aydın and Uzar [17]

Aydın and Uzar [16] investigated potentially
toxic cysts from sediment samples collected between
2003 and 2011 in İzmir Bay.   ,  &
&$ % complex, and  '&' type cysts
were recorded as potential toxic species. $
!"!$' and  &$!$"' were also mentioned
as the most abundant potentially toxic cyst species in
the bay during the 2003 to 2011 time period.
Dinoflagellate cyst studies have been on the increase in different regional areas and locations in
Turkey. Aydın and Uzar [17] added different regional areas and locations from Turkish coastal waters to investigate dinoflagellate cysts in the surface
sediments. In addition to sediments from İzmir Bay,
Marmara Sea and Fethiye Bay (Mediterranean), surface sediment samples were used to determine cyst
distribution and abundance. In their study, a total of
40 cyst types were identified and the abundance was
recorded as between 34 and 31532 cyst g–1 dry
weight sediment from the sampling areas. 
$!"!$',  !!,  ! $&, 
"$&' and  '!'% were recorded as the
most abundant dinoflagellate cyst species. Aydın
and Uzar [17] observed that the dinoflagellate cyst
assemblages were different in the Marmara Sea locations compared to those from the Aegean and
Mediterranean areas. For example, $ !( & 
' "&&', " $&% $'!$%, & 
' ,  $!'%&',  $,

&!%"$!"%% %"., and '$'! ' ( !
"! were observed only in the surface sediment
samples from the Marmara Sea. This study showed
that the total autotrophic cyst concentration was
higher than that of the heterotrophic cysts in the
study areas.
Surface sediment samples were collected from
marine coastal bays and open sea areas in previous
modern dinoflagellate cyst studies. Aydın et al. [29]
investigated modern dinoflagellate cyst distribution
in surface samples from Homa Lagoon, one of the
estuarine areas in the Mediterranean. In this study,
the purpose was to investigate the connection between the dinoflagellate cyst concentration and other
factors (salinity, temperature, and sediment type). In

Although previous deep core sediment samples
and studies have involved surface dinoflagellate cyst
distribution, dinoflagellate cysts have been investigated from different surface sediments from Turkish
coastal waters. Modern dinoflagellate cysts in the
surface sediments were reported for the first time
from İzmir Bay by Uzar et al. [14]. In their study,
dinoflagellate cyst assemblages and distribution in
the bay were determined.! $&, $
!"!$', '$ ' "$&', and !+$!%
!! were the most common cysts in the study
area. Morphological details of the identified species
were also provided in the study. Dinoflagellate cyst
assemblages were compared with some other points
from the Mediterranean Sea [30, 31] and open ocean
samples by Mudie et al. [9]. In this study samples
were collected mainly in inner Izmir Bay. Cysts of
! +'* %$""%, $!&!"$ '  &'
&',  '', !&'%', !"$%%', !
! ',  ! !%, $"$ ' ' $,
"!"& "$(, !+$!% !!, and 
%)$&, were identified in sediment samples from
İzmir Bay, whereas a vegetative form of these species had not been recorded previously in the phytoplankton samples from the bay.
Aydın et al. [15] presented a very detailed study
about modern dinoflagellate cysts and their distributions in the surface sediments of İzmir Bay. In their
study, they identified 36 types of dinoflagellate cysts
and the cyst abundance was recorded as 41 to 3292
cysts g–1 dry weight sediment. Aydın et al. [15] reported 2 cyst species ( + ! 'cf !$and
 &!+%&) for the first time from Aegean
marine waters. The most abundant cysts in the study
area were,  !!,  $!"!$',  cf.
!$,! $&, and  &$!$"'. Aydın et
al. (2011) [15] observed that the dinoflagellate cyst
concentrations had changed in different locations
(inner, middle, and outer) of the bay. In this study,
* $' , & &$ %!"*
and  '&' were determined to indicate potential seedbeds for potentially toxic species outbreaks
in İzmir Bay.
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waters, &*! '! , " '%"., and
'$ '%". were recorded for the first time.
Surface sediments were collected from 2 other
different locations, the Çanakkale Strait and Black
Sea, to observe the modern dinoflagellate cyst distribution [20]. The aim of their study was to provide
the first data of modern dinoflagellate cysts from surfaces sediment in Çanakkale Strait and the southeastern Black Sea. The study results showed that the
cyst concentration was very low compared to other
locations from Turkish coastal areas.  $
!"!$',  '&', and '!'% cyst types
were reported as the most dominant species in their
study. Dinoflagellate cyst assemblages showed differences between the 2 locations. For example, 
$'!$% and !+%"$ ' ,!$+ were
identified only at the Black Sea stations, whereas
!& '%" !%', "$'! '%$ ',
and $""% spp. were only observed at the Çanakkale Strait station. In the study, it was concluded,
from the surface sediments from these areas, that the
dinoflagellate cyst distribution might have been affected by the local phytoplankton species, sea surface conditions (salinity and temperature), local currents, and sediment type.
Dinoflagellate cyst studies from surface sediments in Turkish coastal areas also included dinoflagellate cyst-theca relationships. Mertens et al.
[22] published the first cysts-theca studies from surface sediment samples in İzmir Bay. Cysts of " 
$&% "+$'% were isolated form sediment
samples and incubated in a laboratory environment.
The results showed that the vegetative cells of 
"+$'% were morphologically different from
the existing species. The molecular examinations
and their phylogenetic relationships supported a new
specimen: ! +'*$. In their study, a
detailed morphological description was given for
both "+$'% and $,including
scanning electron microscope pictures. Similar to
previous cyst-theca relationship studies, $""%
%" $ was studied for the first time from Turkish
coastal waters by Luo et al. [23]. Their study aimed
to provide further information regarding the systematics and phylogeny of the species $""%. In
surface samples from İzmir Bay,  %" $ cysts
were isolated and incubated. The study data were
compared with different salinity areas and different
$""% species in the samples from marine waters and brackish environments. That part of the
study provided morphological and molecular phylogenetic details belonging to samples from İzmir Bay.
Balkıs et al. [21] studied dinoflagellate cysts in
sediment samples from the Gemlik Gulf, Marmara
Sea. The study was based on identifying dinoflagellate resting cysts, the determination of HAB species,
and investigating possible seasonal changes in their
production. A total of 44 dinoflagellate cyst taxa
were identified dominated by  $!"!$',

the lagoon sampling area, they identified 12 dinoflagellate cyst morphotypes and the cyst abundance
found to be quite low. The following study results
were pointed out: 1) The Homa Lagoon has a broad
salinity and temperature range and these environmental factors could have mainly effected the dinoflagellate cyst distribution in the lagoon. 2) Autotrophic dinoflagellate cysts were observed in all of
the sampling points; however, heterotrophic cysts
were only observed at the station outside of the lagoon. 3) The dinoflagellate cysts were particularly
distributed in clay and silty sediments. 4) Studies on
dinoflagellate cyst distribution in extreme environments such as lagoons were very limited and this
study was another contribution to dinoflagellate cyst
studies in estuarine areas.
It is well known that dinoflagellate cyst distribution and abundance are linked to environmental
changes or features in the areas. In a study by Aydın
et al. [18] of İzmir Bay, 12 sediment samples were
collected from different sides of the bay, where the
water features are different, and used to investigate
the relationship between dinoflagellate cysts and the
impact of industrial pollution. Dinoflagellate cyst
abundance, metal level, organic carbon, and sediment type were analysed to understand the impact of
industrial pollution. In İzmir Bay, from the surface
sediments collected,  $!"!$', 
!!, "$&' showed a significant correlation in their Cd, Pb, Cu, Zn, and organic carbon levels, whereas the sediment type and dinoflagellate
cyst distribution showed no significant correlation.
Although the dinoflagellate cyst distribution was
only investigated with an industrial pollution source,
this study provided preliminary data regarding the
influence of pollution sources on dinoflagellate
cysts. Aydın et al. [18] pointed out that more data
need to be provided to evaluate the impact of industrial pollution on dinoflagellate cyst distribution and
the distribution should be studied with other pollution sources such as nutrient enrichment.
A similar based study was carried on 2 different
close bays in the Aegean Sea [19]. The objective of
this study was to further investigate Turkish coastal
waters to learn more about the impact of industrial
pollution on the dinoflagellate cyst distribution. In
the Aliağa and Nemrut bays, from the 8 surface sediment samples that were collected, 42 dinoflagellate
cyst types were found and the cyst concentration was
between 11 and 2543 cysts g–1 dry weight sediment.
Cyst concentrations of  !$,   , and 
$!"!$' were dominant in the study areas.
In this study, the total cyst concentration and autotrophic cyst concentration indicated metal pollution
in the sampling areas. The sediment structure also
showed correlation with dinoflagellate cyst distribution. This study also provided excellent data regarding Turkish coastal waters, as no previously published phytoplankton studies were found for the Aliağa and Nemrut bays. In this study of Turkish coastal
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  &$!$"', and  !""* #' & species in the study area. In their study, some of the
cysts were incubated and a vegetative form of the
cysts was determined in a laboratory environment.
This study provides the first seasonal dinoflagellate
cyst distribution from Turkish coastal waters. Cysts
of toxic species !! '%". were reported for
the first time from Turkish coastal waters and other
cysts of HAB species were also observed in the study
area, including: * $' &$ %, $!&!$
&' $&'&', &$!"% &$#'&$, +
! ' & &' !$,  '! ' "!+
$', and $""%&$!!. Balkıs et al. [21]
reported that an autotrophic dinoflagellate cyst species dominated over heterotrophs in species number
and abundance. The dinoflagellate cyst distribution
was significantly influenced by the surface temperature, dissolved oxygen, and total water depth; however, the surface salinity had the strongest impact on
cyst occurrence in this study.

Bay, Aliağa Bay, Nemrut Bay, Gemlik Gulf, Çanakkale Strait, and the south-eastern Black Sea. In most
of these studies, the dinoflagellate cyst assemblages
and abundance were evaluated with previous or existing environmental data [14, 15, 17], and some of
the studies discussed present environmental data [18,
19, 21]. The surface sediments allow us to gain a
good understanding of the dinoflagellate cyst distribution in relation to our present environmental data.
Therefore, it is necessary to provide more detailed
studies, including great environmental data in some
studied areas, as well as new coastal regions of Turkey. Moreover, different types of coastal regions
such as bays, estuarine regions, upwelling areas, lagoons, or river mouths can also be important geographical areas used to bring more attention and present information. Freshwaters have great potential,
as do marine areas, and we have very limited data
from these regarding dinoflagellate cyst studies [39,
40]. Although dinoflagellate cyst composition can be
very different in marine waters, freshwater dinoflagellates and their life cycle should also be monitored
in detail. Therefore, maybe some freshwater areas
from Turkey should be focused on to investigate
fresh water dinoflagellate cysts in future.
Phytoplankton observation and monitoring can
be difficult depending on a few conditions, such as
the sampling method, time, and locations. Therefore,
dinoflagellate cyst examinations help to observe species from local regions. Some dinoflagellate cyst
studies from Turkish coastal waters have contributed
to the Turkish coastal water phytoplankton check list
[14, 15, 21]. From this point of view, dinoflagellate
cyst studies in different areas can help us to observe
phytoplankton composition in those areas. The more
regions which are studied with dinoflagellate cysts,
the more phytoplankton data we could generate. By
providing dinoflagellate cyst data from the surface
sediments of different areas, the diversity of the species among the Turkish coasts can be observed and
monitored more easily. Some studies pointed out
that dinoflagellate cysts can be easily transferred
from one area to another by a ship’s ballast water
[41]. Therefore, dinoflagellate cyst studies provide a
great tool for monitoring local species, invasive species, and changes in the local phytoplankton composition.
Some studies have shown that dinoflagellate
cyst assemblages can change seasonally in some areas [42, 43, 44]. Balkıs et al. [21] first reported seasonal dinoflagellate cyst data from the Gemlik Gulf
from Turkish coastal waters. Links between seasonal
phytoplankton changes and vegetative-form dinoflagellate cysts have been well observed with sediment trap studies from the world’s oceans [42, 43,
44]. Until now, there have been no sediment trap
studies in Turkey; therefore, sediment trap studies
can be planned to monitor dinoflagellate cysts and
phytoplankton dynamics from Turkish coastal areas.

&"&' (#$
 $)#$
#$%#%$%"#!$#
Fossil and paleontological dinoflagellate cyst
studies have been mainly focused on the Black and
Marmara Sea regions and open sea sampling [7, 8, 9,
10, 11, 12, 13]. These studies provide a wide contribution to our understanding of paleoecological environmental conditions, especially the sea surface salinity of the Black Sea. Moreover, important data
were added to the literature as evidence of existing
theories of past salinity changes in the Black Sea.
Fossil dinoflagellate cyst studies were also used as
proxy to investigate marine pollution and eutrophication with past sea surface condition changes in
some areas, such as the Norwegian Fjord [32], PoRiver, Mediterranean [6, 33], Yellow Sea, China
[34], and Canada [35]. Similar to these study areas,
fossil dinoflagellate cysts can be studied in some
coastal areas in Turkey where eutrophication and industrial pollution have appeared in past as well as
present.
Dinoflagellate cysts indicate present environmental conditions as well as past environmental
changes [36, 37]. Dinoflagellate cyst diversity, abundance of some cyst species, and autotrophic and heterotrophic cyst concentration rate have been used as
ecological tools to evaluate environmental conditions [34, 36, 38]. Some results using these tools
have been presented in some studies of Turkish
coastal waters [18, 19]. However, more data should
be collected from different coastal areas in Turkish
coastal waters to understand and evaluate dinoflagellate cysts as an environmental indicator.
Modern dinoflagellate cysts in surface sediments were widely studied from different regions of
Turkish coastal waters, such as İzmir Bay, Fethiye
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Dinoflagellate cysts have a very strong resistance under difficult conditions and can be protected for future blooms. Dinoflagellate cyst accumulation and preservation in sediment is known to
be a seedbed for future blooms for the area; hence,
the sand can provide early warnings about potential
harmful and toxic bloom events [15, 45]. It was also
reported that some dinoflagellate cysts had higher
toxin content than vegetative cells [46]. Therefore,
dinoflagellate cysts can be a potentially toxic source
for marine environments. HAB events are frequently
reported in Turkish coastal waters [47]. Dinoflagellate cyst abundances have provided a good perspective of future blooms in the İzmir Bay and Gulf of
Gemlik. HAB events can cause serious damage economically and affect human health. Therefore, dinoflagellate cyst monitoring could be an effective tool
in avoiding potential danger in aquatic farms and
fishing locations.
Dinoflagellate cysts and their thecal form studies help us to improve our knowledge about species
and their ecological needs. For example, the encystment and excystment of  "!+$' have been
studied under very different ecological conditions by
different researchers [48, 49]. Although dinoflagellate cyst distribution relationships with environmental conditions can improve our knowledge about specific species, more individual and species-specific
experiments are needed from Turkish coastal waters
and other oceans. Dinoflagellate cyst culture experiments not only give information regarding species
ecology, but species identification and taxonomy
also provide a great contribution from these studies.
Some studies provide some evidence that cyst morphology might rely on genetic material plus environmental conditions [50]. Therefore, morphological
studies continue with the support of molecular phylogenetic relations. Some studies have begun to focus on cyst theca relationships with molecular data
from Turkish coastal areas [22, 23]. However, further studies should be expected, especially for unknown, uncertain, and potential toxic/bloom species,
such as cysts of * $' spp. or $""%
spp., which were reported in previous studies [14,
15, 16, 21].
There are a few studies and some data in the
literature providing an understanding of dinoflagellate cysts and their distribution in Turkish coastal areas. Here, we reviewed previous studies of Turkish
coastal areas and tried to create an overview regarding these dinoflagellate cyst studies. We have observed that dinoflagellate cyst studies of Turkish
coastal areas have provided some preliminary data,
and the complexity of the studies has increased over
time. However, so much more research can be proposed for a better understanding of dinoflagellate
cysts for the world’s oceans.
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be applied to ensure that there is considerable rise in
the amount of products that are harvested from
crops. It has been noticed that crops grown under
heated greenhouse conditions give out the adequate
outcome. Agronomic practices such as tillage can
easily reduce the rate at which demand for water is
needed [1, 22]. There have been various development schemes that were carried out in the condition
of saving water used for irrigation. Deficit irrigation
and partial rootzone drying are the main contributors
to the growth in the required amount of pepper in
varying conditions. In this chapter, we will take a
controlled experiment so that we can notice and
gauge the effects that heated conditions will have on
pepper and how various management techniques can
be used to ensure that there are maximum production
and minimum adverse effects on crops. Experiment
under unheated condition [2, 23].
The crop produces fruits that are in high demand in many various markets. Furthermore, the
fruits of pepper possess a pleasant smell and much
typical flavor making it be one of the most soughtafter crop in the current world market. Pepper is one
of the most valuable crops in today’s world [3]. The
crop produces thin and elongated fruits that are typically 25-35 centimeters long that are accompanied
by dark green color. The fruits have seeds because
they belong to a group of gynoid-parthenocarpic hybrid. The crops are well known for their nature of
seeds that they can grow in various conditions they
are exposed [4]. Additionally, the crop requires trellis and is usually cultivated in closed greenhouses,
and pollination is restricted because it has the ability
to modify the shape of the fruits. Moreover, cultivation of pepper in greenhouses enables efficient use
of hybrids that have the potential of high yields [5].
Furthermore, there has been a significant increase in
the area that pepper is planted. There were also protected environments during the past number of decades especially under vegetable and fruit production
carried out in greenhouses. Greenhouse cropping
system allows for a chance of obtaining a higher
quality of yields as well as having the ability to
reduce seasonal effects that are experienced by
crops. Briefly, irrigation has been taken as one of the
techniques that are used to increase production of
crops [2]. Carrying out the practice in a protected
environment, irrigation is considered to be one of the
best techniques that increases the final output of the

The study was carried out with the aim of determining the effects that deficit irrigation will have
on pepper grown in heated and unheated in greenhouse condition. The pepper plants were grown under different water condition and data was recorded.
In heated condition, water was applied efficiently as
70, 62, 48, 2% and 0% (control experiments). Under
the various conditions, irrigation of the same amount
was carried out at a constant rate of 4 days so that to
determine how the plants would be affected by the
varying conditions. Whereas, unheated greenhouse
conditions, control experiments of 120, 85, 55 and
0% (control) was used to act as control gadgets in
ensuring that determination of evaporation would be
easy. In heated conditions, we applied water in the
range of 30mm to 550mm while in unheated environment water applied ranged from 120mm to
800mm. It was noticed that under the varying conditions, considerable effects that were experienced
such as yield, dry matter ration, weight, and fruit size
varied significantly across all the crops grown under
heated and unheated environments. Because the water sources are extremely scarce, many have gone a
step further in trying to recommend treatment factors
that would be used when production of pepper diminishes to a considerable rate. Variation of the
amount of water applied affected production rate significantly in unheated greenhouse condition. Additionally, there were no considerable effects that were
noticed on crops grown under heated conditions. The
experiment revealed that the rate of irrigation does
not have effects on final products which are different
from crops that are grown under heated conditions.


,*#%&
Efficiency of irrigation, greenhouse, heated and unheated
conditions, pepper yield
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It would be difficult for various countries to
efficiently meet food requirements in the future with
increasing water variations. Approximately 70-89%
of available water is used in food production. For
efficient water use, appropriate mechanisms should
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1-Ya/Ym=Ky (1- ETa/ETm)
The soil used for the experiment was approximated to be sandy loam and the PH of the soil estimated to be around 7.89-8.06. There were physical
and chemical properties of the soil that have been
given in Table 1. 168 kg per hectare N, 190 kg per
hectare DAP (18% N and 48% po), and 200 kg
per hectare KNO  (12% N and 45% K  O) of
fertilizer were applied before the actual planting was
done [8]. The application of pest control chemical
was applied as required. The planting criteria were
to ensure that the required outcome from the experiment would be easily realized in which pepper can
counter any essential deficits that may arise during
the process.
The seedlings were transplanted into the
nursery as well as planting them with fitting separation in nursery outskirts. It was developed in
common support, and moisture conditions were
taken into consideration when heated, and unheated
conditions were used [9]. The crops used were
inundated during weight remunerated trickle water
system framework.

crops. Also, mismanagement of the technique will
finally hamper production thus leading to reduced
production as well as limiting final product on farms.
For one to realize excellent crop success, irrigation
should be carried out before the amount of water present in the soil goes below the minimum that supports the life of the crops [6]. This practice will help
in maintaining the productivity of the crops as high
as possible. Proper maintenance of the amount of
water present in the soil will ensure that metabolism
of the crops will be held at the same level hence there
will be no decreased yields of the crops. Water deficiency has been marked to be one of the leading limiting factors thus leads to obtaining high yields under
protected environments as well as in various fields
[7].

!'% &"!'#&
To efficiently understand the effects of deficit
irrigation on pepper on both heated and unheated
greenhouse conditions, an experimental research
was approved in the greenhouse of Faculty of Agriculture in Anhui Agriculture University, situated in
Hefei city Anhui province. According to the experiments, it was noticed that pepper is an exceptional
crop that is highly sensitive to deficit irrigation under
varying conditions [7]. The study was mainly factorial because it was randomly randomized with the
help of three irrigation treatments. The use of a tunnel measuring 9m x 48m was used to show the size
used during the experiment. Considering various
forms of seasons experienced in the region, summers
are always taken to be dry and hot, rainy and cold are
characteristics for winters [8]. The total rainfall of
the experiment area was recorded as 492.45mm [5].
Experimental city climate is characterized by a subtropical monsoon type with four distinct seasons.
The average annual temperature is about 15.7 C
(60.2 F),
F)
F with a high temperature of 38 C (100 F
in summer and a low temperature of -21 C (69 F
F) in
winter was taken to show various forms through
which the experiment would be undertaken.

%39/A7<;@67= 03AD33; 31?3/@3 7; %39/A7C3
(@3<4*/A3?/;2,73927443?3;13D7A6%3@=<;@3
A< ?7= &F@A3:  Dripper separating was 38
centimeters, and it managed to have 3 Lh-1. Pepper
that had ordinary water necessities of which satisfaction was a necessity, and it was used by trickle water
system until when promising period that was estimated to take place in the first month was taken into
bay [9]. Additionally, they were later subjected to
manufactured dry spell stretch. When blossoming
started, estimations of the probable amount produced
by the crop were estimated. The test was done by
part plot outline that contained 6 seedlings and the
same that consisted of only 4 seedlings. There was
also different water system supply that was in the regions of 100% water system. The main supply acted
as a control experiment, and much of the work done
was mainly referred to it, 60% irrigation system,
35% water system and 0% water system). In every
one of the examinations, 30 allocate aggregate and
30 plants for each bundle were utilized [10]. 

'  
$6F@7<163:71/9=?<=3?A73@<4A6347392@<79B@322B?7;5A633E=3?7:3;A 
Soil Texture
Grade texture
Saturation cm3/cm3
Capacity of the field cm3
Wilting point cm3
Sat. Conductivity hydraulic cm/hr
Organic matter %

Sandy clay loam
0.36
0.20
0.24
0.68
1.48
2.6
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'63?39/A7<;@67=03AD33;A63231?3/@37;?39/A7C3D/A3?B@3/;2/231?3/@37;F7392<45?33;=3==3?@
5?<D;B;23?63/A321<;27A7<;@ 
'?3/A:3;A<4 ,7392 ==9732D/A3? '/
'/ ': ,/ ,: 9'/ ':
7??75/A7<;
A6/ 
::
::
Kl
28.4
528
524
1
1
0
K2
27.8
398
420
0.896
0.853
0.248
5.2
268
286
0.524
0.725
0.467
K4 
1.8
136
178
0.326
0.172
0.626
K5
1.68
72
68
0.164
0.056
0.062
K6 

,/ ,:
0
0.038
0.218
0.468
0.983

F
0
0.129
1.16
1.28
1.18

' 
'63?39/A7<;@67=03AD33;A63231?3/@37;?39/A7C3D/A3?B@3/;2/231?3/@37;F7392<4=3==3?5?<D;B;23?
B;63/A321<;27A7<;@ 
'?3/A:3;A<4
7??75/A7<;
Kl
K2
K4 
K5
K6

,7392
A6/ 
30.4
26.6
5.6
2.4
1.28

==9732
D/A3?
::
618
286
178
102
52

'/::

'/ ':

,/ ,:

434
420
336
164
56

1
0.784
0.682
0.236
0.142

1
0.948
0.685
0.186
0.124

WUE was calculated as the ratio of yield
(YLD) to ETa, given as WUE = YLD/ETa (t ha-1mm1
). IWUE was estimated by the following equation.
  

IWUE (t ha-1mm-1)

 
Where   is the yield obtained from the
rainfed treatment or dryland yield, and IRGA is the
seasonal irrigation amount used in millimeter. To
discover contrasts that existed between various
forms of treatment, different correlation measures
were made utilizing the exceed expectations of 16.0
for Windows measurable programming software and
the probability degrees were expressed at 0.9% likelihood. Furthermore, there was no examination of
difference was made for the potential of leaves to retain the required amount of water that would help in
finishing the experiment that was being performed.
The work being undertaken in heated and unheated
environments, it was noticed that crops showed various forms when exposed to varying amounts of water and weather conditions. Leaf water potential, as
well as exact estimation of temperature possessed by
the leaves, was taken into explicit consideration
while creating the solutions that are needed in measuring leaf temperature. Their outcomes were given
as perceptions and for providing the extra data required for efficient use of the experiment. Other
forms of experiments were performed when placed
in other conditions to show how crops manage to
survive when soil conditions are not maintained in
the same condition. Atmosphere information of the
universe was analyzed for many years. The information gotten showed that in one week, crops would
receive least amount of water that would not be able
to support their survival. Half water system: half of

'/ ':
0
0.364
0.582
0.728
0.128

,/ ,:
0
0.120
0.318
0.564
0.995

F
0
0.138
1.118
1.38
1.28

the irrigation control marks. - 25% water system:
25% of the water used for irrigation - 0% was used
to show that no water was applied in this test experiment.
The experiment was randomized with the block
design for both forms of greenhouses irrigations
schemes to be tested separately. Replications have
been sent to other various sectors in which blocks of
various ways have been used to ensure that there is
no disturbance of the existing irrigation system. Irrigation system used for the two sets of systems has
varying pan coefficients (KL  ranging to 1.00).
Additionally, K2: 0.70, K3 0.65, K4
0.30, K5 0.00-acting as a control experiment for
unheated condition. The amount of water used for
both irrigation schemes was estimated to be the same
level with those that are in varying greenhouse conditions. The amount of water used was accurately estimated using the following equation.
I = E x K x P
Where:
E is the cumulative evaporation when there
was a 2-day irrigation practice in a constant interval.
Kcp is the coefficient of pan evaporation and P was
taken to be the percentage of the total wetted area.
The amount of water required for irrigation was
measured by the use of flow meter placed at the head
of each plot. The amount of water used for irrigation
was supplied from wells that were drilled from the
adjacent areas. The quality of water that was used
was determined by the help of expertise who helped
in determining whether the quality of water used was
enough for performing the experiment and get the required output that fulfils the aim of the experiment.
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The water was actually taken and placed in C2S1
classes that had low risks of sodium that had minimum values of EC. Furthermore, there was no problem recorded by the amount of water that was used.
The value of crop evaporation was estimated by the
use of water balance equation situated and allocated
by the performers of the experiment.
Evaporation noticed from crops was estimated
by use of water balance equation that is stated below.
ET= (SWC10 –SWCtl) + IW –D,
The use (SWC10-SWCtl) was used to show the
volumetric value of water content between the different dates through which valuable measurements
were taken. IW and D were the total value of irrigation that was applied and the collected amount of
drainage and the total amount of period under consideration. When monitoring was done, it was
revealed that deep percolation was the taking place
more than 0.68m below the ground and it was
considered negligible. The use of Steward Model
helped in determining the relationship that exists between the actual yield and ET.

K1 cp. Furthermore, there was the use of linear relationships that was observed between crop evapotranspiration (ET) and yield as much as the total amount
of water that is used for irrigation. The equation that
was used in determining the total amount of water
that was used to realize maximum yield was
Ya=0.346ETc-2.328 with the help of R2=0.98, it then
turned out that Ya=0.0256IW-1.342 with R2=98
In our study of the experiment of trying to come
up with various ways to which deficit irrigation will
be able to affect the form of productivity that is got
out of pepper. Furthermore, the highest yield was
made from heated greenhouse condition when compared to yield that was got from areas that had limited amount of production [13]. In unheated conditions, it was noticed that more water was supposed
to be used to maintain continuous yield from the
majority of crops
From the experiment, it was noticed that deficit
irrigation had a considerable effect on the height of
fruits when consideration of both conditions are
taken into consideration. K2 and K3 played a crucial
role in ensuring that maximum production is realized
and efficient irrigation practices were placed in the
last group [12]. There was the general conclusion
that deficit irrigation applied to crops would not be
compatible with the total reduction of bulb height.
Data is shown in table 2 and 3.
The amount of water applied for both conditions varied by approximately 25% in both conditions of heated and unheated places where the accumulated results showed that there was a considerable
effect that was noticed on the value of all crops under
irrigation. From the results, it was noticed that there
was no effect on the fruit height that would impact
the market value of the plant. In both conditions, it
was noticed that fruit diameter and weight had a
similar response to deficit irrigation and managed to
affect the production considerably in both areas and
realization of maximum yield would pose a considerable variation .13]. It was also noticed that all
treatments had higher values than those found in
non-irrigated schemes. There was a considerable rise
in dry matter value in which it was noticed that lowest and highest values were recorded at K5 and K1cp
respectively. The variation can be attributed to considerable differences in fruit height and weight that
was observed from the K1cp treatment than those
shown in deficit treatment that was performed [14].


%&( '&"&(&&#"
After planting seeds, 60mm of irrigation water
was applied so that it would aid in bringing the
amount of soil water to 0-58 cm of the field capacity
[11]. Treatments of irrigation were started, and
measurement of evaporation rate was done after first
irrigation practice was performed. The total amount
of water applied to both crops planted in the two irrigation conditions of heated and unheated conditions varied considerably in which 726mm in the
Klcp was used for total irrigation practice for the unheated condition [12]. The use of heated condition
required the application of K1cp of water in carrying
out the treatment procedure. Minimum of 68mm of
water was applied to both forms of crops in which
crops were supposed to be filled with the water that
would be able to support their survival under the limited water conditions and those areas where continuous supply was being undertaken. In other forms of
irrigation treatment, the amount of water applied
ranged from 538 and 190 mm [13]. The form of seasonal evapotranspiration experienced during the
varying periods increased considerably and managed
to range from 112 to 738 mm for K5cp and the use of

' 
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2.6

2.56

9.46

7.20

C2S1

0.86

7.18
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' 
4431A@<47??75/A7<;A?3/A:3;A@<;=3==3?:/?83A/093=/?/:3A3?@B;23?63/A321<;27A7<;@ 
??75/A7<;A?3/A:3;A
K1cp
K2cp
K3cp
K4cp
K5cp
Treatment
Blocks

3756A
1:
18.4a
18.2a
16.4a
11.2b
9.4b
Ns

7/:3A3?
1:
26.5a
22.4a
18.2b
11.2c
9.3c
Ns

To find differentiates that existed between different types of treatment, distinctive relationship
measures were made using the surpass desires of
16.0 for Windows quantifiable programming, and
the likelihood degrees were communicated at 0.9%
probability [15]. Besides, there was no examination
of contrast was made for the capability of leaves to
hold the necessary measure of water that would help
in completing the test that was being conveyed [16].
The work being attempted on warmed and unheated
situations, it was seen that harvests demonstrated
different structures when presented to changing

*3756A
85
1020.2a
998.6a
546.2b
186.8c
69.5d
Ns

?F:/AA3?
6.6c
7.8c
13.2b
28.4a
26.4a
Ns

,7392
A6/ 
28.3a
26.4a
14.4b
5.3c
1.7c
Ns

measures of water and climate conditions. Leaf water potential and also correct estimation of temperature controlled by the leaves was taken into clear
thought while concocting the arrangements that are
required in measuring leaf temperature [17]. Their
results were unmistakably given as recognition and
for giving the additional information required for
productive utilization of the analysis [18]. Different
types of examinations were done when putting in different conditions to indicate how survival of products can do when soil conditions are not kept up in a
similar condition [12]. Climate data for the were
dissected for a long time and the path through which
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the sum of 7 days in seven days is simple in vanishing was taken as a preface in guaranteeing of water
framework water entireties half water framework:
half of the water system control marks. - 25% water
framework: 25% of the water utilized for water system - 0% was utilized to demonstrate that no water
was connected in this test [19]. The examination was
randomized with the piece plan for the two types of
greenhouses water systems plans to be tried independently. Replications have been sent to different
segments in which squares of different ways have
been utilized to guarantee that there is no aggravation of the current water system framework. Water
system framework utilized for the two arrangements
of frameworks has fluctuating dish coefficients [13]
(Figure 2).

?<= ,7392 %3@=<;@3  The response of crop
yield was represented by factor Ky that was used to
indicate the linear relationship that was shown between the general decrease in relative yield [17].
There was a considerable decrease in yield
concerning amount of water consumption. The factor considerably decreased when yield caused by the
irrigation schemes was done as per the stipulated

schedule [17]. The crop yield factor showed that in
a heated condition, pepper yield was considerably
higher than the ones that are found in unheated conditions. Seasonal crop response was found to range
between 1.04 for all irrigation treatment done in both
conditions. The value of Ky was noticed to be higher
when water deficit increased thus showing that reduced amount of water used for irrigation reduces
the total amount of yield that is collected from the
crops [20] (Figure 1).

*/A3? B@3 3447173;173@  IWUE and WUE
considerably decreased when the amount of water
applied for irrigation was reduced. The highest
amount of production was realized when treatment
was done for both growing conditions that took the
values of pepper fruits was consumed and how values of K2 cp affected the general fruits of the experiment [7]. From the study, it was realized that irrigation that is deficit would affect the value of crops and
market value. Height and diameter of the products
are supposed to be taken into consideration when assembling the amount of water that is to be applied
for irrigation during the varying conditions [13].
Data is shown in Table 5 and 6.

' 
!/?83A/093=/?/:3A3?@4<?7??75/A7<;34431A@<;=3==3?@F7392B;23?B;63/A321<;27A7<;@ 
??75/A7<;A?3/A:3;A
K1cp
K2cp
K3cp
K4cp
K5cp
Treatment
Blocks

3756A
1:
28.4a
24.2a
18.2a
10.2b
8.5b
Ns

7/:3A3?
1:
26.5a
24.6a
19.5b
13.2c
9.0c
Ns

*3756A
85
1120.4a
986.2a
420.6b
178.7c
58.3d
Ns

?F:/AA3?

5.8c
8.2c
14.2b
26.4a
23.1a
Ns

,7392
A6/ 
30.2a
25.2a
16.2b
4.8c
2.1c
Ns


' 
'63A/093@6<D@*(/@D399/@*(C/9B3@4<?=3==3?=9/;A32B;23?2?7=7??75/A7<;/;227443?3;A
A?3/A:3;A1?7A3?7/B@32B;23?63/A321<;27A7<;@ 
??75/A7<;A?3/A:3;A
KIcp
K2cp
K3cp
K4cp
K5cp

*(85:: 
3.28
3.48
3.01
2.18
1.86

,7392A6/ 
26
18
13
6
3

*(85:: 
3.10
3.16
2.36
1.18
0.00


' 
'63A/093@6<D@*(/@D399/@*(C/9B3@4<?=3==3?=9/;A32B;23?2?7=7??75/A7<;/;227443?3;A
A?3/A:3;A1?7A3?7/B@32B;23?B;63/A321<;27A7<;@
Irrigation treatment
KIcp
K2cp
K3cp
K4cp
K5cp

Yield (t ha-1)
34
22
18
8
2

WUE (kg mm-1)
4.16
3.26
3.15
2.20
1.56
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IWUE (kg mm-1)
3.28
3.08
2.86
1.28
0.00

#"

  $     





  !





(% 
&6<D7;56<DA63=?<2B1A7<;<4=3==3?7@7;49B3;132/4A3?/;2034<?3=9/;A7;5 

<:=/?7@<;03AD33;3/A32/;2(;63/A32
?33;6<B@367973@$?<2B1A7<; Depending on the
greenhouse that was used, the amount produced from
different conditions varied to a great extent. It was
noticed that a number of chilies produced from
heated greenhouses was higher than those from unheated greenhouses [21]. The variation rose because
of the varying solar radiation that is transmitted into
greenhouses and the amount of water applied to each
sector that is intended to cover the materials used [7].
Pepper from heated greenhouses had proper
diameter, and weight thus was able to influence
significantly market value. Additionally, the level of
solar radiation that is carried out under protective
structures that allowed protection of the planted
crops thus showing considerable rise during different seasons. The vertical transmission of the applied
water aide in helping crops to blossom and have the
ability to determine the level of quality produced by
each plant [21]. Values are shown in Table 7 and 8.


#" (&#"

tonnes were obtained from one hectare. Furthermore, there was a significant reduction in the amount
of yield realized as the amount of water applied for
irrigation was reduced. The amount that was applied
for each yield was significant in which every irrigation treatment resulted in higher products when compared to the use of irrigation water that was applied
to a limited value thus showing scarce resources.
Various greenhouse conditions reveal that water resources are scarce, treatment of K2cp was taken to be
the most suitable because water application for pepper irrigation should be applied under specific criteria that is tended to show how much value would be
realized when the correct amount of water is applied
to crops. IWUE applied during the treatment period
was higher, and the value of K2cp was realized to be
higher than the value of K1cp as well as the use of
K3cp which was used as the primary form of treatment criteria. The application of varying criterion
used for treatment of heated condition led to indifference in production and the quality of the products
thus showing that there is a considerable decrease in
the amount of water applied to enhance the production rate of each part. The value that was
recommended indicated that K2cp was the most suitable form of treatment that can be used to increase
the amount of pepper that was produced from each
portion. It was noticed that deficit irrigation had
considerable effect on fruit height and weight. The
applied amount of water had considerable effects on
yield and quality of pepper. There was raise of concern in which the necessary treatment method was
supposed to be used to ensure that weight, length,
and diameter of the fruits was maintained constant.

While carrying out this study, it was noticed
that irrigation treatments affected crop production
significantly. The yield, diameter, fruit length and
dry matter ratio are one of the leading properties that
have been significantly affected. Under heated conditions, it was noticed that the highest yield was
obtained at treatment levels of K1cp in which there
was the total production of 26 t ha-1, and there was
minimum yield obtained from K5cp because only two
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Guangxi is located in the southern part of
China, with Guangdong in the west and Beibu Bay
in the north. Guangxi’s per capita gross domestic
product has increased with an average annual growth
rate of 16.10 % from 1985 to 2014. With the rapid
development of economy, the ecological environment bears considerable stress. Therefore, this study
analyzed the dynamic relationship between economic development and environmental quality if
Guangxi through the examination of water waste,
gas waste, and solid waste using the EKC hypothesis
with panel data from 1985 to 2014. Results confirm
that the relationship between water waste, gas waste,
and solid waste pollutants and per capita GDP were
an inverted U-shaped, where the turning points at per
capita GDP were 28851, 21000, and 23000 RMB,
respectively, from 2008 to 2009. The scenario elucidates that the rapid growth of environmental protection investment and the strict environmental policy
promote the harmonious development of economy
and environment. Principal component analysis
proves that the major pollutants were waste gas and
solid waste in Guangxi. Therefore, the local government should strengthen the management of discharges, such as gas waste and solid waste. This
study aims to provide an epitome of the conflicts and
consolations between socio-economic development
and environmental quality in the past as well as hints
for overall management in the future.



discharges (water waste, gas waste, and solid waste)
[4, 5, 6]. Accordingly, economic developments have
generally generated negative effects on ecosystem
functioning, such as soil acidification, habitat degradation, and even biodiversity [7, 8, 9]. Generally,
economists have recognized that, to a certain level,
social and economic developments can help improve
environment quality and promote the harmonious
development of economy and environment [10, 11,
12].
Notably, Guangxi has been successfully following the concept of developing the economy without damaging the environment, the so-called “win–
win” strategy [13]. Therefore, the regional economic
integration raises our particular interest for exploring
the economic development and quality environment
relationship.
Many researchers have explored the relationship between economic development and environment quality by employing the environmental Kuznets Curve [14, 15, 16, 17]. The environmental Kuznets Curve (EKC) hypothesis has, thus, acquired
worldwide attention [18, 19, 20]. The EKC concept
has become an independent research issue that has
provoked a large body of theoretical and empirical
literature [21, 22, 23]. Several existing studies on the
relationship between economic growth and environmental pollutant conditions have argued that environmental degradation increases first as income increases, when income increases to a certain peak,
and the environmental degradation will decreases
with the increase of income assume of the inverted
U-shaped relationship [24, 25]. This inverted Ushaped relationship is known as EKC in the literature. The empirical results in the literature regarding
this inverse U-shaped relationship between environmental pollutants and per capita income have been
based on three different channels: scale, composition, and technique efferent [22, 26, 27]. Empirical
evidence confirms that the economic growth will
lead to a gradual degradation of environment in its
initial stages and then, after a certain level of growth,
to an improvement in the environmental conditions,
such as wastewater discharge, waste gas emissions,
and solid waste. However, carbon dioxide has been

+)!$%
Environmental Kuznets curve, economic growth, environmental quality, Guangxi
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With the acceleration of social economic development and human activities, the destruction of environment has become serious worldwide, such as
habitat degradation, alteration of food-web structure,
and loss of biodiversity [1, 2, 3]. Much of this environment degradation has been driven by three waste

2818

"!

 #     





    


among the most commonly used environmental degradation indicators, and EKC hypothesis has been
proven to hold mostly for carbon dioxide emissions
in the literature [28]. Others have reported a Ushaped relationship [29] or even an N-shaped relationship [30]. The EKC hypothesis asserts that the
different shapes have been influenced by several
types of factors, such as range of year, index selection, and curvilinear forms [31, 32].
This hypothesis posits an inverted U-shaped relationship between economic growth and environmental degradation, where environmental degradation increases with economic growth but also decreases when economic growth reaches a certain
point, the so-called turning point. Many studies have
shown that annual income level’s turning point is approximately 5000–8000$ [33, 20]. The conventional
EKC has elicited many critiques. Likewise, arguments have mainly focused on the assertion that the
inverted U-shaped relationship applies only to a subset of environmental measures [34, 35], for example,
certain conventional pollutants, such as waste water
discharge, suspended particulates, and carbon dioxide [36, 37], which also argues that the EKC pattern
might exist, but not for overall environmental pressure.
Many researchers have summarized the relationships between pollution and income, with the
following four scenarios: the conventional EKC,
new toxics, race to the bottom, and revised EKC scenario (Fig. 1) [38, 20]. New toxins for common pollutants may have an inverted U-shaped curve, but
new pollutants replacing common pollutants are
emerging, with similar effect on the environment.

The race to the bottom scenario posits that the reduced pollution in developed countries has been
likely achieved through directing pollution-causing
discharges to developing countries. Therefore, developing countries will have difficulty in reducing
pollution. The revised EKC scenario has not denied
the EKC curve but suggests that technological
change has shifted the curve downward and to the
left in the course of time [20]. The EKC scenario
suggests that environmental improvements are possible in developing countries and that peak levels of
environmental degradations will be low in developed countries.
Guangxi is a medium income-developing district in southern China, which has undergone remarkable economic growth over the past three decades. Similar to other developing districts, the extensive development pattern played a significant role in
boosting Guangxi’s economic growth and energy
consumption increased by an average annual growth
rate of 11 % from 1985 to 2014 and a per capital
GDP average annual growth rate of 16.10 % from
the Guangxi statistical yearbook. The annual growth
rate of three waste discharges has gone up to at least
14.36 %, 0.54 %, and 6.06 % from 1985 to 2014 in
Guangxi.
In Guangxi, linkages between three wastes and
economic growth have received inconsiderable attention. Although several studies have recently tackled the issue only, these studies have only focused on
carbon dioxide (CO2) emissions [39, 40], and have
ignored the importance of water waste and solid
waste’s effect on the environment. However, the role
of the three wastes in the context of economic
growth and environmental effect is fairly important.
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Number
1
2
3
4
5
6
7
8

Coefficient
 
 
 
0
0
0
>0
0
0
<0
0
0
>0
<0
0
>0
>0
<0
<0
>0
0
>0
<0
>0
<0
>0
<0

Explanation
Indicate a level relationship between    and  
Indicate a monotonically increasing linear relationship
Indicate a monotonically decreasing linear relationship
Indicate an inverted U-shaped relationship
Indicate an inverted U-shaped relationship
Indicate a U-shaped relationship
Indicate an inverted N-shaped relationship
Indicate an N-shaped relationship
3>1=7<?7;: ;4 >?@2D 93?6;2> Previous empirical studies on the relationship between economic
growth and environmental quality have confirmed
that the pollution deterioration indices can be described by parameterized models, using the per income index as an independent parameter or variable
in the form of multinomial functions. In this paper,
the multinomial curve model was used to analyze the
relationship between environmental quality and economic growth. Equation (1) shows the reduced form
model:

   
(1)
      
where is the time period,  is the environmental
variable,  is per capita real GDP, and is the standard error term. Table 1 shows the relationship between EKC and the coefficient of the model.
Principal component analysis (PCA) is a multivariable analytical tool that enables the data reduction and characterization of a given poly dimensional
system using the means for a small number of new
variables [42]. The raw data matrix was a Z-score
standardized and mid-range normalized to eliminate
the effect of differing units and to ensure that each

This study aims at understanding the challenges involved in the balanced development of economic growth and environmental quality in a different perspective by analyzing the relationship between the rapid economic growth and the three waste
pollutants through the standard EKC mode, as well
as promote Guangxi’s harmonious development of
economy and environment.


&$% &!%

3>1=7<?7;:;4>?@2D/=3/ Guangxi is located
in the southern part of the China, with bordered by
the Guangzhou Province on the west, the Huan Province on the south and the Yunnan Province on the
east (Fig. 2), whichincludes 14 prefecture-level cities and 33 counties, covering an area of 236,000 km2,
39 rivers, and with a population of over 48 million
[41]. The large amount of the three wastes that polluted the environment was mainly from the industry
and domestic pollution sources.
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determined variable had an equal weighting in the
PCA [43]. Generally, principal components (PCs)
should account for approximately 75% of the total
variance, and the relevant PCs were those having eigenvalues >1 [44].
The principal component analysis was used to
evaluate the effect of environmental pollutant factors
on the economic growth [45].
             
(2)
where  is per real GDP; 0, 1, and 2are the gas
waste, water waste, and solid waste; and 1 2
and 3 are the coefficients of gas waste, water waste,
and solid waste, respectively. In this study, the data
used are three wastes per GDP from 1985 to 2014.
We used the all samples for our estimations from the
Guangxi statistical yearbook. In the current study,
per GDP is used as the index indicating the economic
growth, the per GDP is calculated at current prices
from reported of Guangxi statistical yearbook. Three
indices were employed to gauge the levels of environment pollution in Guangxi, including industrial
gas waste emissions, industrial water waste discharge, and industrial solid waste.

/?//:/8D>7> The normality of the data was
tested by means of the Kolmogorov–Simonov test
and was accepted at p < 0.05 using SPSS 19.0 software and Origin 9.0. A difference of synchronous
data for different parameters was determined by a ttest [46] and was accepted at p < 0.05.

with an average annual growth rate of 17.12% from
1985 to 2014. In 2014, the total GDP reached
1567.29 billion. The per GDP is over 38,000 RMB
in Guangxi, and the per capita annual income is approximately 18,000 that is significantly lower than
the nation-wide average.
Base on the data of Guangxi Statistical yearbook from 1982 to 2014, the major contributing sectors to GDP growth are the secondary and the tertiary
sectors of industries in Guangxi, which account for
47% and 38% of the total GDP, respectively. The
primary sector of industry only accounts for 15% of
the total GDP. The mainstay industries were sugar,
papermaking, metallurgic, and tourist industries in
Guangxi (Fig. 3).
$35=3>>7;:/:/8D>7>;:B/>?35/>397>>7;:>
Industrial waste gas emissions (WGEs) mainly include carbon oxide (COX), sulfur dioxide (SOX), and
nitric oxide (NOX). Waste gas emissions were chosen as the dependent variables in studying relations
with the per GDP. For WGEs, the regression model
clearly showed an inverted U-shaped (Fig. 4), and
the coefficient estimate was significantly different
(p< 0.05). The 2 value is 0.9102. Accordingly, the
fitted curve met the requirements. Table 2 exhibits
the regression equation parameters.
We calculated that the turning point at per GDP
is 28,851 RMB based on regression equation on
waste gas as well as per GDP and occurred at the
time interval between 2008 and 2009. The value of
WGEs increase with the increase of per GDP when
per GDP is less than 28,851 RMB, and vice versa.
Currently, Guangxi has passed the turning point of
the EKC. Therefore, with any further development
of the economy, WGEs will also alleviate in
Guangxi.

$%'&%

1;:;971 5=;B?6 ;4 @/:5C7 Guangxi was
established as a bridgehead of China–ASEAN Free
Trade Area in 2010. Guangxi’s GDP has increased
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$35=3>>7;: /:/8D>7> ;: B/?3= B/>?3 27>
16/=53 The dependent variable is the wastewater
discharge (WWD). Based on regression model that
shows a linkage between an inverted U-shaped in
WWD and per GDP (Fig. 5), the coefficient estimate
is significantly different from 0 to 0.05. The 2 value
is 0.5327. Therefore, the fitted curve meets the requirements. Table 2 presents the regression equation
parameters.

From the regression equation of the WWD and
per GDP, we can obtain a turning point at per GDP
= 21,000, which indicates that the values of WWD
begin to decrease when per GDP exceeds 21.000
RMB, and vice versa. Currently, Guangxi has passed
the turning point of the EKC. Therefore, with any
further development of the economy, WWD will
also alleviate in Guangxi.
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$35=3>>7;:/:/8D>7>;:>;872B/>?3<=;2@132
Figure 6 depicts that the regression model indicates
an inverted U-shaped relation between solid wastes
produced (SWP) and Per GDP. The coefficient estimate is significantly different from 0 to 0.02. The 2
value is 0.9283. Accordingly, the fitted curve met the
requirements. Table 2 shows the regression equation
parameters.
From the regression equation of the SWP and
Per GDP, we can obtain a turning point at per GDP
= 23,000 RMB, indicating that the values of SWP
begin to decrease when per GDP exceeds 23.000
RMB, and vice versa. Currently, Guangxi has passed
the turning point of the EKC. Therefore, with any
further development of the economy, WWD will
also alleviate in Guangxi.
The estimated parameters, as the F-statistic
value is significantly small and all the equations possess a high fitness 2 of over 0.703. From the statistical aspect, therefore, the derived EKC was, thus,
acceptable. Table 2 exhibits the estimated coefficient
on each regression and the values of 2 and F.


"=7:17</8 1;9<;:3:? /:/8D>7> We selected
various per GDP indices to analyze the effect of
three waste discharges on environmental quality, per
GDP, industrial water waste, industrial gas waste,
and solid waste. These indices represented human
activities, such as service, agricultural, and industrial
processes. Spearman’s rank correlation coefficient
was applied to measure statistical dependence between two variables. However, without the assumption of normal distribution of two variables, the coefficient has abroad application field in statistical
analysis using a monotonic function. Table 3 presents the results of Spearman’s rank coefficient test.
The results of the PCA confirmed that F-1 explains the 81.9% of the total variance. Afterward, the
relative roles of three pollutants in governing the per
GDP was carried out using stepwise regression analysis. The regression calculation (Eq. (3)) suggests
that the per GDP is controlled by the three pollutions.
According to Eq. (3), the regression is positively associated with the gas waste as well as soil waste and
negatively associated with the water waste.
             
(3)
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Parameters
 
 
 
 




Gas waste
1408
0.3169
6.2089E−5
−1.5423E−9
0.9102
98.987
2.398E−14

Water waste
95233
1.1926
4.2511E−4
−1.5570E−8
0.5327
10.794
8.683E−5
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Solid waste
790
0.2849
8.7604E−6
−4.6936E−10
0.9283
126.172
1.332E−15
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Parameters
Gas waste
Water waste
Solid waste
GDP

Gas waste
1
0.133b
0.931a
0.978a

Water waste

Solid waste

GDP

1
0.361
0.081b

1
0.923a

1

a Correlation is significant when0 <p<0.01(two-tailed). n=30.
b Correlation is significant when0.01 p<0.05(two-tailed). n=30.
%'%%!  "!+"&! 

sumption only increased; however, Guangxi’s energy consumption structure is constantly changing.
The average annual total energy consumption has increased by 7.92 % from 1985 to 2014, and the average annual consumption growth rates of coal, oil,
and electricity were 6.18%, 7.53%, and 6.54%, respectively (Fig. 8). The coal, oil, and electricity consumption changes from account for 55.3%, 13.0%,
and 31.7% of the total energy consumption to 44.4%,
17.6%, and 38.0%, respectively, from 1985 to 2014.
Only the technological innovation has the energy
structure adjustment, and the adjustment of industrial structure promotes a series of industry development and growth. The electricity energy is developed
by the means of hydro-power resources and the wind
or nuclear power to make electricity. The models of
energy consumption are changed, which promoted
the development of green energy. Accordingly, the
low consumption policies have been drawn up by the
local government of the Guangxi Zhuang autonomous region that include new material, new energy,
industry plans for energy conservation, and environment. The low consumption policies are entailed for
function, industrialization, and modernization. People's 18th Congress emphasized the need for intensified energy and resource conservation, environment
protection, and enhanced capacity for sustainable development to advance on the path of sustainable development. The local government has put forward a
series of policies and measures in protecting the environment, such as straw burning prohibited in the
countryside, construction, and the completion of
clean energy compensation, a mechanism for ecological compensation, and the optimization of the energy consumption policies’ structure.

Analysis results asserted that the relationship
between water waste, gas waste, as well as solid
waste of pollutants and per capita GDP was inverted
U-shaped. The research result is of great significance
to the adjustment of industrial structure, energy consumption and environment investment of Guangxi.

:2@>?=7/8 >?=@1?@=3 ;4 @/:5C7 The aforementioned analyses verify that the relationship between economic growth and comprehensive environmental pollution emissions from 1985 to 2014 in
Guangxi is inverted U-shaped located at the right
side of the inverted U-shaped. Many of scholars’ literature have shown that the unhealthy industrial
structure of the economy has an effect on the shape
of EKC curve [47, 48]. Therefore, we can judge
whether industrial structure was the reason that influenced the shape of EKC the fitting curve. The
rapid economic development and reasonable industrial structure are helpful in improving the environmental quality of Guangxi. Moreover, the increased
PC GDP in Guangxi was 6925% from 1985 to 2014.
The total GDP of Guangxi was 1573 billion in 2014,
and the average annual growth rate of GDP is
16.07%. The primary, secondary, and the tertiary
sectors of industry accounted for 15%, 47%, and
38% of the total GDP, respectively (Fig. 7). The average annual growth rate of the primary, secondary,
and the tertiary sectors of industry were −3.33%,
1.84, and 1.33%, respectively. From the per GDP of
Guangxi and industrial structure perspective, the average annual growth was more rational rather the industrially structured, and the living standard of people was significantly improved. The change in the
economy growth mode from one extension rule to
another in upgrading the industry promoted the rapid
development of Guangxi’s economy, and the degree
of industrialization has accelerated. The large number of pollutants affected the resource utilization,
which led to the downward trend in the level of pollution discharges.

:3=5D 1;:>@9<?7;: 7: @/:5C7 With the
rapid development of economy, the industrial structure should be adjusted. Note that the energy con-

:A7=;:93:? 7:A3>?93:? ;4 @/:5C7 The
rapid development of industry accelerated the production capacity, which increased the total GDP and
environment investment. Based on the practice in
some developed countries, for the environment investment accounting for 1.5%–3% of the total GDP,
the ecological and environmental qualities are effectively improved. However, the environment investment of Guangxi was approximately 1.51%–2.15%
of the total GDP from 2006 to 2013 (Fig. 9). Moreover, the annual total investment in the environment
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protection and ecological construction has been approximately 20 billion [49, 50]. At some time, the
government of Guangxi raised the management of
country domestic that became the important task for
departments of government when "village cleaning
project" was launched, which reduced the non-point
source of three waste discharges. The rapid development of economy in recent years deteriorated, and
the environment investment accounting quality of
the total GDP and the amount of total environment
investment hardly changed. People’s 12th Congress
of Guangxi Zhuang Autonomous Region has en-

couraged the creation of the natural ecology’s picturesque scenery as the overall objective [51]. The regional policy of development priority zones is improved and used to raise considerable capital for pollution control and environmental protection, which
improved the sound mechanism of the ecological
civilization system. According to the EKC curve of
the three wastes in Guangxi, further improvement of
scientization, systematize, and legislation on the environment investment management level that promoted the environmental quality in Guangxi is
promising, which also explains that the "three
wastes" treatment in Guangxi is effective.
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A/8@/?7;:;4?639/7:<;88@?/:?Some studies have confirmed that gas waste is highly related to
per capita GDP status and that many catchments in
development of the industrial regional show moderately-high pollution [52, 53]. Table 3 shows that the
values in the water waste were larger than 0.05,
therefore, we postulated that these indices have little
relationship with per capita GDP and were deleted
from the dataset. The values in the gas waste and
water waste are smaller than 0.01 and have significant differences. On the basis of the results of coefficient analysis, we proceeded with PCA to reduce
the dimension of the per capita GDP indices for further statistical analysis. With the use of an orthogonal transformation, PCA converts correlated variables into linearly uncorrelated variables called principal components. The PCs correspond to the first
eigenvector of the covariance matrix, which accounts for most of the variability in the data as possible, and each succeeding component in turn has the
highest variance under the constraint that is orthogonal to the preceding components. The output of
PCA has only one main component PCs, which accounted for 81.9% of the total variance. The three
wastes discharge variables (gas waste and solid
waste) had positive loadings on PCs, whereas water
waste variables had negative loadings.


! '%! 

been paid to environment quality. Therefore, researchers and managers should understand the important relationship between economic growth and
environmental quality.
On the basis of quantitative analysis on the
long-term variation of economy and environment,
we confirm that (1) the relationship between water
waste, gas waste, and solid waste of pollutants and
per capita GDP was inverted U-shaped from 1985 to
2014. (2) The quality of environment is improving in
Guangxi, but pressure for implementing environmental still persists. Likewise, pollutions that resulted from industrial gas waste and solid waste discharges still aggravate the region. Therefore, the
government should further strengthen the management and encouragement of recycling waste discharge. Furthermore, develop invigorative mechanisms to achieve a win–win combination of environmental improvement and economic growth.
This study not only helps researchers find the
turning point of environmental health as a result of
long-term economic development but also helps
managers examine the management measures or
strategies’ effectiveness. Further scientific research
is needed to optimize the industry structure. Moreover, interdisciplinary cooperation can significantly
understand the economic growth and environmental
pollution variations.


 !) &%

We examined the relationship between economic growth and environmental pollution in
Guangxi, China. Over the past three decades,
Guangxi has experienced rapid socio-economic development that exerted high stress on environment
ecological system; thus, considerable attention has
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$'(& )' %) #)' (Linnaeus, 1758) (Coleoptera: Bostrichidae) is a xyllofag species that
causes secondary damage in various culture plants in
European countries and in Turkey. The damages
caused by this species on the fig plant in Turkey and
mode of damage are published for the first time with
this study. Dimensions of the pupa nest of the species
are also given. Furthermorethe species #&$'$( 
#)' &&) #)' (Marshall, 1888) (Hymenoptera:
Braconidae) as the new larva parasitoid of %) 
#)'has been determined in this study. This is the first
record that this species parasitizes the subspecies belonging to the Bostrychidae family. This species
emerges from the cocoons of %) #)'in the xylemic galleries. Moreover; both species have been
determined in the fauna of Southeastern Anatolian
Region and in Diyarbakır Province for the first time.

including ,!$# ('%&)'()'Germar, 1817, $ 
  *& & Villa, 1835,  #$+,!$# '+#(()"
Olivier, 1790, ,!$%&(!!%  Olivier, 1790 and
 '($&)' ")!()' has been determined, and
of these species, $  *& & Villa and  #$+,
!$#'+#(()' Oliver (Bostrychidae) cause significant damages on branches and stem. However, no information has been given in this study on damages
caused by  %) #)' [7]. There are no detailed
studies on the hosts of this pest in our country. There
are no studies aiming at the natural enemies of the
pest, and mechanical struggle is given against this
pest in general. The species #&$'$( #)'&&) 
#)' Marshall, 1888 emerging from the pupas of this
pest however, is widespread in European countries,
and is found also in Turkey in the Eastern Anatolia,
Aegean and Middle Anatolia regions [8]. It has been
reported in the studies carried out till now that this
parasitoid parasitizes the species belonging to the
Cerambycidae, Curculionidae and Scolytidae families of the Coleoptera order. In this study, the new
host of %) #)'its pupa nest and parasitoid are
introduced.

'& "#:
$'(& )' %) #)', #&$'$( #)' &&) #)', new
host, new record parasitoid, )'& , Turkey.

$"#$ #

$" %$ 

$'(& )'%) #)' Linnaeus, 1758 is a widespread species found in a large area including a large
part of Europe and in Turkey, Syria, Iraq and in the
area from Asia to China [1, 2]. It is seen in almost
every region of our country, more or less. It is found
on hosts including '(# '( * (= *',)
)&)'$#&(,  !+, $&)'! and  )&#)"
( #)', and lives in dead oak, boadleaves trees,  #)',
hazelnut wood and timber [3, 4]. It has been reported
that this species is a secondary pest. It has also been
reported that this species prefers mostly the dying
hazelnut wood [1]. This species is capable of causing
damage in many plants including those belonging to
Ericaceae, Fabaceae, Fagaceae, Moraceae, Myrtaceae, Rhamnaceae and Vitaceae families [5]. Furthermore, it has been reported that this species is a
pest of )&)'sp., &)()')#$ (L.),  ( '* # 
& (L.) in Spain [6]. In a study carried out in Turkey
aiming at determining the Xylophagous species on
fig, the species belonging to the Bostrichidae family

The samples were collected between February
15, 2017 and March 1, 2017 in Eğil District of Turkey (Figure 1). In the study, the perennial fig tree in
dying process was cut off over the root section and
was divided into pieces with the help of a saw;
fetched to the laboratory and was cultured. The culturing procedure was carried out between March 1,
2017 and May 15, 2017. Culture containers were
checked weekly, and the emerging individuals were
collected with the help of an aspirator and were prepared for diagnosis. The exit holes have been studied, pupa nests on the damaged pieces of wood have
been examined and the exit holes of %) #)' individuals have been photographed with stereo binocular Olympus SZX7 microscope and recorded.
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,4,7(208970):9054Europe, Sudan, Middle
East, Iraq, Iran, Kazakhistan, Morocco, Algeria,
Syria, Tunisia, Turkmenistan, Russia and China [1,
8, 9].
The pupa exit hole and an adult individual of 
%) #)'are shown in Figure 3. The species exits
this hole as an adult. The length of this hole is 7629
µm (7,6 mm), and the width are the widest point is
1696,89 µm (1,6 mm), while the width at the narrowest point is 1381,70 µm (1,3 mm).


%" 
$/,89:+<(7,(804A0208970*9$:71,<


"#%$##%## 

,4:8$'(& )'Geoffroy, 1762
$'(& )'%) #)'(Linnaeus, 1758)

(9,70(2 Diyarbakır Eğil (Central District)
(41°9′50″N, 42°52′45″E), 1800 m. 10.04.2017, 12
exc, 17.04.2017, 4 exc., 23.04.2017, 6 exc,
29.04.2017, 2 exc. $59(22<24 exc. The period of the
emergency of the pest is shown in Fig 2.


%" 
$/,6,705+5-9/,,3,7.,4*<5-
044(,:8  


%" 
+:2904+0;0+:(2(4+6:6(4,895-
(7
8/(22 

(9,70(2. Diyarbakır Eğil (Central District)
(41°9′50″N, 42°52′45″E), 1800 m. 15.04.2017, 5
exc.(Figure 4).

08970):9054 04 $:71,< Ardahan, Balıkesir,
Bartın, Erzincan, Erzurum, Iğdır, Kars, Kayseri,
Konya, Muğla [8].

,4,7(208970):9054 West Palearctic, Armenia, Azerbaijan, Bosnia Herzegovina, France,
Greece, Israel, Italy, Russia, Spain, Yugoslavia [8].

5898 Coleoptera, Cerambycidae: $  
*& & Villa & Villa, 1835,  #$+,!$# '+#(
()" ! * &, 1790. Curculionidae: !$$(& )'
'&$ ' Bernard, 1788. Scolytidae: 
($%(! )'*'( ()' Mulsant & Rey, 1860.
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ity of the land that the study has been carried out renders this study important as regards biodiversity. The
period that the species is found in nature and determining its existing time are important for the struggle against it. This period varies in countries with
different temperature and climatic characteristics. It
has been reported that this species is active between
April and September in the Iberian Peninsula [12]. It
was found in a study of this type that this species is
also active in Diyarbakır Province again between
April and September. In addition, the emerging period of adults is determined by this study which was
completed at the end of April (Fig 2.). Furthermore,
there are no detailed studies aiming at determining
of population intensity of this species. Information
on the population intensity of the species is next to
nothing [13]. Studies about the months that the species is found in nature and its biology must be detailed more. It was observed in this study that the
species completed its existing period in the Southeastern Anatolia Region in April. This pest is known
as a secondary pest, mechanical methods are important in the struggle against the pest. In general,
struggle against to this species is mechanical. Cutting off the dead twigs and removing them is important in this struggle. In the studies carried out to
determine the natural enemies of the pest, there is
only one study reporting that the species ,#$%
(&)'!*($& Fabricius 1793 (Hymenoptera: Braconidae) parasitizes this species [14]. This species also
emerges from the coons of %) #)'in xylemic
galleries, like the species obtained in this study. Furthermore, the species $&)'(#$!+ ') %$'( 
)'Haliday, 1839 has also been reported as the larva
parasitoid of %) #)'[15, 16].The fact that, 
&&) #)' Marshall, 1888 species also parasitizes
this pest has been reported in this study for the first
time. Parasitoid had started to emerge within the first
week of April, during which the pest started emerging. It has been reported in earlier studies that this
species parasitizes species belonging to Cerambycidae, Curculonidae and Scolytidae families. However, there are no records showing that this species
parasitizes species belonging to Bostrichidae family.
This study reports that this species parasitizes the
species belonging to this family. In addition, these
data constitute additional data related to the initiation
of existence of its natural enemies in nature. Moreover; this study is also important since it involves the
first determination of the pest’s natural enemy on the
pest, and it includes the first record that this species
parasitizes a species belonging to the Bostrichidae
family. Beneficial arthropods in agriculture, mainly
natural enemies are increasingly important both economically and environmentally [18, 19, 20]. Therefore, the results of this study are notable as regards
the biological control against saproxylic species.





%" 
+:29(78/(22 

In conclusion, the fact that %) #)'damages the body of fig plant has been proven with this
study for the first time. This species is seen in our
country as a saproxylic species on may many culture
plants with oak tree in the first place [2]. The larvae
of this species is develops in ')!)'  %%$'(
#)", '(# *', $&)' !, )&)' and
 )&#)"( #)' in Turkey [2]. It is seen that )&)'
sp. Spreads at a distance of 250 m to orchard that
study was carried out in. Furthermore,  ( '* # &,
&)#)' ",! and  '( $ (& #()' are
widespread with commercial purposes and in wild
form in the vicinity of the orchard (Figure 1). There
are wide oak forests in the location of Eğil (Diyarbakır, Turkey), in which the study has been carried put.
Therefore, it is considered that this species especially
prefers the oak plant, and prefers fig plant as the secondary host. Studies related to the preference of this
species for )&)' sp. Or other culture plants must
be detailed in future years. The species has been harvested from the wooden tissue surrounding the stools
of the plant within soils receiving and holding water
in the garden. It has been observed that the pest is
more spread in the fig trees planted around the gardens where humidity is greater. These findings parallel the data of the study carried out in Italy [10].
This species is also included in the red list of extinguishing species of Europe [11]. Besides, inclusion
of this species is in the red list has ensured its evaluation under the indicators of biodiversity in Northern
Europe [17]. Such species are indicator species especially for forest areas. In particular,  %) #)'
species found on big dead trees has been shown as
the indicator species as regards the biodiversity in
forests. Intensity and number of individuals of this
species have been indicated as the measure of biodiversity. Such species are very useful indicators for
the landscape scale [11]. Although this species has
been found on fig trees in this study, its presence in
the red list and intensity of the oak trees in the vicin-
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[6] Murillo, A., and Obregon, R. (2013) Nuevas
aportaciones a la fauna de Bostrichidae (Coleoptera) de la provincia de Córdoba (Andalucía,
España). Boletín de la SAE Nº 21: 46-57.
[7] Akşit, T., Çakmak, İ., and Özsemerci, F., (2005)
Some New Xylophagous Species on Fig Trees
( )'&  cv. Calymirna L.) in Aydın, Turkey. Tuk. J. Zool. 29, 211-215.
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Braconidae). Turkish J. of Zoology. 39, 126143.
[9] Simon, G. (2014) First record of $'(& )'
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Date: 01.01.2018.
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Belokobylskij, S. (2012) Parasitoids of $#$
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and Fischer, M. (2015)An annotated catalogue
of the Iranian Alysiinae (Hymenoptera: Braconidae). $$(+3974 (1), 001–028.
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As a result, the importance of this work is given
as follows:
1. This is the first study about %) #)' to
be harmful to fig plant.
2. In this study, it has been reported that 
%) #)' is the secondary pest in the fig plant.
3. It was observed that %) #)s exits from
xylemic galleries under the climatic conditions of
Southeastern Anatolia Region in April.
4.  %) #)' has been observed to cause
more damage to figs holding water at the edge of the
garden.
5.  %) #)' has been determined more
harmful to especially in gardens near to )&)' sp.
forests.
6. The species of  &&) #)' was identified for the first time as the natural enemy of the pest.
7. This is first record that parasitization to
Bostrichidae, except to Cerambycidae, Curculonidae
and Scolytidae family species
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The performance of rainfall simulators strongly
depend on their construction properties and principles of operation. The most important criterion in
evaluation of simulator performance is the compatibility of rainfall characteristics between simulated
and natural rainfall. This study aims to (i) identify
the simulator design principles (ii) determine the
rainfall characteristics and (iii) measure the simulated rainfall’s representative ability of the natural
rainfall in the region using a laboratory drop-former
simulator with limited range of motion. As a result
of this study, the physical and mechanical properties
of the aforementioned rainfall simulator were clearly
identified. It has been shown that the intensities of
the eight different rainfalls varied between 18.8189.9 mm h-1, while their kinetic energy varied between 0.208-0.290 MJ ha-1 mm-1. The drop median
values of the simulated rainfalls were between 2.262.38 mm and the falling drop speed varied between
6.063-6.919 m sec-1. A logarithmic relationship (R2=
0.88) have been determined between the unit kinetic
energies and the intensity values of the simulated
rainfall. The results suggest that the rainfall simulator can successfully represent the natural rainfall and
can be used effectively in soil erosion studies.

raindrop studies [2-3], the inherent strength of soil
against erosion was significantly determined [4] and
works on the effects of the physical properties of the
rainfall on soil erosion made more sense [5-9].
The erosivity of natural rainfalls is directly related to raindrop size distribution, raindrop fall velocity and intensity [10, 11, 12]. Meyer identified the
possible criteria for comparing the simulated rainfalls with the natural rainfalls being i) kinetic energy
ii) momentum iii) the kinetic energy per unit of
raindrop area iv) momentum per unit of raindrop
area and v) the relationship of these parameters with
the rainfall intensity [13]. First four of these parameters are calculated using the raindrop size distribution and raindrop fall velocity [14] and therefore a
rainfall can be distinguished from another [15-16].
In principle, rainfall simulators can be classified as
laboratory simulators and field simulators. According to their method of forming raindrops, they are
classified into two groups: spraying model type and
drop-former type rainfall simulators [8-17-18-26].
This study was conducted in order to (i) identify the design principles (ii) identify the rainfall
characteristics and (iii) measure the ability of the
simulated rainfalls to represent the regional natural
rainfalls of the rainfall simulator which was modified from Erpul and Çanga [22] for the Soil and Water Conservation Laboratory at the Department of
Soil Science and Plant Nutrition in Faculty of Agriculture, Ondokuz Mayis University.

)(!#$
Erosivity, kinetic energy, rainfall intensity, rainfall simulator
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0>429:1?30;;,=,?@>The rainfall simulator that is modified from Erpul and Çanga [22] and
subject to this study comprises eight types of pieces,
which are rainfall heads, water container, basin, water circulation set-up, adjustable inclined plane,
splash-boards, erosion pans and ventilation blowers.
The detailed drawing with the original dimensions of the simulator is provided in Figure 1. Four
profiles with 50 mm diameter form the frame of the
simulator. Rainfall tank is placed on these profiles.

 %#!&%! 
Rainfall simulators underwent a significant
change in parallel with the developing technology
and scientific progress since their first use in 1930s
on studies involving soil erosion [1]. Through the
use of rainfall simulators, different types of data can
be acquired with innumerable conveniences and
thereby different aspects of soil erosion can be rapidly studied. Especially from the 1980s up to now,
splash erosion mechanism was identified by
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#,491,77?,96The actual view of the rainfall
tank and the scaled profile view are provided in Figure 3. Rainfall tank is a circular unit with a diameter
of [A] 1000 mm and a depth of [B] 150 mm. This
tank is made of 3 mm-thick sheet metal and revolves
on its own axis with a speed of 1 rpm with the help
of a motor-shaft system. Revolving motion occurs
with the energy (220 V) provided from the regular
mains electricity. There is a drainage channel with
135 mm width [C] and 80 mm depth [C] around the
rainfall tank which collects and sends the excess water in the rainfall tank back to the water storage unit.
Four valves, which keep water load levels in the rainfall tank fixed at different levels, are fitted to the lateral surface of the rainfall tank at a position which
will contain the taps inside the drainage channel
while the tank makes its circular motion. The distances of water level control valves from the rainfall
unit base are 45 [E], 65 [F], 85 [G] and 105 [H] mm,
respectively. 96 drop-forming drippers are placed at
the base of the rainfall tank. The distance of each
dripper to the rainfall tank is calculated using the
equations developed by Mutchler and Moldenhauer
[27] (see reference 22 for detailed calculating of distance between each dripper and tank center).

Rainfall basin forms the base of the rainfall simulator. To achieve limited range of motion, four wheels
with 100 mm diameter are attached to the bottom of
the simulator. To ensure the raindrops fall with a certain angle to the rainfall basin, two ventilation blowers facing each other were placed on the profiles of
the simulator. Each of these ventilators blows a wind
of 9 m sec-1 to the center of the raindrop trajectory.
As rainwater, purified water is used in the simulator.
This water is delivered to the rainfall unit by a 2900
rpm 0.5 HP circulation pump. Profile view of the
rainfall simulator and the dimensions of the simulator frame are shown in Figure 2. According to Figure
2, the distance between the base of the rainfall tank
and the base of the rainfall basin [A] is 3080 mm and
the distance between the connection point of the
rainfall tank to the simulator profile and the holding
arm of the motor-shaft system [B] is 260 mm. The
distance between the top of the erosion pan placed
on the carrier plate at the center of the rainfall basin
and the tips of the drop-forming drippers fitted vertically to the rainfall tank, which corresponds to the
raindrop fall distance, [C] is 2710 mm.

&# 
090=,7A40B:1=,491,77>48@7,?:= .4=.@7,?4:9;:8; B,?0=?,96B4?3.,;,.4?D  B,?0=
?@=9492;4;0 B,?0=?=,9>;:=?;4;0 0=:>4:9;,9>;7,>3-:,=/B,?0=30,/A,90>=,49
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=:;1:=8492 /=4;;0=> Rain is formed via
the drop-forming drippers placed vertically to the
base of the rainfall unit. These circular drippers are
manufactured by opening two interconnected water
flow paths, one being narrower than the other, on the
center of a 30 mm-long, hard plastic material. Figure
4 shows the profile view and dimensions of the dropforming drippers. In this study, two different drippers with tip inner diameters of [A] 0.4 and 0.6 mm
were used. According to Figure 4, thick water flow
path inner diameter is [B] 2 mm, peak thickness is
[C] 3 mm, thick water flow path length is [D] 18 mm,
distance between internal and external notches is [E]
6 mm, distance between the external notch and the
tip of the drop-former is [F] 6 mm, indentation length
of the external notch is [G] 1.5 mm and dripper tip

thickness is [H] 2.2 or 2.3 mm depending on the narrow water flow path diameter.
#,491,77 -,>49 ,9/ 4?> 0<@4;809? Dimensions and the cross-section of the water collection
trough defined as the rainfall basin is shown in Figure 5. The diameter of the rainfall basin, which is
made of 1.5 mm-thick sheet metal, is [A] 1500 mm
and its depth is [B] 340 mm. The center of this unit
contains the adjustable inclined plane that carries the
erosion pans. The incline of the plane can be adjusted
to 9, 15, 22 and 30% using the attached latches. The
dimension of the erosion pan is 300 x 295 x 150 mm
(length-width-depth). This pan has a triangular open
top coat, with a side length of 270 mm, side height
of 10 mm and a mouth opening of 70 mm, collecting
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the surface flow. The base of the pan contains 16 systematically placed drainage holes with a diameter of
1 mm. Two portable splash-boards are placed on
both sides of the erosion pan to collect the soil that
is moved by the splash. Height of the collecting surface of these splash-boards is [C] 1200 mm and
width is 1400 mm. A 35 mm-wide gutter making a
20º angle to the ground can be found at the bottom
corner of both splash-boards to collect the splashing
soil.
0,>@=49280?3:/>:1>:80=,491,77;=:;0=
?40>This study investigates some of the properties
of eight different rainfalls formed by different combinations of water load and drop-former type. Purified water with a pH of 7.64 and an EC25°C of 8.75
µS cm-1, has been used in the rainfall simulator.
When the characteristics of the artificial rainfall
formed by the simulator are evaluated, intensity (Im),
Christiansen uniformity coefficient (CUC), the median drop diameter (D50), raindrop fall velocity (V)
and unit kinetic energy (Em) were considered. These
parameters chosen as indicators are the rainfall properties that directly affect the soil erosion [28-31].
The intensity measurements were made with a Vantage PRO2 pluviometer and repeated 10 times, with
the results represented in mm h-1. The distribution of
the rainfall within the rainfall basin was evaluated by
using Christiansen uniformity coefficient and Equation 1 is used to calculate this variable [32].
%
 9 A 8 % 32 B 
(1)
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To obtain drop size measurements, rainfall tank
was divided into 8 equal pieces and one of the 12
drop-former per piece was randomly selected to collect 100 drops from each head. This was performed
for each different water load and for each of the
drop-formers with different tip inner diameters.
Drop volume is calculated via drop mass (Equation
2) and equivalent drop diameter was calculated
(Equation 3) from here [33]. The temperature of the
water delivered to the rainfall tank was measured to
be 20.6 °C and the intensity of the water as a function
of this temperature was taken as 0.99808 g cm-3.
 9 
(2)
Where; : drop mass (mg), : drop intensity,
(mg mm-3), : drop volume, (mm3)

6547

Where; : Christiansen uniformity coefficient (%),  : mean intensity (mm h-1), : standard deviation in the intensity measurements.
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(9)
Where; Rsimulated: (MJ ha-1 mm h-1), I30: Highest
rainfall intensity for 30 minutes (mm h-1) (Since the
simulated rainfall has uniform intensity, this value is
taken directly as Im)
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 9 
(3)
!
Where; d: equivalent drop diameter (mm)
Drop fall velocity is calculated using Equation
4, the resolution of the equation was done by RungeKutta numerical method [34-35]. Initial drop velocities (velocity the drop has just when it leaves the
head) required by this method was calculated using
Equation 5 [36] and the friction coefficient was calculated using Equation 6 [37].
)1
9  8 .  
(4)
)/
Where; : gravitational acceleration (m s-2), :
friction coefficient, : velocity
(5)
 9 <> =
-1
Where; : initial drop velocity (m s ), : gravitational acceleration (kN m-2), : water load in the
rainfall tank (cm), : the constant varying between
0.62-0.97 depending on the shape of the hole that
water drops (= 0.85)
. 9 
$#" #
(6)
Where; : median drop diameter (D50) (mm)
The calculation of the kinetic energy transferred to soil surface by one unit of each rainfall was
performed using Equation 7 [38].
- 9  : 8   ?$ %6 @ ;
(7)
Where; Em: Unit kinetic energy of the rainfall
(MJ ha-1 mm-1), Im: Intensity of the rainfall (mm h-1)

$48@7,?:=;0=1:=8,9.0To test the simulator
performance, the relationships between KE-Im and
V-D50 of each simulated rainfall were compared with
the previous studies. Moreover, total kinetic energies
of each of the 60 minute-long rainfalls by the simulator (ET) were calculated using Equation 8 and their
erosion-forming power (Rsimulated) were identified by
Equation 9. Here, rainfall duration of 60 minutes was
chosen arbitrarily. The results obtained after these
calculations were compared with the highest
monthly Rnatural data obtained from the natural rainfalls in Samsun region [39]. 
(8)
' 9 - 
Where; ET: Total kinetic energy (MJ ha-1), Em:
Unit kinetic energy of the rainfall (MJ ha-1 mm-1), Im:
Intensity of the rainfall (mm h-1)

Table 1 indicates the Im, CUC, Em, D50 and V
values of eight different simulated rainfalls under
various combinations of drop-former-water load.
The Im value of rainfall no.1 is 18.8 mm h-1, whereas
for rainfall no.8, it is 189.9 mm h-1. The CUC values
of the eight simulated rainfalls in terms of intensity
varied between 0.73-0.94. When the Em values of the
simulated rainfalls were compared, Em of rainfall
no.1 was the lowest with 0.208 MJ ha-1 mm-1
whereas the Em of rainfalls no. 6, 7 and 8 was the
highest with 0.290 MJ ha-1 mm-1. The D50 values of
the simulated rainfalls varied between 2.26-2.38 mm
while their V values varied between 6.063-6.919 m
sec-1.
The correlation between the intensity and D50
values of 8 different simulated rainfalls is shown in
Figure 6. According to Figure 6a, in rainfalls no. 1,
2, 3 and 4 that are simulated by the drop-former with
a tip inner diameter of 0.4 mm, D50 and Im are inversely proportional and there is a polynomial regression (R2= 0.79) between these two values. In
rainfalls simulated by the drop-former with a tip inner diameter of 0.6 mm (rainfalls no. 5, 6, 7, and 8),
D50 and Im are inversely proportional while the regression is linear (R2= 0.99) (Figure 6b).
The correlation between the Im and V of 8 different simulated rainfalls is shown in Figure 7. While
Im and V were inversely proportional in all rainfalls,
a polynomial regression (R2= 0.99) was observed in
low intensity values (rainfalls no. 1, 2, 3, and 4) (Figure 7a), and an exponential regression (R2= 0.98)
was observed in high intensity values (rainfalls no 5,
6, 7, and 8) (Figure 7b).

% 
$:80;3D>4.,7;=:;0=?40>:1>48@7,?0/=,491,77>
Rain
No
1
2
3
4
5
6
7
8
1

Inner diameter of dripper tip
(mm)
0.4

0.6

Water head
(mm)
45
65
85
105
45
65
85
105

1

Im
(mm h-1)
18.8
26.7
35.9
51.5
109.5
138.9
159.6
189.9

2

3

CUC

0.84
0.73
0.87
0.86
0.94
0.94
0.92
0.90

Em
(MJ ha-1 mm-1)
0.208
0.235
0.255
0.274
0.289
0.290
0.290
0.290

4

D50
(mm)
2.34
2.28
2.28
2.26
2.38
2.33
2.30
2.28

Im: Rainfall intensity; 2CUC: Christiansen uniformity coefficient; 3Em: Rainfall kinetic energy per unit;
D50: Mean drop value; 5V: Drop velocity

4
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5

V
(m sn-1)
6.743
6.236
6.174
6.063
6.919
6.618
6.341
6.200
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Artificial rains
MJ ha-1 mm h-1

1
73.5

2
167.5

3
328.7

Rsimulated
4
726.7

5
3465.2

6
5595.0

7
7386.9

8
10458.0

% 
:8;,=4>:9:19,?@=,7,9/>48@7,?0/=,49>49?0=8>:10=:>4A4?D#9,?@=,7/,?,-07:92>?:   D0,=>
,9/?30DB0=0?,6091=:8=;@70?,7* +
Maximum Rnatural
Rsimulated
Artificial
Rsimulated / Rnatural
(MJ ha-1 mm h-1)
Rain No
(MJ ha-1 mm h-1)
(%)
April
426
328.7
3
77
May
659
328.7
3
50
June
473
328.7
3
69
July
97
73.5
1
76
August
275
167.5
2
61
September
222
167.5
2
75
October
371
328.7
3
89
November
881
726.7
4
82
December
42
73.5
1
175
*Measurement results are no present for January, February and March months, since rains of these months were
ignored in this study because of their low negligible erosivity
*Months

rainfall with 55 mm h-1 intensity [41]. In the simulated rainfalls with intensities 150 and 200 mm h-1,
Clarke and Walsh obtained CUC values of 88% and
91%, respectively [1]. If the CUC value of a simulated rainfall is higher than or equal to 70%, the rainfall intensity could be regarded as uniform [18]. All
of the simulated rainfalls produced by the simulator
in this study had such CUC values that they could be
regarded as uniform in terms of their intensity, except the rainfall no.2 which had the lowest CUC
value (0.73).
Increasing water load in the rainfall tank increased the intensity of the rainfalls produced by
both types of drop-formers, however while the first
rainfalls had an Im value lower than 52.5 mm h-1,
rainfalls no. 5, 6, 7, and 8 had varying the Im values
between 109.6 and 189.0. This is due to the differences in tip inner diameters of the drop-former, since
formation of drops with higher D50 values by the
drippers with an inner tip diameter of 0.6 mm affects
the cumulative drop volume. It was reported that
rainfalls with different physical properties can be
generated by changing the dripper design [22, 42]
and the performance of the drop-former is dictated
by the surface tension and inner frictional forces
[17].
The reason the drops formed by drop-former
heads with the inner tip diameter of 0.4 mm have
lower D50 values could be because the drops fall before they get larger due to increasing water load and
the surface tension at the tip of the drop does not suffice to hold the drop. Therefore, the V value decreases as the drop diameter decreases with the simultaneous increase in water load. On the other hand,

The correlation between the Em and Im values
of the simulated rainfalls is shown in Figure 8. Direct
proportionality with logarithmic regression (R2=
0.88) was found between these two values and the
Em had asymptotic value in high intensity values.
The erosivity values of the simulated rainfalls
when it rained for 60 minutes (Rsimulated) are shown
in Table 2. The Im was directly proportional with
Rsimulated, which was 73.5 the lowest and 10458.0 MJ
ha-1 mm h-1 the highest.
The comparison of maximum erosivity values
(Rnatural) of the natural rainfalls in Samsun region between years 1993-2007 [39] and the appropriate Rsimulated values of the simulated rainfalls is shown in Table 3. It could be seen that the Rsimulated/Rnatural value
was determined higher than 50%, with the highest
success rate of 89% obtained in rainfall no.3, which
represents the rainfalls in October.
The results obtained in this study showed that
the CUC values of the simulated rainfalls no. 1, 2, 3
and 4 (formed by the drop-former with a tip inner
diameter of 0.4 mm) were lower than those of the
simulated rainfalls formed by the drop-former with a
tip inner diameter of 0.6 mm. This could be due to a
possible lathing mistake which causes the thin waterpath within the tip inner diameter to be non-uniform.
Thomas and El Swaify obtained simulated rainfalls with a CUC value of 92% in a rather high rainfall intensity of 150 mm h-1[40]. Battany and Grismer obtained a CUC value of 91.9% in a simulated
rainfall with an intensity of 60 mm h-1 [21], whereas
Cerda et al. got a CUC value of 93.3% in a simulated
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the intensity and the kinetic energy of the simulated
rainfall tend to increase since the drop fall frequency
increases contrarily to the decrease in the D50 and V
values with the increasing water load. In rainfalls
with high intensity, drop diameter and intensity are
reported to be inversely proportioned [14] and numerous correlations between rainfall intensity and
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Therefore, many researchers suggest that using the
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October and November can be simulated by this
rainfall simulator. The simulator was weak to simulate December rainfalls, and the similarity of the
simulated rainfalls to some of the other months varied between 50-70%. To increase the representative
ability of the simulator, changing the rainfall duration or disabling some of the drop-formers in the
rainfall tank could be the solution. Thereby, total energy flow of the natural rainfall could be mimicked
by the simulator. Another option to change the erosivity would be to produce tips with different inner
and outer diameters for the drop-formers in the rainfall tank. However, it should be noted that the D50
and V values will change directly.
! &$! $

When it is considered that the majority of the
total splash erosions occur due to high intensity rainfalls with short durations, especially the rainfalls no.
6, 7, 8 and regional rainfalls or total energy flows
over longer periods of time can be mimicked by the
simulator. Although there are disadvantages such as
the frequent congestion of the drop-former heads by
dust and formation of one-dimensioned drops in
each rainfall by the simulator, it was concluded that
the rainfall simulator subject to this study successfully represents the natural rainfalls and can be used
efficiently in studies on soil erosion.
 !( %$
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The Zijin heap bioleaching plant was operated
at the end of 2005. A potential risk of environmental
pollution by heavy metals from heap bioleaching
plant arises due to the proximity to the Ting River.
In this study, a sequential extraction procedure, a
geo-accumulation index and a risk assessment code
were applied to separate heavy metals from sludge,
assess the extent of heavy metal pollution, and evaluate potential ecological risks, respectively. Results
showed that the heap bioleaching plant had influence
on the distribution of S, Pb and Cu and no significant
influence on the distribution of As, Fe and Cr. Most
of the water samples reached the third class standard
of the People's Republic of China for surface water.
Most of the sludge samples was moderately polluted
or moderately to strongly polluted by Cr, and unpolluted or unpolluted to moderately polluted by Cu and
Pb. However, all the sludge samples were extremely
polluted by Fe. Fe, Cu, Cr and part of Pb were mainly
present as the relatively stable chemical speciation.
Cr, Cu and Pb had no ecological risk in the upstream
and high risks for nearby and downstream sites. The
order of potential ecological risks was Cr > Cu > Pb.



In recent years, extensive efforts have been
made to the study of bioleaching efficiency and mine
pollution [5-8]. However, a potential risk of environmental pollution by heavy metals from heap bioleaching plant has been rarely reported. As heavy
metals are non-biodegradable and accumulative in
nature, elevated emissions and deposition can further
enrich the metal contents in the environments, cause
the surface environment pollution [9] and do harm to
the human health [10].
The ZiJin Copper Mine is located in Fujian
province in the southeast of China, which has richer
rainfall and higher temperature than the rest of the
country. Due to the particular geographic location of
the Zijin Copper Mine, heavy metals could be more
easily to spread from the bioleaching heap to the
nearby river with rainwater. Up to now, few studies
have been devoted to evaluate the pollution extent
and potential ecological risk caused by heap bioleaching plant.
In river, sediments can adsorb heavy metals
from water and thus lessen water pollution caused by
heavy metals. Total content of heavy metals in the
sludge is an indicator that provides information on
the status of heavy metal accumulation (contamination). However, total content of heavy metals does
not provide enough information to identify ecological risk or perform a bioavailability assessment [11].
This is because the dissolution rate of heavy metals
from the sediments is different at various environmental conditions, such as pH and electric potential
(Eh). Furthermore, heavy metals exist in different
chemical fractions within sediments, and these different fractions have different levels of mobility, bioavailability, and potential toxicity. As a result, ecological risk and bioavailability are not merely dependent on their total contents but also on the chemical forms of heavy metals within an aquatic environment [12].
To identify pollution problems, the anthropogenic contributions should be distinguished from the
natural sources. Geochemical approaches, such as
the geo-accumulation index (Igeo) [13, 14] is often
used to distinguish anthropogenic contributions from
the natural sources. Meanwhile, the ecological risk
assessment method numerous sediment quality

,*#%&
Heap bioleaching, heavy metals pollution, geo-accumulation index, risk assessment
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For over half a century, bioleaching has been
employed to economically extract metal from certain
sulfide minerals [1].This process has many advantages; it is simple, environmentally friendly and
energy efficient, compared with traditional methods
[2, 3]. Furthermore, bioleaching is especially suitable for low grade ore and could be broadly developed
as mineral resources become increasingly scarce. In
China, the first commercial heap bioleaching plant,
with a capacity of 10,000 t.Cu/a, began operation at
the Zijin Copper Mine at the end of 2005 [4].
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&.:=96;4 ?6@2?6;3<>:.@6<; Ting River near
Zijin Mining heap bioleaching plant (116°21′48.5″E;
25°12′13.2″N) located in Fujian province, belongs to
subtropical maritime monsoon climate, the average
temperature is 18.7~21.0 degrees, the average rainfall is 1031~1369 mm.

&.:=92 =>2=.>.@6<; .;1 09.??6360.@6<; 19
sludge samples (S1-S19) and 11 water samples (W1W11) were collected using sterile plastic bottles in
October of 2015 year. All the samples were stored at
4°C before determination. The spatial distribution of
the sampling sites was shown in Fig. 1.
To research the effect of heap bioleaching plant
on the nearby river, samples were divided into 3
groups according to their spatial distribution, and the
details were shown in Table 1.

guidelines (SQGs), TEL (threshold effects level) and
PEL (probable effects level), which were proved to
be effective sediment quality guidelines are very
popular methods in evaluating the ecological risk
posed by heavy metals in sediments [15, 16].
In this study, the main objectives were (1) to
determine pH, Eh and the total content of S, Pb, As,
Cr, Cu, Fe; (2) to explain the spatial distribution and
estimate the amount of different chemical speciation
of heavy metals in sludge samples; (3) to explore the
degree of heavy metals contamination and possible
sources compared to background pollution using the
geo-accumulation index (Igeo) method; (4) to assess
the potential ecological risks of these heavy metals
to the environment using numerous sediment quality
guidelines (SQGs) method.


!'% &"!'#&

@560? ?@.@2:2;@ Permission to collect samples in the Ting River was obtained from Zijin Mining Group Co., Ltd. The field studies did not involve
endangered or protected species.


$5E?60<052:60.9.;.9E?6?<3@52?.:=92?The
pH and ORP of water samples were determined using a pH and ORP electrode. The dissolved ions of
water samples were analyzed using inductively coupled plasma atomic emission spectroscopy (ICPOES) after the samples were filtered with super
membrane filters (0.2 μm pore size, Sigma-Aldrich,
MO, USA) [17].
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&9A142?.:=92?
S1, S2, S3, S4, S5, S6, S7
S8, S9, S10, S11, S12, S13, S14, S15, S16
S17, S18, S19

*.@2>?.:=92?
W1, W2, W3, W4
W5, W6, W7, W8, W9
W10, W11



To analyze the heavy metals contents of the
sludge samples, 0.5 g air-dried sludge samples were
weighed, 15 mL nitric acid, 5 mL hydrochloric acid
and 2 mL hydrochloric acid were added successively, heated until the liquid was evaporated completely and white smoke fumed, 5 mL deionized water was added and heated to boiling, 5 mL hydrochloric acid was added and heated to boiling, then cooled
and deionized water of 10 mL was added. Water
samples were filtered before analysis. All samples
were analyzed using ICP [18].
To estimate the amount of different chemical
speciation of heavy metals in sludge samples, the sequential extraction procedure, consisting of a series
of chemical extractions, was carried out using the
following steps [19-21]:
Collection of Exchangeable Fraction. 1.000 g
of dry sludge sample was weighed and transferred to
a 50 mL capped centrifuge bottle. 15 mL of 1 M
MgCl2 (pH = 7.0) was added, and the sample was
mechanically shaken for 2 h. Then, it was centrifuged for 15 min at 8000 rpm, and the exchangeable
fraction was collected from the supernatant.
Collection of Carbonate and Sulfide Bound
Fraction. 15 mL of 1 M NaAc (pH = 5.0) was added
to the residue, and it was mechanically shaken for 2
h. Then, it was centrifuged for 15 min at 8000 rpm,
and the carbonate and sulfide bound fraction was
collected from the supernatant.
Collection of Fe and Mn Oxide Bound Fraction. 20 mL of 0.04 M NH2OH·HCl was added to the
residue, leached for 5 h at 96 °C and shaken occasionally. Then, another 10 mL of 0.04 M
NH2OH·HCl was added, the solution was centrifuged for 15 min at 8000 rpm after cooling, and then
the Fe and Mn oxide bound fraction was collected
from the supernatant.
Collection of Organic Matter Bound Fraction.
3 mL (0.02 M) of HNO3 and 10 mL of H2O2 (30%)
was added to the residue, the pH was adjusted to 2.0
with HNO3, and the solution was heated for 2 h at 85
°C. Then, another 3 mL of H2O2 was added (adjusted
to pH = 5.0 with HNO3), and the residue was maintained at 85 °C for 3 h. 5 mL of NH4Ac (3.2 M) was
added after cooling, and the residue was diluted to
20 mL with deionized water and shaken for 1 h. After that, it was centrifuged for 15 min at 8000 rpm,
and the organic matter bound fraction was collected
from the supernatant.
Collection of Residual Fraction. 5 mL of HF
and 10 mL of HClO4 were added to the residue,

which was heated until the liquid was completely
evaporated, and the above steps were repeated three
times. Then, 1 mL of HClO4 was added, and the solution was heated until the liquid was completely
evaporated and white smoke fumed, following
which 0.5 mL of concentrated HCl was added, and
deionized water was used to adjust the solution to 25
mL.
After the sequential extraction, all the samples
were filtered with super membrane filters (0.2 μm
pore size, Sigma-Aldrich, MO, USA) and analyzed
using ICP-OES. The river water samples were analyzed using ICP-OES directly after filtration with super membrane filters (0.2 μm pore size, Sigma-Aldrich) [22].

&@.@6?@60.9 .;.9E?6? The pH, the dissolved
copper and the dissolved ferric ion were analyzed
with separately one-way ANOVA (analyses of variance). All these statistical analysis were performed
using SPSS 19.0 for Windows [23]. The distribution
of metal ion and microbes were analyzed by surfer
8.

2<.00A:A9.@6<; 6;12D .;.9E?6? The geoaccumulation index (geo) was used to assess the extent of heavy metal pollution in sediments. This index was originally introduced by Müller as follows
[13, 24]:
      
(1)
 

Where Cn is the measured metal concentration
of n, and Bn is the geochemical background concentration of metal n. In this study, the background
value of soils in Fujian Province was used as the Bn
(with Cr, Cu, Fe and Pb concentrations equaling 14
mg·kg−1, 22.8 mg·kg−1, 4.24 mg·kg−1, 41.3mg·kg−1,
respectively) [25]. A value of 1.5 was used as the
background matrix-correction factor to account for
the lithogeny effect.

$<@2;@6.9 20<@<D606@E >6?8 .??2??:2;@ The
probable effect level (PEL) and the threshold effect
level (TEL) were applied to assess the ecological
risks from heavy metals. The PEL represents the
concentration above which adverse effects are expected to occur frequently, and the TEL represents
the concentrations above which the toxic effects of
long-term exposure to these contaminants may be
expected [15]. The toxic unit (TU), which is defined
as the ratio of the determined content to the probable
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Previous reports showed that S, Cu, Fe, Pb, As
and Cr are the main elements of Zijin copper mine
[27]. Thus, these six elements were determined to
verify heap bioleaching plant pollution. Soluble S
concentration significantly increased in the water
samples nearby heap bioleaching plant, and S content in the sludge samples also increased, comparing
the downstream with the upstream. The spatial distribution of Pb in water was not significant; Cu could
hardly be detected in water; however, the Pb and Cu
content in downstream sludge notably increased
compared with upstream sludge (p<0.05). The distribution of soluble S, Pb and Cu illustrated that some
S, Pb and Cu migrated into the river from the heap
bioleaching plant, and Pb and Cu were precipitated
into the sludge due to high pH of heap bioleaching
plant nearby water. The spatial distribution changes
of As in water and the spatial distribution changes of
Fe, Cr in sludge were not notable (p>0.05) along the
river. Furthermore, As in sludge and Fe, Cr in water
could hardly be detected, which showed that heap bioleaching plant had no significant influence on the
distribution of As, Fe and Cr.
Most of the water samples reached the third
class standard of the People's Republic of China for
surface water (GB3838-2002) and individual water
sample was above the fifth class standard of the People's Republic of China for surface water (GB38382002) because of As [28].

effect level (PEL), was used to assess the ecological
toxicity:
(2)
TU=Cn/PEL
Where TU is the toxic unit, Cn is the measured
metal concentration of n, and PEL is the probable effect level.
Pedersen et al. (1998) proposed that the potential acute toxicity of the contaminants in a sample
can be estimated as the sum of the toxic units (ΣTUs)
[26].


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

$5E?6<052:60.9 =><=2>@62? 16332>2;02? .;1
?=.@6.9 16?@>6/A@6<; <3 52.BE :2@.9?6; @52>6B2>
Spatial distribution patterns and physiochemical
properties of heavy metals in the river were shown
in Fig. 2 and in Fig. 3. The pH and Eh of water samples were in the range of 6.43-7.54 and 313-324 mV,
respectively. The pH and Eh of the heap bioleaching
plant nearby was slightly higher (p>0.05) and obviously lower (p<0.05), respectively, than the upstream and downstream. This was opposite to the results of 2009 [18] and consistent with the data of
Longjiang River dosing sites [19]. This may be related to the use of a large amount of soda lime for
remediation in 2012 pollution incidents.


(% 
$5E?6<052:60.9=><=2>@62?16332>2;02.;1?=.@6.916?@>6/A@6<;<352.BE:2@.9?6;@52>6B2>
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2<.00A:A9.@6<;6;12D.;.9E?6?.;1=<99A
@6<; .??2??:2;@ The geo-accumulation index was
developed by Muller based on his study on heavy
metals in fluvial stream sediments [24]. It has been
widely used because it takes into account the effects
of the natural elements and human activities on pollution [14]. The geo-accumulation indexes of Cr, Cu,
Fe and Pb were calculated in this study (Fig. 4 and
Table 2). Fe had the largest geo-accumulation index,
Cr came second, and the geo-accumulation indexes
of Fe and Cr had no notable changes in all the sludge
samples (p>0.05). These results indicated that the
heap bioleaching plant had no obvious effect on the
Fe and Cr accumulation in sludge. The geo-accumulation index differences of Cu between upstream, the
heap bioleaching plant nearby and downstream were
significant (p<0.05). The geo-accumulation indexes
of Cu in upstream samples were less than 0, and it in
the heap bioleaching plant nearby and downstream
could reached 2.84. Most of the geo-accumulation
indexes of Pb were less than 0, only a few of samples
from the heap bioleaching plant nearby and downstream were more than 0 and less than 1. These results implied that the heap bioleaching plant increased the Cu and Pb content in the sludge; however, the effect on Pb was subtle.
The geo-accumulation indexes were classified
into seven classes as follows: (1) unpolluted

(Igeo≤0), (2) unpolluted to moderately polluted
(0<Igeo≤1), (3) moderately polluted (1< Igeo≤2), (4)
moderately to strongly polluted (2< Igeo≤3), (5)
strongly polluted (3< Igeo≤4), (6) strongly to extremely polluted (4< Igeo≤5), and (7) extremely polluted (Igeo>5) [26]. 94.8% of Cr’s geo-accumulation
index ranging in 1-3 represented most of the samples
was moderately polluted or moderately to strongly
polluted by Cr. 84.2% of Cu and 100% of Pb’s geoaccumulation indexes were below 1, representing
that most of the samples were unpolluted or unpolluted to moderately polluted by Cu and Pb. 100% of
Fe’s geo-accumulation indexes were above 5, suggesting that all the samples were extremely polluted
by Fe.
52:60.9 ?=206.@6<; <3 52.BE :2@.9? Fig. 5
showed that the total contents of different heavy metals in sediments and the contents of different chemical speciation depicted in different colors. Fe mainly
occurred in the residue, which accounted for
98.9%±0.02%. Cu and Cr were also present as the
relatively stable chemical speciation. Residue fraction, organic matter bound fraction, Fe and Mn oxide
bound fraction of Cu accounted for 84.03%±0.04%,
10.48%±0.07%, 1.72%±0.02% respectively. By
contrast, Cr was present as residue fraction, organic
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matter bound fraction, Fe and Mn oxide bound fraction
with
81.62%±4.99%,
5.63%±1.37%,
3.49%±0.85% respectively. Pb mainly was present
as relatively stable residue fraction, organic matter
bound fraction, accounting for 67.01%±1.45%,
7.20%±0.87%, respectively. Furthermore, Pb also
occurred in the relatively unstable chemical speciation, carbonate and sulfide bound fraction, exchangeable fraction, accounting for 20.58%±0.37%,
4.19%±0.07% respectively. The relatively stable of
Fe, Cu and Cr and some unstable of Pb might be the
reason why Fe, Cu and Cr could hardly be detected
and Pb could be detected in water [12].
The metals in the carbonate and sulfide bound
fraction, exchangeable fraction are weakly bound
which could equilibrate with the aqueous phase and
become more rapidly bioavailable [11, 29]. When
the sum of the carbonate and sulfide bound fraction
percentage, exchangeable fraction percentage is less
than 1%, there is no risk (NR), low risk (LR) for a
range of 1–10%, medium risk (MR) for a range of
11–30%, high risk (HR) for 31–50% and very high

risk (VHR) for 51–100% [12]. The sum of the carbonate and sulfide bound fraction percentage, exchangeable fraction percentage of Fe, Cu, Cr and Pb
were 0.83%, 3.71%, 7.16% and 24.77%, respectively. These results indicated that Fe might have no
risk even with high content; Cu and Cr had low risk;
Pb had medium risk.

0<9<460.9 >6?8 .??2??:2;@ <3 52.BE:2@.9?
Concentrations of Cr, Cu and Pb were evaluated in a
screening-level ecological risk assessment by comparing to PELs (Fig. 6). A toxic unit greater than 1
represents an adverse effect that is prone to occur
[30]. The toxic units of Cr, Cu and Pb less than 1 in
the upstream sites represented these three heavy metals had no ecological risk in the upstream. At some
of the heap bioleaching plant nearby and downstream sites, some of the toxic units were more than
1, the biggest of which was 2.9. These results indicated some of the heap bioleaching plant nearby and
downstream sites had high ecological risk.
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The sum of the toxic units more than 6 represent the potential acute toxicity of the contaminants
in this sample [26], all the sum of the toxic units less
6 in this study indicated no potential acute toxicity.
For these three examined heavy metals Cr, Cu and
Pb, the mean value of toxic unit in all the samples
were 1.51, 0.95 and 0.49, therefore, the order of potential ecological risk generally followed the pattern
Cr > Cu > Pb.
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The heap bioleaching plant had influence on
the distribution of S, Pb and Cu and no significant
influence on the distribution of As, Fe and Cr. Most
of the water samples reached the third class standard
of the People's Republic of China for surface water
and individual water sample was above the fifth class
standard of the People's Republic of China for surface water (GB3838-2002) because of As. Most of
the sludge samples was moderately polluted or moderately to strongly polluted by Cr, and unpolluted or
unpolluted to moderately polluted by Cu and Pb.
However, all the sludge samples were extremely polluted by Fe. Fe, Cu, Cr and part of Pb were mainly
present as the relatively stable chemical speciation.
Cr, Cu and Pb had no ecological risk in the upstream
and high risks for nearby and downstream sites. The
order of potential ecological risks was Cr > Cu > Pb.
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locations between the terrestrial and aquatic areas;
therefore, they serve as rich ecosystems for the
inhabitants living in these areas and also provide
multiple ecosystem services to humans [1]. Several
previous studies have determined the biological
diversity in wetlands [2-9].
Coastal lagoons have special hydrodynamic
perspective and very sensitive structures [10]. They
are particularly important aquatic ecosystems, usually located near a sea and relatively isolated from
the sea by coastal barriers [11]. Coastal lagoons
range from nearly fresh to hypersaline waters, and
can be fed by freshwater from a stream or salt water
from the sea. Therefore, their species diversity may
change seasonally within an ecological balance.
Also, any artificial influence to these sensitive areas
may cause the destruction of the natural balance
within those areas [10]. Incidentally, lagoons and
their surrounding areas may also serve the tourism
sector. Therefore, it is very hard to maintain their
sustainability. For this reason, it is necessary to
know their hydrobiological structures to protect
their ecological balance.
In Turkey, wetlands cover more than 60,000
ha and almost 50% of those areas are located in the
Mediterranean Region, followed by the Aegean
Region (35%) [12]. Lagoons are targeted as marine
protected areas due to the remarkable biodiversity
they hold in the ecosystems as a result of the influence of both marine and terrestrial factors [13].
Many species can be ecologically and/or commercially important [14, 15]. They provide goods and
services for humans besides their ecological role
[16]. Thus, monitoring of these ecosystems is essential for the spatio-temporal changes in organisms
and the sustainability of these areas. Determining
the changes in organisms living in the aquatic system is the best method for identifying threats. The
persistence of the local species and biodiversity are
directly related to the protection of the wetland. In
this study, the wetland system of Gökçeada Salt
Lake including the reptiles, amphibians and bird

ABSTRACT
This study was carried out to provide detailed
information on species diversity and community
structure of Gökçeada Salt Lake Wetland (brook
feeding the lake, neighboring sea and terrestrial
area around the wetland). Aquatic species diversity
(algae, invertebrates, and fish) at 9 different stations
in freshwater, brackish water and marine ecosystems, and terrestrial species diversity (plants, amphibians, reptiles, birds and mammals) in the surrounding wetland were studied seasonally in 2016.
A total of 195 taxa of terrestrial vascular flora and
134 species of aquatic flora (97 species of phytoplankton, 37 species of benthic algae); a total of 23
macrobenthic invertebrate taxa from the lake and
131 invertebrate species from the sea were identified. Also, 4 fish, 14 reptiles, 3 amphibians and 71
bird species were observed in the study area. While
one species of phytoplankton was determined as a
new record for the Turkish aquatic flora, a total of
71 marine invertebrate species were reported for the
first time in the marine fauna of Gökçeada. The
obtained data will not only provide a solid basis to
expand WKHXQGHUVWDQGLQJRIWKHLVODQG¶VHFRV\VWHP,
but also will serve as an important tool in the action
plans for wetland conservation.

KEYWORDS:
Salt Lake, Gökçeada, diversity, Imbros, wetlands

INTRODUCTION
Wetlands are one of the most important ecosystems on Earth because of their rich biodiversity,
natural value and economic benefits. To be able to
ensure the sustainability of these ecosystems, it is
essential to investigate and learn more about their
ecological balance. Wetlands have a rich and specialized biodiversity due to their structures and
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gestions for the sustainable use and ecological
management of the Gökçeada Salt Lake Wetland.

species from the surrounding terrestrial area was
monitored seasonally in 2016 to determine the
aquatic species diversity from the lake and the
neighboring.
Gökçeada is the biggest island of Turkey,
covering an area of 290 km2, with a 95 km coastline
situated on the north Aegean Sea (40°05 ± 40°14 N
25°39 ± 26°00 E). The southwesterly and northeasterly winds are prevalent on the island. The
Gökçeada Salt Lake is also called Gökçeada Lagoon, which is on the list of Wetlands of International Importance of Turkey and a suitable habitat
for bird species under conservation protection [17].
Previous studies were conducted on terrestrial
vegetation, fresh and marine fauna, ornithofauna
and herpetological features of Gökçeada including
the Salt Lake [17-32]. But, except one study [17],
none of these studies focused on determining the
diversity of the species in Gökçeada Salt Lake
Wetland. The Gökçeada Salt Lake Wetland has not
been sufficiently protected. It is close to the settlement areas with considerable tourism pressure
especially in summer months. And ecological shifts
have not been explained scientifically.
This study aims to improve the overall
knowledge of the species diversity of the Gökçeada
Salt Lake Wetland and to provide information on
spatiotemporal variation of the species in lentic,
lotic, marine and terrestrial biotopes. As such, algae, plants, invertebrates (except terrestrial and
semi-aquatic insects) and vertebrates were investigated. At the end of this paper, we offer some sug-

MATERIALS AND METHODS
Studied Area and Sampling Locations. The
Salt Lake Wetland is located in the southeast of
Gökçeada Island, in the $\GÕQFÕNUHJLRQ )LJXUH 
The surface area of the lake is approximately 2 km2
with an average depth of 1-2 m. The lake is connected with the sea when the southwesterly winds
are strong. Overall, nine sampling stations to determine aquatic flora and fauna in the study area
were selected. While one of them was chosen as
lotic biotope in the stream feeding of the Salt Lake
(TK1), the other four stations, located on the lake,
were chosen as lentic biotope (TG2, TG3, TG4 and
TG5). Four farther stations were chosen from the
sea as marine biotope (TD6, TD7, TD8, and TD9)
(Figure 1, Table 1). The sampling for fish was
made at the same time as the sampling of marine
macrozoobenthos. Terrestial plants, amphibians,
reptiles and mammal specimens were observed in
the wetland with an area of 6.883 hectares. While
all these samplings and observations were made at
the selected stations at seasonal intervals between
January 2016 and December 2016, only the bird
observations were conducted monthly from three
regions (TB10, TB11 and TB12).

FIGURE 1
The map of sampling area
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TG2
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TD8

Sea
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Wetland

Salt
lake

40 08 013
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25 57 143

09.08.2016

VG,
PN, SB

1.2

TB11
TB12

40 07 342
25 57 125
40 07 421
Wetland
25 57 110
40 08 178
Wetland
25 56 145

29.02.2016
28.05.2016
02.08.2016
17.11.2016
29.02.2016
28.05.2016
02.08.2016
17.11.2016
29.02.2016
28.05.2016
02.08.2016
17.11.2016
29.02.2016
28.05.2016
02.08.2016
17.11.2016

BT,
PN

Depth (m)

Sea

Sampling
tool

TD6

Date

0.1

Biotope

VG,
PN, SB

09.01.2016
TG5

Coordinate

Sampling tool

Date

09.01.2016
08.05.2016
09.08.2016
13.11.2016
08.01.2016
08.05.2016
09.08.2016
13.11.2016
08.01.2016
08.05.2016
09.08.2016
13.11.2016
08.01.2016
08.05.2016
09.08.2016
13.11.2016

Station No

40 08 254
25 57 087

Depth (m)

TK1 Stream

Coordinate

Biotope

Station No

TABLE 1
Information of sampling stations (van Veen grab: VG, Plankton net: PN, Sampling bottle: SB, Beam
trawl: BT, Binocular: B, Camera: C)

1.5

VG,
PN

8.0

BT,
PN

5.0

VG,
PN

7.0

Every Month B, C

-

Every Month B, C

-

Every Month B, C

-

13.11.2016

valid taxa names and arrangement of taxonomic
groups were determined according to the website of
[37].

Algal samplings. Water samples were taken
from nine stations at depths of 0.1-8 m using a
Hydro-Bios Free Flow Water Sampler (2.5 liters) to
obtain the phytoplankton samples. Also, a plankton
net with a 20 μm mesh size was used to evaluate
the phytoplankton qualitatively, and a glass tube
with a diameter of 0.8 cm and a length of 1 m was
used to collect the epipelic algal samples from
lentic and lotic biotopes. All phytoplankton samples
were transferred into plastic bottles and fixed with
5% formalin. Before the phytoplanktonic organisms
were counted, the water samples were homogenized
at a low speed until the sediment was thoroughly
mixed and were of uniform consistency. Three
water-mounted slides for each sample were examined and living diatoms were collected at each
station to obtain an estimate of the algal relative
abundance [33, 34]. At least 500 algal cells were
counted at 600x magnification. Permanent slides
for the identification of diatoms were prepared from
the same sample after boiling in a 1:1 mixture of
concentrated H2SO4 and HNO3. The acid-cleaned
diatoms were mounted in Naphrax high refractive
index medium [4]. Microscopic observations were
conducted under a Prior phase-contrast inverted
microscope and a Prior phase-contrast. The Lugolfixed water samples were concentrated to 1-3 ml
and then counted in the Sedgewick-Rafter chamber
for the marine samples and utermohl counting
chambers for the lotic and lentic phytoplankton
samples under an inverted microscope [35]. New
records of taxa from the Turkish Algal Flora were
checked according to Aysel [36]. Furthermore,

Macroinvertebrates and Fish Samples. Sediment samples were taken from a total of five different sampling stations (TK1, TG2, TG3, TG4,
and TG5) by van Veen Grap (15 x 15 cm2) twice at
each station. However, the sampling could not be
done at the sampling station TG4 in autumn because of the drying. The obtained material was put
into the plastic bottles including 70% ethanol after
using a sieve. The specimens were identified from
papers by [38-44]. All samples were preserved in
70% ethanol.
For the marine macrozoobenthic community
sampling, we made three replicates by using a 0.1
m2 van Veen Grab in two sampling stations (TD7 &
TD9) and by using a beam trawl in the other two
stations (TD6 & TD8). All sediment samples were
sieved on deck through 0.5 mm size mesh and preserved in a formaldehyde seawater solution (4-5%)
for further analyses. The samples were evaluated
with ÇOMÜ- 59 DQG ,8 )ÕUWÕQD 59 7KH
macrozoobenthic samples were sorted and identified to the lowest possible taxonomic level (typically species level) with Olympus SZX-16 stereomicroscope and light microscope, preserved in 70%
ethanol. Also, the fish species were obtained by
means of the beam trawl in the marine sampling
locations. WoRMS is followed here for the nomenclature of the species [45].
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.TABLE 2
Literatures and field studies are the result of species and subtaxa list of vascular plants
Spergularia marina (L.) Besser

Iris suaveolens Boiss. & Reut.

Apium nodiflorum (L.) Lag.

APIACEAE

Stellaria media (L.) Vill.

Romulea linaresii Parl.

Lagoecia cuminoides L.
Oenanthe silaifolia M.Bieb.
Scandix pecten-veneris L.
Torilis arvensis (Huds.) Link subsp.
neglecta (Spreng.) Thell.
Torilis nodosa (L.) Gaertn.

Velezia quadridentata Sibth. & Sm.
CISTACEAE
Cistus creticus L.

JUNCACEAE
Juncus acutus L.
Juncus gerardii Loisel.

Fumana thymifolia (L.) Spach

Juncus hybridus Brot.

ARACEAE
Lemna minor L.
AMARYLLIDACEAE
Allium sphaerocephalon L.
ASPARAGACEAE
Ornithogalum pyrenaicum L.
ASPLENIACEAE

CONVOLVULACEAE

Juncus maritimus Lam.

Calystegia sepium (L.) R.Br.

LAMIACEAE

Convolvulus arvensis L.
Convolvulus elegantissimum Mill.
CRASSULACEAE
Umbilicus horizontali (Salisb.) Dandy
CYPERACEAE
Bolboschoenus maritimus (L.) Palla

Asplenium obovatum Viv.

Carex divisa Huds.

ASTERACEAE
Achillea maritima (L.) Ehrend. & Y.P.Guo

Carex divulsa Stokes
Cyperus capitatus Vand.

Anthemis auriculata Boiss.

Isolepis cernua (Vahl) Roem. & Schult.

Anthemis cotula L.

Scirpoides holoschoenus (L.) Soják

Ballota acetabulosa (L.) Benth.
Lamium amplexicaule L.
Marrubium peregrinum L.
Micromeria graeca (L.) Benth. ex
Reicbh.
Origanum vulgare L. subsp. hirtum
(Link) Ietsw.
Salvia viridis L.
Stachys cretica L. subsp. lesbiaca
Rech.f.
Teucrium chamaedrys L.
Teucrium polium L.
Teucrium scordium L. subsp. scordioides (Schreb.) Arcang.
Thymbra capitate (L.) Cav.

Bromus tectorum L.
Catapodium rigidum (L.)
C.E.Hubb.
Crypsis aculeata (L.) Aiton
Cynosurus echinatus L.
Dactylis glomerata L.
Elymus elongatus (Host)
Runemark
Hordeum bulbosum L.
Hordeum murinum L. subsp.
leporinum (Link) Arcang.
Imperata cylindrica (L.)
Koeleria pyramidata (Lam.)
Lagurus ovatus L.
Lolium perenne L.
Lolium rigidum Gaudich
Oryzopsis miliacea (L.)
Phragmites australis (Cav.)
Trin. ex Steud.
Poa annua L.
Poa bulbosa L.
Poa trivialis L.

Bellis perennis L.

Pteridium aquilinum (L.) Kuhn

Carduus nutans L.
Centaurea spinosa L.
Conyza bonariensis (L.) Cronquist
Cota tinctoria (L.) J.Gay ex Guss.
Crepis commutate (Spreng.) Greuter
Crepis zacintha (L.) Babc.
Filago eriocephala Guss.
Filago pygmaea L.
Filago pyramidata L.
Hedypnois rhagadioloides (L.)
F.W.Schmidt subsp. cretica (L.) Hayek
Inula viscosa (L.) Aiton
Picnomon acarna (L.) Cass.
Scolymus hispanicus L.
Senecio vernalis Waldst. & Kit.
Sonchus oleraceus L.
Tragopogon porrifolius L. subsp.
longirostris (Sch.Bip.) Greuter
BORAGINACEAE
Anchusa hybrida Ten.
Echium italicum L.
Heliotropium europaeum L.
BRASSICACEAE

EQUISETACEAE
Equisetum ramosissimum Desf.
EUPHORBIACEAE
Euphorbia chamaesyce L.
Euphorbia helioscopia L.
Euphorbia paralias L.
FABACEAE
Lathyrus annuus L.
Medicago constricta Dur.

Linum bienne Mill.
Linum trigynum L.
MALVACEAE
Alcea biennis Winterl
Malva sylvestris L.
OLEACEAE
Olea europaea L.
Phillyrea latifolia L.
ORCHIDACEAE

Medicago coronata (L.) Bart.

Orchis laxiflora Lam.

Medicago falcata L.
Medicago marina L.
Medicago orbicularis (L.) Bartal.
Medicago polymorpha L.
Medicago rigidula (L.) All.

OROBANCHACEAE
Bartsia trixago L.
Parentucellia latifolia (L.) Caruel
Parentucellia viscosa (L.) Caruel
PAPAVERACEAE

Polypogon maritimus Willd.
Polypogon monspeliensis (L.)
Desf.
Puccinellia distans (Jacq.)
Parl.
Rostraria cristata (L.)
Vulpia ciliate Dumort.
POLYGONACEAE
Polygonum patulum
Rumex acetosella L.
Rumex pulcher L.
Rumex tuberosus L.
PRIMULACEAE
Anagallis arvensis L.
Anagallis arvensis L. var.
caerulea (L.) Gouan
PTERIDACEAE
Anogramma leptophylla (L.)
RANUNCULACEAE
Anemone coronaria L.
Ranunculus ficaria L

Melilotus albus Desr.

Fumaria kralikii Jord.

Ranunculus muricatus L.

Ononis serrata Forssk.
Ononis viscosa L. subsp. brevifolia (DC.)
Trifolium angustifolium L.
Trifolium arvense L.
Trifolium campestre Schreb.
Trifolium fragiferum L. var. pulchellum
Lange

Hypecoum pendulum L.
Papaver argemone L.
Papaver rhoeas L.
PLANTAGINACEAE
Plantago coronopus L.

Ranunculus neapolitanus
Ranunculus peltatus
ROSACEAE
Potentilla reptans L.
Rubus sanctus Schreb.
Sarcopoterium spinosum (L.)
Spach

Anthemis tomentosa L.

Alyssum umbellatum Desv.

DENNSTAEDTIACEAE

Capsella rubella Reut.

Trifolium purpureum Lois.

Clypeola jonthlaspi L.
Diplotaxis viminea (L.) DC.
Draba verna L.

Trifolium scabrum L.
Vicia hirsuta (L.) Gray
Vicia lathyroides L.
Vicia villosa Roth subsp. eriocarpa
(Hausskn.) P.W.Ball
FAGACEAE
Quercus coccifera L.

Hirschfeldia incana (L.) Lagr.-Foss.
Nasturtium officinale R.Br.
Raphanus raphanistrum L.
CAMPANULACEAE
Legousia pentagonia (L.) Thell.
CAPRIFOLIACEAE
Valerianella discoidea (L.) Loisel.
CARYOPHYLLACEAE
Arenaria serpyllifolia L. subsp.
leptoclados (Rchb.) Nyman
Cerastium brachypetalum Pers. subsp.
roeseri (Boiss. & Heldr.) Nyman
Polycarpon tetraphyllum (L) L.
Silene colorata Poir.
Silene gallica L.
Spergula pentandra L.

Vitex agnus-castus L.
LINACEAE

GENTIANACEAE
Centaurium maritimum (L.) Fritsch
Centaurium tenuifolium (Hoffmanns. &
Link) Fritsch
GERANIACEAE
Erodium acaule (L.) Becherer & Thell.

Plantago lagopus L.
Plantago major L. subsp. intermedia
(Gilib.) Lange
Veronica cymbalaria Bodard
Veronica polita Fr.
POACEAE

Galium debile Dev.
Valantia muralis L.
SALICACEAE

Aegilops biuncialis Vis.

Salix alba L.

Aegilops caudata L.
Aeluropus littoralis (Gouan) Parl.
Aira elegantissima Schur subsp.
ambigua $UFDQJ 'R÷DQ
Anthoxanthum aristatum Boiss.

SCROPHULARIACEAE
Verbascum sinuatum L.

Avena barbata Pott ex Link

RUBIACEAE

TAMARICACEAE
Tamarix smyrnensis Bunge
TYPHACEAE

Brachypodium distachyon (L.)
Briza maxima L.

Typha angustifolia L.
VERBENACEAE

Erodium cicutarium (L.) L Hér.

Briza minor L.

Verbena officinalis L.

Geranium molle L.

Bromus arvensis L.

HYPERICAEAE

Bromus diandrus Roth

Hypericum perforatum L.
IRIDACEAE
Crocus pulchellus Herb.

Bromus fasciculatus C.Presl
Bromus madritensis L.
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VIOLACEAE
Viola kitaibeliana Roem. &
Schult.
XANTHORRHOEACEAE
Asphodelus aestivus Brot.
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TABLE 3
Phytoplankton species list in the water samples from Gökçeada Salt Lake. New record algal flora for the
Turkey were marked with *.

CYANOBACTERIA
Phormidium limosum (Dillwyn)
P.C. Silva
BACILLARIOPHYTA
Achnanthes longipes C. Agardh
Actinocyclus normanii
(Gregory) Hustedt
Amphora ocellata Donkin
Bacteriastrum hyalinum Lauder
Cerataulina pelagica (Cleve)
Hendey
Coscinodiscus perforatus Ehrenberg
Diploneis chersonensis
(Grunov) Cleve
Gyrosigma acuminatum
(Kützing) Rabenhorst
Hannaea arcus (Ehrenberg)
R.M. Patrick
Hemiaulus hauckii Grunow ex
Van Heurck
Leptocylindrus minimus Gran

CYANOBACTERIA
Leptolyngbya fragilis (Gomont)
BACILLARIOPHYTA
Amphora ovalis (Kützing)
Kützing
Caloneis limosa (Kützing) R.M.
Patrick in Patrick
Cocconeis pediculus Ehrenberg
Coronia decora (Brébisson)
Ruck & Guiry
Cyclotella meneghiniana
Kützing
Cymatopleura
elliptica (Brébisson) W.Smith
Encyonema minutum (Hilse)
D.G. Mann
Entomoneis alata (Ehrenberg)
Ehrenberg
Fragilaria
capucina Desmazières
Fragilaria crotonensis Kitton
Gomphonema minutum
(C. Agardh) C. Agardh
Gomphonema olivaceum
(Hornemann) Brébisson

MARINE SPECIES
Lyrella lyroides (Hendey) D.G.
CHLOROPHYTA
Mann in Round

Noctiluca scintillans
(Macartney) Kofoid

Navicula cryptocephala Kützing

Halosphaera viridis F. Schmitz

Polykrikos kofoidii Chatton

Navicula salinarum Grunow

Pyramimonas adriaticus J.
Schiller

Prorocentrum compressum
(Bailey) Abé ex
Prorocentrum cordatum
(Ostenfeld) Dodge
Protoperidinium mediterraneum (Kofoid) Balech
Protoperidinium oceanicum
(VanHöffen) Balech
Protoperidinium pallidum
(Ostenfeld) Balech
Protoperidinium pellucidum
Bergh exLoeblich
Protoperidinium steinii
(Jorgensen) Balech
Torodinium teredo
(Pouchet) Kofoid & Swezy
Tripos furca (Ehrenberg) F.
Gómez
Tripos macroceros (Ehrenberg) F. Gómez

Nitzschia longissima (Brébisson)
Ralfs
Nitzschia sigma (Kützing) W.
Smith
Podosira hormoides (Mont.)
Kutzing
Proboscia alata (Brightwell)
Sündstrom
Pseudo-nitzschia delicatissima
(Cleve) Heiden
Pseudosolenia calcar-avis
(Schultze) Sundström
Thalassionema nitzschioides
(Grunow)
Thalassiothrix mediterranea
Pavillard

CRYPTOPHYTA
Rhodomonas marina
(P.A. Dangeard) Lemmermann
DINOFLAGELLATA
Amphidinium sphenoides WüIff
Ceratium hirundinella
(O.F. Müller) Dujardin
Cochlodinium archimedes
(Pouchet) Lemmermann
Gonyaulax scrippsae Kofoid

Gyrodinium pingue (Schütt)
Kofoid & Swezy
Gyrodinium spirale (Bergh)
OCHROPHYTA
Kofoid & Swezy
Karenia brevis (C.C. Davis)
Heterosigma akashiwo (Y. Hada)
Gert Hansen & Ø. Moestrup
Katodinium fungiforme (AnissiBIGYRA
mova) A.R. Loeblich III
Bicosoeca
Neoceratium fusus (Ehrenberg)
mediterranea Pavillard
F. Gomez,
LAKE SPECIES
Gyrosigma attenuatum (Kützing)
Plagiotropis lepidoptera
Rabenhors
(W. Gregory) Kuntze
Rhoicosphenia abbreviata
Gyrosigma acuminatum
(C. Agardh) Lange-Bertalot
(Kützing) Rabenhorst
Surirella brebissonii Krammer
Gyrosigma distortum (W. Smith)
& Lange-Bertalot
Griffith & Henfrey
Licmophora
Surirella notabilis G.
ehrenbergii (Kützing) Grunow
Leuduger-Fortmorel*
Tryblionella acuta (Cleve) D.G.
Melosira varians C. Agardh
Mann in Round
Navicula cincta (Ehrenberg) Ralfs Tryblionella navicularis (Brébisin Pritchard
son) Ralfs in Pritchard
Ulnaria danica (Kützing) ComNavicula cryptocephala Kützing
père & Bukhtiyarova
Ulnaria ulna (Nitzsch) Compère
Navicula salinarum Grunow
in Jahn et al.

Ankistrodesmus spiralis
(W.B. Turner)
Chlamydomonas reinhardtii
P.A. Dangeard
Cladophora glomerata
(Linnaeus) Kützing
Closterium ehrenbergii
Meneghini ex Ralfs
Closterium moniliferum
Ehrenberg ex Ralfs
Dunaliella tertiolecta Butcher

Nitzschia acicularioides Hustedt

Oocystis elliptica West

Nitzschia communis Rabenhorst
Nitzschia dissipata (Kützing)
Rabenhorst
Nitzschia nana Grunow in Van
Heurck
Nitzschia ovalis H.J. Arnott in
Cleve & Grunow
Nitzschia sigmoidea (Nitzsch) W.
Smith

CHAROPHYTA
Spirogyra crassa (Kützing)
Kützing
CRYPTOPHYTA
Cryptomonas ovata Ehrenberg
Plagioselmis nannoplanctica
(H. Skuja) G. Novarino
Rhodomonas marina
(P.A. Dangeard) Lemmermann
Teleaulax acuta (Butcher)
D.R.A. Hill





CHLOROPHYTA
Aegagropila linnaei Kützing

DINOFLAGELLATA
Karenia brevis (C.C. Davis)
Gert Hansen
Prorocentrum cordatum
(Ostenfeld) Dodge
HAPTOPHYTA
Phaeocystis globosa
Scherffel
OCHROPHYTA
Heterosigma akashiwo (Y.
Hada)

mens were kept in the Çanakkale Onsekiz Mart
University, Çanakkale Botanic Garden Herbarium
(CBB). In addition, herbarium samples previously
collected from the site were examined in CBB and

Terrestrial Plant Samples.The terrestrial
vascular plants around the Salt Lake were collected
at spring vegetation periods. The samples were
collected, photographed and identified. The speci-
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stations, the highest abundance was observed in
TD7 (33.000 cellL-) in February 2016. Chlorophytes and diatoms were the most abundant and
common groups of coastal marine phytoplankton. A
total of 37 taxa were identified from the lotic (TK1)
and lentic (TG2, TG3, TG4 and TG5) sampling
stations of Gökçeada Salt Lake. The most abundant
and common species are Epithemia sorex Kützing
during the first half of the sampling period and
Gyrosigma acuminatum (Kützing) Rabenhorst
during the second half.

Herbarium of Ege University Botanic Garden
(EGE).
Birds, Amphibians, Reptilians and Mammals Observations. The birds in and around the
lake were observed in detail under the transect
work. Three binoculars (8x40, 8,20 wide angle,
Meade telescope (EXT 70), Garmin GPS Etrex
navigation device (Vista-HCX), and a camera
(Canon 60D, Canon 7D Mark II body, Canon
300mm f2.8L IS USM super telephoto lens) were
used during the observations. In the study area,
species of fixed birds primarily were counted and
photographed.
Amphibian, reptile and mammal specimens
were captured during about 20 days in 10 excursions by two people on various dates. They were
caught by net, hand or using fish traps.

