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SPATIAL AND TEMPORAL VARIATION OF AIR
POLLUTION: THE CASE OF THE MARMARA REGION
Serpil Mentese*
Bilecik Seyh Edebali University, Faculty of Arts and Sciences, Bilecik, Turkey

change of the natural composition of the air.
The measurement of sulfur dioxide (SO2) and
particulate matter (PM), which are the pollutants
that give the feature of polluted air to the air, by
changing the natural composition of the air, has
been found sufficient to be able to decide on the
level of pollution by the World Health Organization, and it has been proposed to measure these two
pollutants in all countries. As a result of the deterioration of air quality in cities and increase in the
findings indicating its potential effects on public
health, pollutants such as NO, NO2 and CO started
to be measured in addition to the pollutant parameters such as PM10 and SO2 in the control of air pollution in urban and industrial areas [1]. The source
areas of these pollutant parameters are different
from each other. For example, while SO2 is mixed
with air by heating and through the chimneys of
some industrial facilities [2]; PM gets into the atmosphere largely from industrial facilities and
partially through heating [3]. While nitrogen oxide
emissions are pollutants resulting from industrial
facilities mostly from transportation [4], NO2 is a
pollutant resulting especially from traffic [5,2].
Air pollution causes negative effects on human health and other living beings, and local and
universal problems appear [6]. Thus, the World
Health Organization (WHO), European Union
(EU), European Environmental Protection Agency
(EPA) and Turkish Air Quality Control Regulation
(AQCR) have determined the target limit values for
pollutants andthe standards defining the level at
which air pollution begins [7]. When the target
limit values for air pollutants are compared with
each other, it is clear that the limit values determined in the Air Pollution Control Regulation in
Turkey are higher when compared to the limit values of other countries. Since exposure to these
pollutants is the same all over the world, it is required for the target limit values to be of the same
standard in each country. Moreover, air quality
measurement stations established to identify air
quality in cities provide an opinion about the general air quality, and they are established in certain
areas. However, when it is considered that there is
exposure to much higher pollutant concentrations in
microenvironments [8] in which people maintain
their daily activities, it is important to establish
measurement stations not in specific areas but in

ABSTRACT
Nowadays, air pollutants are still posing a risk
in some areas although air pollutant parameters are
decreasing. The fact that air pollutants are still
posing a risk in some areas is a consequence of
spatial differences. For this reason, the spatial distribution and temporal change of air pollutant parameters (SO2, PM10, NO and NO2) in the Marmara
Region between March 2013-December 2015 were
aimed to demonstrate in this study. For this purpose, SO2, PM10, NO and NO2 data measured by
Marmara Clean Air Center Directorate by means of
approximately 39 stations in 11 provinces in the
Marmara Region were used. The Ordinary Kriging
method was used to create spatial distribution maps
in the study. The bivariate correlation analysis was
applied by considering the independent variable of
time to indicate how air pollutants change in terms
of years and months. It has been found that all pollutants being studied are at higher levels in winter
although NO2 is not very obvious. Both in SO2 and
PM10, it was determined that the concentration
levels in the southwest (Canakkale and Edirne) of
the study area were usually at higher levels. The
highest NO concentration levels were observed in
Istanbul and Bursa, where the population and traffic
were the highest. In NO2, it was determined that the
values were almost at the same level within the
study area.

KEYWORDS:
Air Pollution, Marmara Region, GIS, Ordinary Kriging,
Correlation Analysis

INTRODUCTION
Nowadays, developments in industry and
technology have increased the mankind's pressure
on natural resources to higher levels compared to
the past. This situation has brought about many
environmental problems, as well. One of the most
important of these is the change in the natural composition of the air, which is one of the physical
environment elements. Rapid population growth,
industrialization efforts, rapid and irregular urbanization and traffic have been influential on the
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population (Istanbul-Bursa-Kocaeli) are also
the most developed industrial cities in the region.
The region has developed in terms of industry and
mining, agriculture and animal husbandry and tourism. Iron and steel, food, weaving, garment industry, automotive, cement, petrochemistry products
constitute the primary industrial products of the
region.

more than one and different areas regarding the
spatial differentiation of the area.
In the detection of spatial distribution, the
point pattern analysis is used as a powerful tool in
the determination of the relationship of a specific
case in different locations by benefiting from statistical techniques [9]. Therefore, in this study, it is
aimed to reveal the spatial pattern and temporal
change of air pollutant parameters in the Marmara
Region between March 2013- December 2015
because revealing the spatial pattern and temporal
change of air quality parameters is important in
terms of sustainable air quality management.

Material, The data on the air pollutant parameters (SO2, PM10, NO and NO2) of the Marmara
Region between March 2013-December 2015 were
provided by Marmara Clean Air Center Directorate.
Marmara Clean Air Center Directorate measures air
pollutant parameters by means of approximately 39
stations in 11 provinces in the Marmara Region.
These stations are located in Sile, Silivri, Sultangazi,
Kagithane,
Sultanbeyli,
Esenyurt,
Basaksehir, Umraniye, Mecidiyekoy, Sirinevler,
Uskudar, Kandilli, Izmit, Korfez, Alikahya, Golcuk, Yenikoy, Kandira, Merkez (Tekirdag),
Cerkezkoy, Merkez (Sakarya), Ozanlar, Bozuyuk,
Altinova, Armutlu, Kulturpark, Beyazit Street,
Uludag University, Kestel, Inegol, Bandirma,
Erdek, Karaagac, Kesan, Limankoy, Luleburgaz,
Lapseki, and Can. The stations were separated into
categories such as traffic, rural, semi-rural, industrial, urban, semi-rural-industrial according to their
locations.

MATERIALS AND METHODS
Study Area. The study area is the region with
the lowest average elevation in Turkey. The Samanli Mountains and Uludag in the south and the YÕOGÕz
Mountains in Trakya region constitute the most
important elevations of the region. It is the most
industrialized and most heavily populated region in
Turkey. There are 11 provinces in the Marmara
Region, being Istanbul, Edirne, Kirklareli,
Tekirdag, Canakkale, Kocaeli, Yalova, Sakarya,
Bilecik, Bursa and Balikesir (Figure 1).

Method, In the study, the distribution of air
pollutant parameters in the area was examined and
thus, spatial differentiation was determined. In the
determination of spatial distribution, the relationship of a specific case in different locations was
determined with the point pattern analysis and the
Kriging interpolation method was preferred in the
spatial distribution of air pollutant parameters. The
Kriging method is the most frequently used method
for the interpolation of spatial data [6]. With the
Kriging method, surface curves are efficiently obtained from data dispersed in the irregular structure.
The Ordinary Kriging method was used in the study
to create regional distribution maps. The estimation
of values in a non-sampled point in ordinary kriging
is made by assuming that the regional variables are
stable and their average is constant [10].
Furthermore, the data of the PM10, SO2, NO
and NO2 pollutants were collected monthly and
annually and examined by using statistical techniques. The bivariate correlation analysis was applied by considering the independent variable of
time to indicate how air pollutants change in terms
of years and months.

FIGURE 1
Location map of the study area.
There are more than one climatic (Black Sea,
the Mediterranean and continental climate) characteristics observed in the study area. The annual
average temperatures vary between 14-16 oC. Prevailing wind direction mostly consist of northern
and northeastern. The total population of the provinces in the Marmara Region is approximately more
than 24 million as from 2017. Istanbul is in the first
place with the population of 14.985.000. With regard to the total population, the populations of the
other provinces in the Marmara Region are
2.940.081 in Bursa, 1.871.456 in Kocaeli,
1.201.492 in Balikesir, 997.737 in Tekirdag,
988.888 in Sakarya, 523.258 in Canakkale, 402.147
in Edirne, 352.856 in Kirklareli, 247.841 in Yalova
and 219.752 in Bilecik. The provinces with a high

RESULTS AND DISCUSSION
Significant differences were observed between
summer (July) and winter (december) seasons in
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kahya, Ozanlar, Cerkezkoy and the center of
Tekirdag. This tendency to increase was found to
be statistically significant at the confidence level of
99% (p<0,01) only in Ozanlar and the center of
Tekirdag (Table 1). It was identified in the study
conducted by Tagil and Koc [14] in Edirne in 2000
that the SO2 rate increased during the time studied.
Source sites were used as a basis for the establishment of measurement stations in the study area.
Some stations are urban, some are rural, and some
are traffic-related measurement stations. Among the
measurement stations in the study area, Ozanlar
where pollution statistically increased at the confidence level of 99% was an urban, Cerkezkoy was a
urban/ industrial and the center of Tekirdag was a
traffic-related measurement station. SO2 was in the
tendency to decrease in the other places of the study
area. This tendency to decrease was found to be
statistically significant only in Inegol. It does not
express statistical significance in other places.
While SO2 increases in some areas, it is in the
tendency to decrease in some areas. The findings
obtained in this study are parallel with the findings
of most studies in the literature. For example, it was
determined in the studies conducted in different
areas by Erbaslar and Tasdemir [15] Beyhun et al.,
[16], Ibret ve Aydinozu [17], Sezer Turalioglu [18],
Ozcan [19] and Tecer and Tagil [1] that there was a
statistically significant decrease in SO2 levels.
These tendencies to decrease were connected to the
use of natural gas becoming more widespread every
year. However, in this study, tendencies to decrease
could not be determined throughout the study area,
and there was a tendency to increase in SO2 in some
areas.

terms of SO2 levels in the Marmara Region (Figure
2). It was identified that values in winter were significantly higher when compared to summer.
Moreover, SO2 concentration levels were observed
to be high throughout the study area in winter.
Especially, when the limit value of 150 mg/m3
determined for SO2 in Turkey is considered, it
stands out that the values in Edirne and Canakkale
in 2013 and in Edirne and its surroundings in the
years of 2014 and 2015 during the winter months
were at a considerable level. It was determined in
the study conducted by Ozsahin et al., [11] in
Kesan that SO2 values were significantly higher
than the standard limit value. The use of poor quality fuel and climatic and especially topographic
factors were indicated as factors causing this condition. Since Canakkale and its surroundings are an
area where coal mining and coal-fired thermal
power plants are concentrated [12], it is possible
that there will be more pollution when compared to
other areas.
However, it was also observed that the values
were significantly low in summer. In the study
conducted by Ozdemir et al. (2018) [13] in summer
for all air pollutants, the average values are much
lower than in other seasons. It was identified that
the values in summer were slightly more than 10
mg/m3. This situation indicates that SO2 values
during summer in the study area are acceptable in
terms of the health of living creatures and do not
cause any problem on them.
Changes in SO2 by years during Mart 2013December 2015 are indicated in Table 1. When the
long-term annual SO2 change in the study area was
examined, it was determined that the pollutant was
in the tendency to increase in Lapseki, Kesan, Ali-

FIGURE 2
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Spatial Distribution of SO2 in the Marmara Region in Summer (July) and Winter (December).
TABLE 1
Correlation Table Showing Monthly and Annual Temporal Change of SO 2 in the Marmara Region.
SO2
BandirmaBalikesir

ErdekBalikesir

Month
P.
C.
Sig.
N
P.
C.

Year

-,170

-,121

,337
34

,495
34

-,267

-,323

Month
KaraagacEdirne

KesanEdirne

Sig.
,133
,066
N
34
34
P.
-,261
-,230
BozuyukC.
BasaksehirBilecik
Sig.
,136
,190
øVWDQEXO
N
34
34
P.
Beyazit
-,203
-,016
C.
EsenyurtStreet.Sig.
,250
,929
øVWDQEXO
Bursa
N
34
34
P.
,095
-,497**
øQHJRlC.
KagithaneBursa
Sig.
,594
,003
øVWDQEXO
N
34
34
P.
-,300
-,309
KestelC.
KandilliBursa
Sig.
,085
,076
øVWDQEXO
N
34
34
P.
Kultur
-,082
-,202
C.
SirinevlerParkSig.
,645
,253
øVWDQEXO
Bursa
N
34
34
P.
Uludag
-,219
-,304
C.
SultanbeyliUnv.Sig.
,213
,081
øVWDQEXO
Bursa
N
34
34
P.
-,111
-,160
CanC.
SultangaziCanakkale
Sig.
,533
,366
øVWDQEXO
N
34
34
P.
,100
,172
LapsekiC.
UmraniyeCanakkale
Sig.
,575
,331
øVWDQEXO
N
34
34
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Year

-,053

-,074

,765
34

,677
34

,073

,079

,683
34

,656
34

-,273

-,155

,119
34

,382
34

-,359*

-,287

,037
34

,100
34

-,461**

-,029

,006
34

,873
34

-,429*

-,072

,011
34

,687
34

-,426*

-,054

,012
34

,762
34

-,162

-,105

,359
34

,554
34

-,165

-,103

,359
33

,568
33

-,346*

-,160

,045
34

,366
34

Month
LimankoyKirklareli

LuleburgazKirklareli

AlikahyaKocaeli
GolcukKocaeli
KorfezKocaeli
OzanlarSakarya
CerkezkoyTekirdag
MerkezTekirdag
AltinovaYalova
ArmutluYalova

Year

P. C.

,127

-,261

Sig.
N

,474
34

,136
34

P. C.

-,251

-,091

Sig.
N

,152
34

,609
34

P. C.

-,209

,061

Sig.
N

,235
34

,732
34

P. C.

-,027

-,161

Sig.
N

,879
34

,364
34

P. C.

-,441*

-,271

Sig.
N

,012
34

,134
34

P. C.

-,123

,707**

Sig.
N

,490
34

,000
34

P. C.

-,200

,758**

Sig.
N

,257
34

,000
34

P. C.

-,195

,673**

Sig.
N

,269
34

,000
34

P. C.

-,136

-,110

Sig.
N

,444
34

,538
34

P. C.

,229

,004

Sig.
N

,192
34

,980
34

Yalova and Kirklareli in 2014. However, there were
increases observed in Balikesir and its surroundings. On the other hand, in 2015, it was determined
that the concentration levels exceeded 50 mg/m3 in
Istanbul.
It was determined that the concentration levels
in the southwest of the study area (Canakkale,
Edirne) were higher (110 mg/m3 >) during the winter of 2013 (Figure 3). In 2014, the concentration
levels were less than 110 mg/m3 in the whole study
area. In 2015, they were more than 110 mg/m3 only
in Edirne. Thus, in the study conducted by Gumus
et al. (2015) [27], the highest PM2.5 and PM10 correlation was determined in Kesan and Cerkezkoy
where anthropogenic pollution (depending on heating and industrial) was high. Also this situation, in
the study conducted by Kahya et al. (2017) [28] the
Kesan (Edirne) station had the highest PM2.5 concentrations. It can be assumed that these highest
values were originated from pollution caused by
fossil fuel heating. Moreover, the topography of the

Significant differences were observed between
summer and winter seasons in the PM10 concentration levels in the study area, as in SO2 (Figure 3).
While the concentration levels during summer
exceeded approximately 50 mg/m3, they were more
than 110 mg/m3 during December representing the
winter season. This finding obtained was proved
with the studies in the literature, and it is a known
finding. It was revealed in the studies conducted in
various areas that PM concentrations increase in
winter [20, 21, 17, 22, 23, 24, 25]. The climatic
characteristics of winter constitute the parameter
effective in the formation of pollution. It was identified in the study conducted by Ozdemir et al.
(2010) [26] in five different areas in Istanbul that
PM2,5 and PM10 concentrations were at a low level
during summer months. However, their concentration values were higher during cold months.
While PM10 levels were 40-45 mg/m3 almost
in the whole of the study area during the summer of
2013, they decreased around Kocaeli, Sakarya,
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Kesan was also effective on these obtained results

[28].

FIGURE 3
Spatial Distribution of PM 10 in the Marmara Region in Summer (July) and Winter (December).
TABLE 2
Correlation Table Showing Monthly and Annual Temporal Change of PM 10 in the Marmara Region.
PM10
BandirmaBalikesir

BozuyukBilecik
Beyazit Street
Bursa
øQHJRlBursa

KestelBursa

CanCanakkale

KesanEdirne

BasaksehirIstanbul

EsenyurtIstanbul

Month
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Year

-,231

-,229

,188
34

,192
34

,049

-,197

,782
34

,265
34

-,074

,031

,677
34

,862
34

,120

-,083

,499
34

,640
34

-,058

-,207

,744
34

,239
34

-,104

-,037

,559
34

,834
34

-,022

,053

,903
34

,766
34

-,283

,235

,104
34

,182
34

,125

,477**

,481
34

,004
34

Month
KandilliIstanbul

MecidiyekoyIstanbul

SileIstanbul

SilivriIstanbul

SirinevlerøVWDQEXO

UmraniyeøVWDQEXO

UskudarIstanbul

LimankoyKirklareli

LuleburgazKirklareli

P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Year

-,129

-,022

,468
34

,900
34

-,092

-,256

,604
34

,144
34

-,311

-,451**

,073
34

,008
34

-,272

-,103

,120
34

,561
34

-,342*

-,259

,048
34

,140
34

-,033

-,592**

,853
34

,000
34

-,241

-,237

,170
34

,177
34

-,238

,217

,176
34

,218
34

-,022

,021

,902
34

,905
34

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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AlikahyaKocaeli

ø]PLWKocaeli

KandiraKocaeli

KorfezKocaeli

MerkezSakarya

CerkezkoyTekirdag

MerkezTekirdag

ArmutluYalova

P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Month

Year

-,062

-,178

,727
34

,313
34

-,036

-,223

,839
34

,204
34

-,152

,547**

,392
34

,001
34

-,243

-,199

,167
34

,259
34

-,064

,863**

,717
34

,000
34

-,210

,805**

,233
34

,000
34

-,120

,775**

,499
34

,000
34

-,079

,355*

,657
34

,039
34
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Considering the limit value of 150 mg/m3 determined for PM10 in the Air Pollution Control
Regulation in Turkey, the levels lower than this
limit value were observed in the whole study area.
This situation makes us think that there was not any
risk in terms of PM10 during the study throughout
the study area. However, when it is considered that
the limit values in Turkey are 2 or 3 times more
than the limit values in other countries, it is clear
that these values (110 mg/m3 >) are at a considerable level. Shortly, although the national legal target
values are not exceeded in terms of the study area,
on a large scale, it is observed that there are values
over the standards determined by the EU, EPA and
WHO.
When the long-term annual PM10 change in
the study area was examined (Table 2), it was determined that the pollutant was in the tendency to
increase in Beyazit Street, Kesan, Basaksehir,
Esenyurt, Limankoy, Luleburgaz, Kandira, the
center of Sakarya, Cerkezkoy and the center of
Tekirdag. This tendency to increase was found to
be statistically significant at the confidence level of
99% only in Esenyurt, Kandira, center of Sakarya
merkez and center of Tekirdag (Table 2). Among
the measurement stations in the study area, Esenyurt where pollution statistically increased at the
confidence level of 99% was an urban/industrial,
center of Sakarya and Tekirdag were a traffic and
Kandira was a rural ecology measurement station.
PM10 correlation indicating a tendency towards
increase was observed at stations with significant
anthropogenic pollution and indicating urban/industrial and traffic characteristics. However,
among these stations, Kandira with different char-

acteristics and indicating rural/ecological
characteristics attracts attention. Although Kandira
station has a rural/ecological characteristic, pollution indicated a gradual increase during the period
of time studied at this station.
PM10 was in the tendency to decrease in the
other places of the study area. This tendency to
decrease was found to be statistically significant
only in Sile and Umraniye. A decrease in PM10 has
been observed throughout Turkey [23, 15, 27].
There are decreases in PM10 and SO2 levels
among air pollutant parameters in parallel with the
spread of the use of natural gas [29, 15, 30, 31, 19,
26]. This is because SO2 and PM emissions in natural gas are considerably low. However, nitrogen
oxides appear as the most important pollutant emission in this fuel [32, 33, 34]. Due to their effects
such as the fact that they react with O3 concentration at the ground level, affect the health of living
creatures negatively and cause acid rains, nitrogen
oxides are important in terms of air pollution. Although nitrogen oxides have more than one forms,
NO and NO2 are the most important ones in terms
of air pollution [35, 36].
In the study area, while NO levels varied between 4 and 12 mg/m3 during July representing the
summer season, the concentration levels increased
in winter, and they were more than 90 mg/m3 (Figure 4). In other words, significant differences were
observed between summer and winter seasons in
terms of the concentration levels. Considering the
spatial distribution of NO in the study area, the
highest concentration was determined in Istanbul,
Tekirdag and Bursa in summer.

FIGURE 4
Spatial Distribution of NO in the Marmara Region in Summer (July) and Winter (December).
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that the limit value, which is 200 μg/m3, was
never exceeded in the study area during the period
studied. It is possible to say that the NO values in
the study area are not at threatening levels in terms
of the limit values.
When the long-term annual NO change in the
study area was examined (Table 3), it was determined that the pollutant was in the tendency to
increase in Bandirma, Erdek, Beyazit Street, Inegol,
Kestel, Kulturpark, Uludag University, Can,
Lapseki, Karaagac, Kesan, Esenyurt, Kandilli,
Mecidiyekoy, Sile, Silivri, Sirinevler, Sultanbeyli,
Umraniye, Uskudar, Limankoy, Luleburgaz, Alikahya, Izmit, Kandira, Korfez, center of Sakarya,

On the other hand, it exhibited differences
during the period studied. While the highest concentrations in 2013 were in Istanbul and Bursa, the
highest concentrations were also in the same areas
in 2014. However, there were decreases determined. It was observed in 2015 that the concentration levels increased throughout the study area.
During winter, the highest concentrations were
observed around Istanbul and Bursa where the
population and traffic were the highest.
It was identified in the study conducted by
Saitoa et al., (2012) [37] that the NO X rate increased in winter season. The long-term limit value
identified for NO by the Air Pollution Control Regulation in Turkey is 200 μg/m3. It was identified

TABLE 3
Correlation Table Showing Monthly and Annual Temporal Change of NO in the Marmara Region.
NO
BandirmaBDOÕNHVLU

ErdekBDOÕNHVLU

BozuyukBilecik
Beyazit
Street.Bursa
InegolBursa

KestelBursa

KulturparkBursa

Uludag Unv.Bursa

CanCanakkale

LapsekiCanakkale

KaraagacEdirne

KesanEdirne

Month
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Year

,163

,090

,357
34

,613
34

,493**

,328

,004
33

,063
33

,400*

-,097

,019
34

,585
34

,206

,084

,242
34

,638
34

,281

,064

,108
34

,720
34

,267

,152

,127
34

,390
34

,300

,082

,084
34

,644
34

,385*

,081

,024
34

,651
34

,251

,079

,152
34

,656
34

-,255

,145

,145
34

,413
34

,383*

,143

,025
34

,421
34

,193

,151

,274
34

,393
34

Month
Basaksehirøstanbul

Esenyurtøstanbul

KagithaneøVWDQEXO

KandilliøVWDQEXO

Mecidiyekoyøstanbul

Sileøstanbul

Silivriøstanbul

Sirinevlerøstanbul

Sultanbeyliøstanbul
Sultangaziøstanbul

Umraniyeøstanbul

Uskudarøstanbul

P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Year

,209

-,092

,236
34

,606
34

,215

,166

,223
34

,348
34

,145

-,145

,414
34

,414
34

,039

,066

,826
34

,710
34

,267

,143

,126
34

,420
34

,487**

,354*

,003
34

,040
34

,245

,051

,162
34

,774
34

,069

,040

,696
34

,823
34

,352*

,070

,041
34

,695
34

,240

-,220

,171
34

,212
34

,257

,086

,142
34

,629
34

,135

,032

,447
34

,857
34

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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LimankoyKÕUNODUHOL

LuleburgazKÕUNODUHOL

AlikahyaKocaeli

GolcukKocaeli
ø]PLWKocaeli

KandiraKocaeli

KorfezKocaeli
MerkezSakarya

OzanlarSakarya

CerkezkoyTekirdag

AltinovaYalova

ArmutluYalova

P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Month

Year

-,095

,683**

,593
34

,000
34

,410*

,266

,016
34

,129
34

,094

,111

,599
34

,532
34

,083

-,021

,640
34

,905
34

,215

,978**

,222
34

,000
34

,482**

,702**

,004
34

,000
34

,210

,929**

,234
34

,000
34

,118

,691**

,506
34

,000
34

,284

,048

,103
34

,787
34

,268

,118

,125
34

,508
34

,064

,100

,721
34

,574
34

,190

,108

,281
34

,541
34
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The long-term limit value identified for
NO2 by the Air Pollution Control Regulation in
Turkey is 100 μg/m3. It was identified that the limit
value, which is 100 μg/m3, was never exceeded in
the study area during the period studied. According
to the air quality limit values of Turkey in effect,
the estimated annual average limit value was determined to be 40 μg/m3 for NO2 for 2024 [40].
Although the limit values for NO2 are not exceeded
in the study area, it is recorded that there are values
above the standards especially during winter in
2024.
When the long-term annual NO2 change in the
study area was examined, it was determined that the
pollutant was in the tendency to increase in Kesan,
Basaksehir, Sirinevler, Limankoy, Kandira, Korfez,
center of Sakarya, Ozanlar and Armutlu (Table 4).
This tendency to increase was found to be statistically significant at the confidence level of 99% only
in Limankoy, Kandira, Korfez, center of Sakarya
and Ozanlar. Among the measurement stations in
the study area, Limankoy where pollution statistically increased at the confidence level of 99% was
a rural, Kandira was a rural/ecology, Korfez was a
industrial, center of Sakarya was a trafic and Ozanlar was an urban measurement station. NO2 was in
the tendency to decrease in the other places of the
study area.

Ozanlar, Cerkezkoy, Altinova ve Armutlu. This
tendency to increase was found to be statistically
significant at the confidence level of 99% only in
Sile, Limankoy, Izmit, Kandira, Korfez and center
of Sakarya (Table 3). Among the measurement
stations in the study area, Sile, Limankoy and Kandira where pollution statistically increased at the
confidence level of 99% were a rural, Izmit and
center of Sakarya were a traffic and Korfez was an
industrial measurement station. NO was in the
tendency to decrease in the other places of the study
area. It does not express statistical significance in
other places.
It is determined that seasonal differences in
NO2 levels are not significant as much as SO2,
PM10 and NO levels in the study area (Figure 5).
Since NO2 is a pollutant resulting from transportation [38, 5, 39], it is likely that it will be observed
close to each other in all years. However, when
Figure 5 is examined again, it is determined that the
concentration levels increase during winter. While
the levels were between 20 and 30 mg/m3 throughout the study area in summer, it was observed that
they exceeded 30 mg/m3 in some areas during winter. It was determined that the concentration levels
were almost the same during summer when considered in terms of years. However, the levels increased in winter in 2015.

FIGURE 5
Spatial Distribution of NO2 in the Marmara Region in Summer (July) and Winter (December).
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TABLE 4
Correlation Table Showing Monthly and Annual Temporal Change of NO 2 in the Marmara Region.
NO2
BandirmaBDOÕNHVLU

BozuyukBilecik

Month
P.
C.
Sig.
N

P.
C.

Year

-,097

-,244

,585
34

,163
34

,147

-,173

Month
Esenyurtøstanbul

KagithaneøVWDQEXO

Sig. ,406
,328
N
34
34
P.
Beyazit
-,144
,021
C.
KandilliStreetSig. ,415
,906
øVWDQEXO
Bursa
N
34
34
P.
-,106
,105
øQHJRlC.
MecidiyekoyBursa
Sig. ,552
,554
østanbul
N
34
34
P.
-,087
,190
KestelC.
SileBursa
Sig. ,624
,281
øVWDQEXO
N
34
34
P.
,230
-,080
C.
KulturparkSilivriBursa
Sig. ,190
,652
østanbul
N
34
34
P.
-,075
,038
Uludag Unv.- C.
SirinevlerBursa
Sig. ,673
,831
østanbul
N
34
34
P.
-,133
-,061
CanC.
SultanbeyliCanakkale
Sig. ,453
,733
østanbul
N
34
34
P.
-,319
-,174
SultangaziLapsekiC.
østanbul
Canakkale
Sig. ,066
,324
N
34
34
P.
,105
UmraniyeKaraagacC.
,341*
østanbul
Edirne
Sig. ,553
,048
N
34
34
P.
-,016
,134
KesanC.
UskudarEdirne
Sig. ,931
,449
østanbul
N
34
34
P.
-,164
,033
BasaksehirC.
Limankoyøstanbul
Sig. ,353
,854
KÕUNODUHOL
N
34
34
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

P.
C.
Sig.
N

P.
C.

Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Year

-,168

-,400*

,343
34

,019
34

-,189

,536**

,284
34

,001
34

-,526**

-,127

,001
34

,475
34

-,462**

-,168

,006
34

,341
34

,123

-,179

,487
34

,311
34

-,016

,000

,928
34

1,000
34

-,418*

,043

,014
34

,809
34

-,079

-,076

,657
34

,476
34

,668
34
,559**
,001
34

-,058

-,226

,746
34

,199
34

-,446**

-,363*

,008
34

,035
34

-,112

,427*

,529
34

,012
34

-,127

LuleburgazKirklareli

AlikahyaKocaeli

GolcukKocaeli
ø]PLWKocaeli

KandiraKocaeli

KorfezKocaeli

MerkezSakarya
OzanlarSakarya

CerkezkoyTekirdag

MerkezTekirdag

AltinovaYalova

ArmutluYalova

P.
C.
Sig.
N

P.
C.

Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N
P.
C.
Sig.
N

Month

Year

,037

-,076

,834
34

,670
34

-,429*

-,013

,011
34

,944
34

-,123

-,053

,490
34

,764
34

-,172

-,033

,330
34

,854
34

,181

,902**

,305
34

,000
34

-,021

,549**

,905
34

,001
34

-,298

,271**

,086
34

,121
34

-,037

,946**

,834
34

,000
34

-,088

-,015

,622
34
,546**
,001
34

,931
34
,455**
,007
34

-,076

-,139

,668
34

,434
34

-,036

,109

,839
34

,540
34

ably low during summer. Thus, it was observed that
SO2 values, especially around Edirne and Canakkale, were not at an underestimated level in terms
of the spatial distribution and limit value. Although
PM also exhibited difference during winter in terms
of the years studied as SO2, it was determined that
in general, the concentration levels were higher in
the southwest of the study area (Canakkale and
Edirne). However, considering the limit values,
contrary to SO2, there were levels observed lower
than the target limit value in PM10. The highest NO

CONCLUSION
The spatial distribution and temporal change
of air pollutant parameters (SO2, PM10, NO, NO2)
measured in different categories (industrial, urban,
semi-rural, trafic etc.) in the Marmara Region between March 2013-December 2015 were revealed
in the study.
As a result of the study, it was determined that
SO2 concentration levels were high throughout the
study area in winter. However, they were consider-
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concentration levels in the study area were identified in Istanbul and Bursa where the population and
traffic were the highest. Although seasonal differences were not significant in NO2 as in the other
pollutants, it was determined that the values during
summer were between 20 and 30 mg/m3 and more
than 30 mg/m3 during winter in some areas. It was
identified that the limit value determined for both
NO and NO2 was never exceededduring the period
studied.
In addition to the spatial differences observed
in the study area, temporal differences were also
observed. While increases were observed in air
pollutant parameters in some areas by years, decreases were determined in some areas. Moreover,
the measurement stations measuring air pollutant
parameters were established based on different
characteristics (industry, rural, traffic, etc.). When
the source sites of the measurement stations at
which each pollutant parameter exhibited an increase at 95% confidence level were considered, it
was identified that the source sites did not have a
homogeneous structure. Therefore, they all exhibited different characteristics in terms of the source.
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Cd-induced toxicity: synthesis of phytochelatins
and metallothioneins, metal compartmentalization
in vacuoles, and the increased activity of antioxidant enzymes. Other indirect alleviating mechanisms such as microelements (iron (Fe), manganese
(Mn), zinc (Zn) and selenium (Se)) interfering with
Cd uptake may decrease Cd concentration in plants
[8].
The uneven subcellular distribution could be
responsible for the Cd sensitive of plants [9]. Owing to Cd’s high mobility and toxicity at low concentrations, considerable attention has been paid to
its toxic effect on plants. There is some evidence
that subcellular distribution and chemical forms of
heavy metals may be associated with metal tolerance and detoxification in plants [10]. It was reported that NaCl-extractable Cd in plants play an
important role in alleviation of Cd toxicity [11, 12].
Heavy metal fixation by pectates and proteins in
cell wall and sequestration in vacuole are responsible for its detoxication in plant [13]. Cell walls and
vacuoles are considered to have great potential for
Cd accumulation [14, 15].
Cd can be found in various tissues after absorbed by roots, and its deposition and distribution
in tissue compartments can be gained through energy-dispersive X-ray analyses (EDXA). Evidence on
Cd subcellular localization in root tip and leaves of
different plants analyzed by EDXA was reported
[14, 16-18]. Evidences were provided for the importance of the root cell walls in the adsorption of
Cd by willow roots [19]. In higher plants, roots are
the first organs with contact to the toxic metal ions,
and roots usually accumulate significantly higher
amounts of metal than shoots do [20].
There are a variety of plants tolerant to risk elements and the problems associated with low level
Cd pollution [21, 22, 15]. Considerable attention in
terms of phytoremediation is focused on fastgrowing trees, especially willows ( spp., 
  family) [23, 24]. This focus is connected
with their characteristics which make them ideal
plant species for phytoremediation application,
including worldwide spread, easy propagation and
cultivation, large biomass, fast growing, deep root
system, high transpiration rate, tolerance to hypoxic
conditions, and high metal accumulation capability

%&$&
To understand the cadmium (Cd) accumulative ability and resistance mechanism of Cd stress
by     L., Cd uptake and accumulation, subcellular distribution and chemical forms
were investigated in     exposed to 10,
50 and 100 μM Cd for 7 and 14 d. Subcellular localization of Cd on the surface of leaves and mature
zone of root tips was investigated by SEM and
EDXA. The results indicated that the seedling
growth was accelerated by 10 μM Cd, and significantly inhibited by 50 and 100 μM Cd. Root was
the main organ to uptake and accumulate Cd, and
the contents of Fe and Mn decreased significantly.
The order that distributions of Cd among tissue
fractions was: cell wall > soluble fraction > cell
organelle. The proportion of CdNaCl was the highest, Cd integrated with pectates and proteins in cell
walls may be responsible for the adaptation of 
   to Cd stress. The results of EDXA indicated that root cell wall play a key role in Cd detoxicity and the vascular bundle have more potential in
Cd transportation. The Cd content of leaf main vein
was higher than leaf epidermal cells.
+)"$%
Cadmium,     L., subcellular distribution,
chemical forms, uptake and accumulation, EDXA
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Contamination by heavy metal has become a
major public-health concern because of its toxicity
and long-term effects [1, 2]. Cadmium (Cd) is one
of the most significant heavy metals [3], and highly
toxic to humans and plants at very low concentrations [4, 5]. Cd can be easily absorbed by plants and
transferred to aerial parts where it can accumulate
to high levels and thus enter the food chain, becoming detrimental to human health [6]. Excessive Cd
can damage the plant cellular processes those resulting in growth inhibition, morphological alterations, plant senescence, or even death [7].
In response to Cd toxicity, plants have developed protective cellular mechanisms to alleviate
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dried plant samples were prepared using wetdigestion method [32]. Concentrations of Cd, Mn
and Fe were analyzed using atomic absorption
spectrometer (PerkinElmer AAnalyst 400, USA).

[25-28].    , a popular ornamental tree
species of willow native to dry areas of northern
China, is planted widely in China for use in bioremediation of contaminated water or soil environments [29]. It was reported that     could
tolerate and accumulate Cd at low concentration
(10 μmol/L), and was suitable for potential phytoremediation [30, 31].
Poisoning and environmental contamination
are caused by the excessive Cd. Plant roots and
leaves are sensitive to the environmental stress.
Resistance to Cd stress is associated with avoidance
and tolerance, and the study of resistance mechanism of plant is important. Therefore, the present
study is aimed at investigating the characteristics of
Cd uptake and accumulation, localization, subcellular distribution and chemical forms in    
roots and leaves under Cd stress.

&7??A3 4>/1@7<;/@7<; The fresh roots (4 g)
and leaves (4 g) of     from control
group and treated groups (different Cd concentration: 10, 50, 100 μM) were homogenized at 4 ºC in
20 mL cooled extraction buffer of 250 mM sucrose,
50 mM Tris-HCl and 1.0 mM dithiothreitol, pH 7.5,
with chilled mortar and pestle. Cells were separated
into three fractions (cell wall, organelle-containing,
and soluble fractions) according to the method
reported by Zhang et al. and Wu et al. [4, 33]. The
concentrations of Cd in three fractions were measured by atomic absorption spectrometer (PerkinElmer AAnalyst 400, USA).
2163:71/94<>:?3D@>/1@7<; The Cd associated with different chemical forms was successively extracted by designated solutions in the following order according to the methods of Zhang et
al. and Wu et al. [4, 33].
(1)80% ethanol, extracting inorganic Cd giving priority to nitrate, chloride, and aminophenol
cadmium (CdE);
(2)deionized water, extracting water-soluble
Cd with organic acids and Cd (H2PO4)2 (CdW);
(3)1 mol/L NaCl, extracting pectate- and protein-integrated Cd (CdNaCl);
(4)2% HAc, extracting insoluble CdHPO4,
Cd3(PO4)2, and other Cd-phosphate complexes
(CdHAc);
(5)0.6 mol/L HCl, extracting oxalic acid
bound Cd (CdHCl);
(6)cadmium in residues (CdR).
The roots and leaves of     exposed
to 10, 50, 100 μM Cd for 7 and 14 d were separated. The roots were rinsed clearly with 20 mM
EDTA and de-ionized water and the leaves were
washed thoroughly with de-ionized water. Two
grams of each sample were extracted with 20 mL of
the designated solutions mentioned above; the extraction was shaken for 22 h at 25 ºC and centrifuged at 5,000 rpm for 10 min, then the supernatant
was collected and stored, the dregs were suspended
with another 10 mL of the designed solutions for 2
h at 25 ºC, and the second supernatant was collected after the suspension centrifuged at 5,000 rpm for
10 min. Two supernatant were combined and
brought to dryness on an drying oven. The Cd content of the plant material remaining after all of the
extractions and all of extracting solution had been
conducted was determined by wet-digesting it with
HNO3: HClO4 (4:1, v/v). The content of Cd in different chemical forms was measured by atomic
absorption spectrometer (PerkinElmer AAnalyst
400, USA).

&$%! &"%

#9/;@ :/@3>7/9 /;2 1A9@A>3 1<;27@7<;?
Healthy woody cuttings (20 cm long) from shoots
of     grown in the campus of Tianjin
Normal University, Tianjin, China were collected
and fully rinsed with distilled water before starting
the experiment. They were germinated in distilled
water in plastic containers for two weeks. Then the
plants were grown in containers with 6 L halfstrength Hoagland’s solution for a week. The Hoagland’s solution (pH 5.5) consisted of 5 mM KNO3,
5 mM Ca(NO3)2, 1 mM KH2PO4, 50 μM H3BO3, 10
μM FeEDTA, 4.5 μM MnCl2, 3.8 μM ZnSO4, 0.3
μM CuSO4, and 0.1 μM (NH4)6Mo7O24. The plants
were randomly divided into four groups. Control
groups were grown in the Hoagland’s solution and
the other three groups were treated with three different Cd concentrations: 10, 50 and 100 μM CdCl2
solutions for 7 and 14 d. Cd was provided as cadmium chloride (CdCl2). The solutions were continuously aerated with an aquarium air pump every
day. The plants were harvested respectively on 7
and 14th d. The root length and shoot length were
measured. All experiments were performed in three
replicates.
3@3>:7;/@7<; <4 2 /;2 <@63> :7;3>/9?
Plants exposed to 10, 50, and 100 μM Cd solutions
for 7 and 14 d and control were harvested respectively based on uniformity of size and color (removing the greatest and the smallest plants and then
selected randomly). The plants were washed, thoroughly with running tap water, and then with deionized water. After removal of necrotic and putrid
tissue, the roots were immersed in 20 mM EDTANa2 for 15 min and rinsed in de-ionized water, to
remove traces of nutrients and Cd ions from the
root surfaces. The plants were divided into four
parts: roots, leaves, new stems and old stems. All
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4431@?<427443>3;@21<;13;@>/@7<;?<;@63><<@/;2?6<<@93;5@6<4%/97D0/0E9<;71/3D=<?32@<2
?@>3??4<>/;2 2><<@93;5@6?6<<@93;5@6
Vertical bars denote SE. Values with different letters differ significantly from each other (P < 0.05, -test).


%/:=93 =>3=/>/@7<; 4<> ?1/;;7;5 3931@><;
:71><?1<=3 Elemental distribution and composition of experimental plants was determined from
samples of freeze-dried root and leaf materials. The
samples of 1 cm length were cut from the root tips
(young root tissue including the maturation zone) or
the base of leaf of    , exposed to 100
μM Cd for 24 h, and rapidly frozen in liquid nitrogen for 60 min, and then put frozen samples into
lyophilizer (Lyophilizer LGJ-10C, Sihuan, Beijing)
immediately for 2 days. The cross-sections of the
roots and leaves were coated by gold using the
sputter/coater (EMITECH K550X, Quorum Group,
England). The energy dispersive X-ray microanalytical studies were carried out using a scanning
electron microscope (SEM) (FEI Nova NANOSEM
230, Oregon, USA) provided with energy dispersive X-ray spectrum analysis (Genesis Apollo 10,
EDXA, USA). The spectra were collected by 30
KeV and X-ray detector equipped with a super
ultra-thin window. The collection time was 120 s.
The Cd composition in the roots (maturation zone)
and leaves were displayed as wt% (weight percent
in relation to total elements).

%@/@7?@71/9 /;/9E?7? Data from this investigation were analyzed with Sigma Plot 13.0 using
means ± standard error (SE) and performed with
statistical package SPSS (version 17.0). For equality of averages the -test was applied. Figures were
processed by Photoshop CS6. Results were considered statistically significant at  < 0.05.

treatment groups. 50 and 100 μM Cd showed the
significantly inhibitory effect on root growth (Fig.
1A). The same trend as the root growth, 10 μM Cd
had a significant role in promoting shoot growth in
comparison with control ( < 0.05). However, the
shoot length exposed to 50 and 100 μM Cd decreased significantly ( < 0.05) during the whole
experiment time when compared with control (Fig.
1B).

/2:7A: /11A:A9/@7<; /;2 7@? 34431@? <;
<@63>:7;3>/9?The accumulation of Cd in   
  roots and shoots varied with Cd concentration. The presence of significant correlations between the concentration of Cd and microelements
(Fe and Mn) was showed in Tab. 1. The Cd content
of the roots and shoots increased with increasing Cd
concentration. Root was the main organ accumulating Cd (roots > old stems > new stems > leaves).
Cd had obvious inhibitory effects on uptake and
accumulation of Fe and Mn. In the presence of Cd,
the contents of Fe and Mn in roots and shoots of 
   decreased significantly ( < 0.05) with
increasing Cd concentration.
63:71/9 4<>:? <4 2 Cd bound to the different chemical forms in the roots and leaves of 
  exposed to three Cd concentrations (10,
50 and 100 μM) for 7 and 14 d can be measured
with different extracting agents. The Cd content and
the percentage of the variety of chemical forms
were shown in Tab. 2 and Fig. 2. The different Cd
chemical forms including CdE, CdW, CdNaCl,
CdHAc, CdHCl, and CdR. The Cd content of the
different chemical forms both in roots and leaves all
increased significantly ( < 0.05) with increasing
concentrations of Cd and treatment days (Tab. 2).
The proportion of the chemical forms varied with
Cd concentrations used and treatment days during
the whole experiment (Fig. 2). The proportion of
CdNaCl in roots exposed to 10 - 100 μM Cd for 7 d
was the highest, follow by CdW, CdHAc, CdE,

$%'&%

4431@? <4 2 <; ?33297;5 5><C@6 The effects of Cd on roots and shoots growth of   
  varied with the concentration and treatment
time (Fig. 1). The root length increased significantly ( < 0.05) at 10 μM Cd during the whole experiment in comparison with control and the other
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CdHCl, and CdR, but, for 14 d, the proportion of
CdHAc was larger than CdW (Fig. 2A), and the
proportion of Cd chemical form in leaves from high
to low was in the order: CdNaCl > CdHAc > CdW
> CdHCl > CdE > CdR, respectively (Fig. 2B).


During the whole experiment, the proportion of Cd
extracted by 2% HAc, and 0.6 M HCl increased
with increasing Cd concentrations, while the proportion of Cd extracted by 1 M NaCl, and deionized
water decreased (Fig. 2).


& 
23 ;1<;13;@>/@7<;?<427443>3;@<>5/;?7;   3D=<?32@<  /;2
/;2 2/E?
μg/g dry weight ±SE
Element
Cd
Fe
Treatment
(μM)
Days
7
14
7
14
Control
2.66±0.03a
3.28±0.03a
796.72±0.29d
854.44±0.24d
10
497.43±0.37b
697.12±0.89b
603.00±0.61c
654.50±1.75c
Roots
50
828.03±1.25c
877.37±0.89c
481.50±0.28b
588.18±0.08b
100
893.62±1.51d
929.96±1.30d
459.21±0.61a
558.18±0.69a
Control
2.25±0.00a
2.81±0.03a
180.06±0.08d
162.75±0.14d
10
14.06±0.14b
54.43±0.19b
168.53±0.46c
145.31±0.29c
Leaves
50
39.78±0.10c
58.28±0.07c
138.56±0.03b
131.25±0.08b
100
43.21±0.13d
100.62±0.17d
132.50±0.39a
117.06±0.08a
Control
2.68±0.03a
2.65±0.03a
153.75±0.51d
127.56±0.51d
10
15.40±0.20b
38.28±1.25b
144.46±0.13c
113.41±0.46c
New
50
87.28±0.05c
83.21±0.17c
117.93±0.11b
110.87±0.38b
stems
100
115.37±0.37d
155.62±0.46d
115.34±0.12a
105.38±0.19a
Control
11.90±0.16a
7.12±0.18a
72.28±0.16d
67.00±0.17d
10
32.37±0.19b
60.93±0.03b
68.13±0.25c
64.63±0.13c
Old stems
50
166.56±0.29c
163.81±0.11c
65.56±0.06b
60.06±0.58b
100
175.25±0.17d
176.03±0.34d
42.63±0.09a
38.13±0.36a
Values followed by different letters differ significantly from each other ( < 0.05). Means±SE, n=6.

G 24<>
Mn

7
279.12±0.12d
260.93±0.03c
142.15±0.09b
137.68±0.13a
118.34±0.09d
113.25±0.11c
96.53±0.22b
85.62±0.05a
21.06±0.06d
19.45±0.04c
15.12±0.00b
15.00±0.00a
16.19±0.08d
14.00±0.00c
10.68±0.06b
10.37±0.00a

14
292.84±0.03d
206.62±0.05c
202.96±0.23b
183.18±0.28a
130.16±0.53d
112.56±0.14c
87.25±0.05b
78.96±0.12a
17.03±0.03d
15.75±0.05c
12.12±0.00b
11.21±0.03a
15.03±0.16d
12.34±0.03c
8.46±0.03b
5.71 ±0.03a


7443>3;@163:71/94<>:?<427;
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 3D=<?32@<  /;2

G 24<>/;2 2/E?

Extractable form (μg/g FW)
Treatment
Days
Organ
(μM)
CdE
CdW
CdNaCl
CdHAc
CdHCl
10
3.95±0.01a
16.85±0.018a
32.28±0.30a
11.07±0.03a
1.58±0.03a
7
50
4.83±0.00b
42.90±0.02b
58.63±0.17b
24.45±0.09b
2.91±0.00b
100
12.23±0.02c
61.79±0.07c
80.92±0.32c
45.62±0.06c
6.38±0.02c
Roots
10
1.70±0.00a
16.55±0.16a
36.69±0.14a
19.23±0.04a
1.59±0.00a
14
50
13.00±0.01b
33.85±0.02b
78.86±0.21b
47.28±0.07b
5.80±0.03b
100
27.42±0.06c
62.05±0.04c
92.34±0.14c
76.53±0.09c
24.12±0.04c
10
0.03±0.01a
0.45±0.00a
4.89±0.03a
0.20±0.00a
0.38±0.00a
7
50
0.07±0.01b
0.73±0.02b
6.07±0.02b
0.50±0.04b
0.47±0.00b
100
0.12±0.00c
1.32±0.02c
10.85±0.03c
1.21±0.03c
0.94±0.00c
Leaves
10
0.16±0.00a
0.45±0.01a
6.37±0.03a
1.12±0.03a
0.45±0.02a
14
50
0.34±0.02b
0.82±0.01b
8.10±0.02b
2.47±0.01b
1.64±0.01b
100
0.45±0.00c
1.26±0.01c
10.02±0.06c
5.22±0.02c
2.28±0.02c
Values followed by different letters differ significantly from each other (< 0.05, -test). Means±SE, n=6.