Plants. A total of 195 taxa belonging to terrestrial vascular flora were observed in this study.
While the Poaceae were represented by 36 taxa, it
was followed by Asteraceae and Fabaceae with 21
taxa, Lamiaceae with 12 taxa, Caryophyllaceae
with 9 taxa, Brassicaceae with 8 taxa, Apiaceae and
Cyperaceae with 6 taxa, Gentianaceae, Ranunculaceae and Plantaginaceae with 5 taxa, Juncaceae and
Polygonaceae with 4 taxa, Boraginaceae, Convolvulaceae, Euphorbiaceae, Rosaceae, Orobanchaceae, Papaveraceae and Iridaceae with 3 taxa, Asparagaceae, Cistaceae, Linaceae, Malvaceae, Oleaceae and Rubiaceae with 2 taxa. The other groups
(Araceae, Aspleniaceae, Campanulaceae, Caprifoliaceae, Dennstaedtiaceae, Equisetaceae, Hypericaceae, Papaveraceae, Pteridaceae, Orchidaceae,
Violaceae, Salicaceae, Scrophulariaceae, Tamaricaceae, Typhaceae, Verbenaceae, Xanthorrhoeaceae)
were represented by only one taxa.

RESULTS
In this study, a total of 195 taxa of terrestrial
vascular flora and 134 species of aquatic flora (97
species of phytoplankton, 37 species of benthic
algae); 23 macrobenthos taxa from lotic and lentic
biotopes; and 131 species from marine biotope
were identified. Furthermore, 4 fish, 14 reptilians, 3
amphibian and 71 bird species were observed in the
study area. Although, one species of phytoplankton
was found as a new record for the Turkish aquatic
flora, a total of 71 marine invertebrate species were
reported for the first time in the marine fauna of
Gökçeada. The species lists, which were observed
at the study area, are detailed in Tables 2-6.

Macroinvertebrates. The taxonomic analysis
of the invertebrate samples collected from the sea
resulted in 1,205 individuals belonging to 131 species of 8 taxa (Porifera, Anthozoa, Sipuncula, Polychaeta, Crustacea, Mollusca, Bryozoa, Echinodermata) (Table 4). The seasonal distribution of the
species at the sampling stations was exhibited in
Figure 3a. Mollusks were the most abundant taxon
(682 individuals and 64 species), followed by crustaceans (420 individuals and 45 species) and polychaetes (94 individuals and 15 species) (Figure 3b).
The most abundant species were the mollusks (Bittium latreillii, B. reticulatum and Sepiola rondeletii), DQG JURXSHG DV ³FRQVWDQW´ WKH PROOXVN Cerithium vulgatum, Mangelia callosa, Rissoa violacea, Chamelea gallina, Donacilla cornea, Lucinella
divaricata), the crustaceans (Nototropis massiliensis, Eurydice spinigera, Cumella (Cumella) pygmaea, Clibanarius erythropus, Diogenes pugilator,
Liocarcinus depurator, Philocheras trispinosus).
The polychaetes (Sphaerosyllis sp., Lumbrinerides
amoureuxi) ZHUH JURXSHG DV ³FRPPRQ´ LQ WKH
results of the frequency index. A total of 23 taxa
belonging to benthic macroinvertebrates were determined in Gökçeada Salt Lake (lotic and lentic
biotopes) (Table 4).

Algae. A total of 97 phytoplankton taxa belonging to Cyanobacteria (2), Bacillariophyta (56),
Bigyra (1), Chlorophyta (11), Cryptophyta (4),
Dinoflagellata (21), Haptophyta (1) and Ochrophyta
(1) were identified in the water samples collected
from the lentic, lotic and coastal marine stations of
Gökçeada Salt Lake. The list of phytoplankton
species and their distributions are presented in Table 3 and Figure 2, respectively. Dominant phytoplankton groups consist of pennate diatoms, techate
and atechate dinoflagellates and flagellated chlorophytes. The most abundant sampling station was
TG3 (2.533.980 cellL-) according to cell counts in
the water samples from the lentic, lotic and coastal
marine stations of Gökçeada Salt Lake (Figure 2).
The lowest abundance was 1335 cellL- in the TK1,
whereas the most abundant systematic category was
the Chlorophyta (1.431.840 cellL-). Common species among the stations were Chlamydomonas reinhardi and Cryptomonas ovata. In the lotic station
(TK1), the highest cell abundance was 976.540
cellL- in May 2016 (Figure 2). In the coastal marine
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TABLE 4
The list of invertebrate species the study area. New record fauna for the Gökçeada island were marked
with **
MARINE SPECIES
Phylum / Species
Phylum / Species
Mangelia sp. **
Arthropoda

Phylum / Species
Nototropis guttatus

Mangelia striolata **

Ampelisca brevicornis **

Nototropis massiliensis

Manzonia crassa **

Ampelisca sarsi **

Calliactis parasitica **
Mollusca

Modiolula phaseolina
Monophorus sp

Ampelisca sp.
Anoplodactylus petiolatus **

Alvania cimex

Muricopsis cristata

Aora gracilis **

Bela nuperrima **
Bela zonata **
Bittium lacteum **
Bittium latreillii
Bittium reticulatum
Bolinus brandaris
Caecum sp. **
Caecum trachea **
Cerithium vulgatum
Chamelea gallina
Clanculus cruciatus
Conus ventricosus
Cuspidaria cuspidata
Donacilla cornea
Donax semistriatus **
Donax trunculus

Musculus costulatus
Bathyporeia guilliamsoniana
Mytilus galloprovincialis
Bathyporeia phaiophthalma
Naticarius stercusmuscarum ** Chrinomid sp
Neverita josephinia
Clibanarius erythropus
Ocinebrina aciculata **
Cumella pygmaea **
Peronidia albicans **
Deflexilodes griseus
Pisania striata
Dexamine spinosa
Pitar rudis
Diogenes pugilator
Raphitoma linearis **
Dynamene sp.
Rissoa sp.
Ericthonius brasiliensis
Rissoa variabilis
Eurydice spinigera
Rissoa violacea **
Gammarella fucicola **
Sepiola rondeletii
Gammarus subtypicus**
Solen marginatus
Gastrosaccus sanctus **
Spisula subtruncata
Harpackoid sp
Thracia phaseolina **
Hyale schmidti **

Donax variegatus

Tricolia pullus

Gammarus subtypicus **

Enginella leucozona **

Tricolia speciosa **

Homalopoma sanguineum **

Epitonium sp.

Tritia incrassata **

Hyale sp.

Eulima glabra

Tritia mutabilis **

Idotea balthica

Gibbula sp

Tritia neritea **

Leucothoe spinicarpa **

Haliotis tuberculata

Tritia neritea **

Hiatella arctica
Hiatella rugosa
Loripes orbiculatus **
Lucinella divaricata
Mactra stultorum **
Mangelia callosa **
Mangelia costulata **

Turbonilla sp
Turritella communis
Vexillum ebenus
Vexillum granum **
Echinodermata
Echinocardium cordatum

Phylum / Species
Porifera
Halichondria panicea
Anthozoa

Oligochaeta
Tubifex sp.
Stylaria lacustris
Nais bretscheri
Limnodrilus hoffmeisteri
Dero digitata

Liocarcinus depurator

Pachygrapsus marmoratus
Paragnathia formica
Paranthura costana **
Perioculodes longimanus
**
Philocheras trispinosus
Porcellio scaber
Sphaeroma serratum **
Squilla mantis
Stenosoma capito **
Urothoe pulchella **
Thracia phaseolina **
Bryozoa
Cryptosula pallasiana **
Shcizomavella sp.
Bryozoa (sp)
Polychaeta
Sphaerosyllis sp.
Arabella iricolor **
Phyllodocidae (sp).
Nephtys cirrosa **
Micronephthys stammeri **
Glycera sp.
Lumbrinerides
amoureuxi **
Schistomeringos neglecta **
Protodorvillea kefersteini
Saccocirrus sp.

Lysianassa costae **
Macropodia rostrata
Microdeutopus algicola
Microdeutopus sp
Microdeutopus versiculatus **
Monoculodes sp
Mysid sp
LAKE SPECIES
Amphipoda
Insecta
Gammarus sp.
Chironomus plumosus
Gammarus komareki
Stictochironomus sp.
Isopoda
Cricotopus bicinctus

Microtendipes chloris
Crocothemis erythraea
Ischnura elegans

Idothea baltica

Procladius (Holotanypus) sp.

Coenagrienidae

Asellus aquaticus

Chironomus riparius

Caenis sp.
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Spio filicornis **
Platynereis dumerilii
Fabricia sp.
Pisione sp.
Magelona mirabilis **
Spinculoid
Aspidosiphon muelleri
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FIGURE 2
Phytoplankton abundance and variation in the water samples from the study area.
a) lotic, b) lentic, c) marine

FIGURE 3
Marine macrozoobenthos a) Seasonal distribution of the individual and species numbers at the sampling
stations b) The number of individual and species numbers of the marine macrozoobenthos

According to the results, we found 2 taxa in the
summer sampling, 4 taxa in the winter sampling, 10
taxa in the spring sampling, 16 taxa in the autumn
sampling (Table 5). We found cross-larval chironomids only in the spring sampling. At the sampling
stations, station TK1 was the richest location with
15 taxa during the sampling period, followed by
station TG2 with 5 taxa and stations TG4 and TG5
with 3 taxa. According to the individual site results,
station TK1 was also found to be the richest (155
individuals m-2) followed by the others with 22
individuals m-2. The specimens belonging to Oligo

chaeta were found at all sampling stations in all
seasons except summer. However, the group Amphipoda was found only at three stations (TG2,
TG4 and TG5) and the group Isopoda was found
only at stations TK1 and TG4. The larval chironomids were the most dominant group belonging to
Insecta. This group was followed by Odonata and
Ephemeroptera. The specimens belonging to Gastropoda were found only at station TK1 (Table 5).
Although the shells of Ostracoda were recognized,
they were not identified.
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TABLE 5
The seasonal distributions of benthic macroinvertebrates from lotic and lentic biotopes (individuals/m2)
*diagnostik characters are damaged **juvenile forms
7D[DĻ
INSECTA

SUMMER
6WDWLRQĺ
TK1
Chironomus
plumosus
Stictochironomus
66**
sp.
Total
66

TG2 TG3 TG4

TG5

44

-

-

-

-

-

-

-

44

0

0

0

SPRING
7D[DĻ

6WDWLRQĺ

OLIGOCHAETA

AMPHIPODA

ISOPODA

INSECTA

7D[DĻ
OLIGOCHAETA
AMPHIPODA
INSECTA

7D[DĻ

OLIGOCHAETA Tubifex sp.

ISOPODA

TK1

TG2 TG3 TG4

TG5

22*

-

-

-

-

Stylaria
lacustris

-

66

-

-

-

Nais bretscheri

-

66

-

-

-

AUTUMN
6WDWLRQĺ
TK1

TG2 TG3 TG5
-

-

-

200

-

-

-

88

-

-

-

2777

-

-

-

25**

-

-

-

222

-

-

-

155

-

-

-

22

-

-

-

88

-

-

-

44

-

-

-

44

-

-

-

Coenagrienidae

44**

-

-

-

Caenis sp.

44*

-

-

-

Bithyniidae

177**

-

-

-

Gammarus sp.

-

22*

-

-

Gammarus
komareki

-

-

-

333

-

Idothea baltica

-

-

-

22

-

-

-

-

-

-

-

-

22

22

-

-

-

-

-

-

266

Planorbidae

200**

-

-

-

176

0

355

510

Total

4506

0

0

0

TG2 TG3 TG4
-

TG5
22*

Asellus
44
aquaticus
Chironomus
plumosus
Stictochironomus
444
sp.
Cricotopus
bicinctus
Total
510
WINTER
6WDWLRQĺ
TK1
Tubifex sp.
155*
Gammarus sp.
Chironomus
plumosus
Stictochironomus
sp.
Total
155

22

222** INSECTA

Limnodrilus
hoffmeisteri
Dero digitata
Asellus aquaticus
Chironomidae
Chironomus
plumosus
Procladius (H.
) sp.
Chironomus
riparius
Microtendipes
chloris
Crocothemis
erythraea
Ischnura
elegans

288**

-

-

-

-

22**

-

22

0

22

22

GASTROPODA

-

were observed.

Fish. Fish samples collected from the sea
(TD6 & TD8) resulted in 28 individuals belonging
to four species (Table 6). Arnoglossus laterna had
the highest individual number. Additionally,
Trachinus draco ZDVJURXSHGDV ³FRPPRQ´LQWKH
results of the frequency index.

Birds. As a result of the 12-month bird watching study, 71 bird species were identified on and
around the Salt Lake (Table 6). Flamingo could not
be observed in August, July and September 2016
because the Salt Lake was almost completely dry
(Figure 4). Windsurfing was observed in the lake
during the bird monitoring studies on April 24,
2016. On the same date, gull eggs and pups were
also recorded around the lake.

Amphibian and Reptiles. Three amphibian
species were found at the Salt Lake in Gökçeada
during the sampling period (Table 6). The Marsh
Frog (Pelophylax ridibundus) has been observed in
all rivers and streams around the lake at the beginning of spring and at the beginning of winter. The
nightly frog (Bufotes variabilis), a terrestrial species, was found in the areas close to the settlements
and was encountered throughout nearly the entire
sampling period except winter. Tree frog (Hyla
orientalis) was more frequently observed in vegetative wetlands, during spring and summer. Twelve
reptile species (2 turtles, 3 lizards, 7 snakes) were
found on the Salt Lake (Table 6). No mammals

DISCUSSION
Inland, marine and terrestrial ecosystems are
under global pressure from human impacts in various forms, i.e. pollution, habitat degradation, urbanization, etc. A better understanding of the biodiversity is urgently needed to mitigate the human impacts through effective conservation and
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TABLE 6
The list of vertebrate species observed Gokceada Salty Lake Wetlands and around biotopes and their
IUCN Status (NE: Not Evaluated, DD: Data Deficient, LC: Last Concern, NT: Near Threatened, VU:
Vulnarable, EN: Endangered)
Family / Species

IUCN

(PISCES)
Bothidae
Arnoglossus laterna
(Walbaum. 1792)

LC

Gobiidae
Deltentosteus
quadrimaculatus
(Valenciennes. 1837)

NE

Trachinidae
Trachinus draco Linnaeus. 1758

LC

Rajidae
Raja radula
Delaroche. 189

EN

(AMPHIBIA)
Bufonidae

DD

Bufotes variabilis
(Pallas, 1769)
Hylidae
Hyla orientalis
Bedriaga, 1890

Calidris alba
(Pallas, 1764)
Calidris minuta
(Leisler, 1812)
Calidris alpina
(Linnaeus, 1758)
Gallinago gallinago
(Linnaeus, 1758)
Numenius arquata
(Linnaeus, 1758)
Tringa totanus
(Linnaeus, 1758)
Tringa nebularia
(Gunnerus, 1767)

LC

LC

Larus audouinii
Payraudeau, 1826
Larus michahellis
J.F. Naumann, 1840

Geoemydidae

Meropidae
-

Testudinidae
VU

-

LC

Anguidae
Pseudopus apodus
(Pallas, 1775)

LC

Typhlopidae
Xerotyphlops vermicularis (Merrem, 1820)

-

Boidae
Eryx jaculus
(Linnaeus, 1758)

Merops apiaster
Linnaeus, 1758

Dendrocopos syriacus
(Ehrenberg, 1833)

Acrocephalus scirpaceus
(Herman, 1804)
Sylvia cantillans
(Pallas, 1764)
Sylvia melanocephala
(Gmelin, 1789)
Sylvia curruca
(Linnaeus, 1758)
Sylvia communis
Latham, 1787
Sylvia atricapilla
(Linnaeus, 1758)
Phylloscopus collybita
(Vieillot, 1817)

Podiceps cristatus
(Linnaeus, 1758)

LC

LC

Egretta garzetta
(Linnaeus, 1766)
Ardea alba
Linnaeus, 1758
Ardea cinerea
Linnaeus, 1758

LC
LC
NT

Phoenicopteridae

LC

Phoenicopterus ruber
Linnaeus, 1758

LC

LC

VU

LC

-

Emberiza cirlus
Linnaeus, 1766
Emberiza hortulana
Linnaeus, 1758
Emberiza schoeniclus
(Linnaeus, 1758)
Emberiza calandra

Cygnus cygnus
(Linnaeus, 1758)
Tadorna ferruginea
(Pallas, 1764)
Tadorna tadorna
(Linnaeus, 1758)
Anas penelope
Linnaeus, 1758
Anas platyrhynchos
Linnaeus, 1758
Aythya ferina
(Linnaeus, 1758)

LC

LC

LC

LC

Himantopus himantopus
(Linnaeus, 1758)
Recurvirostra avosetta
Linnaeus, 1758

LC

LC

LC
LC
LC
LC
LC
VU

LC

Charadrius dubius
Scopoli 1786
Charadrius hiaticula
Linnaeus, 1758
Charadrius alexandrinus
Linnaeus, 1758
Pluvialis apricaria Linnaeus, 1758
Pluvialis squatarola
(Linnaeus, 1758)

NT

LC
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Oenanthe oenanthe
(Linnaeus, 1758)
Oenanthe hispanica
(Linnaeus, 1758)

LC
LC
LC
LC
LC

Turdidae
Turdus merula
Linnaeus, 1758
Turdus pilaris
Linnaeus, 1758

LC
LC

Paridae
Cyanistes caeruleus
(Linnaeus, 1758)
Parus majör
Linnaeus, 1758

LC
LC

Laniidae
Lanius collurio
Linnaeus, 1758

LC

Corvidae
Garrulus glandarius
(Linnaeus, 1758)
Corvus monedula
Linnaeus, 1758
Corvus cornix
(Linnaeus, 1758)
Corvus corax
Linnaeus, 1758

LC
LC
LC
LC

Sturnus vulgaris
Linnaeus, 1758

LC

Passeridae
LC

Passer domesticus
(Linnaeus, 1758)

LC

Fringillidae

LC
LC
LC
LC
LC

Troglodytidae
Troglodytes troglodytes
(Linnaeus, 1758)

Luscinia megarhynchos
(Brehm, 1831)

LC

Sturnidae

Charadriidae

LC
LC

LC

Recurvirostridae

LC

LC

LC

Haematopodidae
Haematopus ostralegus
Linnaeus, 1758

LC

LC

Accipitridae
Circus aeruginosus
(Linnaeus, 1758)

IUCN

Muscicapidae

Anatidae

LC

LC

LC

Ficedula parva
(Bechstein, 1792)
Ficedula semitorquata
(Homeyer, 1885)
Erithacus rubecula
(Linnaeus, 1758)

Ardeidae

LC

LC

Family / Species

Phalacrocoracidae
Phalacrocorax aristotelis
(Linnaeus, 1761)

LC

IUCN

Podicipedidae

LC

Emberizidae

Colubridae
Dolichophis caspius
(Gmelin, 1789)

LC

Sylviidae

Gekkonidae
Hemidactylus turcicus
(Linnaeus, 1758)

(AVES)

Picidae

Lacertidae
Ophisops elegans
Ménétries, 1832

LC

Columbidae
Streptopelia turtur
(Linnaeus, 1758)

Testudo graeca
Linnaeus, 1758

Family / Species

Scolopacidae

(REPTILIA)

Mauremys rivulata
(Valenciennes, 1833)

IUCN

Laridae

Ranidae
Pelophylax ridibundus
(Pallas, 1771)

Family / Species
Platyceps najadum
(Eichwald, 1831)
Malpolon insignatus
(Geoffroy 1809)
Zamenis situla
(Linnaeus, 1758)
Natrix natrix
Linnaeus, 1758

LC

Fringilla coelebs
Linnaeus, 1758
Chloris chloris
(Linnaeus, 1758)
Carduelis carduelis
(Linnaeus, 1758)

LC

LC
LC
LC
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FIGURE 4
The abundance of the aquatic birds observed montly in the study area
the most abundant and common species were the
species E. sorex in the first half of the sampling
period and G. acuminatum in the second half. Benthic algal composition of the Salt Lake included the
common diatom species, which are resistant to the
dramatic salinity variations and eutrophic conditions. This is the first study including a detailed
benthic algal flora (37 taxa) of the Gökçeada Salt
Lake, although Bassler-Veit et al., [31] observed
four epizoic Cocconeis placentula varieties on the
shells of Loxoconcha elliptica Brady.
Macroinvertebrates are reported as an important group of organisms, which are found in
sediment beneath the water column and act as key
components in any aquatic ecosystem [9]. Furthermore, the invertebrate communities of the Salt Lake
wetlands are more diverse than expected [47]. In
this study of the aquatic invertebrates, a total of 23
macrobenthic species from lotic and lentic biotopes
and 131 species from the marine biotope were identified. The station TK1 was found to be the richest
location with 15 taxa during the sampling period
while the highest taxa were found in the autumn
sampling with 16 taxa found in the lake. Oligochaeta was found predominantly at the station TK1,
related to its freshwater feature. Gammarus komareki, Amphipoda, usually known from unpolluted
water resources, was not found in the station TK1.
In this study, Isopoda was presented by the species
Asellus aquaticus, commonly known from freshwater ecosystems, and the species Idothea baltica,
known from brackish waters. Chironomidae was a
dominant group in the lake with 5 taxa. Two species Chironomus plumosus and C. riparius are
known as indicator species for eutrophic ecosystems [48]. The low individual numbers belonging to

management actions. The wetlands are the most
significant ecosystems on Earth in respect to their
natural function and economic benefits. Despite
their natural and economic importance, they have
faced detrimental human impacts throughout the
last century in Turkey [46]. The Gökçeada Salt
Lake Wetland encounters multiple serious problems
such as increased human interaction, especially
during summer, from surfing activities that result in
physical and some environmental impacts. Assessing the state of the DUHD¶V biodiversity gives us
the ability to understand the actual situation of the
wetlands and the dimension of threats the species
are facing. Monitoring of the biodiversity is essential to emphasize the importance of these areas. The
main point of this study is to describe the present
state of the biodiversity of Gökçeada Salt Lake
Wetlands.
In this study, while a total of 195 terrestrial
vascular plant taxa were identified from Gökceada
Salt Lake Wetland and its surroundings, 97 taxa
were identified in the phytoplankton of lentic (TG2,
TG3, TG4 and TG5), lotic (TK1) and coastal marine stations of Gökçeada Salt Lake. This aquatic
flora belongs to Cyanobacteria (2), Bacillariophyta
(56), Bigyra (1), Chlorophyta (11), Cryptophyta (4),
Dinoflagellata (21), Haptophyta (1) ve Ochrophyta
(1). In the lotic station, the most abundant phytoplankton groups were chlorophyes and diatoms,
while chlorophytes and cryptophytes were dominant in lentic stations. Chlorophytes and dinoflagellates in the first half of the year and the diatoms in
the second half were the most abundant groups of
coastal marine phytoplankton. Benthic algae consisted of 37 taxa from the lotic and lentic sampling
stations of Gökçeada Salt Lake. Among those taxa,
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standing these ecosystems and managing them. In
this sense, this study contributes to this opinion and
includes marine wetland habitats. This study builds
upon the central concept in ecology of disturbance,
which is widely known to affect from populations
to ecosystems [52].
Even though the present study reported a rich
biodiversity despite the current human impacts in
the Gökçeada Salt Lake, the area urgently needs
protection through an effective conservation and
management due to its importance to the island¶V
biodiversity. Pollution may lead to the elimination
of some macrobenthos while some may remain
abundant due to higher tolerance to new conditions.
Coastal areas have a high value in terms of biodiversity. Furthermore, these areas have a great appeal for tourism ZLWK SRWHQWLDO IRU ³HFR-tourism.´
Therefore, wetlands are in a difficult situation stuck
between ecological and management processes.
Pérez-Ruzafa et al. [11] recommend developing
close contact between researches and municipalities. Consequently, the composition of the communities in Gökçeada Salt Lake Wetland is a reflection
of the health of the overall area. We hope this information can be used to design further strategies
on conservation and management programmes. For
a sustainable ecosystem, a management plan will be
necessary in light of scientific wetlands research.
As a conclusion, wetlands which are known as the
most sensitive areas for biological diversity in the
world, need to be protected by humans.

Odonata and Ephemeroptera supported the findings
on organic loads. In this study, we observed only
two species belonging to Odonata nymphs (Crocothemis erythraea and Ischnura elegans) and two
taxa belonging to Ephemeroptera (Coenagrienidae
and Baetis sp.). The other specimens belong to
popular indicator groups for wetland ecosystems
like Plecoptera and Trichoptera, which were not
observed in the sampled aquatic ecosystem. These
groups are known from nonpolluted areas. The
results belonging to the benthic macro invertebrates
in the lake show that the organic load entering the
lake should be controlled. In the previous Gökçeada
Salt Lake study, three Gastropod species (Hydrobia
ulvae, Bittium latreilli, and Bittium sp.) and two
Bivalve species (Cerastoderma glaucum, Scrobicularia plana) were reported [31]. In our current
study, only two taxa belong to Gastropoda (Bithynidae and Planorbiidae) are being reported. Many
shells of Ostracoda were observed in the study area,
but they were not evaluated quantitatively.
Viaroli et al. [49] emphasizes the lack of information comprising the relationship between
river±wetland connectivity as a driver of zooplankton and macroinvertebrate communities. This study
includes macroinvertabrates but zooplankton could
not be studied which are often neglected in wetland
studies [49]. Also, Brraich and Kaur [9] indicate
that moderately polluted wetlands affect the occurrence of benthic macroinvertebrates.
*|QODO DQG *UHúHQ [24] reported 685 marine species from Gökçeada Island, except Peracarida and Polychaeta groups. Although only 131
species were found in this study due to the small
sampling area and small tools, 71 species of them
are newly recorded for marine fauna of Gökçeada
Island.
In addition, 4 fishes, 12 reptilian species and 3
amphibian species were observed in the study area.
According to the literature [26-29], 14 reptile species (3 turtles, 3 lizards, 8 snakes) are known from
Gökçeada. But, 2 of those reptile species, Emys
orbicularis, Montivipera xanthina species are not
found in Salt Lake. A total of 143 bird species [30]
and 178 bird species [32] were reported in
Gökçeada. There is no detailed ornithological study
at the Salt Lake. In this study, 71 bird species were
observed during the sampling period. In fact, flamingos can be observed all year (except during the
ODNH¶Vdry season). However, human activities such
as hunting, surfing and mud baths have negative
effects on this area, preferred by flamingos. Almost
50 dead flamingos were also recorded during the
bird watching.
Sulaiman et al. [8] reported that bird abundance and diversity is fundamentally affected by
attributes of wetland size and type. Datry et al. [50]
mentioned that the habitat mosaics, including the
lotic, lentic and terrestrial, should make scientists
responsible for integrating the concepts, under-
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degree of toxicity of these metals because that is the
result of numerous geochemical and biological dependences [8, 9, 10]. The use of plants as bioindicators of bioavailability is an approach that takes into
account all the factors. The ability of different plant
species to uptake metals in the soil is diverse. For
this reason, most research on metals’ uptake by
plants applies to individual species as indices [11,
12, 13]. The differentiation of metal content in plants
is tremendous and depends on the plant species, the
metal as well as the soil and climate conditions. Because of the considerable diversity of individuals in
heavy metal uptake [14, 15] within the population,
samples based on a small number of tested subjects
might not reflect the actual influence of heavy metals
on the population [16]. On the other hand, some
studies did not take into account species composition
at all [17, 18], which may be a considerable oversimplification. The current study adopted a different approach. Owing to the occurrence of many species
with different contributions in species’ composition
in the studied area, and also allowing for the variability of response of individual species to soil parameters, we analysed the metals’ uptake by vegetation
treating the plant community as a whole, having regard to the contribution of individual species and
species groups in vegetation. This approach enabled
an averaged comprehensive examination of the impact of soil parameters on the absorption of heavy
metals by plants.
Studies on absorption of heavy metals in relation to the content of these elements in the soil usually take place in sites where the metal content exceeds the values occurring in the natural environment by a factor of hundreds [10, 13]. Such sites,
however, cover a relatively small area and can undergo remediation or may constitute protected areas
due to the specific flora and fauna [19, 20]. In many
regions, however, the contents of heavy metals in the
soil exceed, but to a lesser extent, the permissible
values. These sites typically cover larger areas and
could potentially be used for agricultural purposes.
The region where the research was conducted has a
significant amount of fallow soil contaminated to
different degrees with heavy metals. The main aim
of the study was to draw up a model of heavy metal

Soils located in the Jaworznicko-Chrzanowski
Industrial District in Southern Poland have been contaminated with heavy metals due to mining and processing of non-ferrous metals. The aim of the study
was to evaluate theuptake of copper, cadmium, zinc
and lead by vegetation on fallow land as a function
of soil parameters and species composition of plant
communities. The research revealed no correlation
between bioaccumulation factor and botanical composition. The main soil parameters affecting the bioaccumulation factor depended on the metal and these
were as follows: organic matter and soil reaction for
cadmium, organic matter and electrolytic conductivity for lead and soil reaction for copper. The content
of the metal in the soil did not affect the bioaccumulation factor only in the case of cadmium. It was the
single significant factor in the case of zinc. No impact of granulometric fraction on the bioaccumulation factor was observed.
)(!#$
bioaccumulation factor, vegetation, heavy metals, fallow
land

 %#!&%! 
In recent decades, there has been a significant
increase in awareness of toxic effects of heavy metal
soil contamination on human health and ecosystem
functioning [1, 2]. In contrast to organic contaminants, heavy metals cannot be degraded and thus remain in the soil [3]. In addition, metals accumulate
in the food web [4]. There are many areas that were
contaminated in the past, and the removal of such
contaminants is extremely difficult or even impossible, especially when it applies to vast areas [2].
Therefore, the assessment of soil contamination with
heavy metals is currently being addressed by the institutions involved in environmental protection [5,
6]. A variety of methods utilised to determine the absorbable metal content in the soil have been developed [1, 7]. However, the metal content itself does
not provide full information on mobility or bioavailability, and therefore it is not sufficient to assess the
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in a mixture of nitric(V) and chloric(VII) acids in the
ratio 3:1. Vegetation samples were dry mineralized
with dissolution and the contents of cadmium, lead,
zinc and copper were determined by atomic absorption spectrometry. All samples were air dried and
values relate to the air dry weight content.
Before the statistical analyses, variables that
did not meet the condition of normality were subjected to logarithmic transformation or Bliss transformation ( = arc sin√ ) in the case of the percentage (the share of soil fractions and plant groups).
Multiple regression was used to identify the major
factors affecting the metals’ uptake by a plant and
also to create model transfer of heavy metals in soil–
plant systems by taking into account the total metal
content in the soil, soil pH in KCl, electrolytic conductivity of the soil, organic matter content and granulometric composition of the soil. Calculations were
performed using Statistica 10 software. The diversity
assessment of species composition of the vegetation
was based on Detrended Correspondence Analysis
(DCA), which was conducted using CANOCO ver.
4.5 software [30] as well as on the contribution of
species groups divided into monocotyledonous and
dicotyledonous plants.

transfer in soil–plant systems including soil parameters and species composition of the plant community
to assess the degree of the risk of releasing heavy
metals accumulated in the soil of former arable
fields.
Numerous studies have found no significant
correlation between the metal content in the soil and
the soil properties with metal content in plants [8, 9,
21, 22]. In addition, the analyses based on the data
used in this study showed only a weak correlation in
the case of copper [23, 24, 25, 26]. Therefore, to assess the metal uptake by plants, the bioaccumulation
factor (BF), which was calculated as the content of
the element in the aboveground parts of plants to the
total content of the element in the soil, was applied
[27].
%#$ %!$
The municipality of Trzebinia, a part of the Jaworznicko-Chrzanowski Industrial District, located
in Southern Poland, was the studied area. There are
deposits of non-ferrous metals in the region that are
associated with the presence of carbonate Triassic
rocks—ore-bearing dolomites [19]. Since the Middle
Ages, they have been intensively exploited by mining and processing of ores of non-ferrous metals
[28]. As a result, on the surface, several sites with a
high metal content appeared. Some of these sites
have been forested and some exist as disused heaps.
However, many of them have been converted into
meadows, pastures and arable land [29]. At the end
of the 20th century, most of the arable land became
fallow and the process of secondary succession began.
For the survey, former arable lands of a similar,
not advanced, succession stage were selected. There,
83 research plots of 25 m2 area each were located (5
m × 5 m). Four samples of soil material from the
depth of 0–20 cm were collected from every plot.
Then, they were mixed to form a collective sample.
The analysis of every plot involved the determination of granulometric composition using a modified
Braun–Blanquet scale to estimate plant cover. In addition, a sample of the aboveground vegetation biomass was collected combining samples from four
subplots of 0.25 m2 each.
The granulometric composition of the soil was
assessed with the use of the aerometric Casagrande
method modified by Prószyński. Soil aicidity (pH)
was determined after extraction in water and 1 M
KCl with the use of a potentiometric method. Electrolytic conductivity of the soil was established with
the use of a conductometric method and the content
of organic matter in soil was assessed by its annealing using the modified Tiurin method. The determination of the total content of cadmium, lead, copper
and zinc in the soil was performed with the use of
atomic absorption spectrometry after mineralization
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The species composition was dominated by ruderal species typical of grasslands and fallow lands
[31]. DCA showed no significant correlation between species composition of vegetation on the plot
and BFs for metals calculated for the plot (Table 1).
There was also no significant effect ( > 0.05) of
monocotyledonous and dicotyledonous plants’ contribution to BF of any of the metals tested (Table 1).
The comparison of results obtained for collective
samples of biomass should, however, be carried out
in plant communities of a similar nature as heavy
metals’ uptake in diverse communities can be significantly different [18]. For that reason, the analysis of
collective samples of vegetation seemed justified.
The general physico-chemical properties of the
soil (Table 2) were discussed by Petryk [23]. The
content of cadmium was in the range 0.90–43.5 mg
kg−1 (Table 2) and in many samples exceeded the
permissible content of the metal in the soil (<5 mg
kg–1) in Poland [32]. It was, however, much lower
than in the remains of historical mining sites located
nearby, which reached the value of 1464 mg kg−1
[13].
The copper content in the soil in only one sample (177.4 mg kg−1) exceeded the permissible value
[32]. For this reason, it should be stated that the
tested soils are not contaminated with this element
[26]. The mean value amounted to 19.73 mg kg−1
(Table 2) with the standard for soils in Poland <100
mg kg−1 [32]. Really high values of Cu soil content,
such as 8087 mg kg−1 have been reported from the
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The greatest range of variation among the analysed elements was found for zinc and fluctuated
within the range 82.26–4594 mg kg−1 (Table 2) and
in the case of 47 samples exceeded the permissible
value of 350 mg kg−1 [24]. However, the content of
Zn in the vicinity of smelters can be much higher,
e.g. in Belgium it was 20476 mg kg−1 [36]. The maximum value found in postmining heaps in this region
amounted to 171 790 mg kg−1 [13].

area near a Cu smelter in Slovakia [33].
Soils in the study area were considerably contaminated with lead [25]. The average lead content
was 204.24 mg kg−1 (Table 2), while the norm for
Poland is <100 mg kg−1, however, the contamination
of soils in the vicinity of smelters can be much
higher, e.g. in northern France 4480 mg kg−1 [34] or
the Czech Republic 4660 mg kg−1 [35]. Very high
contamination with lead reaching even the value of
22265 mg kg−1 was found in the old heaps nearby
[13].

BFCd
BFPb
BFZn
BFCu


% 
"/+:;87-8::/5+<387-8/003-3/7<,/<?//7,38-87-/7<:+<3870+-<8:+7.<2/
03:;<08=:+@/;+7.<2/;2+:/8095+7<1:8=9;
Plant group
AX1
AX2
AX3
AX4
Monocotyledonous
Dicotyledonous
-0.1161
-0.3916
-0.0763
-0.0532
-0.17
-0.05
-0.2034
-0.2104
-0.1428
-0.0558
-0.13
0.02
-0.2007
-0.3323
-0.1937
-0.1546
-0.21
0.04
-0.1514
-0.2988
-0.0424
-0.2610
-0.22
-0.11

% 
"2A;3-8-2/63-+59+:+6/</:;80;835+7.95+7<2/+>A6/<+5-87</7<;
Lower
Upper
Variable
Min.
Median Mean
SD
Max.
quartile
quartile
Organic Mat. (%)
1.33
2.86
3.75
3.82
1.44
4.54
8.10
pHKCl
4.4
5.4
6.0
5.92
0.67
6.5
7.0
EC (μS cm-1)
32
91.3
165
175.5
98.0
234.1
464
Sand (%)
19
56
72
68.4
19.4
84
95
Silt (%)
3
11
16
22
16.6
29
74
Clay (%)
0
5
8
9.5
6.5
13
37
Total soil Cd (mg kg-1)
0.9
2.8
3.9
6.2
6.4
6.7
43.5
Total soil Pb (mg kg-1)
19.3
72.5
130.6
204.2
203.8
258.1
924.2
Total soil Zn (mg kg-1)
82.3
243.7
449.5
722.0
802.2
883.6
4594.0
Total soil Cu (mg kg-1)
2.6
7.9
13.0
19.7
23.8
21.8
177.4
Total plant Cd (mg kg-1)
0.15
0.45
0.76
1.09
1.31
1.29
10.20
Total plant Pb (mg kg-1)
0.62
1.32
1.65
1.93
1.11
2.29
7.60
Total plant Zn (mg kg-1)
15.6
34.4
58.3
71.8
42.0
100.9
217.0
Total plant Cu (mg kg-1)
1.36
2.46
3.06
3.45
1.40
4.30
7.40

Variable
BFCd
BFPb
BFZn
BFCu

Variation
coefficient
37
11
55
28
75
67
104
99
111
120
119
57
58
40

% 
38-87-/7<:+<3870+-<8:;C:+<38;,/<?//76/<+5-87-/7<:+<387;3795+7<+7.
<8<+56/<+5-87-/7<:+<387;37<2/;835
Minimum
Lower
Median
Mean
SD
Upper
Maximum
Variation
quartile
quartile
coeficient
0.03
0.08
0.15
0.27
0.28
0.37
1.36
103
0.00
0.01
0.01
0.02
0.01
0.02
0.09
82
0.01
0.06
0.11
0.23
0.28
0.26
1.58
125
0.04
0.12
0.21
0.33
0.29
0.47
1.36
89

% 
"/+:;87-8::/5+<387-8/003-3/7<,/<?//7,38-87-/7<:+<3870+-<8:+7./7>3:876/7<+5>+:3+,5/;
CSCd
CSPb
CSZn
CSCu
Morg
pHKCl
EC
Soil fraction
sand
silt
clay
BFCd -0.48** -0.34** -0.47** -0.46** -0.56** -0.56** -0.60** 0.31** -0.23** -0.42**
BFPb -0.67** -0.71** -0.70** -0.33** -0.56** -0.50** -0.47**
0.19
-0.09
-0.37**
BFZn -0.61** -0.54** -0.70** -0.43** -0.63** -0.72** -0.74** 0.33** -0.23** -0.50**
BFCu -0.33**
-0.14
-0.30** -0.81** -0.48** -0.34** -0.53** 0.50** -0.46** -0.44**
CS = Total metal concentration in soil (mg kg-1)
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The median of BF for all the heavy metals was
less than 1 (Table 3). The lowest value was calculated for lead. This is associated with low mobility
of the element and with emergence of a variety of
plant adaptations to limit the uptake of highly toxic
metals that are unnecessary in metabolism [37]. The
BF for the other metals were at a significantly higher
but approximate level. The BF values were slightly
lower than in the research carried out by other authors [17, 21, 38, 39] but fell into the same order of
magnitude.
On the basis of Pearson’s simple correlation, it
was found that the BF was substantially correlated
with most of the soil parameters considered except
for the correlation between the BF of lead and the
content of fractions of sand and silt (Table 4).
Most of the tested soil parameters were mutually correlated, and therefore multiple regression
was utilised to determine the factors that significantly affected the uptake of metals by plants (Table
5) The models best described the relationship for
copper (the coefficient of determination 2 = 0.71)
whereas for cadmium the relationship was the weakest (2 = 0.45). The developed models revealed that
for all metals apart from cadmium, the total metal
content in the soil was crucial. It was the only significant factor in the case of zinc. Depending on the
metal, the influence of soil pH, electrolytic conductivity and organic matter on plant metal concentration was found. The share of granulometric fractions
of soil was not included in the model. However, the
granulometric composition may influence BF indirectly by affecting the other soil parameters.

and soil reaction for copper but for the organic matter content the correlation was positive or negative
depending on the region from which the sample had
been collected. In turn, for lead, a positive or negative correlation with soil reaction was found. The importance of individual soil parameters may differ and
depends on the plant species. Boshoff et al. [12]
found that clay content in the soil had an impact on
the uptake of cadmium and lead by a nettle, and the
lack of such a relationship for zinc and in the case of
grasses for all studied metals. On the other hand,
Tack and Verloo [8] proved the influence of clay on
the zinc content in nettle and the lack of such a reaction for lead, cadmium and copper.
! &$! $
The content of heavy metals in plants is a useful
measure in numerous studies on bioavailability of
trace metals but it must be analysed and interpreted
in relation to other data, such as the concentration of
the metal in the soil, the soil parameters, the type of
plants or the production of biomass. The BF describes the efficiency of heavy metals’ uptake by
plants far better than the metal content in the plant.
The BFs of cadmium, lead, copper and zinc in the
vegetation of fallow land were not related to the species’ composition of vegetation. Therefore, in the assessment of bioavailability of heavy metals in multispecies community of a similar type. collective samples of plant material may be utilised. Based on multiple regression, it was found that the principal soil
factors affecting the BF values depended on the
metal analysed. For cadmium, these were organic
matter and soil pH, for lead they were organic matter
and electrolytic conductivity and for copper, soil reaction. The content of the metal in the soil did not
affect the BF only in the case of cadmium, and in the
instance of zinc it was the single significant factor.
No effect of granulometric fractions on BF was observed. The soil parameters and species composition
of the vegetation did not explain unequivocally the
possibility of heavy metals’ uptake by plants. In each
case, another parameter could be the primary factor
responsible for the process. It seems that for a given
metal it is not possible to develop a universal model
that would represent all the parameters that affect the
bioavailability of the element. Such models can only
be useful locally.


 !( %$

% 
=5<3-8::/5+<38768./5;08:<2//;<36+<38780,3
8-87-/7<:+<3870+-<8:;7<2/68./5875A9+
:+6/</:;?3<2;317303-+7-/ ?/:/9:/
;/7</.
Metal

Model

R2

Cadmium

BFCd = - 0,40·Morg –
0,61·pH
BFPb = - 0,61·Morg +
0.54· EC – 0,53·CS
BFZn = - 1,20 – 0.37·CS
BFCu = - 0.40·pH –
0.68·CS

0.45

Significance
0,000

0.62

0.000

0,70
0,71

0.000
0.000

Lead
Zinc
Copper

CS = Total metal concentration in soil (mg kg-1)
The research results confirmed the generally
observed relationships between the uptake of heavy
metals by plants and metal content in the soil and the
impact of soil parameters. The increased BF is associated with low soil pH, lower content of metal in the
soil [27, 40] and lower organic matter content. General relationships are not always accurately reflected
in the research results of different authors. In many
models of soil–plant systems, significance for only
some parameters was found. Niesiobędzka’s studies
[17] demonstrated negative correlations between BF

The research was realized within the Project
DS-3337, financed from the research grant allocated
by the Polish Ministry of Science and Higher Education.
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solution for uptake. This leads to insufficient uptake
of vital plant nutrients causing not only, adverse
morphological and physiological changes, but also
causes plant nutrient deficiencies [4]. For this reason, it is crucial to determine salt tolerant plants
which can obtain significant yields under high salinity conditions and can provide an economic yield in
these areas [5].
  species can naturally grow in areas
having salinity problems such as those of the Central
Anatolian drought rangelands [6]. The  
genus show a variety of salt tolerant species which
differ in their forage value [7, 8]. While there is research which has focused on the salt ion accumulation in the whole plant under varying salt concentrations, research which has concentrated instead on
salt ion uptake and accumulation (e.g. K, Na, Cl,
etc.) in plant parts like the root, stem, young and
older leaves, provides a more comprehensive understanding of salt ion distribution and tolerance under
varying salinity conditions [9, 10, 11, 12, 13, 14, 15].
Therefore, this research was carried out with the aim
of investigating alterations in uptake of K, Na, and
Cl of the root and stem of three   species:
tall wheatgrass, desert wheatgrass, and crested
wheatgrass, and their growth at different salt concentrations.

Salinity is a predominant problem in many arid
regions of the world. Plant development in these regions is negatively affected by the high salt ion concentrations which have accumulated in the rhizosphere. This research aimed to determine the effects
various salt concentrations (Control, 5, 10 and 15 EC
dS m-1 NaCl) have on three species of wheatgrass
[crested wheatgrass     desert
wheatgrass (   and tall wheatgrass (
 )] located in the Central Anatolian
drought rangelands. The K%, Na% and Cl% content
in the stems and the roots of these   species
were determined at each stage of growth until seed
production. The potassium uptake increased with
salt application, most especially for the tall wheatgrass species. The maximum Na% content recorded
(i.e. 0.51%) was in the stem of tall wheatgrass at a
salt concentration of 10 EC dS m-1 NaCl; the minimum Na% recorded was for crested wheatgrass (i.e.
0.06 %) in the control group. It was determined that
tall wheatgrass was more tolerant to salinity in regard to the other   species. Furthermore,
with respect to literature, results indicated desert
wheatgrass to be a much more salt tolerant species.


+)"$%
Salinity, Crested Wheatgrass [    (L.)
Gaernt], Dessert Wheatgrass [   (Fisch. ex
Link) Schult] Tall Wheatgrass [   (Host) P.
Beauv.]

&$%! &"%
In this study, seeds of tall wheatgrass, desert
wheatgrass, and crested wheatgrass were used. Trials were conducted in the Plant Breeding Greenhouse Department of Field Crops of the Faculty of
Agriculture at Selcuk University. Seeds were planted
in pots with three replications in a Completely Randomized Design on the 21st of October 2015. The dimensions of the pots were 30 x 30 cm, and in each
pot six plants were grown. Turf was used as the
planting medium, and had a pH 5.5-6.5; a fertilizer
ratio of 0.30 g l-1; a N content 30-70 mg l-1; a P2O5
content of 30-70 mg l-1 and K2O content of 40-80 mg
l-1. The turf had a degree of dissociation between H2H8; a porosity weight of 96 %, a moisture content
between 40 and 50 %, and an Electrical Conductivity
between 0.12 and 0.22 dS m-1.



!&$"'&"!
About 1.5 million ha of Turkey’s soils have salinity and alkalinity problems. One-third of these salt
affected areas are located in the Konya Closed Basin
[1, 2]. Salinity, which is often seen in arid and semiarid regions, causes decreases in quality and yield in
crops by negatively affecting their growth and development. A high influx of available salt ions due to an
excess of dissolved salts in the rhizosphere, is one of
the main reasons for salt stress seen in plants [3]. Under salt stress, the high salt concentrations in the soil
compete with other available plant nutrients in the
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0<0:647,<487815 0.10 g of dry granulated
plant matter was weighed and placed into a plastic
tube. 25 ml of ultra-distilled water was added and the
sample was later shaken for 10 minutes in a rinsing
machine. Samples were subsequently centrifuged
using the N-Biotek Combi-Shaker (NB-101MT) at
4000 cycles per min. Following centrifuging, 20 ml
aliquot from the supernatant was place into a porcelain capsule and 1 ml of the indicator potassium
chromate was added. Samples were titrated with a
standard silver nitrate (AgNO3) solution until a visible reddish-brown coloration appeared. Blank samples for comparison were prepared using only ultradistilled water. The Cl % was calculated using the
formula below [17].


     

S: Amount of Standard AgNO3 Solution Used in
Sample Titration (ml)
B: Amount of Standard AgNO3 Solution Used in
Blank Titration (ml)
A: Amount of Plant Sample (mg)
All averages were grouped and the statistical
analysis of all parameters investigated was done by
using the statistical software package MSTAT-C.

The first irrigation with salt concentrations [i.e.
control (0 dS m-1 NaCl), 5, 10 and 15 dS m-1 NaCl]
was made on the 3rd of December 2015 when tillering occurred in the three   species. Once
per week, one liter salt concentration solutions were
given to each   species. While the harvest
date of crested wheatgrass and desert wheatgrass occurred on the 16th of May 2016, because of tall
wheatgrass’s late maturation (i.e. until the grain filling period), the harvest time occurred much later (i.e.
22nd of June 2016). During the harvest date, the crop
root and stem were harvested separately. The content
of K, Na, and Cl of the root and stem were determined as a percent.
 !&!+%%

0<0:647,<487 81  ,7/ !, 0.2 mg of dry
plant matter was weighed and placed into a plastic
liner tube. 5 ml of HNO3 and 2 ml of H2O2 were
added to each tube. The digesting process was done
in the MARSX Press Microwave. Once fragmented
the material was transferred to a 50mL plastic tube,
and ultra-distilled water was added until a volume of
20 ml was obtained. Afterwards, the solution was filtered and each sample transferred to be analyzed using ICP-AES [13, 16].
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  species used in this research showed increases in K content with increasing salt concentrations, and this may partly be due to potassium being
an essential macro element in plant water balance
[18]. Potassium affects osmotic pressure in the cell
by keeping water in the cell; thus, increases the
plants ability to survive under stress conditions (Figure 3) [19].
Increasing salt concentration led to an increase
in Na content in  ’s root, except when the
highest level of salt was applied to desert wheatgrass
(Figure 1). The   species having the maximum Na uptake (i.e. 0.51% Na) in the stem was tall
wheatgrass grown at 10 EC dS m-1 NaCl. Our results
showed a similarity to Culha and Cakırlar [20] who
stated that Na uptake in the cell was increased as the
amount of NaCl given to plant increased (Figure 2).

$%'&%!%'%%"!%
Mean values and each group’s results were
given in Table 1. The maximum potassium content
(i.e. 1.17 % K) in root was found at a salt concentration of 10 EC dS m-1 in crested wheatgrass. Maximum potassium content (i.e. 2.56 % K) in stem was
found at a salt concentration of 5 EC dS m-1 salt in
tall wheatgrass. While root K content decreased as
salt dosage increased, the stem’s K uptake however,
showed a positive linear relationship amongst the
three   species and was particularly evident for tall wheatgrass. Zhao et al. [11], Naidoo et
al. [12] and Niu et al. [15] observed a decrease in K
uptake with increasing salt concentrations, however
our results showed an opposite effect. The three
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[2] Kanber, R. Cullu, M.A. Kendirli, B. Antepli, S.
and Yilmaz, N. (2005) Sulama, drenaj ve tuzluluk. Turkiye Ziraat Muhendisligi VI. Teknik
Kongresi, 3-7.
[3] Kacar, B. Katkat, V. and Ozturk, S. (2013) Bitki
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493-497.
[4] Taban, S. and Katkat, A.V. (2000) Effect of salt
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20-1.
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It was determined that desert wheatgrass grown
at the highest salt concentration (15 EC dS m-1 NaCl)
had the highest Cl content of 0.73 %. Strogonov [21]
noted that toxic substances having Cl were accumulated first in the underground parts of plants in saline
soils. In consideration of our findings, it can be
stated that plants tried to block occurring chlorine
toxicity by limiting translocation of Cl to the stems
and instead accumulating chlorine in their roots.


"!'%"!%
Research demonstrated that forage sources
such as desert wheatgrass and tall wheatgrass can be
grown in salinity conditions up to 15 EC dS m-1 and
crested wheatgrass can be grown in salinity levels at
10 EC dS m-1. Thus, irrigation water which contains
up to 5 EC dS m-1 NaCl could be recommend if the
aim is for obtaining seeds from these species.
The areas of our country having the greatest salinity problem are mostly seen in rangelands. Hence,
in regards to low-quality irrigation water these issues
are of great concern. We recommend that plant
breeding programs should emphasize on salt tolerant
plants and forage crops and classify them according
to their salt tolerant levels. Thus, an economic yield
will be obtained in these regions as well as decrease
in negative effects of salinity.
!") !&%
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ate any situations that resulted in death [2]. In parallel with the growing population in developed countries, the increase occurred in vehicular traffic has
also been reported to damage the environment in
ecologically [5]. The number of cars per person is
increasing every day. The number of motor vehicles
in Turkey were found to be 17.939.447 [6].
The environmental pollution caused of lead directly related with the increased of automobiles and
vehicle traffic; tetraethyl lead released from the motor vehicle is described as formed by the burning of
the gasoline [2]. Heavy metals such as Pb, Hg, Cd,
Ni, Cu, Zn, C and Fe are released from gasoline vehicles and metals such as Ni, Cd, Zn are released
from diesel vehicles [7, 8].
Heavy metals such as Cd, Pb, Cu, Ni, Zn released from exhaust gases from internal combustion
of fuel and oil additives and engine wear have been
accumulated into the environment that reported in a
study conducted by Lagerweff and Specht [9] and
Zhang et al. [2]. A research conducted by Lenart and
Wolny-Kolade [10]; concentrations of heavy metal
elements such as Cu Fe, Zn, Cd, Pb, Ni and soil microbial activities were investigated in soil samples.
Researchers determined that heavy metals were significantly affected the soil pH, number of the mesophilic bacteria, total fungi,    sp. and actinomycetes in soils.
Sanliurfa is one of the major intersections of
the road network. This road is very important in
terms of transit. This route, descend to reach the border crossing to Syria in our country's south-eastern
border due to take place in the transition to Arab
countries highway plays an important role in transportation. This study was undertaken to assess the
catalase and urease activities of soil samples, number of total microorganisms and the concentrations
of Pb and Cd of roadside soils exposed to heavy traffic pollutants.

This study investigated the effect of traffic pollutants of roadside on soil microbiological activities
in Turkey’s south-eastern border. The soil samples
were taken from different crossroad of Şanlıurfa-Diyarbakır, Şanlıurfa-Gaziantep, Şanlıurfa-Mardin and
Şanlıurfa-Akçakale where traffic is intensive. Soil
samples were taken from different distances from the
roadside, i.e., 1, 10, 50, 100, 150 and 250 m. Microbial respiration, catalase and urease enzyme activities, concentration of Cd and Pb, numbers of total
bacteria, fungi and actinomycetes were evaluated in
soil samples. According to the results of the study,
exhaust gaseous causes a damage on the soil biological activities. The farther down the road, the numbers of bacteria, fungi and actinomycetes, microbial
respiration, catalase and urease enzyme activities
have increased. The 250 m away from the road; cadmium and lead levels and tested soil microbiological
activity were increased.
%# 
Roadside soil, Pb, Cd, urease, catalase, microorganism
number



!"!
Since the beginning of the twentieth century, in
the air and soil pollution has increase occurred due
to reasons such as rapid industrialization and transition to modern agriculture, a growing population and
consumption [1, 2].
The demand for increased urban and industrial
sources, it has brought the environmental pollution
and has been dangerous situation in the living biotic
factors [3]. Besides atmospheric pollution; heavy
metals emitted from the exhaust gases from traffic in
urban environment has been the most important environmental contaminants in human, plant and animals. The danger of falling into the organism
through the food chain is very importance [4]. Heavy
metals into the food chain, accumulating in living for
years has been reported to cause toxic effects to cre-

! ! 

3.07&140.2,&2)&2&0<7.7Soil samples were
collected from the 0 to 15 cm depth of soil at 4 different location (1, 10, 50, 100, 150 and 250 m far
away from the roadside) of Şanlıurfa-Turkey. Main
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7) and 5 ml of a 3 % H2O2 solution were added to 5
g of soil. The volume (ml) of O2 released within 3
minutes at 25 oC was measured. Three replicates of
each soil sample were tested. Controls were tested in
the same way, but with the addition of 2 ml of 6.5 %
(w/v) NaN3. Results were calculated on the basis of
oven dry weight of soil.

"6*&7*&(8.:.8<Urease activity was measured
according to Hoffmann and Teicher [15]. The 250 µl
of toluene, 750 µl of citrate buffer (pH 6.7) and 1 ml
of 10 % urea substrate solution were added to the 1
g sample. The samples were incubated for 3 h at 37o
C. Following filtration through whatman No. 42 filter papers and sodium phenolate and sodium hypochloride were added. The released ammonium was
determined at 578 nm. Three replicates of each sample were tested. The control sample without urea was
prepared. Results were expressed as mg N /100 g dry
sample.

8&8.78.(&0&2&0<7.7The data were analysed by
analysis of variance using the  computer program. The Duncan was used the separate the means.


 "!  " 

crop produced at these soils were cotton (
), maize (   L.) and wheat ( 
 L.). The mean annual temperature varied
from 2.2 to 38.7 oC. Soil sampling were analysed in
the same day of sample collection in September
2015. The soil samples were passed from a sieve
with 2 mm and kept at 4 oC for microbiological analysis. Soil characteristics were determined using
Standard methods [11]. Soil pH was estimated using
saturated soil solution (1/2.5; soil/water). Main
roads, coordinates, same soil characteristics are
given in Table 1.
For the concentrations of Pb and Cd; the soil
samples digested with mixture of nitric and perchloric acid (2:1, ratio) and Pb and Cd concentrations of
samples were determined in their extraction solution
using atomic absorption spectrophotometer [11].
.(63'.303,.(&0 &2&0<7.7 To evaluate the
number of colony forming units (cfu) of soil fungi
(Malt Extract Agar), bacteria (Nutrient Agar) and actinomycetes (Pochan agar); the serial dilutions (from
10-4 to 10-9 for bacteria, 10-1 to 10-6 for fungi and actinomycetes) were prepared. Microorganisms numbers were determined by a spread plate count technique [12]. 

.(63'.&0 6*74.6&8.32 Basal soil microbial
respiration was measured according to Anderson
[13] by Ba(OH)2. 8H2O + BaCl2 absorption of the
CO2 produced during 24 hours incubation period. 20
g of soil samples were placed in a jar with 10 ml of
BaOH. Soil respiration was trapped inside the alkaline solution and titrated using a diluted HCl solution. Data were expressed as mg CO2-C /g dry soil
[13].

Soil pollution is effective on sensitive microorganisms and soil biological properties [16]. Gratani
et al. [17] and Lagerweff and Specht [9] suggested
that the soil microbiological properties were affected
by various environmental factors such as soil type,
traffic, management systems of crop, fertilization,
vegetation. In this study, the changes in some microbiological properties, the concentrations of Pb and
Cd of roadside soils are shown in Table 2.

&8&0&7* &(8.:.8< Catalase was evaluated according to Beck [14]. 10 ml of phosphate buffer (pH


!
3(&8.32&2)(-&6&(8*6.78.(73+8-*7&140.2,7.8*7

Main roads
Junction
GPS coordinates
pH EC (ds/m)
8.42
0.62
Alpet
37o125´ N-38o809´ E
Şanlıurfa-Akçakale
Eyyubiye
37o128´ N-38o820´ E
8.33
0.88
Kanalurfa
37o111´ N-38o823´ E
7.86
1.02
7.40
1.11
Germus
37o162´ N-38o857´ E
Göbeklitepe
37o162´ N-38o876´ E
7.68
1.09
Şanlıurfa-Mardin
Gap fidancılık
37o160´ N-38o927´ E
7.81
1.24
7.70
1.85
Shell benzinlik 37o215´ N-38o801´ E
Doğuş
37o227´ N-38o799´ E
7.71
1.53
Şanlıurfa-Diyarbakır
Bozova
37o250´ N-38o799´ E
7.28
1.42
7.62
1.69
Sheraton
37o151´ N-38o770´ E
Sanayi
37o142´ N-38o734´ E
7.35
1.86
Şanlıurfa-Gaziantep
Köprü
37o138´ N-38o717´ E
7.67
1.51
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Organic matter (%)
1.3
1.2
1.4
1.76
1.42
1.35
2.42
1.91
1.40
1.21
1.32
1.67
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634*68.*7





!-*).78&2(*838-*63&)1*8*6


 

Microbial respiration
5.96 e
8.9 d
(mg CO2/g soil)
Catalase (ml O2/g soil)
9d
10.3 cd
Urease (mg N/100 g soil)
5.7 d
6.5 cd
Bacteria (cfu/g soil)
5.7 d
5.8 cd
Fungi (cfu/g soil)
4.9 b
5.4 ab
Actinomycetes
3.9 c
4.4 bc
(cfu/g soil)*
Pb (mg/kg soil)
5.5 a
4.3 b
Cd (mg/kg soil)
4.7 a
4.4 a
*
cfu/g: The number of colony forming units of microorganism



12.5 c

14.5 c

18.2 b

23.0 a

10.4 cd
7.2 cd
6.1 bc
5.6 ab

11.6 bc
8.0 bc
6.5 ab
5.5 ab

12.5 b
9.6 b
6.6 a
5.9 a

14.5 a
11.8 a
6.6 a
6.1 a

4.8 b

4.8 b

5.3 a

5.5 a

2.9 c
4.0 b

2.5 c
3.8 b

1.7 cd
3.4 c

1.2 d
3.5 c

! 
396(*3+:&6.&8.32&2)1*&2759&6*73+(-&2,*7.2731*1.(63'.303,.(&04634*68.*7&2)-*&:<1*8&0
')(328*287;.8-73.07&140*7
Microbial
respiration
(mg CO2/g)

Catalase
(ml O2/g soil)

Urease
(mg N/100g)

Bacteria
(cfu/g)

Fungi (cfu/g
soil)

Actinomycetes
(cfu/g soil)

Pb
(mg/kg)

Cd
(mg/kg)

Situation (S)
Error I
Distance (D)
SxD
Error 2

df

Sources of
variation



3
8
5
1
4

39.48
64.385
44.86*
2.607**
2.739

29.48
9.68
35.62**
2.29
3.27

25.70
11.12
59.68
2.56
4.65

4.651
0.997
1.721
0.267
0.175

2.43
1.56
1.88**
1.01
0.79

3.50
2.68
4.02
1.52
0.44

76.6
10.0
31.7
4.37
2.19

67.07
3.12
2.99*
0.16
0.11

*, ** – significant at the 0.05 and 0.01 probability levels, respectively

Post and Beeby [18] reported that the heavy
metal contents had significant negative correlations
with soil microorganism number. In general, this
change has been studied by Lenart and Wolny-Koladka [10] in Cracow soils. Joshi et al. [19] reported
that bacterial and fungal community has decreased
due to heavy traffic density in roadside soils. The results obtained in this study. The numbers of bacteria,
fungi and actinomycetes were increased with distance from the road (Table 2). Distance from the road
on the number of microorganism was found to be
significantly at 5 % level (Table 3).
The lead concentration in soil and plant was increased due to traffic [17, 20-22]. Gülser and
Erdoğan [23] found that the sensitivity of soil enzyme activities to heavy metal pollution was significantly changed with 5, 25 and 45 m from the roadside soil samples. Our results showed that the catalase and urease activities are higher farther from the
road as reported by Gülser and Erdoğan [23]. Soil
catalase and urease activities were sensitive to soil
biological properties [24] and soil urease, catalase,
dehydrogenase activities inhibited by soil contamination caused heavy metals such as Pb, Cd, Cr, Ni
[24-26]. Filipek-Mazur et al. [27] reported that the

reduced dehydrogenase, catalase and arylsulfatase
activities of roadside soils.
Soil microbiological properties such as catalase, urease, dehydrogenase and phosphatase enzyme activities, respiration, numbers of microorganisms are a sensitive parameter and can be used as an
indicator of soil fertility and pollution [19, 23, 28,
29]. Ohya et al. [28] observed that the soil organic
matter mineralization, respiration, enzyme activities,
nitrification effected by heavy metals. The respiration and enzyme activities in roadside soil can be effective due to stress caused by gaseous of heavy traffic. In this study, we found that; the distance to the
road was significant for all the features.
Increased heavy metal concentration in soil
was negatively affected soil enzymes, respiration
and microbial community and plant growth [10, 23,
25, 30]. Researchers were reported that the concentrations of heavy metals such as Pb and Cd decreased
when away from the road and the number of microorganisms such as fungi, actinomycetes and bacteria
increased.
Wang et al[31] reported that the sensitivity to
environmental stress of three soil enzymes was obtained as urease > invertase > catalase. Wang et al.
[31] reported that the soil urease activity can be used
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as an index of soil degeneration and reclamation.
Catalase enzyme activity of soils inhibited by soil
contamination of Pb and Cd [32].
Increase of heavy metal contents in soil was
stressed and the reduced the number of microorganisms, therefore it causes the deterioration of the ecological balance [24, 30]. The urease activities varied
significantly between the soil samples collected
from different location in Turkey [21-23, 25, 29].
Our results showed that urease and catalase activities
are lower than other researchers. In this study, the
cadmium and lead contents of soils is decreases as
further from the road. Microbiological activities of
soils were significantly affected from the distance to
the road (Table 3). Distances from the roadside, on
the cadmium and lead contents of soil were found to
be significant (p<0.01) (Table 3). Jaradad and
Moman [20], Haktanır et al. [29], Onianwa and
Adoghe [33], Osma et al. [34] reported that heavy
metal concentrations in roadside soil have increased
considerably due to heavy traffic pollution which
was confirmed by our study. Also, it was reported
that roadside soils along the major national road in
Greece are polluted by heavy metal contaminants
[35]. Yan et al. [36] reported that, the compared to
cadmium and lead, the pollutant effect of cadmium
to the environment is more permanent and the distance play an important role in heavy metal contamination.
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ABSTRACT

its direct applications by spraying and runoff from
agriculture land [2]. As a result of its extensive application, MCP was found in fruits, grains and surface water. Mutagenic potential of MCP has been extensively studied. It is reported to be genotoxic to
bacterial species and mouse lymphoma. Many pesticides can be absorbed through the skin into the
blood, and can cause toxic effects. Some chemical
compounds are carcinogenic to treated animal
through the induction of oxidative stress, gene mutation and cell death [3]. So, exploring of the genomic
toxicity of organophosphate pesticide MCP is important for protecting human health. As many of the
environmental pollutants are known or doubted carcinogens, mutagenicity assays have also been used
to toxicology.
Oxidative stress occurs when ROS are generated more than it may be eliminated by cellular defense mechanisms. Upturned production of ROS in
living cells can lead to destroy of carbohydrates, fat,
proteins and DNA and this is the main cause of cellular alterations as a consequence cell toxicity and
death occurred [4]. Genotoxic effects of xenobiotic
compounds may be studied by using comet assay in
vitro and in vivo which is gaining popularity over
others due to it can measure minute levels of DNA
fragmentation and needs less duration to complete
the study [5]. Many genotoxicity bioassay including
micronucleus test and comet assay [6] are used in genetic toxicology for epidemiological study and bio
monitoring of aquatic ecosystems for pollutants.
Therefore the current study was designed to evaluate
DNA damage, cytotoxic effect of MCP on HaCaT
cells.

Monocrotophos (MCP), generally famous as
azodrin, is widely applied in agricultural work all
over the world. However, few data is available on its
short-term cytotoxic effects on human keratinocyte
(HaCaT) cells. The aim of this study was to estimate
toxicity and its mechanism in HaCaT cells. In this
study, we found cytotoxic activity and oxidative
stress produced in HaCaT cells due to exposure of
MCP for 24 and 48 hours. MCP (0, 100, 300, and
600 ng/ml) produced dose and time dependent cytotoxicity in HaCaT cells, which was determined by
MTT and NRU assays. MCP induced oxidative
stress, demonstrated by elicits of reactive oxygen
species (ROS) generations, lipid peroxides (LPO)
and declination of glutathione (GSH) in HaCaT
cells. Due to exposure of MCP, chromosome condensation was found in HaCaT cells, which is hallmark of apoptosis was indicated by DAPI (4', 6-diamidino-2-phenylindole). Maximum, DNA single
strand breakage was found at maximum dose of
MCP for 48 hour. This study suggested that MCP induce cytotoxicity and apoptosis in HaCaT cells,
which is likely to be facilitated via ROS production
and oxidative stress.

KEYWORDS:
MCP, HaCaT cells, MTT assay, Apoptosis, DNA damage

INTRODUCTION
Organophosphorous compounds are extensively used as acaricide, insecticide in farm, agriculture in present years, due to its biodegradability and
low environmental existence. MCP [dimethyl (E)-1methyl-2-(methyl carbomoyl) vinyl phosphate] is an
essential broad-spectrum systematic organophosphate pesticide, extensively applied in Asian countries. Some researchers reported that MCP is a harmful toxicant and controls a variety of pests [1]. MCP
reached to terrestrial and aquatic ecosystem due to

MATERIALS AND METHODS
The DMEM media, antibiotics (100 ml) and fetal bovine serum (FBS) were purchased from Sigma
Aldrich USA. MCP (dimethyl (E)-1-methyl-2-(methyl carbamoyl) vinyl phosphate) with a purity of
98% was purchased from local markets.

2883

© by PSP

Volume 27 ± No. 5/2018 pages 2883-2890

Fresenius Environmental Bulletin

were assembled and OD was examined at 546 nm.
The concentration of MDA was determined according to a standard curve.

Cell culture and morphology of HaCaT cell
lines. Human skin keratinocyte (HaCaT) cell lines
were subcultured in DMEM with FBS (10%), antibiotic and antimycotic solution (1.5%) at 5%
CO2 and 95% relative humidity at 37°C. After exposure of MCP, morphological changes in HaCaT cells
were observed by using an inverted microscope
(Leica DMIL) for 24 and 48 hours.

Glutathione (GSH). GSH was determined by
according of Saldak and Lindsay method [10]. The
quantity of GSH was presented as nmol/mg protein.
SOD. Activity of SOD was examined according to the method of Kono [11] using Nitro blue tetrazolium (NBT) in the presence of riboflavin.

MTT assay. HaCaT cells (1 x104/ well) in 96
well plates were cultured at 37 °C for 24 hours with
various concentrations of MCP (0, 100, 300, and 600
ng/ml). After exposure, the plate was incubated with
MTT solution for four hours. The purple color
formazan crystal which is produced in live cells was
dissolved in DMSO and read at 570 nm by using a
microplate reader (Biotech, Elx 800). Data was represented as reduction of MTT in percentage comparative to the evaluated absorbance from control cells.

Catalase. Catalase activity was measured using the method described by Alarifi et al. [12].

NRU assay. The assay was done according to
Borenfreund and Puerner [7].
Determination of reactive oxygen species
(ROS). Production of ROS was evaluated by fluorometric test by using with 2, 7-dichlorofluorescein diacetate (DCFH-DA). DCFH-DA is a non-fluorescent dye and it is converted into fluorescent 2,7-diFKORURIOXRUHVFHLQSURGXFW '&)  Ȝmaxௗ ௗௗQP LQ
various stage. HaCaT cells were exposed to the different dose of MCP for 24 and 48 h at 37°C. HaCaT
FHOOV ZHUH LQFXEDWHG ZLWK ௗ0 '&)+-DA after
treatment. Generation of ROS was evaluated after
ௗPLQLQFXEDWLRQDWௗ&E\ using fluorimeter (Biotek FL 800×) at ௗQP (excitation wavelength)
DQG ௗQP (emission wavelength). Intensity of
DCF fluorescence is relational to the quantity of
ROS produced intra cellularly. H2O2 ௗ0  ZDV
used as a positive control.
Mitochondrial transmembrane potential
(MMP) test. Rhodamine-123 is a cationic fluorescent stain and it was used for measurement of mitochondrial membrane potential [8].

FIGURE 1
Morphology of HaCaT cells a. Control b. at 600
ng/ml of MCP for 24 h c. at 600 ng/ml of MCP
for 48h.

Lipid peroxidation (LPO). LPO was determined by the evaluation of malondialdehyde (MDA)
level as described by Ohkawa et al. [9]. HaCaT cells
were grown in 6-well plates at 4ௗîௗ5 cells/well and
treated with various concentration of MCP (0, 100,
300, and 600 ng/ml), for 48 h. After treatment HaCaT cells were scrapped and cell lysate was prepared
in ice-cold 1.15% KCl. Cell lysates ௗ O were
added with 8.1% SDS (200 μl), 20% acetic acid
ௗPO DGMXVWHGWRS+DQGௗPORI TBA.
Solution was made 4 ml by adding distilled water
and heated WR ௗ& IRU 60ௗPLQ 7KH mixture was
added with n-butanol and pyridine (15:1, v:v) and
vortex vigorously at RT. Solution was extractored at
4000 rpm for 10 minute and upper layer of solution

Fragmentation of chromosome in cell. Analysis of control, apoptotic and necrotic cells was done
by using DAPI fluorescent dye. In this technique is
depended on apoptosis produced fragmentation of
nuclear and condensation. Later the exposure of
MCP (0, 100, 300, and 600 ng/ml) to cells for 24 and
48 h, subsequently '$3, ȝO were added in cells.
Later 30 min incubate; the cells were cleaned in triplicate with PBS. The chromosome condensation was
observed by fluorescence images in upright microscope (Nikon Eclipse equipped with Nikon DS-Ri1
megapixel camera, Japan).
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Caspase-3 assay. The activity of caspase-3
was examined according Alkahtane [13] and presented in pmol of nitroaniline /min/mg of protein.
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48 h and cell viability was determined by MTT and
NRU assays. Our results indicate that MCP induced
a marked decrease in cell viability in a dose and
time-dependent PDQQHU Sௗௗ (Fig 2A). However, in case of NRU assay similar result was observed and cell viability was reduced at same concentration of MCP was 40% (p<0.05). (Fig. 2B).

Annexin-V-FITC/PI staining for apoptosis.
Annexin-V-FITC/PI staining was done by Annexin
V-FITC apoptosis detection kit (Sigma, St Louis,
MO, 86$ DVSHUWKHPDQXIDFWXUHU¶VSURWRFRO5H
sults were analysed by FACS Diva 6.1.2 software.
Comet assay. The fragmentation of DNA was
measured by comet assay as described by Singh et
al., [14].
Statistical analysis. The statistical differences
were determined by analysis of variance (ANOVA)
and the differences were noted (p<0.05). The data
are expressed as average for three independent experimental points.

(a)

(b)
FIGURE 2
Cytoxicity of MCP in HaCaT cells for 24 and 48
hour, as assessed by a. MTT b. NRU tests. Each
value represents the mean ±SE of three
expreiments *p< 0.05 vs. control

FIGURE 3
MCP induced ROS in HaCat cells. A. Control B.
at 600 ng/ml of MCP for 24 h C. at 600ng/ml of
MCP for 48 h D. % ROS production at various
doses of MCP in HaCat cells. Images were
snapped in phase contrast cum fluorescence
microsope (Nikon, model 80i). Each value
represents the mean± SEM of three experiments.
*p <0.05 vs control

RESULTS
HaCaT cells. Fig.1 showed the comparative
morphology of control and MCP treated HaCaT cells
for 24 and 48 h. HaCaT cells changed into round
shape and detached from surface at 600 μg/ml of
MCP exposure (Fig. 1 B).

ROS generation and oxidative stress. To find
out the stress in HaCaT cells due to MCP treatment,
we determined the quantitative and qualitative production of fluorescent DCF (the result of DCFH oxidation by a variety of peroxides). As represented in
Fig.3, present results indicated that MCP generated
ROS in concentration and time dependent basis.

MCP induced cell death in HaCaT cells. HaCaT cells were exposed to increasing concentrations
of MCP ranging from 100 to 600ௗng/ml IRUௗK and
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MCP induced a loss of mitochondrial membrane voltage ǻȌP . Rhodamine-123 is usually
applied to make strong determination of mitochondrial membrane voltage both in vitro and in situ beFDXVHǻȌPLVSURSRUWLRQDOWRuptake rhodamine-123
[15] DQG ǻȌP changes always correlate with the
apoptosis of cell. Later cell treated with above concentration of MCP, a concentration and time -deSHQGHQW GHFUHDVH LQ ǻȌP ZDV seen Sௗௗ 
demonstrating that mitochondria were depolarised
(Fig.5).

FIGURE 5
MCP induced MMP in HaCaT cells. Images of
three qualitative analyses in fluorescence in
microscope A.control B. 600 ng/ml for 24 h C.
600 ng/ml for 48 h.
Apoptosis detection and caspase-3 activity.
Effect of MCP showed enhanced chromosome condensation which was measured by DAPI staining in
HaCaT cells (Fig.6 A-C). The test is depended on
morphology of nucleus, which is specific for apoptosis. The healthy cells displayed normal nuclear
chromatin with blue fluorescence but apoptotic cells
contain fragmented chromatin. MCP treatment
showed a significant number of chromosome condensed cells as compared to control.
Flow cytometry analysis was carried out by applying Annexin-V-FITC/PI staining to find out the
mechanism of cell death produced by MCP. The untreted cells were not uploaded with Annexin V-FITC
and propidium iodide. But, the cells exposed to 600

FIGURE 4
a. Levels of LPO b. GSH c. SOD d. CAT in
HaCaT cells after exposure to MCP for 24 and
48 h. Each value represents the mean±SE of
three experiments* p< 0.05 vs control
MCP induced LPO in model cells. Actually,
later ௗDQG  K RI LQFXEDWLRQ ZLWK GLIIHUHQW FRQ
centrations of MCP, the MDA levels were increased
from control value (Fig.4A). Results showed that
MCP induced oxidative stress were further proved
by declination of GSH (Fig. 4B) and hiked level of
SOD and CAT with dose and time dependent (Figs.
4 B, C and D).
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fmk ௗ0 EHIRUHH[SRVXUHWRMCP at concentrations (600 ng/ml). Our finding indicated that ZVADfmk pre-treatment significantly prevents the cell
death induced by MCP (Fig.6 D).

ng/ml MCP for 24 and 48 h showed 32.23 and 49.5%
apoptotic cells respectively (Fig.7 a-d).
To deremine the role of caspase-3 activity in
MCP-produced apoptosis, HaCaT cells were preexposed IRUௗKZLWKWKHFDVSDVHVLQKLELWRU=9$'-

FIGURE 6
Chromosomal condensation and induction of caspase-3 activity in HaCa cells after treatment to MCP
a. Control b.at 600 ng/ml MCP for 24h c. at 600 ng/ml MCP for 48 h d. Caspase-3 activity. Each value
represents the mean ±SE of three experiments. *p<0.05 vs control.

FIGURE 7
Monocrotophos (600 ng/ml) induced apoptosis in HaCaT cells. (a-d) Annexin V-FITC and PI
fluorescence were measured using flow cytometer with FL-1 and FL-2 filters, respectively. Q3, living
FHOOV $QQH[LQ9Ø3,Ø 44, early apoptotic7primary apoptotic cells ($QQH[LQ9Ø3,Ø 
Q2ODWHDSRSWRWLFVHFRQGDU\DSRSWRWLFFHOOV $QQH[LQ9Ø3,Ø 'DWDUHSUHVHQWDYHUDJH6(RI
WULSOLFDWHH[SHULPHQWV SFRPSDUHGWRFRQWURO
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FIGURE 8
DNA impairment in HaCaT cells due to MCP A.Tail DNA(%) B. Olive tail moment C.Control cell D.
at 600 ng/ml of MCP 48h. Each value represents the mean ±SE of three experiments. *p<0.05 vs control.
DNA damage. Fragmentation of DNA was
measured using the comet assay, and it is a sensitive
tool for measuring DNA strand breakage in individual cells [16]. The amount of DNA damage (% tail
DNA and OTM) reaches about 6 and 4.5 folds to the
control value after 48ௗh of MCP exposure at the highest concentration, respectively (Fig.8). Indeed, as
shown in result MCP induced DNA damage at concentrations and time-dependent manner (Fig.8).

biomarker of oxidative stress. In this study, it was
shown that LPO level was increased which indicates
the toxic effects of MCP exposure to HaCaT cells.
The levels of LPO, SOD and CAT were found to be
significantly increased, which might be associated
with decreased GSH level in HaCaT cells after MCP
exposure. GSH is a major antioxidant and its protective role against oxidative stress-induced toxicity in
animals is well established [20]. Use of GSH and
CAT as biomarkers of exposure to organic xenobiotic has gained credence in pollution bio monitoring.
Decrease of GSH level by oxidants can change the
redox potential of the HaCaT cell and induces a
stressful and toxic effect since GSH plays a critical
role in maintaining cellular redox homoeostasis.
MCP induced cytotoxicity was correlated with reduction of the mitochondrial membrane potential
003 DIWHUௗKand 48 h exposure. Amengual, et
al., [21] had been reported that oxidative stress is involved in cell apoptosis and oxidative stresses and
MMP reduction always occurred simultaneously.
The generation of ROS was occurred due to exposure of MCP IRUௗK. The cell organelle mitochondria is susceptible to fluctuates in the cellular redox
state and changes in MMP is an important step in the
initial change in mitochondria as consequence closure of mitochondrial function and cell apoptosis
[22,23]. Genomic instability due to pesticides is considered the most severe possible side effects of agricultural chemicals. If a chemical interact with nuclear DNA, it induce carcinogenic and mutagenic in
the treated animals. This study demonstrates that
MCP significantly induced DNA damage in HaCaT
cells which is agreement with the finding of Salem

DISCUSSION
MCP is an organophosphate pesticide and
widely used in agriculture that adversely affects
nervous system. Experimental and human epidemiological data indicate that the organophosphate pesticide, such as MCP etc are being fat soluble, and it
easily engrossed through intravenous, gastrointestinal tract and skin. Organophosphate insecticide can
quickly absorbed through placental or blood-brain
barrier as consequences disorders of the fetal organs
occurred during pregnancy. In this work we have determined the mechanism of cytotoxicity in cultured
HaCaT cells due to MCP exposure. Our results
showed that exposure of HaCaT cells to MCP leads
to cell death at concentrations (100 to 600 ng/ml) as
revealed by MTT and NRU test. Taju et al. [17] has
been documented that cypermethrin induced cytotoxicity in different fish cell lines.
The LPO level is determined by the balance between the generations of oxidants and elimination
and scavenging of those oxidants by antioxidants
[18]. Huggett et al., [19] reported that LPO is general
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is a key regulator for the induction of stress-activated signal transduction pathways including
Jun N-terminal protein kinases and p38 kinase
by alkylating agents. Mol. Cell. Biol. 17, 47924800.
[4] Valko, M., Leibfritz, D., Moncol, J., Cronin,
M.T.D., Mazur, M. and Telser J. (2007) Free
radical and antioxidants in normal physiological
functions and human disease. Int. J. Biochem.
Cell Biol. 39, 44-84.
[5] Gedic, C.M., Ewen, S.W.B. and Collins, A.R.
(1992) Single cell gel electrophoresis applied to
analysis of UV-C damage and its repair in human cells. Int. J Radiat. Biol. 62, 313-20.
[6] Cheung, V.V., Depledge, M.H. and Jha, A.N.
(2006) An evaluation of the relative sensitivity
of two marine bivalve mollusc species using the
comet assay. Marine Environmental Research,
62, S301-S305.
[7] Borenfreund, E., Babich, H. and Martin-Alguacil, N. (1988) Comparisons of two in vitro cytotoxicity assays-the neutral red (NR) and tetrazolium MTT tests. Toxicology in Vitro. 2(1), 1-6.
[8] Perry S.W., Norman J.P., Barbieri J, Brown
E.B. and Gelbard H.A. (2011) Mitochondrial
membrane potential probes and the proton gradient: a practical usage guide. Biotechniques.
50(2), 98-115.
[9] Ohkawa, H., Onishi, N. and Yagi, K. (1979) Assay for lipid peroxidation in animal tissue by thiobarbituric acid reaction. Anal. Biochem. 95,
351-358.
[10] Sedlak, J. and Lindsay, R.H. (1968) Estimation
of total, protein-bound, and non-protein sulfhydryl groups in tissue with Ellman's reagent. Anal
Biochem. 25(1), 192-205.
[11] Kono, Y. (1978) Generation of superoxide radical during autoxidation of hydroxylamine and
an assay for superoxide-dismutase. Archives of
Biochemistry and Biophysics. 186, 189-195.
[12] Alarifi, S., Ali, D., Alkahtani, S., Siddiqui, M.A.
and Ali, B.A. (2013) Arsenic trioxide-mediated
oxidative stress and genotoxicity in human
hepatocellular carcinoma cells. Onco Targets
Ther. 6, 75-84.
[13] Alkahtane, A.A. (2015) Nanosilica exerts cytotoxicity and apoptotic response via oxidative
stress in mouse embryonic fibroblasts. Toxicological and Environmental Chemistry. 97(5),
651-662.
[14] Singh, N.P., McCoy, M.T., Tice, R.R. and
Schneider, EL. (1988) A simple technique for
quantification of low levels of DNA damage in
individual cells. Exp Cell Res. 175, 184-91.
[15] Baracca, A., Sgarbi, G., Solaini, G. and Lenaz,
G. (2003) Rhodamine 123 as a probe of mitochondrial membrane potential: evaluation of
proton flux through F(0) during ATP synthesis.
Biochim Biophys Acta. 1606 (1-3), 137-46.

et al. [24] dichlorvos induced DNA damage in
HCT116 cells. Mishra et al., [25] has been reported
that organophosphate insecticide (MCP and Quinalphos) induced ROS generation, oxidative stress
and DNA damage in vitro as well as in vivo treatment. In the present study MCP induced apoptosis in
HaCaT cells may be induction of oxidative stress accompanied by mitochondrial dysfunction and DNA
fragmentation.
Apoptosis is a planned cellular death to sustain
normal cellular homoeostasis, and the induction of
apoptosis can be a primary pathological result that
occurs diseases and tissue remodelling. So, in this
study, we determined whether MCP induced apoptosis due to mechanism of toxicity. HaCaT cells
treated with MCP showed apoptotic features such as
chromatin condensation and apoptotic bodies, suggesting the morphological apoptotic features of HaCaT cells. The Annexin-V-FITC/PI assay showed an
increase in early and late apoptosis compared with
the control, upon the exposure of MCP, and the exposed cells had DNA damage (% tail DNA, OTM) a
characteristic of apoptosis. Our results indicated that
MCP induced caspase-3 activity, and apoptosis (Fig.
6D and Fig. 7). These data implying ROS mediate
mitochondrial-dependent pathways are involved in
MCP induced apoptosis. Our results also showed
that MCP decreased the levels of MMP, leading to
activation ofcaspase-3 for causing apoptosis.
In conclusion, the current finding suggest that
cytotoxicity and DNA damaging potential of MCP
due to induction of oxidative stress. As monocrotophos is extensively applied in agriculture, so precaution should be used in its handling as prolonged exposure may lead to many health problems like organ
damage as well as cancer.
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opment in China. But only to make a correct and objective water-saving irrigation comprehensive evaluation, in order to reveal the main problems are the
main factors and the development of water-saving irrigation area of process restrict the development of
water-saving irrigation in the scientific and effective
evaluation on the development level of water-saving
irrigation area development planning for regional
characteristics, is of great significance for promoting
the development level of water-saving irrigation[12].
Comprehensive evaluation of regional water
saving irrigation development level is a multi level,
multi index and multi factor evaluation process. In
recent years, the comprehensive evaluation of watersaving irrigation has been developed from qualitative evaluation to quantitative evaluation. The construction of evaluation system has evolved from simple evaluation system to comprehensive evaluation
system, and the evaluation content has evolved from
single engineering benefit evaluation to multi
measures comprehensive evaluation [3].
Dawit Zerihum [4] proposed that the effective
utilization rate of field irrigation water, field irrigation water storage rate and irrigation uniformity
should be used as indicators to evaluate the improved surface irrigation quality, and the mathematical indicators for each index were made with its influencing factors, and the relationship between the
indicators was also analyzed. Lin Xingcui [5] believes in the irrigation evaluation on the ground, in
addition to the water quality index, but also with water saving rate, irrigation efficiency, irrigation water
productivity, irrigation cost, water-saving rate as
economic evaluation index, and established a set of
evaluation methods of surface irrigation system. On
the basis of the concept of efficient utilization of water resources, Zhu Meiling [6] built an evaluation index system for efficient agricultural water use on the
basis of the concept of efficient water use, which
provided metrology tools for the evaluation of the effectiveness of the field efficient water-saving technology. Wu Jingshe [7] according to the scientific,
simple, operability and targeted principles, fully consider the main factors affecting the development of
water-saving irrigation, survey of experts and scholars, engaged in water-saving irrigation and manage-

The objective and reasonable evaluation of the
development level of regional water saving irrigation
is of great practical significance for promoting the
development of water resources utilization and water
saving irrigation in the region. The influencing factors of the development level of water-saving irrigation are analyzed in detail, taking the 21 cities and
states of Sichuan Province as evaluation units, the
index system of comprehensive evaluation of regional water-saving irrigation development level is
established, the fuzzy comprehensive evaluation
method is used to evaluate the development level of
water saving irrigation in Sichuan Province. The
evaluations showed that only two regions in Luzhou
and Dazhou are in good level, accounting for 9.5%,
eight regions are in general, eight regions are in relatively poor, three regions are of poor, and the rations of them in all regions are 38.1 ,38.1% and
14.3%, respectively. The comprehensive evaluation
result of the development level of regional water saving irrigation in Sichuan province is in general level.
The results indicated that the overall development
level of water saving irrigation in Sichuan is not
high, and there is a huge potential in the development
of regional water-saving irrigation.



%#
water-saving irrigation developing level, fuzzy comprehensive assessment method, index system, weight set

 ! 
China is a country badly lacking water and regional water resources uneven distribution of water
for agricultural irrigation is large, agricultural irrigation water accounted for about 70% of total water
consumption, effective utilization of national irrigation water coefficient is 0.53, flooding phenomenon
is obvious, not only caused a great waste of water
resources, and the influence of grain mu yield. Vigorously developing high efficiency and water-saving
irrigation can play a great role in alleviating the
shortage of water resources, expanding the area of
irrigation and promoting social and economic devel-
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ment personnel of irrigation and government decision-making production line, after inspection and
correction, and finally determine the evaluation index system of comprehensive effects of water saving
irrigation. Cui Yuanlai [8] analyzed the limitations
of traditional irrigation efficiency index in water saving effect assessment and water resource allocation
decision, and commented on the evaluation indexes
under different scales. Zhang Xin [9] combines entropy theory with fuzzy matter element modeling to
build a comprehensive evaluation model of fuzzy
matter element agricultural water saving project
based on entropy weight, but this method is prone to
omission in the process of index selection and simplification. Zhang Jing-nan, Yang Luhua [10] expounded the connotation of water saving irrigation,
analyzes the factors that influence the development
level of water-saving irrigation, the project of watersaving and agronomic water-saving and water-saving management and three indicators belonging to
thirty-four indexes of each sub index, establish the
evaluation index system of the development level of
water-saving irrigation. Cui Ningbo [11] established
a comprehensive evaluation index system of watersaving development level of regional agriculture
consists of three level two indexes, thirty-three level
three indexes, using principal component analysis
method to simplify it as fourteen indicators of evaluation index system, to a certain extent due to the
elimination of the influence of each index on the
evaluation results. The simplified index system can
better evaluate the development level of agricultural
water-saving irrigation area. Wang jin-guo [12] synthetically evaluates the sustainable development of
water resources in seventeen provinces in northern
China by using the grey clustering method. Cheng
Haiying [13] proposed the neural network index optimization method of the comprehensive evaluation
index system, and solved the deficiency of the existing index optimization method in the application of
the nonlinear system. Lou Yuhong [14] built a comprehensive evaluation index system for the development level of water-saving irrigation. The principal
component analysis method was used to simplify the
evaluation index system, the set pair analysis method
was applied to evaluate the development level of regional water-saving irrigation in Sichuan Province,
and a scientific and reasonable evaluation result was
obtained. Guo Zonglou [15] constructed an environmental impact assessment system for agricultural
water conservancy, presented a comprehensive
weighted evaluation model and a BP artificial neural
network for comprehensive environmental impact
assessment, and obtained reasonable quantitative
evaluation result. Based on the membership theory
of fuzzy mathematics, the comprehensive evaluation
method transformed qualitative evaluation into
quantitative evaluation, which not only considered
the influence of various factors on the research questions, a comprehensive evaluation of the main body

of the opinions, and effectively solve the fuzzy problems arising in the evaluation process, carried out a
scientific quantitative treatment, combining qualitative evaluation with quantitative calculation, greatly
enhanced the scientificity and effectiveness of the
evaluation process. It has the characteristics of clear
results and strong systematicness, and can solve the
problem of fuzzy and difficult to quantify. Fuzzy
comprehensive evaluation method is widely applied
in expert scoring system, service quality evaluation,
major risk source evaluation, project bidding evaluation, water quality evaluation, soil quality evaluation, air quality evaluation, equipment quality evaluation, software project risk assessment and other
fields.
This study takes Sichuan Province as an ex-ample, constructs the comprehensive evaluation model
of regional water-saving irrigation development
level by fuzzy set theory, evaluates the development
level of water-saving irrigation in Sichuan Province,
and puts forward countermeasures for further development of water-saving irrigation in Sichuan province.
"! $% 
 " "
# " 

.+43348'8/434,#'8+6':/3-66/-'8/43
'3* 87 3,19+3)/3- ')8467 Water saving irrigation is a general term of various measures taken to
fully and effectively utilize natural precipitation and
irrigation water according to the law of crop water
requirement and local water supply to obtain the best
economic, social and ecological benefits of agriculture, its connotation includes rational development
and utilization of water resources, water saving in
distribution and distribution system, water saving in
field irrigation, water management and agronomic
water saving and production increasing [15]. The
level of development of water saving irrigation to
characterize the water efficiency of irrigation. There
are many factors affecting the water saving irrigation, such as the type and scale of the irrigation area,
and the natural conditions of the hydrology and geology of the irrigation area, the planting and management of the irrigation area have a great influence on
the development of water saving irrigation. Water
saving irrigation is not only an engineering problem,
but also related to Agronomy Measures and management level. Therefore, the main factors that affect the
development level of water-saving irrigation can be
divided into three categories: engineering measures,
agricultural measures and management measures.

437869)8/43 4, :'19'8/43 3*+< =78+2
,46 +:+1452+38 +:+1 4, #'8+6':/3-
66/-'8/43The evaluation index system should fully
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reflect the contents of water-saving irrigation construction and meet the requirements of water-saving
irrigation construction. According to the principles
of scientificity, practicability, comparability and representativeness, it is easy to quantify and accurately
basic principles, According to the characteristics of
water-saving irrigation, such as engineering, agronomy and management closely related, we have identified three thematic indicators: water-saving engi-

neering, agronomic water saving, water saving management and so on, as well as thirty-four single indicators, which are divided into special targets, constitute the index system for evaluating the development
level of water saving irrigation. The indicator system
is shown in Table 1, includes nine indicators, agronomic water saving includes five indicators, and
management of water saving contains twenty indicators.

3*+<7=78+24,)4256+.+37/:++:'19'8/4324*+14,6+-/43'1;'8+67':/3-/66/-'8/43*+:+1452+381+:+1
Aim layer

System layer

Index layer
the proportion of saving irrigation area to effective
irrigation area
the proportion of sprinkling irrigation area to saving
irrigation area
utilization coefficient of Irrigate water
comprehensive benefit per hectare

Evaluation of engineering
water-saving

seeping proof rate of main channel
seeping proof rate of field channel
irrigation water per hectare
water resource per capita
water resource develop extent
the proportion of dry seedling area to total paddy area
the proportion of Water saving irrigation area to total
paddy area

Comprehensive evaluation system for the
development level of
regional water saving
irrigation

Evaluation of agronomic
water saving

crop water production rate of paddy
crop water production rate of wheat
annual income of farmer per capita

Evaluation of management
water-savin

policies and regulations

water saving strategy

investment mechanism

property right system reform

technology extensive system

government support

propaganda and education

public participation

water-saving reward

planning and design

engineering matching

engineering protection

engineering classification management

the formulation of the irrigation system

the popular rate entropy monitoring

popular rate of water measurement
technique

automatic control technology

planned water level

measurement charge

formulation of reasonable water price
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two ways, and then through the comprehensive judgment to determine the relative importance of various
factors in the total order. When using analytic hierarchy process to analyze problems, it can be generally divided into five steps: building up a hierarchical
structure model, constructing judgement matrix, assigning value, judging matrix, checking consistency,
ranking single level and ranking all levels [19].

The evaluation of the development level of regional water-saving irrigation is a comprehensive
evaluation process of multi-level, multi indicators
and multiple factors. The selection of evaluation
methods is also important for the establishment of
index system that can reflect the development level
of water-saving irrigation. Multi index comprehensive evaluation is a combination of information that
reflects multiple attributes of different attributes of
the research object, and gets a comprehensive index,
which reflects the overall situation of the evaluated
object. As a common method of qualitative analysis
and quantitative analysis, the fuzzy comprehensive
evaluation method is generally effective, and has
been widely applied in engineering technology, economic management and social life. At present, one
of the difficulties of fuzzy comprehensive evaluation
is how to integrate a multi index problem into a single index form scientifically and objectively, so as to
achieve comprehensive evaluation in one-dimensional space. The essence of fuzzy comprehensive
evaluation is how to reasonably determine the
weight of these evaluation indexes [16-17].

38645= 2+8.4*The use of entropy method
to calculate weight can reduce the influence of human subjective factors. Entropy method according to
attribute evaluation index, which is divided into incremental evaluation index and decreasing the evaluation index, the basic idea is that according to the
variation of the data sequence itself affect the evaluation of the comprehensive effect caused by quantization index changes, the variability of the index
generally have greater impact on evaluation the results of this method in determining the weight of the
need to implement the normalization processing of
each sample [20].
The multiobjective decision matrix   
is normalized, form a new judgment matrix  
,where,
 − min (  )
"""" (1)
b  =
max (  ) −  min (  ) 
 —The maximum of the jth indicator in
all the schemes.
—The minimum of the jth indicator in all
the schemes.
When the entropy of the jth evaluation index is
defined, there are
1 ⎡
⎤
 =
  ln   ⎥ """" (2)
∑
⎢
ln  ⎣  =1
⎦

+8+62/3'8/43 4, 3*+< #+/-.8 Weight is
the importance of evaluating the state characteristics
of system state in the structure of evaluation system,
or the importance of management decision-makers.
It is represented by a value in interval [0, 1]. The
weight not only reflects the subjective evaluation of
the decision-makers, but also embodies the physical
properties of the index, which is a comprehensive
measure of subjective and objective. The determination of the weight of the evaluation index is directly
related to the accuracy of the final evaluation result.
At present, there are many kinds of methods used to
calculate the weight of each index in multi index
comprehensive evaluation, such as Delphi method,
index method, analytic hierarchy process, product
factor assignment method, entropy method and so on.
In order to make the evaluation results more realistic,
this paper uses analytic hierarchy process, subjective
weighting and entropy weight, and objective
weighting to combine the comprehensive weighting
method to determine the weight of evaluation index
[18].



  = (1 +  ) / ∑ (1 +  )

(3)

 =1

Then the entropy weight of the jth evaluation
index is %, and obtained the objective weight vector
is  %% #%,
1−  
""
(4)
β =

 −∑ 
 =1

The weight values calculated by the above two
methods are multiplied by the weight of the jth index, and the combined weights are obtained by normalization, the normalization formula is,
α ×β
""
(5)
 = 
∑α  × β 

3'1=8/) ./+6'6).= 564)+77 Analytic hierarchy process is a mathematical method proposed by
T. L. Saaty and others in the early 1970s, which is
suitable for complex problems that are difficult to be
fully used in quantitative analysis. Analytic hierarchy process is a decision-making method of quantitative and qualitative, the complex problem is decomposed into various factors, determine the relative
importance of the factors in the hierarchy by twenty-

 =1

Where,
—Combination weight.
$—The weight of the jth index determined by
the analytic hierarchy process.
%—The weight of the jth index determined by
entropy weight method. 


2894

#"

  $ 









  !




9>>= 4256+.+37/:+ :'19'8/43 Fuzzy
comprehensive evaluation is a method to make a
comprehensive decision making use of fuzzy transformation for a certain purpose under the influence
of many factors in the fuzzy environment.

.+ +78'(1/7.2+38 4, ,9>>= +:'19'8/43 2'
86/<.

⎡ 1 ⎤ ⎡ 11
⎢  ⎥ ⎢
 = ⎢ 2 ⎥ = ⎢ 21
⎢ ⎥ ⎢
⎢ ⎥ ⎢
⎣  ⎦ ⎣1

+895'7+84,,')8467A set of factors is a set
of elements that influence the various factors of the
evaluation object and is recorded as 
 # which  #are the influence factors.

+895'7+84,)422+387A set of comments
is a set of evaluation results made by the evaluator
on the evaluation object, which is recorded as  
 #, which   # are the influence
factors. The evaluation classification is divided into
"good", "better", "general", "poor" and " relatively
poor ".

12  1 ⎤
22  2  ⎥⎥
   ⎥
⎥
 2   ⎦

(6)

Where
—Fuzzy judgement matrix.
 The membership degree of the index set
relative to the comment set, [0, 1].
The membership degree of index is divided into
two parts: quantitative index and qualitative index.
For qualitative indicators, experts can be directly
scored, and membership degree can be calculated
through calculation. For quantitative index, membership function of each index is calculated by membership function. Based on the characteristics of various
factors affecting the development level of water saving irrigation, this paper constructs a semi trapezoid
distribution membership function [20].



+88/3-958.+;+/-.87+84,8.++:'19'8/43/3
*+<In order to reflect the importance of each factor,
each factor is given a corresponding weight , get a
set of weights    # 



6'*/3-78'3*'6*4,'77+772+38/3*+<4,8.+;'8+6':/3-66/-'8/43*+:+1452+381+:+1
Classification











The proportion of saving irrigation area to effective irrigation area

>55

4055

2540

1025

≤10

The proportion of sprinkling irrigation area to saving irrigation area

>20

1320

513

15

≤1

Utilization coefficient of Irrigate water

>0.6

0.50.55

0.450.5

0.400.45

≤0.40

Comprehensive benefit per hectare

>150

110150

70110

3070

≤30

Seeping proof rate of main channel

>90

7890

6578

5065

≤50

Seeping proof rate of field channel

>70

5870

4558

3045

≤30

400200

600400

800600

≥800

17003000

10001700

5001000

≤500

10

2010

3020

4030

≥40

>80

6080

4060

2040

≤20

>80

6080

4060

2040

≤20

Crop water production rate of paddy

>1.5

1.21.5

1.01.2

0.81.0

≤0.8

Crop water production rate of wheat

>2.0

1.52.0

1.01.5

0.81.0

≤0.8

Annual income of farmer per capita

>8000

60008000

40006000

2000
4000

≤2000

Qualitative Index

910

79

57

35

03

general

relatively
poor

poor

Irrigation water per hectare
Water resource per capita

200
>3000

Water resource develop extent
The proportion of dry seedling area to total paddy area
The proportion of Water saving irrigation area to total paddy area

Comment

good




2895

better

#"

  $ 









  !




9>>= )4256+.+37/:+ +:'19'8/43 Fuzzy
comprehensive evaluation of evaluation objects
 !   # ,the compositional operations used model,finally, according to the

principle of maximum membership degree, The result of the final evaluation is to take the evaluation
set element wj corresponding to    
  .


 
#+/-.874,6+-/43'1;'8+67':/3-*+:+1452+381+:+1)4256+.+37/:++:'19'8/43/3*+<
Aim layer

System layer

engineering water-saving

Weight

0.392

Index layer
the proportion of saving irrigation area to effective irrigation area

0.072

the proportion of sprinkling irrigation area to saving irrigation area

0.086

utilization coefficient of irrigate water

0.127

comprehensive benefit per hectare

0.098

seeping proof rate of main channel

0.138

seeping proof rate of field channel
irrigation water per hectare

agronomic water
saving

0.271

0.178
0.085

water resource develop extent

0.071

the proportion of dry seedling area to total paddy area

0.13

the proportion of water saving irrigation area to total paddy area

0.13

crop water production rate of paddy

0.21
0.21

annual income of farmer per capita

0.39

investment mechanism

0.062

government support

0.058

policies and regulations

0.055

engineering protection
water saving strategy

management
water-saving

0.137

water resource per capita

crop water production rate of wheat

Evaluation
of the development
level of water saving
irrigation

The weight of
index layer

0.052
0.053

the formulation of the irrigation system

0.053

planning and design

0.053

engineering matching

0.051

planned water level

0.049

formulation of reasonable water price
0.337
measurement charge

0.051
0.050

public participation

0.049

property right system reform

0.049

engineering classification management

0.048

technology extensive system

0.048

the popular rate of water measurement technique
water-saving reward

0.047
0.047

propaganda and education

0.047

the popular rate entropy monitoring

0.042

automatic control technology

0.040
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4256+.+37/:++:'19'8/434,;'8+67':/3-/66/-'8/43*+:+1452+381+:+1/3:'6/497'6+'74,/).9'3
64:/3)+
Region

Sichuan

Chendu

Mianyang

Zigong

Panzhihua

Deyang

Luzhou

Leshan

Guangyuan

Nanchon

Suinin

Evaluation
result

general

relatively
poor

general

general

general

general

better

relatively
poor

general

general

relatively
poor

Region

Guangan

Neijiang

Meishan

Dazho
u

Yibin

Ziyang

Yaan

Bazhong

Aba

Ganzi

Liangshan

Evaluation
result

general

relatively
poor

general

better

poor

poor

relatively
poor

poor

relatively
poor

relatively
poor

relatively
poor


!! 
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Taking Sichuan Province as an example, this
paper analyzes the development status of water saving irrigation in Sichuan Province, and studies the
development direction and Countermeasures of water saving irrigation in Sichuan province.

6'*/3- 8'3*'6* 4, :'19'8/43 3*+< In
the evaluation of the development level of watersaving irrigation, according to the relevant norms,
standards and expert scoring forms, five level evaluation criteria were established for quantitative indicators and qualitative indicators, and the grading criteria of all indicators and corresponding comments
were shown in Table 2.

+8+62/3'8/434,#+/-.8 Using analytic hierarchy process and entropy method of subjective
and objective weights, by formula (5) to calculate the
weights, the results are shown in Table 3.

:'19'8/43+79187'3*3'1=7/7The results
of comprehensive evaluation of the development
level of water saving irrigation in different regions
of Sichuan are shown in Table 4. From Table 4, we
can see that the development level of water-saving
irrigation in Sichuan is relatively poor. There is a significant difference in the development level of water-saving irrigation in different regions. Generally
speaking, the development level of water-saving irrigation is not very high in all parts of Sichuan province. Sichuan Province’s agricultural water-saving
irrigation developing level is general only two regions in Luzhou and Dazhou are in good level, accounting for 9.5%; eight regions are in general level
accounting for 38.1%; eight regions are in relatively
poor level accounting for 38.1%; and the other
three regions such as Yibin Ziyang and Bazhong
are in poor level, accounting for 14.3%. The evaluating result accords with Sichuan Province’s actual
situation.




The comprehensive evaluation of the development level of regional water-saving irrigation is a
comprehensive evaluation process of multi-level,
multi indicators and multiple factors. This paper systematically analyzes the influencing factors of regional water-saving irrigation development level
from three aspects, namely, engineering water saving, agronomic water saving and management and
water saving, constructed scientific and comprehensive evaluation system for the development level of
regional water-saving irrigation, and the development level of water-saving irrigation in Sichuan has
been evaluated by fuzzy comprehensive evaluation
method.
1) The fuzzy comprehensive evaluation method
is used to calculate the development level of watersaving irrigation in Sichuan province, the result is
general. Most of the evaluation results of cities and
counties are general or poor level. The results indicated that Sichuan Province’s water-saving irrigation developing level is general, which proves that
there is a huge potential in the development of agricultural water-saving in Sichuan province.
2) The comprehensive weight is formed by analytic hierarchy process and entropy weight, which
makes up for the lack of expert's subjective experience or evaluation index sample data to determine
the weight of evaluation index. The comprehensive
evaluation model of regional water saving irrigation
development level is used to evaluate the development level of water saving irrigation in Sichuan
province, the evaluation result is basically consistent
with the actual situation. It shows that the model has
clear concept and simple calculation. It can provide
scientific guidance for the promotion and application
of regional water-saving development.
3) The fuzzy comprehensive evaluation method
is used to evaluate the development level of watersaving irrigation in this paper. When the grade of
evaluation belongs to the same class, it is impossible
to tell where the water saving irrigation level is
higher, for example, "Zigong, Panzhihua and
Deyang are all general, but they can't distinguish be-
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This study was performed by collecting water
samples at three sites of Terzi Pond in Turkey between August 2015 and July 2016. The aim was to
record seasonal changes in physico-chemical parameters to identify any pollution problems, determine
the pond’s water quality and suitability to sustain
aquatic life and classify the quality of the pond’s water according to a specific set of criteria. Twenty-one
physico-chemical parameters and the concentrations
of seven heavy metal ions were evaluated for these
purposes. Pearson correlation, hierarchical cluster
analysis and principal component analysis were implemented to test the inter-relationships of all parameters and infer pollution source loads.
According to the results of the statistical analyses, it can be estimated that the pollution of the two
main regions is mainly caused by nonpoint sources,
such as agricultural runoff and soil leaching. In the
coming years, water monitoring should be done for
water management planning according to the results
of these temporal and spatial scales.

and comprehensive changes in the state of the climate. According to NASA, the average temperature
in the first six months of 2016 was 1.3 °C warmer
than its counterpart measured during the late 19th
century in the pre-industrial era [1].
In a study conducted by the European Environment Agency, water stress levels in Turkey and EU
countries were determined in 2000 and 2030. According to this study, Turkey will experience water
stress in excess of 40% in the inner and western regions and approximately 20–40% in the south-eastern and eastern regions. The important issues connected to the vulnerability of an area’s water resources to climate change are regional differences in
surface water supplies and possible flood and
drought conditions, reservoir/storage and hydropower generation potential, irrigation, rehabilitation
and modernisation, grid systems and groundwater
[2]. Surface waters, which comprise rivers, marshes,
lakes and ponds, only account for 3% of global fresh
water. As the world’s population grows and industry
develops, fresh water resources are exposed to pollutants, such as organic and inorganic substances,
nutrient salts, heavy metals, oils, petroleum derivatives, microorganisms, suspended solids, waste heat,
detergents, pesticides and radioactivity, which originate from point or nonpoint sources [3, 4]. These
pollutants have a toxic effect on organisms in aquatic
ecosystems and are a threat to human health via the
food chain. To protect existing surface water reserves in the world, it is of great importance to ensure that sustainable water management is provided
at an international level, a goal that can be achieved
by taking the necessary measures early on and by
conducting monitoring surveys. Today, there are
signs of water stress in lakes and ponds used for
drinking water, agricultural irrigation, animal farming, electricity generation and recreation. To protect
the fresh water reserves of the world, it is necessary
to carry out relevant research, take the necessary precautions and control the implementation of sustainable water management procedures.
A pond is generally constructed with sets or
embankments next to riverbeds. However, some

,+$&'
Fresh water, heavy metal, multivariate statistical analysis,
principal components analysis (PCA), hierarchical cluster
analysis (HCA).
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Global and regional climate changes and human activities, such as deforestation and those that
increase the greenhouse effect, can lead to a degradation of the ecosystem, a reduction of biological diversity and an increase in desertification by depleting water resources and increasing the frequency and
severity of droughts. In this context, in some basins
the surface flow values are reduced, while in some
basins short and irregular regime increases are seen.
The US National Oceanic and Atmospheric
Administration and NASA Goddard Institute for
Space Studies have issued reports on the dramatic
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ponds are constructed by shifting river waters to nat"(&!'#"($'
ural beds or by transferring the water to the artifi
cially created zone via pipes. Therefore, the aquatic
'0;>:4:=20B8=<0<3A0;>:8<6 Terzi Pond is
ecosystem produced is a special one, and it is very
located within the borders of Bozkoca Tepe Village
important to maintain the cleanliness of the water
in Kastamonu Province and is west of the Black Sea
feeding the pond. In the case of a natural pond, the
Region and south of the Isfendiyar Mountains; it has
components constituting the pond’s environment
a surface area of 1100 ha and is located approxiand its ecosystem, namely, soil, flora, fauna and the
mately 110 m above sea level at a distance of 39 km
ecological environment shared by aquatic organfrom Kastamonu. The pond was built in 1977 for agisms, should be planned. Artificial ponds have rericultural and animal farming purposes. Owing to
cently entered our lives and are usually user-oriented
this pond, 0.3 km2 (1100 acres) of land can be irrirecreational structures that include both active and
gated, with a maximum irrigation volume of 624,382
passive recreational items located in or near residenm3. Precipitation, snowmelt and the Devrekani
tial areas. The aim of these structures is to afford acStream feed the pond. In 2014, a total of 44,000 jucess to the refreshing effect of a body of water to invenile European carps(    ) were freed
dividuals who are cut off from nature because of an
in the basin for fishing purposes.
intensive urban life [5].
In this study, the sampling sites were deterThe aim of this study was to determine the level
mined by considering factors such as facilities, hyof water quality and the sources of pollution of Terzi
drological status of the pond, distance from streams
Pond. Furthermore, statistical methods have been
and sampling points (Table 1, Figure 1).
used to facilitate the interpretation of the relationWarm and temperate climate conditions domiships and inter-relationships [Remark 12]. In accordnate the region of Terzi Pond, and a significant level
ance with this purpose, different multivariate statisof precipitation is observed in the area. Even in the
tical techniques, such as Pearson’s correlation, prindriest months, the amount of rainfall is quite high.
cipal components analysis (PCA) and hierarchical
The annual average temperature of the district is 8.8
cluster analysis (HCA), are useful for the interpreta°C, and the average annual precipitation is 621 mm.
tion of complex data arrays to gain a better underJuly is the hottest month of the year, with an average
standing of the ecological status and water quality of
temperature of 18.1 °C; January is the coldest month,
this study area [6-8]. This study will also determine
with an average temperature of -1.3 °C.
the suitability of the pond water to aquatic life and
will classify the quality of its waters in accordance
with the inland surface water classes of Turkey’s
Surface Water Quality Management Regulation
(SWQMR, 2015) [9].
(! 
==@38<0B4A=5A0;>:8<6A8B4A
Region
Coordinate
Site 1
41°49'11.29"N - 33°51'53.09"E
Site 2
41°39'15.79"N - 33°52'70.53"E
Site 3
41°39'16.85"N - 33°51'58.65"E

)& 
"0>=5B74ABC3G0@40E8B7B74:=20B8=<A=5B74A0;>:8<6A8B4A030>B435@=;==6:40@B7 
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is commonly used to assess spatial and temporal variations in water quality [19]. Before implementing
PCA in the present study, the Kaiser–Meyer–Olkin
(KMO) test and Bartlett’s tests were performed. In
this study, KMO’s adequacy was 0.704 for data relative to Terzi Pond. In Bartlett’s test, = 0 would
indicate that the variables are unrelated. Analytical
data were evaluated by performing HCA and PCA
with standardised experimental image data for zscale transformation to avoid misclassification due
to wide differences in data densities [20, 21].


&')!('#')''$#

The study started in August 2015, the water
samples were collected monthly, and the study ended
in July 2016. The samples were collected in 2.5 L
plastic bottles that had been soaked in 5% nitric acid
for 24 h and then rinsed with distilled water. For the
analysis of heavy metals, water samples were collected in 1 L polyethylene bottles that had been precleaned with 50% HNO3 and then washed thrice with
deionised water and acidified with 10 ml of concentrated HNO3 per liter of water taken.
4B4@;8<0B8=<=5>7GA82=274;820:>0@0;4
B4@A Among the physical parameters of water quality, dissolved oxygen (DO), electrical conductivity
(EC), salinity and water temperature (WT) were
measured on-site by using a YSI 556 MPS model
multimeter. Other water quality parameters such as
biological oxygen demand (BOD), total hardness
(TH), total alkalinity (TA) and chemical oxygen demand (COD) and the concentrations of nitrite-nitrogen (NO2--N), nitrate-nitrogen (NO3--N), ammonium-nitrogen (NH4+-N), sulphite (SO32-), sulphate
(SO42-), chloride (Cl-), potassium (K+), phosphatephosphorus (PO43--P), calcium (Ca2+), magnesium
(Mg2+) and sodium (Na+) ions were determined in a
laboratory by using the standard method [10, 11].
The concentrations of the nickel (Ni2+), cadmium
(Cd2+), lead (Pb2+), copper (Cu2+), ferrous (Fe2+) and
zinc (Zn2+) ions in water samples were determined
using an inductively coupled plasma–mass spectrometry (ICP-MS) device.
The calibration curve was constructed using a
certified multielement standard. The samples were
prepared in triplicate and 10 readings were recorded
in each parallel ICP-MS device. A blind sample prepared with 1% HNO3 solution was taken 20 and 3
times of standard slope and LOD (detection limit),
respectively, and 10 times LOQ (determination
limit) were determined [12].

0B0 B@40B;4<B 0<3 ;C:B8D0@80B4 AB0B8AB820:
0<0:GA8A The SPSS statistical package software was
utilised to carry out the statistical analysis of the water analysis results. Descriptive statistical analysis,
including one-way ANOVA (significance 0.01 and
0.05), was conducted for the sites and seasonal.
Large differences in the mean values of the water
quality parameters were evaluated by Tukey’s multiple range tests [13]. Because of the non-normal distribution of the parameters, the correlation structure
between variables was used as a nonparametric
measure of the correlation between Pearson’s correlation coefficient (r) and the variables calculated
over the ranked data [14].
Additionally, the multivariate analysis of the
pond water quality data set was performed by HCA
[15, 16], wherein Ward’s method was used as a
measure of similarity [17, 18]. HCA is a combination
of techniques for classifying large data sets into similarities or clusters on the basis of differences. PCA

The water samples were collected monthly
from three sites, and the mean, standard deviation
and minimum–maximum values of the water quality
parameters are presented in Table 2.
According to analysis results, the mean value
and standard deviation of water quality parameters
were the following: DO = 9.780 ± 1.492 mg L-1, salinity = 0.055 ± 0.023‰, pH 8.196 ± 0.276, WT =
13.219 ± 6.359 °C, EC = 198.241 ± 53.150 μS cm-1,
suspended solid (SS) matter = 4.738 ± 1.204 mg L-1,
COD = 2.429 ± 1.109 mg L-1, BOD5 = 1.589 ± 0.466
mg L-1, [Cl-] = 3.933 ± 1.163 mg L-1, [PO43-] = 0.160
± 0.126 mg L-1, [SO42]-= 46.868 ± 9.186 mg L-1,
[SO32-] = 0.926 ± 0.376 mg L-1), [Na+] = 54.456 ±
12.991 mg L-1, [K+] = 7.394 ± 3.675 mg L-1, TH =
280.219 ± 21.540 mg L-1, TA = 285.694 ± 21.397
mg L-1, [Mg2+] = 42.685 ± 10.821 mg L-1, [Ca+2] =
50.908 ± 11.252 mg L-1, [NO2-] = 0.00018 ± 0.00014
mg L-1, [NO3-] = 4.661 ± 3.019 mg L-1, [NH4+] =
0.00037 ± 0.00075 mg L-1, [Fe2+] = 0.0006 ± 0.0012
mg L-1, [Pb2+] = 0.5972 ± 0.4378 µg L-1, [Cu2+] =
3.083 ± 3.281 µg L-1, [Cd2+] = 0.183 ± 0.227 µg L-1,
[Hg2+] = 0.00074 ± 0.0012 µg L-1, [Ni2+] = 0.528 ±
0.910 µg L-1 and [Zn2+] = 6.00 ± 6.476 µg L-1.
In this study, statistically significant differences ( ) were found between the seasons,
however, no statistically significant difference
( ) was found between the stations (Table 2).
The DO, one of the most important parameters
to determine in an aquatic ecosystem, provides information on the entire correlation network within the
aquatic cycle: bacterial activity, photosynthesis,
availability of nutrients, stratification, etc. [22]. The
DO level in Terzi Pond varied from 3.310 to 11.360
mg L-1. The lowest DO level was observed at Site 2
in August, whereas the highest level was measured
at Site 1 in June. The DO is in a negative, highly significant (r ≥ −0.7) relationship at and 
 with EC (r = −0.701) (Table 3). Moreover DO
has, at the same level of significance, a positive significant relationship with the concentration of the
Na+ ion (r = 0.558). For aquatic life to thrive, the DO
level of inland waters must not be under 5 mg L-1
[23]. It was concluded that this pond is suitable for
aquatic life, although conditions are below optimum
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whereas the highest level was measured at the same
site in October. The salinity has a highly significant
(r ≥ 0.7) positive relationship at    and  
 with pH (r = 0.740), WT (r = 0.947), EC (r =
0.915), SS (r = 0.898), BOD5 (r = 0.911), [Cl-] (r =
0.708), TH (r = 0.708) and [Mg2+] (r = 0.797) and
has a significant negative relationship with DO (Table 3). This pond’s salinity is low, as expected from
a body of fresh water, and is suitable for aquatic life.

during the summer (Table 2). This pond is generally
a Class I (>8 mg L-1) body of water in terms of DO;
therefore, its water is considered clean [9].
Salinity in bodies of fresh water is a very important factor because the pond’s water may be used
both for human consumption (drinking) and irrigation. The salinity level of Terzi Pond ranges between
0.020‰ and 0.110‰. The lowest level of salinity
was observed at Site 2 in January and February,
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9.943±0.594ab
8.620-10.460
0.032±0.012a
0.020-0.050
8.063±0.068a
7.980-8.180
6.256±3.188a
3.900-10.600
162.360±16.546a
146.76-185.30
3.567±0.878a
2.640-4.700
1.184±0.673a
0.520-2.100
1.089±0.151a
0.900-1.300
3.037±1.635a
1.890-5.250
0.068±0.043a
0.030-0.128
40.108±3.541a
35.390-42.840
0.617±0.260a
0.280-0.880
45.103±1.185a
43.690-46.640
6.936±1.101ab
5.540-8.180
254.371±3.281a
249.50-258.74
261.121±3.431a
256.670-265.490
33.563±9.156a
25.640-45.70
37.726±9.585a
29.950-50.490
0.00005±0.00002a
0.00002-0.00008
1.5933±0.74223a
0.820-2.560
0.00023±0.00035a
0.0-0.00080
0.0±0.0a
0.0-0.0
0.38889±0.13642a
0.20-0.60
0.0±0.0a
0.0-0.0
0.256±0.42459a
0.0-1.0
0.00033±0.00071a
0.0-0.0020
0.333±0.707a
0.0-2.0
0.333±0.70711a
0.0-2.0

10.992±0.210c
10.820-11.280
0.043±0.007a
0.030-0.050
8.071±0.146a
7.880-8.250
9.467±2.342a
6.600-12.200
146.116±16.789a
123.28-163.83
3.883±0.653a
2.980-4.360
1.997±1.116a
0.660-3.310
1.310±0.121a
1.200-1.500
3.264±0.664a
2.370-3.950
0.103±0.096a
0.035-0.238
44.480±1.968a
41.600-47.320
1.233±0.322b
0.840-1.680
65.487±8.849b
48.640-76.400
6.673±3.955ab
1.720-11.160
272.769±9.445b
262.76-285.64
279.623±9.865b
269.170-293.770
33.429±3.726a
30.360-38.460
53.659±12.621b
40.670-69.570
0.00017±0.00007b
0.00008-0.00028
4.49667±2.20345b
2.10-7.220
0.00019±0.00021a
0.0-0.00060
0.00001±0.00002a
0.00-0.00007
0.87778±0.36667b
0.50-1.50
3.55556±3.08671b
0.0-8.0
0.10±0.0a
0.10-0.10
0.00±0.00a
0.0-0.0
0.111±0.333a
0.0-1.0
5.222±5.16667a
0.0-12.0

9.466±2.464ab
3.310-11.360
0.063±0.012b
0.050-0.080
8.056±0.182a
7.820-8.280
17.256±3.350b
12.800-20.600
226.183±35.299b
182.53-268.160
5.642±0.311b
5.240-6.020
3.302±0.195b
3.080-3.600
1.860±0.273b
1.500-2.120
4.652±0.075b
4.570-4.770
0.135±0.043a
0.092-0.196
60.073±5.716b
53.340-67.560
1.192±0.151b
0.980-1.390
64.103±13.182b
48.340-79.140
10.616±5.005b
6.920-17.720
304.541±2.931d
299.63-308.64
309.747±4.667c
303.830-316.190
52.827±5.121b
46.420-58.720
57.133±5.366b
50.110-62.990
0.00037±0.00015c
0.00022-0.00060
8.33556±2.77151b
5.10-11.560
0.00015±0.00011a
0.00004-0.00040
0.00013±0.00008a
0.00001-0.00027
0.78889±0.62539ab
0.10-1.70
5.77778±4.05518b
1.00-12.00
0.156±0.08819a
0.100-0.300
0.00056±0.00088a
0.0-0.0020
0.111±0.333a
0.0-1.0
12.444±6.67291b
4.0-21.0

8.720±0.460a
8.320-9.360
0.081±0.020c
0.050-0.110
8.593±0.192b
8.340-8.820
19.900±3.336b
15.100-23.100
258.304±33.397b
212.68-285.02
5.858±0.597b
5.040-6.360
3.231±0.329b
2.820-3.660
2.096±0.314b
1.660-2.360
4.777±0.084b
4.630-4.890
0.334±0.093b
0.208-0.420
42.811±6.894a
35.420-51.400
0.662±0.227a
0.440-0.980
43.129±0.718a
42.060-44.180
5.351±0.059a
5.260-5.440
289.196±18.739c
266.50-311.68
292.283±21.253b
265.670-318.330
50.921±2.510b
47.920-53.820
55.112±2.545b
51.890-58.210
0.00013±0.00004ab
0.00006-0.00018
4.21778±0.86443c
3.02000-4.860
0.00091±0.00136a
0.00-0.00310
0.00222±0.00148b
0.0010-0.005
0.33333±0.19365a
0.10-0.60
3.00±1.41421ab
1.00-5.00
0.222±0.14814a
0.10-0.500
0.00209±0.00161b
0.00050-0.0050
1.556±1.130b
0.0-3.0
6.00±5.3151a
0.0-13.00

Means with different letters in the same column are statistically significant ( )


2903

+$
. /

:0AA
./



6.5-8.5




1500.0




10.0




250.0




250.0




200.0



12.0




200



50



300




50



35



0.300



10



20






10



#"

  $   





  !




(!
%40@A=<2=@@4:0B8=<;0B@8F0;=<6B74D0@801:4A

DO
S
pH
WT
EC
SS
COD
BOD5
ClPO43SO42SO32Na+
K+
TH
TA
Mg2+
Ca2+
NO2NO3NH4+

DO
S
pH
WT
EC
SS
COD
BOD5
ClPO43SO42SO32Na+
K+
TH
TA
Mg2+
Ca2+
NO2NO3NH4+

DO
1
-0.596**
-0.605**
-0.576**
-  
-0.537**
-0.242
-0.570**
-0.396*
-0.260
0.068
0.345*
0.558**
0.357*
-0.314
-0.293
-0.523**
-0.185
0.194
0.183
-0.099
SO32-

1
 
0.512**
0.450**
0.475**
-0.068
0.294
0.629**
0.514**
-0.382*

Salinity

pH

WT

EC

SS

COD

BOD5

Cl-

1
 

 

0.674**
 
 
0.601**
0.204
-0.052
-0.198
-0.141
 
0.609**

0.621**
0.163
0.274
0.006
Na+

1
0.636**
 
0.532**
0.191
0.671**
0.349*
0.472**
-0.212
-0.390*
-0.637**
-0.612**
0.296
0.242
0.453**
0.177
-0.369*
-0.330*
0.116
K+

1
 
 
 
 
 
0.632**
0.301
-0.011
-0.108
-0.045

 
 

0.285
0.424**
0.105
TH

1
 
0.656**
 
 
0.562**
0.230
-0.166
-0.360*
-0.103
0.717**
0.651**

0.530**
0.123
0.214
0.067
TA

1


 
0.593**
0.371*
0.047
-0.044
0.119

 
 
 
0.397*
0.504**
0.106
Mg2+

1
0.665**
 
 
0.357*
0.154
0.277
0.384*
 
0.663**
 

0.607**
 
0.357*
Ca2+

1
0.590**
0.555**
0.345*
0.053
-0.156
-0.070
 
 

0.595**
0.235
0.328
-0.016
NO2-

1
0.623**
0.196
-0.094
0.055
0.133
0.539**
0.496**
 

0.399*
0.545**
0.358*
NO3-

1
-0.203
1
-0.355*
0.667**
-0.151
0.577**
0.026
0.601**
0.274

0.200

0.533**
0.400*
0.476**
0.275
0.103

0.318
 
0.589**
-0.437**
+
NH4

1
0.655**
0.292
0.316
-0.025
0.387*


-0.228

1
0.322
0.317
0.058
0.169

 
-0.158

1
 

0.681**
0.651**
0.645**
-0.234

1
 
0.669**
0.645**
0.617**
-0.209

1
 
0.404*
0.527**
0.183

1
0.451**
0.625**
0.123

1
 
-0.083

1
0.026

1

PO43-

SO42-

'B@=<6@4:0B8=<A78>A@J  0@4A7=E<8<1=:3
* Correlation is significant at the 0.05 level (two-tailed), **Correlation is significant at the 0.01 level (two-tailed)
The WT of Terzi Pond ranges between 3.90 °C and
23.10 °C. The lowest temperature was measured at
Site 1 in February, whereas the highest was measured at Site 2 in October. This parameter displays a
highly significant (r ≥ 0.7) positive relationship at 
  and    with EC (r = 0.941), SS (r =
0.962), COD (r = 0.805), BOD5 (r = 0.805), [Cl-] (r
= 0.804), TH (r = 0.796), TA (r = 0.727), [Mg2+] (r =
0.913) and [Ca2+] (r = 0.736) and a negative significant relationship with DO (Table 3). In conclusion,
Terzi Pond is suitable for aquatic life and does not
have seasonal WT-based threats. Moreover, according to the inland water quality criteria of SWQMR,
the pond was found to be a Class I body of water
(≤25 °C) (Table 2).
For good aquaculture in fresh water, it has been
determined that the EC needs to be in the 100–150
μS cm-1 range [27]. In a 2010 paper, Navneet Kumar
et al. [28] stated that the quality of underground

pH, one of the most important parameters determining the corrosive nature of water, is known to
be positively associated with EC and TA [25]. The
pH level of Terzi Pond ranges between pH 7.820 and
8.820. The lowest pH was observed at Site 1 in June,
whereas the highest level was measured at Site 2 in
September. This value range is similar to that observed at Sakiz Pond [26]. The pH has a highly significant (r ≥ 0.7) positive relationship at and
 with EC (r = 0.721) and a negative relationship with DO (r = −0.605), pH (r = −0.740), [Na+] (r
= −0.637) and [K+] (r = −0.612) (Table 3). This
pond’s pH confers to it a mildly alkaline character,
thus placing this body of water in Class III (6–9); in
other words, its water is considered polluted [9].
The response to sudden changes in WT depends on the tolerance of the particular organism.
WT changes can cause an organism to die or migrate
and affect its growth, reproduction and/or immunity.