'$ 
7443>3;@163:71/94<>:?<42=><=<>@7<;7;   3D=<?32@<  /;2
2/E?2=><=<>@7<;7;><<@?2=><=<>@7<;7;93/B3?
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CdR
0.73±0.01a
1.55±0.03b
2.04±0.01c
0.64±0.01a
2.00±0.07b
3.22±0.20c
0.17±0.00a
0.21±0.01b
0.31±0.00c
0.13±0.01a
0.15±0.03b
0.28±0.01c
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27;?A01399A9/>27?@>70A@7<;G55)7;><<@?/;293/B3?<4 
G 24<>/;2 2/E?
Treatment
(μM)
10
50
100
10
50
100

Roots

Leaves

Cell wall
18.99±0.03a
42.55±0.07b
55.27±0.04c
0.95±0.02a
4.22±0.01b
8.08±0.01c

7d
Cell organelle
5.57±0.01a
15.73±0.02b
21.56±0.03c
0.33±0.01a
0.65±0.07b
1.11±0.02c

Soluble fraction
21.28±0.04a
26.01±0.02b
31.37±0.03c
0.83±0.01a
1.99±0.02b
3.22±0.01c

 3D=<?32@<  /;2

Cell wall
22.07±0.01a
43.87±0.03b
60.23±0.05c
1.05±0.01a
9.96±0.02b
10.47±0.03c

14 d
Cell organelle
3.12±0.01a
6.59±0.02b
11.47±0.00c
0.44±0.02a
1.44±0.01b
2.04±0.04c



Soluble fraction
27.85±0.02a
40.14±0.04b
45.29±0.07c
0.81±0.01a
3.23±0.01b
3.37±0.00c

Values followed by different letters differ significantly from each other (< 0.05, -test). Means±SE, n=6.
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%A01399A9/> 9<1/@7<; <4 2 The data from
%A01399A9/>27?@>70A@7<;<42 The subcelluEDXA revealed the subcellular localization of Cd
lar distribution of Cd in roots and leaves was exin transverse sections of the mature zone of root
pressed as Cd content in the different fractions (cell
tips and leaves in    exposed to 100 μM
wall, cell organelle, and soluble fraction). Cd subCd for 24 h. Vascular cylinder (V), epidermis (EP)
cellular distribution in roots of     exposed to 10, 50, 100 μM Cd for 7 and 14 d was in
and cortex (C) of the mature zone of root tip can be
distinguished (Fig. 4A). The Cd content in different
the following order: cell wall > soluble fraction >
parts of the roots exposed to Cd for 24 h was differcell organelle as well as in leaves (Tab. 3). The Cd
ent, i.e., vascular bundle (15.07 Wt%) > Epidermal
levels increased significantly ( < 0.05) with incells (2.55 Wt%) (Fig. 4 E, B), and Cell wall (3.29
creasing Cd concentrations used and treatment days
Wt%) > Cytoplasm (2.18 Wt%) (Fig. 4 D, C). The
set. However, the Cd content in cell organelle deCd content in main vein (M) and epidermis (E) of
creased at 14th d compared with 7th d in roots of 
leaf was showed in Fig. 5 (B-C): leaf main vein
 . 80% Cd of total that absorbed in roots or
(0.37 Wt%) > leaf epidermal cells (0.20 Wt%).
leaves of     was located in the parts of

cell wall and soluble fraction. With the increasing

of Cd concentration, the proportion of Cd in cell
wall increased, while the proportion of Cd in solu%'%%"!
ble fraction decreased (Fig. 3). For instance, the
proportion of Cd distributed in the cell wall, soluble
The present investigation results was in
fraction and cell organelle when roots exposed to
agreement with the findings of Yang and Chen [31]
100 μM Cd for 14 d was 51.48%, 38.71%, 9.80%,
that low Cd concentration (10 μM) accelerated
respectively, and, the leaves, 65.93%, 21.23%,
plant growth of     significantly ( <
12.84%. The evidence indicated that the cell wall
0.05), and 50 and 100 μM Cd had significantly
was the main accumulation site for Cd.
inhibitory effects ( < 0.05). Fig.1 showed that the

length of roots and shoots were inhibited by high

level Cd.
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It has been reported that a few clones of willows have high heavy metal tolerance [34-36]. Data
from the present investigation showed that   
  had the ability to accumulate Cd, and root
was the main organ accumulating Cd. The Cd content of the roots and shoots increased with increasing Cd concentration. This was in accordance with
the findings of Dos Santos Utmazian and Wenzel
[37], Yang and Chen [31], and Ling et al. [38]. But
its accumulating Cd ability was low when compared with       and
 [30, 36, 39]. In the presence of Cd,
the contents of Mn and Fe in roots and shoots of 
   decreased significantly ( < 0.05) with
increasing Cd concentration during the whole period treatment. Because these two elements compete
with Cd in the active transporters and can minimize
Cd transportation into plants, the concentrations of
Fe and Mn, and Cd levels in the seedlings showed a
negative correlation during the whole experiment.
This may explain why concentrations of Fe and Mn
gradually declined with increased Cd concentrations in the seedlings. Evidence from Kovács et
al.’s work [40] demonstrated that Fe ions might
compete with Cd ions for the same membrane binding (transport) sites in plants. Fe deficiency can
enhance the accumulation of some metals in shoots
of grass species [41]. Adding an adequate Fe ion to
plants exposed to Cd can result in increased activity
of antioxidative enzymes against oxidative stress
[42]. Adding Mn to the solution containing Cd can
significantly improve plant growth and reduced the
concentrations of Cd in all organs of the plant [43].
Different chemical forms of Cd are associated
with the various biological activities of Cd in plants
and be reported as the important factors that characteristics of Cd migration, accumulation, and phytotoxicity degree. In the present investigation, the
proportion of CdE and CdW was low in leaves,
although water-soluble Cd in inorganic form (extracted by 80% ethanol) and organic form (extracted by H2O) were thought to have more deleterious
and induced stunted growth and chlorosis in the
plants due to its highest capacity to migrate [44].
However, compared with leaves, roots represented
higher proportion of CdE and CdW. During the
whole experiment, the proportion of Cd extracted
by 2% HAc, and 0.6 M HCl increased with increasing Cd concentrations. CdHAc in leaves and roots
at 14th d represent 12.95% (10 μM Cd, leaf),
26.76% (100 μM Cd, leaf), 25.17% (10 μM Cd,
root), 26.79% (100 μM Cd, root) of total Cd, and
the proportion of CdHCl, 5.26% (10 μM Cd, leaf),
11.71% (100 μM Cd, leaf), 2.08% (10 μM Cd,
root), 8.44% (100 μM Cd, root), indicating that the
Cd is transformed into a nontoxic or low toxicity
complex to protect the cells. CdHCl and CdR have
low toxic effects when compared with CdNaCl.
Followed CdE and CdW, pectate- and proteinintegrated Cd (NaCl fraction) was thought the next

one important deleterious factor. However, in this
investigation, the profile of Cd chemical forms in
roots and leaves of     was characterized
by the highest proportion of CdNaCl. The results
obtained here are consistent with earlier findings
[11, 14, 45-47]. After exposed to Cd for 14 d,
CdNaCl represent 73.22% (10 μM Cd, leaf),
59.84% (50 μM Cd, leaf), 51.32% (100 μM Cd,
leaf), 48.02% (10 μM Cd, root), 43.62% (50 μM
Cd, root), 32.32% (100 μM Cd, root) of total Cd.
The proportion of CdNaCl of leaves and roots from
   was generally higher in low-Cd cultivars than in high-Cd cultivars. Because Cd has a
strong affinity to proteins and pectic or sulfhydryl
compounds (-SH) and other side chains, it can easily combine with proteins and disturb the enzyme
activity. It was demonstrated that NaCl extractant
binds to proteins and pectic acid [9, 48]. One of the
effective defense mechanisms to reduce the Cd
biological activity was that Cd in plants be bounded
by pectate and chelated by peptides, polypeptides or
proteins, and the importance of this defense mechanism may vary in accordance with the concentration of Cd supplied, the species involved, and the
exposure time [48]. It can be suggested that Cd
integrated with pectates and proteins may be responsible for the adaptation of     to Cd
stress.
Different distributions of Cd among tissue
fractions can explain the difference in sensitivity to
Cd. In different species or genotypes, the subcellular distribution of Cd was considered to be important in influencing the migration, accumu-lation,
and phytotoxicity of Cd [49-51]. It was reported
that cell wall fraction plays a main role in Cd deposition in rice shoot, which restrains the translocation
from shoot to the grain [52]. In this investigation,
the roots demonstrated high accumulation capacity
of Cd, which was consistent with the results of Zou
et al. [36]. For instance, 60.23 μg/g Cd was accumulated in roots of     when treated at
100 μM Cd for 14 d, however, 10.47 μg/g in leaves.
The Cd subcellular distribution was in the order:
cell wall > soluble fraction > cell organelle. In
addition, the Cd content in the cell wall showed
increasing trend with elevated Cd supply. About
65.93% and 51.48% of Cd were accumulated in the
cell wall of leaves and roots, respectively, at 100
μM Cd for 14 d. Cell walls acted as important protective barriers against Cd, which was consistent
with the result of Wang et al. [51]. The results
above indicating that cell wall was the main accumulation site for Cd and Cd binding and/or precipitation in the cell wall may serve as the first barrier
to reduce the cytosolic free Cd ions and lessen the
damage to the cells.
The high proportion of Cd in the soluble fraction was the next large proportion of Cd in   
 , and once the Cd ions are inside the cytosol,
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plants can avoid Cd stress by forming metal chelates/complexes. The total three fractions of Cd
accumulated by roots was higher than that by leaves
(Tab. 3), and the high proportion of Cd in the soluble fraction may limit root-to-shoot translocation of
Cd, which resulting in low Cd levels in the shoots
[53, 54].
The results of EDXA showed subcellular location of Cd on the mature zone of root tip cells and
surface of leaves (Fig. 4, Fig. 5). In skew crosssection of the mature zone of root, the Cd level is in
the order: vascular bundle > cortical cells > epidermal cells. In cortical cells, Cd ions were ob-

served in cell wall and cytoplasm, Cell wall > Cytoplasm. However, Shi et al. [18] reported that the
order of Cd accumulated in mature zone of  
   root tip was cortical cells > vascular
bundle > epidermal cells.
Root tip of plants is the sensitive organ to environment stresses, and the first plant tissue in direct contact with metal ions in the growth medium
and plays a major role in metal tolerance [36]. Cell
wall, as the first barrier to prevent metals from
entering a cell, is a pivotal site for Cd storage in
plants [14]. In the present study, subcellular localization of Cd by SEM and EDXA shows that the

3644

&%

# ' !  







 !#!$ "#"


$$!%

[1] Lai, H.Y., Lam, C.M., Wang, W.Z. and Ji, Y.J.
(2017) Cadmium uptake by cuttings of impatiens walleriana in response to different cadmium concentrations and growth periods. Bull
Environ Contam Toxicol. 98, 317-322.
[2] Zeiner, M. and Cindrić, I.J. (2017) Review trace determination of potentially toxic elements in (medicinal) plant materials. Anal
Methods. 9, 1550-1574.
[3] Suvarapu, L.N. and Baek, S.O. (2017) Determination of heavy metals in the ambient atmosphere: A review. Toxicol Ind Health. 33,
79-96.
[4] Zhang, C.L., Zhang, P., Mo, C.R., Yang,
W.W., Li, Q.F., Pan, L.P. and Lee, D.K. (2013)
Cadmium uptake, chemical forms, subcellular
distribution, and accumulation in Echinodorus
osiris Rataj. Environ Sci Proc Impacts. 15,
1459-1465.
[5] Shahid, M., Dumat, C., Khalid, S., Niazi, N.K.
and Antunes, P.M.C. (2017) Cadmium bioavailability, uptake, toxicity and detoxification
in soil-plant system. Rev Environ Contam. T.
241, 73-137.
[6] Hao, X.Q., Li, T.X., Yu, H.Y., Zhang, X.Z.,
Zheng, Z.C., Chen, G.D., Zhang, S.J., Zhao, L.
and Pu, Y. (2015) Cd accumulation and subcellular distribution in two ecotypes of Kyllinga
brevifolia Rottb as affected by Cd treatments.
Environ Sci Pollut Res. 22, 7461-7469.
[7] Lin, Y.F. and Aarts, M.G.M. (2012) The molecular mechanism of zinc and cadmium stress
response in plants. Cell Mol Life Sci. 69, 31873206.
[8] Choppala, G., Saifullah, Bolan, N., Bibi, S.,
Iqbal, M., Rengel, Z., Kunhikrishnan, A.,
Ashwath, N. and Ok, Y.S. (2014) Cellular
mechanisms in higher plants governing tolerance to cadmium toxicity. Crit Rev Plant Sci.
33, 374-391.
[9] He, J.Y., Zhu, C., Ren, Y.F., Yan, Y.P., Cheng,
C., Jiang, D.A. and Sun, Z.X. (2008) Uptake,
subcellular distribution, and chemical forms of
cadmium in wild-type and mutant rice. Pedosphere. 18, 371-377.
[10]Zhao, Y.F., Wu, J.F., Shang, D.R., Ning, J.S.,
Zhai, Y.X., Sheng, X.F. and Ding, H.Y. (2015)
Subcellular distribution and chemical forms of
cadmium in the edible seaweed, Porphyra yezoensis. Food Chemistry. 168, 48-54
[11]Yin, A.G., Yang, Z.Y., Ebbs, S., Yuan, J.G.,
Wang, J.B. and Yang, J.Z. (2016) Effects of
phosphorus on chemical forms of Cd in plants
of four spinach (Spinacia oleracea L.) cultivars
differing in Cd accumulation. Environ Sci Pollut Res. 23, 5753-5762.

majority of Cd accumulated in root vessel cells, and
cell wall accumulated greater amounts of Cd than
cytoplasm and epidermal cells. The results may
indicate cell wall of root tip is the main Cd storage
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Based on the information provided in this article, it is concluded that:
(1)Cd could decrease the uptake and accumulation of Fe and Mn in    .
(2)Root was the main organ to uptake and accumulate Cd compare with shoots.
(3)Cd content in the different fractions: cell
wall > soluble fraction > cell organelle. Cell wall
was the main accumulation site for Cd, suggesting
that the cell wall barrier was crucial for the detoxification of Cd.
(4)The proportion of CdE and CdW was low
in leaves. The proportion of CdNaCl in roots and
leaves was the highest, and it could be suggested
that Cd integrated with pectates and proteins in cell
walls, which might be responsible for the adaptation of     to Cd stress. After exposed to
Cd for 14 d, CdNaCl represent 73.22% (10 μM Cd,
leaf), 59.84% (50 μM Cd, leaf), 51.32% (100 μM
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μM Cd, root), 32.32% (100 μM Cd, root) of total
Cd.
(5)Cd can be mainly absorbed in vascular
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vein of     under Cd stress. Cell wall
play a key role in Cd detoxicity.
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pendent pores from macro to micro scales. According to the Mohs scale, its hardness is 5 to 6 [3].
Nowadays, pumice is used in different sectors such
as the construction, chemistry and cosmetics sectors
[4].
As a pumice grain grows, its specific gravity
decreases. As the grain size of pumice increases,
the percentage of pores within also increases. The
pore percentage of pumice increases as it moves
away from a volcanic vent. Due to the excess of
pores and its low specific gravity, it is usually used
for insulation purposes in the construction sector.
As pumice is a volcanic glass, it is easy to grind. It
might be in white, yellowish, gray-brown and dull
red colors [5,6]. In Turkey, pumice is particularly
used in trass cement production [7]. In concrete
production sector, pumice aggregate is limitedly
used in the production of insulation-purposed walls
and similar constructional components. As pumice
aggregate has a quite low compressive strength, it
cannot be used in concrete production, especially in
rigid pavement construction and in the carrier sections of buildings such as beam, column and foundation. It is possible to manufacture concrete with
high compressive and flexural strength by decreasing the void ratio through grinding the pumice
aggregate and using it in optimum mixing ratio.
This study created seven different types of
Pumice Concrete (PC) to obtain high-strength concrete from pumice aggregates. Pumice aggregates
were grinded between the sizes of 0 and 1 mm to be
used in pumice concrete. Pumice concrete samples
were created in fibrous and non-fibrous forms. A
fibrous PC mixture contains cement, silica fume,
pumice powder, steel fiber, water and super plasticizer. Non-fibrous PC mixtures do not contain steel
fiber. It is known that steel fibers have a positive
effect on flexural strength in particular.
With the addition of partial macro fibers to the
plain concrete, the flexural capacity of the concretes
is increased [8, 9, 10]. Silica fume is used in the
mixture in order to reach high strength in concrete
production [11, 12]. In the formation of pumice
concretes, both city and lake waters were used as
concrete mixing water. As lake water, the water
from the Lake Van situated in the Eastern Anatolia
Region of Turkey was used. 7- and 28-day 20°C

ABSTRACT
This study selected a total of eight types of
samples as C30/37 normal-strength control concrete
and seven types of Pumice Concrete (PC) for rigid
pavement construction. The PC samples were produced in fibrous and non-fibrous forms. In all the
samples, city water and lake water were used for
concrete mixing water. 7- and 28-day20°C standard
water curing was applied on the control sample
(C30/37 concrete) and PC samples. At the end of
the curing process, compressive and flexural experiments were carried out on all the samples. As a
result of the study, the highest compressive strength
for C30/37 concrete was found as 37.39 MPa, and
the highest flexural strength was found to be 4.51
MPa. The highest compressive strength for the nonfibrous PC produced by city water was found as
80.42 MPa, and the highest flexural strength was
found as 10.57 MPa. The highest compressive
strength for the non-fibrous PC produced by lake
water was found as 65.27 MPa, and the highest
flexural strength was 8.94 MPa. The highest compressive strength for fibrous PC produced by city
water was found as 86.55 MPa, and the highest
flexural strength was 11.12 MPa. The highest compressive strength for fibrous PC produced by lake
water was found as 70.98 MPa, and the highest
flexural strength was 9.86 MPa. The results of the
study demonstrated the usability of pumice concrete
produced by city and lake water in rigid pavements.

KEYWORDS:
Lake Van, pumice, concrete, strength, water

INTRODUCTION
The term pomza is expressed as ponce in
French and pumice in English. In Turkish, it is
called pumice stone, heel stone and callus stone [1].
Pumice formations created as a result of volcanic
eruptions that have a spongy structure are found in
different regions of the world where there are volcanic activities [2]. Pumice contains many inde-
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cizer. Non-fibrous PC mixtures do not contain steel fiber. Chemical properties of the CEM I
42.5 R cement are presented in Table 1.
The appearance of silica fume may be seen in
Figure 1.
Physical and chemical properties of silica
fume that was used in this study are presented in
Table 2 [14].
The appearance of acidic pumice may be seen
in Figure 2.

standard water curing was applied on the Pc samples that were prepared in different types. At the
end of the curing process, compressive and flexural
strength experiments were carried out on the PC
samples. Additionally, following the compressive
and flexural strength experiments, the usability of
different PC types in rigid pavement was discussed.
The bitumen that is used in the construction of
flexible pavements is oxidized over time as a result
of environmental and climatic effects. As a result,
the asphalt gets old and needs constant maintenance
and repair. There is no such problem in concrete
road pavements. When they are compared, the
maintenance costs for concrete roads are lower and
their service life is longer than asphalt pavements.
In the construction of asphalt pavements as flexible
pavements, environmental pollution occurs during
the process of heating the bitumen material. With
the increase in the number of concrete roads, it is
aimed to reduce maintenance cost, material requirement and environmental pollution with respect
to asphalt pavements.Water is an important raw
material in terms of concrete production. Today, the
use of alternative water resources in concrete production is of environmental importance when clean
water resources are rapidly consumed. In this context, water from the Lake Van, which has high
alkalinity and no drinkable characteristics, was used
as an alternative raw material in this study.

FIGURE 1
The appearance of silica fume
TABLE 2
Physical and chemical properties of silica fume.
Physical and chemical properties
SiO2 (%)
95.56
Al2O3 (%)
0.71
Fe2O3 (%)
0.44
CaO (%)
0.68
MgO (%)
1.25
SO3 (%)
0.58
Ignition loss (%)
0.78
Specific gravity (g/cm3)
2.25
Specific surface (cm2/g)
200000

TABLE 1
Chemical properties of CEM I 42.5R cement
[13]
The chemical features (%)
SiO2
18.90
Al2O3
5.15
Fe2O3
3.36
CaO
63.59
MgO
1.57
2.65
SO3
Ignition loss
3.59
K2O
0.77
Na2O
0.40
Cl
0.02

MATERIALS AND METHODS
This study used the CEM I 42.5 R type cement
in all concrete mixture types. As C30/37 concrete
aggregate, broken limestone was used in the mixture. For Pumice Concrete(PC) production, acidic
pumice powder was used as the aggregate in the
mixture. In all sample types, city and lake water
were used as the mixing water. In the study, 7 different types Pumice Concrete (PC) were created. In
the pumice concretes, pumice aggregates were
ground between 0 and 1 mm. The pumice concrete
samples were created as fibrous and non-fibrous.
Fibrous PC mixture contains cement, silica fume,
pumice powder, steel fiber, water and super plasti-

FIGURE 2
The appearance of pumice
The appearance of acidic pumice powder may
be seen in Figure 3.
The properties of acidic pumice are presented
in Table 3.
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The properties of super plasticizer are
given in Table 5.
TABLE 5
The properties of super plasticizer [14]
Properties
Form
Liquid
Density
1.1 kg/L
pH
4.00±5.50
Chloride content
< 0.1% (TS EN 480±10)

LAKE VAN WATER QUALITY
AND APPLICATION IN TERMS
OF CONCRETE MIXING WATER

FIGURE 3
The appearance of pumice powder

In order to determine the water quality of Lake
Van, water quality sampling analysis and literature
survey were carried out. The results that were obtained were compared to the information in the
Modification Regulation of Surface Water Quality
Classes Regulation (Turkish Official Gazette Date
and number: 10.08.2016/29797) Annex 5: Environmental Quality Standards and Usage Purposes
for Some Parameters in Surface Waters. The results
are presented in Table 6.
When Lake Van water was investigated in
terms of water quality, it was determined as class 4
for conductivity, out of class for pH, class 2 for
COD and class 1 for TN and NO3-. The high pH
and conductivity parameters were not due to water
pollution, but about the lake's own alkaline character. A higher level of HCO-, CO32-, Cl- and SO42ions in the water increases the conductivity value.
In this case, Lake Van should be evaluated within
its own characteristics. It is also understood that the
water mass is in an oligotrophic (TN <0.35 mg / L)
state.
The mixing water that is used for cement
manufacturing must comply with the TS EN 1008
standard (Concrete-mixed water - Determination of
the suitability of water as concrete mixed water,
including water recovered from sampling, testing
and operations in the concrete industry). According
to the TS EN 1008 Turkish standard, the waters that
may be used in the construction of concrete are
classified as follows;
x Drinking waters
x Wastewater recovered from operations in
the concrete industry
x Waters from underground sources
x Natural surface waters and industrial
wastewater
x Sea water and lake water [19]
The limit values of some harmful substances
in concrete mixture water are given in Table 7 [20].
Foreign materials that may be found in waters include clay, silt, moss, sugar, calcium, magnesium,

TABLE 3
Chemical analysis of acidic pumice (%) [15]
3
Ignition loss
MgO
0.6
Al2O3
14
SiO2
70
Na2O+K2O
9
CaO
0.9
2.5
Fe2O3

FIGURE 4
Steel fibers used in the production fibrous PC.
Steel fibers that were used in the production
fibrous Pumice Concrete (PC) may be seen in Figure 4.
Steel fibers that would be used in fibrous PC
production were at 30 mm length and 0.55 mm
diameter. The physical and mechanical properties
of the steel fibers are shown in Table 4.
TABLE 4
Technical properties of steel fibers [16].
Fiber Type
Steel Fiber
Diameter (mm)
0.55
Length (mm)
30
Fragility
55
Tensile strength (MPa)
1100
Specific weight
7.85
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Parameter

TABLE 6
LakeVan water quality and comparison to the regulation
Unit
Bilgili et al. [17]
Current Study

pH
HCOCO32*
ClSO42Ca2+
Mg2+
Na+
K+
TOC
COD
TN
NO3BrConductivity
Orp
Turbidity

-

9.54

mg/L

9.9

Water quality classes
Out of regulation
classes

2110.63
3412.41
5320.13
2466.36
6.74
97.66
7673.15
524.60
11.7
42.2*
<0.05
1.19
0.95
29100
154.5
1.64

ȝVFP
mV
NTU

Class 2
Class 1
Class 1
Class 4

The *COD value was calculated EDVHGRQWKHIRUPXODµCOD=7.25+2.99*TOC¶which was taken from Dubber and Gray[18].

THE QUANTITIES OF MATERIALS
IN THE C30/37 CONCRETE MIXTURE

sodium, chloride, sulphate, various kinds of salts,
acids and oils. If the ratio of the materials such as
clay, silt and stone which may be found in the mixing water is higher than 0.2%, the processing ability
of fresh concrete decreases [21]. When the water
quality parameters are compared to the limit values,
it is seen that the limit values were exceeded in
terms of SO42-, Cl-, carbonates and bicarbonates.

The quantities in 1 m3 mixture as kg unit for
producing C30/37 concrete are shown in Table 8.
TABLE 8
The quantities of materials in the C30/37
concrete mixture

TABLE 7
Limit values of harmful substances in concrete
mixture water
Harmful substances
SO42ClNO3Ca(HCO3)2 and Mg(HCO3)2
Total organic matter
Na2CO3 and K2CO3
pH

Unit
mg/L
mg/L
mg/L
mg/L
g/L
ppm
-

Materials
Cement
0-4 mm (Crushed limestone)
4-8 mm (Crushed limestone)
8-16 mm (Crushed limestone)
City water
TOTAL

Limit Value
2000
5000
500
400
50
1000


Quantity (kg/m3)
450
803
389
569
189
2400

THE QUANTITIES OF
MATERIALS IN THE NON-FIBROUS
PUMICE CONCRETE MIXTURE

In the study, seven types fibrous and 7 types
non-fibrous Pumice Concretes were selected for
rigid pavement construction. All samples were
prepared in dimensions of 15x15x15 cm. The concrete samples were placed by bottling them in the
molds. 7-day 20°C standard water curing and 28day 20°C standard water curing processes were
applied on the concrete samples that were removed
from the mold 24 hours later. At the end of the
curing process, compressive and flexural strength
experiments were carried out on the samples. In the
compressive strength experiments, TS EN 12390-3:
2010 was used,the flexural strength experiments
utilized the TS EN 12390-5: 2010 standard [22, 23].

Seven types of mixtures were composed as
non-fibrous Pumice Concrete (PC-C1) in which city
water was used as the concrete mixing water. The
quantities in 1 m3 mixture as kg unit for producing
PC-C1 concrete are shown in Table 9.
Seven types of mixtures were created as nonfibrous Pumice Concrete (PC-S1) in which lake
water was used as the concrete mixing water. The
quantities in 1 m3 mixture as kg unit for producing
PC-S1 concrete are shown in Table 10.
In non-fibrous concrete mixtures, the amount
of cement in the mixture no.4 was taken in the
manner that would correspond to 450kg per 1 m3
concrete. The amount of cement in mixture no.3
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was prepared to be 25% less than the amount of
mixing water were displayed as PC-S1. In 7
cement in mixture no.4. The amount of cement in
types of PC-C1 and 7 types of PC-S1 concrete
mixture no.2 was prepared to be 50% less than the
shown in Tables 2.7 and 2.8, the water-binder ratio
amount of cement in mixture no.4, and the amount
was taken as 0.28, and the silica fume/cement ratio
of cement in mixture no.1 was prepared to be 75%
was taken as 0.25. The amount of super plasticizer
less than the amount of cement in mixture no.4.
was kept on a fixed value that would correspond to
72 kg for 1 m3 of concrete.
Moreover, the amount of cement in mixture no.5
was prepared to be 25% more than the amount of
cement in mixture no.4, the amount of cement in
mixture 6 was prepared to be 50% more than the
THE QUANTITIES OF MATERIALS IN THE
amount of cement in mixture no.6, and the amount
FIBROUS PUMICE CONCRETE MIXTURE
of cement in mixture no.7 was prepared to be 75%
more than the amount of cement in mixture no.4.
7 types of mixtures were produced as fibrous
Thus, 7 types of non-fibrous Pumice Concrete (PC)
Pumice Concrete (PC-C2) in which city water was
mixture were created. In PC production processes,
used as the concrete mixing water. The quantities in
non-fibrous concretes that used city water as the
1 m3 mixture as kg unit for producing PC-C2 conmixing water were displayed as PC-C1. Likewise,
crete are shown in Table 11.
non-fibrous concretes that used lake water as the
TABLE 9
The quantities of materials in the PC-C1 concrete mixture (kg/m3)
Materials
Cement
Silica Fume
Pumice (0-1 mm)
Super plasticizer
City water
Total

PC-C1
(1)
113
28
2128
72
39
2400

PC-C1
(2)
225
56
1968
72
79
2400

PC-C1
(3)
338
84
1788
72
118
2400

PC-C1
(4)
450
113
1608
72
157
2400

PC-C1
(5)
563
141
1427
72
197
2400

PC-C1
(6)
675
169
1248
72
236
2400

PC-C1
(7)
788
197
1067
72
276
2400

TABLE 10
The quantities of materials in the PC-S1 concrete mixture (kg/m3)
Materials
Cement
Silica Fume
Pumice (0-1 mm)
Super plasticizer
Lake water
Total

PC-S1
(1)
113
28
2128
72
39
2400

PC-S1
(2)
225
56
1968
72
79
2400

PC-S1
(3)
338
84
1788
72
118
2400

PC-S1
(4)
450
113
1608
72
157
2400

PC-S1
(5)
563
141
1427
72
197
2400

PC-S1
(6)
675
169
1248
72
236
2400

PC-S1
(7)
788
197
1067
72
276
2400

TABLE 11
The quantities of materials in the PC-C2 concrete mixture (kg/m3)
Materials
Cement
Silica Fume
Pumice (0-1 mm)
Super plasticizer
Steel fiber
City water
Total

PC-C2
(1)
113
28
2128
72
20
39
2400

PC-C2
(2)
225
56
1929
72
39
79
2400

PC-C2
(3)
338
84
1729
72
59
118
2400

PC-C2
(4)
450
113
1529
72
79
157
2400

PC-C2
(5)
563
141
1328
72
99
197
2400

PC-C2
(6)
675
169
1130
72
118
236
2400

PC-C2
(7)
788
197
929
72
138
276
2400

TABLE 12
The quantities of materials in the PC-S2 concrete mixture (kg/m3)
Materials
Cement
Silica Fume
Pumice (0-1 mm)
Super plasticizer
Steel fiber
Lake water
Total

PC-S2
(1)
113
28
2128
72
20
39
2400

PC-S2
(2)
225
56
1929
72
39
79
2400

PC-S2
(3)
338
84
1729
72
59
118
2400
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PC-S2
(4)
450
113
1529
72
79
157
2400

PC-S2
(5)
563
141
1328
72
99
197
2400

PC-S2
(6)
675
169
1130
72
118
236
2400

PC-S2
(7)
788
197
929
72
138
276
2400
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TABLE 13
Results of compressive and flexural strength tests
Concrete
Type
C30/37
PC-C1-1
PC-C1-2
PC-C1-3
PC-C1-4
PC-C1-5
PC-C1-6
PC-C1-7
PC-S1-1
PC-S1-2
PC-S1-3
PC-S1-4
PC-S1-5
PC-S1-6
PC-S1-7
PC-C2-1
PC-C2-2
PC-C2-3
PC-C2-4
PC-C2-5
PC-C2-6
PC-C2-7
PC-S2-1
PC-S2-2
PC-S2-3
PC-S2-4
PC-S2-5
PC-S2-6
PC-S2-7

Compressive Strength
(MPa)
7-day
28-day
28.55
37.39
3.81
5.15
7.43
9.57
18.48
23.96
33.55
43.87
61.51
80.42
54.33
70.48
43.61
56.97
2.94
3.76
3.97
5.12
6.60
8.57
29.49
38.23
50.32
65.27
45.48
58.97
37.16
48.24
3.99
5.19
7.97
10.35
19.98
24.19
36.23
47.32
66.34
86.55
58.77
76.33
47.12
61.55
3.12
3.97
4.23
5.48
7.13
9.27
31.97
41.56
54.37
70.98
49.33
64.52
40.24
52.46

Flexural Strength
(MPa)
7-day
28-day
3.75
4.51
0.49
0.67
0.99
1.27
2.49
3.21
4.63
5.32
8.31
10.57
7.29
9.53
5.93
7.25
0.37
0.48
0.49
0.67
0.87
1.12
3.96
4.97
6.89
8.94
6.12
7.89
4.97
6.32
0.55
0.71
1.12
1.45
2.77
3.39
5.10
6.71
9.17
11.12
8.15
10.61
6.53
8.51
0.45
0.56
0.59
0.77
1.10
1.33
4.43
5.79
7.53
9.86
6.87
8.95
5.62
7.34

0.28, and the silica fume/cement ratio was taken as
0.25. The amount of super plasticizer was kept on a
fixed value that would correspond to 72 kg for 1 m3
of concrete. In all the fibrous PC-C2 and PC-S2
production processes, steel fibers were taken as
17.5% of the amount of cement inweight.

Seven types of mixtures were produced as fibrous Pumice Concrete (PC-S2) in which lake water was used as the concrete mixing water. The
quantities in 1 m3 mixture as kg unit for producing
PC-S2 concrete are shown in Table 12.
In the fibrous concrete mixtures, the quantity
of cement in the mixture no.4 was taken in the
manner that would correspond to 450kg for 1 m3
concrete. The amount of cement in mixture no.3
was prepared to be 25% less than the amount of
cement in mixture no.4, the amount of cement in
mixture no.2 was prepared to be 50% less than the
amount of cement in mixture no.4, and the amount
of cement in mixture no.1 was prepared to be 75%
less than the amount of cement in mixture no.4.
Moreover, the amount of cement in mixture no.5
was prepared to be 25% more than the amount of
cement in mixture no.4, the amount of cement in
mixture 6 was prepared to be 50% more than the
amount of cement in mixture no.6, and the amount
of cement in mixture no.7 was prepared to be 75%
more than the amount of cement in mixture no.4.
Thus, 7 types of fibrous Pumice Concrete (PC)
mixture were created. In the PC production processes, fibrous concretes that used city water as the
mixing water were displayed as PC-C2. Likewise,
fibrous concretes that used lake water as the mixing
water were displayed as PC-S2. In 7 types of PCC2 and 7 types of PC-S2 concrete shown in Tables
2.9 and 2.10, the water-binder ratio was taken as

RESULTS AND DISCUSSION
In the specifications, in order to rate the concrete pavement, one criterion or a few criteria such
as 0.40-0.45 maximum water-binder ratio, 28 MPa
minimum compressive strength, 4,5 MPa minimum
flexural strength and 270-335 kg/m3 minimum
amount of cement was/were used as the basis [24].
In all the fibrous and non-fibrous pumice concrete
samples, the water-binder ratio was 0.28. The compressive strength of the normal-strength concretes
was between 20 and 60 MPa, and the compressive
strength of the high-strength concretes was between
60 and 155 MPa [25]. The results of strength tests
were given in Table 13.
As seen in Table 13, among the non-fibrous
concrete PC-C1 samples that used city water as the
mixing water, the highest compressive strength
80.42 MPa and the highest flexural strength 10.57
MPa were obtained from the PC-C1-5 sample.
Among the non-fibrous concrete PC-S1 samples
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lake water as the mixing water are shown in
Figure 6.
As is seen in Figure 5, the highest compressive strength among the concrete types was obtained from the fibrous pumice concrete PC-C2-5
that used city water as the concrete mixing water. In
Figure 5, it may be seen that the compressive
strength of the PC-C2-5 concrete after 7-day 20°C
standard water curing was 66.34 MPa, and the
compressive strength of the PC-C2-5 concrete after
28-day 20°C standard water curing was 86.55 MPa.
As seen in Figure 6, the highest flexural strength
among the concrete types was obtained from the
fibrous pumice concrete PC-C2-5that used city
water as the concrete mixing water. In Figure 6, it
may be seen that the flexural strength of the PC-C25 concrete after 7-day 20°C standard water curing
was 9.17 MPa, and the flexural strength of the PCC2-5 concrete after 28-day 20°C standard water
curing was 11.12 MPa.

that used lake water as the mixing water, the highest compressive strength 65.27 MPa and the highest
flexural strength 8.94 MPa were obtained from the
PC-S1-5 sample.
As seen in Table 13, among the fibrous concrete PC-C2 samples that used city water as the
mixing water, the highest compressive strength
86.55 MPa and the highest flexural strength 11.12
MPa were obtained from the PC-C2-5 sample.
Among fibrous concrete PC-S2 samples that used
lake water as the mixing water, the highest compressive strength 70.98 MPa and the highest flexural strength 9.86 MPa were obtained from the PCS2-5 sample.The maximum compressive strengths
of the fibrous and non-fibrous pumice concretes
that used city and lake water as the mixing water
are shown in Figure 5.
The maximum flexural strengths of the fibrous
and non-fibrous pumice concretes that used city and

FIGURE 5
Maximum Compressive Strength of the Concretes

FIGURE 6
Maximum Flexural Strength of the Concretes
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CONCLUSIONS
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Most farmers in sub-Saharan Africa live in areas with relatively abundant water resources. The
availability of these water resources, however, is
extremely seasonal because of the patterns of the
annual rain season(s) and the increasing effects of
climate change all over the world. A survey was
conducted at Golinga and Botanga irrigation
schemes in Northern Ghana where 200 respondents
were interviewed. The objectives of this study include: (i) to assess the management and sustainability of irrigation projects, (ii) to find out the impact
of the irrigation projects on rural communities’
development, (iii) to find out the challenges that
hinders farmers from effectively using irrigation
water from the perspective of farmers and to find
the possible solutions to the challenges.
38 and 40% of respondents from Golinga and
Botanga irrigation schemes respectively agreed that
cropping areas have moderately expanded due to
the presence of irrigation scheme however, 52 and
39% of respondents from both schemes respectively
indicated that the presence of the irrigation scheme
to them has little impact in helping farmers expand
their cropping areas. There was also moderate increase in crop yields in both communities due to the
constant water supply to farmers obtained from
irrigation projects. The study shows that the major
challenge that hinders farmers from using irrigation
water is the high cost of renting irrigable land for
farming in the irrigation schemes indicated by a response of 47 and 64% amongst farmers in Botanga
and Golinga irrigation schemes respectively.
The study suggests that the need for relevant
stakeholders to; revise the cost of renting irrigable
lands, acquire and adopt the use of simple and affordable technologies (machines), implement reforms and policies to reduce land consolidation and
fragmentation, organize and mobilize farmers in
farmer cooperatives to promote collective marketing and organize capacity building sessions for
farmers regarding the project sustainability.

Most farmers in Sub-Saharan Africa (SSA)
live in areas with relatively abundant water resources. Large areas of the continent receive more
than 1,000 mm of rain each year and possess significant groundwater resources with high rates of recharge. The availability of these water resources,
however, extremely seasonal because of the patterns of the annual rainy season(s) and the increasing effects of climate change all over the globe, and
most areas in SSA experience significant fluctuations not only in rainfall but also in groundwater
and surface water availability [1].
Ghana is endowed with sufficient water resources, and estimates of Ghana’s irrigation potential range from 0.36 to 2.9 million hectares depending on the degree of water control [2]. However, the
country faces significant variability in water resources, both spatially and temporally, such as
periodic floods and droughts, and uneven distribution of annual precipitation that, on average, is
283.2 billion m3/year. The dependence on rainfed
agriculture, particularly in the north, means that
even though production of the major staple food
crops is adequate in most years, seasonal food insecurity is widespread [3]. From the above background, therefore, this study aims at assessing the
management and sustainability of irrigation projects, finding out the impact of the irrigation projects on rural communities’ development, finding
out the challenges that hinder farmers from effectively using irrigation water from the perspective of
farmers, and to find the possible solutions to the
challenges.
! ! 
+8)7/69/54 5, 9:*> 7+( Ghana is located
between Ivory Coast to the west and Togo to the
east. To the north is Burkina Faso, and the south is
the Gulf of Guinea. It is only a few degrees top of
the equator. Due to this fact, Ghana climate is usually warm and humid depending on the month. The
northern belt is mainly covered by low scrub or
bush and grassy plains. This area is normally

%$ 
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known as the Savannah Belt. Golinga and Botanga
irrigation schemes are located in Tolon/Kumbungu
District of Northern Ghana nearby Tamale (Figure
1). While the major crops cultivated on the Golinga
scheme are roselle (     L.) and
vegetable jute (      L.), rice (
  L.) is major crop grown in Botanga scheme.
Surface irrigation methods are mostly preferred by
the farmers in both schemes.

2/3(9+ Table 1 shows the average annual
climate in the northern region of Ghana. The table
indicates an average minimum and maximum temperatures of 22.4°C and 34.6°C respectively, an

average humidity of 47%, and an average wind of
124 km/day.

/+2* :7;+>A well-structured questionnaire
comprising open and closed ended questions was
used as an instrument for data collection. To have a
true representative sample from the two communities, a total of two hundred (200) farmers were
selected and interviewed from both Botanga and
Golinga, one hundred (100) farmers each from both
communities. Since there are 200 farmers at both
communities, the number of farmers who attended
the survey is 100% of all farmers.


"
9:*>(7+(/4579.+74.(4(& '

3668



%$

" &   









 " #!"!


!
54-9+733549.2>(;+7(-+3+9+57525-/)(2*(9(,57579.+74.(4(& '
Month
January
February
March
April
May
June
July
August
September
October
November
December
Average

Min
Temp (°C)
20.5
22.8
24.6
24.8
24.1
22.6
22.3
22.0
21.9
22.0
21.5
19.9
22.4

Max
Temp (°C)
35.9
37.4
37.3
36.2
34.0
31.4
30.0
39.7
30.3
32.6
35.5
35.2
34.6

Options

Humidity (%)
19
21
31
46
54
63
66
69
69
57
39
27
47

Wind
(km/day)
24
168
120
120
144
120
96
96
216
96
72
216
124

Radiation
(MJ/m²/day)
20.1
20.1
21.7
20.9
21.4
19.2
17.4
16.2
17.2
21.3
21.0
19.5
19.7


!
=6(48/545,)7566/4-(7+(

Golinga
Frequency

ETo
(mm/day)
3.25
6.50
5.95
5.65
5.61
4.61
3.90
4.42
4.57
4.71
4.56
6.59
5.03

Rain (mm)
4.0
12.0
48.0
88.0
112.0
146.0
142.0
198.0
231.0
92.0
14.0
3.0
90.83

Botanga
Percentage (%)

High
9
Moderately
38
Low
52
Very Low
1
Total
100
Pearson chi2(3) = 11.2161 Pr = 0.011

9
38
52
1
100

9(9/89/)(2 4(2>8/8 The data collected from
both primary and secondary sources were then
collated, synthesized and analyzed to draw inferences and conclusions. Descriptive analysis such as
frequency distribution, percentages, means and
standard deviations was used interpreted the results
by using SPSS Version 20. Chi-square test and
Levene test were used, as the test is applied when
you have two categorical variables from a single
population. Both test were used to determine
whether there is a significant association between
the two variables. In order to sure about the accuracy of the results, the independent t-test was used.
The independent t-test, also called the two sample ttest, independent-samples, is an inferential statistical test that determines whether there is a statistically significant difference between the means in two
unrelated groups. For a 95% confidence level
(which means that there is only a 5% chance of
your sample results differing from the true population average), a good estimate of the margin of error
(or confidence interval) is given by 1/√N, where N
is the number of participants or sample size [6]. All
statistical analyses were not given in the paper.

Frequency
9
40
39
12
100

Percentage (%)
9
40
39
12
100

all due to the cost of renting irrigation facility, lack
of technical support from the irrigation authority
about irrigation operation, and absence of a ready
market for their products whereas, in Golinga irrigation scheme, 77% of the farmers were enrolled on
the irrigation dam as against to 23%. Physical,
social, environmental and economic impacts of
irrigation scheme on both communities and the
general well-being of farmers were given in this
section.
36()98 5, /77/-(9/54 54 ,55* 8+):7/9> Impacts of irrigation scheme on food security in both
communities include expansion of cropping area,
increase in cropping intensity, increase in crop
diversification, and increase crop productivity. 38
and 40% of respondents from Golinga and Botanga
irrigation schemes respectively agreed that crop
areas have moderately expanded due to the presence of irrigation scheme however, 52 and 39% of
respondents from both schemes respectively indicated that the presence of the irrigation scheme to
them has little impact in helping farmers expand
their cropping areas. Since the P-value (0.011) is
less than the significance level (0.05), (p = 0.011<
0.05) we cannot accept the null hypothesis. Thus,
we conclude that there is a relationship between
increases in crop intensity in both communities.
(Table 2).
Based on Levene’s test to check the homogeneity of variances, p-value is greater than the significance level (p= 0.398<0.05). Therefore, we can
accept the null hypothesis, hence we can say with

 "! 
Data was collected from beneficiaries who use
the irrigation schemes and those who do not. Of the
total sampled size at Botanga irrigation scheme,
81% of farmers were found enrolled on the irrigation scheme while 19% were not in the scheme at
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4*+6+4*+498(362+8!9+89,57+=6(48/54/4)756(7+(
Levene's Test for
Equality of
Variances

Equal variances assumed
Equal variances not assumed

t-test for Equality of Means

F

Sig.

t

df

4.478
-

.036
-

.848
.848

198
190.5

Sig.
Mean
Std. Error
(2-tailed) Difference Difference
.398
.398

.09000
.09000

.10617
.10617

95% Confidence Interval of the
Difference
Lower
Upper
-.11937
.29937
-.11942
.29942

! 
3675;+*4:97/9/54.+(29.(4*)(257/+/49(1+
Options
Frequency
High
3
Moderately
27
Low
56
Very Low
14
Total
100
Pearson chi2(3) = 8.0858 Pr = 0.044

Golinga
Percentage (%)
3
27
56
14
100

Frequency
2
44
48
6
100

Botanga
Percentage (%)
2
44
48
6
100

! 
5885,85/2,+79/2/9>
Options
Frequency
High
27
Moderately
59
Low
8
Very Low
5
Total
100
Pearson chi2(3) = 29.8714 Pr = 0.000

Golinga
Percentage (%)
27
59
8
5
100

Frequency
5
54
26
15
100

Botanga
Percentage (%)
5
54
26
15
100

ployment opportunities in the area due to the presence of irrigation schemes. Based on chi-square
test, we conclude that there is a relationship between employment generations and irrigation
schemes in both communities. 27 and 44% of respondents from Golinga and Botanga irrigation
projects respectively indicated a moderate improvement in nutrition, health and calorie intake
due to irrigation schemes. Since the P-value (0.044)
is less than the significance level (0.05), (p<0.05),
we cannot accept the null hypothesis. Thus, we
conclude that there is a relationship in both Golinga
and Botanga in terms of improved nutrition, health
and calorie intake (Table 4).

4;/7543+49(2 /36()98 5, /77/-(9/54 675
0+)98 Environmental problems related to irrigation
scheme on both communities include people displaced because of irrigation development, loss of
soil fertility, surface water pollution, groundwater
pollution, and water borne diseases. 65 and 39% of
respondents from Golinga and Botanga communities are believing a moderate rate of displacement of
people due to irrigation schemes, respectively. 59
and 54% of respondents from Golinga and Botanga
communities respectively indicated a moderate loss
in soil fertility as continuous irrigation causes
leaching of soil nutrients making the topsoil deficient of soluble minerals as it is given in Table 5.
Since the P-value (0.000) is less than the signifi-

95% confidence level there is no difference in expansion of cropping area in both communities.
Cropping intensity refers to raising a number
of crops from the same field during one agricultural
year. Survey results show that 33 and 23% of respondents from Golinga and Botanga irrigation
projects respectively agreed that crop intensity have
highly increased due to the presence of irrigation
scheme. Since the P-value (0.000) is less than the
significance level (0.05), (p< 0.05) based on Pearson chi-square test, we cannot accept the null hypothesis. Thus, we conclude that there is a relationship crop intensity and irrigation schemes on both
communities.
38 and 51% of the respondents from Golinga
and Botanga irrigation schemes respectively indicated that there was moderate increase in crop diversification by irrigation schemes. Since the Pvalue (0.007) is less than the significance level
(0.05), (p<0.05), we cannot accept the null hypothesis. Thus, we conclude that there is a relationship
between irrigation scheme and crop diversification.

5)/5+)5453/) /36()98 Socioeconomic
problems from irrigation scheme on both communities include employment generation and improved
nutrition, health, and calorie intake. Survey results
show that 10.5 and 3.5% of respondents from Golinga and Botanga irrigation projects respectively
agreed that there has been high increase in em-

3670

%$

" &   









 " #!"!


cance level (0.05), (p<0.05), we conclude that there
is a relationship between soil fertility and irrigation
schemes in both communities.
13 and 40% of respondents from Golinga and
Botanga communities indicated a moderate rate of
groundwater pollution due to irrigation scheme,
respectively. Groundwater pollution consists of
salinity and various chemicals such as fertilizers,
pesticides. Since the P-value (0.000) is less than the
significance level (0.05), (p<0.05), there is relationship between groundwater pollution and irrigation
schemes in both communities (Table 6).

+> )54897(/498 95 (*569/54 5, /77/-(9/54
9+).4525-/+8 The major challenge that hinders
farmers from using irrigation water is the high cost
of renting irrigable land for farming in the irrigation
schemes indicated by a response of 47 and 64%
amongst farmers in Botanga and Golinga irrigation
schemes, respectively. 24 and 16% of respondents
in both schemes respectively indicated that the
absence of adequate technical support hinders farmers from using irrigation water. The absence of
adequate machines (technology) is major constraint
for adoption irrigation based on 19 and 7% of respondents in both schemes. 10 and 13% of respondents in both communities respectively indicated that
the absence of a ready market for agriculture produce in the area is a key constraint for farmers in
using irrigation water, therefore, appropriate solutions are important to ensure that farmers effective-

ly utilize the irrigation schemes (Figure 2).
 "

" 

A field survey was carried out toevaluate the
sustainability of Golinga and Botanga irrigation
schemes. Irrigation has major impact on food security by expansion of cropping areas, increase in
crop productivity, cropping intensity, and crop
diversification. The study shows that there is a
relationship between increase in crop productivity
(P-value 0.000<0.05), cropping intensity (P-value
0.000<0.05),
crop
diversification
(P-value
0.007<0.05), expansion of cropping area (P-value
0.011<0.05), employment generation (P-value
0.000<0.05), and improvement in nutrition, health,
and calorie intake (P-value 0.044<0.05), which is
due to the presence of irrigation projects which
makes crop production possible throughout the
year.
Of the gross estimated 1.9 million ha of potentially irrigable area, only less than 2 percent has
been developed [2]. The study indicates challenges
that hinder farmers from effectively using or benefiting from the irrigation projects which include the
high cost of renting irrigable land, inadequate technical support, inadequate machinery, and lack of
ready market for their farm products as the major
challenges they face.

! 
75:4*<(9+7522:9/54
Particulars

Golinga
Frequency
Percentage (%)
High
4
2.00
Moderately
13
6.50
Low
38
19.00
Very Low
45
22.50
Total
100
50.00
Pearson chi2(3) = 20.1261 Pr = 0.000

Frequency
3
40
32
25
100

Botanga
Percentage (%)
1.50
20.00
16.00
12.50
50.00

"
+>)54897(/49895(*569/545,/77/-(9/549+).4525-/+8
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[4] Braimoh, A.K. (2006) Random and systematic
land-cover transitions in northern Ghana, Agriculture, Ecosystems and Environment. 113(14), 254-263.
[5] Ghana National Communication on Climate
Change (2013) Climate Change Financing and
Aid Effectiveness. Ghana Case Study.
[6] Niles, R. (2006) Statistics Every Writer Should
Know, Journalism Help. RobertNiles.com.

There is a need for policymakers and other
relevant stakeholders responsible for determining
the cost of renting irrigable land to revise the cost
this can be done through streamlining provision of
incentives to farmers benefiting from the irrigation
schemes to ensure that more farmers benefit from
the irrigation projects. There is also a need to use
simple and affordable machines (technology) necessary for irrigation to ensure efficiency and reduce
the cost of maintaining the project. There is a need
to organize capacity building for farmers through
seminars, conferences, and training aimed at improving farmers’ knowledge on selection, management, operation and maintenance of the irrigational
structures thereby enhancing its efficiency and
effectiveness. There is also a need to sensitize and
mobilize farmers into cooperatives to decide on
which crops to grow in order to participate in collective marketing that can enable them to access
better markets and have a high bargaining power for
their crop products and also be in position to practice contract farming which will eventually increase
their earning from agriculture and improve their
standards of living.
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MULTIVARIATE STATISTICAL ANALYSIS OF THE HEAVY
METAL CONTAMINATION IN THE SOILS OF XIONGAN
NEW AREA, NORTHEAST CHINA
Chang Li1, Sanggyun Na1,*, Kui Cai2
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ABSTRACT

INTRODUCTION

With rapid industrial growth in China, heavy
metal pollution in the soil has become increasingly
critical. Thus, evaluating soil pollution is necessary
to help the government combat this pollution.
Herein, top and deep soil data (pH and concentrations of SiO2, Al2O3, TFe2O3, Cu, Pb, Co, Cd, Hg,
Mn, and Ni), collected from the Hebei agricultural
geology project, were analyzed. The correlation and
primary component (PC) analyses suggested the
probable presence of natural and anthropogenic
sources of metals in the study area. The enrichment
factor, geoaccumulation index, and ecological risk
index were used to evaluate the level of heavy metal
pollution. The result of the analyses indicated that
the concentrations of Cu, Pb, Cd, and Hg were higher
in deep soils than in top soils in the study area. Ni,
Co, and Mn (PC 1) mainly originated from natural
sources, referred to as the natural group. Cu, Pb, Cd
(PC 2), and Hg (PC 3) mostly originated from anthropogenic influences, referred to as anthropogenic
groups. The analysis also indicated that Cu, Pb, and
Cd likely originated from the mixed pollution caused
by farming and traffic sources, whereas Hg possibly
originated from coal-burning exhausts and atmospheric deposition. The results of the geoaccumulation index and ecological risk assessment show that
the soils were unpolluted to moderately polluted and
had potential ecological risk because of Hg and Cd.
The average ecological risk index value (~168) of
the heavy metals indicates moderate ecological risk.

In recent decades, environmental pollution has
attracted much attention. Especially in rapidly developing China [1, 2], environmental problems, such as
atmosphere, water, and soil pollution, have become
difficult problems that the Chinese government urgently needs to solve. Heavy metal pollution in the
soil environment has been characterized in numerous research studies as being of long duration, of
wide-ranging sources, and difficult to control [3, 4,
5]. Currently, determining the source of heavy metal
pollution, stopping this pollution, and purifying the
polluted soil are challenging tasks in the research on
heavy metal pollution of soil.
Soil heavy metals originate from natural and
anthropogenic sources [5, 6]. Natural sources of
heavy metals depend on the parent rock, soil composition, and the physical and chemical properties of
the soil, which cause differences in regional background values. Studies have shown that soil pH, organic matter, and clay are important factors controlling the geochemical behavior of heavy metals [6, 7,
8, 9, 10, 11]. On the other hand, the amount of heavy
metals released into the soil through human activities
overlaps with natural sources and exceeds the natural
background value, resulting in regional pollution.
The anthropogenic sources of soil heavy metal pollution mainly include irrigation water, chemical fertilizers, solid waste, industrial wastewater, coal, fossil fuel combustion, and tail gas emissions [12, 13].
These anthropogenic factors lead to an increase of
heavy metals in the soil, often exceeding the health
standards and causing harm to humans through water
and crops [14, 15, 16]. Therefore, determining
whether the concentration of heavy metals in soil is
from natural or anthropogenic inputs is extremely
important.
Geostatistical methods are some of the most effective ways to discriminate natural from artificial
sources [17, 18]. Geostatistical methods can show
the spatial distribution and variation of heavy metals
in the soil environment. Among various geostatistical methods, Kriging Interpolation analysis is a

KEYWORDS:
Statistical analysis, Heavy metals, Source, Contamination,
Xiongan New Area
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government for solving the problem of soil pollution
in the New Area.

multidimensional method. This method, combined
with principal component analysis, had a significant
effect on multiscale research. It enables examination
of the spatial correlation between various variables
at multiple scales and determination of the sources
of heavy metals based on the grouping results of the
principal component analysis [19, 20, 21].
In April 2017, in order to focus on building
non-capitals, the Chinese government, adjusted Beijing by optimizing the urban layout and spatial structure of the Beijing-Tianjin-Hebei region and set up
the Xiong'an National New Zone (Anxin, Rongcheng, and Xiongxian and surrounding areas). This
new district is another New Area of national significance, following the Shenzhen Special Economic
Zone and Shanghai Pudong New Area. One of the
goals is to create a beautiful new eco-city. Therefore,
management and protection of the new zone's ecological environment is particularly important. At
present, most of the industrial enterprises in the New
Area are non-ferrous metals, hardware, plastic products, and other enterprises, which are commonly associated with high-pollution areas.
Therefore, the primary objectives of this study
were to (1) determine the total concentrations of Cu,
Pb, Mn, Ni, Co, Hg, and Cd in the top and deep soils;
(2) identify the natural and/or anthropogenic origins
of these heavy metals using correlation and principal
component analyses; (3) assess the levels of contamination by these heavy metals based on the enrichment factor (EF), geoaccumulation index (Igeo), and
ecological risk index (Er); and (4) analyze the spatial
distributions of these heavy metals using the Kriging
Interpolation method. At present, no study has evaluated soil pollution in the New Area. Present study
will provide insight into the pollution levels of heavy
metals and will also provide support to the

MATERIALS AND METHODS
Characteristics of the study area. The study
area covers an area of about 1500 km2 (Anxin 738.6
km2, Xiongxian 524 km2, Rongcheng 314 km2) and
is located in the central southern part of Heibei Province in northern China. This region is located at
ƍ±ƍ( DQG ƍ±ƍ1 3ODLQV
cover the entire study area. Overall, the terrain exhibits a slight tilt from northwest to southeast. The
study area has a temperate continental climate and
four distinct seasons, with an average annual temperature of 12.2 °C and average annual precipitation of
500±600 mm. Owing to the effect of the Yongding
River and Hutuo River alluvial fan, the parent materials of the soil in the new area include residual deposits, slope wash, and alluvium. Fluvoaquic soil is
the primary soil type in the study area, with wheat
and corn as the main crops.
Data and methods. In this study, a systematic
grid sampling design was applied to select 388 top
soil sites (2 × 2 km size; 0±20 cm) and 99 deep soil
sites (4 × 4 km size; 180±200 cm) in Xiongan. At
every sampling site, four to six subsamples in the top
soil within a 100 m radius were taken from the upper
20 cm of soil. Visible plant detritus and any fragments were removed from the samples after air-drying at 26 °C. The subsamples were mixed thoroughly
to obtain a composite sample (1 kg). First, all collected samples were air-dried, then immediately
transported to the laboratory. Figure 1 indicates the
locations of the sampling sites.

FIGURE 1
Map of the sampling sites
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These samples were analyzed for pH, SiO2,
Al2O3, TFe2O3, Cu, Pb, Co, Cd, Hg, Mn, and Ni. The
sample analysis methods and analysis quality control
were performed according to the multi-objective geochemical analysis program reported by Ye [22]. Cu,
Pb, Cd, Co, and Ni were analyzed using inductively
coupled plasma mass spectrometry (ICP-MS);
Al2O3, TFe2O3, SiO2, and Mn via powder X-ray fluorescence spectrometry (XRF); and Hg using cold
vapor atomic fluorescence spectrometry (CVAFS).
The potassium dichromate method was used for organic matter determination. The pH was determined
by the potentiometric method. The detection limits
for the elements were Cu: 1 μg/g, Pb: 2 μg/g, Mn: 6

Fresenius Environmental Bulletin

μg/g, Cd: 0.02 μg/g, Co: 1 μg/g, Ni: 2 μg/g, Hg:
0.0005 μg/g, Al2O3: 0.05%, TFe2O3: 0.05%, and
SiO2: 0.1%.
Quality assurance and quality control. Degree of accuracy. Four standard substances (GSS2,
GSS3, GSS4, GSS6) were analyzed, and the logarithmic difference of the measured value and the
standard value was calculated㸦ǻOJ&㸧. Maximum
DQGPHDQYDOXHVRIǻOJ&ZHUHDQGUH
spectiYHO\ $OO ǻ OJ& YDOXHV ZHUH VPDOOHU WKDQ WKH
multi-target regional geochemical survey specification (1:250,000) [23] allowed limit; the percent of pass of the sample was 100%.