2904

#"

  $   





  !




positive relationship at and  with
TH (r = 0.818), TA (r = 0.750), [Mg2+] (r = 0.796),
salinity, WT, EC and SS and a negative significant
relationship with DO (Table 3). Furthermore, according to the inland water quality criteria of
SWQMR, the pond was a Class I (<4 mg L-1) body
of water in terms of BOD5, thus indicating that its
water is clean [9]. Notably, the BOD5 value of Terzi
Pond is lower than that of Borçka Lake and higher
than that of Çiğdem Pond [27, 30].
Chloride ion concentration, which is generally
low in natural waters, is a parameter of considerable
importance for all water uses [31]. The chloride ion
concentration of Terzi Pond varied between 1.890
and 5.250 mg L-1. The lowest chloride concentration
was observed at Site 1 in February, whereas the highest concentration was measured at Site 2 in December. Chloride ion concentration has a highly significant (r ≥ 0.7) positive relationship at and 
  with [Mg2+] (r = 0.890), [Ca2+] (r = 0.758),
salinity, WT, EC, SS and COD and a negative significant relationship with DO (Table 3). With respect
to the value of the chloride ion concentration, Terzi
Pond is a Class I (≤10 mg L-1) body of water, thus
indicating that its water is clean [9].
In lakes and river, the phosphate ion, which is
a mineral nutrient, is found in the form of inorganic
phosphate, dissolved phosphate and organic particles [3]. The concentration of the phosphate ion in
Terzi Pond varied between 0.030 and 0.420 mg L-1.
The lowest phosphate ion concentration was observed at Site 1 in February, whereas the highest
level was measured at Site 2 in November. The highest phosphate ion concentration in this pond is higher
than the corresponding parameter measured in Derbent and Borçka Dam Lakes, and it is lower than the
same parameter measured in Işiktepe Dam Lake [3234]. The phosphate ion concentration displays a
highly significant (r ≥ 0.7) positive relationship at 
  and    with COD (r = 0.731) and a
negative significant relationship with DO (Table 3).
According to the SWQMR, the pond is a Class III
(<0.65 mg L-1) body of water in terms of phosphate
ion concentration, thus indicating that its water is
polluted. For the trophic classification system with
regard to lakes, ponds and reservoirs, Terzi Pond was
determined to be oligotrophic (<10 TP μg L-1) [9].
Sulphate ion concentration has a very important role in phytoplankton development, which is
of great importance in the biological cycle of natural
waters. An increase in sulphate ion concentration in
the aquatic environment signals that the environmental pollution load is increasing. The sulphate ion
concentration of Terzi Pond varied from 35.390 to
67.560 mg L-1. The lowest sulphate concentration
was observed at Site 1 in December, whereas the
highest concentration was measured at Site 2 in June.
The acceptable limit of this parameter for aquatic organisms is 90 mg L-1 [35]. The highest sulphate ion
concentration in Terzi Pond is much lower than the

drinking water could be controlled effectively by
controlling water conductivity. The EC value of
Terzi Pond varied between 123.280 and 285.020 μS
cm-1. The lowest EC level was observed in March at
Site 1, whereas the highest level was measured at
Site 2 in September. This parameter has a highly significant (r ≥ 0.7) positive relationship at and
 with SS (r = 0.918), BOD5 (r = 0.926), [Cl] (r = 0.704), TH (r = 0.717) and [Mg2+] (r = 0.863)
and a negative significant relationship with DO (Table 3). According to the classification criteria of
SWQMR and WHO guidelines, as far as the EC level
is concerned (<400 μS cm-1), the pond is suitable for
recreational uses (including those involving personal
contact, such as swimming) and for animal husbandry and agricultural purposes. Furthermore, it is
a Class I body of water, thus indicating that its water
is considered clean (Table 2) [9, 24].
The level of SS in a pond or lake is significantly
affected by the phytoplankton concentration and by
the amount of flood waters reaching the basin. At
high level, SS damages the sensitive tissues of fish,
such as gills, and can cause damage or death to all
aquatic larvae and eggs. The level of SS in this pond
ranges between 2.640 and 6.360 mg L-1. The lowest
level was observed at Site 3 in January, whereas the
highest level was measured at Site 2 in September.
The level of SS has a highly significant (r ≥ 0.7) positive relationship, at    and    with
COD (r = 0.833), BOD5 (r = 0.887), [Cl-] (r = 0.871),
TH (r = 0.783), TA (r = 0.718), [Mg2+] (r = 0.921)
and [Ca2+] (r = 0.718), and a negative significant relationship with DO (Table 3).
COD, one of the important parameters used as
a measure of water contamination by organic matter,
provides the means to determine the degree of pollution due to domestic and industrial wastewater. This
parameter varied between 0.520 and 3.660 mg L-1 in
Terzi Pond. The lowest COD level was observed at
Site 1 in February, whereas the highest level was
measured at Site 1 in November. This parameter has
a highly significant (r ≥ 0.7) positive relationship at
and  with [Cl-] (r = 0.860), [PO43-]
(r = 0.731), TH (r = 0.707), [Mg2+] (r = 0.820), [Ca2+]
(r = 0.837), [NO3-] (r = 0.771), WT, SS and a significant negative relationship with DO (Table 3). According to the inland water quality criteria of
SWQMR, the pond was found to be a Class I body
of water (≤25 mg L-1), thus indicating that its water
is clean [9].
BOD5 It is considered to be a sign of the level
of water pollution and is the amount of dissolved oxygen required for the biochemical separation of organic compounds and for the oxidation of certain inorganic materials (e.g. iron, sulphites) [29]. The concentration of the BOD5 in Terzi Pond, varied between 0.900 and 2.360 mg L-1. The lowest value for
this parameter was observed at Site 1 in January,
whereas the highest level was measured at Site 2 in
October. BOD5 displays a highly significant (r ≥ 0.7)
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September. The TH displays a highly significant (r ≥
0.7) positive relationship at and 
with TA (r = 0.972), [Mg2+] (r = 0.754), salinity, WT,
EC, SS, COD, BOD5 and [SO42-] and a significant
negative relationship with DO (Table 3).
The TA of Terzi Pond varied between 256.670
and 318.330 CaCO3 mg L-1. The lowest TA level was
observed at Site 1 in December, whereas the highest
level was measured at Site 2 in September. This parameter displays a highly significant (r ≥ 0.7) positive relationship at    and    with
[Mg2+] (r = 0.713), WT, SS, BOD5, [SO42-] and TH
and a significant negative relationship with DO (Table 3).
The magnesium ion is present in all natural waters. It is a component of chlorophyll, and no ecosystems exist that are free of this ion; therefore, magnesium is a very important element for life [38]. The
magnesium ion concentration in Terzi Pond ranged
from 25.640 to 58.720 mg L-1. The lowest magnesium ion concentration was observed at Sites 1 and
2 in February, whereas the highest concentration was
measured at Site 2 in July. Magnesium ion concentration displays a highly significant (r ≥ 0.7) positive
relationship at  and  with [Ca2+] (r
= 0.721), salinity, WT, EC, SS, COD, BOD5, [Cl-],
TH and TA and a significant negative relationship
with DO, [SO32-] and [SO42-] (Table 3).
The presence of calcium and magnesium cations in water increases the permeability of land to the
water itself. Therefore, the concentrations of these
two ions are important parameters in determining
ponds suitable for irrigation purposes. In Terzi Pond,
the concentration of the calcium ion varied from
29.950 to 69.570 mg L-1. The lowest calcium ion
concentration was observed at Site 1 in February,
whereas the highest concentration was measured at
Site 2 in May. According to Pearson’s correlation,
the calcium ion concentration displays a highly significant (r ≥ 0.7) positive relationship at and
 with WT, SS, COD, [Cl-] and [Mg2+].
The nitrogen-containing compounds widely
existing in natural waters are nitrites, nitrates, ammonium salts and organic nitrogen species [39]. The
concentration of the nitrite ion in Terzi Pond was
found to vary between 0.00002 and 0.00060 mg L-1.
The lowest concentration was observed at Site 1 in
January, whereas the highest concentration was determined at Site 2 in June. The nitrite ion concentration displays a highly significant (r ≥ 0.7) positive
relationship at and with [NO3-] (r
= 0.924), [Na+] and [K+] (Table 3). In conclusion, it
was found that this pond is suitable for aquatic life.
This pond’s mean nitrite concentration was found to
be within the limits of a Class I (≤0.01 mg L-1) body
of water, thus indicating that its water is clean [9].
The nitrate ion is nontoxic for most aquatic organism; however, high concentrations of nitrate ions
(>10 mg L-1) can result in the over-fertilisation of
ponds, which may lead to harmful algae blooms that

corresponding parameter measured in Derbent Lake
and higher than the same parameter measured in the
Oyun Reservoir [33, 36]. Sulphate ion concentration
displays a highly significant (r ≥ 0.7) positive relationship at    and    with TH (r =
0.756), TA (r = 0.753) and [NO2-] (r = 0.838) and a
negative significant relationship with pH and [PO43] (Table 3).
Sulphite ion concentration in Terzi Pond
ranged between 0.280 and 1.680 mg L-1. The lowest
sulphite ion concentration was observed at Site 3 in
December, whereas the highest concentration was
measured at Site 2 in April. Sulphite ion concentration displays a highly significant (r ≥ 0.7) positive
relationship at and  with the concentration of the sodium ion (r = 0.710) and a negative significant relationship with salinity, pH, WT,
EC, [Cl-] and [PO43-] (Table 3). In conclusion, with
respect to the level of the sulphite ion, it was found
that this pond is suitable for aquatic life and that
there are no seasonal threats to it. The pond was
found to be a Class I (≤2 mg L-1) body of water in
terms of sulphite ion concentration, thus indicating
that its water is clean [9].
The presence of dissolved sodium ions in the
water in excess of the limit is a limiting factor for the
growth and development of the algae.
The sodium ion concentration of Terzi Pond
ranged between 42.060 and 79.140 mg L-1. The lowest sodium ion concentration was observed at Site 3
in October, whereas the highest concentration was
measured at Site 2 in June. Sodium ion concentration
displays a highly significant (r ≥ 0.7) positive relationship at and  with [NO2-] (r =
0.763), [NO3-] (r = 0.746) and [SO32-] and a negative
significant relationship with salinity, pH, WT, EC,
SS, BOD5 and [PO43-] (Table 3).
Potassium salts are among the inorganic salts
that confer taste to water, and they play an important
role in the development of herbal organisms. At the
same time, the presence of potassium ions in water
also accelerates the development of plankton, thus
contributing to the food chain. In Terzi Pond, potassium ion concentration varied from 1.720 to 17.720
mg L-1. The lowest potassium ion concentration was
observed at Site 3 in March, whereas the highest concentration was measured at Site 2 in June. Potassium
ion concentration displays a highly significant (r ≥
0.7) positive relationship at and 
with [NO2-] (r = 0.799) and [NO3-] (r = 0.740) and a
negative significant relationship with salinity, pH,
WT, EC and BOD5 (Table 3).
The TH of water originates from the presence
in water of calcium and magnesium bicarbonate, calcium and magnesium chloride, calcium and magnesium nitrate and limited amounts of salts of ferrous,
aluminium and strontium ions [37]. The TH of Terzi
Pond varied from 249.50 to 311.680 CaCO3 mg L-1.
The lowest TH was observed at Site 1 in December,
whereas the highest level was measured at Site 2 in
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0.741) and a significant negative relationship with
[Cd2+] (−r = −0.256), [Hg2+] (−r = 0.256) and [Ni2+]
(−r = 0.039) (Table 4). According to the inland water
quality criteria of SWQMR, the pond was a Class I
(≤10 µg L-1) body of water in terms of lead ion concentration, thus indicating that its water is clean [9].
The concentration of copper ions in water is the
most important indicator of metal toxicity [41]. The
value of this parameter in Terzi Pond was found to
range between 0 and 12.0 µg L-1. The lowest concentration of copper ions was observed at all sites in December, whereas the highest concentration was determined at Sites 1 and 2 in June. Furthermore, evidence indicates that the concentration of copper ions
in the Yağlıdere stream is highest during the spring
[42]. The concentration of this heavy metal ion displays a highly significant (r ≥ 0.7) positive relationship at  and  with [Zn2+] (r = 0.944)
and a significant negative relationship with [Cd2+]
(−r = −0.236) and [Hg2+] (−r = 0.162) (Table 4). According to the inland water quality criteria of
SWQMR, the pond was found to be a Class I (≤20
µg L-1) body of water in terms of copper ion concentration, thus indicating that its water is considered
clean [9].
The concentration of cadmium ions, one of the
most toxic pollutants, in uncontaminated natural waters is generally below 1 µg L-1. The cadmium ion
concentration in Terzi Pond varied from 0 to 1.00 µg
L-1. The lowest concentration of Cd2+ was observed
at all sites in January, whereas the highest concentration was determined at Sites 1 and 2 in December.
The highest value for this parameter in this pond is
higher than its counterpart in Çiğdem Pond [31]. The
concentration of this metal ion displays a significant
positive relationship at  and  with
[Hg2+] (r = 0.391), [Ni2+] (r = 0.265) and [Fe2+] and
a significant negative relationship with [Zn2+] (r =
−0.217), [Pb2+] and [Cu2+] (Table 4). Although the
concentration of the cadmium ion in this study
reaches the limit for toxicity, the pond was found to
be a Class I (≤2 µg L-1) body of water in terms of
cadmium ion concentration on the basis of the inland
water quality criteria of SWQMR, thus indicating
that its water is clean [9].
The biological functions of mercury and its
components are unknown; they are not found in living organisms because they are potentially dangerous metals. The concentration of Hg2+ in Terzi Pond
was found to range between 0 and 0.0050 µg L-1. The
lowest value was observed at all sites in the first
seven months of the year, whereas the highest concentration was determined at Site 2 in October. The
concentration of this ion displays a highly significant
(r ≥ 0.7) positive relationship at    and  
 with [Fe2+] (r = 0.837), [Ni2+] and [Cd2+] and a
negative significant relationship with [Zn2+] (−r =
−0.170), [Pb2+] and [Cu2+] (Table 4). According to
the inland water quality criteria of SWQMR, the
pond was found to be a Class I (≤0.1 µg L-1) body of

adversely affect the taste and odour of the water. Furthermore, as the over-fertilised algae start dying, decomposing mats of algae can deplete the oxygen supply in the pond, causing high fish mortality. The nitrate ion concentration in Terzi Pond was found to
vary between 0.820 and 11.560 mg L-1. The lowest
concentration of nitrate was observed at Site 1 in
February, whereas the highest concentration was determined at Site 2 in June. The concentration of the
nitrate ion displays a highly significant (r ≥ 0.7) positive relationship at    and    with
COD, [Na+], [K+] and [NO2-] (Table 3). In conclusion, according to the inland water quality criteria of
SWQMR, the pond was found to be a Class III (≤20
mg L-1) body of water in terms of nitrate ion concentration, thus indicating that its water is polluted [9].
The ammonium ion is insignificantly toxic to
organisms living in an aquatic medium. However, it
transforms into ammonium at high pH and temperature, thus becoming toxic to fish and other organisms
[31]. The ammonium ion concentration in Terzi
Pond was found to vary between 0 and 0.00310 mg
L-1. The lowest concentration of the ion was observed at all sites in January, February, March and
September, whereas the highest concentration was
determined at Site 2 in November. The concentration
of the ammonium ion displays a negative significant
relationship at    and    with DO,
[SO32-], [SO42-] and [NO2-] (Table 3). According to
the inland water quality criteria of SWQMR, the
pond was found to be a Class I (<0.2 mg L-1) body
of water in terms of ammonium ion concentration,
thus indicating that its water is clean [9].
The ferrous ion is very important for the
aquatic environment because iron is used for the secretion of many enzymes required for the growth and
survival of autotrophic bacteria. The concentration
of the ferrous ion in Terzi Pond was found to range
between 0.0 and 0.0050 µg L-1. The lowest concentration of this ion was observed at all sites in January,
February, March and April, whereas the highest concentration was determined at Site 1 in October. The
ferrous ion concentration displays a highly significant (r ≥ 0.7) positive relationship at and 
 with [Hg2+] (r = 0.837) and a significant negative relationship with [Pb2+] (-r = 0.225) (Table 3).
According to the inland water quality criteria of
SWQMR, the pond was a Class I (≤300 µg L-1) body
of water in terms of ferrous ion concentration, thus
indicating that its water is clean [9].
Sources of heavy metal ions such as Cu2+, Cd2+,
Zn2+ and Pb2+ in fresh water are generally anthropogenic [40]. The mean lead ion concentration in Terzi
Pond was found to range between 0.10 and 1.70 µg
L-1. The lowest concentration of the lead ion was observed at all sites in September, whereas the highest
concentration was determined at Site 2 in June. The
concentration of the lead ion displays a highly significant (r ≥ 0.7) positive relationship at  and
   with [Cu2+] (r = 0.836) and [Zn2+] (r =
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water in terms of mercury ion concentration, thus in  with [Pb2+] (r = 0.741), [Cu2+] (r = 0.944),
[Zn2+] and [Ni2+] and a significant negative relationdicating that its water is clean [9].
ship with [Cd2+] (r = −0.217) and [Hg2+] (r = −0.170)
The concentration of nickel ions in Terzi Pond
(Table 4). According to the inland water quality criwas found to range between 0 and 3.0 µg L-1. The
teria of SWQMR, Terzi Pond was found to be a
lowest concentration was observed at Sites 1 and 2
Class I (≤200 µg L-1) body of water in terms of zinc
in January, February, March, April, July and August,
ion concentration, thus indicating that its water is
whereas the highest concentration was observed at
considered clean [9].
Site 1 in November. The nickel ion concentration in
Statistical analyses on the data obtained from
this pond is higher than that observed in Çiğdem
36 samples collected monthly from three sites were
Pond [31]. The concentration of nickel ions displays
conducted. An HCA was performed on the basis of
a significant positive relationship at  and 
seasonal mean values and site mean values of 28 pa  with [Fe2+] (r = 0.654), [Cu2+], [Cd2+] and
rameters. According to the HCA performed on the
[Hg2+] and a significant negative relationship with
mean values of the various parameters calculated per
[Pb2+] (−r = −0.039) (Table 4). According to the ineach sampling site, it was determined that Sites 1 and
land water quality criteria of SWQMR, the pond was
3 have similar characteristics in terms of pollution
a Class I (≤20 µg L-1) body of water in terms of
load; therefore, their pollutant sources are similar.
nickel ion concentration, thus indicating that its waThe pollutant sources of these sites include the busiter is clean [9].
nesses (facilities and recreational areas) located
The amount of zinc ion found in fresh water as
around Site 1 and the water flow into the pond for
a consequence of the natural overflow of minerals is
Site 3 (Figures 1 and 2).
low (<20 µg L-1), but zinc ion concentration in water
On the basis of the results of the HCA percontaminated by industrial sources can exceed 100
formed on the seasonal mean values of the parameµg L-1. The Zn2+ concentration in Terzi Pond was
ters, the seasonal differences are clustered (Figure
found to range between 0 and 21.0 µg L-1. The low3). Between the two main clusters, the cluster domiest concentration of zinc ions was observed at all
nated by winter draws attention. A second cluster
sites in January, February and March, whereas the
consists of summer, autumn and spring. It was also
highest concentration was observed at Site 2 in June.
determined that the inter-seasonal transition occurs
The value of this parameter displays a highly signifduring the spring months [16, 43].
icant (r ≥ 0.7) positive relationship at  and 
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Fe2+
Pb2+
Cu2+
Cd2+
Hg2+
Ni2+
Zn2+

Fe2+
1
-0.225
0.012
0.014

0.654**
0.027

Pb2+

Cu2+

Cd2+

Hg2+

Ni2+

Zn2+

1
-0.236
-0.162
0.148
**

1
0.391*
0.265
-0.217

1
0.448**
-0.170

1
0.242

1

1


-0.256
-0.382*
-0.039
 

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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WT
BOD5
EC
Salinity
SS
Mg2+
TH
TA
Hg2+
ClpH
COD
DO
Ca2+
Fe2+
Cu2+
NO3Zn2+
NO2Pb2+
Na+
K+
SO42SO32Ni2+
NH4+
PO43Cd2+

% 
11.591
37.865
37.865

% 
%
8.213
3.317
29.961.
14.431
67.826
82.257
Factor loadings (varimax normalised)
0.104
0.128
0.025
-0.006
-0.112
.085
-0.045
0.107
0.202
0.120
0.222
0.128
0.427
-0.341
0.434
-0.392
-0.370
0.278
0.306
0.369
-0.566
0.178
0.585
0.345
0.442
-0.029
0.472
0.100
-0.230
0.545

0.154
 
0.010
 
0.261
 
-0.203
 
0.076

-0.256
 
-0.127
 
-0.597
 
-0.584
-0.047
 
0.059
 
0.165
 
-0.262
0.122




 


 

 
 
 

  
 
 
0.165
0.328
0.178
0.236
-0.279
-0.185
-0.074
0.338
-0.003
0.230
-0.028
0.545
0.199

%
1.36
5.174
87.431
0.070
-0.135
0.081
-0.047
0.177
0.336
-0.008
0.078
-0.116
0.462
-0.082
0.140
-0.207
0.268
-0.447
-0.097
0.029
-0.004
0.073
-0.124
-0.004
-0.037
-0.013
-0.137
0.028
0.198
-0.162
 

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalisation.

In a PCA that included 4 components, 28 physico-chemical parameters were classified. In the
PCA, the factor loadings were classified as ‘strong’,
‘moderate’ or ‘weak’, corresponding to absolute
loading values above 0.75, in the 0.75–0.50 range or
in the 0.50–0.30 range, respectively [21]. Analysis
results are reported in Table 5. According to Hair et
al. [44], the selection of the number of principal
components to be retained is also supported by the
number of principal components occurring before a
clear break in the scree plot (Figures 4 and 5).
Components with eigenvalues > 1 were acquired, accounting for 87.43% of the total variance
in the surface water dataset (Table 5). The first PC,
accounting for 37.86% of the total variance, has
strong positive loading on WT, BOD5, EC, salinity,
SS, [Mg2+], TH and TA; moderate positive loading
on [Hg2+], [Cl--], pH, COD, [Ca2+] and [Fe2+]; and
weak positive loading on [PO43-]. It also has negative
and weak loading on DO. It is remarkable that
BOD5, EC, salinity, SS, [Mg2+], TH and TA have a
high correlation with the parameters directly influenced by the WT. This analysis singles out the same

parameters characterised by having an inverse relationship with DO that have been highlighted in the
HCA (Figure 5). The natural source of the agents that
modify the state of the pond, giving rise to the interconnection of parameters just alluded to, is the catchment of flowing runoffs and soil leaching. A flow
into the pond of various compounds from this natural
source may be the basis of the observed changes in
the physico-chemical variables and ion concentrations that were the focus of this study [6].
The second PC, accounting for 29.96% of the
total variance, has strong positive loading on [Cu2+],
[NO3-], [Zn2+], [NO2-], [Pb2+], [Na+] and [K+] and
moderate positive loading on COD, [SO32-] and
[SO42-]. It has a negative and weak loading on pH.
This factor represents the contribution of nonpoint
pollution sources from agriculture and from ions
originating from the soil or rock structure. In particular, this factor represents the influences from nonpoint sources such as agricultural runoff, atmospheric deposition, basin geology and soil structure.
In the area of Terzi Pond, farmers use nitrogenous
fertilisers, which undergo nitrification processes [16,
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water, this element is taken up by biological systems
and by plant and aquatic organisms in the mentioned
ionic form.

45]. Therefore, contamination arising from nutrients
to heavy metals and ions indicate the level of pollution in this pond.
The third PC, accounting for 14.43% of the total variance, has strong positive loading on [NH4+],
[Ni2+] and [PO43-], moderate positive loading on
[Fe2+], and moderate negative loading on [SO32-] and
[SO42-]. This evidence highlights the influence of agricultural runoff from the soil because nitrogenous
fertilisers are extensively used in this region. Phosphorus compounds from the area’s rock and soil
structure washed by the surface stream is the main
source of the phosphorus that reaches the pond.
Therefore, the main source for this element is basin
geology and soil structure [46, 47].

$#!)'$#
In this study, analytical data obtained from water samples collected at 3 different sites of Terzi
Pond for 12 months were analysed by multivariate
statistical methods to determine the quality of the
water and whether the pond’s water is suitable for
aquatic life. It has been determined that Terzi Pond
has aquatic life and that the quality of the pond’s water is appropriate to sustain aquatic life for the time
being. Analysis made and statistical tests show that
conservation of water quality is only possible if; control of chemical fertilizers used in agricultural areas
around the pond, inhibition of pH change, preventing
domestic and animal wastes from reaching the pond,
also depends on regular monitoring.
In many countries, water pollution is caused by
the uncontrolled use of agricultural fertilisers, and
the ‘best environmental practice’ principle should be
applied to minimise out-of-source water pollution.
Terzi Pond is categorised as oligotrophic in terms of
trophic level according to TP and TP ratios. Most of
the analytical parameters evaluated in this study lie
within the limits set for a body of water characterised
by clean water, according to SWQMR and WHO
guidelines. However, the values of some of the parameters are typical of contaminated water. The pH
and the concentrations of nitrate, phosphate and sulphate ions lie outside the desirable limits for both
aquatic life and use of the pond water for drinking
and irrigation purposes.
When we examine the levels of heavy metals
(in ionic form), no risk is present, according to
SWQMR and WHO guidelines. The results of the
PCA are compared with the four main sources obtained and the results obtained from the results of individual evaluation of each parameter are verified as
the result of the presence of nonpoint sources in the
pond. The results obtained with HCA are similar to
those obtained via ANOVA analysis of seasonal
mean values. Measures should be taken on the basis
of Turkey’s SWQMR to preserve and improve the
water quality of the pond. In the future, research
should provide for the development of nonsource
pollution, nonintegrated pollution, modelling and
monitoring, which is caused by non-agricultural production. On the basis of the results obtained from a
statistical analysis, the monitoring of highly-related
parameters may then be made in such studies. We
believe that this approach will provide time and economic convenience.
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The fourth PC, accounting for the lowest variance, 5.17%, has moderate positive loading on
[Cd2+]. The lack of industrial facilities in the study
area indicates that the only cadmium ion source is
fertiliser use. The widespread use of cadmium-containing materials results in a significant level of cadmium ion contamination. The fact that pond water is
being used for irrigation is a concern. Cadmium ion
has the highest water solubility among heavy metal
ions; thus, it is characterised by a high rate of diffusion in nature. Cadmium is not required for human
life; however, owing to the high solubility of Cd2+ in
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5HPHGLDWLRQRI &GFRQWDPLQDWHGVRLOVKDVDW
WUDFWHGFRQVLGHUDEOHDWWHQWLRQLQUHFHQW\HDUVHVSH
FLDOO\LQ&KLQD,QRUGHUWRLQYHVWLJDWHWKHLQKLELWRU\
HIIHFW RI ]HROLWH DQG LWV FKLWRVDQ FRPSRVLWHV D SRW
H[SHULPHQWZDVFDUULHGRXW:HHYDOXDWHGWKHHIIHFWV
RIWKHDGGLWLRQRI]HROLWHDQGLWVFKLWRVDQFRPSRVLWHV
ZLWKGLIIHUHQWDPRXQWVDQGSDUWLFOHVL]HVRQWKHVRLO
S+ %UDVVLFDMXQFHDGU\ ZHLJKW WKH DPRXQWRI&G
H[WUDFWLRQ E\ %UDVVLFD MXQFHD DQG ELRDYDLODEOH
FKDQJLQJLQVRLOV7KHUHVXOWVRIWKLVVWXG\LQGLFDWHG
WKDW]HROLWHDQGLWVFRPSRVLWHVFDQLQFUHDVHVRLOS+
DQG UHGXFH WKH ELRORJLFDO HIIHFWLYHQHVV RI KHDY\
PHWDOVLQFHUWDLQH[WHQW7KHGU\ZHLJKWRI%UDVVLFD
MXQFHDLQFUHDVHGZLWKLQFUHDVLQJSDUWLFOHVL]HRIFKL
WRVDQFRPSRVLWHVZKHUHDV]HROLWHDORQHKDGQRRE
YLRXVUHJXODULW\RQGU\ZHLJKW:LWKDQDPHQGPHQW
GRVDJHRIJSHUSRWWKHKLJKHVW%UDVVLFDMXQFHD
GU\ ZHLJKW FRXOG EH DFKLHYHG ,QFUHDVLQJ SDUWLFOH
VL]HRI]HROLWHDQGLWVFKLWRVDQFRPSRVLWHVUHVXOWHGLQ
GHFUHDVHGWKH&GXSWDNHE\%UDVVLFDMXQFHDWKH&G
XSWDNHGHFUHDVHGZLWKLQFUHDVLQJDPHQGPHQWGRVDJH
IURPWRJ$WDGRVDJHRIJSHUSRWWKH
&G XSWDNH ZDV ORZHVW /RZHVW XSWDNH UDWHV ZHUH
IRXQGIRU&6=IROORZHGE\&6=&6
==&6====
DQG=GHFUHDVLQJE\
DQGUHVSHFWLYHO\7KH HI
IHFW RI ]HROLWHFKLWRVDQ FRPSRVLWHV LQFUHDVHG ZLWK
WKHGHFUHDVLQJRISDUWLFOHVL]HV%HVLGHVWKH&GXS
WDNH E\ %UDVVLFD MXQFHD GHFUHDVHG ZLWK LQFUHDVLQJ
GRVDJH IURP  WR  J SHU SRW 6LPLODUO\ DW WKH
GRVDJHVRIJSRW
WKHVRLOELRDYDLODEOH&GFRQWHQWGHFUHDVHGE\
DQG
UHVSHFWLYHO\ FRPSDUHG WR WKH FRQWURO 7KH UHVXOWV
FOHDUO\VKRZWKDWUHPHGLDWLRQHIILFLHQF\ ZDVEHWWHU
WKDQWKHWUHDWPHQWVZLWKRXWDGGHGFKLWRVDQ

&DGPLXP &G  LV RQH RI WKH PRVW FRPPRQ
KHDY\ PHWDOV LQ SROOXWHG HQYLURQPHQWV DQG KDV D
KLJKDFWLYLW\LQVRLO6WXGLHVHVWLPDWHWKDWWKHDUHDRI
VRLOFRQWDPLQDWHGZLWK&GFRYHUVDERXWî KD
DQG DFFRXQWV IRU  RI WKH WRWDO IDUPODQG DUHD LQ
&KLQD>@$QGPRUHWKDQSURYLQFHVDQGGLV
WULFWVDUHVXEMHFWHGWR&GFRQWDPLQDWHGVRLO,Q
WKHGLUHFWHFRQRPLFORVVIURPIDUPODQGPHWDOSROOX
WLRQUHDFKHGELOOLRQDVFDOFXODWHGE\WKH0LQLV
WU\ RI /DQG DQG 5HVRXUFH LQ &KLQD >@ 8QOLNH RU
JDQLFFRQWDPLQDQWVKHDY\PHWDOVDUHQRWGHJUDGHG
LQWKHHQYLURQPHQWDQGFDQDFFXPXODWHLQVRLOVDQG
VHGLPHQWV>@7KHKLJKDELOLW\RI&GWUDQVIHUIURP
SDGG\VRLOWRULFHJUDLQFDQFDXVHGLVHDVHVLQDQLPDOV
DQGKXPDQVWKURXJKWKHIRRGFKDLQSULPDULO\DIIHFW
LQJWKHNLGQH\VHVSHFLDOO\WKHSUR[LPDOWXEXODUFHOOV
>@&GLVQRWHVVHQWLDOHOHPHQWIRUKXPDQVDQG&G
FRQWDPLQDWLRQFDQFDXVHYDULRXVGLVHDVHVDQGLQKLELW
JURZWKE\LPSDFWLQJWKHHQ]\PDWLFDFWLYLW\RIDPLQR
DFLGGHFDUER[\ODVHKLVWDPLQHDP\ODVHDQGSHUR[L
GDVHDQGVRRQ,QDGGLWLRQLWFDQLPSHGHWKHPH
WDEROLVPRIFRSSHUFREDOW]LQFDQGRWKHUWUDFHHOH
PHQWV7KHUHIRUHWKHUHPRYDORI&GIURPSROOXWHG
HQYLURQPHQWVUHTXLUHVXUJHQWFODULILFDWLRQDQGQXP
EHUVRIVXLWDEOHPHWKRGVKDYHEHHQLQYHVWLJDWHG,Q
VLWXLPPRELOL]DWLRQ HJLPPRELOL]DWLRQE\FKHPL
FDO DPHQGPHQWV DQG SK\WRVWDELOL]DWLRQ  KDV EHHQ
XVHGWRUHPHG\&GFRQWDPLQDWHGVRLO>@7KHLQ
VLWXLPPRELOL]DWLRQRIPHWDOHOHPHQWVE\QDWXUDORU
V\QWKHWLF DGGLWLYHV VXFK DV DONDOLQH FRPSRXQGV >
@SKRVSKDWHFRPSRXQGV>@DQGFOD\PLQHUDOV>
@KDVEHHQFRQVLGHUHGDVDSURPLVLQJDOWHUQDWLYHWR
WKHFXUUHQWO\DYDLODEOHUHPHGLDWLRQPHWKRGVEHFDXVH
RILWVORZFRVWORZLPSDFWDQGHDV\LPSOHPHQWDWLRQ
>@&OD\PLQHUDOV>@KDYHEHHQSURSRVHGDQG
WHVWHGIRULQVLWXLPPRELOL]DWLRQRIKHDY\PHWDOVLQ
GHJUDGHGVRLOVEHFDXVHRIWKHLUDYDLODELOLW\DQGORZ
FRVW>@&OD\LVDSRWHQWLDOPHWDOFKHODWRUGXHWRLWV
UHODWLYHO\ODUJHLQWHUQDODQGVXUIDFHDUHDDQGVWURQJ
DGVRUSWLRQ DELOLW\ LW FDQ HIIHFWLYHO\ LPPRELOL]H
KHDY\ PHWDOV LQ WKH VRLO DQG WKHUHE\ SUHYHQW WKHP
IURPEHLQJDEVRUEHGE\SODQWVDQGKXPDQV=HROLWH
DVDW\SHRIFOD\PLQHUDOKDVUHFHLYHGFRQVLGHUDEOH
DWWHQWLRQ DV D QDWXUDO DGVRUEHQW WR UHPRYH KHDY\
PHWDOVIURPVRLO5HFHQWO\LWKDVEHHQUHSRUWHGWKDW

.(<:25'6
&GFRQWDPLQDWLRQ5HPHGLDWLRQ=HROLWH&KLWRVDQ%UDV
VLFDMXQFHD
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]HROLWHFRXOGVHUYHDVDQLQVLWXDOWHUQDWLYHPDWHULDO
IRUUHPHGLDWLQJVRLOVFRQWDPLQDWHGZLWK&GWKURXJK
LPPRELOL]DWLRQ GXH WR WKH FDSDELOLW\ RI DGVRUELQJ
KHDY\ PHWDOV RZLQJ WR LWV SRURXV VWUXFWXUH PRUH
QHJDWLYHFKDUJHVDQGDKLJKFDWLRQH[FKDQJHFDSDF
LW\RQLWVVXUIDFH>@
7KHVDIHDQGORZFRVWUHF\FOLQJRIYDULRXVE\
SURGXFWVDQGDPHQGPHQWVLQDJULFXOWXUHLVFUXFLDOWR
HQVXUHDQHQYLURQPHQWDOO\DQGHFRQRPLFDOO\VRXQG
SUDFWLFH>@7KHUHLVDQLQFUHDVLQJGHPDQGIRUQHZ
DSSOLFDEOHDQGHFRQRP\HIILFLHQF\DPHQGPHQWVIRU
WKHUHPHGLDWLRQRI&GFRQWDPLQDWHGVRLOV2IWKHVH
WKH XVH RI FKLWRVDQ &6  KDV EHHQ GHVFULEHG DV D
SURPLVLQJ ³JUHHQ´ DQG HQYLURQPHQWDOO\IULHQGO\
PHWKRG RI PHWDO DGVRUSWLRQ &6 LV WKH 1GHDFHW\
ODWHGSURGXFHRIFKLWLQZKLFKLVDE\SURGXFWRIVKHOO
ILVKSURFHVVLQJ'XH WRWKH SUHVHQFHRIODUJH QXP
EHUVRIDQPLR 1+ DQGK\GUR[\O 2+ JURXSV
RQFKLWRVDQLWKDVDKLJKDIILQLW\IRUPHWDOLRQV>
@*XRHWDO>@DQG6KDKHHQHWDO>@KDYHLQ
YHVWLJDWHG&GDGVRUSWLRQE\FKLWRVDQDQGUHSRUWHG
VDWLVIDFWRU\ UHVXOWV $OWKRXJK QXPEHUV RI VWXGLHV
KDYHHYDOXDWHGWKHLQKLELWRU\HIIHFWRIQDWXUDO]HROLWH
RQ&GFRQWDPLQDWHGVRLOWKHLPSDFWRI]HROLWHFKL
WRVDQFRPSRVLWHVRQ&GFRQWDPLQDWHGVRLOVKDVQRW
EHHQFOHDUO\LOOXVWUDWHG
&UXFLIHUDH FDQROD ZDV D NLQG RI SODQW ZLWK
VWURQJ DEVRUSWLRQ FKDUDFWHULVWLFV DQG HQULFKPHQW
DELOLW\RIKHDY\PHWDO>@%UDVVLFDMXQFHDZDVVH
OHFWHGDVWKHH[SHULPHQWDOVSHFLHVEHFDXVHRIVKRUW
OLIHVWDJHKLJKELRPDVVDQGWKHK\SHUDFFXPXODWLRQ
DELOLW\WRKHDY\PHWDO>@,WKDVJUHDWSRWHQWLDODS
SOLFDWLRQVLQSK\WRUHPHGLDWLRQ,QWKLVVWXG\ZHLQ
YHVWLJDWHGWKHHIIHFWRI]HROLWHDQGLWVFKLWRVDQFRP
SRVLWHVRQ&GFRQWDPLQDWHGVRLO$VLQGLFDWRUSODQW
ZHFKRVH%UDVVLFDMXQFHDDQGFRQGXFWHGSRWH[SHU
LPHQWVXVLQJWKUHHGLIIHUHQWDPHQGPHQWGRVDJHVDQG
IRXUGLIIHUHQWSDUWLFOHVL]HV7KHHYDOXDWHGSDUDPH
WHUV ZHUH VRLO S+ %UDVVLFD MXQFHD GU\ ZHLJKW &G
XSWDNHRI%UDVVLFDMXQFHDDQGELRDYDLODEOH&GFRQ
WHQW

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

0$7(5,$/6$1'0(7+2'6
0DWHULDOV =HROLWH ZDV REWDLQHG IURP WKH
=KRQJFKXDQPLQHUDOSRZGHUSURFHVVLQJSODQW/LQJ
VKRX +HEHL SURYLQFH &KLQD ,QGXVWULDO JUDGH FKL
WRVDQ ZDV REWDLQHG IURP *XDQJ]KRX 6KHQJ[XQ
FKHPLFDO LQGXVWU\ FR /7' LW KDG WKH IROORZLQJ
SURSHUWLHV \HOORZLVKZKLWH SRZGHU ZLWK 
PHVKHVGHJUHHRIGHDFHW\ODWLRQDQGDPROHFX
ODUZHLJKWRIî
([SHULPHQW DUUDQJHPHQW 7KLV H[SHULPHQW
ZDVFDUULHGRXWLQDJUHHQKRXVHORFDWHGLQ<DQJOLQJ
6KDDQ[L 3URYLQFH &KLQD 6XUIDFH VRLO  FP
GHSWK ZDVFROOHFWHGIURPWKHJUHHQKRXVHLQZKLFK
SKRVSKDWHKDVEHHQDSSOLHGWRWKHVRLORYHU\HDUV
3ULRU WR SK\VLFDO DQG FKHPLFDO DQDO\VHV WKH VRLO
VDPSOHVZHUHSDVVHGWKURXJKDPPPHVKVLHYHWR
UHPRYHJUDYHO7KHVRLOZDVFODVVLILHGDVORHVVVRLO
SK\VLFDODQGFKHPLFDOSURSHUWLHVDUHOLVWHGLQ7DEOH
7KH S+ ZDV PHDVXUHG ZLWK D S+ 0HWHU )(
0HWHU0HWWOHU7ROHGRLQVWUXPHQWFR/7'&KLQD 
LQD ZZ VRLO+2 VOXUU\ 6RLORUJDQLF PDWWHU
FRQWHQWZDVGHWHUPLQHGXVLQJWKHSRWDVVLXPGLFKUR
PDWHRXWVLGHKHDWLQJPHWKRG>@%LRDYDLODEOH&G
ZDV H[WUDFWHG IRU WZR KRXUV DW URRP WHPSHUDWXUH
ZLWK'73$ '37$7($&D&OS+  EXIIHUVR
OXWLRQ +HDY\ PHWDO FRQWHQW ZDV GHWHUPLQHG XVLQJ
IODPH DWRPLF DEVRUSWLRQ VSHFWURSKRWRPHWHU =
+LWDFKL-DSDQ 
'LIIHUHQWGRVDJHV DQGJ DQGSDU
WLFOHVL]HV PHVK ]HROLWHDQG
LWVFKLWRVDQFRPSRVLWHV WKHDSSOLFDWLRQUDWLRRIFKL
WRVDQ ZDV  LQ FKLWRVDQ FRPSRVLWHV &6=
&6= &6= &6=  ZHUH ZHOO
PL[HG ZLWK  NJ RI &GFRQWDPLQDWHG VRLO EHIRUH
SDFNHG LQWR UHVSHFWLYH SRWV $ FRQWURO WUHDWPHQW
ZLWKRXW DPHQGPHQW FRQWDLQLQJ RQO\ &GFRQWDPL
QDWHG VRLO ZDV DOVR SUHSDUHG7KHQ DOO RI WKH VRLO
VDPSOHVZHUHLQFXEDWHGIRURQHPRQWK

7$%/(
3URSHUWLHVRIWKHH[SHULPHQWDOVRLO9DOXHVUHSUHVHQWPHDQVVWDQGDUGGHYLDWLRQ Q  
3DUDPHWHU
6RLOW\SH
S+ VRLO+2 
WRWDOQLWURJHQ
2OVHQSKRVSDWH
$YDLODEOHSRWDVVLXP
6RLORUJDQLFPDWWHU
&G
%LRDYDLODEOH&GD
)H
&X
=Q
&D
0J
D

XQLWV
JNJ
PJNJ
PJNJ
JNJ
PJNJ
PJNJ

PJNJ
PJNJ



9DOXH
+HDY\ORDP













H[WUDFWHGIRUKDWURRPWHPSHUDWXUHZLWK'73$ '73$7($&D&OS+  EXIIHUVROXWLRQ
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7$%/(
7KHS+YDOXHRIGLIIHUHQWDPHQGPHQWV
$PHQGPHQWV
S+

&6


=


=


=


=


&6=


&6=


&6=


&6=


7$%/(
7KHS+YDOXHHIIHFWRIWKHVRLOVDPSOHVWUHDWHGZLWKGLIIHUHQWSDUWLFOHVL]HVDQGGRVDJHDPHQGPHQWV
$PHQGPHQWV
=
=
=
=
&6=
&6=
&6=
&6=











$GGHGFRQWHQWVRIGLIIHUHQWDPHQGPHQWV JSRW





























XVHG$OOWKHUHVXOWVDUHWKHDYHUDJHRIWKHWKUHHUH
SHDWWHVWV

6HHGOLQJVRI%UDVVLFDMXQFHDZHUHFXOWXUHGLQ
WKH PLGGOH RI WKH JUHHQKRXVH7KH FXOWLYDWLRQ DUHD
ZDVFRYHUHGZLWKSRO\HWK\OHQHSODVWLFILOPWRPDLQ
WDLQ PRLVWXUH EHIRUH VHHGVJHUPLQDWLRQ$IWHUWKUHH
ZHHNV WKUHH HTXDOO\ VL]HV VHHGOLQJV  FP LQ
KHLJKW ZHUHWUDQVSODQWHGLQWRHDFKSRWRQ2FWREHU
6RLOZDWHUZDVPDLQWDLQHGDW:+&E\
DGGLQJWDSZDWHUGDLO\

5(68/76$1'',6&866,21
(IIHFWVRIGLIIHUHQWDPHQGPHQWVRQVRLOS+
6RLO S+ ZDV RQH RI WKH LPSRUWDQW IDFWRUV LQ KHDY\
PHWDO DGVRUSWLRQ EHFDXVH LW DIIHFWHG WKH ELRORJLFDO
HIIHFWLYHQHVVRIKHDY\PHWDOLRQV7DEOHVKRZVWKH
S+YDOXHVRI]HROLWHDQGLWVFKLWRVDQFRPSRVLWHZLWK
GLIIHUHQWSDUWLFOHVL]HV$OODPHQGPHQWVVKRZHGDQ
DONDOLQHS+VLJQLILFDQWO\DIIHFWLQJVRLOS+XSRQDS
SOLFDWLRQ7KLVLQWXUQFDQUHGXFHWKHELRORJLFDOHI
IHFWLYHQHVV RI KHDY\ PHWDOV LQ FHUWDLQ H[WHQW >@
7KHS+YDOXHHIIHFWRIVRLOVDPSOHWUHDWHGZLWKGLI
IHUHQW SDUWLFOH VL]HV ]HROLWH DQG LW FKLWRVDQ FRPSR
VLWHVDUHVKRZQLQ7DEOH+HDY\PHWDODGVRUSWLRQ
YDULHG ZLWKFKDQJLQJVRLOS+YDOXHV$WD ORZ VRLO
S+WKHUHZDVFRPSHWLWLYHDGVRUSWLRQEHWZHHQKHDY\
PHWDOVDQG+LRQVLQWKHVRLOLPSHGLQJKHDY\PHWDO
DGVRUSWLRQ>@6RLOS+DOVRDIIHFWHGDGVRUSWLRQLQ
WKH WUHDWPHQWV ZLWK GLIIHUHQW SDUWLFOH VL]HV DQG
DPHQGPHQW GRVDJHV 7DEOH   :LWK DQ LQFUHDVHG
DPHQGPHQWGRVDJH UDQJLQJIURPWRJ S+
KDGQRREYLRXVUHJXODULW\%HFDXVHWKHEXIIHUFDSDF
LW\LVRQHRIWKHLPSRUWDQWSURSHUWLHVRIWKHVRLO>@
$QGWKHUHZDVDQLPSRUWDQWUHDVRQWKDWWKHS+YDOXH
RIVRLOZDVHVVHQWLDOO\DONDOLQH

6DPSOLQJ SUHWUHDWPHQW DQG PHWDO DQDO\VLV
$IWHUWKUHHPRQWKVDOO%UDVVLFDMXQFHDSODQWVZHUH
KDUYHVWHG7KHVDPSOHVZHUHULQVHGZLWKWDSZDWHUWR
UHPRYH VXUIDFH VRLO DQG VXEVHTXHQWO\ ZDVKHG ZLWK
GHLRQL]HGZDWHUDQGGULHGRIVXUIDFHZDWHU7KHIUHVK
VDPSOHV ZHUH ZHLJKHG VXEVHTXHQWO\ RYHQ GULHG DW
&IRUPLQWKHQDW&XQWLOFRQVWDQWZHLJKW
7KHGULHG%UDVVLFDMXQFHDVDPSOHVZHUHFUXVKHGDQG
JURXQGWRDILQHSRZGHUXVLQJDKLJKVSHHGXQLYHUVDO
SXOYHUL]HU ): =KRQJ[LQJ :HL\H LQVWUXPHQW
FR /7' &KLQD  DQG VWRUHG LQ SODVWLF EDJV XQWLO
DQDO\VLV
$OOVRLOVDPSOHVZHUHSUHWUHDWHGZLWKWKHVDPH
PHWKRGSULRUWRDQDO\VLV)RUDQDO\VLVJRIWKH
GULHGSODQWPDWHULDOZDVSODFHGLQWRDP/EHDNHU
FRYHUHGZLWKDIXQQHO:HWKHQDGGHGP/RIVR
OXWLRQ FRQWDLQLQJ  RI FRQFHQWUDWHG +12 DQG
RIFRQFHQWUDWHG+&O2 YY >@7KHVDPSOH
ZDV GLJHVWHG DW & RYHUQLJKW IROORZHG E\
&IRUKWRQHDUGU\QHVVDQGDOORZHGWRFRRO
7KH GLJHVWHG VROXWLRQ ZDV GLOXWHG ZLWK  YY 
+12WRDYROXPHRIP/EHIRUHILOWUDWLRQ7KH
FRQFHQWUDWLRQRI&GLQWKHGLJHVWHGSODQWVDPSOHZDV
GHWHUPLQHG XVLQJ D IODPH DWRPLF DEVRUSWLRQ VSHF
WURPHWHUDWDZDYHOHQJWKRIQP

(IIHFWVRISDUWLFOHVL]HVDQGDPHQGPHQWGRV
DJHRQ%UDVVLFDMXQFHDGU\ZHLJKW7KHLPSDFWVRI
SDUWLFOHVL]HRI]HROLWHDQGLWVFKLWRVDQFRPSRVLWHVRQ
%UDVVLFDMXQFHDGU\ZHLJKWDUHVKRZQLQ7DEOH:H
XVHGWKHDQDO\VLVRIYDULDQFH $129$ WRFRPSDUH
WKH%UDVVLFDMXQFHDGU\ZHLJKWEHWZHHQZLWKGLIIHU
HQWWUHDWPHQWV%DVHGRQWKH$129$UHVXOWVWKHUH
ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ GLIIHUHQW
DPHQGPHQW GRVDJHV DQG SDUWLFOH VL]HV %UDVVLFD
MXQFHD GU\ ZHLJKW ZDV KLJKHU IRU DOO DPHQGPHQWV
ZLWKGLIIHUHQWSDUWLFOHVL]HVFRPSDUHGWRWKHFRQWURO
=HROLWHKDGQRREYLRXVUHJXODULW\RQ%UDVVLFDMXQFHD
GU\ ZHLJKW +RZHYHUWKH HIIHFWRI]HROLWHFKLWRVDQ

6WDWLVWLFDO DQDO\VLV 6WDWLVWLFDO DQDO\VLV ZDV
SHUIRUPHG XVLQJ 6LJPD3ORW  ([FHO  DQG
2ULJLQVRIWZDUH2QHZD\$129$DQGPXOWLSOH
FRPSDULVRQVZHUHXVHGWRFRPSDUHWKHGLIIHUHQFHLQ
WKHGU\ZHLJKWRILQGLYLGXDO%UDVVLFDMXQFHDWKH&G
XSWDNH RI %UDVVLFD MXQFHD DQG WKH ELRDYDLODEOH &G
FRQWHQW 6LJQLILFDQW OHYHOV RI  DQG  ZHUH
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VRLOVFRQGLWLRQVDUHDOOHYLDWHGDQGWKHLPSDFWRIH[
FHVVLYH VRLO FDGPLXP RQ WKH JURZWK RI %UDVVLFD
MXQFHDLVORZHUHG7KHDERYHGHVFULEHGUHVXOWVFDQ
H[SODLQWKHKLJKHUGU\ZHLJKWYDOXHVZLWKWKHDGGL
WLRQRI]HROLWHDQGLWVFKLWRVDQFRPSRVLWHV,QWHUPV
RIHFRQRPLFFRQVLGHUDWLRQVDGRVDJHRIJSHUSRW
DFKLHYHGWKHEHVWUHVXOWV

FRPSRVLWHVRQ%UDVVLFDMXQFHDGU\ZHLJKWLQFUHDVHG
ZLWKLQFUHDVLQJSDUWLFOHVL]H7KHLQWHULRUDQGH[WH
ULRUVSHFLILF VXUIDFH DUHDV RI DPHQGPHQWV ZHUH LQ
FUHDVHGDQGWKHHIIHFWRI&GFRQWDPLQDWHGVRLOZDV
ZHDNHQHG ZLWK LQFUHDVLQJ SDUWLFOHV VL]H :LWK DQ
DPHQGPHQWGRVHRIJSHUSRWLQGLYLGXDO%UDV
VLFDMXQFHDGU\ZHLJKWVFRPSDUHGZLWKFRQWUROWUHDW
PHQWLQFUHDVHGE\DQG
UHVSHFWLYHO\ 7KH KLJKHU GU\ ZHLJKWV LQ FKLWRVDQ
FRPSRVLWHVWUHDWHG VRLOV PLJKW EH DWWULEXWHG WR WKH
LQWURGXFHGFKLWRVDQDQGLQFUHDVHGVRLOS+>@&KL
WRVDQ KDV D ODUJH DPRXQW RI DPLQR DQG K\GUR[\O
JURXSV ZLWK D KLJK DIILQLW\ IRU &G LRQV PDNLQJ LW
KLJKO\VXLWDEOHIRU&GUHPRYDO>@
,Q WHUPV RI WKH HIIHFW RI GLIIHUHQW GRVDJH
DPHQGPHQWVRQ%UDVVLFDMXQFHDGU\ZHLJKWZDVLQ
FUHDVHGDVWKHGRVHRIDPHQGPHQWVIURPWRJ
SHUSRW)URPWRJSHUSRW%UDVVLFDMXQFHD
GU\ZHLJKWKDVQRVLJQLILFDQWFKDQJH7KLVVXJJHVWHG
WKDW WKH DGVRUSWLRQ UHDFKHG HTXLOLEULXP &GFRQ
WDPLQDWHGVRLOFDQVLJQLILFDQWO\UHGXFHVRLOS+QHJ
DWLYHO\ LPSDFWLQJ FURS JURZWK DQG GHYHORSPHQW
>@7KHDGGLWLRQRI]HROLWHDQGLWVFKLWRVDQFRPSR
VLWHV FDQ VLJQLILFDQWO\ LPSURYH VRLO S+ DQG ORZHU
FDGPLXPDFWLYLW\LQWKHVRLO>@7KHUHE\DGYHUVH

(IIHFWVRISDUWLFOHVL]HDQGDPHQGPHQWGRV
DJHRQWKH&GXSWDNHE\%UDVVLFDMXQFHD7DEOH
VKRZVWKHHIIHFWRISDUWLFOHVL]HDQGDPHQGPHQWGRV
DJHRQWKH&GXSWDNHE\%UDVVLFDMXQFHD%DVHGRQ
WKH$129$ UHVXOW WKHUH ZDV QR VLJQLILFDQW GLIIHU
HQFHEHWZHHQGLIIHUHQWSDUWLFOHVL]HVLQWHUPVRIWKH
&GXSWDNH:LWKDGRVDJHRIJSRWWKHUHZDV
DVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHWUHDWPHQWVXVLQJ
FKLWRVDQFRPSRVLWHVFRPSDUHGZLWKWKHFRQWUROWUHDW
PHQW7KH ORZHU WKH FRQWHQW RI &G LQ WKH %UDVVLFD
MXQFHDWKHEHWWHUWKHHIIHFWRIWKHDPHQGPHQWIL[HG
&G 7KH &G XSWDNH RI %UDVVLFD MXQFHD ZDV ORZHU
WKDQ FRQWURO VDPSOHV WUHDWHG ZLWK DOO DPHQGPHQWV
IURPWKH7DEOH7KH DGGLWLRQRIDPHQGPHQWVKDV
SDVVLYDWLRQHIIHFWRQ&GFRQWDPLQDWHGVRLO:LWKWKH
LQFUHDVH RI WKH SDUWLFOH VL]HV RI ]HROLWH DQG LWV FKL
WRVDQFRPSRVLWHVZHREVHUYHGDGHFUHDVHLQWKH&G
XSWDNHE\%UDVVLFDMXQFHDSRVVLEO\EHFDXVHRIDQ

7$%/(
7KHGU\ZHLJKWHIIHFWRIGLIIHUHQWSDUWLFOHVL]HVDQGGRVDJHDPHQGPHQWV
$PHQGPHQWV
=
=
=
=
=&6
=&6
=&6
=&6

 JSRW
$D
$D
$D
$D
$E
$D
$D
$E

7KHGU\ZHLJKWRILQGLYLGXDO%UDVVLFDMXQFHD J
WKHGU\ZHLJKWRIDERYHJURXQGSDUWV
 JSRW
 JSRW
$D
$D
$D
$D
$D
$D
$D
$D
$E
$D
$D
$D
$D
$D
$E
$D

 JSRW
$D
$D
$D
$D
$D
$D
$D
$D

'LIIHUHQWORZHUFDVHOHWWHUVLQGLFDWHVWDWLFDOO\GLIIHUHQWYDOXHV WKHGU\ZHLJKWHIIHFWRILQGLYLGXDO%UDVVLFDMXQFHD 
ZLWKLQGLIIHUHQWGRVDJHDFFRUGLQJWR)LVKHU/6'WHVW S 'LIIHUHQWXSSHUFDVHOHWWHUVLQGLFDWHVLJQLILFDQWO\
GLIIHUHQWYDOXHV LQWKHVDPHFROXPQ EHWZHHQGLIIHUHQWDPHQGPHQWVDFFRUGLQJWR)LVKHU/6'WHVW S 
7$%/(
7KH&GFRQWHQWRI%UDVVLFDMXQFHDRQWKHVRLOWUHDWHGZLWKGLIIHUHQWSDUWLFOHVL]HVDQGGRVDJHV
DPHQGPHQWV
$PHQGPHQWV
=
=
=
=
=&6
=&6
=&6
=&6

 JSRW
$D
$D
$D
$D
$D
$D
$D
$D

7KH&GFRQWHQW PJNJ
WKH&GFRQWHQWRIDERYHJURXQGSDUWV
J JSRW
J JSRW
$D
$D
$D
$D
$D
$D
$D
$D
$D
$D
$DE
$E
$DE
$EF
$DE
$E

J JSRW
$D
$D
$D
$D
$D
$E
$E
$F

'LIIHUHQWORZHUFDVHOHWWHUVLQGLFDWHVWDWLVWLFDOO\GLIIHUHQWYDOXHV GRVDJHHIIHFW ZLWKLQGLIIHUHQWGRVDJHDFFRUGLQJ
WR)LVKHU/6'WHVW S 'LIIHUHQWXSSHUFDVHOHWWHUVLQGLFDWHVLJQLILFDQWO\GLIIHUHQWYDOXHV LQWKHVDPHFROXPQ 
EHWZHHQGLIIHUHQWSDUWLFOHVL]HVDPHQGPHQWVDFFRUGLQJWR)LVKHU/6'WHVW S 
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LQFUHDVH RIVXUIDFH DUHDDQGFRQVHTXHQWO\DGVRUS
WLRQVLWHVRIWKHDPHQGPHQWVZLWKLQFUHDVLQJSDUWLFOH
VL]H%HVLGHV WKH &GXSWDNH LQWKH WUHDWPHQWV ZLWK
DGGHG]HROLWHFKLWRVDQFRPSRVLWHVZDVORZHUWKDQLQ
WKHWUHDWPHQWVZLWKQDWXUDO]HROLWH7KLVVXJJHVWVWKH
SUHVHQFHRIPRUHDFWLYHVLWHVDQGDV\QHUJ\HIIHFWRI
DGVRUSWLRQZLWKWKHLQWURGXFWLRQRIFKLWRVDQ
,QWHUPVRIDPHQGPHQWGRVDJH&GXSWDNHGH
FUHDVHGZLWKLQFUHDVLQJGRVDJHIURPWRJSHU
SRW:LWKDGRVDJHRIJSHUSRW&GXSWDNHZDV
ORZHVW /RZHVW XSWDNH UDWHV ZHUH IRXQG IRU &6=
 IROORZHG E\ &6= &6= =
&6===DQG=GHFUHDVLQJE\
       DQG
 UHVSHFWLYHO\ ,W PHDQV WKDW WKH HIIHFW RI WKH
IL[HG&GRIWKHDPHQGPHQWIROORZHGE\&6=
&6=&6==&6==
=DQG=7KHSDVVLYDWLRQHIIHFWRIWKH]HR
OLWHFKLWRVDQFRPSRVLWHZDVEHWWHUWKDQWKHHIIHFWRI
QDWXUDO ]HROLWH :LWK LQFUHDVLQJ FKLWRVDQ FRQWHQWV
DOVRLQFUHDVHGUDLVLQJWKHQXPEHUVRIDPLQRDQGK\
GUR[\O IXQFWLRQ JURXSV RQ WKH PDLQ FKDLQ RI FKL
WRVDQ ZKLFKDFWDVFKHODWLRQ VLWHVDQGKDYHD KLJK
DIILQLW\ IRU FDGPLXP LRQV > @ 7KH SULPDU\
PHFKDQLVPVRIPHWDOLPPRELOL]DWLRQE\VRLODPHQG
PHQWV DUH DGVRUSWLRQ FDWLRQH[FKDQJH SUHFLSLWD
WLRQDQGVXUIDFHFRPSOH[DWLRQ>@2IWKHVHFRP
SOH[DWLRQLVWKHPDMRUPRVWVWDEOHDQGLUUHYHUVLEOH
SURFHVV>@
,QRUGHUWRXQGHUVWDQGWKHHIIHFWUHJXODULWLHVRI
&GXSWDNHE\%UDVVLFDMXQFHDWKURXJKDGGLQJGLIIHU
HQW VRLO DPHQGPHQWV WKH UHJUHVVLRQ HTXDWLRQV DQG
WKHFRUUHVSRQGLQJFRUUHODWLRQFXUYHVZHUHILWWHGDQG
DUHVKRZQLQ)LJXUH DPHQGPHQWGRVDJHDVLQGH
SHQGHQWYDULDEOHDQG&GXSWDNHDVGHSHQGHQWYDULD
EOH 
7KH FRUUHODWLRQ FRHIILFLHQW RI VDPSOHV WUHDWHG
ZLWKFKLWRVDQZDVKLJKHU 5! WKDQWKDWLQVDP
SOHVZLWKRXWFKLWRVDQ7KHUHODWLRQVKLSEHWZHHQ&G
XSWDNHDQGWKHDGGLWLRQRIGLIIHUHQWDPHQGPHQWVIRO
ORZHGDUHYHUVH³SDUDEROD´W\SHIXQFWLRQ )LJXUH 
:LWK DQ DPHQGPHQW GRVDJH RI  SHU SRW &G
XSWDNH RI %UDVVLFD MXQFHD ZDV ORZHVW 7KLV VXJ
JHVWHGWKDWDPHQGPHQWVKDYHEHWWHUUHPHG\FDSDFLW\
WR &GFRQWDPLQDWHG VRLO +HQFH  J SHU SRW

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

DPHQGPHQWVFDQEHXVHGIRUSUHOLPLQDU\GRVDJHWR
UHSDLU&GSROOXWHGVRLO7RVXPXSWKHGRVDJHRIYDU
LRXVDPHQGPHQWWUHDWHGZLWK&GSROOXWHGVRLOLVDS
SURSULDWH IRU JSRW7KH DPHQGPHQW FDQ UH
GXFHE\WKH&GXSWDNHE\%UDVVLFDMXQFHDDW
OHDVW,QWKLVFDVH=&6KDVZHOOSRWHQWLDOIRUUHGXF
LQJ&GXSWDNHE\%UDVVLFDMXQFHD
(IIHFWVRISDUWLFOHVL]HDQGDPHQGPHQWGRV
DJHRQWKHELRDYDLODEOH&GFRQWHQW$FFRUGLQJWR
WKH $129$ UHVXOWV 7DEOH   SDUWLFOH VL]H DQG
DPHQGPHQWGRVDJHVLJQLILFDQWO\LPSDFWHGWKHELRD
YDLODEOH&G:LWKLQFUHDVLQJSDUWLFOHVL]HDQGGRVDJH
WKHELRDYDLODEOH&GVLJQLILFDQWO\GHFUHDVHG$QGWKH
ELRDYDLODEOH &G FRQWHQW RI VRLO DPHQGHG ZLWK FKL
WRVDQZDVORZHUWKDQWKDWRIVRLOZLWKRXWWKHDGGLWLRQ
RI FKLWRVDQ :LWK WKH SDUWLFOH VL]HV RI &6=
&6= &6= &6= &6 &6
&6DQG&6DQGGRVDJHVRI
JSRWUHVSHFWLYHO\VRLOEL
RDYDLODEOH &G FRQWHQW GHFUHDVHG E\  
     DQG  UH
VSHFWLYHO\ FRPSDUHG WR WKH FRQWURO 7KHVH UHVXOWV
VXJJHVWWKDWWKHLQWURGXFWLRQRIFKLWRVDQHIIHFWLYHO\
LQKLELWV&GLQFRQWDPLQDWHGVRLOV
&21&/86,21
,QWKLVVWXG\ZHLQYHVWLJDWHGWKHLQKLELWRU\HI
IHFW RI ]HROLWH DQG LWV FKLWRVDQ FRPSRVLWHV RQ &G
FRQWDPLQDWHGVRLOVE\HYDOXDWLQJ VRLOS+ %UDVVLFD
MXQFHDGU\ZHLJKWDQG&GFRQWHQWDQGELRDYDLODEOH
VRLO&G2XUUHVXOWVVKRZWKDWXVLQJFKLWRVDQLQ&G
UHPRYDOPLJKWEHDYLDEOHDOWHUQDWLYH,QWUHDWPHQWV
ZLWKDGGHGFKLWRVDQWKHLQKLELWRU\HIIHFWRQ&GZDV
VLJQLILFDQWO\KLJKHUFRPSDUHGZLWKWUHDWPHQWVXVLQJ
RQO\]HROLWH
$OWKRXJK DOO DPHQGPHQWV ZHUH DONDOLQH VRLO
S+GLGQRWFKDQJHFRQVLGHUDEO\GXHWRWKHLQWULQVLF
S+EXIIHURIWKHVRLO%UDVVLFDMXQFHDGU\ZHLJKWLQ
FUHDVHG ZLWKLQFUHDVLQJSDUWLFOHVL]H RIWKH ]HROLWH
FKLWRVDQFRPSRVLWHVKRZHYHU]HROLWHDORQHGLGKDYH

7$%/(
7KHFRQWHQWVRIELRDYDLODEOH&GFRQWHQWLQWKHVRLOWUHDWHGZLWKGLIIHUHQWDPHQGPHQWV
$PHQGPHQWV
=
=
=
=
=&6
=&6
=&6
=&6

&.
$D
$D
$D
$D
$D
$D
$D
$D

7KHELRDYDLODEOH&GFRQWHQW PJNJ
J
J
$E
$EF
$%&E
$E
$%&'E
%&F
$%E
&'E
%&'E
$%E
&'E
&'E
'(E
'E
(E
'EF
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Aiming at the strong uncertainty and experiential feature of acoustical environment design of the
lecture hall, there are quite a few interference factors
for the traditional acoustic indicator in the measurement and analysis of sound environment. This paper
proposes an improved acoustic index analysis based
on the rotational diffusion model and MLS pulse integral algorithm, and through comparative experiments, it proves that this method has a higher correct
rate in the detection of acoustic indexes. In order to
further verify the reliability of the improved algorithm and its guidance to the acoustic environmental
design, this paper chooses a university’s auditorium
lecture hall as the object of sound environment design. In the shape design, reverberation time control,
sound absorption measurement, computer-aided
sound field predication and analysis of the measured
acoustic effects, the improved acoustic index analysis method is applied. Then, this paper compares the
prediction results in the design of sound environment
and the measurement results in the actual use of the
hall, and comparison results show that the improved
acoustic index analysis method proposed in this paper is feasible, and has strong practicability. Compared with the traditional method, the improved
method can enhance the accuracy of analysis and
prediction, which has strong practical significance.



many factors, it is more difficult to develop the design plan of the acoustic environment of lecture halls,
which makes the acoustic design have strong uncertainty and empirical features [3]. So far, lecture halls’
sound environment design has been divided into theoretical guidance and practical measurement.
Through the theory guidance, the original version is
designed, and then in the process of practice, by
measuring the acoustic environment indexes, the design scheme can be continuously improved and optimized [4]. Theoretical guidance in the first version
of the design plays the leading role, and reliable theoretical guidance can determine the formation of the
program, the subsequent construction and the final
actual results. Theoretical guidance usually includes
design of the building’s sound field and acoustic index analysis which complement each other. First, it
is the theoretical design of the sound field, and then
through the experimental method, the acoustic index
is analyzed [5]. Therefore, the sound field prediction
and theoretical calculation in engineering design are
of major significance, which can influence the building acoustic environment design greatly [6]. In the
current situation, the architectural sound field design
and the analysis of acoustic indexes are separated
and the analysis method of acoustic indexes is influenced by many factors, so the analysis effect is poor,
and the index’s support to the design of sound field
is not enough.
Based on this, this paper explores and discusses
the theories in the design stage from the traditional
method of the absorption coefficient and the absorption structure in detail, and proposes an improved
acoustic index analysis method. This method constructs the rotational diffusion model to substitute
the traditional static model, and uses the Maximum
length sequence (MLS) pulse integral algorithm to
replace the traditional interrupt sound source algorithm. Through the comparative test, this paper verifies the feasibility and effectiveness of the improved
acoustic index analysis method. In the subsequent
simulation design, through the sound environment
simulation of the lecture hall of a university, it uses
the improved method for theoretical analysis and respectively constructs architectural sound field design
and acoustic analysis. Then, in the actual use of the

(&!"
Acoustic index analysis, architectural acoustic environment design, reverberation time control, sound absorption
measurement, computer-aided acoustic prediction.
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The sound environment design of lecture halls
is one of the hot topics in architectural acoustics [1].
Generally, auditorium lecture halls cover a relatively
large and are complex internally. Coupled with the
impact of construction and other factors, there is
great difference between the design goal and the actual effect of the hall [2]. Under the influence of

2922

$#

! %    





!"  ! 


hall, various indicators are measured and the measurement results are compared with the simulation design results at the beginning. The results’ comparison can reflect the architectural acoustic design situation and the accuracy of the analysis results obtained through the improved acoustic index analysis
method.


' !#

58:7>.- *,7=;<2, 26-.@ *6*4A;2; 5.<17-
Prediction and calculation of acoustic indexes are the
core contents of the architectural acoustic engineering design process. Therefore, the detection accuracy of acoustic indexes is very important, because
the error of the traditional calculation method is
common in engineering practice and often subject to
the complex factors of the actual environment of
buildings, which makes the detection more difficult.
So, in the sound environment simulation and research of complex scenes such as lecture halls, using
the improved acoustic index analysis method can enhance the prediction accuracy and efficiency of
acoustic indexes, so as to enhance the sound environment simulation’s accuracy and robustness,
which has practical guidance significance for the
simulation of acoustic environment. The acoustic index analysis and improvement are mainly in the selection of sound field absorption coefficient and the
measurement of acoustic structure indexes. In this
paper, the two important indexes are analyzed theoretically and experimentally, so as to achieve an improved acoustic index analysis method.

η=

1




σ

∑α
 =1

(1)


Among them,

σ  is the standard deviation be-

tween the  -th sound source and the N-th combined
measurement of the sensor, while

α  is the average

value of the N-th combined measurement value. For
the sake of simplicity, the spatial bias of the measured values of the sound absorption coefficient is:

μ=

σ
α

(2)

Among them, σ is the standard deviation be-

tween M sound sources and the sum of the N combined measurements of the sensor, while α is the
average value of the sum of the N combined measurements. In the design and construction of the

acoustic environment, η and μ are the two main
parameters influencing the sound absorption coefficient. Therefore, the acoustic coefficient should not
be selected by checking the existing experiential
value directly, but should through practical and strict
measurement on site, in order to promote the accuracy and robustness of large-scale building’s sound
field design.

58:7>.-*,7=;<2,26-.@*6*4A;2;5.<17-In
the measurement of acoustic structure, sound absorption coefficient is one of the most critical indicators. The sound absorption coefficient measurement usually has the reverberation chamber method
and the standing wave tube method [8]. In the two
kinds of methods, the reverberation room method is
less influenced by environmental factors. In contrast,
due to the vertical incidence of the standing wave
tube method into the sound absorption coefficient,
this method has higher demands on the environment
and is usually affected by environmental factors.
Therefore, in the index measurement of acoustic
structure, the reverberation chamber method is used
for the measurement of incidence absorption coefficients without rules. According to the indoor acoustic characteristics, the amount of low frequency
sound section with poor sound wavelengths in indoor normal mode is relatively small; the measurement of the reverberation time is influenced by the
uneven sound field which leads to poor uniformity
of measurement results, and there is a measurement
deviation in space. In addition, since the random signal used in the measurement cannot generate a stable
stimulation for all modes within the frequency band,
this will lead to different test results of each mode
under the excitation state, resulting in repeated measurement errors finally. To sum up, by reducing the
sound unevenness factors and increasing random
signals’ stability, the measuring accuracy of the reverberation chamber can be improved. In this paper,
to reduce uneven factors of the sound field, a rotational diffusion model is introduced, and the MLS

#:*-2<276*4*,7=;<2,26-.@*6*4A;2;5.<17-
In order to control the acoustic effect of the large
building, reasonable design and configuration of the
sound absorption structure is one of the most important means. In the sound absorption structure,
sound absorption coefficient is the fundamental basis of measurement and calculation in the sound prediction process. In the sound absorption structure design using traditional methods, sound absorption coefficient usually adopts empirical data and is obtained through the query of operation manual or data.
In fact, empirical data has its specific architectural
environment situation, so simply by drawing on the
sound absorption coefficient will bring greater errors.
Even with the same kind of acoustic material, due to
the difference in the production materials, process,
and installation of the architectural design and
changes in environmental factors, there will have a
relatively large difference. Suppose that there are j
independent sound sources in the acoustic environment and each source and sensor go through the
combined measurement for N times, the repeated deviation of the sound absorption coefficient is shown
in the following formula [7]:
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pulse integral algorithm is applied to enhance the stability of random signals.
(1) Rotational diffusion model [9]: in the calculation and prediction of each frequency band’s reverberation time of the large-scale construction’s halls
using the traditional Sabine formula, the fixed diffusion model is often used. However, the rotational diffusion model has obvious advantages in increasing
the reverberation room’s diffusion degree. The
model can carry out confusion processing on the
boundary conditions in the interior sound field from
temporal and spatial aspects, so as to destroy the stability of the standing wave of the sound field boundary. This characteristic of the rotational diffusion
model can fully inspire more modes.
For studying the spatial deviation and repeated
deviation of the rotational diffusion model on the reverberation chamber measurement, this paper conducts deviation test through practical experiments.
There are 2 sound sources in the reverberation chamber of the experiment, which are located in the two
opposite walls of the reverberation chamber respectively; 6 test sensors are evenly distributed in the
three-dimensional space of the reverberation chamber, and there are 18 independent measurement decay curves in space. Table 1 shows the specific coordinate value of the sound source’s location and the
actual test sensor.
In the experiment, the measurements under two
conditions, including the diffusion model stillness
and the diffusion model rotation, are conducted respectively in the reverberation chamber. The iterative results of the repeated deviation and spatial deviation of the sound absorption coefficient measurement are shown in Figure 1.
The experimental results show that the use of
the rotational diffusion model has little effect on the
measurement of repeated deviation, and significantly improves the space deviation. In addition, at
the time that the sound field is in the low frequency
band, the influence reaches the maximum. In fact,
this is because the number of modes in the room with
low frequency is relatively small, which leads to a
larger reverberation time deviation in different
measuring points. The rotational diffusion model by
disrupting the standing wave modal distribution can
solve the problem of the small number of models in
low frequency, so as to enhance the measurement accuracy of sound absorption coefficient in both low
and high frequency range.
(2) MLS pulse integration algorithm [10]: in
the traditional algorithm, the interrupt sound source
method uses broadband noise as the excitation signal,
while the difference of modal stability leads to different excited states of measurement modes at each
time, making the repeated error accumulate gradually. If MLS pulse integration algorithm is adopted,
it can improve the instability of the modal excitation

state. This algorithm is a periodic pseudo-random
excitation signal, which can be generated by the
longest linear feedback’s shift register. The frequency of this excitation signal is relatively flat,
which can be used for system response analysis. In
order to compare the differences and similarities of
the interrupt sound source method and MLS pulse
integral algorithm, this paper measures the sound absorption coefficient in the reverberation chamber using the two algorithms respectively. The iterative results of the repeated deviation and the spatial deviation are given in Figure 2.
The experimental results show that the MLS
pulse integral algorithm can obtain a very small repeat deviation, so it can play a key role in the improvement of repeated deviations of measurement.
Instead, in the spatial deviation, the two algorithms
have quite similar results. According to the above
model and the comparative experiments of the improved model, it can be seen that in the measurement
process within the reverberation chamber, using rotational diffusion model and MLS pulse integral algorithm can improve the spatial deviation and repeated deviation. In the simulation of the actual lecture hall sound environment, the acoustic analysis
index using the two schemes can enhance the accuracy of acoustic prediction results.
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,7=;<2, .6>2:765.6< ;25=4*<276 7/ 4.,<=:.
1*44;For the simulation research of the acoustic environment in lecture halls using the improved acoustic index analysis, this paper chooses a university’s
lecture all as the object of analysis. Through the application of the improved acoustic index analysis,
this paper conducts shape design, reverberation time
control and sound absorption measurement, computer-aided sound field prediction and the measured
acoustic effect analysis for the simulation design.
"1*8.-.;2067/*:,12<.,<=:*4*,7=;<2,.6>2
:765.6<The lecture hall’s construction area is usually over 50 thousand square meters, with a volume
of more than 2.5 cubic meters, so it belongs to an
over-large object in the architectural acoustic environment design [11]. In fact, because the lecture hall
is usually used for holding meetings, presenting
shows and other application scenarios, its acoustic
design is very difficult. Figure 3 gives the floor plan
of the lecture hall.
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Coordinate (m)
x
y
z

Measuring
point 1
1.2
3.0
1.5

Measuring
point 2
1.1
6.0
1.4

*

Measuring
point 3
1.4
1.1
3.7

Measuring
point 4
4.8
3.5
1.7

Measuring
point 5
4.6
2.0
3.2

Measuring
point 6
3.0
1.4
1.8

Sound
source a
5.8
7.2
0

!.8.*<.--.>2*<2767/<1.<?7-2//=;27657-.4;

+"8*<2*4-.>2*<2767/<1.<?7-2//=;27657-.4;
$! 
<.:*<2>.:.;=4<7/<1.:.8.*<.--.>2*<276*6-;8*<2*4-.>2*<2767/<?7326-;7/57-.4;
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The design principles of the lecture hall include:
make full use of direct sound and provide enough
loudness for the audience; make the audience get
enough loudness and early unilateral reflection
sound field through the sound reflection control.
This kind of sound reflection mode can provide a
more realistic sense of space [12]; achieve the suitable evenness degree of sound field through appropriate diffusion treatment; and finally avoid the body
conformation with bad sound defects in the design
process. In the lecture hall, the proscenium arch is
designed to be in a large horn shape extending to the
auditorium. The side wall should be divided into a
plurality of arc-shaped reflective surfaces whose tilt
angles should increase from top to bottom. The hornshaped stage and the side wall’s reflective surfaces
can provide more early lateral reflection sound field
to the front seats, lifting the sound quality of the front
zone of the lecture hall. The ceiling is divided into a
flat plate and seven arc-shaped plates from front to
back, and the arc-shaped plates with different angles
are used to evenly reflect the sound from different
angles to the audience. The final flat plate of the ceiling should decline in overall and its tilt angle should
be reduced to reflect the sound to the back wall, so
as to avoid the interference of multiple sound reflections on the front row. The surface of the arc-shaped
railings in the hall goes through diffusion treatment,
in order to avoid the defects produced by sound focusing. The railing’s inclination degree is generally
designed to be 12 degrees to supplement the early
sound reflection in the central area.

!.>.:+.:*<276 <25. ,76<:74 *6- ;7=6- *+
;7:8<2765.*;=:.5.6<In general, the lecture hall
is used for holding meetings and presenting shows.
Its reverberant sound field range is generally in the
intermediate frequency with an interval of [500Hz,
1000Hz], while the reverberation time is usually 1.2
seconds, and the whole frequency curve of the reverberation time is relatively stable. The lecture hall has
a large space, which brings many interference factors
on the prediction of sound field in the design stage.
According to the estimation of Yilin formula, it can

be seen that the absorption quantity of the university’s lecture hall is 3792 square meters. Since the
absorption quantity demand is high, it is needed to
use a large area of sound-absorbing materials and
structures to complete the sound-absorbing design.
In the architectural acoustic environment design, the
key of the reverberation time control lies in frequency characteristics, and because the frequency
characteristic of the hall is relatively flat, different
sound absorption structures should be designed to
deal with the quantity of sound absorption in a variety of frequencies. In general, the venue of the lecture hall type uses porous sound absorption materials,
including centrifugal sound absorption glass wool
and cotton felt. For the sound absorption quantity adjustment of individual frequency bands, it is realized
through special calculation and design of resonate
sound absorption structure of different perforation
rates and cavities. By filling the cavities with soundabsorbing cottons, the sound absorption frequency
band and coefficient can be enlarged [13].
For the wall in the outer side of the stage and
the side wall, arc-shaped reflection plate must be designed, in order to complete the sound absorption
control through the perforated resonance sound absorption structure of arched reflection plates. Due to
continuous changes in the perforated sound absorption board’s back cavity of the arc structure of the
reflection plates, the structure can increase the expansion of the sound absorption frequency range.
The design of the side wall and the back wall of the
auditorium uses different percentages of perforation
and concave-convex, interlaced slot resonance as the
sound absorption structure.
The stage area’s quality requirement is relatively high: regard clarity as the standard; need to reduce the feedback pressure generated in the echo inhibition process of the sound amplifying system. The
absorption on the stage generally adopts polyester fiber sound-absorbing panel and glass wool board
covered by the steel screen to form the strong absorption design. In the design stage for the orchestra,
the wall facing the stage uses slot resonance as the
sound-absorbing material in order to control the reverberation time. For the wall facing the audience
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area, considering the acoustic field’s echo, the absorption processing cannot be conducted, in order to
provide necessary sound radiation for the seating
area [14]. In this structure, the concave-convex part
uses different perforation rates and the perforation
resonance sound absorption material structure. The
sound absorbing material on the ceiling is the new
material GRG with a light weight and high strength.
Due to the reverberation time control’s certain requirements on the absorption quantity, in the acoustic diffusion, there should also be appropriate sound
absorption processing on the ceiling. The seven arcshaped plates on the ceiling adopt the diffusion design, and the perforation rate of the last four plates is
16%, and the back cavity changes continuously. The
last plate is designed with GRG material with a perforation rate of 8.4%.
After the completion of the reverberation time
control and sound absorption material and structure
design, it is needed to conduct sound absorption
measurement in the reverberation chamber in which
all acoustic materials and structures in the lecture
should be measured actually. The measurement uses
the improved acoustic index analysis based on the
rotational diffusion model and the MLS pulse integral algorithm to enhance the accuracy of the measurement process. To ensure the robustness of measurement, this paper adopts the average value of the
results of the 100 measurements as the final measurement result.

sponding sound prediction results can reach the excellent standard. From the accumulation curve of
STI, it can be seen that the STI index of more than
75% of the sound field designed in this paper belongs to "excellent", and the minimum value of the
whole region is 0.575.

$! 
57-.4260:.;=4<;7/<1.4.,<=:.1*447/*
=62>.:;2<A
From computer-aided sound prediction results,
it can be seen that the sound field designed in this
paper has no obvious defects in acoustic indicators;
the frequency characteristics of various points of the
reverberation time can reach the expected design
range; and the sound field’s uneven effect is relatively good. The statistical results of STI indexes are
good, and the indexes predicated reflect the excellent
sound quality in the audience hall. Predication results of the main frequency band of acoustic reflection show that reflected sound has the outstanding
effect in the front row, but the effect in the rear seats
is slightly lacking. In addition, through modeling
analysis by ODEON, it shows that the defects such
as a bad sense of echo do not appear in the overall
model.

.*;=:.- *,7=;<2,.//.,< *6*4A;2; After the
completion of construction, it is also needed to base
on whether the characteristics of the reverberation
time of the middle-term measurement and evaluation
reaches the expected objective to determine whether
to adjust the design scheme. In the middle-term
measurement, for the reverberation time characteristic measurement, 8 main measurement points are selected, and 2 measurement points in the second floor
seating area are chosen. Through test, the average reverberation time curve is shown in Figure 6 (a). In
order to test the uniformity, altogether 39 test points
are selected, including the 2nd, 11th, 16th and 21st
row of the auditorium and the 4th and 9th row of
seats in the second floor. Test results are given in Table 2. In addition to the sound field test, 5 monitoring
points are selected to test the background noise, and
the test results are given in Figure 6 (b).

758=<.:*2-.- ;7=6- /2.4- 8:.-2,<276 In
the primary stage of the architectural sound field design, through the Yilin formula, the absorption quantity of each frequency band is estimated [15]. It is
also needed to conduct computer-aided sound field
prediction on the design scheme through the visual
sound source method and the sound ray tracing
method [16]. Computer-aided prediction of sound
field usually uses the ODEON7.0 software designed
by the Technical University of Denmark. In the prediction of sound field, firstly, modeling software is
used to carry out the 3D modeling of the university’s
lecture hall in real ratio. Figure 4 gives the 3D modeling results. After modeling, the sound-absorbing
material data actually measured in the reverberation
chamber is substituted into the model for sound field
analysis. In the analysis, the three-dimensional
spherical wave reflection is simulated, and this reflection method is even and relatively rich. In the
predication, the average reverberation time and
speech transmission index STI are calculated, and
Figure 5 gives the cumulative distribution of the two
parameters respectively. The predication result
shows that the frequency characteristic of average
reverberation time is straight, which can basically
meet the acoustic design purpose. From the relationship between the STI standard provided by ODEON
and subjective impression, when STI>0.6, the corre-
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From the mid-term test report, it can be seen
that the high frequency part of the reverberation time
curve is stable, while the low frequency part has
some improvement, which can effectively guarantee
the sound field’s clarity and fullness. The reverberation time of 500Hz and 1000Hz reaches the expected
design value of 1.2s, and the reverberation time can
be controlled in a certain range. The uniformity of
the first floor’s seats is no more than 3.5dB, while
that of the second floor’s seats is no more than 4.2dB,
so the whole uniformity of the audience seats is relatively good; the sound field design performs relatively well in size and reflection control; and the



background noise test also reaches the expected requirements. The actual listening test on site shows
that there are no obvious defects like echo, trembling
voice and sound focusing in the lecture hall as a
whole. From theoretical guidance and actual measurement results, it is found that the acoustic design
project of the lecture hall of a university in this paper
achieves the desired purpose, and the proposed improved acoustic index analysis method has good effectiveness and practical application ability in the accuracy of sound prediction, which can enhance the
architectural acoustic prediction’s robustness and
practicality.
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Center
frequency

The 2 row
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1k Hz
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1.1 dB
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There is a strong uncertainty and empirical feature in the sound environment design of lecture halls,
and usually it is affected by many factors, resulting
in the continuous optimization and updating of
sound environmental design plans in the using process, consuming a lot of manpower and material resources. This paper from the theory research firstly
analyzes the problems of the traditional acoustic index analysis method, including low accuracy and insufficient robustness, and puts forward a kind of improved acoustic index analysis method based on the
rotational diffusion model and MLS pulse integral
algorithm. The experimental result shows that this
method can improve the accuracy and robustness in
architectural acoustics prediction and measurement.
Then, choosing a university’s lecture hall as the research object, this paper conducts its body type design, reverberation time control and sound absorption measurement, computer-aided acoustic field
prediction and the measured acoustic effect analysis.
This thesis adopts the improved acoustic index analysis algorithm for the prediction of sound field, and
compares the predication results with the mid-term
actual results of the sound field. Compared with the
actual results, the prediction results of sound field indicate that the proposed algorithm has a relatively
strong feasibility and high accuracy. In the design
and simulation of acoustic field in the future, more
factors should be taken into account to build a more
comprehensive sound environment design suitable
for lecture halls.
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Tea plants are usually grown in areas susceptible to landslides and most of the tea plantations are
transformed from forestlands in Turkey. There are
interrelations between soil properties and landslide
occurrence. Soil characteristics are effective on the
formation of landslides in combination with other
factors while landslides significantly affect important soil properties such as organic matter and
bulk density. This study was carried out in 15 landslides occurred in tea ( ""s) plantations
area in the Gundogdu region. Soil samples were
taken from tea plantation and forest area that adjacent of landslides. Different soil depths (0-20 cm and
20-50 cm) and soil properties, clay type and soil loss
quantities were investigated under the same slope
and slope length conditions. As a result, significant
negative changes have been determined in soil characteristics such as organic matter, pH, bulk density,
saturated hydraulic conductivity and saturation
(<0.05). This is the fact especially where the forest
areas were converted into tea fields in over time. The
same negative situation was also determined in average soil loss amounts (<0.001). Annual average
soil loss was determined 85.73 t/ha/yr in areas with
tea plantations, whereas this value was found to be
18.41 t/ha/yr in the forested areas. The common clay
type in the field was determined as kaolinite and the
soil texture was classified as sandy to sandy loam.



use can also affect landslide formations and soil
characteristics and soil loss in the unit area [3].
In general, there is a bilateral relationship between landslide formations and soil properties. The
factor "", which is determined by the soil properties
and which is a component of the soil loss equations,
is considered as a parameter that affects the erodibility of the soil [4] and is a factor triggering the landslide. Atterberg limits (including clay content and
type), liquid limit (LL), plasticity index (PI) [5], spatial distribution of soil properties [6] and soil engineering properties [7-8] have considerable influence
in the formation of shallow landslide. The role of soil
properties on landslide formation can be observed
more clearly by means of structures such as road
constructions [9]. In addition, landslide formation
significantly affects the physical, chemical and biochemical quality parameters of soil [10-11-12]) and
soil loss in the unit area [13]. More importantly,
landslides are among the most important events that
limit plant development by destroying the soil in
terms of plant nutrients [10].
When land use and landslide interrelation are
examined, the conversion of forest areas to agricultural lands is at the top of the risk factors effecting
the landslides and soil loss. Geometrical changes of
landslides have been investigated with photogrammetric techniques in Rize province, where also this
research has been conducted, between 1973 and
2002, and it has been reported that landslides are increasing because of converting forest areas to the tea
fields [14]. Changes in land use between 1994 and
2009 in Messina (Italy) were examined using digitized aerial photographs and it was found that with
the decrease in forest areas and the increase in rangelands, agriculture areas and residential areas is increasing the landslide risk [15]. Likewise, these effects can occur over the many years or even for a
short period of only 10 years [16]. It is stated that
80% of the landslide risk factor can be explained by
using cellular methods using GIS methods [17]. Climate factors mainly the rainfall play an important
role in the formation and characterization of landslides [18]. For this reason, there are devastating
landslides in the Americas, the North Atlantic Basin,
the Taiwan island, and Japan [19].

)(!#$
""", $"$# ", Landslide, Soil Loss,
ABAG



 %#!&%! 
Landslides are natural disasters that cause loss
of life and property caused by natural conditions and
anthropogenic effects [1] Geographical structure,
geometric change, surface and ground water, temperature changes, earthquakes and vibrations and
plant cover are the main natural factors affecting the
landscape, while the land use plays an important role
among the artificial factors [2]. Inappropriate land
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Factors affecting the landslide were compared
with factor analysis [20], and as a result, lithology,
slope and vegetation were reported as the main factors affecting the landslide. The occurrence characteristic of the landscapes is considered as an important factor determining the damage grade [21].
Several useful models based on hydrology, topography, geology and soil characteristics have been developed to determine the general occurrence risk of
landslides [22].
When the areas where the tea plantations located are evaluated in terms of the risk of landslide,
social, economic and ecological conditions are
among the basic parameters affecting the landslide.
Tea is one of the most consumed beverages [23] and
the growing world population is increasing the need
for tea production [24]. Geo-ecological problems are
increasing as the socio-economic situation of the local people living in the rural area is improved with
tea production. Even in areas where the world's best
tea (qualitative and quantitative) is produced, it has
been necessary to conversion of forest areas to tea
field [25]. Because, the natural forest areas easily
meet the conditions of the ecological environment of
the tea species [26]. It is known that the root structure of the trees increases slope stability by hydrological and mechanical effects [27]. For this reason,
conversion of the deforestation areas into weak
rooted tea plantations triggers the formation of landslides. According to FAO [24], tea production in the
world in the last 10 years is dramatically increasing
and China, India, Kenya, Sri Lanka and Turkey are
among the top 5 tea producing countries. Tea production areas in these countries should be evaluated
in terms of landslide risk.
Most of the landslides in Turkey (64.33%) occur in the autumn when the precipitation is intense

[28] and the landslides are in the first place with 45%
share in natural disaster order. The Rize region is the
first in the order of landslide events [29]. In Gundogdu (Rize) 2010, 13 people lost their lives. This
study was carried out in Gundogdu (Rize) region,
which is among the landslide susceptible regions due
to topographic, geological, vegetative and climatic
conditions. In 15 landslide areas within the tea plantations (  """) which was transformed
from forest areas and in adjacent forested areas. Under the same slope and slope length conditions, the
soil characteristics and soil loss quantities were examined.

%#$ %!$

$<=-@ *:.* The study area is placed in the
Eastern Black Sea Region of Turkey in the Gundogdu, Rize (41° 02′ 48′′ 40° - 36′ 32′′ ) (Figure
1). Study area is approximately 5 km far away from
center of the Rize province (Fig. 1). The study area
is topographically very rugged and has high slope
gradient. Because of the high slope gradients, the
streams are flowing fast (concentration times are
short). In recent years, many hydroelectric power
plants have been built on these rivers. The forests
that cover the valley slopes form a belt parallel to the
sea. Gundogdu, which is placed in the eastern border
of the central district, was built on a flat and scattered
plain. Slope gradient is somewhere around 50-60%.
In the Black Sea Region, mountains are generally
parallel to the coast (east - west direction), but there
are also north, south and east and west slopes in Gundogdu.

&# 
$<=-@*:.**6-;*584.8726<;
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According to the climate data of the last 88
years, the average annual temperature is 14.3ºC and
the annual total precipitation is 2304 mm. Most of
rainfall occurs in autumn and according to Walter et
al. [30] climate diagram, there is no water shortage
in this region throughout to year (Figure 2). In addition, the study area is classified as "%!($" according to Aydeniz climate classification, "&#" according to DeMartonne and " %!($" according to Thornthwaite method [31].
In the study area, many landslides were occur
ranging from past to present. However, by the year
2010 on August one of the most severe landslides
occurred and 13 people death due to heavy rainfall
(approximately 166 mm/m2) which lasted for 6 hours
continuously in Gundogdu town and neighboring
villages. In this area where the landslides are seen
intensively, approximately 48 ha of tea and forest
land was selected as the study area. 15 landslide areas (Figure 1) and 15 forest areas adjacent to each
landslide area (Figure 3) were investigated in this

study area. In general, landslides with shallow heel
characteristics have an average slope of 50% and an
average length of 60 meters. Altitude is varying between 15m - 228m asl. and the main aspect extends
from the North to the Northwest. In the study area,
andesitic and basaltic lava, tuff, breccia and
anglomeras are seen as main rocks. Below the main
rock is an impermeable kaolinite clay layer. The soil
in tea and woodland areas has a sandy and sandy
loam texture. This creates sensitive conditions from
the geologic point of view. All of the tea fields have
been converted from the forest area in the past (5060 years ago) in this region. In the forest area, dominant native species is alder and rarely distributed
oriental beech, Anatolian chestnut, lime and hornbeam. In the understory, there is exist Rhododendron
genus with grass and a single annual plant like
fragaria and lichens.
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*<* ,744.,<276 $724 $*584260 Soil profiles
were opened, and soil samples were taken from the
tea fields and the adjacent forest areas where the
landslides happened. In the opened profiles, samples
were taken from two depth levels. Topsoil samples
were taken from 0-20 cm and subsoil samples were
taken from 20-50 cm samples. A total of 60 soil samples from two soil depth were collected (30 from forests and 30 from tea fields). 
The soil properties such as surface stoniness
(%), slope gradient (%), aggregate class etc. are determined separately at each sampling point [32]. Permeability and the other hydro-physical soil properties are described according to Saxton et al. [33], the
soil texture was determined by the Bouyoucos [34]
hydrometer method and the organic matter content
by the Walkley-Black, wet oxidation method [35].
To determine the liquid limit and plastic index in
both tea plantation and forest area and the structure
of clay minerals were determined according to
ASTM [36] standards developed by Casagrande
[37].

T-Test (Student’s t-test) for normally distributed values and by Mann-Whitney U-test for nonparametric
values and results are expressed as means ± SE
(Standard error). Pearson's correlation coefficient
was searched to examine the relation between normally distributed analyzed and measured soil variables. Spearman’s correlation coefficient was used for
non-normal distributed values. Statistical significance was defined as  was <0.05 and <0.01 and
<0.001.
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The result of the conversion of forest land to tea
plantations in the study area, the amount of soil loss
in the unit area increased about 4.5 times over 50-60
years (Figure 4). The soil loss amounts in the forest
area was determined as 18.41 t/ha/yr, which was
85.73 t/ha/yr in tea plantations (Table 1). Compared
with a study in an Indian region [40] where similar
rainfall amounts are measured, the amount of soil
loss in forest areas is in the moderate erosion class
while the amount of soil loss in the tea plantation areas is in the high erosion class. In another study, the
amount of annual soil loss was reported as 100-200
t/ha/year in a tea plantation with less than 40% coverage [41]. In Sri Lanka, Abeygunawardena and Samarakoon [42] estimated the soil loss amounts in a
tea plantation about 43 t/ha/yr according to USLE.
Hewawasam [43] reported that the soil loss amount
in a weakly managed seedling tea plantation could
be up to 52 t/ha/yr, and in a degraded forest area 25
t/ha/yr.
Under normal conditions, it is expected that the
most erosion will be in agriculture area compared to
pasture and forest area due to land use type [44].
However, sometimes land and soil conditions can affect the expected amount of soil erosion in the opposite direction. In a study using the 
model,
the highest soil loss amounts were found in the forest
area (14.05 t/ha/yr), then in the pasture area (11.02
t/ha/yr) and at least in the agricultural area (10.61
t/ha/yr) [3].
Moreover, in this study “” factor one of the
main component of soil loss equation was not significantly changed (Table 1) according to land use
groups. And also,   and  factor were used as
the same value in both forest and tea plantation area.
Already this region is located in sensitive areas in
terms of landslides due to high precipitation and
slope gradient. But “C” was the main factor that affected the soil loss amounts if soil loss amounts compared depend on land use type. Overall, in this study
it was determined that there is a very important relationship between soil loss and organic matter, bulk
density (Fig. 5). The studies carried out support this
knowledge [44-45-46-47]. The other measured correlation relations are given in Table 2.

$7247;;":.-2,<260?2<1<1.440.
5.26.7-.6+<:*0;4.2,1=60In this study, to
estimate of soil loss, ABAG is the international version (where the values are turned in to metric system
and adapted to the European conditions) of the simulation model USLE (Universal Soil Loss Equation)
was used based on Schwertmann et al. [38] model.
This model is used at a global level to determine soil
loss by erosion.
 ''' '
(1)
where A is the average annual soil loss (t/ha per
year),  the soil erodibility factor,  the rainfall erosivity factor,  slope and slope length factor, the
cover management factor and  is the supporting
practice factor. Climate erosivity is represented by R
and can be estimated from the rainfall intensity and
amounts data which were taken from Dogan and
Gucer [39]. The soil erodibility monograph has been
used to predict the K value [38].
In soil loss equation,  (plant closure factor;
forest:0.01, tea plantation:0.05)(protection measure, for forest and tea: 1.0)R (precipitation coefficient; for forest and tea: 400) and (slope and slope
length factor; for forest and tea: 21.63) values are
fixed at all points under the same land use condition.
However, the “” factor have different values at all
points. The main slope () was accepted as 50% and
the slope length () as 60 meters
$<*<2;<2,*45.<17-; Analyzed soil properties
and soil loss quantities at the tea plantation and forest
area were tested using the SPSS program (version
23.0 software package, Institute Inc., Chicago, IL,
USA, 2016). Soil loss and other soil properties were
compared one another depend on land use type (tea
plantation and forest area) by Independent Samples
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Sand %
Silt %
Clay %
Organic Matter %
pH (H2O)
Field Capacity (FC) %
Wilting Point (WP) %
Saturation %
Available Water Holding Capacity (AWHC) mm/cm
Saturated Hydraulic Conductivity (SHC, cm/hr)
Bulk Density (gr/cm3)
K Factor
Soil loss (A, t/ha/year)

7:.;<
74.57±1.22
14.57±1.30
10.57±0.78
5.67±0.45
5.31±0.11
20.88±0.90
12.16±1.20
50.8±1.80
0.98±0.06
7.53±0.58
1.29±0.03
0.213±0.005
18.41±0.48
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73.33±1.65
13.00±1.26
13.67±1.43
3.09±0.27
4.86±0.12
20.37±1.24
10.63±0.89
46.19±0.73
0.97±0.08
4.93±0.55
1.45±0.02
0.198±0.009
85.73±3.68
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** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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change the bio-physical diversity in the unit area. In
their study, Donnini et al. [51] reported that landslides significantly increase the road network and
restoration costs.
Soil properties and especially soil texture is
shown as one of the main factors affecting landslide
and soil loss [52-5]. Although sandy soils have good
drainage and water drainage conditions [53], encountering a clay layer such as kaolinite and illite
near the surface can cause to slip and collapse on the
ground [54]. Similarly, in our study area, it is easier
to mass move the soil due to the impermeable kaolinite clay layer just above the main rock. Studies
have shown that high clay content increases the landslide with factors such as precipitation and slope

Landslides significantly affect the physical,
chemical and biochemical properties of the soil), together with causing significant loss of life and property [48-12]. In the study area, organic matter, pH
and bulk density, which are important soil quality indicators, were significantly affected because of the
conversion of natural forest areas to the tea plantations (approximately within a half century period)
(Table 1 and Fig. 6). Abad et al. [49] reports that
physical-chemical properties such as the amount of
organic matter, pH and bulk density are significantly
affected by land use change (agriculture, forest,
rangeland) Cheng et al. [10] have reported in their
work that landslides are changes the pH and organic
carbon values significantly. Also, Ollauri and
Mickovski [50] reported that shallow landslides
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quality is regulated, precipitation-flow relationship
is regulated, and stream flow regime is regulated by
reducing soil loss caused by water erosion [61].
However, the risk of landslide is also reduced. For
this reason, forests are used as the most effective
means to control soil and water erosion [62-63]. The
roots of the trees in the forests mechanically increase
the slope stability [27] and in the other hand, interception reduces the surface flow [64-65]. The trees
in the environment reduce transpiration by absorbing
the soil water and contribute to the balance conditions with the root structure [61]. Tree species are
also reported to be effective on slope stability [66].
Early warning systems can also be a guide for estimating potential landslide areas. Tofani et al. [67]
developed an early warning system ( ) using an
appropriate modeling system for shallow landslides.

[55], and this appears to be manifest especially in
shallow landslides [56].
Determination of ##!!#" provides important information about the clay content of the soil,
the potential for water retention and the sensitivity of
the soil to the landslide. The average liquid limit in
tea plantations in our study area was 50.55% and the
plastic index was 18.55% (n=2). In the forested area,
the liquid limit was 54.95% and plastic index was
20.25% (n = 2). Mugagga et al. [57] reported in their
study that the liquid limit values changed between
47-53.5% and the plastic index values varied between 23.8-33%, which affected the landslide susceptibility. Many useful models based on hydrology,
topography, geology and soil characteristics have
been developed to determine the risk of landslides
[22]. However, when considering the global socioeconomic situation of tea plants [23]. It is clear that
models should be developed that take into account
socio-economic facts. Because of the increase in demand for tea, new production areas are needed [25].
This causes natural vegetation like forests to be destroyed and the land to become more susceptible to
natural disasters such as landslides.
Tea production in the world and in Turkey continues to increase with each passing year [24]. However, tea production areas are increasing, forest areas
are decreasing, and landslide risk is increasing in regions where tea production is concentrated [14]. This
creates a landslide risk due to land use. In Turkey, 13
494 landslides and 2 956 rock fallings have been recorded in the last 50 years. Only the total number of
people affected by these two types of natural disasters is 78 767 [29]. Shallow landslides are reported
to be triggered by short-term heavy rainfall [58].
This type of precipitation is frequently encountered
in our study area. These precipitation, along with
slope and soil characteristics, are among the main
factors affecting landslide formation. The infiltration
of surface waters into the soil by uncontrolled flow
through the slope causes the pressure of the ground
water to increase [59]. For this reason, excessive
rainfall should be collected in certain channels to
prevent infiltration into the soil. Through these channels it must be passed to the surface flow and removed from the area in a controlled manner. This
situation is great importance in terms of slope stability where area is sensitive to landslide. For this reason, excessive rainfall should be collected in certain
channels to prevent infiltration into the soil. Through
these channels it must be passed to the surface flow
and removed from the area in a controlled manner.
This situation is of great importance in terms of slope
stability in landslide risk areas.
The destruction of natural forests and their conversion into different forms of land use is one of the
most important factors that cause soil structure deterioration and it makes to increase shallow landslides
[60]. Along with the forests, the formation, distribution and circulation of the water are modified; water

! &$! $
In this study, soil amounts and some important
soil parameters were significantly affected owing to
conversion of natural forest cover to tea plantation
overtime in Eastern Black Sea region with high rainfall. It has been determined that the most important
soil loss equation component affecting landslides in
the unit area was C factor. Therefore, in areas with
suitable ecological conditions for tea cultivation, appropriate protective measures must be taken to protect the ecological balance and reduce the risk of
landslides. The risk of landslide can be reduced by
developing excess water discharging systems to reduce the damage of rainfall which is the most important factor that triggers the landscape. For this
reason, the positive contribution of the forest trees to
the slope stability in the tea cultivation areas should
be exploited by using species such as alder, beech,
chestnut, hornbeam and linden which are the native
species of the region. However, areas damaged by
landslides should be remedied as soon as possible. In
these areas, topsoil should be improved by adjusting
 (Carbon/Nitrogen) ratios first [13]. Later, deeprooted vegetation can be used. In addition, early
warning systems should be developed with high accuracy to prevent human deaths and other hazardous
conditions.
 !( %$
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Penn
State
Extension.
http://extension.psu.edu/plants/green-industry/landscaping/culture/the-role-of-trees-and-forests-inhealthy-watersheds.
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pressed in colony forming units per cubic meter of
air. In the environment spores of molds may become airborne and are therefore ubiquitous. They
can enter indoor areas either by passive ventilation
or by ventilation systems. The relative humidity
and/or the moisture content of the materials determine that to what extent different micro-organisms
are able to grow on indoor or outdoor materials [1].
Infections by molds are very rare, but persons with
an immunodeficiency are especially susceptible to
fungal infections. In addition, food stuffs, house
plants and flower pots, house dust, pets and their
bedding, textiles, carpets, wood material and furniture stuffing, occasionally release spores of '%
!%, &#%(&, "'%,'&, "&#"%( , !
( , "#(%"#&&into the air. To systematically
evaluate the relationship between airborne fungi
and adverse health effects, the fungal concentrations, types and their relative frequencies in both
indoor and outdoor air need to be known [2].
Air-borne fungi and pollen grains are well
known in the etiology of respiratory allergic diseases such as asthma and allergic rhinitis. Fungi are
one of the most important components of bioaerosols. Fungi can cause public health hazards. Exposure to fungi has been reported to cause irritations,
infections, allergies and toxic effects [3]. Sources of
microbes in air include: soil, water, plant vegetation
and their remains, animals and humans. The concentration of airborne spores of fungi varies according to geographical areas, vegetations, landscape,
land usage, latitude, time of the day, season of the
year, condition of the surrounding areas (e.g. parks,
gardens, etc.) and climatic conditions (e.g. temperature, humidity) [4, 5]. Temperature had a positive
effect on total fungal concentration [6]. O’Gorman
and Fuller (2008) [7] found positive correlations
between relative humidity with !( and
&#%(& species. However, "&#"%(  spore
concentration increased as relative humidity decreased [8]. Reyes et al. (2009) [9] found positive
correlations between relative humidity with
"&#"%( and '%!%. Changes in wind
speed significantly affected spore concentration
especially when other climatic factors were optimal
[10]. '%!% and "&#"%( species are considered clinically the causative allergenic agents for
most patients [11]. '%!% '%!' is consid-

This is a qualitative and quantitative study of
the culturable airborne fungi at different districts of
the fast growing Riyadh city. Airborne fungi were
surveyed in outdoor environment using portable
personal volumetric air sampler.One cubic meter of
air was sampled from 12 sampling points at each
district. A total of 552 air samples were collected
from 46 districts in Riyadh city and analyzed. After
incubation and identification, concentrations of
airborne fungi were calculated as CFU/m3. A total
of 2735 colony forming unit (CFU) were isolated
which belong to 102 fungal species representing 35
genera. The most common genus was &#%(&
that collected from all studied sites and represented
by 19 species. "&#"%( and
% were
frequent genera, while !( , '%!%,
"( , """(&, -"#(&, " ,
&, ''%&& and (&%( were common genera.
Fungal communities recorded from the 46 districts
were classified into three distinct groups: (1) Districts with less than 20 CFU/m3. These districts are
newly established urban suburbs that are with new
buildings, wide clean streets and with low populations. (2) Districts ranged between 128 and 157
CFU/m3. These districts represent the old Riyadh
city. These districts are very crowded with narrow
streets and low levels of hygiene and housing. &
#%(& !% dominated the fungal communities
at these districts. (3) Districts ranged between 20
and 100 CFU/m3. These districts are intermediate in
size, age, population density and standard of livings. "&#"%( , &#%(& )(&, . !%,
and
% dominated the fungal communities
at those districts.

&%!"
Anamorphic fungi, Microbiology of outdoor air, Middle
East, Molds, Tropical fungi.
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Air sampling of microorganisms is a popular
method of conducting microbial examinations.
These results can be related to a concentration ex-
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ered to be one of the most important aeroallergens
in the United States [12] and Europe [13].
Presence of several airborne fungi in the air is
associated with risk to human health because they
are either pathogenic or can cause sensitivities due
to prolonged exposure [14]. In particular, &#%
(& !(  "&#"%(  '%!% and
others are responsible for many human health problems such as irritations, allergies, asthma, respiratory tract disorders and toxicosis [15-17]. Fungal
spores may enter human body directly via inhalation of contaminated dust particles or indirectly via
ingestion of contaminated foods and water. Many
responses such as irritation, allergies, vomiting,
diarrhea, hemorrhage, convulsions and sometimes
death could attribute to exposure to fungal spores or
their metabolites [18]. Nearly 10% of people
worldwide have fungal allergy [19]. Distributions
of fungal spores over any given region can be helpful in identifying associations between fungal sensitivity and clinical prevention of seasonal allergic
diseases [20]. The current study aims to give an
overview of airborne fungi and their concentrations
in Riyadh city. This study represents the first study
that covers the whole city with representatives from
old districts with busy districts to newly established
suburbs with a low population density.

One cubic meter of air was sampled in 12 sampling
points in each district at 1.5 m from the ground using portable air sampler (SAS (Surfair Air System)
Hi VAC, Bioscience International PBI, Via Novara,
8920153 Milano). A total of 552 air samples were
collected from the 46 districts from April to June
2010. 
Samples were collected using the air sampler
sucked air through the orifice at the top and impinged successively onto Petri plates containing 15
ml of potato dextrose agar (PDA). After exposure,
the Petri plates were incubated for 3–5 days at
28±2°C for proper growth of fungal colonies to
render identification. Only few fungal colonies may
require more than 6 days for growth and maturation. Obtained fungal colonies were sub-cultured to
new PDA plates, incubated for a further period at
27±1°C, and then purified. Identification of fungi
was carried out by Assiut University Mycological
Centre (AUMC). Similarity between fungal communities recorded from the 46 districts was compared using hierarchical cluster analyses, IBM
SPSS version 19 software package (SPSS Inc., Chicago).


!"$#"


#!"#"

"/7+ *+6)5/47/32 Riyadh is the capital and
largest city of Saudi Arabia. Its urban area covers
2435 square kilometers with a population of more
than five million peoples. Riyadh city is one of the
world’s fastest growing cities, and its population
has risen steadily with a yearly rate at 4.2% during
the period 1990 to 2004 (Riyadh Development Authority, Riyadh city population estimates 2004).
Riyadh is a busy city with about 6 million traffic
trips daily. The elevation of the city 606 m. It consists mainly of old commercial buildings known as
the heart of the city. 
The weather in Riyadh is hot and dry. Temperatures in the summer, which lasts from May to
September, normally range between 35°C and 45°C
during day time. Winters are mild with cold, windy
nights. The overall climate is arid, but the city receives a fair amount of rain in March and April. It
is also known to have many dust storms. The dust is
often so thick that visibility is less than 10 m. The
flat, sandy Arabian Desert covers most of Riyadh.

300+)7/32 3, 6'140+6 ,82-'0 /630'7/32 '2*
67'7/67/)'0'2'0<6+6Forty-six districts were chosen
randomly in Riyadh city. These districts represent:
(1) The busy down town with high population, very
busy streets and low levels of hygiene and housing
and (2) Newly established suburbs with new buildings, wide clean streets and with low populations.

A total of 2735 colonies forming unit (CFU)
were isolated from 552 air samples collected from
46 random sites over Riyadh city (Table 1). Isolated
fungi belong to 102 fungal taxa representing 35
genera (Table 2). The most common genus was
&#%(& that collected from all studied sites and
represented by 19 species. "&#"%(
and
% were frequent genera, while !
( , '%!%, "( , """(&, -"
#(&, " ,&, ''%&& and (&%( were
common genera (Table 3, Figure 1). &#%(&
species and their teleomorphs generally dominated
old districts of the city with high population density
and with busy streets. Of which, &#%(& !%
generally dominated old crowded districts with low
levels of hygiene and housing. Dematiaceous hyphomycetes and their teleomorphs (i.e. '%!%,
"""(& and %&%), " ,& and
!( generally dominated the newly established urban suburbs that are with new buildings,
wide clean streets and with low population density.
The genus "&#"%( , &#%(&)(&and
!% dominated the medium size districts with average population density and busy streets (Figure
1).
Three sites with more than 128 CFU/m3 were
recorded namely: Al-Aziziyyah, Al-Manfuha and
Al-Mansuriyah with 157, 152 and 128 CFU/m3
respectively. The three sites are located in the heart
of the Riyadh city and it is called the old Riyadh
city. These three districts are with high population
density, with busy narrow streets and low levels of
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hygiene. While less than 20 CFU/m3 were recorded
Hierarchical clustering analysis based on simifrom five sites namely: Al-Narjis, Al-Yasmin, Aslarity between fungal communities at the 46 disSuwaidi, Al-Urayja (West) and Dharat Laban.
tricts using IBM-SPSS v19 have produced five
These five districts are newly established urban
groups (Figure 2). These groups are briefly exsuburbs that are with new buildings, wide clean
plained in the following paragraphs:
streets and with low populations. The other 36 districts were with intermediate CFU (Table 2).

#
#.+,357<6/;678*/+**/675/)76/2!/<'*.)/7<
District name
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.

Al-Janadria
Al-Thomamah
Al-Hamra
King Abdullah
King Abdulaziz
Al-Rabwah
Al-Andalus
Al-Manar
Al-Naseem (East)
Al-Nahdhah
Al-Narjis
Al-Yasmin
Al-Rabie
Al-Falah
Al-Taawun
Al-Masif
Al-Mursalat
King Fahd
Al-Muhammadiyya
Al-Nakheel
King Saud University
Al-Khuzama
Al-Rahmaniyya
Al-Raid
Umm Al-Hamam (West)
Al-Sulaymaniyyah
Al-Takhassusi
Al-Olayya
Umm Al-Hamam (East)
Al-Ma'athar
Al-Sharafiyah
Al-Nasriyyah
Al Badiyah
As-Suwaidi
Al-Shifa
Al-Urayja (West)
Hijrat Laban
Dharat Laban
Dubbat
Al-Wazarat
Al-Murabba
Al-Dirah
Al-Manfuha
Al-Mansuriyah
Al-'Aziziyyah
Al-Khaldiyah

CFU/m3
55
44
60
35
40
50
58
45
49
44
12
18
41
41
75
56
56
70
42
52
41
65
75
48
46
91
101
59
75
98
51
57
45
19
24
6
27
16
81
99
95
70
152
128
157
66

Total species
per site
12
14
10
7
9
11
11
10
12
14
12
12
11
13
14
15
13
22
13
11
10
16
13
10
16
11
16
11
7
17
12
22
15
6
11
5
12
5
10
18
14
15
22
17
21
17
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The most common fungus
"&#"%( &#%"&#% ( 
"&#"%( "&#"%"&
"&#"%( &#%"&#% ( 
&#%(&!%
&#%(&)(&
%!(!&
"&#"%( &#%"&#% ( 
&#%(&)(&
&#%(&)(&
&#%(&!%
" ,&sp.
&#%(&)(&
'%!%'%!'
"&#"%( "&#"%"&
&#%(&!%
&#%(&)(&
"&#"%( "&#"%"&
%!(!&
'%!%'%!'
%!(!&
&#%(&)(&
&#%(&)(&
&#%(&!%
"""(&&#%
&#%(&!%
&#%(&)(&
"&#"%( &#%"&#% ( 
&#%(&!%
%!(!&
&#%(&!%
&#%(&(&'(&
&#%(&)(&
&#%(&!%
&#%(&!%
%!(!&
"( %'%( 
'%!%'%!'
%$(%!'
"&#"%( "&#"%"&
&#%(&!%
&#%(&)(&
"&#"%( "&#"%"&
&#%(&!%
&#%(&!%
&#%(&!%
"&#"%( &#%"&#% ( 

%$

" &   









 " #!"!


# 
82-/5+)35*+*,531387*335'/5/2!/<'*./7<


3
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

!+)35*+*
82-/
% "!( %"&"( 
% "!( &'%'( 
%"#"#"%(&&#"%
'%!%'%!'
'%!% ,"&#"%
'%!%sp.
%'%!( #"&#% ( 
&#%(&,#'(&
&#%(&&#%&!&
&#%(&!(&
&#%(&)'")(&
&#%(&)'(&
&#%(&'(&
&#%(&)#&
&#%(&)(&
)(& var. "( !%&
&#%(&( '(&
( '(& var. #'(&
&#%(&!%
&#%(&"%(&
&#%(&#%&'(&
&#%(& sp.
&#%(&&,"*
&#%(&'%%(&
&#%(&(&'(&
&#%(&)%&""%
%! (&
"&#"%( "&#"%"&
"&#"%( "&#"%( 
"&#"%( %%( 
"&#"%( &#%"&#% ( 
"""(&(&'%!&&
"""(&(!'(&
"""(&&#%
"%,!"&(&&#"!( 
(%)(%#&!&
Dark sterile mycellium
%&%(&'%!&&
%&%&#''
%'%"'
%!(!&
%$(%!'
%%(("&
%sp.
%)%""%
(&%(  ,"&#"%( 
(&%( "+,&#"%( 
(&%( & (!( 
(&%( &%#
(&%( & ''( 
(&%( &"!


33,
"
2
2
1
24
4
12
1
1
5
4
1
1
4
1
38
3
16
1
45
16
2
1
13
3
11
2
1
26
2
5
15
11
9
18
1
1
5
5
4
3
37
10
1
1
4
2
1
1
2
2
1

+'23,

1.77
1.38
0.49
16.22
1.06
7.4
0.22
0.36
3.03
2.96
0.35
0.16
1.71
0.38
51.82
1.3
6.66
0.10
76.92
6.84
1.10
0.85
8.75
1.09
7.42
0.50
0.36
34.08
0.77
2.55
28.61
5.89
3.04
8.81
0.41
1.26
4.26
3.45
1.5
1.01
39.98
7.53
0.25
1.54
1.04
1.01
0.24
0.14
1.34
0.51
0.81

No. of P.S. = Number of positive sites


3
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.

!+)35*+*
82-/
(&%( &(&
(&%( '%!'( 
(&%( )%'"&
"!'""'%,( #('( 
( "sp.
#'"&#%"!"'%( 
"(&"(  !%
%"&#"%"%,-
" ,&%!!&&
" ,&%&")%&
" ,&!(&
" ,&sp.
" ,&)%"'
#(&#"% %&
!( (%!'"%&( 
!( %)" #'(
!( %,&"!(
!( '%!(
!( "%,"#(
!( %(&'"&(
!( %&"()(
!( %$(
!( !'!(
!( )(
!(  !"('(
!( "%""%"!
!( "+(
!( sp. 1
!( sp. 2
!( sp. 3
!( &#!("&(
" (#,%!
"  '
'" ,&&%
( %,!&!&
!"$(&#%&
-"#(&sp.
"#(%"#&&%)(&
"#(%"#&&%"!%
,'(  '( 
'"&#%%%"&'%'
',"'%,&%'%( 
',"'%,&% "&
' #,( "'%,"&( 
,!#&'%( % "&( 
%" ,&sp.
%"% #&("&#% ( 
"( '%( 
"( "'%,'&
"( %'%( 
"( "!&"%'


33,
"
1
1
1
2
1
6
9
3
2
1
1
2
8
4
7
1
21
3
5
1
1
1
1
1
1
4
3
2
1
7
1
2
1
3
2
1
20
1
2
1
1
2
1
2
3
7
5
18
9
9
6

+'23,

0.12
1.46
0.24
0.57
0.41
1.36
5.83
1.17
0.25
0.10
0.33
1.31
4.12
1.27
2.03
0.13
15.95
1.42
2.78
0.20
1.25
0.71
0.16
0.60
0.06
2.57
1.32
0.54
0.55
2.08
0.65
0.77
0.11
0.70
0.51
0.55
13.59
0.51
0.74
0.59
0.29
0.72
0.33
0.35
1.06
4.23
2.29
6.83
2.9
7.43
3.84

Mean of F. % = Mean of Frequency %

5384  These 10 districts are newly established urban suburbs with low population density.
CFU/m3 recorded from these districts was less than
50. The most common fungi recorded from these
districts were '%!%, &#%(&, """
(&, %&%,
%, " ,&, and
!( .

5384  These 12 districts are medium in
size, age and population density. CFU/m3 recorded

from these districts ranged between 35 and 70. The
most common fungi recorded were &#%(& 
)(&, . !%and
%. 

5384 These 7 districts are medium in size,
age and population density. CFU/m3 recorded from
these districts ranged between 44 and 70. The genus
"&#"%( dominated the fungal communities at
these 7 districts. 
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# 
+2+5'5+)35*+**85/2-7.+45+6+27678*<
Genus
&#%(&
"&#"%( 
%
!( 
'%!%
"( 
"""(&
-"#(&
" ,&
"(&"( 
(%( 
Dark sterile mycelium
%"% 
%&%
',"'%,&
% "!( 
#'"&#%
%"&#"%
#(&#"%
" 
"#(%"#&&
,'( 
%"#"#"%
%!
"!'""'%,( 
'" ,&
!"
' #,( 
,!#&'%( 
%" ,&
%'%!( 
"%,!"&(&
( "
( %
'"&#%
"""(&
(%)(%

No of collections
1044
413
283
193
151
91
90
64
55
48
32
21
20
17
19
16
8
10
9
7
7
5
4
4
3
4
3
3
4
3
2
2
2
2
2
1
1

%
38.2
15.1
10.3
7
5.5
3.3
3.2
2.3
2
1.7
1.2
0.8
0.7
0.6
0.6
0.5
0.3
0.3
0.3
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.07
0.07
0.07
0.07
0.07
0.03
0.03




$!
'43,!/<'*.)/7<6.3:/2-7.+ 678*/+**/675/)76'032-:/7.7.+2'1+3,7.+1367)31132,82-86'7
+').*/675/)7
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$! 
+2*3-5'1-+2+5'7+*,531*/67'2)+)0867+5'2'0<6+6('6+*326/1/0'5/7<(+7:++2,82-'0)31182/7/+6'7
7.+ 678*/+**/675/)76/2!/<'*.)/7<86/2-" ""9


5384  These 14 districts are highly populated with busy streets and with low levels of hygiene. CFU/m3 recorded from those districts ranged
between 51 and 101. The most common genera
recorded at these districts were &#%(&,
"&#"%( ,and
% 

5384  These three districts represent the
old Riyadh city. These districts are very crowded
with narrow streets and low levels of hygiene and
housing. CFU/m3 recorded from these districts
ranged between 128 and 157. &#%(& !%
dominated the fungal communities at the three districts.
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This study showed that districts with high
population density and busy streets and with low
living standard of life have higher airborne fungal
counts than those in newly established districts with
low population density, new buildings and less busy
streets.Yassin and Almougatea (2010) [21] studied
the airborne fungi in Kuwait and found similar results, where higher counts of fungal spores were
detected as the level of hygiene or standard of housing dropped. Recorded airborne fungal counts in the
present study are generally lower than those reported from different parts of the world. Kawasaki et al.
(2010) [22] recorded higher counts of fungi in railway stations in Tokyo, Japan. They recorded fungal
counts ranged between 20 and 795 CFU/m3 in the
above ground sites. Shelton et al. (2002) [23] studied airborne fungi in buildings and outdoor environments across the United States. They recorded a
mean of 930 CFU/m3 from outdoor air samples.
The lower counts of airborne fungi recorded from
outdoor air of Riyadh city might be because: (1)
desert weather of the city with low humidity. (2)
low density of population in general.
&#%(& )(&, . !%, "&#"%(
and
%dominated the outdoor air in Riyadh
city. These results are in harmony with previous
studies. Al-Suwaine et al. (1999) [24] studied the
airborne fungi of the outdoor air at two sites in Riyadh city. They found higher spore concentration in
Al-Batha site (highly populated site) than Al-Ulia
site (low populated site). "&#"%( dominated
the fungal community of the two studied site at that
time. "&#"%( was the most frequent genus in
outdoor and indoor air of Kuwait, Jordan and the
United States [2, 21, 23]. &#%(&was the most
common genus during the present study and represented by 19 species. Of which several species have
the ability to produce mycotoxins, e.g. . )(&
produced B1, G1 and G2 aflatoxins [25]. &#%
(& and !(  fungi were abundant genera in
both outdoor and indoor conditions [26]. Congestion and accumulation of moldable organic materials in the garbage of big cities could results in accumulative of fungal spores in the air.
The current study revealed the existence of a
rich population of airborne fungi in the outdoor air
of Riyadh city which varied in quantity of fungal
spore count and species composition from district
to district within the city. However, it must be considered that the culture methods used revealed only
a portion of the airborne microorganisms because
some fungi cannot grow at all in culture media due
to competition with other fungi or other factors [2].
Future studies should include molecular methods in
order to determine non-culturable fungi present in
the air.



Airborne fungi counts in outdoor air of Riyadh
city ranged between 6 and 150 CFU/m3 and this
generally lower than those recorded from other
parts of the world e.g. Japan and the United States
of America. Higher counts of culturable airborne
fungal spores (between 128 and 150 CFU/m3) were
recorded from highly populated districts of Riyadh
city and dominated by &#%(& !%. Newly
established districts with low populations and high
standards of life have low airborne fungal spore
counts (less than 20 CFU/m3) and dominated by
dematiaceous
hyphomycetes
other
than
"&#"%( , e.g. '%!%, """(& and
%&%


%#"
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known as catalysts and adsorbents [6]. They are used
as catalysts in sterilization and as water purifying adsorbent in chemical engineering [7, 8, 9], in developing self-cleaning surfaces [6] and in solar energy
cells [10], in cosmetics, paints, food additives and
construction materials and in production materials
that are used for air, soil and water decontamination
[11, 12, 13]. TiO2 and ZnO NPs have a feature of
large UV spectrum attenuation. For this reason, it is
used in applications like protecting human skin
against UV radiation in sunrays [14]. Exhibiting various properties doped zinc oxide also has varieties
with different morphology. ZnO has many applications to TiO2 [15]. To add to zinc, TiO2 is selected
because it becomes stable over time and has thermal
cycling properties, shortly because it exhibits excellent moisture sensing properties [16, 17]. In composite materials, the formation of interface regions
changes the electronic states. However, in the case
of an integrated nanocomposite (NCM), a shape of
the organization and pattern of each component and
is determined the physicochemical properties and
performance of this NCM [18]. The zinc oxide±titanium dioxide nanocomposite materials [(ZnOTiO2)NCM] is used to ensure a more effective charge
isolation, extending the life of charge carriers and
developing interfacial charge transfer [19]. With
these usage areas, they can have unexpected effects
on living organisms and in the environment [20].
The metal oxide nanoparticles in the form of produced and household waste end up in natural water
[21] and the relations of the NPs with the aquatic organisms are less known [22]. With this study conducted on algal cells which are the bioindicator organisms of the aquatic environment, a contribution
will be provided to the understanding of this relationship. Because of the algae constitute the basis of the
food chain, any change in their density, biomass and
population affect the whole food chain [3]. In aquatic
environments, green algal cells constitute the main
source of the necessary biomass that is necessary for
animals in high ecologic trophic level. Because of
the bioaccumulation of metallic contaminators and
flame retardants, the algal cells are used as the bioindicator species for aquatic ecosystem health [23,
24, 25]. In addition, the reactions of the algae against
toxic chemicals are various [26]. As measuring the

ABSTRACT
Chodatodesmus mucranulatus, which is green
algae with a single cell, has been used in order to determine the toxicity and characterization of the
(ZnO-TiO2)NCM. The algal cells were exposed to
(ZnO-TiO2)NCM for 72 hours in order to evaluate the
photosynthetic activity, bioaccumulation and reactive oxygen species (ROS). The chlorophyll (Chl) an
amount increased generally in the control group and
treated groups depending on the exposure concentration and varying-time. The Chl b amount showed a
constant increase with all treated groups of the (ZnOTiO2)NCM depending on the exposure time-varying.
The amount of carotenoid in the groups exposed to
(ZnO-TiO2)NCM was considerably reduced and could
not be calculated. There are very important differences between the treated groups and control groups
in (ZnO-TiO2)NCM in 72 hours exposure of Chodatodesmus mucranulatus in terms of ROS activity
(p<0.01). There is a difference at an important level
between treated groups of Zn particles and Ti particles (P<0.01).

KEYWORDS:
(ZnO-TiO2)NCM, nanocomposite, acute toxicity, bioaccumulation, algal cells, oxidative stress.

INTRODUCTION
Nanoparticles (NPs) represent a new class of
important materials. NPs are commercially produced
and nanotechnology market is expected to reach
hundreds of billions of dollars by 2025 [1]. In one of
these nanoparticle groups, there are the metal and
metal oxide NPs. Metal and metal oxide NPs constitute a large deal of the growing nanotechnology market and are made from silver, gold, copper, nickel,
cobalt zinc and titanium [2]. Metal oxide NPs are
used in purifying water, medicine, cosmetics and engineering and in similar large areas [3]. ZnO NPs are
initial materials for electronic applications, transparent UV protective films and chemical sensors [4]. In
addition, they are also used as UV filters in solar protectors [5]. Titanium dioxide (TiO2) NPs are the
most frequently-used group of nanomaterials that are
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6.8] commonly used for growing blue-green algae in
flasks. This medium contains only trace amounts of
metal ions and allows rich growth.
The cells were grown in sterile shake flasks
containing 100 ml of BG-11 [28]. The cultures were
grown under the cool white fluorescent light intensity of 3000 lux at 25 °C, in 12 h±12 h light±dark
cycle and were incubated for 15±20 days in an incubator which is suitable for photosynthesis (Figure
2a). With the obtained algae later on species, identification was realized by using morphological and
molecular methods. After an intensive culturing of
green algae, the DNA isolations were performed by
using a DNA isolation Kit (Qiagen). Genomic DNA
was stored at ±20 °C prior to being used as template
in polymerase chain reaction (PCR). Internal transcribed spacer sequence (ITS) was used for molecular phylogenetic analyses of green algae. For the amplification of ITS gene, the universal primer set
(ITS1, 5'- TCCGTAGGTGAACCTGCGG-3'; ITS4,
5'-TCCTCCGCTTATTGATATGC-3') was used as
described by Hanen et al. [29]. For all amplifications, 25 ȝ/ PCR mixtures were prepared as follows:
template DNA 1 ȝ/ 0.3 ȝ/ of Taq polymerase
(Promega, Go-Taq Flexi DNA polymerase), 1 ȝ/
dNTP mix (Amresco), 2.5 ȝ/ PCR buffer (Promega,
Go-Taq Green Buffer), 1 ȝ/ of each primer in final
concentration, and 18.2 ȝ/ ddH2O. The PCR products were electrophoresed on 1 % agarose gel prepared in 1X Tris-acetate-EDTA (TAE) buffer. Amplification of genomic DNA was performed with 35
PCR cycles; for the nested amplifications, 15 to 20
cycles were used. Prior to amplification, the DNA
was denatured for 2 min at 95°C; after amplification,
an extension step for 10 min at 72 °C was included.
Cycling parameters were 95°C for 30 s, 55 °C for 30
s, and 72 °C for 1 min. After a successful PCR, the
products were sent to a company (Refgen, Ankara,
Turkey) where sequencing service was purchased.
Then, the chromatograms were carefully examined
if there were any mistakes due to the software and
the final sequence reads were generated. The final
gene sequences were used to find any similarity between our sequences and sequences from the databases using the Basic Local Alignment Search Tool
(BLAST) (http://www.ncbi.nlm.nih.gov/BLAST).
18s rRNA gene sequence belongs to the Chlorophyta, purchased from REFREGEN (METUTeknokent), were set through the use of the BLAST
(http://www.ncbi.nlm.nih.gov/BLAST)
analysis,
and through the use of MEGA 5.1 Bootstrap test of
phylogeny (neigboorjoining) program, the phylogenetic tree has been formed.

pigments in algal cells is easy, they are used frequently in measuring the stress levels [27].
In this study, Chodatodesmus mucranulatus,
which is single-cell green algae, has been used in order to determine the toxicity and characterization of
the (ZnO-TiO2)NCM. The algal cells were exposed to
(ZnO-TiO2)NCM for 72 hours in order to evaluate
photosynthetic activity, amounts of bioaccumulation
and formation of reactive oxygen species (ROS). In
addition, with the reduction of the (ZnO-TiO2)NCM to
nanosize, the comparison of the reply of the algae
cells to toxicity and bioaccumulation became possible.

MATERIALS AND METHODS
Preparing of (ZnO-TiO2)NCM. (ZnOTiO2)NCM were used in toxicology experiments. TiO2
(titanium dioxide) (%99.0 pure) was obtained in
pure anatase from Sigma-Aldrich, Germany (ZnOTiO2)NCM composites were synthesized in the chemistry laboratory of Karadeniz Technical University
Faculty of Science.
ZnO was loaded into the TiO2 photocatalyst
with a 1% ratio. 10 g TiO2 catalyst and 10 ml water
were mixed to have a slurry. 0.3355 g ZnO was
added to the slurry and was calcinated at 400 oC for
6 hours. Then it was cooled in a desiccator and stored
in a closed dark bottle (Table 1).
Characterization of (ZnO-TiO2)NCM suspensions. For SEM analysis, the (ZnO-TiO2)NCM
stock solution was prepared at a concentration of 10
mL-1 with ultra-pure water. Test solutions were prepared by diluting this concentration. The surface of
(ZnO-TiO2)NCM was observed with SEM (JEOL
JSM 5600 LV). To view the particle surface was examined plating with gold and drying after the solution was diluted by 1000 ppb (Figure 1).
Algal cultures medium. The test organism
Chodatodesmus mucranulatus was collected from
freshwater (from Apa Dam Lake in Konya, Turkey),
isolated and pure culture was grown according to the
procedure given by Rippka [28], on BG-11 medium
[NaNO3, 15; K2HPO4, 0.4; MgSO4. 7H2O, 0.75;
CaCl2. 2H2O, 0.36; citric acid, 0.06; iron (III) ammonium citrate, 0.06; Na2-EDTA, 0.01; Na2CO3, 0.2
g/L, 1 ml; trace elements solution, (H3BO3, 61;
MnSO4. H2O, 169; ZnSO4 .7H2O, 287; CuSO4.
5H2O, 2.5; (NH4)6Mo7O24. 4H2O, 12.5 mg/L) pH:

Catalysts
TiO2
(%1) ZnO-TiO2
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TABLE 1
Loading the catalyst particle size calculated by the Bragg equation.
FWHM ȕ
Radyan (R)
2-Theta
D (particle size, nm)
o
-3
0.197
3.43x10
25.580
44.01
0.180o
3.14x10-3
25.253
45.2
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FIGURE 1
Scanning electron microscopy of (ZnO-TiO2)NCM

method of [31]. In brief, 2 ml algae cultures were
centrifuged at 2000 rpm speed, then the supernatant
was discarded and the samples were added 80% (v/v)
acetone and placed at 4°C during 24h. According to
the following formulas, light absorption values of
supernatant were measured with spectro photometer
(Hach-Lange brand DR 2800) at 663, 646 and 470
nm [32].
Chlorophyll a (Chl a) =12.21A663-2.81A646,
Chlorophyll b (Chl b) =20.13A646-5.03A663
Carotenoids =(1000A470-3.27 Chl a-104 Chl
b)/229

(ZnO-TiO2)NCM treating method. Previous
studies have provided information on the choice of
bioassays. However, there is a deficiency on integrating toxicity data between different tools and
models [30].
In this study, the test method was modified and
applied. Stock solutions of the (ZnO-TiO2)NCM were
prepared with dispersions in deionized water. Afterwards, this solution, after having been vortexed for
20 seconds, was sonicated with ultra-sonic water
bath (Bandelin, sonorex, Berlin, Germany) for 40
minutes in order to increase the dispersion of the
stock solutions of (ZnO-TiO2)NCM and to allow for
their maximum dispersion in water. Following all of
these stages, the test concentrations determined
through preliminary studies were prepared by being
diluted from the stock solution. The test solutions
prepared were put within a more experimental media
called BG-11 medium.
In order to perform the study for exposure to
Chodatodesmus mucranulatus (ZnO-TiO2)NCM 90
ml of BG-11 medium containing about the cell number 106 and 10 ml of the test, the solutions were
added into a 200 ml of conical flask. The exposure
studies were performed in an orbital shaker to avoid
the formation of aggregation at the motionless environment of NPs and to provide the desired constant
heat and natural conditions of the algae. The speed
of the shaker was set in the way that the cells would
be unharmed and that it would prevent the formation
aggregation of the particle (85 rpm). The experimental conditions were set for 25 °C, 12-hour-daylight and 12-hour-dark atmosphere. After the experiment was set up, 2 ml sample was taken from each
concentration after 24, 48 and 72 hours. Cell count
and pigment measurement were performed in these
samples. The exposure study was carried out in 3
repetitions, independent of each other.

Bioaccumulation Experiments. Chodatodesmus mucranulatus was exposed to (ZnO-TiO2)NCM
(0.1, 0.01 and 0.001 mg/L) until 72 hours. Subsequently, (ZnO-TiO2)NCM bioaccumulation analysis
was performed via ICP-MS (Perkin Elmer Elan
DRC-e, Massachusetts, USA) device. For this process, the algae, after having been filtered from GF/C
Whatman filter papers at room temperature, were
dried up in the incubator at 105 °C during 5 h. The
dried samples were put into 100 ml beakers, and by
adding 1 g of 12 ml HNO3-HClO4 (1:1) onto them,
they were exposed to wet composition while being
heated in a fume hood. After the µDOPRVW-GU\¶ beakers had been cooled, 2 ml of concentrated HClO4 was
added into them, after which it was heated over a
small flame until getting dried up once again. Later
on, 1 g and 5 ml of concentrated HNO3 acid were
first added to the solution process and after it was
volatilized, concentrated HCl was added and was
heated until it almost dried up. The beaker contents
were soaked with 1 ml of concentrated HCl a day
later and were solubilized in 50 ml bidistilled water,
after which they were filtered through the black band
filter paper and washed up.
The filtrated fluids were collected in 100 ml
volumetric flasks along with the wash water and
were then finalized and shaken by means of 25 ml of
water [33]. The amount of (ZnO-TiO2)NCM accumulations were determined in these sample solutions

Determination of photosynthetic activity
and pigment contents. Algae were extracted with
80% (v/v) acetone and determined according to the
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ing the cell permeable indicator 20,70-Dichloro-dihydrofluorescein diacetate (H2DCFDA) [6]. Cellular esterases hydrolyze the probe to the non-fluorescent 20,70-dichlorodihydrofluorescein (H2DCF),
which is better retained in the cells. In the presence
of ROS and cellular peroxidases, H2DCF is transformed to the highly fluorescent 20,70-dichlorofluorescein (DCF). (ZnO-TiO2)NCM treatment and control was treated with 5 mM of H2DCFDA in1 ml of
solution. The DCF fluorescence was measured using
an excitation wavelength of 485 nm and an emission
wavelength of 530 nm. All the fluorescence data
were collected using a fluorescence plate reader.
Samples were diluted 9 times with potassium phosphate buffer (pH 7.8). Then, homogenization and
centrifugation were performed (20 min, 10.000
rpm), the supernatant was removed.

prepared in this way for the measurement process
along with their standard solutions and the Inductively Coupled Plasma-Mass Spectrometry (ICPMS).
Analysis of SEM and TEM. For SEM images,
Chodatodesmus mucranulatus cells (about 5x107
cell/ml) were collected by centrifugation after being
(ZnO-TiO2)NCM-exposed for 72 hours. These cells
were collected to falcon tube containing Phosphate
Buffer Sodium (PBS) was centrifuged at 1000 g for
10 minutes and washed 2 times. And then, cells prepared in 0.1 M PBS was taken up in 2.5% glutaraldehyde. After 1 overnight (4 °C) cells were detected
washing with buffer and taken up in 1% osmium tetroxide was subjected to secondary fixation. After
these processes are passed 50%, 70%, 90% and
100% with ethanol. Images were taken up after sample coating with gold (Figure 2b). After osmium tetroxide stage algae cells were buried in the agar and
dyed. Then alga cells have become ready to examine
for TEM (JEOL JEM 1220) (Figure 2 c, 2 d).

Statistical Analyses. All experiments were independently repeated three times and the data were
recorded as the mean value with standard deviation.
In order to determine the significant differences between ANOVA, Tukey and single direction variance
analysis differences between treated groups and control groups SPSS18 package was used. All data analyses were assessed based on 0.05 and 0.01 significance.

Determination of reactive oxygen species
(ROS) formation. Cellular oxidative stress reactive
oxygen species (ROS) formation was measured us-

FIGURE 2
a) Light micrographs of the young and mature vegetative Chodatodesmus mucranulatus cells. b) SEM images of Chodatodesmus mucranulatus cells after exposure to (ZnO-TiO2)NCM for 72 h c) TEM image of
Chodatodesmus mucranulatus cells after exposure to (ZnO-TiO2)NCM for 72 h d) damaged cell N (ZnOTiO2)NCM L lipid, S starch, HCW cell wall, Nc nucleus, CM cytoplasmic membrane
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time-varying exposures. Only in 0.1 mg/L, which is
the highest treated group, in 72 h of exposure, this
value decreased; however, this decrease was still
more than the initial Chl b amount. Again, with the
increase in the exposed group, the Chl b amount increased in the general sense. The Chl b amount increased in 4, 5.7 and 12.7 times more for 0.001
mg/L; 13 times more for 0.01 mg/L; 6, 9.3 and 6
times more in 0.1 mg/L, respectively depending on
the time-varying exposures (24, 48 and 72 h) (Figure
4). According to the ANOVA test, there was no
meaningful difference (p>0.05) in terms of the Chl
b amount; however, there was a meaningful difference depending on the exposure time (p<0.05).
The carotenoid amount in Chodatodesmus mucranulatus, which was exposed to (ZnO-TiO2)NCM,
increased depending on time-varying exposures in
the control group; however, the amount of carotenoid in the (ZnO-TiO2)NCM-exposed groups considerably reduced and could not be calculated (Figure
5). The carotenoid value was only calculated at the
72 hours of the 0.1 mg/L exposed group and at the
24 hours of the 0.01 mg/L exposed group. According
to the ANOVA test, no meaningful difference was
detected (p>0.05).

The Effect of (ZnO-TiO2)NCM on photosynthetic activity of Chodatodesmus mucranulatus.
Our example of green algae isolated from Apa Dam
Lake is located in a sequence of 1168/1328 base
pairs, according to partial 18S rRNA results at
http://www.ncbi.nlm.nih.gov/ internet address. According to this sequence, the species belonging to the
Sphaeropleales ordo was identified as 97% Chodatodesmus mucranulatus. The access number is
KR261935. The effect of Chodatodesmus mucranulatus fresh water algae exposure to (ZnO-TiO2)NCM
depending on the time-varying exposures (24, 48
and 72 h) on chlorophyll a (Chl a), chlorophyll b
(Chl b) and carotenoid pigment density are given in
Fig. 3, 4 and 5.
As it is observed in Fig. 3, the Chl a amount
increased generally in the control group and treated
groups depending on the exposure concentration and
varying-time. This increase is more when compared
with that of the control group, especially in 0.001
mg/L at 72 h, the Chl a amount increased in 2.8 times
more than the initial amount. Another interesting situation in the 0.001 mg/L (ZnO-TiO2)NCM-exposure
group is that the Chl a amount decreased in 24th h;
however, there was a constant increase in 0.1 mg/L
and 0.01 mg/L depending on the time-varying exposures. When these data are considered in a general
sense, it is observed that the Chl a amount increased
with the decreasing concentrations of (ZnOTiO2)NCM. In 0.1 mg/L (the highest exposed group)
the Chl a amount decreased in 72th h; however, in
this condition, it was still more than the initial Chl a
amount. According to the ANOVA test results, there
were no meaningful differences according to the Chl
a amount (p>0.05); however, there was a meaningful
difference detected depending on time (p<0.05).
The Chl b amount indicated a constant increase
depending on all exposed groups (0.1, 0.01 and
0.001 mg/L) of the (ZnO-TiO2)NCM depending on the

The Bioaccumulation amount of (ZnOTiO2)NCM in Chodatodesmus mucranulatus. With
the increasing concentration of (ZnO-TiO2)NCM also
increased the accumulation amount of zinc (Zn) and
titanium (Ti) particles in Chodatodesmus mucranulatus. There are no clear differences between the
treated groups. In the control group, trace amounts
of Zn were encountered, but no Ti was observed.
There is a difference at an important level between
the exposed groups of Zn (p<0.01). This difference
is observed mostly in the 0.1 mg/L. The differences
of these treated group among themselves are given
in Figure 6 as follows. There is a difference between
the Ti and Zn (ZnO-TiO2)NCM-exposed groups at an
important level (p<0.01).

  


















 

FIGURE 3
The Chlorophyll a content of Chodatodesmus mucranulatus
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FIGURE 4
The Chlorophyll b content of Chodatodesmus mucranulatus

 

 



















 



FIGURE 5
The Carotenoid content of Chodatodesmus mucranulatus

FIGURE 6
The Bioaccumulation of Zn and Ti Particles in the algal cells for 72 hours

When these results are considered, it is observed that
the Zn intake increased much more with the increasing concentration of (ZnO-TiO2)NCM when compared
with the titanium (Figure 6).

This difference is formed in 0.1 mg/L treated
group of both Zn and Ti. When the comparison
amount of Zn and Ti accumulated in Chodatodesmus
mucranulatus is evaluated, it was observed that 385
times more Zn accumulated in 0.001 mg/L; 283
times in 0.01 mg/L; 297 times more in 0.1 mg/L.
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of the medium used for toxicity assays is particularly
important [36, 37]. Therefore, nanoparticle characterization should be performed. In the present research, the potential toxic effect of (ZnO-TiO2)NCM
changes in the contents of photosynthetic pigments,
bioaccumulation, and ROS which were characterized in order to provide a better understanding (ZnOTiO2)NCM toxicity in Chodatodesmus mucranulatus.
The characterization of (ZnO-TiO2)NCM used in the
test was an important understanding the potential
toxic effects of this nanocomposite on algae. Used
SEM for characterization, the SEM image in Figure1
shows that the (ZnO-TiO2)NCM are irregular spheres
and 45 nm in size. In a sterile BG-11 medium, a specific liquid growth medium was used for the cultivation and maintenance of Chodatodesmus mucranulatus. The medium supports the growth of photoautotrophic blue-green algae. Bluegreen algae are optimal for maintenance in exposure at the period of 24hours [38]. In the aquatic ecotoxicity tests, the test
substances should be in aqueous phase and the stock
solution should be homogeneous. Because the test
solutions are used by diluting the stock solution.
There are basically three approaches to stirring, dispersants and sonication to make a homogeneous
stock solution of the NPs test substance [39]. In the
study, the reason of using sonication instead of stirring can be possibly the deforming of NPs if dispersants are used [40]. The toxicity of the nanoparticle,
which changes in shape and size as a result of deformation, may vary [41]. Prolonged stirring has little
evidence that the suspension NPs will remain the
same after stirring has stopped [39, 42]. In addition,
sonication control is not necessary at the end of the
sonication. There is no risk of producing ROS due to
the sonication [39].

Reactive oxygen species production (ROS)
after exposure to (ZnO-TiO2)NCM. There are very
important differences between the treated groups
and control groups in Chodatodesmus mucranulatus
(p<0.01). There are significant differences between
treated groups and control groups in ROS activity after Chodatodesmus mucranulatus exposure to (ZnOTiO2)NCM for 72 hours. This difference was observed
in (ZnO-TiO2)NCM 0.1 mg/L exposed group at the
highest level. When we compared treated group and
the control group, the ROS level was observed as being high in all treated algal cell suspensions (Figure
7). Briefly, the ROS activity in algae increased with
the increasing concentration of (ZnO-TiO2)NCM.
However, the ROS activity was observed as fairly
low at the lowest exposed group (0.001 mg/L) and
was nearly close to that of the control group.

DISCUSSION
Because NPs have unique characteristics such
as physicochemical, optical, reactive and electrical
properties, they interact with organisms and potentially exhibit toxicity [34, 35]. In many studies, the
interaction of the nanoparticle with the organism is
known by the presence of cell aggregation. For instance; under nano-ZnO and TiO2 treatment, in algae
cells were observed large nanoparticle aggregates
showing that they inhibit the growth of algae due to
reduced light and nutrient uptake in algal cells, including nanoparticle aggregates [35]. Large aggregates of TiO2 entrapping in almost all algal cells
were observed [21]. As mentioned above, NPs tend
to exhibit different aggregation behaviors depending
on the chemical environment. The characterization

FIGURE 7
The ROS values of (ZnO-TiO2)NCM within the algae cells after 72 hours.
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increased in a great deal. There is no important
change when compared with the control group with
Chl a content. The Chl a / Chl b rate increased in the
24 hours exposured, however, this rate decreased at
48, 72 and 96 h. Oukarroum et al. [51] by conducted
a study on Chlorella vulgaris and Dunaliella tertiolecta exposed to AgNPs (from 0.01 to 10 mg/L) for
24 h. They reported that the total chlorophyll content
decreased 34% and 51% rates for 1 and 10 mg/L in
Chlorella vulgaris [35], the toxicity of metal oxide
NPs (Al2O3, SiO2, ZnO ve TiO2) was studied in
green algae Chlorella sp. There was no meaningful
toxicity in nanoparticle Al2O3, SiO2, and TiO2 (DJ3,
rutile). On the other hand, the Nano-ZnO and nanoTiO2 (HR3, anatase) inhibited the algae growth
greatly. Franklin et al. [52] examined the comparative toxicity of nanoparticle ZnO, bulk ZnO, and
ZnCl2 in fresh water algae Pseudokirchneriella subcapitata. The total Zn concentrations and ZnO (nanZnOpowder and nano-ZnOdispersant) nanoparticle
chronic toxicity is similar to bulk ZnO and ZnCl2 statistically and the growth inhibition changes between
LC50 values from 49 to 69 μg Zn/L for 72 h. Aruoja
et al. [21] by conducted a study on the toxicity of
CuO, ZnO and TiO2 NPs on Pseudokirchneriella
subcapitata micro algae and reported that the ZnO
NPs were more toxic than the CuO and TiO2 [53].
ZnO-TiO2 NPs test concentrations showed a distinct
toxic effect as the result of the study. The test concentrations determined for TiO2 were carried out at
0.001, 0.01, 0.1 and 1 mg/L. In addition, they also
reported that in the toxicity of the NPs that included
metal, the solubility not their interiorizing property
was important. Likewise, when 'D÷OÕR÷OX and
Öztürk [54] exposed green algae (Desmodesmus
multivariabilis) to (ZnO-TiO2)NCM, pigment content
and ROS level was found effect in the algal cell. Accordingly, it has a positive effect on chlorophyll and
carotenoid, depending on the duration of exposure.
Also, At the ROS level, as the ZnO-TiO2)NCM concentration increased, the ROS level increased.
In the aquatic environment are thought to cause
accidental release during the production, transportation, and disposal of NPs and NPs originating from
consumer products As a result, these particles cause
damage to the aquatic organisms and, through the
food chain, become a dangerous class of substances
for humans [55]. This has been confirmed by recent
studies that aqueous suspensions of many NPs are
toxic to green algae [56] copepods [42, 57] crustaceans [42, 58] and fish [53, 59]. In this study, SEM
images of aggregates of suspended (ZnO-TiO2)NCM
were observed. At the same time, it appears that this
aggregate (ZnO-TiO2)NCM has passed to Chodatodesmus mucranulatus cells (Figure 2). The accumulation amounts of Zn and Ti particles in the (ZnOTiO2)NCM are separately evaluated. Accordingly, the
amount of Zn accumulation is much greater than that
of Ti, and the amount of accumulation in both particles increases as the concentration increases. ZnO

The toxic effect of pollutants on algae is usually assessed by phytotoxicity tests based on growth
inhibition. Because growth inhibition is a global parameter, we assume that other parameters can change
before this parameter. Oxygen emissions and pigment contents (Chl a, Chl b and carotenoids) were
found to be reliable estimates of contaminant toxicity [43]. In addition, it has been noted that measurement of plant fluorescence is a simple, rapid and
sensitive evaluation method for photoinhibition and
pollutant effects on plants [31, 44]. Chl a is more
sensitive to photodegradation than other photosynthetic pigments as electron donor to the photosynthetic electron transport chain due to its role in the
light harvesting complex and the PSII reaction center
[45, 46]. Carotenoids which have more than 600 varieties are pigments found in plants, microorganisms, and animals. They are secondary pigments in
plants and have very important biological effects.
Among the most prominent effects are antioxidant
(non-enzymatic), provitamin effect, anticancer effect, skin protective effect and so on. In addition,
they have many roles in oxidative stress tolerance in
plant metabolism. It was recorded by [47] carotenoids successfully extinguish triplet-state photosensitizers, singlet oxygen, and peroxy radicals. In some
toxicity studies, carotenoids as antioxidant effects
have been determined to increase levels under heavy
metal stress in many plants, such as Phyllanthus amorous, Vigna mungo (L.) Hepper (black lentils),
Hordeum vulgare (barley), and it have been suggested that increases are due to their stress defense
activities [48, 49, 50]. This study, pigment analysis
in treated Chodatodesmus mucranulatus showed that
chl a, chl b and carotenoid content were changed by
(ZnO-TiO2)NCM comparing to the control group. The
amount of Chl a and Chl b increased as the exposure
time in all treated groups increased. Chl b indicated
an increase in prolonged exposure time with respect
to Chl a, indicating that Chl a is more susceptible to
the pollutant. Carotenoids are not usually counted
for in treated groups (only could be calculated for a
0.01mg/L concentration for 24 hours). When we
looked at the pigment activities, it was noted that the
(ZnO-TiO2)NCM had no toxic effect. Because the content of Chl a and Chl b pigments is increased compared to the control group. Since carotenoids have
antioxidant activity, it is expected that a number of
carotenoids will increase in the face of toxic effects.
However, the amount of carotenoid was reduced in
the groups exposed to (ZnO-TiO2)NCM, although the
amount of carotenoid increased, as the exposure time
in the control group increased. We found contrary to
results the previous studies that were conducted on
the pigment content of the NPs. Some of which are
the one conducted by [34] and Chlamydomonas reinhardtii was exposed to TiO2 NPs, the Chl b and carotenoid content changed with the pigment analysis
when compared with the control group. The Chl b
and content decreased by the TiO2 at first but then
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observed within the algae cells. The accumulation of
0.1 mg/L (ZnO-TiO2)NCM concentration is more than
the other exposed groups which suggest that NPs
have physicochemical properties different from the
ordinary chemicals. Also, it was observed that the
(ZnO-TiO2)NCM formed ROS in algae.

NPs form large aggregates and these aggregates accumulate in the water column. Barhoumi and Dewez
[23] conducted a study on superparamagnetic iron
oxide to evaluate the NPs (SPION) toxicity, exposed
the Chlorella vulgaris cells to Fe3O4 (SPION-1),
Co0.2Zn0.8Fe2O4 (SPION-2) and Co0.5Zn0.5Fe2O4
(SPION-3) in the concentration range of 12.5 - 400
μg mL-1 for 24, 48 and 72 h. They reported that the
soluble Fe, Co and Zn amounts in the medium depended on the exposure duration, SPION compound,
and the time of the concentration. The Fe content increased in the algae biomass for SPION-1, SPION2, and SPION-3, with the exposure to Fe, Co and Zn
accumulated SPION concentration and exposure
time; and contributed to the toxic effect in the algae
cells. The free metal ion suspensions are important
sources of toxicity for the growth speed of aquatic
microorganisms [21, 52].
Reactive oxygen species (ROS), which are produced in the thylakoid membrane during photosynthesis and hydrogen peroxide, the species of ROS,
has been suggested to be the predominant species in
algae [60]. High ROS level may lead to cell structure
damages (Halliwell and Gutteridge 1999). Our study
observed ROS formation in Chodatodesmus mucranulatus of the (ZnO-TiO2)NCM-exposed. Therefore, it may be claimed that the oxidative stress formation potential of (ZnO-TiO2)NCM is related directly with the concentration exposed groups. In addition, the (ZnO-TiO2)NCM-exposed algae may lead
to toxic damage because it produces ROS. Chen et
al. [34] conducted a study in which Chlamydomonas
reinhardtii was exposed to TiO2 NPs, and calculated
the malondialdehyde (MDA) content which is an oxidative stress parameter. According to this situation,
the MDA increased after the 4th hour of the exposure. After the 8th hour of the exposure, on the other
hand, it reached maximum level. Barhoumi and
Dewez [23] by detected the ROS formation per living cell by exposing the Chlorella vulgaris superparamagnetic iron oxide (SPION) NPs for 72 hours. The
cell liveliness decreased at an important level when
compared with the control group with 50 μg mL-1. In
addition, the ROS production in alive cells increased
depending on the SPION types [Fe3O4 (SPION-1),
Co0.2Zn0.8Fe2O4 (SPION-2) and Co0.5Zn0.5Fe2O4
(SPION-3)] and concentrations.
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maize cultivation [5]. Turkish maize farmers generally use hollow cone spray nozzles which consist of
a hole on the circular plate, a turbulence part and
strainer for herbicide sprayings. But this type of
nozzles are more suitable for insecticide applications than herbicide applications due to small droplets sizes (<100 µm) [6]. With small droplet sizes
which are mostly drift prone, pesticides can not
concentrate on targets enough, loss of chemicals
increase and inefficiencies occur in herbicide applications. These conditions increases herbicide doses
and application numbers. Increased pesticide usage
also results in increased production costs and environmental contamination. Nowadays, usage of
standard XR type nozzles on sprayer boom are
recommended for herbicide applications. Standard
XR type flat fan nozzles perform well to control
weeds under laboratory conditions but same performance doesn't appear under field conditions due
to droplets high drifting rates. To solve this problem, a few companies developed novel air induction
nozzles which provide less drift prone droplets by
producing bigger droplets with air bubbles in and
can be adopted to conventional boom sprayers. Air
induction into the nozzles with liquids produces
bigger droplets which increases dropping speed and
reduces drifts with these systems [7]. Both broadcast spraying or spraying just banded surface area
options exists. More target oriented applications
also reduce contaminated surface area and increase
success of pesticide applications [8]. Homogeneous
distribution of chemicals on the band is an important parameter effecting the success of applications [9]. To obtain this, flat XR nozzle types can
be used. In recent years, systems with multi nozzles
on one band is increasingly preferred compared to
systems with single nozzle on one band. Equipments spraying herbicides to the bottom part of the
canopy which are targeting the root zone also exists. These systems spray herbicides to the root
zone with a nozzle attached on a boom extending
down to the soil surface which also sprays chemicals with an angle. By this method, weeds on the
plant rows may be sprayed with very high coverage
rates [10]. Another equipment for band applications
is multi nozzle type arrangements. By this method,
both spraying from top and from two side parts may

Novel spray nozzles with high penetration efficiency and low drifting rates have been developed
in recent years and exists on nozzle market. To
determine efficiencies of these new products on
weed control in grain maize production we tested
Standard flat fan nozzle, Air induction nozzle, Even
flat fan nozzle, Air induction under leaf banding
nozzle and Row application kit with standard flat
fan nozzle at three different herbicide application
volume of 200 l.ha-1, 300 l.ha-1 and 400 l.ha-1.
Foramsulfuron active ingredient herbicide has
sprayed on maize at post-emergence stage. Efficiency levels of each methods has been determined
via pesticide coverage rates, weed control efficiency and maize grain yields. As a result, row application kit with standard flat fan nozzle 400 l.ha-1
application volume achieved the best results based
on coverage rates (89.2% in year 2013, 80.3% in
year 2014), weed control efficiency (85.3% in year
2013, 88,0% in year 2014), and maize grain yields
(1267.5 kg.da-1 in year 2013 and 1303.5 kg.da-1 in
year 2014). Row application kit with standard flat
fan nozzle is the suggestible method for effective
weed control in maize cultivation.


'&!"
Herbicide, spraying, Weed control, Maize

#!$#
As in many crop species, weeds are a main
yield reducing factor in maize production. Yield
reductions reasoning from weeds in maize production may reach up to 49% [1]. Herbicides are one of
the most important advances in agriculture [2].
Pesticide usage in agriculture has increased in last
decade which increased its affect in human health
and environment [3]. Maize farmers may apply
herbicides at pre-sowing, pre-emergence or postemergence periods while the most effective time is
post-emergence period [1, 4]. Without herbicide
sprayings, average yield losses sourced from weed
competition may reach 17% in the worldwide in
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and distance between two nozzles on one band was
equal to band width (35 cm). In RAK method one
of three nozzles was located on top to spray top of
the plants and other two located on right and left
sides of plants with 45º angle. By this way all plant
canopy has been sprayed.
Spraying volumes was diversified to 200, 300
and 400 l.ha-1 for each method. A post-emergence
herbicide (Foramsulfuron) applied with doses given
in label instructions (150g.ha-1 granule and 2000
ml.ha-1 Mero). An anemometer (Pocket Wind IV)
located on spraying height measured 35.1°C air
temperature and 1.2 m.s-1 wind speed while sprayings was applied. Sprayer operation parameters for
methods are given in Table 1.
Nozzle outputs given in Table 1 was measured
three times and liquid produced by each nozzle in
one minute time period was determined. Tractor
speed was calculated in relation with target liquid
volumes. The equation used to calculate application
volumes for XRN and AIN methods are given in
Equation 1.
N=600.Q/V.B
(1)
Where; N, Application volume (l.ha-1); V: Speed
(km.h-1); B, Swath; Q, Noozle output (l.min-1)
Nozzle outputs in band applications (EFN,
UBN and RAK) was calculated via Equation 2.
N=600.q/V.b
(2)
Where; N, Application volume (l.ha-1); q, Total
noozle output per (l.min-1); V, Speed (km.h-1); b,
band width (m)

?7-914-5;)3,-:1/5P 3394 (Pioneer) maize
( ) variety was used. Each parcel was 28
m2 (10mx2.8m) and each block contained 6 parcels.
Each application volume tested in 6 blocks and 24
parcels in total 12 blocks and 72 parcels.
5 meters space in-between blocks and 3 meters space between parcels to secure applications
from superposition. Each block contained one control (no chemical containment) parcel.
Meteorological conditions were measured
with an anemometer (Pocket Wind IV). The average air temperature was to 35.7 ° C and average
wind speed was 1.6 km.h-1. In the experimentation
field, P 34N24 (Pioneer) type of maize have been
planted.

be provided. With this specification, multi type
nozzles distribute chemicals better with high coverage rates [11]. Sprayed application volumes may be
up to 600 l.ha-1 in Turkey. High volume applications on low leaf area indexed crops results with
more runoff droplets from leaves. This negative
effect increases soil contamination, environmental
risks and production costs [12]. Because of this, it
is important to determine appropriate volume for
spraying maize for weed control. Targets of this
research are:
1. To determine the droplet coverage rates
for all spraying methods,
2. To determine the weed control efficiency
of methods and compare with control,
3. To measure the yield increases obtained
with different application methods compared to
control (no herbicide application).
#!"#"

"79)@15/-8<174-5;)5, )7731+);1654-;0
6,: Field trials of the research were conducted in
2013 and 2014 years in Cukurova Region of Turkey. Five different herbicide spraying methods
were tested. Tested methods were: (1) Standard Flat
fan spraying nozzle (XRN: XR11003, Lechler Co.),
(2) Air induction nozzles (AIN: IDN120025, Lechler Co.), (3) Even Flat fan nozzles (EFN: TP4002E,
Lechler Co.), (4) Air induction nozzles with under
leaf banding application (UBN: AIUB8502, Lechler
Co.) and (5) Row application kit (RAK: XR8002,
Lechler Co.). XRN and AIN methods was applied
as broadcast application thus EFN, UBN and RAK
methods sprayed on bands. Applications was carried out with a modified boom sprayer with 800
litter tank capacity and containing 4 different
handmade 2.5 meter long detachable spraying
booms. Same application boom was used for broadcast applications of XRN and HEM methods. For
this aim, nozzles were located on the boom with 50
cm spaces. While nozzle spaces on booms for band
applications were 70 cm. Booms was manufactured
only one nozzle per band in EFN method, 2 nozzles
per band in UBN method.
Booms containing canopy underneath air induction nozzles in UBN method had 70 cm spacing

# 
"79)@-967-9);15/+65,1;165:.69;0-;-:;-,4-;06,:
Methods
XRN
AIN
EFF
UBN
RAK

Pressure
(bar)
2
2
2
2
2

Nozzle output
(l.min-1)
0.92
0.95
0.76
1.45
1.57

.

200 l ha
5.4
5.4
3.2
6.1
6.5

-1

Sprayer speed (km.h-1)*
300 l.ha-1
400 l.ha-1
3.6
2.5
4.0
2.9
2.2
1.4
4.0
2.9
4.3
3.2

*To achieve the targeted application rates for different methods, sprayer speed was adjusted
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";);1:;1+)3 )5)3@:1: Statistic program JUMP
5.0 has been used to analyze grain yields, herbicide
coverage rates and weed control efficiencies. Analysis has been done based on randomized strip block
design and averages of significant factors compared
via LSD tests. 

-;-9415);165 6. 0-9*1+1,- +6=-9)/- 9);-:
)5,,9673-;+0)9)+;-91A);16510 different random
points defined on middle two plant rows in each
parcel and 26X52 mm dimensioned water-sensitive
papers (WSP- Syngenta) located on these points to
determine chemical coverage rates. These papers
scanned in 600 dpi resolution and saved as JPEG
files. These images processed by an image procession programme (Image Tool 5.0) and percent coverage rates (%) were calculated by dividing stain
areas on WSP to WSP area projected to spray.
To make a sense of drift potential and droplet
uniformity of spray, characteristics droplet diameters such as Dv0.1, Dv0.5 and Dv0.9 of nozzles were in
measured in the Lab conditions by using a laser
measurement device (Malvern Spraytec -Open
Spray).
The size and/or volume distribution of droplets in a spray is typically expressed by the size
versus the cumulative volume percent. Droplet size
distribution of all nozzle types were determined in
same pressure (2 bar) during 60 second periods.
Relative span factor (R) was determined for homogeneity coefficients of droplet sizes of each nozzles
by using the following equation (Equation 3).
R= Dv0.9 - Dv0.1/ Dv0.5
(3)
Where; R: Relative span factor; Dv0.9, 90 percent of
spray volume is in droplet size smaller than this
value; Dv0.1, 10 percent of spray volume is in droplets size smaller than this value; Dv0.5, Volume
median diameter (%50 of the volume).

!"$#""$""

The measurements and calculations of droplet
size characteristics are given in Table 2.
As shown in the Table 2, the highest Dv0,5
were obtained from AIN at 451,2 µm and the lowest Dv0,5 were obtained from UBN at 149,4 µm.
Considering the Dv0.5 value measured at the same
pressure of the nozzle used, it can be said UBN
methods will be included more drift-prone droplets
that mean higher drift potential. Proximity of “R
value” to 1 means better droplet uniformity for any
spray pattern. Considering particle size distribute in
spray pattern of methods, Relative Span data were
ranged from 0.66 to 1.63 where the best relative
span data was obtained from AIN and UBN respectively.
Herbicides coverage rates on WSP targets obtained from each method and statistical groups
containing LSD tests for years 2013 and 2014 are
given in Table 3.
As shown in Table 3, the highest coverage
rates were obtained from RAK method with 400
l.ha-1 application volume (89.2%) in year 2013 and
XRN method with same application volume followed it (68.4%). In the second year of the research
(2014), similar to previous year's results, the highest coverage rate (80.3%) achieved from RAK
method with 400 l.ha-1 application volume and
XRN method with same application volume
(69.9%) followed it. In a study informed that increasing numbers of nozzles at band sprayings
results with increased coverage rates [12]. This
study gave the parallel results, where RAK method
with 3 nozzles gave the highest coverage rates.
Weed control efficiency values obtained from each
method and statistical groups containing LSD tests
for years 2013 and 2014 are given in Table 4.

-;-9415);165 6. >--, +65;963 -..1+1-5+@
To evaluate the performance of the spraying methods planed in this research weeds were counted in
wooden frames located on 6 different points on
middle 2 rows in each parcel to determine weed
control efficiency. Each frame covered 0.15 m2
(0.3m X 0.5m) and weed counted total surface area
was 1.2m2. 
To determine percent efficiency, application
parcels were compared with control and calculations were made via “Abbott” formula (Equation 4).
%BE=(WNC-WNAP/WNC)*100
(4)
Where; BE, Biological efficiency; WNC, Weed
number control; WNAP, weed number in parcels.

-;-9415);165 6. 4)1A- /9)15 @1-3,: Two
middle lines of plots harvested to calculate yields at
crop maturity. 
# 
9673-;:1A-,1:;91*<;165.69-)+04-;06,:

Methods
XRN
AIN
EFF
UBN
RAK

Pressure
(bar)
2
2
2
2
2

Dv0,1
(µm)
90.3
213.3
185
81.3
135.8

Dv0,5
(µm)
186.5
451.2
428.5
149.4
188.6
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Dv0,9
(µm)
395.7
758
748.1
266.3
262

Relative Span
(R)
1.63
1.20
1.31
1.23
0.66
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# 
-9*1+1,-+6=-9)/-9);-:*):-,654-;06,:)5,)7731+);165=63<4-:

Coverage Rates (%)
Methods
XRN
AIN
EFN
UBN
RAK
Lsd

200 l.ha-1
42.1 ab
31.3 c
37.5 c
43.3 ab
47.2 a
6.4*

Year 2013
300 l.ha-1
57.0 a
43.3 b
54.8 a
51.7 a
55.7 a
8.2**

400 l.ha-1
68.4 b
61.6 bc
56.6 c
57.4 c
89.2 a
8.9*

200 l.ha-1
29.5 b
27.1 b
29.9 b
43.8 a
49.3 a
10.7**

Year 2014
300 l.ha-1
55.0 a
41.5 b
57.7 a
54.1 a
59.8 a
10.8**

400 l.ha-1
69.9 b
58.5 cd
60.6 c
52.8 d
80.3 a
6.4*

*: the values shown with the same letters on the column are not significant in the level of p<0.01
**: the values shown with the same letters on the column are not significant in the level of p<0.05
# 
-)5+65;963-..1+1-5+1-:6.4-;06,:)5,)7731+);165=63<4-:

Control Efficiency (%)
Methods

Year 2013
Year 2014
200 l.ha-1
300 l.ha-1
400 l.ha-1
200 l.ha-1
300 l.ha-1
400 l.ha-1
XRN
33.2 d
62.7 b
79.9 b
60.1 a
66.7 ab
74.8 bc
AIN
44.2 bc
62.2 b
67.1 b
39.4 b
64.4 ab
72.1 c
EFN
51.9 b
60.0 b
70.0 b
50.8 ab
62.4 b
69.8 c
UBN
42.2 cd
64.4 b
71.0 a
40.8 b
70.8 ab
81.2 ab
RAK
61.8 a
77.1 a
85.3 a
50.4 ab
73.2 a
88.0 a
Lsd
9.4*
5.7*
7.9*
16.7*
9.2*
8.0*
*: the values shown with the same letters on the column are not significant in the level of p<0.01

#
'1-3,,1..-9-5+-:+647)9-,;6+65;9637)9+-3:*):-,65<:-,4-;06,:)5,)7731+);165=63<4-:

Methods
XRN
AIN
EFN
UBN
RAK

200 l.ha-1
18.8
16.9
11.7
14.0
19.8

Yield Differences Compared to Control Parcels (no herbicide) (%)
Year 2013
Year 2014
300 l.ha-1
400 l.ha-1
200 l.ha-1
300 l.ha-1
19.3
21.3
10.4
11.3
17.2
20.2
12.9
16.1
19.7
18.6
9.2
15.6
20.2
21.6
18.6
23.3
23.5
29.2
13.3
23.6

400 l.ha-1
24.9
18.4
18.3
27.1
30.3

ha-1 application volume was in the same statistical
group with 81.2% control efficiency value.
Rates of yield increases compared to control
parcels obtained from each method in year 2013
and 2014 by field trials are given in Table 5.
As represented in Table 5, in the highest yield
increase obtained from RAK method with 400 l.ha-1
application volume (29.2%) compared to control
parcels and 300 l.ha-1 application volume (23.5%)
with same method followed it.
In year 2014, the highest yield increase obtained from RAK method with 400 l.ha-1 application volume (30.3%) compared to control parcels
and UBN method with 400 l.ha-1 application volume (27.1%) followed it. Increasing application
volumes resulted with increased yields in both
years. Those mean that the higher coverage rates

Weed control efficiency values ranged between 33.2 to 85.3 % in the year 2013 (Table 4).
RAK method with 400 l.ha-1 application volume
gave the highest control efficiency rate and XRN
method followed this with 400 l.ha-1 application
volume (79.9%). As shown in Table 4, all the
methods operating with 200 l.ha-1 application volume achieved lower weed control efficiency then
the other application volume used in the research.
Considering the effect shape of the herbicide
sprayed in the research, it can be say that this is an
expected result so that the efficiency of herbicide
used was depending on coverage rate on weeds.
In the year 2014, weed control efficiency values ranged between 39.5 to 88.0%. RAK method
with 400 l. ha-1 application volume gave statistically
best results based on control efficiency similar to
previous year results and UBN method with 400 l.
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provide higher weed control and consequently
higher yields in maize production.
Band applications were more effective compared to broadcast applications for weed fight in
maize. Increasing application volumes resulted with
better results. RAK method at 400 l.ha-1 application
volume gave highest scores based on coverage
rates, weed control efficiency and crop yield increases. Usage of this method in maize to fight with
weeds will increase maize yields.
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antimicrobial polyurethane for applications addressing surgical infections and improving SDWLHQW¶V OLIH¶V
as confirmed by several studies [2, 3, 4]. The other
reference is the development of new polyurethanes
which have transformed the footwear industry [5].
Related to this paper; researches have confirmed that these rigid polyurethane foams are good
thermal insulators and used in nearly all freezers and
refrigerators worldwide [6, 7].
From an industrial hygiene standpoint, the
sprayed polyurethane foam presents the highest MDI
exposure for workers in all MDI applications [8] and
lead to several health risks as highlighted by the results of the following researches:
 Acute dermal contact with MDI has induced dermatitis and eczema in workers which occur
during handling of paints components, paint mixing
and application of sprayed polyurethane foam based
on isocyanates [9, 10].
 MDI may cause sensitization and asthma
[11, 12, 13].
 The inhalation of isocyanates was the cause
of the Bhopal disaster in India (1984) that took the
life of 3787 workers and the list has significantly increased the years after the accident [14].
 A study conducted in eleven polyurethane
foam manufacturing plants in England revealed a
major increase in mortality among the employees
due to inhalation of MDI [15]. The same situation is
observed at a steel foundry [16].
 A research conducted in 37 car body shops
indicated that despite air quality controls and the use
of the personal protective equipment; workers are
still exposed to a significant amount of isocyanates
[17].
Upon this, it`s highly recommended that MDI
exposure threshold must be kept to a minimum rate
in the workplace. Most of industrialized countries
recommends to not exceed the threshold of 0.005
ppm as an average exposure [18, 19].
The monitoring of the indoor air quality
breathed by individuals, is critical regardless the
place as this would avoid health problems that can
be caused by the indoor air quality, as confirmed by
the study of Cetin [20] conducted in caves visited by
thousands of tourists each year. The study of Kotzias
[21] shows that air quality certification of buildings

ABSTRACT
The framework of the present paper was to
evaluate the exposure to dust pollution and aerosols
of the polyurethanes foam intended for the thermal
insulation of refrigerators.
Based upon the worker`s complaints and investigations done in collaboration with occupational
physicians; four testing stations were set up to evaluate the air quality at the gates injection (GI), tanks
injection (TI), tank cleaning (TC), and the workshop
atmosphere (WA). Two sampling techniques were
used. The first was to use the rotary cup individual
sensor flow dust of 10 l/min (CIP 10), with three
fractions selectors; alveolar, thoracic and inhalable
to evaluate the weight concentration. The second
technique was using impregnated filters to sample
and analyze the identified aerosols.
For the samples taken in the (TC) station using
the (CIP10), the results have shown that the air in the
worker`s breathing area contains 2.6 mg/m3 for the
alveolar fraction, 1.33 mg/m3 for the thoracic fraction and 5.33 mg/m3 for the inhalable fractions. In
the (WA) station we have got 3.3 mg/m3 for the alveolar fraction; 8.6 mg/m3 for the thoracic fraction
and 7.33 mg/m3 for the inhalable fraction. The qualitative analysis of the aerosols through the filter sampling has confirmed the presence of the 4,4-Methylene diphenyl diisocyanate (4,4-MDI) in the workshop atmosphere.
This research confirmed through the obtained
results that operators are exposed permanently during their working hours to both pollutions dust and
aerosols of 4,4-MDI.

KEYWORDS:
Dust pollution, polyurethane industry, CIP 10, aerosols,
4,4-MDI.

INTRODUCTION
Polyurethanes are polymers produced by the
reaction between isocyanates containing reactive
groups (NCO) and polyols [1]. The polyurethanes
(PU) are widely used such as in the manufacture of
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MDI concentration. Three stations were selected for MDI aerosols samples; near the injection
pump of MDI (a1), injection gate (a2) and workshop
atmosphere (a3). The sampling aerosols using CIP10
equipped with a filter has been carried out according
to the procedure of PUSCASU [25].
A volume of 60L was collected on the filter
compared to the average exposure value (AEV) of
MDI estimated to 0.1 mg/m3 according to the INRS
[26].
The sealing tape is checked using the method
described in Annex 3 of the technical sheet MétroPol
002 of INRS [27].
To prepare the standard solution that was used
for the filters treatment before processing the sampling; a quantity of 50mg derivative is dissolved in
100ml of methanol, then quantities of the initial solution obtained are diluted in acetonitrile to cover a
concentration of 0.01 to 5 g/ml. Isocyanates react
with 1- (2méthoxyphényl) -péperazine, on the filter
to form the corresponding ureide derivatives. This
derivative is then quantified by liquid chromatography.

is as important as to the energy performance certification.

MATERIALS AND METHODS
Materials. The CIP 10 with cups equipped by
rotating heads of alveolar, thoracic and inhalable was
used to sample the dust inhaled by workers attached
to their torso in different defined positions. The samples were taken for periods of 15min to assess shortterm pollution, and for 120min to evaluate long-term
pollution. The process of dust sampling on CIP 10 is
performed according to the French norm (NF X 43257) [22]. The CIP 10 speed [23] has been adjusted
manually using the strobe (EUROSAP-LM,
MAO.475) and a digital tachometer (CHAUVIN
ARNOUX C.A 27). The sampling rate of the filter
was measured using the soap bubble electronic flowmeter (Mina-Buck Calibrator 0,1-3 l/min).
The thermo hygrometer (HANNA.HI 8564)
was used to measure the temperature and the humidity in the workshop due to their influence on the dust
levels and the concentrations of MDI in the workplace [24].
An analytical balance (Kern ALS 220-4) was
used to weight the cup sampling. Reagents were used
to prepare the filters for the sampling of aerosols. For
filter`s preparation we used, -1-(2-methoxyphenyl) ±
peperazine 97%, acetonitril 98 %, sodium acetate 98
%, sulfuric acid 99 %, and diphenylmethane-4,4diisocyanate 98 %, as well as distilled water to get a
suitable polyurethane foam for the dust sampling.

RESULTS AND DISCUSSION
Temperature and humidity in the workshop.
Given the influence of climate parameters on the particles concentration [28, 29], we have considered the
humidity and the temperature in the R1 workshop, as
the sampling progresses.
Figure 1 illustrates a significant presence of humidity in the R1 workshop during the hot periods of
the year up to 71.5%. It also shows that the temperature reaches 21.8 °C. An important presence of humidity will highly contribute to reduce the suspension of dust and consequently their concentration, as
confirmed by the researches of Han and Qian [30,
31].
Figure 2 shows a lower humidity during the
cold periods of the year, within the range of 39% to
45%, and an average temperature of 18.6 °C. This
increase the dust suspension in the workshop which
justify the high rate of pollution by particles checked
at R1 workshop particularly during the peak of activities which increase the risk of worker`s exposure
to this pollution given the time they spend in their
workstations which is about 08 hours a day.

Methods. Dust weight analysis. Air samples
in various locations have been taken in the R1 workshop at the ENIEM (National Company of the Home
Appliance Industries of Tizi-Ouzou). The concerned
items were: gates injection (GI), tanks injection (TI),
tank cleaning (TC) and the workshop atmosphere
(WA). At the end of each series of sampling and after
weighing the cups, the amount of dust is calculated
according to the following formulas:

Mm

Mt

M mf  M mi

M tf  M ti

ࡹ ൌ ࡹ െ ࡹ࢘ ሺࢍሻ
Calculation of the air volume aspirated in 15
and 120min. Suction rate of the CIP 10 is 10 l/min
and the volume of air aspirated in 15min is 150L.
The volume of air aspirated in 120min is 1200L,
therefore, the different concentrations of the collected dust were defined for the four working positions. The concentration of the collected dust was
calculated using the following correlation:
࢜ ࡹ
ሺࢍȀ3ሻ ൌ ሺ࢞ െ ࢈ ሻ  
ࢂ
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Dust concentration in the workshop R1 according to the sampling periods. The results of the
dust weight analysis in various positions based on
sampling periods (15 and 120 min) are shown in the
figures 3 & 4.
Figure 3 shows that the alveolar and inhalable
fractions are detected in the GI station for the short
and mid-term sampling. On other hand, the thoracic
fraction is detected only at short-term sampling with
a low concentration of 0.09 mg/m3.

ࡹ
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FIGURE 1
Temperature and humidity in the workshop atmosphere at hot period
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FIGURE 2
Temperature and humidity in the workshop atmosphere at cold period
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FIGURE 3
Dust concentration in GI post for 15 and 120mn of sampling.
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FIGURE 4
Dust concentration in TI post for 15 and 120mn of sampling

cumulated by the respiratory system along the employee's career, provoking the pulmonary overload
phenomenon as confirmed by the study of Churg and
Nikula [37, 38].
In Figure 5 we have noticed that TC station got
a dust exposure with the three fractions; alveolar,
thoracic and inhalable, for the short-term sampling.
For the mid-term sampling the thoracic fraction is
not detected in this station.
The alveolar and inhalable fractions are detected in the TC post in mid-term sampling respectively with low concentrations of 0.205 mg/m3 and
0.12 mg/m3 which GLGQ¶WH[FHHGWKH(/9however,
this expose the ENIEM workers occupying this position to the risk of occupational diseases caused by
the dust pollution knowing the important amount of
time they spend in the same position during their career which is about 20 to 30 years of exposure [39].
Figure 6 shows that the dust pollution with the
three fractions; alveolar, thoracic and inhalable are
found in WA station with high concentration for the
inhalable fraction 0.825 mg/m3. The detected concentrations at mid-term sampling are lower than
those taken at short-term one.
The results of the samples confirmed that the
air in the workshop R1 presents a dust pollution in
all the surface not only near the point of emissions of
these particles in the related stations, as their low
density allow them to move throughout all the workshop area, therefore, exposing the workers of this
workshop increase the risk of developing respiratory
diseases, particularly occupational asthma.
To review the dust concentration results in the
workshop R1 upon the sampling periods, we have
recapitulated the values we have got at the various
stations in the Table 1.

The value of the alveolar fraction has exceeded
the exposure limit value (ELV) of 2 mg/m3 recommended by the INRS [26] for mid-term sampling
which increases the risk of worker`s exposure to
these particles as they penetrate deep down to the
pulmonary alveoli with a low possibility of removal.
It has been demonstrated that it is the finer PM fraction that has the most acute effects on human health
[32], especially for vulnerable people as shown by
the work of Stamatelopoulou [33].
Figure 3 shows in addition that the concentration of dust collected at mid-term sampling is lower
than the one collected at short-term, this is due to the
fact that some of these particles stuck in the inner
walls of the CIP10 as shown by the studies of James
and Demange [34, 35]. The high-speed rotation of
the CIP 10 (7000 rpm) re-entrained the particles at
the exit of the CIP10 for the long sampling time,
therefore, the results are similar to the literature work
[36]. This difference can also be explained by the
number of dilutions which is 8 times bigger in the
mid-term sampling than the short-term.
The Figure 4 shows that the three fractions; alveolar, thoracic and inhalable are detected in TI station. The thoracic fraction is not detected for the
mid-term sampling, this is due to the low concentration of this fraction in this station as this has not
reached the detection threshold of the CIP10.
The values of the alveolar and inhalable fractions respectively 1.04 mg/m3 and 0.205 mg/m3 for
mid-term sampling didn`t exceed the ELV of 2
mg/m3 and 5 mg/m3 [26], nevertheless, this does not
exclude the risk of exposure of the workers to this
pollution and the possibility of developing occupational diseases that can be caused by these particles
even at low concentrations, as they are kept and ac-
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FIGURE 5
Dust concentration in TC post for 15 and 120mn of sampling
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FIGURE 6
Dust concentration in WA post for 15 and 120mn of sampling
TABLE 1
Dust concentrations (mg/m3), in the workshop R1 upon the sampling periods
Alveolar fraction
Thoracic fraction
Inhalable fraction
(15 mn)
(120 mn)
(15 mn)
(120 mn)
(15 mn)
(120 mn)
Gates Injection
0.995
2.250
0.090
0.000
3.965
0.830
Tanks Injection
0.965
1.040
0.080
0.000
1.665
0.205
Tanks Cleaning
2.300
0.285
0.995
0.000
4.315
0.120
Workshop Atmosphere
2.650
0.080
7.650
0.120
6.965
0.825
term exposition for dust pollution, and then we have
analyzed the results for each fraction.

Dust concentration in the workshop R1 according to the sampling stations. After the comparison done among the values of the dust concentrations taken in the workshop R1 upon the sampling
periods, we have evaluated the exposure of the workers as per the work stations, thus, we considered the
values of the concentrations taken at mid-term sampling since it is the fraction that represents the long-

Alveolar fraction. Figure 7 shows that the alveolar fraction is detected in the four defined positions with a considerable rate of 1.88 mg/m3 in WA
position. This is due to the position of the sampling
point which is located next to other work stations
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tanks is done at each output of the molds; and also,
due to the location of the station TC in the workshop
which is close to the other positions that emanates
dust.

that emanates dust during the whole working day
leading to the displacement of the particles emanating from all the posts of the workshop R1 as well as
their accumulation due to the absence of a ventilation
system that will displace the dust to outdoor of the
workspace, or a vacuum system that will allow the
pollution aspiration from the source of it`s emanation. The dust can also come from outside the workshop due to the influence of the external environment
on the air inside the building as shown by the works
of Sabaziotos [40].
The dust concentration of 1.85 mg/m3 in TC is
also important for alveolar fraction. The result can
be explained by the nature of the station which is in
a massive production system, where the cleaning of

Thoracic fraction. Figure 8 shows that the thoracic fraction is detected only in the WA station with
a quite low concentration of 0.66 mg/m3. This
amount is due to the low rate of this fraction in the
workshop R1 which has not reached the detecting
threshold of CIP 10. Knowing that this fraction is responsible of the occupational asthma, even at low
concentrations, we can confirm that the workers are
exposed for an important risk of developing this disease over their career.

2
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FIGURE 7
Alveolar dust concentration in, GI, TI, TC and WA for 120mn of sampling
0,7

Concentration (mg/m3)

0,6
0,5
Gates Injection

0,4

Tanks Injection
0,3

Tanks Cleaning
Workshop Atmosphere

0,2
0,1
0
120 min

FIGURE 8
Thoracic dust concentration in, GI, TI, TC and WA for 120mn of sampling
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FIGURE 9
Inhalable dust concentration in, GI, TI, TC and WA for 120mn of sampling.
TABLE 2
Dust concentrations (mg/m3), in the workshop R1 upon the sampling stations

Alveolar fraction
Thoracic fraction
Inhalable fraction

Gates Injection
(120 mn)
0.660
0.000
1.400

Tanks Injection
(120 mn)
0.790
0.000
0.520

Tanks Cleaning
(120 mn)
1.850
0.000
1.183

Workshop Atmosphere
(120 mn)
1.880
0.660
1.260

SAMPLING ON FILTER

Inhalable fraction. Figure 9 shows that the inhalable fraction is present in the four sampling stations, with a higher concentration at the GI one with
1.4 mg/m3. Several parameters can influence the rate
of the inhalable dust pollution in this station due to:
 The nature of the post where the scouring of
the PU foam is made overflowing around the mold,
hence the permanent emanation of the dust at this
post,
 The absence of the suction of the dust released at the source,
 The climate conditions in the workshop, for
example in the case of low humidity, as shown by
the measurements in Figure 2, this will generate the
accumulation of particles in the air of the workshop
which will increase their concentration.
Upon the dust weight analysis results in the
workshop R1, we can confirm that the four positions
concerned indicates a dust pollution, including the
three fractions, alveolar, thoracic and inhalable, with
recorded peaks for the workshop atmosphere position, therefore, we can highlight that excessive exposure of workers to considerable particles pollution
even at low concentrations can cause respiratory disease due to the significant exposure time to this pollution.
To review the dust concentration results in the
workshop R1 upon the sampling stations, we have
recapitulated the values we have got in the Table 2.

HPLC results analyses. To evaluate the aerosol pollution in the R1 workshop, we have proceeded
to the sampling in three stations with the filter at the
isocyanate injection pump station (a1), the GI (a2)
and in the WA (a3). We have analyzed the results
with the High Performance Liquid Chromatography
(HPLC). The Figure 10 indicate the results of the isocyanates injection pump station of the MDI.
From the calibration curves, we derived the
concentrations from the sampling stations a1, a2, and
a3 in order to build the MDI concentrations histogram of Figure.11.
Figure 11 shows a significant presence of MDI
in the three positions identified with a major concentration in position a1 with 13.25 103 mg/m3, extremely exceeding the ELV of 0.1 mg/m3, proposed
by INRS [26]. This is due to the defective condition
of the pump, resulting in considerable losses of this
material in vapor form, so an immediate renewal of
the injection pump will be of considerable improvement to worker`s health.
Knowing that MDI is the major cause of occupational asthma as shown in the study [41], we can
highlight upon our results that workers are exposed
to a significant risk of respiratory disease given the
amount of inhaled aerosols along the working day.
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FIGURE 10
HPLC of the alveolar fraction in MDI injection pump (a 1).
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0
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Sampling Position
FIGURE 11
MDI concentration based on sampling stations.

The results of aerosol characterization by
HPLC confirmed that aerosols sampling in the workshop includes MDI, sensitizing and irritant causing
occupational asthma, this was confirmed by the Zatout and Tibiche Clinical Study [42], which concluded that ENIEM workers developed respiratory
diseases caused by their exposure to these aerosols,
particularly for foam injectors.
Considering these results, we confirm that in
the R1 workshop, workers are exposed to dust pollution and aerosols containing MDI, this is definitely

CONCLUSION
Throughout this study we have evaluated the
dust weight analysis by particle size classes, and
characterized MDI vapor in the air of the foaming
workshop R1 in a household appliance industry.
The results we have got confirmed that the
three fractions; alveolar, thoracic and inhalable are
present in the breathing zone of workers and in the
workshop¶V atmosphere with various concentrations,
which explains the worker`s complaints.

2975

© by PSP

Volume 27 ± No. 5/2018 pages 2968-2977

Fresenius Environmental Bulletin

[9] Henriks-Eckerman, M.L., Mäkelä, E.A.,
Laitinen, J., Ylinen, K., Suuronen, K., Vuokko,
A. and Sauni, R. (2015) Role of dermal exposure in systemic intake of methylenediphenyl
diisocyanate (MDI) among construction and
boat building workers. Toxicol. Lett. 232(3),
595±600.
[10] Bello, D., Sparer, J., Redlich, C.A., Ibrahim, K.,
Stowe, M.H. and Liu, Y. (2007) Slow curing of
aliphatic polyisocyanate paints in automotive
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Manno, L.C.E. and Tarlo, S.M. (2011) Reduction in diisocyanates and non-diisocyanate sensitizer-induced occupational asthma in Ontario.
J. Occup. Environ. Med. 53(4), 420-426.
[13] Whittaker, S.G. and Reeb-Whitaker, C. (2009)
Characterizing the health and safety needs of the
collision repair industry. J. Occup. Env. Hyg. 6,
273-282.
[14] Varma, D.R. and Mulay, S. (2009) Methyl Isocyanate: The Bhopal Gas. Handbook of Toxicology of Chemical Warfare Agents. (2st Edition) Elsevier, Amsterdam. 293±312.
[15] Sorahan, T. and Nichols, L. (2002) Mortality
and cancer morbidity of production workers in
UK flexible polyurethane foam industry: updated findings, 1958-98. Occup. Environ. Med.
59(11), 751-758.
[16] Carino, M. (1997) Occupational asthma, death
and diphenylmethane diisocyanates. Food and
Chemical Toxicology. 35(6), 635±636.
[17] Sparer, J., Stowe, M.H., Bello, D., Liu, Y.,
Gore, R.J. and Youngs, F. (2010) Isocyanate
Exposures in Autobody Shop Work: The
SPRAY Study. J. Occup. Env. Hyg. 570-581
[18] Roberge, B., Aubin, S., Ostiguy, C. and Lesage,
J. (2013) Guide de prévention pour une utilisation sécuritaire des isocyanates. Démarche
G¶K\JLqQHGXWUDYDLO RG-764, IRSST (Canada).
82-83.
[19] Roberge, B. and Aubin, S. (2013) Les isocyanates en milieu de travail : évaluation et prévention. IRSST (Canada).
[20] Cetin, M., Sevik, H., and Saat, A. (2017) Indoor
air quality: the samples of Safranbolu Bulak
Mencilis Cave. Fresen. Environ. Bull. 26, 59655970.
[21] Kotzias, D. and Pilidis, G. (2017) Building design and indoor air quality - experience and prospects. Fresen. Environ. Bull. 26, 323-326.
[22] NF X 43-257-. (1988) Air des lieux de travail,
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an alert to raise awareness about the risks for workers that are being excessively exposed to these substances, therefore, it`s urgent that ENIEM initiate a
remedial work plan to improve the working conditions of employees.
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STUDY ON IDENTIFICATION TO PATHOGENS OF WOODS
CANKER, GENETIC DIFFERENTIATION RESEARCH TO
ITS MAIN SPECIES VALSA MALI AND RAPID DETECTION
TO PRIMARY INFECTION SOURCE OF
V. MALI IN XINJIANG
Kaifa Guo, Benchun Xiang, Sifeng Zhao*, Cailan Wu
Key Laboratory at Universities of Xinjiang Uygur Autonomous Region for Oasis Agricultural Pest Management and Plant Protection
Resource Utilization, Shihezi University, Shihezi, 832003, China

sistance [9], can be explained by the resource concentration theory [10], i.e., the resources are more
concentrated in monocultures and thus more easily
found by pathogenic fungi or insect herbivores. Yet,
the results of studies on the relation between tree species diversity and crown damage are not consistent
and depend on the environmental conditions [11]. In
mixed stands, populations of specialized herbivores
may be reduced, but generalist herbivores and heteroecious fungal pathogens [12] can be positively affected. Tree species diversity seems to have less effect than tree species composition. For instance, herbivore damage was less when mixed forests were
comprised of taxonomically or phylogenetically
more distant tree species or when the host tree species were surrounded by a higher proportion of nonhost tree species [13]. The associational resistance in
a certain neighbourhood may also change through
time, e.g., between seasons, from year to year, or as
the trees get older [14]. However, most studies on the
effect of tree species diversity on the resistance of
trees to pests and diseases have been done in mature
forests. Only few studies have focused on the young
stages of forest development. Yet, the young stages
of forest development, especially the particularly
vulnerable regeneration stage, are important in determining the character of the trees and the stand in the
later stages of forest development [15].
In this study, a wide range of samples were collected from shelterbelts and economic forests in the
northern and southern Xinjiang, China. The samples
were isolated in the laboratory and their isolates were
obtained. The pathogenicity, morphological characWHULVWLFV,76VHTXHQFHȕ-Tubulin sequence Identification. From the perspective of morphology and molecular biology, the species of pathogenic fungi in
economic forest and shelter forest in Xinjiang were
systematically discussed.

ABSTRACT
In order to clarify the pathogen species of
woods canker of shelterbelt and economic forests in
Xinjiang and clarify pathogenicity differentiation
and genetic diversity of its main species Valsa mali.
A total of 281 isolates were obtained from
woods canker come from 17 kinds of hosts in Xinjiang, all isolates are anamorph, and pathogenicity of
WKHVHLVRODWHGZHUHWHVWHGDFFRUGLQJWR.RFK¶VUXOH
These isolates were identified as 5 species, they are
Valsa mali (anamorph:Cytospora mali), Valsa sordida (anamorph: Cytospora chrysosperma), Valsa
macolica (anamorph: Cytospora schulzeri), Leucostoma niveum (anamorph: Cytospora nivea) and
Cryptosphaeria pullmanensis (anamorph: Cytosporina pullmanensis) respectively. The V. mali and
V.sordida are main pathogens of economic forest
and shelter forest, respectively.

KEYWORDS:
Xinjiang, Wood canker, pathogen identification, Valsa
mali, Rapid detection

INTRODUCTION
The risk for pest and disease damage is related
to the probability of occurrence and the behaviour of
populations of damaging agents [1-3], which is in
turn influenced by the forest stand composition and
management. Indeed, the occurrence of most pests
and pathogens largely depends on stand density, the
presence of host trees, the abundance of non-host
trees, and other stand characteristics, such as stand
composition and age structure [4,5]. Mixed stands
consisting of site-adapted species may be more resistant to pests and diseases compared to monocultures [6,7]. ,QGHHGDIRFDOWUHH¶VYXOQHUDELOLW\WRpredation or parasitism can be altered by the identity,
diversity, and abundance of its neighbouring species
[8]. This phenomenon, also called associational re-

MATERIALS AND METHODS
Rotting samples. (1) economic forest garden:
2012 ~ 2015 in Xinjiang, southern Xinjiang, pear,
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willow, Populus, locust tree, Elaeagnus angustifolia
and other protection forest branches, harvest 1 a
healthy fresh apple, pear, red dates, walnuts, apricots
and other branches of the economic fruit orchard
branches, the branches cut into 20 cm small, first
rinse with tap water, dry and then used or put 4 Ԩ
freezer.

walnut, red dates, apricots and other economic trees
on the collection of typical rot symptoms bark and
dead branches. The main symptoms of the collection
of samples: the initial bark surface of the water-like,
slightly raised from the spot, with wine distress; late
lesions dry shrinkage, the formation of dark brown
necrotic lesions; dry spots appear black spots Of the
black spots, in the case of wet and rain, easy to produce yellow to red conidia angle. The typical symptoms of decay were easily found at the branches and
pruning sites of the trees. The number of samples and
isolates collected from the samples was shown in Table 1.
(2) Shelterbelt: Bark and dead branches with
typical rot disease symptoms were collected from
trees such as poplar, willow, locust, The main symptoms of the sample collection: the initial bark surface
reddish brown or yellowish brown, water-like lesions, irregular; late lesions dry shrinkage, the formation of dark brown necrotic lesions; dry spots appear on the lesion Black protruding black spots, in
the case of wet and rain, easy to produce yellow to
red conidia angle. The typical symptoms of decay
were easily found at the branches and pruning sites
of the trees. The number of samples and isolates collected from the samples was shown in Table 1.

Pathogenicity of rotting bacteria. The pathogenicity determination was carried out by in vitro
shoot inoculation. The specific steps of pathogenicity determination are:
(1) Select 1 a Health Healthy fresh arrows
Yang, Xinjiang Yang, willow, Populus, Huai tree,
Elaeagnus angustifolia and other protective forest
branches; collection 1 a healthy fresh apple, pear, red
dates, walnuts, apricots and other branches of economic forest orchard Branches, the branches cut into
20 cm small section;
(2) branches with alcohol after the surface
wipe, with 1.0% HClO soak 5 min, and finally rinse
with sterile water, air-dried, with plastic wrap will be
moisturizing cotton wool wrapped at both ends of the
branches;
(3) The isolates were cultured on PDA medium
and cultured in incubator at 28 Ԩ for 3 days. After
incubation for 3 days,
(4) will be in vitro branches of the skin after
scalding, picking the bacteria inoculated in the scald
area, with the silk surface close to the site of the
burns, and wrapped with plastic wrap;
(5) the seeds after inoculation into a sterile filter
paper moisturizing tray, plastic wrap wrapped tray
for moisturizing, placed in the light incubator at 26
Ԩ to observe the symptoms of disease.
Each strain was inoculated with three branches,
each of which was inoculated with two branches. Respectively, at 4 d, 10 d and 20 d after inoculation
Observe, record the incidence of in vitro
branches, and the re-separation of the site of the disease.

Medium. Potato dextrose agar medium (PDA):
potato 200 g, glucose 20 g, agar powder 15 g, add
distilled water 1 000 mL;
Potato Glucose Medium (PD): 200 g of potato,
20 g of glucose, 1 mL of distilled water;
Water agar medium (WA): agar 15 g, add distilled water 1 000 mL.
Drugs and reagents. (1) 1 mol / LTris-HCI
buffer (pH 7.5): 121.1 g Tris base was dissolved in
800 mL of distilled water, cooled to room temperature, adjusted to pH 7.5 with concentrated HCl, adjusted to pH 7.5, 1 L, autoclave.
(2) 0.5 mol / L EDTA buffer (pH 8.0): 186.1 g
sodium diethoxide diacetate was dissolved in 800
mL of distilled water and adjusted to pH 8.0 with 10
mol / L NaOH under vigorous stirring. To 1 L, autoclave.
(3) DNA extract: 200 mM Tris HCl pH 7.5, 250
mM NaCl, 25 mM EDTA, 0.5% SDS (4) TE buffer
(pH 8.0): 0.5 mol / L Tris-HCl (pH 8.0) mol / L
EDTA (pH 8.0).
(5) 10x TBE stock solution: 54 gTris, 27.5 g
boric acid, 20 mL 0.5 mol / L EDTA (pH 8.0), add
distilled water to 1 L. Use 0.5x TBE solution for
electrophoresis.
(6) EB solution (10mg / mL): 10 mg ethidium
bromide dissolved in 1 mL of distilled water, mixed
at room temperature after dark preservation. EB is a
teratogenic agent and must be handled with care.

Morphological identification of pathogens.
Observation of culture characteristics. The test
strains were inoculated on PDA plates and incubated
in an incubator at 28 Ԩ for 3 days.
The strains were tested for colony morphology,
color, texture, mycelial growth and other traits.
Morphological observation of spheroids. The
conidia formed after induction of the in vitro shoots
were sliced with slices of slices, crossed and slit as
thin as possible, placed on a glass slide containing
sterile water, and covered with coverslips. Under the
biological microscope, the morphological features of
the longitudinal and transverse sections were observed and the size of the conidia was measured and
recorded and photographed.

Inoculation with branches. Collection 1 a
healthy healthy fresh arrow Yang, Xinjiang Yang,
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FROXPQRIWKHFROOHFWLRQWXEHZKLOHȝ/RI%XIIHU
PS was added and allowed to stand for 5 min
After centrifugation at 12 000 rpm for 2 min,
pour the waste liquid and place the adsorption column into the collection tube.
  $GG  ȝ/ %XIIHU 3* WR WKH DGVRUSWLRQ
column, allow to stand for 5 min and centrifuge at 12
000 rpm for 1 min.
To the waste liquid, the adsorption column and
then into the collection tube;
  $GG  ȝ/ %XIIHU 3: WR WKH DGVRUSWLRQ
column. After standing for 5 min, centrifuge at 12
000 rpm for 1 min,
(6) repeat step 5;
(7) centrifugation at 12 000 rpm for 2 min to
remove residual ethanol;
(8) Place the adsorption column in a new centrifuge tube for 10 min at room temperature to completely dry the ethanol in the adsorption column.
 $GGȝ/%XIIHU(% %XIIHU(%S+
preheated with 50 ° C) at the center of the adsorption
column
Set aside for 10 min;
(10) 12 000 rpm centrifugation 2 min, centrifuge tube is purified DNA, stored at -20 Ԩ standby.

Identification of pathogens. Mycelium culture. The test strains were inoculated on PDA plates
and placed in 28 Ԩ incubator for 3 days.
Genomic total DNA extraction. (1) scrap a
small amount of rotting mycelia to 1.5 mL centrifuge
WXEHDGG'1$H[WUDFWȝ/HOHFWULFLW\
Grinding the grinding rod, grinding, grinding
full, at room temperature for 2 h;
(2) After centrifugation at 12 000 rpm after
sWDQGLQJIRUPLQUHPRYHWKHVXSHUQDWDQWȝ/
into the new centrifuge tube;
 DGGȝ/RILVRSURS\O DOFRKRO PL[DQG
let stand for 10 min;
(4) 10 000 rpm centrifugal 10 min, discard the
supernatant, add 70% ethanol rinse precipitation 2 to
3 times, 8 000
rpm centrifuged 2 min to remove ethanol, dry
for 10 min;
 $IWHUDGGLQJȝ/7(VROXWLRQGLVVROYHDW
-20 ° C.
rDNA-,76 ȕ-Tubulin gene. PCR reaction
V\VWHP3&57DT0L[ȝ/ȝPRO/,76
Beta-Dȝ/ȝPRO/,76%HWD-Eȝ/, geQRPLF'1$ȝ/GG+2ȝ/WRILQDOYROXPH
ȝ/
Amplification of ITS fragments: PCR amplification of rDNA-ITS was performed using universal
primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3
') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3').
The reaction conditions were as follows: denaturation at 94 Ԩ for 5 min; denaturation at 94 Ԩ for 30
s, annealing at 55 Ԩ for 30 s, extension at 72 Ԩ for
40 s, and 30 cycles at 72 Ԩ. After completion of the
reaction, the PCR reaction product was detected by
10 g / L agarose gel electrophoresis.
Amplification of the beta-Tubulin fragment:
Amplification of the [beta] -tubulin sequence using
primers
bt-2a
(5
&
apos;
-GTAACCAAATCGGTGCTGCTTTC, -3 & apos;) and bt-2b
(5 & apos; -ACCCTCAGTGTAGTGACCCTTGGC-3 & apos; The reaction conditions were as follows: 94 Ԩ pre-denaturation 5 min; denaturation at
94 Ԩ for 30 s, annealing at 58 Ԩ for 30 s, 72 Ԩ for
40 s, 30 cycles; After completion of the reaction, the
PCR reaction product was detected by 10 g / L agarose gel electrophoresis.

The purified PCR reaction product was sequenced. Sequence analysis of rDNA-,76DQGȕtubulin gene and construction of phylogenetic
tree. 7KH ,76 ȕ-Tubulin sequences obtained from
each test strain were identified by RTASTn program
in GenBank.
Download the homologous sequences separately. ClustalX 2.0 was used to align the sequences,
and the data set was manually adjusted with BioEdit
7.0.1 to remove the larger sequences and the missing
bases at both ends. Using the MEGA 5 software, the
phylogenetic tree was constructed using the maximum parsimony (MP), and the phylogenetic tree was
tested by bootstrap. And the branches and branches
of the phylogenetic tree were analyzed comprehensively to determine the fungi species represented by
the branches, and the species and composition of the
tested strains were identified.

RESULTS AND DISCUSSION

PCR product was purified. PCR products
were used to purify the PCR products. The specific
steps were as follows:
(1) cut the agar gel gel with the target strip, cut
the gel as much as possible, add the sol liquid PG
according to the weight ratio of 1: 3 (ie 100 mg glue
WRȝ/VROXWLRQ
(2) 55 Ԩ water bath, water bath during the oscillation to help dissolve, so that the plastic block
completely dissolved;
(3) The solution was added to the adsorption

Statistics on the Species and Isolated Pathogens
of Different Forest Species in Xinjiang economic
forest and shelter forest rot disease is more serious,
from Xinjiang, north and south Xinjiang collected a
total of 17 kinds of forest rot. The isolates were isolated and 321 isolates were isolated. In this paper,
199 isolates were collected from pear trees, apple
trees, walnut trees, jujube trees, almonds, almond
and almond and other economic forest trees. The isolates were collected and isolated from the trees such
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4.17% and 4.17% respectively. There were 14 strains
of ordida, C. pullmanensis and V. mali, which were
78.57%, 7.14% and 14.29% respectively. Six isolates and 1 rotting bacteria were isolated from locust
trees and mulberry trees respectively. V. mali.

as the arrows Yang, Xinjiang Populus, Populus, Willow, Elm and other shelters Separate 122, see Table
1.
TABLE 1
The isolated result of pathogens of Valsa canker
in Xinjiang
Classification

Host

Economic forest

Pyrus

Shelterbelt

Total

Pyrus
Prunus armeniaca
Zizyphus jujube
Juglans
Malus
Amygdalus communis
Prunus L
Crataegus pinnatifida
Populus
euphratica
Populus nigra L.
Ulmus pumila
Salix matsudana
Morus alba
Sophora japonica
Elaeagnus angustifolia
Populus alba L.
17 species

Fresenius Environmental Bulletin

Isolation and identification of pathogens of
economic forest rot disease. A total of 199 isolates
were isolated from Xinjiang Orchard, and 173 isolates were identified as rot fungi, and 173 isolates
were all clones of Cytospora. Morphological identification identified 173 rot fungi as C. mali, C. chrysosperma, C. sul., C. nivea (sex: L. niveum) were 149,
14, 9 and 1 strains, accounting for 86.13%, 8.09%,
5.20% and 0.58% of the rotting bacteria. Among
them, 39 isolates and 114 strains were obtained from
apple and pear trees. The main species were V. mali,
which accounted for 94.77% of rotting bacteria, followed by V. malicola and V. sordida, accounting for
3.92% and 1.31 % Of the rotting isolates obtained
from walnut in southern Xinjiang were identified as
V.sordida, and two isolates were obtained from walnut in northern Xinjiang, one from L. niveum and V.
sordida. From jujube and apricot 3 isolates and 1 isolate were identified and identified as V. mali. Three
strains of rotting bacteria isolated from Hawthorn
trees in the middle of Shihezi University were identified as V. malicola.

Number of the
isolates
103
12
12
3
23
41
1
1
3
14
35
9
24
3
6
4

Pathogenicity test result. The isolates were
isolated from the leaves of the trees, such as apple,
pear, walnut and other economic trees and arrows,
Xinjiang Yang, willow and other protective forest
branches, can make inoculated branches of the disease, and appear with the outdoor Symptoms of the
same lesion.
Among them, the strains identified on the economic forest were inoculated in the economic forest
branches, and the spotted inoculum was expanded
and rounded. The lesion is brown, the surface shrinkage, there is distiller's grains taste, at the same time
in the inoculation site xylem color brown, inoculated
about 20 d, the lesion surface appears black conidia;
inoculated pear tree branches, (Figure 1A, B, C), and
the black conidia was present at about 20 days after
inoculation.
The isolates were isolated from Xinjiang, Salix
psammophila, Populus euphratica and Populus euphratica. The fifth day of inoculation began to appear
in the watery, slightly oval. Lesions gradually spread
along the wound, the lesion surface bark shrinkage.
Health at the junction of the health of the organization sometimes cracks, and sometimes there will be
a black "line" appears. About 20 days after inoculation, the surface of the lesion has a small black dots,
that is, conidia. In the appropriate humidity conditions, there is a yellow curl-like conidia angle overflow (Figure 1D, E, F, G, H).

27
321

Isolation and culture of pathogens of protection forest rot disease. The main afforestation trees
of Xinjiang Shelterbelt are Xinjiang Populus, Salisbury, Willow, Elm, Populus, Elaeagnus angustifolia
and so on. A total of 122 isolates were isolated from
Xinjiang Shelterbelt, of which 108 were rotting
strains, and 108 strains were all clonal Cytospora
fungi. 108 isolates were identified by morphological
and molecular biology as four types: C. chrysosperma (sexual type: V. Sordida), C. mali (sexual
type: V. Mali), C. nivea (sexual type: L. Niveum), C.
pullmanensis (sexual type: C. pullmanensis). The
number of strains was 84, 13, 3 and 8 respectively,
accounting for 77.78%, 12.04%, 2.78% and 7.41%
of the number of rotting bacteria respectively. The
results showed that the main species of rotavirus in
Xinjiang were C chrysosperma (sexual type: V. sordida).
Among them, 35 species of V.sordida, C. pullmanensis, V. mali and L. niveum were identified,
and the proportion was 81.36%, 10.17%, 5.08% and
3.39% respectively. The results showed that there
were four species of V. sordida, C. pullmanensis, V.
mali and L. niveum, which were 87.5%, 4.17%,
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FIGURE 1
Canker symptoms on stems after inoculation in vitro
Note:A-G. malus, Pyrus, Juglans, Populus alba L., Salix matsudana, Populus euphratica, Elaeagnus
angustifolia, Populus nigra L.
Morphological characteristics of different
rotting pathogens. Cytospora mali (sexual type is
Valsa mali). The colony was randomly arranged on
the surface of the colony, white to gray, 0.8 to 2.5
mm in diameter, and yellow conidia at the later stage
of growth (Fig. 2A, B). Sub-seat buried in the bark,
slightly protruding, dark brown, spherical to ellipsoid, diameter 0.6 ~ 1.2 mm; orifice 1, with the top
plate with the high; sporulation body cavity (locule),
HDFKFDYLW\KDV a î a ȝP )LJ
3A, B, C). The cells were of the same size as the cells.

A

B

A (front)

C
FIGURE 3
Morphologic characteristics of C.
Mali (teleomorph: V. mali)
Note:A ±B, horizontal and longitudinal section
through conidioamata. C, conidiospore

B (Back)
FIGURE 2
Colony characteristics of C. mali
(teleomorph: V. mali) on PDA
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[3] Jactel, H., Nicoll, B.C., Branco, M., GonzalezOlabarria, J.R., Grodzki, W., Långström, B.,
Moreira, F., Netherer, S., Orazio, C., Piou, D.,
Santos, H., Schelhaas, M.J., Tojic, K., Vodde, F.
(2009) The influences of forest stand management on biotic and abiotic risks of damage. Ann.
For. Sci. 66, 1-18.
[4] Barbosa P., Hines, J., Kaplan, I., Martinson, H.,
Szczepaniec, A., Szendrei, Z. (2009) Associational resistance and associational susceptibility:
having right or wrong neighbors. Annu. Rev.
Ecol. Evol. Syst. 40, 1-20.
[5] Vehviläinen, H., Koricheva J., Ruohomaki, K.
(2007) Tree species diversity influences herbivore abundance and damage: meta-analysis of
long-term forest experiments. Oecologia. 152,
287-298.
[6] Jactel, H., Brockerhoff, E.G., Duelli, P. (2005)
A test of the biodiversity-stability theory: metaanalysis of tree species diversity effects on insect pest infestations, and re-examination of responsible factors. In: Scherer-Lorenzen, M.,
Körner, C., Schulze, E.-D. (Eds.) Forest Diversity and Function: Temperate and Boreal Systems. Springer, 235±262.
[7] Liu, Z., Li, H., Liu, K., Yu, H., Cheng, K. (2017)
Design of high-performance water-in-glass
evacuated tube solar water heaters by a highthroughput screening based on machine learning:
A combined modeling and experimental study.
Sol. Energy. 142, 61-67.
[8] Spiecker, H. (2003) Silvicultural management
in maintaining biodiversity and resistance of
forests in Europe²temperate zone. J. Environ.
Manage. 67, 55-65.
[9] Underwood, N., Inouye, B.D., Hambäck, P.A.
(2014) A conceptual framework for associational effects: when do neighbors matter and
how would we know? Q. Rev. Biol. 89, 1-19.
[10] Tahvanainen, J.O., Root, R.B. (1972) The influence of vegetational diversity on the population
ecology of a specialized herbivore, Phyllotreta
cruciferae (Coleoptera: Chrysomelidae). Oecologia. 10, 321-346.
[11] Root, R. (1973) Organization of a plant-arthropod association in simple and diverse habitats:
the fauna of collards (Brassica oleracea). Ecol.
Monogr. 43, 95-124.
[12] Koricheva, J., Vehviläinen, H., Riihimäki, J.,
Ruohomäki, K., Kaitaniemi, P., Ranta, H. (2006)
Diversification of tree stands as a means to manage pests and diseases in boreal forests: myth or
reality? Can. J. For. Res. 36, 324-336.
[13] Liu, Z., Xu, W., Zhai, X., Qian, C., Chen, X.
(2017). Feasibility and performance study of the
hybrid ground-source heat pump system for one
office building in Chinese heating dominated areas. Renew. Energ. 101, 1131-1140.

CONCLUSION
Forest rot disease in Xinjiang is more serious,
especially apple trees, pear, walnut and other economic trees and poplar, willow and Populus euphratica and other protective trees, rot disease hinder
the healthy development of Xinjiang's agriculture
and forestry production. In this study, 321 diseased
samples were collected from 17 forest host plants in
Xinjiang, and 281 rot pathogens were isolated and
identified as all anamorph. Five species of these rot
pathogens were identified by morphological characWHULVWLFV,76VHTXHQFHDQGȕ-Tubulin gene sequence.
They were Valsamali (Cytospora mali), Valsa sordida (Cytospora chrysosperma), Valsamacolica
Schulzeri, Leucostoma niveum (Cyclospora nivea)
and Cryptosphaeria pullmanensis (Cyclosporina
pullmanensis). Among them, V. mali is the main
species that endangered the rot of diseased forest in
Xinjiang and V. sordida is the major species that endanger the protection forests in Xinjiang.
The biological characteristics and pathogenicity of V. mali from apple tree in Xinjiang Province
showed that the virulence of V. mali different color
strains in Xinjiang was different, and the virulence
of yellowish and milky white strains was stronger
than that of white strains. Pathogenicity of V. mali
pathogen in Xinjiang is mainly caused by moderate
pathogenicity and weak pathogenicity. Strong virulent strains were not found. Pathogenic differentiation was found in V. mali, a pathogen of apple tree
rot in Xinjiang. V. mali can cause pathogenicity on
different host trees, and there are also differences in
pathogenicity between different host trees. V. mali
can cross-infect the host trees. This study revealed
the diversity, complexity and pathogenic differentiation of the V. mali population in apple tree rot pathogen in Xinjiang.
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ABSTRACT

zymes, play an active role [3, 2]. These enzymes activate toxic substances by subjecting them to different chemical reactions such as oxidation and hydrolysis. In addition, these reactions carry the resultant
free radicals which have carcinogenic properties. In
the phase II., activated chemicals become harmless
and water-soluble by binding to substances such as
glucuronic acid, sulphate, glycine, glutamine, taurine, ornithine and glutathione in the liver with different enzymes after that they are excreted through
urine or biliary bile ducts [3]. There is a need for nutrients (amino acids, vitamins, minerals and plant active glycosides and phalavonoids, etc.) that will accelerate detoxification if intoxicants are taken or accumulated intensively [2].
There are new products made from additives
containing aromatic plant extracts for cats and dogs.
There are many herbal products used in the traditional medicine field and considered to have detox
effect, but these products may contain some substances that may have adverse effects also. The purpose of this project to investigate safety of these
product uses on animal health.

Pets are constantly taking toxic substances
from the air, soil, water or feed. These toxic substances affect all organs and cause many important
health problems. These toxins need to be removed
from the body of the animals. Detoxification (detox)
is a process of disposing of toxic substances by converting them into non-toxic substances. There are
new detoxification products for cats and dogs made
from aromatic plant extracts. There are many herbal
products used in the traditional medicine field and
considered to have detox effect, but these products
may contain some substances that may have adverse
effects also. The purpose of this project was to investigate the safety of these products on animal health.
In this experiment, forty rats were randomly assigned to five groups (control, 20% cat detox, 100%
cat detox, 20% dog detox, 100% dog detox). Water
intake was increased 7-11% in detox groups when
compared to control group except 20% cat detox
group which was similar to the control group. The
rats were healthy from the beginning to the end and
animals had no complication. According to our result, 100% cat detox or 100% dog detox products
could be consumed daily up to 100% without any adverse affect.

MATERIALS AND METHODS
Detox Products. heyLove Cat Detox and
heyLove Dog Detox products provided by ATY Grup
<HP 6DQ YH 7LF $ù, Istanbul, Turkey. heyLove
Cat Detox contains aqueous extracts of Valerian officinalis root, Carlina Marianum root, Nasturtium
officinale, Arctium lappa, Linum usitatissimum,
Rheum rhabarbarum, Ulmus, Taraxacum officinale,
Equisetum telmateia, Achillea millefolium and
Astragalus Canadensis, and heyLove Dog Detox
contains aqueous extracts of Lens cullinaris, Carlina
Marianum root, Nasturtium officinale, Arctium
lappa, Linum usitatissimum, Rheum rhabarbarum,
Ulmus, Taraxacum officinale, Equisetum telmateia,
Gypsophila paniculata and Astragalus canadensis.

KEYWORDS:
Herbal detox, additives, cat, dog

INRODUCTION
Pets are constantly taking toxic substances
(pesticides, detergents, dyestuffs, etc.) from the air,
soil, water, dust or food, and these toxic substances
affect all organs in the body especially the skin, liver
and kidneys [1]. Detoxification (detox) is a process
of disposing of toxic substances by converting them
into non-toxic substances. Detox processing is a
complex process in which many enzymes actively
participates [2]. The most important organs for the
detox process are the liver and intestines. There are
two phases during the detox process [3]. In phase I,
cytochrome P450 enzymes, which contain many en-

Animals and Groups. Twenty four weeks old,
fourty male Wistar albino rats (343.8±47 g; Mehmet
Akif Ersoy University Veterinary Faculty Laboratory Animal experiment Unit, Burdur, Turkey) were
housed (22 C, with lights off for 12 h) in a fully accredited Animal Care facility, approval of the

2985

© by PSP

Volume 27 ± No. 5/2018 pages 2985-2991

Fresenius Environmental Bulletin

Duncan's multiple range tests after all data were subjected to Analysis of Variance (one way-ANOVA).
The means of two groups were compared by Pairedsample t-test. P<0.05 were regarded as statistically
significant.

Mehmet Akif Ersoy University ethics committee
protocols no: 93773921-237. In Experiments, forty
rats were randomly assigned to twenty shoebox
cages and each cage had two rats. Rats were provided with wood shaving bedding in the shoebox
cages. Cages were changed weekly for cleaning purposes. Individual rats were identified using indelible
red and blue mark on tail. They were maintained ad
libitum on standard laboratory chow with water and
water additives. The standard rat pellet feed were
purchased from commercial company (Korkuteli
<HP *ÕGD 6DQWLF $ù Antalya, Turkey). The rat
feed nutrition were analyzed. Cat detox and Dog detox additives and commercial standard water was
used instead of tap water for animal water requirements. Water was given to rats with the measurable
bottle. Water and feed consumption were checked
daily and animals were weighted weekly. Feed and
ZDWHU LQWDNHV¶ YDOXHV ZHUH converted to g/ 100 g
body weight per day to minimize the effect of the
animal weights.
Each cage randomly assigned to five groups; a)
Control group received only water, b) 20% Cat Detox group received 80% water and 20% Cat Detox,
c) 100% Cat Detox received 100% Cat Detox, d)
20% Dog Detox group received 80% water and 20%
Dog Detox, e) 100% Dog Detox received 100% Dog
Detox. The groups were designed based on the products recommended level and the highest level to see
whether it has any adverse effect on the animals.

RESULTS AND DISCUSSION
Rats were fed a diet containing soybean meal,
corn, barley, alfalfa, wheat bran, full fat soybean,
vegetable oil, marble dust, di calcium phusphate,
pellet binders, toxin binders, minerals, D.L. Methionin and vitamin E. The rat feed was standard diet for
the Animal Care facility which is purchased from
private company with 90% DM, 24% CP, 6.84% CF
and 4.33% EE.
The rats were healthy from the beginning to the
end. Four animals were lost in the first day after the
cardiac puncture blood collection. The animals were
replaced next day. Later on, only two animals were
lost with normal cause of death. There were no sign
of disease or complication on them.
The rats body weight gain, feed and water intake were shown in Table 1, 2 and 3. The body
ZHLJKWV¶ GLIIHUHQFHV ZHUH QRW VLJQLILFDQW EHWZHHQ
WKHJURXSVRUZLWKLQWKHJURXSV$YHUDJHUDWV¶ERG\
weight gain was 0.31 g/day. The body weight gain
should be small because the selected rats were mature and they were fed with high protein diet.
Rats had ad-libitum feed and water. Feed and
water intake may be effected by age, health status,
sex, weather etc. In this situation, the treatment
should affect the feed and water intake because all
the animals had similar condition. In general rats can
eat feed 5 g/100 g body weight/day and drink water
10 ml/100 g body weight/day [4]. There were no differences among the groups for feed intakes. Cat detox 20% group had the highest 9.88±3.23 g feed intake on the other hand dog detox 20% group had the
lowest 7.65±0.83 g feed intake.
There were differences (P<0.05) among the
groups for water intake at 42 days (Table 3). 100%
cat detox and dog detox 20% group had the highest
12.4±1.33 and 13.3±1.80 ml water intake, respectively. On the other hand control and 20% cat detox
group had the lowest water intake. All the detox
groups had higher water intake levels except 20% cat
detox group when compared to control group. At day
56, water intake levels were not significant
(P<0.055). The detox products increased water intake of the rats except 20% cat detox group. First 28
days, water consumption was higher for all the
groups after that it was lowered. Water intake seems
to be effected by the blood collection at 0 and 28
days for all the groups. 100% cat detox group had
higher water intake and water intake values were not
different within the group. Water consumption usually effected by the feed intake, temperature, and an-

Blood Sampling. An adult rat has a circulating
blood volume of about 6% of the body weight and
up to 10% of the circulating blood volume could be
taken on a single occasion from a normal healthy animal without any adverse effect [4]. Rats were sedated with isoflurane. At Day 1 and Day 56, blood
was collected from cardiac puncture for serum
chemistry. Day 28, one ml of blood was collected
from retro-orbital sinus for serum chemistry. Urea,
Creatinine, Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST), Gamma-glutamyl
transferase (GGT), Glucose, Lactate dehydrogenase
(LDH) were analyzed [5] at Mehmet Akif Ersoy
University, Veterinary Faculty Laboratory, Burdur,
Turkey.
Necropsy and Pathological Test. Under anesthesia euthanasia was performed by cervical dislocation method. Euthanized animals were immediately
subjected to necropsy to check the anatomical location of the abdominal, thoracic and pelvic cavities
and organs inside. Assessment of liver tissues was
based on the evaluation criteria of [6]. When kidney
tissues are examined; Mohan [7] considered the criteria for a study of renal toxic injury.
Statistics. Data were analyzed by using a commercially available statistical software package [8].
The means of the groups were compared through
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imal metabolism. Since decreased water intake lowers the feed intake and general health and animal performance for animal health. The results of 100% detox groups shown that animals consumed detox

products without decreasing body weight gain, feed
intake and water consumption throughout the whole
research.

TABLE 1
Rat Live Body Weight Measurement for All the Groups
Groups
Days

Control

7
14
21
28
35
42
49
56
Mean Value

349±61.50
358±59.75
358±56.01
364±58.12
376±58.79
378±58.14
380±58.42
380±56.67
368±56.22
NS

20% Cat
detox

346±50.71
350±50.27
346±44.78
350±45.42
362±45.11
363±46.11
366±41.51
370±40.34
357±43.59
NS

100% Cat detox

333±56.42
351±53.01
348±51.87
354±50.63
365±53.50
370±52.15
375±51.29
383±49.41
360±51.27
NS

20% Dog detox

347±48.78
356±48.00
353±33.88
358±33.61
364±39.63
366±37.14
364±37.13
367±34.53
359±37.84
NS

100% Dog detox

344±20.69
354±17.22
355±22.55
360±25.44
368±27.11
374±23.06
371±27.52
377±26.90
363±25.18
NS

NS
NS
NS
NS
NS
NS
NS
NS

NS= Not significant.
TABLE 2
Rat Feed Intake Levels (g/ 100 g Body Weight Per Day) for All the Groups

Days
7
14
21
28
35
42
49
56
Mean Value

Control
7.94±1.32
7.51±1.19
9.06±1.07
8.84±0.82
8.09±0.99
8.00±1.39
7.59±0.75
7.46±0.53
8.06±1.08
NS

20% Cat detox
12.3±4.69
11.9±4.21
10.8±3.56
10.8±2.71
8.41±2.54
8.41±2.65
8.13±1.09
8.34±2.25
9.88±3.23
NS

Groups
100% Cat detox
8.93±1.11a.b
9.58±1.37a.b
9.62±0.89a.b
9.92±1.99b
8.71±1.13a.b
7.91±0.31a
7.82±0.22a
7.88±0.32a
7.91±0.35
P<0.05

20% Dog detox
7.06±1.19
7.76±0.68
8.38±1.06
8.44±0.68
7.50±0.54
7.65±0.54
7.05±0.49
7.31±0.43
7.65±0.83
NS

100% Dog detox
8.13±1.69
8.45±1.73
8.98±1.56
9.01±0.98
8.07±1.26
8.18±0.95
7.63±0.67
8.22±1.08
8.35±1.22
NS

NS
NS
NS
NS
NS
NS
NS
NS

NS= Not significant. a,b,c within the column scientifically significant at P<0.05.
TABLE 3
Rat Water Intake levels (g/ 100 g Body Weight Per Day) for All the Groups
Groups
Days

Control

20% Cat
detox

7
14
21
28
35
42
49
56
Mean Value

bc12.4±2.03
bc12.6±0.65
c13.6±1.18
c13.4±0.55
ab11.7±0.87
ab11.0±0.72A
ab11.4±0.72
a10.7±0.47
12.1±1.36
P<0.01

abc12.4±0.39
bc12.7±0.60
c13.3±0.94
c13.6±1.46
abc12.0±1.16
a10.7±0.95A
ab11.3±0.76
a10.8±1.35
12.0±1.41
P<0.01

100% Cat detox

20% Dog detox

100% Dog detox

12.9±0.98
14.0±1.32
14.4±1.00
14.4±1.20
12.8±2.53
12.4±1.33AB
13.0±1.39
12.0±0.26
13.2±1.49
NS

12.9±0.54
13.1±0.94
14.1±1.14
14.5±1.85
13.5±1.39
13.3±1.80B
12.7±1.42
12.9±1.39
13.4±1.34
NS

bc13.9±0.49
c14.5±1.04
c14.4±1.53
bc13.8±1.15
ab12.1±1.49
a11.8±0.56AB
a11.6±1.91
a11.8±1.26
13.0±1.61
P<0.01

NS= Not significant. a,b,c within the column scientifically significant at P<0.05 or P<0.01.
scientifically significant at P<0.05 or P<0.01.
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NS
NS
NS
NS
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TABLE 4
Rat Serum Urea Levels During Different Time Periods

Days
0
28
56
Mean Value

Control

20% Cat
detox

42.13±5.57
42.88±3.76
41.14±6.39
42.09±4.98
NS

40.57±4.75
41.57±3.26
40.15±5.34
40.76±4.34
NS

100% Cat detox

20% Dog detox

Urea (*10.7-22 mg/dL)
42.00±3.46
42.50±7.78
42.00±3.79
41.13±1.73
44.00±3.83
40.50±4.84
42.77±3.64
41.37±5.21
NS
NS

100% Dog detox

43.00±4.14
42.38±3.81
43.43±4.04
42.91±3.84
NS

NS
NS
NS

NS= Not significant. *23-47 weeks of age male UDWV¶VHUXPFKHPLVWU\ [9].
TABLE 5
Rat Serum Creatinine Levels During Different Time Periods
Days

Control

0
28
56
Mean
Value

b0.54±0.04
b0.54±0.03
a0.48±0.03ABC

20% Cat detox

100% Cat
detox

20% Dog
detox

Creatinine (*0.5-0.8 mg/dL)
b0.53±0.03
b0.53±0.04
ab0.51±0.04
b0.54±0.02
b0.55±0.02
b0.54±0.02
a0.46±0.02A
a0.47±0.02AB
a0.49±0.03BC

100% Dog detox

a0.51±0.02
b0.54±0.03
a0.50±0.02C

0.52±0.04

0.51±0.04

0.51±0.04

0.52±0.03

0.51±0.03

P<0.01

P<0.01

P<0.01

P<0.05

P<0.01

NS
NS
P<0.05

NS= Not significant. a,b,c within the column scientifically significant at P<0.05 or P<0.01. A,B,C within the line
scientifically significant at P<0.05 or P<0.01. *23-ZHHNVRIDJHPDOHUDWV¶VHUXPFKHPLVWU\[9].
within the range because blood was collected from
retro-orbital sinus. The decrease in intake values at
28th and 56th days may be related to the decrease in
stress during manipulation of animals, the increase
in experience of working team over time, and the adaptation of animals to handlers.
When the serum GGT levels were evaluated, it
was found that all the values (1.38-2.88 IU/L) were
in the normal limits (0.0-3.0 IU/L) and there were no
significant difference between the groups on the
days 0, 28 and 56.
At day 0, between the groups glucose levels
had no difference (P<0.051) in Table 8. When the
serum glucose levels were evaluated, there were significant differences between the groups on the days
28 and 56. The dog detox 20% group had the highest
161.71±25.23 mg/dL glucose levels. On the other
hand glucose levels were different between dog detox 20% group and dog detox %100 group. Over all
animals glucose levels were seem to be high or in a
border level (92-138 mg/dL). All the animals were
treated humanly and isoflurane was used lower the
pain during handling; however, animals may have
stressed out. As we know that stress can increase the
levels of cortisol which can make blood sugar rise.
When we take differences between 0 and 56 day values of all the groups, control, 20% cat detox, 100%
cat detox, 20% dog detox and 100% dog detox had
19, -6, 4, 5 and -7 mg/dL differences, respectively. It
seems to be detox groups were less affected by the
stress.

Blood parameters. The serum urea levels are
shown in Table 4. The normal serum urea levels
should be 10.7-22 mg/dL. Our results were two times
higher than maximum normal blood level. Feed
crude protein level (26%) was higher for this age
group. Over all the groups were similar for the blood
urea levels.
It has been reported that increases in serum creatinine levels are associated with renal failure, heart
failure, obesity, and that their decline is not a clinical
etiology. While the values in the study were within
normal limits, time-dependent intra-group differences were determined. On day 56, when compared
to day 0, the values decreased over the time (Table
5). At day 0, blood was collected from heart of the
animals. This may have been the reason for higher
creatinine levels at 0 day.
Studies have reported that stress first affects the
heart, stomach, lungs and kidneys as well as the
liver. Increases in liver enzyme levels associated
with the stress have been shown. Additional AST is
released into the bloodstream, higher AST shows
that a body tissue or an organ (the heart/ liver) is diseased/ damaged. When the serum AST and ALT levels were evaluated, it was found that all the values
were in the normal limits and there was no significant difference between the groups on the days 0, 28
and 56 (Table 6. and 7.). Significant differences
within the groups due to sampling days were observed. At the 0 day, AST level was higher because
the blood was collected with cardiac puncture from
rat heart. The second time, the AST levels were
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TABLE 6
Rat Serum AST Levels During Different Time Periods
Days

Control

20% Cat detox

20% Dog detox

100% Dog detox

b136.76±35.39
a115.50±16.51
a82.39±12.28

100% Cat detox
AST (*57-144 IU/L)
b160.16±39.59
a104.46±10.15
a100.84±34.77

0
28
56
Mean
Value

c135.03±17.85
b108.00±20.61
a87.41±11.37

b161.86±54.62
a116.82±10.42
a113.62±34.65

b134.0±27.68
b118.20±19.39
a94.46±17.33

107.89±25.11

111.55±32.07

117.8±38.27

129.42±41.39

114.81±26.30

P<0.01

P<0.01

P<0.01

P<0.05

P<0.01

NS
NS
NS

NS= Not significant. a,b,c within the column scientifically significant at P<0.05 or P<0.01. *23-47 weeks of age
PDOHUDWV¶VHUXPFKHPLVWU\>@
TABLE 7
Rat Serum ALT Levels During Different Time Periods
Days

Control

20% Cat detox

20% Dog detox

100% Dog detox

b76.38±13.64
b74.57±11.96
a53.71±11.10

100% Cat detox
ALT (*26-97 IU/L)
a83.00±10.88
ab75.29±6.45
b67.57±8.30

0
28
56
Mean
Value

75.38±11.82
68.00±9.89
60.38±13.04

75.00±11.78
76.13±9.40
63.75±13.26

b75.50±13.64
ab71.75±11.42
a58.88±14.41

67.91±13.04

68.59±15.71

75.28±10.50

71.47±12.47

68.70±14.57

NS

P<0.01

P<0.05

NS

P<0.05

NS
NS
NS

a,b,c

NS= Not significant.
within the column scientifically significant at P<0.05 or P<0.01. *23-47 weeks of age
PDOHUDWV¶VHUXPFKHPLVWU\ [9].
TABLE 8
Rat Serum Glucose Levels During Different Time Periods
Days

Control

0
28
56
Mean
Value

139.00±20.70b
ab135.62±15.0AB
b157.67±13.77BC

20% Cat detox

100% Cat detox
20% Dog detox
Glucose (*92-138 mg/dL)
b150.88±16.18
130.14±19.46
164.62±29.05
a128.86±12.68AB
139.00±14.54BC
151.75±17.38C
ab144.43±16.40AB
134.29±12.16A
169.00±27.62C

100% Dog detox
b154.12±22.17b
a120.75±11.41A
b146.71±14.99AB

142.86±18.74

141.82±17.30

134.65±15.06

161.79±25.23

140.26±21.92

NS

P<0.05

NS

NS

P<0.01

NS
P<0.01
P<0.05

NS= Not significant. a,b,c within the column scientifically significant at P<0.05 or P<0.01. A,B,C within the line
scientifically significant at P<0.05 or P<0.01. *23-ZHHNVRIDJHPDOHUDWV¶VHUXPFKHPLVWU\ [9].
TABLE 9
Rat Serum LDH Levels During Different Time Periods
Days

Control

20% Cat detox

20% Dog detox

100% Dog detox

1351.0±736.7
758.71±214.37
753.67±423.45

100% Cat detox
LDH (*105-652 mg/dL)
b1667.0±189.2
a655.86±348.49
a538.83±229.68

0
28
56
Mean
Value

b1580.8±513.8
a781.50±243.68
a1062.60±354.30

1430.0±809.0
698.57±203.35
920.88±491.21

1150.8±336.6
862.12±333.64
692.00±413.17

1101.1±479.30

964.50±563.74

938.21±571.22

1012.2±611.12

887.90±391.09

P<0.01

NS

P<0.01

NS

NS

NS
NS
NS

NS= Not significant. a,b,c within the column scientifically significant at P<0.01. **23-ZHHNVRIDJHPDOHUDWV¶
serum chemistry [9].
[10]. The animals were sedated anesthetics
(isoflurane) with longer time in first blood collection
and less in the second time. The results of the LDH
OHYHOV ZHUH KLJKHU DW  GD\V WKDQ  GD\V 5DWV¶
complete blood counts (CBC) results were within the
range of normal blood parameters and were similar
between the groups.

When the serum LDL levels were evaluated, it
was found that all the values were over the normal
limits at day 0 and there were no significant
difference between the groups on the days 0, 28 and
56 (Table 9.). At the 0 day, LDH levels were higher
because the blood was collected with cardiac
puncture from rat heart and also certain medications
(alcohol, anesthetics, aspirin) may raise LDH levels
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FIGURE 1
Rat Liver and Kidney Tissues Pictures for All Groups
First line shows liver tissues and second line shows kidney tissues. A: Control, B: 20% Cat detox, C: 100%
Cat detox, D: 20% Dog detox and E: 100% Dog detox

The rats were healthy from the beginning to the
end and animals had no complication. According to
our results, 100% cat detox or 100% dog detox products could be consumed daily up to 100% without
any adverse effect by the animals. Further investigation is needed to see effect of detox products in different situations of the animals.

Pathological Test Results. No visible pathologic disorder was observed in liver and kidney tissues due to color, shape size and cross-section of the
UDWV¶RUJDQVLQ)LJXUH/LYHUWLVVXHs were compared
with the control group, taking into account all evaluation criteria. None of the study groups had any
pathologic status in the liver. Fatty liver (Steatozis)
was not encountered in degenerative and toxic conditions. These data were supported by the Oil Red O dye used in the determination of fat vacuoles in
tissues. The findings of mild dissociation and passive convulsions in the remnant cords seen in some
animals were not considered because they were considered to be artefacts formed by the anesthetic
agents used during euthanasia. No significant pathologic findings were found in kidney tissue that could
document damage when compared with the control
group according to the determined criteria.

ACKNOWLEDGEMENTS
We would like to thank to people who helped
(Vet. Zeki EROL, Phd. Student Vet. Aysegül
AVSAR for taking care of the animals, Prof. Dr.
Ozlem OZMEN and Assoc. Dr. Zafer OZYILDIZ
for pathological examination and Prof. Dr. Metin
SEZER for statistical analyses) in this research. This
research was part of the master thesis supported by
ATY Grup Yem San. vH7LF$ù, Istanbul, Turkey.

CONCLUSION
REFERENCES
Consumption of cat detox and dog detox products had no adverse effect on body weight gain, feed
intake and water intake of the rats. Water intake was
increased 7-11% in detox groups when compared to
control group, except 20% cat detox group which
was similar to the control group.
The research showed that blood parameters
were not affected by the treatments; however, some
blood parameters were changed because of the hanGOLQJPDQDJHPHQWSURFHGXUHDQGWKHGLHW7KHUDWV¶
blood collection was made with cardiac puncture
which is similar to surgery. This affected animal
blood parameters significantly.
No visible pathologic disorder was observed in
liver and kidney tissues due to color, shape, size and
cross-section of the rats¶ organs among the groups.

[1] Rosenberg, J., Nicas, M. and Yomashiro, Y.
(2016) Understanding Toxic Substances. University of California, Davis.
[2] Liska, D.J. (1998) The Detoxification Enzyme
Systems. Alternative Medicine Review. 3(3),
187-198.
[3] Percival, M. (1997) Phytonutrients & Detoxification. Clinical Nutrition Insights. 5(2), 1-4.
[4] Perret-Gentil, M.I. (2016) Rat Biomethodology.
Laboratory Animal Resources Center, The University of Texas at San Antonio.
[5] Gesan Chem 200. (2016) Gesan Chlinical
Chemistry Autoanalyzer. Gesan Production,
Campobello di Mazara (TP) ITALY

2990

© by PSP

Volume 27 ± No. 5/2018 pages 2985-2991

Fresenius Environmental Bulletin

[6] Matsuzawa, N., Takamura, T., Kurita, S., Misu,
H., Ota, T., Ando, H., Yokoyama, M., Honda,
M., Zen, Y., Nakanuma, Y., Miyamoto, K. and
Kaneko, S. (2007) Lipid-Induced Oxidative
Stress Causes Steatohepatitis in Mice Fed an
Atherogenic Diet. Hepatology. 46(5), 1392-403.
[7] Mohan, I.K., Khan, M., Shobha, J.C., Naidu,
M.U.R., Prayag, A., Kuppusamy, P. and Kutala,
V.K. (2006) Protection against cisplatin-induced nephrotoxicity by Spirulina in rats. Cancer Chemother Pharmacol. 58, 802±808.
[8] IBM Corp. Released (2013) IBM SPSS Statistics for Windows, Trial Version 22.0. Armonk,
NY: IBM Corp. SPSS.
[9] Giknis, M.L.A. and Clifford, C.B. (2006) Clinical Laboratory Parameters for Crl:CD(SD).
Charles River Laboratories. 
[10] Pagana, K.D. and Pagana, T.J. (2014) Mosby's
Manual of Diagnostic and Laboratory Tests.
Fifth Edition. Mosby, an imprint of Elsevier Inc.
St. Louis, Missouri.

Received:
Accepted:

10.11.2017
24.01.2018

CORRESPONDING AUTHOR
Musa Yavuz
Suleyman Demirel University,
Agricultural Faculty,
Animal Science Department,
East Campus 32260 Isparta ± Turkey
e-mail: musayavuz@sdu.edu.tr

2991

$#

! %  

 





!"  ! 




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

.56@!>27  .96>.:$.>.0 763B>2:".>8.7 "286:;<.>6>$29>.%A>7;48A2@6:;<.>6> 
1

Firat University, Faculty of Science, Department of Chemistry, 23119, Elazig, Turkey
Kastamonu University, Research and Application Center, 37100, Kastamonu, Turkey
3
Bitlis Eren University, Faculty of Architecture Engineering, Department of Metallurgy and Material Engineering, 43400, Bitlis, Turkey
4
Firat University, Environmental Protection and Control Program, Keban Vocational School of Higher Education, 23100, Elazig, Turkey
5
Department of Chemistry, Forensic Medicine Institute, TR-44000, Malatya, Turkey
6
Firat University, Faculty of Health Sciences, 23119, Elazig, Turkey
2

$%#%

this nucleus are presented into the market. 1,2,4-triazole nucleus, which is stable to metabolism, functions as an important pharmacophore by interacting
at the active site of a receptor as hydrogen bond acceptor and as a donor. Its polar nature allows the triazole nucleus to increase the solubility of the ligand
and the pharmacological profile of the drug can be
considerably improved by the triazole. According to
the literature survey, based on the type of substituent,
1,2,4-triazole derivatives possessing diverse biological activities, such as antimicrobial [1, 2] and antitumor [3] properties. The other ones also show antiinflammatory [4], antioxidant [5], anticonvulsant
[6], antiviral [7] and analgesic [8] activities. On the
other hand, cyclobutane derivatives can be used as
starting materials for the synthesis of both acyclic
and cyclic systems. Derivatives of 3-substituted cyclobutanecarboxylic acid exhibit anti-inflammatory
and antidepressant activity [9, 10] as well as liquid
crystal properties [11].
Density functional theory (DFT) is widely used
to study electronic properties, molecular structure,
chemical reactivity and hydrogen bonding of pharmaceutical compounds [12–14]. Among all of the approaches, the exchange–correlation energy is the
major point in the DFT; accordingly, the approximate nature of the exchange–coordination energy
functional has a straight effect on the certainty of
DFT. The DFT procedures are imaginative perspective of the exchange–coordination energy. Hence, in
the many theoretical researches DFT methods were
regularly used [15, 16].
In this study, we synthesized 1-(3-Methyl-3mesityl)-cyclobutyl-2-(5-thiophen-4-ethyl-2H[1,2,4]triazol-3-ylsulfanyl)-ethanone( ) and tried to
examine the energetic and structural properties of
1,2,4-triazole compound, based on density functional theory calculations. Also, it is very useful to
refer to a comparison of the theoretical and experimental spectra in order to make correct assignments

The spectral analysis of 1-(3-Methyl-3-mesityl)-cyclobutyl-2-(5-thiophen-4-ethyl-2H-[1,2,4]
triazol-3-ylsulfanyl)-ethanone   is carried out using the FT-IR, FT-NMR and UV–Vis spectra of the
compound with the help of quantum computations
by density functional theories. The recording of the
FT-IR (4000 – 400 cm−1) spectra is done in solid
phase, while the 1H and 13C NMR spectra and the
UV spectrum (200-400 nm) are respectively recorded in the DMSO phase and the ethanol phase. According to the generated results, the reproduction of
the crystal structural parameters and theoretical vibrational frequencies can be successfully achieved
by the refined geometries. Furthermore, there is consistency between the 1H and 13C NMR chemical shift
values and the data from the experiment. The different conformers of the compound and their minimum
energies are studied by potential energy surface scan,
using DFT//B3LYP/cc-pVDZ method. As the energy difference between the conformers was very
small. To account for the chemical reactivity and site
selectivity of the molecules, molecular electrostatic
potential (MEPS) map has been plotted. The in vitro
antioxidant activity of the newly synthesized compound was measured and found to exhibit significantly higher antioxidant activity.
*(!#$
1,2,4-Triazole, FT-IR, DFT, Antioxidant activity, Fukui
descriptors
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1,2,4-triazole is a significant nucleus found in
many compounds. More than 35 compounds having
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22] was used within the context of B3LYPat the geometry of that had been previously subjected to optimization. Furthermore, the combined approach of
B3LYP and cc-pVDZ enabled the use of the method
of gauge independent atomic orbital (GIAO) to determine the 1H-NMR chemical shifts. The impact of
solvent in NMR analyses was taken into account in
the polarizable continuum model developed by Tomasi and colleagues [23]. The programs Gaussian
09W [24] and Gauss-View molecular visualization
were used to conduct every calculation [25].

and understand the basic c.s.-molecular structure relationship. Besides the characterization of the title
compound, the antioxidant activities of the 1-(3-Methyl-3-mesityl)-cyclobutyl-2-(5-thiophen-4-ethyl2H-[1,2,4]triazol-3-ylsulfanyl)-ethanone, was investigated.
)"# %

$E:@52?6?.:1<5E?60.8<>;<2>@62?The Fourier transform infrared (FT-IR) spectra were recorded with Perkin-Elmer spectrum one FT-IR spectrophotomer. Electrotermal 9100 was used to determine the melting point. The hydrogen nuclear magnetic resonance (1H-NMR) and carbon-13 nuclear
magnetic resonance (13C-NMR) spectra were taken
on Bruker ascend 400 NMR spectrometer operating
at 400 MHz for 1H and 100 MHz for 13C NMR compound were dissolved in deuterated dimethyl sulfoxide (DMSO-d6) and chemicals were purchased from
Merck. The ultraviolet (UV) spectrum of the compound was recorded on a Schimadzu UV-1700 spectrometer in ethanol solvent. The reactions for the
synthesis shown in Fig. 1.
For the synthesis , a solution of 0.445 g (2
mmol) of 2-chloro-1-(3-Methyl-3-mesityl-cyclobutyl)-ethanone was dissolved in 30 mL of dry acetone
containing 2 mmol K2CO3. To this solution, 0.421 g
(2 mmol) of 4-ethyl-5-(2-thienyl)-2,4-dihydro-3H1,2,4-triazole-3-thione in 20 mL dry acetone was
added dropwise in 1h period at room temperature
with stirring. The resulting solid was collected by filtration, dried and recrystallized from ethyl alcohol.
Yield 70%; m.p. 120-122 ºC.

"" 3>22 >.160.8 ?0.B2:46:4 .0@6B6@EThe
free radical scavenging activity of the compounds
was determined with a small modification according
to the Blois method (1958) using 1,1-diphenyl 2-picryl hydrazyl (DPPH) [26]. The principle of method
is based on the reduction of 1,1-diphenyl 2-picryl hydrazyl radical (DPPH.) which is colored free radical
of free radical pickers. DPPH.is a stable red free radical. When antioxidant compounds eliminate free
radicals, the color turns from red to yellow. The decrease in the absorbance of the reaction mixture at
517 nm indicates the increased antioxidant activity
in the free radical scavenging activity. Reagents used
are: 0.1 mM DPPH. (prepared in ethanol); α-tocopherol 1 mg/mL; Butylhydroxyanisole (BHA) 1
mg/mL; Butylhydroxytoluene (BHT) (1 mg/mL).
In the study, the synthesized compound was
dissolved in ethyl alcohol as 1 mg / mL. The standard
was dissolved in ethanol again as 1 mg/mL. The test
compound and standards were put into test tubes at
50, 100, 250 μg/ml, respectively and completed with
pure ethanol to give a total volume of 3 ml. Then 1
mL from the stock DPPH.solution was added to each
sample tube. It was incubated in 30 minutes room
temperature and darkness. After incubation, the absorbance’s at 517 nm were measured against the ethanol-containing blot. As control, 3 mL of ethanol and
1 mL of DPPH.solution was used. Reduced absorbance gives the free radical scavenging activity of the
remaining amount of DPPH.solution.
The calculations for DPPH radical scavenging
activity in the reaction medium were calculated according to the following formula.
% Free Radical Clearing Activity = 7! 4 "! 8 5

A0: Absorbance of the control reaction, A1: Absorbance of the sample or standard

;9<A@.@6;:.8 92@5;1? Becke’s three parameter technique was combined with the Lee, Yang
and Parr non-local functions to create a functional
approach (B3LYP) [17, 18] that was applied alongside the cc-pVDZ [19, 20] basis set to optimize the
geometry of whilst avoiding symmetry restrictions
in the potential energy surface (PES). The optimized
geometry used in determining the vibrational IR frequency was at an identical theoretical level. For purposes of stimulation of the UV-Visible spectrum, the
technique of time dependent-DFT (TD-DFT) [21,
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% 
$2820@219;820A8.>?@>A0@A>2<.>.92@2>?
  
    
N(1)-C(2)
N(1)-C(1)
N(3)-C(2)
O(1)-C(8)
S(2)-C(2)
S(2)-C(7)

Experimental a
1.317 (3)
1.367 (3)
1.327(3)
1.205 (3)
1.744 (2)
1.790 (2)

1.380
1.378
1.319
1.215
1.770
1.833
0.019

102.26 (18)
102.25 (19)
114.7 (2)
110.9 (2)
98.93 (11)
122.2 (2)

103.75
108.08
109.96
110.8
99.02
122.9
2.891

-178.84 (18)
178.91 (16)
140.9 (2)
173.8 (2)
-7.5 (2)
-141.5 (2)

-179.15
179.74
135.26
63.57
-116.97
-142.53

RMSEa
   
C(2)-N(1)-C(1)
C(1)-N(2)-N(3)
N(2)-C(1)-N(2)
N(1)-C(2)-N(3)
C(2)-S(2)-C(7)
O(1)-C(8)-C(7)
a

RMSE


  
C(1)-N(1)-C(2)-S(2)
N(2)-N(3)-C(2)-S(2)
C(7)-C(8)-C(9)-C(12)
C(7)-S(1)-C(2)-N(3)
C(7)-S(1)-C(2)-N(1)
C(10)-C(11)-C(14)-C(1
a

B3LYP/cc-pVDZ

Experimental data taken from Ref. [29]

#$&%$ $&$$! 

;820A8.>42;92@>EThe optimized parameters like bond angles, dihedral angles and bond
lengths of were taken by using the B3LYP/ccpVDZ method. The theoretical geometric structure
is given in Fig. 2. The geometric parameters which
accounted with the experimental data from the study
are listed in Table 1. It is clear that the theoretical
calculations and the experimental results are for the
solid phase and for the gas phase sequentially. The
existence of a crystal field along with the intermolecular interactions connects the molecules together,

which results with some differences in bond parameters between the experimental and calculated values
in solid state. 
Previously, we have reported the closely related 1,2,4-triaizole compound 4-ethyl-5-(2-hydroxyphenyl)-2H-1,2,4-triazole-3(4H)-thione ( ) [27],
which differs only in the 5-position (thiophen  2-hydroxyphenyl). When the bond
lengths and angles of the triazole rings in title compound and are compared, it is seen that the values
are very close to each other. However, the C1‒C3
bond length of 1.45419 Å in is significantly longer
than the corresponding value in 4-ethyl-5-(2-hydroxyphenyl)-2H-1,2,4-triazole-3(4H)-thione, 1.473 Å.
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Although close to being planar, the cyclobutane
is puckered ring. The C10‒C9‒C12 plane forms a dihedral angle of 17.78º with the C12‒C11‒C10 plane.
This value is small differences than those in the literatures; 22.99º [28] and 19.26º [29]. However,
when the bond distances and angles of the cyclobutane ring in the title compound are compared with
these, it is seen that there are no significant differences. The C=O bond distance is good agreement
with literature values [30].
The most notable discrepancies are found in the
orientation of the trizaole ring of the title compound,
which is defined by torsion angels C7‒S1‒C2‒N3
[173.8º] and C7‒S1‒C2‒N1 [-7.5º]. The torsion angles have been calculated at 63.6º and -116.9º for
B3LYP/cc-pVDZ level. The dihedral angles between the cycbutane ring (C9‒C10‒C11‒C12) with
the mesitylene ring (C14‒C15‒C16‒C17‒C18‒
C19) is ‒141.5º in the X-ray structure [30] and in the
optimized structures the corresponding angle is ‒
142.5º. In order to compare the experimental values
with the theoretical results, root mean square error
(RMSE) is used. Calculated RMSE for bond angles
and bond lengths is 2.891° and 0.019Å for
B3LYP/cc-pVDZ, respectively.

observed were performed in dimethyl sulfoxide
(DMSO) solution by means of polarizable continuum model (PCM) in addition to the gas phase in
compliance with experimental chemical shifts attained in DMSO solution. The solvent influences
must be taken into consideration since the existing
spectral information is acquired in various solutions.
The isotropic shielding values were employed for the
computation of the isotropic chemical shifts δ con+)*
6 .20
4
cerning tetramethylsilane (TMS) .20
.20 . Where .20 – isotropic chemical shift and .20
– isotropic shielding constant value.
We have calculated 1H chemical shift values
(with respect to TMS) of 1.92‒7.90 ppm at
B3LYP/cc-pVDZ level, however the experimental
results were observed to be 1.50‒7.81 ppm. Aromatic protons resonate at 6.71-7.81 ppm experimentally, that have been calculated at 7.19-7.90 ppm.
Additionally, the title compound gave distinctive
peak at 4.15 ppm singlet experimentally, but calculated at 4.46 ppm. We have calculated 13C chemical
shift values (with respect to TMS) of 8.3‒197.9 ppm
with B3LYP/cc-pVDZ level, however the experimental results were observed to be 9.2‒205.3 ppm.
Chemical shift of hydrogens in mesitylene ring are
appeared downfield, because of the effect of methyl
groups in phenyl ring. The benzene ring carbon C14,
C15, C16, C17, C18 and C19 chemical shift observe
at 134.9, 127.2, 119.2, 126.3, 119.4 and 126.9 ppm.
The results are consistent with the literature [27, 32].
As can be seen from Table 2, theoretical chemical
shift outcomes of the title compound were compared
with experimental data, showing generally closers
both for 1H and 13C.

A082.> .4:2@60 #2?;:.:02  # ?<20
@>. Confidential producing of chemical shifts for
average size molecules is provided by the processes
for nuclear shielding calculation at the self-consistent field (SCF) level by means of GIAO’s enable
[31]. The computations for an isolated molecule are
performed at its equilibrium geometry. The Gaussian
09W program package was used in the NMR structure computations presented here. The estimations

% 
%52;>2@60.8.:12D<2>692:@.86?;@>;<60052960.8?563@?
C6@5>2?<20@@;@2@>.92@5E8?68.:2.88B.8A2?6:<<93;>@52@6@820;9<;A:1
Atom
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10

Experimental
(DMSO-d6 )
149.9
150.6
134.9
119.1
127.9
129.4
41.3
205.3
40.3
41.34

Calculated
B3LYP/cc-pVDZ
141.1
145.9
128.3
112.9
115.6
123.4
44.9
197.9
32.3
36.8

C21
C22
C23
C24
H4
H5
H6
H7
H9
H10

Experimental
(DMSO-d6 )
12.8
15.2
35.2
9.2
7.57
7.26
7.81
4.15
3.58
2.74

Calculated
B3LYP/cc-pVDZ
12.1
13.9
33.6
8.3
7.75
7.59
7.90

C11

40.5

36.2

H12

2.51

2.28a

C12
C13
C14
C15

32.3
15.2
143.7
134.4

29.2
15.8
134.9
126.9

H13
H16
H18
H20

1.50
6.71
6.71
2.52

1.92
7.19
7.22

C16

129.4

119.4

H21

2.52

2.66a

C17

130.5

126.2

H22

2.52

2.58

C18

128.8

119.3

H23

4.32

5.10a

C19
C20

134.9
15.1

127.2
13.7

H24

1.63

1.97a

Atom

a

4.46
3.56

2.83a
a

2.50a
a

Note: The atom numbering according to Fig. 2 used in the assignment of chemical shifts.
a



Average.
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# ?<20@>;?0;<E Harmonic vibrational frequencies of
was calculated by utilizing
DFT/B3LYP method coupled cc-pVDZ basis set and
vibrational band assignment was achieved by GaussView molecular visualization software. At the same
theory level, assessment of the harmonic vibrational
frequencies of optimized structure was conducted
and resulting frequencies were scaled by 0.9701
[33]. Facilitation of the assignment of the shown
peaks achieved by analyses of the vibrational frequencies and resulting calculations for were contrasted to experimental results shown in Table 3. Region at 4000–400 cm−1 was provided the FTIR spectra of through the usage of KBr pellets on a Perkin–
Elmer Spectrum one FT–IR spectrophotometer and
presented in Fig.3. Overall, obtained calculations
were shown adequate coherence with the experimental results.
C=C–C and C–H ring related vibrations normally used to readily determine the presence of aromatic rings in each structure. If compared to the aliphatic C-H stretch, stretching vibration of C-H manifests above 3000 cm−1 and regarded as a multiplicity
of weak to mediocre bands [34]. In the present study,
FTIR spectrum value of C-H stretching vibration
was measured at 3000‒ 3030 cm−1 which was theoretically calculated in rage of 3064–3155 cm−1 via
B3LYP method which was an indicator of adequate
correlation between data.

Ordinarily six fundamentals which are CH2
asym, asymmetrical stretch, CH2 sym, symmetrical
stretch, CH2 rock, rocking and CH2 scis, scissoring
modes in name that are all belong to polarized inplane vibrations, can be united to every CH2 groups
to assign CH2 group frequencies. Furthermore, CH2
twist, twisting and CH2 wag, wagging modes of CH2
group were supposed to be depolarized for out-ofplane bending vibrations. For methylene groups, CH stretching vibration values would be lower in frequency as compared to values from aromatic C-H
ring stretching. Stretching vibrations of the symmetrical and asymmetrical CH2 manifest in regions of
2900-2800 cm−1 and 3000-2900 cm−1 ranges respectively [35, 36]. Resulting frequencies in range of
2920‒2965 cm−1 through IR spectrum were ascribed
to the CH2 stretching mode of the titular molecule.
Wavenumbers which were experimentally calculated via B3LYP/cc-pVDZ method were measured
in range of 2959‒3050 cm−1 were ascribed to CH2
stretching vibrations as seen in Table 3.
The carbonyl characteristic frequency in a compound can widely be used and is an important band
assigned in the region of 1650–1850 cm-l.In the experimental IR spectrum, the C=O stretching vibration was given a band which positioned at 1712 cm−1
whereas the calculation was provided 27 cm−1 higher
value which was at 1739 cm−1. In our previous publication, C=O stretching vibration recorded 1705
cm-1 [32].

&# 
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Assignments
ʋ  (C‒H) of R1

Experimental
IR with KBr
3030

B3LYP/cc-pVDZ

ʋ  (C‒H) of R1

-

3142

ʋ  (C‒H) of R1

3020

3118

3155

ʋ  (C‒H) of R2

3000

3066

ʋ  (C‒H) of R2

-

3064
3050

ʋ  (C‒H2 ) of R3

2975

ʋ  (C‒H2 ) of R4

2960

3049

ʋ  (C‒H3 ) of R4

2925

2996

ʋ  (C=O)
ʋ (C=C) of R2
ʋ (C=C) of R1
ʋ (C=N) triazloe + ʋ(C=C) of R1
ω (C‒H3 ) of R2 + ɣ(C‒H) of R2

1712
1635
1597
1480
1475

1739
1611
1562
1541
1464

α (C‒H2 ) of R4

1457

1448

α (C‒H2 ) of R3

1445

1434

α (C‒H3 ) of R2

1432

1427

ω (C‒H3 ) of R2
ɣ (C‒H) of R1
ʋ (N‒N)
ʋ (C‒C) of R4
ʋ (C‒S) of R1
ʋ (C‒S‒C)

1394
1202
1126
1075
1011
795

1363
1198
1097
1050
920
725

ʋ, s tretching; α, s cis s oring; ɣ, rocking; ω, wagging; s , s ymmetric; as , as ymmetric;
 , bending; δ, of out plane bending R1; thiophene ring; R2; mezityl ring;
R3; cyclobutane ring; R4; ethyl fragment.

&# 
6?@;3.88@520;:3;>92>?C6@5@526>;<@696F21?@>A0@A>2.8;:4C6@5@526>2:2>462?
reported triazole derivatives [16, 27, 37], it is seen
that there are no significant differences. The other
stretching, bending, twist, rocking, scissoring modes
can be seen in Table 3. Despite the differences between observed and calculated values, the general
agreement is good.

The C=N stretching modes of the triazole derivatives are reported at 1541 cm-1 [27], 1592 cm-1
[37] and 1624 cm-1 [16] experimentally. For B3LYP
method, stretching vibrations for triazole (C=N)
bond were observed as be 1480 cm−1 experimentally
whereas the calculation value was at 1541 cm−1. In
the
1-(3-Methyl-3-mesityl)-cyclobutyl-2-(5-thiophen-4-ethyl-2H-[1,2,4]triazol-3-ylsulfanyl)-ethanone system, the C=C and C-S-C stretching modes
were observed to be 1597-1635, 795 cm-1 as experimentally and compares well with the value reported
previously [1593-1601,590-665 cm-1] [37].
When the all vibration bands of the triazole ring
in the compound are compared with the previously

;:3;>9.@6;:.8.:.8E?6?The conformational
study using one dimensional potential energy surface (PES) scans was also performed to find out possible conformers and the most stable structure having minimum energy. PES scan was done by scanning the dihedral angles φ1(C1‒N1‒C23‒C24),
φ2(C10‒C11‒C14‒C15) and φ3(S1‒C3‒C1‒N1),
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using B3LYP/cc-pVDZ basis set. The variation of
torsion angles was carried out at a step of 10º in the
range of -180 ‒ +180º rotation around the bond. The
graphs obtained by varying the potential energy as a
function of dihedral angles for all the bonds are
given in Fig. 4. 
Figure 5 shows the post-optimisation structure
of each of the four conformers that were obtained as
well as their relative energies. Meanwhile, Table 4
indicates the optimised energy and energy discrepancy of each conformer in relation to the conformer
with the highest level of stability, which was conformer  (-1234880.390 a.u.), followed by conformer  (-1234880.320 a.u.). The two conformers
show close similarities regarding the bond length of
C‒H, C-C, C=O, C‒S, and C‒N.
Values of φ1, φ2 and φ3 of the molecule are
compared with experimental dihedral angles of similar molecules. Accordingly, These values were
found as 110º [30] and -80º [38], for φ1, -136º [30]
and -138º [39] for φ2, 175º [40] and 177º [41] for φ3.
According to the results of the potential energy surface (PES) scans, the minimum values of energy are
found as 100º and -80º for φ1, -140 for φ2 and 160º
for φ3. As can be seen from these data, the calculated
values are in great agreement with the experimental
values. However, when the energy differences between HOMO and LUMO were calculated for the
lowest energy four conformers, this difference was
found to be the same (4.685 eV) for the four conformers. Accordingly, it can be said that these four

conformers have the same desire to enter the reaction.
;:86:2.> ;<@60.8 23320@? Nonlinear optical
(NLO) effects arise from the interactions of electromagnetic fields in various media to produce new
fields altered in phase, frequency, amplitude or other
propagation characteristics from the incident fields
[42]. NLO is extensively studied at the moment because of its central role in technological innovations
in various domains, including signal processing telecommunications and optical interconnections,
where it mediates essential mechanisms such as frequency change, optical switching, optical logic, optical regulation, and optical memory [43, 44].
There has been ample discussion about the determination of total molecular dipole moment (μ),
linear polarizability(α) and first-order hyperpolarizability (β) associated with the Gaussian output [45]
and, in the context of analysis of organic NLO materials, there is clear preference for the DFT technique.
The popular B3LYP technique is considered to possess highly effective prediction capacity, since it has
shown consistency in the electric hyperpolarizability
values it has yielded in different studies, as opposed
to standard   approaches [46, 47]. Moreover,
the basis set cc-pVDZ was employed in the present
study to determine hyperpolarizability, due to the
fact that it is consistent and time-effective [48].

% 
>;A:1?@.@2;<@696F212:2>4E.:12:2>4E16332>2:02;3.88@523;A>0;:3;>92>?