TABLE 1
Descriptive statistics of heavy metal concentrations in the top (n=388) and deep soils (n=99)
Units
top
Cu

Skewness

Kurtosis

Background
value a

Environmental
Qualityb Standard b

64.48

5.83

42.71

25.34

35

5.54

21.35

0.76

0.55

25.70

16.16

56.50

9.33

115.7

21.78

35

22.51

22.05

3.32

14.77

0.88

0.757

20.80

13.86

13.75

2.31

16.67

0.35

-0.29

13.26

-

9.40

20.10

13.49

13.20

2.14

15.90

0.69

0.29

20.30

50.20

32.92

31.90

6.10

18.53

0.43

-0.50

31.72

40

18.20

49.30

31.89

30.40

5.75

18.06

0.35

0.077

0.090

2.69

0.206

0.17

0.20

97.09

8.33

83.99

0.107

0.2

0.068

0.20

0.11

0.11

0.03

24.86

1.09

0.83

372.30

1061.10 663.49 641.05 108.7

16.39

0.96

1.05

654.14

-

399.20

1027.40 654.15 639.60 114.7

17.55

0.51

0.34
0.018

0.15

4.9

-

12.67

-

60.86

-

8.32

-

Min

Max

Mean

Median S. D CV (%)

15.90

226.10

32.88

27.15

21.2

15.10

42.70

25.96

25.1

16.70

259.80

28.60

16.10

32.50

8.20

mg/kg
deep
top

Pb

mg/kg
deep
top

Co

mg/kg
deep
top

Ni

mg/kg
deep
top

Cd

mg/kg
deep
top

Mn

mg/kg
deep
top

Hg

0.017

0.23

0.039

0.036

0.02

51.28

4.58

40.87

0.01

0.041

0.019

0.018

0.006

32.27

1.09

1.49

3.43

7.41

5.07

4.94

0.80

15.78

0.56

-0.38

3.41

7.32

4.93

4.72

0.76

15.31

0.60

0.07

11.51

16.16

13.29

13.24

0.88

6.62

0.46

-0.28

11.14

15.66

13.07

12.97

0.87

6.66

0.40

-0.10

45.81

64.22

58.02

58.21

2.65

4.57

-0.35

0.38

52.25

64.78

58.33

59.02

2.73

4.68

-0.43

-0.56

mg/kg
deep
top

TFe2O3

mg/kg
deep
top

Al2O3

mg/kg
deep
top

SiO2

mg/kg
deep
top

-

7.65

8.67

8.32

8.33

0.14

1.68

-0.41

1.10

deep

-

8.03

9.32

8.57

8.56

0.18

2.15

0.42

2.24

pH
a
b

Soil trace element background concentrations of the study area from Hebei agricultural geology project
Environmental Quality Standard for Soils (GB15618-1995)
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Degree of precision. The logarithmic deviation
of the measured value and the monitoring value was
calculated㸦Ȝ㸧; the maximum and mean values of
ǻOJ&ZHUHDQGUHVSHFWLYHO\$OOORJD
rithmic deviations 㸦Ȝ㸧were smaller than the multitarget regional geochemical survey specification
(1:250,000) allowed limit, and the percent of pass of
the sample was 100%.
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metals in top soil samples were greater than that of
deep soil samples. The average concentration ratios
from the top to deep soil for Cu, Pb, Cd, and Hg were
1.26, 1.27, 1.87, and 2.05, which are higher than that
of Ni, Co, Mn, SiO2, Al2O3 and TFe2O3, respectively.
The maximum concentration of Cd in the soil samples was 13 times that of the Environmental Quality
Standard value for Cd in China.
The variation (CV= standard deviation /average) was defined as the value of the mean concentration of heavy metals in the soil samples of Xiongan
divided by the corresponding background soil value.
The CV values for the seven heavy metals in the
study ranged from 15.78 to 97.09%. The lowest CV
was for SiO2, and the highest for Cd, showing that
Cd had the greatest variability among the heavy metals studied; therefore, it is most likely to be affected
by human factors [3,26]. SiO2, Al2O3 and TFe2O3 had
the lower CV value, 4.57%, 6.62% and 15.78%, suggesting that those compounds have low variation,
which can also be seen from its maximum and minimum values (Table 1). SiO2, Al2O3 and TFe2O3 is
considered a constant element in the soil. The CV
values of the seven heavy metals in the soils followed a descending order: Cd > Cu > Pb > Hg > Ni
> Co > Mn > TFe2O3> Al2O3> SiO2. The CV of the
ratio of top soil to deep soil for Cu, Pb, Co, Ni, Cd,
Mn, Hg, SiO2, Al2O3 and TFe2O3 were 3.02, 3.82,
1.05, 1.03, 3.91, 0.93, 1.59, 0.98, 0.99 and 1.03, respectively. It is obvious that the CV of Cu, Pb, Cd,
and Hg were greater for the top soil than for the deep
soil, suggesting that the top soil was influenced by
human activities.
The average value of Cd, Cu, Pb, and Hg in the
sampled soils (Table 1): 0.206, 32.88, 28.60, and
0.039 mg/kg, respectively. The standard deviations
of these four metals were greater than those of the
other heavy metals. This indicates a wide variation
of concentrations in the soil samples. The skewness
values for Co, Ni, Mn, SiO2, Al2O3 and TFe2O3 were
0.35, 0.43, 0.96, -0.35, 0.46 and 0.56, respectively,
which are smaller than 1, suggesting a normal distribution. However, the skewness values for Pb, Cu,
Cd, and Hg were 9.33, 5.83, 8.33, and 4.58, respectively, and the kurtosis values were 115.75, 42.71,
83.99, and 40.87. The kurtosis values were very high
because most of the samples were clustered together
at relatively low values; thus the data were not normally distributed, which indicates the existence of
highly contaminated points [27]. The raw dataset of
Hg was normally distributed after log-transformation.
The results showed that some elements were
more enriched in the top soil than in the deep soil
(Table 1). The mean concentrations of Cd and Hg
were far higher than their background values, which
were based on deep soils in the study area [24] and
can be used to assess metal contamination in the soil.

Geostatistical analyses. Statistical analyses
were carried out using SPSS 17.0 (SPSS Inc., USA).
Principal component analysis (PCA) was carried out
to cluster metals that behaved similarly in order to
identify potential sources. Varimax rotation with
Kaiser normalization was applied because orthogonal rotation minimizes the number of variables with
high loading on each component and facilitates the
interpretation of results. Kriging interpolation was
used to establish the spatial distributions of heavy
metals. Before geostatistical analyses 㸪 the data
were normalized by Box-Cox and logarithm transformation. The normalized data were analyzed by
ArcGIS (version 9.3).

RESULTS AND DISCUSSION
Descriptive statistics. The soil data (pH and
concentrations of SiO2, Al2O3, TFe2O3, Cu, Pb, Co,
Cd, Hg, Mn, and Ni) used herein were collected from
the Hebei agricultural geology project conducted in
2017. The descriptive statistics results for heavy
metal concentrations and pH values in the top and
deep soils, as well as background values of the
Xiongan New Area and Environmental Quality
Standard values of China, are shown in Table 1.
Because deep soil is not affected by human activities, it can reflect the characteristics of the natural
environment and represent original background levels [24]. The average elemental contents represent
the baseline value of soil elements in the region,
whereas the reference value represents the original
background levels of the study area and can be used
as the background value of the study area. For data
processing, first the average value of element X1 and
standard deviation S1 in the deep soil samples in the
study area was calculated; then, the data of the study
area X1 ± 2S1 was removed, and the average value
X2 was calculated, which is the reference value of
soil elements in the study area [25]
The soil pH ranged from 7.65 to 8.67, indicating that all the soils were alkaline, with 1.03% of the
soils having a pH between 7.0 and 8.0, and 98.97%
having pH above 8.0. Table 1 shows that the pH values of the top and deep soils did not vary significantly.
Excluding Co, Ni, Mn, SiO2, Al2O3 and TFe2O3
(Table 1), the concentrations of all other heavy
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In fact, the mean concentrations of Cd and Hg were,
respectively, 1.93 and 2.17 times higher than their
corresponding background values. Compared to the
enriched elements in the top soil, the mean concentrations of Co, SiO2, Al2O3, TFe2O3, Mn, and Ni exhibited generally low levels, close to their local
background values. Moreover, these elements displayed low CV values and quite homogeneous distributions across the study area, thus suggesting a
major natural source.
Based on the guideline values provided by the
Chinese Environmental Quality Standard for Natural
Source Soils [28], the levels of Cu and Cd samples
(in the present study area), which are 26.28% and
20.62%, respectively, exceeded the standard; this
suggests that the soils in several areas are threatened
by Cu and Cd. The maximum concentrations of Cu,
Pb, Cd, and Hg were 8.92, 11.93, 25.14, and 12.78
times higher than their corresponding background
values in the study area. Hence, environmental departments in the government should monitor these
heavy metals and adopt appropriate preventive
measures against the resulting contamination.
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TFe2O3 or Al2O3, mainly originated from the parent
materials of the soil. Cai et al. [12], Hei et al. [29],
and Chen et al. [30] also obtained a similar result.
However, Hg had a low correlation with three
other heavy metals (Cu, Pb, Cd), indicating that it
may have a different pollution source.
Also, relatively poor correlations occurred between the elements Cu, Pb, Cd, and Hg and the major
soil components SiO2, Al2O3, and TFe2O3 (Table 2).
This could be attributed to human activities that disrupt the relationship between SiO2, Al2O3, and
TFe2O3 and Cu, Pb, Cd, and Hg elements.
Principal component analysis. PCA is widely
applied in environmental studies, as it can help to
distinguish natural sources from anthropogenic ones,
identify possible nonpoint sources of contamination,
and group sources into significant groups [31, 32,
33].
Tables 3±4 present the varimax rotation results
for the total metal concentration in the soil. The eigenvalues of the first two extraction factors were
greater than 1, and the third eigenvalue was greater
than 1 when the matrix was rotated (Table 3). Figure
2 is a graphical representation of these three parts
that shows the correlation between these metals. The
results show that PCA can reduce the initial dimension of the dataset to three components, therefore explaining 89.96% of the data variation. The first principal component (PC1) explains 43.55% of the total
variance and loads heavily on TFe2O3, Mn, Co, and
Ni. The second principal component (PC2), dominated by Cu, Pb, and Cd, accounts for 33.84% of the
total variance. The third principal component (PC3)
has a high loading (0.974) of Hg, accounting for
12.57% of the total variance.

Correlation analysis. Pearson correlation coefficients were calculated among the seven elements
and related soil compounds (TFe2O3, SiO2, Al2O3),
and the results are shown in Table 2.
A significant positive correlation at P<0.01 was
found between the following pairs: Ni±TFe2O3
(0.986), Ni±Co (0.890), Mn±Co (0.671), Cu±Pb
(0.853), Cu±Cd (0.831), and Pb±Cd (0.877).
TFe2O3, Al2O3, Ni, Mn, and Co exhibited positive correlations. TFe2O3, Al2O3, and SiO2, which
were identified as the main products of rock weathering, were prevalent in the soil. Therefore, the metals Co, Mn, and Ni, which positively correlated with

TABLE 2
Correlation analysis for heavy metal elements and compounds
SiO2
Al2O3

-0.587

Al2O3

TFe2O3

Mn

Cu

Pb

Co

Ni

TFe2O3

-0.734**

0.958**

Mn

-0.658**

0.608**

0.731**

Cu

-0.405**

0.470**

0.508**

0.432**

Pb

-0.308

**

**

**

0.381**

0.853**

Co

-0.657**

0.835**

0.895**

0.671**

0.456**

0.339**

Ni

-0.718**

0.943**

0.986**

0.709**

0.521**

0.390**

0.890**

Cd

-0.241**

0.239**

0.278**

0.323**

0.831**

0.877**

0.270**

0.290**

Hg

*

*

**

**

**

*

0.141**

-0.113

0.341

0.091

0.375

0.128

0.141

**P<0.01
*P<0.05

Cd

**

level of significance
level of significance
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0.317

0.339

0.101

0.358**
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TABLE 3
Total Variance Explained
Component

Total

1
2
3
4
5
6
7
8

4.547
1.843
0.807
0.399
0.160
0.126
0.104
0.013

Initial Eigenvalues
% of
Cumulative%
Variance
56.838
56.838
23.040
79.879
10.085
89.964
4.991
94.955
1.998
96.954
1.580
98.534
1.299
99.832
0.168
100

Extraction sums of Squared Loadings
% of
Total
Cumulative%
Variance
4.547
56.838
56.838
1.843
23.040
79.879
0.807
10.085
89.964

Rotation Sums of Squared Loadings
% of
CumulaTotal
Variance
tive%
3.484
43.551
43.551
2.707
33.843
77.394
1.006
12.570
89.964

TABLE 4
Rotated component matrix
Heavy metal
TFe2O3
Cu
Pb
Cd
Mn
Co
Ni
Hg

PC1
0.961
0.350
0.208
0.110
0.790
0.923
0.951
0.053

PC2
0.182
0.874
0.928
0.942
0.224
0.159
0.197
0.220

PC3
0.036
0.105
0.126
0.152
0.061
0.013
0.047
0.974

FIGURE 2
The component plot in rotated space
Xia et al. [8] suggested that atmospheric deposition was the dominant source for soil heavy metals.
The PCA and correlation coefficient analysis results
reveal that Cd, Cu, and Pb were derived from similar
anthropogenic sources. In addition, Cd has a high
concentration in farmyard manure [8, 36].
PC3 is Hg, which can be defined as an anthropogenic component related to industrial and coal
burning. The distribution map shows high concentrations of Hg in and around Anxin and Rongcheng.
Further, the Hg concentration is remarkably high in
urban areas with heavy traffic, coal-burning exhausts, and vehicular exhausts; additionally, atmospheric deposition results in soil with high Hg contaminations [37, 38]. Streets et al. [39] suggested that
high Hg concentration in the northern part of China
was caused by heavy coal burning in residential and
small industrial areas. Therefore, the Hg source in
this study can be mainly determined from coal burning and small industries.

PC1 mainly included Co, Mn, TFe2O3, and Ni
and could be a lithogenic component, as parent materials control the variabilities of soil Co, Mn,
TFe2O3, and Ni. The spatial distribution map fully
supports this point. Figure 4 shows the Co, Mn,
TFe2O3, and Ni nonpoint source pollution in the
study area and no significant anthropogenic inputs of
Co, Mn, TFe2O3, and Ni. Researchers demonstrated
that TFe2O3, Mn, Co, and Ni are mainly derived
from the parent rock and parent materials [8, 11, 12].
In addition, the Co and Ni content in the soil is much
higher than the Co and Ni content that is introduced
into the soil through chemical fertilizers [31, 34].
PC2 included Cu, Pb, and Cd and could be defined as an anthropogenic source component. Pb is
affected by anthropogenic activities such as vehicular and industrial exhausts and wastewater irrigation.
Cd and Cu are affected mainly by the use of agrochemicals [31, 35].
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environment; the element must be a major element
in the reference system; and the element must be
ubiquitous in the samples. Based on these principles,
Fe, Si, Ti, and Al can be used as reference elements
[42, 43]. Fe was used as the reference element in the
current study. This selection was made by considering the correlation and multivariate statistical analyses; the selection process was not affected by human activities and was not related to major heavy
metal pollutants [12, 27].
The EF of each element, which is a normalization of an element of interest against a reference element, was calculated using the following equation:
EF = (Ci/Cn)sample/(Ci/Cn)background
where Ci represents the concentration of heavy
metal elements, and Cn represents the concentration
of Fe. The sample values represent the concentrations in the sample collected, and background represents the background values of the elements.
The EF was split into five classes as follows:
EF < 2, class 1, deficiency to minimal enrichment; 2
EF < 5, class 2, moderate enrichment; 5 EF < 20,
class 3, significant enrichment; 20 EF < 40, class
4, very high enrichment; and EF 40, class 5, extremely high enrichment [12]. The EF values for
heavy metals are shown in Fig. 3. The EFs of Hg,
Cd, Pb, and Cu were higher than 5, whereas the EFs
of Ni, Co, and Mn were less than 2. The EF can be
an indicator of natural and anthropogenic sources.
The EFs of Hg, Cd, Pb, and Cu EFs were much
higher than those of Mn, Co, and Ni (Fig. 3), indicating that these elements in the study area mainly originated from anthropogenic sources. The decreasing
order of mean EF for all the studied elements was Hg
> Cd > Pb > Cu > Mn > Co > Ni, revealing lack of
contamination by Co, Ni, and Mn and implying a
significant contribution of natural sources towards
these elements (Table 5). The ranges of EFs suggest
anthropogenic origins for other studied metals, excluding Co, Ni, and Mn. Coal-burning and industrial
processes are considered to be the major pollution
sources in Xiongan New Area.

Spatial distribution of heavy metals. Figure 4
shows the spatial distribution of the seven heavy
metals in the study area. The trends for soil Co, Mn,
Ni, and TFe2O3 were similar in spatial distribution.
The spatial distributions of Mn, Ni, and Co exhibited
nonpoint source contamination. The spatial distribution results indicated that the soil parent materials
and pedogenic processes are major factors with respect to their amounts and distributions in the study
area [32,38].
The hotspots with the highest levels of Cu, Pb,
and Cd were located in Lin village, Niu Jiao village,
and Xi Lao Dian village, respectively. In southwest
Anxin county, there are high risk regions that may
be related to local metal product, transportation machinery, and plastic products factories.
However, differences in heavy metal content
are observed in the spatial distribution map of this
study area. Lv et al. [19] reported that human inputs
have altered the natural spatial variations of Cd, Cu,
and Pb at the local scale. The findings in this study
DUHLQDJUHHPHQWZLWK/YHWDO¶VUHVXOW>@
The distribution of Hg was different from those
of the other heavy metals in high-value areas and
was mainly concentrated in the northwest in Wang
Gongdi village, in the southwest Niu Jiao village,
and across Rongcheng County. This indicated that
industrial fumes, coal-burning exhausts, domestic
waste, and vehicular exhausts may be the main
sources of soil Hg in Xiongan County. Hg can accumulate in soils through atmospheric deposition [13]
or long-range transport of Hg in the atmosphere [40].
According to most researchers, Cu, Pb, Cd, and Hg
constitute an anthropogenic component related to
specific human activities, whereas the remaining elements (Co, Mn, Fe, and Ni) appear to be associated
with soil parent materials [6, 8, 9, 12, 19]. In the present study, it also seems reasonable to conclude that
Cu, Pb, Cd, and Hg originate from an anthropogenic
component related to specific human activities,
whereas the remaining elements (Co, Mn, Fe, and
Ni) appear to be associated with the soil parent materials, which are mainly from the Taihang Mountains east of the Yongding River and the Hutuo River
alluvial fan.

Geoaccumulation index (Igeo). The geoaccumulation index method can be used to evaluate the
contamination levels of heavy metals in soils [44,
45]. The Igeo is computed using the following equation:
Igeo = log2[Cn/(k × Bn)]
where Cn is the concentration of a metal (n) in
the sample, and Bn is the geochemical background
concentration of the metal (n). The factor k (1.5) is a
background matrix correction factor attributed to
lithogenic effects [46].
Igeo is classified into seven levels: unpolluted
,JHR    XQSROOXWHG WR PRGHUDWHO\ SROOXWHG  
,JHR PRGHUDWHO\SROOXWHG ,JHR PRG
HUDWHO\WRVWURQJO\SROOXWHG ,JHR VWURQJO\

Pollution level assessment. Enrichment factor (EF). The EF is an indicator of natural and anthropogenic sources [12, 25].
The EF is an important index reflecting the disturbance degree of human activities to the natural environment. It is a comparison between the measured
values of the elements in the sample and the background content of the elements that is used to determine the status of human influence on the elements
in the environment [41]. The following principles
must be true when selecting a reference element: the
selected reference elements must be stable in natural
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SROOXWHG  ,JHR VWURQJOy to extremely polOXWHG ,JHR DQGH[WUHPHO\SROOXWHG ,JHR!
5) [46]. The Igeo values of the surface sediments
from the study area decreased in the following order:
Hg > Cd > Pb > Cu > Mn > Co > Ni, ranging from 0.20 to 0.92 (average 0.14) for Hg, -0.26 to 1.21 (average 0.04) for Cd, -0.29 to 0.90 (average -0.08) for
Pb, -0.38 to -0.77 (average -0.10) for Cu, -0.38 to
0.02 (average -0.16) for Co, -0.37 to 0.02 (average 0.17) for Ni, and -0.41 to 0.045 (average -0.16) for
Mn (Table 5). However, the percentage of samples
for Hg, Cd, Cu, Pb, Ni, Mn, and Co that had Igeo
values above 0 was 85.82, 51.80%, 20.62, 12.63,
0.52, 2.32, and 0.26%, respectively. In other words,
the soil of the study area was contaminated (Igeo >
0) by heavy metals such as Hg, Cd, Cu, and Pb (especially Hg and Cd) to some degree (Fig. 3), which
probably originated from anthropogenic sources,
whereas, Ni, Mn, and Co were not relevant as soil
contaminants in the study area and are likely to have
natural origin.
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potential ecological risk. Based on these results,
most sampling locations exhibited low ecological
risk (max values of Cu, Pb, Co, Ni, and Mn are
44.61, 59.64, 7.84, 7.91, and 1.67, respectively), implying that these metals may not have harmful effects on the ecosystem. However, the average RI
value (168.11) of heavy metals indicates moderate
ecological risk.

Ecological risk ( Er ). Igeo represents the
³contamination´level, and Er represents the ³pollution´ level. To assess the degree of heavy metal
pollution in the study area, the risk index ( RI ) was
calculated as follows:
m

RI

¦E

r

i 1

Er

Tr u

Ci
Cn

where Ci and Cn are the heavy metal concentrations in a sample and in the background, respectively; Er is the ecological risk of each element;
and RI shows the ecological risk of multiple elements. Tr is the ³toxic-response factor´for a given
substance and has value of 5, 5, 30, 40, 5, 2, and 1
for Cu, Pb, Cd, Hg, Ni, Mn, and Co, respectively [27,
47]. The following terminologies are used to describe the risk levels: Er < 40, low potential ecological risk; 40  Er < 80, moderate potential ecological risk; 80  Er < 160, considerable potential
ecological risk; 160  Er < 320, high potential ecological risk; Er  320, very high ecological risk;
RI < 150, low ecological risk; 150  RI < 300,
moderate ecological risk; 300  RI < 600, considerable ecological risk; and RI 600, very high ecological risk[27].
The Er results of the seven metals in Xiongan New
Area are shown in Fig. 3. The average

Er values of

heavy metals exhibited a decreasing order of Hg >
Cd > Pb > Cu > Co > Ni > Mn (Table 4). The results
of the mean concentrations of Hg (87.31) and Cd
(56.28) indicate considerable potential ecological
risk and moderate potential ecological risk, respectively; whereas Pb, Cu, Co, Ni, and Mn pose low

FIGURE 3
Box plot of EF, Igeo, and Er for heavy metals in
the study area
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FIGURE 4
Spatial distribution of heavy metals in the top soil of the study area
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TABLE 5
Values of enrichment factor (EF), geoaccumulation index (Igeo), and ecological risk (E r) analysis of the
heavy metals
EF

Er

Igeo

statistic

Min

0.7 0.7 0.7 0.8 0.8 0.9 0.5

3.14 3.8 3.0 3.2 24.55 37.78 0.5 83.05

Max

7.0 8.9 1.2 1.1 22. 14. 1.2 0.7 0.9 0.0 0.0 1.2 0.9 0.0
59. 7.8 7.9 733.6 502.2 1.6 988.4
44.61
very high
5 0
7 0 60 78 6 7
0 2 2 1
2 45
64 4
1
4
2
7
4

Mean

- 0.0 0.1 1.2 1.2 1.0 0.1 1.8 2.1 1.0 6.5 5.2 5.1
1.0 168.1
56.28 87.31
moderate
6.49
2 6
1 0
3 6 1 0.1 0.0 0.1 0.1 4
7 3
9
4
1
4 0.1

S. D.

3.7 0.8 0.9
0.1
0.6 0.5 0.0 0.0 1.5 1.0 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0
4.19
55.88 37.76
84.58
2 7 8 7
5
7
1 7
6
7
3 5
8 4
7 0 1 6

-

-

-

-

-

-

Cd

Hg

Mn

Ecological
risk

Cu

-

Pb Co Ni

RI

Cu Pb Co Ni Cd Hg Mn Cu Pb Co Ni Cd Hg Mn

low

CONCLUSIONS
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Using the statistical software SPSS 17.0 and
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mechanism of crop plants, improving salt tolerance
in crop plants remains intangible as compared to
resistance against insect, pests and diseases. Palm
trees have excellent tolerance towards various adverse environmental hazards and are potential
source of economic returns in dry areas [9]. Among
palm trees, date palm ( # $ L. Family: ) is a monocotyledonous perennial
tree, which has been cultivated as an economical
fruit tree in the arid and semi-arid regions. Despite
the fact that date palm produces limited number of
off-shoots, the major mode of propagation in date
palms is vegetative propagation through offshoots
to maintain cultivar genetic integrity [10-12].
Therefore, different programs for genetic improvement in date palm include modern agrobiotechnology and in vitro propagation for the production of genetically stable plants on commercial
scales. In vitro regeneration of date palm plants
using different tissues as source of explants have
been well documented by many researchers [13,
14]. Generation of plants through tissue culturing
usually undergo somaclonal variations among regenerated plants, most probably due to the stresses
imposed during in vitro propagation [15]. These
variations include methylated DNA, chromosomal
rearrangements and in most cases point mutations
[16, 17]. The variability in somaclones occurs mostly due to genetic and/or epigenetic variations during
culturing of explants [18]. Occurrence of genetic
variability among genotypes is the ultimate goal in
plant breeding and modern biotechnological approaches made it quite accessible for plant breeders.
Plant regeneration through tissue culturing has been
extensively used in plant biotechnology for crop
improvement, despite the appearance of somaclonal
variations. Although somaclonal variation is undesirable to maintain genetic stability of the regenerated plants, however, it offers a natural source of
variation too [19]. The role of biotechnological approaches is important for estimation and conservation of somaclonal variations under in vitro culturing. The most common approach is to employ dif-

Date palm ( #  $ L.) has been
under cultivation as a socio-economic crop primarily in dry lands of North Africa, Middle East and
Central America. The production of date palm is
severely affected by many abiotic stresses including
drought and salt stress. In a broader prospect, soil
salinity has gained worldwide concerns, encompassing over 20% of the arable land. In the present
study date palm cultivar, ‘Sukary’ was used to raise
somatic embyogenic calli under various salt levels.
After eight sub-culturing the calli were subjected
step wise (a lap of 50mM increase after every four
weeks) to 0, 200 and 400 NaCl treatments. The best
performing calli were further subjected to multiplication media to generate the plants, which were
assessed for salt tolerance/adaptation. The saltadapted (SA) and salt non-adapted (SNA) plantlets
were assessed for the presence of any inherent
somaclonal variation using 30 RAPD primers. The
RAPD analysis did not produce any polymorphic
bands and thus genetic variation was absent in the
SA somaclones. The date palm somaclones thus
obtained, have better performance on successive
NaCl treatments due to salt adaptation mechanism.


*)"$%
Date palm, Salt tolerance, NaCl, Somaclonal variation,
RAPD

!&$"'&"!
Salt stress is among major biotic stresses hindering crop production, worldwide [1-3]. The total
area affected by salt stress has been estimated ~80
mha [4, 5]. Salinity has drastic effects on overall
plant physiology in many different ways ranging
from physiological and metabolic changes, which
end up into molecular impairment [6-8]. Apart from
extensive research to understand salt tolerance
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ferent molecular markers including biochemical,
physiological and DNA-based molecular markers
[20]. The DNA-based markers include Restriction
Fragment Length Polymorphism (RFLP), Random
Amplified Polymorphic DNA (RAPD), Amplified
Fragment Length Polymorphism (AFLP), Sequence
Characterized Amplified Regions (SCAR), Simple
Sequence Repeat (SSR) and Inter Simple Sequence
Repeat (ISSR) [21-23].
Isozymes patterns analysis using specific enzymes provides much convenience to detect genetic
changes during plant regeneration but is vulnerable
to oncogenic variations [24]. However, such approaches are very limited in their applications because these only deal with coding regions of genomic DNA. On the other hands, DNA based molecular markers such as RFLP and AFLP are routinely used to assess the genetic integrity of the regenerated plants, but these require expensive restriction endonuclease enzymes, radiolabeled
probes and hence are not suitable for routine lab
work [25]. However, PCR based molecular markers
such as RAPD and ISSR need small quantities of
genomic DNA and hence provide rapid and simpler
results. RAPD is very discriminative, useful and
reliable technique to detect genetic changes even
among closely related organisms [26]. Both RAPD
and ISSR techniques are routinely employed for the
detection of somaclonal variations of micropropagated date palm plants [27-30].
The micro-propagation of date palm for commercial use is a reliable technique however, the
plantlets, thus produced from calli showed genetic
variations unlikely from their mother plants [31]
due to prolonged sub-culturing period. This makes
regenerated plantlets suspicious for the presence of
any somaclonal variation [32]. Thus, RAPD has
been reported as a reliable and quick molecular tool
to detect any somaclonal variations in the regenerated plantlets [33, 34]. In the present study, the
main objective was to produce regenerated salt
adapted/tolerant plant by subjecting date palm cv.
Sukary calli to various salt levels. Another objective
was to monitor via RAPD markers, whether or not,
the physiological changes in the regenerated date
palm plants are due to somaclonal variations.

plant regeneration [36, 37].

7 (3=;8 %+5= %/5/-=387 After callus development the embryogenic calli were exposed to two
types of NaCl stress protocols. One part was subjected directly to three NaCl treatments, i.e. 0, 200
and 400 mM NaCl added directly to MS-basal medium. The second part of calli were transferred
stepwise to 200 and 400 mM NaCl with a 50 mM
gradual increment of NaCl after every 4 weeks until
the maximum salt level i.e. 400 mM NaCl, respectively. For this purpose the calli from 50 mm NaCl
was transferred to 100 mM NaCl for 4 weeks and
then gradually subjected to 150 mM NaCl, until 400
mM NaCl and so forth. After eight successive passages, all the calli were cultured on salt-free media
to obtain date palm plantlets. All the calli under
each salt treatment were routinely assessed for fresh
weight addition, initiation of shoot and root, and
plantlet regeneration.

#5+7=;/1/7/;+=387The best performing calli
were selected and further subjected to regeneration
media as has been described for plantlet regeneration [38]. The regenerated plantlets, thus obtained,
were re-exposed to respective salt stress (i.e. 200
and 400 mM NaCl) for eight weeks for the assessment of salt tolerance/adaptation.

8;9285813-+5 .+=+ -855/-=387 The in vitro
effect of three salt treatments was determined for
root length, shoot length, total plant dry weight and
dry root/shoot ratio (Table 1). The plants roots were
washed to remove excessive salts and ions with
distilled water according to Al-Khateeb et al. [35].
The Na+ and K+ contents were determined using the
dry-ashing procedure [39]. Further effects of salt
treatments was also observed for leaf Na+ and K+,
leaf K+/Na+ ratio, root Na+ and K+ concentrations
and root K+/Na+ ratio. For this purpose, fresh leaves
and roots (~500 mg) were homogenized using pestle and mortar and the extractions were carried out
in 25 ml volumetric flasks using deionized distilled
water at 95oC for 4h. Moreover, Infra-Red Gas analyzer (IRG) was used to measure photosynthetic
rate, stomatal conductance and mesophyll conductance to assess the effect of salt treatments.

/7863-!A=;+-=387Plant leaves (100150 mg) of micropropagated date palm cultivar
‘Sukary’ plantlets were harvested for isolation of
total genomic DNA under two NaCl treatments i.e.
200 mM and 400 mM including control plants. A
modified DNA-extraction protocol was adopted
using plant DNA-miniprep modified from Arif et al.
[40]. Briefly, the freshly harvested date palm leaves
were collected in sterile mortar. After adding
100mg sterile sand and 500 µl of lysis buffer [0.1 M
Tris-HCl (pH 8.0), 0.05 M EDTA, 0.5 M NaCl and
0.01M β-mercaptoethanol] the plant material was

&$%! &"%

6,;B81/7/<3< +7. /<=+,53<26/7= 80 .+=/
9+56 95+7=5/=< All the experiments in this study
were carried out at Department of Environment and
Natural Resources, College of Agriculture and Food
Sciences, King Faisal University, Saudi Arabia. The
formation of somatic embryogenic calli was
achieved successfully from date palm cultivar ‘Sukary’ as has been described by Al-khateeb and Alkhateeb [35]. The callus culture was transferred in
three basal media (MS-media) combinations for
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finely crushed using pestle and mortar. The crushed
leaf material together with the buffer and sand were
collected in sterile Eppendorf tubes (1.5 ml) and 1
ml of lysis buffer was added and vortexed, simultaneously. These extracts were then incubated and
occasionally mixed at ~65oC for 25 min. The extracts were cooled at 23oC for 5 min and centrifuged at 12000 rpm for 5 min. Later, the supernatant (~200 µl) was transferred carefully into a sterile
Eppendorf tube with equal volume of chloroform:isoamylalchohol (24:1). The tubes were mixed
well with gentle shaking and centrifuged at 12000
rpm for 5 min. The supernatant (200 µl) was transferred to a new tube and the DNA was precipitated
with cold isopropanol (500 µl). All the incubation
and centrifugation steps were accomplished at room
temperature. All the tubes were kept at -80oC for 30
min followed by centrifugation at 12000 rpm for 10
min. After decanting and washing the DNA pellets
with 70% cold ethanol, pellets were air dried at
room temperature and the DNA was dissolved in 50
µl MQ water. The DNA was quantified and the
quality was analyzed by loading 2 µl of total genomic DNA on 1% agarose gel electrophoresis in
0.5x TAE buffer. The DNA was stored at -20oC
until any downstream application.

$##$ +7+5B<3< 80 3<85+=/. !
RAPD assay was accomplished in a total reaction
volume of 25 µl including DNA-template (~50-100
ng), 2.5 µl of 10 pmol of 10-mer primer (Macrogen,
Korea) (Table-4), 2.5 µl of dNTPs (0.4 mM each)
DreamTaq DNA polymerase (Thermo Scientific)
and 2.5 µl DreamTaq buffer (10x). PCR was carried
out in a thermal cycler (BioRad) with initial denaturation at 95 oC for 5 min, 35 cycles of 95 oC for
35sec, 36 oC for 35 sec, 72 oC for 2 min, and a final
extension at 72 oC for 5 min. The PCR products
were separated in 1% agarose gel using 0.5x TAE
buffer. The size for all amplicons was confirmed by
comparing to 1Kb DNA ladder (Takara).

%=+=3<=3-+5+7+5B<3<To analyze the data, analysis of variance (ANOVA) was employed in randomized complete block design [41]. To compare
the treatment means, the least significant difference
(LSD) at 5% level of probability was used. SAS
 "  was used for all the statistical
analysis.

The induction of embryogenic callus was accomplished using shoot tips of date palm cultivar
‘Sukary’ as explant on MS-basal media. The calli
were maintained by eight continuous sub-culturing
on freshly prepared MS-basal media. Finally, the
calli were subjected to regeneration media and the
best performing calli were exposed to three NaCl
treatments, i.e. 0, 200 and 400 mM NaCl. Two parallel batches of calli were produced as salt nonadapted (SNA) somaclones (those exposed directly
to 200 and 400 mM NaCl) and salt-adapted (SA)
somaclones (exposed gradually to 200 and 400 mM
NaCl) . In this experiment four replicates for each
treatment were used for morphological, physiological and biochemical studies. Four plants as negative
control were obtained from the embryogenic calli
grown under salt-free MS medium.

8;9285813-+5+7.92B<385813-+5+7+5B<3<80
</5/-=/. <86+-587/< The morphological data, including root length, shoot length, total plant dry
weight and dry shoot/root ratio was collected. The
regenerated plants or somaclones showed significant variation in the physiological parameters when
compared to their the negative control (Table 1).
The root length and shoot length were significantly
increased with increasing salt concentrations in both
the SNA and SA. Root length was recorded as 16.7
and 23.6 cm at 200 and 400 mM NaCl, respectively
for SNA. Similarly, for SA at 200 and 400 mM the
root length was significantly increased from 24.8 to
38.6 cm, respectively (Table 1). However, the root
length of SA was higher as compared to the negative control as well as SNA somaclones. A similar
pattern was observed in case of shoot length. The
shoot length of SNA was 16.7 and 23.6 cm as compared to 24.8 and 38.6 cm in case of SA at 200 and
400 mM NaCl, respectively (Table 1). However, a
different pattern was noted for total dry weight and
dry leaf/root ratio. In SNA total dry weight was
0.749 and 0.560 gm at 200 and 400 mM NaCl.
Whereas, in case of SA it was 0.386 and 0.701 gm,
respectively. A similar pattern was observed for dry
leaf/shoot ratio in SNA and SA (Table 1). It was
observed that the performance of SA was significantly higher or comparable to SNA as well as negative control plants for root and shoot lengths at 200
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and 400 mM NaCl. Total dry weight and dry
towards ionic toxicity of Na+ under saline stress
shoot/root ratio were decreased with increasing salt
through osmotic impairment. However, an increase
concentration in SNA, whereas, in case of SA it
in K+ concentrations and lower K+/Na+ ratio of SA
somaclones showed that these have better osmatic
was vice versa.
regulation to cope with higher salinity.
The effect of increasing salt concentration was
Salt tolerance is strongly associated with
also determined for Na+, K+ concentrations and
K+/Na+ ratio in leaves and roots of regenerated
maintenance of high photosynthetic rate and better
SNA as well SA (Table 2). It was observed that Na+
stomatal conductance [49]. The effect of salinity on
accumulation was increased in leaves and roots of
photosynthetic rate, stomatal conductance and mesboth SNA as well as SA somaclones as compared to
ophyll conductance was also measured in the rethe control plants. The K+ concentrations were ingenerated date palm plants. It was noted that photocreased in leaves of both SNA as well as SA
synthetic rate was decreased significantly in SNA
somaclones whereas, in roots it showed variable
somaclones from 4.38 to 4.17 (µmol/m2/s) at 200
pattern. The K+ concentrations were decreased in
and 400 mM NaCl, respectively. Whereas, photoroots of SNA while, it was still increased in the SA
synthetic rate of SA somaclones was measured as
somaclones (Table 2). The leaf K+/Na+ ratio in SNA
4.93 at 200 mM NaCl and 3.56 (µmol/m2/s) at 400
somaclones was almost unchanged with increasing
mM NaCl as compared to control (6.58 µmol/m2/s)
Na+ in the external media. Whereas, K+/Na+ ratio in
(Table 3). The stomatal conductance of SNA
the leaves of SA somaclones was decreased with
somaclones was significantly decreased from 8.88
increasing salt concentration. On the other hand, the
to 4.55 (mmol/m2/s) whereas, in SA somaclones it
decreased from 7.63 to 3.85 (mmol/m2/s) at 200
root K+/Na+ ratio was almost unchanged in case of
SA as compared to the SNA somaclones. The reand 400 mM NaCl, respectively. It was decreased in
duction in K+ accumulation in the roots of SA as
SNA, while increased with increasing salt concentration in SA. However, in both SNA and SA
compared to SNA somaclones at 400 mM NaCl
somaclones the stomatal conductance was signifipoints towards the better salt adaptation in the
cantly decreased than the negative control. The
somaclones exposed under successive salt concenmeasurement of mesophyll conductance showed a
trations. The K+/Na+ ratio of leaves was decreased
similar trend in both SNA and SA somaclones, i.e.
with increasing salt concentration, whereas, the
decreased with increasing salt concentrations (Table
K+/Na+ ratio of roots in SA somaclones was un3). The mesophyll conductance of SNA and SA
changed even at higher salt concentrations as comsomaclones was 18.13 and 20.15 at 200 mM NaCl,
pared to negative control (Table 2). This is another
while it was 11.73 and 12.10 (mmol/m2/s) at 400
clue that SA somaclones has better adaptation than
mM NaCl, respectively. Salt tolerance in plants
SNA under increased salt stress. There are certain
requires better maintenance of photosynthetic rate
reports indicating that the plants with high K+ usuand stomatal conductance and ultimately a high
ally pose better tolerance to Na+ accumulation [42,
concentration of chlorophyll in cells [50]. On the
43]. However, the ability of plant cells to cope with
other hand, it can be a direct effect of Na+ as obincreased salt stress depends upon cytosolic K+/Na+
+
+
ratio rather than accumulation of Na and/or K
served in other woody plants such as citrus [51].
concentrations of shoots and roots [44, 45]. For
Besides, decrease in photosynthetic rate is directly
example, elevation of Na+ concentrations in saltassociated to the stomatal closure to help plants to
tolerant tomato [46] and Na+ exclusion in salt tolermaintain their turgor pressure in the cells [52]. Durant bread wheat have no relationship to the salt toling our study, we found that the photosynthetic rate,
erance [47], respectively. Thus, intracellular K+/Na+
stomatal conductance and mesophyll conductance
ratio is regarded as a major element of salt tolerance
were positively correlated to each other. The stoin plants. Thereby, plants optimize their cytosolic
matal conductance of both SNA and SA
K+/Na+ ratio by either lessening accumulation of
somaclones was reduced significantly as compared
Na+ or preventing the loss of K+ [48]. In all the
to the control. However, compared to SNA
somaclones (SNA and SA) during this study, high
somaclones the lower photosynthesis and stomatal
accumulation of Na+ was noted, which directed
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conductance of SA revealed that the SA somaclones
have adjusted their turgor pressure under gradual
increase in the salt stress and thus have improved
their adaptation better than SNA somaclones.
The dominantly highest salt prevails in nature
is NaCl, which primarily exerts two major effects
on plants i.e. osmotic stress and ionic toxicity. Salt
stress exerts drastic effects on overall plant physiology in many different ways ranging from physiological and metabolic changes, which end up into
molecular impairment [6, 7]. Such impairments in
plant growth are due to drastic changes in osmotic
pressure and ionic balance in cells, which ultimately
leads to provoke secondary stresses, including oxidative stress and nutritional impairments [53]. The
plants growing in salt-free environment usually
have higher gradient of water and minerals in the
root cells due to high osmotic pressure as compared
to the soil solution. Whereas, highly saline environment exerts a negative effect on this gradient

+7.%-8;/
6 
8
5
3
5
1
8
1
4
0
0
0
0
2
6
4
6
2
0
2
3
7
5
5
0
2
0
2
8
9
9



6 
8
5
3
5
1
8
1
4
0
0
0
0
2
6
4
6
2
0
2
3
7
5
5
0
2
0
2
8
9
9

%3C/;+71/,9
600-3600
1800-5000
600-4000
1100-4500
4000
500-4000
2000
1800-4000
No amplification
No amplification
No amplification
No amplification
1800-2200
250-2800
1800-3100
600-2800
1900-3000
No amplification
3000-3500
1800-2800
1100-4000
1500-3000
1050-4000
No amplification
2000-3500
No amplification
2100-2900
500-5000
500-4000
1100-4000

and ultimately increase the osmotic pressure in the
soil solution, which ultimately leads to inaccessibility of water and indispensable cations, such as K+
and Ca2+ ions, to the plants [54]. As a result, Na+
and Cl- ions enter into the cells and exerts cellular
toxicity on cell membranes and cytosol [55, 56].
There is always a contest between Na+ toxicity and
K+ accumulation to activate certain enzymes in
plant cells under salt stress. The tolerant/adapted
plants always keep a balance between Na+ and K+
accumulation. Thus in the SA somaclones the accumulation of K+ is almost unchanged in leaves at
200 and 400 mM NaCl whereas, it was increased at
400mM NaCl in roots as compared to the SNA
somaclones (Table 2). It might result into relative
increase in root length of the SA somaclones in
comparison to the SNA somaclones in this study
(Table 1). The SA somaclones, thereby, has adjusted themselves to the gradual elevation of NaCl.
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Leaf samples of date palm cultivar ‘Sukary’ plants
derived from SA calli under the salt treatments 200
and 400 mM NaCl and negative control at 0 mM
NaCl were used for RAPD analysis. RAPD fingerprinting was carried out using two sets of PCRs for
each sample to assess the presence of any
somaclonal variation in the SA somaclones. A control sample from the mother plant was run along
with the samples of each treatment. Only those
bands were considered for analysis, which were reproducible from the repeated PCR run. In order to
examine the genetic fidelity of the selected
somaclones against salt stress, 30 RAPD primers
were used, out of which 23 primers produced clear
and reproducible bands (Table 4). These 23 primers
produced 107 amplicons for each treatment ranging
between 250-5000 bp in size. These primers produced 1-9 bands with an average of 4.65 bands per
RAPD primers. In total 321 bands (Total plants
analyzed x Total number of amplicons produced)
were generated using RAPD.
The entire RAPD analysis produced only
monomorphic pattern among all date palm
somaclones and their mother plants while no polymorphism was observed (Fig. 1). This is a comparable analysis as evident from the previous studies
with various plant species employing PCR based
RAPD analysis [57-59], including date palm [60].
Appearance of somaclonal variations during in vitro
culturing relies upon the type of explant used in the
experiment and the method of regeneration [17].

Moreover, the use of synthetic type of plant growth
regulators also reported to cause somaclonal variations [57]. The plant genome undergoes certain
changes associated with ploidy, chromosomal abnormality, appearance of SNPs and epigenetic
changes [61].
Thus, during regular in vitro culturing it is of
utmost importance to regulate the genetic fidelity of
the micropropagated plants. Various molecular
techniques are in use for the assessment of genetic
stability of these micropagated plants, which involve use of DNA-markers. Among such techniques RAPD has become a robust technique due to
its economical applications [57]. RAPD has become
a reliable and widely used tool in molecular plant
research for the assessment of inter- and intraspecific genetic variability and to study genetic expression patterns in plants [62]. Besides RAPD,
other molecular markers also offer a consistent,
dominant and rapid tool to be used in analyzing
somaclonal variation during in vitro regeneration in
higher plants [63-67]. During this study, we could
not find any somaclonal variation among different
salt treatments endured by date palm cultivar ‘Sukary’. Our study is consistent to previously reported
studies for the absence of somaclonal variation during in vitro culturing of different tree plants, i.e.
oak, Olea, !!  and ! !
 [64, 65, 68]. These results were related to
woody plant, indicating that this protocol could not
be successful in woody species.
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[4] Zhang, H., Han, B., Wang, T., Chen, S.X., Li,
H.Y. (2012) Mechanisms of plant salt response,
insights from proteomics. J. Proteome Res. 11,
49-67.
[5] El-Beltagi, H.S., Ahmed, S.H., Namich,
A.A.M., Abdel-Sattar, R.R. (2017) Effect of
salicylic acid and potassium citrate on cotton
plant under salt stress. Fresen. Environ. Bull.
26, 1091-1100.
[6] Wang, W.X., Barak, T., Vinocur, B., Shoseyov,
O., Altman, A. (2007) Abiotic resistance and
chaperones, possible physiological role of SP1,
a stable and stabilizing protein from Populus.
In, Vasil, K. Plant Biotechnology 2000 and
Beyond. 1st Ed. (Dordrecht, Kluwer), 439-443.
[7] Sobhanian, H., Aghaeib, K., Komatsu, S.
(2011) Changes in the plant proteome resulting
from salt stress, toward the creation of salttolerant crops. J. Proteom. 74, 1323-1337.
[8] Flowers, T.J., Colmer, T.D. (2015) Plant salt
tolerance, adaptations in halophytes. Ann. Bot.
115, 327–331.
[9] Hassan, S., Bakhsh, K., Z.A. Gill, Maqbool, A.,
Ahmad, W. (2006) Economics of growing date
palm in Punjab, Pakistan. Int. J. Agri. Biol. 8,
788-792.
[10]Taha, H.S., Bakheet, S.A., EL-Bahr, M.K.
(2003) Alternative approach for micropropagation of the date palm c.v. Zaghlool. Arab J. Biotechnol. 6, 103-112.
[11]El-Beltagi, H.S., Ahmed, O.K., El-Desouky,
W. (2011) Effect of low doses γ-irradiation on
oxidative stress and secondary metabolites production of rosemary ( ! L.)
callus culture. Radiat. Phys. Chem. 80, 968976.
[12]Mohamed, H.I., Akladious, S.A., El-Beltagi,
H.S. (2018) Mitigation the harmful effect of
salt stress on physiological, biochemical and
anatomical traits by foliar spray with trials on
wheat cultivars. Fresen. Environ. Bull. 27,
7054-7065.
[13]Abul-Soad, A.A., Al-Khayri, J.M. (2018) Date
palm somatic embryogenesis from inflorescence explant. In, Jain S., Gupta P. (eds)
Step Wise Protocols for Somatic Embryogenesis of Important Woody Plants. Forestry Sciences. Vol 85. Springer, Champ. 329-347.
[14]Al-Khayri, J.M. (2018) Somatic Embryogenesis of Date Palm ( # $ ) from
Shoot Tip Explants. In, Jain S., Gupta P. (eds)
Step Wise Protocols for Somatic Embryogenesis of Important Woody Plants. Forestry Sciences. Vol 85. Springer, Cham. 231-244.
[15]Matthes, M., Singh, R., Cheah, S.C., Karp, A.
(2001) Variation in oil palm (!
Jacq.) tissue culturederived regenerants revealed by AFLPs with methylationsensitive enzymes. Theor. Appl. Genet. 102, 971–979.

Thus, it is obvious that the variations between
SA and SNA somaclones are not inherent rather,
these are the results of salt adaptation mechanism of
the SA somaclones. Alternatively, the somaclonal
variation may also appear due to occurrence of
point mutation in the plant genomes, which cannot
be detected by marker-assisted techniques. Thus,
application of more advanced techniques such as
next generation sequencing of the whole genome or
exome capture sequencing of the functional region
in the genome may give a clear picture of the genetic changes occuring during somaclonal variations
[69].

"!'%"!
During our study, the SA somaclones of date
palm showed positive morphological and physiological response to the high salinity levels. Nevertheless, this response was seemed not related to the
genetic changes incurred during salt stress. Besides
the major changes at chromosomal level or duplication and deletion of specific regions, the abiotic
stress tolerance in the somaclones may also arise
due to base changes in the respective genes. Further
studies to detect such point mutations in stress related genes through exome capture sequencing or
whole genome sequencing may provide better insight into the in vitro stress response of somaclones
in the future. It may also help to devise better strategies against salt stress in date palm.
!") !&%
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bank. Most parts of the river have a large fall and
suffer serious water and soil loss; such topographic
features and climatic conditions cause climate
change sensitivity and vulnerability of ecosystem
[1-5].
In recent years, the government of China has
paid special attention to the development and economic growth of Tibet. From the perspective of
agriculture, rice planting industry of Nyingchi Prefecture has already taken shape. From the perspective of transportation, plenty of road and bridge
projects have been under construction. From the
perspective of industry, water-power enginee-ring
construction along the bank of the Yarlung Zangbo
River has been intensified. Such human activities
have posed a great threat to the vulnerable ecological environment. During the low water period,
shrinkage of river runoff causes a “concentration
effect” to some pollutants. Since low water period
is the most vulnerable period of river environment,
great changes in water quality can easily affect
aquatic organisms in the Yarlung Zangbo River.
Current situation of water quality of the Yarlung
Zangbo River has been investigated in this paper,
which provides data foundation for evaluation of its
environmental changes.


&$% &!%

$0=0,<.3,<0,,8/=,7:6482=4>0 According
to the development situations of industry and agriculture along the bank of the Yarlung Zangbo River
as well as the construction situations of water &
electricity, roads & bridges, etc., combined with the
distribution of spawning ground, feeding ground,
etc. of fish, 12 sampling sites from St.1 to St.12 (N
29º15.93" and E 95º11.292-N 30°10.515′ and E
83°06.037) were confirmed (Table 1).
Sampling sites covered the lower reaches of
environmentally sensitive areas, as shown in Fig. 1.
Water samples were selected from surface layer,
middle layer and bottom layer and were mixed
evenly; samples of heavy metals and other metallic

Water samples at 12 sampling sites in the upper and middle reaches of the Yarlung Zangbo
River were collected; water quality indexes such as
permanganate index, total phosphorus, petroleum,
total nitrogen, ammonia nitrogen and heavy metal,
etc. were detected; influence factors such as population density and river discharge, etc. in the upper
and middle reaches of the Yarlung Zangbo River
were combined to analyze the correlation between
human activities and runoff rate & water quality.
Results showed that sampling sites 6 and 7 close to
Lhasa, with the largest density of population in
Tibet, had both the highest content of ammonia
nitrogen and total nitrogen in the water body of the
Yarlung Zangbo River. Heavy metal elements such
as Cu, Zn and Cr had a higher content in the densely populated areas. Content of nickel (Ni), zinc
(Zn), arsenic (As), aluminum (Al), vanadium (V),
manganese (Mn), ferrum (Fe), barium (Ba) and lead
(Pb) was greatly affected by river runoff. Organic
pollutants such as PCB, PAH, organochlorine pesticide, plasticizer, etc. were not detected at all sampling sites.


*)!$%
Yarlung Zangbo River, low water period, water environment

 &$!'&! 
Originated from Jiema Yangzong glacier in the
north of the Himalayas, the Yarlung Zangbo River
flows through Shigatse, Nyingchi, etc. of Tibet
Autonomous Region, steers away from Namche
Barwa Snow Mountain, flows into India and Bangladesh through Motuo, and finally becomes merged
in the Indian Ocean. The Yarlung Zangbo River is
one of the world famous high mountain rivers. It is
mostly located in high mountain areas, with rich
mineral resources in mountainous areas along the
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elements were stored in a 250mL polyethylene
bottle, and samples of petroleum, permanganate
index, total phosphorus, total nitrogen and ammonia
nitrogen were stored in a glass bottle.

0>0.>498 70>39/ Metallic elements were
analyzed by using inductively coupled plasma mass
spectrometry (ICP-MS) [6-11]; petroleum was
analyzed by using infrared spectroscopy (IR); total
phosphorus, total nitrogen and ammonia nitrogen
were analyzed by using spectrophotometry; PCB,
PAH, organochlorine pesticide and plasticizer were
analyzed by using gas chromatography.

%,7:6482=4>0 North latitude
(N)
%> 
29º15′093"
%> 
29º30′815"
%> 
29º11′829"
%> 
29º04′391"
%> 
29º16′804"
%>
29º16′042"
%>
29º20′705"
%>
29º21′934"
%>
29º06′573"
%> 
29º19′001"
%> 
29º42′865"
%> 
30º10′515"




East longitude
(E)
95º11′292"
94º51′109"
94º06′238"
92º50′719"
92º04′009"
90º46′026"
89º38′741"
88º06′687"
87º29′980"
85º12′010"
83º59′028"
83º06′037"



'$ 
%,7:6482=4>0E=69.,>498/4,2<,7


3697



%$

" &   

 





 " #!"!


$%'&% ! '%! %

8,6C=4=91 >9>,6 84><9208 ,8/ ,77984, 84
><9208 Total nitrogen (TN) and ammonia nitrogen
(NH4+-N) are main existing forms of nitrogen in the
water ecosystem, and excess nitrogen input may
cause side effects such as water acidification, eutrophication, toxicity, etc. and endanger health of
the ecological system [12-13]. With the increase of
human activities along the bank of the Yarlung
Zangbo River year by year and the development of
rice planting industry in Nyingchi and other regions, it is of great importance to pay close attention to nitrogen cycle of the Yarlung Zangbo River.
Content of TN and NH4+-N of the Yarlung Zangbo
River is shown in Fig. 2a and 2b. Content of TN is
approximate to that of content of TN, and the sampling site 7 (St.7) has the highest content of TN and
NH4+-N.

to growth of phytoplankton, while excess nutritive
salt will cause eutrophication of water and even red
tide under certain conditions. Marine phosphate is
originated from land runoff and atmospheric sedimentation. In the continental shelf, river is the main
way for phosphate to enter the sea [15]. Content of
total phosphorus in the water body of the Yarlung
Zangbo River is shown in Fig. 2d. Content of total
phosphorus shows little differences at all sampling
sites, while sampling sites 1, 7 and 12 have the
highest content of total phosphorus.
"0<7,82,8,>0 48/0B Permanganate index
(CODMn) means the calculation of oxygen consumption under certain conditions according to the
permanganate consumed by using organic and inorganic reductive substances contained in permanganate oxidation water samples, which is expressed
by oxygen concentration (mg/L). It is an important
index used to balance the pollution level of surface
water in our country and a compre-hensive reflection of pollution level of water body by organic
matters and reductive inorganic matters [16-17].
Content of CODMn in the water body of the Yarlung
Zangbo River is shown in Fig. 2e. Sampling sites 1
and 10 have the highest content of CODMn, while
other sampling sites show little differences.

"0><960?7 Petroleum is a mixture with complicated components, containing many carcinogenic substances difficult for micro-biological degradation. High-concentration petroleum in water
can generate micronucleus in the fish body, resulting in structural imbalance of marine ecosystem,
decrease of biodiversity index and productivity
impairment. Long-term exposure of petroleum will
affect ingestion, growth and reproduction of marine
animals and cause irreversible tissue damages.
Carcinogenic substances contained in petroleum
may be concentrated in fat of animals, and then
transferred by food chain, affecting the quality of
aquatic products, and consequently pose a direct
threat to human health. Ocean is the gathering place
of petroleum pollutants. With the increase in exploitation, processing and utilization of total petroleum compounds and the increase in total petroleum compounds which enter the sea by all means,
marine petroleum pollution has become a key pollutant of offshore areas [14]. Content of petroleum
in the water body of the Yarlung Zangbo River is
shown in Fig. 2c. Differences in the content of
petroleum substances show no obvious rules at 12
sampling sites, sampling site 3 has the highest content of petroleum, while sampling sites 5, 7, 8, 9
and 10 have the lowest content of petroleum.

0>,664. 060708>= Metallic elements contained in water are special substances which will
gather in the body of aquatic organisms [18]. Where,
heavy metals such as cadmium (Cd), mercury (Hg),
arsenic (As), lead (Pb), etc. are harmful elements
with different carcinogenic effects. Moderate metallic elements such as copper (Cu), zinc (Zn), etc. are
conducive to organisms, while excess of such metallic elements has toxic action on organisms. Some
are essential elements for organisms which play an
indispensable role in organism’s vital movement.
For example, Fe is essential for oxygen transportation of organisms. Although biological significance
of some metallic elements such as strontium (Sr)
has not been identified, they exist in geological
background and sediments of rivers, and may migrate between river water and sediments. Content of
such elements existing in high mountain rivers such
as the Yarlung Zangbo River has also drawn public
attention [19]. Content of Co, Se, Hg, Cd, etc. in the
water body of the Yarlung Zangbo River is shown
in Table 2, and contents of other metallic elements
are shown in Fig. 2f-2p. Content of metallic elements shows good rules at all sampling sites, content of nickel (Ni), zinc (Zn), arsenic (As), aluminum (Al), vanadium (V), manganese (Mn), ferrum
(Fe), barium (Ba) and lead (Pb) decreases from
sampling site 1 to sampling site 12, except individual exceptions.

&9>,6 :39=:39<?= Phosphorus is an indispensable part for growth and reproduction of marine phytoplankton, as well as the foundation for
marine primary productivity and food chain. Its
input, dispersion and removal is a process combining physical, chemical and biological actions. Thus,
change of its concentration is mainly affected by
water movement, offshore runoff, biological effect,
etc. Moderate nutritive salt in seawater is conducive
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Item

Co

Se

Hg

Cd

PCB

PFOS

Plasticizer

St.1
St.2
St.3
St.4
St.5
St.6
St.7
St.8
St.9
St.10
St.11
St.12

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
0.001
N.D
N.D

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
0.001

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D

Organochlorine
pesticide
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D



"0<=4=>08> 9<2,84. :966?>,8>= "!"= Pollution arising from organic pollutants such as PCB,
PAH, organochlorine pesticide, plasticizer, etc. is
featured with durability, bioaccumulation and longdistance mobility, with potential hazards to human
health and ecological environment. Such pollutants,
featuring strong lipid solubility and easy enrichment of organisms, will undergo trophic level biological amplification in the transfer process of food
chain (web); as a result, content of pollutants in the
body of organisms at a higher trophic level exceeds
the content of pollutants in environmental media,
thus consequently threatening human health [20].
Pollutants such as PCB, PAH, organochlorine pesticide, plasticizer, etc. in the water body of the Yarlung Zangbo River are not detected (Table 2).


! '%! %

816?08.0= 91 3?7,8 ,.>4@4>40= Human life
often imposes great pressure on water environment.
After entry of the industrial revolution, human
intervention in coastal zones have approached or
exceeded natural changes from the perspective of
strength, breadth and speed. Human activities have
become factors of earth surface system next only to
solar energy and internal energy of earth system
[21]. Under long-term effect of human activities,
river has become the most threatened ecological
system. Some countries and regions protect river
environment through legislation. For example, EU
Water Framework Directive is intended to prevent
degeneration of river environment and improve
ecological quality of river [22].
Human activities have great effects on output
of river ecosystem such as nitrogen, metallic elements and so on. Production and life have changed
the cyclic process of such substances, inputted
plenty of pollutants into terrestrial ecosystem
through fertilizer application, combustion of fossil
fuels, metal smelting, etc., promoted the delivery of
nitrogen in the terrestrial ecosystem to water body,

destroyed the balance between material and energy
of the ecological system, and consequently caused
water pollution, which have been proved by heavy
metal pollution and eutrophication of lakes & reservoirs and offshore areas reported in recent years
[12, 18, 23]. Water environment of the Yarlung
Zangbo River during the low water period is closely
related to population distribution; traditional “Yarlung Zangbo River and its two tributaries” Region
(sampling site 4-8, middle reaches of the Yarlung
Zangbo River and its main tributaries Lhasa River
and Nianchu River basin) is the traditional political
and economic center of Tibet with large density of
population. According to statistics, population of
this region cover 36% of the total population of
Tibet [24-25]. Sampling sites 6 and 7 close to Lhasa, with the largest population density in Tibet,
have both the highest content of ammonia nitrogen
and total nitrogen in the water body of the Yarlung
Zangbo River. Sampling site 7 has the highest content of heavy metal elements such as Cu, Zn and Cr,
which are closely related to human life.

816?08.0= 91 08@4<98708>,6 -,.52<9?8/
,8/ <?8911 @,<4,>498 The Yarlung Zangbo River
is a high mountain river with a large river fall. Water body sediments in some reaches become suspended solids and are mixed up with water body
under water scouring action; some dissolvable pollutants contained in such suspended solids will be
dissolved in the water body under the effect of acid
rain, etc. With certain hereditability, content of
many heavy metals contained in sediments is approximate to but higher than the background value
of soil of Tibet. With little differences in China’s
crustal abundance, content of many heavy metals
contained in sediments is generally lower than the
global crustal abundance [26]. Sampling site 1, that
is, the first sampling site where glacier water flows
into the Yarlung Zangbo River, has the highest
content of nickel (Ni), zinc (Zn), arsenic (As), aluminum (Al), vanadium (V), manganese (Mn), ferrum (Fe), barium (Ba) and lead (Pb) in the water
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body of the Yarlung Zangbo River.
With the confluence of other rivers, overland
runoff of the Yarlung Zangbo River has increased
gradually. Jian Liu et al. studied change of annual
average runoff of the Yarlung Zangbo River, and
obtained the result that the section runoff in the
upper reaches in Lhatse County was 56.18×108m3,
the section runoff in the lower reaches in Nuxia
increased to 605.71×108m3 and the overall runoff
increased by 10.78 times [27]. Considering the
dilution effect of runoff, the content of pollutants
has decreased slowly with the increase in runoff,
and the concentration of pollutants has a good correlation with the surface runoff.
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COMPARISON OF THREE DIFFERENT
OPTIMIZATION-BASED LAND REALLOCATION MODELS
IN LAND CONSOLIDATION:
A CASE STUDY IN AYDIN/TURKEY
Ela Ertunc*, Tayfun Cay
Konya Technical University, Faculty of Engineering and Natural Sciences, Department of Geomatics Engineering, 42130, Konya, Turkey

Land consolidation is the primary and most effective land management instrument to address land
fragmentation problems, which has been applied in
many countries around the world [2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12].
Land consolidation is not just the reallocation
of fragmented parcels, it is an important instrument
of rural development in many countries [3, 13, 14,
15, 16, 17, 18, 19, 20].
Land consolidation traditionally consists of
many stages and is a long and laborious process.
Land reallocation, the most important process in
land consolidation, is split into two sub-processes:
land redistribution and land partitioning [21].
Both of these stages are complex, timeconsuming and challenging parts of the LC process
[22]. In land reallocation, blocks are formed in the
project area at the block-planning stage.
However, there are studies which focus on
speeding up the reallocation stage of LC. A mathematical model [23], fuzzy logic [24], decision-support machines [25], and genetic algorithms [22] have
been used to automate the reallocation stage.
In this study, land reallocation was performed
for the same application area according to the Genetic Algorithm (GA) based and Fuzzy Logic (FL)
based land reallocation methods available in the literature. Furthermore, a new Fuzzy Genetic Algorithm method or Hybrid method (FGA) was developed using the Genetic Algorithm and Fuzzy Logic
methods, and land reallocation was performed according to this method. The results of these three different reallocation methods were compared.

ABSTRACT
Land consolidation (LC) is the primary and
most effective land management instrument to address land fragmentation problems, which has been
applied in many countries around the world. Land
consolidation is not just the reallocation of
fragmented parcels, it is in an important instrument
of rural development in many countries.
Land consolidation projects consist of various
steps. Land reallocation is crucial and challenging
stages with many factors playing a role in it. Thus,
the usage of computer technology has been essential
for fast and efficient progress in projects.
In this case study, three different land reallocation models, Fuzzy Logic (FL) based, Genetic Algorithm (GA) based, and designed Fuzzy Genetic Algorithm (FGA) based land reallocation models, are
compared for Land consolidation projects in the
reallocation of newly created regular-size parcels to
landowners. As a result, the Genetic Algorithm
based and Fuzzy Genetic Algorithm based models
are more successful than the Fuzzy Logic based
model in terms of the average parcel size, the number
of parcels, and the average number of parcels per
landowner. The benefits derived from both models
are much higher compared to conventional models.
The proposed models save time and improve the
results for future land consolidation projects.

KEYWORDS:
Agriculture, Land consolidation, Land reallocation, Rural
area

MATERIALS STUDIED
INTRODUCTION
Documents of cadastral parcels, grading maps,
interview forms and information on the area, owners
and other rights of the parcels were obtained from
the Agricultural Reform Regional Directorate
(ARRD). The agricultural land classification and
gradation mapping of this LC project are performed
by the ARRD, according to the Land Reform
regarding the rearrangement of land in irrigated

Agriculture forms the basic economic and social sector necessary to sustain human life. In spite
of increases in the human population, the total area
of farmland has remained stable. Furthermore, due
to land fragmentation, the efficiency of farmland has
decreased with each passing day. This situation will
get worse unless land consolidation (LC) and urban
transformation projects can solve this problem [1].
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areas (Law No. 3083, date: 1984). Block plans were
processed on the cadastral map by the ARRD.

land reallocation is performed based on the following points considered by farmers during the reallocation stage:
x
The location where the farmer has the
largest parcel,
x
7KHORFDWLRQZKHUHWKH IDUPHU¶VSDUFHO
density is,
x
7KHORFDWLRQRIWKHIDUPHU¶VIL[HGIDFLO
ity,
x
The location where the farmer has the
second largest parcel
These criteria are the input variables of the
fuzzy system. The place where the largest parcel is
located was taken as the first input variable, and the
other 3 criteria were taken as the second input variable. These criteria need to be in terms of angle and
distance since they express location information. An
input variable is required to determine which blocks
will be given by which of these criteria. Therefore,
the fact that parcel areas are smaller or larger than
each other was taken into account. Thus, a fuzzy system with 5 inputs and 2 outputs was developed. The
general structure of the developed system is presented in Figure 2.

Area descriptions. %R÷D]LoL (Madrandere) is a
nHLJKERUKRRGFRQQHFWHGWR.RoDUOÕGLVWULFWRI$\GLQ
province. %R÷D]LoL neighborhood is 17 km away
IURP$\GÕQSURYLQFHDQGNPDZD\IURP.RoDUOÕ
district and has an altitude of 40 m. The location map
RI%R÷D]LoLneighborhood is presented in Figure 1.
7KH %R÷D]LoL SURMHFW DUHD LV  KHFWDUHV
There are 102 enterprises and 81 cadastral parcels in
the project area. The average parcel size is 11,392.41
m². 10 blocks (island) were formed during block
planning.

METHODS
How land reallocation was performed according to the FL, GA and FGA methods will be briefly
explained in this section.
Fuzzy Logic Based Land Reallocation
Model. In the FL based land reallocation method,

FIGURE 1
The lRFDWLRQPDSRIWKH%R÷D]LoL 0DGUDQGHUH QHLJKERUKRRG
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FIGURE 2
General structure of Fuzzy Logic model [24]

FIGURE 3
Flowchart for automatic reallocation process using Genetic Algorithm [22]

distance input variables and 4 membership functions
for "narrow", "medium", "wide" and "too wide" linguistic variables in neighborhood input variables.
Since the input "Is the area of the parcel in the second
criterion larger than the area of the largest parcel?"
is a query, it takes either the value of "0" or the value

In the fuzzy system, trapezoidal membership
functions were used for distance inputs in input and
output variables, while triangular and trapezoidal
membership functions were used for neighborhood
inputs. There are 3 membership functions selected
for "near", "far" and "too far" linguistic variables in
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of "1". A total of 288 rules were created based on
membership functions. Output values were obtained
by using input values for each landholding in the
fuzzy system. A reallocation process was performed
in this way.

and these operators are applied. The inclusion of
each block number at least once by every individual
should be checked while these operations are performed. Individuals who do not meet this condition
are formed again by checking this situation in the
program. In the study, the number of population and
the number of iterations were set at 100 and 1000,
respectively. The rate of elitism and the mutation
rate were determined as 0.05 and 0.08, respectively.

Genetic Algorithm Based Land Reallocation
Model. The flowchart for the automatic block reallocation according to the GA is as follows (Figure
3).
In reallocation according to the GA, the population is first created, and the fitness value is calculated for each individual in the population. In land
reallocation, the best individual with the minimization problem is an individual with the smallest fitness value. Individuals are ranked from best to worst.
According to the rate of elitism, the individual to be
transferred to the next population is determined.
Other individuals are determined by tournament selection. After the selection process is completed,
crossover and mutation operations are employed,

Fuzzy Genetic Algorithm Based Land Reallocation Model. Fuzzy genetic algorithms (FGA)
basically involve the use of fuzzy logic and genetic
algorithms together. In this study, a more developed
method was designed using the fuzzy techniques of
GA. In the present study, the FL method was used to
adjust the parameters of the GA and to adapt the genetic operators (in determining the crossover technique and crossover rate of GA). The fuzzy genetic
algorithm structure is presented in Figure 4.

FIGURE 4
Fuzzy Genetic Algorithm [26]

3707

© by PSP

Volume 28 ± No. 5/2019 pages 3704-3712

Fresenius Environmental Bulletin


by tournament selection. The rate of elitism is 0.05.
The crossover rate and the crossover technique to be
used are determined by the FL method. The mutation
rate was determined as 0.08. The algorithm is over
when the number of predefined iterations is reached.

TABLE 1
Crossover techniques according to their levels
Low
1-point
2-point

Medium
k-point
Uniform

High
Segragation
Inversion

With the FGA, not only the level of the crossover technique but also the crossover rate is determined for each iteration by means of fuzzy logic.
The crossover rate is evaluated by the fuzzy logic
rule set according to the situation of the population,
and the crossover ratio obtained by clarification is
directly used. The crossover techniques used in the
method are presented in Table 1.
In this method, the number of population and
the number of iterations were also set as 100 and
1000, respectively. Other individuals are determined

RESULTS
The FGA, GA and FL block reallocation results
REWDLQHG IRU %R÷D]LoL 1HLJKERUKRRG ZHUH FRP
pared. In the cadastral state and the parceling plan
formed by the three different methods of land conVROLGDWLRQSURMHFWEHORQJLQJWR%R÷D]LoL1HLJKERU
hood, the situations of the enterprises number 8, 10
and 76 taken as example are presented in Figure 5.

FIGURE 5
The situations of the enterprises number 8, 10 and 76 according to the cadastral state (a), according to the
parceling plan formed by hybrid method or fuzzy genetic algorithm (FGA) (b), according to the parceling
plan formed by genetic algorithm (GA) method (c) and according to the parceling plan formed by fuzzy
logic (FL) method (d) in land consolidation project belonging to BR÷D]LoL1HLJKERUKRRG
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TABLE 2
The number of parcels in the reallocation models
Parcel Size
(da)
0-5
5-10
1320-20
20-30
30+
Total
Total Rate
(%)

The Cadastral
State
The Number of
Parcels
24
25
19
10
3
81

Hybrid Method
(FGA)
The Number of
Parcels
18
24
20
2
2
66

Genetic Algorithm Method
(GA)
The Number
of Parcels
13
28
20
2
2
65

Fuzzy Logic Method
(FL)
The Number
of Parcels
25
29
13
2
3
72

-

19

20

11

TABLE 3
The average parcel size in the reallocation models
The Area (m2)
11,392.41
13,056.24
13,257.10
11,968.22

The Cadastral State
Fuzzy Genetic Algorithm (FGA) Method
Genetic Algorithm (GA) Method
Fuzzy Logic (FL) Method

Increase (%)
15
16
5

TABLE 4
The number of parcels per enterprise in the reallocation models

The
Number
of Parcel

The Ratio of
Enterprise
(%)

The Number
of Enterprise

The Ratio of
Enterprise
(%)

The
Number of
Enterprise

The Ratio of
Enterprise
(%)

Fuzzy Logic Method
(FL)

The Number
of Enterprise

Genetic Algorithm
Method (GA)

The Ratio of
Enterprise
(%)

Hybrid Method (FGA)

The Number
of Enterprise

The Cadastral State

1
2
3
4
5
6
7
8
9
Total

69
16
5
1
2
4
2
2
1
102

67.6
15.7
5.0
0.9
2.0
3.9
2.0
2.0
0.9
100

98
4
102

96.1
3.9
100

97
5
-102

95.1
4.9
-

94
7
1
102

92.2
6.9
0.9
100

100

Analysis of models in terms of average parcel sizes. The average parcel sizes and increase perFHQWDJHVRIWKHHQWHUSULVHVLQ%R÷D]LoLQHLJKERUKRRG
according to the models applied are presented in Table 3.
When the results of different reallocation methods are evaluated in terms of the average parcel size,
these rates are 15% in the FGA model, 16% in the
GA model and 5% in the FL model. According to the
results, the percentage increase in the average parcel
size is more in the FGA and GA methods.

Analysis of models in terms of the number of
parcels. 7KHFDGDVWUDOSDUFHOVLQ%R÷D]LoLQHLJKERU
hood and the analysis of the FGA, GA and FL models in terms of the numbers of parcels are presented
in Table 2. According to Table 2, while there were a
total of 81 cadastral parcels including 32 jointly
owned cadaVWUDOSDUFHOVEHIRUHWKHVWXG\LQ%R÷D]LoL
Land Consolidation project area, 66 parcels, 65 parcels, and 18 parcels were formed by the FGA model,
GA method, and FL method, respectively. According to the decrease in the number of parcels and the
increase in consolidation rate, the FGA based reallocation model and the GA method gave very close results.

Analysis of models in terms of the number of
parcels per enterprise. The situation of different reDOORFDWLRQ PRGHOV LQ %R÷D]LoL DSSOLFDWLRQ DUHD LQ
terms of the number of parcels per enterprise is presented in Table 4.
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TABLE 5
The number of jointly owned parcels in the reallocation models
The number of Shares
The CadasHybrid Method
Genetic Algorithm
in Parcel
tral State
(FGA)
Method (GA)
1
49
43
39
2
7
13
16
3
9
4
7
4
1
5
2
5
4
1
1
6
2
7
8
11
1
The Number of Jointly
32
23
26
Owned Parcels
The Percent of Jointly
39%
35%
40%
Owned Parcels
Total
81
66
65

Fuzzy Logic
Method (FL)
54
8
4
4
1
1
18
25%
72

projects, these projects will be accelerated, the yield
obtained from agriculture will increase, and significant contributions will be made both to the enterprise
and to the economy of the country. Furthermore, the
development of rural areas will be supported by ensuring that agriculture will regain its importance. For
these reasons, Land Consolidation projects are used
as the most effective land management approach.
Although there are studies on land reallocation
in the literature, this problem needs to be developed
and improved from many aspects. A newly created
hybrid method was used in this study. Three different reallocations were performed for the same application area using two different methods available in
the literature. According to the results obtained, the
FGA method is more successful than the other methods.

The ratio of enterprises with a parcel before
consolidation in the application area was 67.6%. After consolidation, this ratio was 96.1% in the hybrid
model, 95.1% in the genetic algorithm model, and
92.2% in the fuzzy logic model. After consolidation,
enterprises were gathered in a parcel as much as possible. The FGA method gave more successful results
than the other methods when it is evaluated in terms
of gathering enterprises in a parcel.
Analysis of models in terms of the number of
jointly owned parcels. The situation of reallocation
PRGHOVLQ%R÷D]LoLDSSOLFDWLRQDUHDLQWHUPVRIWKH
number of jointly owned parcels per enterprise is
presented in Table 5. According to Table 5, the number of jointly owned parcels before reallocation was
32 (39%). After reallocation, the number of jointly
owned parcels was 23 (35%) for the FGA reallocation model, 26 (40%) for the GA model, and 18
(25%) for the FL model. Accordingly, the FL model
gave the best result in terms of the number of jointly
owned parcels per enterprise compared to other
methods.
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CONCLUSION
The basic economic activity necessary for a
human to maintain his life is agriculture. Despite this
importance of agriculture for a human to maintain
his existence, soil availability remains the same and
is even decreasing gradually against the ever-increasing world population. Since it is not possible to
increase the areas where agriculture can be done in
parallel with the increase in population, the solution
is to find procedures and methods which will enable
to obtain more productivity from existing agricultural lands which can be considered as limited. Undoubtedly, this method is land consolidation. By using the optimization methods of land consolidation
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were conducted on biological microfungal activities
in recent years. ($'% is a common fungus species that grow saprophytically on dead broad-leaved
tree logs [11]. The present study aimed to determine
the antioxidant and antimicrobial capacity of
$!"!$'% ($'% (Pers.) Zmitr. & Kovalenko
(Syn. !)"!$'%($'% (Pers.) Fr.), characterized by
a steep fruiting body, decurrent tubes and ochraceous stipe with black lower back.

The present study aimed to determine the total
antioxidant status (TAS), total oxidant status
(TOS), oxidative stress index (OSI) and antimicrobial activity of $!"!$'% ($'% (Pers.) Zmitr. &
Kovalenko mushrooms collected in Gaziantep province, Turkey. The TAS, TOS and OSI of the mushroom were analyzed with Rel Assay Diagnostics
kits. Antimicrobial activity of the mushroom was
tested on 6 bacteria and 3 fungus strains with the
modified agar dilution method. It was determined
that the TAS of  ($'% was 2.312±0.137, the
TOS was 14.358±0.174 and the OSI was
0.627±0.047. Furthermore, it was determined that
EtOH, MeOH and DCM mushroom extracts exhibited antimicrobial activities against the tested bacterial and fungal strains. In conclusion, it was determined that  ($'% can be used as a natural antioxidant and antimicrobial source.

" 

$%/1$3/16 34'*(2 The study material was
collected during the routine field studies conducted
in Gaziantep during 2017 and 2018. Morphological
(shape, color, size) and ecological properties of
mushroom samples were recorded under the field
conditions. Microscopic properties of the samples
that were transported to the laboratory under adequate conditions were determined by light microscopy with a 3% KOH solution (Leica DM750). The
specimen was identified morphologically with the
references by Breitenbach and Kränzlin [12], Bernicchia [11] and Ellis and Ellis [13].
After the identification of the fungal samples,
ethanol (EtOH), methanol (MeOH) and dichloromethane (DCM) extracts were obtained with a
Soxhlet extractor (Gerhardt EV 14). The extracts
were concentrated on a rotary evaporator (Heidolph
Laborator 4000 Rotary Evaporator).

#! 
$!"!$'% ($'%, antioxidant, oxidant, antimicrobial,
oxidative stress.


Mushrooms have been served as natural ingredients of nutrients and medicines since early ages.
Biological activity studies conducted on fungi,
which have pharmacological significance and are
believed to include about 140.000 species worldwide, are still very limited [1]. Taking supplemental
antioxidants is of great importance in cases where
endogenous antioxidants are insufficient in reducing the effects of oxidative stress, a significant
cause of several diseases [2, 3]. Furthermore, the
increase in the resistant bacteria against synthetic
antimicrobial agents led the researchers to search
for new natural antimicrobial sources [4]. Previous
studies reported antioxidant and antimicrobial activities in mushrooms [5-8]. Thus, mushroom studies
are significant for the identification of new natural
antioxidant and antimicrobial sources.
In Turkey, approximately 2200 macrofungal
species were reported so far [9, 10]. In Turkey with
its rich macrofungal biodiversity, several studies

(3(1-*.$3*/./) $.'Total
antioxidant status (TAS) and total oxidant ststus
(TOS) of the mushroom were determined with Rel
Assay kits (Assay Kit Rel Diagnostics, Turkey).
The TAS of the mushroom was determined using
Trolox as the calibrator and the results are presented
as mmol Trolox equiv./L [14]. The TOS was determined using hydrogen peroxide as the calibrator
and the results are presented as μmol H2O2 equiv./L
[15]. OSI was determined by dividing the TOS
value by the TAS value. When the OSI (arbitrary
unit: AU) was calculated, the following formula
was used, and the result was indicated as a percentage [15]. In the study, 6 mushroom samples were
tested in 5 repeats.
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TOS, µmol H2O2equiv./L

were lower than those of the previously studied two
fungi. In a different study, it was reported that the
TAS value of $&% ($%!!$ was 0.820, the
TOS value was 17.760, and the OSI value was
2.166 [23]. As determined in the present study, the
TAS value of  ($'% were higher than  ($%
!!$. Also TOS and OSI values of ($'% were
lower. It was reported that the TAS value of 
"!&'% !$'% was 2.836, the TOS value was
8.262 and the OSI value was 0.291 [24]. When
compared to this study, it was determined that the
TAS value of  ($'% were lower and the TOS
and OSI values was higher. In another study, it was
reported that the TAS values of $&% !%
!%! &$'% '%!"!$&!$'!%
#'$  ! !&'% %"'% and $"&' 
!$ were 0.590, 3.270, 4.033, 0.312, 2.922 and
0.802, respectively. TOS values for the same fungi
were determined as 3.522, 2.601, 2.969, 6.868,
6.534 and 4.356, respectively. OSI values for the
same fungi were reported as 0.597, 0.080, 0.074,
2.201, 0.224 and 0.543, respectively [25]. Compared to this study, TAS value of  ($'% was
lower than ! &$'% &!$'!% and %"
'% fungi and higher than the other fungi reported
in the study by Bal et al. 25. It was determined that
the TOS value of ($'% was higher than that of
all fungi examined in that study, while the OSI
value of ($'% was higher than other fungi, but
lower than  #'$ . It was reported that the
TAS value of )!)) $ was 4.325, the
TOS value was 21.109 and the OSI value was 0.488
[26]. When compared to this study, it was determined that the TAS and TOS values of  ($'%
were lower and the OSI value was higher. In other
previous studies, the TAS value of '$!&'% $) 
 was determined as 1.93 and the TAS value of
'$'$ "!)&$ was determined as 0.93
[27,28]. When compared to these studies, it was
determined that the TAS value of the  ($'%
mushroom was higher than the fungi scrutinized in
these studies. In general terms, it is considered that
the differences in TAS, TOS and OSI values between  ($'% and other mushrooms reported in
the literature was due to the stress factors in the
fungus habitat, the substrate the fungus uses and the
regional differences. In conclusion, it was determined in the study that  ($'% has antioxidant
potential.

OSI (AU)=
TAS, mmol Trolox equiv./L X 10

.3*-*&1/%*$, &3*5*36 (232 Antimicrobial
activity tests were conducted with the agar dilution
method recommended by the Clinical and Laboratory Standards Institute (CLSI) and the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) on the EtOH, MeOH and DCM extracts
of the mushroom samples. Minimal inhibitor concentrations (MIC) was determined against standard
bacterial and fungal strains for each extract. Antibacterial activity was determined against &")!
!'% '$'% ATCC 29213, &")!!'% '$
'% MRSA ATCC 43300, and &$!!'%%
ATCC 29212 gram positive bacteria. %$
! ATCC 25922, %'!! %$' !% ATCC
27853 and  &!&$ '  ATCC 19606
were used as gram negative bacteria. For antifungal activity tests,    % ATCC
10231,  $'% ATCC 34135 ATCC 13803,
and  $& ATCC 90030 fungi obtained
from the American culture collections were used.
Bacterial strains were pre-cultured in Muller Hinton
Broth medium, while fungal strains were precultured in RPMI 1640 Broth medium. To obtain
standard inoculum, the bacteria and fungi turbidity
was set based on McFarland 0.5 equivalence. All
extracts were tested at 800-12.5 μg/mL concentrations and all extracts were diluted with distilled
water. Solvents used in extracts were simply tested
for antimicrobial activity. Fluconazole and amphotericin B was used as reference drugs for fungi,
whereas amikacin, ampicillin and ciprofloxacin
were used as reference drugs for the bacteria. The
lowest dilution that prevented the propagation of
the bacteria and fungi was determined as the minimum inhibitory concentration (MIC) [16-21].


 

   $.'  (24,3 It was determined in the study conducted with  ($'% that
the TAS was 2.312±0.137 mmol/L, the TOS was
14.358±0.174 μmol/L and the OSI was
0.627±0.047. There are no previous studies that
were conducted to determine the impact of ($
'% on oxidative stress. In studies that aimed to determine the oxidative stress of different mushroom
species, it was determined that TAS of (
'!  and $!%"$ !$! $ were
2.367 and 1.066, TOS values were 55.346 and
41.662 and OSI values were 2.338 and 3.909, respectively [22]. It was determined that the TAS
value of  ($'%, examined in the present study,
was lower when compared to '!  and
higher when compared to  !$! $. Furthermore, it was observed that the TOS and OSI values

.3*-*&1/%*$, &3*5*36Despite technological
advances, it was not possible to prevent the increase
in the number of infectious diseases. Synthetic
antibiotics that are currently prescribed against
these infectious diseases, which are basically
caused by microorganisms, are insufficient. Furthermore, the resistance of bacteria that they developed against these synthetic antibiotics is a serious
problem [29, 30]. New antimicrobial sources that
could provide remedies to these diseases are quite
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.3*-*&1/%*$, &3*5*3*(2/) 

EtOH
MeOH
DCM
Ampicillin
Amikacin
Ciprofloksasin
Flukanazol
Amfoterisin B


'$'%
200
200
400
1.56
1.56
-

'$'%
MRSA
200
200
400
3.12
3.12
-


%
100
200
200
1.56
1.56
-


!
200
400
400
3.12
1.56
1.56
-


$' !%
200
400
100
3.12
3.12
3.12
-


' 
200
800
400
3.12
3.12
-


 %
200
200
100
3.12
3.12


$&
200
200
200
3.12
3.12


$'%
200
400
100
3.12

*The MIC values are presented in units of *g/mL


!

important.
Previous studies did not attempt to determine
the antimicrobial activity in  ($'% extracts.
However, the antimicrobial activities in !)"!$'%
species were investigated in the literature. In these
studies, it was reported that !)"!$'% $!
"'% (Current name: (!'%$!"'%)
MeOH extracts had antimicrobial activities against
$!&'% ('$% %$ ! and %'!!
% $' !%[31]. It was also reported that !
)"!$'%$'$'% (Current name:  & '%$'$
'%) was effective against %$ ! !
 &)"'$' &")!!'% '$'% and
'% %'&% [32]. Antimicrobial activity of
!)"!$'% %#'!%'% (Current name: $!"!$'%
%#'!%'%) was reported on $!!'% ('%
!  &)"'$' %$ ! &$!
&$ ! %&$ ! !)&! % '%
$'% &")!!'% '$'% and %'!! %
$' !% [33]. When compared to the abovementioned studies, it was determined that ($'%
EtOH, MeOH and DCM extracts were effective on
&")!!'% '$'%  '$'%  &$!
!'% % %$ ! %'!! %
$' !%  &!&$ '   
 % %$'% and $&. In
conclusion, it was determined that  ($'% might
be considered as a natural antimicrobial source
against the tested microorganisms.
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from this disease lose their lives, and nearly
234,000 new cases of breast cancer are reported
every year [2]. The known causes of breast cancer
are not so similar to those of other cancers; however, studies indicate various factors that can increase
the risk of getting breast cancer, such as genetic
predisposition, obesity, pregnancy after the age of
35, exposure to radiation dangers such as UV, a
history of cancer in first-degree relatives, a history
of breast cancer in one breast, and continuous use
of birth control pills overa long period [1].
Currently, the treatment for breast cancer is
dominated by modern medicine, which relies more
on surgery, radiotherapy, chemotherapy, hormone
therapy, immunotherapy, and so on [1]. Unfortunately, in most cases, treatment is not effective or
leads to unpleasant side effects, hence researchers
are trying to use compounds with fewer side effects
and to induce apoptosis in cancer cells [3]. Natural
products can be used as medicines to treat cancer.
Since the 1950s, 60% of cancer drugs have been
made from natural products or their derivatives.
Plants and herbs are low-cost natural products with
few side effects that can be used for cancer treatment. In this way, not only are cancer cells controlled, but also healthy cells are not damaged [4].
  (rose hip) is the fruit of the rose
plant that ranges in color from red to orange; however, there are some species whose color ranges
from dark purple to black. Rose hip extracts have
been used as chemopreventive agents due to their
mechanistic actions on cancer cells [5]. The elevated levels of lycopene found in rose hip extracts are
associated with increased apoptosis in prostate
cancer. Rose hip fruits have shown potent antiproliferative activity against colon, breast, and
cervical cancer cells in vitro. Rose hip is high in
vitamin C causing this pseudo fruit to be rich in
ascorbic acid, phenolic components, and carotenoids [6,7]. These high antioxidant contents cause
rose hip to have high antioxidant activities. Studies
have shown that it is useful in treating arthritis due
to its anti-inflammatory and anti-oxidant effects.

$%#%

   L. (rose hip) fruits have been
used for their diuretic, laxative, anti-gout, antirheumatism properties in traditional medicine. Rose
hip berries contain a variety of components such as
flavonoid. The previous studies showed that flavonoid has anti-cancer properties. Tha aim of this
study is to evaluate and screen the effect of apoptosis and the anticancer potential of rose hip ethanolic
extract on human breast cancer cell lines; MCF-7
and MDA-MB-468. The anti-proliferative activity
of rose hip extract was evaluated using MTT,
flowcytometry by annexin V/PI double staining,
and caspase-3 activity. The results of MTT showed
that the ED50 of both human breast cancer cell lines
was 25μg/mL of rose hip extract, 48 hours after
treatment. Flowcytometry by annexin V/PI showed
that rose hip extract induced late apoptosis in MCF7 and early apoptosis in MDA-MB-468. In addition, the caspase-3 colorimetric method showed that
caspase-3 increased in the MDA-MB-468 after
treatment with rose hip extract. As a result, the
ethanol of rose hip ethanolic extract induced apoptosis in both human breast carcinoma cell lines.


*(!#$
   L., rose hip, MCF-7, MDA-MB-468, antiproliferation, apoptosis



 %#!&%! 
In normal conditions, the body has a balance
between cell death and cell proliferation. This balance is known as hemostasis and is necessary for
normal cell growth. If this balance is disturbed, it
leads to cancer. Cancer is a serious concern all over
the world and the most common cause of mortality
and morbidity after cardiovascular diseases [1].
Breast cancer is the most common cancer among
women; each year nearly 400,000 women suffering
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rose hip extract (0-12.5-25-50-100 μg/mL) were
added. The number of cell lines in seeding was
different in different tests as indicated therein.

/55 >3+,353<A +;;+A Cell viability and antiproliferation of rose hip extract were carried out
through an MTT reduction assay [6]. The measurement was repeated in triplicate to confirm the
results. The results were calculated by dividing the
percentage of absorbance in the treated cells by the
percentage of absorbance in the untreated (control)
cells, defined as the viability percentage. ED50 was
50%, the concentration range that inhibits the
growth of cell lines.

989<8;3; +;;+A The apoptotic effect of rose
hip extract on the cell lines was analyzed by means
of a flowcytometry assay, using an annexin
V/Propidium iodide (PI) double staining Kit (Biovision, San Francisco, California, USA), according
to the manufacturer’s protocol. Partec PAS II
flowcytometry was used for analysis of the samples. The results consist of four sections: living
cells (were not stained with PI or annexin V), early
apoptosis (stained with annexin V connected to
phosphatidylserine in outer layer of cell membrane), late apoptosis (stained with both annexin V
and PI to fragmented DNA), and necrosis cells
(stained with PI) [9].

+;9+;/  +-<3>3<A +;;+A A colorimetric assay kit (R&D System Co., Minneapolis, Minnesota,
USA) was used for measuring caspase-3 activity
according to the manufacturer’s protocol.

$<+<3;<3-+5 +7+5A;3; The data were analyzed
using SPSS 15.0 software package. The values are
expressed as mean ± SD. Analysis of variance
(ANOVA) was conducted, followed by Tukey
correction, to test for differences in mean values
between groups. The results were considered significant at p<0.05.

Studies have shown that the Vitamin C and flavonoids found in rose hip is responsible for the antioxidant activity associated with rose hip products
[5]. However, it is the polyphenols found within
this plant that is responsible for the antiproliferative
activity. The anti-proliferative effects on cell proliferation in estrogen receptor positive (ER+) breast
cancer cell line (MCF-7) and estrogen receptor
negative (ER-) breast cancer cell line (MDA-MB468) have not yet been tested. The current study
was conducted to evaluate and screen the effect of
apoptosis and the anticancer potential of rose hip
extract on MCF-7 and MDA-MB-468 cell lines.


%!$ %#$
"5+7< 6+</:3+5; Berries of rose hip was collected from the Bekiralanı village (on Toros Mountains) of Turkey’s Mersin province (GPS coordinates 36° 59’ 03.6’’ N, 34° 31’ 24.1’’ E). Plant
collection was done in May 2017. Prof. Dr. Ali
Aslan confirmed the taxonomic determination of
 L.

":/9+:+<387 80 2A.:8+5-82853- /@<:+-< 80
:8;/239After the collection, rose hip berries were
dried in indirect light and a clean environment. The
freeze-dried rose hip berries were grounded to
powder and then 70% ethanol solution was extracted using a Soxhlet extractor. The solution was filtered and evaporated under a rotary evaporator in
order to obtain a hydroalcoholic extract; the solid
extract was stored in a freezer at -20 °C.

/55 -=5<=:/ Cancer cell lines; MCF-7 and
MDA-MB-468 were obtained from from American
Type Culture Collection (ATCC). The cell lines
were grown adherently as a monolayer in 75 mL
plastic flasks in RPMI 1640 medium supplemented
with 10% FBS (heat inactivated 30 minutes, 56 °C
before use), 100 U/mL penicillin, and 100 μg/mL
streptomycin in incubator under standard cultured
condition (37 °C and 5% CO2). For enumeration,
30μL of trypan blue (0.2%) stained the same volume (30 μL) of cell concentration, and neobar lam
was used for counting and viability (more than 95%
for adhering cell lines before testing) of the cells.

/55 <:/+<6/7<; For treatment with rose hip
extract, first rose hip extract as powder was dissolved in DMSO and kept in a freezer at -20 °C.
The cell lines were seeded into sterile 6 or 96 well
plates; the cell number was almost equal in all the
wells for adhering cell lines to button plates. Incubation was done over night. The medium was aspirated, and different concentrations that were prepared with medium and different concentrations of

#$&%$
The morphology of the MCF-7 cell line
changed in a dose- and time-dependent manner; in
low concentrations, the cells were deformed, and
with increasing dose and time, granulated cellular
contents, dropsy, and shrinkage were increased,
even, after 48 hours (at a 100 μg/mL concentration)
and 72 hours (at 50μg/mL and 100μg/mL concentrations), the rupture of membranes and the release
content of cytosol were clearly observed. The
MDA-MB-468 cell line had approximately the
same condition (Figure 1).
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&# 
00/-<;80:8;/239/@<:+-<87<2/68:9285813-+5+5</:+<387;80+7. -/55;?/:/
6873<8:/.08: 28=:;+<<?8.300/:/7<.8;/;80:8;/239/@<:+-<
Control MCF-7 cells (Figure 1A) and control MDA-MB-468 cells (Figure 1B) dispersed homogeneously with distinct
boundaries after over night incubation. Figure 1C; MCF-7 cells exposed to 50 μg/mL rose hip extract for 72 hours, Figure
1D; MDA-MB-468 cells exposed to 50 μg/mL rose hip extract for 72 hours, Figure 1E; MCF-7 exposed to 100μg/mL rose
hip extract for 72 hours, and Figure 1F; MDA-MB-468 exposed to 100μg/mL rose hip extract for 72 hours.



&# 
00/-<80:8;/239/@<:+-<373723,3<38780-/551:8?<280<2/,:/+;<-+7-/:;28?73731=:/ +7.
 ;28?73731=:/ -/55537/;
Cells were treated with different concentrations of rose hip extract for 24, 48 and 72 hours, and proliferation was measured
withan MTT assay. Rose hip extract reduced cell proliferation in MCF-7 (25μg/mL) and MDA-MB-468 (25μg/mL) breast
cells in a time- and dose-dependent manner. Each value is presented as a mean ± SD of three experiments (each triplicate).ap
<0.01; bp<0.05 compared to untreated control groups.
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V+/PI+) in high doses and in the MDA-MB-468 cell
line more towards early apoptosis (annexin V+/PI-)
through an increase in the dose, based on the results
of annexinV/PI double staining also in the MCF-7
cell line through induction of late apoptosis (annexin V+/PI+). These shifts were significantly different
in both cell lines (p<0.001) (Figure 3).
Caspase enzymes play an important role in
apoptotic responses; therefore, the effect of rose hip
extract in inducing apoptosis in the cell lines was
investigated by measuring the activity of caspase-3.
The treatment of the MDA-MB-468 cell line of
breast cancer in a 25 μg/mL concentration of rose
hip extract was observed. Also, a significant increase in caspase-3 activity of MDA-MB-468 was
observed after treatment with rose hip extract in
ED50 (approximately 25 μg/mL) at various times (6,
12, and 24 h), and the amount of caspase-3 differed
significantly between treated and untreated cell
lines (p<0.001); however, there was no such increase in the MCF-7 cell line (Figure 4).

The effects of rose hip extract on both human
breast carcinoma cell lines were examined. The
cells were exposed to different concentrations of
rose hip extract for 24, 48, and 72 hours. After
these periods, the cell lines’ viability was measured
by an MTT assay. Concentration 25 μg/mL of rose
hip extract had significant inhibitory effects on both
cell lines: 51.67±1.527 for MCF-7 and 53,48±1.577
for MDA-MB-468 after treatment for 48 hours.
Exposed to 25 μg/mL concentration of rose hip
extract during 48 hours can inhibit growth by 50%
in both cell lines. Figure 2 shows the results of
MTT in both cell lines, showing a significant difference in the dose-time manner (p<0.001).
The cell lines were stained with annexin V/PI
and analyzed using flowcytometry to explore
whether rose hip extract shows cytotoxicity through
induction of apoptosis. To do so, the cell lines were
treated in appropriate doses (0-12.5-25-50-100
μg/mL) for 48 hours. The cell population shifted
from viable (annexin V-/PI-) to early apoptosis
(annexin V+/PI-) and late apoptosis (annexin



&# 
58?-A<86/<:3-/>+5=+<38780+989<8;3;37-/55;31=:/ +7.37 -/55;31=:/ 
=;371+77/@37'".8=,5/;<+37371
After 48 hours treatment, rose hip extract resulted in a significant increase in late apoptotic cells and a moderate increase in
early apoptotic cells, in a dose-dependent manner. Results, mean ± SD three independent experiments. ap <0.01 compared to
untreated control groups.



&# 
%2//00/-<80:8;/239/@<:+-<87-+;9+;/ +-<3>3<A3731=:/ +7. 31=:/ 
-/55;



Cells were incubated to a concentration of rose hip extract (25μg/mL) in a time-dependent manner (6, 12, and 24 hours).
a
p<0.01 compared to untreated control groups.
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Briefly, in the extrinsic apoptosis, the interaction
between the death ligand and the death receptor
leading to caspase-8 activation as a starter caspase,
activated caspase-8 then activates caspase-3, while
in the intrinsic apoptosis pathway, cytochrome C is
released from mitochondria leading to caspase-9
activation as a starter caspase, activated caspase-9
then activates caspase-3 [18]. Thus, in this study,
caspase-3 activity was measured; it was found that
caspase-3 increased in the MDA-MB-468 cell line
in a time dependent manner (25μg/mL of rose hip
extract). Caspase activity did not change in a timedependent manner (25μg/mL of rose hip extract)
because the MCF-7 cell line did not express caspase-3 due to deletion (functional 47 bp) inside the
exon 3 of capsase-3 gene. Therefore, the induction
of apoptosis in the MCF-7 cell line was treated with
rose hip extract, probably due to a caspaseindependent or a non-caspase-3-dependent mechanism [19].
There is little data regarding the effect of rose
hip extract on cell lines. The anti-oncogenic properties of rose hip extracts have been tested in HeLa,
Caco-2, and HT-29 cancer cell lines and their effects have been suggested to be related to antioxidant and anti-proliferative effects [6, 7]. Rose
hip extracts have also been reported to modulate the
activity of one or more phases involved in cell
cycle regulation. One of the key factors in the development and progression of cancer is the ability
of cells to promote cell proliferation and inhibit
apoptosis [7]. Therefore, any treatment possessing
antiproliferative effects in cancer cells regaining
that balance between cell proliferation and cell
death are indicative of having potential antioncogenic properties [6, 7].
In conclusion, our study demonstrates for the
first time the cytotoxic effect of the ethanol extract
of rose hip against the MCF-7 and MDA-MB-468
cancer cell line depending on the dose of exposure
without affecting the normal cells. We also reported
that rose hip ethanol extract display cell lysis by the
apoptosis pathway. These findings provide evidence that rose hip has potential as an anti-breast
cancer agent.

$&$$! 
Breast cancer has the highest prevalence
among women compared to other cancers, and
surgery is the main therapy for this disease, with
chemotherapy, radiotherapy, hormone therapy, and
gene therapy used as minor therapies. However,
these therapies have several problems. For example,
in surgery, in addition to tumor cells, healthy cells
are also removed; the radiation used in minor therapy harms normal cells [10, 11].
Moreover, these treatments are expensive.
Thus, many researchers have focused on lowpriced
new drugs with a natural origin that induce apoptosis in tumor cells, but not in healthy cells, and are
especially prepared using local and traditional medicines [3, 4].
Plants as natural resources have played a vital
role as a source of effective agents against cancer
[3]. Natural products such as      have
been shown to have anti- proliferative properties in
breast cancer cells [12]. Park et al. [13] observed
the inhibitory effects of cell proliferation using
     extract in MDA-MB-231 breast
cancer cell line. Pomegranate extracts and genistein
have been observed to have cytotoxic and antiproliferative effects in MCF-7 cancer cells [14].
Tanih et al. [15] observed the crude acetone extract
of     inhibited proliferation of the
MCF-7 cell line via an apoptotic programmed cell
death. Yang and colleagues [16] observed the antimigratory and anti-invasion effects of chrysin in
MDA-MB-231 and BT-549 cell lines.
Rose hip is commonly known as “ 
     ” in Turkish herbal
medicine. Previous studies have shown that it has
antioxidant properties and contains carotenoids,
flavonoids, and polyphenolic compounds that are
known as anticancer components. Interestingly,
Rose hip extract has antioxidant properties [5]. In
the current study, the anticancer and apoptotic activities of rose hip extract were investigated. The
results showed that rose hip extract exhibited cytotoxicity towards the MCF-7 and MDA-MB-468
human breast cancer cell lines with an ED50 of 25
μg/mL for both; this was determined by means of
an MTT assay. To determine the type of cell death
(apoptosis or necrosis), annexinV/PI double staining was used. The findings showed that rose hip
extract induced apoptosis in MCF-7 and MDA-MB468, while the apoptotic cells of both cancer cell
lines were shifting to late apoptosis and early apoptosis, respectively.
Apoptosis is a programmed cell death that
regulates normal physiological processes and plays
an essential role in the progress and maintenance of
tissue homeostasis. Apoptosis has two main pathways, an extrinsic apoptosis pathway (death receptor dependent pathway) and an intrinsic apoptosis
pathway (mitochondria-dependent apoptosis) [17].
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ra having herbs, shrubs and flowering plants [1].
Pakistan is present in the list of top ten citrus fruits
cultivar in the world. Some genera of citrus like
lemon ( #!$" ), orange ( #!$" """),
grapefruit ( #!$" !"), and lime (typically
#!$"$!#) have great impact on economic
earnings of Pakistan [2]. This family also have medicinal and dietetic value due to presence of Vitamin C, potassium, carbohydrates and other micronutrients [3]. But unfortunately from last few decades citrus product rate is decreasing gradually due
to many pathogenic and non-pathogenic diseases.
Among these diseases, citrus bacterial canker is
most damaging and prevalent disease affect citrus
production rate in many countries of the world including Pakistan [4, 5].
There are three different types of CBC triggered by different strain types of #" bacterium e.g  &" "#!"  #!.
Although each strain has quite similar disease
symptoms separated from each other on the basis of
host range, cultural physiological characteristics
and bacteriophage sensitivity [6]. CBC is mainly a
leaf-spotting disease but under acute disease condition leaf defoliation, shoot-die back and fruit drop
also occur. Serological technique such as ELISA
(enzymes linked immune-sorbent assay), RFLP and
PCR are commonly used diagnostic tests for CBC
[7].
PCR is one of the best method for accurate
identification of bacterium isolate from extract of
lesions on infected tissue [8, 9]. PCR primers usually designed using variation in the intergenic spacer
(ITS) region of 16s and 23s ribosomal DNA to
check all strains and variants of citrus canker [10].

Citrus bacterial canker (CBC) occurs due to
#"&" pv. #! (Xac) is a pathogenic bacteria. It was first reported in Japan, USA
and many areas of India in 19th century. Synchronized by the spread of the causative agent the diversity of labelled pathogen continues to spread with
new strains appearing in many other regions of the
world. However, its diagnosis is quite difficult due
to its symptoms similarity with other bacterial
strains. This piece of study was designed to identify
#" &" using polymerase chain
reaction (PCR). PCR is more accurate, precise and
fast method which is used for detection and quantification of many bacterial species. Two primers
Xac01  Xac02 were used for PCR based CBC
detection. These primers were based on ! gene
region which give very specific results in  identification and can separate two much similar bacterial strains. There is another Primer pair designed
on the #gene which act as universal primer and
usually used for detection of all varieties of citrus
canker bacteria. Leaves sample from different infected #!$" !" plants were collected for
further analysis. Results confirmed that three samples among five have CBC. It is concluded that
using PCR we can detect citrus canker disease more
specifically which will help in discovering new
eradication methods for its control.
&%!"
Citrus Bacterial Canker, #" &" polymerase chain reaction, #!, primers, #!$"!
"



#!$#

#!"#"

"(473, *633,*;065 (5+  ,?;9(*;065
Samples of infected leaves of grape fruit plants
were collected from the field areas of Sargodha,
Pakistan. Four samples C1, C2, C3, and C4 were
collected from four different infected grapefruit

Grapefruits belongs to the family $#
commonly known as citrus family considered as
second most important family of fruits after grapes
around the world both in production and area. It
consists of more than 2000 species across 160 gene-
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traction, ligated into pTZ 57RT (fermantas) vector
and transformed into  top 10 strain .Then
white colonies were picked and bacterial DNA was
isolated from cells through plasmid isolation. Bacterial DNA was double restricted by two restricted
enzymes BamH1 and EcoR1 and fragments were
analyzed by agarose gel electrophoresis. Expected
fragments of sized 581bp were obtained in all four
samples which indicates the presence of desired
pathogen [12, 13].


!"$#""$""

plants. Each sample consisted of three leaves per
plant. Leaves samples wrapped in a polythene bag
and were bought to virology lab, University of Agriculture, Faisalabad. All the samples were washed
twice and stored at -20 0C till extraction of DNA.
Asymptomatic leaves from healthy grapefruit plant
were taken as controls. Extraction of DNA from
leaf samples was done by using CTAB method
[11]. Then agarose gel electrophoresis was performed for checking presence and quality of DNA
[12].

63@4,9(:, */(05 9,(*;065  ! DNA
based amplification was done in 50 µl reaction volume having under study (infectious leaves) DNA
extraction product 2μg (5 μl), dNTPs 2 mM (5 μl),
PCR Buffer 10X (5 μl), MgCl2 1.5 mM (3 μl), Primer I 5 μM (1 μl), Primer II 5 μM (1 μl),  polymerase 1.5U (0.5 μl), d d3HBO 29.5 μl. In three
repeating cycles of PCR, timing of denaturation
(94°C), annealing (50-64°C) and extension (72°C)
was optimized according to CBC primers activity;
normally thirty seconds, one minute and one minute
per 1000 bases to amplify, respectively. Final PCR
product was checked and confirms by running on
1% gel electrophoresis along with DNA ladder
viewed under ultraviolet trans-illuminator and photographed using the Gel Documentation System
(Stratagene).

# *36505. (5+ 9,:;90*;065 0.,:;065 By
using T/A cloning dissimilarity among DNA sample between different plants was observed. PCR
products were purified by phenol-chloroform ex-

The leaf samples of infected grape fruit plants
were collected from the citrus growing areas of
Sargodha showing distinctive symptom of disease
 lesions on the leaves, twigs, and fruits of citrus
plants (Figure 1) [14]. There are many other plant
diseases caused by other strains of &#"
bacteria which infect leaves and shows similar
symptom therefore precise characterization is very
important for proper analysis of this harmful and
widespread disease [15]. The accurate characterization of causative bacterial strain is critical because
it can be mixed up with related organisms like 
subsp. #!$"formerly &"pv.
#!$ [16] So diagnosis of CBC frequently
checked by using standard isolation and characterization methods. Molecular method designed to detect the pathogen are already well-known in the
previous writings but some analyses cannot detect
and differentiate among most similar bacterial species like $""subsp$!#[17, 18].


# 
904,97(09<:,+05 !
Designation

Primer pair
(Reference)

Xaco1

[14]

Xac02

[14]

Primer sequence
CGC CAT CCC CAC CAC
CAC CAC GAC
AAC CGC TCA ATG CCA
TCC ACT TCA

Origin

PCR
Product Size(bp)

!gene

581

!gene

581


$! 
#@70*(3:@47;64:6-!(0:,+*692@3,:065:65;/,3,(=,:,(-+,-630(;065
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$! 
!,:;90*;065(5(3@:0:6--9(.4,5;)@(5+ ,5A@4,:"(473,:" ;6"" (5+" 9,
:;90*;,+>0;/(5+ ,5A@4,::/6>05.*365,6- )7"(473,56" (5+":/6>05.56*365,
+<905.9,:;90*;065(5(3@:0:

An effective molecular method PCR has been
for designing primers labelled Xac01 (5́ -CGC CAT
CCC CAC CAC CAC CAC GAC- 3́) and Xac02 (5́
established for rapid documentation of the bacte-AAC CGC TCA CTG CCA TCC ACT TCA- 3́ ).
rium. The primer pair which was early used to disFour samples S1, S2, S3, and S4 from infected
tinguish and classify citrus canker strains were conleaves were collected and DNA was isolated using
structed on a plasmid sequence but these primers
CTAB method. After DNA extraction gel electrowere unable to distinguish a variant of strain A i- e
phoresis was performed to confirm the presence and
AW, which was recently discovered. Novel universal primers based on # gene which is major viruquantity of DNA. Then PCR was performed and the
results obtained. PCR was positive for all the four
lence element in all canker strain are now available
samples S1, S2, S3, S4. Expected 581 bp fragments
for all the canker strains in the world [19]. These
were obtained from amplification of DNA samples.
universal primers uses specific sequences intergenic
Health leaves of citrus plants were used as negative
spacer region (ITS) of 16S and 23S ribosomal
control. Then the product was purified, cloned and
DNAs. The present research work was designed to
analyzed by restriction analysis. Clones of different
identify the causal agent of citrus canker by molecsize were obtained through double digestion of
ular method that is using PCR primers constructed
DNA fragments using restriction enzymes  
on the ! gene region. A Xac-specific genomic
and . It was concluded that the correct identiregion was identified inside the ! gene cluster
fication of the pathogen is critical because the pathbetween !  and ! of strain IAPAR 306. Geogen is confused with other organisms which cause
nome bases sequences in ! gene region were used
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mild form of citrus canker. So, PCR is a molecular
method for recognition of &#"&"
pv#! (Xac) is more reliable in commercial citrus
fruits, and to expand the controlling of canker disease.
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million hectares has been categorized as saline and
VRGLF VRLOV >@ 6LQFH IHZ GHFDGHV¶ FURSV LUULJDWHG
with low quality water and widespread agricultural
practices which declined soil fertility status and reduced the production and quality of arable crops [3,
4]. Owing to poor water resources and unfavorable
irrigation in the countries like Australia, China, Indonesia as well as Pakistan, the salt affected lands
are expanding [5, 6, 1]. Farmers in arid and semi-arid
regions of the world are compelled to use poor quality groundwater to irrigate the crops due to limited
water resources. Approximately 831 million hectares (MH) of salt affected land in the world, about
50.0% is due to salt accumulation of sodium (Na+)
[7]. The higher accumulation of Na+ decreased the
microbial activity, poor aggregation and low soil organic matter [8]. Factually, the damage caused by
sodic soil (i.e. sodium carbonate and bicarbonate
(Na2CO3 and NaHCO3) is potentially destructive
compared to the neutral salts such as sodium chloride
and sodium sulfate (NaCl and Na2SO4) [9]. The Na+
concentrations disturbed the metabolic process and
declined plant growth, root traits and photosynthetic,
respiration and induce immature plant leaf senescence [10, 11], but depends on the capability of plant
itself to survive under different salt concentrations
[12]. In addition to general osmotic stress, high concentrations of Na+ are toxic to maize and sorghum
[13]. Farhangi- Abriz and Nikpour ± Rashidabad
[14] established that potassium K + is antagonistic relationship with Na+ in plant and reduced the uptake
of potassium, calcium and magnesium (K+, Ca2+ and
Mg2+) in leaf and root under salt concentration [15].
[17] addressed that crop growth declined due to reduction in soil water availability and osmotic stress,
especially lower concentration of macro nutrients
such as P K+, Ca2+ and nitrate nitrogen (NO3--N) under higher salts accumulations.
Pakistan is basically an agricultural country but
most of its productive area falls in the arid and semiarid climate. The rainfall varies considerably with
less than 10 mm per annum in some parts of the
country to more than 500 mm in other parts [19]. The

ABSTRACT
Soil sodicity is major threat to agriculture at
arid and semiarid areas of the world, which increased
due to agricultural lands irrigated with low quality of
water. The aim of this study is to compare the toxic
effects of two alkali salts on growth of sorghum
(Sorghum bicolor L.), uptake of ion contents in
leaves and soil properties. The experiment was
treated with two alkali salts (Na2CO3 and NaHCO3),
each at two concentrations (60 and 120 mM) in addition to a control (no salt amendment) for ten
weeks. Results indicated that both salts significantly
(p<0.05) reduced the plant height (13-37%), dry (1848%) fodder biomass pot-1 (31-64%) and chlorophyll
content (31-60%) over control. The content of nitrogen (N), phosphorus (P), potassium (K+), calcium
(Ca2+), magnesium (Mg2+) and K+:Na+ (77, 79, 47,
44, 74 and 86%) reduced at higher salt concentration
of Na2CO3 120 mM. Similarly, soil mineral nitrogen
NH4+-N (8.3-1.13 mg kg-1), NO3- (16.5-1.7 mg kg-1),
available P (10.5- 2.2 mg kg-1) K (281-107 mg kg-1),
Ca2+ + Mg2+ (3.5-1.1 mg kg-1), and K+:Na+ ratio
(17.3-0.8) decreased, while soil pH and Na+ (17 and
87%) increased for the Na2CO3 120 mM. Our results
suggested that sorghum plants are moderately tolerance at lower concentration and may not grow at
higher concentration, and Na2CO3 is toxic than NaHCO3 salt.
KEYWORDS:
Sodicity, Salt concentration, Sorghum growth, Nutrients
uptake.