  
I
II
III
IV

  
Hartree
kcal/mol
-1967.92746199
-1234880.320
-1967.92758035
-1234880.390
-1967.92746193
-1234880.316
-1967.92746194
-1234880.313

    
Hartree
kcal/mol
0.000111
0.070
0.000000
0.000
0.000117
0.074
0.000116
0.073

*Energies of the other four conformers relative to the most stable conformer II.
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occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) [51, 52].
HOMO (H) corresponds to the ability to donate electrons and thus indicates electron ionization. On the
other hand, LUMO (L) being an indicator of electron
affinity corresponds to the ability to accept electrons.
Basically corresponding to the electron excitation
from H to the L, electronic transition absorption is
defined as the transition from the ground state to the
first excited state. The first intense band at 285 nm
corresponds to H/L transition calculated at 290 nm
with oscillator strength 0.4774 nm. The transition
originates from H/L+1 with oscillator strength
0.0362 nm corresponding to second absorption maxima at 275 nm. The third band at 223 nm corresponds
to H‒3/L+1 transition calculated at 230 nm.
One of the absorption bands at 275 nm is
caused by the π →   transition and the other band
at 285 nm is due to σ →   transition. It is expected
that the transitions of π →   occur at a relatively
lower wavelength as a consequence of the extended
aromaticity of the mesitylene, triazole and thiophene
rings. In this case, due to the presence of lone pair of
electrons in the sulfur and nitrogen atoms in the molecular structure, the σ →   transition is more important. The atomic molecular orbital plots (HOMOLOMO plot) for the frontier orbitals of solvent phase
are plotted and presented in the Fig. 7.

&#
.D<2>692:@.8&'?<20@>A9
/%% *"00<'+82B28&'
?<20@>A9;3@6@820;9<;A:1
The program Gaussian 09W permitted calculation of the electronic dipole moment i (i = x, y, z),
polarizability αij and the first hyperpolarizability ijk
of within the context of the combined approach of
B3LYP and cc-pVDZ. A standard molecule usually
employed to examine the NLO characteristics of molecular systems is urea, which in this case served as
a threshold value to enable comparison. Thus, compared to urea’s values tot = 3.831 Å3 and tot = 0.37
× 10−30 cm5/esu that were calculated via B3LYP/631G(d), 3 exhibited higher values, namely, tot =
47.739 Å3 and tot = 4,56 × 10−30 cm5/esu. Thus, it
could be said that 3 is a contributor to NLO material
formation based on the first hyperpolarizability magnitude.

52960.8 >2.0@6B6@E Knowledge about the
chemical reactivity and site selectivity of a molecular system can be attained with the use of DFT. In
the context of drug development and refinement of
the physical and chemical properties of the drug molecule, a number of chemical reactivity descriptors
play an important role [53]. In the following part, attention is directed to the parameters of chemical reactivity, namely, global and local reactivity descriptors, molar refractivity, and molecular electrostatic potential (MEP) map.
 8;/.8>2.0@6B6@E12?0>6<@;>?Several molecular parameters can be determined based on the
energy values of HOMO and LUMO. The least
amount of energy necessary to eliminate an electron
from the atom or molecule in gaseous state is known
as the ionization potential (I = - EHOMO). The amount
of energy discharged as a result of the addition of one
electron to a gaseous molecule is called the electron
affinity (A = - ELUMO). An atom’s predilection to attracting electrons is known as electronegativity χ =
(IP + EA)/2. Weight transfer prevention in a molecule is denoted by chemical hardness η = (IP-EA)/2.
Using these values other reactivity descriptors are
calculated such as chemical potential  = -χ, softness
s = 1/2η and global electrophilicity index ω =# 
[54–56]. Table 5 lists the parameter values of the
electronic structure that were determined based on
the B3LYP/cc-pVDZ technique.

820@>;:60 ./?;><@6;: ?<20@>.With the aim
of studying electronic transitions, UV‒vis spectroscopic analysis was performed for the title compound. It was recorded that the absorption spectral
peaks to be at 223, 275 and 285 nm in ethanol as it
is shown in Fig. 6. Using TD-DFT method and IEFPCM (integral equation formalism-polarizable continuum model) [49, 50] model using B3LYP/ccpVDZ basis set, the absorption band of were calculated in the solvent (ethanol) phase. 
Oscillator strengths (f), calculated absorption
peaks (λmax), positions of observed absorption peaks,
and the assignments of the molecule transitions
were performed for the purpose of understanding the
nature of electronic transitions. The main orbitals
contributing to the chemical stability are the highest
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Parameters


(eV)

B3LYP
cc-pVDZ
-5.808



(eV)

-1.123







 

(eV)

4.685

 (eV)

5.808

 (eV)

 (eV)

1.123

(eV)
-1

(eV )
ω (eV)



by a small energy difference between HOMO and
LUMO, while a weak interaction and slow reaction
are denoted by a large energy difference between
HOMO and LUMO [58]. The molecules with lower
energy gap shows high reactivity and are more polarizable [59]. The value of the energy separation between the HOMO and LUMO is4.685eV for gas
phase. In a similar work [30] conducted at the level
of B3LYP/6-311G (d,p), this value was found to be
4.807eVfor the 1-(3-Methyl-3-mesityl)-cyclobutyl2-(5-pyridin-4-yl-2H-[1,2,4]triazol-3-ylsulfanyl)ethanone molecule.

3.465
2.343
0.213
2.563


μ t ot al

4.3707

μx

3.3938

μy

1.4777

μz

2.3240

 ;0.8>2.0@6B6@E12?0>6<@;>?A molecule’s
chemical reactivity and site selectivity are usually
determined with the parameter of local reactivity
called Fukui function f(r). In this case, the indicators
of local reactivity have been determined by applying
the principle of Hard and Soft Acid and Base
(HSAB) alongside the DFT [60]. The expression of
the f(r) takes the following form : [61]
78
78
>
6=
>
78 6 =
78
 (7'8
In the above, (r) denotes the electron density
in relation to the overall electron number N in the
system at the fixed external potential V(r) that acts
on an electron as a result of the totality of the system
nuclei. The ideal areas where modification of the
electronic density can be undertaken by a chemical
species can be detected with this function.
Compared to the molecular areas with a small
f(r), the areas with a large f(r) are softer from a chemical perspective. The description of the f(r) for reactivity assessment at atomic level based on the finite
difference approximation is as follows:
&$ 6 9/ 7 3 8 4 / 78:
&% 6 9/ 78 4 / 7 4 8:
&! 6 9/ 7 3 8 4 / 7 4 8:
The above three relationships are respectively
associated with nucleophilic attack, electrophilic attack, and radical attack.

During system acquisition of an extra electronic charge from the environment, the measurement of energy stabilisation can be undertaken with
the global electrophilicity index [57]. Electrophilicity is concerned with the acquisition of extra electronic charge by an electrophile as well as with the
opposition put up by the system regarding electronic
charge exchange with the environment. It is considered a suitable global chemical reactivity descriptor
because it is informative not only about electron
transfer (chemical potential), but also about stability
(hardness).
The compound’s chemical activity is usually
indicated by the energy values of HOMO and
LUMO and the difference of energy between them.
A robust interaction and quick reaction are denoted
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tion of the biological activity of the molecular system depends significantly on this property. MR has
a 40-130 qualifying range and a mean value of 97
[64]. For the title compound, MR has a value of 120
e.s.u. MR should have a large value for a molecule
of high polarizability. In this case, the polarizability
and reactivity of a key pharmaceutical compound, 1(3-Methyl-3-mesityl)-cyclobutyl-2-(5-thiophen-4ethyl-2H-[1,2,4]triazol-3-ylsulfanyl)-ethanone, are
dependent on these values.

Assessed on the basis of natural population
analysis, k represents the atomic charge at the th
atomic site in molecular species of neutral (N), anionic (N+1) or cationic (N-1) nature. The equations
below facilitate the determination of the indices associated with Local Softness and electrophilicity:
/$ 6 /$ , /% 6 /% , /! 6 /!
/$ 6 /$ , /% 6 /% , /! 6 /!
In the above, the nucleophilic attack is denoted
by +, the electrophilic attack is denoted by -, and the
radical attack is denoted by O. Table 6 provides a
series of f(r) values for the title compound. The key
reactivity location in the title compound for the radical attack (/! /! /! ) and the nucleophilic attack
(/$ /$ /$ ) is S1, while for the electrophilic attack
(/% /% /% ) is S2.
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Molecular areas with different charges can be observed based on the molecular electrostatic potential
surface (MEPS) [65]. The nature of the interactions
between molecules can be deduced from the manner
in which the charges are distributed. To facilitate observation and interpretation of the data related to
electrostatic potential energy, the different intensities of the electrostatic potential energy values are
represented through a colour spectrum with minimal
and maximal values being indicated by red and blue,
respectively. These values are commonly employed
to qualitatively assess electrophilic and nucleophilic
reactions. From lowest to highest, red, orange, yellow, green and blue chart the increase in electrostatic
potential energy. A correlation is established by
these potential surfaces between the overall charge
distribution, dipole moment, partial charges, electronegativity, and chemical reactivity site of a molecule
[66]. Figure 8 illustrates that the regions of the title
compound with the highest electro-negativity and
highest electro-positivity are the triazole group and
the carbonyl group, respectively. The adherence of
substrate and receptors depends to a significant extent on the electrostatic potential value.

 ;8.>>23>.0@6B6@EThe dispersivity of valence electrons is influenced by the molecule’s mass,
charge and polarizability and is indicated by the molar refractivity (MR). The Lorentz-Lorentz equation
defines the molecular property of MR: [62, 63]
# 4  ),
 6 #
; < 6   
 3 1
In the above equation, the refractive index and
density are respectively denoted by n and r, the molecular weight and molar volume are MW and
(MW/ ), respectively, while Avogadro’s number is
denoted by N and the polarizability is represented by
α. The density and wavelength of the light employed
enable the calculation of the MR value. Linked to the
determination of the molecule’s real volume, MR is
correlated with the forces controlling the interactions
between the ligands and receptors. The approxima-
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:@6;D61.:@.0@6B6@EThe antioxidant activity
of the compound synthesized in the study was examined using the free radical scavenging activity
method. The reduction ability of DPPH ratio ligands
was determined by absorbance reduction at 517 nm
induced by antioxidants and calculated percent inhibition values. The findings are given in Fig. 9. 
The graph shows that the test compound
showed better activity than the standards according
to BHT. On the other hand it has been found that has
a lower activity than the standard according to BHA
and α-tocopherol. Accordingly, it can be said that the
test compound has a good radical scavenging activity. This result can show that our test compound has
good activity as a hydrogen donor because the antioxidants' effect on DPPH radical cleansing is
thought to be due to their hydrogen donor capabilities [67]. DPPH is a stable free radical and accepts
an electron or hydrogen radical to become a stable
diamagnetic molecule [68]. DPPH-scavenging
mechanism of our compounds could not clarified yet
but our effort on this way is going on.

comply with the experimental results. Having been
calculated using TD-DFT method, the electronic absorption and emission spectra were correlated to the
experimental spectra. Three absorption peaks are
recorded at 290, 284 and 230 nm in UV-vis spectrum
which has transition from H→L (σ→π*), H→L+1
(π→π*), and H-3→L+1 (π→π*) respectively. The
HOMO-LUMO energy gap is calculated4.685 eV
for title compound. Chemical reactivity of 1-(3-Methyl-3-mesityl)-cyclobutyl-2-(5-thiophen-4-ethyl2H-[1,2,4]triazol-3-ylsulfanyl)-ethanone was explained by means of global reactivity parameter. Fukui calculations show that S1 atom is susceptible for
nucleophilic and radical attack whereas, S2 atom is
prone for radical attack. Molecular electrostatic potential (MEP) reveals that the triazole group is the
most electronegative and the C=O group is the most
electropositive site of title compound. The antioxidative activity study revealed that the title compound
tested showed good radical scavenging activity.
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The aim of this study was to assess some
physical and chemical water characteristics, and
chlorophyll-a content of the Lake Yeniçağa. In
addition, the suitability of the obtained data was
evaluated in terms of the fish life. The present study
carried out between March 2009 and July 2010.
According to the results of the analysis, it was determined that they did not pose a danger for fish
survival although ammonium, nitrite, and phosphate values were high in some months.

Lake Yeniçağa is a freshwater lake in the
Western Black Sea Region, Bolu province, Yeniçağa District (Figure 1). In the south of the lake
as a settlement area is the district center of Yeniçağa, Hamzabey Village on the north-west, and
Deliler Village on the north-east. The area around
the lake is surrounded by reeds, and there are wide
meadow areas in the north and west. The lake,
which has an average area of 260 ha, feeds from the
Deliler from the east and Kuzuviran creeks from the
northwest. The lake waters drain to Aşağı Dere and
Mengen Brook, which come out from the northeastern side of the lake and are taken with canals.
The deepest point of the lake is 5.2 m [4]. There are
wide peat areas in the north and west of the lake,
and private peat soil businesses are active in this
area.
In order to determine some physical and
chemical water characteristics of Lake Yeniçağa,
measurements and sampling were made from five
different points once a month between August 2009
and July 2010. Onsekizler site, which is the west
end of the lake, Hamzabey Brook entrance, where
the water of the Kuzuviran Creek that passes
through Hamzabey Village mixes with the lake, the
Deliler Canal, where the Deliler Creek that passes
through Deliler Village mixes with the lake,
Mezbahane site, where the district sewer drains to
the lake, and the Lake Center, which are all locations that can represent the water characteristics of
the lake, were selected to be the sampling points.
Water samples were taken with two onelitregrey plastic bottles about 30 cm below the
surface of the lake. The water samples were
brought to the laboratory, where the analyses would
be performed, as soon as possible in refrigerated
containers with ice bags. The water samples were
stored in the refrigerator at +4°C until the analyses
were made. The temperature (T), dissolved oxygen
(DO), and pH of the lake water were measured in
situ by the Hach brand HQ40d Model portable
measuring device, its conductivity (EC) with WTW
Multi 340i/SET device approximately 30 cm below
the surface of the lake. Alkalinity (± 5 mg/l), am-
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Lake Yeniçağa is an important aquatic system
due to the commercial and sportive fishery, many
migratory birds, its surrounding’s being used as a
recreational area, and being a peat bed. The lake is
located on an important bird migration route between Europe and Africa. As a result of hosting a
large number of migratory birds, the 1800 ha lake
area was put under protection [1]. There are wide
peat areas in the north and west of the lake, and
private peat soil businesses are active in this area.
Studies have been conducted on the physical
and chemical characteristics of Lake Yeniçağa, its
phytoplankton and zooplankton fauna, benthic
invertebrates [2-6], and the biology, populations,
and fisheries of some fish species in the lake [7-9].
In fishery biology studies, it is necessary to know
the physical and chemical characteristics of the
water in order to determine the vital characteristics
of the living thing. In this study, it is aimed to investigate the physical and chemical characteristics
of Lake Yeniçağa water and also the suitability of
the obtained data in terms of the fish life.
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monium (NH4+) (± 0.52 mg/l), nitrate (NO3-) (±
0.11 mg/l), nitrite (NO2-) (± 0.0028 mg/l), orthophosphate (PO43-) (± 0.09 mg/l), calcium (Ca2+) (±
1.6 mg/l), magnesium (Mg2+) (± 0.57 mg/l), chloride (Cl-) (± 0.052 mg/l), and sulphate (SO42-) (±
2.6 mg/l) analyses were performed using a Spectroquant NOVA 60 model photometer using Merck
brand spectroquant test kits. 200 ml of the water
sample was filtered through GF/C Whatman filter
paper 47 mm in diameter for the determination of
chlorophyll-a content. The filtered filter papers
were placed in a plastic tube tacitly and wrapped in
aluminium foil and stored in a refrigerator at -18oC
until the analysis. Chlorophyll-a was analyzed according to the methanol method by Marker [10].

In the upper parts where photosynthesis is intense, excess oxygen enters certain depths of water
and that the oxygen level of the environment can
exceed the saturation level [14]. It is thought that
the oxygen production in July increases due to the
photosynthesis by phytoplankton and the dissolved
oxygen of the environment exceeds the saturation
level, and also the high pressure generated by the
open air on the day of measurement increases the
dissolved oxygen content in the water, when the
water temperature and chlorophyll-a content are the
highest. It is thought that the dissolved oxygen is at
the lowest level at Onsekizler site, where the concentration of phytoplankton is the highest in September, due to eutrophication. The dissolved oxygen content must be at least 5 mg/l in order for
Cyprinidae to survive. Since the dissolved oxygen
values (5.16 mg/l- 16.23 mg/l) measured in Lake
Yeniçağa do not fall below this limit, there is no
danger for the fish life.
The electrical conductivity is an indicator of
the total dissolved solids in the water. The electrical
conductivity values of waters suitable for fishery
generally varybetween 150-750 μS/cm [15]. The
pH value varies in proportion to the change in the
CO2 content in the water. The changes might be due
to the decrease in the CO2 content as a result of the
seasonal photosynthesis by phytoplankton and the
changes in the total alkalinity and precipitation
[16]. Taking into consideration that the optimum
pH value for freshwater fish is between 6 and 9, it
can be concluded that the pH (7.56 - 8.86) and
electrical conductivity values (488 μS/cm- 769
μS/cm) measured in Lake Yeniçağa are suitable for
the fish life.

! !
The annual mean physical and chemical characteristics of Lake Yeniçaga water are presented in
Table 1, and the monthly change is presented in
Figure 2.
The temperature of lake waters varies depending on the seasons, the geographical position of the
lake, the surface area, the depth, the mineral salts
dissolved in it, and the sun rays absorbed [11]. The
water temperature is one of the most important
factors limiting the life, growth, and reproduction
of the fish. Considering that the fishes of the Cyprinidae family perform their normal activities such
as the growth, nutrition, and reproduction at water
temperatures of 4-28°C [12-13]. It can be said that
the temperature values (1.8oC- 26oC) measured in
Lake Yeniçağa are within the suitable limits for
European chub and velvetfish.
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Sampling points
Parameters
T (°C)
EC (µS/cm)
DO (mg/l)
pH
Alkalinity (mg/l)
NH4+ (mg/l)
NO3- (mg/l)
NO2- (mg/l)
PO43- (mg/l)
Ca2+ (mg/l)
Mg2+ (mg/l)
Cl- (mg/l)
SO42- (mg/l)
Chlorophyll-a
(mg/m3)

Onsekizler
14±2.3
(1.8- 24.9)
579±9
(499- 614)
9.22±0.63
(5.16- 12.88)
8.32±0.09
(7.56-8.86)
87±9
(31-162)
3.6±0.9
(0.6-12.0)
3.7±0.4
(2.0-6.3)
0.013±0.002
(0.001-0.022)
0.9±0.3
(0-0.3)
108±11
(72-199)
15.3±3.2
(4.5-45.3)
0.190±0.038
(0.014-0.440)
28±2
(18-39)
27.2±4.8
(11.8-62.1)

Hamzabey
Brook
14.4±2.4
(1.8- 25.8)
573±9
(497- 619)
10.52±0.77
(6.68-16.23)
8.42±0.09
(7.60-8.79)
80±4
(53-101)
3.3±1.0
(0-12.0)
3.8±0.4
(1.7-5.7)
0.014±0.002
(0.004-0.032)
0.9±0.4
(0-3.9)
96±11
(3-150)
12.8±1.8
(3.8-22.6)
0.206±0.042
(0.015-0.500)
28±2
(20-40)
22.2±4.3
(10.3-54.8)

Deliler Canal

Mezbahane

Lake Center

Mean

14.6±2.4
(1.9- 25.2)
577±11
(488- 624)
10.62±0.47
(6.71-12.90)
8.42±0.09
(7.67-8.81)
64±8
(11-92)
4.0±1.6
(0-21.0)
4.0±0.4
(1.9-5.9)
0.021±0.002
(0.003-0.029)
0.7±0.2
(0-3.1)
86±9
(6-130)
12.8±1.4
(4.9-20.8)
0.202±0.061
(0.013-0.720)
28±2
(18-39)
21.3±3.6
(9.6-48)

15.2±2.5
(2.1- 26.0)
595±28
(493- 729)
10.35±0.72
(6.04-14.30)
8.41±0.09
(7.61-8.77)
75±9
(9-118)
2.8±0.7
(0-8.0)
4.5±0.6
(1.7-7.3)
0.015±0.003
(0.003-0.034)
0.8±0.4
(0-4.6)
82±10
(19-137)
12.0±1.7
(3.8-20.3)
0.241±0.050
(0.018-0.720)
27±2
(17-39)
24.2±4.4
(10.2-56.5)

14.4±2.4
(1.8- 25.1)
575±10
(489- 621)
9.82±0.55
(6.28-12.82)
8.44±0.08
(7.62-8.70)
68±7
(12-89)
2.2±0.8
(0-10.0)
3.8±0.6
(1.6-7.7)
0.013±0.003
(0.005-0.043)
0.6±0.3
(0-3.7)
97±8
(37-160)
12.2±1.6
(4.2-20.2)
0.176±0.037
(0.020-0.380)
26±2
(13-38)
17.7±3.6
(5.6-45.7)

14.5±2.4
(1.9- 25.3)
579±11
(493- 617)
10.02±0.54
(6.47-12.83)
8.40±0.08
(7.61-8.63)
75±5
(23-90)
3.2±0.7
(0.2-8.0)
4.0±0.4
(2.0-5.9)
0.015±0.002
(0.003-0.046)
0.8±0.3
(0-3.7)
94±8
(27-140)
13.0±1.6
(4.2-20.0)
0.203±0.037
(0.028-0.412)
27±2
(18-38)
22.5±4.1
(9.7-53.4)

mg/l, and if the nitrate nitrogen in the water exceeds
46 mg/l, the fish suffers respiratory distress and
suffocate [20].
The high orthophosphate contents (0 mg/l- 4.6
mg/l) were observed in November. This can be
explained by domestic and animal wastes originating from the district center around the lake, Hamzabey Village and Deliler Village settlements, and
phosphate-containing fertilizers’ used in agricultural land mixing with the lake water through rainwaters and creeks.
There should be at least 30-40 mg/l of calcium
in the water suitable for fishing. It is thought that
the periodic decrease in calcium values is due to the
rain entering the lake through the creeks. The calcium values ranging from 82 mg/l to 108 mg/l on
average are suitable values for life and development
of the fish.
It is estimated that the seasonal change in
magnesium values is derived from the creeks feeding the lake. The magnesium content of the water
with the optimum fish fauna should be lower than
14 mg/l [19]. The average magnesium values of the
sampling points by months in Lake Yeniçağa were
measured to be above 14 mg/l in August, October,
November, January, and February. However, it is
shown that the points except for Onsekizler site
(15.3 mg/l) are suitable environments for fish fauna

The sulphate content exceeding 250 mg/l is an
indication of contamination [17]. In general, it is
estimated that the increases in sulphate values increase with precipitation, which is derived from
fertilizers used in agricultural land, and industrial
and domestic wastes. The sulphate values (13 mg/l40 mg/l) are not dangerous.
The alkalinity values of 30-500 mg/l CaCO3
are accepted in natural waters [18]. The measured
alkalinity values (9 mg/l- 162 mg/l) varied between
the acceptable values.
The ammonia content exceeded 2.5 mg/l while
the pH value was between 7.4 and 8.5 would lead to
toxic effects on fish but the dissolved oxygen content would reduce the toxic effect of ammonia [1519]. Similarly, higher oxygen values are thought to
reduce the toxic effects of ammonia on fish although the average ammonia is calculated to be
above 2.5 mg/l.
Contamination starts with the nitrite content in
the water exceeding 1 mg/l [17]. It is thought that
rainwaters carry agricultural, human, and animal
wastes from agricultural land and settlement areas
around the lake to the lake. According to the results, it is possible to mention the nitrite pollution in
the lake. However, it has not reached a critical level
in terms of the fish life. For fish and other aquatic
organisms, the appropriate limits of nitrate are 5-10
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in terms of magnesium when the average magnesium values of the sampling points are examined.
As the oxygen content decreases, the toxic effect of chloride on the fish increases. The acceptable concentration value of chloride for fish is 4 mg/l
[21]. There is no pollution caused by chloride in
Lake Yeniçağa.
Chlorophyll-a is one of the important water
quality parameters because it also shows the primary production and eutrophication levels [22]. Chlorophyll-a contents are the indicator of phytoplankton growth in the lake. The environmental factors
affecting the phytoplankton also affect the chlorophyll-a content [23]. It is thought that the phytoplankton density increases with the increase in the
nutrient level in the lake, and accordingly, it causes
the increase in chlorophyll-a content.

!
In conclusion, ammonium, nitrite, and phosphate values were high levels in certain periods in
the lake but they did not pose a danger for fish
survival. It is estimated that the use of nitrogenous,
phosphorous, and nitrate fertilizers on agricultural
areas around the lake and the transportation of
domestic and animal wastes in the surrounding
villages to the lake with the Kuzuviran and Deliler
Creeks increase the ammonium, nitrite and phosphate values of the lake. In order to improve the
quality of water in Lake Yeniçağa, the domestic
and industrial wastes from the villages around the
lake and the district center should be treated with
appropriate treatment systems and be released to
the creeks and lake. Furthermore, the excessive and
unnecessary use of fertilizers should be precluded.
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Groundwater is important for the development
of the city of Suzhou, because most of the water
used for domestic, industrial and agricultural purpose is obtained from the underground. In this
study, a total of 62 shallow groundwater samples in
the urban area of the city have been collected and
their manganese (Mn) concentrations have been
measured, then the data have been analyzed by statistical and spatial analyses. The results show that
the Mn concentrations in the groundwater range
from 19.0-728 µg/L (mean = 263 µg/L), and most
of the samples (90.3%) were classified to be Class
IV according to the groundwater quality standard of
China, implying that the groundwater should be
treated before drinking. The samples have medium
coefficient of variation and low p-values of normal
distribution test, suggesting that it may have been
influenced by anthropogenic activities, which was
further demonstrated by the consistent of the distribution of the samples with high Mn concentrations
and the areas with high density of human, transportation and hardware manufacturing, as well as the
high-high cluster of the spatial autocorrelation
analysis. The environmental background values
have been calculated to be 60.6-415 and 0-592
μg/L, based on the box plot and spatial autocorrelation analyses, respectively, which were related to
their different basis (need normal distribution or
not). 



rapid development of the society and economy, the
environmental condition of the groundwater was
gradually becoming worse, because of the irrational
exploration of the groundwater, and the anthropogenic pollution [1]. Therefore, the scientific issues
related to the groundwater have attracted a large
number of studies, such as the study related to the
regional hydro-geology, hydrochemistry, groundwater pollution, restoration, modeling and management [2-4].
Trace elements, especially the toxic ones (e.g.
Hg, Cd, Pb, Zn et al), have long been concerned by
scientists because of their special characteristics
and hazardous for the human health [5, 6]. Among
these metals, iron (Fe) and manganese have attracted the most attention because of their high contents
in the groundwater, and most of the other metals in
the water can be affected by the Fe and Mn oxides
and hydroxides. And therefore, a series of studies
have been carried out for the removal of them from
the water [7-9].
Suzhou is an important city with coal production in China, and it is also a city with long period
of groundwater utilization. The water for industrial
and domestic purpose is mainly obtained from the
underground, especially the shallow and deep pore
water. In recent years, with the continuous development of the urban economy and scale, the demand for industrial and domestic water is increasing, and the problems related to the development
and utilization of groundwater resources are exposed more and more, which restricts the sustainable development of the city and the health of the
people in the area [10-12]. The recent study about
the drinking water in the city has reported a low
standard-reaching rate of Mn (only 65%) [13].
Because of the importance of groundwater for
the development of the city, a total of 62 groundwater samples from the shallow wells in the urban area
have been collected and analyzed for their Mn concentrations, and the statistical and the spatial autocorrelation analyses have been applied to the data,
for getting the information about: (1) the Mn con-

)( #$
Groundwater, manganese, spatial autocorrelation, statistical analysis
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Most of the water used for the industrial, agriculture and domestic purpose in north China is obtained from the underground. However, with the
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then the samples were acidified to be pH<2 by
HNO3 to prevent the adsorption of the elements by
the bottle, and finally labeled and sent to the laboratory for processing. The GPS location and site conditions (including the flow of people, life, industry
and traffic related information) have been recorded.
In the laboratory, all of the samples were filtered by
0.22 µm film before analysis for removing debris.
The concentrations of Mn was analyzed by atomic
absorption spectrometer, and the quality control
was carried out by standard sample (the correlation
coefficient between actual concentration and measured concentration was higher than 0.99). All of the
analysis was conducted in the Engineering Research Center of Coal Mine Exploration, Anhui
province, China.

centration and their spatial distribution, (2) spatial
autocorrelation and clustering identification and (3)
the environment background value of Mn in the
groundwater, which can provide scientific information for the protection and utilization of the shallow groundwater in the area.
%#$% $

$<=.A +:/+ Suzhou is the north gate of the
Anhui province, China. It is located at the south of
the Huang-Huai plain, with adjacent to Xuzhou of
Jiangsu and Heze of Shandong in the north, Yongcheng of Henan in the west, Suqian of Jiangsu in
the east. The annual precipitation is 857 millimeters, with an average temperature of 14.4 degrees
(centigrade). There are many rivers in the area, including the Kui, Sui, Tuo and Hui Rivers. However,
the groundwater is the main water source for industrial production, agriculture activities and urban
living in the city.

+<+ <:/+<6/7< Firstly, all of the data were
processed for statistical analysis by the Mystat 12
software, for calculating the maximum, minimum
and mean values, standard deviation, coefficient of
variation and the p-value of the normal distribution
test, and then the contour map of the Mn concentrations was constructed by the Surfer 11 software
(with natural neighbor grid method), and finally the
spatial autocorrelation analysis by the Geoda 1.8.3
software. Finally, the local spatial autocorrelation is
processed to obtain the significant map and the spatial clustering map.

$+695371+7.+7+5A;3;A total of 62 shallow
groundwater samples were collected from the shallow wells (<30m), and the sample’s locations are
shown in Figure 1. Before sampling, a 2.0 L polyethylene bottle that has been cleaned in the laboratory have been rinsed three times by the water, and

&# 
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Mn

N
62

Min
19.0

Max
728

Mean
263
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SD
137

CV
0.519

p-value
<0.01
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7>3:876/7<+5 ,+-41:8=7. The environmental background is the concentrations (mostly,
the range of concentrations) of the elements in the
relative clean area (with low or no contribution of
anthropogenic activities), and is the basis for determine the pollution degree of the regional environment [14, 15]. For the management of the
groundwater, environmental background is also
important, because it is needed for identifying the
pollution of the groundwater and, it is also the destination of the environmental protection [16].
At present, there are two kinds of methods for
determine environmental background values, including the geochemical method and statistical
method. Among these two, the statistical method is
the most commonly used one, because it is hard to
find a place without anthropogenic influence, which
was needed for the geochemical method. There are
some specific methods related to the statistical
method: e.g. the relative cumulative frequency, the
normal distribution, the regression analysis, the
outlier test, the iterative standard deviation and so
on [14, 15]. And all of these methods have a same
basis that the background values of the sample obey
the normal distribution (or lognormal distribution).
In this study, two kinds of methods have been
applied for the determination of the environment
background value:
(1) the box plot by the Mystat 12, which based
on the assumption that the environmental background value in line with the normal distribution.
After processing, the samples outside of the lower
and upper hinge of the box plot were removed (repeated until no abnormal samples), and then calculate the mean and standard deviation of the rest of
the samples. The environmental background value
was then calculated to be mean± 2*standard deviation.
(2) based on the spatial autocorrelation analysis, the basis is that there is no significant change of
the concentrations in the sample relative to its adjacent samples, or namely “no mutation ”. Therefore,
the samples for calculating the environmental background values only consider the “non-significant”
samples (not belong to the high-high, low-low,
high-low and low-high clusters) after spatial autocorrelation analysis, and the environmental background value was also calculated by the
mean±2*standard deviation.

mg/L), suitable for drinking, industrial and agricultural use; Class IV (≤1.0 mg/L), suitable for industrial and agricultural use (can also be used for domestic purpose after treatment); Class V (>1.0
mg/L), not suitable for any purpose. In this study,
the Mn concentrations of the groundwater are 19.0728 µg/L (mean = 263 µg/L) (Table 1). In comparison with the National Standard of China, one sample is classified to be Class I and II, five samples
are classified to be Class III, and 56 samples are
classified to be Class IV, which suggest that the
groundwater in the study area might have been polluted by Mn releasing processes (either natural or
anthropogenic).
Coefficient of variation (CV = standard deviation / mean) has long been used for identifying the
anthropogenic contribution for the pollution in the
environmental studies [17, 18], previous studies
revealed that when CV < 0.10, it means low anthropogenic contribution, whereas CV > 0.90
means high anthropogenic contribution. In this
study, the CV of the Mn concentrations of the
groundwater samples is 0.519, which indicates that
the groundwater has probably been influenced by
anthropogenic activities. Additionally, the p-value
of the normal distribution test is <0.01, which
means that the Mn concentrations in this study cannot pass the normal distribution test (p > 0.05),
which also suggests the anthropogenic contribution
[14, 15]. Even after log transformation, the CV is
still > 0.10 and the p-value < 0.05, which also
means anthropogenic influence.
$9+<3+5 .3;<:3,=<387 The contour map of the
Mn concentrations in this study is shown in Figure
2. As can be seen from the figure, two areas with
high Mn concentrations can be found in the central
and central-northeast of the study area. In comparison with the sample locations in the Figure 1, it can
be found that the groundwater samples with high
Mn concentrations are located in the area between
the train station, bus stations and the business area.
Our observation during sampling found that this
area is characterized by high density of people,
transportation, hardware manufacturing and business. And therefore, the high Mn in this area might
be contributed by natural and anthropogenic
sources simultaneously, because except for the
weathering of Mn bearing rock, the manufacturing
of hardware and the discharge of garbage can release Mn into the environment [17].

#$&%$$&$$ 

87-/7<:+<387;Based on the situation of the
groundwater quality in China and the health of people, as well as the goal for environmental protection, the National Standard of China (GB/T 1484893) have classified the groundwater quality into
five degrees with Mn concentrations: Class I and II
(≤0.05 mg/L), natural background; Class III (≤0.10

$9+<3+5 +=<8-8::/5+<387 +7+5A;3; The local
spatial autocorrelation (LISA) has been applied for
the calculation of spatial clustering in this study,
and according to the classification of the Moran'I
index [19], all of the samples can be subdivided
into two major categories after calculation: “not
significant” and “significant”. Samples classified
into the former are considered as “no mutation”

3015

$#

! %   





!"  ! 


relative to its adjacent samples, and the samples
classified into the latter can be divided into four sub
categories: high-high, low-low, low-high and highlow, which represent the relationship between a
sample and its surrounding ones. Moreover, the
concentration of the high-high samples can be
called as “hot spot”, and the concentration of the
low-low samples is identified as “freezing spot”,
whereas the low-high and high-low samples are
abnormal ones, which may be related to the influence of other factors [20-23]. The results of spatial
autocorrelation analysis are shown in Figure 3.
As can be seen from the figure, 35 samples are
classified to be “not significant” samples, whereas
the sample numbers classified to be high-high, lowlow, low-high and high-low clusters are 10, 8, 6 and
3, respectively. It can also be noticed from the figure that the samples divided into the high-high clus-

ter are mainly concentrated in the area between the
railway station (north), bus station (south) and its
western commercial district. Therefore, this area
can be called as "hot spot". This area is also consistent with the distribution of the samples with
high Mn concentrations (Figure 2), which implying
that the releasing of Mn from the steel (railway,
bus, hardware manufacturing) and living garbage is
the main influence factor. In contrast, the low-low
cluster samples are all located in the west of the
study area, where is the newly constructed urban
area with low density of human. Further, for the
low-high and high-low abnormal samples, they
reflect that the concentrations of Mn in these samples are "mutation" relative to the surrounding ones,
and may be a reflection of natural (low-high) or
anthropogenic disturbance (high-low) [20-23].




&# 
87<8=:6+9807-87-/7<:+<387;B1


&# 
#/;=5<;80;9+<3+5+=<8-8::/5+<387+7+5A;3;

3016



$#

! %   





!"  ! 


% 
/;-:39<3>/;<+<3;<3-;807-87-/7<:+<387;80<2/;+695/;+0</:8=<53/::/68>+5B1

p-value

N
Min
Max
Mean
SD
CV
Mn1
56
54.0
426
238
88.7
0.373
>0.15
Mn2
35
54.0
728
280
156
0.558
<0.01
Note: 1 and 2 are the samples after outlier removal based on the box plot and spatial autocorrelation analysis,
respectively.
identified as outliers with the second application of
the box plot (Mn-2 in Figure 5). After the removal
of the six ones, the remaining 56 samples were calculated and the average value was 238 μg/L with
standard deviation to be 88.7 μg/L (Table 2). Therefore, the background value calculated by the statistics method was 60.6-415 μg/L.
As to the spatial autocorrelation analysis, the
above mentioned 35 samples belong to the “not
significant” category were calculated, and the mean
value was 280 μg/L with the standard deviation was
156 μg/L (Table 2). Therefore, the background value calculated by the spatial autocorrelation analysis
method was 0-592 μg/L (less than 0 and replaced
by 0).

=:<2/:.3;-=;;387 For comparison, the iterative standard deviation, distribution function
method [24] and QQ plot [25] have also been applied for calculation the environmental background.
The results show that the environmental background values of Mn in the groundwater are 88.7399 μg/L (iterative standard deviation) and 48.9441 μg/L (distribution function), respectively. As
can be seen from the QQ diagram (Figure 6), it is
hard to find an inflection point, and therefore, it is
hard to determine the environmental background
value through the method.
According to the results obtained by the above
methods, it can be found that the calculated environmental background values are different with
each other, and the main reason for this difference
is their different basis: for the statistical methods
(including box plot, QQ plot and iterative standard
deviation, distribution function), the basis is that the
background samples follow the normal distribution, they calculated the environmental background
to be 48.9-441 μg/L, whereas the spatial analysis
focused on the “no mutation” feature, the environmental background calculated by it is 0-592 μg/L.
Different methods should be chosen for the
environmental background estimation according to
different conditions: if the distribution of the element/pollutant can be determined or demonstrated
(most commonly normal or lognormal), the statistics method (or the method with same principle,
such as the iterative standard deviation and the
probability distribution plot [24, 25]) can be considered. However, if the distribution of data is uncertain, the method of spatial analysis should be
chosen. Considering about the Mn in this study, it is

&# 
/7;3<A958<80<2/7-87-/7<:+<387;B1


&#
8@958<80<2/7-87-/7<:+<387;B1

6953-+<387; 08: <2/ /7>3:876/7<+5 ,+-4
1:8=7.Figure 4 is the density plot of Mn concentrations. It can be seen from the figure that the concentrations of Mn have at least two peaks, which
probably have two kinds of information: one is that
the Mn in the groundwater might have been influenced by anthropogenic activities (the second
peak), and another is that the Mn in the groundwater without anthropogenic influence might follow
the normal distribution (the first peak in the Figure
4). Moreover, based on the box plot of the Mn concentrations, there are 3 samples with concentrations
higher than 500 μg/L are identified to be outliers
(Mn-1 in Figure 5), and another 3 samples can be
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hard to determine which distribution is follow, because it is hard to find a straight line in the QQ plot
even before or after lognormal transformation (Table 1 and Figure 6). And therefore, the spatial autocorrelation method should be chosen.
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Based on the statistical and spatial analyses of
the Mn concentrations of the shallow groundwater
in Suzhou, Anhui province, China, the following
conclusions have been made:
(1) Most of the samples (90.3%) were classified to be Class IV according to the groundwater
quality standard of China, which means that the
groundwater should be treated before drinking. The
samples have medium coefficient of variation and
low p-values of normal distribution test, implying
that it may have been influenced by anthropogenic
activities.
(2) The spatial distribution of the Mn concentration suggests that the samples with high concentrations of Mn are located in the area consistent
with the hot spot identified by spatial autocorrelation analysis, and indicating that the area has been
influenced by anthropogenic activities.
(3) The environmental background values
have been calculated to be 60.6-415 and 0-592 μg/L
with box plot and spatial autocorrelation analyses,
respectively.
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with more resistant to herbicides, pests and diseases
with nutritional content [1, 4].  " #"#
! has been widely used for the introduction of
a large number of foreign genes into plant cells to
develop transgenic plants with enhanced resistance
to biotic and abiotic stresses [4]. Gene transfer via
 "#! is a complex process affected by a
number of genetic factors associated with the bacteria, host plant cells and the interaction of these
factors [5, 6, 7]. Leaves, stems, tubers, petiole,
protoplasts and micro-tubers have been used as the
explants to develop transgenic potato lines [1, 8].
However, the transformation efficiency is significantly dependent on genotype [9, 10, 11] and reliable regeneration protocol [12]. Thus, a genotype
specific regeneration and transformation method
needs to be developed [13, 14]. This study aimed to
develop an efficient regeneration and genetic transformation procedure using  "#! for the
local potato genotypes of Turkey.

Potato (# "# !# L.) is highly demandable world food crop and has become a staple
food in many parts of the world including Turkey,
India and China. Potato under in vitro culture condition is recalcitrant and genotype dependent.
Therefore, we tested several factors to enhance
regeneration and genetic transformation efficiency
of Turkish potato genotypes. The influence of physical factors and conditions in  " #mediated transformation of the potato leaves was tested.
Using the best combination (10 mg L-1ZR, 10 mg
L-1 NAA) with Agrobacterium-mediated transformation, we regenerated independent putative transformants 61.6% of the total explants cultured. GUS
and nptII positive plants were confirmed by molecular analysis (PCR) that showed transformation rate
of 24.16%. The protocol described here is simple,
efficient, and produces transgenic plant in 7-8
weeks after inoculation with  " # "
#.

#)' "($#)%(

&8.:@ 9.@2>6.8 .:1 0A8@A>2 0;:16@6;:  Four
potato genotypes namely Innovator, Marabel, Tokat-10/1 and Tokat-6/24 were used for optimization
of regeneration protocol. The tubers of genotypes
were washed with running tap water to remove
traces of soil then surface sterilized using 2.5%
sodium hypochlorite for 20 min. This was followed
by 3 × 5 min rinsing with sterile double distilled
water. The tubers were sprouted at 24 °C under
dark conditions for six weeks. The sprouts (2-3 cm)
were excised from the tubers that again re-sterilized
with 1.25% sodium hypochlorite for 20 min and
rinsed with 3 × 5 min sterile distilled water. Thereafter, the apical buds explants were cultured on MS
regeneration medium [15] supplemented with 3%
sucrose and solidified with 0.3% Gelrite. The explants were sub-cultured to fresh media at three
weeks interval. Plantlets height 8-10 cm with 6-8
leaves were obtained after four weeks of culture
explants. Leaf discs (0.5 cm2) and internode explants were prepared for culture. Leaf discs were

!-,%'(
# "# !#  " # "#! Transformation, potato, Co-cultivation

$)'%*) %$
Potato (# "# !# L.) is an important crop that can help to alleviate growing hunger problem in the world by providing a balanced
diet, as it is rich in many nutrient contents and carbohydrate [1]. The total world potato production is
estimated at 3815 million tons [2] and is the third
most important food crop in the world after rice and
wheat in terms of human consumption.
Potato is prime candidate for improvement
through biotechnology techniques and breeding
strategy for nutritional quality and production.
Many diseases, pests and weeds can cause significant losses in production of potato [3]. Therefore, it
is very important to grow potatoes that are efficient
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and 3rd gene transfer protocol respectively. Thereafter, the infected leaf discs were co-cultivated with
same medium solidified with gelrite for 48 h. After
co-cultivation, explants were sub-cultured on same
regeneration selection medium containing 75 mg L1
kanamycin and 500 mg L-1duocid. 

inoculated on axial side by submerging in the medium. Several plant growth regulators combinations
were tested for plant regeneration (data not shown).
Thereafter, two standardized plant regeneration
protocol were selected and applied for four potato
genotypes. 
All culture media were autoclaved at 121 °C
(1.5 kg cm–2 pressure) for 20 min and pH was adjusted to 5.6–5.8 with 1 N NaOH or 1 N HCl. All
cultures were grown at 25 ± 2 °C with a 16/8h
light/dark cycle photoperiod. The light was supplied at an intensity of 25 μmol photons m–2 s–1
using cool-white fluorescent lamps.

2:2 @>.:?32> <>;@;0;8 @5  In the 4th gene
transfer protocol, leaf dices inoculated with  "#
! culture diluted 1:50 in liquid MS medium supplemented with 5 mg L-1 GA3, 1 mg L-1
BAP, 1 mg L-1 IAA, 1 mg L-12,4-D 100 μM acetosyringone and 5 mM betaine for 30 min. Thereafter, the infected leaf discs co-cultivated on MS solid
regeneration medium containing 5 mg/L GA3, 1 mg
L-1 BAP, 1 mg L-1 IAA for 48 h. Then, leaf discs
were transferred to RM2 containing 75 mg L-1kanamycin and 500 mg L-1duocid after co-cultivation. 

?@

 '242:2>.@6;: #216A9 '#  Fourweeks old leaves were used for preparing leaf discs
of 0.5 cm diameter. The leaf discs were cultured on
MS medium supplemented with 4 mg L-1 gibberellic acid (GA3), 1 mg L-1 6-benzylaminopurine
(BAP), 0.1 mg L-1 naphthalene acetic acid (NAA),
3% sucrose and 0.3% gelrite for callus induction
and shoot regeneration. The shoots were rooted on
MS medium devoid plant growth regulators.

2:2 @>.:?32> <>;@;0;8 @5  The leaf discs
were mixed with  "#! suspension that
diluted 1:30 in MS liquid regeneration medium
containing 0.37 M acetosyringone for 10 min.
Thereafter, co-cultivated on solid medium supplemented with 2 mg L-1 ZR, 0.2 mg L-1 NAA, 0.02
mg L-1GA3 for 72 h. Thereafter, the explants were
sub-cultured on regeneration medium (RM2) containing 75 mg L-1 kanamycin and 500 mg L-1 duocid. 

:1'242:2>.@6;:#216A9'# Leaf discs
were cultured on MS medium containing 10 mg L-1
trans-zeatin riboside (ZR), 10 mg L-1 NAA, 3%
sucrose and 0.3% gelrite under dark conditions for
three days. Thereafter, explants were transferred to
callus induction MS medium supplemented with 2
mg L-1 ZR, 0.2 mg L-1 NAA, 0.02 mg L-1 GA3.
After 2 weeks of culture, the calli were transferred
to shoot regeneration MS medium containing 2 mg
L-1ZR, 0.2 mg L-1GA3, 3% sucrose and 0.3% gelrite. The regenerated shoots were transferred to MS
medium containing 0.2 mg L-1indole-3-butyric acid
(IBA) for rooting.

';;@6:4 .:1 .00869.@6F.@6;: ;3 @>.:?42:60
<8.:@82@? The regenerated shoots (5-6 cm) on RM2
were rooted on MS medium containing 0.2 mg L-1
IBA, 500 mg L-1Duocid and 75 mg L-1kanamycin.
The root initiations were started after one week of
culture inoculation. Roots were thin but healthy in
culture medium. Thereafter, the rooted plants were
removed, washed and transferred to plastic pots
containing mixture of peat, perlite and soil (1:1:1).
Each pot was covered with a transparent polyethylene bag to create a high relative humidity; afterwards, the polythene bags were gradually opened.
The acclimatized plants were maintained under
ambient daylight conditions at 19–23 °C in a
greenhouse. Transformation efficiency was calculated by dividing total number of polymerase chain
reaction positive plants divided by the total number
of explants used in the experiments, and this was
expressed as a percentage.

4>;/.0@2>6A9 (@>.6: .:1 &8.:@ )>.:?
3;>9.@6;: +20@;>   "#! strain GV2260
[16] carrying binary plasmid p35S-GUS-INT [17]
was used for plant transformation studies. The
binary plasmid carried neomycin phosphotransferase II (" ) marker gene under control of the
nopaline synthase (NOS) promoter and βglucuronidase ( ) gene under control of the
cauliflower mosaic virus (CaMV35S) promoter.
 " # strain was inoculated in YEP medium (8 g L-1 nutrient broth, 1 g L-1 yeast extract,
0.24 g L-1 magnesium sulfate and 5 g L-1 sucrose)
supplemented with 50 mg L-1kanamycin. 

:320@6;: 9216.  :;0A8.@6;:  0;
0A8@6B.@6;:Five different methods were tested for
optimization of transformation via "#!. 

2:2 @>.:?32> <>;@;0;8  ?@ :1  >1  The
leaf discs of Takat-10/1 (4-5 mm2) were inoculated
for 30 min on liquid RM2 medium with "#
! culture diluted 1:20, 1:40 and 1:80 for 1st, 2nd

*(G 48A0A>;:61.?256?@;052960.8.??.E 
All regenerated and survived plants were examined
for GUS histochemical assay. Therefore, the samples were immersed in X-gluc {100 mM sodium
phosphate (pH=7.0), 10 mM EDTA, 0.1% Triton
X–100 and 1 mM 5-bromo-4-chloro-3-indolyl-β-Dglucuronic acid} solution and incubated at 37 °C
overnight and fixed with 70% ethanol. A characteristics blue color spots shown the expression of GUS
($## !) gene in the positive plant tissues.
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binations that regenerated the highest number of
shoots were: leaf explants on MS medium containing 4 mg L-1 GA3, 1 mg L-1 BAP, 0.1 mg L-1 NAA
(RM1) and 10 mg L-1 ZR, 10 mg L-1 NAA (RM2)
were used for four potato genotypes.
In the second set of experiments, the leaf explants of four potato genotypes were cultured on
RM1 and RM2 selected media from previous experiments. All the four potato genotypes were
shown callus induction and shoot initiation after
two and four weeks of culture respectively. Although, shoot regeneration frequency in RM1 did
not show any statistically significant differences
(ANOVA) between of genotypes, whereas; shoot
regeneration frequency and number of shoots per
explants were significant (P<0.01) in RM2. The
cultured leaf explants in Magenta boxes containing
75 ml of medium resulted in vigorous growth of
callus, shoot initiation as compared to the explants
cultured in test tube, and glass bottles. These kinds
of glassware’s were used commonly and frequently
in previous studies [22, 23]. The reason of improvement of culture growth in the Magenta boxes
is probably due to the greater availability of sufficient quantity of nutrients and proper air space [23].
However, the result of present study indicated that
incubation of culture explants in 16h light and 8 h
dark photoperiod with a temperature of 25±2°C
with a light intensity of 25 µmm2 s1 developed
healthy and vigorous stock plants. The regenerated
shoots behavior in both types of media is compared,
shoot induction on RM2 was most favorable with
maximum shoot regeneration frequency (90.00%)
and number of shoots (10.83) noted on genotype
Tokat-10/1 (Table 1).
The results are in agreement with Ewing et al.
[24] and Khatun et al. [8]. They found that plant
regeneration capability and behavior depends on the
genotype and growth medium during the plant
regeneration. However, it is also important to develop an efficient plant regeneration system prior to
genetic transformation are in agreement with Pierik
[25] and Uranbey et al. [26, 27].
The regeneration rate of each genotype differs
depending on regeneration media. The shoot regeneration frequencies were ranged 41.03 – 51.90%
and 30.98 - 90.00% on RM1 and RM2 respectively.
Therefore, it is significant to determine local genotypes with high regeneration capabilities for efficient genetic transformation. Therefore, RM2 and
potato genotype Tokat-10/1 with high regeneration
capacity was used for  " #"
transformation studies. Moreover, vigorous and
healthy stock plants of potato genotype Tokat-10/1
were maintained on MS basal medium supplemented with 3% sucrose. Shoot tips plus one axillary
bud (approximately 2–3 cm in length) of genotype
Tokat-10/1 was used as explant and subcultured
that developed 8–10 leaves at 4-weeks culture peri-

The proper control plant for GUS histochemical
assay was done that explants showing no blue color
spot. 
#;820A8.> 2B.8A.@6;: ;3 <A@.@6B2 @>.:?
3;>9.:@? The genomic DNA of putative transgenic plants used as template for Polymerase Chain
Reaction (PCR) analyses using the   "
 "  "   " Cat. #F130WH used according to the manufacturer’s
recommendations. PCR was carried out using the
gene-specific primer to amplify the internal fragment of "  (459 bp) from putative transgenic
plants. The amplification reaction proceeded with
gene-specific
primers
" 
(forward:
TTGCTCCTGCCGAGAAAG-3’ and reverse 5’-RGAAGGCGATAGAAGGCGA-3’). The PCR was
performed at 98 °C for 5 min, 98 °C for 5 sec, 58
°C for 15 sec, and 72 °C for 3 min followed by 40
cycles. The plasmid DNA was used as positive
control, whereas DNA from untransformed plants
was used as negative control. The amplified DNA
fragments were electrophoresed on 1.5% agarose
gel and visualized by ethidium bromide staining
under ultraviolet (UV) light. 
(@.@6?@60.8.:.8E?6? The all experimental data
were subjected to one-way analysis of variance
(ANOVA, SPSS for Windows v. 11., SPSS, USA),
and the post hoc tests were performed using least
squares difference (LSD). Data given in percentages were subjected to arc sine (√X) transformation
[18] before statistical analysis.
'(*")($ (*(( %$
The development of reliable regeneration protocol is crucial step for potato genetic transformation [19]. Because, genotype is important factor
that affecting frequency of plant regeneration as
well as genetic transformation in potato [19, 20,
21]. In a first set of experiment, contamination free
leaf discs and internode explants were cultured on
various PGRs combinations that exhibited explant
swelled and callus production on leaf discs; whereas, internode explant show less callus induction
from cut end (data not shown). The selection of
healthy leaf explants (0.5 cm2) from potato stock
plant is critical for generating a high frequency of
callus, shoot and root regeneration. The callus initiation was observed at the cut edges of leaf discs
after 7-8 days of culture. After two weeks of culture
inoculation, green compact calli were produced
from leaf explants on all the combination of auxin,
Cytokinin and Zeatin Riboside (ZR). The leaf discs
explants were produced more calli, with NAA more
effective than ZR for callus induction. Leaf discs
explants did not produced callus at the lower level
of ZR. Therefore, the two best PGRs-explant com-
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explants that commonly used in potato transformations. The addition of growth regulators to the
infection medium was exhibited to the vigor growth
of callus on leaf discs explants and had no significant effect on the efficiency of transformation and
regeneration. These are agreement with Barpete et
al. [6] and Anayol et al. [35]. They found that adding of PGRs in infection media increase the transformation and regeneration efficiency of cultured
explant.
The cultured explants swelled and developed
callus from the cut surface on selected medium
containing 50 mg L-1 of kanamycin after 6–7 days
of incubation on. The rest of explants showed no
signs of growth or exhibited necrosis in the culture.
The number of explants were induced callus that
ranging from 07 to 89 explants out of 120 explants
cultured. The protocol number 5th were best and
showed green calli that initiated first shoot buds
after three weeks of culture in the RM2 (Figure 1a).
The emerged shoots with a height of 5-6 cm
were excised and rooted on MS medium containing
0.2 mg L-1IBA, 500 mg L-1Duocid and 75 mg L-1
kanamycin (Figure 1b). The regenerated plants
were washed in running tap water to remove trace
of medium then transferred to pots (Figure 1c).
Regenerated plantlets were acclimatized in the
greenhouse and allowed to set mini potato tubers.
Thereafter, the histochemical GUS assay and PCR
analysis were performed to confirm the presence of
transgenes in putative transgenic plants. Histochemical GUS analysis was performed with leaf, shoot
and tuber sample collected from putative transgenic
plants. The dark or light blue regions were seen on
different tissues incubated in histochemical reagent.
 gene expressions were confirmed by blue
spots that recorded 24.16% out of 46.66% tested
putative plant (Figure 1d). Leaf explants were expressing higher GUS activity as compare to the
shoot and tuber explant. PCR analysis of the GUS
positive explants confirmed the presence of "
gene by exhibiting a 459 bp fragment on the agarose gel, non-transgenic plants and control plants
did not show any amplified fragment on the agarose
gel (Figure 2).

od that used as explant source for transformation
studies.

  42:2 @>.:?32>  In
the last leg of experiments, leaf discs of genotype
Tokat-10/1 was infected with five different ratio of
agrobacterium dilution (strain GV2260 carrying
plasmid p35S-GUS-INT) for oncogenic efficiency
and subsequently plant regeneration. The results of
experiment shown that mixtures and dilution of
bacterial cultures with ratios of 1:20, 1:40, 1:50 and
1:80 for 30 min incubation with bacteria did not
shown significant genetic transformation efficiency
on Tokat-10/1; whereas, 1:30 for 10 min @
72 h exhibited 24.16% transformation efficiency.
Since the aim of these infections was to test whether transformation efficiency increased by mixed
infections and could gave potato plants transformed
with T-DNA from the disarmed Agrobacterium. 
A simple and rapid transformation protocol
for the potato genotype Tokat-10/1 has not been
reported previously. Potato genotype Tokat-10/1 is
sensitive to photoperiod and produces tubers under
short-day conditions. Therefore, a rapid and efficient transformation protocol for this genotype
would facilitate research in Turkish environment.
Numbers of  " #-mediated gene transfer
protocol for potato have already been developed
[28, 29]. However, they mainly focus on commercial varieties such as “Bintje”, “Desire” “Russet
Burbank” and “Shepody” [30, 31, 32, 33]. The
transformation frequency is significantly dependent
on genotype reported by Vinterhalter et al. [34] and
Cingel et al. [10]. However, efficiency of infection
was highly influenced by strain of  " #
"#! that plays significant role for genetic
transformation [6]. Apart from this, the Agrobacterium host strain LBA4404 has been commonly used
for transformation of potato as well as cotton transformation [6, 14]. Earlier study emphasized that the
Agrobacterium host strain GV2260 contributed to
superior transformation efficiency compared to
LBA4404 in potato. Therefore, we used the
GV2260 host strain exclusively in these experiments. The current protocol reduced the time for
tedious washing procedure and dark incubation of

)" 
3320@;316332>2:@>242:2>.@6;:9216A9;:.1B2:@6@6;A??5;;@>242:2>.@6;:6:16332>2:@<;@.@;0A8@6B.>?
.:142:;@E<2?
?@

2:;@E<2?
Tokat 10/1
Tokat 6/24
Innovator
Marabel

  '# 
(5;;@'242:2>.@6;:>2
$A9/2>;3
=A2:0E
?5;;@? 2D<8.:@
41.03b
3.00 b*
42.73b
2.26 b
46.86b
1.93 b
51.90a
4.60 a

:1  '#
(5;;@'242:2>.@6;:>2
$A9/2>;3
=A2:0E
?5;;@? 2D<8.:@
90.00 a*
10.83 a*
72.78 ab
9.16 a
63.93 b
2.66 b
30.98 c
2.30 b

* Means represented with different letters within each column are significantly different according to LSD test
on 1 % significance level
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30 min
30 min
30 min
30 min
10 min

48 h
48 h
48 h
48h
72h

16
14
07
23
89

6
5
8
74 (61.6%)

2
3
4
56 (46.6%)

1
3
29

)>.:3;>9.@6;:
233602:0E

*(B2

$&) B2
<8.:@?

';;@21
?5;;@?
>2?6?@.:@
@;!:

(5;;@?
'2?6?@.:@
@;!:

.88A?
>2?6?@.:@@;
7.:.9E?06:
!:

1:20
1:40
1:80
1:50
1:30

;0A8@6B.@6;:
&2>6;1

120
120
120
120
120

:;0A8.@6;:
@692

4>;/.0@2>6A9
0A8@A>2168A@21

?@
:1
>1
@5
@5

$; ;3
2D<8.:@

&>;@;0;8

)"
)5282.316?0?2D<8.:@?;3<;@.@;42:;@E<2);7.@
C2>20A8@A>21;:'&9216A9.3@2>6:320@6;:C6@5
 + <( $&) ;:@5>2216332>2:@@>.:?3;>9.@6;:<>;@;0;8@526>42:2@60
@>.:?3;>9.@6;:3>2=A2:0E

0.00
0.83
0.00
2.50
24.16

*kanamyscin denote as Kn
All authors discussed, planned and carried out
experiments collectively. All authors have made
substantial contributions to conception and design,
acquisition of data, analysis and interpretation of
data. All authors have been involved in drafting the
manuscript or revising it critically for important
intellectual content. All authors read and approved
the final manuscript to be published.

In nutshell, 120 explants were cultured but no
transgenic plants were obtained with the 1st and 3rd
protocols; whereas, only 1 and 3 positive plant were
obtained from 2nd and 4th protocol respectively. In
the 5th protocol 74 (61.6%) explants of the explants
formed kanamycin resistant shoots, 56 (46.6%) of
the explants were rooted and transgene expression
was verified by histochemical GUS assay and PCR
assay confirmed 29 (24.16%) explant were positive
for all the parameter used (Table 2).
In the study, shoot regeneration and acclimatization are developed as early as 4 and 8 weeks
respectively after Agrobacterium infection compared to 10-12 weeks in earlier reports of potato
transformation [22, 36]. Thereafter, we continued to
use this protocol for transformation and have regenerated over 350 independent transgenic lines
after first year. This protocol may be useful in several genotypes for the introduction and regeneration
of agronomically important traits without the problem of somaclonal variation. Therefore, it would be
beneficial for a large-scale application to potato
transformation.
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Antarctic surface snowmelt variations are sensitive indicators of climate change due to the direct
interface with the atmosphere and ocean. Here, we
have utilized the sensitivity of microwave radiometer data to detect the presence of liquid water in the
snow caused due to snowmelt conditions and analyze a variety of spatiotemporal characteristics of
the Antarctic snowmelt cycle over a 36-year period
from 1978 to 2015 by applying an improved wavelet transform using SMMR and SSM/I data. The
spatial distribution of snowmelt areas shows that
most are located on the edges of Antarctic ice
shelves. Snowmelt areas are affected by land cover
type, surface elevation, and geographic location.
The temporal distribution of snowmelt areas shows
that the Antarctic snowmelt changes systematically
over time. There are the roughly 5-year periodic
variations in the melt intensity, which shows that
the Antarctic snowmelt will adjust to climate
change. In addition, the Antarctic snowmelt varies
with the seasons; it is particularly acute in summer,
with peak melt in December and January and low
melt in March. To a certain extent, the results reveal Antarctic snowmelt spatiotemporal change
characteristics.



middle and low latitude regions, therefore, the polar
climate is easier to monitor for subtle changes. Both
observations and simulation results show that the
inter-annual variations in the extent and surface
characteristics (mainly reflectance) of Antarctic ice
and snow significantly affect global water vapor
circulation, global heat balance, and climate
change, which can be seen in temperature and precipitation distributions [3-4]. The polar regions
control the exchange of heat, moisture, and momentum between the atmosphere and the surface; this
directly affects global atmospheric circulation and
climate, which is the key factor for global climate
and environmental change [5]. The interaction
between the Antarctic ice sheet and adjacent geospheres has a huge impact on the global climate and
environment. The Antarctic snowmelt will cause
changes in the surface humidity and then cause ice
shelf collapse and ice movement [6]. By means of
long time series of microwave radiometer data, the
Antarctic snowmelt spatiotemporal change characteristics are effectively analyzed, which could promote the study of global climate and environmental
change.
The spaceborne microwave radiometers can
be used macroscopically, rapidly, objectively and
effectively to monitor and assess the Antarctic
snowmelt changes, providing an important means
of measuring snowmelt changes in Antarctic areas
that are difficult for people to access and measure
directly. In particular, microwave radiometers can
be used to retrieve snowmelt information under all
weather conditions because microwaves can penetrate clouds. The brightness temperature of the
microwave radiometers is highly sensitive to the
liquid water changes in the snow. Therefore, we can
use the microwave radiometer data to monitor and
measure the surface snowmelt over the ice sheet.
For studying the snowmelt spatiotemporal changes
in Greenland and other regions, many snowmelt
detection methods have been developed and applied
to microwave radiometer SMMR (Scanning Multichannel Microwave Radiometer) and SMM/I (Special Sensor Microwave/Imager) [5, 7-13]. Torinesi
et al. [3] found that the interannual variability in
local snowmelt showed good regularity based on
microwave radiometer data from 1980 to 1999, but

(&!"
Snowmelt detection, microwave radiometer, wavelet
transform, Antarctica, climate change, spatiotemporal
change characteristics
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Global climate and environmental change is
an important issue in today's world. Antarctica is a
key region in this regard with the Antarctic ice and
snow changes being one of the most important
factors affecting global climate and environmental
change [1-2]. The polar regions play the role of an
‘amplifier’ for global climate and environmental
change. Both historical and modern observations
show that the magnitude of polar climate and environmental change is twice as large as changes in
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the same format. Over the 36 year period, two different kinds of SSMR and SSM/I sensors were
used, and the sensors were equipped with different
platforms (F8, F11, F13, and F17). Therefore, it is
necessary to study the different sensors’ data and
normalize each to the same platform.
The overlap dates for the five kinds of data are
from 20 August to 9 July 1987, from 29 April to 3
December 1991, from 30 December to 3 May 1995,
and from 30 September 2008 to 1 January 2009.
Using these overlapping data sets, we can perform a
regression treatment to calibrate the SMMR data to
the F8 platform of the SSM/I, and calibrate the F11,
F13, and F17 platforms to the F8 platform. We do
this using Eqn (1),
1 =  ∗ 2 + 
(1)

the regularity was poor for all Antarctica. Liu et al.
[14] used the microwave radiometer data (19782004) to study the Antarctic snowmelt and found
that most of the snowmelt indicators showed a
negative interannual trend. Picard and Fily [4] developed a model for daily snowmelt changes using
the temporally different characteristics of four microwave radiometer datasets for Antarctica and
applied this model to determine daily variability in
the Antarctic snowmelt over 26 years. Tedesco [15]
compared six Antarctic ice sheet snowmelt detection algorithms using microwave radiometer data
from 1979 to 2008 and analyzed the Antarctic
snowmelt spatiotemporal changes, the trend of the
melting index and the different regional abnormal
snowmelt phenomena.
In the present paper, we obtained the average
snowmelt onset date, end date, and duration as well
as the annual changes of the snowmelt areas and the
seasonal changes of the snowmelt pixels, for the
36-year period from 1978 to 2015, based on the
improved wavelet transform method [16-17]. Based
on this, the Antarctic snowmelt spatiotemporal
change characteristics are obtained. The Antarctic
snowmelt spatiotemporal mechanism is analysed
and combined with the Antarctic surface snowmelt
observations.


#!"#"

)9)8-98 Microwave radiometers passively
receive the thermal radiation of ground objects [18],
and the measured microwave radiometric brightness temperature is very sensitive to variations in
the snow’s liquid water content; the brightness
temperature will show dramatic changes over the
snowmelt onset and end dates. At present, there are
several microwave radiometers in general use:
SSM/I, Advanced Microwave Scanning Radiometer-EOS (AMSR-E), and SMMR. This paper mainly uses SMMR and SSM/I microwave radiometer
data from 26 October 1978 to 30 June 2015 derived
from the NSIDC (National Snow and Ice Data
Center). The selected data channel is the 18 GHz
horizontal polarization channel of the SMMR and
the 19 GHz horizontal polarization channel of the
SSM/I with F8, F11, F13, and F17 platforms; their
ranks and data accuracy are the same and stored in

where 1 is the SSM/I brightness temperature
data for the 19GHz band of the F8 platform, and
2 is the brightness temperature data for the F11,
F13 and F17 platforms, respectively; a (slope) and
b (intercept) are regression parameters.
Liu et al. [2] calculated the conversion between the SMMR and SMM/I and between the F11
and F8 platforms of SSM/I; they also calculated the
regression coefficients for the F13 and F8 platforms
for the SSM/I. Different sensor and platform data
conversion parameters are shown in Table 1. The
regression coefficients are used to convert all data
to the F8 platform.
After all the data are normalized, we use the
improved wavelet-transform snowmelt detection
algorithm to extract the 36-year snowmelt information from the microwave radiometer data (there
is not data from 21 August 1987 to 12 January
1988, so there is no Antarctic snowmelt information
for 1987). The Antarctic summer is from December
to February, so for convenience, the year is defined
from 1 July to 31 June of the following year, and
the former year is adopted as the label (so 1991
goes from 1 July 1991 to 31 June 1992).

-905,8The basic principle of the snowmelt
detection algorithm based on wavelet transform [2,
17] is that the edges of dramatic changes in the long
time series brightness temperature data reflect the
snow melt or freeze-up onset dates [19-20]. The
snowmelt onset date for each year is the date of the
first sharp rising edge on the curve of brightness

# 
!-/7-881546)7)3-9-7.753,1..-7-498-48578)4,62)9.573,)9)
Data transformation
Transform SMMR 18 GHz into SSM/I F8 19 GHz
Transform SSM/I F11 and F13 19 GHz into SSM/I
F8 19 GHz
Transform SSM/I F17 19 GHz into SSM/I F8 19
GHz

Slope
1.06

Intercept
-2.79

Correlation coefficient
R>0.99

1.008

-1.17

R>0.99

1.0286

-3.0094

R>0.99
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temperature vs. time, and the melt end date for each
year is the date of the last sharp falling edge on this
curve; the total melt duration of a pixel is the sum
of each individual melt duration in a year for the
pixel. This method can detect whether each pixel is
experienced freezing or thawing as well as the
freeze-thaw date.
The basic steps are as follows:
(1) The long time series of brightness temperature data are pre-processed.
(2) A multi-scale wavelet decomposition by
wavelet transform is performed on the preprocessed data to decompose the edge information
under different scales.
(3) Determine the optimal classification
threshold for dry snow and wet snow based on a
variance analysis model and the generalized Gauss
model.
(4) Obtain the melt onset date, end date, and
duration of each pixel based on step (3).
(5) The neighbourhood operation [2] detects
and corrects potential errors, ultimately determining

the final snowmelt onset date, duration, and end
date.
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Through the above process, the Antarctic average
melt onset date, duration, and end date were obtained from 1978 to 2015 (Figure 1); the total melt
areas were about 1,621,875 km2, accounting for
11.67 percent of the total ice-sheet areas. We can
see from Figure 1 that the melt areas were mainly
distributed on the edge of the Antarctic ice shelves,
including Ross Ice Shelf, Amery Ice Shelf, Ronne
Ice Shelf, Larsen Ice Shelf, Getz Ice Shelf, Abbot
Ice Shelf, Wilkins Ice Shelf, Brunt Ice Shelf,
Riiser-Larsen Ice Shelf, Fimbut Ice Shelf, West Ice
Shelf, and Shackleton Ice Shelf, etc. On the whole,
earlier melt onset dates and later melt end dates are
associated with longer melt durations.
The Antarctic ice-sheet melt shows obvious
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temperature gradient from 0-500 m above sea level.
The average altitude is less than 20 m above sea
level, and the average melt duration was over 50
days. The average duration was dominated by the
fringe field of the ice shelves and the sea. In the
regions with average altitudes from 20-200 m, the
average melt duration was less than 50 days, especially at altitudes of 100 m, such as Fimbul Ice
Shelf, Amery Ice Shelf, and Riise-Larsen Ice Shelf,
which had average melt durations of about 30 days.
For the regions with average altitudes from 200-500
m, such as Gates Ice Shelf and Abbott Ice Shelf, the
average melt duration increased with increasing
altitude, and the average melt duration was about
40 days; this is due to the influence of the atmosphere’s vertical temperature gradient. At altitudes
of approximately 400 m, the average melt duration
decreased to about 25 days. The majority of melt
regions are distributed in the Antarctic Peninsula at
altitudes above 500 m, where the combination of
low latitudes, resulting in more intense solar radiation, and the distribution of rocks with low heat
capacity ratios allow these regions to have a highstrength melt.
In short, the comprehensive effects of the cover types, altitude, and geographical location (latitude) give the Antarctic snowmelt patterns a complex spatial distribution.

49)7+91+ 845<3-29 9-3657)2 )4)2>818
From Figure 3 we can see that the inter-annual
variation of the Antarctic snowmelt region is relatively large, and the largest melt areas were in 2012
(from 1 July 2012 to 31 June 2013) with a melt area
of 1,611,250 km2. The minimum melt area was
565,000 km2 in 1999, a factor of three smaller than
the 2012 melt area. From the melt trend in Figure 3,
the following periodic melt law can be seen: after
the emergence of a large melt intensity, the second
year will show a substantial decline, and there will
be a smaller melt one or two years later. Four or

regional variations. On the whole, the melt strength
of the Antarctic Peninsula is the largest, showing
average melt onset dates before mid-December for
Wilkins Ice Shelf and Larsen Ice Shelf; it also has
average melt durations of more than 60 days and
has melt end dates after 1 February. For the two
largest ice shelves, Long Ice Shelf and Ross Ice
Shelf, the average melt duration is relatively short
(generally less than 10 days). Most of the south
Antarctic regions did not experience melt over the
36-year period.
Due to its low specific heat capacity, rock will
have a more pronounced temperature change than
ice and snow under the same solar radiation conditions; this makes ice that is in contact with rock
melt more easily than other ice. This can be seen
for the Larsen Ice Shelf and Wilkins Ice Shelf,
which are located in a rocky area of the Antarctic
Peninsula: these ice shelves are affected by the
cover of low specific heat capacity rocks, so the
snow is more easily melted compared to Ross Ice
Shelf and Long Ice Shelf which have very few
rocks. The average melt duration represents a complex change in the melt intensity, which is affected
by latitude. For the Antarctic regions, the solar
radiation intensity is generally relatively weaker in
the high latitude regions, which causes lower surface temperatures than in the low latitude regions.
The results of this work show that almost no melt
processes occur in most of the high latitude areas in
Antarctica, while the Antarctic Peninsula, located at
lower latitudes, had sustained, high-intensity melt.
The Hengduan Mountains and the Antarctic
Peninsula are the most widely distributed areas of
the Antarctic continent. However, because the most
of the Hengduan Mountains are located at high
latitudes, this makes the melt intensity there very
different from the Antarctic continent's melt intensity.
Figure 2 shows that higher altitudes are associated with shorter average melt durations; this is
due to the influence of the atmosphere’s vertical
55
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will undergo a refreezing process after the summer
melting of the ice sheet. With the refreezing of ice
and snow, the melt areas are reduced sharply; the
average melt areas in February were only about 50
percent compared to January, while the melt areas
in March are further reduced. For 22 years, in
March melt areas are basically stable at about
750,000 km2. After May, Antarctica enters the
winter season, and very few melt events occur until
October when the Antarctic ice sheet enters the
melt season.

five years after the smaller melt intensity, there will
appear another large melt intensity; for example,
1985 had a small melt intensity, and there is a second maximum melt extent in 1991 (this pattern
repeats roughly every 5 years for 36 years). From
the periodic variation it can be seen that the Antarctic ice sheet has a certain adjustment to the climate
change, and it is negative feedback on climate
change. The periodic variations in the melt intensity
show that the Antarctic ice sheet will adjust to climate change on a specific timescale, and it provides
a negative feedback on climate change.
As shown by Figure 4, the melt of the Antarctic ice sheet has a very obvious seasonal rhythm,
and summer (from December to February) has a
sharp melt, with the melt reaching its peak in December and January. Starting in February, the melt
areas begin to decrease, and the melt areas are very
rare in March. This shows that the Antarctic icesheet melt (mainly on the surface of the ice shelves)

$""
Based on microwave radiometer data (19782015), we find (1) The Antarctic total snowmelt
areas are closely related to the spatial variation of
the ice sheet cover type, altitude, and latitude. (2)
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The Antarctic snowmelt undergoes rapid fluctuations and periodic changes (5-year periodic changes) in the melt intensity. (3) The Antarctic snowmelt areas with large time variations are mainly
distributed in Ross Ice Shelf and Ronne Ice Shelf,
and the melt conditions of these regions determine
the total variation of the Antarctic ice-sheet melt
areas. In contrast, Larsen Ice Shelf and Wilkins Ice
Shelf of the Antarctic Peninsula have maintained
stable widespread melting of snow and ice, maintaining a consistently high intensity of melting of
snow and ice in the summer.
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of production and trade capacity both in the world
and in Turkey, it has various areas of utilization.
Therefore, specify of its utilization areas increases
locust bean’s importance and more attention is paid
to its cultivation and production with growing demand for it. However, it is the seeds of locust bean
that gives importance to the plant. The seeds are processed to obtain locust bean gum, which is an important food additive used in the food industry. 3 different processes are employed for locust bean gum
production: 1) 95% sulfuric acid treatment, 2) 1%
sodium hydroxide treatment and 3) Mechanical
shelling [3]. The most preferred method employed in
Turkey is treating seeds with 95% sulfuric acid. This
method, the sulfuric acid treatment of seeds to remove shell and obtain the gum, generates a waste
containing high amount of sulfuric acid which is
harmful for the environment.
The limited availability of clean water resources around the world, rapid population growth,
droughts caused by global warming and climate
change, the gradual increase in urban and industrial
water requirements put pressure on water resources
used in agricultural irrigation [4,5,6]. Considering
that 75% of water resources is used for agricultural
purposes, the utilization of pressurized irrigation
techniques that apply water more efficiently is inevitable [7]. Drip irrigation systems have started to be
used increasingly in recent years [8, 9, 10, 11].
Drip irrigation systems, one of modern irrigation techniques, have some drawbacks and the most
important of all is clogging of emitters over time and
significant decrease in system performance. Clogging is the most common and serious problem in drip
irrigation systems. It is difficult and costly to detect,
clean or to replace the clogged emitters. Partially or
completely clogging of emitters decreases water distribution uniformity and irrigation efficiency. Clogging is generally caused by neglecting water quality
parameters at the planning stage or when the system
is not operated properly and the necessary maintenance is not carried out. The clogging of emitters
over time depends on the properties of the water used
for irrigation [8, 9, 12, 13, 14, 15].
Physical clogging is one of the main clogging
factors that caused by the suspended solids found in
water (such as silt and fine sand). On the other hand,
high concentration of dissoluble salts in irrigation

This study was conducted by means of the drip
test bench set up in the workshop of Agricultural
Faculty Biosystems Engineering Department of
Kahramanmaras Sutçu Imam University, Turkey in
2017. In the experiment, the locust extract waste,
which emerges as by product during the gum extraction from locust bean, was used for opening the emitters on an in-line drip lateral with %85 clogging ratio. Due to its high acid content, the locust extract
was diluted by 1:4 ratio with water. Regular canal
water irrigation was considered as a reference at the
beginning of the treatment. Locust extract waste
(LW) and canal water (CW) were applied to the
clogged drip irrigation system under the pressure of
1 atm by 2 irrigation treatments with 2 repetitions. In
the study, Distribution Uniformity (DU), Adjusted
Christiansen Uniformity Coefficient (adjCU), Coefficient of variation (CV) and emitter flow rate variation (Qvar) values of each subject emitter were determined. As a result of the study, the values of DU,
adjCU, CV and Qvar in the clogged emitter in which
canal water applied were found to be 48.45%,
69.01%, 0.39 and 0.77, respectively, while in the locust extract applied emitter these values were calculated to be 77.52%, 97.01%, 0.04 and 0.17. According to the results, it was concluded that locust extract
waste was highly effective in unclogging for emitters.



(&!"
Drip irrigation, locust bean extract waste, clogging, in-line
emitter
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In Turkey, the Locust tree (   !
L.) is native to the Mediterranean region and grows
spontaneously in the area of about 1750 km2 extending along the South Coasts of Turkey from Tarsus,
Mersin to Marmaris district. Its varieties grown in
Turkey are fleshy, sesame and wild types [1]. Turkey, especially its Mediterranean region, has vast
lands to be used for locust bean cultivation and locust bean cultivation is gaining importance gradually
in Turkey since it is in its native soil [2]. Although
the fruit of locust tree is of little significance in terms
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prevents emitter clogging. Acid injection lowers pH
of water, decreases salt precipitation and increases
the effect of chlorination. Data about acid injection
doses to be used for drip irrigation was reported by
[18]. The quantity and dose of acid for injection depend on the water quality and the amount of water to
be applied. The acid dosage applied according to the
recommendations enables the neutralization of 80%
of the bases found in water and expected to lower the
pH value of water to the range of 5.0-5.5 immediately after injection. The acid injection rates should
be controlled precisely by using acid-resistant injection pumps [19, 20, 21, 22]. However, acid treatments may lead to corrosion in the system and are
inevitably harmful to both operators and the environment.
The aim of this study is to utilize the acidic
wastes of locust bean gum processing plants for preventing dissolved salts of irrigation water from clogging emitters and to determine the effects of acidic
wastes on emitter performance (distribution Uniformity (DU), adjusted Christiansen uniformity
(adjCU), coefficient of variation (CV) and emitter
flow rate variation (Qvar). In addition, we are of the
opinion that utilization of the locust extract waste to
prevent clogging, which is one of the major problems of increasingly used drip irrigation systems in
recent years will contribute to both economy and environmental protection.

water constitute a significant level of clogging problem and high values of Ca, Mg, Fe, Mn and HCO3
and high pH values and temperature lead to chemical
clogging. If irrigation water has high pH values
(pH>7.5) and includes high concentrations of Ca and
Mg, Ca and Mg precipitate in the form of carbonates
and cause partially or completely clogging in emitters. If the solubility of salts dissolved in water is
low, these elements may lead to clogging. The solubility of the substances in water depends on the temperature, pH value, the redox potential of the water
and the concentration of dissolved solids in water
[14, 16, 17] researched chemical and biological clogging in drip irrigation systems and their effects on
system performance and showed that chemical and
biological clogging were more significant in lateral
ends due to the low flow rate at the lateral ends.
Various chemicals have been used in order to
prevent the dissolved salts to clog emitters. Chlorination is required to control the development of organic bacteria in the emitters and inside the tube and
to prevent precipitation of salts. The control of
chemical clogging, which can be defined as the precipitation of salts, is quite difficult. One of the approaches for preventing chemical clogging is decreasing pH value of water with acid injection to levels in which precipitation does not occur. When applied at low concentrations, acid injection (phosphoric acid, hydrochloric acid and sulfuric acid) prohibits CaCO3 and MgCO3 from precipitation and
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parameters of performance evaluation in the study
were determined by equations below.
  "   of emitters was
calculated using the following equation [12, 23].
1/ 2
(1)
(12 +  22 +....+ 2 −   2)

The locust extract waste used in this study was
obtained from the wastes from gum production of
INCOM locust bean processing plant in Mersin
province, Turkey. The plant uses 95% sulfuric acid
treatment method to produce locust bean gum and
the process generates wastes with high sulfuric acid
content. The locust bean waste used in the study was
analyzed and the pH value and soluble SO4 content
were found 1.25 and 28%, respectively. In the experiment, an in-line emitter with an emitter range of 33
cm, diameter of Ø16 mm and flow velocity of 4 L h1
was used. The in-line emitters used in the study
were obtained from laterals which had been used for
a long time in agricultural activities and then had
been discarded due to emitter clogging. Two different water sources were used in the study and the canal water (CW) and locust waste (LW) were introduced to clogged emitter laterals with two repetitions.
The study was carried out in Kahramanmaraş
Sütçü İmam University Agricultural Faculty Biosystems Engineering Department laboratories. In order
to conduct the experiments, a drip irrigation test
bench, which is 5 m long, 2 m wide, 1.20 m above
the ground and consists of a hanger system, main
pipeline and hangers for laterals, was set up. Laterals
used for tests were located 40 cm above the test
bench (Figure 1).
The canal water was introduced to clogged inline laterals prior to locust extract waste treatment.
Locust extract waste was then stored in 1 ton capacity plastic container and supplied to the system by a
pump with s 0.5 HP power and 2.52 m3 h-1 maximum
flow rate. A filter was placed at the main pipeline
entrance and two valves were placed following the
filter to control the recirculation exit and main pipeline entrance. Although operating pressure could be
kept at preferred levels by means of the valves, the
pressure was adjusted by an added inventor to the
system. The pressure of the incoming water was
measured by a manometer at the beginning of each
lateral. The trials were conducted under the pressure
of 1 atm. To determine the viscosity variation, the
water temperature was measured with a thermometer
throughout the test. The water temperature change
during the measurements did not exceed 23 ° C (±
0.5 °C).
In order to determine the pressure-flow rate interaction, 28 emitters were selected for each type of
emitter and flow rate for each emitter was measured
with 2 repetitions. The measurements for all laterals
on the test bench were performed synchronously.
Measurement of flow was carried out with water
cans placed beneath the emitters after 10 min of water supply to obtain stabilized flow. The mobile
panel, which was placed above test bench, was
pulled horizontally after the treatment and the flow
rate of emitters was measured volumetrically. The

 =

  ( −1)

1/ 2

Where CV: Coefficient of variation (CV) of
emitters; q1, q2, ..., qn: emitters’ drip rate (L h-1); qavg:
average drip rate (L h-1); n: number of emitters.
  !  %  was calculated
using the following equation [24].
⎛   ⎞
(2)
⎟
 = 100⎜⎜
⎟


⎠
⎝
Where DU: Distribution Uniformity (%); qlq:
averages of ¼ with the smallest value (lower quarter)
of the emitters (L h-1); qavg: average drip rate (L h-1).
 !     % 
    was calculated using the following
equation.
 = 100(1 − 0.798 ×  −  ) (3)
Where CV is  " 
   #   "  was calculated
using the following equation.

 var =

( max − min
)
 max

(4)

Where, qmax: maximum drip discharge (L h-1),
qmin: minimum drip discharge (L h-1).

!"$#"

%):1)<176; 16 >-:)/-47? !)<-; 7. 51<
<-:;The variations in flow rates of emitters by treatments are given in Table 1 and Figure 2. Table 1 and
Figure 2 reveal that non-uniform changes occur in
the flow rates of emitters that were clogged at the
beginning. After locust extract waste treatment for
LW-1 and LW-2 treatments, however, it is determined that the flow variations have a uniform characteristic. It can be concluded that this change resulted from the high HSO4 content of locust waste.
The results of CW treatment tests were summarized in Table 1. As it can be seen from the table,
while the average flow rate (qavg) in CW treatments
was 0.86-0.87 L h-1, the average flow rate for LW
treatments was measured as 1.30 L h-1. It was concluded that the acid in locust extract waste reduces
the precipitation of salts by lowering the pH value of
the water and increases the chlorination efficiency
and consequently results in unclogging of the emitters.
7-..1+1-6<7.>):1)<176%The coefficient
of variation of emitters was assessed according to
[25, 26]. The CV values obtained in the study are
given in Figure 3. As it can be seen in Figure 3, the
initial CV value determined under the pressure of 1
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atm for CW treatment was in the range of 38.12%
due to exceeding 5%. In the LW treatment, however,
and 39.14%. These values are higher than the limit
CV values were determined in the range of 3.30%values proposed by [26, 27]. The CV values deter4.20% and these values are in the top class.
mined for CW treatment are in an unacceptable class

#
47?:)<-0>):1)<176;7.-51<<-:;)476/4)<-:)4.7:+)6)4?)<-:&)6,47+=;<-@<:)+<?);<-&
<:-)<5-6<;
Emitter number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
9)>/

CW-1
1.12
1.28
1.24
1.14
0.74
1.06
0.80
0.46
0.78
0.60
1.26
0.72
0.74
1.12
0.42
0.62
0.41
0.43
0.47
0.32
1.31
1.25
1.22
1.28
1.04
0.42
0.80
1.21


CW-2
1.16
1.25
1.24
1.16
0.79
1.02
0.84
0.44
0.80
0.66
1.25
0.74
0.74
1.12
0.44
0.64
0.41
0.44
0.47
0.30
1.24
1.20
1.20
1.28
0.80
0.42
0.80
1.24
 

LW-1
1.31
1.34
1.30
1.31
1.40
1.22
1.24
1.31
1.26
1.21
1.34
1.26
1.46
1.30
1.26
1.30
1.30
1.20
1.28
1.31
1.32
1.32
1.30
1.36
1.30
1.32
1.26
1.27
 

LW-2
1.30
1.32
1.30
1.32
1.38
1.22
1.26
1.31
1.26
1.21
1.34
1.26
1.42
1.30
1.32
1.30
1.30
1.28
1.28
1.31
1.32
1.32
1.32
1.36
1.30
1.32
1.28
1.28
 

1,60
1,40

     

1,20
1,00
0,80
0,60
0,40

CW-1
CW-2
LW-1
LW-2

0,20
0,00
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1;<:1*=<176 =61.7:51<A $ Distribution
Uniformity of emitters was assessed according to
[26] and obtained DU values are given in Figure 4.
As it is represented in Figure 4, the initial DU values
of drip irrigation laterals were between the range of
47.5%-52.1%, and after the LW treatment these values increased to 90%-95%. In terms of classification,
these values belong to top class and are desired for
drip irrigation. It can be concluded that the acidic
content of LW led to these higher values. The average DU values by different treatments indicate that
water quality had a strong effect on DU values. Distribution Uniformity, as found in the studies conducted by [28, 29, 30], exceeded 94% and took place

in the top class in general.
,2=;<-,0:1;<1)6;-6$61.7:51<A),2$
The Adjusted Christiansen Uniformity (adjCU) values of average emitter flow rates of the treatments
are given in Figure 5. The adjUC values for all treatments were found higher than 90%. While the highest average adjCU value was observed in CW treatment with 68.8%-69.4%, highest adjCU value was
observed in LW treatment. It can be concluded that
these high values resulted from unclogging of emitters and from laminar flow and that the acids found
in LW showed a repellent effect in eliminating clogging as well.
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$! 
51<<-:.47?:)<->):1)<1767.-51<<-:;*A<:-)<5-6<;
51<<-:.47?:)<->):1)<176 >):The values of emitter flow rate variation (Qvar) by treatment
are given in Figure 6. While the lowest flow rate variation of the first lateral in the CW treatment was
75%-76%, it was found 15%-18% for LW. The highest flow rate variation was observed in CW treatment, whereas the lowest variation was observed in
LW treatment. It can be concluded that diminishing
variation of flow rate results from the acids found in
LW.

system performance. Detecting, cleaning or replacement of clogged emitters is quite difficult and costly.
Partial or complete clogging of the emitters decreases the water distribution uniformity and irrigation efficiency, which may lead to production and
quality losses consequently.
In this study, the effect of locust bean waste on
preventing chemical clogging in in-line emitter lateral pipelines, which is the main problem encountered in drip irrigation systems, was investigated.
As a result of this study, the DU, adjUC, CV
and Qvar values of clogged emitters for CW treatment were found 48.45%, 69.01%, 0.39 and 0.77, respectively, and for LW treatment were found
77.52%, 97.01%, 0.04 and 0.17, respectively. Considering the average flow rates comparison, it is con-


$"
One of the most important constraints of drip
irrigation systems is that the emitters become
clogged in time, resulting in a significant decrease in
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cluded that locust bean extract waste is more efficient in preventing clogging.
It is important for users who are to apply locust
bean waste to drip irrigation system to bear in mind
that locust waste has a high acidic content and its usage needs to be paid attention. In addition, it is recommended that new studies should be carried out to
investigate the adverse effects of sulfide, the amount
of which is high in locust waste, on the environment.
In conclusion, it was determined that locust
bean waste is effective in preventing emitters from
clogging, however, it is also highly harmful to the
system if used undiluted.
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Uranium mining would produce a great deal of
acid wastewater and waste residue. Both of them
contain numerous poisonous and pernicious substances, including heavy metals and radionuclide,
which would cause serious soil pollution near the
tailing pond. By taking the paddy soil near a uranium
mine tailing pond in Southern China as the research
object, this paper employed methods like infrared
spectroscopy, scanning electron microscope, granule
size and specific surface area to analyze elements of
change of functional group, morphology, granulesize composition, specific surface area as well as aperture before and after adsorbing uranium through
field sampling and lab analysis, so as to lucubrate the
mechanism of adsorbing uranium by organic matters
in paddy soil from a micro perspective.
The result showed that, if the soil structure remained unchanged, organic matter’s major basic
groups C-N, C-O, C-H, -OH and N-H and soil’s
basic groups like Si-O, C=O and C=C interacted and

Uranium is a vital raw material in nuclear energy. Uranium mining may produce a great deal of
uranium-containing wastes, which may cause serious pollution and threaten the ecological security by
migrating into the soil through ways of tailing mine
leachate and sewage irrigation [1]. Hence, it is of
great importance to explore the uranium’s migration
and transformation in the soil. Researches have
2+

shown that [2-4], uranium, in the form of 2 , is
mainly absorbed by iron exchange with H+ of humus
acid during the migration period, whereas organic
matters are a vital element in the migration and transformation period in the soil. At present, numerous
researches on adsorption models of uranium in the
soil have been made, but few on adsorption models
of uranium in organic matter in the uranium tailing
pond soil [5-11]. By taking the paddy soil downstream a uranium mine tailing pond as the research
object, this paper employed paddy soil with organic
matters contained as adsorbent and uranium solution
with different gradient concentrations as adsorption
object to study the contribution of organic matters to
the soil’s adsorption of uranium. The research result
offers parameters for impact evaluation of tailing
pond, certain application value for guiding to renovate characteristics of polluted soil in our country’s
tailing ponds, and food safety and ecological safety
in mine ponds.

2+

generated strong complex with 2 , so the soil
was allocated with a stronger electrostatic uranium
adsorption of the soil; organic matters affect the size
of soil granules and then their adsorption capacity;
paddy soil possessed II-type isothermal adsorption
curve, C-type hysteresis loop as well as parallel-plate
split-shaped open pore with narrow apertures of
2~50 mm in materials of mesopore (mesoporous) before and after removing organic matters; paddy soil’s
specific surface, pore volume, aperture and adsorption capacity were all decreased after removing organic matters, which indicated that organic matters
would raise the soil’s adsorption of uranium. The
soil’s adsorption capacity and volume of uranium is
in direct proportion to its volume of organic matters
under natural conditions. 



+#% !' '"
&.8;72#<2><2.>829> Collected soil samples
were mixed evenly, reduced to 100 g by quartering,
naturally air dried, removed impurities, grinded and
sifted through 100 meshes. The removal of organic
matters in the soil was made by carrying out a full
oxidation decomposition using H2O2[12], adding 30%
of hydrogen dioxide solution in the soil, fully mixing
the turbid liquid to decompose organic matters until
there was no bubble inside, adding a small amount
of H2O2 solution to stir until no bubble produced,

,*"%&
Soil Organic Matter, Uranium, Adsorption Mechanism
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removed moved from 2900 cm-1, 2918 and to 2920,
2900 cm-1, wherein the former’s peak intensity and
peak shape basically remained unchanged, while the
latter had a significantly reduced peak intensity and
flattened peak shape. The stretching vibrations of
C=O and C=C at 1629 cm-1 and 1654 cm-1 of original
paddy soil and paddy soil with organic matters removed moved to 1617, 1618 cm-1, wherein the latter
had a widened peak shape and increased peak intensity, while the latter had a narrowed peak shape and
weaken peak intensity. The strong adsorption peaks
respectively appeared near 1445 and 1447 cm-1 of the
original paddy soil and paddy soil with organic matters removed after the adsorption, which may be free
C-H bending vibration peak and C-OH stretching vibration peak. The stretching vibration peaks of Si-O,
C-N, C-O off-plane coiling vibration peaks of original paddy soil moved from 1080 cm-1 to 1031 cm-1,
while paddy soil with organic matters removed
moved from 1032 cm-1 to 1078 cm-1, but both of
them had small changes in peak shape and intensity.
Generally speaking, characteristic adsorption peaks
of uranium appeared in 800~1100 cm-1. Due to the
existence of massive basic groups like Si-O and C-O
in the soil, U-O characteristic peak was sheltered
from these characteristic adsorption peaks. The
stretching vibration of -OH may be caused by functional groups of alcohol, phenol or carboxylic acid.
The stretching vibration peaks of C=O and C=C may
be caused by conjugated double bond of carbonyl in
aldehyde, ester, ketone or carboxylic acid. Part displacement of adsorption peaks before and after the
adsorption may be caused by the replacement of H+
formed by hydroxyl, amidogen and other elements

sifting through meshes after dried by air, and storing
for use.
1=:<;>6:9B;2<62902 Firstly, this paper selected few paddy soils polluted by uranium to remove organic matters: added about 0.5 g of soil samples (original soils and soils with organic matters removed) and 10 mL of uranium standard solution
with certain concentration in a series of centrifuge
tubes with volume of 50 mL, adjusted pH of turbid
liquid and controlled adsorption conditions by dilute
nitric acid and NaOH solution, and vibrated in constant temperature vibrator. Further, this experiment
also included parallel samples for comparison. Secondly, this paper took out of and centrifuged soil
samples at set time, measured the mass concentration
of uranium in liquid supernatant, and calculated its
adsorption efficiency and contribution ratio of organic matters. Thirdly, this paper lucubrated the
mechanism of adsorbing uranium by paddy soil after
removing organic matters using infrared spectroscopy, scanning electron microscope, granule size
and specific surface area, plus discussed impacts of
soil structure, grain size and specific surface area on
the adsorption effect.
!&  " (%!(  &"%#'"!
,"%! ''%&!'&"
9.7C=6= :9 ?90>6:9.7 <:?; 93<.<21
&;20><:=0:;C 69 &:67 &.8;72= /23:<2 .91 .3>2<
1=:<;>6:9 This paper adopted Nicolet IS5 Fourier
transform infrared spectrometer produced by
Thermo Fisher Scientific Co., Ltd. The experience
used KBr compacting test to scan within the scope
of 4000cm-1-400cm-1.
Figure 1 is the infrared spectrogram ofuranium
adsorption by paddy soil before and after removing
organic matters. From the comparison of infrared
spectroscopy curves at 1# and 2#, we can know that
there were quite few changes in original paddy soil
and paddy soil with organic matters removed: no significant change at spectral peaks and no new band,
but only certain displacements of spectral peaks appeared. It showed that the soil’s structure remained
unchanged after removing organic matters.
From the comparison of infrared spectroscopy
curves at both 1# and 3# and 2# and 4# in Figure 1,
we can know that spectral peaks were displaced and
new bond appeared after adsorption. The stretching
vibrations of -OH and N-H of original paddy soil
moved from approximately 3620 cm-1 and 3437 cm1
to higher until 3697~3445 cm-1 with elevated peak
intensity and sharpened peak shape, while stretching
vibrations of -OH and N-H of paddy soil with organic matters removed moved from about 3697 cm1
and 3438 cm-1 to 3621 ~3446 cm-1 with raised peak
intensity. The stretching vibrations of C-H of original paddy soil and paddy soil with organic matters

2+

by 2 . C-H stretching vibration peak and C-H
bending vibration peak and C-OH stretching vibration peak may be caused by the combination of H+
and carbon-containing compounds.
From the spectrogram, we can know that the
soil structure remained relatively complete after the
adsorption. From changes in basic groups before and
after removing organic matters, we can know that organic matters in paddy soil may contain many basic
groups like C-N, C-O and C-H, which can allocate
the soil surface with large negative charges and raise
the soil’s electrostatic adsorption of uranyl ions. Besides, active basic groups like -OH, N-H, Si-O, C-N,
C=O and C=C plays an inevitable role in determining the uranium adsorption capacity of paddy soil.

9.7C=6= :9 &.8;72 :<;5:7:4C &0.99694
720><:9 60<:=0:;2 /23:<2 .91 .3>2< 1=:<;
>6:9 This paper adopted Nova Nano SEM 450 highresolution field emission scanning electron microscope produced by FEI Chech Co., Ltd. This paper
dried, metal sprayed, observed in scanning electron
microscope and draw up images of processed samples. 
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93<.<21&;20><:4<.8:3(<.96?81=:<;>6:9/C#.11C&:67/23:<2.91.3>2<%28:@694"<4.960 .>>2<=
#.11C&:67/23:<21=:<;>6:9 #.11C&:67A6>5"<4.960 .>>2<=%28:@21/23:<21=:<;>6:9
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ters, pole size would be reduced; after uranium ad9.7C=6= :9 &0.99694 720><:9 60<:=0:;2
sorption, paddy soil with organic matters removed
:3(<.96?81=:<;>6:9/C#.11C&:67/23:<2.91
would possess an unchanged basic structure, filled
.3>2< %28:@694 "<4.960 .>>2<= This paper obpart of small space, large irregular structures with
served surface topography of granules (100 meshes,
large space, which may be caused by the accumula0.15 mm) for the uranium adsorption by paddy soil
tion of uranyl ions on these irregular structures.
before and after removing organic matters by the
The soil has massive obligate adsorption basic
scanning electron microscope, as shown in Figure 2.
2+
It can be known from Figure 2 that, there were
groups, and organic matters can act with 2 to
a series of twisty honeycomb aggregations or irregproduce clathrate or chelate, which can elevate the
ular porous structures with surface irregularity. On
soil’s uranium adsorption capacity and change the
one hand, pole space increases soil’s superficial area
soil’s surface morphology.
and exposes more adsorption loci; on the other hand,

it also offers necessary channels and enough adsorp9.7C=6=:9<.9?72&6D2:3&:67/23:<2.91
tion space for uranyl ion and metal ions in adsorption
.3>2<1=:<;>6:9
This paper used Mastersizer 2000
solution for internal diffusion. From the comparison
laser
granule
analyzer
produced by the Britain’s
of 1# and 2#, we can know that after adsorbing uraMalvern
Instruments
Ltd
to measure samples’ grannium, the original paddy soil had a narrowed pole
ularity:
fully
dispersing
samples
of certain amount in
space in that most adsorption loci were occupied by
distilled water media, conducting ultrasonic treat2+
2 ; however, surface irregularity still remained
ment after dilution and testing on laser granule anasignificant, this was because functional groups on
lyzer. 
surfaces of organic matters in the soil took part in in
Figure 3 is the distribution diagram of granule
uranium adsorption. After removal of organic matsize of paddy soil before and after adsorption. Table
ters, through surface irregularity still remained sig1 is the distribution table of granule size of paddy
nificant, we found that both porous structures and
soil before and after adsorption, of which D10, D50
surface adsorption loci reduced, which was mainly
and D90 are diameters on X-axis of 10%, 50% and
due to the wide pore space, reduced soil porosity,
90% on Y-axis and D50 is also known as median
many tiny irregular structures with many small pore
particle diameter or medium particle diameter,
spaces. It follows that after removal of organic matwhich is generally used to represent the particle size
of that group.
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It can be seen from Table 1 that medium particle diameters of the original paddy soil before and
after adsorption are 9.164 and 9.099 um, while medium particle diameters of the paddy soil with organic matters removed before and after adsorption
are 14.244 and 18.845 um. As per the soil’s proportion in various particle sizes and international classification standard for soil texture, all above are silt,
which is at the level of soil particle, whose name is
silty loam. After removing organic matters, paddy
soil’s particle size was increased, but its texture type
remained unchanged. It can be known from Fig. 3.1
that, particle sizes of the original paddy soil before
adsorption are mainly distributed between 0.3 and

80um with peak near 10um, particle sizes of the original paddy soil after adsorption are mainly distributed between 0.4 and 60um with peak at 8~9um,
showing a reduction in particle sizes; particle sizes
of paddy soil with organic matters removed before
adsorption are mainly distributed between 0.3 and
60um with peak at 10um: organic matters may affect
particle sizes of paddy soil, or removal of organic
matters may change sizes of paddy soil, particle sizes
of paddy soil with organic matters removed after adsorption are mainly distributed between 0.3 and
90um with peak at 20~30um, whose distribution
curve of particle sizes is relatively sharp and main
product is coarse dust.




(% 
&0.99694720><:9 60<:=0:;26.4<.8:3#.11C&:67/23:<2.91.3>2<>521=:<;>6:9
#.11C&:67/23:<21=:<;>6:9 #.11C&:67A6>5"<4.960 .>>2<=%28:@21/23:<21=:<;>6:9
#.11C&:67.3>2<1=:<;>6:9#.11C&:67A6>5"<4.960 .>>2<=%28:@21.3>2<1=:<;>6:9

Particle size
distribution
(um)
D10
D50
D90

' 
#.<>6072&6D26=><6/?>6:9:3#.11C&:67/23:<2.91.3>2<1=:<;>6:9

Before Adsorption
After Adsorption
Paddy Soil with
Paddy Soil with
Paddy Soil
Organic Matters
Paddy Soil
Organic Matters
Removed
Removed
1.800
2.895
2.371
3.410
9.164
14.244
9.099
18.845
31.348
34.238
29.216
52.640
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#.<>6072&6D26=><6/?>6:9:3#.11C&:67/23:<2.91.3>2<1=:<;>6:9
' 
&;206360&?<3.02<2.#:<2):7?82.91#:<26.82>2<:3#.11C&:67/23:<2.91.3>2<
%28:@.7:3"<4.960 .>>2<=

Specific Surface Area (m2/g)
Pore Volume
Pore Diameter
Soil Sample
(cm3/g)
(nm)
BET
Langmuir
Original Paddy Soil
21.68
48.41
0.044
19.79
Soil with Organic
16.61
34.91
0.039
19.61
Matters Removed
9.7C=6=:9&;206360&?<3.02<2.#:<2):7
?82.91#:<26.82>2<:3&:67&.8;72/23:<2.91
.3>2< 1=:<;>6:9  This paper used Quantachrome
Novaspecific surface area and pore diameter distribution analyzer produced by Quantachrome to measure the specific surface area, pore volume and pore
diameter of soil samples.

volume of 0.039cm3/g and pore diameter of
19.61nm; after removing out of organic matters, the
paddy soil’s specific surface areas of 1.61m2/g
(BET) and 4.91m2/g (Langmuir), pore volume of
0.039cm3/g and pore diameter of 19.61nm and the
red soil’s specific surface areas of 13.30m2/g (BET)
and 29.49m2/g (Langmuir), pore volume of
0.036cm3/g and pore diameter of 19.59nm, indicating a reduced trend when compared with the original
paddy soil. It follows that its adsorption capacity was
accordingly diminished, which agrees with the
measured result in adsorption experiment and verifies the induction in the analyzed scanning electron
microscope. From the size of specific surface area,
we can conclude that soil samples in this experiment
have not been provided with strong adsorption capacity. Internationally, pore sizes are usually divided
into three types: micropore with pore diameter
≤2nm; mesopore with pore diameter of 2~50nm;
macropore with pore diameter ≥50nm. Therefore, it
can be judged that paddy soil with organic matters

  9.7C=6= :9 1=:<;>6:9  2=:<;>6:9
?<@2=.91'#:<26.82>2<=:3&:67&.8;72=
/23:<2 .91 3>2< %28:@.7 :3 "<4.960 .>>2<= 
This paper employed inert gas (N2 or Ar) to represent
adsorption materials by physical way to obtain specific surface area, distribution of pore volume and
diameter, surface properties and other information of
adsorption materials.
It can be known from Table 2 that by BET
method and Langmuir method, the original paddy
soil’s specific surface areas of 21.68m2/g and
48.41m2/g, pore volume of 0.044cm3/g and pore diameter of 19.79nm and the original red soil’s specific surface areas of 18.69m2/g and 40.55m2/g, pore
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removed is a kind of mesopore (mesoporous) material.
Figure 4 is adsorption-desorption curve and
pore diameter distribution of paddy soil before and
after removal of organic matters. It can be seen from
the pore diameter distribution curve that, there are
two most probable pore sizes of the original paddy
soil: 6.60 nm and 15.2 nm; but one most probable
pore size in soil with organic matters removed:
19.606 nm, indicating that the pore space scope of
soil with organic matters removed is diminishing and
does harm to the improvement of adsorption capacity, which agrees with the analyzed result of scanning electron microscope.
It can be seen from Figure 4 that both adsorption curve and desorption curve of soil samples are
II-type adsorption isotherms. They slowly increase
at the initial stage and rapidly increase in the latter
stage and no adsorption saturation has obtained even
the saturated vapor pressure is nearly reached, showing that there are macropores of certain amount and
endless scope in the paddy soil with organic matters
removed. There’s no superposition or adsorption
loop in the whole period, indicating that the whole
adsorption process is accompanied by adsorption
and desorption all the time. Adsorption loop is a kind
of C-type curve, adsorption branch and desorption
branch rise up or rise down suddenly at the saturated
vapor pressure. The shape of adsorption loop could
reflect the pore structure with the most typical pore
is parallel-plate split-shaped open pore. According to
the capillary condensation theory and Kelvin equation [13], in the adsorption process, capillary condensation occurred first in narrow pores and wide
pores came second; desorption occurred first in wide

pores under high relative pressures and in narrow
pores under sufficiently low relative pressures.
Loop location is connected with pressure when
capillary condensation occurs: low pressure refers to
small pore size. The closing time for upper and lower
ends of adsorption hysteresis loop counters to the
width of pore size distribution of soil samples: farther distance of closing points on upper and lower
ends refers to wider pore size distribution and vice
versa. Figure 4 shows a large adsorption-desorption
loop and there’s basically no separation between
them, so the pore structures of paddy soil before and
after removal of organic matters are primarily mesopores or micropores with narrow pore sizes distributed.
  9.7C=6= :9 &;206360 &?<3.02 <2. .91
#:<26.82>2<:3&:67&.8;72=/23:<2.913>2<
1=:<;>6:9  Table 3 shows specific surface area,
pore volume and pore diameter of soil samples before and after adsorption. Compared with data in Table 2, all data increased or decreased within a small
range, apart from large increase in the specific surface area using Langmuir method. The reason may
be the irons’ direct adsorption of on surfaces of adsorbents or their entering into pores inside adsorbents.
From the pore size distribution in Figure 5,
there are some changes in pore size distribution after
adsorption. There is only one most probable pore
size of the original paddy soil after adsorption:
19.69nm, whose distribution diminishes at
macropores; two most probable pore sizes of paddy
soil with organic matters removed: 18.642 and
24.982nm. The analysis from scanning electron microscope obtained the same result.

(%
! 1=:<;>6:92=:<;>6:9?<@2.91#:<26.82>2<6=><6/?>6:9:3#.11C&:67/23:<2.91.3>2<%28:@.7
:3"<4.960 .>>2<=

3048

$#

! %    





!"  ! 


' 
&;206360&?<3.02<2.#:<2):7?82.91#:<26.82>2<:3&:67&.8;72=/23:<2.91.3>2<1=:<;>6:9

Soil Sample
Original Paddy Soil
Paddy Soil with
Organic Matters
Removed

Specific Surface Area (m2/g)
BET
Langmuir
25.89
85.99
15.81

46.52

Pore Volume
(cm3/g)
0.046

Pore Diameter
(nm)
14.85

0.038

15.63

(%
! 1=:<;>6:92=:<;>6:9?<@2.91#:<26.82>2<6=><6/?>6:9:3#.11C&:67A6>5"<4.960 .>>2<=
%28:@21/23:<2.91.3>2<%28:@.7:3"<4.960 .>>2<=


"!(&"!&

(3) The analysis from scanning electron microscope, specific surface area and pore diameter
showed that after removing organic matters, pore
space scope of paddy soil was reduced and then its
adsorption capacity, indicating that organic matters
can improve the soil’s adsorption capacity and volume of uranium, which accords with the experimental result;
(4) The particle diameter analysis showed that
paddy soil before and after removing organic matters
is silt and particle diameter of paddy soil are raised
after removal of organic matters, showing that organic matters have a significant impact on particle
diameter of soil; after the adsorption, changes in particle diameters of original paddy soil are not obvious,
while those of paddy soil with organic matters removed are relatively obvious;
(5) The analysis of specific surface area, pore
volume and pore diameter showed that paddy soil
possessed II-type isothermal adsorption curve, Ctype hysteresis loop as well as parallel-plate splitshaped open pore with narrow apertures of 2~50 mm
in materials of mesopore (mesoporous) before and
after removing organic matters; paddy soil’s specific

(1) The infrared spectrogram analysis demonstrated that the spectrogram of paddy soil had few
changes with some displacements of peaks before
and after removing organic matters; there were few
new bands after adsorption, but the soil structure still
remained complete. It can be seen from changes on
spectrogram that organic matters in paddy soil may
contain massive basic groups like C-N, C-O and CH, which can allocate the soil surface with large negative charges and generated strong complex with, so
the soil was allocated with a stronger electrostatic
uranium adsorption of the soil. Besides, active basic
groups like Si-O, C-N, C=O and C=C plays an inevitable role in determining the uranium adsorption capacity of paddy soil and red soil;
(2) The scanning electron microscope analysis
showed that after removing organic matters, the
paddy soil had a flattened surface and reduced adsorption loci; the soil structure had few changes before and after adsorption, which can generate the surface adsorption with, including adsorption on external surfaces and adsorption in the layers;
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surface, pore volume, aperture and adsorption capacity were all decreased after removing organic matters, indicating that organic matters would elevate
the soil’s adsorption of uranium, which accords with
the experimental result.
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toxicity and microbial contaminants that may cause
many diseases as well as lethal effects on poultry
farming [1-4]. On the other hand, water is not only
contaminated from various sources, but also it may
be contaminated by other environmental factors.
Hence, water quality in poultry farms should be
frequently controlled and if necessary some methods should be applied such as addition of cleaning
and softening agents, filtration, magnetic precipitation or disinfections [1, 4-5].
In poultry farming, water intake depends on
several factors such as type of animal, age, sex,
activity, water quality, water and environmental
temperature, and feed intake. Moreover, poultry
carcasses consist of 55-77% water, while poultry
eggs have 65% water. These data show that water
quality directly affects quality of poultry products
such as meat and eggs [6].
One of the important commercial poultry
farming species is quail. Particularly, in Asian
countries (Turkey, China, Japan, etc.) there is continuously increasing quail production and consumption. Quail eggs are preferred by consumers for
their several beneficial properties such as protecting
from stomach ulcers, strengthening the immune
system, promoting memory health, increasing brain
activity and stabilizing the nervous system [7]. In
literature several studies related to quail growth
performance and quality of eggs are presented.
Studies on quail growth performance and egg quality; such as addition of acetyl salicylic acid [8],
different dissolved oxygen concentrations in drinking water [9], lycopene [10], cinnamon and rosemary oils [11], and canola meal [12] were previously reported.
On the other hand, the health status of poultry
has a direct effect on the quality of poultry products. Thus, in order to maintain good health status,
water sanitation is gaining significance especially in
intensive poultry farming [3, 13-15]. In order to
improve the quality of drinking water, disinfectant
addition is becoming a common application in
poultry farming. Maharjan et al. [14] evaluated the
impact of broiler farm water system sanitation practices and concluded that daily water sanitation helps
in providing microbiologically safe water to broil-

In the present study, the effect of disinfectant
addition into drinking water on quail (
  ) growth performance, egg quality, and water quality parameters was investigated.
Drinking water quality was positively affected by
addition of disinfectant (sodium N-chloro-ptoluenesulfonamide trihydrate). Microbial load of
drinking water was reduced by disinfectant addition. Feed intake of the quails provided with disinfected drinking water was lower, while water intake
and live weight gain was similar between the trial
groups. Quail egg quality was affected by addition
of disinfectant. The eggs of the quails provided
disinfected drinking water had lower egg weight,
shell strength and thickness, but the protein and
mineral composition was not affected by disinfectant addition. The Haugh units of the eggs of the
quails provided with disinfected water were higher,
thus these types of eggs could be readily more suitable for the bakery industry. It can be concluded
that addition of disinfectant into quail drinking
water may improve the status and egg quality of
quails.
'&"#
Egg quality, quail,    disinfectant, drinking water, growth performance
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Water is the most important ingredient of
poultry farming, since it is used in management and
as drinking water. Generally, in poultry farming
city network, underground and surface waters are
used. It is well known that water quality greatly
affects health and vitality of poultry farming. The
quality parameters of water are characterized as
flavour, acidity, alkalinity, smell, colour, turbidity,
salinity, conductivity, pH, biochemical oxygen
demand, hardness, anions and cations concentrations, herbicides, pesticides and bacteria. Among
these characteristics the most important criteria are
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ers. Taking into account the fact that disinfectant
addition may improve the health status and product
quality, in the present study sodium N-chloro-ptoluenesulfonamide trihydrate (Halamid) was used
as a disinfectant in the drinking water of quails.
Halamid is a disinfectant especially effective on
gram-negative bacteria approved by Food and Drug
Administration (FDA) for use in aquaculture [16].
The objective of the present study was to investigate the effects of Halamid added drinking water on
quail growth performance and laying characteristics. The other main aim of the study was to determine the effects of adding disinfectant into drinking
water on the quality characteristics of the quail
eggs.


$"#$#

+=/;3+5< A total of 40 quails (
  ) at age of 3-7 days were purchased from a commercial farmer in BayramicCanakkale province of Turkey and were fed  
  a standard starter feed (25% crude protein
and 3000 kcal of metabolizable energy (ME) per kg
of diet) until the quails reached average weight of
51.7±1.5 g. The quails were divided into two
groups and each group included two subgroups
with a population of 10 birds per cage. All quails
were fed standard diets in each cage. One of the
cage was given drinking city network water, while
the other cage was given drinking water containing
2% disinfectant (Halamid: sodium N-chloro-ptoluenesulfonamide trihydrate) solution. Halamid is
a commercial biodegradable disinfectant purchased
from Axcentive SARL (Chemin de Champouse,
France). It is a white crystalline powder having a
weak chlorine odour. Halamid is currently approved by FDA especially against gram-negative
bacteria [16]. During the study, the quails were fed
    a two-phase standard feed: grower feed
(24% crude protein and 2900 kcal of metabolizable
energy (ME) per kg of diet) from 0-21 days; a laying diet (20% crude protein and 2900 kcal of ME
per kg of diet) from 22-49 days, purchased from
feed market in Bayramic-Canakkale province of
Turkey. All of the chemicals used in the chemical
analyses were of analytical grade and purchased
from Sigma-Aldrich and Merck.

/=28.<!>+35@+=/;+7+5B<3<The drinking
water samples were collected once a week from
each water tank. The pH, temperature, electrical
conductivity (EC) and dissolved oxygen (DO)
measurements were done immediately. The pH and
temperature values of the water samples were
measured by using a pH meter (Sartorius PP-50,
Gottingen, Germany), while electrical conductivity
(EC) and dissolved oxygen (DO) values were determined by using a Hanna HI98311 EC meter

(Hanna Instrument Inc., USA) and Hanna HI9146
DO meter (Hanna Instrument Inc., USA), respectively. 
The elemental composition of the water samples was analysed by using Perkin Elmer Optima
8000 ICP-OES. The elemental compositions of the
samples were expressed in mg/L.
For the microbiological examination of the
samples, water sampling first from the source and
then from the bowls in the quail cages was accomplished and total coliforms      and
total bacteria determination was done according to
Standard Methods for the Examination of Water
and Wastewater [17]. The results were expressed as
colony forming units (CFU) per 100 ml.

!>+35 9/;08;6+7-/ 0/+=>;/< The growth
performance of the quails was monitored for 49
days. Feed and water intake was recorded daily and
the results were calculated weekly as g/cage. For
the live weight measurements, the quails were
numbered and the individual live weights of the
quails were determined weekly and the results were
expressed as g/cage. The feed efficiency rate was
calculated using feed consumption and live weight
gain [9].

!>+35 /11 :>+53=B +7+5B<3< The shell thickness, yolk width, height, albumen width, height and
length were measured by using digital calliper.
Yolk (1), Albumen (2) and Haugh (3) indices were
calculated by using the following equations.
(
(1)
(2)
(3)
The protein contents of the quail egg albumen
and yolk were separately determined according to
AOAC Official Method (939.02) Protein Kjeldahl
Standard Method [18].
A Texture Analyzer TA-XT2i (Stable Microsystems, Surrey, UK) was used to determine the
egg shell hardness and the measurements were done
according to Xie et al. [19]. The puncture test parameters were 2 mm cylinder probe, weight head 50
kg, probe inlet velocity 2 mm/s, outlet velocity 2
mm/s. The puncture test results were calculated by
TA-XT2i Software and the results were given as
hardness values (N).

37/;+5 +7+5B<3< First, 0.5 g egg albumen
and yolk were separately weighed into a crucible,
then 1 ml HCL and 8 ml HNO3 were added. The
mixture was gradually heated from 50 to 200 ºC in
55 min using Berghof Speed Wave microwave
oven. After the liquid solutions were diluted to 25
ml, the samples were analysed using Perkin Elmer
Optima 8000 ICP-OES. The elemental compositions of the samples were expressed in mg/kg.
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#=+=3<=3-+5 +7+5B<3< The results were represented as mean ± standard deviation. The data were
analysed by ANOVA and the multiple comparisons
of the means accomplished by Tukey’s test. Statistical analysis was performed with Minitab v.17.1.0
[20].


"#%$##%##

/+=>;/<80.;374371@+=/;:>+53=BWater is
regarded as the source of life. Besides, poultry meat
consists of 55-77% water, while 65% of poultry
eggs are composed of water. The roles of water in
poultry are transport of nutrients, digestion, absorption, regulation of body temperature and excretion
of body wastes. Hence, particularly daily water
intake is important for poultry farming. On the
other hand, type of animal, water quality, water
temperature, ambient temperature, feed consumption and diet also affect poultry water consumption.
The daily water intake of poultry may vary depending on some quality criteria such as pH, temperature, flavour, turbidity and electrical conductivity
[1, 5]. Therefore, the physical and sensorial quality
of drinking water should be monitored and controlled. Generally, the pH values of both drinking
water samples were in the neutral pH range (Fig.
1.). The pH values of the network water (NW)
samples ranged from 6.95 to 7.41, while those values for Halamid added water (HAW) samples varied from 6.99 to 7.36. In literature, it was reported
that the pH values of quail drinking water should be
desirably in the range of 6.8-7.5 [4]. These literature findings are close to our findings. The concentration of dissolved oxygen affects taste, odour,

colour and chemistry of water, while it is essential
for aquatic life [21]. The dissolved oxygen (DO)
values of the NW and HAW samples ranged between 3.21-5.76 and 2.72-5.47 mg/l, respectively.
Sarin et al. [22] reported that DO values of typical
network water ranged from 1 to 4 mg/L. These
results are different from our findings. Fairchild and
Ritz [4] reported that the normal ground water had
little or no concentrations of dissolved oxygen. The
fact that water DO values were greater than zero
indicated that groundwater was in contact with
surface water. On the other hand, the concentration
of DO affects the solubility and stability of other
elements such as Fe, Mn and S [21]. In terms of pH
and DO values, there were no significant differences between the water samples. The EC values of
the NW and HAW samples ranged between 304342 and 1426-1731 µs/cm, respectively. There were
statistically significant differences between the
water samples. These results implied that NW sample had lower amounts of TDS than the HAW sample. In literature, it was reported that water samples
with EC values less than 1670 µ/cm have a relatively low level of salinity and in general it is regarded
that they present no serious threat to any livestock
or poultry. Additionally, water samples with EC
values ranging between 1670 and 5000 µ/cm were
regarded as satisfactory for all classes of livestock
[23]. As seen from Fig. 1, the temperature values of
both water samples varied between 22 and 27 ºC. In
literature, feed intake and death rate values decrease
with increasing the conductivity of water. Moreover, positive correlations among live weight and
DO and pH values of drinking water were recorded
[24, 25].

%" 
#86/92B<3-8-2/63-+59+;+6/=/;<80=2/.;374371@+=/;<+695/<
&+5+63.+../.@+=/;&/=@8;4@+=/;
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The microbiological quality of drinking water
is an important issue in poultry farming. Microbiological water quality was generally tested for total
bacteria, coliform and faecal coliform bacteria
counts. Especially, coliform bacteria are normally
found in the digestive systems of human and poultry, so presence of coliforms is an indicator of faecal contamination [4]. As it is well known, the
cause for many epidemic diseases in poultry farms
was drinking water. As a result of these diseases,
poultry may either die or be weakened. In Table 1,
the microbiological results of NW and HAW water
samples are given. The HAW sample had no 
, coliform and total bacteria, while for the NW
sample 110 CFU/100ml E. coli, 210 CFU/100 ml
coliform and 85 CFU/ml total bacteria were recorded. Additionally, considering the samples taken
from water bowl, the NW samples had   4500
CFU/100 ml, coliform counts 4500 CFU/100 ml,

total bacteria counts 310 CFU/ml, while the HAW
sample had   87.50 CFU/100 ml, coliform
counts 525 CFU/100 ml and total bacteria counts 70
CFU/ml. These findings demonstrated that the
HAW sample was more effective in improving the
microbiological quality of drinking water. Fairchild
and Ritz [4] reported that when the number of microorganisms is found at high level in water, it
indicates that water supply is contaminated. For
poultry farming, the maximum acceptable level of
coliform and total bacteria values should not exceed
0-50 CFU/ml and 0-100 CFU/ml, respectively [4,
6]. Based on the above results, potential bacterial
diseases of poultry farming such as colibacillosis
(    ) and fowl typhoid ( 
) might be prevented by adding disinfectant into drinking water [13]. During the trial
period, no diseases were observed in the quails.

$ 
3-;8,385813-+59;89/;=3/<80=2/.;374371@+=/;<<+695/<

85308;6<
$8=+53-;88;1+73<6<
%
65
%
65
% 65
&
0.00±0.00B**
0.00±0.00B
0.00±0.00C
&8@5
87.50±12.5B
525.00±75.00B
70.00±10.00B
&
110.00±10.00B
210.00±10.00B
85.00±5.00B
&8@5
4500.00±500.00A
4500.00±500A
310.00/10.00A
CFU: Colony forming unit, HAW: Halamid added water, NW: Network water.
*The results are presented as Mean±Standard Deviation (SD).
*Capital letters in the same column show significant differences (p<0.05)

$ 
37/;+5-8698<3=38780=2/.;374371@+=/;<+695/<

&
&
363=<
"/6+;4<)*
37/;+5<
61 5
61 5
61 5
Higher levels are toxic. Growth retardation
(37-(7
0.02±0.00A** 0.02±0.00A
0-1.5
may be observed.
+;3>6+
0.009±0.00A 0.009±0.00A
;87/
0.007±0.00A
0.00±0.00B
0.2-0.3
Higher level occur bad odor and taste
8;87
0.007±0.00A 0.004±0.00B
+71+7/</7 0.002±0.00A 0.001±0.00B 0.01-0.05 2;863>6; 0.0005±0.00A 0.0003±0.00A
Higher levels have laxactive effect.
Levels higher than 50 mg/l may affect per+17/<3>61 9.84±0.01A
9.25±0.15B
14-125
formance depending on the higher levels of
sulfate.
Higher levels occur bitter taste. It causes
899/;>
0.002±0.00B 0.003±0.00A 0.002-0.6
lesions in the mouth and gizzard.
5>6373>65
0.02±0.00A
0.01±0.00B
0.05-0.2 8=+<<3>6
1.58±0.01A
1.27±0.01B
+5-3>6+
44.59±1.22B 52.43±5.44A
0-60
Depending on the higher level of sulfate and
#8.3>6+
472.6±3.18A
9.63±0.13B
50-150
chloride, higher than 50 mg/l levels may be
affect performance.
HAW: Halamid added water, NW: Network water.
*The results are presented as Mean±Standard Deviation (SD).
**Capital letters in the same line show significant differences (p<0.05)
#+695/
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The elemental compositions of the NW and
HAW samples are given in Table 2. In Table 2,
calcium (Ca), potassium (K), magnesium (Mg),
sodium (Na) and zinc (Zn) levels of the HAW samples were 44.59, 1.58, 9.84, 472.6 and 0.02 mg/l,
respectively. On the other hand, calcium (Ca), potassium (K), magnesium (Mg), sodium (Na) and
zinc (Zn) levels of network water were 52.43, 1.27,
9.25, 9.63 and 0.02 mg/l, respectively. Fe, B, Mn,
Mg, Al, K, and Na levels in the HAW sample were
found higher than those of the NW sample, while
Ca and Cu levels were found lower (Table 2). The
elemental composition and level of both water
samples were found to be within the legal limits
according to literature data (Table 2), except for the
Na level in the HAW sample [4]. This finding
might be explained with the fact that the disinfectant used within this study (Halamid) is in the form
of Na-salt and thus disinfectant containing water
had a higher Na level.

;8@=2 9/;08;6+7-/ The growth performance of the quails was monitored by daily feed
and water intake, live weight gain, feed efficiency
rate and death rate for seven weeks. The growth
performance data of the quails are given in Fig. 2.
According to Fig. 2, the feed intake values of the
HAW group were lower than that of the NW group.
The feed intake levels of the HAW and NW quail
groups ranged between 236.7-319.07 g/cage/week
and 227.6-379.8 g/cage/week, respectively. In literature, feed intake levels of quails were reported as
35.98-37.07 g/bird/day [12], 22.67-30.01 g/bird/day
[15], 31.18 g/bird/day [10]. Literature findings are
close to our findings. Moreover, the water intake
level of the HAW and NW groups ranged between
355-566 ml/cage/week and 415.7-475.7 ml/cage/
week, respectively. Also, there were statistically
significant differences between HAW and NW

quail groups (0.018). However, there were no
statistically significant differences between HAW
and NW groups in terms of water intake values
(p>0.05). These results imply that the addition of
disinfectant to drinking water did not affect water
intake level, while it affected feed intake level. The
quail live weight was monitored for seven weeks
and the results are shown in Fig. 2c. The live
weight levels of the HAW quail group increased
from 51.7 to 193.53 g, while the live weight level
of the NW quail group increased from 51.7 to
219.28 g at the end the trial period. There were no
statistically significant differences between the
HAW and NW quail groups with respect to live
weight levels (p>0.05). These results demonstrated
that disinfectant addition to drinking water did not
affect live weight levels of quails. Safari & Zahedi
[26] reported that quail live weight ranged from
15.5 to 193.25 g. These findings are similar to our
results. The weekly feed efficiency rates of HAW
and NW quail groups changed between 1.23-4.71
and 1.04-6.43, respectively. As seen from Fig. 2d,
the feed efficiency rate values decreased during the
trial for both groups. The other important parameter
in poultry farming was survival level. The survival
levels of the HAW quail group were 97.78%, while
the NW quail group were 100% (data not shown).
Hassan et al. [8] reported that the live weights of
quails (34-39 week age) provided with drinking
water containing acetyl salicylic acid (0-1.5 g/L) to
be in the range of 156.0-217.9 g. Moreover, in the
same study, it was shown that adding 1.5 g/L acetyl
salicylic acid to the drinking water of quails under
heat stress improved body weight, fertility, hatchability, embryonic mortality, egg production, egg
specific gravity, and sperm storage capacity [8].
Both literature and our findings demonstrated that
drinking water characteristics are effective on quail
performance and eggs. 
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8.78±1.10b**
20.11±2.95a
7.44±1.94b
0.25±0.06b
24.23±3.33b
6.79±1.79a
28.83±9.56a
51.39±10.42b
67.51±14.34b
2.83±0.52a
5.07±1.92a
97.83±2.14a

yolk width, albumen weight, albumen length, and
Haugh unit, there were statistically significant differences between the HAW and NW group quail
eggs. As seen from Table 3, the NW group quail
eggs had higher values of egg weight, shell strength
and shell thickness. Haugh unit was defined as an
indicator of the albumen quality for bakery industry
[10]. The Haugh unit of the HAW and NW group
eggs were 97.83 and 81.82, respectively. Moreover,
the HAW group quail eggs had significantly higher
Haugh unit values. In this case, HAW group eggs
are more valuable than NW group eggs for the
bakery industry. On the other hand, protein, yolk
height and index, albumen height and index were
fairly similar for both egg groups. 
The elemental compositions of the albumen
and yolk portions of the HAW and NW egg groups
are given in Table 4. The egg yolk portions of both
groups had lower level compared with yolk portions of both egg groups. Zinc (Zn), iron (Fe), calcium (Ca), and phosphorus (P) level of the HAW
group yolk portion of eggs were 21.10, 38.07, 729
and 2315 mg/kg, respectively. On the other hand,
Zinc (Zn), iron (Fe), calcium (Ca), and phosphorus
(P) level of the NW group yolk portion of the eggs
were 27.50, 38.58, 867.5 and 4242 mg/kg, respectively. These results demonstrated that the HAW
group eggs had lower Zn, Ca and P values than that
of the NW group eggs. Korenekova et al. [27] reported that the amount of zinc in albumen and yolk
ranged between 71.08-73.49 and 63.84-67.1 mg/kg,
respectively. These literature data are similar to our
results. The Zn, Ca and P concentrations of egg
yolks of quails provided with HAW were lower,
thus it can be stated that addition of Halamid into
drinking water of quail might decrease the mineral
utilization of the birds. These results are correlated
with the findings of egg weight and egg shell parameters (Table 3). However, egg protein content
was not affected by Halamid supplementation,
while Haugh unit, a significant egg quality parameter, increased with Halamid addition.