INTRODUCTION
Deterioration of soil fertility status by different
salts concentrations (saline and sodic salts) are major
problems throughout the world, especially arid and
semiarid regions [1, 2]. The total salt affected soils
occupied around 3.0% of the global area (836
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drought and nonstop scarcity of water have affected
3DNLVWDQ¶VDJULFXOWXUDOHFRQRP\>@WRDQH[WUHPH
level. The agricultural segments in Pakistan contribute 1/4th of the gross domestic product (GDP), 2/3rd
of exports and closely 1/2 of the employment. On the
contrary, rain-fed area (20% of the cultivated areas)
contributes only 10% towards agriculture [21]. Fodder crops play pivotal role in the agricultural economy of developing countries by providing cheapest
source of feed for livestock. Sorghum being a potential crop is locally grown on moderately saline and
sodic areas of the Pakistan [22] and yet the common
use of saline and sodic irrigation water on these lands
can further aggravate the status [23].
Our objectives are: 1) to compare the toxic effects of different salt types (Na2CO3 and NaHCO3)
on morphological attributes (growth, chlorophyll,
root and shoot biomass, 2) to understand the relationship between sodicity levels and uptake of N, P, K+,
K+:Na+, Ca2+ and Mg2+ contents in sorghum leaves,
and 3) to determine the negative effect of both salt
concentrations (60 and 120 mM) on soil chemical
properties.

Experimental Farm, Sindh Agriculture University,
Tandojam. Soil was silty clay in texture and slightly
alkaline in reaction, basic properties of soil are cited
in Table 1.
Experiment setup. A 10 kg quantity of airdried soil (<2mm) was placed in each 12 kg perforated polyethylene pots. Five treatments include application of two levels of Na+ (60 mM and 120 mM)
using two different salts (Na2CO3 and NaHCO3) and
a control, replicated thrice and were arranged in a
randomized completely block design (RCBD) during the Kharif season. Soil in each pot was leveled
manually and irrigated with distilled water (1,000
ml). Soil moisture was checked every day and maintained at 70% of water holding capacity (WHC). Nitrogen and phosphorus fertilizers were applied at the
rate of (0.75 g N and 0.40 g P2O5) each pot in the
form of urea and di-ammonium phosphate. All the
phosphorus was incorporation into the each pot.
Whereas, nitrogen was applied in 3 equal parts; ten
seeds of sorghum variety (Red Janpur) were planted
in each pot followed by thinning, leaving five seedlings.

MATERIALS AND METHODS

Plant and soil analysis. After 10 weeks the
aboveground parts (stem and leaves) and underground part (roots) of sorghum were uprooted and all
parts were thoroughly washed normal water then by
distilled water. Roots were spread on white paper
towel to record root length. Both roots and shoots
from each treatment were air-dried under the shade
for a day, followed by oven drying at 65-68 °C till
constant weight. Plant height, fresh and dry shoot
and root (only dry) weight, number of green and dry
leaves, leaf area and root length were recorded.
Soil samples collected from each treatment after the harvest of sorghum were analyzed for EC1:2,
pH1:2, soil organic matter (SOM%), mineral nitrogen (NO3- and NH4+), available P, K+, Na+, Ca2+ +
Mg2+, CO32- and HCO3-. Soil analysis was carried out
by standard methods as given under [24]. For texture
determination, soil was dispersed with (NaPO3)13
and Na2CO3 using Hydrometer method [25]. Soil pH
and electrical conductivity (EC) were measured in
1:2.5 (soil: deionized water) extracts using pH/ EC
Meter (2182A, Spectrum Technologies, Inc.). For
organic matter determination, soil was oxidized using K2Cr2O7 and H2SO4 as per details under
Walkley-Black method. Mineral-N was determined
by extracting the samples with 2M KCl in 1:5 soil:
extractant ratio. After extraction, NH4+ and NO3- - N
were determined by steam distillation of NH3, using
heavy MgO for NH4+ DQG'HYDUGD¶V$OOR\IRUNO3- N [26]. The distillate was collected in saturated
H3BO3 and titrated to pH 5.0 with dilute H2SO4. This
method determines dissolved and adsorbed forms of
available nitrogen (NH4+ and NO3 - - N) in samples.
Available P within the soil was measured using a

Study area. The pot experiment was conducted
at Sindh Agriculture University, Department of Soil
6FLHQFH Û1ODWLWXGHDQGÛ(ORQJLWXGH 
Tandojam, Sindh province of Pakistan. Surface soil
(0-15 cm) in bulk was collected from Latif experimental farm, Sindh Agriculture University, Tandojam. It located at subtropical region and monsoon
climate and the average an annual temperature was
recorded 35.02 Û&7KHKLJKHVWWHPSHUDWXUH !Û& 
was recorded during May to June and lowest temperature (10-Û&  ZDV UHFRUGHG GXULQJ 'HFHPEHU WR
January. The annual average rainfall 178.2mm and
relative air humidity 55.8% were recorded. Soil was
silty clay in texture and slightly alkaline and non-saline in reaction, basic properties of soil are presented
in Table 1.
TABLE 1
Basic properties of soil used in the study
Parameters
Sand
Silt
Clay
Textural class (Silty clay)
pH (1:2.5 H2O)
EC (1:2.5 H2O) (dS m-1)
SOM (%)
Olsen P (mg kg-1)
K exchangeable (mg kg-1)
NO3- - N (mg kg-1)
NH4+- N (mg kg-1)

Fresenius Environmental Bulletin

Soil
9.40%
51.10%
39.50%
7. 85 ± 0.3
0. 96 ± 0.03
0. 95 ± 0.01
5.12 ± 0.5
234.65 ± 5
1.93 ± 0.01
2. 96 ± 0.2

Soil collection. For greenhouse study, surface
soil (0-15 cm) in bulk was collected from Latif
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0 mM
60 mM
120 mM
60 mM
120 Mm

Leaf area
index

43.06±2.11a
7±0a
3±00c
11.97±1.26a
103± 2.8a
20.96±1.8a
30.21±2.13c
5±0c
3±00c
6.96±0.7c
85± 4.2c
15.25±1.5b
Na2CO3
23.75±1.99d
2±0d
5±00a
4.25±0.95e
65±1.9d
10.94±1.5 c
NaHCO3
35.18±2.63b
6±0b
3±00c
8.25±1.01b
90±2.8b
17.18±2.0b
27.35±0.91c
4±0c
4±00ab
5.80±0.85d
68±3.7d
12.31±1.3c
Letters indicate significant difference between the treatments, which was analyzed using a LSD test (p<0.05).
Control

Root length
(cm)

Root dry
weight
(g pot-1)

No. of dry
leaves plant-1

No. of green
leaves plant-1

Dry plant
biomass
(g pot-1)

Fresh plant
biomass
(g pot-1)

Treatments

Plant height
(cm)

TABLE 2
Effects of alkali salts (Na2CO3 and NaHCO3) on mean growth attributes of Sorghum (mean ± standard
error; n= 3).

25.21±2.1a
18.97±2.1b
16.21±1.5c
19.28±2.0b
17.46±1.8bc

4.2± 0.3a
3. 7± 0.5b
3.0± 0.3c
3.8±0.2ab
3.1±0.2c

root dry weight root length ratio presented in (Table
2). Sorghum plants under induced sodicity using alkali salts (Na2CO3 and NaHCO3) at 60 and 120 mM
of Na+ was concentration showed significantly
(p<0.05) reduced growth traits. Plant height, fresh
and dry weight were adversely affected. Plant height
reduced under both salts concentrations (17.3% and
36.3%) for the Na2CO3 treatments and (12.2% and
33.4%) for the NaHCO3 treatments, respectively.
Fresh and dry weights reduced from 43 and 20.9 g in
control to 23.7 and 10.9 g in 120 mM Na2CO3 treatment.
The sodicity exhibited adverse effects on the
growth of leaves. Application of alkali salts significantly (p<0.05) reduced the production of green
leaves, thereby increasing dry leaves per plant. Maximum number of green (7) and minimum dry (3)
leaves were recorded for the control treatment (no
salt was applied). At higher salt concentration of 120
mM, there was less production of green leaves, thus
increase in number of dry leaves. Green leaves reduced from 6 to 5 and 3 and dry leaves increased
from 3 to 3 and 4 with 60 and 120 mM NaHCO 3 respectively. Similarly, with corresponding concentrations of 60 and 120 mM Na2CO3, green leaves reduced from 6 to 4 and 2 and dry leaves increased
from 3 to 3 and 6. In case of leaf area index, it decreased from 4.2 to 3.0 under 120 mM NaHCO3 giving maximum percent decrease of 28.3. However,
the treatment differences in leaf area index obtained
under 120 mM Na2CO3 (3.04) and 120 mM NaHCO3
(3.1) were non-significant (p<0.05).
The results of the experiment revealed that,
both salts at higher concentrations significantly
(p<0.05) reduced root length and dry weight of sorghum plants. The maximum reduction was recorded
under higher levels of sodic stress. The greater root
weight and length recorded for the control treatments
(11.9 g and 25.2 cm), followed by 60 mM NaHCO 3
(8.3 g and 19.3 cm), 60 mM Na 2CO3 (6.9 g and18.9
cm), 120 mM NaHCO3 (5.8 g and 17.5 cm) and 120
mM Na2CO3 (4.3 g and16.2 cm) treatments respectively. Root length ratio was statistically increased
with increasing concentrations of both alkali salts,
lowest root length ration was recorded for the control

0.5 M NaHCO3 (pH 8.5) extract followed by visible
light spectroscopic analysis of a blue colored complex [27] method. Extractable Na+ and K+ were determined by extraction with 1 N NH4OAc followed
by analysis of the extract on flame photometer
(PFP7, Jenway UK) as described by [28], while Ca2+
and Mg2+ were determined by titration with ethylene
di-amine tetra-acetic acid (EDTA) [29]. As for CO32and HCO3-, titration method [23] was applied using
H2SO4 and AgNO3 titrant and C20H14O4,
C14H14N3NaO3S and K2CrO4 indicators, respectively.
Total N, P, K+ and Na+ contents of sorghum
leaves were analyzed by colorimetrically after digestion with (H2SO4+HClO4) briefly described by [30]
and Ca2+ and Mg2+ in a similar way using flame photometer and EDTA titration methods as described
under soil analysis.
Measurement of chlorophyll content. The
chlorophyll SPAD values of sorghum plants were
measured by using SPAD meter method. A transferable Minolta chlorophyll meter (SPAD-502, Osaka
590-8551, Japan) was used for the measurement.
Randomly selected 3 to 4 fresh leaves of each sorghum plant and measured the chlorophyll from three
plants an each pot.
Statistical analysis. Data pertaining to morphological attributes, salt concentration in leaf and
in soil after the harvest of sorghum was subjected to
one- way analysis of variance using computer software SPSS-12 (IBM). Figures were produced using
Origin Pro. 9.0 software. In case of significant
(p<0.05) parameters, the means were separated using LSD test. CANOCO software was used for redundancy analysis (RDA).

RESULTS
Effect of alkali salts on morphological characteristics of Sorghum. The characteristics recorded were plant height, fresh and dry biomass,
green and dry leaves, leaf area index, root length,
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concentration resulted in low N, P, K+, Ca2+, Mg2+
and K+:Na+ ratio. Maximum reduction of N, P and K
contents (77.5%, 79.3% and 47.4%), Ca2+ (44.3%),
Mg2+ (74.3%) and K+:Na+ ratio (86.2%) was observed for soil treated with 120 mM Na2CO3 over
control treatment. In contrast, the lowest reduction in
N, P and K+ (48.4%, 24.5%, and 21.3%), Ca2+
(17.4%), Mg2+ (41.2%) and K+:Na+ ratio (38.3%)
was observed for the 60 mM NaHCO3 over control.

(0.71 cm g-1) t and highest for the 120 mM Na2CO3
(1.05 cm g-1).
Impact of alkali salts on chlorophyll contents. Application of both salt concentrations were
significantly (p<0.05) decreased the chlorophyll
contents by sorghum as compared to control (Figure
1). The maximum reduction was (60.4%) for the 120
mM Na2CO3 followed by 120 mM NaHCO3
(52.2%), 60 mM Na2CO3 (36.4%) and 60 mM NaHCO3 (31.4%) treatments as compared to control.

Influences of alkali salts on soil chemical
properties. The data related to soil properties revealed significant (p<0.05) changes in electrical conductivity (EC), pH, Na+ and K+:Na+ (Figure 1), mineral nitrogen (NH4+-N and NO3--N), available P and
K+ (Figure 2), Ca2+, Mg2+, CO32- and HCO3- contents
of soil (Figure 4). While EC, pH, Na+, CO32- and
HCO3- increased, Ca2+ + Mg2+, K+ and K+:Na+ ratio
decreased with the increase of salt concentration.
The increase in soil EC, pH, Na+, CO32- and HCO3values became much prominent with the increase in
salt concentration from 0 to 120 mM of each salt.
Nonetheless, use of Na2CO3 increased the respective
soil parameters to a maximum level, compared to
NaHCO3.

Effect of alkali salts on chemical attributes
of leaves. The data related to N, P, K+, Na+, K+:Na+
ratio and Ca2+ and Mg2+ (Table 3) determined in the
leaves revealed that application of alkali salts significantly (p<0.05) affected the concentration of nutrients. Application of both alkali salts with increased
concentration apparently increased the Na+ content
in leaves. Increased Na+ concentration in turn, reduced the total N, P, and K+ contents and thereby the
K+:Na+ ratio in leaves. Similarly, Ca2+ and Mg2+ content also decreased with the increase in salt concentration of both salts. The Na+ content increased from
(1.6 g kg-1) under control to maximum of (12.5 g kg1
) under 120 mM Na2CO3 treatment. High Na+

TABLE 3
Effects of alkali salts (Na2CO3 and NaHCO3) on mineral composition of Sorghum leaves (mean ± standard
error; n=3).
K+
Na+
K+:Na+
Ca2+
Mg2+
(g kg-1)
(g kg-1)
Control
0 mM
25.98 ± 1.44a
3.86 ± 0.17a
8.7 ± 1.0a
1.6 ± 0.1e
4.32 ± 0.04a
1.26 ± 0.01 a
2.60 ± 0.3a
60 mM
10.39 ± 0.57b
1.88± 0.08c
6.1 ± 0.9c
5.3 ± 0.5c
2.66 ± 0.09ab
0.92 ± 0.01 b
1.24 ± 0.06b
Na2CO3
120 mM
5.84 ± 0.48e
0.82± 0.08e
4.6 ± 0.5e
12.5 ± 1.3a
0.59 ± 0.01b
0.71 ± 0.02 c
0.67 ± 0.01c
60 mM
13.52± 0.97b
2.93± 0.08b
6.9 ± 0.9b
4.3 ± 0.3d
1.25 ± 0.03b
1.04 ± 0.06 ab
1.52 ± 0.08b
NaHCO3
120 mM
8.14± 0.37d
1.24± 0.05d
5.3 ± 0.5d
7.8 ± 1.0b
0.41 ± 0.01 b
0.80 ± 0.01c
0.72 ± .03 c
Letters indicate significant difference between the treatments, which was analyzed using a LSD test (p<0.05)
Treatments

N

P

50

a

Chlorophyll (SPAD) value

40

b

b

30

c
c

20

10

0

Control

Na2CO3

Na2CO3
(60 mM)

NaHCO3
(120 mM) (60 mM)
Treatments

NaHCO3
(120 mM)

FIGURE 1
The effects of alkali salts (Na2CO3 and NaHCO3) on chlorophyll (SPAD) values of sorghum plants.
Error bars represent the standard deviation of the mean (n = 3). Different letters indicate there were significant differences (p
< 0.05) between the treatment mean.
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Na2CO3

Na2CO3

NaHCO3

NaHCO3

(60 mM)

(120 mM)

(60 mM)

(120 mM)
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Treatments

FIGURE 2
The effects of alkali salts (Na2CO3 and NaHCO3) on soil EC, pH, Na+ and K+: Na+ after sorghum
harvested.
Error bars represent the standard deviation of the mean (n = 3). Different letters indicate there were significant differences
(p < 0.05) between the treatment mean.
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FIGURE 3
The effects of alkali salts (Na2CO3 and NaHCO3) on soil NH4+-N, NO3- - N, available P and K after
sorghum harvested.
Error bars represent the standard deviation of the mean (n = 3). Different letters indicate there were significant differences
(p < 0.05) between the treatment mean.
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TABLE 4
The bivariate correlation test between soil physicochemical properties after Sorghum plants harvested.
NH4+
AP
Ca2++Mg2+
AK
Na+
K:Na
CO3-2 HCO3EC
pH
NO3EC
.912** -.660** -.622* -.554*
-.910**
-.852** .833** -.745** .882**
.914**
pH
-.408
-.377
-.296
-.818**
-.599*
.575*
-.563*
.779**
.870**
**
**
**
**
**
**
**
NO3
.970
.975
.832
.923
-.866
.936
-.752
-.640*
NH4+
.963**
.815**
.884** -.803** .936** -.760** -.604*
.866** -.809** .890** -.682** -.560*
AP
.768**
Ca2++Mg2+
.884** -.848** .870** -.865** -.872**
AK
-.971** .908** -.838** -.783**
Na+
-.806** .731**
.748**
-.880** -.764**
K+:Na+
CO3-2
.855**
HCO3Abbreviations= EC (Electrical conductivity), NO3- (Nitrate), NH4+ (Ammonium), AP (Olsen phosphorus), Ca2++Mg2+ (Calcium + Magnesium), AK (Available potassium), Na+ (Sodium), CO3- (Carbonate) and HCO3- (Bicarbonate).
**. Correlation is significant at the 0.01level (2- tailed).
*. Correlation is significant at the 0.05 level (2- tailed).
Pearson correlation
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FIGURE4
The effects of alkali salts (Na2CO3 and NaHCO3) on soil Ca+2+Mg+2, CO3-2 and HCO3- contents after
sorghum harvested.
Treatments

Error bars represent the standard deviation of the mean (n = 3). Different letters indicate there were significant differences (p
< 0.05) between the treatment mean.

The EC values increased from 1.0 dS m-1 in
control to 2.8 and 2.0 dS m-1 and pH from 7.9 in control to 9.6 and 8.2 in 120 mM Na2CO3 and NaHCO3
(Figure 2A and 2B). EC values increased by 52.2%
and 63.3% with Na2CO3 and 17.5% and 48.3% with
NaHCO3 at corresponding concentrations of 60 and
120 mM over control. As for pH it increased by 1.19
and 1.66 unit with Na2CO3 and by 0.17 and 0.27 unit
with NaHCO3 compared to control. Soil Na+, also
exhibited the similar trend under all the treatments
(Figure 2C). Sodium content increased from 16 g kg1
in control to a maximum of 123 g kg-1 under 120
mM Na2CO3. The percent increase in Na+ contents of
soil at 120 mM salt concentration was more or less
similar with Na2CO3 (87.0%) and NaHCO3 (85.3%).
Alkaline salts being a source of CO32- and HCO3also enhanced the level of CO32- and HCO3- in the
soil. Na2CO3 maintained its superiority over NaHCO3 in increasing both CO32- and HCO3- (Figure 4B and C). The soil EC, pH, Na+, CO32- and HCO3values increased following both salts concentration

and positively correlated with Na2CO3 and NaHCO3
noted in Table 4.
Considering other parameters in soil, there was
reduced accumulation of N, P, K+ (Figure 3 A-3D)
Ca2+ + Mg2+ (Figure 4 A) and K+:Na+ ratio in soil
with the addition of both alkali salts (Na2CO3 and
NaHCO3) as compared to control (Figure 2D). Soil
mineral nitrogen (NH4+ -N and NO3- -N), available P
and K+ and Ca2+ + Mg2+ showed negatively correlation with EC, pH, Na+, CO32- and HCO3- because
they antagonistic behavior with each other (Table 4).
Among two alkali salts, Na2CO3 accumulated maximum Na+ in soil, and was vice versa in case of inorganic nitrogen, available P and K and Ca2+ + Mg2+.
The highest reduction of (NH4+ -N and NO3- -N),
available P and K+ and Ca2+ + Mg2+ and K+:Na+ ratio
were recorded (86.5% and 89.5%, 79.3%, 62.3%,
70.5% and 95.3% for the 120 mM Na2CO3 against
control.
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FIGURE 5
Ordination plot of results from redundancy analysis to identify relationships between soil properties,
EC (Electrical conductivity), NO3- (Nitrate), NH4+ (Ammonium), AP (Available phosphorus), Ca2++Mg2+ (Calcium + Magnesium) AK (Available potassium), Na+ (Sodium), CO3- (Carbonate) and HCO3- (Bicarbonate) and plant nutrients N (Nitrogen),
P (Phosphorus), (K) Potassium, Na+ (Sodium), K+ : Na+ (Potassium : Sodium), Ca2+ (Calcium), Mg2+ (Magnesium)

and relevant soils is scanty. Information related to
type and concentration of alkali salts on the growth
and properties of sorghum is of basic importance and
will help grower in formulating the future yield targets along with sodicity status of soil. Through this
study, the growth of sorghum and effect on soil properties as a result of (0, 60 and 120 mM) Na2CO3 and
NaHCO3 has been put on record.
Compare the toxic effects of both alkali salts on
sorghum plants growth parameters, root traits and
soil fertility. In most cases 120 mM NaHCO3 performed equally with 60 mM Na2CO3. Both alkali
salts behaved equally with regard to dry plant biomass, number of dry leaves and chlorophyll content.
Results indicated that lowest percent decreased in

DISCUSSION
The plants growth decline by salt stress conditions via different reactions during metabolism process which had been affected by the salt accumulation in shoot [31] and reduced the uptake of macro
nutrients under toxicity of Na+ ions [14, 15]. In normal course, the cations i.e. Ca2+, Mg2+, K+, H+ including Na+ are adsorbed onto clay particles in soil.
When Na+ is adsorbed in excess (>5% of other cations), the soil is termed as sodic. Alkaline soils of
semi-arid region generally have accumulation of
Na2CO3 and NaHCO3 [32, 33]. The research work
related to effects of alkali salts on agricultural crops
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ions (i.e. NH4+, NO3- -N, available P and K+, Ca2+,
and Mg2+) by replacing K+, and in severe conditions
Ca2+ and Mg2+ causing nutritional imbalances in
plant cells. These disorders ultimately lead towards
nutrient deficiencies and Na+ toxicity [40,41]. This
is in line with the results described by [42] and [43]
where enhanced salt levels Na+, reduced Ca2+ in
plants. According to previous studies noted the Na+
interaction with K, Ca2+, and Mg2+ and K+:Na+ in
plants and soils. In present study we have focused on
N and P uptake in sorghum leaves, both salt concentrations had negatively effects on N and P uptake as
compared to untreated soil.
The chemical changes in soil properties after
the harvest of sorghum show a different picture. EC,
pH, Na+, CO3- and HCO32- increased with the increase in salt concentration, whereas mineral nitrogen, available P and K+, Ca2+ + Mg2+ and K+:Na+ ratio decreased. Statistically similar, CO32-, HCO3- and
Ca2+ + Mg2+ contents were recorded for the 120 mM
NaHCO3 and 60 mM Na2CO3. A minimum percent
increase in EC (17.1%), pH (2.1%), Na+ (64.2%),
CO32- (50.4%) and HCO3- (30.6%) and decrease in
NH4+-N (53.1%), NO3--N (49.2%), available P
(36.2%) K+ (33.2%), K+:Na+ ratio (73.4%) and Ca2+
+ Mg2+ (33.2%) was observed with 60 mM NaHCO3,
while, greater increase percent (63.2%, 17.5%,
87.3%, 68.2% and 56.4%) and decrease (89.4%,
86.2%,79.3%, 62.5%, 70.4% and 95%, respectively)
with 120 mM Na2CO3 over control. Similar results
were observed by [44] in treatments irrigated with
sodic water. These results are similar with [23] reported that application of sodic salts enhance the salt
content in cotton-wheat rotation. Soil macronutrients
such mineral nitrogen (NH4+-N and NO3--N) available P and K+, Ca2+ + Mg2+ and K+:Na+ are negatively
correlated to EC, pH, Na+, CO3- and HCO32- presented in (Figure 5).

plant height (12.4%), fresh (18.2%) and dry (18.4%)
weights, number of green (16.3%) and dry (4.3%)
leaves, chlorophyll content (31.2%), root weight
(31.3%) and length (23.2%), and leaf area index
(10.3%) over control was observed with 60 mM NaHCO3, while, the highest one (37.7%, 45.2%, 48.3%,
72.4%, 55.5%, 64.2%, 36.3% and 28.4% correspondingly) was achieved with 120 mM Na 2CO3.
Our results are agreed with previous study [14] conducted a pot experiment and addresses that soybean
growth parameters (shoot and root dry weight) were
declined with increase salt concentrations. Similar
trend was established by [34], who observed that cucumber shoot and root growth and chlorophyll contents were reduced by salt stress as soil treated with
NaCl concentrations (60 and 120 Mm). The highest
reduction of growth and physiological parameters
were noted for the (NaCl 120 mM) as compared to
60 mM and control treatments. Another study performed by [35] stated that (Jatropha curcus L.)
plants growth traits such as plant height, shoot and
root growths were significantly reduced under high
sodicity stress as compared to low concentrations.
The present study shows similar picture, the maximum reductions of sorghum growth parameters under higher concentration of both salts. However,
Na2CO3 more toxic effects on sorghum growth as
compared NaHCO3. It might be due to higher accumulation of Na+, in sorghum leaves and high soil pH
values and toxicity of HCO3- in soil were measured
in Na2CO3 than NaHCO3 treatments. [36, 35] examined that plants growth and root development reduced under sodic soil conditions due to soil redox
potential, toxicity of Na+ and HCO3- ions in soil. [37]
established that the higher stress on sorghum crop
with NaHCO3 compared to NaCl. [38] considered
that negative effect of alkali salt (NaHCO3) on
Salsola ferganica L. at same concentration of germination over NaCl alone or mixed with NaHCO3.
In present study, we observed the greater toxic
effects of Na2CO3 on sorghum as compared to NaHCO3 treatments. It might be more Na+ accumulation and lowest uptake of (N, P, K+, K+:Na+, Ca2+ and
Mg2+) in sorghum leaves were measured for the
Na2CO3 concentrations. These findings were addressed by [15] that higher concentration of external
Na+ not only interruptions with (K, Ca2+ and Mg2+)
uptake by root network and declined plant growth.
The similar trend was evaluated by [14] that higher
concentrations of salt decreased the uptake of K +,
Ca2+ and Mg2+ and declined the K+:: Na+ in soybean
leaves under pot experiment environment. [39] assessed that soil pH plays an important role in plant
growth and great potential to availability of nutrients.
In present study, soil pH positively correlated to Na+
and negatively correlated to plant growth parameters
and macronutrients in soil and leaves. Both salts at
higher concentration (120 mM) accelerated leaf burn
and leaf necrosis which is indicated the chlorophyll
content. High Na+ levels in soil compete with other

CONCLUSION
It is concluded that growth and productivity of
sorghum plants was significantly reduced, and the
chemical properties of soil were deteriorated under
Na+ stressed environment. Reduction in plant biomass, chlorophyll and root biomass increased with
the increase in concentration of Na2CO3 and NaHCO3 salts, as a result of high pH, Na+:K+ ratio and
excess accumulation of Na+, CO32- and HCO3-, respectively. At equal concentrations the Sorghum bicolor plants seem to be more sensitive to Na2CO3
than NaHCO3 salt. It is suggested that both salts at
higher concentration (120 mM) are not suitable for
cultivation of sorghum on silty loam soils. The irrigation water with excess Na+ acts as a source of
sodicity and thereafter should be avoided on sorghum crop.
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growth in many plant species including horticulture
[3]. The positive results of vermicompost result
from the ability of groundworms to consume a wide
variety of organic wastes [4, 5, 6]. Vermicompost
has high microbial activity due to fungus, bacteria
and actinomycetes [7].
In some studies, it has been reported that the
use of vermicompost positively contributes to plant
growth, yield, nutrient content and physical and
chemical properties of soil [8, 9, 10, 11, 12, 13, 14].
Orozco [14] reported that the Vermicompost contains various nutrients such as nitrates, phosphates,
interchangeable calcium and soluble potassium for
plants. Alaboz [12] in a study to determine the
effect of irrigation and vermicompost in pepper
production reported that vermicompost increased
fresh and dry weight of plants. In a study of tomato,
use of vermicompost has been reported to increase
plant growth and yield [15]. Belliturk [2] reported
that the use of vermicompost not only increased P
and K amounts in peppers and eggplant but also
increased N content, soil organic matter content and
beneficial microorganisms in soil positively. Microorganisms, such as bacteria, fungi, yeasts, actinomycetes and algae, can produce plant growth
regulators (PGRs) such as auxins, gibberellins,
cytokinins, ethylene and abscisic acid [16].
In the studies carried out in pepper and tomato, it is reported that different organic fertilizers and
bat guano given from soil and leaf increased fresh
and dry weights in tomato and pepper plant [17,18].
Mengistu [19] in a study in tomato reported that,
using of vermikompost increased plant growth and
yield.
Bat guano fertilizer containing 23.0% to
79.0% of organic matter is one of the basic organic
fertilizer sources [20] and this fertilizer provides
positive contribution to plant growth [21]. In a
study on lettuce, Ünal [22] reported that bat guano
fertilizer increased the amount of nutrients in both
soil and plant. In a study by Sothearen [23], they
reported that bat guano fertilizer was used in 5 plant
species which have economic importance and it had
positive effects.
Excessive using of pesticides and fertilizers in
areas where conventional agriculture is concerned

In this study, tomato plants were planted in
pots filled with peat: perlite mixture at a ratio of 2:
1 in the period of 2-3 true leaves liquid worm fertilizer, liquid bat guano fertilizer and a mixture of the
both were used as fertilizer and control plants were
not applied to these fertilizers. The effect of the
fertilizers on the number of leaves, plant height,
root length, fresh and dry weight of plant, fresh and
dry weight of root, chlorophyll content, rootstock
and scion diameter, yield and some quality parameters were investigated. The study was carried out
with 4 replications of 12 plants in each repetition.
Using organic fertilizers (liquid worm and liquid
bat guano fertilizers) positively affected the biomass of the grafted tomato plants. The yield was
lowest with 16,42 kg/m2 for control plants. This
was followed by the mixture of liquid worm and bat
guano fertilizer 22,12 kg/ m2 and the liquid bat
guano with 21,19 kg/m2. The highest yield per plant
was liquid worm fertilizer with 22,96 kg/m2. As a
result of this study, it was determined that liquid
worm fertilizer, liquid bat guano and mixture of
both caused a positive increase in plant biomass and
yield compared to the control plants.


%$ !
Worm and Bat fertilizer, tomato, plant growth, yield
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Turkey is one of the major producer countries
with about 12 million 150 thousand tons of tomato
production [1]. Changes in agricultural production
systems in the world and in Turkey have caused
growers to search for new sources of agricultural
inputs. The increase in prices of chemical fertilizers
has led both fertilizer producers and farmers to new
production materials such as “vermicompost”.
Vermicompost is used especially in vegetable and
fruit growing. Both the use and production of this
fertilizer in Turkey has been increasing day by day
[2]. Vermicompost significantly increases plant
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Rootstock diameter (mm): Measured with a
digital caliper just below the grafting point
Scion diameter (mm): Measured with a digital
caliper just above the grafting point
Root length (cm): Measured with the help of a
ruler
Plant height (cm): Measured with the help of a
ruler
Number of leaves: Fully developed leaves
counted
Fresh weight (g): Weighed with precision
scales (0.001)
Dry weight(g): Plants and roots dried at 65 oC
for 48 hours and weighed with scales (0.001)
Yield (kg/m2): The fruits collected until the
end of the harvest are weighed and the yield per
square meter is calculated
Average fruit weight (g): Weighed with precision scales (0.001)
Number of cluster in plant: The clusters in
plants were counted and the number of average
cluster was found.
Number of fruit in cluster: The fruits in cluster
were counted and the number of average fruit was
found.

threatens both environmental health and human
health. By using organic fertilizers, agricultural
pollution has been reduced. The aim of this study is
to investigate the effects of the use of worm and bat
guano fertilizers on yield and quality and to make
suggestions to farmers. As a result of these fertilizers in tomato cultivation, positive contributions will
be made both to environmental health and human
health.

" !"!

/'16 '6*4.'/5 '1) :3*4.0*16'/ )*5.,1
This study was conducted at the Plant and Animal
Production Department of Silifke Vocational
School, University of Mersin in 2017-2018. Retinto
(Seminis Seed Company) tomato variety was used
as a scion and beaufort (Seminis Seed Company) as
a rootstock. The grafted seedlings, which was used
Slant-Cut Grafting method, were bought from Yonca Seedling Company, Tarsus-Turkey. The experiment was conducted in 4 replications and 12 plants
each replication.
On January, tomato plants were planted in pots
filled with peat: perlite mixture at a ratio of 2: 1 in
'6' 1'/;5.5 SPSS 13.0 package program
the period of 2-3 true leaves and liquid worm fertiwas
used
and the difference between applications
lizer, liquid bat guano and a mixture of both were
was
made
according
to Duncan test (1% and 5%)
used as fertilizer and control plants were not applied

to these fertilizers. Polyethylene plastic pots with a

diameter of 22,5 cm and a height of 25 cm (8.5
!#"!!#!!
liter) were used. The plants were harvested 40 days
after planted for the biomass. For the yield the
In this study, when Table 1 is examined, it is
plants were stayed from January to end of June. The
observed that fertilizers formed with liquid worm
fertilizer was given two different times for plants
fertilizer, liquid bat guano and their mixture in
which were planted for the biomass (first, immediequal proportions have no statistical effect on rootately after planting and second, 20 days later) and
stock diameter in grafted tomatoes but important
four different times for plants which were planted
effect on scion diameter. In control plants, the scion
for yield (first, immediately after planting and
diameter had the lowest measurement value with
20,40,60 days after planting). Liquid worm fertiliz4.22 mm. In liquid worm fertilizer application, this
er (1 liter fertilizer/ 200 liter water); Liquid bat
value was measured as highest with 5.64 mm. The
guano fertilizer (1 liter fertilizer/ 200 liter water);
diameter of the scion was measured as 4.58 mm and
Liquid worm + bat guano (0.5 liter Worm and 0.5
5.32 mm in bat guano and mixture of both (liquid
liter bat guano/ 200 liter water).
worm + liquid bat guano) applications respectively

and was statistically in the same group.
.20'55'1) %.*/) '4'0*6*45 Chlorophyll

content: Chlorophyll was measured 3 times of same
leaves in 5 plants (SPAD 502)

" 
++*(62+).++*4*1624,'1.(+*46./.<*475',*213/'16,4296-.1,4'+6*)620'62*5
Rootstock
Scion
ChloroChlorophyll
diameter
diameter
phyll
(Last)
(mm)
(mm)
(First)
Control
2,89a
4,22b
43,9a
44,9b
W Fert.*
2,97a
5,64a
44,0a
48,3a
BG Fert.**
3,01a
4,58ab
43,8a
50,1a
W Fert.+ BG Fert.
3,10a
5,32ab
43,9a
50,5a
Mean followed by the same letters do not significantly difference in p≤0.05
* Worm Fertilizer; ** Bat Guano Fertilizer
Applications
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Number of
the leaves
11,0b
15,7a
17,34a
17,3a

Plant
height
(cm)
31,3b
54,6a
51,9a
51,2a

Root
length
(cm)
13,1b
37,3a
36,4a
33,8a
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When the chlorophyll content was examined,
there was no statistical difference in the first measurements, but the difference was statistically significant in the last measurements. While control was
the lowest with 44.9, it was determined as 48.3,
50.1 and 50.5 in liquid worm fertilizer, liquid bat
guano and mixture of both (Liquid worm + Liquid
bat) applications, respectively. A similar situation is
seen in the number of leaves, plant height and root
length. While the control had the least number of
leaves with 11.0 leaves, in Liquid bat guano and
mixture of both (liquid worm + liquid bat) fertilizer
this value was the highest with 17.3. The effect of
the fertilizers used on plant height was also statistically significant. Fertilizer applications were in the
same group by taking higher values than control
(Table 1). It is observed that the fertilizers used in
the root length lead to a positive increase (Table 1).
Liquid worm fertilizer has the highest value with
37.3 cm.
Table 2 shows the effect of fertilizers on plant

fresh and dry, root fresh and dry weight. Mixture of
both (liquid worm + liquid bat) fertilizer application
with 15.58 g of plant weight is the highest value.
This application was followed by liquid bat fertilizer with 15.31 g and 14.44 g with liquid worm fertilizer. While these three applications were statistically in the same group, the control was in the different group with 8.62 g. Plant dry weight has parallel
results with fresh weights. In terms of root fresh
weight, the highest value was measured with 3.02 g
in liquid bat guano application. This was followed
by mixture of both (liquid worm + liquid bat) with
2.68 g, liquid worm with 2.42 g and control with
0.72 g, respectively. While fertilizer applications
were in the same group, control application took
place in different groups (Table 2). Root dry
weights also results in parallel to the root fresh
weight. These results are similar with Eswaran and
Mariselvi [24] (2016) in tomatoes.



" 
"-**++*(62+).++*4*1624,'1.(+*46./.<*475',*213/'16+4*5-)4;'1)4226+4*5-)4;9*.,-6.1,4'+6*)
620'62*5
Fresh Root
Dry Root
Fresh Plant
Dry Plant
Applications
Weight(g)
Weight(g)
Weight(g)
Weight(g)
Control
0,72c
0,11b
8,62b
0,76b
W Fert.*
2,42b
0,26a
14,44a
1,64a
BG Fert.**
3,02a
0,27a
15,31a
1,33a
W Fert.+ BG Fert.
2,68ab
0,26a
15,58a
1,35a
Mean followed by the same letters do not significantly differ in p≤0.05
* Worm Fertilizer; ** Bat Guano Fertilizer


#  
22652+620'6221642/!$240*46./.<*4%'67'12!%$240'67'12
" 
++*(62+24,'1.().++*4*16+*46./.<*475',*216-*;.*/)2+,4'+6*)620'62*5
Yield
Average Fruit
(kg/m2)
Weight (g)
Control
16,42c
114,03b
W Fert.*
22,96a
133,53a
BG Fert.**
22,12ab
135,13a
W Fert.+ BG Fert.
21,19b
130,46a
Mean followed by the same letters do not significantly differ in p≤0.05
* Worm Fertilizer; ** Bat Guano Fertilizer
Applications
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Number of
Cluster (per plant)
7,87b
8,67a
8,40a
8,30a

Number of fruits
in cluster
6,63b
7,23a
6,93ab
7,20a
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244*/'6.215'02716520*3'4'0*6*45.
Scion Diameter
Pearson Correlation
1
Scion Diameter
Sig.(2-tailed)
N
12
Pearson Correlation
,569
Root length
Sig.(2-tailed)
,053
N
12
Pearson Correlation
,618*
Root dry weight
Sig.(2-tailed)
,032
N
12
Pearson Correlation
,569
Yield kg/m2
Sig.(2-tailed)
,054
N
12
*Correlation is significant at the 0,05 level (2-tailed)
**Correlation is significant at the 0,01 level (2-tailed)

Root length
,569
,053
12
1

The effect of fertilizer applications on yield
per plant, average fruit weight, average number of
cluster and number of fruits in the cluster was found
to be statistically significant (Table 3). The yield
was lowest with 16,42 kg/m2 for control. This was
followed by the liquid bat guano with 22,12 kg/m2
and mixture of both (liquid worm + liquid bat)
21,19 kg/m2, respectively. The highest yield was
liquid worm fertilizer with 22,96 kg/m2. While the
highest value of liquid bat guano was found with
135.35 g of fruit weight, the control had the lowest
value with 114.03 g. Liquid worm fertilizer has the
highest values with 8.67 clusters and 7,23 clusters
of fruits, and these values are the lowest with 7.87
and 6.63 for the control, respectively.

244*/'6.215 Table 4 shows the correlations
among some parameters. When Table 4 is examined, it is seen that there is a strong correlation
between scion diameter and root dry weight (0.618
*, p≤0.05); root length with root dry weight (0.934
**, p≤0.01) and yield (0.967 **, p≤0.01); between
yield and root dry weight (0.914 **, p≤0.01).


#!!

 !

12
,934**
,000
12
,967**
,000
12

Root dry weight
,618*
,032
12
,934**
,000
12
1
12
,914**
,000
12

Yield kg/plant
,569
,054
12
,967**
,000
12
,914**
,000
12
1
12
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Some selection procedures i.e. selection index
involving three indices and pedigree line selection
for two separately traits (seed yield/plant and seed
oil content) were used to improve seed yield and
yield components in early segregating generations;
F2, F3 and F4 of the canola cross (Line 99 x Serw
4). Mean performances of F4 generation were higher than those of F3 for seed yield/plant, oil seed
content, 1000 seed weight and plant height. The
highest predicted genetic advance from F3 generation and exceeded 35% of the F3 mean was obtained with the indices Iw1, ped.w and Iw123. These
indices maintained the same trend in F4 generation
as the highest realized and predicted advances as
values and percentages (more than 23% and 18% of
F4 mean, respectively). Deviations of the realized
advance from the predicted of seed yield determined in F3 to F4 generation were negative for selection index involving oil seed content and number
of racemes/plant and pedigree selection for oil seed
content. These results showed that the genetic variations for seed yield in early generations did not be
exhausted enough and the improvement of seed
yield/plant could be continued in further generations using direct pedigree selection for seed
yield/plant and the indices Iw123 and Iw1. High heritability estimates were recorded for all the studied
traits with higher values in F4 generation than those
of F3 generation, except for seed yield/plant, indicating high magnitude of genetic variability and a
possible success in the selection of the early generations. The values of phenotypic coefficient of
variation (PCV) and genotypic coefficient of variation (GCV) in F4 were higher than those of F3 generation for most studied traits, this indicated that the
magnitude of the genetic variability continued in
these materials was sufficient for providing rather
substantial degrees of improvement through the
selection of superior progenies. Seed yield/plant
showed positive and highly significant phenotypic
and genotypic correlations with number of racemes/plant in F3 generation, positive and significant or highly significant phenotypic correlation
with number of racemes/plant and 1000 seed

weight in F4 generation and positive and highly
significant genotypic correlation with 1000 seed
weight in F4 generation. The path coefficients of
seed yield with its components were changed from
F3 to F4 generations. This could be due to the efficiency of selection procedures applied in this study.


+)"$%
  , Canola, Predicted gain, Realized gain,
Segregating generations, Selection procedures.
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Canola (   L) is commonly
known as rapeseed or oilseed rape. It belongs to the
family Brassicaceae (formerly Cruciferae) which
contains about 350 genera and 3500 species with
high diverse morphology.
It is one of the most important oil crops in the
world [1]. It contains 6% saturated fatty acids and
94% unsaturated fatty acids (high in monounsaturated fatty acids), it has 50% less saturated
fat than corn oil [2]. Canola is the third largest
source of edible oil after soybean and palm oil [3]
providing 14% of the world supply.
Canola seeds contain approximately 43% oil
or more and produce meals with 35 to 40% protein.
The total cultivated area of canola all over the
world is about 36.59 million hectare produced
72.15 MMT seeds and 28.52 MMT oil [3]. The new
promising varieties can produce edible oils able to
cover the big oil gap between local production and
consumption.
Traits which have high range of genetic variability, heritability and genetic advance would be an
effective tool for improving seed yield [4]. Development of high-yielding cultivars required an accurate knowledge of the existing genetic variation for
yield and its components. The observed variability
is a combined estimate of genetic and environmental causes, of which only the former one is heritable.
Selection in segregating generations has always been a challenge for plant breeder. So, the
knowledge of an appropriate multiple selection
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Line 99 FAO 86.33 99.33
107.33 171.67
8.00
30.44
3.90
42.32 159.33
Serw4 Egypt 85.33 101.67 107.33 178.83
9.93
34.06
4.21
43.40 161.67
FF = days to first flowering & 50% F = days to 50% flowering & 100% F = days to 100% flowering & PH = plant height
(cm) & No. racemes = number of racemes/plant & Yield = seed yield/plant (g) &1000 SW = 1000 seed weight (g) & Oil% =
seed oil content (%) & MAT = days to physiological maturity.
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criteria based on the selection procedures would be
more desirable.
Response to selection is attributed to significant genetic variation and high heritability [5].
Knowledge of heritability is very important as an
indicator for the possibility of improvement that
can be brought through selection.
However, estimates of heritability alone do
not give an idea about the expected gain in the next
generation, but have to be considered coupled with
values of genetic advance and the change in mean
value among successive generations [6]. The traits
having high heritability in conjunction with high
genetic advance are considered under control of
additive genes, whereas with high heritability and
low genetic advance are under the control of nonadditive (dominant and/or epistatic) genes which
limits the possibility of improvement through selection [7].
It is now well known that seed and oil yield in
canola are quantitative and complex traits that controlled by many genes and direct selection per se is
not effective for improvement. So, indirect selection through traits having higher heritability and
correlated strongly with oil and seed yield has more
genetic efficiency than direct selection in genetic
improvement of these traits [8].
Estimation of phenotypic and genotypic correlations is considered an effective selection tool
for selecting the best individual traits which have
strong correlation with yield [9]. Using of simple
correlation analysis couldn’t fully indicate the relation among the traits. So, the path analysis is used
to identify the amount of direct and indirect effects
of the variables on the dependent one [10]. Hence,
correlation in combination with the path coefficient
analysis quantifies the direct and indirect contribution of one trait upon another [11].
The main objectives of this work were to determine the predicted and realized gains from different selection procedures for improving seed
yield and seed oil content and to determine the correlated response between selected and unselected
traits in canola. Also, determination of the best indirect selection criteria for genetic improvement of
seed yield in canola and studying the correlation
between seed yield per plant and other studied traits
was another purpose for this study.

The present study was carried out at the Experimental Farm of Sakha Agricultural Research
Station, Agric. Res. Center during 2014/2015,
2015/2016 and 2016/2017 growing winter seasons.
The materials used were The F2, F3 and F4 generations of canola (   L.) cross (Line
99 x Serw 4). Serw 4 which was used as a parent is
also a commercial variety. Both parents were chosen to represent a wide range of variability for yield
and its components.
Sowing date was during October for the three
growing seasons. All agronomic practices were
applied according to recommendations.
The origins and characteristics for the parents
are presented in Table (1).
In the first season 2014/2015 (F2 generation),
F2 seeds and original parents were grown in no replicated rows, the cross was represented by twenty
rows, 4 m long, 60 cm between ridges and each
ridge had 25 hills 15 cm apart. Only one plant was
left per hill at thinning time. The data was recorded
on 500 plants for the cross of the F2 generation, and
then the selection within the cross was practiced on
the bases of 50% flowering, agronomic and yield
characters (plant height, numbers of racemes/plant,
and seed yield/plant) where the best 10% plants
were selected and grown in F3 generation. Fifty
superior single plants having the highest performance (direct selection) were selected individually.
In the second season 2015/2016 (F3 generation), each of the 50 selected plants and parents
were grown in a row as a family where a random
sample of F3 seeds of the 50 selected plants (F3 families) and parents were evaluated in mid-October in
a randomized complete block design (RCBD) with
three replications. Experimental plot (family) was
represented by single row, 4 m long, 60 cm apart
and 15 cm between seeds within a row. Only one
plant released per hill at thinning time.
The 50 families were ranked using five selection procedures. The five superior families of each
selection procedures were selected using 10% selection intensity (the best 10% of the families). The
recommended practices for canola production were
also applied during this growing season.
Ten random guarded plants in each row from
each family were taken to record data (plant height,
number of racemes per plant, seed yield per plant,
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Where: X,s represent the mean values of the
studied traits.
The appropriate index weights (b,s) were calculated from the following formula postulated by
[15]and[16]:
(b)=(P)-1.(G).(a)
Where:
(b)=Vector of relative index coefficients,
(P)-1=Inverse phenotypic variance-covariance matrix,
(G)=Genotypic variance-covariance matrix and
(a)=Vector of relative economic values.
The formula suggested by [15] and [16] was
used in calculating various selection indices:
I=b1x1+b2x2+………….+bnxn
Predicted improvement in seed yield on the
basis of an index was estimated according to the
following expression:
Selection advance (SA)=SD(∑bi.σgiw)1/2 [13]
Where:
SD denotes selection differential in standard units.
bi denotes index weights for characters considered
in an index.
σgiw denotes genotypic covariances of the traits
with yield.
Predicted genetic advance in seed yield based
on pedigree selection was estimated from the following expression:
(ΔGw) due to selection for Xi=K.σgwi/σpi [17].
Also, the predicted response in any selected
and unselected trait was calculated as suggested by
[18]and[13].
The realized gains were calculated as deviation of generation mean for each character from
procedure mean of that trait.

1000-seed weight and seed oil content). Moreover,
the flowering date (first, 50% and 100% flowered
plants) was recorded for each plot (row). Equal
numbers of seeds for each family were saved and
mixed from all families to represent the bulk sample for each population.
In the third season 2016/2017 (F4 generation),
the selected 11 families were grown on the end of
October and evaluated in a randomized complete
block design in three replications with the original
parents. The same procedures of the previous season were followed. Ten guarded plants were randomly taken from each plot to collect data.
Selection procedures were as follows:
Iw123= Selection index involving seed
yield/plant, seed oil content, plant height and number of racemes/plant.
Iw1 = Selection index involving seed
yield/plant and seed oil content.
I13 = Selection index involving seed oil content and number of racemes/plant.
Ped. w= Pedigree selection for seed yield/plant.
Ped.1 = Pedigree selection for seed oil content.
The studied characters were: seed yield
(g)/plant (xw), seed oil content (x1), plant height
(x2), number of racemes/plant (x3), 1000-seed
weight, days to first flowering, days to 50% flowering, days to 100% flowering and days to physiological maturity.
Seed oil content (%): the oil percentage was
determined from three gram seed sample using
Soxholet method according to [12].
%<,<4;<4.,5 ,7/ 2070<4. ,7,5@;4; Heritability
in broad sense was calculated according to the following expressions:

VF2 - (VP1 + VP2 )/2
100
VF2
σ 2g
h 2 (in F and F generations) =
 100[13]
3
4
b
2
σ p
h 2b (in F2 generation) =

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

Heritability estimates in broad sense (h2b),
phenotypic (PCV%), genotypic coefficient of variation (PCV%) and mean values for all the studied
traits are displayed in Table (2). Heritability estimates in F4 generation were higher than those of F3
generation for all the studied traits, except for seed
yield/plant. The heritability values obtained in both
F3 and F4 generations ranged from 65.10 to 97.90
for all the studied traits, indicating high magnitude
of genetic variability and a possible success in the
selection of the early generations which were evaluated. [19] found high broad sense estimates ranging from 97% to 69% for all the studied traits. Also,
similar results were reported by [20-26].
Also, high heritability estimates in conjunction with the slight differences in PCV and GCV
values were found for most of the studied traits
indicating that these traits were less influenced by
environmental factors and controlled mainly by
genetic effects, also, selection for them is fairly

Where:
VF2= The phenotypic variance of the F2 generation.
VP1, VP2 = The variances of the first and second
parents, respectively.
σ2g
= The genotypic variance of the F3 and F4
generations.
σ2p
= The phenotypic variance of the F3 and F4
generations.
The phenotypic and genotypic coefficients of
variation were estimated using the formula developed by [14].
Relative importance or economic values (ai)
was calculated according to [13].
aw (seed yield/plant) = 1. 2. 3
a1 (seed oil content) = 2. 3
a2 (plant height) = 1. 3
a3 (number of racemes/plant) = 1. 2
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to 100% flowering and days to physiological maturity.
Comparing means of F4 with those of F3, it is
clear that the means of F4 were higher than those of
F3 generation for seed yield/plant, plant height, seed
oil content and 1000 seed weight, whereas, these
means were lower than those of F3 for number of
racemes/plant, number of days to first flowering,
number of days to 50% flowering, number of days
to 100% flowering and days to physiological maturity. It should be noted that the reduction in the
means of flowering and physiological maturity
traits from F4 to F3 generation is desirable as it is
considered an indicator for earliness. This was due
to the possible accumulation of desirable alleles as
a consequence of effectiveness of selection procedures applied in this study. Similar results were
obtained by [19].

easy and may be effective for improving seed
yield/plant as selection gain will be high.
The estimates of phenotypic coefficient of
variation (PCV) were generally higher than those of
genotypic coefficient of variation (GCV) for all the
studied traits in F2, F3 and F4 generations. But in
many cases, the two values differed only slightly,
which reflect to some extent the impact of environment on the expression of these traits. These
findings are in agreement with those obtained by
[27].
Also, the values of PCV and GCV in F4 were
higher than those of F3 generation for some studied
traits. This indicates that the magnitude of the genetic variability continued in these materials was
sufficient for providing reasonable amounts of improvement through the selection of superior progenies. On the other hand, F4 generation showed reduction in PCV and GCV values for some of the
studied traits. This was due to the reduction in genetic variability and heterozygosity as a consequence of applying different selection procedures
which exhausted a major part of variability. Similar
results were reported by [19].
The highest values of PCV and GCV were
recorded for seed yield/plant, number of racemes/plant and 1000 seed weight, which indicates
that selection of these traits based on phenotype
could be useful for yield improvement. This result
is in agreement with those obtained by [21, 24, 25,
28]. Meanwhile, low to moderate estimates of PCV
and GCV were recorded for other studied traits.
Similar results were obtained by [29, 30]. The lowest values of PCV and GCV were obtained for days

#3078<@94. ,7/ 2078<@94. .8::05,<487 .801
14.407<; Plant breeders must be interested in the
total array of economic traits and not only one
character. So, the correlation analysis gives us a
good indicator to predict the corresponding change
which occurs in one trait according to the proportionate change in the others. 
The results of phenotypic and genotypic correlation coefficients in F3 and F4 generations (Tables 3
and 4) revealed positive and highly significant phenotypic and genotypic correlations between seed
yield/plant and number of racemes/plant in F3 generation, positive and significant or highly significant phenotypic correlation with number of racemes/plant and 1000 seed weight in F4 generation
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90.84
80.61
89.43
92.3
65.10
68.74
92.86
97.90
76.58
84.11
84.24
96.67
97.79
93.50
95.03
95.30
95.87
86.88
88.41
73.44
93.27

#(
10.00
5.41
4.16
16.62
9.50
10.68
30.08
21.25
12.57
4.57
3.72
5.81
7.07
4.17
3.62
3.96
2.97
8.34
8.37
1.09
1.57

(
9.64
4.86
3.94
15.63
7.67
8.85
29.55
21.02
11.00
4.26
3.41
5.71
6.99
4.03
3.53
3.87
2.91
7.65
7.87
0.93
1.52

0,7B Sx 
145.6 ± 1.54
175.40 ± 0.92
177.58 ± 1.38
7.5 ± 0.16
9.7 ± 0.1
9.6 ± 0.23
29.0 ± 0.74
36.82 ± 0.65
48.12 ± 1.29
42.01 ± 0.18
44.77 ± 0.32
96.99 ± 0.47
88.91 ± 1.08
105.24 ± 0.37
102.52 ± 0.66
111.86 ± 0.37
111.03 ± 0.59
3.51 ± 0.03
4.04 ± 0.06
166.93 ± 0.21
161.03 ± 0.46
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F3
0.919**
F4
0.937**
0.834** 0.930**
F3

0.726** 0.766**
F4
0.301*
0.358*
0.408**
F3
#
0.096
0.196
0.364*
F4
0.199
0.233
0.220
0.097
F3
!8:,.060;
F4
-0.224
-0.271
-0.212
0.544**
-0.083
-0.072
0.008
0.093
F3
+405/
-0.437** -0.405** -0.528** 0.143
F4
0.133
0.155
0.224
0.450**
F3
"
F4
-0.312* -0.193
-0.004
0.052
-0.186
-0.136
-0.106
-0.108
F3
%)
F4
-0.290
-0.243
-0.392** 0.409**
0.133
0.229
0.177
-0.148
F3
&
F4
0.558*
0.605** 0.639** -0.138
*and ** significant at the 0.05 and 0.01 levels of probability, respectively.
 

0.416**
0.344*
-0.006
-0.225
-0.323*
0.082
-0.206
-0.296

0.064
0.269
-0.063
0.366*
-0.191
-0.414**

0.021
0.025
-0.382** 0.244
0.117
-0.764**
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F3
0.958**
F4
0.954**
0.866** 0.984**
F3

F4
0.747** 0.793**
F3
0.345*
0.411** 0.469**
#
F4
0.255
0.568** 0.969**
F3
0.264
0.294
0.292
0.057
!8:,.060;
F4
-0.254
-0.252
-0.202
0.824**
F3
-0.086
-0.073
0.011
0.107
0.529**
+405/
F4
-0.480** -0.459** -0.587** 0.143
0.252
0.142
0.180
0.255
0.534** -0.037
0.066
F3
"45
-0.349* -0.196
-0.011
0.098
-0.384**
0.310
F4
F3
-0.201
-0.156
-0.105
-0.133
-0.455**
-0.068
0.013
%)
F4
-0.315* -0.271
-0.415** 0.675** 0.012
0.376** 0.043
F3
0.165
0.244
0.207
-0.196
-0.344*
-0.216
-0.458** 0.260
&
F4
0.581** 0.636** 0.660** -0.382** -0.315*
-0.469** 0.118
-0.859**
*and ** significant at the 0.05 and 0.01 levels of probability, respectively.
FF = days to first flowering & 50% F = days to 50% flowering & 100% F = days to 100% flowering & PH = plant height
(cm) & No. racemes = number of racemes/plant & Yield = seed yield/plant (g) & 1000-SW = 1000 seed weight (g) & Oil%
= seed oil content (%) & MAT = days to physiological maturity.
 

and positive and highly significant genotypic correlation with 1000 seed weight in F4 generation.
These results are in agreement with those obtained
by [31, 32]; whereas highly significant negative
correlation with days to first flowering, days to
50% flowering and days to physiological maturity
in F4 generation at phenotypic and genotypic levels.
These results are in line with those obtained by [23]
who found that all traits showed positive correlation
with seed yield/plant at both phenotypic and genotypic levels, except days to 50% flowering and days
to maturity. On the contrary, [9] and [33] reported
positive and significant correlation between seed
yield and days to flowering.

Days to physiological maturity also showed
negative significant genotypic correlation coefficient with plant height, number of racemes/plant,
seed yield/plant and 1000 seed weight in F4 generation.
Also, plant height exhibited positive and highly significant correlation with both of number of
racemes/plant and 1000 seed weight in F4 generation at phenotypic and genotypic levels. A strong
association for these relationships with high heritability (Table 2) showed that number of racemes/plant and 1000 seed weight should be considered as the most important traits during selection
and could play a major role in improving seed
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For days to 100% flowering, data in Table (5)
indicated that it had positive indirect effect on seed
yield/plant via number of racemes/plant (0.103)
followed by plant height (0.033) in F3 generation
and via plant height (0.238) followed by days to
first flowering (0.185) and 1000 seed weight
(0.157) in F4 generation.
Days to physiological maturity had positive
indirect effect on seed yield/plant in F3 through
days to 100% flowering (0.085) followed by 1000
seed weight (0.017) and via 1000 seed weight
(0.305) followed by days to first flowering (0.142)
in F4 generation.
Regarding number of racemes/plant, it had
positive indirect effect on seed yield/plant through
days to 100% flowering (0.106) in F3 and via plant
height (0.355) followed by days to 100% flowering
(0.231) in F4 generation. The correlation coefficient
of number of racemes/plant and seed yield/plant
were positive and significant or highly significant at
phenotypic level in F3 and F4 generations and positive and highly significant at genotypic level in F3
generation. It is mainly due to the positive direct
effect and positive indirect effects of other traits.
So, selection would be effective for number of racemes/plant. [20] found that number of racemes/plant in F3 generation had direct effect on
seed yield, so this trait is considered a good criteria
for selection in the segregated generations in 
  L. breeding program.
Concerning plant height, it had positive indirect effect on seed yield/plant through days to
100% flowering (0.196) followed by number of
racemes/plant in F3 generation (0.045) and via days
to physiological maturity (0.033) followed by days
to 50% flowering (0.029) and days to first flowering (0.024) in F4 generation.

yield/plant in segregated generations, also, plant
height in improving number of racemes/plant and
1000 seed weight.
On the other hand, seed oil content was positively and high significantly correlated with plant
height in F3 at phenotypic level and negatively and
high significantly correlated with number of racemes/plant in F4 at genotypic level.
Seed yield/plant showed non-significant positive correlation with plant height and seed oil content in both F3 and F4 generations at both phenotypic and genotypic levels. Also, seed oil content exhibited non-significant positive correlation with
1000 seed weight in both F3 and F4 generations at
the genotypic and phenotypic levels and nonsignificant negative correlation with number of
racemes/plant in F3 and F4 at phenotypic level and
in F3 at the genotypic level.
#,<3 .80114.407< ,7,5@;4; Association of
traits identified by correlation coefficient may not
give a clear picture of relative importance of direct
and indirect effects of each yield component on
seed yield and could not fully explain the relationships among traits. The path coefficient splits the
correlation coefficients into direct and indirect
through alternative traits or pathways and thus
helps to explain the direct and indirect effects on
seed yield.
Data from path coefficient analysis presented
in Table (5) showed that days to 100% flowering
had maximum direct effect on seed yield/plant (0.
481) followed by number of racemes/plant (0.468)
in F3 generation. While, plant height exhibited the
highest direct effect on seed yield/plant (0.654)
followed by seed oil content (0.354) and days to
first flowering (0.255) in F4 generation.


&
4:0.</4,287,5,7/47/4:0.<0110.<;87;00/@405/ 95,7<<3:8=23,55<30;<=/40/<:,4<;47 ,7/
2070:,<487;
&:,4<
070:,<487    
 #  !8:,.060;
%) "
& :+ #
F3
  -0.621 0.401 0.024
0.093
-0.013
0.001 -0.004 -0.083
F4
  0.141 -0.792 0.063
0.023
0.116
-0.111 -0.132 -0.437**
F3
0.033   0.448 0.029
0.109
-0.010
0.001 -0.007 -0.072
 
F4
0.239
   -0.835 0.128
0.028
0.097
-0.068 -0.143 -0.405**
F3
0.030 -0.629
  0.033
0.103
-0.007
0.002 -0.005 0.008

F4
0.185 0.115     0.238
0.022
0.157
-0.001 -0.151 -0.528**
F3
0.011 -0.242 0.196
  
0.045
-0.008
0.004 0.005
0.093
#
F4
0.024 0.029 -0.396

-0.056
-0.163
0.018 0.033
0.143
F3
0.007 -0.158 0.106 0.008

-0.023
0.000 0.006 0.416**
 !8:,.060;
F4
-0.057 -0.041 0.231 0.355
  
-0.033
-0.080 0.070 0.344*
F3
-0.007 0.092 -0.051 -0.009
-0.151
  
0.000 -0.008 -0.063

%)
-0.074 -0.036 0.427 0.267
-0.008
  
0.009 0.181 0.366*
F4
F3
0.005 -0.105 0.108 0.037
-0.003
0.001
  0.012
0.064
"45
F4
-0.079 -0.029 0.004 0.034
0.023
-0.010
  -0.028 0.269
F3
0.005 -0.155 0.085 -0.012
-0.097
0.017
-0.004    -0.191
&
F4
0.142 0.091 -0.697 -0.090
0.030
0.305
0.041    -0.414**
FF = days to first flowering & 50% F = days to 50% flowering & 100% F = days to 100% flowering & PH = plant height
(cm) &No. racemes = number of racemes/plant &1000 SW = 1000 seed weight (g) & Oil% = seed oil content (%) & MAT =
days to physiological maturity.
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#:0/4.<0/,7/:0,54A0/2,47;1:86<30/4110:07<;050.<4879:8.0/=:0;18:469:8>472;00/@405/2 95,7<47
 ,7/2070:,<487;
%050.<487
9:8.0/=:0;
) 
) 
 
#0/)
#0/ 

#:0/4.<0/2,47 
4
44
444
13.94
37.86
93.22
14.73
40.01
98.52
2.14
5.82
14.33
14.95
40.61
100.0
-2.54
-6.90
-16.99

$0,54A0/2,47
4
44
444
11.31
23.5
100.0
11.31
23.5
100.0
7.84
16.3
69.36
11.31
23.5
100.0
7.84
16.3
69.36


2.63
3.42
-5.7
3.64
-10.4

#:0/4.<0/2,47
4
44
444
8.66
18.00
100.0
8.66
18.00
100.0
6.00
12.47
69.28
8.66
18.00
100.0
6.00
12.47
69.28

F 3 = 36.82
F 4 = 48.12
(i)
Predicted and realized gains as seed yield (g)/plant.
(ii%)
Predicted and realized gains percentage as estimated from generation mean.
(iii%)
Predicted and realized gains as a percentage of the response to truncation pedigree selection for seed yield only.
(D)
Deviations of realized gains from predicted gains are given as seed yield (g)/plant.


ber of racemes/plant and positive role of this trait
included in some indices.
On the other hand, the lowest predicted advance for seed yield/plant was obtained when selection for seed oil content (with ped.1 index) due to
negative and low indirect effects on seed yield/plant
through the interaction between two traits. These
results indicate the importance of direct selection
for seed yield. However, direct selection for seed
oil content had positive effect on seed yield/plant.
Deviation of the realized advance from the
predicted of seed yield/plant using different selection procedures from F3 to F4 generations are displayed in Table (6). These deviations were negative
for I13 and ped.1 indices which illustrate that the
realized gain in F4 exceeded the predicted gain in
F3. This could be due to the high estimates of heritability for most of the studied traits in both generations. These results are in line with the opinion of
the possibility to continue improving seed
yield/plant in further generations. These results are
in agreement with those obtained by [4, 19, 21, 23,
25, 26, 34, 35, 36].

,47 1:86 ;050.<487 18: ;050.<0/ ;00/ 845
.87<07< 95,7< 30423< ,7/ 7=6-0: 81 :,
.060; 95,7< Regarding to seed oil content (Table
7), the highest predicted genetic advance in in F3
(more than 6%) and F4 (more than 3.5%) generation
was obtained with the indices I13 and ped.1. Also,
the high predicted genetic advances in F4 combined
with high mean scored and mean as percentage
value over the better parent applying five different
selection procedures in F4 (Tables 9 and 10) indicate the possibility to the continued improvement
for this trait in further generations using direct pedigree selection for seed oil content. [37] recorded
high genetic advance for seed oil content. 
For number of racemes/plant (Table 7), F4
mean was lower than F3 mean, also, mean scored
and mean as percentage value did not exceeded the
better parent using selection index involving seed
oil content and number of racemes/plant (I13 index)
and pedigree selection for seed oil content (ped.1) in

As for seed oil content, it had positive indirect
effects on seed yield/plant via plant height (0.034)
followed by number of racemes/plant (0.023) in F4
generation and through days to 100% flowering
(0.108) followed by plant height (0.037) in F3 generation.
In case of 1000 seed weight, it had positive
indirect effect on seed yield/plant in F4 generation
through days to 100% flowering (0.427) followed
by plant height (0.267) and days to physiological
maturity (0.181). Results of path analysis coefficient revealed that selection for number of racemes/plant, plant height, 1000 seed weight and
days to 100% flowering would be more effective in
improving seed yield/plant in    L.
Similar results were obtained by [31]and[34].

,47 1:86 ;050.<487 18: ;00/ @405/ 95,7< 
Predicted and realized advances from selection procedures for seed yield alone are summarized in Table (6). The highest predicted genetic advance from
F3 generation and exceeded 35% of the F3 mean was
obtained with the indices ped.w, Iw1, and Iw123.
These indices maintained the same trend in F4 generation as the highest realized and predicted advances as values and percentages (more than 23%
and 18% of F4 mean, respectively).
Also, means scored and means as percentage
for seed yield/plant using five different selection
procedures in F4 (Tables 9 and 10) indicated that all
selection procedures increased seed yield/plant over
the better parent from 164.3% to 174.4% and the
highest predicted genetic advance exhibited the
highest mean and means scored by the same highest
indices. These results showed that the genetic variations for seed yield in early generations did not be
exhausted enough and the improvement of seed
yield/plant could be continued in further generations using direct pedigree selection for seed
yield/plant and the indices Iw123 and Iw1. The moderate and positive genotypic correlation between
seed yield/plant and number of racemes/plant in F3
and F4 generation (Table 4) could indicate the direct
improvement of seed yield/plant selecting for num-
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F4 (Tables 9 and 10). This may be due to the negamean than F3 one confirm this result. The Iw123 intive and highly significant genotypic correlation
dex exhibited the highest predicted response in F3,
while Iw123, Iw1 and ped.w in F4 generation for plant
between seed oil content and number of raheight improvement. These results are in agreement
ceme/plant in F4 generation. Predicted genetic advance in F3 for ped.1 index exhibited negative value.
with those obtained by [19, 26, 35, 36].
However, in F4 generation predicted response in
creased for this index, this increasing combined
,47 1:86 ;050.<487 18: =7;050.<0/ <:,4<;
with relatively higher heritability than F3 could
Predicted gain for unselected traits from five selecsupport the idea of the possibility to improve this
tion procedures are presented in Table (8). Regardtrait from F4 generation using this selection index.
ing days to first flowering, days to 50% flowering
Similar results were obtained by [37]and[34].
and days to 100% flowering, selection index inIn respect to plant height (Table 7), predicted
volving in seed yield/plant and oil seed content
genetic advance in F3 were higher than F4 using
exhibited the highest values of predicted gains for
Iw123, I13 and ped.1 indices, and mean scored and
these traits in F3 generation. Also, I13 index and pedmean as percentage using three different selection
igree selection for seed oil content gave the highest
procedures in F4 (Tables 9 and 10) revealed that
values of predicted gain for these traits in F4 genIw123, Iw1 and ped.w selection procedures increased
eration. These results could be attributed to the high
plant height to 102.01%. These results indicate that
and negative genotypic correlation between oil seed
content and days to first flowering and days to
most of the genetic variations for plant height were
100% flowering. 
exhausted in F3 generation using these selection
procedures, Also, the higher value for F4 generation
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%050.<4879:8.0 #:0/4.<0/:0
#:0/4.<0/:0
/=:0;
;987;0 
;987;0
4
44
4
44
) 
1.12
2.66
0.45
1.00
) 
0.46
1.11
0.45
1.00
 
2.69
6.40
1.61
3.59
#0/)
-0.09 -0.21
0.45
1.00
#0/ 
2.97
7.07
1.61
3.59
*
F 3 = 42.01
F 4 = 44.77

#5,7<30423<
#:0/4.<0/:0
#:0/4.<0/:0
;987;0 
;987;0
4
44
4
44
7.28
4.15
4.32
2.43
2.90
1.65
4.32
2.43
5.77
3.29
-4.77 -2.68
2.72
1.55
4.32
2.43
5.95
3.39
-4.77 -2.68
F 3 = 175.4
F 4 = 177.58

!8:,.060;
#:0/4.<0/:0
#:0/4.<0/:0
;987;0 
;987;0
4
44
4
44
0.56
5.77
0.44
4.56
0.46
4.74
0.44
4.56
0.16
1.69
0.06
0.62
0.38
3.89
0.44
4.56
-0.22 -2.31
0.06
0.62
F 3 = 9.7
F 4 = 9.6
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44
4
44
-0.56
-0.58
-1.87
-2.10
-2.11
-2.17
-1.87
-2.10
1.95
2.01
-8.39
-9.43
-1.91
-1.97
-1.87
-2.10
3.89
4.01
-8.39
-9.43

*
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F 3 = 96.98
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44
4
44
-0.40
-0.38
-0.96
-0.94
-1.33
-1.27
-0.96
-0.94
0.35
0.33
-5.08
-4.96
-1.33
-1.27
-0.96
-0.94
1.85
1.76
-5.08
-4.96

F 3 = 105.22
;00/?0423<
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:0;987;0 
:0;987;0
4
44
4
44
-0.04
-1.27
0.27
6.76
0.02
0.55
0.27
6.76
-0.17
-4.86
0.12
2.99
-0.03
-0.74
0.27
6.76
0.02
0.45
0.12
2.99
F 3 = 3.51

F 4 = 88.91

F 4 = 4.04

158?0:472
#:0/4.<0/
:0;987;0
4
44
-2.11
-1.90
-2.11
-1.90
-4.66
-4.20
-2.11
-1.90
-4.66
-4.20

F 4 = 102.52

F 3 = 111.86
F 4 = 111.03
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#:0/4.<0/
#:0/4.<0/
:0;987;0 
:0;987;0
4
44
4
44
-1.07
-0.64
-1.58
-0.98
-0.53
-0.32
-1.58
-0.98
-2.00
-1.20
-2.05
-1.27
-0.39
-0.23
-1.58
-0.98
-1.52
-0.91
-2.05
-1.27
F 3 = 166.93
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#
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0<38/
) 
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#0/)
#0/ 
#

87.00
87.00
80.33
87.00
80.33
86.33

101.50
101.50
97.17
101.50
97.17
101.67

108.83
108.83
106.17
108.83
106.17
107.33

182.42
182.42
172.25
182.42
172.25
178.83

10.23
10.23
9.68
10.23
9.68
9.93

59.43
59.43
55.96
59.43
55.96
34.06

4.35
4.35
4.18
4.35
4.18
4.21

45.30
45.30
46.68
45.30
46.68
43.40

159.33
159.33
158.83
159.33
158.83
161.67

& 
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#
:,.060;
0<38/
) 
100.78
99.83
101.40
102.01
103.02
174.49
103.33
104.38
98.55
) 
100.78
99.83
101.40
102.01
103.02
174.49
103.33
104.38
98.55
 
93.05
95.57
98.92
96.32
97.48
164.30
99.29
107.56
98.24
#0/)
100.78
99.83
101.40
102.01
103.02
174.49
103.33
104.38
98.55
#0/ 
93.05
95.57
98.92
96.32
97.48
164.30
99.29
107.56
98.24
FF = days to first flowering & 50% F = days to 50% flowering & 100% F = days to 100% flowering & PH = plant height
(cm) & No. racemes = number of racemes/plant & Yield = seed yield/plant (g) &1000 SW = 1000 seed weight (g) & Oil % =
seed oil content (%) & MAT = days to physiological maturity.
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3,:,.<0:4;<4.;81<30<?8;050.<0/1,64540;1:862070:,<48718:;00/@405/ 95,7<469:8>0607<
&:,4<

,645@

86.33

87.67
#
86.33

 
101.33
101.67
101.67


108.33
109.33
107.33

!8
:,.060;
172.67
9.23
192.17
11.23
178.83
9.93
Bp = better parent
#

+405/
62.15
56.71
34.06

%)
4.09
4.6
4.21

"45
47.01
43.6
43.40

&
160.33
158.33
161.67

& 
3,:,.<0:4;<4.;81<30<?8;050.<0/1,64540;1:862070:,<48718:845;00/.87<07<469:8>0607<
&:,4<
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#
+405/
%)
"45
&
,645@
:,.060;

86.33
101.33
108.33
172.67
9.23
62.15
4.09
47.01
160.33

74.33
93.0
104.0
171.83
10.13
49.77
4.26
46.35
157.33
101.67
107.33
178.83
9.93
34.06
4.21
43.40
161.67
#
86.33
Bp = better parent
FF = days to first flowering & 50% F = days to 50% flowering & 100% F = days to 100% flowering & PH = plant height
(cm) & No. racemes = number of racemes/plant & Yield = seed yield/plant (g) &1000 SW = 1000 seed weight (g) & Oil% =
seed oil content (%) & MAT = days to physiological maturity.

On the other hand, F4 means were lower than
F3 means for these traits, also, means scored and
means as percentage using two selection procedures
in F4 (Tables 9 and 10) revealed that these two selection procedures decreased number of days to
first flowering, days to 50% flowering and days to
100% flowering over the better parent in F4 generation from 100.78% to 93.05%, from 99.83% to
95.57% and from 101.40% to 98.92%, respectively.
It is worth mentioning that the lower values of predicted gain are more desirable than the higher.
These results confirm the possibility to improve
these traits in further generations using pedigree
selection for seed oil content and the index I13.

For 1000-seed weight, selection index involving in seed yield/plant and seed oil content (Iw1)
exhibited the highest predicted gain in F3 generation
and Iw123, Iw1 and ped.w in F4 generation. These results could be attributed to the high and positive
genotypic correlation between 1000-seed weight
and seed yield/plant and seed oil content (Tables 3
and 4). This means that 1000-seed weight could be
improved using direct selection for seed yield/plant
and seed oil content. Most of the predicted responses for 1000-seed weight in F3 were negative, but,
were positive in F4 generation. Also, the high predicted genetic advance in F4 combined with high
mean scored and mean as percentage value over the
better parent using the three different selection pro-
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cedures (direct pedigree selection for seed
yield/plant and the indices Iw123 and Iw1) in F4 generation (Tables 9 and 10) confirm the possibility to
improve this trait in further generations using these
indices.
On the other hand, the high heritability estimates for these traits (Table 2) along with high genetic advance (Tables 6, 7 and 8) is more useful in
predicting the selection efficiency than heritability
alone. These results are in agreement with those
obtained by [37] who found high heritability coupled with high genetic advance for seed oil content
and number of races/plant, Also, [38] reported high
heritability in conjunction with high genetic advance for days to flowering, [21]and[35] observed
high heritability associated with high genetic advance for plant height and seed yield/plant, [34]
recorded high heritability along with high genetic
advance for seed yield/plant, 1000-seed weight and
number of racemes/plant, indicating the role and
existence of additive gene action in inheritance of
these traits and the selection for these traits is expected to be more effective in improvement of
these traits in further segregated generations.
Based on selection procedures in F3 and F4
generations and the characteristics of the selected
families from F4, presented in Tables (11 and 12),
the families number 4 and 10 is considered the best
for seed yield improvement and the families 4 and 5
is the best for oil seed content improvement. Data
in Tables (11 and 12) confirms that the family 4 is
very important for improvement of both seed
yield/plant and seed oil content as it includes the
best values for seed yield/plant and seed oil content.
This study recommends plant breeders with these
families for using in breeding programs.
Finally, maximum gains for seed yield/plant
were maintained from F3 generation to F4 generation when applying of selection indices. However,
pedigree selection for seed yield/plant and pedigree
selection for oil seed content would appear to be
most effective for improvement of seed yield/plant
and seed oil content, respectively.
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ABSTRACT

INTRODUCTION

Historical surroundings are places that consist
of urban details and building groups which need to
be preserved and used due to their physical homogeneity, long history together with cultural, social,
economic, archeological and aesthetic values. Places with historical and cultural heritage in rapidly
growing and changing cities, lose their unique identities and legibility in time and become a body of
undefined locations. Therefore, policies intended to
preserve and develop that actively include urban
landscape designing in every step, should be
planned in historical city centers. The study area
was chosen as Sivas (Turkey) due to its rich historical past and urban identity shaped by this history. In
this study, 19 historical structures from different
periods with various qualities and usages were
evaluated. The aim of this study was to preserve the
cultural values qualitatively and quantitatively in
terms of environment and city, while contributing
to tourism. Polls with designated parameters were
conducted on specialists; and the contribution of
historical surroundings to the urban identity, green
areas and city structure were defined. The data
gathered from these polls were used in a Q-SORT
analysis to evaluate the relationship between historical structures and environment. Another evaluation
was done with a SWOT analysis on the contribution
of historical structures to the belief and memoir
tourism. As a result of this study, differences between study areas in which these 19 historical structures were evaluated and open-green area existence,
were identified. Suggestions were given on the
preservation and development of the quality and
quantity of cultural values with regards to a sustainable environment and urban ecology.

A city is a place, an establishment where various technical, economic, social, political and cultural subjects exist together [1, 2]. These establishments differ from each other as they are formed by
various cultural and social structures. These different characters of cities are defined by notions like
³XUEDQ LGHQWLW\´ ³XUEDQ SURILOH´ RU ³XUEDQ LPDJH´
[3, 4]. An urban identity shapes up in a long period
of time. It forms the city as a mixture of its geographical content, cultural level, architecture, local
customs, lifestyle and qualifications [5]. Urban
identity is also defined as traits and factors exclusive to that city which help distinguish it from the
other ones [6]. Apart from its physical environment,
D FLW\¶V VRFLDO FXOWXUDO HFRQRPLF DQG SROLWLFDO
components also add different qualities to the urban
identity [7].
Parts that form the urban identity can be evaluated with the factors derived from the natural and
man-made environment. Natural beauties and sceneries, historical and cultural values are significant
assets surrounding the humankind. Natural and
historical environmental values together with sociological and cultural factors, shape the beginning and
limiting conditions of human behavior and make
the cities possess unique traits. Identity factors
derived from the natural environment are the traits
like topographical condition, climate conditions,
vegetation and general location of the city [8, 9].
Identity of a city is not only the physical environment. Urban identity is shaped socially. Identity
elements derived from the humane environment are
formed together with the identity of self and city,
natural environment and all the human influence
existing in the city [10, 11]. Each element has its
unique character and identity. Therefore, all the
elements taking part in the formation of the city,
shape up the urban identity by affecting it positively
or negatively. In this context, all the elements and
factors that carried the city from past times to our
day, have their own effects on the identity.
The aim of preserving and renovating the historical environment is to establish historical and
cultural sustainability, reviving the historical environment in a healthy way while protecting its iden-

KEYWORDS:
Urban Character, Historical Texture, City Landscaping,
Urban Ecology
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survey forms used in reviewing the visual landscaping evaluation as published in the Scotland Natural
Heritage Environmental Evaluation guidebook [18]:
Visible physical components: land form, land cover, utilities on the land, water existence, forest land,
coppices, woodlands, agricultural areas, animals,
settlements, other usages of the land (like area or
city parks), linear features (highways or coastal
line) or point features (like castles of monuments
According to [19], the urban landscape is not
just an issue of urban design, but also planning and
the issue of values, human goals, and recognition of
social responsibilities by the whole society are of
high importance [20]. In Lynch's opinion, three
factors of perceptive, physical and operational ones
in urban landscape are significant [21]. He rendered
the concept of city's image by publishing a book
entitled as « The Image of the City ». Lynch described subjective aspects of the urban landscape in
this book; thus, if Cullen emphasized more on the
objective aspects, Lynch had an emphatic focus on
its subjective aspects [6]. According to [20] the
urban landscape is the triple integration of objective
landscape, subjective landscape and emotional
landscape of the city which is the basis of behavior.
In general, urban landscape is the result of the human contact level with the city and in this regard,
not only do human beings affect the structure of the
visual vista of the city through their activities on the
urban landscape, the behavior and subjective perception of citizens are affected by contact with the
urban landscape [23].
[24]; Visual Q methodology is particularly
suited for the assessment of such perceived impact
of photovoltaic systems. A selection (concourse) of
landscape images with photovoltaic elements was
collected and used during this Q-sort analysis. The
final Q sample included 54 images of various photovoltaic plants in urban and rural settings. The P
set was composed of 34 participants, including
landscape and photovoltaic professionals. This
analysis identified three distinctive factors that are
representative of the different viewpoints on the
integration of photovoltaic systems within the urban
and rural landscapes. We conclude with a discussion of the wider land-use policy implications of
this analysis.
According to [25]; the remaining 18 landscape
VFHQHV IRUPHG WKH ODVW µ0L[HG¶ FODVV DQG XVHG 4sort analysis. Scores of for each photograph were
summed across participants and an average urbanization score was calculated. These means determined to which class of urbanization each photograph
was assigned. However, a number of photographs
seemed to balance between two categories (scores
close to e.g., 1.5, 2.5 etc.) and could therefore not
be unequivocally assigned to one class.
[26], the Derak district of Shiraz city was selected as a case study area using Photo grid method
and then all high-rise buildings in this area were

tity in accordance with modern living conditions,
putting the historical places that are currently idle
as building inventory into good use, preserving the
city landscaping and protecting the conventional
settlement model. Therefore, works aimed at conservation conducted in cultural environments that
are going through change and transformations are
important in terms of sustaining the physical and
social structure. In all of city landscaping or only in
some parts of it, historical elements that are located
inside the settlement area should thought in accordance with the surrounding open-green areas. The
aim of this study is to put forward the contribution
of the historical elements located in the city center
of Sivas to the urban fabric and open-green spaces.
Within the scope of this study, the aim was to
preserve the cultural values qualitatively and quantitatively in terms of environment and city, while
contributing to tourism. Many methods can be used
to evaluate and historical buildings. In this study, Q
sort analysis and SWOT analysis were used to analyze the visual quality and to determine the important criteria of each cultural values and to evaluate ecotourism potential.
Q- Sort analysis or Q factor analysis as it is
named in the foreign literature, is a relatively new
tool not only as approach but particularly following
the quite recent rediscovery of its usefulness in
those fields where psychometric knowledge of
individuals has thorough implications [12, 13].
Concordantly, Q-Sort analysis was conducted for
historical building and environmental protection
notions and the relationship between these notions
and landscape designing and its criteria. Another
SWOT analysis was done for determining and developing existing tourism sources. SWOT analysis;
environmental analysis is a critical part of the strategic management planning process. The SWOT
(Strengths, Weaknesses, Opportunities and Threats)
framework is proposed by many as an analytical
tool which should be used to categorize significant
environmental factors both internal and external to
the organization. SWOT analysis has been praised
for its simplicity and practicality. As a framework it
has been widely adopted but, generally, its use has
been accepted uncritically. It is timely to reappraise
its value as a strategic management tool [14].
There were studies showing that areas with architectural aspects compatible with the nature in
terms of vegetation, fabric, color and form together
with characterizing the aesthetic and visual aspects
of water in landscaping; increase the visual quality
and are preferable to the users in recreational objectives [15, 16]. According to [17]; visual quality
studies should be used as an important leading tool
in planning and designing rural and urban areas in
terms of the visual data created by the changes in
physical environment. They should also be used in
forming some of the administrative policies. Criteria for monitoring and defining the landscaping in
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periods) and was a religious, governmental, scientific and commercial center in which many different
cultures settled. Communities that ruled over Sivas
throughout the history in different eras, had given
the city different names exclusive to themselves.
These are; Sebaste, Sipas, Megapolis, Kabira, Diaspolis, Talaurs, Danishmend City, State of Greeks,
State of Sivas and Sivas. Another opinion is that the
QDPH RI µ6LYDV¶ XVHG WRGD\ ZDV GHULYHG IURP WKH
SUHYLRXV QDPH µ6LSDV¶ 'XULQJ WKH WLPHV LQ ZKLFK
the city was first established, there were three water
sources under tall sycamores in the same place
where the center of the city is located today.
During the Seljuk Period, Sivas had evolved
into one of the most important centers of the era as
one of the intersection points of regional and national trade routes. Especially the many commercial
structures built around Kayseri, Malatya and Tokat
show how vibrant and effective was the Sivas based
business life. It appears that with the construction
of Sifaiye Madrasa, the housing texture to the south
and east of Toprakkale had started to spread to the
north. The rules of foundation belonging to Sifaiye
Madrasa building was also accepted for other buildings.
This study deals with historical artifacts located in the city center of Sivas and are important and
accessible in terms of faith and culture tourism
(Table 1). However, Gurun church which is still
standing in Gurun, even though it had not been
renovated in any way, was also another subject of
this study. Data and documents on the artifacts
were gathered from [28] and [29]. The reason for
choosing the historical buildings that are subject to
this study, is that because they are structures easily
accessible by tourists and they also contribute to the
urban identity.

identified and analyzed. Aesthetic preferences data
were evaluated by Q-SORT method with the psychophysical approach. Eventually, aesthetic factors
have been presented in two main categories: 'primary and distinctive'. Findings lead to the development of APPD model which suggests that when the
landscape design of a building moves toward distinctive factors, the degree of its aesthetic preferences increases.
According to [27], the significant wetlands in
the immediate vicinity of Sivas were used as material with a holistic view. These wetlands are located
to the north of Sivas are Hafik Lake (Kochisar
Lake), Lota Lakes and Todurge Lake (Demiryurt
Lake). The images representing the condition of the
study area together with the necessary information
and the score card, were submitted to the experts
for their evaluation. The aim of this study was to
find out wetlands of landscape photographs in
terms of potential differences (water property size,
plant existence, topographic diversity, neighbors
views, natural elements, cultural existence) and was
to develop sustainable recreational areas in terms of
visual preferences with Q-sort analysis.
Q-Sort analysis method was used for this
study and the mentioned historical building in Sivas
city (Turkey). They were considered to be important in the close vicinity of Sivas were; Ulu
Mosque, Sifaiye Madrasah, Buruciye Madrasah,
Cifte Minareli Madrasah, Gok Madrasah, Divrigi
8OX 0RVTXH DQG 'DUXVVLIDVÕ $EGXOYDKDS *D]L
Shrine, Seyh Hasan Bey Kumbet, Ahi emir Ahmed
Shrine, Behram Pasa Han, Kursunlu Baths, Tashan,
Ziyabey Library, Government mansion, Gendarmerie Building, Ataturk Congress and Ethnography
0XVHXP øQRQX 0XVHXP *XUXQ 6XUS .HYRUN 
Church, Meydan Baths. The aim of this study was
to evaluate the visual landscaping quality, ecotourism usage potential, the urban ecology effects of the
historical buildings. Therefore, Some parameters
were examined (pressure of other buildings in the
surroundings, dominance in area (focus center),
building restoration, the amount of green area the in
historical building, perceptibility, guidance to historical building, accessibility). A second aim of our
study, these historical buildings was to bring suggestions to protect in sustainable landscape with
SWOT analysis.

Methods. 19 works belonging to different periods with different qualifications and applications
are reviewed in this study. The contribution of
historical environments to urban identity, urban
open-green areas and city structure are gathered by
surveys conducted by experts using designated
parameters.
The data obtained are evaluated with a Q-Sort
analysis for the relationship between the historical
buildings and the environment. In terms of the
contribution to the faith and memoir tourism in the
city, a SWOT analysis is used for reviewing the
data. As a result of the study, the difference between the study areas in which 19 works are reviewed and the open-green area existence, are detected. Suggestions are put forward on the preservation and development of cultural values both in
terms of quality and quantity with regards to sustainable environment and city culture (Figure 1).

MATERIALS AND METHODS
Materials. The material of this study was Sivas historical city center with an area of 500 hectares (ha) which has been the home for many different civilizations in many different eras (Roman,
Anatolian Seljuk, Beyliks, Ottoman and Republic
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TABLE 1
Location and general features of the historic buildings
Name
Ulu Mosque
Sifaiye Madrasah
Buruciye Madrasah

Location
in the green area
in the green area
Seljuk park

Construction Period
Anatolian Seljuk
Anatolian Seljuk
Anatolian Seljuk

in the green area

Current State
Mosque
In repair
The Muftis
Depends on the directorate of
the foundations
Restoration

Cifte Minareli Madrasah

in the green area

Gok Madrasah
Divrigi Ulu Mosque and
DarussLIDVÕ
Abdulvahap Gazi Shrine

in the green area

Mosque

Anatolian Seljuk

in the green area

Cemetery
Depends on the directorate of
the foundations
Depends on the directorate of
the foundations
Relive restoration
Currently baths
Trade
Library
Governorship
General Command of Gendarmerie

Ottoman Empire

Seyh Hasan Bey Kumbet

Inside the park

Behram Pasa Han
Kursunlu Baths
Tashan
Ziyabey Library
Government Office

In the middle of the
street
in the green area
in the green area
On the street
On the street
City center

Gendarmerie Building

City center

Ahi emir Ahmed Shrine

Ataturk Congress and Ethnography Museum
øQRQX0XVHXP
Gurun (Surp Kevork)
Church
Meydan Baths

Anatolian Seljuk
Anatolian Seljuk

Eretna seigniory
1333
Ottoman Empire
Ottoman Empire
Ottoman Empire
Ottoman Empire
Ottoman Empire
Ottoman Empire

Inside the park

Museum

Ottoman Empire

On the road

Museum

Ottoman period

On the street

øGOHEXLOG

Ottoman Empire

On the street

Baths

Ottoman Empire

FIGURE 1
Work flow diagram

phase and problem identifying/solution forming
phases when quantitative data is inadequate. The
ZRUG ³6:27´ LV IRUPHG E\ WKH LQLtials of four
English words; Strengths, Weaknesses, Opportunities and Threats. SWOT analysis can also be used
in determining the tourism politics of a country by
revealing inner (strong and weak sides) and outer
(opportunities and threats) factors of that FRXQWU\¶V
tourism potential [30].

SWOT analysis is a method used for detecting
the advantages and disadvantages of a product
against its competitors, determining the opportunities and threats the company may encounter regarding the products and using the data obtained in
strategic marketing plans. SWOT analysis also
enables us to focus on our strong sides that have the
potential to present many great opportunities. This
analysis method is used in the strategic planning
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guidance to historical building, accessibility) got
based on experts' opinions, was calculated (Table
2). High points of every historical building suggest
photo's desirability and higher priorities of public
preferences. In order to calculate the points for each
photograph, the following method was used: Scoring was done for each building according to fivepoint Likert scale as +2, +1, 0, -1, -2 and the recreationally significant areas are designated by a Q-Sort
analysis. While in the analysis the general landscaping integrity of the historical buildings and their
contribution to urban identity is pointed, the second
phase of the study contains the analysis of landscape character.

On the other hand, in Q-Sort analysis; the data
obtained from questionnaires of every 30 expert for
each of the 19 images was recorded and divided for
each of the 19 historical buildings, studied, evaluated and pointed numerically (very beautiful +2,
beautiful +1, ordinary 0, ugly -1, and very ugly -2)
and the results of this study were set in a separate
table. The number of experts is obtained by the data
of landscape architects living in Sivas according to
UCTEA Chamber of Landscape Architects. So, the
points every landscape character (pressure of other
buildings in the surroundings, dominance in area
(focus center), building restoration, the amount of
green area the in historical building, perceptibility,

TABLE 2
Urban identity used parameters and scoring for determination of historical buildings in Sivas city [33].
Points
Criteria

+2

+1

0

-1

-2

pressure of other buildings in the surroundings

No buildings
around

Less evident

Evident

Dominant

Very dominant

Dominance in area (focus
center)

Very evident

Evident

In the middle

Less evident

Not at all clear

Building restoration

Very wellkept

Wellgroomed

In the middle

Less wellgroomed

Neglected

The amount of green area
the in historical building

Very dominant green
area

Dominant
green area

Balanced green area
and structural elements

Dominant
structural elements

Very dominant
structural elements

Perceptibility

Very visible

Visible

In the middle visible

Less visible

,W¶VQRWYLVLEOH

Very adequate

Enough

Indecisive

Little enough

Inadequate

Very easy

Easy

In the middle

Difficult

Very difficult

Guidance to historical
building
Accessibility

TABLE 3
Determination of contribution to city identity of historical buildings and assessment of
the "pressure of other buildings in the surroundings" parameter
The number of the photo selectors of different qualities (from 30 experts)-pressure of other buildings in the surroundings
Very
Photo
Photo name
Beautiful n2
Ordinary n3
Ugly n4
Very Ugly n5
points N
Beautiful n1
Ulu Mosque
5
12
6
7
0
15
Sifaiye Madrasah
8
11
7
4
0
23
Buruciye Madrasah
3
15
8
4
0
17
Cifte Madrasah
1
19
10
0
0
21
Gok Madrasah
0
17
9
4
0
13
Divrigi Ulu Mosque and
7
19
5
0
0
33
'DUXVVLIDVÕ
Abdulvahap Gazi Shrine
15
12
3
0
0
43
Seyh Hasan Bey Kumbet
0
5
12
13
0
-8
Ahi emir Ahmed Shrine
0
6
10
14
0
-8
Behram Pasa Inn
8
12
7
3
0
25
Kursunlu Baths
3
16
7
4
0
18
Tashan
0
3
14
13
0
-10
Ziyabey Library
0
2
15
12
3
-16
Government Office
9
12
7
2
0
28
Gendarmerie Building
10
13
6
1
0
32
Ataturk Congress and Ethnog7
14
7
2
0
26
raphy Museum
øQRQX0XVHXP
3
10
10
7
0
9
Gurun (Surp Kevork) Church
0
0
10
13
7
-27
Meydan Baths
0
4
16
10
0
-6
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Q-sort formula was used and the resulted findings are listed in Table 3; Table 4; Table 5; Table 6;
Table 7; Table8; Table 9;

Total points of every photo = N
The number of selectors with
very beautiful = n1
The number of selectors with
beautiful = n2
The number of selectors with
ordinary= n3
The number of selectors with
ugly = n4
The number of selectors with
very ugly = n5 [31].

sure. This pressure can be defined as the existence
of high-rise buildings with old and neglected exteriors in cities which are constantly getting more
crowded. This has a negative effect in terms of
visual quality. Surroundings of Ziya Bey Library
can be an example of this situation. Historical
buildings should be considered in connection with
their surroundings in sense of being the focus point
of the area. Asides from its topographic structure,
the existence of outside pressure to the region is
also a defining factor in being the center of focus
(Table 4).
In Table 5, area domination of historical buildings is evaluated according to a Q-Sort analysis.
When the results are reviewed, it is seen that he
highest points belong to the Government Office
(52) and Gendarmerie Building (51). Another
statement can be made that the historical buildings
in the city center of Sivas have a generally positive
result in dominance over the region. The lowest
points among the positive results are Square Bathhouse (16 points), Inonu Museum (26 points) and
Ziya Bey Library (28 points). Gurun Church is not
a focus point as it is neglected and located between
street alleys.
When the building effect is evaluated in determining their contributions to the historical structures and urban identity, the highest points belong
to Government Office (51) and Great Mosque (50).
When Table 6 is reviewed, it is seen that all the
works evaluated other than Gurun Church have
high points in terms of historical artifacts.

the quality of
the quality of
the quality of
the quality of
the quality of

RESULTS AND DISCUSSION
Following the study conducted, 7 parameters
on the visual landscaping character are revealed
with a Q-Sort analysis under general expert opinion.
In light of the gathered information; Abdulvahap Mosque turns out to be the structure with least
pressure among the other historical buildings
around Divrigi Great Mosque and DarusVLIDVÕ
Besides, it is also an important historical building
of Sivas in terms of dominating the area (Table 3).
Reviewing the historical buildings, it is seen
WKDW WKH PRVW LPSRUWDQW SUREOHP LV WKH FLW\¶V SUHV

TABLE 4
Determination of contribution to city identity of historical buildings and assessment of
"focus center" parameter
The number of the photo selectors of different qualities (from 30 experts)-Dominance in area (focus center)
Very UglyPhoto points
Photo name
Very Beautiful-n1
Beautiful-n2
Ordinary-n3
Ugly-n4
n5
N
Ulu Mosque
Sifaiye Madrasah
Buruciye Madrasah
Cifte Madrasah
Gok Madrasah
Divrigi Ulu Mosque and
'DUXVVLIDVÕ
Abdulvahap Gazi Shrine
Seyh Hasan Bey Kumbet
Ahi emir Ahmed Shrine
Behram Pasa Inn
Kursunlu Baths
Tashan
Ziyabey Library
Government Office
Gendarmerie Building
Ataturk Congress and
Ethnography Museum
øQRQX0XVHXP
Gurun Church
Meydan Baths

15
16
17
19
20

9
8
13
10
10

6
5
0
1
0

0
1
0
0
0

0
0
0
0
0

39
39
40
48
50

16

12

2

0

0

44

16
15
16
17
10
12
11
22
21

12
13
10
12
12
11
8
8
9

2
2
4
1
8
7
9
0
0

0
0
0
0
0
0
2
0
0

0
0
0
0
0
0
0
0
0

44
43
42
46
32
35
28
52
51

15

3

12

0

0

33

5
0
0

16
0
15

9
10
14

0
15
1

0
5
0

26
-25
14
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TABLE 5
Determination of contribution to city identity of historical buildings and assessment of
³%XLOGLQJUHVWRUDWLRQ´SDUDPHWHU
The number of the photo selectors of different qualities (from 30 experts)- Building restoration
Photo name
Ulu Mosque
Sifaiye Madrasah
Buruciye Madrasah
Cifte Madrasah
Gok Madrasah
Divrigi Ulu Mosque and
DarussLIDVÕ
Abdulvahap Gazi Shrine
Seyh Hasan Bey Kumbet
Ahi emir Ahmed Shrine
Behram Pasa Inn
Kursunlu Baths
Tashan
Ziyabey Library
Government Office
Gendarmerie Building
Ataturk Congress and Ethnography
Museum
øQRQX0XVHXP
Gurun (Surp Kevork) Church
Meydan Baths

Very Beautiful
n1
20
19
10
16
15

10
11
14
10
12

Ordinary
n3
0
0
6
4
3

12

13

3

2

0

35

12
10
12
7
12
14
18
21
20

15
16
13
12
11
15
10
9
10

3
4
5
11
7
1
2
0
0

2
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

37
36
37
28
35
43
46
51
40

17

12

1

0

0

46

19
0
5

11
0
11

0
0
5

0
17
7

0
13
0

49
-44
10

Beautiful n2

Ugly n4

Very Ugly n5

0
0
0
0
0

0
0
0
0
0

Photo
pointsN
50
49
34
42
42

TABLE 6
Determination of contribution to city identity of historic buildings and assessment of
³7KHDPRXQWRIJUHHQDUHDWKHEXLOGLQJ´SDUDPHWHU
The number of the photo selectors of different qualities (from 30 experts) Amount of green area in historical building
Very BeauPhoto
Beautiful
Ordinary
Ugly
Very Ugly
Photo name
tiful
points
n2
n3
n4
n5
n1
N
Ulu Mosque
13
12
5
0
0
38
Sifaiye Madrasah
10
9
10
1
0
28
Buruciye Madrasah
15
13
7
0
0
43
Cifte Madrasah
0
7
14
9
0
-2
Gok Madrasah
0
0
17
13
2
-25
Divrigi Ulu Mosque and DarussiIDVÕ
0
0
10
14
6
-28
Abdulvahap Gazi Shrine
6
8
9
7
0
13
Seyh Hasan Bey Kumbet
2
6
12
10
0
0
Ahi emir Ahmed Shrine
2
7
10
11
0
0
Behram Pasa Inn
6
12
8
4
0
20
Kursunlu Baths
0
0
10
12
8
-28
Tashan
0
0
0
14
16
-46
Ziyabey Library
0
0
0
15
15
-45
Government Office
0
2
5
11
12
-33
Gendarmerie Building
0
1
4
14
11
-38
Ataturk Congress and Ethnography
10
6
7
7
0
21
Museum
øQRQX0XVHXP
7
12
9
2
0
24
Gurun (Surp Kevork) Church
0
0
0
7
23
-53
Meydan Baths
0
0
0
10
20
-50

points shown in Table 7. According to other parameters, negative values are present in the evaluation
of green areas. The amount of green area of the
historical places in the city center are lower. The
green area percentage increases in accordance with
the distance from the city center. The dominance of
the buildings in the city center restricts the existence of green spaces.

In designating the historical buildings and
their contributions to urban identity, size of the
green area the building has, is significant. Amount
of green space in urban areas is the most important
natural element that increases the visual quality of
the historical places. For example; existence of
Seljuk Park increases the historical structure feeling
of Sifahiye Madrasa which has one of the highest
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:KHQ WKH´ SHUFHSWLELOLW\´ SDUDPHWHU LV HYDOX
ated in designating the historical buildings and their
contribution to the urban identity (Table 8); we see
that the buildings in Sivas being high-rises with
minarets, increases their perceptibility. The buildings with high points in perceptibility are Buruciye
Madrasa (56 points), Great Mosque (36 points),

Behram Pasha Inn (44 points), Gok Madrasa (45
points), Government Office (49 points) and Gendarmerie Building (46 points) (Table 8). Abdulvahap Gazi Shrine is also among the historical places
with high perceptibility (46 points) in accordance
with its location.

TABLE 7
Determination of contribution to city identity of historic buildings and assessment of
³3HUFHSWLELOLW\´SDUDPHWHU
The number of the photo selectors of different qualities (from 30 experts)-Perceptibility
Very
Beautiful
Ordinary
Ugly
Very Ugly
Photo name
Beautiful n1
n2
n3
n4
n5
Ulu Mosque
15
6
9
0
0
Sifaiye Madrasah
16
4
10
0
0
Buruciye Madrasah
17
6
3
4
0
Cifte Madrasah
21
7
2
0
0
Gok Madrasah
20
6
3
1
0
Divrigi Ulu Mosque and
10
7
12
1
0
DarussLIDVÕ
Abdulvahap Gazi Shrine
20
6
4
0
0
Seyh Hasan Bey Kumbet
5
16
6
3
0
Ahi emir Ahmed Shrine
4
16
3
7
0
Behram Pasa Inn
17
10
3
0
0
Kursunlu Baths
12
10
5
3
0
Tashan
15
9
6
0
0
Ziyabey Library
10
11
7
2
0
Government Office
20
9
1
0
0
Gendarmerie Building
17
12
1
0
0
Ataturk Congress and Ethnography
16
7
7
0
0
Museum
øQRQX0XVHXP
7
10
12
1
0
Gurun (Surp Kevork) Church
1
4
16
3
6
Meydan Baths
6
7
8
9
1

Photo
points N
36
36
56
49
45
26
46
23
17
44
31
39
29
49
46
39
23
-10
9

TABLE 8
Determination of contribution to city identity of historic buildings and assessment of
³JXLGDQFHWRKLVWRULFDOEXLOGLQJ´SDUDPHWHU
The number of the photo selectors of different qualities (from 30 experts)-Guidance to historical building
Very Beautiful
Beautiful Ordinary Ugly Very Ugly
Photo points
Photo name
n1
n2
n3
n4
n5
N
Ulu Mosque
14
13
3
0
0
41
Sifaiye Madrasah
13
15
2
0
0
41
Buruciye Madrasah
10
12
8
0
0
32
Cifte Madrasah
8
11
12
0
0
28
Gok Madrasah
10
7
13
0
0
34
'LYULJL8OX0RVTXHDQG'DUXVVLIDVÕ
4
9
11
6
0
11
Abdulvahap Gazi Shrine
5
12
8
5
0
17
Seyh Hasan Bey Kumbet
9
14
3
4
0
28
Ahi emir Ahmed Shrine
8
13
6
3
0
26
Behram Pasa Inn
9
12
7
2
0
30
Kursunlu Baths
8
10
12
0
0
26
Tashan
11
12
7
0
0
34
Ziyabey Library
16
10
4
0
0
42
Government Office
18
9
3
0
0
45
Gendarmerie Building
17
10
3
0
0
44
Ataturk Congress and Ethnography
15
12
3
0
0
42
Museum
øQRQX0XVHXP
5
10
12
3
0
17
Gurun (Surp Kevork) Church
0
0
3
14
13
41
Meydan Baths
10
8
7
5
0
23
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TABLE 9
Determination of contribution to city identity of historical buildings and assessment of
³$FFHVVLELOLW\´SDUDPHWHU
The number of the photo selectors of different qualities (from 30 experts)-Accessibility
Very
Beautiful
Ordinary
Ugly
Very Ugly
Photo name
Beautiful
n2
n3
n4
n5
n1
Ulu Mosque
14
14
2
0
0
Sifaiye Madrasah
14
15
1
0
0
Buruciye Madrasah
15
14
1
0
0
Cifte Madrasah
25
4
1
0
0
Gok Madrasah
13
10
7
0
0
DivriJL8OX0RVTXHDQG'DUXVVLIDVÕ
5
9
12
4
0
Abdulvahap Gazi Shrine
15
12
3
0
0
Seyh Hasan Bey Kumbet
14
13
3
0
0
Ahi emir Ahmed Shrine
15
14
1
0
0
Behram Pasa Inn
17
12
1
0
0
Kursunlu Baths
18
12
0
0
0
Tashan
15
12
3
0
0
Ziyabey Library
14
11
5
0
0
Government Office
19
11
0
0
0
Gendarmerie Building
16
12
2
0
0
Ataturk Congress and Ethnography
19
11
0
0
0
Museum
øQRQX0XVHXP
11
14
5
0
0
Gurun (Surp Kevork) Church
2
5
12
11
0
Meydan Baths
13
10
7
0
0

Photo
points
N
42
43
44
54
36
15
42
41
44
46
48
42
39
49
44
49
36
-2
29

 Existence of suitable rural areas for setting
up eco-farms.
 Existence of proper ground and area structure for different types of nature tourism.
 Having a historically rich past and heritage.

³([LVWLQJ JXLGDQFH WR KLVWRULFDO EXLOGLQJ´ SD
rameter is reviewed in Table 9 with regards to historical buildings and their contribution to urban
identity. According to the review, the highest points
in this parameter belong to Government Office (45
points), Gendarmerie Building (44 points), Sifahiye
Madrasa (41 points) and Great Mosque (41 points).
:KHQ WKH ³DFFHVVLELOLW\´ SDUDPHWHU LV UH
viewed in designating the historical buildings and
their contribution to urban identity, historical placHV¶ EHLQJ LQ WKH FLty center has a positive effect in
terms of their accessibility. However, as Gurun
Church is left as an abominable building without
any security measures, it has a lower point in accessibility.

Opportunities.
 New employment chances can be created
in areas that are thought to have tourism potential.
 Religious tourism having potential for the
good of Sivas nationwide and internationally.
 Rural tourism and ecotourism being alternative income sources for the locals.
 Visitors coming for rural tourism also provide local people with chances to socialize, resulting in the advancement of social interactions in the
region.
 There are many institutions that provide
support, incentive and donations for ecotourism
investments.
 Raising the workforce of the people living
in rural areas employed in rural tourism and ecotourism activities, by enlisting them in training
programs.
 6HFXULQJ WKH ZRPHQ¶V SODFH LQ IDPLOLHV
and society with the help of creating job opportunities by the revival of ecotourism and rural tourism.

SWOT Analysis Results.
Strengths.
 Being a home for many civilizations
throughout the history.
 As there are many advantages regarding
the geographical location of Sivas, the city had
been dominated by different civilizations (Hittites,
Romans, Byzantines, Seljuk and Ottomans
 Existence of hot springs.
 Aside from its local customs, existence of
a rich food culture with a wide range of options.
 Being a distinct center in the region in
terms of handicrafts.
 Especially the existence of picnic areas.
(Highlands)
 Rural areas being suitable for recreational
activities.

Weaknesses.
 $VWKHKRWVSULQJ¶VPDLQWHQDQFHLVODFNLQJ
it is not possible to adequately advertise the existence of a place like this.
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 Lack of rural tourism and ecotourism
awareness.
 Lack of planning from local and national
administrators on rural tourism.
 Not paying attention to the preservation of
historical areas.
 Inability to bring many historical places to
light and open them to visitors because they are not
renovated or decorated.
 Lack of advertisement for Zab River.
 Lack of organizations and initiatives for
setting up eco-farms that will help rural tourism
and/or ecotourism to develop.
 Not organizing adequate fairs and activities in order to promote local products, handicrafts,
foods etc.
 Immigration of people to other cities in
which tourism is more alive.
 Inadequate or nonexistent organizations
for accommodation or transportation in areas with
rural tourism and/or ecotourism potential.
 Remote distance of picnic areas from the
city center. Thus, difficulty in visiting them especially in winter.
 Lack of employment chances for teenagers
living in rural areas.
 Inadequate rehabilitation works.
 Being unaware of the richness in natural
resources.
 Not benefiting from natural resources
enough.
 Being unable to prevent immigration from
rural areas to the city.
 Lack of rural planning.