&
10.57±0.24a
20.33±2.24a
10.02±2.62a
0.30±0.05a
25.99±2.63a
6.99±1.95a
27.13±7.81a
61.62±8.62a
81.06±15.70a
3.11±0.56a
4.42±0.84a
81.52±3.63b

HAW: Halamid added water, NW: Network water.
*The results are presented as Mean±Standard Deviation (SD).
**Small letters in the same line show significant
differences (p<0.05)
!>+53=B 9;89/;=3/< 80 :>+35 /11< Quail eggs
contain significant nutritional contents of amino
acids, fatty acids, vitamin E, sex hormone P and
minerals such as zinc and iron. Hence, quail eggs
are regarded as good sources of nutrients for human
body [7]. The quail eggs quality characteristics of
the HAW and NW groups are shown in Table 3.
The egg weight of the HAW group was 8.78 g,
while the NW group eggs were 10.78 g. In literature, quail eggs weights were reported as 11.7912.17 g by Simsek et al. [11] 10.35-11.46 g by Saki
et al. [12], 10.19 g by Korenekova et al. [27], and
11.52 g by Sahin et al. [10]. Our HAW group egg
weights are lower than literature data, while NW
group egg weights are similar to literature data. The
shell strength and thickness values of the HAW
group eggs were 7.44 N and 0.25 mm, respectively.
On the other hand, the shell strength and thickness
values of the NW group eggs were 10.02 N and
0.30 mm, respectively. In literature, shell strength
and thickness values of quail eggs were reported as
12.09 N and 0.25 mm, respectively [27, 28]. These
literature results are similar to our findings. In
terms of egg weight, shell strength, shell thickness,
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21.1±0.23B**
0.09±0.02
38.07±2.29A
1.10±0.01A
0.29±0.22
118.7±2.42C
729±5.18B
1.04±0.04A
351.4±1.03D
785.6±4.87D
1.00±0.02C
2315±33.77B

5,>6/7&
61 41
5.80±0.10D
0.04±0.01
0.68±0.01D
0.13±0.04
117.1±1.94C
245.9±1.61C
0.65±0.03B
1584±28.07B
1114±2.02B
0.89±0.11C
108.1±2.66C

HAW: Halamid added water, NW: Network water
*The results are presented as Mean±Standard Deviation (SD).
**Capital letters in the same line show significant differences (p<0.05)
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61 41
27.50±0.40A
0.15±0.11
38.58±0.34A
1.05±0.01B
0.32±0.03
150.8±0.98B
867.5±8.26A
0.96±0.21AB
530.2±8.50C
1057±8.21C
4.21±0.08B
4242±87.08A

5,>6/7&
61 41
8.09±0.13C
0.12±0.04
1.83±0.20B
0.76±0.01C
0.20±0.10
196.8±1.19A
227.1±2.62D
0.70±0.16B
1702±11.15A
1183±11.87A
16.06±0.08A
122.9±1.21C
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In conclusion, the findings of this study provide evidence about the effect of drinking water
quality on quail growth performance and its egg
quality. Disinfectant addition to water decreases the
microbiological load of the drinking water of
quails. But, the eggs of the quails provided disinfectant added water had lower egg weight, shell
strength and thickness. One of the main results is
that the high sodium level of the disinfectant may
have decreased production values. However, the
eggs of both groups were similar in protein and
mineral composition. Besides, in this study it was
found out that the quail eggs are good sources of
protein and zinc, iron and phosphorus. The quail
eggs have a higher Haugh unit and they might be
valuable for use in bakery industry.
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sources, such as vehicle emissions, energy and fuel
production, fertilizer and pesticide application, municipal waste and industrial discharges [3-4]. The
most common heavy metal contaminants are: Cr, Cu,
Pb, Zn, Ni, Cd and Hg, with concentration higher
than 1000mg/kg [4]. All of these persistent metals
pose a significant risk to plant, animal and human
health[5-6], and their ubiquity has become an urgent
health issue in urban ecosystems [4, 7].
Metals are required by plants in a wide range of
concentrations. But high concentrations of both essential (e.g. Fe, Mn, Zn, Cu) and nonessential (e.g.
Co, Ni, Pb, Cd, Cr, Hg) metals in soil may inhibit
growth, decrease biomass, lead to plant death [8-10]
and influence plant assemblages [11]. Numerous
studies have found that heavy metal-contaminated
soil damages root systems directly, with symptoms
ranging from disruption of the root cuticle and reduced root hair proliferation, to severe deformation
of root structure and impediment of root growth using pot experiments [12-16]. Among the few field
studies on the effects of metals on structure and composition of vegetation, many present a certain ambiguity due to mixed contamination as well as wide
heterogeneity of soil properties, temperature, moisture and other environmental factors [17-18]. Brown
[19] found that heavy metal-tolerant communities
can form distinct zones clearly separated from surrounding heavy metal-sensitive vegetation, but that
a number of unexamined soil factors exert significant impact on the species compositions of heavy
metal-contaminated sites. Babalonaset al. [20] also
found that soil conditions played a key role in the
development of vegetation patchiness in studies of
vegetation on soils with a naturally high content of
heavy metals. On the other hand, many uncertainties
can be identified when trying to extrapolate effects
observed in laboratory experiments to real-world situations in the field, such as coexistence of many pollutants, pH, or thickness of organic layer [21-22].
Therefore, a rigorous, well-defined field study is essential in order to validate laboratory data in actual
field situations while maintaining soil conditions relatively uniform except for the type and level of metal
contamination [23].

To evaluate the impact of Cu, Zn and Pb on
weed communities in urban environments, a field experiment was conducted in soils with high levels of
single and multi-metal contamination in Shanghai,
China. Soil properties, floristic composition, cover
and biomass of the plant community and growth of
different ecotypes was studied under contaminated
soil as well as control conditions. Results showed
that66 plant species belonging to 24 families were
present in all plots, 31 species occurring only in
spring and 8 in autumn, as well as 27 co-occurring in
two seasons. Community composition was generally
significantly different among treatments in spring
and autumn. There was no significant difference in
species richness or diversity between single-metal
contamination and control. Presence of heavy metals
dramatically impeded the growth of aboveground biomass as well as roots, and resulted in a significant
decline in biomass of metal-sensitive species. Multicontamination (Cu + Zn + Pb) had a strong influence
on weeds, as evidenced by a significant decline in
species richness, cover and biomass of the community and in growth of metal-sensitive species. A large
number of species were eliminated, while metal-tolerant species, mainly grasses, appeared in higher relative dominance in multi-contaminated sitesThese
findings give new insight for using weeds as a good
indicator of complex metal-related stresses.

+*#%&
Field comparative experiment, indicator species, growth
response, root morphology, urban pollution
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In China, heavy metal contamination in urban
soil has become a serious issue, given the rapid pace
of industrialization and urbanization over the last
three decades. Urban soils are subject to continuous
accumulation of organic and inorganic contaminants
from either localized or diffuse sources [1-2]. Heavy
metals are typical contaminants in urban environments and may originate from many different
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Control
7.99
207.0
89.3
75.5
20.0
Cu-spiked
8.04
222.5
1128.3
93.3
18.1
Zn-spiked
8.23
191.9
23.7
2453.5
23.3
Pb-spiked
8.15
198.4
18.3
83.7
840.6
3M-spiked
8.03
195.2
521.1
1300.5
1468.4


17.8 oC and the annual rainfall is 1457.9 mm, with
60% of the rainfall concentrated in the rainy season
(May to September). The split-plot experimental design comprised four large, uniform blocks divided
into five 10 m × 10 m plots, in which various treatments were applied randomly. These treatments included spiking the soil with salts of different metals
(Cu, Zn and Pb- spiked), a treatment containing a
mix of the three metals (3M-spiked), and an uncontaminated control (Control). In order to simulate
conditions as close as possible to the contamination
currently characteristic of urban soil in China [3], appropriate amounts of CuCl2, ZnCl2 and PbCl2, each
in the form of a dry powder, were used to spike the
soil for each treatment described above. The diverse
metal salts were applied on the soil surface of each
plot in the fall of 2014, mechanically incorporated
into the first 25-30 cm, and left to equilibrate for four
months, before initiating study of the weed communities. During the first year (2015) after experiment
set-up, weed investigations and measurements were
conducted. The concentrations of Cu, Zn and Pb
were first measured in April 2015 (Table 1).

Weeds play a role as spontaneous vegetation
and are highly sensitive to any environmental
changes affecting an urban area [24]. Ruderal vegetation will appear distributed in a spatial pattern corresponding to variation of the site’s specific attributes, including water conditions, pH, soil structure
and associated biotic and abiotic stresses [25]. Certain weed assemblages can also be associated with
the presence of anthropogenic metal-contaminated
soil [26]. After industrial or mining activities are
shut down, brown fields on the sites are often left to
revegetate spontaneously [7, 27]. On the other hand,
weeds represent a potentially insightful choice for
metal accumulation studies, since many are hardy,
tolerant, adaptable to harsh conditions, and able to
spread over large areas while yielding a considerable
amount of biomass [5, 28]. Furthermore, comparative studies of perennial plants indicate that species
in stressful environments exhibit traits that might
confer stress tolerance (poor competitive ability, low
growth rate and delayed reproduction), whereas
comparisons of ecotypes within annual species show
divergence in traits associated with stress avoidance
(rapid development and early reproduction) [29].
The numerous qualities of spontaneously-growing
weeds make them good candidates for a study of the
effects of heavy metal contamination on community
structure and plant growth.
To determine the effects of heavy metals on
plant development in situ, an artificial gradient must
be created to compare plant growth in different
heavy metal-contaminated soils with an uncontaminated control [13]. The objectives of this investigation were to: (i) evaluate the effects of high levels of
Cu, Zn and Pb in soil on weeds in an urban environment; (ii) document the growth response of different
plant ecotypes under contaminated conditions; and
(iii) explore the effects of the interaction of different
metals on weed growth.


!'% &"!'#&

&5?1-901C;1=5819?-701>539The Chenshan
Botanical Garden (31°04′39″N, 121°11′12″E) in
Shanghai, China was selected as an appropriate site
for the experimental trial. This site has a subtropical
monsoon climate. Its annual average temperature is

&:57>-8;7593-90-9-7D>5>Soil samples were
taken from the 0-30 cm layer in June and September
2015, after equilibrium of metal salts and soil had
been reached. In each plot, a composite sample
drawn randomly from four sites was evaluated to determine the physicochemical properties. Soil samples were placed in polyethylene bags and brought
to the laboratory, then air-dried at room temperature
for two weeks. All air-dried soil samples were sieved
through a 2-mm nylon sieve to remove coarse debris,
and then ground with a mortar and pestle until all
particles passed through a 0.149-mm nylon sieve.
Soil pH and electrical conductivity were determined in the supernatants of 1:5 soil and water mixtures using a Hach pH meter (Hach Company, USA)
or electrical conductivity instrument (Leici Company, China). Total nitrogen and phosphorus were
analyzed using an automatic intermittent analyzer
(Smart-Chem) after digestion with H2SO4 inglass
tubes. Soil organic matter was analyzed using a
Vario TOC analyzer (Elementar Company, Germany). Soil bulk density cores were also collected
using a 100 cm3 cylinder from each soil profile,
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-?--9-7D>1>The relative dominance of each
weed species, identity of dominant species and
Shannon-Wiener index of diversity were determined
according to the method followed by a previous
study of the urban weed community in Shanghai [24].
In order to further test for significant differences in
community assemblage among sampling sites, a permutational multivariate analysis of variance (‘PERMANOVA’) was performed. Analyses were based
on Bray-Curtis dissimilarity on untransformed data
of relative dominance, with 1000 permutations. All
variables were analyzed using a one-way ANOVA
and a Least Significant Different (LSD) test. For all
tests, the classical level of 0.05 was used as p-value
threshold. Analyses were performed using SPSS statistical software version 13.0 and Excel (Microsoft
Inc.) software packages.

oven-dried at 105oC for 24h, and weighed to determine bulk density, soil water content and soil total
porosity.

:88@95?D /:8;:>5?5:9 -90 .5:8->> 1>?5
8-?5:9Based on the life history characteristics of
vegetation on the site, ruderal species life forms were
classified into perennial and annual species, further
divided into winter annual and summer annual species [30]. Accordingly, weed investigations were
conducted in spring (May to June) and autumn (September) of 2015. In each plot, species were recorded
by botanical name in the field or identified subsequently in the Shanghai Chenshan Herbarium (CSH).
The maximum height of each species and community was measured. The cover of each species for
each plot was estimated on a five-degree BraunBlanquet scale [31], and total cover of the community was estimated based on the cover of each species. This measurement was derived by comparing
the data collected by two researchers during each
season, to ensure that all species had been recorded.
Three 0.5 m ×0.5 m sub-plots along the diagonals were selected for collection of above-and belowground biomass in each plot. Fresh biomass was
weighed in the field, and then oven-dried to a constant weight at 70oC in the laboratory.

%&( '&

&:57 ;4D>5/:/4185/-7 ;=:;1=?51> Among
treatments, bulk density (BD), soil water content
(SWC) and soil total porosity (STP) were 1.4-1.5
Mg/m3, 26.0-32.6 %, and 42.6-48.9%, respectively.
Total nitrogen (TN), total phosphorus (TP) and soil
organic matter (SOM) were 0.73-1.04g/kg, 0.0100.022 g/kg and 15.6-17.5 g/kg, respectively. As expected, compared to control, there was no significant
difference in physical properties (BD, SWC, STP) or
nutrient content (TN, TP, SOM) after addition of
heavy metals and mechanical mixing (Table 2).

:88:9>;1/51>3=:B?4-90=::?8:=;4:7
:3DTo determine the effect of high levels of heavy
metals on plant growth, one species per season
(spring, autumn) was chosen for additional investigation: $%&%+#)(%*$+# (Chenopodiaceae),
with a taproot system, and "+)$ $ (Gra221/? :9 /:88@95?D /:8;:>5?5:9 -90 .5:
mineae), with a fibrous root system. These particular
8->>A botanical inventory of the study site identispecies were selected because they were present in
fied 66 species belonging to 24 families, 21 perennialmost all twenty plots. Above- and belowground bials and 45 annual species over the duration of the inomass of five individuals of each targeted species per
vestigation (Table 3). Twenty-seven species co-ocseason species was collected. The length as well as
curred in spring and autumn, 31 were present only in
live and dry biomass of above- and belowground
spring and 8 in autumn. Community composition
parts were measured in the laboratory. Aboveground
was generally significantly different among treattissues and cleaned roots were oven-dried at 70oC to
ments in spring and autumn (PERMANOVA,
constant weight.
P < 0.05). Many species common and abundant in
The roots of all samples were handled with exthe control plot were significantly reduced in abuntreme care during cleaning, oven drying and weighdance and even eliminated in multi-contaminated
ing for keeping the integrity. Root morphology, insites, such as "/&+)*("), #+##&".
cluding total root length, projection area, surface
+", %"/&%%$ +., %"/%$+# "&*%"+#,
area and diameter, tips and root volume were then
and $+$+"+) &%$).
measured using special scanner systems (Epson expression 1680 and WinRHIZON).

'  
&:57;4D>5/:/4185/-7;=:;1=?51>@901=>59371-908@7?5/:9?-859-?10/:905?5:9>59

$-=-81?1=>
:9?=:7
@>;5610
,9>;5610
$.>;5610
!>;5610
BD(Mg/m3)
1.4±0.1a
1.4±0.1a
1.4±0.1a
1.4±0.2a
1.5±0.1a
SWC (%)
27.5±5.6a
28.0±7.7a
26.0±2.5a
32.6±4.5a
26.3±4.1a
STP (%)
45.3 ±3.9a
46.1±7.4a
43.5±2.1a
48.9±11.6a
42.6±2.7a
TN (g/kg)
0.86±0.49a
0.77±0.04a
0.79±0.71a
0.73±0.58a
1.04±0.83a
TP (g/kg)
0.010±0.005b
0.025±0.005a
0.022±0.010ab 0.022±0.010ab 0.017±0.007ab
SOM (g/kg)
16.5±3.2a
15.6±1.1a
17.1±5.1a
17.5±1.11a
17.3±6.1a
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7:=5>?5//:8;:>5?5:975212:=8-90=17-?5A10:859-9/1:2?41B110/:88@95?51>@901=>59371-908@7?5
/:9?-859-?10/:905?5:9>
-?599-81
*(,()
%"%$$))
+#+"+))$$)
*()$+$")
+&%(+#+)
+*"%$*%&()*
"*($$*(&"%.(%)
/&(+)(%*+$+)
/$%%$*/"%$
$%"%(+)""
"/)*(
"&*&(%)*(*
"+)$$
(#%$&"%)
%(&&$
%"/%$+#"&*%"+#
"/&+)*(")
%$+)%"(+)
(*#)$$+
((%$$$++)
%"/%$+#,+"(
%"/%$+#&(%"*+#
(#*)+)*(")
()+#)*%)+#
%"$+#$(+#
/(* &%$
+(0$$%-)**
$%&%+#)(%*$+#
$+$+"+) &%$+)
+#.$&"$))
)/$%#$$
#+##&".+"
%"/&%%$+.
$%&%+#"+#
()*+#(,$)
(*#)(/
%*(%)&(#+#0/"$+#
"$)%&(,"%(
($+#-"%(
")%"*0"*
$&"+#$
(%$$"")
'+*
"#()$
/($*)$**
%(*+"%"(
)!%($*")
%&%"/#%(&
/*%"$%)
+#. &%$+)
(#$()+*
%(%$%&+)/#+)
+&%("%)%&
#($*+)*(%"%(
0+)#'+"
",&"
)&+#
"+#&($var. *$(+#
/%)%*%$'+*+#
&*%"%$$))
$%"%%"%$+#
)$$$$
*("+
.() &%$
$%"%+*
(&)+#(%*$%)
%+$ &%$

&;=593
,9

2.3
1.8
1.3
0.4
0.4
 

0.3
 
0.2
0.7
1.2
0.1
0.3
0.7
0.8
0.2




Gramineae
Compositae
Moraceae
Gramineae
Euphorbiaceae
Malvaceae
Amaranthaceae
Cyperaceae
Gramineae
Gramineae
Convolvulaceae
Compositae
Gramineae
Rosaceae
Cruciferae
Polygonaceae
Euphorbiaceae
Compositae
Compositae
Compositae
Polygonaceae
Polygonaceae
Gramineae
Compositae
Solanaceae
Vitaceae
Compositae
Chenopodiaceae
Ranunculaceae
Ranunculaceae
Leguminosae
Labiatae
Gramineae
Chenopodiaceae
Caryophyllaceae
Compositae
Boraginaceae
Compositae
Geraniaceae
Labiatae
Compositae

521
2:=8
A
P
A
A
A
A
P
P
P
A
P
A
A
P
A
A
A
A
A
A
A
P
P
P
A
P
P
A
A
P
A
A
A
A
A
P
A
A
A
A
A





5.8
2.7
0.9
0.7
0.5
0.4
0.4
0.3
0.3
0.2
0.3
0.1

0.6
0.3
0.5
0.7
0.1
0.8
0.4
0.2
0.2
0.1

@

1.2
4.3
3.7
0.8
1.7


2.3
3.4
0.1
0.6
0.2
0.5
0.2
1.5
1.6
0.6
0.6
1.1
0.7







 
0.9
0.8
1.6
1.6
3.2
0.2
<0.1
0.1
0.2
0.1
0.2
0.3

1.0

0.6
3.6
0.4
0.8
0.2









 
0.4
1.7
0.7
0
0.4
1.7
0.1
<0.1






Scrophulariaceae

P

0.2



<0.1
<0.1












0.1
0.5
0.2
0.1
0.1





0.5
0.2
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Compositae
Amaranthaceae
Portulacaceae
Compositae
Leguminosae
Phytolaccaceae
Polygonaceae
Cruciferae
Cruciferae
Euphorbiaceae
Amaranthaceae
Scrophulariaceae
Labiatae
Leguminosae
Rubiaceae
Caryophyllaceae
Gramineae
Gramineae
Leguminosae
Gramineae
Compositae
Gramineae
Compositae
Compositae

P
P
A
A
P
P
P
A
A
A
A
A
A
A
A
A
A
A
A
A
P
A
P
A

0.5
0.3
0.1
1.4
0.2


$.

0.7
3.2
0.2
0.3
1.1
1.3
0.2
0.3
0.3
0.3
0.4
<0.1
0.7
0.4
8.7
0.4

0.2
0.2

0.5

0.2
0.7

0.2

0.2
0.6
0.2
0.4
0.1


!
 
0.7
9.7
1.0
1.2
2.1
 

 
1.6
2.3
1.6
2.2
0.9
0.2


0.3




1.9


0.9





0.5

0.2
0.1
0.2
0.5
<0.1

0.3
0.7
5.2
0.4


@


0.7
 
2.2
0.4

2.2
8.9
3.7
1.3
3.5
 
1.2


1.2
0.3



2.1
1.3
0.1


0.5



1.2


0.2
0.1
0.2


0.3
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$.
14.4  
1.5
2.4
0.5
0.2
 

0.5
0.2



1.6
6.6
2.5
0.4
4.1

0.1
0.1

0.4






0.7
1.7















0.6
0.1
0.2
0.1
















0.1
3.8
2.5

0.1
2.2
4.0
0.3

0.7
0.6
0.1
0.2

0.1


!

0.4
0.3
5.0
1.2

 
2.0

3.5
0.2
1.5





0.4





0.5
0.1
0.2


2.2
0.1


1.0















2.6
0.6















0.1







<0.1






0.7





































0.1
0.1
0.1
0.6






















































































<0.1
0.1
0.1









































2.9
1.3
0.5
0.9
0.2
0.6
<0.1


1.3
1.1
1.2
0.4
0.6



0.3
2.9
0.9
1.3


3.2
1.6
0.2



1.2
1.1




1.3



0.8



1



4.5








0.9











0.3
0.7









0.3

Note: A: annual species, P: perennial species, C: control, Cu: Cu-spiked, Zn: Zn-spiked, Pb: Pb-spiked, 3M: 3Mspiked. Bold character mean the relative dominance value of dominant species in the plot.
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This resulted in the decline of species richness,
calculated as the number of species per sample plot
in metal-contaminated sites, with a significant difference between sub-plots exposed to multi-contamination and other treatments (Table 4). The dominant
species under conditions of both single and multicontamination also varied dramatically in comparison with control. The relative dominance of "*(
$$*(&"%.(%) in both seasons, /&(+)(%
*+$+) in spring and $ in autumn occurred in
Cu, Zn and multi-contaminated sites and increased
dramatically. Furthermore, *( ,() maintained relatively high dominance levels in comparison with control in both seasons, and $%"%
(+)"", &*%"% $$)) and $%"%
%"%$+#achieved a similar status in autumn. Many
species that appeared during the study period were
observed only in contaminated sites, but at low frequencies (Table 3); these species included %(*+"
%"( % &%"/#%(& /*%" 
$%) and +#. &%$+). Total plant cover was
significantly influenced by contamination. Community cover under multi-contamination in both seasons and Cu contamination in autumn were reduced
significantly (p<0.05). The one exception was the Pb
contaminated site in spring, where community diversity (Shannon-Wiener) showed no significant differences among treatments (Table 4).
Aboveground, root and total plot biomass were
significantly influenced by heavy metal contamination in spring and autumn (Figure 1). Biomass in

multi-contaminated sites decreased dramatically
compared to sites with single contamination. For example, in spring, the total community biomass in Cu,
Zn and Pb contaminated sites produced 61.3%, 73.4%
and 53.2% of the biomass of the control site, and
only 19.5% of control in multi-contaminated sites.
The same trends were found for the production of total biomass in autumn, when the community in Cu,
Zn and Pb contaminated sites produced 46.8%, 89.9%
and 55.4% of biomass found in control, and 42.7%
of control in multi-contaminated sites.
221/? :9 3=:B?4 :2 /:88:9 >;1/51> The
growth performance of  )(%*$+#and  $
was significantly affected by single and multi-contamination (Figure 2). Compared to control, the
length of aboveground biomass and roots of )(%
*$+#was reduced significantly in Cu, Zn single and
multi-contaminated sites (p<0.05). Aboveground biomass produced in single-contaminated sites
reached 65.2%-91.1% of control and only 54.7% of
control in multi-contaminated sites. Root biomass
produced in single-contaminated sites reached
52.6%-128.2% of control, and only 19.2% of control
in multi-contaminated sites. As for  $, there
was no significant difference in length of aboveground biomass or roots between contaminated sites
and control. The biomass of aboveground biomass
and roots in Cu and Pb contaminated sites decreased
significantly in comparison with control (p<0.05).

' 
221/?>:241-AD81?-7/:9?-859-?5:9:9>;1/51>=5/491>>/:A1=-31-90&4-99:9*5191=05A1=>5?D5901C
'=1-?819?>
:9?=:7
@>;5610
,9>;5610
$.>;5610
!>;5610

"@8.1=:2
>;1/51>
20.5±2.5a
18.8±2.9a
18.5±2.4a
19.0±2.9a
11.3±2.9b

&;=593
:A1=-31

50.8±5.1a
48.3±8.5a
42.5±27.2ab
40.0±16.3ab
23.0±11.2b

&4-99:9*51
91=5901C
1.88±0.30a
1.83±0.15a
1.87±0.24a
1.19±0.44b
1.56±0.65ab

"@8.1=:2
>;1/51>
17.8±2.5a
17.5±1.9a
14.5±3.3ab
15.5±0.6a
11.8±1.7b

@?@89
:A1=
-31
59.3±8.5a
35.3±4.1b
42.3±15.4b
45.5±9.9ab
33.3±5.4b

&4-99:9*51
91=5901C
1.61±0.25ab
2.20±0.10a
1.61±0.54ab
1.56±0.58b
1.60±0.40ab

(% 
221/?:241-AD81?-7/:9?-859-?5:9:9-.:A13=:@90=::?>-90?:?-7;7-9?.5:8->>:2B110/:88@95?D
;7:?/:9?=:7@@>;5610,9,9>;5610$.$.>;5610 ! !>;5610?41>-81->2:77:B593.
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The effects observed on weeds included alterations (mainly reductions) in floristic composition,
cover, species richness, community biomass and
growth of common species under contaminated conditions in comparison with uncontaminated plots,
and were statistically significant in multi-contaminated plots. These results are consistent with general
observations made previously that the presence of
heavy metals in soil strongly determines the species
composition of plant communities and their growth
[12, 21, 23].

Metal contamination had a more serious impact
on the root morphology of )(%*$+#than $
 (Figure 3). Compared to control, total root
length, projection area, surface area, average diameter, tips and root volume of  )(%*$+# were reduced significantly in Cu and multi-contaminated
sites (p<0.05), while declining slightly in Zn and increasing in Pb. In $, only average root diameter decreased significantly in multi-contaminated
soil (p<0.05). Many parameters of root morphology
in Zn, Pb and multi-contaminated plots were slightly
higher than in control.
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treatments, whereas in a metal-sensitive species,
these parameters decreased significantly [12]. In
general, the growth response to contaminated conditions found in this study was obviously different according to plant ecotypes, such as metal-sensitive
species  )(%*$+# and metal-tolerant species 
$.
The distribution and growth of weeds and their
communities also depends on numerous environmental factors, including metal stress, soil moisture
and nutrient conditions, mechanical impediments, as
well as temperature and nutrient availability [18, 21,
25]. In this experiment, in compared to control, single contamination had minimal effects on weed distribution and growth, but multi-contamination
strongly influenced weeds, as evidenced by species
richness, cover and biomass of the community and
growth of sensitive species (Tables 3, 4 and Figures
1-3). This can be attributed to heavy metal stress, because there were no changes in soil characteristics
among metal treatments (Table 2). Soil metal concentrations above which toxicity was likely were reported, namely 60-125 mg/kg for Cu, 70-400 mg/kg
for Zn and 100-400 mg/kg for Pb [11]. The artificial
metal content provided as a treatment here was
clearly over this threshold (Table 1). Moreover, interactions among metals, including antagonistic, additive and synergistic effects, may have influenced
plant growth. Wang et al. observed antagonistic behavior under low concentrations of the combined Cd
and Zn treatment, and synergistic behavior under
high concentrations of the combined Cd and Zn
treatment [15]. Numerous studies conducted as pot
experiments have also confirmed that phytotoxic
metals in soil may inhibit growth, decrease biomass
and even result in the death of plants [8-10]. Together, these effects translated into severe impacts on
species richness and floristic composition of the
community in this field study. In conclusion, the significant differences in plant response mechanisms
between single and multi-contaminated sites in our
experiment may be caused primarily by additive interaction of multi-metal phytotoxicity.


"#* !"'&

Community composition was generally significantly different among treatments in the two seasons. However, there were no significant differences
in species richness or diversity between single contamination and control (Table 4). A previous field
study on single contamination found that species
richness and plant cover generally decreased with increasing contamination by Cu alone [23]. In that
study, species richness or dominance of metal-sensitive species decreased, while metal-tolerant species
increased under heavy metal contamination. Accordingly,  +)*("),  &".+",  +., 
"&*%"+# and  &%$), all metal-sensitive
species, were eliminated in multi-contaminated sites.
It should be noted that the occurrence and distribution of new species in metal-contaminated soils,
even at low frequencies, may, in fact, be a function
of conditions suitable for propagation, recruitment
and stress avoidance, as well as tolerance to physiologically stressful conditions [32]. Moreover, metaltolerant species, mainly grasses such as (%*+$+),
 $,  )$+$"),  */"%$ and 
(+)""had higher relative dominance, as did the
invasive species  &"%.(%), in contaminated
sites (Table 3). These species of Gramineae have
been recognized as metal-tolerant, and often produce
ecotypes that are able to colonize metal-contaminated substrates [13, 32]. Another species belonging
to the genus "*($$*(had the potential to tolerate and accumulate Cd and Pb, especially at lower
metal levels [10]. Members of the Cyperaceae have
been known to be highly resistant to petroleum pollution [33]. Thus, the presence of some weeds, especially grasses, could be a good indicator of complex
metal-related stresses.
Many authors have reported that heavy metals
have an impact on plant growth, particularly root
growth [2, 12, 16]. Reduced plant size seems to be
characteristic of plants growing in heavy metal-contaminated soils, and may be due to limited root
growth, and, consequently, limited water and mineral intake by plants [12, 34-35]. As a metal-sensitive species, the root morphology of  )(%*$+#
was influenced significantly by metal contamination,
especially in Cu and multi-contaminated sites (Figure 3). These results correlate with the significant decrease in the growth and biomass of )(%*$+# in
spring, and community biomass accumulation over
the two seasons (Figure 1, 2). In contrast, $
as a metal-tolerant species, was able to alter its root
growth pattern and morphology and adapt to the
evaluated metal stress (Figure 2, 3). Although total
root length, projection area, surface area, average diameter, tips and root volume of $ increased
slightly in comparison with control, none of these indices presented any significant changes in Zn, Pb
and multi-contaminated plots (Figure 2). Previous
results showed that root length, surface-area and volume of metal-tolerant species increased notably under 1224 μM zinc or 200uM lead +1224μM zinc
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THE EFFECTS OF DIFFERENT COMBINATION OF
COMBINED FERTILIZER DOSES ON SOME AGRONOMIC
CHARACTERISTICS OF TURF MIXTURE
Mustafa Yilmaz*
Pamukova Vocational School, Sakarya University, Sakarya, Turkey

are factors that are more important than the establishment of turfgrass. For durability of the established turfgrass, first, the correct plant species and
mixtures need to be selected in accordance with both
the ecological and application purpose. Because it is
well known that mixtures perform better than pure
sowing. In areas with unstable environmental conditions, using a mixture of various agreeable cultivars
rather than just one is more advantageous [2, 3, 5].
After selection of the most suitable plant material for
the turfgrass to be established, additional consideration needs to be given to maintenance and restoration
activities such as fertilization, irrigation, cutting,
weed control, and disease and pest management. The
most important prominent in fertilization of
turfgrasses is to provide the soil with sufficient nutrients during the period when plants require them
the most. For this purpose, turfgrasses should be fertilized with consideration to the last frost date of
spring and the first frost date of autumn, according
to the ecological conditions in which they were established [2, 3].
Among the macro nutrients, turfgrasses need a)
nitrogen; for shoot and root growth, enhancement of
shoot frequency and color, and endurance against
disease and pests, heat, cold and drought, b) phosphorus; for transfer of secondary nutrients, improvement of root development and regrowth, c) potassium; for boosting growth and development, regulating water intake and continuity, and enhancing endurance against heat and cold [2, 3, 6].
For nitrogen, phosphorus and potassium
(NPK), the most essential macro nutrients used in
turfgrasses, best results were reported in the doses
25-20-20 by Acikgoz [2], 25-15-15 by Avcioglu [3],
12/90-15-15 by Beard [5], 30-7-20 by Hope [7], 1030 by Petrovic [8], and Turner and Hummel [9], 2520-20 by Oral [10], 24-15-15 by Yilmaz [11], 60-90
by Bilgili and Acikgoz [12,13], 50-50-50 by Salman
and Avcioglu [14] and 25-15-15 g m-2 by Yilmaz et
al., [15]. Certain researchers studying turfgrasses
and mixtures [16-27] reported different research results with the same doses.
Furthermore, among researchers who studied
the topics of shoot height, herbage yield, dry matter
content, dry matter yields and root yield; the best in-

ABSTRACT
This study was conducted to determine the effects of different combination of combined fertilizer
doses applications on turfgrass characteristics of a
turf mixture in Sakarya/Pamukova ecological conditions in Turkey, during 2013-2015 years. The research was conducted in randomized block design
with four replications. As a material, a cool season
turf mixture consisting of 40% Lolium perenne L.,
cv. Integra, 25% Festuca rubra rubra L., cv. Eugene,
20% Festuca rubra commutata Gaud., cv. Survivor
and 15% Poa pratensis L., cv. Evora were used.
Nine different combination of NPK fertilizer doses
(0-0-0, 5-2.5-2.5, 10-5-5, 15-7.5-7.5, 20-10-10, 2512.5-12.5, 30-15-15, 35-17.5-17.5 and 40-20-20 g
m-2 respectively) were applied. At the end of study,
shoot growth, creeping yield and dry matter content
and yield, root yield and plant growth form (habitus)
were determined. At the study, the most promising
data were taken from 30-15-15 g m-2 fertilizer dose
compare to control.

KEYWORDS:
Cool season, turf mixture, fertilizer doses, creeping yield,
dry matter yield, root yield, shoot growth.

INTRODUCTION
Turf and turf grasses are the most important botanical elements for safeguarding the environment.
Turf areas fill people with contentment through an
appeal created by the harmony of green colors and
also have lots of benefits such as controlling erosion
in roadsides, grazing lands and problematic agricultural areas [1]. However, in order to accomplish all
of these functions; the intended plant material's
origin, properties, cultivation procedure and techniques of fighting diseases and pests must be identified and selection must be carried out accordingly.
Selection of the wrong plant material can cause failure of the project as well as big economic losses [2,
3, 4].
Achievement of quality good enough to fulfill
expectations and continuity for a long period of time
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available phosphorus (10.61 kg ha-1), potassium (190
kg ha-1) and organic substances (0.94%) [6].
Used in the study; a cool-season turf mixture
consisting of 40% Lolium perenne L., cv. Integra and
20% Festuca rubra commutata Gaud, cv. Survivor,
(developed by American Pennington Seed), along
with 25% Festuca rubra rubra L., cv. Eugene and
15% Poa pratensis L., cv. Evora, cultivars (developed by Denmark DLF Trifolium Seed). The mixture was sown according to the widely proposed
sowing norm for practical applications of 50 g m-2
[2, 3].
The research was established on November 1,
2013, observation and measurements were carried
out between April 1, 2014 and November 31, 2015;
in spring, summer, autumn and winter. Plot sizes
were 2×1 m and 1- meter distance were left between
plots.
Nine different NPK (Combined) fertilizer
doses (0-0-0, 5-2.5-2.5, 10-5-5, 15-7.5-7.5, 20-1010, 25-12.5-12.5, 30-15-15, 35-17.5-17.5 and 40-2020 g m-2) were applied in the research. 15-15-15
composed and 26% Ammonium Nitrate fertilizers,
recommended for use in fertilization of turfgrasses
by Acikgoz [2] and Avcioglu [3], were used. Upon
consideration of suggestions by researchers who reported that application of fertilizers needed by
turfgrass only once or twice a year was insufficient
in meeting expectations [27] and that application intervals needed to be more frequent, [25, 36, 37] annual fertilizer doses were applied between the last
frost date of spring (April 21) and the first frost date
of autumn (November 5) in 5 equal amounts with 40
day intervals (April 20, June 1, July 10, August 20,
September 1). Irrigation was realized via a rotary
sprinkler system. Upon reaching heights of 6-10 cm,
plants were mown at a height of 4 cm with a gas lawn
mower, 18 times per year (spring 6, summer 6, autumn 6 and winter 0).

dicators of whether plants adapted well to their cultivation area, Klapp [28] 1.200, Jung and Baker [29]
429-523, Fiala [30] 1.400-1.700, Genckan [31] 1004.500 (mean: 800), Birant [32] 128, Yilmaz [33] 688,
Yilmaz and Avcioglu [34] reported a root yield of
315-1.200 g m-2. Tarman [35], on the other hand,
stated that root dry matter amounts were approximately 80% of dry herbage yield.
This research was conducted to determine the
performance of a quadruple mixture of newly introduced cultivars with different doses of combined fertilizer and to suggest the most suitable dose.

MATERIALS AND METHODS
The research was carried out in the Vocational
Training School research areas of the Pamukova district in the Sakarya province, situated in the eastern
0DUPDUDUHJLRQ 1Û¶(Û¶
and 80 m above sea level).
Climatic data of the research period between
November 2013-November 2015 and long term average have been presented in Table 1.
In the first year, precipitation was 596.6 mm,
DYHUDJHWHPSHUDWXUHZDVÛ&DQGUHODWLYHKXPLG
ity was 77.4%, while in the second year these values
ZHUHPPÛ&DQGUHVSHFWLYHO\,Q
the same order, long term average was 685.9 mm,
Û&DQG7KLVVhows that precipitation in
the first year was below long term average, but considerably above it in the second year. Average temperatures were the same for both years and with long
term average.
Soil samples taken from 0-20 cm depths of the
research area were analyzed in the Vocational TrainLQJ6FKRRO¶VODERUDWRU\DQGUHVHDUFKDUHDVRLOVZHUH
found; clayey-loamy, slightly alkaline (pH: 7.4),
saltless (0.024%), medium limy (8.6%), deficient in

TABLE 1
The climate dates of Geyve district for 2013-2015 years and Long Term Average (l.t.a.) (*)

Months
November
December
January
February
March
April
May
June
July
August
September
October
Tot. /Mean
(*):

Total precipitation (mm)
2013-14
2014-15
l.t.a.
29.2
83.2
49.0
55.2
101.8
96.5
20.8
141.0
94.7
11.2
146.6
78.3
52.8
48.1
64.4
33.0
94.2
57.1
66.8
23.4
53.3
93.0
48.8
42.8
35.0
2.0
10.0
9.0
5.2
6.9
114.2
66.0
64.5
76.4
85.2
68.4
596.6
845.5
685.9

Average temperature (oC)
2013-14
2014-15
l.t.a.
10.1
10.1
10.2
1.6
8.0
4.3
6.7
3.5
4.4
7.7
6.6
6.8
9.9
8.9
9.1
14.3
11.0
13.8
18.4
18.7
18.3
21.5
20.9
22.2
24.7
24.2
24.8
25.2
25.7
25.2
20.5
23.2
21.3
15.6
15.8
15.4
14.7
14.7
14.7

Sakarya Meteorology Directorate Bulletin
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Relative humidity (%)
2013-14
2014-15
l.t.a.
83.8
86.6
83.8
82.7
91.5
86.6
80.7
86.9
84.2
76.1
82.2
80.0
75.4
78.9
63.8
71.6
72.5
70.3
73.8
70.4
72.5
74.6
76.8
69.6
71.0
69.3
65.6
70.4
68.0
65.4
76.9
73.0
68.4
83.2
85.0
78.4
76.7
78.4
74.1
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TABLE 2
Shoot growth (cm) and green herbage yield (g m-2)
N-P-K
(g m-2)
0-0-0
5 - 2.5 - 2.5
10 - 5 - 5
15 - 7.5 - 7.5
20 - 10 - 10
25 - 12.5 - 12.5
30 - 15 - 15
35 - 17.5 - 17.5
40 - 20 - 20
Mean
LSD 5%

1st year
60.5
84.6
96.4
108.7
120.6
132.4
144.6
146.4
145.2
115.5
F: 2.81

Shoot growth
2nd year
Mean
61.5
61.0
87.3
86.0
97.5
97.0
111.5
110.1
122.3
121.5
135.4
133.9
147.3
146.0
149.7
148.1
148.5
146.9
117.9
----Y: 1.68
F×Y: 4.75

1st year
1705
2176
3005
3436
3936
4261
4413
4462
4336
3525
F: 28.11

Green herbage yield
2nd year
Mean
1762
1733
2247
2211
3091
3048
3567
3501
3992
3964
4289
4275
4461
4437
4499
4480
4359
4347
3585
----Y: 12.82
F×Y: 48.61

F: Fertilizer combination, Y: Year, F×Y: Interaction.

species had slowest plant growth and shortest height.
However, it was not possible to determine how much
each species in the mixture had grown with measurements carried out before each cutting. For this reason, the highest plant height - not plant species - was
taken into consideration in measurements. It is a
known fact that frequently cut plants tend constantly
to grow in order to develop vegetative parts, while
uncut plants tend immediately to produce seeds.
Plant height data obtained in this study were higher
than heights reached by plants which were purely
sown and were never cut [2, 3, 5].

In this study, the sum of all the measurements
taken before each cutting gave shoot development
(plant height) values. During cuttings, plot yields
were weighed to determine green herbage yield and
samples taken from these were weighed again after
KDYLQJEHHQGULHGDWÛ&IRUKRXUVWKHQSURSRU
tioned in order to calculate both dry matter content
and dry matter yields. In both years of the experiment, 20×20×20 cm soil samples taken after the last
cutting were leached, filtered, then root masses
within were dried, weighed and were proportioned
to attain yield calculations. Furthermore, root samples were examined and their forms were categorized as fescue, rhizome and stolon.
The experiment was conducted with four replications in the design of randomized blocks, statistical analyses of data were performed using the TOTEMSTAT Statistical Program [38] and LSD values
(5%) were stated underneath the Tables.

Green herbage yield (Creeping yield). Green
herbage yield data obtained in the study were given
in Table 2. When examined in terms of years, second
year data were found higher than, but close to the
values of the first year. This was because data collection did not start immediately after establishment
of the experiment before winter; but in spring, when
it had fairly improved. Assessment of fertilizer doses
and year × fertilizer doses show that, once again,
highest mean values were attained from the 35-17.517.5 and 30-15-15 doses.
As a whole, data revealed that the lowest number was taken from the control plot in the first year.
Total green herbage yield from 18 cuttings was 1705
g m-2 and average per cutting was 94.7 g m-2. The
highest number was achieved in the 35-17.5-17.5 g
m-2 dose in the second year with 4499 g m-2 and average per cutting was 249.9 g m-2. High green herbage yield is a typical indicator of strong vegetation
cover, its durability for a long period of time, and
good adaptability to its ecology [2, 3, 5].

RESULTS AND DISCUSSION
In statistical analyses carried out with data from
the study, statistical differences between years of
research were found insignificant. That is why, in the
tables, data was not presented yearly, instead the
analysis results of mean data obtained from the
eight-year research were given.
Shoot growth. Shoot growth values obtained
in the study were listed in Table 2.
Second year data were relatively higher than
first year. In terms of fertilizer doses, the 35-17.5 17.5 dose achieved highest mean value (148.1 cm).
In the way of fertilizer × year interaction, highest
plant height was obtained from the 35-17.5-17.5
dose in the second year while the lowest value was
seen in the control plot in the first year.
Among the cultivars used, Lolium had fastest
plant growth and longest plant height, while the Poa

Dry matter content and yield. Dry matter
content and yield obtained in the study were presented in Table 3.
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TABLE 3
Dry matter content (%) and dry matter yield (g m-2)
N-P-K
(g m-2)
0-0-0
5 - 2.5 - 2.5
10 - 5 - 5
15 - 7.5 - 7.5
20 - 10 - 10
25 - 12.5 - 12.5
30 - 15 - 15
35 - 17.5 - 17.5
40 - 20 - 20
Mean
LSD 5%

1st year
27.52
28.66
28.82
29.11
29.75
30.15
30.63
30.46
30.62
29.52
F: 0.11

Dry matter content
2nd year
Mean
27.61
27.57
28.78
28.72
28.96
28.89
29.45
29.28
29.88
29.82
30.28
30.22
31.00
30.82
30.52
30.49
30.72
30.67
29.69
----Y: 0.08
F×Y: 0.17

1st year
469
624
866
1000
1171
1285
1352
1359
1328
1041
F: 12.23

Dry matter yield
2nd year
Mean
486
478
647
635
895
881
1050
1025
1193
1182
1299
1292
1383
1367
1373
1366
1339
1333
1064
----Y: 6.12
F×Y: 24.28

TABLE 4
Root yield (g m-2) and growth form (Habitus) of mixture
N-P-K
(g m-2)
0-0-0
5 - 2.5 - 2.5
10 - 5 - 5
15 - 7.5 - 7.5
20 - 10 - 10
25 - 12.5 - 12.5
30 - 15 - 15
35 - 17.5 - 17.5
40 - 20 - 20
Mean
LSD 5%

1st year
356
476
689
813
946
1043
1124
1145
1105
855
F: 21.1

Root yield
2ndyear
Mean
370
363
517
496
716
702
856
834
985
965
1085
1064
1177
1150
1192
1169
1149
1127
894
----Y: 14.7
F×Y:18.5

Growth form (Habitus)
1st year
2nd year
Festuca
Fescue+VeryLittleRhizome
Fescue+VeryLittle Rhizom
Fescue+Little Rhizome
Fescue+Little Rhizome
Fescue+Little Rhizome
Fescue+Little Rhizome
Fescue+Rhizome
Fescue+Rhizome
Fescue+Rhizome
Fescue+Rhizome
Fescue+ Plenty Rhizome
Fescue+Plenty Rhizome
Fescue+ Plenty Rhizome
Fescue+ Plenty Rhizome
Fescue+ Plenty Rhizome
Fescue+ Plenty Rhizome
Fescue+ Plenty Rhizome

TABLE 5
The ratio of varieties in the mixture (%) and seed counts (Number) *

Cultivars
L. perenne
F. r. rubra
F. r. commutata
P. pratensis
Total
*

Growth
form
(Habitus)
Fescue
Rhizome
Fescue
Rhizome

The ratio in
the mixture
(%)
40
25
20
15
100

The amount in
the mixture (g)
20.0
12,5
10.0
7.5
50

Number
of seeds
(Per 1 gram)
450-550 (500)
1100-1200 (1150)
1100-1200 (1150)
4500-5000 (4750)
-----

Total number of
seeds in the mixture
10000
14375
11500
35625
71500

(Acikgoz, [2]; Avcioglu, [3]; Beard, [5])

in fertilizer doses likewise increased dry matter content.
High green herbage and dry herbage yields of
plants are indicators of good adaptation to their ecology [2, 3, 5]. The data obtained revealed that plants
in the mixture adapted strongly and quickly to their
environment.

Both dry matter content and dry matter yield
values were slightly higher in the second year. Assessment of the numbers in terms of fertilizer doses
showed that the 30-15-15 dose scored highest in dry
matter content (30.82%) and yield (1367 g m-2),
while the control plot gave lowest values (27.57%
and 478 g m-2). In terms of year × fertilizer dose interactions, highest dry matter content (31.00%) and
yield (1383 g m-2) was once again achieved by the
30-15-15 dose. Increase in fertilizer amounts generally enhances the dry matter yield of turf, but is not
recommended as it also increases cutting frequency.
Therefore, N feed in fertilizer application should be
moderate [2, 3, 5, 18]. In the present study, increase

Root yield. Root yield values were given in Table 4. Second year was higher than the first in terms
of root yield. Highest root yield (1169 g m-2) in the
fertilizer doses was obtained from the 35-17.5-17.5
dose, and lowest (363 g m-²) yield was seen in the

3071

© by PSP

Volume 27 ± No. 5/2018 pages 3068-3074

Fresenius Environmental Bulletin

CONCLUSION

control plot. In terms of year × fertilizer dose interaction, highest root yield was achieved from the 3517.5-17.5 dose (1192 g m-²) in the second year, while
lowest yield (356 g m-²) was observed in the control
plot in the first year. High root yield showed that
plants in the turf mixture adapted strongly to the area
and were able to exhibit their true performance. Additionally, the mixture's life form consisting predominantly of rhizomes was a preferred property in terms
of covering and holding the soil. Root yields of 3561192 g m-2 obtained in this research were in agreement with 315-1200 g m-2 root yields reported by
certain researchers [28, 29, 31, 33, 34]. The results
were relatively lower than the 1400-1700 g m-2 reported by Fiala [30]. They were higher than the data
of Birant [32], who studied cool season turfgrasses,
which could not show their full performance in Izmir
conditions and which achieved a yield of 128 g m-2.
Furthermore, data from this study validate Tarman
[35], who reported that the root dry matter amounts
were approximately 80% of dry herbage yield.

Consideration of the research findings as a
whole show that most favorable results were obtained from the 30-15-15 and 35-17.5-17.5 g m-2
doses. These doses are in agreement with and support the findings of Petrovic [8], Turner and Hummel
[9], Oral [10], Yilmaz et al., [15], Ledeboer and
Skogley [16], Sills and Carrow [17], Goatley et al.,
[19], Garling and Boehm [22], Jiang and Huang [23],
Russi et al., [24], Barton and Colmer [26], Walker et
al., [27], Yilmaz [33], Yilmaz and Avcioglu [34] and
Tarman [35] who carried out studies in regions with
similar ecological conditions to the research area.
However, the doses were significantly lower than the
recommended dose of 60-90 g m-2 by Bilgili and
Acikgoz [12,13], Engelsjord and Singh [20] and
Zhang et al., [21] who conducted research in similar
climatic conditions. Bursa is a hotter region and thus
required more frequent irrigation, which in turn resulted in greater leaching of plant nutrients and required the use of greater fertilizer amounts. This may
explain why their fertilizer doses were higher. Furthermore, application methods and times, as well as
the usage of a different fertilizer source may be cited
among other reasons. On the other hand, the doses
identified as most suitable in this study were lower
than the 50-50-50 g m-2 doses recommended by Salman and Avcioglu [14] and Birant [32] who conducted research in an ecologically hotter region and
sandy-permeable soils. This is because in regions
with hot temperatures irrigation is more frequent and
due to the sandy nature of soil, irrigation water
leaches nutrients away from plants. The need for
more water and more plant nutrients increased the
amount of fertilizer used.
The values obtained regarding properties studied in the research were within the limits set by Acikgoz [2], Avcioglu [3] and Beard [5] for desirable
turfgrass, because plant genera and cultivars included in the mixture were compatible with each
other and suitable to the research ecology and sowing-maintenance procedures were carried out according to technique.
Among the properties studied; factors like
shoot height, green herbage and root yield do not
seem to directly influence turfgrass quality; however, high data pertaining to these properties is important since they show that plants have adapted
strongly to the area and were able to fulfill their true
potential. The life form of the mixture is expected to
consist predominantly of rhizomes and this is a property which is preferred in terms of covering and
holding the soil.
The research area ecology was highly suitable
for cultivation of cool-season turfgrass. According to
long term average data, annual precipitation was
685.9 mm and was distributed evenly to the seasons
and months (winter: 269.5, autumn: 181.9, spring:
174.8 and summer: 59.7 mm). The most important

Growth form (Habitus). Habitus created by
plants in the samples taken for measurement of root
weights were examined at the end of the study and
were presented in Table 4.
The mass, which was determined as fescue in
the control plot in the first year of the experiment,
developed a number of rhizomes the second year,
and both with increases in fertilizer doses and with
years, the number of rhizomes in the root mass remarkably increased. For a better understanding of
WKLV LQFUHDVH SDUWLFXODU FKDUDFWHULVWLFV RI VSHFLHV¶
seeds used in the study were given in Table 5.
Among the plants used in the study; Lolium
perenne and Festuca rubra commutata create fescue,
while Festuca rubra rubra and Poa pratensis develop rhizomes [2, 3, 5].
The most important factor affecting mixture
rates in mixed sowings is thousand seed weight,
which is related to seed size, and hence the number
of seeds in 1 gram. In order to equate the number of
seeds broadcast to the area, the percentage of coarseseeded cultivars is kept higher. In this study 50 g m²
of seeds were broadcast. Of this amount, 20 grams
were (40%) Lolium perenne, 12.5 grams were (25%)
Festuca rubra rubra, 10 grams were (20%) Festuca
rubra commutata and 7.5 grams were (15%) Poa
pratensis. Table 5 shows that the two cultivars creating fescue, which constituted 60% of the area (Lolium perenne and Festuca rubra commutata) had
21.500 seeds in total; whereas the two cultivars
which constituted 40% (Festuca rubra rubra and
Poa pratensis) had 50000 seeds in total. Thus, rhizome-predominant turf texture is considered normal.
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turfgrasses. Agronomy J. 65, 243-246.
[17] Sills, M.J. and Carrow, R.N. (1983) Turfgrass
growth, N use and water use under soil compaction and N fertilization. Agronomy Journal. 75,
488-492.
[18] Bowman, D.C. (2003) Daily vs. periodic nitrogen addition affects growth and tissue nitrogen
in perennial ryegrass turf. Crop Science. 43,
631-638.
[19] Goatley, J.M., Maddox, V. Lang, D.V. and
Crouse, K.K. (1994) ³7LIJUHHQ´ %HUPXGDJUDVV
response to late-season application of nitrogen
and potassium. Agronomy J. 86, 7-10.
[20] Engelsjord, M.E. and Singh, B.R. (1997) Effects
of slow-release fertilizers on growth and on uptake and leaching of nutrients in Kentucky bluegrass turfs established on sand-based root zones.
Can. J. Plant Science. 77, 433-444.
[21] Zhang, M., Nyborg, M. and Malhi, S.S. (1998)
Comparison of controlled-release nitrogen fertilizers on turfgrass in a moderate temperature
area. Hort. Sci. 33, 1203-1206.
[22] Garling, D.C. and Boehm, M.J. (2001) Temporal effects of compost and fertilizer applications on nitrogen fertility of golf course
turfgrass. Agro. Jour. 93, 548-555.

point of consideration here is that the research area
received rain in all the seasons and months of the
year. Assessment of precipitation from a different
perspective shows that the research area respectively
received; 87.2-389.4 of rain in winter, 152.6-165.7
in spring, 137.0-56.0 in summer and 273.8-176.0
mm in autumn in the first and second year (Table 1).
Additionally, according to long term average data,
the research area experiences rain and cool temperatures 128.6 days of the year, and has an average temSHUDWXUH RI  Û& ,W LV SRVVLEOH WR VD\ WKDW WKHVH
conditions create a suitable ecological environment
for cool-season turfgrass to demonstrate their true
performance.
Taking into consideration all the numbers obtained in the study, most favorable data were numerically achieved by the 30-15-15 and 35-17.5-17.5 g
m-2 doses. Scientifically, environmentally (to prevent soil and water pollution) and economically the
30-15-15 g m-2 NPK fertilizer is recommended.

REFERENCES
[1] Tallarino, R. and Argenti, G. (2001) Indagini
VXOO¶HYROX]LRQHGHOODFRPSRVL]LRQHIORULVWLFDGL
pieste da sci inerbite in Val Badia (Studies on
the evolution of floristic composition in revegetated ski runs in Val Badia) Italia Forestale
Montana. 56, 143-155.
[2] Acikgoz, E. (1994) Turfgrass Establishment and
Maintenance Technique. Cevre Ltd. Co. Press 4.
1, Ofset, January 1994, On-Mat Co., Bursa.
[3] Avcioglu, R. (1997) Turf Technique (Turf Establishment & Management). Ege University
Press, Izmir, Turkey.
[4] Demiroglu, G., Avcioglu, R .ÕU, B. and Salman, A. (2011) Investigations on texture weed
invasion and density features of some cool season turf grass cultivars in Mediterranean Environment, Int. Journal of Agriculture & Biology.
13(4), 461-468. ISSN Online:1814-9596.
[5] Beard, J.B. (1973) Turf grass: Science and Culture. Prentice-Hall Inc., Englewood Cliffs, New
Jersey.
[6] Brohi, A.R. and Aydeniz, A. (1991) Fertilizers
and Fertilization. Cumhuriyet University, Agricultural Faculty Press: 10, Course Book: 3, Tokat, 880p.
[7] Hope, F. (1983) Rasen. Verlag Eugen Ulmer,
Stuttgart, Germany.
[8] Petrovic, A.M. (1990) The fate of nitrogenous
fertilizers applied to turfgrass. Journal of Environmental Quality. 19, 1-14.
[9] Turner, T.R. and Hummel, N.W. (1992) Nutritional requirements and fertilization, In: Waddington, D.V., Carrow, R.N., Shearman, R.C.
(Eds.) Turfgrass, American Society of Agr.,
Crop Sci. Soc. of America, Soil Sci. Soc. of
America, Madison, WI, 385-440.

3073

© by PSP

Volume 27 ± No. 5/2018 pages 3068-3074

Fresenius Environmental Bulletin

[34] Yilmaz, M. and Avcioglu, R. (2003) Investigations on Root Growth Performances of Some
Cool Season Grasses Grown for Erosion Control and Turfgrass. Journal of the Agricultural
Faculty of Gaziosmanpasa University. ISSN:
1300-2910, 20(1), 123-129.
[35] Tarman, O. (1972) Forage crops Meadow and
Pasture Culture. Volume I: General Principles.
Ankara Univ. Faculty of Agr. Publishing: 464,
Course Book: 157, 222p.
[36] Wehner, D.J. and Martin, D.L. (1989) Melamine/urea and oxamide fertilization of Kentucky bluegrass. Communications in Soil Science and Plant Analysis. 20, 1659-1673.
[37] Lawson, D.M. (1996) Fertilizers for Turf: The
Sports Turf Research Institute. Bingley, West
Yorkshire, England.
[38] Acikgoz, N., Ilker, E. and Gokcol, A. (2004) Assessment of Biological Research on the Computer. Ege University, TOTEM, Izmir.

[23] Jiang, Y. and Huang, B. (2001) Effects of calcium on physiological responses of tall fescue
and Kentucky bluegrass to drought stress. Int.
Turfgrass Soc. Res. J. 9, 297-302.
[24] Russi, L., Annicchiarico, P. Martiniello, P. Tomasoni, C. Piano, E. and Veronesi, F. (2004)
Turf Quality and Reliability in Varieties of Four
Turf grass Species in Contrasting Italian Environments. International Turfgrass Society Res.
Jou. 9, 917-921.
[25] Mangiafico, S.S. and Guillard, K. (2006) Fall
fertilization timing effects on nitrate leaching
and turfgrass color and growth. J. Environ.
Quality. 35, 163-171.
[26] Barton, L. and Colmer, T.D. (2006) Irrigation
and fertiliser strategies for minimising nitrogen
leaching from turfgrass. Agricultural Water
Management. 80, 160-175.
[27] Walker, K.S., Bigelow, C.A. Smith, D.R. Van
Scoyoc, G.E. and Reicher, Z.J. (2007) Above
ground Responses of Cool-Season Lawn Species to Nitrogen Rates and Application Timings.
Crop Science. 47, 1225-1236.
[28] Klapp, E. (1971) Wiesen und Weiden. Paul
Parey, Berlin und Hamburg, 271p.
[29] Jung, G.A. and Baker, B.S. (1985) Orchardgras.
In: Heath, M.E., Barnes, R.F. and Metcalfe, D.S.
(Eds.) Forages. Chapter: 24, Iowa State Univ.
Press, Ames, Iowa, USA, 224-232.
[30] Fiala, K. (1992) Changes in the Biomass of Living and Dead Roots of Grasslands Due to Anthropogenic Factors. Rostlinna Vyroba. 34(2),
159-168.
[31] Genckan, M.S. (1992) Rehabilitation of
Meadow-Range Culture Management. Ege University, Faculty of Agriculture Pub. No: 483,
2nd Edition, Bornova-Izmir, 655p.
[32] Birant, M. (1996) Investigations on the effect of
different nitrogen levels on the agronomic and
vegetational characteristics of some turfgrasses
under Bornova conditions. Ph. D. Thesis. Ege
Univ. Fac. of Agr. Izmir, Turkey.
[33] Yilmaz, M. (2000) Investigation on seed yield
and turf properties of some grasses grown for
turf grass and erosion control purposes in Tokat.
Ph.D. Thesis. Ege Univ. Fac. of Agr. Izmir, Turkey.

Received:
Accepted:

23.11.2017
07.02.2018

CORRESPONDING AUTHOR
Mustafa Yilmaz
Sakarya University,
Pamukova Vocational School,
Sakarya ± Turkey
e-mail: mustafayilmaz@sakarya.edu.tr

3074

#"

  $  

 





  !






(#+(#(&-"&#"(
!(# # "'#'"#*&$
     
 """#)''
'$'##"#!!$#&("

.>:.;96 !A5.::.1%.E.?55.; !A5.::.1-A/.6>;7A: >3.;5.@@.8

1

Department of Agriculture, Abdul Wali Khan University, Mardan, Pakistan.
2
Department of Zoology, Abdul Wali Khan University, Mardan, Pakistan.
3
Department of Zoology PMAS-Arid Agriculture University Rawalpindi, Pakistan.
4
College of Veterinary Science and Animal Husbandry, Abdul Wali Khan University, Mardan, Pakistan

reservoirs [1, 2].
Carp fishes have been widely studied for its exposure to toxicants and pollutants [3-5].
!    is snow carp commonly known as Swati in Khyber Pakhtunkhwa and
Gulguli in Punjab, Pakistan. It is widely distributed
in the mountain and sub-mountain tributaries of
River Indus and has been reported from the northern
areas, Khyber Pakhtunkhwa and northern Punjab [6].
The fresh water fish fauna of Pakistan is represented
by a minimum of 193 fish species, in which 86-species (8-exotic and 78-indigenous) are of special importance. Among these, the   inhabiting the Indus River and its tributaries is an indigenous fresh water fish species of economic importance, declared vulnerable by IUCN [7, 8].
Several studies on the toxic effect of atrazine on
ichthyofauna have proved that the herbicide has variable toxicity; both in respect of fish type exposed
and dose concentration. The lethal dose of atrazine
in different fish species has been assigned in the
range of 30 to 45 mg/L [9, 10]. Rainbow trout
(   ) when exposed to different
concentrations of atrazine herbicide, had a lethal
dose of 1000 μg/L. Hematological parameters are
important tool to diagnose the animal health status
when exposed to different toxicants. These parameters are considered a reliable diagnostic tools to assess the toxic effect of different toxicants either singly [11] or in combination on fish health [12]. Atrazine herbicide has a significant toxic effect on the
hematology of common carp,    [13].
The toxicity effect of atrazine on the fat oxidation
and antioxidant enzyme activity in    
 has also been investigated [14]. A study on the
toxic effect of atrazine on Zebra fish concludes that
atrazine significantly affects its various stages during
embryonic development [15]. On the contrary, atrazine has been reported to have no significant toxic
effect on     and 
  embryos when exposed to different concentrations of atrazine [16]. Atrazine causes histological
changes in the fingerlings of    [17]. The

'(&(
The present study was carried out to investigate
the toxic effect of atrazine (herbicide) on snow trout
( !  ), a species of economic
importance in Pakistan. The 24, 48 and 72 h LC50 of
atrazine, calculated by Probit analysis, were found as
110.041, 31.943 and 12.190 mg/l, respectively, using
a static renewal bioassay system. Significant decrease was observed in hemoglobin (Hb), Red blood
cells (RBCs), Mean corpuscular hemoglobin
(MCH), Mean corpuscular hemoglobin concentration (MCHC) and total proteins, while significant elevation was noticed in the White blood cells
(WBCs), neutrophil, lymphocytes and Mean corpuscular volume (MCV). The reduced level of hemoglobin and erythrocytes show the anemic condition,
while increase in WBCs and other blood parameters
indicates the pathological status of  .
These results provide the baseline information of atrazine toxicity to    and special concern on its use by agriculture sector, particularly in
Pakistan.
,*#&'
!  , atrazine, toxic effect, hematological indices


"(&#)(#"
The use of herbicide for weed control is a common agricultural practice throughout the world. The
extensive use of Atrazine (2-chloro-4-ethylamino-6isopropylamino--triazine) herbicide to improve agricultural production has a devastating effect on the
non-targeted aquatic flora and fauna. This herbicide
is extensively used by farmers for weed control in
corn, sorghum, sugarcane, and other agricultural
crops of economic importance. Although less toxic
to aquatic species, atrazine persists in the environment and is among the most detected pesticides, contaminating rivers, streams, ponds, ground water and
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effect of different environmental chemicals on various fish species indicates that the bioaccumulations
of these chemicals occur in their fatty tissues and are
absorbed through fish skin and gills [18]. The median lethal concentration (LC50) is worldwide accepted method for acute toxicity assessment. The
LC50 of a test chemical kills 50% of the test organisms after definite length of time exposure.
The effect of atrazine herbicide on different
fresh water fish species has been assessed, however,
no such investigations have been done to assess the
toxic effect of atrazine herbicide on the hematological indices of   in Pakistan. Keeping
in view the importance of atrazine toxicity to fish
fauna and its environmental hazards, the present
study was aimed to analyze the effects of various
concentrations of the atrazine on some blood biochemical indices of snow trout (  ).

between 21.2–22.1 C and the pH varied from 7.0–
7.5. The conductivity was found in the range of 200–
220 µm/cm, while the concentration of dissolved oxygen varied between 10.2–11.2 mg/l throughout the
experiment. The total hardness of test water remained in the range of 207–211 mg/l during the entire experiment.

!(& '"!(#'

6?5 /25.B6<> .;1 @<D606@E ?E:=@<:? The
imbalance and erratic behavior of fish subjected to
different concentrations of atrazine herbicide was
observed throughout the experiment. The early response of fish showed alertness and restlessness, and
thereafter the fish stopped swimming and remained
static in vertical position. After some time the static
specimens again started fast swimming and restlessness with suffocation. The specimens exposed to the
high concentration of atrazine herbicides, swam erratically and their fins became hard and stretched.
The increased opercula movement, gulping for air at
surface and choking of gills with copious amount of
thick mucus were observed. The fish lost their balance with rolling movement and became lethargic.
Finally, they ceased the movement and sank to the
bottom with their bellies turned upward and died.

(  
$5E?60<052:60.9=><=2>@62?<3@2?@C.@2>C6@5
:6;6:A:.;1:.D6:A:>.;42
Parameters
Water
temperature
pH
Dissolved oxygen
Conductivity
Total hardness

A total of 60 snow trouts, with an average
weight of 200.80 ± 10.60 g and a mean length of
18.20 ± 1.20 cm, were captured from Khan Khwar
district Shangla by using cast net. The fish were divided into four groups and transferred to the trout
race ways settled at Alpuri Trout Hatchery for acclimatization and experimentation. One group was kept
as a control and the remaining three groups were exposed to 50, 100 and 150 mg/l of atrazine, respectively for 24, 48 and 72 hours. Herbicide atrazine
(brand name Premixrtra) was used to prepare the
stock solution according to Gram/volume approach.
The amount of herbicide for a proposed exposure experiment was calculated and dissolved in a specific
volume of river water to prepare a stock solution.
Then according to planned herbicide concentration,
specific volume of stock solution was poured into the
race ways. Since   is a phytophagous
fish, which feeds on algae attached to pebbles and
stones, therefore, riverine pebbles with attached algae were collected from the bed of Khan Khwar adjacent to the Trout Hatchery Complex for feeding to
the fish. Blood sampling was done at 24, 48 and 72
hours interval by using 2mm heparinized syringe to
puncture the caudal peduncle. Five fish were made
to bleed at each sampling time and the blood was
transferred to the laboratory in EDTA added vials.
Probit analysis for determination of the 24, 48
and 72 hours LC50 values, and Multiple Analysis of
Variance (MANOVA) were carried out using the
statistical package for social sciences (SPSS) version
20 [19].

Unit
C

Mean
21.48

Range
21.2–22.1

mg·L-1

7.3
10.68

7–7.5
10.2–11.2

μMcm-1
mg·L-1

208.8
209

200–220
207–211

)& 
;0>2.?26;36?5:<>@.96@E6?.??<06.@21C6@5@52
6;0>2.?2?6;2D=<?A>2@6:2.;10<;02;@>.@6<;?
>  

?@6:.@6<; <3   The LC50 values (with
95% confidence limits) of different concentrations of
atrazine (Fig. 2) were found to be 110.041, 31.943
and 12.19 mg·L-1 for 24, 48 and 72 h respectively.
Dose and time dependent increase was observed in

&') ('
Table 1 shows the physico-chemical characteristics of the test water. The water temperature ranged
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mortality rates. A direct proportional relationship between fish mortality and atrazine concentration was
observed. The regression value calculated was
0.894. No mortality was found in the control group
throughout the experiment.


The mean values of hematological parameters
of control and test specimens exposed to 50, 100 and
150 mg/l of atrazine herbicide for 24, 48 and 72
hours respectively, are shown in table 2 and figures
2 to 6. Compared to control group, RBCs, HB, MCH,
MCHC and total proteins were found to show significant decline, whereas neutrophil and MCV exhibited overall increase in all treatment groups. The
lymphocyte count was found to exhibit minor fluctuations in all groups.
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In the present study, the comparison of control
group with that of treated ones clearly showed a
marked decline in Hb, RBCs, MCH, MCHC and total proteins, while other blood parameters including
MCV and WBCs were elevated significantly at the
end of the experimental period in atrazine treated
specimens of   (Table 2).
Similar declining pattern in Hb, RBCs, MCH,
MCHC and total proteins in different fish species
was reported earlier by Ramesh   [13] and Hanke
and Gluth [20] following subjection to different concentrations of atrazine herbicide. From the present
findings, it is proposed that hematopoietic tissue get
affected by atrazine causing low release of RBCs
into blood circulation. Significant reduction in blood
protein serum in the present study is supported by a
previous study [21] where they reported that increased energy demand might increase protein consumption, a process where proteins are metabolized
to provide energy, and therefore the protein serum
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24
Hb
9.4 ±0.2
7.4 ±0.3
6.6 ±0.4
6.3 ±0.3
RBCs
2.7 ±0.1
2.3 ±0.2
2 ±0.2
1.7 ±0.1
WBCs
5.2 ±0.4
5.6 ±0.3
7.5 ±0.5
7 ±0.6
Neutrophil
29.5 ±0.6
35.8 ±0.9
40.2 ±0.9
43.5 ±1.9
Lymphocytes
51.9 ±2.3
52.7 ±2
56.3 ±1.2
52.4 ±1.7
MCV
140.6 ±2
147.7 ±1.5
153 ±1.6
162.5 ±1.8
MCH
43.1 ±1.1
38.7 ±0.5
35.5 ±1
32 ±1.8
MCHC
30 ±0.6
30 ±1.2
25.1 ±1.3
20.9 ±0.8
Total proteins 5.4 ±0.2
4.7 ±0.3
4±0.2
3.3 ±0.1
48
Hb
10.2 ±0.6
5.9 ±0.3
5.4 ±0.6
4.5 ±0.4
RBCs
2.5 ±0.2
2.0 ±0.3
1.8 ±0.2
1.6 ±0.3
WBCs
5 ±0.4
7.3 ±0.7
8.8 ±0.4
10.5 ±0.2
Neutrophil
29.7 ±1.3
42.5 ±2.1
50.0 ±1.3
55.3 ±2.3
Lymphocytes
45.1 ±2.2
58.9 ±1.1
48.9 ±1.1
47.7 ±1.1
MCV
139.8 ±1.5
158.0 ±1.3
165.7 ±1.1
170.8 ±1.0
MCH
40.4 ±1
29.8 ±0.5
25.3 ±1.6
20.1 ±1.9
MCHC
30.6 ±0.6
25.0 ±1.2
19.9 ±0.7
19.0 ±0.8
Total proteins 5.1 ±0.2
3.5 ±0.2
3.0 ±0.1
2.8 ±0.1
72
Hb
8.0 ±0.2
3.8 ±0.3
3.4 ±0.4
3.5 ±0.5
RBCs
2.8 ±0.2
1.3 ±0.2
1.1 ±0.1
1.4 ±0.2
WBCs
5.1 ±0.4
11.0 ±0.5
13.2 ±0.7
16.0 ±0.8
Neutrophil
33.1 ±2.2
50.4 ±2.8
60.1 ±2.0
68.6 ±2.4
Lymphocytes
45.2 ±1.2
48.3 ±2.0
48.4 ±0.7
43.8 ±1.0
MCV
140.5 ±0.9
162.9 ±1.6
167.5 ±1.3
174.7 ±1.2
MCH
40.8 ±1.7
29.6 ±1.4
20.9 ±1.1
17.0 ±1.2
MCHC
32.4 ±1.3
20.2 ±0.4
16.7 ±0.3
13.6 ±0.8
Total proteins 5.6 ±0.2
2.7 ±0.2
1.6 ±0.2
0.8 ±0.1
tions, while significant increase was found in neutrophil in all treatment groups in response to atrazine
herbicide.

reduces [21]. Hussein et al. [22] have assessed the
atrazine effect on   and  
    and concluded that total protein
decline in the blood plasma of these fishes was due
to globulin reduction which have indicated the suppression of fish immune system. The probable reason of total protein decline in the blood plasma of 
  may be due to toxic effect of atrazine
on the kidneys, spleen and liver [22].
Significant increase in MCV as clearly depicted
in Table 2 in all treated groups during this study, is
supported by previous study [23], which has shown
that increase in MCV values is a clear reflection of
reduction in TEC values because MCV and TEC
have an inverse relationship with each other. Significant decline of Hb, MCH and MCHC in all treated
groups in the present study contradict the finding of
Jyoti Sharma and Seema Langer [23], where they
found that increased level in MCH and MCHC inversely affect the hemoglobin level in      
  in response to Manganese metal toxicity [23].
It is understood that WBCs play a key role in
animal defense mechanism. WBCs consist of granulocytes (basophils, neutrophils and eosinophils) and
a-granulocytes (monocytes and lymphocytes). In the
present study, lymphocytes exhibited minor fluctua-

#" )'#"
The findings of this study suggest that atrazine
has strong effect on the blood biochemical indices of
 , which are dose and time dependent.
Therefore, it is recommended that the use of the
herbicide atrazine should be avoided or be used at a
minimum level by the farmers, particularly in those
areas where agricultural land has a close proximity
with the natural water resources inhabiting the population of  .
&&"'
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for radicle protrusion, thus suspending the seeds in
the lag phase [20]. Primed seeds pass phases imbibition and lag phase of germination and are ready
for germination in the base of physiological and
biochemical conditions Increasing in the rate of
seed germination has been associated with the initiation of germination related processes [19], repair
processes [18] restores the initial germinative ability, reduces the level of lipid peroxidation and increase in various free radical scavenging enzymes
[1]. For example in seed treatment with salicylic
acid, treatment was accompanied by a transient
increase in the H2O2 level [23]. It seems possible
that salicylic acid may exert its protective effect
partially through the transiently increased level of
H2O2. Polyamines including spermidine, putrescine
and spermine are able to play act as regulators in
various fundamental cellular processes such as cell
division, proliferation, cell death, DNA and protein
synthesis [9, 6]. Xu [25] revealed that tobacco (
     L.) seed priming with putrescine
improved germination percentages, germination
index, seedling length and dry weight in comparison with controls. Another plant growth regulator is
Cytokinins. They can also be used as priming
agent; Iqbal [10] showed that application of CK at
100 or 200 mg L-1 increased the germination rate
and early seedling growth of wheat when compared
with hydropriming treatment. Methyl jasmonate
(MeJA) collectively referred to as jasmonates, are
important cellular regulators involved in diverse
developmental processes, such as seed germination,
tuber formation, tendril coiling, root growth and
fertility [24]. There are many reports showing that
MeJA inhibits germination of seeds in angiosperms,
such as sunflower [7], tobacco [16]. Seed priming
treatments using salts such as potassium nitrate
(KNO3) have been effective in improving germination under improper conditions. Mohammadi [15]
found that among the priming treatments, primed
seeds with potassium nitrate showed the highest
values for all traits and priming with KNO3 than
control, increased germination percentage, germination rate and seedling dry weight by 28.3, 129.4 and
58.1 percentage, respectively. Kattimani [11] indi-

Maximum germination percentage achieves
immediately after harvesting and gradually decreases with storage time. Seed aging is the main
problem of seed storage. Seed priming enhances
seed germination performance after aging and able
to promote rapid and more uniform seed germination and plant growth. The purpose of this Communication is to compare the efficacy of different seed
priming osmotica on the germination of aged and
unaged hybrid silaj sorghum seed. Sugar Grazer II
and Digestivo hybrid silage sorghum cultivars were
used as the plant material. As the priming material,
5 different chemicals (8 mg/L putrescine, 2 mg/L
jasmonic acid, 100 mg/L kinetin, 50 mg/L KNO3
and 4.5 mg/L salicylic acid) were applied to aged
and unaged seeds. Under laboratory conditions, the
greatest first count germination (98.00%) was obtained from jasmonic acid treated aged Sugar Grazer II seeds and the greatest first count germination
in Digestivo cultivar (98.00%) was obtained from
KNO3 treated unaged seeds. The greatest germination percentage (97.33%) was obtained from
jasmonic acid-treated aged Sugar Grazer II.


%# 
Accelerated Aging, Germination, Priming, Seed, Sorghum. 
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Seed quality can have a profound influence on
the establishment and the yield of a crop. Maximum
germination percentage achieves after harvesting
and gradually decreases with storage time. Seed
aging is the main problem of seed storage [17]. The
priming is a technical that reduces the effects of
aging by reducing Malondialdehyde (MDA) and
free radicals production and maintenance antioxidant activities [2]. In priming, seeds are soaked in
different solutions with high osmotic potential. This
prevents the seeds from absorbing in enough water
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cated that primed seeds with nitrate solutions produced vigorous seedlings, more dry matter accumulation and root length in compared with non-primed
seeds.
Sorghum seeds generally lose their biological
characteristics in a short time. Such a case then
influence plant genetic characteristics and storage
conditions. Sorghum seeds generally have 1000seed weights of between 12-40 g and they need
quite well-prepared seed beds for production.
Therefore, when the sowing was not made in mellowed soils in a shallow fashion, germination and
emergence rates will be quite low. On the other
hand, since seed vigor is lost rapidly, sorghum
seeds should be preserved under quite well conditions. Therefore, this study was conducted under
laboratory conditions to investigate the effects of
different priming chemicals on aged and unaged
seeds of two hybrid sorghum cultivars (Sugar Grazer II and Digestivo).

mg/L KNO3 and 4.5 mg/L salicylic acid) were used
for priming treatments. A control treatment without
priming was also included into the experiments. For
laboratory experiments, seeds were prepared for
each treatment at the end of priming process. Germinated seeds were counted on forth and tenth day.
Seedling root length and fresh weights were also
measured at the end of tenth day. Fresh seedlings
were dried in an oven at 70°C for 48 hours. Dried
samples were cooled in a desiccator and weighted
in a precise balance to get seedling dry weights.
((*0*5&7*)&,.2,7*67For aging, seeds were
placed in plastic boxes and supplemented with
distilled water to provide high relative humidity.
Seeds were placed in a single layer over the wire
section of the box as not to touch each other. Aging
boxes were placed in zip lock bags to prevent moisture loss and they were aged in an oven previously
heated to 42°C at 100% relative humidity and dark
for 24 hours. Following the aging procedure, aged
seeds were placed in jars, closed with stretch film
and kept in a fridge at 5°C for 24 hours to have the
seed moisture balanced [26]. Experiments were
conducted in 3 replications. Experimental results
were subjected to variance analyses with Jump
statistical software in accordance with Randomized
Blocks Factorial Experimental Design. Significant
differences were tested with F test and means were
grouped with Duncan test.

! ! 
Experiments were conducted under laboratory
conditions. Aged and unaged seeds of Sugar Grazer
II and Digestivo hybrid silage sorghum ( 
 L Moench. x    Staph.)
cultivars were used as the seed material of the experiments. Five different chemicals (8 mg/L putrescine, 2 mg/L jasmonic acid, 100 mg/L kinetin, 50
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Seed
aging
Aged
Sugar
Graze II

Unaged

Aged
Digestivo

Unaged

Priming
Putrescine
Jasmonic acid
Kinetin
KNO3
Salicylic acid
Control
Putrescine
Jasmonic acid
Kinetin
KNO3
Salicylic acid
Control
Putrescine
Jasmonic acid
Kinetin
KNO3
Salicylic acid
Control
Putrescine
Jasmonic acid
Kinetin
KNO3
Salicylic acid
Control

First count
germination
90.33 d
98.00 a
96.00 b
92.33 c
87.66 e
84.00 f
94.00 b
95.00 a
86.33 d
93.66 b
88.00 c
86.33 d
93.66 a
90.33 d
90.00 d
92.66 b
91.66 c
89.00 e
92.00 d
93.33 c
97.00 b
98.00 a
93.66 c
83.00 e

Germination
percentage (%)
91.66 c
97.33 a
92.33 b
92.66 b
91.66 c
87.66 d
95.00 b
95.66 a
90.33 e
94.33 c
91.66 d
87.66 f
93.33 b
90.00 d
91.33 c
93.00 b
95.00 a
89.00 e
92.00 c
93.00 b
96.33 a
92.33 c
96.66 a
86.66 d

* Letters indicate different groups at 0.01 level.
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Seedling root
lengths
15.08 a
14.34 b
10.33 d
13.56 c
15.09 a
9.87 e
11.39 d
14.05 a
11.00 e
12.26 c
13.34 b
10.03 f
14.87 c
16.19 a
10.86 e
12.33 d
15.77 b
9.71 f
16.26 b
16.62 a
10.61 d
16.08 b
15.58 c
9.84 e

Seedling fresh
weight
0.21 b
0.13 d
0.09 e
0.18 c
0.25 a
0.08 f
0.15 d
0.22 a
0.08 f
0.18 c
0.20 b
0.09 e
0.33 b
0.31 c
0.14 e
0.40 a
0.27 d
0.10 f
0.41 a
0.34 b
0.09 e
0.19 d
0.31 c
0.08 f

Seedling
dry weight
0.023 c
0.023 c
0.018 d
0.030 a
0.027 b
0.014 e
0.018 d
0.023 a
0.014 e
0.022 b
0.021 c
0.014 e
0.034 a
0.034 a
0.023 c
0.033 b
0.034 a
0.017 d
0.031 c
0.027 d
0.021 e
0.032 b
0.034 a
0.017 f
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.567 (3827 ,*51.2&7.32 According to the
Table 1, seed priming treatments had significant
effects on first count germination of two different
sorghum hybrids (p<0.01). First count germination
(%) of unaged Sugar Grazer II seeds varied between 86.33-95.00% with the greatest value from
jasmonic acid-primed seeds and the lowest value
from the control seeds. Kinetin-primed seeds were
also placed in the same statistical group with the
control seeds. First count germination (%) of aged
Sugar Grazer II seeds varied between 84.00 98.00% with the greatest value from jasmonic acidprimed seeds and the lowest value from the control
seeds. First count germination (%) of unaged Digestivo seeds varied between 83.00 - 98.00% with
the greatest value from KNO3-primed seeds and the
lowest value from the control seeds. First count
germination (%) of aged Digestivo seeds varied
between 89.00 - 93.66% with the greatest value
from putrescine primed seeds and the lowest value
from the control seeds. When the first count germination responses of aged and unaged seeds to different chemical under laboratory conditions were
compared, it was observed that aged and unaged
Sugar Grazer II seeds had the greatest first count
germination (%) with jasmonic acid priming. Exogenous jasmonate treatments supported morphological and physiological changes and yielded the
greatest first count germination Unaged Digestivo
seeds had the greatest first count germination with
KNO3 priming and aged seeds with putrescine
priming. Because of the changes observed in seed
compounds with aging procedures, seeds had different responses to different chemicals, thus yielded
different results. The different responses of different cultivars were because of physiological characteristics of the seeds and it was an expected case.
Present findings about the effects of putrescine
treatments on germination (%) comply with the
findings of Tekin and Bozcuk [21] reported for
sunflower and findings of Çavuşoğlu [5] reported
for barley; present findings for KNO3 treatments
comply with the results of Madakadze [13] for
switch grass, results of Büyükçıngıl [3] for grain
sorghum; findings for jasmonic acid treatments
comply with the findings of Tiryaki [22] reported
for sorghum.

*51.2&7.324*5(*27&,*As can be seen
in Table 1, seed priming treatments had significant
effects on germination percentage of two different
sorghum hybrids (p<0.01). Germination percentage
of unaged Sugar Grazer II seeds varied between
87.66 - 95.66% with the greatest value from
jasmonic acid-primed seeds and the lowest value
from the control seeds. Germination percentage of
aged Sugar Grazer II seeds varied between 87.66 97.33% with the greatest value from jasmonic acidprimed seeds and the lowest value from the control
seeds. Germination percentage of unaged Digestivo

seeds varied between 86.66 - 96.66% with the
greatest value from salicylic acid-primed seeds and
the lowest value from the control seeds. With regard to the greatest germination power, salicylic
acid and kinetin-primed seeds were placed into the
same statistical group. Germination percentage of
aged Digestivo seeds varied between 89.00 95.00% with the greatest value from salicylic acidprimed seeds and the lowest value from the control
seeds. When the germination power responses of
aged and unaged seeds to different chemicals under
laboratory conditions were compared, it was observed that aged and unaged Sugar Grazer II seeds
had the greatest germination percentage with
jasmonic acid priming. Exogenous jasmonic acid
treatments supported morphological and physiological changes and yielded the greatest germination
powers. Unaged and aged Digestivo seeds had the
greatest germination percentage with salicylic acid
priming treatments. Present findings on germination
power comply with the results of Büyükçıngıl [3]
reporting positive effects of jasmonic acid and
salicylic acid treatments on germination power of
sorghum seeds and with the findings of Çanakçı [4]
reporting positive effects of salicylic acid treatments on barley seeds.
**)0.2, 5337 0*2,7- Table 1, reperesent,
seed priming treatments had significant effects on
seedling root lengths of two different sorghum
hybrids (p<0.01). Seedling root lengths of unaged
Sugar Grazer II seeds varied between 10.03 -14.05
cm with the greatest value from jasmonic acidprimed seeds and the lowest value from the control
seeds. Seedling root lengths of aged Sugar Grazer II
seeds varied between 9.87 - 15.09 cm with the
greatest value from salicylic acid-primed seeds and
the lowest value from the control seeds. However,
with regard to the greatest root length, salicylic
acid-primed seeds and putrescine-primed seeds
were placed in the same statistical group. Seedling
root lengths of unaged Digestivo seeds varied between 9.84 - 16.62 cm with the greatest value from
jasmonic acid-primed seeds and the lowest value
from the control seeds. Seedling root lengths of
aged Digestivo seeds varied between 9.71 - 16.19
cm with the greatest value from again jasmonic
acid-primed seeds and the lowest value from the
control seeds. When the responds of aged and
unaged seeds to different chemicals were compared
with regard to seedling root lengths under laboratory conditions, it was observed that unaged seeds of
Sugar Grazer II and both the aged and unaged seeds
of Digestivo cultivar yielded the greatest seedling
root lengths with jasmonic acid priming. Aged
seeds of Sugar Grazer II yielded the greatest seedling root lengths with salicylic acid priming. Aged
and unaged seeds of the same cultivars may have
different responses against different chemicals.
Present findings on seedling root lengths and posi-
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II seeds varied between 0.014 - 0.030 g with the
greatest value from KNO3-primed seeds and the
lowest value from the control seeds. Seedling dry
weights of unaged Digestivo seeds varied between
0.017 - 0.034 g with the greatest value from salicylic acid-primed seeds and the lowest value from the
control seeds. Seedling fresh weight of aged Digestivo seeds varied between 0.017-0.034 g with the
greatest values from putrescine, jasmonic acid and
salicylic acid-primed primed seeds and the lowest
value from the control seeds. With regard to the
greatest seedling dry weights, KNO3-pirmed seeds
were placed in the same statistical group with putrescine, jasmonic acid and salicylic acid-primed
seeds (Table 1). When the seedling fresh weight
responses of aged and unaged seeds to different
chemicals under laboratory conditions were compared, it was observed that unaged Sugar Grazer II
seeds had the greatest seedling dry weights with
jasmonic acid priming and aged seeds with KNO3
priming. The greatest seedling dry weights of
unaged Digestivo seeds were obtained from salicylic acid treatments and the greatest values of aged
seeds was obtained from putrescine, jasmonic acid
and salicylic acid treatments. Aging causes various
changes in seed bioactive compounds and such
changes then result in different responses. Thus
aged and unaged seeds had different values as it
was expected. Present findings about the positive
effects of salicylic acid treatments on seedling dry
weights comply with the findings of Mendoza [14]
for peppers, findings of Khodary [12] for maize and
findings of Çanakçı [4] for barley seeds. Current
findings on KNO3 treatments comply with the findings of Erdoğan [8] reported for Iskenderiye trefoil.
Findings about the positive effects of jasmonic acid
treatments on seedling dry weights comply with the
findings of Büyükçıngıl [3] reported for sorghum
seeds. Considering the laboratory experiments, it
was observed that reactions on chemicals used as
priming activator on aged and unaged seeds were
different. Present findings revealed that jasmonic
acid-priming yielded better outcomes. Priming
processes may yield different outcomes in different
cultivars. It is possible to mention that priming
chemicals could be successful in stimulation activation of seed vigor. 

tive effects of jasmonic acid treatments on seedling
root lengths comply with the findings of
Büyükcıngıl [3] for grain sorghum; positive impacts
of salicylic acid treatments on seedling root lengths
comply with the findings of Çanakçı [4] for barley. 
**)0.2, +5*6- :*.,-7 Table 1 order, seed
priming treatments had significant effects on seedling fresh weights of two different sorghum hybrids
(p<0.01). Seedling fresh weights of unaged Sugar
Grazer II seeds varied between 0.08 - 0.22 g with
the greatest value from jasmonic acid-primed seeds
and the lowest value from kinetin-primed seeds.
Seedling fresh weight of aged Sugar Grazer II seeds
varied between 0.08 - 0.25 g with the greatest value
from salicylic acid-primed seeds and the lowest
value from the control seeds. Seedling fresh
weights of unaged Digestivo seeds varied between
0.08 - 0.41 g with the greatest value from putrescine-primed seeds and the lowest value from the
control seeds. Seedling fresh weight of aged Digestivo seeds varied between 0.10 - 0.40 g with the
greatest value from KNO3-primed seeds and the
lowest value from the control seeds. Considering
the seedling fresh weights of both cultivars based
on seed aging and priming treatments, it was observed that unaged Sugar Grazer II seeds had the
greatest seedling fresh weights with jasmonic acid
priming and aged seeds with salicylic acid priming.
When the seedling fresh weights of Digestivo cultivar were compared with the values of Sugar Grazer
II, it was observed that unaged Digestivo seeds had
higher seedling fresh weights with putrescine priming and aged seeds with KNO3 priming. Aging
results in changes in seed compounds thus aged and
unaged seeds had different values and this was an
expected case. Present dings about the effects of
putrescine treatments on seedling fresh weights
comply with the findings of Tekin and Bozcuk [21]
reported for sunflower seeds; findings on jasmonic
acid treatments were similar with the results of
Büyükçıngıl [3] reported for sorghum seeds. Positive impacts of salicylic acid treatments on seedling
fresh weights of the present study also comply with
the findings of Khodary [12] and Çanakçı [4]. Present findings about the positive effects of KNO3
treatments on seedling fresh weights comply with
the findings of Büyükçıngıl [3] reported for grain
sorghum. 


 

[1] Bailly, C., Benamar, A., Corbineau, F. and
Côme, D. (1998) Free radical scavenging as affected by accelerated ageing and subsequent
priming in sunflower seeds. Physiol Plant. 104,
646-652.
[2] Basra, S.M.A., Ahmad, N., Khan, M.M., Iqbal,
N. and Cheema, M.A. (2003) Assessment of
cotton seed deterioration during accelerate.
Seed Sci Technol. 31,531-540.

**)0.2,)5;:*.,-t.As can be seen in Table
1, seed priming treatments had significant effects
on seedling dry weights of two different sorghum
hybrids (p<0.05). Seedling dry weights of unaged
Sugar Grazer II seeds varied between 0.014 - 0.023
g with the greatest value from jasmonic acidprimed seeds and the lowest value from kinetinprimed seeds. However, control seeds and kinetinprimed seeds were placed in the same statistical
group. Seedling dry weights of aged Sugar Grazer

3084

$#

! %   







!"  ! 




[14]Mendoza, A.B., Rodriguez, H.R., Torres, V.R.,
Davila, J.H., Mezquitic, J.G.R., Tellez, E.B.,
Rangel A.S. and Garcia, M.A.B. (2002) Seed
Treatment with Salicylates Modifies Stomatal
Distrubution, Stomatal Density, and The Tolerance to Cold Stress in Pepper Seedlings. Proceedings of the 16th International Pepper Conference Tampico, Tamaulipas, Mexico, November 10-12.
[15]Mohammadi, G.R. (2009) The effect of seed
priming on plant traits of late-spring seeded
soybean (   L.). American-Eurasian
Journal of Agriculture & Environmental Science. 5 (3), 322-326.
[16]Preston, C.A., Betts, H. and Baldwin, I.T.
(2002) Methyl jasmonate as an allelopathic
agent: sagebrush inhibits germination of a
neighboring tobacco,      . J.
Chem. Ecol. 28, 2343 2369.
[17]Sveinsdottir, H., Yan, F., Zhu, Y., Peiter, T.
and Schubert, S. (2009) Seed ageing-induced
inhibition of germination and post-germination
root growth is related to lower activity of
plasma membrane H(+) ATPase in maize roots.
J. Plant Physiol. 166(2), 128-135.
[18]Sivritepe, H.O. and Dourado, A.M. (1995) The
effect of priming treatments on the viability
and accumulation of chromosomal damage in
aged pea seeds. Ann. Bot. 75,165-171.
[19]Soeda, Y., Konings, M.C.J.M., Vorst, O., van
Houwelingen, A.M.M.L., Stoopen, G.M.,
Maliepaard, C.A., Kodde, J., Bino, R.J., Groot,
S.P.C. and van der Geest, A.H.M (2005) Gene
expression programs during     
seed maturation, osmopriming, and germination are indicators of progression of the germination process and the stress tolerance level.
Plant Physiol. 137, 354368.
[20]Taylor, A.G., Allen, P.S., Bennett, M.A., Bradford, K.J., Burrisand, J.S. and Misra, M.K.
(1998) Seed enhancements. Seed Sci. Res. 8,
245-256.
[21]Tekin, F. and Bozcuk, S. (1998) Effects of Salt
and Exogenous Putrescine on Seed Germination and Early Seedling Growth of  
 L. var. Santafe. Turkish Journal of Biology. 22(3), 331-340.
[22]Tiryaki, I., Korkmaz, A., Ozbay, N. and Nas,
M.N. (2005) Effect of Priming Supplemented
with Plant Growth Regulators on Sorghum
(   L. Moench) Seed Germination and Seedling Emergence at Low Temperature. Türkiye VI. Tarla Bitkileri Kongresi, Antalya.
[23]Wahid, A., Perveen, M., Gelani, S., Basra,
S.M.A (2007) Pretreatment of seed with H2O2
improves salt tolerance of wheat seedlings by
alleviation of oxidative damage and expression
of stress proteins. J Plant Physiol. 164, 283294.

[3] Büyükçıngıl, Y. (2007) Priming Uygulamasının Sorgum (   L. Moench)
Tohumlarının Düşük Sıcaklıktaki Çimlenme
Ve Çıkış Performansı Üzerine Etkileri. KSÜ,
Fen Bilimleri Enistitüsü, Tarla Bitkileri Ana
Bilim Dalı. Master Thesis. 56p.
[4] Çanakçı, S. (2010) Arpa ( L.)
tohumlarının çimlenmesi, çeşitli büyüme parametreleri ve pigment miktarları üzerine
salisilik asit ve ferulik asit’in etkileri. Fırat Üniversitesi Fen Bilimleri Enstitüsü Dergisi. 22
(1), 37-45.
[5] Çavuşoğlu, K., Kılıç, S. and Kabar, K. (2007)
Arpa tohumlarının çimlenmesi sırasında gibberalik asit, kinetin ve etilen ile tuz stresinin
hafifletilende bazı morfolojik ve anatomik
gözlemler. SDÜ Fen Edebiyat Fak. Fen Dergisi
(E-Dergi). 2(1), 27-40.
[6] Childs, A., Mehta, D., Gerner, E. (2003) Polyamine-dependent gene expression. Cell Mol.
Life Sci. 60,1394-1406.
[7] Corbineau, F., Rudnicki, R.M. Come, D.
(1988) The effects of methyl jasmonate on sunflower (   L.) seed germination and seedling development. Plant Growth
Regul. 7, 157-169.
[8] Erdoğan, G. (2008) Değişik kimyasal uygulamalarinin farkl iskenderiye üçgülü ( 
  L.) çeşidi tohularının düşük
sıcaklıkdaki çimlenme ve çıkış performansları
üzerine
etkileri.
Master
Thesis.
Kahramanmaraş Sütçü İmam Üniversitesi,
Kahramanmaraş, 60p.
[9] Igarashi, K, Kashiwagi, K. (2000) Polyamines:
mysterious modulators of cellular functions.
Biochem. Bioph. Res. Co. 271, 559-564.
[10]Iqbal, M., Ashraf, M. (2006) Wheat seed priming in relation to salt tolerance: growth, yield
and levels of free salicylic acid and polyamines. Ann. Bot. Fenn. 43, 250-259.
[11]Kattimani, K.N., Reddy, Y.N. and Rajeswar
Rao, B. (1999) Effect of pre-sowing seed
treatment on germination, seedling emergence,
seedling vigoure and root yield of Ashwagandha (Withania somnifera Daunal.). Seed Science Technology. 27, 483-488.
[12]Khodary, S.E.A. (2004) Effect of salicylic acid
on the growth, photosynthesis and carbohydrate metabolism in salt-stressed maize plants.
International Journal of Agriculture and Biology 6, 5-8.
[13]Madakadze, I.C., Prithiviraj, B., Madakadze,
R.M., Stewart, K., Peterson, P., Coulman, B.E.,
and Smith, D.L. (2000) Effect of preplant seed
conditioning treatment on the germination of
switchgrass (    L.). Seed Sci.
& Technol. 28, 403-411.

3085

$#

! %   









!"  ! 



[24]Wasternack, C. (2007) An update on biosynthesis, signal transduction and action in plant
stress response, growth and development. Annals of Botany. 100, 681– 697.
[25]Xu, S., Hu, J., Li, Y., Ma, W., Zheng, Y. and
Zhu, S. (2011) Chilling tolerance in   

 induced by seed priming with putrescine. Plant Growth Regul. 63, 279-290.
[26]Zamani, A., Sadat Nouri, S.A. Tavakol Afshar,
R. Iran Nezhad, H. Akbari G.A. and Tavakoli,
A. (2010) Lipid Peroxidation and Antioxidant
Enzymes Activity under Natural and Accelerated Aging in Safflower (  
L.) Seed. Iranian Journal of Field Crop Science. 41(3), 545-554.

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


 "!
*,&5'5&-.13853/-7&5.
Gaziantep University,
Islahiye Vocational School,
Organic Farming Department,
Gaziantep – Turkey
e-mail: n_mokhtary@yahoo.com

3086

$#

! %  

 





!"  ! 




" "&   &
!!"" "
$ "!
7)'3?0'>3'0&'8+2/37.'3":-('!/28+0

Yüksel Tohum, Kurşunlu Mah. Madenler Sok. No: 12/A, Antalya, Turkey



!" "

In this research, about 115.000 potato seeds
from different genetic backgrounds obtained and
evaluated 2008 to 2015 for developing new varieties.
At the end of 9 years potato breeding program 7 advanced potato lines (The early season: 12-03-85, 1255-07, 12-55-16, 12-69-39; main season: 12-68-05,
13-67-25 and 22-99-33) submitted for registration as
commercial varieties. The aim at the research compared to performance of early and main season commercial candidate potato varieties with commercial
varieties for agronomic, tuber and quality traits. 7
commercial candidate potato variety tested in 4 replicated trials in four potato regions of Turkey (For
the early season, Adana and İzmir; for the main season, Antalya and Niğde). As a result, 4 of seven candidate commercial varieties determined as a suitable
for French fries, chips and fresh potato market. In the
first step, these 7 commercial candidate varieties will
be using large-scale in Turkey, after that these varieties can use other countries such as Morocco, Pakistan, Azerbaijan and other Turkic Republics, South
Korea, etc.



Although, last ten years important advances in
molecular breeding provide opportunities for rapid
genetic gain [2], yet the use of molecular approaches
requires quantitative genetic analysis of the highly
heterozygous breeding populations for development
of the complex quality and yield traits with low heritability. Thus, phenotypic selection in potato still remains the common practice in breeding programmes.
Potato production in Turkey totally depends on
foreign varieties, which are mainly from European
countries such as Netherlands, France etc. It is
thought that dependency of seed production system
on imported seed as well as limited research and development efforts are main reasons for the situation.
Currently, there are about 190 registered potato cultivars in the ‘national variety’ list and ten of them
was bred via crossing in Turkey. These Turkish varieties has never had a change in commercial production because last 3-4 years old new varieties. However, only 25 to 30% demand for high quality and
certified seed is supplied. The remaining demand is
obtained either from stocked harvested small seeds
by the growers, or from uncertified seed tubers sold
at local markets [3, 4, 5]. There is a need to improve
high yield, high quality and good adaptation ability
new potato varieties for Turkey. In Turkey, generally
tubers planted in beginning of January to middle of
June planting season in Mediterranean and Aegean
region (early season). Early season potato production was about 20% of total potato production. In
main season, potato production was made long season 15th April to end of October. This study was conducted to determine to performance of agronomic,
tuber, yield and quality traits of new superior potato
candidate varieties for early season and main season
growing conditions in Turkey.


" !"!
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Domestic, French fries, potato breeding, tuber yield
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Potato breeding is based on a phenotypic and
genotyping selection scheme that cycle every 6 to 10
years (50 traits including quality and yield). Potato
varieties are developed by crossing hundreds of genotypes in breeding programmes. After crossing,
large populations of F1 seedlings are generally
grown for visual selection. A single tuber is usually
taken from each F1 plant selected for planting in the
next season. During the next two to three seasons,
clones are cultivated and screened for further evaluations and propagated to increase the number of seed
tubers. After a number of years, superior clones are
tested in replicated trials in different locations to estimate the genotype x environment interaction [1].

1'39 2'9+7/'1 '3* +=5+7/2+39 Tetraploid
cross populations including European varieties, exotic cultivars and local genotypes were used as parents for developing new varieties in the breeding
programme. Approximately 115.000 seeds from dif-
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ferent genetic backgrounds were obtained and evaluated between 2008 and 2015. The experiments were
carried out during two periods (early season: January-June); medium and late season: May-October) in
the experimental regions of Adana, İzmir, Antalya
and Niğde in 2015. Early season field experiments
were conducted at commercial fields of Adana and
Izmir (Ödemiş) in the West-Mediterranean region of
Turkey (January-June season). Medium-late season
experiments were carried out in highlands of Antalya
(Korkuteli) and Niğde. Five commercial potato varieties (Orkestra (mid early, ware potato), Marabel
(early, retail fresh), Musica (mid early, retail fresh),
Florice (mid early, retail fresh), Safrane (mid early,
ware potato) and four candidate varieties (12-03-85
(early), 12-55-07 (early-mid early), (12-55-07 (mid
early) and 12-69-39 (mid early) were used as a material in the present early season study. In main season experiment; Marabel (early, retail fresh), Agria
(mid early-late, retail fresh -processing potato),
Madeline (mid early, retail fresh), Melody (mid
early, retail fresh), Granola (late, retail fresh) commercial varieties and three candidate varieties (1268-05 (mid early), 13-67-25, mid early) and 22-9933 (early-mid early) were used as material.

:19:7'17')9/)+82+'8:7+*97'/98'3*89'
9/89/)'1 '3'1>8/8 Potato commercial varieties and
candidate varieties were planted, spaced 30 cm apart
in ridges and 70 cm wide, in field conditions. Fertilizer was broadcast at 60/80 kg ha-1 N, 40/50 kg ha-1
P2O5 and 80/100 kg ha-1 K2O in different experiment
fields and locations. Weeds were controlled by hand
after emergence. Disease control and irrigation was
carried out according to practice. Except tuber yield
other components were given as an average data of
two locations. Main stem number were measured 5
randomised plant in replication at the end of flowering time. Marketable tuber yield (%) were determined the percentage of bigger 30mm in early season and 35 mm medium-late season. Tuber shape:
100 x (tuber long (mm) / tuber width (mm) in 20 tuber in each replication. 112-129: short oval tuber,
130-149: oval tuber, 150-169: long oval tuber, 170199: long tuber and > 200 very long tuber. Flesh colour were measured 20 tuber in each replication. For
cooking type baked and boiling potato performance
were determined. For baked potato performance, 10
clear tuber in each replication were made 8 short
holes with fork. After tubers baked in oven 175 C in
two hours. After two hours tuber structure and colour
were determined. Dry matter content (%) was measured by Zeal potato hydrometer and starch content
(%) was determined with a polarimetric procedure
[6]. The experiments were laid out in a Completely
Randomized Block Design with four replication. 54
tubers of each cultivars were planted in two rows in
each replication. Tuber yield were subjected to analysis of variance and differences were compared with
LSD tests using MSTAT-C statistic program [7]. 

As a result of the early season trials during the
research study, in commercial varieties generally
were obtained 4-5 and 5-6 main stems, while candidate varieties were produced 5-6 main stems. In
terms of the average tuber weight, the highest values
were obtained, as the averages of Adana and İzmir,
with the commercial varieties of Safrane and Florice.
Among the candidate varieties, the highest value was
obtained as 122g with 12-55-16 and a higher average
tuber weight than the control variety Marabel was
found. The marketable tuber ratio was varied between 90% and 96%. While the commercial variety
Florice was given a marketable tuber ratio of 96%,
the candidate varieties were produced a marketable
tuber ratio of 94% and 95%. Tuber shape was determined as oval with the varieties Marabel and 12-6939, long with Musica, and long oval with all other
varieties. While the tuber flesh colour was yellow for
the commercial varieties Marabel, Musica and the
candidate variety 12-03-85, it was determined as
light yellow for other control varieties and candidates.
In the analyses of cooking quality and nutrient
contents, candidates, except for 12-55-16 and 12-5507, variety candidates, and commercial control varieties were showed firm cooking tuber structure. The
dry matter and starch ratio are the two most essential
quality criteria for potatoes. In terms of dry matter,
values of 18.0-23.9% were obtained based on commercial varieties and candidate varieties in the regions of Adana and İzmir. The highest dry matter ratio was obtained in the variety candidates 12-55-07
and 12-55-16. The distribution in terms of starch ratio varied between 10.5% and 17.7%. Of the candidate varieties, the variety 12-55-07 was given higher
starch ratio than other candidates. In general, higher
starch and dry matter ratios were determined in the
Adana region.
Breeding studies are carried out for potato by
taking into consideration some 50 different characteristics before the potential is established for commercial varieties. Table 1 gives some traits which are
important for developing varieties for potato. Tuber
yield is the most important character besides the
plant, tuber, agronomic and quality characteristics of
potato. Early season results for tuber yields were
given in Table 2 collectively, on a regional basis. If
Table 2 is examined, the highest yields were obtained for Florice and Safrane commercial varieties
under Adana conditions, and variety 12-69-39,
among the candidates, was statistically included in
the same group as those varieties. The lowest yields
were obtained with the commercial variety Marabel,
and among the candidate varieties, 12-55-07 and 1255-16 varieties were included in the same group as
Orkestra and Musica varieties. The average tuber
yield in the Adana area was found as 4381 kg decare-1, which was obtained as 5573 kg decare-1, under
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İzmir conditions. Tuber yield was highest in Florice
by giving the highest values with 105g. The marketable tuber ratio ranged from 91% to 96% and the
and Orkestra varieties under İzmir conditions, the
highest rate was obtained in the 13-67-25 candidate
control varieties being followed by 12-55-16 and 12variety and the Granola commercial variety with
69-39 candidate varieties. All the four candidate va95%. The tuber shape was determined as short oval
rieties presented higher tuber yield than the control
tuber for the candidate 12-68-05, oval tuber for Marvariety Marabel. The general average tuber yield was
abel, and long oval tuber for other varieties. In terms
determined as 4977 kg decare-1 in the early season
of flesh colour, among the candidates, 13-67-25 was
experiment. In view of the combined data as the avdetermined as the variety having yellow flesh colour.
erage value of both areas, the highest yields were obOther candidates were determined as having light
tained in the Florice and Safrane commercial varieyellow tuberous colour. In terms of cooking quality,
ties, while, among the candidate varieties, the 12-69Marabel, Madeline, Granola, 13-67-25 showed a
39 and 12-55-16 varieties gave the highest yields.
firm cooking tuber structure, while Agria and 22-99The lowest value of tuber yield was determined for
33 varieties displayed medium fairly firm-floury tuthe candidate variety 12-03-85.
ber structure. In respect of dry matter ratio, 22-99Agronomic, plant, tuber and quality character33, of the candidate varieties, were produced high
istics of 3 candidate varieties and 5 control commervalues (20.4% and 21%) in both regions. The 12-68cial varieties under the main crop conditions were
05 variety gave a fairly high dry matter ratio, as was
given in Table 3. In terms of the number of main
the case with the commercial variety Melody. As restems, candidate varieties gave 5-6 pieces of stems
gards to the starch ratio, the highest value among
as the average number of regions. As for the average
candidate varieties was obtained for the variety 22tuber weight, 12-68-05 and 13-67-25 varieties of the
99-33 in the Niğde region.
candidate varieties surpassed commercial varieties

" 
'71>8+'843+=5+7/2+39';+7'-+;'1:+84,51'399:(+7'3*6:'1/9>97'/989<414)'9/438*'3''3*C?2/7
Marabel

5-6

ATW
(g)
91

Varieties

MSN

MTY
(%)
90

Orkestra

4-5

117

94

Musica

5-6

109

92

Safrane

4-5

142

95

Florice

4-5

147

96

TS

FC

Cooking type

Oval
Long
oval
Long
Long
oval
Long
oval
Long
oval
Long
oval

Yellow
Light
yellow
Yellow
Light
yellow
Light
yellow
Light
yellow
Light
yellow
Light
yellow

Firm, AB

12-55-16

5-6

122

95

12-55-07

5-6

103

94

12-69-39

5-6

102

94

Oval

91

Long
oval

12-03-85

5-6

93

Yellow

Dry matter content (%)
Adana
İzmir
21.4
19.6

Starch content (%)
Adana
İzmir
17.7
14.2

Firm, A

19.5

19.0

15.3

Firm, A

20.8

20.6

15.0

14.7

Firm, A

21.3

20.3

15.7

14.7

Firm, A

18.4

18.0

13.7

12.5

22.4

21.0

14.0

10.5

23.9

23.2

14.3

13.0

Firm, AB

21.4

21.3

12.4

12.0

Firm, AB

20.5

20.8

11.3

11.8

Slightly
mealy, B
Slightly
mealy, B

15.0

MSN: stem number per main, ATW: Average tuber weight, MTY: Marketable tuber yield, TS: Tuber shape, FC:
Flesh colour.
" 
'71>8+'8439:(+7>/+1*7+8:1984,)42(/3+**'3''3*C?2/714)'9/438 
Variety
Marabel
Orkestra
Musica
Safrane
Florice
12-55-16
12-55-07
12-69-39
12-03-85
General Mean
Commercial Varieties Mean
(%) CV
F Value
LSD



Tuber Yield (kg/da)
İzmir
4757 d
6171 a
5939 ab
5768 b
6260 a
5672 b
5106 c
5356 bc
5166 c
5573
5779
12.93
10.03**
475

Adana
2246 d
4497 b
4307 b
5501 a
5679 a
4457 b
4518 b
5245 a
2977 c
4381
4446
11.93
18.78**
689

General Mean
3502 d
5334 bc
5123 bc
5635 ab
5970 a
5065 bc
4937 c
5301 bc
4072 d
4977
5113
8.75
9.47**
593

*: Within columns, means followed by the same letter are not significantly different by ANOVA protected LSD
test (p<0.01)
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'/38+'843+=5+7/2+39';+7'-+;'1:+84,51'399:(+7'3*6:'1/9>97'/989<414)'9/43839'1>''3*
/B*+
Varieties

MSN

ATW
(g)

MTY
(%)

Marabel

5-6

98

91

Agria

4-5

98

94

Granola

5-6

91

95

Melody

4-5

100

94

Madeline

6-7

99

93

22-99-33

5-6

100

94

12-68-05

5-6

105

95

13-67-25

5-6

105

96

TS
Oval
Long
oval
Long
oval
Long
oval
Long
oval
Long
oval
Short
oval
Long
oval

FC

Cooking type

Yellow

Firm, AB
Slightly
mealy, B

Yellow

Dry matter content
(%)
Niğde
Antalya
16.6
17.7

Starch content
(%)
Niğde
Antalya
11.5
12.2

17.8

18.9

14.0

13.2

Light
yellow

Firm, A

17.9

17.5

10.2

11.4

Yellow

Firm, AB

20.4

19.8

11.6

12.2

Yellow

Firm, A

16.8

17.6

10.8

11.3

Light
yellow
Light
yellow

Slightly
mealy, B

20.4

21.0

15.9

12.6

Firm, AB

19.6

20.4

12.2

12.4

Firm, A

17.5

18.2

10.6

11.2

Yellow

MSN: stem number per main, ATW: Average tuber weight, MTY: Marketable tuber yield, TS: Tuber shape, FC:
Flesh colour.
" 
'/38+'8439:(+7>/+1*7+8:198'9)42(/3+*39'1>''3*/B*+14)'9/438  
Variety
Marabel
Agria
Granola
Melody
Madeline
22-99-33
12-68-05
13-67-25
General Mean
Commercial Varieties Mean
(%) CV
F Value
LSD

Tuber yield (kg/da)
Niğde
3574 c
3894 bc
3921 bc
4068 abc
4061 abc
3698 bc
4551 a
4207 ab
3997
3904
10.95
10.92**
352

Antalya
3107 d
3217 d
3580 bc
4142 a
3364 cd
3374 cd
4208 a
3911 ab
3613
3482
6.64
12.47**
339

General Mean
3341 d
3556 cd
3751 c
4105 b
3713 c
3536 cd
4380 a
4059 b
3805
3693
9.85
8.47**
320

*: Within columns, means followed by the same letter are not significantly different by ANOVA protected LSD
test (p<0.01).
third. As averages of two regions, 22-99-33 candidate variety produced higher tuber yield than Marabel variety.


!#!!

In the main crop experiment under Antalya
conditions, the highest value was obtained with the
12-68-05 candidate variety in terms of the tuber
yield, followed by the Melody variety (Table 4).
Among the other candidate varieties, 13-67-25 and
22-99-33 varieties gave higher yields than the commercial varieties Marabel and Agria. The highest
yield for the main crop was produced by 12-68-05
and 13-67-25 candidate varieties under Niğde conditions (Table 4). In commercial varieties, Melody and
Madeline varieties showed good performance. Under the main crop conditions, tuber yields were
found as 3613 kg decare-1 in the Antalya region and
3997 kg decare-1 in the Niğde region. The overall average was determined as 3805 kg decare -1. When the
combined tuber yield values are examined, 12-68-05
candidate variety ranked first, followed by 13-67-25
as the second and commercial type Melody as the

The study involved 7 candidate varieties taken
into the trial during the early and late seasons. In this
study, the number of main stems was determined as
4-6. The number of main stems is a variety special
trait and it is directly affected by the physiological
ages of the seed tubers, their sizes and the number of
eyes per tuber. Under the main crop conditions, 3 varieties of late season candidate varieties showed superior performance due to tuber yield and other characteristics. 13-67-25 and 12-68-05 candidate varieties took the center stage with high tuber yield as average of the two regions. The dry matter contents of
both candidate varieties were found to be quite high.
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Particularly the 13-67-25 candidate variety was considered as a variety with high quality, long oval tuber. According to the field observations of 13-67-25
and 12-68-05 candidate varieties, PVY virus resistance and mildew resistance are also high. 22-9933 candidate variety is a special variety. 22-99-33,
which is an early-mid early variety, was regarded as
an industrial variety due to the dry matter rate. 2299-33 candidate variety was also identified as a variety with a quite high starch ratio. 22-99-33 candidate variety has standard, long oval, high-quality tuber properties. In field observations, PVY virus resistance and mildew tolerance of 22-99-33 variety
were found to be slightly lower than the other two
candidates (12-68-05 and 13-67-25). As regards to
the dormancy, the variety 22-99-33 displays the
structure of a variety suitable for industrial production as one with a long dormancy.
During the early crop season, 4 candidate varieties were taken into experiment. In terms of earliness, 12-03-85 variety was observed to be the one
which is earlier than Marabel, the most cultivated
commercial variety of the early period in Turkey.
The 12-03-85 variety also came to the forefront with
a homogenous tuber structure and yellow tuber flesh
colour. In field observations, the PVY virus tolerance of the 12-03-85 variety was observed to be
weaker than the other varieties. 12-69-39 variety,
even though being mid-early in terms of maturity, is
the latest of the candidate varieties tested during
early season. The 12-69-39 variety was identified as
a candidate variety with a strong plant structure,
standard and quality tuber characteristics. Although
the 12-69-39 candidate variety exists in the midearly group among the 7 varieties, it is a variety coming to the forefront in that it is the only kind suitable
for breeding during both early and late seasons.
Among the 4 varieties tested at early season, the 1269-39 candidate variety was found to be the one with
the highest tolerance to PVY virus and mildew based
on field observations.
It is reported that PVY, which is the most common virus in the world and the primary one of the
viruses affecting potato production the most, can
cause 10-90% loss of crops in potato depending on
the variety [8, 9]. This virus is mechanically transmitted by tuber and aphids. For a campaign, it is necessary to use clean tubers and to fight vectors.
Fighting with vectors is mostly done chemically, but
does not provide complete protection. Therefore, it
seems that the best solution is to develop these virusresistant varieties. Commercial candidate varieties
13-67-25, 12-68-05 and 12-69-39 were evaluated as
high PVY tolerant varieties according to field observations.
12-55-07 and 12-55-16 candidate varieties are
the sibling varieties from the same breeding pedigree. 12-55-07 variety is one with early- mid-early
maturation property. It was determined as the variety
with the highest dry matter ratio. 12-55-07 variety

with homogenous, standard tubers is a fresh and industrial variety. Specifically its advantage of meeting the needs for chips and French Fries of industrial
factories during the early period thanks to its early
season structure, will bring 12-55-07 candidate variety to the forefront. 12-55-16 variety is also considered as a fresh and French Fries industrial candidate
variety. The mildew tolerance in mid-early variety
12-55-16 is quite high under field conditions. For the
early period, two commercial varieties Florice and
Safrane came to the forefront with their high yield.
Both are varieties with large, but low-quality tubers
and do not have a chance to be grown in other potato
regions.
12-55-07 and other candidate varieties appear
to be the varieties rising to prominence both as they
can be produced during early period and due to their
yield and quality characteristics. The commercial varieties Orkestra and Madeline are the varieties having the potential of being produced, and, as such,
which are produced, more extensively in different regions of Turkey, as compared to the Safrane and Florice varieties. The yield potentials of the candidate
varieties are compatible with the Orchestra and
Madeline varieties. In terms of disease resistance,
Florice came into prominence as regards to mildew
which is more important particularly during the early
period, while the mildew tolerances of Safrane and
Orkestra varieties were found to be lower. Among
the candidates, 12-69-39 variety stands out with a
high mildew tolerance. Since the early season growing in Turkey (January-June) coincides with the time
of the temperate, rainy Mediterranean climate, potato mildew emerges as an important disease in this
period. Varieties with high mildew tolerance during
early season growing provide great advantage.
The dry matter rate is closely related with the
efficiency of transmission of the assimilation products to the tuber [10, 11] and is largely controlled by
the genetic structure. Dry matter rate is a character
that can be affected by ecological conditions, duration of vegetation and, partly, soil and plant nutrition
characteristics, besides genetic structure [12, 13, 14].
The results obtained from the candidate and commercial varieties share similarity with the results of
[15, 16, 17] who reported that the dry matter ratio is
affected by environmental factors as well as the genetic structure and that generally the varieties with
industrial characteristics have a higher dry matter
content.
The early-season potato growing period (Mediterranean and Aegean coastal zones like in the other
Mediterranean countries) is shorter than the normal
growing period and the temperature values are lower
and photoperiod is shorter. Generally, high yield potential are obtained in Turkey for potato under normal conditions during the main crop season (MayOctober, Middle Anatolia Region) than in the early
season (January-June) [3]. During the main crop sea-
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propagated and selected 2008 to 2015 with an acceptable tuber type and shape continued in the variety development process for subsequent years for the
evaluation of agronomic, quality and disease resistance traits and/or used as parental lines in our recurrent selection programme. Superior advanced
lines were selected from the breeding programme.
These were grown in different potato fields of Turkey. Seven advanced superior lines were submitted
for commercial variety registration.
As a conclusion, in this study seven advanced
commercial candidate potato varieties was developed and tested in Turkey’s potato growing regions.
All commercial candidate potato varieties will be use
large-scale next 10 years in Turkey and other countries like Morocco, Egypt, Tunisia, Russia, Pakistan,
Azerbaijan and other Turkic Republics, South Korea, Bulgaria with high adaptation ability, high yield
and good quality characteristics.


%"!

son in 2015, plant development was adversely affected and the yield decreased due to high temperature values during the flowering and tuber formation
period of the plant specially high temperatures of
June, July, August and beginning of September. It
was reported that the high temperature during the
growth period of potato reduced the yield, and that
especially the high temperature values during periods close to the harvest time, accelerated the physiological aging in the tubers [18, 19].
It is expected that the Turkish potato sector can
show considerable developments in the next ten
years if it combines suitable geographic position for
international trade (Mediterranean coast, Middle
East and Asia regions), the increasing seed potato
demand in neighbouring countries (Iraq, Romania,
Turkic Republics, Pakistan etc.) and the current
growth of the Chips, French Fries and Starch industry. However, R&D investments and studies should
be increased to realize the expected development in
the potato sector. Similarly, it is necessary to subsidize investments in breeding activities and seed potato production in order to diminish the dependency
on imported seed. In addition, it is important to ensure organization of the different actors like farmers,
seed producers, processing industry representatives
etc. in the sector Potato production is considered as
a high cost in Turkey due to high input use and high
input prices.
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other products and costs of inputs like land and labour. Therefore, it approximates the amount supplied to the long run [1]. The production growth
through incentives, while effective in the recent
years, may be relatively difficult in the future. This
may be induced by an economic or demand crisis or
financial difficulties which result in reduced subsidies. Some agricultural policy experts are interested
in observing the response of supply and demand to
farm inputs accordingly [2].
The recent studies in the agricultural economics
mostly focus on cointegration and error correction
studies of time series data. The supply response of
maize farmers to prices in Nigeria was analysed using cointegration and Auto Regressive Distributed
Lag (ARDL) model between 1961 and 2008 The
empirical findings showed that maize supply responds significantly and positively in the long run to
its own price and negatively (positively) to the price
of cassava (yam). Other results revealed that maize
supply failed to respond price changes significantly
in the short run. While short-run causality runs only
from price of cassava to maize supply, long-run causality runs from joint price effect to maize supply [3].
Cointegration and error correction modelling
approaches was used to estimate aggregate supply
response for maize using data for Trans Nzoia District of Kenya for 1980 and 2003. Results indicated
that high maize and low fertiliser costs positively influenced the aggregate maize supply. The elasticity
of supply to fertiliser costs was -1.05 for the shortrun and -1.26 for the long-run. The elasticity of supply to maize price was 0.53 for the short-run and 0.76
for the long-run. These findings indicated that the
market liberalisation targeting for changing producer
price incentives is reasonable and advisable [4]. Departing from this research, another Kenyan maize
study confirmed inelastic response of maize production to its price, fertiliser costs, agro-investments and
marketing board purchases between 1972 and 2008
[5].
Response of rubber farmers to price and nonprice factors were analysed from 1970 to 2008 in Nigeria. Response of rubber supply to its own price was
low with an estimated elasticity of 0.373 for the
short-run and 0.204 for the long-run. Price sustainability and opportunity to increase supplies leaded to
low responsiveness and promotion of sustainable
marketing outlets and high quality exportable crop

Measuring the impact of price and non-price
factors on annual agricultural products is an agricultural policy subject that continues to receive attention. In this study it was aimed to question the response of quantity supplied for main legumes as lentils, dried beans and chickpeas that are produced specifically in South-eastern regions of Turkey. Vector
error correction methodology was incorporated to
estimate the short-run dynamics of the quantity supplied as well as the static supply relationships between 1991 and 2013.Iimpacts of economical or ecological shocks were considered within the analysis
for 1991 and 2013. Persistent declination of both the
amount supplied and the producer price was recognised, even if the dependency of dried beans on its
price was found relatively lower than the other staples. However, the declination in the amount and
prices had shown that, well-built strategies to convince producers in order not to leave their lands and
to support development of processing units are required specifically for South-eastern parts of Turkey.


*)!$%
Legumes, Price, Supply Response, VEC

 &$!'&! 
One of the most important issues in agricultural
economics is supply response of crops as the responsiveness of farmers to incentives determines agriculture’s contribution to the overall economy. The situation is more important in Turkey, where the sector
is the largest employer.
Agricultural supply response represents change
in agricultural output due to a change in agricultural
output price and other relevant factors. The concept
of supply response is dynamic and different from
supply function, which resides on a static concept.
The supply function describes a price quantity relationship, where all other factors are held constant.
On the other hand, the response relation is a more
dynamic concept. It shows the change in quantity
supplied with relevance to the changes in prices as
well as changes in supply shifters such as prices of
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+=+ As it was aimed to understand the impacts of price and non-price factors on the amount of
produced for chickpeas, dried beans and lentils, it is
first necessary to understand the data characteristics.
Yet, it is important to note that the secondary data
analysed was withdrawn from the databases of Turkish Statistical Institute for the target products between 1991 and 2013. Accordingly, we first intended
to look at the descriptive characteristics of the data
for the above mentioned crops.

#>+7=3=A 80 ";8.>-=387 The production
amount has varied specifically for lentil and chickpeas since the beginning of the analysis period as
demonstrated in Figure 1. However, the amount of
dried beans produced has remained relatively stable.
The total production has remained around 200 thousand tons despite an almost 28 % decline in 2008 for
chickpeas. Amount of lentils produced has declined
steadily from

production were suggested [6].
Legumes (pulse crops), which are the major
vegetative protein sources for human nutrition, are
important for the World and for Turkey. Chickpeas
(45 %), lentils (38 %) and dried beans (17 %) are the
most significant pulse crops of Turkey. Legumes are
mainly produced in the South-eastern Anatolia,
which is one of the least economically developed regions of Turkey. These crops are of considerable significance to the regional economy, which has relatively inefficient conditions and constraints compared to western regions regarding water supplies
and reach to information. Although government policy actions intend to lessen the economic disparities
among regions and prevent migration from rural to
urban, the impact on legumes production has been a
dramatic decline in the last fifteen years [7]. Departing from this inference, this study aimed to understand the effect of supply shifter factors on three major pulses of Turkey in the long and short run.
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termination of the effects on quantity supplied. However, one of the most preferred methodologies is the
Nerlovian approach that uses expected prices and
non-price factors in explaining the production
amount expectations [9].
Accordingly, the main function used to form
the expectations framework is as following:

2 1 2  1
(1)
1 4

4



1

1 4  
1 4  3 
In order to integrate expectations, we need the
previous year’s data for annual agricultural crops.
When detailed, it can be understood that the farmers
decide what to produce, and how to exchange it with
complementary and/or competitive products looking
at the previous year’s prices and factors as land and
existing production capacity. Therefore, the expectation-oriented system is formed by integrating the differenced variables in the system. Besides, all data
needs to be normalised by using logarithmic transformation.

(2)
1 3 1-' 4 #5 1 3 1-' )


4
%
2

5
3
%6
(3)
1
1-'
1-'
 1 4  & 2  '  1-' 2 (  1-' 2
)  1
(4)
In this representation while C1 refers to shortrun price elasticity, C1/1-C2 refers to long-run price
elasticity of the amount produced [1, 10].
Estimation of equations formed of non-stationary level variables generally tends to mislead the
economic and statistical interpretations [11, 12]. Accordingly, the error correction system depending on
co-integration of the auto-correlated variables of
same order in a time series analysis was set forward
in 1980s [12, 13, 14]. The objective behind was to
reach a sound economic interpretation of the changes
in the level of production. The co-integration methodology refers to estimation of the short run relationship between integrated variables. In this situation,
the co-integration and joint estimation of the variables needs to be tested towards the static equations
that refer to the long-run explanation of quantity supplied [15].

%=+=3-:>+=387<The static equations used to
explain quantity supplied of these specific legumes
are as following.
/7=35
 /1 4'2 "(  /1-' 2  ")  /1-' 2
"* /1-' 2  "+  .1-' 2  ",  01-' 2  $1 (5)
/1 4  ! 
3 
4

! 
/1-'
3 
/1-' 4  !  3 
/1-'
4  ! 
3  
.1-' 4

around 855 thousand tons in 1991 to 506 thousand
tons in 2013 with sharp reductions in 1994 and 2000
followed by induced production. The total declination accounted for 41 %. The change in lentil production was significant. From 640 thousand tons in
1991, the amount declined to 420 thousand tons in
2013 with 34 %. However, there are more sharp
downsizing movements in 2000 (44 %) and 2008 (80
%) in comparison with the starting point, which are
worth to diagnose. The variations of production
amount are quite visible in Figure 1.
;/+80";8.>-=387The field devoted for production of these three main staples had also declined
with a higher variation for lentils. The lentil production fields had declined by 64 % to almost 3 million
acres in 2013 while the declination was 52 % for
chickpeas to 4 million and dried beans to below 1
million acres. The steady declination is also visible
from Figure 2.

";8.>-/;";3-/ Outlet producer price per kg
of these three crops had also evolved for as well as
shown in Figure 3. While the real price had declined
by 21 % for dried beans and by 40 % for lentils, the
price for chickpeas had increased by almost 50 %.
Besides, there had been seasonal shocks in 1995 and
2008 for all of the products in either direction followed by inverse movements. The reasoning behind
the uprising in 1995 was the 1994 economic crisis
induced by Mexican Peso crisis and the above expectations rise in price levels that became visible
through more than 100 % rise in CPI levels [8]. Yet,
the reason of the boom in 2008 however is the climatic conditions and attached declination experienced in the summer of 2007 [7].
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/=28.8581A8./55371;+6/@8;4Before
proceeding, it is essential to note that the explanation
of amount of agricultural products produced needs
consideration with regards to the inter-period relationships. There are various methods applied for de-
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#4
#6
#7

+;:>/
/;+C
1,05 (0,59)
3,63 (0,57)
2,25 (0,32)


4 
6
7 

+;:>/
/;+C
3,18 (0,20)
1,33 (0,51)
1,13 (0,57)
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"6
"7

Due to the normality test results indicated in
Table 1, it can be noted that specifically the price indicators are not normally distributed and need be
normalised for further analysis and logarithmic
transformation is used accordingly.

01-'

4   ! 
3 
01-' 4
  !  3 
01-' 4
  !  3
 
;3/./+7<
 .1 4  ' 2 (  .1-' 2 )  .1-' 2
 *  /1-' 2  $1 


(7)

%=+=387+;A &/<=371 Firstly, it is essential to
check the correlograms of the logged data. Looking
at the Q-statistics that were indicated in Table 2, it is
understood that data on level were not stationary.
Depending on the theory, it can be concluded that
differencing the data can grant stationarity.
Subsequently, it is also essential to check existence of unit root of the data via ADF testing [13].
The results leaded the decision on whether the interperiod relationships could be overcome within the
analysis.
Due to the findings demonstrated in Table 3,
other than real price factors, all of the remaining variables have first order autocorrelation. The price variables on the other hand can be noted as not autocorrelated as they are also stationary on level. For
implication of the concerned methodology, it is also
essential to check the stationarity level of the lagged
variables before explaining the equation system in
details and considering the error correction process.
Apparently, the unit root process for the lagged
variables revealed the same outcomes that they are
mostly stationary in their first lags as can be seen in
Table 4.

.1

4    ! 
3 
.1-'

4    ! 
3 
.1-' 4
   !  3 
/1-' 4  !  3



  %

&2/.3<=;3,>=38780=2/.+=+Before proceeding, the data obtained on level needs to be tested for
normality of distribution in order to meet the assumptions of estimation. 