6HOMXN¶VDQG2WWRPDQSHULRGVDUH SRVLWLRQHGDWWKH
historical city center and they are the elements that
give the city its identity and form its silhouette.
Spatial development of the city drastically changed
with the industrialization movement. The city center had developed around the radial road stems
formed by the wide arteries and the connection of
the main arteries to the city square resulted in increased traffic volume in the city center [28].
Therefore, many of the places and buildings in the
Sivas historical city center fall short in terms of
green areas. Physical evolution of the city center on
the other hand, continues.
In planning decisions made for the historical
cities with urban heritage, it is seen that investments focused on cultural tourism in historical
environments, exist both spatially and functionally
[33, 34]. Therefore, historical cities together with
the cultural heritage they possess, should be handled and reorganized based on the planning strategies focused on cultural tourism and within the
scope of existing urban open-green areas and
changing spatial privileges [35, 36]. With this regard, historical structures and their surroundings
with potential to support urban development in
Sivas, will have qualities that will enable cultural
and recreational opportunities with urban landscaping design works done properly [31, 32].
Historical buildings that are still standing,
made functional and durable again by restoration
works. Pressure on the cultural values located at the
historical city center caused by the urban development is being tried to be reduced by the applied
urban design works. With the help of restoration
works applied on the exterior sides of the structures
causing visual pollution with no aesthetic values in
the historical city center around Gok Madrasa,
Ziyabey Library, Sifaiye Madrasa, Buruciye Madrasa, Government Office and Gendarmerie Building, the historical artifacts are highlighted. These
historical buildings are also being currently used in
order to keep their functionality. Restoration works
forming a background for the ancient artifacts in the
historical city center will emphasize its texture.
However, these structures and structure groups that
have both national and international significance
should be highlighted by buffer areas formed by
active or passive green area applications. They also
should be defined in a cultural scale in a way that
they will be a part of open-green area and serve for
recreational and touristic purposes. Application of
landscape designing and achieving the desired result is a time-consuming process, because live materials are used [37]. In this regard, landscape designing is not a solid, closed architectural layout
sheet. It is a living, evolving, growing side member
of urban designing and it changes color and form
according to seasons. There are some goals that are
desired in landscape designing, in a nutshell they
are [38]:

Threats.
 Unplanned urbanization.
 Excessive damage to the historical areas as
a result of not turning all of them into protected
sites.
 Areas that have the potential to be used for
rural tourism and ecotourism standing idle.
 As the immigration rate to the cities rise, it
becomes harder to find young people to work in
ecotourism activities. This is also a negative effect
for landscape observation areas.
 Environmental pollution.
 High traffic volume.

CONCLUSION AND SUGGESTIONS
When we look at the city development
throughout the history; we see that the historical
fabric of Sivas was mainly formed during the AnaWROLDQ 6HOMXN¶V SHULRG ZKHUHDV WKH SODQQHG FLW\
order was established in Republic period and afterwards. City of Sivas which has rich historical roots
is significant in harboring the remnants of this diversity. Historical structures belonging to Anatolian
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 Rather than being strict suggestions, the designs should have flexibility that can adapt to
changing conditions if necessary. They should
generate options.
7KH\VKRXOGEHLQDFFRUGDQFHZLWKXUEDQDQG
local high-level decisions.
 7KH\ VKRXOG LQWHJUDWH ZLth their immediate
surroundings and historical urban fabric if available. They ought to present solutions to problems
about transportation.
7KH\VKRXOGVXSSRUWWKHFRQWULEXWLRQVWRFUH
ating habitable, high quality surroundings.
6HFXULW\ VKRXOGEHSURYLded for the existing
or new ecosystems in the area.
(QYLURQPHQWDOFRQGLWLRQVDQGIDFWVDERXWQD
ture sciences should be taken into account.
 &RVWVIRUWKHGHVLJQ VHWXSSURFHVV PDQDJH
ment, maintenance and administration should be
calculated properly, in accordance with the costbenefit analyses.
In conclusion, attractions of Sivas are tempting visitors to attend city tours rather than stay in
the city for some period of time. For this reason,
mainly local administrators together with investors
and relevant institutions and organizations, should
create similar attractions that would inspire people
and extend the time of their stay. It is mandatory to
combine both product and market-oriented approaches and designate strategies accordingly in
order to create tourism demand and provide economic progress in Sivas. According to the results of
surveys conducted in many countries worldwide,
the new favorites in tourism are natural, historical
and cultural attractions.
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extended based on the industrial development of the
developed countries since the end of the 18th century. Cities signify the complex structure within a
certain system of integrity that integrates natural,
economic, social and ecological environments
within a certain period and location [1, 2]. In this
complex structure, since the density of structures and
unplanned development have been increased significantly due to the industrialization and fast population growth, the relationship between the urban areas
and rural areas has been ruptured; the available green
areas in the cities and the natural structure of the region deteriorated fast; the life in the city became monotonous; the biodiversity has been damaged and the
cities became environments that are insufficient in
terms of social, cultural and biological opportunities
[3, 4, 5, 6].
Hence, it is necessary to produce new methods
for conducting research in cities, to conduct researches in large-scale areas like the cities and to create new evaluation tools depending on the development of technology. In this context, technological
developments in Remote sensing (RS) and Geographic Information System (GIS) field facilitated
the studies of large-scaled cities [3, 6]. In addition,
determination of sustainable urban development areas taking into account ecological criteria requires to
adopt a systematic approach and necessitates the use
of Geographic Information System together with
multi-criteria decision-making techniques. The integration of GIS and AHP considerably facilitates the
decision-making process in this context [8, 9, 10].
Sustainable urbanization signifies as a dynamic
process, in which various environmental, social, economic and management factors are taken into account [11, 12]. Concordantly, the purpose of the
study is to evaluate the urban development areas of
Niğde city in terms of ecological criteria and to present the suggestions for determination of sustainable
urban development areas taking ecological criteria
into consideration. Within this scope, the combined
use of Remote Sensing, GIS, and AHP methods are
essential assessment tools for taking urban planning
decisions based on ecology [13, 14]. Thus, remote
sensing, GIS and AHP techniques were used together in this study.

Due to the increase in the world's population,
urbanization is swiftly increasing. With the increase
in the urbanization, the ecological construction of the
cities degenerates over time. In this context, sustainable urban planning methods that use various methods depending on the developing technology in order
to preserve the ecological structure of the cities are
being developed. One of these approaches is the
combination of remote sensing, geographic information systems (GIS), and the analytic hierarchy
process (AHP), which is one of the multi-criteria decision-making methods, to identify the settlement areas that are ecologically appropriate. It has been published in many studies that it was possible to obtain
healthy results for the determination of ecologically
appropriate settlement areas by collectively using
these methods.
In this context, the purpose of the study is to
evaluate the urban development areas of Niğde city
in terms of ecological criteria and to present suggestions for sustainable urban development areas taking
ecological criteria into consideration. At the end of
the analyzes performed with the use of GIS and AHP
methods, it was determined that 9.45% of the research area (745.62 ha) was suitable for the 1st-degree ecological settlement. In conclusion, it is prominent to take into consideration the natural environmental factors of the region when planning new settlements in terms of sustainable and ecological urban
planning, based on the urban development.
$#
Ecology, settlement suitability, GIS, multi-criteria decision-making, AHP, Niğde.

 ! 
While the population of the world increased
slowly until the industrial revolution, the population
increase rate has been accelerated since the industrial
development and the population was accumulated in
urban areas. In this context, the urbanization was
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455%+)Determining factor, sub-factor, and
conformity values. In order to evaluate the ecological aspects of urban development areas and to define
the optimal settlement areas; ecological evaluation
factors, sub-factors, and conformity values for potential settlement areas have been determined by
benefiting from the standards set forth in the legislation thanks to the works of researchers [18, 19, 20,
21, 22, 23]. In this context, the following values have
been determined as the evaluation factors for the
ecology-based suitable settlement areas; land use capability class, slope, aspect, elevation, geological
structure, soil depth, drainage, vegetation and hydrology (the proximity to the water). The conformity
values of the evaluation sub-factors were determined
with the 4-point likert scale from the most important
to the lowest (4- very suitable, 3- suitable, 2- less
suitable, 1- inappropriate).

  
Niğde is located on the southeast of the Central
Anatolia Region, in the Central Taurus Mountains
and on the north of the area, where Bolkarlar and
Aladağlar head the north [15]. It covers an area of
7.795,22 km² and it has an elevation of 1,229 meters
above sea level [16]. 28.8% of the district's territory
consists of mountain areas while 41,2% are undulating land and 30% of the land consists of bottom land
[17]. The research area consists of a total area of
7.889,83 ha, which is located within the boundaries
of the adjacent area of Niğde Municipality (Fig. 1).
The research was carried out in three stages,
namely Calculation of Criteria Weights with AHP,
Creation of data infrastructure structure with GIS
and Weighted overlay analysis.

%.'6.%5-10 1* '3-5)3-% 8)-+,54 8-5, 
This section consists of 4 different stages.


NİĞDE

NİĞDE

!
1'%5-10/%21*5,)3)4)%3',%3)%

3769

%$

" &   









 " #!"!


0(5%+) Creating the paired comparison matrix. For determining by the expert groups the conformity values of the factors by taking into account
the natural and ecological criteria, a questionnaire
form was prepared by including the paired comparison questions among the criteria. The questionnaire
was filled by the experts in city and regional planning (5 persons), landscape architecture (7 persons)
on the voluntary basis. According to the comparisons
made by experts, paired comparison matrices were
created. In this context, in order to assign a value to
the paired comparison matrices, the level of significance varied from 1 to 9 developed by Saaty was
used [24].

3(5%+)Calculating the priority vector matrix and eigenvalue (λmax). After preparing the
paired comparison matrix, the matrix must be normalized. In order to normalize the matrix, the sum of
each column in the matrix is calculated and the matrix elements are divided by the sum of the related
columns. Then, in the normalized matrix, the sum of
the lines created for each alternative or criteria is
taken. This value signifies the priority value for criteria or alternatives. The matrix consisting of the priority values is defined as the "priority vector matrix".
For each criterion/alternative in the priority
vector matrix, the weighted total matrix is obtained
by multiplying the priority value for each criterion/alternative by all the elements that exist in the
column in the paired comparison matrix of that criterion/alternative. The values of the sum in the
weighted total matrix were divided into priority vector matrix column values and the value of eigenvalue
(λmax) was calculated by taking the arithmetic average of the values in the last matrix that was created
[25, 26].

5,5%+)Calculating Consistency Index and
Consistency Ratio. The following formulas were
used to calculate the consistency ratio and consistency index of the generated matrix [25, 27] (1).
In this context, if the Consistency Ratio is 10% (0.1)
or less, the matrix is considered to be consistent [28,
29]. The consistency ratio is calculated as 0.09 in the
study.
CR= CI / RI

CI= (λmax-n) / (n–1)

Mapping (GDM). The digital elevation model was
generated from the obtained TIN data. After converting the TIN value to TIN Triangle data, the analysis
of the slope and aspect is completed. The data of the
geological structure was obtained from the General
Directorate of Mineral Research and Exploration.
The data on the hydrological structure was generated
from the existing plans that were provided from
Niğde Municipality.
The data obtained about the evaluation factors
determined for the selection of the settlement area in
accordance with the ecological criteria were digitized in the shapefile format in the ArcGIS environment for completing the analysis and converted into
a raster data format after the pre-treatments. 1/25000
scale maps in raster data format are divided into
10x10 m plan squares.
#)-+,5)(17)3.%:%0%.:4-4Determined evaluation factors and evaluation sub-factors were
grouped within themselves and the conformity values were arranged according to their values on relative importance. The conformity values distributed
to the evaluation sub-factors were multiplied with
the coefficients that are determined according to the
opinions of the experts and hence, the total weight of
each of the factors was ascertained (Table 1). By using the "multilayered weighted map overlay technique " (weighted overlay), which is one of the spatial analysis methods within the ArcGIS spatial analyst tools, the obtained data were used to plan the
propositions for the settlement areas, taking into consideration the ecological parameters for the urban
development.
The conformity values of the sub-factors of the
evaluation factors to be used for the determination of
ecology-based settlement areas are determined as
following; the land use capability is class VII and
VIII, the slope is light, the aspect is sunny, the elevation is low, geographic structure except for alluvial areas, shallow and very shallow soil depth, outside the forest regime and the presence of water with
a distance of 2000 m and more.
! 

(1)

Within the scope of the study, for determining
the suitable settlement areas based on the ecology for
the city of Niğde and its immediate surroundings; the
land was analyzed in terms of the following factors;
land use capability class, slope, aspect, elevation, geological structure, soil depth, drainage, vegetation,
and hydrology (proximity to the water). In this context, geological structure has the highest weight
value for determining the suitable settlement areas
based on the ecology, while it is followed by drainage and slope (Table 1).

 Consistency Ratio  Consistency Index  Random Index </%9 The largest eigenvalue of the matrix 0
Number of elements in the matrix

3)%5-10 1* (%5% -0*3%4536'563) 8-5, 
The data on land use capability class, soil depth, vegetation, and drainage were obtained from the Ministry of Agriculture and Forestry in 2018. TIN (Triangulated Irregular Network) model was created in
ArcGIS environment by using 1/25000 scaled vector
contour line obtained from General Directorate of
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Aspect

Elevation
(m)

4

VI. Class

3

V. Class

2

I., II., III., IV. Class

1

0-2

4

3-6

3

7-12

2

0.113

11.3
Soil depth
(cm)

Drainage
0.151

15.1
Vegetation

13-20

1

21≤
S, SE, SW
E, W
NE, NW
N
1000-1200
1201-1400
1401-1600
1601-1800
1801-2000
2001≤

1
4
3
2
1
4
3
3
2
2
1

0.026

0.021

2.6

2.1

Hydrology
(proximity
to the water)

Other geological
formations
Alluvial areas
Shallow and very
shallow
Medium deep and
deep
Sufficient
Insufficient or
Damaged
Outside the forest regime
Inside the forest regime
2000≤
1000-2000
300-1000
0-300

Score

Sub-criteria

Main
Criteria

Percent

Weight

Geological
Structure

4

Percent

Slope
(%)

VII. and VIII. Class

Weight

Land Use
Capability
Class

Score

Main
Criteria

Sub-criteria


,))7%.6%5-10*%'513464)(-05,)()5)3/-0%5-101*46-5%&.))'1.1+-'%.&%4)(4)55.)/)054

0.303

30.3

0.036

3.6

0.224

22.4

0.071

7.1

0.055

5.5

1
4
1
4
1
4
1
4
3
2
1

Max. eigenvalue (λmax) = 10.150
n=9
Consistency index (CI) = (λmax -n)/(n-1) = 0.144
Random index (RI) = 1.45
Consistency ratio (CR) = CI/RI = 0.09

The regions which are located in the east and
west of the existing urban area and which are used as
the agricultural area generally consist of alluvial
soils with II land capability class. The following areas consist of VII class land class as land use; the
area between the Niğde-Kayseri motorway and
Niğde southern highway located within the boundaries of İlhanlı Neighborhood, and the region located
in the north of İnönü Neighborhood where the current urban settlement ends, the region located at the
border of Kayardı sustainable protection and controlled usage area in Yukarı Kayabaşı Neighborhood
and the region where it is planned to build a city park
project on an area of approximately 70 thousand
square meters, the region where Kumluca Neighborhood is located and the semi-natural area located on
the southern section of the Akkaya Damn (Figure 2).
The slope in the area of study which is located
between Melendiz Mountain and Aladağlar and Bolkar Mountains, which connects the Bor Plain with
the Misli Plain, ranges between 0-6% in the east and
west directions, while it is above 21% in the north
and south directions. In addition, the current settlement of the city heads the south-south-east with all
directions. The elevation difference is not so high in
the east-west direction in the research area. However, the land structure rises towards the north and
south of the city, since there are high mountainous
areas there. The elevation of the research area, which

has an elevation difference between 1150 m and
1450 m, increases from the west of the Bor Plan towards the east of the area (Figure 2).
When the geological map prepared according
to the data obtained from the data of the earth science
data of the General Directorate of Mineral Research
and Exploration [30] was determined, the geological
formation of the research area was found to be containing the Miocene (pyroclastic rocks), quaternary
(alluvial fan, slope debris, moraine, etc.), Pleistocene
(unsorted terrestrial debris) and Pliocene (andesite).
In terms of soil depth, the research area is generally
similar to the land use capability class. On the region
where the current urban settlement ends in the northern part of the Inönü Neighborhood and located in
Yukarı Kayabaşı Neighborhood is located on the
boundary of the Kayardı sustainable protection and
controlled use area, is located in the district of
Kumluca, the region where Kumluca Neighborhood
is located, the area on the north of the organized
ındustrial area and on the south of Akkaya Dam, the
soil depth is very shallow (0-20 cm). In addition,
when the area of research is examined in terms of
drainage, it is observed that drainage is sufficient in
the remaining areas except for the agricultural areas
that are located to the east and west of the existing
settlement (Figure 2).
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Niğde city, where the forest area is insufficient,
there are particularly the memorial forests formed by
public or private institutions and organizations,
foundations and associations and there is a city forest
that was formed by the municipality. Under the influence of continental climate, the rainfall is considerably high during spring in Niğde. Although many
small river beds are formed during the rainfall, Zondi
Stream and Yukarıyağdan Stream, which are connected to Akkaya Dam through the city and have water in all periods of the year, constitute the main hydrological structure that exists within the boundaries
of the research area.
The related analyzes were performed by using
"multilayered weighted map overlay technique"
(weighted overlay) in ArcGIS software taking into
consideration the conformity values that were generated. At the end of the analyzes that were carried out,
it was observed that 9.45% (745.62 ha) of the research area was suitable for first degree settlement
and 43.28% (3413.48 ha) of the research area was
found to be 2nd degree suitable for settlement and
16.07% (1267.74 ha) of 3rd degree suitable for settlement (Figure 3).
As a sustainable urban development area for
the development of the city, areas suitable for firstdegree settlement are in the northeast of the city

center and they are the continuation of the existing
neighborhood settlement within the borders of
Efendibey Neighborhood. The other region is located in the north of the center and it is within the
boundaries of Kumluca Neighborhood, which was
included in the urban area of Niğde after the election
of the local administration in 2014 when the neighboorhood acquired the status of a quarter. Another
area suitable for the settlement is the region behind
the Niğde Organized Industrial Zone and within the
boundaries of Fertek village. Natural areas and agricultural areas that are not covered by vegetation, particularly in the west of the city, or that have a small
amount of vegetation are found to be suitable for 2nd
and 3rd-degree settlement. In addition, the area
which is not suitable for settlement is located on the
edge of Yukarıyağdan Stream in the boundaries of
Efendibey Neighborhood, located in the northeast of
the city center.
!!

It is important to use the AHP method that reduces the subjectivity together with the geographic
information systems in the sustainable ecological urban planning stage in order to obtain accurate
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results [31]. In this context, the evaluation of decision makers is very significant since the weight of
the factors are determined according to the preferences of decision-makers when multi-criteria decision-making analysis are conducted, as Chen et al.
[32] and Partigöç et al. [33] mentioned in their
works. Shukla et al. [13] and Merugu and Jain [34],
in their work, stated that the use of the paired comparison method in determining the weight values of
each factor is more appropriate than the direct allocation of the weights by the decision-maker. However, the weight values of the factors are determined
subjectively by the researcher in the studies conducted for ecologically appropriate site determination for the settlements. Therefore, in order to exclude the subjective evaluation of the researcher, the
weighted values of the factors were determined at the
end of a survey that was conducted with 12 experts
(landscape architecture and city and regional planning) working in the planning discipline. In the research, the standards set forth in the legislation and
the works of researchers [18, 19, 20, 21, 22, 23] have
been utilized. When analyzing the potential settlements by taking into account the ecological evaluation factors, results were found to be similar to the
results obtained by the researchers in the

determination of the settlements, which conform to
the ecological criteria.
The distance of the settlement areas to the fault
lines is particularly important in determining the
suitable areas for settlement as well. Although there
is no specific distance in the legislation, Demirtaş
[35] and Pektezel [36] suggested that this distance
should not be less than 15 meters when planning the
residential areas in our country. Thus, since according to the data obtained from the geology data about
Duman et al. [37], Emre et al. [38], Akbaş et al. [39],
General Directorate of Mineral Research and Exploration [30] there is no active fault line within the region and there is no landslide in the region, this fact
did not affect the selection for suitable settlement areas.
In the study of Karakuş and Cerit [40] for the
determination of the most suitable areas in terms of
a settlement in the city of Sivas and its close surroundings, it was determined that the most suitable
areas for settlements are located in the southeast section of the study area although this region is not an
area of 1st degree (2nd degree). Karakuş and Cerit
[40] stated that the areas not suitable for settlement
were concentrated near the city center and the northwest of the study area and that the settlement of Sivas
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investments, the city receives immigration. The migration of the young population from the rural areas,
in particular from the rural areas where there is a difficult socio-economic life, causes an increase in the
urban population. In addition, thanks to the development of the university and other institutions and organizations, the population of students and civil
servants are considerably important in the city. Since
the population increases, the urban area is expanding
and new settlements are established. This disrupts
the ecological structure of the ecosystem such as
soil, water, flora, fauna, and natural structure. When
we examine the zoning plans prepared according to
the projection of 2035 by the local governments, it is
comprehended that the settlement areas are planned
to develop in the north and northeast of the city, particularly in the boundaries of Dere, İnönü and
Efendibey Neighborhoods. In addition, after 2014
local elections, intensive housing planning has been
realized in Kumluca Neighborhood, which is included in the boundaries of the urban area. In this
context, the planning works have been carried out in
Kumluca, Dere and İnönü districts in the north of
Efendibey Neighborhood, which is the continuation
of the existing settlement, and these studies revealed
that these regions are the 1st-degree ecology-bases
suitable areas for settlement.
In order to maintain the balance within the ecosystem, central and local administrations, who have
a prominent role in the planning of cities, should take
into account the ecological parameters of the city in
determining the new settlement areas because of the
growing and developing urbanization. For achieving
a sustainable ecological urban development, it is
necessary to use GIS and multi-criteria decisionmaking mechanisms in the planning of cities, and the
landscape plans prepared at different scales should
be used as the basis for developing the urban plans
as well. In addition, Sedigheh [45] and Çavuş and
Koç [46] stated in their studies that it would be more
useful to take into account natural environmental
factors, as well as the social and technical factors, for
determining the suitability of settlements in terms of
ecology and thus, the results would be more comprehensive.

city center was also classified as the 3rd class settlement area. In addition, the presence of lands that are
significant for agriculture and the high level of areas
at higher elevations are factors that negatively affect
the suitability of the settlement. Hence, the proportion of the areas that are not suitable for settlement
increases. In contrary to the study conducted by
Karakuş and Cerit [40], there are areas suitable for
ecological-based 1st-degree settlement in the north
and northeast of the city within the boundaries of the
research area. The existing settlement areas within
the research area are also located on the 2nd and 3rddegree settlement areas. In the study conducted by
Şahap [41] for Şanlıurfa, it was determined that
some of the settlement areas are located on the 1stdegree agricultural areas, which are not suitable for
settlement and emphasized that the areas to be
opened to the new settlements should not be built on
particularly fertile agricultural lands (Harran plains).
According to the study conducted by Denizduran et
al. [42], the district has received extensive migration
from the thermal power plant in Afşin (Kahramanmaraş) district by increasing the city's business potential. With this migration movement, the population of the city increased and the settlement areas
started to occupy the first class agricultural lands.
Similarly, in the study conducted for the city of
Adana, Peker Say et al. [43] stated that urban development in Adana headed towards fertile agricultural
lands. In this context, since 41.1% of the research
area is located on the fertile agricultural lands between Bor and Misli Plains and this area constitutes
I., II. and III. degree agricultural areas, there are fertile agricultural lands in the northeast and southwest
of the existing settlements. As shown in other studies
conducted for other cities, since the current urbanization heads these directions, there is a pressure on
the agricultural areas. In the study conducted by
Özşahin ve Kaymaz [44], it was carried out an analysis by using 1/25000 scale thematic maps of the city
of Antakya and Analytic Hierarchy Process, which
is one of the most criteria decision-making methods.
Hence, it was analyzed the suitability of Antakya
city natural components for the settlement. The study
revealed that more than half of the city consists of
less suitable areas for settlement. Similarly, it was
concluded that the space suitable for the first-degree
settlement area consisted of 745.62 ha in terms of
ecological criteria according to the analysis carried
out by using the analytical hierarchy process method,
which is one of the multi-criteria decision-making
methods, by using 1/25000 scale thematic maps in
Niğde city.
The population of Niğde has not increased
swiftly over the years. Because the population of
Niğde tended to migrate to large cities around the
city. On the one hand, while the population of the
city tends to migrate to other cities, on the other
hand, thanks to the increase in the employment opportunities and thanks to the developing industry and
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BORABOY LAKE NATURAL PARK (AMASYA, TURKEY)
Kubra Yazici1,*, Suheda Basire Akca2
1

Tokat Gaziosmanpasa University, Faculty of Agriculture, Department of Horticulture, 60240, Tokat, Turkey
2
Bulent Ecevit University, Caycuma Food and Agriculture, Vocational School, 67900, Zonguldak, Turkey

designer. It includes different type of disciplines
such as (landscape) architecture and urban planning
and design, (humanistic) geography, psychology
and sociology, environmental ethics [3, 4 -5].
(There are many theories, methods, and applications
concerning landscape perception and Valuable
overviews are given by [6, 7- 8]; as well as the
more recent overviews of [9, 10 - 11]. In recent
decades, a lot of effort has been put into explaining
the components of landscape aesthetics as well as
evaluating it. And the issues of evaluation and landscape beauty have been taken into consideration
from different aspects.
Environmental protection consists of all the
incentives and protective measures that will guarantee the safety of wild animals, plant species and
their natural living populations and under natural
conditions; landscape and landscape parts [12, 1314]. According to [15, 16-17], environmental protection areas are the ones that are considered as a
whole with the natural and cultural resources in
order to protect and sustain the biological diversity
[19, 20]. These areas are also protected under the
law [21, 22]. Environmental protection contributes
to the continuity of plant and animal population,
richness of species and the preservation of natural
or nearly natural ecosystems. With the elements
under its protection, it both helps with the protection and development of genetic diversity and the
advancement of scientific studies [23, 24]. Natural
parks are considered to be among the most important elements of protection areas and they are the
regions aimed to transfer the rich natural and cultural resources of our nation to the next generations
undisturbed [25]. According to the natural parks
law no. 2873 art. 2/b enacted on 9.8.1983, the description of natural SDUNV LV DV IROORZV ³3DUWV RI
nature that have the characteristics of vegetation
and wildlife, have an integrity of landscape and are
VXLWDEOH IRUWKHSXEOLF¶VUHFUHDWLRQDOXVH´7RXULVP
regions, areas and centers in places that are included in the scope of this law are subject to the opinion
of Ministry of Forestry and Water Affairs when it
comes to the planning decisions on tourism investments [26]. According to the 14th article of this
law, several protective measures are taken in the
places that are included within the scope of this law.

ABSTRACT
As a result of natural environment and places
not being handled with a protectionist approach
during planning, they are deteriorating and disappearing in time. Especially while using natural
locations, it is possible to preserve and develop the
sources while ensuring sustainability during the
planning phase. In this context, it is important to
prefer and preserve the natural sources with regards
to sustainable environment. For this reason, it is
important to determine how the image of destination is perceived by tourists. The aim of this study
is to determine the indices of aesthetic preference
for visual quality of Natural Park (Boraboy Lake
and Natural Park) which contribute to recreational
area design to make better decisions for rural landscape. Boraboy Lake were preferred as a case study
area photo grid method in this area were identified
and analyzed. The consensus based on expert opinion was measured by the standard deviation (SD) in
visual preference judgement within the respondents.
One ±way Q-sort analysis was used to explore the
relationships between landscape characters effect
on consensus, and VAQ (Visual aesthetic quality).
Eventually, aesthetic factors were presented in two
PDLQFDWHJRULHVµSULPDU\DQGGLVWLQFWLYH¶)LQGLQJV
lead to the development of sustainable rural landscape which suggest that the Boraboy Lake natural
park of landscape features had a significant influence on the aesthetic preferences.
KEYWORDS:
Visual Quality, Landscape, Landscape Assessment, Expert Opinion, Q-Sort Analysis

INTRODUCTION
The landscape aesthetics value for human
well-being has gained significant respect in public
perception and also in socio-ecological research [1].
Studies on landscape preference and landscape
aesthetics have been carried out since the 1960s [2].
Totally, visual landscape research is an interdisciplinary approach important for architect and urban
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county of Amasya city. With the approval number
1840 on 03 September 2013, this area was declared
as a nature park. The area is 255, 36 hectares big
and it consists of endemic/endangered species,
natural forests and suitable living spaces for wildlife, lake ecosystems and a unique landscape [25].
The area is 65 kilometers far from the city center
and 15 kilometers far from Tasova County. It is
reached by following the Amasya-Tasova highway
for 44 kilometers and then making a left to the
Tasova-Samsun highway. After making another left
on the 14th kilometer of this road, one can reach the
area. The lake is 80 meters wide and 25 meters deep
and it is located on an eastward-westward valley. It
has a measurement of 900 x 300 meters and is surrounded by beech, Scotch pine, cedar and chestnut
trees. This wonder of the nature lake has the color
of emerald green Figure 1, [27].
As the method of the study; the first stage was
a literature research conducted in order to determine
the natural and cultural resource value of the area.
All the natural and cultural data, written sources,
maps and reports about the area were gathered from
official sources. Then they were reviewed and evaluated. In the second stage, areas and observations
points with current landscape value were determined by a group of 20 experts coming from different areas of expertise in order to assign a recreational landscape value to the area. This valuation
process is done by conducting a poll, carried out by
30 landscape architects. For this purpose, during the
designation of the criteria to be discussed by the
H[SHUWV3KLOLS /HZLV¶>], visual analysis method
aimed at perceivable landscaping and used in outdoors recreation planning, is utilized. Experts (30
people) according to this method, associated visually signiILFDQWSRLQWVWRHDFKRWKHULQOLJKWRIDUHD¶V
existing resource values.

There are currently 41 natural parks in Turkey with
a total surface area of 81.425 hectares [25].
Boraboy Lake and Natural Park which are the
subjects of this study are declared as protected areas
according to the richness and sensitivity of their
natural resources. Boraboy Lake is an old lake created as a result of a landslide and it is located in the
inner parts of Central Black Sea Region, to the
northeast of Amasya (Figure. 1). This lake which is
within the borders of Tasova county of Amasya, is
located approximately 2 kilometers to the west of
Golbeyli (Boraboy) district. The natural environment created by the lake and the rich vegetation
surrounding it, is a significant recreation area for
the region.
The aim of this study was to establish the administration of the area according to the preservation criteria, carrying out regulations and developing methods that would establish the continuity of
biological (flora, fauna) and ecological structure,
geomorphological, geological, natural, cultural and
recreational landscaping values of the nature park,
within the protection-usage balance. The purpose of
this study was to extract the indices of Aesthetic
preferences for visual quality in Boraboy Lake and
Nature Park which contribute to landscape type to
make better decisions for designing rural landscape.
As the research focuses on landscape feature, the
goal of this study was as follows: Important areas
according to the recreational use of the Boraboy
Lake and Nature Park (which were the subjects of
this study) were determined and these areas were
evaluated within the scope of sustainable usage.

MATERIALS AND METHODS
7KH PDLQ PDWHULDO RI WKH VWXG\ ZDV WKH ³%oUDER\/DNHDQG1DWXUH3DUN´ORFDWHGLQWKH7DVRYD

FIGURE 1
Location of Boraboy Lake and Nature Park in the country and region
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geologists, sociologists and historians). 20 photos
were shown to the group of experts and they were
asked to sort them by grading. Each photograph
was graded according to five-point Likert scale as
+2, +1, 0, -1, -2 and the recreationally important
regions of the area are determined (by Q-sort analysis).

The criteria on which this study was based; are
WKH ³YDQWDJH SRLQWV´ ZLWK ILQH DQG ZLGH YLHZLQJ
opportunities of the field, primarily in accordance
with the rich geomorphological structure of the
area. As the area was a natural park, firstly some
spots with rich visual opportunities in terms of
natural resources, were FRQVLGHUHG DV ³EDVLF YLVXDO
landscapLQJ YDOXHV´ %HVLGHV ³IRUHVWV´ were also
considered to be an important criterion in terms of
basic landscaping value as they had a visually significant effect. Woodlands and lake areas occupy
large regions and they were constantly advancing in
terms of recreational use as a result of their natural
and cultural aspects. So, they were accepted as
important areas within the scope of visual landscaping value. Another criterion taken into consideration while determining the recreational landscaping
value of the areas was ³LQFUHPHQWDO ODQGVFDSLQJ
YDOXHV´$OOWKHRWKHUFXOWXUDODQGQDWXUDOGDWDWKDW
are important with regards to recreational potential
were evaluated in this context. Visual quality according to [29]; was the assessment of wide-range
monitoring conducted on the study area on-vehicle,
on foot or by plane. Q sort analysis was used to
analyze the visual quality and to determine the
important criteria of each wetland. Q- Sort analysis
or Q factor analysis as it is named in the foreign
literature, is a relatively new tool not only as approach but particularly following the quite recent
rediscovery of its usefulness in those fields where
psychometric knowledge of individuals has thorough implications [30].
Visual quality evaluation depends on seven
basic factors. Of these specified areas, people are
asked to make visual choices according to expert
opinions (urban and region planners, architects,
biologists, ecologists, geologists, environmental
engineers,
topographical
engineers,
hydro-

Total points of every photo = N
The number of selectors with the quality of
very beautiful = n1
The number of selectors with the quality of
beautiful = n2
The number of selectors with the quality of
ordinary= n3
The number of selectors with the quality of
ugly = n4
The number of selectors with the quality of
very ugly = n5 [31].
Accordingly, 5 spots in the area with highest
points are chosen (Table 1). Criteria discussed here
are utilized from [32, 33-34-35];
1. Evaluation of the topographical structure: In
this concept; existence of strange rock formations,
valleys, hills and prairies were reviewed and evaluated.
2. Vegetation
3. Water; water sources in the area, existence
of rivers and wetlands are evaluated.
4. Sociocultural structure of the area, settlement conditions.
5. Neighboring views.
6. Rarity.

TABLE 1
Classification of visual landscape values [14, 35]
Basic Visual Landscape Values
Class
Code
Source
Landscape Scenery Areas
T.1
Landscape Scenery Areas
Additional Visual Landscape Value
Class
Subclass
Code
Source
1
Interesting geomorphological formations
Topographic structure
2
Valleys
3
Hills
1
Forest cover
Vegetation
2
Endemic plant
Water surface and
1
Lake
2
Water supply
wetland
Socio-cultural items
1
Residential
1
Daily use of area
Recreational items
2
Tent camping area
3
Wood cottage houses
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FIGURE 2
Points and coordinates about the visual landscape value of Boraboy Lake and Natural Park
come up with a healthy, applicable and effective
plan.

The study area was chosen upon considering
the work conducted by [14] and [20] Boraboy
/DNH¶VDQG1DWXUH3DUN¶VQDWXUDOWUDLWVDQGYDQWDJH
points with a dominant view of the natural landscape were VSHFLILHG DV ³EDVLF YLVXDO ODQGVFDSLQg
YDOXHV´/RFDWLRQVLQWKHDUHDZLWKYLVXDOODQGVFDping value were determined based upon the data
relayed by the expert opinions and then photographed. 10 of the photographs chosen among these
are given on Figure 2 with their coordinates.
With the help of [20] study; recreational resource values of Boraboy Lake and Nature Park
were determined according to the analysis of the
experts on the specified areas with high values of
visual landscaping. In scope of these data; there was
D ³UHFUHDWLRQDO XVDJH DQDO\VLV´ RQTable 2, created
by the experts for the recreationally significant
areas of the region in terms of opportunities (visual
preference, spots with wide selection of visual advantages) and limitations (functional and structural). Accordingly, potential XVDJH RI WKH DUHD¶V UHcreational resources and limitations were presented.
Considering these data gathered, the natural
resource values and the relationship of human utilization were evaluated and the districting of the
nature park according to usage was foreseen and
planning decisions in this direction were taken.
With this districting study; determining the areas
with common traits and problems, developing plan
decisions for each of the identified regions, increasing the feasibility of the plan and laying the
groundwork for an effective administrative organization were aimed. Regional studies carried out in
light of these objectives, would make it easier to

RESEARCH FINDINGS
Each photograph was graded according to
five-point Likert scale and the recreationally important regions of the area are determined by Q-sort
analysis. Also the one ±way ANOVA analysis
showed that there was significant in judgement
among all classification of visual landscape values
on standard deviation.
Natural sources. 800 meters above the sea
level (1050 meters altitude), known as a crater lake;
this is a natural landslide lake formed by the clogging of a small lake with the debris coming from
the surrounding area. It is 80 meters wide and 25
meters deep, located on an eastward-westward
valley. The lake has a measurement of 900 x 300
meters and is surrounded by beech, Scotch pine,
cedar and chestnut trees. It is a wonder of the nature
and has the color of emerald green. Its south shore
is steep. Its north shore can be conveniently used as
a picnic area. It is formed by the clogging of the
Catagan stream, with the landslide debris coming
from the Civili hill located in the foothills of
Akdag. It is spread through the bottom of a valley
with an altitude of 1050 meters. Water leaking from
the bottom of the east end of the lake, regains its
rapid flow and forms one of the tributaries of Green
River. It has the climatic characteristics of Black
Sea climate [25].
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that can be viewed on the way. The most commonly
practiced tourism activities in the region are the
nature walks but there are also touristic options like
highland tourism, line fishing, camping, caravan
tourism and trekking. The people participating in
these tourism activities are mostly day trippers but
there also a total of 19 country houses for the lodgers, 10 of which came into operation in 2016, each
of them with a 50 m2 space. Other than these, the
findings show that there are many future projects
aimed at the development of Boraboy Lake and
these projects are backed by OKA (Middle Black
Sea Development Agency). Thus, the area is a central place, frequently receiving local and foreign
visitors.
The operation rights of Boraboy Lake belong
WR ³%RUDER\ (GXFDWLRQ &XOWXUH DQG 6ROLGDULW\
Association Financial Management and these rights
can be obtained by any person of company as long
as they win the bidding that is held each year. The
tourism types performed in the region show accordance to the [13]. Other than that, there are plans to
have organizations in which athletes and teenagers
may visit the area in groups and go camping. However, as the area is considered to be a level 1 and
level 3 protected area, there are limitations to the
applications that are being planned for the region
[28].
The experts were asked if there was any place
that acts as an example for the operation and quality
of the Boraboy Lake; they answered that there is no
such place. Besides, they commented that the place
is one of a kind and there is not any equivalent
place that can be taken as an example. When the
features that could bring out Boraboy Lake are
reviewed, it is clear that there are possible applications which can be arranged by revealing the natural
beauties of the lake and combining them with the
opportunities presented by Akdag which is located
above the lake. Some of the suggestions put forward in this context are paintball, floating restaurant, ATVs (all-terrain vehicles), horse riding etc.
Landscaping sources determined by field studies within the scope of the method are systematically listed on Table 1. The nature park is rich in landscaping value with its forest texture and geomorphological/topographical structure. Thus, in designating observation points with regards to landscaping values, the viewing spots overseeing the existing natural landscaping were prioritized. In addition
to this, other perceivable landscaping values that
have a positive effect in terms of visual landscaping, are taken into account while identifying viewLQJ VSRWV $OVR D ³SUREOHP-possibility analysis´
was conducted in light of the study done by [35], in
order to review the problems and possible solutions
of the area so as to set up guidelines for the planning of Boraboy Lake and the Nature Park. The
problems detected about the area, the sources of
these problems and the possibilities presented by

Evaluated in terms of fauna; Amasya is one of
the important regions in the sense of endemic plants
and Boraboy Lake with its surroundings is the most
important endemic plant site of Amasya. According
to the latest evaluations conducted in Amasya, there
are 245 endemic taxa (type-sub type variety) detected within the provincial borders of Amasya and
29 of these endemic types seem to be scattered
around Amasya Akdag ± Boraboy Lake and their
surroundings. In terms of flora richness, surroundings of Boraboy Lake are covered with Scotch pine
and oak trees. There are also local name plant of
types like Carpinus sp., Ostrya sp., Sorbus sp.,
Cornus sp., Acer sp., Crataegus monogyna, Santalum album, Corylus columa, Rubus fructicosus and
Rhododendron sp., in this region. Known species in
terms of fauna richness in Boraboy Lake, Nature
Park area are these: Mammals; deer, rabbit, wolf,
fox, wild boar, squirrel, hedgehog, weasel, badger.
The area is also a home for many local and migratory bird types. Among these are; quail, coot, jack
snipe, turtle dove, pigeon, rock dove, wood pigeon,
common blackbird, song thrush, cormorant, grey
heron, bittern, stork, black stork, hawk, sparrow
hawk, vulture, shaker falcon, eagle-owl, Syrian
woodpecker, coal tit, great tit, blue tit, common rose
finch, wall creeper and robin redbreast. There are
also reptiles; tortoise, terrapin, lizards, snakes,
snails; freshwater fish like carp and bullhead inside
Boraboy Lake.
Resource values. the main resource value of
the field is the Boraboy Lake. Asides from that,
there are some significant endemic plants types,
fauna and flora on the area and its surroundings.
Cultural values. many of the visitors coming
from the surrounding villages, valleys and counties,
use the location as a picnic area. During weekdays,
most of the visitors are the ones coming from closerange villages, counties and valleys. The visitor
population increases considerably with the people
coming from neighboring cities like Amasya, Samsun, Tokat and counties connected to them. During
weekdays, the visitor population mainly consists of
people with lower financial power. However, people visiting on the weekends tend to be a richer and
educated crowd in comparison and the area is not
only used for picnic purposes but also for recreational activities.
Recreation opportunities. aside from the
sloping lands, the Nature Park is also an attraction
with its plain and recreationally suitable topography. Landscape openings and the lake located in the
middle of the region make a positive effect on the
recreational usability of the field. The park is also
an attraction point for nature walks on alternative
and different roads other than the existing hiking
paths, in terms of the many beautiful landscapes
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houses for the lodgers. The location for the use of
day trippers has (43 points) and tent camp area has
(36 points). The lake factor which is used in evaluating the water existence, also has a high point of
(47 points). The lack of any settlement nearby is an
aspect in preventing the environmental pollution. In
light of the data obtained, the settlement criterion
has a high point of (44 points) (Table 2). Also,
standard deviation of obtained surveys see Figure 3.

the region are listed on Table 2.
Considering the above information; Boraboy
Lake is scrutinized by the experts, in terms of recreational usage. A Q-Sort analysis was conducted
with 12 parameters related to visual landscaping
characters (Table 2).
The parameters reviewed in Boraboy Lake did
not yield a negative point. Upon examination in
terms of recreational aspects; it is seen that the
highest points (49 points) is set for the country

TABLE 2
Q-sort analysis results of Boraboy Lake and Natural Park
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0

Very
Ugly
n5
0

6

10

8

5

1

15

7
14
16
15
18
13

12
10
14
9
11
11

7
4
0
6
1
6

4
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0
0
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0

1
0
0
0
0
0

20
45
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39
47
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1

0

0

44

17
14

9
8

4
8

0
0

0
0

43
36

19

11

0

0

0
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Very Beautiful
n1
Landscape Scenery Areas
Interesting geomorphologic formations
Topographic
structure
Valleys
Hills
Forest cover
Vegetation
Endemic plant
Water surface and Lake
wetland
Water supply
Socio-cultural
Residential
items
Daily use of area
5HFUHDWÕRQDO
Tent camping area
Wood cottage
items
houses

Beautiful
n2

Ordinary
n3

Ugly
n4

FIGURE 3
Frequency distribution of landscape items in Boraboy Natural Park
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the recreational usage analysis. The sustainable
application of the rich resource value and recreational potential of Boraboy Lake and the Nature
Park could only be possible as long as the ecological integrity of the area is intact, and the existing
habitat is preserved.
When the findings of the study are reviewed, it
is possible to make below suggestions:
- Within the scope of the study area, alternatives for accommodation should be created.
- It should be aimed to increase both the visitor number and the days they choose to stay by
presenting more possibilities that would serve as
reasons to visit the area.
- There should be an equivalent area specified
as an example and based upon the planning of this
area, plans should be formed for Boraboy Lake.
- Prominent aspects of the area should be included in the publicity banners.
- Environmental factors that can provide sustainability, should be designated in order to form
solutions.
- Troubles about the roads and water system of
Boraboy Lake should be addressed.

When we look at the scoring obtained by the
evaluation of the data, it is seen that Boraboy Lake
with its water surface and lodging options in its
surroundings, is an important nature park. Also,
standard deviation of obtained surveys see Figure 3.

RESULTS AND SUGGESTIONS
Nature protection consists of all the encouraging and protective measures that secure the wild
animals, plant species, natural habitats for them, the
landscaping and the landscaping elements of these
habitats [19]. In his study, states that one of the
most important tourism types practiced around
Boraboy Lake is hiking in nature [13]. He also
mentions that there are maps and signboards on the
way of these hiking areas. These maps and signs
have useful information on them like bird types,
tree types and the nature area. On the other hand, it
should be mentioned that these maps and signboards should be updated according to the developing aspects and changing situations of the area.
Based on the statement of [5]; ³SURWHFWLRQHspecially aims at the preservation of the recreative
DQG WRXULVWLF FKDUDFWHULVWLFV RI DQ DUHD´ H[LVWLQJ
recreational value of the area is determined, and
analyses were conducted in light of the expert opinions.
Accordingly, 7 regions deemed recreationally
significant in Boraboy Lake and the Nature Park
area are designated with their coordinates and
marked on the map of the location. These marked
spots are the most visually impressive locations of
the nature park and among these spots, there are
two open spaces in the forest suitable for camping.
These areas present opportunities for landscape
viewing, relaxation, visitations, nature walks and
camping. However, since the nature park is quite
fragile in terms of natural resources, protective
measures taken for the usage of these areas must
always be in effect. This area is especially rich in
forest existence and endemic plant types, so it is
crucial that none of the recreational activities
should cause any harm to the existing resource
values of the area.
As mentioned in the study of [26], landscape
planning is a planning approach based on the landscaping ecology. Areas with landscaping value can
only be preserved as long as the usage continuity of
their natural and cultural sources is established.
Landscape evaluation consists of landscape planning and strategy developing for the preservation,
administration, improvement and application of the
landscape. For this purpose, it is important to set up
planning decisions aimed at protection-application
during the physical planning of these areas. Concordantly, designation of the development strategies
aimed at the protection and recreation of Boraboy
Lake and the Nature Park, was conducted based on
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[3]. However, when the cost of the methods used in
the generation of electrical energy and the difficulties of transmitting it to the consumer are considered, it has been inevitable to carry out studies to
employ it more consciously and economically [4-5].
In parallel with the development of industry in
recent years, the number of shopping malls and
office based public and private sector buildings,
administration and management centers have increased. These buildings have large interior spaces
including under ground level as well, so these
buildings increase the need for artificial lighting
[6]. 19% of electrical energy consumed in the world
is spent on illumination. The part of electricity
spent on illumination except for the industrial organizations is 47%. When this ratio is considered, it
is inevitable that electric energy should be used
economically for illumination as it should be for all
areas of industry and home use. Energy saving is to
use the energy in an efficient way without having
any decrease in production, comfort and workforce
and not to waste it [7].
The main purpose of designing a lighting system is to obtain enough light without increasing
energy costs while avoiding extensive lighting. In
order to use the energy in an efficient way on lightening, a proper lighting design should be performed
during installation process [8]. Installation load of
lighting system and the operating time of lighting
system should be minimized, and the maintenance
and cleanup practices during the operation should
be performed regularly on an existing system.
Therefore, energy saving in lighting is possible by
using lamps with a high efficiency factor and
through a right and safe maintenance method [9].
What is important in lighting is to create an
order which will provide the proper lighting for the
purposes of the practice on current situation. Here,
properties such as color and the direction of the
light, softness or sharpness of the shadows at the
obtained light play significant role [10]. A good
lighting has been a must today both to meet the
special wishes of individuals and to solve various
problems of societies under ordinary or extraordinary circumstances. Otherwise, visual fatigue

In lighting systems, luminaires, lamps and
wall surfaces become dirty in the long run. Besides,
the luminous flux in the lighting elements also
decreases depending on usage. As a result, the
brightness level in interior space decreases gradually. The amount of decrease in the lightness level is
determined by the depreciation factor (). For the
detection of depreciation factor, measurements
should be taken at several different points over the
lighting system. By using these measurements, the
average brightness levels can be calculated according to the standards which are prepared by the
Chartered Institution of Building Services Engineers (CIBSE). The depreciation factor is calculated
by using the average brightness values in the next
step. This is a process that requires time and effort.
In the present study, an ANN model was created as
an alternative to all these long and exhaustive
measurements and this ANN was trained for estimation of depreciation factor. The correlation coefficient (!) of the trained ANN was calculated as
0.99. The fact that the actual and obtained estimated
values were close to each other. After 24 months
from the first obtained data, the existing lighting
system has been improved and so 20% of the electricity energy which does not produce light has
been recovered. Thus, energy waste and light loss
were prevented. Moreover, the ergonomic comfort
conditions of the lighting environments were kept at
the desired level.
'&!"
Energy save, Illumination, ANN, Depreciation factor,
Lighting systems lifetime.

#!$#
Fossil fuel reserves which meet a significant
part of energy need today have being running out
quickly. This situation has led people to find new
alternative sources of energy, and to use existing
sources of energy in maximum efficiency and in an
economic way [1]. Electrical energy is needed in
every step of our daily life [2] (heating, air conditioning, transportation, industry and illumination)
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occurs because of unsuitable lighting and it may
also cause serious traumas in work places [11]. In a
study carried out in a work place, it has been found
out that physical fatigue of two out of every three
people is due to weak lighting in the work place
[12].
The ANNs are generally accepted as computer
systems which perform learning function as the
basic characteristic of brain to solve complicated
problems [13]. The ANNs structurally consist of
three sections as input layer, hidden layer and output layer with interconnected process units (Fig.1)
[14]. Each neuron consists of two main sections as
an activation function and transfer function.
Each connection on process units has a weight
value. The information of an ANN is hidden in
these weight values and spreads throughout the
ANN [15]. Learning practice is performed by using
key information samples [16]. Today, computer
codes are used for estimation and the used algorithms are based on the solution of complicated
mathematical equilibrium [17]. Significant amount
of time and powerful computers are needed to reach
the right result [18]. Moreover, since the neural
networks can process deficient or damaged data,
they have the opportunity to minimize the mistakes
[19].
Since determination of depreciation amount in
lighting systems is difficult, evaluating system
performance and determining the maintenance
interval are complicated practices. In order to determine maintenance interval, it is necessary to
measure illuminance levels at numerous points of
work plane in the environment. Based upon these
measurements, isolux curves are created based on
minimum illumination level, average illumination,
smoothness factor and counter illumination level.
When such procedures are considered, the determination of the depreciation amount of a lighting
system is a tiring process and it takes a considerable
time and effort [20].
When these difficulties are taken into account
for determining the depreciation amount of a light-

ing system, it is inevitable to search for a new solution and use different methods to calculate both
natural and artificial lighting system parameters
[21].
A limited number of studies have been conducted in the literature. In Kocabey’s (2014) study,
the Finite Element Method (FEM) was used to
determine the maintenance interval in lighting systems. In our study, the same procedure has been
performed by the ANN method [22]. In the Kazanasmaz’s (2009) study, they predicted the daylight
brightness level by using an ANN. The ANN method was also used in our study, but unlike Kazanasmaz’s study, the  was estimated within artificial lighting systems [23].Tran (2014) worked on
controlling a sensorless LED lighting system by
using the ANN. In our study, a new prediction
model was created differently from Tran's work
[24]. Şahin (2016) estimated the brightness distribution in the environment with the ANN in order to
calculate the  in lighting systems. In this study, 
was directly estimated with ANN.
In this present study, illuminance level measurements were performed on the minimum spot as
designated by the suggestions of the International
Commission on Illumination CIE [25]. The ANN
was created and trained by using these measured
data and depreciation factor related to the current
lighting system was estimated. In the direction of
these estimations, depreciation rate related to the
current lighting system was designated. In this way,
the determination of whether it was the maintenance time of the system or the system expiration
was ensured. Energy loss depending on time of use
was responded at the right time and improved and
as a result of this, the electric energy which did not
transform into light was prevented. In line with
these ideas, as a generally accepted method to solve
complicated and badly conditioned problems, the
ANNs have been used to estimate the depreciation
factor of a current lighting system.

3788

%$

" &   









 " #!"!


#!"#"

201;260"@:;.5:*6-;1..,.::2;@7/#1.29
*26;.6*6,. Illumination is described as “to
apply light in order environment and objects to be
seen properly” by International Commission on
Illumination CIE [26]. The environment and the
objects here differ in accordance with the purpose
of the lighting application. These differences cause
the concept of ‘Lighting Technique’ to emerge. At
first, lighting technique needs to provide visual
perception to occur at the best conditions, and thenit
should offer the most economic solution in terms of
first installation and the cost of use. Moreover, it
should be satisfying in terms of aesthetical values
and architectural suitability [27]. In this way, illumination becomes an issue aiming not only to meet
the physiological need of seeing of people but also
to bring visional comfort, labor productivity and
architectural properties of surface to the foreground.
No matter how well a lighting system is designed, illuminance level at the beginning decreases
depending on time. The reasons of this decrease
are:
• The decrease in light flux in lighting
equipments
• Failure of lamps
• Becoming dirty of lighting luminaire and
lighting equipment
• Becoming dirty or dusty of walls.
Since the decrease of illuminance level in the
system is slow and continuous, it cannot be easily
recognized. According to researches, it has been
found out that eyesight decreases as a result of
wrong illumination or decreases of light flux in
lighting equipments, occupational accidents increase due to eye pain that occurred in time,
productivity and trading size reduce and insufficient
illumination does not respond to aesthetical senses
and comfort [28]. Besides, physiological and psychological effects of illumination are quite strong. It
affects emotional status and motivation level of
people [29]. As a part of sensory and perceptual
data, illumination and visual perception have an
important place. Its effect on emotional status is
proved with experimental studies and with other
studies [30].
Maintenance is the main factor for a quality of
illumination. Periodic maintenance (cleaning, polishing, replacement of lamp and luminaire) can
reduce the decrease in the speed of light flux in
lighting system. However, this decrease in illumination level, which is called depreciation, cannot be
prevented completely and continues throughout the
service period (10-20 years) depending on other
factors and illuminance level draws a curve as seen
in Figure 2 below.


$! 
#25.-.8.6-.6;09*812,:7/244<526*6,.4.=.426
*626;.9279:8*,.( )
The rate between the average value in service
period and average illuminance level during the
initial setup phase in a lighting system is called
depreciation factor.
 =$ /$

(1)

Where  is depreciation factor, $ is initial
mean illuminance and $ is mean illuminance at
the end of the life cycle [31].
For instance, a depreciation multiplier of 1.5
expresses energy loss at a rate of one-third. Illuminance level obtained in such a situation is higher in
the first period of the usage, and it becomes insufficient gradually in the second period. Since this
decrease in illuminance level does not have anything to do with consumed electric energy, the cost
related to this stays the same during the period of
usage. That is to say, the money spent on lighting
stays the same, but the illuminance level is imbalanced in the first and second periods. This is an
undesired situation in lighting systems.
In order to prevent losses occurred due to depreciation in lighting systems, initial illuminance
level can be designed in a way which is more than
needed. In this way, although illuminance level is
ensured at an adequate level longer than usual,
more energy loss occurs. Another solution for depreciation is to use dimmer systems. It necessitates
an extra initial investment therefore dimmer systems are not a preferable method in practice. In the
light of this information, “Estimation of Depreciation Factor of Lighting System with the ANN” is
suggested as a new method.
44<526*6,. 5.*:<9.5.6;: The purpose of
the current study was to estimate the depreciation
factor of interior lighting systems by using the
ANN and to determine whether it was the mainte-

3789

%$

" &   









 " #!"!