& 
#<=+=3<=3-$/<>5=<

57#4
57#4
57#6
57#6
57#7
57#7



#<=+=C
13,50 (0,00)
0,31 (0,58)*
4,26 (0,04)
1,34 (0,25)*
13,52 (0,00)
0,27 (0,60)*


lnAk
D(lnAk)
lnAm
D(lnAm)
lnAn
D(lnAn)

#<=+=C
19,64 (0,00)
2,38 (0,12)*
18,69 (0,00)
< 0,01 (0,99)*
19,57 (0,00)
0,47 (0,49)*


lnPk
D(lnPk)
lnPm
D(lnPm)
lnPn
D(lnPn)

#<=+=C
3,03 (0,08)
< 0,01 (0,93)*
5,64 (0,18)
0,04 (0,84)*
6,69 (0,01)
0,90 (0,34)*

*, stationary at 1 % level of significance
& 
'73=$88=&/<=$/<>5=<@3=2-87<=+7=

57#4
57#4
57#6
57#6
57#7
57#7

C
-2,08 (0,22)
-3,93 (< 0,01)*
-2,93 (0,06)
-5,52 (< 0,01)*
-2,12 (0,24)
-4,95 (< 0,01)*


lnAk
D(lnAk)
lnAm
D(lnAm)
lnAn
D(lnAn)

+;:>/
/;+C
6,29 (0,04)
0,10 (0,94)
6,17 (0,05)

C
0,90 (0,99)
-3,04 (0,04)*
-1,39 (0,56)
-4,38 (< 0,01)*
-0,65 (0,84)
-2,59 (0,02)**


lnPk
D(lnPk)
lnPm
D(lnPm)
lnPn
D(lnPn)

C
-3,20 (0,03)**
-4,96 (< 0,01)*
-3,11 (0,04)**
-4,59 (< 0,01)*
-5,39 (< 0,01)*
-4,33 (< 0,01)*

*, stationary at 1 % level of significance; **, stationary at 5 % level of significance
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'73=$88=&/<=$/<>5=<08;+11/.(+;3+,5/<@3=2-87<=+7=
57#4 
57#4 
57#6 
57#6 
57#7 
57#7 

C
-2,06 (0,26)
-3,94 (< 0,01)*
-2,88 (0,07)
-5,36 (< 0,01)*
-2,14 (0,23)
-4,71 (< 0,01)*


lnAk-1
D(lnAk-1)
lnAm-1
D(lnAm-1)
lnAn-1
D(lnAn-1)

C
0,54 (0,98)
-3,00 (0,05)**
-1,04 (0,72)
-4,45 (< 0,01)*
-0,15 (0,93)
-4,10 (< 0,01)*


lnPk-1
D(lnPk-1)
lnPm-1
D(lnPm-1)
lnPn-1
D(lnPn-1)

C
-3,10 (0,04)**
-4,72 (< 0,01)*
-3,34 (0,03)**
-4,53 (< 0,01)*
-4,97(< 0,01)*
-4,06 (< 0,01)*

*, stationary at 1 % level of significance; **, stationary at 5 % level of significance
& 
837=/1;+=387=/<=;/<>5=<
 &%
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$ %
/9(+;
/=
/9(+;
/=
/9(+;
/=
e(-1)
-1,04
e(-1)
-1,03
e(-1)
-1,20
t(p(t))
0,00*
t(p(t))
0,00*
t(p(t))
0,00*
*, stationary at 1 % level of significance
&
$/<>5=<08;5/7=359;8.>-=387,/=@//7  +7.  
! &$
(+;3+,5/
<=
#6 
0,58
"6 
0,97
6 
0,03
"4 
-0,15
"7 
0,19
B
5,12

$
0,42
)
2,07

=<=+=
1,52
2,30
0,07
-0,17
0,35
0,99

C
0,15
0,04
0,95
0,87
0,73
0,33

<=+=
(

2,28 (0,09)
19,98

%!$&&$
(+;3+,5/
<=
#6 
0,75
"6 
0,03
6 
-1,50
"4 
0,26
"7 
-0,07
  
-0,23
B
-0,07
$
0,90
)
1,99

=<=+=
7,17
0,08
-2,35
0,78
-0,28
-0,91
-1,45
<=+=
(

C
0,00
0,93
0,03
0,45
0,78
0,38
0,17
21,33 (0,00)
-0,01




837=/1;+=387The data being recognised as
non-stationary with detected unit roots, the co-movement of the data needed to be verified. Therefore, the
residuals of the static equations formed for three
crops (equations 7, 8, 9) were tested for their unit
roots in order to make inferences about the short run
co-integration. The reasoning behind was to understand whether a linear combination of the non-stationary series are stationary and could produce significant inferences through linear estimation [16].
The results are provided in the Table 5.
Accordingly, it was understood that quantity
supplied of lentils, chickpeas and dried beans can be
estimated by co-integrating the non-stationary series
with I(1). The non-stationary series can be used to
estimate the short-run relationships with co-integration methodology. Accordingly, the short-run static
estimators were reformed to incorporate the co-integration correction.
5 /1 6 4' 2 "( 5 /1-' 6 2
") 5 /1-' 6 2 "* 5/1-' 6 2
"+ 5 .1-' 6 2  ", 5 01-' 6 2 $1
(8)
5 01 6 4  ' 2 ( 5 01-' 6 2
") 5 01-' 6 2  "* 501-' 6 2 $1
(9)
5 .1 6 4  ' 2 (5 .1-' 6 2
 ) 5 .1-' 6 2  *5 /1-' 6 2  $1
(10)
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/7=35< For the concerned crops, the factors
that affect amount of production were determined
and their effects were estimated for the long and
short term after co-integration. The results are
demonstrated in Table 6.
For lentil supplies, more than 50 % of the previous year’s production was reflected in the contemporary level of production. This means that experiences and preferences of the farmer are considerably
important in the decision making process. Besides,
the production amount is highly responsive to the
price. The long term price elasticity (0,97) indicates
that a unit rise in log of real price leaded to a unit rise
in the log of production amount. Considering the
declination in the amount and real price between
1991 and 2013, it can be said that the supply mechanism followed its own path. However, the short term
response is even more significant. The elasticity of
2,31 (0,97/(1-0,58)) can be read that lentil producers
prefer to shift to competitive or complementary
products easily due to a price reduction in the short
term. This also can explain the steady reduction in
prices and lentil supplies and the low responsiveness
to the harvested area with 0,03 elasticity.
In addition, the real price of the chickpeas
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was followed by the previous year. Yet, the short
(0,19) affect the production of lentils positively in
term price elasticity was 55 % (0,35/(1-0,37)). And
the long run, while dried beans (-0,15) affect it in the
adverse direction. Yet the impacts are said to be not
the effect of rise in fields harvested was 13 %. Theretoo significant. It is indecisive apparently to confore, it can be concluded that, chickpeas are more declude that whether consumers choose between dried
pendent on the production area and producer loyalty
beans and lentils or consume chickpeas and lentils
is more important than lentils. Besides, looking at the
together. To understand whether they are alternashort-run, it was notable that 91 % of the temporary
tives to each other, it is important to check the reshocks were offset in the following period.
maining relationships.
Apparently, there was a steady decline in chickConsidering the spill-over of short term cyclipeas production for the analysis period. Therefore,
cal movements in the production to long term, the
even if the price and land of production is said to imco-integrated relationship provided some inferences.
pact chickpeas production, there appeared a continThe estimate of the error correction coefficient reuous decline in both the harvested area and the price.
vealed that the shocks of the previous period were
This was mainly attributed to the more water depurified by 23 % in the current period. This meant
pendent characteristic of chickpeas production and
that inter-period effects were important but the outthe drought summer periods that have been experiof equilibrium conditions were also in control of the
enced.
sector. And the short-term production amount is

most significantly determined by the previous terms
;3/./+7<Dried bean production was also
production amount, almost by 75 %. Besides, the
explained by its previous price, previous supplies
production shock of 2008 was attributed to the cliand previous price of lentil. The findings are indimatic shock appeared in 2007 [7, 17]. The impacts
cated in Table 8. Besides, both its own price and
of the drought had been visible in production figures
price of the lentil have positive impacts on the
in 2008 as seen in Figure 1.
amount of production. Yet, the price elasticity of

dried beans and lentils were 22 % and 24 % in a con23-49/+<The production of chickpeas could
secutive order. Besides, the price of the dried beans
have been explained by its previous supplies, price
was more effective in the long-run with around 60 %
and area harvested. The findings are demonstrated in
(0,22/(1-0,63)) of elasticity. Considering the short
Table 7. Looking at the long term results, the long
term shocks and how the equilibrium was reached
term price elasticity was 0,35. Meaning the 35 % of
back, the dynamics are rather significant. Any sharp
the rise in the real price is reflected as rise in the
change in the current period is offset with a high
amount of production. One-third of the production
speed of adjustment.
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)
2,04

! &$
(+;3+,5/
<=
#4 
0,63
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C
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0,02
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28,67 (0,00)
20,21
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0,22
7 
0,16
"7 
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-0,91
B
0,01
$
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)
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%!$&&$
=<=+=
C
(+;3+,5/
<=
4,83
<0,01
#4 
0,73
1,65
0,12
"4 
0,33
2,50
0,02
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2,29
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-1,14
B
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15,39 (0,00)
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0,57
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)
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0,48
0,05
0,16
0,02
0,84
4,04 (0,02)
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While there appeared a seasonal decline in
2007-2008, the cyclical movement around the average production has continued and the reduction is
again attached to the summer conditions of 2007. 63
% of the existing production affecting the future production meant that the dried bean production had
producer loyalty on a considerable extent.
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The impacts of price and non-price factors on
the production amount of main legumes were analysed within the study between 1991 and 2013 in order to undermine how important is the price. Therefore, it can be shortly noted that price and price related incentive and deterrents are important factors
for estimating the production amount of these staples. To exemplify, all lentils, chickpeas and dried
beans production schedules are open for the price
motivations, lentils being the most affected with 97
% elasticity in the long run. The corresponding rates
were 35 % for chickpeas and 22 % for dried beans.
Besides, all these staples follow the previous period’s production experiences. This finding both refers to the professionalization of the producer and
persistent demand from the consumers. Yet, even if
the rates do change, consideration of price related
factors as supply motivators is still valid for these
staples as it is a strict case for wheat production [10].
However, when the continuous decline in production of these staples is considered together with
the findings, it is visible that real prices have been
declining. Even after the seasonal shocks of 1995
and 2008, of which the reasoning were explained
above as economic and climatic disruptions, the
prices declined back to their normal downsizing
way. Accordingly, declining prices leaded declinations in supplies of these staples and this finding is
in conformity with the reached elasticity levels. In
this manner, there needs policy solutions to reverse
the impact of the declining prices. These solutions
cannot be named as price subsidies or quantity-attached support systems. What is needed is more related with keeping the land in production and developing food processing industry in close proximity to
the production fields, therefore in the South-eastern
Anatolia in Turkey. When the producers are given
incentives through reduced packaging or transportation expenses, or they are supported to establish their
own processing facilities, it would be easier to keep
the supply adequate for rising population and increasing export requirements from the Southern
neighbours.
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behavior of natural radionuclides in soil-plant environmental system is essential for improving the radiological assessment and building the scientific
knowledge of the migration of natural radioactive
sources into plants around uranium mine [3]. Furthermore, plants have also been explored as an economical approach to remediation of soils contaminated with heavy metals and radionuclides. When
contamination is a result, effective methodologies
for environmental remediation are required.
The potential of some plants to accumulate uranium has been observed in several studies performed
in field or laboratory conditions, supporting their
possible use in uranium biomonitoring or phytoremediation of uranium contaminated soil or water [2,
4, 5]. For example, Shahandeh and Hossner [6]
screened thirty four plant species for uranium accumulation from uranium contaminated soil, the results
showed that sunflower (  ) and Indian mustard (  ) accumulated more
uranium than other plant species. However, domestic plant species in each area is different, and each
plant species has different environmental adaptability. Little information is available on the accumulation of uranium in the plants around the uranium mill
tailing in northeast China so far, and more extensive
exploration is needed.
Specifically, the objective of this study was to
collect and identify the plants that would serve as accumulators growing in the local natural environment
of the uranium mining area. The identified plants
could potentially be utilized for phytoremediation of
uranium contaminated soil.

In the uranium mining areas, uranium was usually discharged to the environment when the mining
process occurred. A study was undertaken to investigate uranium concentrations in soil and plants
around an old uranium mill tailing in northeast
China. As a result, eight plant species samples were
collected, including five families. Concentrations of
uranium (dry weight, DW) in plants showed wide
range of variations from 42.7 μg/g (roots of 
 " ) to 0.180 μg/g (stems of 
 ). The contents of uranium in Compositae were
higher than that of other plants species in the investigated samples, and which in plant tissues were
roots > leaves > stems. displayed
a high roots concentration ratio (CR) of 4.90 (mean
value), followed by   "  (2.98) and
  (2.85). The species  
 leavesexhibited the maximum transportation factor (TF) of 0.626 (mean value) in this study.
In summary, and 
 showed relatively high ability to remove uranium from their ambient soil, and could be used
greatly towards phytoremediation in the study area.
(& "#
Uptake, Uranium, Plants, Uranium mill tailing

$" %$ 
Uranium (U) is a naturally occurring radionuclide existing almost entirely as 238U (99.27%) in
hexavalent state (U6+), as 235U in minor quantities
(0.72%), and as 234U in trace quantities (0.0055%)
[1]. Uranium, at even natural levels, can provoke a
radiation dose and chemical toxicity concern [2].
However, excessive amounts of uranium have been
released into the environment through the activities
associated with the nuclear industry and many other
anthropogenic sources, such as mining and milling
operations, disposal and discharge of industrial
waste and effluent, disposal of medical wastes, military applications, and the use of phosphate fertilizer
in agricultural land [1]. Therefore, understanding the

$"#$ #

#;<-@ *9.* The abandoned uranium mine is
located in the northeast of China. The mine has a
temperate continental monsoon climate with an annual average temperature of 8.2, an annual average
rainfall of 800 mm. Ore minerals are mainly nasturan, uraninite, and uranium carbide stone. Uranium exists mainly in the form of dispersed adsorption and isomorphism. The uranium mine covers an
area of approximately 0.25 km2, and exploits approximately 3×104 t of uranium ore every year from
2006.
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Laboratory of Beijing Research Institute of Uranium
Geology, China.

.;.9526*;2767/;9*6:879;*;276/*,;79$
*6- ,76,.6;9*;276 9*;27 " This study anticipated the identification of plant species that were capable of accumulating uranium at high level. The accumulation ability was determined through calculation of transportation factor (TF) and concentration
ratio (CR) [7]. TF was defined as the ratio of the elemental concentrations in aboveground plant tissues
to those in roots, which was used determine the effectiveness of plants in migrating elements from the
roots to the aerial parts [8]. CR referred to the ratio
of the elemental concentrations in plant tissues to
those in cultivated soil, which was expressed as the
elemental accumulation and uptake in plants from
the ambient soil [9].

#*584. ,744.,;276 *6- 89.;9.*;5.6; The
study was intended to identify plant species that
growing near by the uranium mill tailing the potential to accumulate uranium. Soil and plants were collected from two points beside the uranium tailings
accumulation site, one was about 10 m away, and the
other was about 100 m away in autumn 2016. The
sampling site was defined by a 5 m × 5 m square, the
soil sample was taken at each corner and the intersection of its diagonals. Five partial soil samples
weighing 0.5 kg each were collected from an average
depth of 10 cm and mixed to obtain one composite
sample with an amount of approximately 2.5 kg. In
this square range, eight whole dominate plant species
were collected, gently removed the soil particles adhering and packed in clean plastic bags. Then, the
soil and plant samples were transported to the laboratory.
In the laboratory, the plant samples were
washed thoroughly, first in running water followed
by deionized water. Then each plant species was separate into two fractions, one stayed whole plant and
the other divided into the following sections: root;
stem; leaf; and blossoms if possible.  
 ,   and   had
blossoms tissue, and  "  showed basal leaves. All the sample parts were dried in an oven
at 65 °C for 48 h. All the data in this paper were on
this dry weight basis. The dried plants tissues were
ground into a homogeneous powder for further analysis. The soil samples were initially air dried at room
temperature for 2 weeks and subsequently ovendried at 50 °C to a constant weight. Then soil were
milled and sieved through a 0.149 mm mesh sieve.

6*4@:2: 897,.-<9. Dried soil samples
(0.1000 g) were digested with a mixture of HNO3HF-HClO4 (3 mL of HNO3, 1 mL of HF, 1 mL of
HClO4) in a Teflon pressure digest vessel at 165 °C
for 4 h. The sample was then heated at 90 °C in an
electric hot plate to expel residual HF and HClO4; 1
mL of HNO3 was added to the dry digestion mixture
and diluted with ultrapure water (prepared with
Milli-Q ultrapure water purification system) to obtain a final volume of 10 mL. Precisely weighed
quantities of plant sample (0.2000 g) was digested
with a mixture of HNO3-H2O2 (2 mL of HNO3, 1 mL
of H2O2) using a high-pressure closed Teflon vessel
at 165 °C for 4 h. The extracted solution, which was
clear and free of organic substances, was left to cool,
and their volumes was adjusted to 10 mL with ultrapure water. A digestion blank was prepared in
every digestion cycle. All reagents used in the analysis were guaranteed reagents.
The total uranium analyses of extracting solutions (soil and plant samples) were performed on an
inductivity coupled plasma mass spectrometer (ICPMS, NexION 300D, Perkin Elmer, American). Values of uranium were expressed in μg/g DW. These
chemical analyses were performed at the Analytical

"#%$##%## 

%9*62<526:724*6-84*6;:The soil uranium
concentrations of the two sampling sites, 10 and 100
m away from the mill tailing, were 15.2 and 10.7
μg/g, respectively. Compared with the soil background value of 3.03 μg/g in this region, the uranium
content in the uranium mining area was higher.
However, the average uranium content in the soil
was considerably lower than that found in the literature for normal concentration range of 6.03 to 46.5
μg/g in the vicinity of a uranium mill tailing in south
China [10]. According to the study of Shepherd et al.
[11], considering the chemical toxicity of uranium to
non-human biota, the soil uranium was suggested to
250 μg/g in dry soil. And based on this criterion, the
uranium concentrations in the mine soils were lower.
Although uranium was not essential or beneficial to plants, many species would absorb uranium
and incorporate it into their biomass along with other
metals. The concentration of uranium in a plant had
been shown to be dependent upon the degree of uranium contamination in the soil [2]. In this study,
eight plant species were collected, and significant
variation was found in absorption and accumulation
pattern of uranium between different plant species
and also between different tissues of the same species as shown in table 1. The mean concentration
value of uranium (dry weight, DW) ranged from 42.7
μg/g (roots of " ) to 0.180 μg/g (stems of 
 ). Within the whole plants the highest uranium accumulation were found in the 
(21.0 μg/g DW), followed by those of  
(16.6 μg/g DW), (13.0 μg/g DW) and
" (10.5 μg/g DW). Therefore, the contents of
uranium in Compositae were higher than that of
other plants species in the investigated samples. This
result was similar to early studies on the surrounding
plants of an old uranium mine [1]. Among the plant
tissues, the highest content of uranium was the roots,
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followed by leaves and stems. This distribution characteristic of uranium in plants was similar to that of
many other studies, including aquatic plants and
trees [3, 12-14]. Obviously, the plants blossoms contain a lot of uranium, which could not be neglected.
Reason why concentrations of uranium in roots was
much higher than other tissues may include uranium
adsorbed to roots cell walls [15]. The observed variation might be due to cumulative factors such as of
plant species and organ concerned, and absorption,
adsorption and other physicochemical, physiological
and morphological mechanisms of metal retention in
the tissues [1].

Reports Series No.472 [17], which mentioned the results of stems and leaves CR in the plants were range
from 0.0086 to 0.41 with an average of 0.036.
The TF indicated uranium translocation ability
from roots to aerial parts. In this study, the mean values of TF were in the range from 0.626 (leaves TF of
  ) to 0.0156 (stems TF of  ),
which were lower than 1. In the view of both CR and
TF were usually >1 in accumulators, the species in
this study were relatively not competent. However,
the high values of TF might be due to the soil characteristics such as pH, and phosphate, carbonate, and
organic matter content, which affects the chemical
form of uranium along with the plant's physiological
characteristics like nutrient uptake strategies and organic acid exudation [18]. Moreover, the rate of uranium translocation from roots to upper parts was
probably species-dependant [12]. On the other hand,
the uranium concentrations in roots of the sampling
plants were many fold higher than the aerial parts of
the same plant species, and then the TF values of the
aerial parts were much lower than 1. This characteristic of most plants had also been reported in other
studies. For example, Shahandeh and Hossner [6] reported that uranium concentration in roots of different plants collected from the same site was 30-50
times higher than uranium concentration in shoots.
Therefore, if the screening of uranium accumulation
plants from local plant species around mill tailing,
the high CR of whole plants could be considered, for
example   and   would be a
good choice.

%9*62<5 " *6- $ 26 84*6;: It has been
truly observed that uranium concentration in plants
vary between species [1, 12]. Using CR values, some
plant species could be considered high uranium accumulators as concentrations from plant tissues were
higher than those found in soil [2]. As shown in table
2, the plant species , " , 
,   and  presented the CR values greater than 1. This characteristic could support
the consideration of the species as uranium accumulators [16]. In these five plant species, the whole
plants CR of   and   were
higher than 1, and roots CR of all were higher than
1, which also revealing a great phytoextraction ability. In the aerial parts of plants,  "  showed
high CR of leaves and showed high CR of
stems. Compared with the data in IAEA Technical
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Family
Asteraceae
(or Compositae)
Onagraceae
Chenopodiaceae
Leguminosae
Brassicaceae

Plant species
 


 " 

  
 
  

Stems
0.180±0.0690
0.354±0.203
1.07±0.902
-0.773±0.657
1.50±0.740
1.94±1.11
0.553±0.303

Leaves
2.31±1.85
3.17±2.33
7.77±6.14
9.18±6.62
5.17±4.67
5.95±3.23
4.02±2.78
3.14±2.01

Roots
12.8±3.69
7.47±1.04
36.9±5.95
42.7±30.1
73.3±7.75
14.9±6.91
14.7±1.95
4.66±0.640

Blossoms
0.656±0.404
-----0.835±0.475
0.914±0.576

Whole plants
5.82±1.87
13.0±11.1
21.0±14.1
10.5±5.88
16.6±9.03
5.01±2.11
7.37±3.74
3.31±1.83

“--” means no data.
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Plant species
 


 " 

  
 
  

Stems
0.0134±0.00300
0.0254±0.0113
0.0726±0.0570
-0.0525±0.0416
0.109±0.0381
0.139±0.0618
0.0398±0.0164

Leaves
0.158±0.115
0.220±0.142
0.533±0.381
0.639±0.400
0.347±0.301
0.429±0.175
0.282±0.166
0.222±0.117

“--” means no data.

3104

Roots
0.969±0.117
0.580±0.0209
2.85±0.0360
2.98±1.81
4.90±4.38
1.09±0.344
1.19±0.358
0.362±0.0135

Blossoms
0.0466±0.0231
-----0.0599±0.0263
0.0648±0.0332

Whole plants
0.438±0.0684
0.880±0.705
1.48±0.832
0.756±0.323
1.19±0.490
0.370±0.0987
0.535±0.196
0.238±0.100
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Plant species
 


 " 

  
 
  

Stems
0.0136±0.00146
0.0445±0.0210
0.0257±0.0203
-0.0156±0.00547
0.0990±0.00375
0.145±0.0952
0.112±0.0496

“--” means no data.

 %# 

Leaves
0.151±0.101
0.389±0.258
0.189±0.136
0.210±0.00693
0.0795±0.00974
0.381±0.0403
0.305±0.230
0.626±0.345

Blossoms
0.0459±0.0183
-----0.0624±0.0407
0.183±0.0985

[3] Al-Hamarneh, I.F., Alkhomashi, N. and Almasoud, F.I. (2016) Study on the radioactivity
and soil-to-plant transfer factor of 226Ra, 234U
and 238U radionuclides in irrigated farms from
the northwestern Saudi Arabia. Journal of Environmental Radioactivity. 160, 1-7.
[4] Sreedhar, Y., Nagaraju, A., Thejaswi, A. and
Bhargava, Y. (2017) Reclamation of abandoned
mine land: a case study from Tummalapalle uranium mining area, Cuddapah district, Andhra
Pradesh, south India. Fresen. Environ. Bull. 26,
1373-1382.
[5] Jha, V.N., Tripathi, R.M., Sethy, N.K. and Sahoo, S.K. (2016) Uptake of uraniumby aquatic
plants growing in fresh water ecosystem around
uranium mill tailings pond at Jaduguda. Science
of the Total Environment. 539, 175-184.
[6] Shahandeh, H. and Hossner, L.R. (2002) Role of
soil properties in phytoaccumulation of uranium. Water, Air, and Soil Pollution. 141, 165180.
[7] Yan, D., Zhao, Y., Wang, S., Xu, D. and Zhou,
L. (2014) Characteristics of cesium and strontium transport in a soil-soybean system. Fresen.
Environ. Bull. 23, 175-183.
[8] Wang, X., Chen, C. and Wang, J. (2017) Phytoremediation of strontium contaminated soil by
   (L.) Moench and soil microbial community-level physiological profiles
(CLPPs). Environmental Science and Pollution
Research. 24, 7668-7678.
[9] Trok, M., Smodi, B. and Eler, K. (2011) Natural
radionuclides in trees grown on a uranium mill
tailings waste pile. Environmental Science and
Pollution Research. 18, 819-826.
[10]Li, G., Hu, N., Ding, D., Zheng, J., Liu, Y.,
Wang, Y. and Nie, X. (2011) Screening of plant
species for phytoremediation of uranium, thorium, barium, nickel, strontium and lead contaminated soils from a uranium mill tailings repository in south China. Bulletin of Environmental Contamination and Toxicology. 86, 646652.
[11]Sheppard, S. C., Sheppard, M.I., Gallerand, M.
and Sanipelli, B. (2005) Derivation of ecotoxicity thresholds for uranium. Journal of Environmental Radioactivity. 79, 55-83.

The average uranium content in soil was 13.0
μg/g, which was 3-5 times of the background value
in the study region. It was found that the uranium
concentration detected in the studied root samples
showed several times or tens of times higher than
that observed in their above ground parts, and uranium concentrations observed in Compositae were
relatively high.
In this study, CR values of five plant species
sampled were higher than 1, but all the TF values
were lower than 1. Considering the CR and TF of the
eight sampling plant species,   and 
 would be promising candidates for phytoremediation. With economical and technical benefit,
the study would be of great help to clean up uranium
contaminated regions using the studied plant species
in future environmental projects.
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but not unforested areas because of fire, insects, disease and poor stocking [4, 5]. Therefore, there is a
need for an indirect estimation using ecological variables. One of the approaches being analytical is
modeling the SI as a function of miscellaneous climatic, topographic and edaphic variables [6-8].
Due to complicated interactions between forest
growth and ecological factors, nonparametric techniques such as regression tree (RT), fuzzy logic, neural network and general additive model have been increasingly used recently by some researchers [9-16]
to estimate SI from environmental variables in addition to parametric statistical techniques such as multiple linear regression (MLR). However, the nonparametric RT technique is better than the parametric
techniques as it allows for interactions and nonlinear
relations among many predictors [17].
Oriental spruce is one of the most important
timber species and spreads from Georgian border to
Ordu-Melet River in Turkey [18-20]. Its area coverage is KDDFFRUGLQJWRWKH7XUNH\¶VQDWLRQDO
forest inventory [21]. Although many studies have
been carried out to evaluate site productivity using
environmental factors for many species so far, studies focused on oriental spruce (Picea orientalis L.
(Link)) are very few. Therefore, there is an urgent
need for predicting site index of that species practically.
The aim of this study was; i) to develop site index models from ecological factors using MLR and
RT, and ii) to compare these models in terms of predictive performance. Hence, forest owners could
make wise decision about their land management
and land-use planning.

ABSTRACT
Oriental spruce is a very important commercial
timber species in Turkey. Its distribution area is recognized as one of the 25 biodiversity hotspots in the
world. The present study aims to model site index
(SI) of oriental spruce stands using some topographic, climatic and edaphic variables in a mountainous ecoregion of the Eastern Black Sea, Turkey.
Within this scope, 60 sample plots were visited in the
study area, and the height, diameter at breast height
and age of sample trees were measured. A soil pit
was also dug in each sample plot for analyzing soil
properties. Then, some physical (sand, silt, clay,
plant available water capacity) and chemical properties (pH, electrical conductivity, organic matter content and exchangeable cations) were examined on
each soil sample. Finally, regression tree and multiple linear regression methods were used to model SI.
Their adjusted coefficient of determination (R2adj)
values were found to be as 0.70 and 0.53, respectively. According to the outperformed model, longitude, soil K+ content and landform were the most important factors affecting the SI. The results show that
the regression tree model which is proposed in the
present study may be used by forest planners and silviculture experts as a decision support tool for scheduling proper forestry activities.

KEYWORDS:
Site index, oriental spruce, regression tree, multiple linear
regression.

INTRODUCTION
MATERIALS AND METHODS
Forest site quality is defined as the sum of factors, including climatic, edaphic, topographic and biotic, affecting the capacity to produce forests or
other vegetation [1]. The most-used and most-preferred indicator to measure forest productivity for
pure and even-aged stands is site index (SI) described as top height at standard age calculated from
average height of 100 dominant trees per hectare [2,
3]. The SI method can be used for only forested areas

Site description. The study area is located beWZHHQ¶-¶1ODWLWXGHVDQG¶-¶
E longitudes. It covers Colchis part of Black Sea Region including Ordu, Giresun, and Trabzon provinces (Figure 1). The elevation of oriental spruce
sites changes between 800 and 2000 m above sea
level [22]. This region is characterized by mountain-
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Data collection and analyses. The sampling
and field measurements were performed during the
summer season of 2010 and 2011. For this, 60 circular sample plots with 11.28 m radius (0.04 ha) were
determined using stratified random sampling
method. Some topographic, climatic and edaphic
variables were used to model SI which means top
height at 100 years old [30]. Average age of the
stands was calculated for four dominant trees in a
sample plot by counting annual rings at diameter
breast height (1.3 m) and then 10 years were added
for seedling age. Top height of the stands was calculated by averaging the height of these four dominant
trees in each sample plot [31]. Then, SI was calculated from SI curves developed by Akalp [32] based
on anamorphic guide curve method.
In each sample plot; aspect (ASP) [33], slope
position (LFRM), elevation (ELEV) and slope (SLP)
were determined [34]. For regression analysis, the
aspect values (azimuth) were transformed using the
equation developed by Beers et al. [35]. Slope positions were determined as distance to the ridge (from
the ridge=0 to the bottom=100) [36]. Coordinates
(LAT and LONG) at each sample plots were recorded by handheld GPS with 5 m accuracy.
In each sample plot a soil pit was dug up to bedrock, described according to Çepel [37], and a disturbed soil sample was taken at 0-15 cm soil depth.
Soil samples were air-dried and sieved through 2mm mesh before analysis. All measurements and observations about soil profile, including soil depth, litter layer thickness, humus type, stoniness, root intensity, soil structure were recorded in a soil inventory
sheet.

ous topography with steep slopes. Soil parent material varies widely from sedimentary marl, conglomerate and sandstone to igneous granite, basalt, andesite, dacite, rhyodacite and diabase [23]. The soil
texture ranges from clay loam, silty clay loam to
sandy loam, loam and loamy clay. Humus form includes both moder and mulls [24]. The soil in the region is generally acidic due to high precipitation
causing leaching of nutrients [25].
The study area, accommodating many endemic
species, located in the one of the 200 ecological regions having top priority in the world. It is also included in the 25 biodiversity hotspots requiring conservation and protection according to IUCN [26].
The study area shows Eastern Black Sea climate under Black Sea macroclimate type, temperate in winter, warmer in summer and quite rainy in all seasons.
The annual mean temperature and the annual mean
precipitation ranges between 5 - 10 °C and 800 2100 mm, respectively [27, 28]. The growing season
in the region is about six months (from May to October).
The studied spruce stands were even-aged, naturally regenerated and uniformly stocked having no
evidence of fire, storm or bug damages. Along with
oriental spruce, beech (Fagus orientalis), fir (Abies
nordmanniana), Scotch pine (Pinus sylvestris) and
alder (Alnus glutinosa) species existed in these
stands. However, they were dominated by one species; oriental spruce. Regarding understory vegetation, Sorbus aucuparia, Prunus officinalis, Ilex colchica, Sambucus nigra, Vaccinium myrtillus, Lonicera caucasica, L. xylosteum, Ribes biebersteinii, R.
Orientale, Rhododendron ponticum, and R. Luteum
species were widely spread on the forest floor [29].

FIGURE 1
Sampling sites in the study area (Canik-Giresun Mountainous Ecoregion)
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Some physical and chemical analyses were also
conducted on soil samples. Soil texture analysis was
performed according to Bouyoucos hydrometer
method [38]. Soil acidity (pH) was determined by
glass electrode (1/2.5 soil-water) in distilled water,
and organic matter (OM) was determined by
Walkley-Black wet digestion method [39]. Available water capacity [40] was calculated as the difference between field capacity and permanent wilting
point by pressure desorption method [41]. Soil exchangeable cations were extracted using 1 N ammonium acetate and measured by flame-photometer
(for Na+ and K+) and atomic absorption spectrophotometer (for Mg++ and Ca++) [42].
Annual mean temperature (TEMP), annual
mean precipitation (PREC) and annual mean minimum-maximum temperature were obtained from
meteorological stations closest to the sampling plots.
Using these, temperature and precipitation in growing season (TEMPV and PRECV) were computed.
Then, climatic data were extrapolated using 5 °C km1
temperature lapse rate and 450 mm km-1 increase
in precipitation according to Erinç [43] and Akman
[44]. Actual evapotranspiration (AET) was also
computed according to Thornthwaite [45] method.
The relationship between SI of oriental spruce
and 24 ecological variables was examined tabularly.
First, simple correlation analysis was used to investigate the individual effects of ecological variables

Fresenius Environmental Bulletin

on SI of oriental spruce. Finally, multiple linear regression and regression tree techniques were used to
model SI from ecological variables. SPSS 20.0 [46]
and DTREG v19 [47] were used for the statistical
analyses.

RESULTS AND DISCUSSION
Descriptive statistics for the topographic,
edaphic and climatic variables were given in Table
1. According to the table, SI for oriental spruce
ranged from 14.4 to 30.3 m. Average SI was determined as 20.3 m. Site productivity classes of total 60
sample plots were determined as low (38-plot), medium (16-plot) and high (6-plot).
Relations between SI and ecological variables. Correlation analysis results showed that SI of
oriental spruce was positively correlated with longitude, land slope, distance to the ridge, annual mean
temperature, mean temperature during growing season, mean total precipitation in growing season,
AET, sand, pH and soil depth (Table 2). On the other
hand, the elevation, aspect, silt, organic matter, plant
available water capacity and K+ were negatively correlated with SI. No correlations were found between
SI and latitude, annual mean total precipitation, soil
stoniness, Na+, Ca++ and Mg++.

TABLE 1
Descriptive statistics for variables
Variables and their abbr.
Units Minimum Maximum
Site Index
m
14.4
30.3
Longitude
m
403557
534736
Latitude
m
4490327
4533588
Elevation
m
1333
1939
Slope
%
1
75
Distance to Ridge
m
0.0
100.0
Aspect
°
0
351
Temperature
°C
4.9
7.6
Precipitation
mm
1639
2115
Temp in Growing Season
°C
10.1
12.9
Precipitation in Growing Season
mm
772
1030
Actual Evapotranspiration
mm
470
549
Thornthwaite Moisture Index
200
350
Sand
%
45
86
Clay
%
3
31
Silt
%
7
27
Organic Matter
%
2.9
22.0
pH
4.0
5.4
Available Water Capacity
%
5
19
Soil Depth
m
15
130
Stoniness
%
5.0
52.5
Na+
ppm
49
86
K+
ppm
22
218
Ca++
ppm
2
2117
Mg++
ppm
5
453
*Standard deviation
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Mean
20.3
469006.3
4507569.3
1660.9
35.1
47.1
203.0
6.1
1932.0
11.4
932.4
503.3
284.5
68.5
16.8
15.1
8.1
4.8
12.1
95.3
25.7
63.5
68.7
441.5
124.9

SD*
3.8
45860.8
13460.4
146.2
19.7
31.2
102.2
0.7
128.7
0.7
72.6
21.4
36.9
9.3
5.9
4.9
4.1
0.4
3.7
26.5
17.5
9.1
41.0
505.3
110.0
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TABLE 2
Pearson correlation between ecological variables and SI
Variable
(1)
SI
(2)
LONG
(3)
LAT
(4)
ELEV
(5)
SLP
(6)
LFRM
(7)
ASP
(8)
TEMP
(9)
PREC
(10)
TEMPV
(11)
PRECV
(12)
AET
(13)
MITH
(14)
SAND
(15)
CLAY
(16)
SILT
(17)
OM
pH
(18)
(19)
AWC
(20)
MDEP
(21)
STON
(22)
Na+
(23)
K+
(24)
Ca++
(25)
Mg++
Variable
(1)
SI
(2)
LONG
(3)
LAT
(4)
ELEV
(5)
SLP
(6)
LFRM
(7)
ASP
(8)
TEMP
(9)
PREC
(10)
TEMPV
(11)
PRECV
(12)
AET
(13)
MITH
(14)
SAND
(15)
CLAY
(16)
SILT
(17)
OM
(18)
pH
(19)
AWC
(20)
MDEP
(21)
STON
(22)
Na+
(23)
K+
(24)
Ca++
(25)
Mg++

(1)
1

(2)
.36*
1

(14)
.31*
.08
-.18
-.32*
.29*
.29*
-.10
.38*
.01
.36*
.04
.38*
-.15
1

(3)
-.07
.61*
1

(4)
-.30*
.30*
.14
1

(5)
.30*
-.07
-.53*
-.28*
1

(6)
.49*
-.01
-.23
-.58*
.45*
1

(7)
-.29*
-.02
-.11
.36*
-.02
-.26*
1

(8)
.42*
.25
-.31
-.96*
.43*
.65*
-.32*
1

(9)
.22
.82*
.22
.69*
.02
-.20
.20
-.55*
1

(10)
.40*
-.25
-.25
-.98*
.37*
.63*
-.35*
.99*
-.59*
1

(11)
.26*
.84*
.22
.64*
.05
-.16
.18
-.50*
.99*
-.54*
1

(12)
.41*
-.24
-.30*
-.97*
.42*
.64*
-.33*
.99*
-.56*
.99*
-.50*
1

(13)
-.01
.69*
.29*
.87*
-.16
-.41*
.28
-.79*
.94*
-.82*
.92*
-.79*
1

(15)
-.22
-.09
-.03
.20
-.09
-.28*
.10
-.19
.01
-.19
.00
-.18
.09
-.80*
1

(16)
-.30*
-.06
.31*
.27*
-.34*
-.20
.05
-.36*
-.07
-.34*
-.10
-.37*
.09
-.83*
.42*
1

(17)
-.39*
-.08
.46*
.08
-.51*
-.14
-.05
-.26*
-.22
-.20
-.25
-.25
-.05
.05
-.29*
.18
1

(18)
.30*
-.03
-.62*
.02
.50*
.24
.04
.19
.22
.12
.24
.17
.08
.15
.01
-.25
-.47*
1

(19)
-.26*
-.04
.36*
.20
-.43*
-.18
.16
-.30*
-.11
-.27*
-.14
-.29*
.06
-.57*
.39*
.53*
.29*
-.41*
1

(20)
.31*
.16
-.12
-.05
.16
.17
-.09
.13
.17
.11
.18
.13
.05
.22
-.21
-.20
-.36*
.29*
-.22
1

(21)
-.20
-.13
-.02
.00
.01
.02
.13
-.02
-.15
-.03
-.15
-.02
-.07
-.35*
.26*
.30*
.20
.08
.26*
-.34*
1

(22)
-.18
-.18
.15
-.12
-.24
-.12
-.15
.01
-.29*
.06
-.30*
.03
-.18
-.17
.15
.09
.37*
-.04
.16
-.11
.15
1

(23)
-.31*
-.14
-.09
.07
-.07
-.07
.08
-.07
-.08
-.08
-.09
-.07
-.02
-.22
.25*
.14
.16
.14
.10
-.36*
.37*
.02
1

(24)
.01
-.20
-.36*
-.15
.17
.16
-.08
.22
-.13
.19
-.12
.22
-.16
-.17
.22
.10
-.18
.49*
-.14
-.04
.26*
.32*
.31*
1

(25)
-.09
-.28*
-.33*
-.09
.08
.03
-.01
.13
-.19
.11
-.19
.13
-.18
-.28*
.33*
.14
-.05
.42*
-.08
-.10
.35*
.29*
.41*
.78*
1

* correlation is significant at the 0.05 or 0.01 level.

affecting growing period, soil formation and microorganism activities [1]. A surprising correlation between aspect and SI (r=-0.29) was found. Although
oriental spruce is among the shade tolerant tree species, SI increased from north to south aspects. Similar results were found by some other researchers [5,
50]. While Vanderschaaf and Prisley [50] explained
that issue with increasing growing period and photosynthesis rate, the others [51, 52] associated it with
improving ecological conditions resulted from
warming in south aspects especially in daytimes in
case of appropriate humidity in mountainous areas.

Regarding the topographic factors; landform,
longitude, elevation, land slope and slope aspect
were correlated with SI. The positive effect of the
landform (distance to ridge) on SI (r=0.49) can be
attributed to decrease in soil skeleton and increase in
soil depth [1]. Similar results were found by some
other researchers [48, 49]. The positive correlation
between longitude and SI (r=0.36) can be attributed
to decrease both in land slope and elevation. The
negative correlation between elevation and SI (r=0.30) may be related to negative climatic conditions
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Among the climatic factors; temperature, temperature in growing season, precipitation in growing
season and actual evapotranspiration were positively
correlated with SI. AET is the sum of transpiration
and evaporation under natural condition depending
on amount of soil water [53].
The positive effect of AET on SI (r=0.41) was
an expected finding like mentioned in some studies
[54-56]. This effect can be attributed to high temperature besides effective rainfall positively affecting
the growing period, photosynthesis, litter decomposition, formation of soil organic matter, carbon balance, some physiological and enzymatic activities
[57]. The temperature is also known one of the most
important stress factors that the plants are mostly
vulnerable [58].
While silt (r=-0.30), organic matter (r=-0.39),
available water capacity (r=-0.26) and potassium
content (r=-0.31) were negatively correlated with SI,
pH (r=0.30) and soil mechanical depth (r=0.31) were
positively correlated with it. The positive effect of
pH and mechanical soil depth on SI was also documented by other studies [8, 59, 60]. The negative effect of increasing organic matter content on SI may
be related to decreasing pH affecting nutrient take up
by plants.
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Topographic;
SI=629.99+0.00007*LONG+0.0001*LAT
±0.012*ELEV
(1)
Climatic;
SI=±41.54+4.006*TEMP+0.019*PREC
(2)
Edaphic;
SI= 28.015±0.458*OM±0.238*CLAY
(3)
Integrated;
SI=±236.3+0.00003*LONG+13.357*TEMPV
+0.056*ELEV±.020*K+
(4)
In this study, 43.3% of the variation was explained by topographic factors including longitude,
latitude and elevation. Many studies have used topographic variables to model SI. Klinka et al. [61], for
example, computed SI variance for Engelmann
spruce as 64% using elevation and latitude. This
value was computed by Ercanli et al. [59] for oriental
spruce as 65.6% with slope, elevation and aspect variables. However, SI variance modeled by topographic factors could be lower as much as 24.5%, as
well [62].
The climatic factor, also an important variable
affecting site index, has been used in a number of
studies. Our climatic model explains the 45.4% of
the variation within the SI. The positive effects of
temperature and precipitation on plant metabolism
and photosynthesis rates are well-known phenomena
[1]. In addition to these, models may include other
climatic variables such as actual evapotranspiration,
moisture index, water surplus and water deficit [5456].

Modeling SI. Topographic, climatic, edaphic
and integrated models (Eq. (1), Eq. (2), Eq. (3), Eq.
(4)) were developed by MLR stepwise method. Adjusted R2 (R2adj) for these models were found as to be
0.43, 0.45, 0.25 and 0.53, respectively (Table 3).

TABLE 3
Parameters of MLR and RT models

MLR Models

R2adj

RMSE

Topographic
Constant
LONG
LAT
ELEV
Climatic
Constant
TEMP
PREC
Edaphic
Constant
OM
CLAY
Integrated
Constant
LONG
TEMPV
ELEV
K+

0.433

2.87

0.454

0.248

0.535

Unstandardized
Coefficient
B
SE
629.999
0.00007
0.0001
-0.012

154.934
0.0
0.0
0.003

-41.541
4.006
0.019

9.136
0.592
0.003

28.015
-0.458
-0.238

1.813
0.109
0.077

2.82

3.31

F

RT Models

R2adj

RMSE

16.01

Topographic
LONG
LFRM
ASP

0.549

2.53

25.48

Climatic
PRECV
MITH
AET
Edaphic
OM
K+

0.519

2.62

0.414

2.89

Integrated
LONG
K+
LFRM

0.700

2.07

10.72

2.60

20.39
-236.3
0.00003
13.357
0.056
-0.020

50.3
0.0
2.6
0.013
0.008
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FIGURE 2
Regression tree models (a; topographic, b; climatic, c; edaphic, d; integrated)
Edaphic variables had the lowest effect on the
SI compared to the other ecological variables in the
present study. The edaphic model only explained
24.8% of the variation in SI of oriental spruce. Many
models developed by the others included only the
forms of edaphic variables with variable variation
rate. Sanchez-Rodriguez et al. [60], for example,
showed that soil depth, pH, total N and foliar P concentration accounted for 60% of SI variation for
Monterey pine. In the same study, 42.5% of the variation in SI was explained by fine textured soil, silt
content in Bs horizon and organic carbon content in
Ael for Scotch pine. Another model developed by
Chen et al. [7] which included soil moisture regime
and soil nutrient regime along with topographic variables, accounted for 61% of the total variation in SI.
RT analysis was also performed to model SI using ecological variables. The integrated, topographic, climatic and edaphic models accounted for
55%, 52%, 41% and 70% respectively. RT models
can be seen in Table 3 and Figure 2. Integrated RT
model including LONG, K+, LFRM accounted for

70% of the variation in SI of oriental spruce. The integrated RT model having the highest coefficient of
determination included at least one variable from
each group except for climatic group.
The primary split for the integrated SI model
(Fig. 2d) was based on longitude, with the highest SI
(21.49 m) on the sample plots whose longitude was
bigger than 410833.5 m. After this point, it was
based on soil K+ content, with the highest SI (26.78
m) on the plots whose K+ content was lower than
29.5 ppm. The last split was based on LFRM (distance to ridge). The highest SI was 22.10 m on the
plots whose distance to ridge was longer than 43.75
m. In this model, the most important factor affecting
SI was longitude. Plots, whose longitude was bigger
than 410883.5 m, had slight slopes and long distance
to ridge. Moreover, it positively affected the soil
AWC, OM and stoniness. Aertsen et al. [9], also reported similar results like that. In their study, the longitude explained the largest proportion of the total
variance.
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Although garlic is now grown in almost every
region of the world, it preffer under temperate climates on sandy, loamy, and argilliferous soils, especially rich in germanium and selenium [2]. The best
quality garlic in the world is grow in Taşköprü Plain
where 85% of the soil has a permeable, loamy-argillifereous structure. In addition, Taşköprü has an optimum climate for garlic cultivation with warm, humid spring [3]. Adequate rainfall is received in February and March when garlic germinates, and the
crop can be grown without additional irrigation in
Kastamonu [2].
According to United Nations Food and Agricultural Organization, 24.3 million metric tons of
garlic were grown worldwide in 2013. Nearly 80%
of this global production was belong to China, India,
South Korea, Egypt, and Russia [4].
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 [5]. 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
16.650 tons of production and yields of 900 kg/ha
[3]. In Taşköprü, 3.500 families (about 40.000 people) are employed in garlic production.
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 [6, 7, 8, 9, 10, 11, 12, 13, 14].
The two most common mite species, 
  and   , are
probably cosmopolitan and damage a variety of
crops including onions (  ), garlic (
 ), other  species,   
and many other vegetables, cereals, and ornamentals
in storage, in the greenhouse and in the field. Management of these soil pests is complicated by the lack
of appropriate sampling methods for assessing field
populations and predicting outbreaks, a lack of integrated management alternatives, and a limited

  (Fumouze & Robin)
(Acari: Astigmata) is the most important harmful
mite species in garlic (Alliaceae:   L.)
areas in Kastamonu. This mite causes darkening and
decaying especially in the underground part of the
garlic, causing significant damage. In this study, the
effects of acaricide Azadirachtin indica, Abamectin
and Hexythiazox were investigated. on the  
 damage of garlic heads during the garlic cultivation period. For this purpose, garlic seeds were
dipped in acaricide solutions and later planted.
Whether or not the effects of the acaricides on the
harmful mite concentration in the soil were tried to
be revealed by the exit rates of the plants. Trials were
carried out in two different locations from garlic
farming areas in Kastamonu province during the
2015-2016 vegetation period. Each extract was
tested in 16 plots by four repetitive and four parcels
were identified as controls and no application was
made to these parcels. As a result were identified that
Azadirachtin indica, Abamectin and Hexythiazox
were not significantly different from control, no effect on   in the head of the garlic and has
been determined that natural equilibrium has been
established in the control plots.
+*#%&
Garlic Acari,  , Acaricide, Population density, Kastamonu

"'%#('#"
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. Garlic has a wide range of uses
and positive effects on human health such as asthma,
hypertension, bronchitis, cancer, circulatory weaknesses, colds, colitis, and coughing [1].

3117

#"

  $   





  !






!'% &"!'#&

This study was performed in 2015-2016 on a
0.2 hectare fields located in Yukarıemerce and
Alisaray Village in Taşköprü/ Turkey (Figure 1). 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
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 (Figure 2). 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®) at 30 ml/100 L water, azadirachtin
(NeemAzal-T/S®) at 30 ml/100 L water and Hexathiazox (Yoksorrun 5EC®) at 50 ml/100 L. water.
Garlic cloves were immersed in one of the three acaricide-water treatments for 15 minutes before planting. Each application is planned in 4 replications, did
not spray on green parts of garlic.
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   mites and it was
tested whether it is a high success rate application.
After the spraying, counting is done on 7th,
14th, 21st and 28th days until the green parts are developed; five garlic plants were taken from each plot
after extracting in Berlese funnel, the mites collected
in ethyl alcohol were thoroughly mixed and homogenized. Then have taken 1 ml of alcohol and counted
the amount of mite in it and afet this process is repeated three times, were averaged number of mites
so were determined the number of mites in 1 ml alcohol. Because of taking 5 pieces of garlic head sample the number of mites found was divided by 5 and
the number of mites per garlic was calculated. Climate data (temperature and humidity values) for the
study areas were obtained from the meteorological
station.

knowledge of their field biology and ecology. Management of bulb mites is complicated by their short
generation time, high reproductive potential, broad
food niche, interactions with other pests and pathogens, and unique adaptations for dispersal. Historically, control of these acarine pests has relied on the
use of synthetic miticides and insecticides, but this
option is now limited due to documented resistance
and with drawal of registration of some products.
Alternative control strategies, including cultural
and biological control, have shown limited success,
but need to be further developed and implemented
[8, 9].
Use of chemicals has been limited in recent
years, and biological or cultural methods have been
advocated [15]. 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 [16].
Neem products affect feeding, growth, and development of insects and mites [17, 18, 19, 20].
Avermectin is a macrocyclic lactone derivative
that is generated as a fermentation product from a
actinomycete bacteria (Actinobacteria), Streptomyces avermitilis (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 [21].
Hexythiazox is a mixture of four stereoisomers
chemical compounds from the group of thiazolidines
and carboxamides and acaricide effective on mite
eggs and nymphs, but not adults.
Soraurer [22] concluded that the method of nicotine sulfate and carbon disulphide fumigation for
two hours or dipping method the head parts in tobacco extract were successful against  .
In addition to this, the researcher reported that the
application of the fir tree oil had a killing effect of
60% to 90% on mites and the application of hot water to the garlic heads at 55 °C is 100%. effective.
Ertürk [23] researched that the damage of 
  (Fumouze & Robin) (Acarina:
Acaridae) on bulbous plants, fumigated with methyl
bromide on Hyacinthus bulbs against the eggs of 
 and reported that fumigant is 100% effective on the egg of mite.
Garman [24] reported that the plant bulbs were
dipped in hot water and then the cold steam application was successful on   in Lilium and
Hyacinthus bulbs in storage.
From the scientific studies above, in this study
the possibilities of fighting with   for two
years between 2014 and 2016 were investigated in
the garlic cultivation area of two different localities
in Taşköprü district of Kastamonu province. For this
purpose, it is aimed to determine how the harmful
mite populations of the underground parts of the garlic, that is to say the head, are affected by the application of acaricides by spraying the seed garlic teeth.

%&( '&
Within the scope of the study, data obtained
from studies of compound trials in the garlic field of
Alisaray and Yukarıemerce Village of Taşköprü
District during 2015 and 2016 vegetation period
Tukey (P=0.05) in the direction of the obtained data,
all census days, all different applications and at
(α=0.05) level there was no significant difference in
statistical significance between the drug trial parcels
and the control parcels (P ≥0.05). When were determined Table 1, Table 2, Table 3 and Table 4;
Abamectin, Neemazal and Hexathiazox that were
applied in all different localities and census periods
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of   on the garlic head (Figure 3, Figure
4).

the result were not effective against the population
density of   at head of garlic. This situation shows that Abamectin, Neemazal and Hexathiazox are not fully effective in suppressing the density
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$3>13;@/53<4/B/>/53:7@323;?7@E<;5/>97163/2?7;/1/>71723@>7/9=/>139?7;
+A8/>G3:3>13)799/53$/>139?7;
!3/;?@/;2/>223B7/@7<;

==9732
!/@3>7/9?
Abamectin
Neemazal
(Azadirachtin indica)
Hexathiazox
Control
&@/@7?@71/9)/9A3?

+(%!%) $% &
4@3>
4@3>
4@3>
2/E?
2/E?
2/E?
34.25± 18.25
6.25± 1.11
8.25± 4.05


4@3> 2/E?

4@3> 2/E?

2.25± 1.31

32.25± 10.44

15.50± 5.61

8.25± 2.75

6.00± 2.16

2.00± 1.00

12.75± 7.12

8.50± 2.90
9.25± 2.36
P= 0.289, df:12,
F: 1.523

4.00± 1.16
10.25± 3.42
P: 0.282 df:12,
F: 1.315

4.25± 1.93
15.5± 8.47
P: 0.405 df:12,
F: 1.013

0.25± 0.25
4.75± 2.39
P: 0.184 df:12,
F: 1.611

15.75± 13.12
38.25± 12.00
P: 0.388 df:12,
F: 1.299

* Assessed by Tukey method (P ≥0.05).
'  
$3>13;@/53<4/B/>/53:7@323;?7@E<;5/>97163/2?7;/1/>71723@>7/9=/>139?7;
+A8/>G3:3>13)799/53$/>139?7;
!3/;?@/;2/>223B7/@7<;

==9732
!/@3>7/9?
Abamectin
Neemazal
(Azadirachtin indica)
Hexathiazox
Control
&@/@7?@71/9)/9A3?

+(%!%) $% &
4@3>
4@3>
4@3>
2/E?
2/E?
2/E?
33.50± 1.55
21.25± 3.57
8.25± 4.05



22.00± 6.14

4@3>
2/E?
2.50± 0.29

4@3> 2/E?

36.25± 4.52

23.50± 3.12

4.00± 2.16

24.75± 4.31

7.25± 2.95

36.00± 6.00
38.25± 3.38
P= 0.852, df:12,
F: 0.216

24.00± 2.52
35.00± 7.27
P: 0.192 df:12,
F: 1.858

4.25± 1.93
15.9± 8.47
P: 0.403 df:12,
F: 1.013

28.00± 4.38
32.25± 6.68
P: 0.566 df:12,
F: 0.649

6.75± 2.14
5.25± 1.80
P: 0.390 df:12,
F: 1.098

* Assessed by Tukey method (P ≥0.05).
'  
$3>13;@/53<4/B/>/53:7@323;?7@E<;5/>97163/2?7;/1/>71723@>7/9=/>139?7;97?/>/E)799/53$/>139?7;
!3/;?@/;2/>223B7/@7<;
==9732
!/@3>7/9?
Abamectin
Neemazal
(Azadirachtin indica)
Hexathiazox
Control
&@/@7?@71/9
)/9A3?

 &%+) $% &

4@3>
4@3>
4@3>
2/E?
2/E?
2/E?
0.50± 0.50
12.75± 4.29
7.50± 1.76

4@3>
2/E?
5.25± 1.65

4@3>
2/E?
4.75± 1.70

1.25± 0.95

15.50± 4.91

6.25± 2.01

6.50± 2.25

6.50± 1.55

1.25± 1.25
1.00± 0.58
P= 0.928, df:12,
F: 0.216

11.25± 3.38
24.25± 5.54
P: 0.242 df:12,
F: 1.598

5.75± 2.46
11.75± 5.92
P: 0.626 df:12,
F: 0.616

5.25± 2.98
12.75± 4.09
P: 0.305 df:12,
F: 1.542

3.50± 1.04
18.50± 3.77
P: 0.788 df:12,
F: 9.230

* Assessed by Tukey method (P ≥0.05).
' 
$3>13;@/53<4/B/>/53:7@323;?7@E<;5/>97163/2?7;/1/>71723@>7/9=/>139?7;97?/>/E)799/53$/>139?7;
!3/;?@/;2/>223B7/@7<;
==9732
!/@3>7/9?
Abamectin
Neemazal
(Azadirachtin indica)
Hexathiazox
Control
&@/@7?@71/9
)/9A3?

 &%+) $% &

4@3>
4@3>
4@3>
2/E?
2/E?
2/E?
7.00± 3.11
6.75± 2.69
5.75± 2.06

4@3>
2/E?
5.25± 2.66

4@3>
2/E?
5.50± 2.72

9.50± 3.77

7.25± 2.50

8.00± 3.49

6.25± 1.65

6.75± 2.29

2.50± 1.04
6.00± 1.08
P= 0.265, df:12,
F: 1.287

8.50± 2.18
2.50± 0.87
P: 0.260 df:12,
F: 1.433

8.25± 2.21
2.25± 0.69
P: 0.310 df:12,
F: 1.425

7.00± 3.24
6.50± 1.85
P: 0.956 df:12,
F: 0.091

6.75± 3.12
6.50± 1.50
P: 0.984 df:12,
F: 0.058

*Assessed by Tukey method (P ≥0.05).
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The temperature and humidity values in the region
are very different from their normal values
influenced this situation. It is evaluated that the
location, humidity and temperature values of mite
population densities are effective. All three
acaricides were not different from each other and
from control plots according to their effects. Care
should be taken not to distort this natural balance that
is formed in the region. According to the fact that the
effects on the mite density of all three acaricides are
not different when the harmful mite intensity
increased it was evaluated that it would be
appropriate to prefer Azadirachtin indica, which is
not harmful to the environment and harmful to the
natural balance.

In the study the possibility of fighting with garlic mites were investigated in garlic growing areas in
Kastamonu. In the scope of the study, in order to find
a solution to the struggle of harmful mite species in
the garlic, it was investigated how the seeds were
sprayed and the harmful population was affected
with the least acaricide application. Thus, it was tried
to shed light on the mite problem which is a major
problem of the breeders in the region.
n.
As a result; the application of three acaricides
(Abamectin, Azadirachtin indica and Heathiazox)
with dipping method did not show a different effect
on the mite density, especially in the head of garlic.
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open spaces based on the actual conditions, and such
disturbances are known to create serious problems
on occasions. Occupational Safety & Health Administration (OSHA) classifies the effects of noise in the
following three groups based on the level of significance:
• Primary Effects, which include noise-induced temporary threshold shift, noise-induced permanent threshold shift, acoustic trauma and tinnitus.
• Effects on Communication and Performance, which may include isolation, annoyance, difficulty in concentrating, absenteeism and accidents.
• Other Effects, which may include stress,
muscle tension, ulcers, increased blood pressure and
hypertension [1].
As an important research on effects of noise,
the study conducted by Saeki et al., clearly revealed
the annoying, performance decreasing and fatiguing
effects of noise during mental memory task [2]. In
another study, effects of different noise combinations on sleep were researched [3]. In that study, road
traffic noise used as a single noise source and construction or movie noise combined with road traffic
noise were used as combined noise sources. The results showed that the combined noise source including construction noise decreased the number of participants who fell asleep within an hour and increased the number that were awakened prematurely
when compared to the effects of road traffic noise
combined with movie noise. Klæboe et al.conducted
a survey study in Norway, in 18 study areas from two
cities and with a total of nearly 4,000 respondents
and revealed the relationship between road noise exposure and noise annoyance [4]. Another research
carried out by Kluizenaar and Miedema investigated
the effects of traffic noise on cardiovascular health
and analyzed the negative effects of noise on hypertension, cardiovascular disease and cardiovascular
mortality by use of questionnaires, measurements
and hospital admission databases [5]. Similarly,
Pierra et al. made a study of the effects of nocturnal
road traffic noise on sleep and human health [6]. Another study conducted by Jakovljeic et al. showed a
strong correlation between noise levels, personal
characteristics and some housing conditions [7]. The

The results of the analyses carried out
according to the European Noise Directive for
determining the efficacy of different noise sources in
areas being exposed to high levels of noise are
presented. The study area was selected to cover of all
noise sources exposure areas which are critical
according to limit values. Comparison of 55 dB(A)
and higher noise level impact indicates that road,
Antalya airport, and entertainment places are the
three noisiest sources of all followed by railway and
industrial zones during 24 hrs. time period in
Antalya city. 65 dB(A) and higher noise levels for
road, Antalya airport, and entertainment places
exceeded and their exposed population were 73,300,
9,500, and 2,900 respectively. The violations
observed for 75 dB(A) and higher noise levels for
road and entertainment places for which exposed
population were 17,400, and 700 respectively. The
average noise levels sourced from airport, railway,
and industrial zones essentially conform to the 75
dB(A) limit for daily time interval. Nearly %10 of
population exposed from road noise, %1 both from
Antalya airport and entertainment places for 55
dB(A) and higher noise levels during the night time
period. However, for railway and industrial zones
average noise levels for night time period conformed
to the regulatory standards. For 65 dB(A) and higher
noise levels, only %3 of population exposed from
road noise.
'%!"
Modeling, Noise source, Exposure, Noise map
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Noise, which is considered an important component of environmental pollution today, causes
many negative consequences from the disturbing effects on daily activities to physiological or psychological complaints. Gradually intensifying in parallel
with technological developments and population
growth, noise disturbs people in both closed and
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population was exposed to noise levels above 65
dBA during nighttime [26]. In another research carried out by Baltrėnas et al., noise measurements were
taken near the main streets in the southern part of
Panevežys, Lithuania. The performed measurements
show, the noise level limit in the daytime was exceeded by 65%, in the evening by 88%, and at night
by 71% of all the total measurements made [27].
Vogiatzis was studied Larnaka International Airport
in Cyprus and mentioned that aircraft noise is an
important parameter of degradation of the
soundscape environment in the immediate area of
airports [28]. In Turkey, there are also recent studies
about noise impact of sources on surrounding communities. Ozkurt et al. studied airport noise and their
impacts on communities around the İstanbul Ataturk
Airport and İzmir Adnan Menderes Airport [29, 30].
Noise exposure levels were calculated on the surrounding communities both for current flight operations in 2012 and also for future capacities of Ankara
Esenboga Airport [31]. Hamamci et al. was characterized the lands affected by airport noise in terms of
land cover/use characteristics around Ankara Esenboga, Antalya and Izmir Adnan Menderes Airports
[32].
Antalya, a southern city of Turkey on the Mediterranean coast, has been a focus of interest for both
local and international tourists thanks to its very long
holiday season and various facilities offered for visitors. While more than 600 entertainment venues located along the coast of the city make an important
contribution to the attractiveness of Antalya in terms
of tourist activities, they also cause many environmental problems, noise pollution being in the lead.
Sari et al. assessed the noise exposure levels sourced
by entertainment facilities such as discos, bars and
pubs etc. in the city center of Antalya. The level of
entertainment noise exposure in the city was calculated according to the European Noise Directive
[33]. In addition, roads are also known to be effective noise sources for many areas of the city.
In this study, results of the analyses carried out
for determining the efficacy of different noise
sources in areas being exposed to high levels of noise
are presented.


##'

"9:+=(7,((4++(9(Antalya is a city in the
Mediterranean coast of southwestern Turkey and is
surrounded by mountains situated on coastal cliffs.
The city of Antalya is located between the longitudes
29° 14’ E and 32° 27’ E, and latitudes 36° 06’ N and
37° 27’ N, covering a total area of 138,000 hectares.
The population of agglomeration in the city is more
than 1 million [33]. 

literature includes many papers about the negative
effects of noise on sleep [3, 8-12].
Researches on the effects of noise reveal that
noise start to cause annoyance over 55 dBA. Level
of annoyance clearly increases at noise levels exceeding 65 dBA and serious problems develop over
time. According to the World Health Organization
(WHO), noise levels that must not be exceeded in
residential areas are 55 dBA for the daytime and 45
dBA for the nighttime. The Organization also
clearly states that noise levels higher than 40 dBA
should cause sleep disturbances [13]. When it is
taken into account that an important part of the
world’s population is exposed to noise levels exceeding 65 dBA during the daytime, scale of the
problem can be easily understood. Certain targets
were set within the scope of the “Fifth Environmental Action Program” started by the European Commission in 1996, which included keeping average
exposure to noise under 65 LAeq, never allowing the
level of exposure to exceed 85 LAeq and keeping it at
55 LAeq for quiet areas [14]. In line with these targets,
member countries of the European Union were required to prepare noise maps and action plans for the
purposes of revealing the actual scale of noise exposure and developing action plans for controlling
noise [15]. In response, European Union member
countries speeded up ongoing studies towards noise
control and legislated common directives for the development of noise maps for all settlements and
presentation of actual conditions of noise exposure
[16-22]. In December 2012, information concerning
people who are exposed to different noise levels and
to different noise sources for the noise indicators Lden
and Lnight in European settlements with more than
100,000 inhabitants, as well as all main transport networks should have been reported by member countries. This information is now being integrated into
the existing database containing noise data for the
whole Europe: Noise Observation and Information
Service for Europe [23].
In strategic noise maps, combined effects of
different noise sources in a certain area are evaluated. On the other hand, there are also studies which
try to find out the effects separately for each of various noise sources including roads, railroads, airports,
entertainment places and industrial zones. In their
study, Brito and Coelho prepared noise maps which
aimed to show affected areas of different noise
sources in Fortaleze, a Brazilian city with a population of 2.8 million [24]. Similarly, Dimitrios et al.
worked on the noise exposure caused by the port and
the nearby road in the Greek city of Piraeus in order
to find which source was dominant at various locations of the city [25]. Panagopoulos et al. prepared
noise maps of the roads of Thessaloniki city to “classify” the city area into zones according to different
noise levels. Results indicate that 6.5% of the
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The geographical data for the study area had
been collected from the archives belonging to Antalya Metropolitan Municipality. The geographical
data used for the model consists of the location and
height information of the buildings, number of
floors, land use, topography and all other obstacles
located in Antalya City. The data was utilized for establishing the elevation, building (residential), auxiliary building (industrial, commercial), hospital and
school layers in the software.
Road-traffic data and railway data were acquired from Antalya Metropolitan Municipality.
They include road segments, traffic volume, vehicle
speed, and composition of vehicle types. In the year
2012, traffic data for Antalya Airport were collected
by the General Directorate of State Airports Authority. The flight statistics and types of aircraft are according to the German document "Instructions on the
Calculation of Noise Protection Areas" [34]. The
representative sound pressure levels for entertainment places were obtained from emission library of
SoundPLAN. The SoundPLAN is a graphics oriented noise prediction program which is used for

noise planning, noise assessment and the development of noise mitigation measures. According to
SoundPLAN emission library, sound power levels
were used as 66 dBA for cafe bistro-beer garden (up
to about 300 persons), 71 dBA for cafe bistro-beer
garden (more than 300 persons), 80 dBA for restaurants with music, 90 dBA for pub-bar-discotheque
and 105 dBA for entertainment venue with live music [35]. The model input data in study area was
given in Table 1. The location of noise sources was
shown in Fig.1.
508, 35+,204. The models are numerical
representations of the reality and are able to produce
an accurate estimate of the noise exposure experienced in the cities. Noise modeling is used to evaluate current or future noise levels in agglomerations
and to produce different noise maps. These maps,
which show contours of equal noise, are a powerful
tool for illustrating the impact of noise from a source
or combination of sources to surrounding communities [36]. Noise mapping is acknowledged as one of
the best ways for understanding the issues related to
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0./,89 2,;,2 ,<658:7, in compliance with
END all inhabitants of a building are assigned to the
level of the most exposed façade.
In this study, "highest level exposure" method
was used to calculate size of the exposed population.
EU noise indicators Lden and Ln are to be determined by means of the assessment method described
hereafter. The definition of the Lden level (day–evening–night) is defined by the following formula:

 

       

  

 

   

environmental noise. Developing a noise map requires detailed information about the noise sources,
physical environment and population structure of the
area and the relevant environmental and acoustical
conditions. Modern noise mapping methods rely
heavily on computer noise modeling. In this study,
the SoundPLAN 7.3 software package was used to
develop a model of noise levels. The results of these
simulations were exported to maps and day-time and
night-time noise layers were created at a 10-m spatial resolution in the raster data format by use of a
bilinear interpolation algorithm. Fig.2 and Fig.3
shows 55 dB(A) and higher exposure areas of noise
sources at daytime and nighttime, respectively.

where:
(a) Lday (Ld) is the A-weighted long-term average sound level as defined in standard "Acoustics
- Description, measurement and assessment of environmental noise - Part 1: Basic quantities and assessment procedures" [41], determined over all the day
periods of a year,
(b) Levening (Le) is the A-weighted long-term
average sound level as defined in ISO 1996-1:2003,
determined over all the evening periods of a year,
(c) Lnight (Ln) is the A-weighted long-term average sound level as defined in ISO 1996-1:2003, determined over all the night periods of a year.

8903(904. 656:2(9054 ,<658:7, Noise disturbance significantly impacts many areas with high
population density and affects the inhabitants in their
daily life, sleep, work and study. The literature suggests that the risk of hypertension and myocardial infarction increases with prolonged exposure to the
noise generated by airports and roads [37-40].
The number of people exposed to noise is determined by means of façade level calculations on
households. Two different methods are available to
assess the number of people exposed to noise:

756579054(2 ,<658:7, proportional attribution of the number of inhabitants of a given building
to each façade level point.

$!
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In SoundPLAN software, each building can
carry a series of attributes such as residential, school
and hospital. The "residential" attribute identifies
buildings for which both the number of people and
the number of dwellings exposed to certain noise
levels are calculated. The attributes "school" and
"hospital" identifies sensitive buildings. The number
of buildings per noise level band is counted for these
attributes.
The exceedance maps for threshold values of
55, 65 and 75 dB(A) were prepared at an elevation
of 4 m above the ground in the study area for all
noise indicators. The number of households, sensitive buildings, and population situated in the areas
that are exposed to these noise levels were also calculated for two time zones. In Fig.4 and Fig.5, spatial
pattern of population affected by noise were given at
daytime and nighttime, respectively.

noise levels for road and entertainment places for
which exposed population were 17,400, and 700 respectively. The average noise levels sourced from
airport, railway, and industrial zones essentially conform to the 75 dB(A) limit for daily time interval.
In addition, nearly %10 of population exposed
from road noise, %1 both from Antalya airport and
entertainment places for 55 dB(A) and higher noise
levels during the night time period. However, for
railway and industrial zones average noise levels for
night time period conformed to the regulatory standards. For 65 dB(A) and higher noise levels, only %3
of population exposed from road noise. There are
negligible amount exposure from 75 dB(A) and
higher noise levels were determined for the same
time period. Comparison of noise impacts of sources
on population at daytime and nighttime were shown
in Fig.6 and Fig.7, respectively.


!"$#""$""
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As it can be observed, high exposure values are
estimated from road and airport noise, lower values
are determined from railway and industrial zones’
noise for both 24 hrs. and night time periods. This is
mainly due to the higher number of vehicles on roads
and more flight numbers in Antalya airport and the
dense population in residences live near these noise
sources.

Comparison of 55 dB(A) and higher noise level
impact indicates that road, Antalya airport, and entertainment places are the three noisiest sources of
all followed by railway and industrial zones during
24 hrs. time period in Antalya city. 65 dB(A) and
higher noise levels for road, Antalya airport, and entertainment places exceeded and their exposed population were 73,300, 9,500, and 2,900 respectively.
The violations observed for 75 dB(A) and higher
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From this comparison, it is evident that population affected by railway, entertainment places, and
industrial zones noise decrease their rating and road

and aircraft noise raise, that is coherent with the annoyance assumptions, considering a greater annoyance for road and aircraft noise and smaller for other
noise sources in the study area.
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It has been determined that the ecological
conditions determine which of the agricultural
systems, including irrigated, non-irrigated and
moist agriculture will be put into practice in a region where the most effective factor in the field
agricultural system is water. Irrigated agriculture is
an agricultural system which has been applied in
places where water cannot be met by natural rainfall but can be provided through irrigation, which is
necessary for the normal development and crop
production of plants. The quantity and quality of
the products decreases and salinity-desertification
problems soon begin if proper quality water is not
used in irrigation no matter how efficient the soil is,
how well modern irrigation methods are used. The
quality of irrigation water is determined by the
amount of dissolved salts in the waterand irrigation
water mostly contains sodium, magnesium and
calcium salts. Soil-plant-water relationships in
irrigated farming lands and their effects on human
and environment have not been considered thoroughly. Because of this, the producers tend to use
excessive water because they could not be trained
adequately, consequently they encounter many
problems such as drainage, high groundwater, salinity and sodium. Among other agricultural systems,
non-irrigated farmingis non-irrigated field farming,
which is carried out in soilsan having annual rainfall of up to 500 mm or irregular rain distribution
according to seasons. Non-irrigated farming is a
mandatory method where rainfall is a limiting factor for plants. 60-65% of the total area in the world,
while 81.7% of a total of 27.7 million hectares of
cultivated land in Turkey, annual precipitation is
less than 500 mm and non-irrigated farming has
been applied. Fallow non-irrigated farming has
been carried out in 74% of the non-irrigated farming areas, namely 16.8 million hectares. Because
the water is limited in non-irrigated farming areas,
the main purpose of non-irrigated farming is to
maintain the water obtained from the precipitation
as long as possible in the soil for a long time and to
use the water most effectively [2].
The agricultural productivity of the soil and
the content of plant nutrients are important for
increasing agricultural production. The positive or
negative physical and chemical properties of soils

Healthy and balanced nutrition of a country's
population as well as its future generations is possible by ensuring sustainable economic development
through protecting the environment and biological
diversity. In this study, the areas where two different agricultural systems applied were determined
and soil samples were taken from 0-30 cm depth
and soil analyses were carried out for ecological
and agricultural evaluation.It was found that the
saturation percentage of the soils varied between
41.80-84.70%, its pH varied between 7.27-8.19, the
total amount of CaCO3 varied between 2.5521.24%, total salinity ratio 0.003-0.040%, organic
matter content varied between 1.25-3.86%, the
amount of beneficial P2O5 varied between 1.92-9.00
kg da-1 and the amount of available K2O was found
so high. In the study, it was concluded that the
application of phosphorus and potassium fertilizer
should be taken into account since the P2O5 level is
high in irrigated soils and the soils are clay loam
and the amount of K2O is at an adequate level in
both cultivated soils.
(' "#
Kirsehir, soil charactesitic, irrigated agricultural, nonirrigated agricultural
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It has been stated that 3200 million hectares of
land in the world are potentially suitable for agriculture; however, only 1450 million hectares of
them are still cultivated and that the majority of the
remaining land of 1750 million hectares is less
suitable for agriculture and environmentally sensitive soils. In the world, non-irrigated farminghas
been carried out in 1200 million hectares, whereas
irrigated agriculture has been carried out in 250
million hectares (17%). It is estimated that the total
area, in which drainage is conducted, 150-200 million hectares (10-14%), and 100-150 million hectares of theseare located in rainy areas while 25-50
million hectares are located in irrigated areas [1].
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and the lack or excess of plant nutrients is among
the factors that affect the yield and quality of agricultural crops. If there are not enough plant nutrients to grow the plants in the soil, the appropriate
type and amount of fertilizer is given to the soil to
cover the deficit. A good fertilization is achieved by
determining the amount and type of the fertilizer
that the plant needs, and giving this fertilizer to the
soil in accordance with its technique at the right
time. The type and amount of fertilizer required for
soil in the laboratory are determined by obtaining
various soil samples from a specific area. Thanks to
soil analysis, the nutrients which are found in the
soil structure and needed for soil can be determined
accurately. Hence, which fertilizer, how and in
what quantities will be applied are determined
through soil analysis.
In this study, physical and chemical analyzes
were performed on the samples taken in order to
determine the soil structure of some non-irrigated
and irrigated farming carried out in Kırşehir province. Additionally, soil analysis results have been
examined in terms of productivity and some suggestions have been made.
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The average water saturation percentage of the
study area soil at 0-30 cm depth was found to be
54.55% for irrigated areas, while it was found to be
54.08% for non-irrigated areas andsome soil analysis results are given in Table 1 and Table 2. The
coefficient of variation for watery saturation percentages of irrigated soils was determined to be
27.99 %, while 20.08 % for non-irrigated soils and
these values were found to be moderately variable.
Because, the coefficient of variation is considered
to be slightly variable if it is <15 and to be intermediate-level variable and to be highly variable if it
between 16-35 if it is >36 [9].
The saturating condition which is used to determine the soil structures is given in Table 3.
When the soils of the study area are evaluated according to Table 3, it is stated that both areas generally have a clay loam structure. The soil structure
is one of the important physical properties that
determines the level of soil fertility and is of great
importance in terms of fertilization [10]. In addition, the analysis results of the soils based on the
agricultural system used in the study areas are given
in Figure 1.
It was observed that the average soil pH was
7.87 in irrigated areas from the study area, while it
decreased to 7.64 in non-irrigated areas. When the
soil is classified according to pH values, soils with
a pH of 7.4-7.8 are usually mildly alkaline and
those with a pH of 7.9-8.4 are considered to be
moderately alkaline [12]. The percentage of variation coefficient of soil pH was found less than <15
for irrigated and non-irrigated farming, which indicates that the pH value of these areas is slightly
variable. Accordingly, as a result of the evaluation
of the study area soil according to Table 4, the pH
of non-irrigated soils were found slightly alkaline
and the pH of irrigated soils exhibited a moderately
alkaline reaction. Soil reaction is a soil feature that
significantly influences plant growth and availability of plant nutrients. If the annual amount of rainfall is low, it causes the soil pH to be high. The
variable H+ ion is less common in arid regions. Due
to the influence of the prevailing climate condition,
the bases in the soil are prevented from being washed away and turned into acid-reactive state [10].

Soil samples taken from 0-30 cm depth of irrigated and non-irrigated agricultural land are dried
under laboratory conditions and prepared for an
analysis by being crushed with a wooden hammer
and sieved with a 2 mm sieve. According to the
basis reported by Demiralay (1993) [3], percentage
of saturation with water, 100 g of soil samples
sieved with a 2 mm sieve were taken and soil colloid surface areas were saturated with water. Soil
reaction (pH) was measured potentiometrically in
saturation sludge by using a pH meter [4]. Total
salinity in the saturation sludge was measured by
the electrical pH conductivity probe [4]. Total lime
was determined on a volume basis using Scheibler
calcimetre with 10% hydrochloric acid [5]. The
organic material was determined titrimetrically by
oxidizing the organic carbon with 1.0 N K2Cr2O7 ve
H2SO4 and 0.5 N FeSO4.7H2O by the 'WalkleyBlack' method of wet decomposition [6]. Exchangeable potassium was extracted as reported by
Helmke and Sparks (1996) according to the Ammonium acetate method (NH4OAc, 1.0 N, pH:7)
and the amount of potassium passing through the
solution was determined in a flame photometer [7].
Beneficial phosphorus was determined by using 0.5
M sodium bicarbonate (NaHCO3) using a UV-VIS
spectrophotometer at a wavelength of 880 nm coulometrically according to the method developed by
Olsen et al. (1954) [8]. Statistical evaluation was
done by calculating standard deviation, variance,
skewness, kurtosis, coefficient of variation and
correlation.
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Soil
No
1
2
3
4
5
6
7
8

Product

Walnut
Walnut
Walnut
Walnut
Walnut
Sunflower
seeds
Sunflower
seeds
Sunflower
seeds
Minimum
Maximum
Average
Variance
Standard
deviation
Skewness
Kurtosis
Coefficient of
variation (%)

%
3.72
1.55
1.51
1.26
1.38

Available
Phosphorus
(P2O5)
kg da-1
13.61
14.77
8.55
8.02
7.88

Exchangeable
Potassium
(K2O)
kg da-1
287.38
121.00
114.95
96.80
104.36

4.34

2.01

16.96

1614.59

0.033

7.64

3.22

3.16

427.28

7.81

0.003

3.22

2.46

1.92

170.01

35.50
84.70
54.55
233.12

7.53
8.19
7.87
0.03

0.003
0.033
0.012
0.00

3.22
21.24
11.67
50.48

1.26
3.72
2.14
0.84

1.92
16.96
9.36
29.08

96.80
1614.59
367.05
267327.41

15.27

0.18

0.01

7.11

0.92

5.39

517.04

0.95
1.41

-0.13
2.10

1.58
3.02

0.21
-1.83

0.91
-0.61

0.02
-1.22

2.57
6.81

27.99

2.35

80.50

60.88

42.82

57.61

140.86

pH

Total salt

Total lime
(CaCO3)

Organic matter

%
60.53
35.50
54.45
53.79
61.60

7.53
7.87
7.95
8.19
7.95

%
0.011
0.003
0.010
0.009
0.011

%
15.83
6.73
21.24
20.18
14.18

Loam

44.00

7.81

0.018

Clay

84.70

7.83

Loam

41.80

-

Texturing
class

Saturation
percentage

Clay loam
Loam
Clay loam
Clay loam
Clay loam
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Soil
No

Product

9

Barley

10

Barley

11

Barley

12
13
14
15

Barley
Barley
Barley
Barley

16

Barley
Minimum
Maximum
Average
Variance
Standard
deviation
Skewness
Kurtosis
Coefficient
of variation
(%)

Texturing
class
Loam
Clay
loam
Clay
loam
Loam
Loam
Loam
Clay
Clay
loam
-

%
1.25

Available
phosphorus
(P2O5)
kg da-1
2.16

Exchangeable
potassium
(K2O)
kg da-1
143.54

%
46.75

7.56

%
0.020

Total
lime
(CaCO3)
%
2.55

63.80

7.49

0.018

7.56

1.95

2.85

540.72

53.90

7.60

0.011

6.81

1.66

2.70

510.47

46.20
47.30
44.00
75.68

7.78
7.83
7.81
7.77

0.011
0.013
0.011
0.040

6.37
8.24
6.66
13.40

1.37
1.28
2.08
3.86

2.78
5.41
1.92
2.54

186.04
453.75
160.33
546.39

55.00

7.27

0.011

3.31

1.85

9.00

70.18

44.00
75.68
54.08
117.90

7.27
7.83
7.64
0.04

0.011
0.040
0.017
0.00

2.55
13.40
6.86
10.95

1.25
3.86
1.91
0.72

1.92
9.00
3.67
5.78

70.18
546.39
326.43
41542.16

10.86

0.20

0.01

3.31

0.85

2.40

203.82

1.31
1.16

-0.93
0.19

2.20
5.11

0.83
1.78

2.09
4.97

1.98
3.66

-0.03
-2.43

20.08

2.57

58.76

48.23

44.35

65.51

62.44

Saturation
percentage

pH

Total
salt

$ 
!/:-/7<+1/80;+<=:+<387-87.3<387)

Percentage of saturation
<%30
%31-50
%51-70
%71-110
>%111

Organic
matter

*

Meaning class
Sandy
Loam
Clay loam
Clay
Heavy clay
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pH values
<4.5
4.5-5.0
5.1-5.5
5.6-6.0
6.1-6.5
6.6-7.3
7.4-7.8
7.9-8.4
8.5-9.0
>9.1

Reaction
Excess acid
Very strong acid
Strong acid
Medium acid
Light acid
Neutral
Light alkaline
Medium alkaline
Strong alkaline
Very strong alkaline

$ 
$8<+5;835-87</7<80;835;) *

Total soil (%)
Meaning class
<%0.15
Without salt
%0.15-0.35
Lightly salt
%0.35-0.65
Medium salty
>%0.65
Very salty
in terms of salinity in the study area soils. The coefficient of variation of both study area soils is found
>36, which means that the total salt content is highly variable.
The total lime content of the study area soil
was found to be 11.67% for irrigated farming, while
it was found to be 6.86% for non-irrigated farming
soils. In order to determine the lime status of the
soil in Table 6, % total lime contents are given and

It was found that the average % salt content of
the irrigated study soilwas 0.012%, while it was
0.017% for the non-irrigated soil. When the study
area was classified according to total salt content
percentage, it was determined that all of the soil
contained less than 0.15%, which is the limit value
for salinity and, it was determined that the soil was
in the unsalted class when assessed according to
Table 5. It was concluded that there is no problem
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fertilizers can be applied if needed. The coefficient
of variation of both study area soils was >36, which
indicated that the beneficial phosphorus contents
were highly variable.Figure 2 shows the exchangeable potassium contents of agricultural areas.

classified accordingly as medium lime when the
average values of the field soils are taken into account. However, in some irrigated areas, the total
lime content was found to be too high. The excessive amount of lime in the soil prevents plant nutrients such as phosphorus, iron and zinc from being
taken up by the plant. The coefficient of variation
of both study area soils is found >36, which means
that the total lime content is highly variable.
Soil organic matter is the most important
structural component of soil and consists of plant
and animal wastes. When the research area is compared with respect to the content of organic matter,
the average area of organic matter in irrigated areas
was 2.14% and the amount of organic matter in dry
areas was 1.91%. The classification of soils by
organic matter content is given in Table 7. Accordingly, it was determined that the organic matter
content of the study area soil is included in the
moderate and low classes, respectively. In these
areas, it was foundthat application of the barn,
vermicompost barnyard manure application, green
fertilization and application of organic matter content should be done. The coefficient of variation of
both soil samples is >36, which indicates that the
total organic matter content is highly variable.
Phosphorus is among the plant nutrients that
are most needed by the plant. It was determined that
the average amount of phosphorus (P2O5) content in
the soil of the irrigated farming areawas 9.36
kgda-1, while it was 3.67 kg da-1 in the soil of nonirrigated farming area. The classification of soils
according to their phosphorus content is given in
Table 8. Accordingly, the study area was determined to be a soil with high and low levels of
phosphorus in terms of the available phosphorus
content of the soil. It was found that the amount of
phosphorus available is particularly high in irrigated areas, while it is low in non-irrigated areas. Considering the analysis results of the soil, phosphorous

$
$8<+5536/-87</7<80;835;) *
Total lime (%)
<%1
%1-5
%5-15
%15-25
>%25

Meaning class
Less lime
Lime
Medium lime
Excess lime
Too much lime

$
$8<+58:1+73-6+<</:-87</7<80;835;) *
Organic matter (%)
<%1
%1-2
%2-3
%3-4
>%4

Meaning class
Very little
Little
Medium
Good
High

$
>+35+,5/928;928:=;-87</7<80<2/;835
41.+ ) *
kg P2O5 da-1
<3
3-6
6-9
9-12
>12

Meaning class
Very little
Little
Medium
High
Very high

Potassium element is among the plant nutrients that are widely found in the soil. Thin soils
contain more potassium than coarse soils [10]. It
was shown in Figure 2 that the average available
potassium (K2O) content of the irrigated area in the
study was found to be 367.05 kg da-1, while it was
found to be 326.43 kg da-1 in non-irrigated farming
soils. The classification of soils according to their
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available potassium content is given in Table 9, and
according to this classification, the study area was
determined to be sufficient in terms of available
potassium content of the soils. Potassium fertilization is not needed since there is no difference in
plant growth and yield as a result of potassium
fertilization due to the sufficient amount of potassium in the soil of the region. The coefficient of variation of both study area soils was >36, which indicated that the beneficial phosphorus contents were
highly variable.

$
?-2+71/+,5/98<+;;3=6-87</7<80<2/;835
41.+ ) *
-1
Meaning class
K2O kg da
<20
Very little
20-30
Little
>30
Adequate

It was found that hot and dry climatic conditions and high clay coverage lead soil to be rich in
potassium plant nutrients and soil potassium excess
has been observed in many study area soils rather
than potassium deficiency. When the average values of the analysis results of the study area soils are
taken into account, it was determined that the soil is
clay loam, and the soil is unsalted and medium
calcareous, and also available potassium element is
sufficient. In irrigated areas, it was found that the
amount of available phosphorus amount is high, the
amount of organic matter is moderate, and the area
soil exhibited a moderate alkaline reaction. In nonirrigated farming areas, it was concluded that the
amount of available phosphorus and organic matter
is low, and the soil is characterized by mild alkalinity. It was determined that the practices which
increase of organic matter content, such as barnyard
manure, vermicompost application, green fertilization, should be carried out in the study area soil. In
conclusion, it was determined thatthe phosphorous
fertilizer application should be reduced in the soil
where the content of phosphorus is high, and fertilizer application should be done based on the plant
nutrient needs by carrying out soil analyses regularly.
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As a result of the statistical analysis on the soil
structure of the study area, it was found that there is
a positive correlation between the water saturation
percentages of irrigated agriculture soil and total
salinity value at p <0.05 significance level. It has
been determined by [13] that the total salinity value
is higher in the horizons where the saturation value
is high in the Gavur Lake soil. It was observed that
there was a negative correlation between pH value
of field soils and organic matter content at p <0.05
significance level. Similar findings were found in
[13] and [14] have also been reported, and as the
soil pH increases, the content of organic matter
decreases.
Dry agricultural areas of research lands made
correlation analysis total salinity values and percent
saturation with water as a result of p <0.05 significance level is positive, in percent saturation with
water to the organic matter content p <0.01 was
found positive relationship cardinality. The organic
matter content of soils causes the increase of the
specific surface area of the soils and the soil becomes sature with higher moisture contents [13]. It
has been observed by [15] that the percentage of
saturation of the soil with water increases due to the
dose rate increase of the hazelnut compost, which
can be applied to the soil, [16] examined the physical and chemical relationships of 24 soil samples
and found a positive relationship between organic
matter and saturation value. Organic matter with a
total salinity p<0.01 level of significance was found
a positive correlation. The Golbasi Lakes horizon
where the low total salinity of soil the soil is found
to be low in organic matter content [13]. Total lime
with between potassium p<0.05 level of significance was found a positive correlation. [17] by the
application of lime soil pH of the soil, available
phosphorus, potassium and can also in many research studies to increase the amount of calcium
was determined [18-19-20-21-22].
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 ! ! L. from the Amaryllidaceae
family in sandy soil.
Droughts and salinities have become an
unavoidable reality in terms of global warming.
Natural resources are the most important wealth and
genetic resources [1]. There is an important
relationship among AMF root colonization, soil
characteristics, and host plants [2]. The symbiotic
relationships of plants with arbuscular mycorrhizal
fungi is sigificant in terms of life processes of plants.
The plants that have symbiotic mutualistic
relationships with AMF are relatively more
advantageous compared with the non-AMF plants.
The AMF supplies water and mineral nutrients to the
plants and protects them against soil-borne diseases,
salt, and drought stress and contributes to moving
toxic materials contamineted to the host plants [3, 4,
5, 6, 7]. The symbiosis between AMF and host plants
is mutualistic; the AMF utilizes some of the carbon
budget of the plants, which they produce during
photosynthesis and supply soil water and nutrients,
mainly nitrogen and phosphorus, to the host plants
[8, 9, 10, 11].
The limiting soil characteristics such as low
nutrient availability and water deficiency are stresscausing situations that reduce crop yields around the
whole world [12]. The symbiosis between host plant
and AMF is crucial from the point of enhancing
water supply and plant nutrition [13, 14, 15, 16].
Plant diversity and community may be affected
by the AMF community in that it establishes
symbiotic mutualistic relationships with plants [17,
18]. Besides, AMF diversity and community may be
influenced by host plant species [19, 20, 21, 22, 23].
Also, it was reported that AM fungi may have an
impact on ecosystem processes, such as carbon
cycle, productivity, and nutrient mobilization [24].
Bermuda grass [# # (L.) PERS.
(Gramineae)] is a perennial native herbaceous plant
in the temperate coastal region of the Black Sea.
Bermuda grass is especially indigenius to the
tropical and temperate regions around the world. 
 # contains carbohydrates, proteins, minerals,
carotenoids, flavonoids, and glycosides. Bermuda
grass has been utilized for traditional medicine
because it features antiviral, antimicrobial,
antibacterial, and injury-healing properties[25].

!" "
Arbuscular mycorrhizal fungi (AMF) exist in
herbaceous plants’ rhizospheres from the Black Sea
temperate zone. The AMF is significant for
herbaceous plants during their life processes and
stages; it has vital importance under the marginal
climate conditions and protects plants against soilborne diseases. The aim of this research is to
investigate the symbiotic status of AMF species with
# # (L.) PERS., within the temperate
coastal regions of the Black Sea. In order to achieve
this aim, 20 samples of Bermuda grass were
collected from the study area. AMF spore abundance
and diversity were determined in the study area
during the 2016 dry season. Also, physical and
chemical properties of the rhizosphere soils were
analyzed, including the pH, CaCO3 content, organic
carbon, available P, available K, soil texture, and
total N. Furthermore, 12 arbuscular mycorrhyzal
fungi species were diagnosed. Identified spores
belonged
to
,
 !  ,
!,  , !,
!, ! ,
$!, and
 genus. The diagnosed dominant AMF
genus was  The soil of rhizosphere had
low organic carbon, low available P, low available
K, low total N, high CaCO3 content, almost neutral
pH, and sandy soil. The symbiotic status of #
 # with arbuscular mycorrhizal fungi species
demonstrated that the indigenous # #
carried substantial potential as a host plant for AMF
species in sandy soils from Black Sea temperate
coastal regions.
%$ !
Arbuscular mycorrhizal fungi (AMF), # #
soil properties, symbiosis.
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The Black Sea region in Turkey possesses
distinctive ecological conditions that nestles and
homes many herbaceous plants, some of which are
endemic and include rare species such as
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  # is a significant grass species
commonly utilized within playgrounds and greenbelt
areas. It has been noted that the total plant dry weight
of some Bermuda grass was not substantially
influenced by low N supplement [26]. It was also
noted that   # exhibited natural tolerance
against submergence because it improved
photosynthesis after re-aeration and developed
aerenchyma [27]. Besides, it was stated that the
AMF inoculation improved the reproduction of the
  # after cutting [28]. Furthermore, it was
noted that AMF inoculation enhanced the
photosynthetic rate of host plants [29,30]. It was
declared that plants with mycorrhiza had higher
chlorophyll content in order to encourage
photosynthesis [28].
Several studies were carried out to analyze the
relationships between native arbuscular mycorrhizal
fungi and native plants in Turkey’s Black Sea region.
The aim of this research is to determine the
symbiotic status between AMF species and #
 # (L.) PERS. in sandy soils in temperate
coastal regions of the Black Sea. Thus, this research
would contribute to investigations into the
distribution of AMF biodiversity and the ecological
properties of native arbuscular mycorrhizal fungi in
those temperate coastal regions.


" !"!

!9:,= )7-) The study area is located in a
temperate coastal region in the Bartın province
within the northwestern Black Sea, Turkey (Fig. 1).

The geographical coordinates of the research area
are within 32° 22′ eastern longitude and 41° 37′
northern latitude. The altitude of the study area is
almost zero m asl. The meteorological data utilized
in this study belong to the meteorological station of
the Bartın province. According to the meteorological
data (of 30 years between 1982 and 2011), the annual
average temperature is 12.6°C, while the annual
average precipitation is 1044 mm [31,32]. The study
area is dominated by the humid mesothermal climate
type [33]. The mean temperature of the coldest
month (January) and the hottest month (July) are
4.1°C and 22.2°C, respectively. The average
precipitation of the driest month (May) and the
wettest month (October) are 49 mm and 123 mm,
respectively [32].

!512 !)36214/ Soil samples were collected
during the vegetation period of 2016 (dry season). In
the study area, 20 different composite root zone
samples that involve soil and root fragments were
randomly taken from the near hairy root line and
deeper (0–30 cm deep) from # #. The
rhizosphere soil samples were sieved using a 2 mm
sieve from the study area, placed in polyethylene
bags, and stored at 4°C until analysis. Thus, 20 soil
samples were transferred from the study area and
analyzed. Besides, during the dry season, the
samples were collected because the fungal
sporulation was estimated to be higher during that
period within arid and semi-arid ecosystems [34].
The soil samples of rhizosphere collected from the
study area were separated into portions in order to
analyze some of the chemical and physical
properties of soil and AMF diversity and abundance.
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852)9154 )4, 1,-491.1+)9154 5. )7*:8+:2)7
3=+57701>)2.:4/1Spores of AMF were isolated by
the wet sieving method, which then was followed by
the sucrose centrifugation [35,36]. Initially, isolated
spores were analyzed under water through a
dissecting microscope. They were classified
dependent upon their morphological characteristics.
The species definition relied on the diagnosis based
on [37] and on scientific literatures about the new
genera and families (i.e., [38]) and through
considering and referring to the international AMF
database [39]. For this study, it was decided that the
suggestion by [40] was a relatively more appropriate
classification, involving relatively recent diagnosed
new taxa (i.e., [41]).

for the analysis of soil total nitrogen and organic
carbon, respectively [45, 46]. The available
phosphorus was determined based on the
methodology of [47]. The Scheibler calcimeter
method was practiced for identifying the CaCO3
content [48].
!#"!!#!!

!512 6756-791-8 Chemical and physical
properties of the soil were analyzed such as pH,
CaCO3 content, organic carbon, available P,
available K, soil texture, and total N. Furthermore,
the rhizosphere soil had low organic carbon, low
available P, low available N, high CaCO3 content,
almost neutral pH, and sandy soil (Table 1).
The results of these sandy soil properties
indicated that the soil was relatively unfavorable for
plant growth. It was reported that the sandy soils had
high permeability because they have large porosity,
and they quickly warm up. The sandy soils were dry
in the dry seasons or areas when and where drought
is predominant. Plant nutrients are low due to the
lack of clay in sandy soils [49,50].


0-31+)2 )4, 60=81+)2 6756-791-8 5. 90-
85128 The standard methods were applied for the
analysis of the soil chemical and physical
characteristics. These standard methods included the
hydrometer method for the identification of the
particle size distribution of the soil [42]. A pH meter
was used to identify pH in 1:2.5 soil/water
suspension [43]. The EC meter was preferred for the
determination of electrical conductivity in 1:5
soil/water suspension [44]. The Kjeldahl method and
Walkley–Black wet oxidation method were applied

7.04
7.20
7.12

17.85
18.97
18.16

Organic
Carbon (%)

CaCO3 (%)

Electrical
Conductivity
(dS m-1)
0.01
0.01
0.01

0.72
0.75
0.74

Available
Potassium (ppm)

2.40
4.10
2.60

pH (H2O)

Silt (%)

Clay (%)
5.30
7.50
6.00

Available
Phosphorus (ppm)

90.50
93.20
91.40

Total
Nitrogen (%)

Minimum
Maximum
Average

Sand (%)

Soil Properties



"
756-791-85.701>5860-7-85125.# #

0.04
0.06
0.05

4.20
4.70
4.46

77.98
81.25
79.52

"
,-491.1-,8657-814701>5860-7-85125.# #
Order
Diversisporales

Family
Acaulosporaceae
Gigasporaceae

Glomerales

Claroideoglomeraceae

Glomeraceae

Species
!" Gerd. & Trappe
 !    !  (Koske, D.D. Mill. & C. Walker) Sieverd.,
F.A. Souza & Oehl
  ! (T.H. Nicolson & N.C. Schenck) Oehl, F.A.
Souza & Sieverd
 N.C. Schenck & G.S. Sm.
 I.R. Hall & L.K. Abbott
  W.N. Becker & I.R. Hall
!  (T.H. Nicolson & Gerd.) C. Walker & F.E.
Sanders
!! (N.C. Schenck & G.S. Sm.) C. Walker
& A. Schüßler
! ! ! (W.N. Becker & Gerd.) C. Walker & A.
Schüßler
!! (T.H. Nicolson & Gerd.) C. Walker & A.
Schüßler
$!! ! (Thaxt.) Sieverd., G.A. Silva & Oehl
  (S.L. Rose, B.A. Daniels & Trappe) C.
Walker, Vestberg & A. Schüßler
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# 
852)9-,8657-8.753701>5860-7-85125.-73:,)/7)88 < ?
!" ?  ! ? !! ? 
! ! !< ?  !   !  < ? !!
 ?  ? < ?  <
?
 $!! ! ? !  < ?

7*:8+:2)7 3=+57701>)2 .:4/1 AMF spore
generally in balance with the growth of the host plant
abundance and diversity were determined in this
[58]. Considering the physical and chemical
study during the 2016 dry season. The spore density
properties of the soil of the study area,it was shown
of AMF was 18.75 spores 25 g-1 soil in the study
that these soils included insufficient nutrients such as
field (Table 2). The 12 different AMF species were
low organic carbon, available K, available P, total
diagnosed belonging to nine different genera:
nitrogen, and high lime content. All of these soil
 (1); ! (1);   (1);
properties would have restricted the growth and
!
(2);
 !  
(1);
development of #  #. Therefore, the
! (1);  (3); $! (1);
spore density of the AMF in the rhizosphere of
!  (1) (Table 2, Figure 2).
#  # may also have been low. It was
!  and !  
impressed that the growth of the AMF was slowed
and decreased when the carbon source decreased due
were diagnosed from family plants from
Turkey [51]. Besides, it was stated that the species
to the host plant [59, 60]. Besides, the soil texture of
of ! genus were the common (mainly 
the study area was sandy, which has low water! !,   , and  ) AMF
holding capacity because it has high drainage
capacity. However, it was also reported that the soil
around the world [52,53]. Yet, it was found that the
water availability was significant for a AMF-host
dominant order was ", and the
plant relationship, particularly in terms of the
dominant genus was  in this study.It was
functioning and biodiversity [34].
declared that distribution of AMF biodiversity
It was stated that soil characteristics were
related to the salinity, soil pH, deterioration of soil
considerable parameters affecting the AMF
structure (fertilization, tillage etc.), amount of
composition in the rhizosphere soil of the host plant
phosphorus [54], vegetation status [55], and
[61]. Futhermore, soil properties such as available
hydrological status of the soil [56, 57].
phosphorous, pH, etc. were able to alter the AMF
The results of the study demonstrated that the
composition, raising the frequency of mutualists
AMF carried low spore counts in rhizosphere soil in
from
genera
! ,
,
# #. This status does not mean that the
!, and! [40, 62]. Similarly
symbiotic relationship between AMF and #
for this study, it was found that the spore densities
 # is poor; as stated, the growth of the AMF is
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Feitosa de Souza from the Federal University of Paraíba, for his assistance during the diagnosis of the
AMF spores in this study.

were 1 g-11 soil and AMF species were 16, belonging
to nine genera in the sand dunes in the rhizosphere
soil of  !  ! (L.) Less [63]. In this
study,  was found to be the dominant
species, but no spores were obtained from 
in sand dunes [63]. Besides, it was reported that the
dominant family was  [63], but it was
 in this study.
It is believed that the AMF had important
contributions to #  # to provide
resistant against drought and water deficiency,
particularly in the soils that carry limiting properties.
It was reported that the inoculation of AMF triggered
the improvement of #  # in red mud
compared with that of the controls [64]. Also, it was
stated that the inoculation of AMF enhanced the
vitality and improvement of #  # by
promoting the nutrient uptake, decrasing metal
translocation to the aerial portion of grass and
tolerance to metal stress conditions, alkaline, sodic,
and saline [64]. Furthermore, it was reported that the
AMF decreased the harmful impacts of soil such as
nutrient deficiency, insufficient organic matter, high
pH, or high salinity [65,66].
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reacts with oxygen to form trichloromethyl peroxide radical [5, 6]. Following CCl4 toxication, augmented oxidative stress due to increased free radical formation is thought to be the reason behind
tissue damage [7]. Ellagic acid is a polyphenolic
compound found in pomegranate, mulberry, walnut,
green tea, strawberry and eucalyptus leaf [8,9].
Ellagic acid have different mechanisms of action in
bioactivity studies but most proven ones are antioxidant,
anti-fibrotic,
anti-carcinogenic,
antiplasmodial activity and chemoprotective property
[10, 11]. Such properties of ellagic acid are thought
to be beneficial against organ damage. Therefore
this study was aimed to investigate protective effect
of ellagic acid against CCl4 induced acute brain
damage in rats.

ABSTRACT
In this study, it was aimed to investigate protective effects of Ellagic acid in rats which have
brain damage formed with carbon tetrachloride
(CCl4). 28 male Wistar albino rats were separated
into 4 groups as Control, CCl4., Ellagic acid and
CCl4+ Ellagic acid. From the brain tissue homogenate malondialdehyde (MDA), glutathione (GSH),
superoxide dismutase (SOD), gluthation peroxidase
(GSH-Px), catalase (CAT) levels were measured
and routine histopathological investigation was
performed. An increase in MDA level (p<0.01)
whereas a decrease in CAT, GSH-Px, SOD
(p<0.01) and GSH (p<0.05) levels in CCl4 administered group compared to control was observed. In
our study, in the control and Ellagic acid administered groups, no microscopic findings were observed in the brain, while severe lesions were seen
in the CCl4 administered group and only mild congestion lesions were seen in the CCl4 + Ellagic acid
group. Results of this study suggest a protection by
ellagic acid against CCl4 induced brain damage.
This protection is possibly via induction of antioxidant protective mechanism which is shown both by
biochemical and histopathological methods.

MATERIALS AND METHODS
Animals. This study was conducted in Bingol
University with the approval of Bingol University
Animal Experiments Local Ethical Commission
(04.04.2017 -2017/04,04-01). 28 male WistarAlbino rats weighing 250-300 gr were used. Rats
were kept in a room with 20-22ºC constant temperature within twelve (12h) hours of light-dark cycle
(lights on 07:00-19:00; lights off 19:00-07:00). Rats
were given water and standard pellet food ad libitum and acclimatized to their cages for adaptation.
Only feeding was ceased 12 hours prior to experiments.

KEYWORDS:

Brain damage, Carbon tetrachloride, Ellagic Acid,
Rat

INTRODUCTION

Experimental Design. Rats were divided into
four groups containing 7 animals each; Group I
(Control, n=7): Animals in this group was injected
with distilled water, 250-300 grams of body weight
daily for 7 days [12]. Group II (CCI4, n=7): Administered 0.5 ml/kg CCI4 (i.p.) daily for 7 days
[12]. Group III (Ellagic acid, n=7): Administered
ellagic acid (5 mg/kg/day) (oral gauge) daily for 7
days [13]. Group IV (CCl4+ Ellagic acid, n=7):
Administered 0.5 ml/kg CCl4 (i.p.) daily for 7 days
+ ellagic acid 5 mg/kg/day with oral gauge. Brain
tissue samples were obtained from all groups at the

Reactive oxygen species are among the etiology of degenerative diseases. Exposure to radiation,
heavy metals and xenobiotics cause increase in free
radicals and oxidative stress [1,2]. Carbon tetrachloride (CCl4) poisoning resembles oxidative
stress as an experimental model [3]. CCl4 exerts
toxic effects in various organs such as kidney, testis, heart, lung, brain and mainly on liver [4]. CCl4
toxicity probably is due to formation of trichloromethyl radical. In the presence of oxygen, CCl4
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end of 7th day under i.p. 60 mg/kg ketamine hydrochloride and 10 mg/kg Xylasine anesthesia. Brain
tissue was obtained, washed with saline, dried and
stored in deep freeze (-800C) biochemical (MDA,
GSH, SOD, GSH-Px, CAT) analysis were conducted.
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samples were processed as routine protocol of dehydration with alcohol series (50%, 70%, 96% and
100%), clearance in xylene and then embed in paraffin before being sectioning at 5 μm thickness with
rotary microtome (Leica, RM2125) [20]. The slides
were stained with hematoxylin and eosin for histological examination [21]. Finally the slides were
examined and photographed using light microscopy
(Leica, DM2500).
Statistical analysis. Results were evaluated
with SPSS 20(Statistical Program- Software System) program. Data were expressed as X ± SEM.
One way ANOVA was conducted and intragroup
comparisons were done with post-hoc Tukey' test.

BIOCHEMICAL ASSAYS
Measurement of MDA Level. MDA levels in
tissues were determined spectrophotometrically
with method of Ohkawa et al. 532 nm concentration
was given as nmol/mg protein [14].
Measurement of GSH Level. Tissue GSH
levels were determined with the method defined by
Tietze (1969) and Fairbans et al. (1999). 405 nm
concentration was given as μmol/mg protein [15,
16].

RESULTS
MDA levels were found higher in CCl4 administered group (CCl4) compared to control group
(Cont) (p<0.01). In addition, increase in CCl4+
Ellagic Acid administered group was significant
(p<0.05) and also decrease in CCl4 + Ellagic Acid
compared to lone CCl4 administered group was
found significant (p<0.01) (Figure 1) GSH was
found significantly lower in CCl4 and in CCl4 +
Ellagic Acid group compared to control (p<0.05)
(Figure 2), Decrease in SOD values in CCl4 and
CCl4 + Ellagic acid groups compared to control
group was found statistically significant (p<0.01).
In addition increase in SOD level in CCl4 + Ellagic
acid group compared to CCl4 group was found
significant (p<0.05). (Figure 3), Increase in GSHPx level in Ellagic acid and CCl4 + Ellagic Acid
compared to CCl4 group were found significantly
higher (p<0.05) (Figure 4), CAT enzyme activity
levels were found significantly lower in CCl4 +
Ellagic acid group compared to control (p<0.01). In
addition, this level was found significantly higher in
Ellagic acid compared to CCl4 group (p<0.05). Also
increase in CCl4 + Ellagic acid was significantly
higher compared to CCl4 group (p<0.01) (Figure 5).
In control group (Group-1) no significant histopathological differences were noted and the brain
tissues were in normal histological architecture
(Figure 6- A). In the CCl4 administered group
(Group-2) in brain, perineural vacuolation, neuronophagia, mild congestion of blood vessels and
glial cell proliferation around damaged neuronal
cell bodies to give rise to so-called satellitosis were
found most frequently in cerebral cortex. Common
lesion in the cerebral cortex are as follows; necrosis
of most of pyramidal neurons with pyknotic nuclei,
neuronal shrinkage and mild microgliosis (Figure 6%  ,Q DGGLWLRQ QR VLJQL¿FDQW KLVWRSDWKRORJLFDO
evidences were observed after administration of
Ellagic acid group (Group-3) in the section of rat
brain, which is similar to control group (Figure 6C). Only mild congestion lesion of blood vessels in
cortex has been observed in CCl4 + Ellagic acid
group (Group-4) (Figure 6 -D).

Measurement of SOD Level. SOD (EC
1.15.1.1) activity in the tissue was determined by at
505 nm wavelength according to using method of
Sun et al. (1988). This method relies on Xanthine
oxidase induced production of O2-radical and
avoidance of nitroblue tetrazolium (NBT) reduction
with the help of SOD enzyme. [17]. The results
were expressed as IU/mg protein in terms of specific activity.
Measurement of GSH-Px Level. Activity of
GSH-Px (E.C.1.11.1.9) was determined by using
Paglia et al. (1967). Decrease of absorbance via
oxidation of NADPH to NADP during such reactions was read with Microplate Reader at 340 nm
GSH-Px activity was measured [18]. The results
were expressed as IU/mg protein in terms of specific activity.
Measurement of CAT Level. CAT (EC
1.11.1.6) activity was measured according to the
method described by Aebi 1974. H2O2 gives maximum absorbance in 240 nm wavelength. It relies on
disintegration of H2O2 by catalase into water and
oxygen and it is observed as the decrease in absorbance in UV spectrometer. Decrease in absorbance is
related with catalase enzyme activity. Decrease of
absorbance with sample addition was read in every
15 second for 5 min. For calculation values of every
minute linear absorbance decrease is evaluated
[19]. The results were expressed as IU/mg protein
in terms of specific activity.
Histopathological analysis of the brain. After treatment, eight rats in each group were anaesthetized with diethyl ether, euthanized by decapitation under deep anesthesia and necropsied. After
that the cerebrum were excised and isolated immediately. Also, brain tissue samples were fixed in
10% neutral-buffered formalin for 48 h. The tissue
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FIGURE 1
MDA levels (nmol/mg protein) of brain tissues of different groups b(*), b1(***)=p<0.01, c(**)=p<0.05

FIGURE 2
GSH levels (μmol/mg protein) of brain tissues in different groups b (*), b1(***)=p<0.01, c(**),
c1(****)=p<0.05

FIGURE 3
SOD levels (IU/mg protein) of brain tissues of groups b(*), b1(***)=p<0.01, c(**)=p<0.05
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FIGURE 4
GSH-Px levels (IU/mg protein) in brain tissues of groups c(**),c1(****)=p<0.05

FIGURE 5
CAT levels (IU/mg protein) in brain tissues of groups b (*), b1(***)=p<0.01, c(**),c1(****)=p<0.05

FIGURE 6
Histopathology of brain tissues. (A): Control group (Group-1), normal histological architecture x10. (B):
CCl4 administered group (Group-2), perineural vacuolation, neuronophagia and satellitosis (arrows);
necrosis of pyramidal neurons with pyknotic nuclei and neuronal shrinkage (arrow heads) x20. (C): Ellagic acid group (Group-3), normal histological structure x10. (D): CCl 4 + Ellagic acid group (Group-4), mild
congestion of blood vessels in cortex (arrows) x10. H&E staining.
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control (p<0.01) (Figure 3). Similar studies present
an important decrease in brain tissue SOD activity
in CCI4 administered groups [2, 4, 37]. Reason for
this decrease was explained as induction of hydrogen peroxide and peroxynitrite formation in brain
tissue by CCI4 and decrease of such enzymes during
removal of such reactive substances from tissue.
Literature studies are in accordance with our findings. SOD levels significantly increased in
CCI4+Ellagic acid administered group compared to
lone CCI4 injected group (p<0.05) (Figure 3). In a
study focusing on hepatoprotective effect of ellagic
acid in rats, SOD activity was found lower in CCI4
injected group compared to CCI4 + Ellagic acid
administered group [38]. Literature findings support
our results in this parameter. GSH-Px plays an
important role in cell defense against reactive oxygen species. GSH-Px levels in our study significantly increased in CCl4 + Ellagic acid administered
group compared to lone CCI4 administered group
(p<0.05) (Figure 4). Other researchers found an
increase in GSH-Px activity in CCl4 + Ellagic acid
administered group compared to lone CCl4 injected
group in rats in a study focusing on hepatoprotective activity of ellagic acid in rats [38]. CAT is
among important enzymes which avoids free radical accumulation and lipid peroxidation [39]. In our
study although CAT was decreased in CCI4 + Ellagic acid group compared to control (p<0.01), increase in ellagic acid compared to CCI4 group was
also found significant (p<0.05). In addition increase
in CCI4 + Ellagic acid group compared to CCI4
group was also found significant (p<0.01) (Figure
5). In literature CCI4 administered group showed a
significant decrease in brain tissue CAT activity [2,
4, 37]. Similarly decrease in kidney tissue CAT
activity was reported in CCI4 administered rats [40].
Literature reports also support our findings. In our
study, difference between the groups was observed
in histopathological findings in the brains as a result
of microscopic examination. In the control and
Ellagic acid administered groups, no microscopic
findings were observed in the brain, while severe
lesions were seen in the CCl4 administered group
and only mild congestion lesions were seen in the
CCl4 + Ellagic acid group. Although administration
of CCl4 was reported to cause severe necrosis and
hemorrhage at the meninges in the rat brain, it has
not been observed in our study. Histopathological
findings which are observed in rat brain tissues due
to CCl4 toxicities, CCl4 administered group (Group2) such as perineural vacuolation, neuronophagia,
mild congestion of blood vessels and satellitosis,
necrosis of most of pyramidal neurons with pyknotic nuclei, neuronal shrinkage and mild microgliosis found most frequently in cerebral cortex, are
similar to some CCl4 toxicity studies [2, 41]. Ellagic acid administration was reported for its neuroprotective activity by decreasing neuronal damage and
necrosis in streptozotocin-induced diabetic rat

DISCUSSION
CCI4 is a toxic agent which causes free radical
formation due to its toxic effect [22]. CCI4 is transformed by cytochrome P450 enzyme into trichloromethyl (CCI3) and trichloromethylperoxile
(CCI302) free radicals which are more toxic. Following their production lipid peroxidation occurs
which causes tissue oxidative damage [23-26].
Oxidative stress is the disruption of the balance
between free radicals and antioxidant defense system which may be caused by a pathological event.
Organisms are protected against oxidative stress via
enzymatic and non-enzymatic systems [27]. In
many of the previous studies with CCl4, it was
shown that antioxidant defense systems are involved in protection of the animals against this
toxication [28, 29]. MDA is among substances
formed by lipid peroxidation and a commonly used
parameter as an indicator for oxidative stress [30].
In our study CCI4 injected group had a significant
rise in brain MDA levels compared to control
group. Increase of MDA proves augmentation of
lipid peroxidation in brain and oxidative stress as an
outcome in brain due to CCI4. Similarly it is reported that MDA levels in the brains of CCI4 administered animals rise [2]. CCl4 + Ellagic acid administered group showed a decrease in MDA level due to
Ellagic acid (p<0.05) (Figure 1). This decrease may
be due to amelioration of the oxidative damage in
the brain caused by free radicals by ellagic acid.
Literature reports support our data in this aspect.
Ellagic acid was also tested on STZ induced diabetes in rats in literature and ellagic acid protected
brain and sciatic nerve against lipid peroxidation
[31]. In a study focusing on cisplatin induced oxidative stress on heart and liver showed protective
effect of Ellagic acid [32]. GSH involves in certain
steps in defense processes against oxidative damage
caused by free radicals, peroxides and other toxic
substances and protects cells [33]. Therefore decrease of GSH makes cells more prone to such
hazards. Attenuation of GSH in living organisms
leads to tissue malformations and injuries [34]. In
our study CCI4 injected group showed significant
decrease in GSH level compared to control however ellagic acid alleviated this decrease to some
extent (p<0.05). (Figure 2). This protection might
be related with antioxidant nature of ellagic acid.
Recent studies provided evidence for protective
effect of ellagic acid against oxidative stress. Literature studies present decrease of GSH in 6th hour
due to CCl4 [35] or in heart and liver of rats due to
cisplatin [32]. Mentioned decreases in GSH levels
might be due to overuse of GSH for decreasing
toxic effects of CCI4. SOD is an important enzyme
which scavenges peroxide anion radicals and inhibits lipid peroxidation due to free radicals [36]. Brain
tissue SOD activity was significantly lower in CCI4
and CCl4 + Ellagic acid injected group compared to
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brains [31]. In our study, it might be proposed that
Ellagic acid has neuroprotective effect against CCl4
induced oxidative rat brain damage in CCl4 + Ellagic acid group (Group-4) similar to their control
group and our findings (Figure 6).

CONCLUSION
Results of this study suggest a protection by
ellagic acid against CCl4 induced brain damage.
This protection is possibly via induction of antioxidant protective mechanism which is shown both by
biochemical and histopathological methods.
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The major intermediate metabolites of TBEE
degradation were triclopyr and 3,5,6-trichloro-2pyridinol (TCP) [9, 10]. Particularly, TCP was a
charged molecule at neutral pH and more leachable
into the water system than TBEE and triclopyr [11,
12]. It was moderately mobile due to its greater water
solubility, which could cause the widespread contamination in soil and aquatic environment [13]. It
was considered that TCP was more hazardous pollutants than the parent compound. Therefore, in the
degradation process of organic pollutants, not only
need to focus on the parent pollutants, but also must
pay attention to their intermediate products.
In this study,     TBE-6, a
strain that could degrade TBEE was isolated, its degradation characteristics was studied. The strain TBE6 has the ability to degrade TBEE and its major metabolites triclopyr and TCP. It was considered that
the strain TBE-6 could be applied for bioremediation
of TBEE, triclopyr or TCP pollution.

"#!#
A strain TBE-6 capable of degrading triclopyr
butoxyethyl ester (TBEE) was isolated from farmland soil. TBE-6 was identified as  
   based on 16S rRNA and analysis of morphology, physiological and biochemical characters.
The optimal pH value and temperature were 6.5 and
37 respectively. The strain TBE-6 had the ability
to degrade TBEE, triclopyr and TCP. The degradation rate of TBEE (100mg/L) by the strain TBE-6
could reach 94.4% in 5d. The combined applications
of the strain TBE-6 and the strain TR-13 was considered an effective means for rapidly degrading TBEE.
The degradation rate of TBEE (100mg/L) by the
strain TBE-6 and the strain TR-13 could reach about
98.6% in 5d. In addition, the strain TBE-6 showed a
high tolerance to TBEE. It was considered that the
strain TBE-6 could be applied for bioremediation of
TBEE, triclopyr or TCP pollution.

#!"#"

'%!"
Triclopyr butoxyethyl ester, biodegradation,  
   

0-31+)28 )4, -,1) Chemicals: triclopyr
butoxyethyl ester (TBEE, 97.0%) was supplied by
the Dow Chemical Company. All other chemicals
used were of analytical grade and commercially
available.

:29:7- 3-,1) Inorganic salt medium:
MgSO4·7H2O 0.2 g, K2HPO4 0.1g, (NH4)2SO4 0.1 g,
CaSO4 0.05 g, FeSO4·7H2O 0.01 g, water 1.0 L, pH
7.0. Isolation medium: inorganic salt medium
containing TBEE (100mg/L) was used to isolate
TBEE degrading bacteria. Enrichment medium:
beef extract powder 3.0 g, yeast extract powder 5.0
g, peptone10.0 g, sodium chloride 5.0 g, water 1.0 L,
pH7.0.



#!$#
Triclopyr butoxyethyl ester {2-butoxyethyl 2(3,5,6-trichloropyridin-2-yl) oxyacetate, it also
could be called as TBEE} was a registered herbicide
used extensively in the control of broadleaf weeds
and woody plants on forests, rangeland and plantation crops, such as oil palm [1-3]. In such applications the TBEE could potentially reach surface water
and soils, which raises concerns about potential hazards to ecosystem, particularly aquatic life and soil
organisms [4, 5]. Therefore, the degradation and environmental fate of TBEE in ecosystem were paid
more attention. Potential environmental routes of removal of TBEE were hydrolysis, biodegradation,
photolysis and sorption to sediment, especially microbial degradation [3, 6-8].

852)9154)4,1,-491.1+)91545.#,-/7),
14/*)+9-71) The soil sample was collected from the
woodland in Nanjing City, China, in which triclopyr
butoxyethyl ester has been used for more than seven
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-/7),)9154 5. 971+256>7 *:95=>-90>2 -89-7
*>+53*1414/897)14# )4,897)14#!  The
strain TR-13 was a triclopyr degrading bacterium deposited in our laboratory. It was identified as  
   according to 16S analytical method (GenBank accession number KY649624). The strain TR13 could effectively degrade triclopyr to 3,5,6-trichloro-2-pyridinol(TCP) at a faster rate, but it could
not degrade TCP alone. Because the strain TBE-6
degrades triclopyr only at a slower rate, the combined applications of the strain TBE-6 and the strain
TR-13 was considered an effective way to rapidly
degrade triclopyr butoxyethyl ester.
5% strain TBE-6 inoculum and 4% strain TR13 inoculum were inoculated simultaneously in inorganic salt culture medium containing 100mg/L
triclopyr butoxyethyl ester, and then incubate in incubator. The concentration of triclopyr butoxyethyl
ester and triclopyr were determined every 24h.

years. 6.0 g of soil samples were placed in 100ml inorganic salt medium containing 100 mg/L TBEE for
shaking culture at 37°C, and the concentration of the
residual TBEE in medium was determined every 24h
[14, 15]. The culture solution with 3d degradation
rate ≥75% was switched to enrichment medium containing same concentration TBEE, and continuously
switched for more than 5 times. After the degradation ability was verified again, the above enrichment
medium was coated on inorganic salt culture plate
containing TBEE for culture at 37°C. The eugonic
bacterial colonies were selected and repeatedly
streaked on the culture plate to obtain the pure culture. The new isolates were identified by using
16SrRNA sequence analysis.
#52-7)4+- 5. 90- 897)14 #  54 #
TBEE was added to the inorganic salt medium, and
the concentration of TBEE were 50mg/L, 100mg/L,
200mg/L, 400 mg/L and 800 mg/L, respectively. The
strain TBE-6 was inoculated respectively for shaking
cultivation at 37°C. OD600 was determined regularly,
so as to evaluate the tolerance of strain TBE-6 on
TBEE.

!"$#""$""
,-491.1+)9154)4,+0)7)+9-71?)91545.#
,-/7),14/*)+9-71) A strain capable of using TBEE
as the sole carbon sources and energy source was isolated from soil, named TBE-6. It was a gram-positive, non-spore forming, facultative anaerobic, rod
prokaryote(0.4-0.8×2.0-2.5 um in size). It forms
rough, opalescent and opaque colonies on the nutrient agar plate. The optimal pH and temperature were
6.5 and 37°C respectively. It was positive in tests for
catalase, amylolysis, glucose fermentation, but the
indole test was negative [19, 20]. The strain TBE-6
was identified as      according
to 16S sequence analysis (16S sequence: GenBank
accession number MF491867).

-/7),)9154 5. # *> 897)14 #  5%
strain TBE-6 inoculum was inoculated in inorganic
salt medium containing 100mg/L TBEE, and then
placed in a shaker to culture (37°C). The concentration of TBEE and triclopyr were determined every
24h [16].
-/7),)91545.971+256>7)4,# *>897)14
#  The inorganic salt medium containing
100mg/L triclopyr (or TCP) was inoculated with 5%
strain TBE-6 inoculum, and then put it into the
shaker (37°C). The concentration of triclopyr (or
TCP) was determined regularly [17, 18].
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#52-7)4+-5.90-897)14# 54#The
concentration of TBEE increased from 50mg/L to
200mg/L, and the growth on the strain TBE-6 did not
change significantly(P>0.05). However, if the concentration was further increased to 400mg/L or
800mg/L, the growth of strain TBE-6 would decrease gradually (Fig.1). The results showed that the
growth on the strain TBE-6 had been inhibited by
400mg/L or 800mg/L TBEE, but it was still growing.
Therefore, it was preliminarily considered that the
strain TBE-6 could tolerate at least 800mg/L TBEE
under the experimental conditions. According to the
experimental results, it was inferred that the strain
TBE-6 had excellent tolerance and degradation ability on TBEE, which could be used in a wider range
of TBEE concentrations. In addition, it was possible
that the strain TBE-6 was used in the bioremediation
of TBEE pollution. The degradation ability of the
strain TBE-6 might be closely related with the long-

term use of TBEE in the sampling area. Generally,
soil microorganism that continuously encounter the
artificially synthesized compound might induce the
ability to degrade the compound [21, 22].

-/7),)9154 5. # *> 90- 897)14 # 
The results in Fig. 2 showed that TBEE could be degraded by the strain TBE-6, and triclopyr was an important intermediate metabolite. To inoculate the
strain TBE-6 in inorganic salt medium contained
TBEE could substantially improve the degradation
rate of TBEE. The degradation rate of TBEE
(100mg/L) by the strain TBE-6 could reach 94.4% in
5d. At the same time, it was found that the concentration of triclopyr was dynamically changing in the
degradation process of TBEE. In addition, in the process of degradation of TBEE to triclopyr, part of
triclopyr would be further degraded, the other part
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then gradually reduced, indicating that the TCP produced in this process could be degraded by strain
TBE-6. The results shown in Fig. 4 also confirmed
that the strain TBE-6 could effectively degrade TCP,
and the degradation rate was 99.4% in 4d, 5d degradation rate could reach 100%.

was temporarily accumulated. For example, on the
fifth day, the concentration of TBEE was 5.6 mg/L
(94.4 mg/L TBEE had been degraded), the theoretical concentration of triclopyr should be 67.9 mg/L,
but the measured concentration was 26.9 mg/L. It indicated that some of triclopyr had been degraded, or
there were other degradation pathways of TBEE in
which the triclopyr was not its intermediate product.

-/7),)9154 5. # *> 90- 897)14 # 
)4,#!  It was considered that the biodegradation pathway of TBEE was as follows: TBEE →
Triclopyr → TCP →…→ CO2+H2O [23]. During
the degradation of TBEE, the degradation rate of intermediate metabolites and the accumulation of intermediates will affect the entire degradation process. Because the degradation rate of triclopyr
(100mg/L) by the strain TR-13 could reach about
92% in 5d [24], the strain TBE-6 degrades triclopyr
less rapidly than the strain TR-13, and there was a
certain degree of triclopyr accumulation during the
degradation of TBEE by the strain TBE-6, the combined applications of the strain TBE-6 and the strain
TR-13 was considered an effective means for

-/7),)9154 5. 971+256>7 )4, #  *> 90-
897)14 TBE-6. The above experimental results had
shown that triclopyr was an important intermediate
product for TBEE degradation. Whether the strain
TBE-6 could degrade triclopyr, and its degradation
rate were the important part of this study. The results
in Fig. 3 showed that the strain TBE-6 could degrade
triclopyr and its degradation rate could reach about
80% in 5d. In addition, TCP had been identified as
an important intermediate product for triclopyr degradation. During the process of triclopyr degradation, the concentration of TCP first increase, and
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rapidly degrading TBEE. The results in Fig. 5
showed that TBEE could be rapidly degraded by the
strain TBE-6 and the strain TR-13. The degradation
rate of TBEE (100mg/L) by the strain TBE-6 and the
strain TR-13 could reach about 98.6% in 5d. The fitted equation was C=100e-0.5185t, R2=0.9914, half
life=1.38 d.These data indicated that the degradation
rate of TBEE when the two strains were combined
was higher than when the strain TBE-6 alone was
used. In addition, the concentration of triclopyr
shown in Fig. 5 was significantly lower than that in
Fig. 2. It indicates that the combined application of
the strain TBE-6 and the strain TR-13 in the degradation of TBEE will help to reduce the accumulation
of intermediate (triclopyr) , and effectively increase
the biodegradation rate of TBEE.
$"
In this study,      TBE-6
was isolated from soil, which could degrade TBEE
into triclopyr and TCP. The strain TBE-6 had the
ability to degrade TBEE, triclopyr and TCP, respectively. The degradation rate of TBEE (100mg/L) by
the strain TBE-6 could reach 94.4% in 5d. The combined applications of the strain TBE-6 and the strain
TR-13 was considered an effective means for rapidly
degrading TBEE. The degradation rate of TBEE
(100mg/L) by the strain TBE-6 and the strain TR-13
could reach about 98.6% in 5d. In addition, the strain
TBE-6 could tolerate at least 800mg/L TBEE and
showed a high tolerance to TBEE. It was considered
that the strain TBE-6 could be applied for bioremediation of TBEE, triclopyr or TCP pollution.
%#"
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areas (i.e., arid area). For the purpose, 165 seed
orchards were established at 1135 ha in the species
[3]. Seed orchards produced improved seeds are an
important seed source for forestry and successful of
the plantations. Estimation of fertility variation
defined as an individual ability to give progeny is
one of the important tools used different purposes
such as gene conservation, seed production programs, managing forest genetic resources, evolutional and genetic management of populations for
plant breeding [4-8] to produce higher quality and
quantity improved seeds. To monitor and determine
the genetic diversity of seed crops, some genetic
parameters such as genetic relatedness, inbreeding,
and gene diversity should be also calculated based
on fertility variation [9]. Knowledge of fertility
variation estimated based on reproductive characters is getting importance because of its easy, cheap
and light survey. Many studies have been carried
out on fertility variation in different plant species
because these advantages [e.g., 7, 10-16].
The purposes of this study are to evaluate fertility variation among orchard parents and its effect
on gene diversity of seed (i.e., status number), and
to contribute to breeding and seed production programme of the species.

Black pine or also called Anatolian black pine
[ "   Arn. subsp.  . (Lamb.)
Holmboe.] is one of the most important forest tree
species used in multiple purposes such as conversion of unproductive forest to productive by plantation generally for extreme region (i.e., arid and frost
area) in Turkish forestry. Improved seeds produced
from seed orchards have an important factor in
success of the conversion. Estimation of fertility
variation among genotypes is one of the important
tools used to produce improved seeds. Female,
male, total, and cone fertility variations, and also
gene diversity based on cone and seed production
were estimated in a clonal seed orchard of the species for three consecutive years.
Male fertility (2.63, 2.07 and 1.12) was higher
than that of female (1.24, 1.24 and 1.06) for the
years, while it was opposite (1.07 and 1.14) for
combined years. Fertility variation of cone was
higher than total fertility variation for strobili production for the years. The relative status numbers
estimated based on the total fertility ranged from
77.5% to 91.9% for the reproductive characters and
years. Estimated gene diversity in seed crop were
higher than 0.98.

" !"!

!,,+46*/(6+(3++(8(*411,*8043The studied seed orchard of Black pine, was established in
Eflani-Karabuk in 8 ha at northern part of Turkey in
2002. Grafts were planted at spacing 8 m x 8 m,
and the seed orchard is composed of 40 clones
(total of 1620 ramets) [17]. The data of female and
male strobilus were collected from six ramets chosen randomly from each clone at the beginning of
May and September of 2013, 2014 and 2015.
Number of female ( %) and male ( &) strobilus, and cone number ( ) data were collected on
fifteen grafts, chosen at random, from each of
fourty clones, chosen at random, at the beginning of
May for strobili and at the beginning of September
for cone of the years.

&% !
Black pine, flowering, reproductive, sibling coefficient,
status number.

" #"
Black pine or also called Anatolian black pine
[ "   Arn. subsp.  . (Lamb.)
Holmboe.] is one of the most important forest tree
species for Turkish forestry and the “National Tree
Breeding and Seed Production Programme” [1].
The species covers about 21% of total forest area
by 4.7 million ha, of which about 2.1 million ha are
considered to be unproductive forests [2]. The present unproductive forest area of the species and
Turkey is getting larger potential of the species for
plantation because of resistance to disadvantages
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,680108; :(60(8043 78(897 392),6(3+ .,3,
+0:,6708;The female fertility (ψ) and male fertility
(ψ) variation was estimated as [18]:
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Fertility variation of male strobili (Ψ(♀)) was
higher than that of female (Ψ(♂)), while it was opposite for polled years (1.14 & 1.07) (Table 1). The
status number ( ) and relative status number ( )
of female and male parents were acceptable level
(  >80%), except male parents in 2013 and 2014
(Table 1).
Averages of female and male strobilius were
145 and 706 for combined years in the orchard,
while large difference was reported among clone
and within clone for the years [22]. Averages of
female and male strobilus were found 78 and 187 in
a clonal seed orchard of the species based on one
year data [9]. Large differences among clones
showed importance of individual selection and seed
harvesting year. The variation was in good accordance with other Black pine and Scots pine studies
[9, 23]. It was also reported in clonal seed orchards
of !  [13]. The studied seed orchard
was rather young in age to peak strobilus production. It was reported that fertility variation is higher
when seed orchard was young [6, 18]. Beside, there
could be many genetic and environmental effects
such as year and management of orchard [24-26].
For instance, it was Ata (1995) reported that good
seed year was once in two or three years in natural
stands of the species [27].

2
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where is the census number,  is the coefficient of variation in female fertility, and  is
the coefficient of variation in male fertility,  and
 are the number of female and male strobilus of
the th individual; and  are used as index for the
female and male strobilus, respectively. Where
 is the fertility for cone production of the individual .
If the clones are unrelated and non-inbred, the
status numbers of female ( ()) and male parents
( ()) are calculated as [20]:
(3 a and b)
1
1 ,
 ( f ) =

 (  ) =



∑
 =1

2




∑
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where () is the female fertility of the clone ,
() is the male fertility of the clone  and is the
census number in the seed orchard. Here, fertility is
estimated based on the strobilus assessment.
Status number ( ) on total fertility (i.e., clone
fertility) was calculated as following [21]:

 =

(4 a and b)
2

where ψ and ψ are the fertility variations of
female and male parents, which are equivalent to
2 +1 and 2 +1, respectively (Kang 2001).
Here,  and  are the coefficients of variation
in female and male strobilus production among
individuals, and  is the correlation coefficient
between female and male strobilus production.
Relative status number ( ) was calculated as  =
/ [20].
Gene diversity ( ) in seed crop was estimated based on status number ( ) on total fertility as
[11]: GD=1-0.5/ 

where is the census number, is the female
fertility (i.e., relative female flower production) of
the th individual,  is the male fertility (i.e., relative male flower production) of the th individual
and  and  are the coefficients of variation in
female and male flower production among individuals, respectively.
Total fertility variation (Ψ) was calculated by
strobili production [8] and also based on number of
cone (Ψcone) as [19]:
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1.24
24.2
0.81

 
2.63
11.4
0.38

1.24
28.2
0.80
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2.07
16.9
0.48
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29.2
0.94
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27.6
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2013
2014
2015
General

Ψ(=+>& Ψcone
1.10
1.15
1.17
1.27
1.09
1.29
1.05
1.23

(=+>

36.5
34.2
36.8
37.9

&

(=+>)

(cone)

34.7
31.4
30.9
32.6

Status number ( ) for the total fertility
(Ψ(=+>) and cone fertility (Ψcone) was moderately
high for the years (Table 2), indicating that orchard
was functioning efficiently for seed harvesting area.
It was also supported by higher relative gene diversity ( ), and fertility variations estimated
by strobili and cone productions (Table 2).
Fertility variation of female (Ψ(♀)) strobili was
higher than that of male strobili (Ψ(♂)) for polled
years (Table 1). They were estimated 1.06 and 1.12
in a clonal seed orchard of the species [9]. Fertility
variation estimated based on cone production was
found 1.81 in total of three plantation populations
of Ehrami black pine [28]. It was suggested that the
sibling coefficient of seed orchards as a heuristic
rule of thumb could be set to two [21].
Status number ( ) for the total fertility
(Ψ(=+>) and cone fertility (Ψcone) was moderately
high for the years (Table 2). However, fertility
variation and related parameters such as status
number could be balanced by forest tending or
other forestry practices (i.e., harvesting equal seed
crop from each clone).
%"!
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might be different compared to native soils. N transformations have a vital effect on inorganic N supply,
and inorganic and organic N contribute differentially
to the growth advantage of invaders because of different uptake mechanisms of inorganic and organic
N [5]. N mineralization is not only a foundational
step in soil organic N transformation, but it is also
one of the most important processes in soil N cycling. During the N mineralization process, soil organic N is mineralised into inorganic N primarily in
the forms of ammonium N (NH4+‒N) and nitrate N
(NO3-‒N), or it is transformed into an intermediate
transitional fraction, such as soluble organic N
(SON), which can then be mineralised into inorganic
N. Historically, most studies on invasive soil N mineralization have focused on soluble inorganic N, but
mixed soils have received little attention. Therefore,
an accurate simulation of the N mineralization process in invasive, native, and mixed soils is important
to guide strategies for the control of invasive alien
plants.
     L (henceforth “
 ) is one of the most hazardous invasive plants
in China [6]. The invasive perennial forb is native to
North America, and it was introduced to China as an
ornamental plant in the mid-1930s [7]. It has reportedly spread to many provinces in southeastern
China, disturbed industrial and agricultural areas,
and it is becoming a serious invasive plant that can
compete aggressively with many native species,
such as the native perennial forb     
(L.) P. Beauv. (henceforth “ ). This forb is
broadly distributed in humid and loose, light-weight
soil, and it has a long, cylindrical, stout rhizome.
The success of    invasion is partially related to the release of allelopathic compounds,
among other benefits, from AM fungi; this dynamic
potentially differentiates    soils from co-occurring native soils [8].    invasion may form
dense monocultures and lead to the displacement of
native species, which greatly reduces the biodiversity of the invaded area [1]. As invasions progresses,
   distribution might be patchy and coexist
with native species, forming mixed soils in the transition zones (i.e., nearby soils with   and surrounding   may be influenced by both native

Plant invasions can alter soil nitrogen cycling
as a result of differences in physiological traits. 
     L.has a rapidly expanding range
and displaces diverse grass species throughout eastern China. In new invasion sites where distribution
is patchy, .  and neighbouring species all
contribute soil inputs; however, whether there is a
mixing effect remains unknown. The aim of this
study is to investigate the influence of plant invasions on soil nitrogen transformation. We examined
the effects of an invasive plant,   , on soil
properties and the nitrogen mineralization (including
ammonification and nitrification) process 0–30 cm
below the surface using lab incubations. We considered different habitats within the invaded sites. Invasive soils (i.e., soils dominated by species considered
invasive) had higher soil organic carbon, total nitrogen, and total biomass than native soils, but dissolved organic carbon, ammonium nitrogen, and nitrate nitrogen were not significantly different. Soil
nitrogen mineralization rates were intermediate in
mixed soils compared to invasive and native soils,
thus indicating additive effects associated with .
  invasions.


,*"%&
    , nitrogen mineralization, mixed soil,
additive effect, plant invasion


!'%"('"!
Invasive plants have not only seriously threatened the native biodiversity and stability of many
ecosystems [1], they have also caused considerable
economic loss worldwide [2]. Plant invaders can induce the alteration of abiotic and biotic properties of
their neighbouring soils [3]. The complexity of soil
ecosystems has only begun to be understood over the
last decade; studies have uncovered critical effects
of microbes on nutrient cycling, plant growth, and
community dynamics [4]. Therefore, soil nitrogen
(N) cycling in areas dominated by invasive species

3166

$#

! %  

 





!"  ! 


(AN, which includes extractable ammonium and nitrate) [8, 12]. Soil pH values were measured using a
glass electrode (soil/water ratio of 1:2.5). Air-dried
samples ground with a 0.15-mm sieve were used to
estimate soil total organic carbon (TOC) and total nitrogen (TN) [8, 12].

and invasive soils). A study has shown that the soil
physicochemical properties and microbial composition of termite nest soils differed from control soils,
and they produced altered C and N cycling rates in
soil mixtures [9]. Differences in physiological traits,
roots, and the litter input between moso bamboo
(   (Carrière) J. Houzeau, synonym       Carrière) and native
trees can cause non-additive effects on soil C and N
properties [10]. During the stages of invasion, invasive plants are still expanding into areas dominated
by native plants, and the abiotic and biotic impacts
in these mixed forests may differ relative to invader
monocultures [11].
We collected soils to conduct an incubation experiment to examine the effects of invasion on soil
N transformations. We address the following questions: 1) How do soil N mineralization characteristics vary among non-invaded soils, mixed soils, and
  soils? 2) Could differences in physiological
traits and nutrient use between    and 
 cause non-additive effects on soil N mineralization when mixed together?


'%&! '"&

&;68 6:0@/.?6;: 2C<2=692:? Lab incubation
was used to determine differences in N transformation rates (ammonification, nitrification, and nitrogen mineralization) among    soils, mixed
soils, and  soils. We incubated soil samples
(~25 g dry weight equivalent determined by a subsample) of the three soil types in 150 mL conical
flasks in the dark at 25 °C and with 60% water filled
pore space (WFPS). We used fresh soils to determine
initial and final AN concentration after incubation to
calculate N transformation rates (mg N kg−1soil
day−1). Soil samples were measured at five-day intervals to determine N transformation rates over the
25 days of incubation (a total of 60 incubated soil
samples= 3 soil types × 4 blocks × 5 times). We calculated the soil net N ammonification rate, nitrification rate, and mineralization rate based on the following the equations:
Net N ammonification rate = (ammoniuma − ammonium0) / Tdays
Net nitrification rate = (nitraten − nitrate0) / Tdays
Net N mineralization rate = [(nitraten + ammoniuma)
− (nitrate0 + ammonium0)] / Tdays
where ammonium0 and ammoniuma are initial
and final ammonium concentrations (mg NH4+‒N
kg−1soil), respectively; nitrate0 and nitraten represent
initial and final nitrate concentrations (mg NO3-‒N
kg−1soil), respectively; and Tdays is the incubation
time in days.

&?.?6>?60.8.:.8D>2> We used Student's t-tests
to examine the differences in pH, DOC, NH4+‒N,
NO3-‒N, AN, TN, C/N ratio, and TOC between native and invaded soils. We used repeated-measures
ANOVA to examine dependence of three net N
transformation rates on soil types, incubation time,
and their interactions. We used post-hoc tests to examine differences among means at each time point.
We calculated expected value of N transformation
rates based on values obtained when each soil was
incubated alone. We also used t-tests to examine the
differences between observed and expected value of
soil N transformations.

&.9<82 0;8820?6;: .:1 .:.8D>6> The study
was conducted in Nanchang, Jiangxi Province,
China (longitude 115°47′ 22″–115°49′35″ E and latitude 28°43′49″–28°45′35″N). The region has a subtropical humid monsoon climate with a long-term
mean annual temperature of 17.4 °C. The mean annual precipitation is 1,744 mm, and rainfall occurs
more during the spring and autumn with rainy seasons in May and June. The annual frost-free period
is about 270 days with an annual sunshine of 1,723
h. The soils are classified as red soils at the site (humic planosols following the FAO system). 
In September 2016, we surveyed the study site
to identify four blocks (5 m × 5 m). The area was
dominated by both  and   ; both species were mainly distributed along the highway and
in abandoned lands. Within each block we established two quadrats (1 m × 1 m) that were approximately 3 m away from each other. Aboveground
vegetation inside the eight fixed quadrats was completely removed by hand. Eight samples of the top
30-cm soil layers in the interior of each quadrat were
collected, and all roots were removed from the soil
sample of each plot. The aboveground vegetation
and the roots were naturally air-dried to a constant
weight. We collected    soils and  
soils and produced a mixed soil by mixing equal
masses of the native and invaded soils. The stones,
plant and animal residues were removed from the
fresh soil, then soils were passed through a 2 mm
sieve for analysis. Fresh samples were used to measure soil dissolved organic carbon (DOC; Vario TOC,
Elementar, Germany), and soil available nitrogen

%&('&

'2>?>;68<.=.92?2=>Relative to native soils,
   soils had slightly, but not significantly,
higher DOC concentrations, AN concentration, and
C/N ratios, but pH values were not significantly
higher (Table 1). The TOC and TN concentrations
were significantly (p<0.05) higher in    soil
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#8.:? /6;9.>>    had a larger aboveground biomass than   (P<0.05), but the belowground biomass of    (362 ± 35.68 g) and
  (351± 31.30 g) were quite similar, thus
suggesting balanced resource acquisition between
the invasive species and the native species.   
produced a higher total biomass than  (Fig.
4); however, its shoot-root ratio was lower relative
to   (P<0.05).

compared to   soil (Table 1). NH4+‒N and
NO3-‒N concentrations were positively correlated
with TOC and TN concentrations, but negatively
correlated with pH values (Table 2).
&;68 :6?=;42: 96:2=.86E.?6;: The pattern of
change of NH4+‒N accumulative concentrations in
the invasive species was a bimodal curve (Fig. 1A).
The accumulation of NH4+‒N reached its maximum
on the fifth day and its lowest on the fifteenth day
(14.25 ± 4.24 N mg kg-1 d-1 and 1.43 ± 0.36 N mg kg1 -1
d , respectively). Mixing    and  
soils displayed a similar pattern in accumulation of
NH4+‒N with the invasive species. NO3-‒N concentrations varied over time with generally higher values over 25 days of incubation (Fig. 1B), and NO3-‒
N concentrations were significantly different among
the three soil types (P<0.05). The inorganic N content varied over time and it was significantly different among soils (Fig. 1C). There was no significant
interactive effect of species and time over 25 days of
the nitrogen mineralization process.
The net ammonification rate was positive during the early incubation period, but it was negative
by the fifteenth day (Fig. 2A), suggesting that the N
immobilization had a greater effect than N mineralization on the N transformation process. The net nitrification rate increased proportionally contrary to
the net N ammonification rate (Fig. 2B), which implied that ammonium availability might control nitrification in these soils.
The soil N mineralization rates were intermediate in mixed soils compared to    and 
 soils.   soils mineralized more rapidly
than  soils (Fig. 2C). For mixed soils, there
were no significant differences between the observation value and the expected value (Fig. 3).

&(&&"!
:A.>6;: 23320?> ;: >;68 05.=.0?2=6>?60> The
invasive    benefited more from arbuscular
mycorrhizal (AM) fungi than native plants [8, 13],
which potentially improved the ability of the plant to
uptake nutrients, hence increasing the quantity and
quality of TOC and TN inputs (Table 1). A previous
study demonstrated that invasive    and native plant species were not affected by soil history,
rather the soil biota community of    promoted the growth of native species [14]. We found
that there were no significant differences in NH4+‒
N, NO3-‒N, and DOC between invasive and native
species (Table 1), perhaps because AM fungi act to
share resources among neighbouring plants, thus 
  benefits from the presence of   This
was consistent with another study that observed no
difference in the effect strength of plant-soil feedback between invasive and native plants [15]. Therefore, native and invasive species mediated by alterations in the soil biota community caused a balanced
acquisition of resource. Indeed, soil DOC had also
been used as a measure of available resources for microbes [16]. However, our results suggest that these
soil properties are not altered in the early stages of
invasion.

' 
2<2:12:02;3>;68.:1!05.=.0?2=6>?60>92.:>F>?.:1.=12==;=;:><2062> 6:
;:2B.D!")> 2.:>B6?5?52>.928;B2=0.>282??2=>6:?52>.92=;B.=2:;?>64:6360.:?8D16332=2:?
6:&?2>?>.?G  
Treatments

pH

  
 

6.82±0.52a
7.51±0.73a

TOC
g kg1
15.00±1.88a
10.42±1.38b

TN
g kg1
1.56±0.13a
1.13±0.08b

C/N
9.62±0.74a
9.22±0.55a

DOC
mg kg1
537.12±20.35a
525.65±26.92a

NH4+-N
mg kg1
6.43±2.30a
1.67±0.54a

NO3--N
mg kg1
5.8±0.58a
3.5±0.53a

Note: TOC, total organic carbon; TN, total nitrogen; DOC, dissolved organic carbon; NH4+-N, ammonium N; NO3-N, nitrate N.
' 
#.6=B6>20;==28.?6;:0;2336062:?>.9;:4>;68.:1!05.=.0?2=6>?60>
Parameters
TN
C/N ratio
NH4+‒N
NO3-‒N
AN
pH
DOC

TOC
0.954**
0.783*
0.693
0.779*
0.764*
0.102
0.004

TN

C/N ratio

NH4+-N

NO3--N

AN

pH

0.568
0.809*
0.832*
0.869**
-0.154
0.055

0.188
0.445
0.278
0.665
-0.058

0.712*
0.977**
-0.572
0.272

0.845**
-0.137
0.508

-0.477
0.361

-0.096

*P<0.05; **P<0.01
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We observed lower pH values from   
soils (Table 1), indicating that    have a preference for acidic and low-saline soils. The available
N concentrations were negatively correlated with pH
values (Table 2), which is similar to what was found
by Aciego Pietri and Brookes [17], who observed
that soil NH4+‒N and NO3-‒N concentrations were
maximal at the lowest pH (pH 3.7).
&;68 ! 96:2=.86E.?6;: Soil N mineralization
can be greatly influenced by temperature and moisture [18]. However, in this study, the temperature
and moisture were strictly controlled during the incubation process. The temperature (25 °C) was chosen because the average outdoor temperature was 25
°C when the soil was collected. Therefore, the observed differences in N mineralization rates were
likely correlated with microbial communities and
available soil carbon (C) and N [19]. Invasive species promote the N mineralization rate, unlike the native species; this might have been induced by the
higher TOC and TN concentrations related to the
higher microbial biomass and activity in the soil N
transformations [20, 21]. Soil N mineralization is
correlated positively with total soil C and N concentrations [22], which indicates that soil microbial activities and N substrate availabilities have an important effect on regulating N mineralization.
The accumulation of NH4+‒N and the net ammonification rate decreased in the early stages of incubation, but it increased after the fifteenth day,
which might be a result of the changes in soil microbial community structure and activity [3]. The soluble and available small molecular nutrients were
likely more abundant during the early incubation period, which promoted higher microbial activity of
ammonification bacteria. Over time, the small molecular nutrients gradually decomposed and primarily larger molecular nutrients remained. As a result,
the soil microbial community structure and activity
were altered, the net ammonification rate gradually
decreased, and the N immobilization was higher than
ammonification by the fifteenth day (Fig. 1A). Because microbial community structure tended to be
dominated by polymer microorganisms that could
better utilize the large molecular nutrients, the net
ammonification rate and accumulation of NH4+‒N
increased later in the incubation period. The available NH4+‒N was the substrate resource of nitrification, leading to the proportional increase of the net
nitrification rate in contrast to the net N ammonification rate (Fig. 2B). Soil N mineralization had a
similar pattern to ammonification in the early stages
of incubation, which is consistent with the finding
that invasive species cultured alone could exhibit
limited contributions to its success in   -soil
interaction during the early stages of invasion [23].
The mixed soils could be considered as a transition invasion zone where invasive    co-oc-

(%
'5212<2:12:02;30;9<.=6>;:/2?B22:
2C<20?21.:1;/>2=A21A.8@2>;3!
.99;:6360.?6;::6?=6360.?6;:.:1
96:2=.86E.?6;:=.?26:96C21>;68>
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#8.:? /6;9.>> Other experimental studies
have observed a loss of more than 50% of the total
biomass of native species when competing with 
  [25]. In our experiment,   produced a
higher total biomass than  (Fig. 4), which is
likely attributable to the competitive advantage provided by its tall stature compared to the shorter species.   has strong competitive effects on native species due to its large size and its ability to
grow at least as tall as neighbouring species [26, 27].
The strong competitive interactions make plant size
a mediator of competitive ability and a very important factor when invading habitats occupied by
smaller native species [28]. These results are consistent with the finding that   allocated more
biomass to the aboveground parts when growing
with    (L.) Nutt compared to
   growing in monocultures [29].

curs with the native  . In our study, the mixing of    and   soils resulted in additive effects on N mineralization compared to mineralization rates in isolated soils of each species. Mixing soil samples from multiple experimental units ignores uncertainty and generates incorrect estimates
of soil biota effects on plants [24]. Many previous
studies on mixed soils were conducted outdoors, it is
just in a relative mixed area as for the mixed soils
sampling [9, 10]. Therefore, the non-addictive effects were observed in these experiments because the
mixing of soil samples is biased. Our experiment is
a strictly controlled blend of soils, so there is no mixing effect on N mineralization. Our results are consistent with the finding [24] that mixed soil samples
(MSS) can produce faulty results, and different research questions require precise techniques to be sufficiently addressed.


(%
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as well as impairment in physiological and morphological features of plant [1]. Excessive Cd is involved in oxidative stress, which results from the
production of hydrogen peroxide (H2O2) and superoxide radical (.O2-) and hidroxyl radical (.OH). Plant
cells have antioxidative protection systems set in
motion to deal with harmful effects of reactive oxygen species [2]. Formation of metallo-organic compounds through giving organic matter to soil may increase heavy metal availability in plants; on the other
hand, interaction between metal and solid phase of
humic acid may cause decrease availability heavy
metal. Thus, potential harmful effects on environment may be mitigated [3]. Cd uptake by high plants
is dependent on Cd concentration and availability in
soil. The bioavailability of Cd in soil interacts with
soil organic matter. Because ligands included in organic materials bond with Cd ions that result in decreased Cd uptake [4]. Most studies have documented that organic fertilizers have substantial potential to diminish mobility of heavy metals in soil.
The field experiment of cattle, swine, and poultry
waste compost incorporated into soil, Sato et al. [5]
reported that Cd concentration was 34-38% lower in
spinach harvested from animal waste compost
treated fields than chemical fertilizer-treated fields.
In another study, Han et al. [6] demonstrated that the
application of slurry composting and bio filtration
liquid fertilizer significantly affected mobilization
and bioavailability of heavy metal in soil, as well as
Cd uptake, which in turn affected the phyto extraction of plant. Heavy metal uptake and toxicity may
be differ as a function of type and chemical compound structure of the organic fertilizers [7]. In a pot
experiment to explore the growth and metal accumulation in water spinach established on heavy metal
contaminated soil, with chicken manure and coconut
tree sawdust at application rates of 0%, 1% and 3%
(w/w) were incorporated within the soil. Both organic amendments significantly decreased soil extractable metals and plant metal uptake [8]. In another study, the effects of organic amendments, including farm yard manure, poultry manure, press
mud and activated carbon on heavy metal uptake into
and growth of berseem under nickel contaminated

It has been well-documented that organic
amendments reduce heavy metal uptake by plants
thereby diminishing their movement in soil. The aim
of the present pot experiment is to investigate the potential effects of organic amendments sewage sludge
(SS), sheep manure (SM), cattle manure (CM), peat,
and humic acid (HA)) on plant growth, cadmium uptake and antioxidative enzyme activity in spinach
(    ). The pot experiment was 100
mg kg-1 cadmium applied to soils with the sequence
of: 0%, 10% and 20% levels of SS, SM, CM, Peat
and HA with two different levels of 500 and 1000
mg kg-1 applied. Organic amendment applications,
including 10% and 20% Cd + SS and 20% Cd +CM
and 20% Cd+ SM significantly decreased cadmium
uptake, respectively, 80.19%, 77.70%, 78.76%, and
73.12% compared to cadmium application alone.
Cadmium application alone caused higher activity in
ascorbate peroxidase (APX) activity and malondialdehyde (MDA) content than control. Organic
amendments resulted in decreased APX activity and
MDA content. All organic amendment applications
significantly decreased cadmium uptake in spinach.
However, SS was more effective than others applications, due to the low amount of heavy metal in SS.
Additionally, another account for its effectiveness
may be that the other organic matter level of the SS
is higher than the other organic amendments.


'%!"
Spinach (      ., Cadmium, Organic
amendments, Antioxidative  
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Cadmium(Cd) is one of the most toxic heavy
metals. Accumulation and diffusion of Cd in agricultural soils occur through phosphor fertilizer, sewage
sludge (SS), industrial production, motor vehicles,
agricultural medicine of fungicides. Excessive
amount of Cd in soil is associated with decrease in
plant growth, photosynthesis, chlorophyll synthesis,
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Cadmium (Cd), applied to soils with the sequence of:
0%, 10% and 20% levels of SS, SM, CM, peat, and
HA with two different levels of 500 and 1000 mg kg1
applied. In the present study, 12 applications were
made according with a randomized plot design. Pot
experiment was conducted in a total of 48 pots, with
4 repetitions in each application. 2 kg pots included
3 plants in each. 12 applications consisted of combinations of Cd, SS, SM, CM, peat, and HA. The applications are as follows: 
1. Control
2. Cd: Cadmium100 mg kg-1
3- Cd+%10 S.M.
4- Cd+%20 S.M.
5-Cd+%10 S.S.
6-Cd+%20 S.S.
7- Cd+%10 C.M.
8- Cd+%20 C.M.
9-Cd+%10 Peat
10-Cd+%20 Peat
11-Cd+HA1:500mg kg-1
12-Cd+HA2:1000mg kg-1

conditions. Applications of organic amendments decreased heavy metal uptake by plants at high levels
of nickel [9].
As a leaf vegetable, spinach is important in the
human diet. Spinach has nutritional value and wealth
anti-oxidant content. Moreover, spinach is a source
of vitamin A, vitamin C, vitamin E, vitamin K, vitamin B2, vitamin B6, magnesium, iron, selenium, calcium, folic acid, zinc, copper, folate, betaine, potassium, and omega-3 fatty acids [10]. The aim of this
study is to investigate the influence of various organic amendments on cadmium uptake, plant growth
and anti-oxidative enzyme activity in spinach  
   under Cd toxicity condition.
#!"#"

0)8)+:-81@):1656.9613)5,68/)51+)4-5,
4-5:9Soil samples were taken from a large brown
soil group in the entisols order in the town of Edremit
in Van province, Turkey. Physical and chemical
properties of soil and organic fertilizers used in the
experiment are given in Table 1. The experiment of
soil in the was characterized by alkaline pH, unsalted, medium calcareous, low organic matter and
low nitrogen. These soil characteristics were alike
the soil properties of the study by Alpaslan et al.
[11]. SS was taken from the Van Municipality
Wastewater Treatment Plantation. Cd, Cu and Zn
contents in SS were under the threshold values recommended in the soil pollution control guideline
[12]. Cattle and sheep manure was taken from the
nearby farm. Peat was supplied as commercial product. As soil conditioner humic acid was supplied as
commercial product Humas-15.

0-41+)3)5)3?9-9"613)5,8/)51+4-5,
4-5:9The soil samples and organic manures were
air dried in a shadowy place and passed through a 2
mm sieve. In line with the guidelines, using 1:2.5
soil-water mixture and organic manure-water mixture, soil and organic manures pH were measured
[13]. The electrical conductivity(EC) of soil and organic manures were measured in soil and water suspension and organic manure and water suspension at
ratio of (1:5 (w/v) using EC meter (Termo Scientific,USA). Lime content was calculated using
Scheibler calcimeter [14]. Soil organic matter was
determined using by Walkley Black method [15].
Total N was measured using Kjeldahl method in soil
and organic manures by [16]. Available Fe, Cu, Zn,
Mn, and Cd were extracted with DTPA and then
measured using AAS technique [17].

6: >7-814-5: Soil was collected from top
20 cm, air dried for pot experiment in climate room
condition. In pots in the experiment, 100 mg kg-1
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7731+):1659

3)5:3-5/:0
+4

Control
Cd (100mg kg-1)
Cd + %10SM
Cd + %20SM
Cd + %10SS
Cd + %20SS
Cd + %10CM
Cd + %20CM
Cd + %10 Peat
Cd + %20Peat
Cd + HA1
Cd + HA2

14,13 *+
11,67 +,-.
14,83 )*
15,09 )*
16,68 )
17,36 )
12,49 *+,13,02 *+,
10,81 ,-./
10,40 -./
8,40 /
9,87 ./

-).
5;4
*-8
7,92 *+
6,75 +
8,50 *
11,17 )
8,42 *
8,42 *
8,83 *
8,25 *+
7,83 *+
8,25 *+
7,75 *+
8,33 *+

8?73)5:
=-1/0:
/76: 
0,48 -.
0,40 .
1,09 *+
1,08 *+
1,23 )*
1,44 )
0,87 +,
0,77 ,0,50 -.
0,55 -.
0,28 .
0,30 .

8-9073)5:
=-1/0:
/76: 
6,12 ,-.
4,15 ./
10,56 *+
10,27 *+
11,59 *
14,09 )
8,15 +,
7,23 ,4,00 ./
5,37 -.
2,13 /
2,37 /

!66:3-5/:0
+4
11,88 )*
10,13 )*+,
12,42 )
10,58 )*+
10,50 )*+
10,96 )*+
10,75 )*+
9,67 )*+,
10,71 )*+
9,00 )*+,
8,22 +,
7,19 ,

8-90866:
=-1/0:
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0,19+,
0,10,0,40)
0,33)*
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0,24*
0,13,0,14,0,050,05-
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=-1/0:
/76: 
0,04 +,0,02 -./
0,06 )
0,05 )*
0,05 )*
0,05 )*
0,05 )*
0,04 *+,
0,03 ,-.
0,03 ,-.
0,02 ./
0,01 /

Note*: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).



fresh and dry plant weight, root length, fresh and dry
root weight decreased with Cd application alone
which was statistically unsubstantial. The highest
mean values of fresh and dry leaf weight, and plant
length were observed in Cd + 20% SS application:
14.09 g pot-1, 1.44 g pot-1, and 17.36 cm, respectively. The highest mean values of root length, fresh
and dry root weight were observed in Cd + 10% SM
application: 12.42 cm, 0.40 g pot-1, and 0.06 g pot-1,
respectively.
These results showed that SS and SM applications increased yield criteria in spinach. These findings were because of high organic matter and nutrient content higher level SM and SS than other organic amendments. Kamari et al. [8] reported that
chicken manure was more effective on fresh and dry
plant weight of spinach due to organic material content above compared to coconut tree sawdust in
heavy metal contaminated soils. SS which includes
high salt and heavy metal content has unfavorable
results in physiological and metabolic activity in
spinach plant [22]. However, Han et al. [23] reported
that SS application resulted in better growth in leaf,
root and shoot of birch seedlings under cadmium
contamination conditions.

The amount of organic matter in SS, SM, CM
and peat was determined using combustion method
suggested by Kacar [16]. Air dried plant and organic
manure samples (SS, SM, CM, Peat) were burned
with a mixture of HNO 3-H2O2 acids in microwave
system to measure the concentration of Cd, Fe, Zn,
Cu and Mn by using atomic absorption spectrophotometer [18]. SPSS 13.0 software package was used
for statistical analyses [19].

5@?4- 5)3?919 )5, 171, -86>1,):165
Ascorbate peroxidase (APX) activity was determined following the decrease of ascorbate by measuring the change in absorbance at 290 nm for 1 min
in 2 ml of a reaction mixture containing 50 mM
KH2PO4 (pH 7.0), 1 mM EDTA-Na2, 0.5 mM ascorbic acid, 0.1 mM H2O2 and 50 ml of crude enzyme
extract [20]. 
The levels of lipid peroxidation were measured
in terms of malondialdehyde (MDA) content, a product of lipid peroxidation. Leaf sample (0.5 g) was
homogenised in 10 mL of 0.1% trichloro acetic acid
(TCA). The homogenate was centrifuged at 15,000g
for 5 minutes. To 1.0 ml aliquot of the supernatant
4.0 ml of 0.5% thiobarbituric acid (TBA) in 20%
TCA was added. After centrifugation at 10,000g for
10 min, the absorbance of supernatant was recorded
at 532 nm. The value for non-specific absorption at
600 nm was subtracted. The MDA equivalent was
calculated [21].

..-+:9 6. 8/)51+ 4-5,4-5:9 65 ),
41;4$7:)2-)5,1+863-4-5:16)<)13)*131:?
The highest cadmium content in plant was observed
in 100 mg kg-1 Cd application. On the other hand,
lowest cadmium bioaccumulation was occurred in
Cd + 10% SS application. In comparison to Cd application alone other amendment applications were
resulted in significantly decrease in heavy metal bioavailability as follows: Cd + 10% SS (80.19%), Cd
+ 20% CM (78.76%), Cd + 20% SS (77.70%), Cd +
20% SM (73.12%), Cd +10% CM (69.55%), Cd +
10 SM (68.58%), Cd + 10% peat (45.13%), Cd +
HA1 (500mg kg-1) (25.36%), Cd + HA2 (1000mg
kg-1) (20.54%) and Cd + 20% Peat (17.83%) (See,
Table 3, Figure 1). 

!"$#""$""

..-+:96.8/)51+4-5,4-5:965"715)+0
86=:0Plant length, number of leaves, number of
fresh leaves, fresh and dry leaf weight, length of root,
fresh and dry root weight of Spinach in various organic amendments under 100 mg kg-1Cd condition
are presented in Table 2. Plant length, leaf number,
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increased after eight weeks of application [25]. As
can be seen in Table 3, Zn and Cu accumulation in
plant was increased in Cd + 10%SS and Cd + 20%
SS applications relative to Cd application alone due
to high Zn and Cu content in SS. In a field experiment conducted by Canal and Bozkurt [26] accelerated Cd and Zn bioavailability in lettuce plant in SS
application under cadmium contaminated soil was
documented. On the other hand, accumulation of Fe
and Mn content in spinach plant was greater than
other applications in Cd + HA1 (Table 3). HA play
a regulatory and restorative role for physical and
chemical conditions in soils [27]. HA was associated
with plant growth, as well as Fe and Zn uptake into
plants in certain conditions [28].

All organic amendment applications significantly caused decrease in cadmium uptake into the
plant under cadmium contaminated condition. Bioaccumulation of heavy metals in plant tissue and
their absorption are dependent on organic material,
pH, temperature, and availability of nutrient elements. Organic materials play role in prevention to
an extent to which they produce chelated compounds
with heavy metals. Organic materials in soil diminishes bioavailability of heavy metals thereby altering
them to less soluble forms. Heavy metals are adsorbed through organic acids (e.g., humic acid, fulvic acid) involved within organic materials [24].
Nevertheless, SS was predictor of a significant reduction in cadmium uptake into plant relative to
other organic fertilizers. Higher organic material
content in SS than other organic fertilizers may account for the discrepancy between organic amendments in soil. SS applications with sufficient
amounts seems to be ameliorative in chemical and
physical characteristics of soil that leads to increase
in crop yieldIn a similar study, Han et al. [23]. asserted that preventive effects of SS on heavy metal
toxicity can be explain through relative reduction in
heavy metal bioaccumulation rates. This may be due
to that plant growth is associated with the increased
synthesis of heavy metal-binding proteins in sewage
sludge.
100mg kg-1 Cd application significantly increased Cu, Mn and Fe bioavailability in spinach
compared to control. This finding was in consonant
with the previous data that subsequent applications
of 50 mg kg-1 Cd was associated with Fe, Zn, Cu and
Mn uptake in spinach in the commencement;
whereas Fe and Mn uptake into plant significantly

..-+:96.8/)51+4-5,4-5:965 &-5
@?4- )+:1<1:? )5,  3-<-3 In comparison to
control, APX enzyme activity in spinach was significantly greater in 100 mg kg-1 Cd application.
whereas, all organic amendments applications were
associated with decrease in APX enzyme activity in
spinach when compared to cadmium application
alone. The lowest level of APX activity was observed in control (Table 4). 
MDA, an indicator of lipit peroxidation, was
the highest in Cd alone application. A significant reduction in MDA content was associated with all organic amendment applications (Table 4). In a similar
study, Cr increased catalase (CAT), superoxide dismutase (SOD), and peroxidase (POD) activity in Zea
mays. whereas Farm yard manure(FMY)+Cr and
vermicompost+Cr applications in plant decreased Cr
accumulation in shoots and roots and CAT, SOD,
and POD activity [29].
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7731+):1659
Control
Cd(100 mg kg-1)
Cd + %10 SM
Cd + %20 SM
Cd + %10 SS
Cd + %20 SS
Cd + %10 CM
Cd + %20 CM
Cd + %10 Peat
Cd + %20 Peat
Cd + HA1
Cd + HA2

,
0,43/
151,4 )
47,57 ,
40,70 ,
29,98.
33,77 -.
46,10 ,32,15 .
80,05 +
124,4 *
113,0 *
120,3 *

-
593,5 ,
879,3 *
621,9 ,
460,5 247,8 .
217,9 .
435,8 254,0 .
569,0 ,
802,6 *+
1096,6 )
759,4 +

(5
16,11 /
21,48 /
18,28 /
28,51 .
191,6 *
259,4 )
21,83 /
28,23 .
28,63 .
35,76 78,87 ,
121,8+

;
5,33 -.
7,24 *
6,10 +,
6,02 +,
6,43 +
7,96 )
5,94 +,
5,80 ,5,20 .
6,07 +,
6,20 +,
6,00 +,

5
57,66 ,
76,49 +
74,76 +
77,85 +
51,22 ,
53,96 ,
75,35 +
75,74 +
104,1 *
78,51 +
135,4)
127,8 )

Note*: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).
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7731+):1659
Control
Cd(100 mg kg-1)
Cd + %10 SM
Cd + %20 SM
Cd + %10 SS
Cd + %20 SS
Cd + %10 CM
Cd + %20 CM
Cd + %10 Peat
Cd + %20 Peat
Cd + HA1
Cd + HA2

 &
4463/ %15 
0,54,
1,75 )
0,97 +,
0,76 +,
1,13*
1,18 *
1,03 *+
0,91 *+
1,00 *+
1,17 *
0,71 +,
0,87 *+,


5463/ %
3,71 .
9,89 )
4,84 +,3,89 .
5,36 +,
5,23 +,
5,59 +
4,53 ,-.
8,33 *
5,43 +,
5,07 +,
4,01 -.

Note*: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).
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Organic material amendments were associated
with decreased cadmium uptake into spinach plant.
SS had more positive effects relative to organic fertilizers. A possible account for this finding may be
that urban SS utilized in the study seems to higher
levels of organic matters compared to other organic
fertilizers.
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secondary to ischemia [2, 3]. It can occur primarily
or can be secondary to an underlying cause [4].
Secondary RP can be seen in association with systemic lupus erythematosus, systemic sclerosis
(SSc), mixed connective tissue disease, Sjögren
syndrome and polymyositis/dermatomyositis, and
also various etiologic factors as medications, traumatic damage, hyperviscosity syndromes, and endocrine disorders.
Systemic sclerosis is a chronic inflammatory
disease with unknown etiology characterized by
autoimmunity, vasculopathy, and fibrosis which
may also involve skin, and organs [5]. In most of
the patients RP is seen in association with skin
stiffness. The pathogenesis of the disease is not
known completely, while genetic predisposition,
and immune activation triggered by external stimuli, and vasculopathy play an important role in its
pathogenesis [6, 7]. In the most of SSc patients, RP
is seen as a first finding. Years after onset of RP,
skin stiffness and visceral involvements can develop [8].
Irisin is a protein hormone produced by skeletal muscles. Peroxisome proliferator-activated reFHSWRU 33$5 ȖFRDFWLYDWRUĮ 3*&-Į is a molecule which assumes a task in the regulation of
genes that play an important role in the glucose,
lipid, and energy metabolism. The stimulated PGCĮ LQFUHDVHV WKH SURGXFWLRQ RI SURWHLQ FDOOHG IL
bronectin type III domain containing 5 (FNDC5).
FNDC5 degrades, and induces the formation of
irisin. Irisin levels have been demonstrated to decrease in low-grade inflammatory diseases as
chronic renal failure, type 2 diabetes mellitus, and
obesity [9].
Heat shock proteins (HSPs) belong to a group
of proteins which increase with exposure to pathologic conditions as environmental stress, heat, toxic
substance, oxidative stress, ischemia, infection, and
inflammation [10]. According to their molecular
weights numerous HSPs have been defined. HSP 70
is the most frequently studied molecule in this

ABSTRACT
The pathogenesis of 5D\QDXG¶V SKHQRPHQRQ
(RP) is not fully elucidated, yet. The aim of the
present study was to evaluate plasma irisin and heat
shock protein (HSP) 70 levels in both primary RP
and secondary RP associated with systemic sclerosis (SSc). 15 patients with primary RP, 30 patients
with RP secondary to SSc, and 30 healthy controls
(HC) were included in the study. Raynaud Condition Score (RCS) were performed in the primary RP
and SSc groups. Modified Rodnan skin severity
score (MRSS) was determined for the SSc patients.
Plasma irisin and HSP 70 levels were analyzed by
ELISA method. When compared to the HC group,
plasma irisin and HSP 70 levels were lower in the
secondary RP group, but not in the primary RP
group. Plasma irisin and HSP 70 levels were not
directly related with RCS in the both primary and
secondary RP groups. Moreover, they were not
correlated with MRSS in the secondary RP group.
The results of present study can suggest that irisin
and HSP 70 levels are not associated with primary
RP. Its level was lower in the secondary RP (SSc)
patients. Therefore, it can be concluded that decreased irisin and HSP 70 levels are related with
SSc instead of RP.

KEYWORDS:
5D\QDXG¶V SKHQRPHQRQ V\VWHPLF VFOHURVLV LULVLQ KHDW
shock protein 70

INTRODUCTION
5D\QDXG¶V phenomenon (RP) is a vasospastic
disorder characterized by episodic attacks of triphasic discolorations, and pain on fingers [1]. At its
onset, skin paleness is dependent on digital arterial
vasospasm. Deoxygenation of static venous blood
induces cyanosis; then reactive hyperemia develops
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-20 oC till the day of analysis. Plasma irisin (Hangzhou Eastbiopharm Co., LTD, China,: CV(%) =
SD/mean ×100; Intra-Assay: CV< 10%; InterAssay: CV< 12%; Sensitivity: 0.023 μg/ml) and
HSP 70 (Shanghai Yehua Biological Technology
Co., Shanghai, China: CV(%) = SD/mean ×100;
Intra-Assay: CV< 10%; Inter-Assay: CV< 12%;
Sensitivity: 1.02 ng/mL) concentrations were measured with ELISA method using appropriate commercial kits.

group, and it aids in folding of newly synthetized
polypeptides. Besides, it separates erroneously
folded and precipitated proteins, and ensure their
proper folding. HSP 70 inactivates apoptosis. As a
matter of fact, it plays important roles in oncogenesis, neurodegenerative and autoimmune diseases via
conduction of signals, cellular differentiation, and
regulation of cell cycle [11, 12]. Besides, increased
HSP 70 levels were found in patients with SSc [13].
The aim of the study was to investigate the
levels of irisin, and HSP 70 in patients with primary
RP and RP secondary to SSc.

Clinical scoring. In patients with primary and
secondary RP, daily frequency, duration, and severLW\ RI DWWDFNV ZHUH GHWHUPLQHG XVLQJ 5D\QDXG¶V
Condition Scores (RCS). Besides, the severity of
cutaneous involvement in SSc patients in the secondary RP group was also determined using Modified Rodnan Skin Scoring (MRS) system.

MATERIALS AND METHODS
Participants. A total of 15 primary RP, 30 patients with RP secondary to SSc, and 30 healthy
volunteers were included in the study. The participants those were admitted to the outpatient clinics
of Departments of Internal Medicine, and Rheumatology in University Hospital were enrolled.
Healthy control (HC) group consisted of the participants who consulted to the outpatient clinics of
Internal Medicine without any detected inflammatory, and vascular disease. Patients younger than
18, and older than 65 years of age, those with
known heart disease, hypertension, difficulties in
socio-cultural cooperation, pregnant women, and
those unwilling to participate in the study were not
included in the study.

Statistical analysis. For statistical analysis of
data SPSS program was used. Data obtained in the
study were expressed as mean ± standard deviation.
In statistical analyses Kruskall-Wallis, and post-hoc
Mann-Whitney U were used. Categorical data were
analyzed using chi-square test. Pearson correlation
analysis was used to determine the correlations. P<
0.05 was considered as the level of significance.

RESULTS
Demographic and clinical variable of the data
were presented in the Table 1. The mean age was
higher in the secondary RP group when compared
with the HC group (p<0.05). There was no difference in terms of mean age between primary and
secondary RP groups (p>0.05).
Plasma irisin and HSP 70 levels were similar
in the primary RP and HC groups (p>0.05). However, their levels were lower in the secondary RP
group compared to the primary RP and HC group
(p<0.05 for both) (Table 1).

Samples. Five milliliters of blood samples
were retrieved from left antecubital veins of the
participants in the sitting erect position. Blood samples were placed in tubes containing aprotinin.
Tubes were slightly agitated, and transferred without delay to the laboratory of biochemistry in ice
batteries. Therein, blood samples were centrifuged
at 3500 rpm under 4 oC ambient temperature for 10
minutes to obtain plasma. Then samples were transferred into aprotinin containing tubes, and stored at

TABLE 1
The demographics and laboratory data in the study groups
HC (n=30)
Primary RP (n=15)
Secondary RP (n=30)
Mean age (years)
27.6±10
30.2±7.9
49.4±13a
SBP (mmHg)
105±20.3
111.1±12.6
119±17.6a
DBP (mmHg)
67± 7.2
76.0±9.2
76±10.2b
Creatinine (mg/dL)
0.6± 0.2
0.6± 0.1
0.6±0.1
ESR (mm/h)
9.9±8.2
7.1±7.5
18.3±11.1a,e
CRP (mg/L)
3.9±1.9
4.1±1.8
4.5±3.0c
Glucose (mg/dL)
86±6.8
85.5± 8.6
105±19.9b,d
Total cholesterol (mg/dL)
168.9±32.5
158.9±30.8
200.6±44.1b,c
LDL cholesterol (mg/dL)
93.5±20.1
93.5±24.5
124.1±41.0b,c
HDL cholesterol (mg/dL)
54.3±17.0
54.3±16.5
52.4±16.6
Triglyceride (mg/dL)
115.7±9.9
101.4± 54.5
146.2±108.7
Irisin (μg/mL)
4.79±6.6
4.21±3.2
2.65±4.1a,c
HSP 70 (ng/mL)
262.6±215.6
235.5±174.2
132.1±80.5a,c
Data were expressed as mean±SD.
SBP, systolic blood pressure; DBP, diastolic blood pressure; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; LDL, low density lipoprotein; HDL, high density lipoprotein; HSP, heat-shock protein.
When compared to the HC group: ap<0.05, bp<0.01
When compared to the primary RP group: cp<0.05, dp<0.01, ep<0.001.
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Irisin is a recently identified myokine. Those
are peptides released by the skeletal muscle. It has
been shown that irisin hormone induces the relaxation of mesentery arteries [16]. The effects of irisin
hormone on the proliferation of vascular endothelial
cells and on apoptosis have also been demonstrated.
Besides, irisin increases the expression of matrix
metalloproteinase (MMP) in endothelial cells. Irisin
plays an important role in the maintenance of endothelial homeostasis by stimulating angiogenesis of
endothelial cells [17]. At a certain concentration
irisin accelerates cell metabolism. It inhibits cellular proliferation, and stimulates cellular differentiation [18]. In an experimental study, it has been
determined that intravenous irisin induced vascular
dilation related to ATP-sensitive potassium channel
with resultant decrease in blood pressure [19].
However, in our study, the level of irisin was not
altered in the primary RP group.
Irisin plays a role in energy metabolism. The
decrease in PPARs those are involved in the formation of the irisin has been shown to enhance
fibrosis in an animal model of SSc. It has also been
demonstrated that PPAR agonists exert anti-fibrotic
effects by inhibiting differentiation of myofibroblasts [20]. In a study, serum irisin level has been
reported to decrease in diabetic patients who developed macrovascular complications [21]. Besides,
protective effects of irisin on atherosclerotic vascular diseases have been shown in an experimental
study [22]. However, in a study performed on paWLHQWV ZLWK %HKoHW¶V GLVHDVH D QHJDWLYH FRUUHODWLRQ
between serum irisin levels and endothelial wall
thickness has been detected [23].
As in irisin, HSP 70 level was not directly related with RP; however, HSP 70 level was lower in
the SSc (secondary RP) group, in our study. Its
level was not related with RCS in both primary and
secondary RP groups. These results suggest that it
level decreases due to SSc, but not RP. Conversely,
in SSc, higher HSP 70 level and its positive correlation with MRSS have been shown, previously [13].
HSP 70 gene expression has been reported to be 8
times higher in fibroblasts of SSc patients relative
to normal fibroblasts [24]. On the other hand, HSPs
mediate immunoregulation. HSP 70 has protective
effects against diverse stress conditions and antiinflammatory activity. The protective effects of
HSP 70 against inflammatory response and pulmonary fibrosis have been demonstrated [25]. The
decrease of HSP 70 level in SSc can be more conceivable. Its decreased level can support the widespread fibrosis in SSc.
However, HSP 70 level was not correlated
with MRSS, in our study. This result might be related to the immunosuppressive treatment received
by the patients [26]. The patients in the secondary
RP group received immunosuppressive treatment
such as prednisolone and azathioprine, already.

In the HC group, irisin and HSP 70 levels
were negatively correlated with diastolic blood
pressure (r=-0.429; p=0.018, and r=-0.409,
p=0.025, respectively). However, in the primary RP
and the secondary RP groups, they were not significantly correlated with blood pressures. A positive
correlation existed between HSP 70 and irisin levels in the primary RP, and the HC groups (r=0.645;
p=0.009 and r=0.676; p=0.0001, respectively).
In all three groups, total cholesterol, LDL,
HDL and triglyceride levels were within normal
limits. Levels of total cholesterol, and LDL were
higher in the secondary RP group than in the HC
group (p<0.05 for both). However, there was no
significantly difference in terms of HDL, and triglyceride levels between the secondary RP and HC
group (p>0.05). In the primary RP group, irisin
level was negatively correlated with total cholesterol and HDL levels (r=-0.693, p=0.018, and r=0.616, p=0.044, respectively). Moreover, there was
a negatively correlation between HSP 70 and total
cholesterol levels in the primary RP group (r=0.754, p=0.007).
5D\QDXG¶V &RQGLWLRQ 6FRUHV ZHUH GHWHFWHG DV
4.70±2.38 in the primary RP, and 6.33±1.54 in the
secondary RP group. As for RCS, a statistically
significant difference was detected between two
groups (p<0.05). On the other hand, in both groups
plasma irisin and HSP 70 levels were not correlated
with RCS (p>0.05). In the secondary RP group
mean MRDS was determined as 13.07±9.16. Irisin
and HSP 70 levels were not correlated with MRS
(p>0.05).

DISCUSSION
In our study, plasma irisin and HSP 70 levels
were similar in the primary RP group and healthy
volunteers. On the other hand, their levels were
lower in the SSc group compared to the healthy
subjects and the primary RP group. Irisin and HSP
70 levels were not related with primary RP. However, their levels were lower in the secondary RP
group. These results suggest that the lower levels of
irisin and HSP 70 can be associated with SSc, instead of RP.
5D\QDXG¶V SKHQRPHQRQ LV D GLVRUGHU FKDUDF
terized by the onset of paroxysmal vasospasm manifesting on terminal ends of extremities [14]. It
generally appears as the first symptom in patient
with SSc. SSc is the most frequent cause of secondary RP [15]. RP is actually a vascular dysfunction.
The cause of vascular dysfunction is still unknown
in the RP, but abnormalities in the endothelium
may contribute to the development of RP. The irisin
secreted by the endothelium may be related to RP.
According to the best of our knowledge, the present
study evaluating irisin levels in RP and SSc is the
first.
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[11] Pockley, A.G. (2003) Heat shock proteins as
regulators of the immune response. Lancet.
362, 469-76.
[12] Otaka, M., Odashima, M. and Watanabe, S.
(2006) Role of heat shock proteins (molecular
chaperones) in intestinal mucosal protection.
Biochem Biophys Res Commun. 348, 1-5.
[13] Ogawa, F., Shimizu, K., Hara, T. (2008) Serum
levels of heat shock protein 70, a biomarker of
cellular stress, are elevated in patients with systemic sclerosis: association with fibrosis and
vascular damage. Clin Exp Rheumatol. 26,
659-62.
[14] Kuryliszyn-Moskal, A., Kita, J. and Hryniewicz, A. (2015) Raynaud's phenomenon: new
aspects of pathogenesis and the role of nailfold
videocapillaroscopy. Reumatologia. 53, 87-93.
[15] Barsotti, S., Stagnaro, C., d'Ascanio, A. and
Della Rossa, A. (2016) One year in review
2016: Systemic sclerosis. Clin Exp Rheumatol.
34 Suppl. 100(5), 3-13.
[16] Jiang, M., Wan, F., Wang, F. and Wu, Q.
(2015) Irisin relaxes mouse mesenteric arteries
through endothelium-dependent and endothelium-independent mechanisms. Biochem Biophys Res Commun. 468, 832-6.
[17] Wu, F., Song, H., Zhang, Y. (2015) Irisin Induces Angiogenesis in Human Umbilical Vein
Endothelial Cells In Vitro and in Zebrafish
Embryos In Vivo via Activation of the ERK
Signaling Pathway. PLoS One. 10, 1-17.
[18] Xie, C., Zhang, Y., Tran, T.D. (2015) Irisin
controls growth, intracellular Ca2+ signals, and
mitochondrial thermogenesis in cardiomyoblasts. PLoS One. 10, 13-21.
[19] Zhang, W., Chang, L., Zhang, C. (2015) Central and peripheral irisin differentially regulate
blood pressure. Cardiovascular drugs and therapy / sponsored by the International Society of
Cardiovasc Ther. 29, 121-128.
[20] Sertznig, P. and Reichrath, J. (2011) Peroxisome proliferator-activated receptors (PPARs)
in dermatology: Challenge and promise.
Dermatoendocrinol. 3, 130-5.
[21] Zhang, M., Chen, P., Chen, S. (2014) The
association of new inflammatory markers with
type 2 diabetes mellitus and macrovascular
complications: a preliminary study. Eur Rev
Med Pharmacol Sci. 18, 1567-72.
[22] Lu, J., Xiang, G., Liu, M. (2015) Irisin protects
against endothelial injury and ameliorates atherosclerosis in apolipoprotein E-Null diabetic
mice. Atherosclerosis. 243, 438-48.
[23] Icli, A., Cure, E., Cumhur Cure, M. (2016)
Novel myokine: irisin may be an independent
predictor for subclinic atherosclerosis in
Behcet's disease. J Investig Med. 64, 875-81.

Our study has some limitations. Firstly, the
number of study participants was small. Before the
study, power analysis was not performed to determine the number of participants. On the other hand,
our study had a cross-sectional design. Prospective
follow-up, and serial analyses of the patient could
provide more valuable outcomes.

CONCLUSIONS
In conclusion irisin and HSP 70 levels decrease in the secondary RP group, although their
levels do not alter in the primary RP. Moreover,
RCS is not related with plasma irisin and HSP 70
levels. These results suggest that irisin and HSP 70
are not directly related with RP. Their decreased
level in the secondary RP can be caused by SSc.
Therefore, new predictive and prognostic studies
are required to perform about irisin and HSP 70 in
RP and SSc.
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tomato production in many parts of the world when
resistant cultivars are not planted. There are nearly
200 known tomato diseases causing significant economic losses in nurseries, greenhouses and fields [2].
Bacterial speck, caused by    
pv.  , is one of the most economically important bacterial diseases in many tomato-growing
regions of the world [3, 4]. Lesions occur on leaflets
and may spread to stems and flowers. Yield reductions can result from defoliation, flower abortion and
fruit damage [5]. Reduction of crop yield and fruit
quality is especially seen when the tomato plants are
grown under plastic covers or in greenhouses under
cool and humid conditions [6]. The plant foliage
should keep dry in greenhouses to avoid from favor
enviromental conditions for pathogen development.
The first step of bacterial speck management is
the use of pathogen-free seeds. However, disease
management in the field mainly depends on the use
of copper-based bactericides [7].both in non-organic
and organic agriculture production systems, unfortunately, chemical applications do not always effectively reduce bacterial speck severity [8]. For decades, heavy use of copper compounds have lead to
copper resistance development of bacterial populations. Loss of copper sensitivity of    pv.
 populations was reported [9, 10, 11]. Bacterial speck management in the presence of copper-resistant    pv.   populations is extremely difficult. Thus, a range of disease management strategies must be integrated [12, 13]. Acibenzolar-S-methyl, a plant defense activator, has been
recommended for field management of bacterial
speck as an alternative to copper-based bactericides,
particularly where copper-resistant populations predominate [14, 15]. Biocontrol agents including
     
     and bacteriophages offer eco-friendly approaches for the management of bacterial speck [6, 16, 17, 18, 19, 20].
The pathogen,     pv. 
  survives from season to season in/on tomato
seeds and during seed germination the bacterial population increases [11]. Hence, seed treatments have
gained importance for reducing bacterial speck outbreaks in tomato. Seed treatments are employed to
eradicate or reduce pathogen inoculum on/in seeds.


Bacterial speck, caused by  
  pv.   (Pst), is an economically important
disease of tomato, that causes yield loss of marketable fruit. Management of bacterial speck is a challenge in commercial nurseries, fields or greenhouses. This is due to the limited efficacy of current
disease management strategies, since the pathogen
acquires resistance to antibiotics and copper-based
compounds in Turkey. The pathogen is seed- borne
and no disease resistant tomato cultivars are commercially available. Therefore, it is essential to develop alternative disease control strategies. In this
study, physical and chemical seed treatments that
provide disease suppression were assayed individually or combined under climatic conditions and the
colonization ability of    pv. 
  on/in inoculated seeds was compared with untreated seeds. All seed treatments significantly reduced the    pv.   population on seeds and significantly decreased disease
incidence and disease severity. Mean bacterial populations on the plate dilutions was diminished up to
100% in hot water treated tomato seeds. The efficacies of treatments on disease incidence and severity
provide evidence of significance and greater than
57%. Treatments did not significantly affect seed
germination and seed germination ranged from 76%
to 91%. Based on our results, we recommend that hot
water seed treatment be used to combat bacterial
speck as a first step of disease management in nurseries.
!  
Control, copper,physical,    pv. 
 




The cultivated tomato (    
L., formerly    Miller) is an
important food crop that has achieved popularity
with almost 165 million tonnes production worldwide [1]. Plant disease become the limiting factor in
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For decades, chemical and physical seed treatments
have been developed to control  
  pv.   on/in tomatoes [16, 21]. In this study,
we aimed to (1) evaluate the colonization ability of
   pv.   on/in inoculated
seeds treated with twelve chemical and physical seed
treatments, and (2) determine the efficacy of these
treatments (individually or in combination) on bacterial speck development and seed germination.

was gradually maintained resistant to rifampicin
(100 mg/l). Fourteen g of tomato seeds (cultivar H2274) were inoculated with pathogen suspension as
previously described. Two days after inoculation,
each sample (n=1 g) of pathogen-inoculated seeds
was treated as described above. All treated tomato
seeds were shaken on a shaker at 150 rpm for 30 min
and air-dried in a laminar flow cabinet for 24 h. Each
seed sample was put into glass tubes containing 9 ml
sterilized nutrient broth and shaken at 250 rpm for 3
h. Each treatment was ten-fold serially diluted with
nutrient broth including 1/10, 1/100, 1/1000 and 1/10
000 serial dilutions. Aliquots of 100 µl were spread
onto KB medium supplemented with rifampicin, 100
mg/l, and incubated at 25°C for 72 h. Bacterial colonies were counted and the results were compared
with positive control. Mean bacterial populations
were calculated using the plate-count technique
(number of colonies*dilution of sample*10).

''*$"$8 /' 2&&% 31&"3-&.32 "3 $)"-#&1
1//-$/.%*3*/.2Artificially inoculated and treated
tomato seeds (n=150 seeds per treatment) were sown
in
small
plastic
pots
20x12x3
cm
(lengthxwidhtxheight) containing sterilized soil and
incubated under climatic room with the following
conditions: 22-25°C, 75% humidity and 16 h of light
alternating with 8 h of darkness. Fifteen days after
planting, each cotyledon was examined for speck
symptoms. Bacterial speck seedling transmission
(number of seedlings displaying typical bacterial
speck symptoms divided by the number of seedlings
that germinated*100) was recorded. Disease severity
was evaluated visually and scored using a modified
range of 0 to 3 (0 shows a healthy-looking plant; 1
signifies 1 speck on cotyledon; 2 signifies 2-3
specks; and 3 signifies more than 4 specks), as previously described [23].Efficacy of seed treatments
on seed germination percentage (number of germinated seedlings divided by the number of seeds that
sown*100) were also determined.

70&1*-&.3",%&2*(.".%23"3*23*$",".",82*2
The seeds subjected to various seed treatments were
randomly placed in a growth chamber. Each treatment was replicated three times and each plastic pot
containing fifty seeds was used per replicate. Data
from each pot was combined and the entire experiment was analyzed by analysis of variance
(ANOVA) at ≤0.05. The efficacy of treatments was
evaluated using the Abbott formula (the number of
cotyledons with speck symptoms in control - the
number of cotyledons with speck symptoms in seed
treatments/ the number of cotyledons with speck
symptoms in control*100). All experiments were repeated twice in controlled conditions. Initially, first
and second treatments were statistically analyzed
separately, but, both treatments yielded similar results. Hence, data from all experiments were com-

   

"3)/(&. (1/63) $/.%*3*/.2 ".% *./$4,4-
01&0"1"3*/.     pv.  
strain CG-1-1rfrom the culture collection of Professor Dr. Yesim Aysan (Cukurova University, Faculty
of Agriculture, Department of Plant Protection,
01330, Adana, Turkey) used in this study for seed
inoculations [22].    pv.  
strain CG-1-1r was grown on King’s Medium B and
incubated at 25 °C for 48 h. To prepare 
   pv.  inoculum, a suspension was
generated in saline buffer (NaCI 0.85%) and the concentration was adjusted to A600:0.2 OD with a spectrophotometer (Shimadzu UV-120-01, North America). The bacterial suspension was ten-fold serially
diluted with saline buffer and 100 µl aliquots were
spread plated onto KB. The concentration of the bacterial inoculum was estimated to be 1.5x108 CFU
ml-1 and this concentration was used in further studies.
./$4,"3*/./'3/-"3/2&&%2Tomato seeds of
the susceptible cultivar H-2274 were immersed into
250 mL of a     pv.  
strain CG-1-1r suspension for 30 min and filtered
through double-layered cheesecloth. Seeds were air
dried at room temperature (25±2°C) for 24 h in a
laminar flow and divided into three lots (100
seeds/lot) before seed treatments. 

)82*$",".%$)&-*$",2&&%31&"3-&.32The
physical and chemical treatments applied to seeds
and the exposure times were as follows (per 0.1 liter
sterilized water): 50 ºC hot water for 30 min; streptomycin sulphate, 0.02 g for 5 min; cupric acetate,
0.1% and 0.2% for 1 or 3 min; sodium hypochlorite,
2% and 3% for 1, 3 or 5 min. Combinations of chemical treatments were also included according to average results of first experiment. The solutions were
freshly prepared before immersion of tomato seeds.
Each sample (n=300 seeds) was rinsed as previously
described and treated seeds transferred to dry in a
laminar flow hood for 24 h at room temperature.

''&$3/'31&"3-&.32/.3)&2415*5",/'/.
3/-"3/ 2&&%2 The colonization ability of  was
compared on treated and untreated seeds. Initially,
    pv.   strain CG-1-1r
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speck in first two experiments. Foliar disease incibined and the average of two experiments was statisdence in treated seeds ranged from 0.00% to 26.45%
tically evaluated. The same evaluations were done in
and severity ranged from 0.00% to 11.05%, respecthe experiment of combined chemical seed treattively. The efficacies of treatments on disease inciments.
dence and severity were greater than 57%. All

treated seeds displayed 76% to 91% germination and

treatments did not significantly reduce seed germi
nation (Table 2). These results correlated with earlier

study on bacterial colonization on seeds. According
''&$3/'31&"3-&.32/.3)&2415*5",/'/.
to both studies, hot water seed treatment was the
3/-"3/ 2&&%2 Three days after inoculations, the
most suppressive treatment reaching to 100% both in
forming colonies on plates were recorded. 100 bacbacterial colonization (one g of tomato seeds) and
terial colonies were counted on four ten-fold diluted
seed treatment (150 seeds per treatment). 
positive control plates. Treatments conducted with
According to first experiments conducted with
sodium hypochlorite (2-3%), copper acetate (0.1individual
physical and chemical seed treatments,
0.2%), hot water (50 °C) and streptomycine sulphate
combinations of copper acetate (0.2%) and sodium
(0.2 g-) reduced bacterial colonization on seed comhypochloride (2%) were studied as a second trial to
pared to control plates (Table 1). No bacterial growth
enhance efficacy on pathogen inoculum. Combinawas observed on the plate dilutions of hot water
tions of copper acetate and sodium hypochlorite retreated tomato seeds.
duced lesion appearance on seedlings (Table 3). The

combined treatments were also significant statisti''*$"$8 /' 2&&% 31&"3-&.32 4.%&1 (1/63)
cally differed from control seedlings (Table 3). Effi$)"-#&1$/.%*3*/.2All single physical and chemcacies on disease incidence and severity were higher
ical seed treatments significantly reduced lesion dethan 90%. Most sown seeds germinated and germivelopment on tomato seedlings (Table 2). 50°C wanation percentages ranged from 80% to 97%.
ter was the only treatment that suppressed bacterial

 
/,/.*9"3*/./'#"$3&1*",20&$+/.&"$)/.&(/'3/-"3/2&&%2

Seed Treatments
Control
Streptomycin sulphate
Cupric acetate, 0.1% 1 min
Cupric acetate, 0.1% 3 min
Cupric acetate, 0.2% 1 min
Cupric acetate, 0.2% 3 min
Sodium hypochloride 2% 1 min
Sodium hypochloride 2% 3 min
Sodium hypochloride 2% 5 min
Sodium hypochloride 3% 1 min
Sodium hypochloride 3% 3 min
Sodium hypochloride 3% 5 min
Hot water, 50°C, 30 min

Mean bacterial populations (CFU/g)
1,0*107
1,9*106
1,6*106
2,9*106
2,3*106
4,3*104
3,4*106
3,2*106
2,3*106
3,0*103
1,5*103
4,0*101
0,00

  
''*$"$8/'2&&%31&"3-&.32&5",4"3&%#8%*2&"2&*.$*%&.$&".%%*2&"2&2&5&1*38
&".2/'36/&70&1*-&.326*3)3)1&&1&0,*$"3&2/'&"$)")4.%1&%2&&%,*.(2

Seed Treatments
Control
Cupric acetate, 0.1% 1 min
Cupric acetate, 0.1% 3 min
Sodium hypochloride, 2% 1 min
Sodium hypochloride, 3% 3 min
Streptomycin sulphate, 0,02 gSodium hypochloride, 3% 1 min
Sodium hypochloride, 3% 5 min
Cupric acetate, 0.2% 3 min
Cupric acetate, 0.2% 1 min
Sodium hypochloride, 2% 3 min
Sodium hypochloride, 2% 5 min
Hot water, 50°C, 30 min

Disease incidence (%)
66,30a*
26,45b
15,30c
7,15d
6,75d
6,15d
4,05d
3,10d
2,58d
1,66d
1,42d
1,00d
0,00d

Efficacy%
59,50
76,45
89,85
89,90
91,10
93,80
95,10
96,20
97,40
97,90
98,70
100,00

Disease severity (%)
28,13a
11,05b
7,90b
3,00c
2,45c
2,55c
1,45c
1,50c
0,85c
0,55c
0,45c
0,35c
0,00c

Efficacy%
57,45
71,25
89,65
91,25
90,80
94,20
94,05
97,35
97,85
98,30
98,90
100,00

Germination %
83,00a
88,85a
81,60a
82,45a
82,40a
81,20a
90,10a
76,35a
79,40a
85,60a
91,40a
88,70a
80,90a

* Means followed by the same letters within each column are not significantly different (P≤0.05) according to
Duncan’s Multiple Range Test
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''*$"$8/'$/-#*.&%2&&%31&"3-&.32&5",4"3&%#8%*2&"2&*.$*%&.$&".%%*2&"2&2&5&1*38
&".2/'36/&70&1*-&.326*3)3)1&&1&0,*$"3&2/'&"$)")4.%1&%2&&%,*.(2
Seed Treatments
Control
Cupric acetate, 0.2% 1 min+
Sodium hypochloride, 2% 3 min
Cupric acetate, 0.2% 3 min+ Sodium
hypochloride, 2% 3 min
Cupric acetate, 0.2% 1 min+ Sodium
hypochloride, 2% 5 min
Cupric acetate, 0.2% 3 min+ Sodium
hypochloride, 2% 5 min

Disease incidence (%)
72,35a*
5,21b

Efficacy %

Efficacy %

92,80

Disease severity (%)
43,62a*
1,94b

95,54

Germination %
91,33a
93,33a

1,10c

98,48

0,56bc

98,72

97,33a

0,00c

100,00

0,00c

100,00

94,67a

0,00c

100,00

0,00c

100,00

80,00a

* Means followed by the same letters within each column are not significantly different (P≤0.05) according to
Duncan’s Multiple Range Test

eliminate       subsp.  

  from tomato seeds, our study suggests that
commercial nurseries may use this temperature (50
Seed borne diseases can seriously affect crop
°C) for bacterial pathogens by providing thermostat
yield and quality. Thus, the most crucial control
controlled bath circulator.
strategy is exclusion or reducing the pathogen inocChemical control predominantly relies on copulum during production. Unfortunately, seed infecper based compounds, but the reduction in sensitivtion can not be easy to avoid and thus, various seed
ity to copper in  populations were reported [28,
treatments are used to reduce/eliminate seedborne
29, 30].Our findings indicate the increase in copper
inoculum.  can be destructive in commercial
resistance in copper treated seeds even in used bacgreenhouses during wet conditions in Turkey.
terial strain. Since antibiotic usage is restricted in
Hence, it is important to eliminate the pathogen from
large-scale of tomato production [16], our results
seeds before seedling growth. The goal of this study
demonstrated the less sensitivity to streptomycin
was to find the best seed treatment/s for disease conwith a high growth in petri dishes and symptom aptrol in nurseries. Results of the seed treatments
pearance in seedlings compared to control.
showed that physical and chemical treatments effecThe combination of effective seed treatments
tively reduced bacteria associated with seeds.
may enhance disease control. Thus, seed treatments
Today, tomato crops are threatened by many
may help reduce losses caused by plant associated
seed-borne bacterial pathogens including bacterial
bacteria during tomato growth. When the combined
speck [5]. Seeds are the primary inoculum sources
treatment was applied to infested seeds, the control
for bacterial pathogen infestation. No effective spray
achieved was significant [16]. In this study, comapplication in the field or greenhouses has been
bined treatments efficiently controlled lesion develproven yet. The only way to solve the problem is by
opment on seedlings.
providing pathogen-free seeds. Because growers
Unfortunately, we do not recommend to store
prefer to product tomato in the same greenhouses or
treated seeds for years, since we have no report
fields every growth season, the population of the inwhether the treatment affects the seed germination.
oculum greatly rise in the area [24].Thus, the damIn summary, we suggest that some tomato seed lots
ages may increasingly advanced owing to the pathoshould be treated with water at 50 °C for 30 min or
gen dissemination and disease control may get difficombined treatments be applied before getting seedcult. The thermal seed treatment described here is
lings in commercial nurseries. Then, this sample
one possible solution to the problem.
should be tested to ensure if seed germination is not
Currently, pysical seed treatments like hot waadversely affected. This study suggests these appliter, electron beam treatments and hot air treatments
cations to be employed in commercial nurseries in
are commercially in use for seed disinfection [25].
Turkey before seedling growth.
The risks in using physical seed treatments are 1)

they may reduce the inoculum but may not fully

eliminate seed inoculum and 2) may affect seed vi 
tality. Thus, it’s vital to find the most reliable heat
and immersing period in hot water. The high efficacy

of hot water treatments were well studied [26, 27].
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The Mediterranean fruit fly,    
(Wiedemann) (Diptera: Tephritidae), is a serious
pest on pomegranate fruits in Turkey. The objective
of this study was to determine effectiveness of
various attractants to Mediterranean fruit fly, 
     (Wiedemann) (Diptera: Tephritidae)
on pomegranate fruits in Hatay province of Turkey.
The Decis traps baited with various attractants
impregnated inpaper handkerchief dispensers were
used. After two years of the study, effectiveness of
various attractants to    varied in each of
the pomegranate variety and sampling year. In the
first year, the highest mean of catches on ‘Hicaz’
pomegranate were observed on the combination of
ammonium acetate + ammonium bicarbonate attractant traps. In addition, the highest mean of
catches on ‘Katırbaşı’ pomegranate were observed
on the combination of ammonium acetate + ammonium bicarbonate + putrescine attractant traps.
However, the lowest mean of catches on ‘Hicaz’
and ‘Katırbaşı’ pomegranate were observed on the
combination of ammonium bicarbonate + trimethylamine + putrescine attractant traps in both studies. In the second year, the highest mean of catches
on ‘Hicaz’ I, II pomegranate were observed on the
combination of ammonium acetate + ammonium
carbonate attractant traps in both studies. On the
other hand, the lowest mean of catches on ‘Hicaz’ I,
II pomegranate were observed on the combination
of ammonium acetate + trimethylamine + putrescine and a single ammonium acetate attractant
traps. The highest mean of catches on Katırbaşı
pomegranate were observed on the combination of
ammonium acetate + trimethylamine + cadaverine
attractant traps, whereas the lowest mean of catches
were observed on the combination of ammonium
acetate + trimethylamine + putrescine and a single
ammonium acetate attractant traps. The highest
percentages of damage ratios were observed on
‘Hicaz’ (18%) in 2015 and (14%) in 2016.
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Pomegranate,     L. (Punicaceae: Myrtiflorae), is an important tropical and
subtropical tree [1], widespread in Turkey where it
comprises approximately 30.530 ha with a total
produce of 465.200 tons of fruit per annum, and
Hatay province’s share is 1.288 ha and 20.430 tons
[2]. The Mediterranean fruit fly (Medfly),   
  (Wiedemann) (Diptera: Tephritidae), is
one of the most important fruit pests throughout the
world [3, 4]. The Medfly is a highly adaptive polyphagous tropical fruit fly which attacks more than
three hundred and fifty botanical species [5, 6]. The
females puncture the fruits and lay eggs below the
skin of the host fruits, which are destroyed by larval
feeding [7]. The Medfly caused significant damages
on pomegranate fruits in Turkey [8]. Insecticidal
protection from    is possible by using a
cover spray or a bait spray [9]. Protein bait sprays
mixed with organophosphates or low toxicity insecticides are successfully used as area-wide integrated
pest management techniques to control  
populations [10, 11]. Traps baited with trimedlure
and attractants are important tools for detection,
monitoring and controlling of the    [12,
13]. The trimedlure contained in Jackson traps, and
McPhail traps baited with hydrolyzed protein were
the primary detection tools used in medfly detection
programmes [14, 15]. Traps baited with lures are
also continuously used to monitor and control
population size and spread [12, 16]. The purpose of
the current study was to determine efffectiveness of
various attractants to Medfly,     
(Wiedemann) (Diptera: Tephritidae) on pomegranate fruits in Hatay province of Turkey.
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Treatments (Lures)a
Ammonium acetate
Ammonium carbonate
Ammonium bicarbonate
Diammonium phosphate
Ammonium acetate+Ammonium carbonate
Ammonium acetate +Ammonium bicarbonate
Ammonium acetate + Trimethylamine + Putrescine
Ammonium acetate + Ammonium carbonate +Putrescine
Ammonium acetate+Ammonium bicarbonate + Putrescine
Ammonium carbonate+Trimethylamine + Putrescine
Ammonium bicarbonate+Trimethylamine+ Putrescine
Ammonium acetate+ Trimethylamine +Cadaverine
Ammonium bicarbonate + Diammonium phosphate

2015
Lures (gr)/trapz
0.08
0.08
0.08
0.08
0.08+0.08
0.08+0.08
0.08+0.08+0.01
0.08+0.08+0.01
0.08+0.08+0.01
0.08+0.08+0.01
0.08+0.08+0.01
----0.08+0.08

2016
Lures (gr)/trapz
0.42
0.42
-----0.42+0.42
--0.42+0.13+0.01
----------0.42+0.13+0.01
----

a

Lures abbreviations: Ammonium acetate (AA), Ammonium carbonate (AC), Ammonium bicarbonate (AB),
Diammonium phosphate (DAP), Ammonium acetate + Ammonium carbonate (AA+AC), Ammonium acetate +
Ammonium bicarbonate (AA+AB), Ammonium acetate + Trimethylamine + Putrescine (AA+TMA+P), Ammonium acetate + Ammonium carbonate + Putrescine (AA+AC+P), Ammonium acetate + Ammonium bicarbonate
+ Putrescine (AA+AB+P), Ammonium carbonate + Trimethylamine + Putrescine (AC+TMA+P), Ammonium
bicarbonate + Trimethylamine + Putrescine (AB+TMA+P), Ammonium acetate + Trimethylamine + Cadaverine
(AA+TMA+C), Ammonium bicarbonate + Diammonium phosphate (AB+DAP).
z
Putrescine and Cadaverine used as (mg) and rest of the treatments (lures) used as (gr).

$"#$ #

and dichlorvos (DDVP) in the traps were replaced
with the new ones in every 45 days. Traps were
removed on 15th December and brought to the
laboratory and captured adults of    were
counted.

The study was conducted in 2015-2016 to determine effectiveness of various attractants for
Medfly,      (wiedemann) (Diptera:
Tephritidae) on pomegranate fruits in Hatay province of Turkey.

$8)79 )1:-, =1:0 ::8)+:)5: 15   Two
studies were conducted at two different pomegranate orchards in Antakya district of Hatay province.
The first study was carried out at the ‘Hicaz’ pomegranate orchards. The second one was conducted at
the ‘Katırbaşı’ pomegranate orchards. The Decis
type traps and baited with ammonium acetate (AA),
ammonium carbonate (AC), trimethylamine
(TMA), ammonium bicarbonate (AB), Diammonium phosphate (DAP) and 1,4-diaminobutane (putrescine) (P) were used as synthetic food-based
lures in both studies. A single and combinations of
two and three lures were used in the study (Table
1). Attractant or mixed attractants impregnated into
paper handkerchiefs pages were used in this study.
Each of the paper handkerchief package (10x7.5
cm) had a 3-mm diameter hole and contained 25 g
attractant or mixed of attractants, 2 ml of 10% propylene glycol to decrease water evaporation and 2
ml of 2% dichlorvos (DDVP). Both studies were
conducted as randomized complete block design
with 12 treatments and 5 replications. The traps
were placed at 1.5-2m high on southeastern side of
the pomegranate trees (1 trap per three trees) on
10th August 2015. Attractant and propylene glycol

$8)79)1:-,=1:0::8)+:)5:15   Three
studies were conducted at two different pomegranate orchards in Antakya district of Hatay province.
The first study was carried out at the ‘Hicaz’ pomegranate orchards. The second study was conducted
at the ‘Katırbaşı’ pomegranate orchards. The last
study was carried out at the ‘Hicaz’ pomegranate
orchards. The Decis type traps and baited with
ammonium acetate (AA), ammonium carbonate
(AC), trimethylamine (TMA), diaminoalkane (cadaverine) (C) and 1,4-diaminobutane (putrescine)
(P) were used as synthetic food-based lures with all
studies. Single and combinations of two and three
lures were used in the study (Table 1). Attractant or
mixed attractants impregnated into paper handkerchiefs pages were used in the study. Each of the
paper handkerchief package (10x7.5 cm) had a 3mm diameter hole and contained 25 g attractant or
mixed of attractants, 2 ml of 10% propylene glycol
to decrease water evaporation and 2 ml of 2% dichlorvos (DDVP). The first and second study were
conducted as randomized complete block design
with 5 treatments and 10 replications. The last
study was conducted as randomized complete block
design with 5 treatments and 15 replications. All
traps were placed at 1.5-2m high on southeastern
side of the pomegranate trees (1 trap in every three
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trees) on 28nd August 2016. Attractant and propylene glycol and dichlorvos (DDVP) in the traps were
replaced with the new ones in every 45 days. All
traps were removed on 10th December and brought
to the laboratory and captured adults of  
were counted.
All data were analyzed by analysis of variance
(ANOVA) with using the SAS software and means
were separated by using the Least Significant Difference (LSD) Multiple Comparison Tests (P <
0.05) [17].

)4)/-9"):-915     The fruit damage assessment was measured by the percentage of
medfly punctures during the harvest in both year.
For this purpose, during the harvest time, except
from the trap baited with attractant lure hanging
tree, three-hundred fruits were chosen randomly
from thirty trees in each of the orchards and
checked for medfly punctures and infested fruits
were counted. The percentage of fruit damage was
calculated by dividing the number of infested fruits
by the total number of sampled fruits in each or-

chards to evaluate the percentage of the damaged
fruits in each of the orchard.


"#%$##%## 

$8)79 )1:-, =1:0 ::8)+:)5: 15   Effectiveness of various attractants to    on
pomegranate fruits varied in each of the sampling
year. In the first study, a total of 6444 medfly adults
were caught by attractant traps at the ‘Hicaz’ pomegranate and the highest mean of catches were
caught by the combination of ammonium acetate +
ammonium bicarbonate attractant traps (F=5.69; P=
0.0001) (Figure 1). The lowest mean of catches
were caught by the combination of ammonium
bicarbonate + trimethylamine + putrescine, ammonium carbonate + trimethylamine + putrescine and
ammonium acetate+ammonium bicarbonate + putrescine, single of ammonium carbonate, ammonium bicarbonate and diammonium phosphate attractant traps.

500
Hicaz, 2015
Total number : 6444 medfly (♂♀)
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by the combination of ammonium acetate + trimethylamine + putrescine attractant traps.
In the second study, a total of 5482 medfly
adults were caught by attractant traps at the
‘Katırbaşı’ pomegranate and the highest mean of
catches were caught by the combination of ammonium acetate + trimethylamine + diaminoalkane
(cadaverine) attractant traps (F= 5.10; P= 0.0001)
(Figure 4). The lowest mean of catches were caught
by the combination of ammonium acetate + trimethylamine + putrescine attractant traps.
In the last study, a total of 1495 medfly adults
were caught by attractant traps at the ‘Hicaz’ pomegranate and the highest mean of catches were
caught by the combination of ammonium acetate +
ammonium carbonate attractant traps (F= 1.93; P=
0.0316) (Figure 5). The lowest mean of catches
were caught by the single treatment of ammonium
acetate and ammonium carbonate and the combination of ammonium acetate + trimethylamine + putrescine and ammonium acetate + trimethylamine +
diaminoalkane (cadaverine) attractant traps.

In the second study, a total of 1865 medfly
adults were caught by attractant traps at the
‘Katırbaşı’ pomegranate and the highest mean of
catches were caught by the combination of ammonium acetate + ammonium bicarbonate + putrescine
attractant traps (F=2.22; P= 0.0203) (Figure 2). The
traps baited with ammonium acetate and ammonium carbonate caught significantly high number of
medfly during the study. The lowest mean of catches were caught by the combination of ammonium
bicarbonate + trimethylamine + putrescine and
single treatment of diammonium phosphate attractant traps.
$8)79)1:-,=1:0::8)+:)5:15   In the
first study, a total of 2485 medfly adults were
caught by attractant traps at the ‘Hicaz’ pomegranate and the highest mean of catches were caught by
the combination of ammonium acetate + ammonium carbonate attractant traps (F=2.27; P= 0.0261)
(Figure 3). The lowest mean of catches were caught
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)4)/-98):-915    The damage ratio of medfly varied each of the sampling variety
and year. In the first year, the highest percent of
damage rate was observed with 18 percent on
‘Hicaz’ pomegranate fruit (Figure 6). The damage
rate was 8 percent on ‘Katırbaşı’ pomegranate fruit.
In the second year, the highest percent of damage
rate was observed with 14 percent ‘Hicaz I’ pomegranate fruit (Figure 7). The damage rates were 7
percent on ‘Katırbaşı’ and 5 percent on ‘Hicaz II’
pomegranate fruits.
The trimedlure, ceralure, protein-based baits
and lures are critical components to detect, monitor
and control of    on various fruits in the
world [15]. Traps baited with protein-based baits
and lures are also used for capture of male and
female    [13]. The food-based lures capture both females and males [15, 16], whereas foodbased baits has been the high capture of nontarget
insects [18]. Gothilf and Levin [19] reported that an
ammonium carbonate has long been known to attract females. Several studies have demonstrated
and confirmed the high selectiveness and effectiveness of the combinations of several synthetic food
attractants based on ammonium acetate, putrescine
and trimethylamine for   females capture
[16, 20, 21]. A two year study were conducted by
Demirel [8] to evaluate population density and
damage rates of medfly on various pomegranate
orchards in Turkey. The result of the study point
out that the medfly caused 14% damage ratio on
Hicaz pomegranate and 25 % on Katırbaşı pomegranate fruits.

observed on ‘Hicaz’ pomegranate fruit in both
years.
 '$#
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The present study was conducted by traps
baited with various attractants determine efffectiveness of various attractants to Medfly,   
  (Wiedemann) (Diptera: Tephritidae) on
pomegranate fruits in Hatay province of Turkey. As
a result of two years of investigations, effectiveness
of various attractants varied in each of the sampling
year. In the first year, the highest mean of catches
on ‘Hicaz’ pomegranate were observed on the
combination of ammonium acetate + ammonium
bicarbonate attractant traps. In addition, the highest
mean of catches on ‘Katırbaşı’ pomegranate were
observed on the combination of ammonium acetate
+ ammonium bicarbonate + putrescine attractant
traps. In the second year, the highest mean of
catches on ‘Hicaz’ I, II pomegranate were observed
on the combination of ammonium acetate + ammonium carbonate attractant traps. In addition, the
highest mean of catches on ‘Katırbaşı’ pomegranate
were observed on the combination of ammonium
acetate + trimethylamine + cadaverine attractant
traps. The highest damage ratios of medfly were
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Grape is one of the most important protective
food [4-7] not only due to its special nutritive value
but also owing to its wide spread production. Some
authors have studied the protective effect, total phenolic and flavonoid contents of different grape cultivars and ecological regions in Turkey [8- 20].
The types and concentration of the phenolic
compounds depend on the grape variety, ripening,
climatic conditions, wine making practices (the use
of enzymes, maceration conditions, and fermentation temperature), and ageing [37].
Among the types of grapes, especially red
grapes and grape juice, the major phenolic compounds found in red wine are called as flavonoids,
anthocyanins and flavonols [3].
Grape yields and quality were mainly affected
by soil fertility and fertilization [21, 22]. Fertilizer
management one of the main factors responsible for
grapes phytochemical profiles. Very little work has
been reported on the effect of organic and organomineral fertilizers on grapes in Turkey [23-25].
There are various types of fertilizers available
for use in vineyards. Currently, the use of organic
and organo-mineral fertilizers has attracted the interest of producers focus on improving the productive
performance cultivated grape cultivars [26-28].
The objective of the present study was to determine the effects of organic and organo-mineral fertilizers on total phenolic, flavonoid and anthocyanin
content of berry skin, pulp and seed of Bogazkere
(  L.) grapes.

This study was conducted to determine the impacts of organic and organo-mineral fertilizers on total phenolic, flavonoid and anthocyanin activities of
Bogazkere (  L. cv.) grapes. Study treatments included organic fertilizers (green fertilizer
(vetch), green fertilizer (barley), green fertilizer
(vetch + barley), farmyard manure, bactoguard, lifebac NP, humanica) and organo-mineral fertilizers
(bactolife quality organo, bactolife high organo, bactolife high organo, bactolife super organo power).
The organic, and organo-mineral fertilizer applications positively influenced the total phenolic, flavonoid and anthocyanin productions. The maximum
total phenolic production was significantly higher
under bactolife buper brgano bower (550.47 μg
GAE/mg in pulp) application. The total flavonoid
production in berry pulp (45.07 μg QUE/mg), seed
(26.76 μg QUE/mg) and skin (20.27 μg QUE/mg)
were the highest under the bactolife super organo
power. Total anthocyanin content of berry skin and
pulp of Bogazkere grape cultivar was the highest under the organic humanica.
'&!"
Grape, Bogazkere, Berry, Phenolic, Flavonoid, Anthocyanin
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Turkey has about 7% of the world’s area of
vineyards, and produces 6.4% of the world’s grape
production. In addition, productivity in Turkey has
improved by about 40% in the last 15 years, from
6654 kg ha-1 in 1998 to 9249 kg ha-1 in 2012 [1].
Boğazkere are red grape cultivars of  
 L. grown in southeastern Turkey, especially Diyarbakir province. It is an important red grape variety for Turkey, which produces wellbalanced and
characteristics wines, with fruity notes such as
strawberry, cherry, and blackberry-like odours [2,
3].

The study was performed under Bogazkere (
  L) local grape variety. Boğazkere are red
grape cultivars of   L. grown in Diyarbakir province.
%15->)8,)8-)The experiments were carried
out in a 8 years old private vineyard in Dicle town,
which is located in Diyarbakir province of Turkey,
in the years of 2016. The study site was initiated on
a Vertisol soil with parent materials mostly consisting of marn and lacustrine transported material. The
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enzymes and hormones in natural form. Bactoguard
had 35% organic matter; 2.5% nitrogen (N); 24% organic carbon. Lifeback-NP was sprayed 100 mL per
vine with sap water to holes opening to coral trace of
vines and going down to hair roots. Lifeback-NP is
a microbial fertilizer containing natural 
     isolates and proliferates rapidly by covering plant roots/leaves and generates nutrient-intake promoting secretions without
feeding from plants. In addition, Lifeback-NP enables plants to fix free nitrogen in the atmosphere
through their leaves and roots. Humanica was applied 3 kg per vine to crown trace of vines mixed
with soil between February and March. Humanica
contained organic matter (40%), total acid (Humic +
Fulvic; 50%), and maximum humidity (35%) and
soil conditioning fertilizer based on Leonardite
which has a dark color and soft texture. Soils properties require reconditioning if their structures suffer
disruption along with efficiency and productivity
losses. Organo-mineral applications contained Bactolife Super Organo Power, Bactolife Quality Organo, Bactolife High Organo (Nitrogen (5%), P2O5
(5%)), and Bactolife High Organo (Nitrogen (5%),
P2O5 (5%), and K2O (5%)) organic matter content
(20%) [29].

experiment was conducted under a semi-arid climate
with a mean maximum air temperature of 28-38°C
and minimum air temperature 10-12°C during growing season, respectively.
The reduced tillage was conducted at 2-3 cm
depth of soil in October and November in the years
of 2016. Some physical and chemical properties are
tabulated (Tab. 1).
-8:131?-8)7731+):1659The present study included twelve fertilizer applications; (1) Control, (2)
Green Fertilizer (Vetch; 90 kg ha-1), (3) Green Fertilizer (Barley; 30 kg ha-1), (4) Green Fertilizer (Mixture of Vetch (75%) and Barley (25%); 9 kg da-1
vetch and 3 kg da-1 barley), (5) Farm Manure (3 tons
da-1), (6) Bactoguard (35% organic matter, 24% organic carbon, and 2.5% organic N), (7) Lifebac-NP
(containing natural     
   isolate 1x109 cfu/ml), (8) Humanica
(50% organic matter, %55 humic + fulvic acid), (9)
Bactolife Quality Organo (4-0-8+0.2% Fe, Mn, Zn
and Cu), (10) Bactolife High Organo (5-5-0+0.2%
Fe, Mn, Zn and Cu), (11) Bactolife High Organo 55-5 +0.2% Fe, Mn, Zn and Cu), and (12) Bactolife
Super organo-Power (10-0-0+0.2% Fe, Mn, Zn and
Cu).
The control plots did not receive any applications from any fertilizers. The crop was grinded and
mixed in the soil when vetch bloomed was 50 %
whereas farmyard manure was incorporated within
0-20 cm soil depth during the spring plowing under
consideration of the worked had been done by same
researchers [21]. Each treatment had replicated three
times in the randomized block design for two years.
Bactoguard, Lifeback-NP and Humanica fertilizers
were used as commercial organic treatments [29].
Bactoguard (20 L with 1 tons of water ha-1) and organo-mineral fertilizers (30 L with 1 tons of water
ha-1) were applied 3 times in soil starting with leaf
formation with 25-day intervals until harvesting (before and after flowering and when grape reaches the
size of a nut). Bactoguard derived from plants which
liquid organic fertilizer, provides effective protection against cold, hail, water, and salt stresses due to
containing organic acids, amino acids, antioxidant

#6:)3 70-5631+ .3)<6561, )5, )5:06+>)515
)5)3>919The content of total phenolic in the grape
berry skin, pulp and seed were determined according
to the Folin–Ciocalteau method [30]. Gallic acid was
employed as the calibration standard and the results
were expressed as gallic acid equivalents (GAE) (μg
GAE/mg of berry sample). The absorbance was
measured using a UV-vis spectrophotometer at a
wavelength of 765 nm [3, 20]. Fresh sample (1 gram)
was homogenized with ultraturraks, incubated at 4oC
for 12 hours, and centrifuged at 1200 rpm for 50 min
whereas supernatants were filtered through 0.22 m.
Measurement of the flavonoid concentration of the
grape berry skin, pulp and seed were based on the
method described by Park et al., with a slight modification [31]. A 1 ml aliquot of the sample was added
to a test tube containing 0.1 ml of 10% aluminum
nitrate, 0.1 ml of 1 M potassium acetate and 3.8 ml

# 
0-41+)37867-8:1-96.:0--=7-814-5:)3.1-3,96139*-.68-:0--=7-814-5:
4-)5@9:)5,)8,,-<1):1655 
"613867-8:1-9
pH (1:2 soil:water) (%)
Clay (%)
Silt (%)
Sand (%)
CEC† (%)
Exchangeable Mg (cmolc /kg)
Exchangeable Ca cmolc /kg
Exchangeable K cmolc /kg
Exchangeable Na cmolc /kg
†

-)59
7.82±0.30
39.12±1.2
28.23±1.1
32.65±2.3
20.44±1.4
2.10±0.40
14.35±1.40
3.20±0.73
0.40±0.07

"613867-8:1-9
Electric conductivity (dS/m)
Organic matter (%)
CaCO3 (%)
Available P (mg/kg)
Available Fe (mg/kg)
Available Mn (mg/kg)
Available Zn (mg/kg)
Available Cu (mg/kg)
Available B (mg/kg)

CEC: Cation Exchange Capacity

3200

-)59
0.95±0.04
2.36±0.23
7.80±0.11
3.15±1.20
3.40±0.60
7.10±1.10
2.20±0.88
5.40±1.10
0.20±0.06
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of methanol. The mixture was then incubated for 40
min at room temperature and the absorbance was determined at 415 nm. Spectrophotometric analysis
was performed using a five-point calibration curve
generated with pure quercetin (Sigma) as the standard. The flavonoid content in the Okuzgozu berry
samples were expressed in micrograms of quercetin
equivalents (QUE) per ml of a sample [3, 20]. The
total anthocyanin of grape berry pulp and seed extracts were measured [32] pH differential method.

(berry skin, pulp, seed) and total anthocyanin (berry
skin, pulp) profiles (Table 2-4).
#6:)3 70-5631+ The treatments of Bactolife
Super Organo Power (OM4) and Bactolife High Organo 5-5-5 (OM3) were found more effective in producing total phenolic content of grape berry skin,
pulp and seed content than other treatments and control. The maximum total phenolic content at 126.69
μg GAE/mg of grape berry skin, at 550.47 μg
GAE/mg of berry pulp, at 346.22 μg GAE/mg of
berry seed were recorded on organo-mineral fertilizer Bactolife Super Organo Power treatment (Table
2). The average percentage of total phenolic skin,
pulp, and seed increase was 8.75%, 3.44%, and 3.39
% when compared to control, respectively. These
findings are supported by the findings of [33, 34].

#6:)3.3)<6561,The data presented in Table 3
indicated the maximum total flavonoid (μg
QUE/mg) content of berry skin (20.27 μg QUE/mg),
pulp (45.07 μg QUE/mg) and seed (26.76 μg
QUE/mg) of Bogazkere grape cultivar were recorded on organo-mineral fertilizer Bactolife Super
Organo Power (OM4) application. The next best
treatment in this regard was Bactolife High Organo
5-5-5 (OM3). The average percentage of total flavonoid skin, pulp, and seed increase was 377.40%,
41.45%, and 121.40 % when compared to control,
respectively. The lowest total flavonoid content was
observed in control vine berries. The results obtained
in the present investigations are in conformity with
those obtained by [33, 34, 35] in grapes.

":):19:1+)3 )5)3>919 The experiments were
performed in a complete randomized block design
with three replicates. Each replicate consisted of five
vines. The results are expressed in mean ± SD. Oneway ANOVA (PROC-GLM procedure) was used to
analyze the effects of organic and organo-mineral
fertilizers on total phenolic, flavonoid and anthocyanin content of Bogazkere (   L. cv.)
grapes. When statistically significant effects
(P<0.05) were detected, the least significant difference (LSD) tests were used to separate means after
one-way ANOVA. Data were analyzed using SPSS
15.0 for Windows.


!"$#""$""
In this study, results showed that different treatment of organic and organo-mineral fertilizers had
significant effect on Bogazkere grape berry total
phenolic (berry skin, pulp, seed), total flavonoid

# 
#6:)370-5631+A/4/+65:-5:6.*-88>92157;37)5,9--,6.6/)?2-8-/8)7-+;3:1<)8
Total phenolic
Total phenolic
Total phenolic
Treatments*
(μg GAE/mg)
(μg GAE/mg)
(μg GAE/mg)
Skin
Pulp
Seed
C
106.51 ± 0.17a
517.00 ± 0.25a
323.59 ± 0.10a
V
108.83 ± 0.04b
519.47 ± 0.16ab
325.67 ± 0.13b
c
bc
B
110.57 ± 0.18
521.58 ± 0.05
327.90 ± 0.02c
d
c
B+V
111.85 ± 0.28
523.99 ± 0.47
329.31 ± 0.07d
e
d
FM
112.94 ± 0.42
529.28 ± 0.45
331.61 ± 0.15e
f
e
O1
114.31 ± 0.21
537.38 ± 0.44
332.86 ± 0.18f
g
ef
O2
115.92 ± 0.07
539.51 ± 0.25
335.27 ± 0.33g
O3
117.73 ± 0.18h
541.84 ± 0.06efg
337.58 ± 0.20h
OM1
119.25 ± 0.19ı
543.86 ± 0.04fgh
339.35 ± 0.21ı
i
gh
OM2
121.57 ± 0.20
545.65 ± 0.14
341.56 ± 0.18i
j
hı
OM3
123.62 ± 0.03
547.73 ± 0.13
343.76 ± 0.05j
k
i
OM4
126.69 ± 0.06
550.47 ± 0.21
346.22 ± 0.22k
Average
115.82 ± 0.99
534.81 ± 1.94
334.56 ± 1.18
p-value**
<0.001
<0.001
<0.001
*
C: Control, Untreated, V: Green Fertilize (Vetch), B: Green Fertilizer (Barley), FM: Farm Manure, O1: Bactoguard, O2: Lifebac NP, O3: Humanica, OM1: Bactolife Quality Organo, OM2: Bactolife High Organo 5-5-0,
OM3: Bactolife High Organo 5-5-5, OM4: Bactolife Super organo Power.
**
p-value from one-way ANOVA. Means in columns followed by different letters are significantly different by
LSD protected by ANOVA (Analysis of Variance) at 0.05 (= 6).
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# 
#6:)3.3)<6561,A/ $4/+65:-5:6.*-88>92157;37)5,9--,6.6/)?2-8-/8)7-+;3:1<)8
Total flavonoid
Total flavonoid
Total flavonoid
Treatments*
(μg QUE/mg)
(μg QUE/mg)
(μg QUE/mg)
Skin
Pulp
Seed
C
2.08 ± 0.01a
24.27 ± 0.15a
7.71 ± 0.31a
V
4.14 ± 0.25b
28.98 ± 0.47c
12.03 ± 0.38b
B
2.53 ±0.30a
26.49 ± 0.18b
9.82 ± 0.39c
c
c
B+V
5.82 ± 0.04
30.36 ± 0.21
13.65 ± 0.09d
d
de
FM
6.95 ± 0.11
31.71 ± 0.26
14.84 ± 0.07e
d
e
O1
8.05 ± 0.02
32.76 ± 0.11
16.18 ± 0.10f
e
f
O2
10.31 ± 0.10
34.43 ± 0.15
17.32 ± 0.07g
f
g
O3
12.10 ± 0.41
36.24 ± 0.46
18.91 ± 0.08h
ı
i
OM1
17.52 ± 0.05
42.52 ± 0.12
24.54 ± 0.14ı
h
ı
OM2
15.69 ± 0.26
40.49 ± 0.14
22.59 ± 0.22i
g
h
OM3
13.67 ± 0.32
38.65 ± 0.08
20.49 ± 0.16j
i
j
OM4
20.27 ± 0.20
45.07 ± 0.44
26.76 ± 0.06k
Average
9.93 ± 0.97
34.33 ± 1.04
17.07 ± 0.95
p-value**
<0.001
<0.001
<0.001
*
C: Control, Untreated, V: Green Fertilize (Vetch), B: Green Fertilizer (Barley), FM: Farm Manure, O1: Bactoguard, O2: Lifebac NP, O3: Humanica, OM1: Bactolife Quality Organo, OM2: Bactolife High Organo 5-5-0,
OM3: Bactolife High Organo 5-5-5, OM4: Bactolife Super organo Power.
**
p-value from one-way ANOVA. Means in columns followed by different letters are significantly different by
LSD protected by ANOVA 

# 
#6:)3)5:691>)515)3<1,15 6/3126?1:4/2/+65:-5:6.*-88>92157;37)5,9--,6.6/)?2-8-
/8)7-+;3:1<)8
Total
antosiyanin
Total antosiyanin
Treatments*
(Malvidin- 3-o-glikozit (mg/kg))
(Malvidin- 3-o-glikozit (mg/kg))
Skin
Pulp
a
C
16.006,0 ± 0.30
624.67 ± 0.07a
ab
V
16.008,4 ± 0.44
627.28 ± 0.31b
bc
B
16.010,9 ± 0.36
629.49 ± 0.21c
c
B+V
16.013,0 ± 0.14
632.10 ± 0.71d
d
FM
17.017,0 ± 0.18
633.53 ± 0.13d
d
O1
17.018,6 ± 0.77
635.89 ± 0.30e
g
O2
17.029,6 ± 0.25
643.48 ± 0.24h
ı
O3
17.036,1 ± 0.53
650.30 ± 0.20i
fg
OM1
17.027,5 ± 0.16
641.26 ± 0.44g
e
OM2
17.022,5 ± 0.50
637.76 ± 0.19f
OM3
17.032,5 ± 0.21h
646.67 ± 0.70ı
OM4
17.025,5 ± 0.23f
639.46 ± 0.03fg
16.687,3 ± 1.08
636.82 ± 1.27
<0.001
<0.001
p-value**
*
C: Control, Untreated, V: Green Fertilize (Vetch), B: Green Fertilizer (Barley), FM: Farm Manure, O1: Bactoguard, O2: Lifebac NP, O3: Humanica, OM1: Bactolife Quality Organo, OM2: Bactolife High Organo 5-5-0,
OM3: Bactolife High Organo 5-5-5, OM4: Bactolife Super organo Power.
**
p-value from one-way ANOVA. Means in columns followed by different letters are significantly different by
LSD protected by ANOVA (Analysis of Variance) at 0.05 (= 6).
control treatment (berry skin (16.000,0 mg/kg) and
pulp (624,67 mg/kg). The average percentage of total anthocyanin skin and pulp increase was 4.13%
and 1.94% when compared to control, respectively.
The results are supported by the findings reported by
[36].

#6:)3)5:06+>)515The data in Table 4 reveal
that total anthocyanin (Malvidin- 3-o-glucoside
(mg/kg)) content of berry skin (17.036,1 mg/kg) and
pulp (950,30 mg/kg) of Bogazkere grape cultivar
was the highest in organic treatment Humanica. The
lowest total anthocyanin content was observed in
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$"
Results conducted that total phenolic (μg
GAE/mg), flavonoid (μg QUE/mg) and anthocyanin
(Malvidin- 3-o-glucoside (mg/kg)) content in
Boğazkere grape skin, pulp and seed of berries
showed important differences according to the organic and organo-mineral fertilizer applications.
In this study, results showed that optimum
plant nutrition especially organo-mineral application
increased the phytochemical potential due to fertilizer use efficiency, enzymatic potential of fertilizer
and plant ion balance. Overall, the results of this
study suggest that microbial and organo-mineral fertilizer application have the potential to increase the
quality of the vine plants. Therefore, integrated use
of organic and organo-mineral fertilizer showed
promising potential for improving total phenolic, flavonoid and anthocyanin content of Bogazkere (
  L.) gapes.
Fertilizer management one of the main factors
responsible for grapes quality and especially their
phytochemical profiles. In conclusion, to get the best
quality of grapes growers can use this results to prepare fertilization programs in their vineyards.
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man being away from the nature has made him,
being a part of the nature, move a part of the nature
to his living space. As a result, especially landscape
works have become a part of modern life [1, 2, 3,
4].
Plants are the source of life for living beings,
and they carry out many functions at the places
where they exist. In the place they grow, plants
reduce a lot of pollutants such as nitrogen and sulphur oxides, carbon dioxide (CO2) carbon monoxide (CO), volatile organic compounds (VOCs),
particles, ozone, NO2, formaldehydes and heavy
metals [2, 5, 6, 7, 8, 9, 10]. Also plants reduce noise
[11, 12, 13]; increase aesthetic value [14, 15, 16];
wood and non-woods forest products [17, 18] have
a positive psychological effect, provide energy
conservation [19, 20, 21]; prevent erosion, reduce
wind speed and hold the soil with their roots, thus
preventing washing away of the soil with rainfalls
and streams, and protect wildlife and hunting resources [22, 23]. Open-green areas with plantation
are important activity areas for both adults and
children [1, 24, 25]. Besides, plants increase the
productivity of people working in the environment
they grow in [26] as well as relieving physiological
stress and reducing negative emotions [27].
Plants, which are the most important part of
landscape works, play aesthetically and functionally
important roles in the design of landscape spaces.
This is because plant materials are vibrant, dynamic, malleable, decorative, aesthetical, economic, and
functional, which makes them rich, diverse, and
living ornamental materials for creating buildings
and spaces [18]. In landscape works, practitioners
can change micro-environmental conditions to a
certain degree. This causes species to be cultivated
in places that are not their natural areas of spread.
Although these species continue, their healthy
growth in the environments they are in, some structural changes may take place at micro level. This
may manifest itself especially in those species that
are grown in large areas where different climatic
types prevail.


Unlike other designs, the working of Landscape Architecture is the use of plants to put the
design of this work on the foreground. When landscaping is finished applying in the open space area
is valued at the rate, it may be out of old one that is
the usual use. Under the circumstances, the selection of landscaping plants is crucial affected and the
conclusion of the use of species is not incorporate
in the area's natural vegetation. Nevertheless, Turkey is under the influence of three different climate
types. These types of climatic features are entirely
different from each other. However, some types of
plants, all places are using these climates types. In
this research, the changes in the leaves of micromorphological characters were evaluated which the
some of tree leaves are grown under different climate conditions. This research showed that it is to
identify the influence of the type of place growing
conditions by using electron microscope (SEM =
Scanning Electron Microscope) in the laboratory at
Kastamonu University, University Central Research
Laboratory, Research and Application Center. As a
result, it found out micromorphological characters
at the leaf specimens belonging to species such as;
stoma density (1 mm2 in area), stoma length (µm),
stoma width (µm), pore aperture (µm) and pore
length (µm).
"! 
Micromorphogical character, stoma, leaf, SEM, Climate.





With the rapid development process experienced in the world, structural changes in economic,
social, cultural, and political areas have accelerated
the process of urbanization and have caused the
destruction of green spaces. The fact that rapid
urbanization and industrialization has moved hu-
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in the areas where the Black Sea climate prevails.
Average annual temperature is 13-15°C. Average
temperature in January is 6-7°C, while average
temperature in July is 21-23°C. Annual temperature
difference is 13-15°C [28].
b) Mediterranean Climate: Summers are hot
and dry, while winters are warm and rainy. Maximum precipitation is in winter, and minimum precipitation is in summer. The precipitation difference
is quite big between summer and winter. Average
annual precipitation is 600-1000 mm. Average
annual temperature is 18-20°C. Average temperature in January is 8-10°C. Average temperature in
July is 28-30°C. Annual temperature difference is
15-18°C [29].
c) Continental Climate: Summers are hot and
dry, and winters are cold and snowy. In the Central
Anatolia Region, maximum precipitation is in
spring, and minimum precipitation is in summer. In
the Central Anatolia Region, average precipitation
is 300-400 mm; average temperature in winter is 12°C; average temperature in summer is 22-23°C;
average annual temperature is 10-12°C; and annual
precipitation is 500-600 mm. Figure 1 presents the
map of climate types prevailing in Turkey [29].
The study was conducted on  
 ,    , and   
species cultivated in areas where the abovementioned three climate types prevail. The leaf
samples collected from the said species within the

Turkey is under the influence of three main
climatic types that have quite different characteristics from each other. Within the scope of landscape
works, many plants are grown in areas where these
three climatic types prevail. These plants generally
do not morphologically differ from each other significantly. However, there is not enough information about how they differ at the micromorphological level. In this study, it is aimed to determine
how some micromorphological characters change
in three plant species grown in certain areas of
Turkey where different climatic types prevail.
   
The study was conducted on the plants collected from the areas dominated by three climatic
types prevailing in Turkey, which are described
below.
a) Black Sea Climate: It is rainy every season.
In the Eastern Black Sea Region, maximum precipitation is in autumn, and minimum precipitation is in
spring. Annual precipitation is 2000-2500 mm. In
the Western Black Sea Region, maximum precipitation is in autumn, and minimum precipitation is in
spring. Annual precipitation is 1000-1500 mm. In
the Central Black Sea Region, maximum precipitation is in winter, and minimum precipitation is in
summer. Annual precipitation is 700-1000 mm. The
average number of days with snowy weather is 18
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,)',%1+)2*6,)0-'420243,2/2+-'%/',%4%'6)45&953)'-)5
Species
  
  
 
F Value

STDEN
186,18
159,87
186,51
2,509ns

STL
20,71 c
18,24 b
13,40 a
65,559***

STW
13,45 c
10,03 a
11,12 b
55,300***

PORL
14,38 c
12,06 b
6,68 a
125,776***

PORW
4,76 c
2,92 b
2,01 a
77,117***

 
,)',%1+)2*6,)0-'420243,2/2+-'%/',%4%'6)45&9'/-0%6)693)
Climate Type
Continental
Mediterranean
Black Sea
F Value

STDEN
110,36 a
206,21 b
216,00 b
90,928***

STL
18,24 c
18,16 b
15,94 a
4,026*

STW
11,33
11,53
11,74
0,389 ns

PORL
10,36
11,09
11,67
1,109 ns

PORW
3,33
3,11
3,26
0,194ns

 
,)',%1+)2*6,)0-'420243,2/2+-'%/',%4%'6)45-1)%',53)'-)5&9'/-0%6)693)
3)'-)5
  



 

 

/-0%6)
Continental
Mediterranean
Black Sea
F
Continental
Mediterranean
Black Sea
F
Continental
Mediterranean
Black Sea
F


92,15 a
257,62 c
208,77 b
2036,199***
119,46 a
200,31 c
159,85 b
651,554***
119,46 a
160,69 b
279,38 c
1951,713***


17,11 a
24,09 c
20,92 b
135,354***
20,54 c
17,58 b
16,60 a
29,426***
17,07 c
12,83 b
10,32 a
56,699***

!
12,44 a
14,46 c
13,46 b
123,316***
11,01 b
9,61 a
9,47 a
3,608*
10,54 a
10,52 a
12,29 b
6,388**


11,44 a
16,08 b
15,63 b
75,670***
13,85 c
11,53 b
10,79 a
14,010***
7,98 c
7,41 b
4,66 a
13,762***

!
4,65 a
5,64 b
3,98 a
7,451**
3,00 b
2,09 a
3,68 c
12,681***
2,33 b
1,61 a
2,10 b
8,664**

According to the table, STDEN does not vary
among the species at a statistically significant level,
but all the other characters vary among the species
at a statistically significant level, at a confidence
level of 99.9%. Table 2 presents the results of Duncan’s test and analysis of variance carried out for
determining whether or not the micromorphological
characters examined vary by climate type.
According to Table 2, the micromorphological
characters examined in the study do not significantly vary by climate type, and only STDEN and STL
are affected by climate at a statistically significant
level. Table 3 presents the results of Duncan’s test
and analysis of variance carried out for determining
how the micromorphological characters examined
vary in each species by climate type.
According to Table 3, all the micromorphological characters examined in the study vary by
climate type at a statistically significant level. 
    was found to have the lowest
values for all the characters in continental climate
and the highest values in the Mediterranean climate.
    and    were determined to have the lowest values for SDEN in continental climate.     was seen to
have the highest values in the Mediterranean climate, while   was detected to have the
highest values in the Black Sea climate. 
   was found to have the lowest values

scope of the study at the end of August were
pressed and dried. Then they were taken to the
laboratory for examination under an electron microscope. Scale images were obtained from the underside of the leaf blade and from the areas close to the
middle point via a scanning electron microscope
(SEM). .jpeg files were created from the obtained
images. Following the completion of these processes, ImageJ, which is a computer measuring program, was used for the following micromorphological measures:
STDEN: Stomatal density (on an area of 1 mm2)
STL: Stoma length
STW: Stoma width
PORL: Pore length
PORW: Pore width
The obtained data were evaluated via SPSS
and subjected to analysis of variance and Duncan’s
test.
 
Table 1 presents the results of Duncan’s test
and analysis of variance carried out for determining
whether or not there are differences between the
species in terms of the micromorphological characters examined.
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The study results show that there are significant differences between plants in terms of micromorphological characters. However, it is interesting
that especially each plant reacts differently to the
climate conditions in which it is grown. According
to these results, it can be said that the genetic structure of the species is one of the most effective factors on micromorphological characters. Morphological and anatomical characters generally occur as a
result of the interaction between genetics and the
environment and they are shaped by the effect of
genetic factors [39] in addition to many environmental factors [18, 24]. This also explains that
species can give different reactions to the same
climate conditions. The fact that micromorphological characters also vary significantly by species has
been shown in the studies carried out [40, 41].

for all the characters except for PORW in the Black
Sea climate and the lowest values for PORW in the
Mediterranean climate.     was
determined to have the highest values for all the
characters except for PORW in continental climate
and the highest values for PORW in the Black Sea
climate.   was seen to have the lowest
values for STL and PORL in the Black Sea climate
and the highest values in continental climate. This
species was detected to have the lowest values for
STW and PORW in the Mediterranean climate and
the highest values in the Black Sea climate.

The results of the study show that the micromorphological characters vary from one climate
type to another at a statistically significant level for
all the species. It is noteworthy that the lowest
values for STDEN, which is known as one of the
most important indicators of the reaction of plants
to environmental conditions, were obtained in continental climate. In general, this result is consistent
with the results of previous studies. Xu and Zhou
[30] state that stomas control CO2 and water vapor
entry into leaves and are affected by environmental
conditions. There are also studies reporting that
stomatal density or dimensions vary by factors such
as water stress ([31, 32, 33], light [18], plant density, length, and leaf surface [34, 35, 36, 37], salt
stress [4].
It is notable that stomatal density is reported
to be associated with water stress in particular. In
the present study, the lowest values for STDEN
were obtained in continental climate. In Turkey,
average annual precipitation is 500-600 mm in the
areas covered by continental climate, 600-1000 mm
in the areas dominated by the Mediterranean climate, and over 700 mm in the areas where the
Black Sea climate prevails. This means that the
number of stomas is associated with precipitation
and thus water stress.
The other characters were determined to vary
from plant to plant. This may be due to the differences between the anatomical structures of plants.
As a matter of fact, previous research reports that
plants cultivated under equal conditions give different reactions to different stress factors. For example, among the saplings exposed to a water stress of
-8 bars, germination percentage falls to 65% in
    and to 0% in     and
   # under the same conditions.
Germination percentage goes down to 0% even in
the saplings of     exposed to a
water stress of -6 bars [24]. Similar results were
obtained in different origins of the same species as
well [1, 25, 38]. This implies that species may give
different reactions to the same climatic conditions.

 
The results of the study indicate that micromorphological characters significantly vary among
the individuals cultivated in different climate types.
Although there is a significant level of variation
from species to species, continental climate has an
obvious effect in terms of STDEN. Thus, it can be
said that STDEN has a considerable potential for
the determination of the stress levels of plants.
Contrary to other methods, STDEN is easy to determine and produces a result in a short time.
Therefore, there is a need for detailed research
aimed at clearly revealing the relationship of this
character with plant stress level. Research on this
subject should be diversified and maintained.
!
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developing countries. The breeding of improved varieties, combined with the expanded use of fertilizers, other chemical inputs, and irrigation led to dramatic yield increases in Asia and Latin America, beginning in the late 1960s. In 1968, William S. Gaud
coined the term “Green revolution” to describe this
phenomenal growth in agriculture [1].
Despite its success at increasing aggregate food
supply, the green revolution has also created some
problems mainly as adverse impacts on the environment. The increasing use of agrochemical based pest
and weed control in some crops has affected the surrounding environment as well as human health. Increase in the area under irrigation has led to a rise in
the salinity of the land. Although high yielding varieties had provided a considerable production increase, it has led to significant genetic erosion. The
other main problem is about the quality of food that
is output of the above-mentioned agricultural activities and contemporary processing-distribution systems.
The centralized food distribution system and
the changes in the demographic and cultural practices of consumers are contributing factors to the apparent increase in the number of outbreaks of foodborne illness in the world. Recently genetically modified organism and nanotechnology used in food industry have been evaluated as new sources of foodborn health problems while proponents of these issues argue otherwise [2]. Fortunately, there are efficient actions to improve measures to overcome those
problems mentioned above [3]. From one hand, strict
quality and safety measures used in conventional agriculture have been developed and some considerable progress to have some controlled and certified
sustainable systems such as organic farming have
been achieved on the other hand. In fact, alternatives
agriculture systems have not guaranteed food safety,
even if they intent do. Recently there are movements
in both consolidation of the wide range measures
used in conventional agriculture and used them in the
alternative productions systems [4]. In short a worldwide strong tendency have shown to have a strong
and strict consolidated quality and safety measures,
as well as having a unified food system from seed to


There are considerable development to establish quality standards and schemes to have safe foods
and sustainable agriculture alternatives to protect
natural resources and environment. From one hand,
there are strict quality and safety measures used in
conventional agriculture and some considerable development to have same controlled and certified sustainable systems such as organic farming on the
other hand. In fact, alternatives agriculture systems
have not guaranteed food safety, even if they intent
do. Recently, there are movements in both consolidation of the wide range measures used in conventional agriculture and used them in the alternative
productions systems. In short a worldwide strong
tendency have shown to have a sound and consolidated strict quality and safety measures, as well as
having a unified food system from seed to fork. This
paper aims to review these developments shortly. Indeed these are big challenges. All stakeholders have
to realize these rapid changes and need to be in common efforts to meet new food policy requirements.


#" 
Food safety, sustainable agriculture alternatives, food regulations and standards



 

Most industrial countries achieved farming
practices, which are more intensive with high level
of inputs leading to tremendous yield increases sustained food surpluses by the second half of the 20th
century. Especially WW II war caused the appearance of some technologies that have been used in agriculture. Modern plant breeding, improved agronomy and the development of inorganic fertilizers and
modern pesticides fueled this movement. These advances were much slower in reaching developing
countries. Nevertheless, some foundations led in establishing an international agricultural research system to help transfer and adapt scientific advances to
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4$-+363$.'$1'2The International Organization for Standardization (ISO) is an international
collaboration of national standards setting organization. The ISO story began in 1946 when delegates
from 25 countries met at the Institute of Civil Engineers in London and decided to create a new international organization to facilitate the international coordination and unification of industrial standards.
ISO officially began operation in February 1947 as a
new organization. Today ISO has members from 163
countries and 3368 technical bodies to take care of
standard development. Since 1947, ISO has developed and published commercial standards, many of
which have become laws and/or national standards
in contributing countries. ISO 9000 was first published in 1987. It was based on the BS 5750 series of
standards from British Standard Institute (BSI) that
were proposed to ISO in 1979. The original ISO
9000 series consisted of five standards: ISO 9000,
9001, 9002, 9003 and 9004, plus ISO 8402 which
was published in 1986 and it focused on terminology. As a general quality control standard; ISO 9001,
the world’s most popular standard for quality management, is now under review, with an updated version was available since the end of 2015 [12].

fork. This paper aims to summarize these developments.
! #
World Health Organization (WHO) of United
Nations (UN) has been involved in food safety since
its establishment. Some charges related to food
safety were included in the 1948 WHO Constitution.
Many WHO activities about food safety are carried
out in close collaboration with FAO. The Sixteenth
World Health Assembly approved the establishment
of the Joint FAO/WHO Food Standards Program,
with the Codex Alimentarius Commission as its
principal organ in May 1963. A group of experts
convened jointly by the FAO and the World Health
Organization (WHO) in 1983 concluded that illness
due to contaminated food is perhaps the most widespread health problem in the contemporary world
[4]. In 1992, the FAO/WHO-sponsored International
Conference on Nutrition declared that access to nutritionally adequate and safe food is a right of each
individual [6, 7]. The increasing public concern
about food safety resulted in a high-level international forum “Enhancing Food Safety in a Global
Community” held in Beijing in 2007 and Beijing
Declaration of Food Safety was adopted. Declaration
demonstrated a high-level commitment to resolving
food safety problems to development comprehensive
programs [8]. The concept of traceability can be used
to explain a general foundation of such control systems in food sector. The new EU Traceability Regulation No.178/2002 which came into force in January 2005, defines ‘traceability’ as “the ability to trace
and follow a food, feed, food-producing animal or
substance intended to be, or expected to be incorporated into a food or feed, through all stages of production, processing and distribution” [9]. FAO and
WHO created the Codex Alimentarius Commission
in 1963. There is a wide range of different standards
and regulations in the food sector like hygienic
standards, sanitary and phytosanitary standards, or
maximum levels related to the content of aflatoxin or
pesticides [10]. Many companies take a standard (for
example, the EUREPGAP1 standards) as the baseline for doing business in the food sector [10]. Certification, accreditation, inspection, testing, metrology
and are the important activities to establish and implement of standards. During the last 20 years, however, the multilateral rules have become much more
stringent on the development and use of standards
[11]. Although differences in standards and regulations may lead to conflicts and disputes, they may
also be a source of fruitful dialogue between countries, causing some countries to alter and improve
their food safety systems. A summary about these
standards and basic quality control schemes will be
presented below.

//' )1+&4-341$- 1$&3+&(   Quality
assurance systems along the food production chain
may include Good Agricultural Practices (GAP),
Good Manufacturing Practices (GMPs), Good Hygienic Practices (GHPs). GAPs and GMPs (Good
Manufacturing Practices) are a set of principles, regulations and technical recommendations applicable
to production, processing and food transport, addressing human health care, environment protection
and improvement of worker conditions and their
families. The term “GAP” is a recognized terminology used in the international regulatory framework
as well as in reference to private, voluntary and nonregulatory applications that are developed and applied by governments, civil society organizations
and the private sector [13]. Due to a rise in food
borne illness, the US Department of Agriculture
(USDA) developed Good Agricultural Practices
(GAPs) in 1998, partly as a guideline by which farmers could reduce the chance of microbial contamination of crops. Programs that aim to standardize GAPs
globally and across industries include GLOBALGAP and the United Fresh Produce GAPs Harmonization Initiative [14]. In the EU, to assure food safety
and to control relevant environmental and social issues, the European group of representatives from all
stages of the food chain in the fruit and vegetables
sector, with the support of producer organizations
outside the EU, initiated a system named as the
“EUREPGAP (Euro Retailer produce working
group-Good Agriculture Practices)”.
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 The traditional approaches to food safety
assurance (GAP, GMP etc.) are still essential parts
of any foods control program, but they have certain
limitations and shortcomings. HACCP, originally
developed as a safety assurance tool by the private
sector, is now introduced in the food safety legislation of many countries [15]. The Codex Alimentarius Commission for food safety recommends
HACC that is used by most countries around the
world since the 1960s. Its application in the control
of food quality has been extended during 1990s in
the developed world. HACCP could be used with interaction and interdependency as an international
regulatory standard and as a private standard in industry assurance programs [16]. 
There is a great effort in the United States to
establish the HACCP system as the prevailing approach to food safety. All food companies were required to apply HACCP principles in the EU since
1995. Within Europe, systems based on HACCP
principles (as defined by Codex) have been incorporated into the EC Food Hygiene Regulations and animal feed legislation. In addition, the requirements
made on suppliers in the food industry by their customers include a HACCP plan as a fundamental
component Systems based on Codex guidance are a
specific requirement for some of these private industry standards. Guidance is available that will assist
businesses to comply with these requirements [17].
In Canada, government agencies have undertaken
various programs involving HACCP systems to improve the safety of foods. Agriculture Canada has reorganized to meet consumer concerns and has
formed a new Agri-Foods Safety Division to work
with other federal food inspection agencies, the
provinces and the agri-food industry. The Codex Alimentarius Commission promotes the practical implementation of HACCP systems in the food industry. The adoption of such assurance systems is a benefit to the international trade in food; this has attained further recognition with the development of
International Standard ISO 22000. This standard
combines the quality assurance requirements found
in ISO 9000 and the food safety focused components
found in a HACCP plan. The ISO 22000 standard
emphasizes the role of ensuring that good practice is
followed in food businesses, by what is referred to as
the prerequisites program (PRP).

many different descriptions of sustainable agriculture appeared such as organic, integrated, eco-agriculture, permaculture, vermiculture and biodynamic,
etc. There are other approaches which represent alternatives to conventional production systems, and
which are environmentally friendly but not organic.
An example is low external input sustainable agriculture (LEISA). 
Despite having historical roots, which go back
to the first part of the 20th century, organic farming
has began to develop as an economic sector in the
last three decades. There are many definitions of organic farming (or agriculture) made by several scientists, legislations and public and private certification organizations. In fact, the concept of organic
farming is a production system from field to consumer table. It consists of production, processing and
distribution of organic food and fibers. The concept
of organic farming has been evolving since first
coined by Lord Northbourn (1940) in his book
"Look to the Land" and Albert Howard who adopted
Northbourne terminology, and published a book “A
study of Organic Agriculture” in 1947 which was the
first book having the term “organic agriculture” in
the title. The organic movement has also originally
been a farmer experienced activity in different parts
of world simultaneously. Indigenous practices and
knowledge have contributed to this movement and
they will remain an important part of it in the future
[20]. However, sometimes there are also different organic food concepts, which can be confused by consumers. However, there are some terms, such as freerange, hormone-free, and natural, can still appear on
food labels, which are being confused with "organic". The true organic must be the only food labeled "organic" has been certified as meeting organic standards. On the other hand, it is also confusing that an organic label does not refer to residue free
healthy food. It is a production system that is also
aiming at supplying healthy and safe food [21]. But
the organic label refers to an agricultural growing
method i.e. it is not intended to be a health claim.
When the concept and principles of organic farming
are concerned, indigenous products, which are called
“organics by defaults” and products which are collected in the wild named as “wild collected products”
as well as the intentionally organically grown products have to be considered. The production methods
called organic by default have been practiced in
many less developed countries in Africa and Asia.
Those who have been using natural farming methods
are also termed as “de-facto organic farmers”. But
they cannot be considered “organic farmers” because their way of farming is sometimes soil depleting and unproductive. With the availability of direct
contact between farmer and consumer, trust can be
maintained without any verification system. Its simplest way is represented by farm gate or farmers’
market. One typical example of such as system is
“community supported agriculture” (CSA) has been

 !    
#     

Rio Declaration on Environment and Development, Chapter 14 of Agenda 21, adopted by the UN
General Assembly in 1992, and Rome Declaration
on World Food Security in 1996 were the corner
stone of such activities [18, 19]. Under this concept
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retailers and food service operators acting on an international scale are clear. This is also leading to the
efficient assurance of regulatory compliance for certification schemes in markets as diverse as the European Union, the Americas, Asia Pacific and the Middle East and Africa.
In fact, the implementations of alternatives agriculture including organic agriculture do not guarantee food safety, even if they intent to care about
human and animal health and natural resources (land
and water). There are considerable efforts to integrate quality assurance schemes like GAP and
HACCP in the alternative agricultural practices
mainly within the organic certified farming. For example, recently the safety and quality of organic
foods have been questioned in the USA while the demand for organic food has increased rapidly over the
past two decades. If consumer confidence is to remain high, the safety, quality and health benefits of
organic foods must be assured [24]. Buyers of the
organic products (including CSA members and
farmers’ market shoppers) have started to demand
GAP certifications from their farmers, to verify the
farmer’s good practices. As a result, GAP and other
Food Safety Audits have been on the rise, and may
be demanded by most consumers (and legislation) in
the near future. The principles of organic processing
plans and HACCP plans are quite similar in terms of
documentation and how analyzes could be done
within each step of the process. For example, a
HACCP plan can be utilized to establish procedures
to assure that organic materials are not from non-organic materials and that they do not in contact with
non-approved substances. In fact, a HACCP plan can
incorporate an Organic Production and Handling
System Plan to ensure organic integrity. There are
some practical problems. For example, in the USA,
one concern identified by operators of certified organic farms regarding GAP certification is that once
approved, a farm’s organic certification applies to all
produce, grain and oilseed crops produced on that
farm, whereas a GAP audit only certifies specific
crops. One of the subsets of The Quality Low Input
Food (QLIF) integrated project, which was designed
directly to support the implementation of HACCP
systems in the organic food sector [25]. The structure
of the organic food supply chain was examined to
identify those aspects that are common throughout
the food industry and those that require special attention in organic systems. These differences arise during the production and processing stage and in the
distribution chain, and are prescribed by organic legislation and standards. HACCP protocols and manuals for six commodities (wheat, field vegetables, apples, milk, eggs, and pork meat) have been developed within the QLIF Project that focuses on primary production. Consideration is also given to the
use of HACCP to manage food quality and organic
integrity in the supply chain in addition to the management of food safety hazards. These have been

observed mostly in the USA. The concept of CSA
was brought to the USA from Switzerland in 1984
which its root goes back 1960s in Europe. Over time
two different types have emerged as farmer and consumer driven [22]. The other examples are WWOOF
and Teikei. WWOOF is a worldwide network that
allows volunteers to live and learn on organic practices. WWOOF brings together hosts and volunteers
(WWOOFers) helping each other to make a healthier
world. WWOOF also promotes cultural understanding of the many diverse peoples and cultures around
the world through the intercultural exchange that
takes place while sharing in the daily life of others.
The Japanese “Teikei” is a unique form of a producer-consumer partnership developed in Japan in
early 1970s [17].
  
!
 #    

When discussing organic farming as a feasible
alternative to the contemporary agriculture, it is necessary to consider other ecological approaches as
well as conventional agriculture itself as explained
above. It is well known that, in general, Sanitary and
Physosanitary (SPS) measures have been included
even in production and trade of conventional agriculture. And also, some strict rules have been implemented in mainstream agricultural food chains from
seed to consumer table that can be generally referred
to as “traceability and quality monitoring systems”
(1). These systems sometimes have stringent and
more demanding standards such as “EUREPGAP”.
It is a fact that those ecologic agricultural practices
and conventional farming are competitors of organic
farming both from economic and food quality points
of view.
It must be suggested the necessity of integration and consolidation of the efforts and regulated for
food safety considering their complementary specifications. Food Safety and Sustainable Agriculture
Forum organized in 2014, Beijing shows that it is a
global awareness more than being an individual
view. It is a necessary movement when considering
theirs complementary functions. Such a revision has
given a tighter vision of food safety and would enable better oversight in each of these categories [23].
ISO and food safety management (HACCP) came
under the umbrella of ISO 22000 after September
2004. In designing this plan, it is important to keep
in mind that both HACCP and ISO need to be generic, so that establishments have the opportunity to
demonstrate how they are managing their process
[23]. Global Food Safety Initiative (GFSI) is an international effort in this field. The benefits of global
convergence, between GFSI recognized schemes
and mutual recognition of food safety certification to
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need to have theoretical and practical knowledge
along with financial subsidies to implement such a
comprehensive system.
The convergence of traditional and certified agricultural production and processing systems from
the food safety points have been evolving toward a
unified food system. All stakeholders have to realize
these rapid changes and need to be in common efforts to meet new food policy requirements.

used to disseminate HACCP knowledge to businesses in the organic food supply chain. The second
phase of the project enabled the information in the
training manuals to be disseminated to the organic
sector by offering training workshops [17]. All food
business operations in Europe and all businesses
supplying food to a European retailer are required to
implement HACCP since 2007. It is important to
emphasize that this is not a legal requirement in primary production.
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There are considerable development to establish quality standards and schemes to have safe
foods. Recently, there is also a remarkable development to integrate and combine these efforts with the
convergence using them both in conventional and alternative agricultural systems mainly in organic
farming. These developments will serve to establish
better measures for having safe food and sustainable
agriculture through having rather a holistic production system from seed to fork.
Indeed, there are big gaps related developments
and implementations these food safety rules among
countries based on their development levels. Developed countries have their own standard and certification organizations and they have more power to be
effective in establishing some rules and principles.
However, most of the developing countries do not
have their own organizations and professional institutions established to assist farmers and other actors
of the food chain throughout production, handling,
processing and marketing. Therefore, all stakeholders in developing countries need some financial and
technical support to use production techniques to
meet required standards and getting desired results
such comprehensive food safety schemes and regulated systems. In this respect, the role of governments can be considered two fold. First of all, the
enforcement of the legislation and regulation supervision of the inspection system can be considered a
permanent responsibility of the government. On the
other hand, research, education and provision of information are important instruments of the governments’ policies. Especially at the beginning stage,
governments have to support the whole system to
have a sound and well functioning production chain,
which will be able to operate without government
support. Having an integrated system that is health
promoting, economically viable, equitable, and ecologically sound creates some burdens both physical
and financial. Many businesses can face challenges,
but in particular, small-scale producers and traders
in developing countries need support in planning and
implementing food safety programs beside sustainable practices such as organic farming. Such a system,
in fact needs additional paperwork and record keeping beside comprehensive knowledge. The farmers
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