#1.  7-.4 /79 ;1. :;25*;276 7/ .
89.,2*;276 *,;79 While evaluating the lighting
system, various methods are used to control the
efficiency of interior lighting. These are numerical
methods such as Maxwell equations, finite elements, and finite difference. Any physical event
desired can be modeled using these mathematical
methods. Then, this mathematical model can be
solved numerically. The solution of partial differential equations emerged as a result of the analysis of
these kinds of mathematical models is usually difficult and takes time or can be even impossible to
solve. When the solution is impossible, an alternative solution becomes inevitable. Using new methods such as artificial neural networks as alternatives
to experimental studies and numerical calculation
methods, which are quite costly and inconvenient in
terms of both economy and time, would be much
more convenient.
Therefore, the artificial neural networks method was used to estimate the depreciation factor in
the present study. It was aimed to control the
maintenance time of the system and to increase the
reliability of it through artificial neural networks. In
other words, the estimation of for related to system was aimed when interior lux values are limited
in number and on specific points (on two cross
diagonal lines) by training an ANN with this limited information. In this way, a more reliable and
easier way of determination of maintenance time of
lighting system was enabled.
In this study, three different ANN models
were established, which were
• Feed-Forward back propagation ANN
model,
• Radial Basis Function ANN model,
• Perceptron ANN model.

nance time of the system via obtained data from
these estimations. Hence, it is primarily necessary
to prepare the data to be used for the training of the
ANN therefore related illuminance level values and
depreciation factor values were used for the training
of ANN.
Necessary measurements were performed at
“Circuit Components and Measurement Laboratory”, Department of Electric and Electronics Engineering. In order to evaluate lighting systems, illuminance level measurements should be performed
in the dark therefore, the measurements started at
10:00 pm. Since the laboratory where the measurements were performed was in the campus and on
the third floor, there was no light outside and all the
lights were turned off in halls except laboratory.
The size of the place where the measurements were
performed was 9,8 m wide, 11,7 m long, and 3,5m
high and the color of walls in the laboratory was
“cream”.
The laboratory is lighted with 12 high visibility luminaires in total, which were lined in 3 rows
and 4 luminaires for each row. Four TDL 18 Watt
Daywhite 1050 lumen fluorescent lamps were used
on each luminaire. First, 81(9x9) fixed points were
determined and marked on the tables and measurements were made at these points. The distance of a
worktable from the floor was 130cm. A LUTRON
luxmeter has been used for the measurements.
After all the cleaning and maintenances were
performed, necessary initial measurements were
made and saved as 9x9 matrixes. The measured
data to be used in the AAN training were repeated
every month for 12 months period. Since the faculty
provides education both day and night, the laboratory was used actively during the time of the measurements. During this period, both lighting equipments and interior walls had worn off, got dusty
and dirty to some extend and as a result, illuminance level decreased in the laboratory. When
compared to the previous period, an unnoticeable
decrease in the values appeared in every measurement period in accordance with the usage, depreciation and pollution. The same measurements were
repeated at the end of this usage period and these
data were also saved as 9x9 matrixes.
According to the suggestions of the International Commission on Illumination (CIE), real
values can be approximated at specific failure rates
as a result of illuminance level measurements.
However, since the isolux curves are not available,
it is not possible to have information about the
smoothness of light in the environment. It is necessary to perform measurements at more points but
this is a hard and tiring job. In this study, the depreciation factor of lighting system in the laboratory
was estimated by using an ANN which was trained
with the values obtained from illuminance level
measurements performed at the minimum points as
possible.

In this study, each ANN model was trained
separately. At the end of each ANN model training,
the Perceptron ANN model gave 3.79% error rate,
the Radial Basis Function ANN model gave 3.41%
error rate and the Feed-Forward back propagation
ANN model gave 2.17% error rate. It was observed
that the Feed-Forward back propagation ANN
model was most successful one among these three
models for the prediction of the illuminance level
distribution. In this study, the Feed-Forward back
propagation ANN model was preferred because of
its performance for the prediction of illuminance
level distribution with low error rate.
While the ANN model was being constructed,
two groups were allocated for training and test
purposes. 80% of the monthly measurements were
used for the training and remaining 20% of the
monthly measurements were used for testing. All
measurements lasted 24 months.
The data used in the training of the ANN
model consisted of two parts: weight and target
data. Weights were applied to the input of the ANN.
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Light levels on cross diagonal were used as the
weight. Depreciation factor was used as the target.
The reason for use of the illumination levels on the
cross diagonal was to predict the depreciation factor
of the system with fewer measurements. Parameters
used for the training of the ANN and minimum and
maximum values (range) of these parameters are
given in Table 1. 450 (2x9x25) input variables and
25 output variables were used for the training of the
ANN.

68<;%*92*+4.
(cross-diagonal
illumination values)




262
5<5

*?
25<5

201.4

260.7

1

1.294

#*90.;%*92*+4.
Depreciation Factor

 

0

1

#*90.;%*92*+4.

Depreciation Factor

0

1

# 
#.:;260=*4<.:/79;19..-2//.9.6;*40792;15:
>2;1;1.+.:;9.:<4;:
Training
Algorithm
 
 
 

Values higher or lower than the normal can be
observed between input and target data and these
can be included in training set by mistake. If these
values are different than the normal, this may misdirect the network while calculating net inputs. To
scale all training data in a certain range, that is to
say, in 0-1 range will help the information from
different environment to be reduced to the same
scale. In this way, the effect of too high or too low
values entering the system by mistake will disappear. This is possible through normalization process. Learning performance of the ANN can be
increased through normalization just before the
training session. If the input and target data to be
used in the training are subjected to certain processes, they could make the training of artificial neural
network more productive.
Various normalization methods are available
in the practice. Min-Max normalization was used in
this study. Minimum describes the lowest value of
the data, and maximum describes the highest value
of a data. The equation below was used to reduce
the data in 0-1 range through the Min-Max method.
&' && &&& 

*?2
5<5

In the last stage, suitable training algorithm for
designated Feed-Forward backpropagation network
model for the chosen study is determined. In this
stage, different training algorithms were used in this
study and testing values for three different algorithms with the best results are given in Table 3.

#
#1.268<;*6-7<;8<;=*92*+4.:<:.-/79
,76:;9<,;2767/;1.57-.4
7-.

68<;%*92*+4.
(cross-diagonal
illumination values)

262
5<5

7-.

!#"# 

! #"# 

0.9941
0.9762
0.9710

98.82
95.29
94.28

Correlation coefficient ! is a measure which is
used to determine whether ANN is trained well or
not. This is obtained depending on the difference
between desired network output and targeted output. Correlation coefficient varies between – 1 and
1. When ! is equal to 1, it is accepted that there is a
perfect similarity between network output and targeted output. When ! is equal to -1, it is accepted
that there is an inverse relationship between output
and targeted output. When  ! is equal to 0 there is
no similarity between output and targeted output.
Levenberg-Marquardt (LM) algorithm was used as
training algorithm in this study. Correlation coefficient of this algorithm was ! 
 and !2 value
(specificity coefficient) obtained as a result of ANN
training was 98.82. Parameters related to artificial
neural network trained for the study are given in
Table 4 below.

# 
;9*262608*9*5.;.9:

(2)

#@8.7/

Where x’ is normalized data, & is input value,
&& is the biggest input value and & is the smallest input value.
Normalized input and target data is used for
the training of artificial neural network (Table 2).
At the end of the process, inverse transformation is
applied and transformation to real values is obtained.






Training Algorithm
Learning Function
Performance Function
Number Of Layers
Number Of Neurons
Activation Function
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sumed electricity was not converted into light. After
12 months of use, 11-12% of electricity energy,
which was not converted into light will be prevented by intervening the lighting system.

Experimental laboratory was subjected to 24
months of usage after the lighting system was installed. Within this time frame, both the lighting
fixtures and interior walls in the environment were
worn, polluted and got dusty. However, the extent
and rate of wear at any point on this time frame or
at the end of this period was not known and could
not be computed. Making measurements at a lot of
spots in the environment is necessary to determine
the energy that cannot be transformed into light at
the end of that period. This is a time-consuming
process.
In this study, a Feed-Forward backpropagation
type ANN was used to estimate the depreciation
factor. The Levenberg-Marquardt (LM) algorithm
was preferred as the network training algorithm.
The initial average brightness level of the laboratory was measured as 260.76 lx and the depreciation
factor at the beginning was 1.00. The average
brightness level decreased in time and depreciation
factor increased. The measurements for these values
are given in Table 5.
The ANN has been trained with 80% of data
was finally tested. The predicted and measured
depreciation factor values for the test result are
given in table 6.
To obtain true values of  in the table, the
brightness levels must be measured at many points
in the interior space. Using these measured values,
the average brightness level in the lighting system
was calculated and the %" found using an average brightness level. The ANN estimated using a
minimum number of light level measurements. This
was also a great convenience.
At the end of the 12 months of usage period,
the  of the lighting system was calculated as
1.132. This value was estimated as 1.141 by the
ANN. According to the measurement results, 11.6%
of the consumed electricity was not converted into
light. The ANN estimated that 12.3% of the con-
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At the end of the 24 months of usage period,
the  of the lighting system was calculated as
1.294. This value was estimated as 1.263 by the
ANN. According to the measurement results,
22.72% of the consumed electricity was not converted into light. The ANN estimated that 20.82%
of the consumed electricity was not converted into
light. After 24 months of use, 20-22% of electricity
energy, which is not converted to light, will be
prevented by intervening the lighting system. A
graphical comparison of measured and estimated
depreciation factor values for the 24-month period
of use is given in Figure 3.
The curve drawn in red color in Figure 6
shows the  values obtained as the actual measurement result. The curve drawn in black color
shows the  values obtained from the ANN estimations. This correlation coefficient of these values
was 0.994. This proves the success of the ANN in
estimating the 
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1.011
1.009
 
1.137
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1.024
 
1.144
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A good lighting system can be designed with
the help of useful lighting simulation programs.
However, it is not possible to calculate the amount
of  after a certain service time with these programs. Therefore, it is necessary to make individual
measurements at many points. Measuring all these
individual points is very difficult job and takes a lot
of time. For this purpose, an ANN was used to
estimate the  in this study. The selected lighting
system was used for 24 months after its first installation. At this time, the lighting elements and the
interior walls of the interior space were worn, polluted and got dirty at a certain rate. During this
time, the brightness level measurements were made
in this interior region at certain intervals. By using
these measurements, actual  values were calculated. The same values were also estimated by the
trained ANN. At the end of the study, the results
predicted by the ANN model were compared with
real-time measurement results and estimated values
were almost the same as the actual measured values.
At the end of the two-year period of use, the
system was intervened and the approximately 20%
of electrical energy which was not converted to
light was avoided. Moreover, the solution that can
be put forward was facilitated by the ANN as a
result of long experimental measurements. The
suggested possible solution has been unveiled as a
result of the long-duration experimental measurements. These processes were simplified with the
help of the ANN which is providing great convenience in the determination of insufficiencies resulting because of worn, polluted, dusty lighting fixtures and interior walls in time. It was also easy to
the determine maintenance plans by using the
ANN. These determinations have contributed to
lighting based on energy saving. The use of the
ANN can be expanded in the estimation of brightness level distribution in interior spaces. In other
words, it is possible to use the ANN to predict  of
lighting systems with more diverse characteristics
by using different variables in the training of ANN.
This will allow the estimations to be implemented
in various interior lighting systems.
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Spatial pattern analysis is an important method
to research population biological characteristics,
interactions among populations and relationships
between population and environment. In this study,
two 1-hectare permanent sample plots were established within a natural, secondary   
forest in the Huanglong Mountain region to investigate the spatial distribution patterns of individuals
at different growth stages, and the spatial relationships among individuals. Results showed that (1)
the diameter structure of     was
complete and the plants were distributed each diameter class in the two plots, individuals in Plot 
were mainly concentrated at saplings and small
trees, fewer number of middle and large trees, belonging to growing population; the individuals in
Plot II were mainly concentrated at small and middle trees, fewer number of saplings and large trees,
the stable population. (2) The distribution pattern of
each growth stage and the spatial scale were closely
related, saplings and small trees express as aggregated distribution at small scales, and the aggregated intensity is higher in plot , with the scales
increased, individuals tend to be randomly distributed, middle and large trees show random distribution. (3) In terms of the correlation between individuals at different growth stages, there is a significantly positive correlation between saplings and
small trees, and saplings and middle trees at small
and medium scales, and no significant correlation at
large scales; the saplings and large trees are negatively correlated at some scales; there is no significant correlation between small trees and large trees,
and between middle trees and large trees.



Intra- and inter-specific interactions, fundamental to the structure and organization of plant
communities [1], are resulted from seed dispersal
pattern, self-thinning, regeneration mode and environmental heterogeneity [2-4]. Each of these processes works at a specific spatiotemporal scale. A
major focus of ecological research is to understand
the nature of these processes. Spatial pattern, an
indicator of regeneration and interaction among
individuals, provides a good entry point for revealing the nature of forest dynamics. In a forest, the
individuals may obey random, aggregated or regular distribution, depending on the location and spatial scale [5, 6].
Located in the upper and middle reaches of the
Yellow River, the Loess Plateau is known for severe water shortage and soil erosion [7, 8]. Frequent
droughts cause the Loess Plateau to have a sparse
vegetation cover. Additionally, strong rainstorms,
highly erodible loess soil layers, fragmented landscapes, and forest removal have led to the destruction of the area’s ecological system and exacerbated
water scarcity and soil erosion [9, 10]. Over the
past three decades, the Chinese government has
attached great importance to the ecological restoration on the plateau. Considerable manpower, materials and money have been invested in this region to
restore the vegetation cover and curb the soil erosion [11]. One of the most effective moves lies in
the forest restoration project [12]. The zonal vegetation type in the region is    forest. 
   is a drought-tolerant plant that thrives
in poor soil. The forest has the functions of soil and
water conservation and environment protection
[13]. Recent research has suggested that the spatial
distribution of    is critical to vegetation restoration on the Loess Plateau [14-16]. The
existing studies on     have mainly
discussed the community structure, population
dynamics, and niche characteristics [17-21].
Focusing on the spatial structure of forest
stands on the Loess Plateau, this paper attempts to
answer the following questions: what is the spatial
distribution of    and does it change
with the spatial scale? Which factors affect the

%$ !
Point pattern analysis, O-ring Statistic, Spatial Scale,
Spatial distribution pattern, Spatial Correlation
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spatial patterns and correlations of 
?

 

frost-free period lasts about 126~186 days. The
land is predominantly covered by grey-cinnamon
soils and the native vegetation is warm temperate
broadleaf deciduous forest.

" !"!

8./)7 78'8+2+38 Forestry Bureau of
Huanglong County, the governing authority of
Huanglong Mountain natural reserve, has given the
author the permission to conduct field study in the
natural reserve. The author confirms that the field
study did not involve endangered or protected species.

<5+6/2+38'1 +7/-3 In 2013~2014, two 1hectare square plots were established at random
locations in the study area. Plot I lies in Hugoumen
Forest Farm at an altitude of 1,430~1,488 m above
mean sea level (AMSL). The plot is covered by a
natural secondary broadleaf coniferous and mixed
forest. There is a plurality of tree species, namely,
   ,      Koidz
   Suk   Maxim 
    (Stokes) Barkl  
  Carr Plot II, situated in Guanzhuang
Forest Farm at an altitude of 1,315~1,371 m
AMSL, is also covered by a natural secondary
broadleaf coniferous and mixed forest. The common tree species in the forest include   
 ,    ,     ,
and   .

!89*= '6+' The study area, a typical region
of the Loess Plateau, is located in the Huanglong
Mountain natural reserve, Shaanxi Province, China
(35°28'46″-36°02'01″N, 109°38'49″-110°12'47″E).
The mean annual temperature stands at 10.2°C, and
the mean monthly temperature changes between 5.7°C (January) and 21.5°C (July). The mean annual precipitation is 611.8mm, with the wettest
months being July, August and September. The


"
!8'3*7869)896+4,86++7'88.+8;47'251+7/8+7
Measurement
Mean slope (°)
Slope aspect (°)
Canopy density (%)
Species composition1
Density / (trees@ha-1)
Tot. basal area / (m2@ha-1)
Mean height / (m)
Mean diameter / (cm)
1
By volume.

Plot
I
25.09
N by W 14
79
30% , 30% , 30%  , 10%
broadleaf trees
2467
25.53
7.01
11.48

II
22.19
N by W 13
62
80% , 10%  , 10% broadleaf trees
1103
21.49
9.45
15.78

# 
/786/(98/434,8.+*/,,+6+38-64;8.78'-+74,  
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statistic is estimated as:

The elevation of each plot was determined
with a portable GPS. In each plot, the location of all
trees with a diameter at breast height (DBH)≥2.5cm
was recorded, together with their DBH (cm),
height(m), and crown breadth(m2) (Table 1). Besides, the locations were permanently marked and
the tree species were identified. The dynamics of
population distribution was analysed by a diameterclass structure [22]. All    individuals were classified into four growth stages [23, 24]
(Figure 1): saplings (2.5cm≤DBH10cm), small
trees (10cm≤DBH  20cm), middle trees
(20cm≤DBH  30cm), and large trees
(DBH≥30cm).



 ( ) =


∑ Point[ 




( )]

∑ Area[ 




( )]

 =1


 =1

(3)

1 1
∑ Point 2 [1 ( )]
1  =1

12 ( ) =
1 1
∑ Area[1 ( )]
1  =1

(4)
Equations (3) and (4) are respectively the formulas for the univariate and bivariate O-ring statistics. In Equation (4), n1 is the number of points of
object 1; Riw(r) is the ring with radius r and width w
centring on the i-th point of object 1.
In Equation 5, points2[X] is the number of
points of object 2 in region X, the area of which is
determine by operator Area[X] in Equation 7.
Points 2 [1, ( )]= ∑∑  ( , ) 2 ( , )   (  ,  , , )

'8' '3'1=7/7. The second-order characteristics, as the summary statistic of all point-to-point
distances in a mapped area, offer the potential to
detect different pattern types and scales [25]. Two
of the most popular metrics for point pattern analysis are Ripley’s K function and O-ring statistic
[26,27].
The Ripley’s K function describes the occurrence of point patterns in a given area of interest at
different scales (distances) and the specific distribution of individuals (e.g. dispersed distribution, clustered distribution, random distribution). The downside is that the results of longer distances are affected by shorter distances, which blurs the spatial
correlation at a given scale.
The problem is eliminated by the O-ring statistic, an improved version of Ripley’s K function.
The circles of the function are replaced with concentric rings. The replacement isolates specific
distance classes and permits analysis of spatial
patterns at a given distance [28-31]. Moreover, the
O-ring statistic includes both univariate and bivariate measures. The univariate O-ring statistic adopts
the heterogeneous poisson process if the species
distributions are clearly patchy, and complete spatial randomness (CSR) if otherwise. The bivariate
O-ring static, however, selects an antecedent condition null model, considering the asymmetric competition among different species [32].
Through the above analysis, the univariate Oring statistic, O(r) was employed to discuss the
spatial distribution patterns of individual P. tabulaeformis population at different growth stages, and
the bivariate O-ring statistic, O12(r) was chosen to
depict the spatial correlation among individuals.
The generalized O-ring equation is:
( ) = λ  ( )
(1)

allx ally

Area[1, ( )]=z 2 ∑∑  ( ,  )   (  ,  , ,  )
allx ally

⎧
⎪1
  (  ,  , ,  ) = ⎨
⎪0
⎩

if

(5)
(6)



 − ≤ (  −  )2 + (  −  )2 ≤  +


2
2
otherwise

(7)
where (xi, yi) are the coordinates of the i-th
point of object 1; Iiw is the ring radius r and width w
centring on the i-th point with coordinates (xi, yi);
S(x, y) is a variable that equals 1 if (x, y) are inside
the study area and equals 0 if otherwise; P2(x, y) is
the number of points of object 2 in each cell; Iiw (xi,
yi, x, y) (Equation 7) is a variable that varies in the
circle with radius r centring on the i-th point of
object 1; z2 is the area of one cell. The univariate
statistic was calculated under the condition that
object 2 equals to object 1.
The calculations were conducted on Programita, a software package for spatial point pattern
analysis in ecology [33]. The spatial scale varied
from 0 to 50 m at step widths of 1m. Then, the
Monte-Carlo simulation was performed 99 times,
from which a 95% confidence interval was derived.
!#"!!#!!

42293/8=).'6')8+6/78/)7'3*7869)896+4,
     The     in Plot II
surpass those in Plot  in basal area, height and
mean diameter, but lagged behind in density (Table
2). In terms of growth stage, saplings account for
63% of the total number of trees in Plot , as compared with 16.7% in Plot II (Figure 1). The proportions of middle and large trees are smaller in Plot
 than in Plot II. The size distribution is approximately J-shaped in Plot , but close to a normal
distribution in Plot II.

 ( )
/ 2π 

(2)
For the CSR, O(r) is equal to λ. If O(r)λ, the
individuals obey aggregated distribution at distance
r; if O(r)λ, the individuals obey regular distribution. To remove edge effect, the study area was
divided into many small cells. Then, the O-ring
 ( ) =
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2+86/)7,6428.+8;451487
Plot

Measurement

I
815
7.91
8.22
11.12

Density / (trees·ha-1)
Basal area / (m2·ha-1)
Mean height / (m)
Mean diameter / (cm)

!5'8/'1*/786/(98/434,  

II
557
17.44
12.97
19.97

# 
'8,496-64;8.78'-+7/38;4?251487

Sample sizes are 815 and 557 trees in plots I and II, respectively.

# 
!5'8/'1*/786/(98/435'88+634,'11  

/351487'3*

(The solid line is the O(r) value. Dashed lines correspond to the confidence intervals generated from 99 Monte Carlo simulations under the null hypothesis of complete spatial randomness.)

!5'8/'1*/786/(98/43(=-64;8.78'-+ In Plot
, the saplings are aggregated at scales<10m, and
are randomly distributed at higher scales (Figure 4IA); small trees (Figure 4- IB) tend to aggregate at
scales<7 m while middle trees (Figure 4- IC) are
randomly distributed at all scales; the large trees are
too few to exhibit a clear distribution pattern.

!5'8/'15'88+6374,8.+54591'8/434,
    54591'8/43 Figure 2 displays the spatial distribution of individual    individuals in the two plots. The two plots share similar
overall patterns of aggregation (Figure 3). The
individuals are aggregated at scales<12 m in Plot
, and 7 m in Plot II. At larger scales, the individuals are randomly distributed in both plots.
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!5'8/'1 )466+1'8/437 (+8;++3 */,,+6+38
-64;8.78'-+7 There are only minor differences in
the correlation between growth stages. In both
plots, saplings and small trees are positively aggregated at scales <10 m, and potentially at 3 m distance for small and middle trees (Figures 5, 6).
There is no obvious indication of aggregation for
any other tree size pairings or distance.

In Plot II, the overall pattern is similar to that
of Plot  (Figure 4). Specifically, the saplings
(Figure 4-IIA) and small trees (Figure 4-IIB) are
aggregated only at scales<10 m, while middle (Figure 4-IIC) and large (Figure 4-IID) trees are distributed randomly regardless of scale.




#  
!5'8/'1*/786/(98/435'88+634,8.+*/,,+6+38-64;8.
78'-+74,   /351487'3*



(The solid line is the O(r) value. Dashed lines correspond to the confidence intervals generated from 99 Monte Carlo simulations under a null hypothesis of complete spatial randomness. A saplings, B small trees, C middle trees, D large trees.)
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#  
!5'8/'1'774)/'8/43(+8;++3*/,,+6+38-64;8.78'-+74,  

/35148

(The solid line is the O(r) value. Dashed lines correspond to the confidence intervals generated from 99 Monte Carlo simulations under the null hypothesis of complete spatial randomness. A saplings and small trees, B saplings and middle trees, C
saplings and large trees, D small trees and middle trees, E small trees and large trees, F middle trees and large trees.)



#  
!5'8/'1'774)/'8/43(+8;++3*/,,+6+38-64;8.78'-+74,  

/35148

(The solid line is the O(r) value. Dashed lines correspond to confidence intervals generated from 99 Monte Carlo simulations
under the null hypothesis of complete spatial randomness. A saplings and small trees, B saplings and middle trees, C saplings
and large trees, D small trees and middle trees, E small trees and large trees, F middle trees and large trees.)
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    of the two plots differ in
DBH distribution. In Plot , the distribution pattern is inverse J-shaped, a signal of the ongoing
regeneration within the tree stand. The gradual
decline in the number of individuals at DBH>20cm
may be attributable to density-dependent mortality.
By contrast, Plot II is dominated by small and meddle trees. The relatively few of saplings indicates
that little regeneration is taking place in this tree
stand. A possible reason lies in the low seed germination rate. Even if the small and middle trees could
produce a large number of good quality seeds, the
germination rate is still under the constraint of
inadequate light.     is a sun-loving
plant. Except for the early stage of individual
growth, the plant needs sufficient light, soil nutrient
and water throughout its life [34]. Hence, the thick
litter layer under the tree stand adds to the difficulty
in seed germination. In the only shade-loving
growth stage, the plant grows from a seedling into a
small tree.
The plant species patterns are under the influence of environmental heterogeneity, intra- and
inter-specific competition and life history strategies
[35, 36]. Different processes can induce varied
spatial patterns. The aggregated distribution pattern,
a commonplace in small diameter-class species
[37], is often caused by regeneration strategies like
limited seed dispersal, vegetative recruitment and
effect of nurse trees. As the diameter-class increases, the intra- and inter-specific competition for
resources becomes increasingly fierce. The weak
aggregation in large diameter-class species verifies
the role of herbivores and plant diseases in reducing
aggregation. The aggregation has already suppressed by pests on the trees at the diameter of 1cm
[38]. The pest effect is not so pronounced on trees
with diameter greater than 1cm. The effect is not
observed when the tree diameter grows to 10~30
cm. The spatial distribution of    
populations in this study was consistent is consistent with this rule, and the aggregated distribution characteristics echo with the previous research
findings [39-41].
The forest spatial patterns are closely related
to scales [42]. The spatial distribution of trees may
fit one pattern at one interval and another at a different interval [43, 44]. In this research, the spatial
pattern of    is dependent on scale. It
is discovered that the tree population obeys aggregated distribution at small scales at some growth
stages, but shifts to less aggregated patterns with
the increase of scales between individuals. The
trend could be explained by the less resource demand of shorter individuals [45]. The aggregated
distribution at small scales, e.g. saplings and small
trees, can also be attributed to the proximity of
fallen seeds to the crown of the mother tree, as well
as other environmental factors [46]. As shown in
Figure 4, the aggregation is less in the upper DBH

class, because adult trees in the class demand more
resources (e.g. light, water, nutrient) than younger
trees [47-49]. Due to the lack of available resources, self-thinning is likely to happen, thus reducing the aggregation degree [50]. There exists a
positive correlation among the previous three
growth stages at most scales (Figures 5, 6), indicating that the conspecific trees thrive in these growth
stages. The saplings are negatively correlated with
large trees at medium scales in Plot  (Figure 5).
However, the correlation turns positive at some
large scales in Plot II (Figure 6). This reveals that
the canopies of large trees hinder the growth of
saplings. Hence, different growth stages have different requirements on persistence and recruitment,
a premise that supports the regeneration niche hypothesis [51]. That the small and middle trees have
independent associations with large trees may be
explained by the negative effect of forest floor
micro-environmental conditions on the survival,
establishment, and growth of young trees. To some
extent, the finding is consistent with the JanzenConnell hypothesis, which suggests that high mortality rate is likely to occur to large trees.
#!!
With the aim to facilitate forest management
planning, this paper probes into the spatial distributions and correlations of the population of  
  in natural secondary forest at different
growth stages. The research results reveal the necessity to rationally allocate population density
except for cultivating large-diameter timber. The
forest of high canopy density should be adjusted
timely to allow the regeneration and growth of
seedlings under canopy, and promote the stable
development of population. In future, the author
will create a favourable habitat for seedlings development of     through low intensity
thinning and reducing canopy gaps. The patterns
are determined by the biological characteristics and
environmental factors of    , including but not limited to seed dispersal, regeneration
mechanism, and micro-environmental conditions of
forest floor. In addition, the spatial patterns of species are under the joint action of various factors,
such as selective cutting, physiological effect, and
disturbance. Thus, the future research should be
performed with a large amount of monitoring data.
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'F;5B=7 :5FA=B; 5G 5 ?9M HC GIGH5=B56@9 5;F=
7I@HIF9<5G75DHIF98H<95HH9BH=CBC:A5BM7CIBHF=9G
KCF@8K=89  &CK585MG 5 G=;B=:=75BH BIA69F C:
7CBG7=CIG 7CBGIA9FG 5F9 HIFB=B; 9J9FM 85M HC H<9
7CBGIADH=CBC:CF;5B=7DFC8I7HG:CF<95@H<M@=J=B;
GC=@ 5B8 K5H9F  ,<IG H<9 7CB79DH C: GIGH5=B56@9
<95@H<M5B8B5HIF5@BIHF=H=CBK<=7<7CA9G=BHCCIF
85=@M@=:9 K=H< H<989J9@CDA9BHC:CF;5B=75;F=7I@
HIF9 ;F58I5@@M =B7F95G9G =B =ADCFH5B79  ,<=G F9
G95F7< K5G 5=A98 5H 89H9FA=B=B; CF;5B=7 DFC8I7H
7CBGIADH=CB HF9B8G C: 7CBGIA9FG 5B8 9L5A=B=B;
GCA9 A5F?9H=B; :95HIF9G=B,IF?9M=BH<9DFCJ=B79
C: IFG5 K<9F9 H<9 :=FGH CF;5B=7 DFC8I7H A5F?9H
K5G @C75H98  CF H<=G DIFDCG9 5 HCH5@ C:   7CB
GIA9FG K9F9 GIFJ9M98 =B CF;5B=7 DFC8I7H A5F?9HG
=B IFG5  77CF8=B; HC H<9 F9GI@HG C: H<9 5B5@MG=G
DFC8I7H DF=79 5B8 =B7CA9 @9J9@ K9F9 =ADCFH5BH
:57HCFG=BCF;5B=7DFC8I7H7CBGIADH=CB !B588=H=CB
H<9 A5>CF=HM C: 7CBGIA9FG   8=8 BCH HFIGH
CF;5B=7 DFC8I7HG  B =BH9F9GH=B; :=B8=B; =G H<5H H<9
A=88@9=B7CA9 ;FCID 56CIH    7CBGIA98
H<9ACGHCF;5B=7DFC8I7HG !H=G9LHF9A9@M=ADCFH5BH
HC=B7F95G9H<97CBGIADH=CBC:CF;5B=7DFC8I7HG:CF
GIGH5=B56@9 7CBGIADH=CB =B H<9 F9;=CB  ,<9F9 =G 5
B998HC=ADFCJ9H<9EI5@=HMC:CF;5B=7DFC8I7HG5B8
F9;I@5H=CB C: H<9 A5F?9H D@579 5B8 HC F98I79 A5F
?9H A5F;=B =B :5JCF C: H<9 7CBGIA9F =B CF;5B=7
DFC8I7HA5F?9H=B; 



;F95H9F F9GCIF79 9::=7=9B7M =B CF89F HC F9GDCB8 HC
H<9 :CC8 5B8 BIHF=H=CB5@ B998G C: 5B =B7F95G=B;@M
IF65B=N98 D@5B9H 3 4  !B H<=G 657?;FCIB8 CF;5B=7
7CBGIA9FGF9DF9G9BH5B=ADCFH5BHHF9B8=BGIGH5=B5
6@9:CC87CBGIADH=CB3 4 
'F;5B=7 5;F=7I@HIF9 K<=7< <5G 699B 89J9@CD
=B; =B 8=::9F9BH 7CIBHF=9G 5B8 =B 8=::9F9BH 89;F99G
9GD97=5@@M G=B79 H<9  G ;5=B98 5 7CAA9F7=5@
8=A9BG=CB=BH<9  G5B8=B H<=G89J9@
CDA9BH K5G F9:@97H98 CBHC CIF 7CIBHFM HCC  7
7CF8=B; HC H<9
 85H5 CF;5B=7 DFC8I7H=CB =G
75FF=98CIH=B5DDFCL=A5H9@M H<CIG5B8<56M
H<CIG5B8 DFC8I79FG 5B8 H<9 BIA69F C: CF;5B=7
5;F=7I@HIF9 DFC8I7H HMD9G <5G =B7F95G98 HC  34 
&CK585MG 5 G=;B=:=75BH BIA69F C: 7CBG7=CIG 7CB
GIA9FG 5F9 CF=9BH98 9J9FM 85M HCK5F8G H<9 7CB
GIADH=CBC:CF;5B=7DFC8I7HG:CF<95@H<M@=J=B;GC=@
5B8 K5H9F  ,<=G B9K 5B8 AC89FB 5DDFC57< @958G
7CBGIA9FG HC 5B CF;5B=7 D<=@CGCD<M  (9CD@9 G99
ACF95B8ACF9CF;5B=7DFC8I7HG:CFH<9=F<95@H<5B8
9BJ=FCBA9BH 5B8 H<9M K5BH HC 7CBGIA9 EI5@=HM
DFC8I7HG H<5H 5F9 G5:9 :CF H<9=F :5A=@=9G 5B8 H<9=F
<95@H<M@=J9G CBGIA9FG K<C5F97CB79FB9856CIH
<95@H<M 95H=B; 5B8 5 F9@=56@9 :CC8 GIDD@M <5J9 5
DCG=H=J9 5HH=HI89 HCK5F8G CF;5B=7 DFC8I7HG 34 
CK9J9F H<9 A5F?9H :CF CF;5B=7 DFC8I7HG K<=7<
75BBCHF957<5GI::=7=9BHEI5BH=HM5B8J5F=9HM:579G
J5F=CIG 7CBGHF5=BHG 5B8 DFC6@9AG =B H9FAG C: A5F
?9H=B; (FC8I79FGGI::9F:FCA8=::=7I@H=9G=B:=B8=B;
A5F?9HG :CF H<9 DFC8I7HG H<9M DFC8I79 K=H< ;F95H
@56CF5B87CGHK<=@97CBGIA9FG7CAD@5=B56CIHH<9
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56CIH CF;5B=7 DFC8I7HG 5B8 H<9 89A5B8 H<5H K=@@
5F=G9 5G 5 F9GI@H C: H<9G9 DFC8I7HG K=@@ F9J95@ H<9
DCGG=6=@=H=9G C: A5F?9H=B; H<9G9 DFC8I7HG =B H<9
7CIBHFM 5B8 K=@@ DFCJ=89 H<9 ;I=8=B; =B:CFA5H=CB
:CF H<9 7F95H=CB C: 5B =BH9FB5@ A5F?9H :CF H<9G9
DFC8I7HG  CF H<=G F95GCB =B H<=G GHI8M =H =G 5=A98
HC=BJ9GH=;5H9H<9:57HCFG5::97H=B;H<95HH=HI89G5B8
DF9:9F9B79G C: H<9 7CBGIA9FG K<C IG9 CF;5B=7
DFC8I7HG =B CF;5B=7 DFC8I7H A5F?9H=B;  CF H<=G
DIFDCG95B5HH9ADH<5G699BA589HC89H9FA=B9H<9
5HH=HI89G <56=HG 5B8 :57HCFG H<5H 5::97H H<9 7CB
GIADH=CB C: CF;5B=7 DFC8I7HG C: :5A=@=9G @=J=B; =B
H<9DFCJ=B79C:IFG56MGH5H=GH=75@A9H<C8G 



('!#$
'F;5B=75;F=7I@HIF9GIGH5=B56=@=HM7CBGIADH=CB



 %#!&%! 

,<9 :57H H<5H H<9 =B7F95G9 =B H<9 H5F;9H98
DFC8I7H=J=HM=B5;F=7I@HIF98C9GBCH=B7F95G9=B@=B9
K=H< H<9 IG9 C: =BDIHG H<5H H<9 GC=@ =G 697CA=B;
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!B H<9 GHI8M 5 GIFJ9M K5G 7CB8I7H98 5G H<9
85H57C@@97H=CBHCC@ !B H<9@=;<HC:H<9=B:CFA5H=CB
C6H5=B98 5:H9F H<9 @=H9F5HIF9 F9G95F7< EI9GH=CBB5=F9
EI9GH=CBG K9F9 :CFA98  +CA9 C: H<9 GIFJ9M EI9G
H=CBGDF9D5F98:CFH<9F9G95F7<K9F9DF9D5F98IG=B;
J5F=CIGF9G95F7<GHI8=9GCBH<9GI6>97H3   4 
+CA9 EI9GH=CBG K9F9 :CFA98 6M H<9 F9G95F7<9FG
7CBG=89F=B;H<9DIFDCG9C:H<9F9G95F7<H<97CBH9BH
C:H<9GI6>97H5B8H<97<5F57H9F=GH=7GC:H<9DCDI@5
H=CB HC K<=7< H<9 EI9GH=CBB5=F9 KCI@8 69 5DD@=98
3 4 
!BH<9F9G95F7<H<9DCDI@5H=CB K5G7CADCG98
C:7CBGIA9FGIG=B;CF;5B=7DFC8I7HG=BIFG5 I9
HC H<9 9LHF9A9@M @=A=H98 BIA69F C: CF;5B=7 DFC8
I7HG 7CBGIA98 =B ,IF?9M =H 75B 69 G5=8 H<5H H<9
5I8=9B79 =G @=A=H98  CF H<=G F95GCB 5 GIFJ9M K5G
7CB8I7H98CBH<97CBGIA9FGK<C7CBGIA98CF;5B=7
DFC8I7HG =B H<9 G<CDG 5B8 A5F?9HG K<9F9 CF;5B=7
DFC8I7HGK9F9GC@8=BH<9DFCJ=B79C:IFG5K<9F9
H<9CF;5B=7DFC8I7H A5F?9H=G=BH9BG=:=9865G98CB
H<9 BCBDFC656=@=HM G5AD@=B; 5DDFC57<  !B H<9
GHI8M 5  9FFCF A5F;=B K5G 7<CG9B 5B8 G5AD@9
G=N9 K5G 89H9FA=B98 5G   7CBGIA9FG  /<=@9 H<9
G5AD@9 G=N9 K5G G9@97H98 =H K5G 89H9FA=B98 6M
DFCDCFH=CB5@8=GHF=6IH=CB6M7CBG=89F=B;H<9BIA69F
C:<CIG9<C@8G=B 8=GHF=7HG=BIFG5(FCJ=B79 ,<9
;FCID HC 69 GIFJ9M98 K5G 897=898 6M IG=B; H<9
CDH=AIAG5AD@9G=N9:CFAI@53  4 
B&H DE 8 & H DE
=9@8 KCF? K5G 75FF=98 CIH 69HK99B "IB9 5B8
+9DH9A69F
  =FGH@M 89G7F=DH=J9 GH5H=GH=75@
J5@I9G C: H<9 C6H5=B98 85H5 K9F9 :CIB8 3 4  CF
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latter in composition, as it contains no animal cholesterols, and therefore it could serve as suitable
protein additives in human foods [2-3]. Due to its
wide range of sources, high nutritional value and
satisfying effective applications, LPC is recognized
as a kind of high-quality food by Food and Agriculture Organization (FAO) of the Unites Nations, and
a new type of protein resource with high development and utilization potentials [4-5].
The traditional Chinese medicine, Gegen, is
the dried roots of leguminous plant Pueraria lobate
(Willd) Ohwi, or Pueraria thomsonii Benth, and
with a very long history of application which were
collected in Benjing, Bielu and other Chinese traditional literatures records. Gegen tastes sweet, spicy
and minty, and belongs to Spleen Meridian and
Stomach Meridian, with potentials to relieve superficial symptoms, to defervesce, to promote saliva
secretion, to release suppressed rashes and to promote body energy to stop diarrhea. Not only has
Gegen anti-inflammatory and antipyretic functions,
it could also dilate coronary arteries to increase
coronary perfusion and lower blood pressure [6, 7].
What’s more, Gegen contains polysaccharides and
a variety of trace elements [8]. As one of the first
batch of plants approved by the Chinese Ministry of
Health that could serve as Chinese medicine homologous food, Gegen has been widely applied in
the production of health care foods [9]. Currently
the utilization of wild Gegen resource mainly falls
in its roots and flowers, while its leaves are simply
discarded as wastes, resulting in a waste of resource. There is still no report on amino acid composition analysis and nutrition evaluation for Gegen
LPC. In this study, we analyzed and discussed the
amino acid composition of Gegen LPC via the
method of fuzzy recognition and ratio coefficient of
amino acid (RCAA), and performed comparison
with human essential amino acid reference pattern
by FAO/WHO to provide scientific theory basis for
comprehensive utilization of Gegen LPC.


$"#$#

);-91)3: )5, 9-)/-5;: Gegen leaves were
purchased in Yongzhou, Hunan, China, in November, cleaned by running water, air-dried and then

The traditional Chinese medicine, Gegen, is
the dried roots of leguminous plant Pueraria lobate
(Willd) Ohwi, or Pueraria thomsonii Benth. As one
of the first batch of plants approved by the Chinese
Ministry of Health that could serve as Chinese medicine homologous food, the utilization of wild
Gegen resource mainly falls in its roots and flowers, while its leaves are simply discarded as wastes.
We want to provide scientific theory basis for comprehensive utilization of Gegen LPC (leaf protein
concentration). We carried out analysis for abundance and composition of amino acids in Gegen
leaf protein concentration (LPC), via the method of
fuzzy recognition and ratio coefficient of amino acid (RCAA), employing whole egg protein as control
as recommended by FAO of the United Nations,
with the amino acid reference pattern by
FAO/WHO as evaluation standard, and performed a
comprehensive evaluation for Gegen LPC’s nutritional value as well as comparisons with 4 types of
food proteins. We found that, there was a variety of
amino acids in Gegen LPC, including at least 17
types of amino acids, 33.7% of which was consisted
of essential amino acids, and the first restricting
amino acid was valine (Val). The SRCAA of Gegen
LPC reached 65.00 m, which indicated Gegen LPC
as a protein source of great nutritional values.
Gegen LPC is a protein source with great nutritional values.
('"#
Gegen leaves, Leaf protein concentration (LPC), Amino
acid (a.a.), Nutritional evaluation

$"%$
Plant leaf protein concentration (LPC), also
known as green protein concentration, refers to proteins extracted from stems and leaves of plants [1].
Protein generally contributes 30%~60% of LPC
contents, which endorses LPC with complete amino
acid composition and makes LPC well-balanced in
nutrition. LPC is very similar to commonly-seen
animal proteins in composition, but superior to the
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er layer of solution would be filtered through 0.22
μm aqueous phasic filter membrane and then loaded on apparatus for analysis.

65,1;165 .69 +0964);6/9)70 ) 6*13-
0):-  0.1mol/L NaAc solution (pH 6.5) was
obtained by dissolving 8.2 g NaAc with 900mL water, which was adjusted to reach 6.5 in pH value
and topped up to 1’000mL with acetonitrile (93:7). 

*6*13- 0):-  )+-;651;913->);-9  
Agilent 1260 liquid chromatographic instrument
was equipped with DAD detector; the column for
chromatograph employed octadecylsilane chemically bonded silica as stuff bulking agent (C18 column); the flow rate was controlled at 10 ml/min;
column temperature was set at 40°C; the volume of
loaded sample was 10 ul; wave length of 254 nm
was chosen. 
The gradient for elution is shown as Table 1.

$ 
$0-/9),1-5;.69-3<;165

screened (with 60-mesh sieve) for further use. Sodium chloride, hydrochloric acid, phenyl isothiocyanate, sodium acetate trihydrate are all analytical
grade domestic products; acetonitrile and methanol
are chromatographic grade. Standard samples of 17
amino acid were all purchased from Sigma-Aldrich.
8<174-5; )5, )77)9);<:. YP602N electronical analytical scale was purchased from
Shanghai Shunyuping Scientific Apparatus Company. GL21M frozen centrifuge was purchased from
Hunan Kaida Industrial Corporation. PHS-802 digital pH meter was purchased from Guiyang Xuetong
Instrument Company. Agilent 1260 liquid chromatographic instrument was purchased from Anjielun
Science and Technology Company Ltd. LGJ-18A
freeze dryer was purchased from Beijng Sihuan
Scientific Instrument Company Ltd.
-;06,:?;9)+;165 6. -/-5   Gegen
leaf powder (30 g) was well-mixed with 600 ml distilled water (1:20) and processed with ultrasonic
cell disrupter for 15 min. Then the mixture was incubated in a 20 water-bath for 15 min before getting centrifugated at 5000 rpm at 4 for 20 min.
After centrifugation the filtrate was collected, and
its pH was adjusted to reach 3.0 to obtain precipitation at 75 for 15 min. The precipitation was isolated by discarding the supernatant after centrifugation at 12000 rpm for 20 min, and freeze-dried to
get Gegen LPC powder.

Time (min)

Moving
phase A (%)

Moving
phase B (%)

0
14
29
30
37
37.1
45

100
85
66
0
0
100
100

0
15
34
100
100
0
0


=)3<);165 4-;06, <AA@ 9-+6/51;165 We
used Canberra distance [10] to define the closeness
between Gegen LPC and the standard protein (FAO
whole egg protein) [11] μ (a, ui), whose calculation
method was based on Formula (1).

-;-9415);165 6. 796;-15 )*<5,)5+- The
protein abundance in Gegen leaves was determined
according to the method described in GB/T 5009.52010 Determination of protein in food, from national food safety standard for People’s Republic of
China.
-;-9415);165 6. )4156 )+1, +6476:1;165
Certain amount of protein sample was dissolved
with 16ml 6mol/L HCl in a 20 ml hydrolytic tube,
which was later vacuum degassed for 30min and
then sealed with nitrogen, for hydrolysis at 110.
About 22~24 h later the hydrolyzing tube was
cooled down and opened, and its content was completely transferred into a 50ml volumetric flask by
washing the tube with deionized water, and topped
up to 50ml. Then 1ml hydrolysate was transferred
into a small vial and the hydrolysate would be firstly deacidified and dried under vacuum and then be
rinsed with 1ml water and then dried for twice. The
precipitate then would be fully dissolved by 1ml
0.02 mol/L HCl, half of which would be well mixed
with 250 μL 1 mol/L triethylamine (dissolved in
acetonitrile), 25 μL 0.1 mol/L phenyl isothiocyanate (dissolved in acetonitrile) in a 5ml plastic centrifugation tube and rested at room temperature for
1 hour. Then the mixture would be mixed vigorously with 2 ml hexane and rested for 10min. The low-

7

 −  

 =1

 +  

μ(  ,  ) = 1 − 0. 09∑

(1)

Herein this formula, ak (k=1, 2, …, 7) represents the abundance of 7 essential amino acids
(EAA) in standard protein, which was virtually egg
protein with essential amino acids including isoleucine 50.3 mg/g, leucine 92.5 mg/g, lysine 56.3
mg/g, methionine 34.1 mg/g, phenylalanine 56.3
mg/g, threonine 52.3 mg/g, valine 68.39 mg/g; uik
represented abundance of the kth EAA of the ith
evaluation subject (1 stand for alfalfa LPC; 2 stand
for ryegrass LPC; 3 stand for soybean LPC; 4 stand
for mung bean LPC). Closeness could reflect the
similarity between the protein quality of evaluation
subject and the standard protein, which means the
closer its value was to 1, the higher nutritional value of the corresponding protein should be.
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#+69- 6. 9);16 +6-..1+1-5; 6. )4156 )+1,
#" The nutritional value of protein in food
is mainly dependent on the type, quantity and composition ratio of essential amino acids. The closer
the essential amino acid composition ratio of the
food is to that of human body, the higher quality of
the food would be [12-13]. Our experiment was
based on the method of SRCAA [14-15], which
meant that the composition of Gegen LPC was
compared to the human essential amino acid pattern
recommended by FAO/WHO in 1973 [15], and ratio of amino acid (RAA), ratio coefficient of amino
acid (RCAA) and score of ratio coefficient of amino acid (SRCAA) were calculated following Formula (2), (3) and (4), to evaluate and discuss the
nutritional values of Gegen LPC.

 =

 
   

⎡
⎢
 = 100 × ⎢1 −
⎢
⎢
⎢
⎣

(2)




⎤
− ) ⎥
⎥ 2
⎥

⎥
⎥
⎦


 =1

(4)


"#%$##%##

96;-15 )*<5,)5+- 15 -/-5   The
rough protein in Gegen leaf was determined for
more precise analysis and evaluation for its nutritional value. The result of comparisons between
Gegen LPC and protein abundance in some commonly seen foods.
From what was reflected in Table 2, we could
find that the rough protein abundance in Gegen leaf
was 42.56%, which was higher than that in commonly seen foods like milk powder, fine flower and
oats, and comparable to that in soybean protein.

4156 )+1, +6476:1;165 6. -/-5  
$0- amino acid abundances in Gegen LPC determined by amino acid automatic analyzer were
shown in Figure 1 and Table 3.
With the aid of amino acid analyzer, we performed compositional analysis for amino acids in
Gegen LPC powder, which included determinations
for 17 essential amino acids. The result shown in
Table III indicated a complete amino acid composition in Gegen LPC, which covered all 17 essential
amino acids, including 7 essential amino acids except for tryptophan. The total amino acid abundance in Gegen LPC was 38.1%, and the abundance
of essential amino acids contributed 33.7% of total
amino acids, with EAA/NEAA (E/N) ratio of 0.507,

ACTUAL EAA: the abundance of certain essential amino acid in the protein to be evaluated
FAO/WHO EAA: the abundance of corresponding
amino acid in FAO/WHO pattern
Herein this formula, the abundance of certain
essential amino acid in the protein to be evaluated,
as well as the abundance of corresponding amino
acid in FAO/WHO pattern were determined for
each 1g of protein, which meant the unit of amino
acid abundance was mg/g pro.

 =



∑ ( 

(3)


$ 
647)91:656.796;-15+65;-5;:*-;>--5,1..-9-5;.66,:
Food

Pueraria
Leaf

Alfalfa
Leaf [16]

Milk powder

Fine flour
[17]

Soya
bean [18]

Oat
[19]

Protein content
(%)

42.56

18-24

12-18

12

41

11.35-19.90

%" 
$0-)4156)+1,)*<5,)5+-:15-/-5 ,-;-9415-,*@)4156)+1,)<;64);1+)5)3@A-9
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=)3<);165 6<;+64- 6. #" If a protein
which was a little bit lower than the FAO/WHO
is equipped with a complete composition of amino
standard for essential amino acids (40%) and the
acids of reasonable ratios closer to the requirements
E/N value (0.6) [15]. The top two amino acids of
of FAO/WHO amino acid pattern, the protein’s nuthe highest abundances were proline and tyrosine,
tritional value is higher and could meet the nutritaking up 14.86% and 8.75% of total amino acid,
tional demands of human body. RAA, RCAA and
respectively, which were widely applied in mediSRCAA of Gegen LPC, Alfalfa LPC, Ryegrass
cine, chemistry industry apart from food. Proline
LPC, soybean protein and mung protein were calcuwould be remarkably accumulated under adverse
lated following in Formula (2) to (4), respectively.
environments including drought, high or low temThe closer RCAA value is to 1, the closer the amiperature, high salt-containing soil. Tyrosine is the
no acid composition ratio of corresponding food
substrate of monophenolase of tyrosinase, and the
protein is to the FAO/WHO amino acid pattern of
major raw material for the final production of pherproteins. An essential amino acid with RCAA>1 is
omone and pheomelanin.
relatively in excess, while the situation would be

just the way around if the RCAA<1, which might
)3)5+- )5)3@:1: .69 -/-5   =)3<)
mean the amino acid is relatively inadequate in
;1656<;+64-6..<AA@9-+6/51;165 Table 4 shows
abundance. The first restricting amino acid is the
the closeness to standard protein (whole egg proone with the lowest RCAA value. From Table V we
tein) of Gegen LPC, Alfalfa LPC, Ryegrass LPC,
could find the first restricting amino acid is valine.
soybean protein and Mung protein calculated via
Among all amino acids in Gegen LPC, threonine is
fuzzy recognition. The closeness to whole egg proof higher abundance than the standard protein and
tein, the standard protein, of Gegen LPC is 0.637,
other amino acids are comparable to those of standwhich is close to that of soybean protein, and this
ard protein. Therefore, based on the theory of promight indicate Gegen LPC is of the highest nutritein mutual complementation [19] Gegen LPC
tional value.

could be used as food enhancer to make mutual

complementation with other proteins to improve the

nutritional value of varies of foods.

$ 
4156)+1,+65;-5;:154<3*-99@3-).796;-15:)5,73)5;796;-15:.964.6<96;0-9:7-+1-:
Amino acid type
EAA

Pueraria
leaf protein
11.06
26.64
22.98
10.24
14.91
29.54
12.98
28.32
24.71
27.27
16.03
26.68
3.70
33.35
9.38
26.64
56.63
381.06

Alfalfa leaf protein

Ryegrass leaf
protein
21.4
42.1
26.6
8.9
37.8
21.3
29.1
39.2
18.6
26.3
32.2
57.4
7.5
27.3
9.2
27.8
25.2
457.9

Soy Protein

Mung bean protein

Isoleucine
34.0
16.5
Leucine
58.6
27.9
Lysine
38.4
55.0
Methionine
12.6
7.4
Phenylalanine
51.3
24.3
Threonine
29.8
15.0
Valine
39.2
18.8
NEAA Aspartic acid
56.1
44.0
Serine
24.4
19.7
Glycine
32.5
26.3
Alanine
38.8
16.2
Glutamate
57.4
70.9
Cystine
8.7
7.2
Tyrosine
34.7
16.0
Histidine
14.9
9.8
Arginine
37.0
28.6
Proline
37.6
18.6
Total amino
606.0
381.5
acid
EAA/TAA
0.337
0.435
0.408
0.349
EAA/NEAA
0.507
0.771
0.691
0.538
Note: Essential amino acids (EAA); Amount of amino acid (TAA); Non-essential amino acids (NEAA).


25.8
45.1
27.7
12.2
39.1
22.9
30.5
44.0
22.0
17.0
28.7
61.0
8.0
28.3
10.1
26.6
29.4
487.2
0.417
0.716

$ 
36:-5-::,-/9--6.;0-73)5;3-).796;-15:+647)9-,>1;0:;)5,)9,796;-15:
Food protein to be evaluated
Pueraria leaf protein
Alfalfa leaf protein
Ryegrass leaf protein
Soy Protein
Mung bean protein

Protein code to be evaluated
u1
U3
U4
U5
U6

3814

Closeness degree
0.637
0.835
0.740
0.662
0.767
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647)91:656.)4156)+1,9);16+6-.B+1-5;:6.796;-15:.9644<3*-99@3-).)5,6;0-973)5;:
Protein
source
Pueraria leaf
protein
Alfalfa leaf
protein
Ryegrass
leaf protein
Soy Protein
Mung bean
protein

Protein
eigenvalue
RAA
RCAA
RAA
RCAA
RAA
RCAA
RAA
RCAA
RAA
RCAA

Isoleucine
0.2197
0.6879
0.85
1.00
0.54
0.87
0.41
0.94
0.25
0.97

FAO/WHO Recommended amino acid composition
Leucine
Lysine
MethioPhenylThreonine
alanine
nine
0.288
0.4082
0.3003
0.2648
0.5648
0.9017
1.278
0.9402
0.8291
1.7683
0.84
0.70
0.61
1.43
0.75
0.98
0.82
0.72
1.69
0.88
0.60
0.48
0.47
1.09
0.53
0.98
0.79
0.76
1.77
0.87
0.40
0.43
0.42
0.67
0.38
0.91
0.98
0.95
1.53
0.85
0.39
0.46
0.38
0.63
0.42
0.96
0.75
0.86
1.68
0.86

SRCAA
Proline
0.1898
0.5942
0.85
1.00
0.58
0.95
0.38
0.85
0.26
0.91

65.00
70.63
67.70
78.03
71.36

resource structure and improving the nutritionally
unbalanced diet of our citizens, increasing agriculture production and income.


%##

SRCAA is further calculated based on RCAA
value, which could directly indicate the nutritional
level of protein (the close it is to 100, the higher its
nutritional level is). SRCAA of Gegen LPC is approximately 65, close to the nutritional value of
plant proteins like Ryegrass LPC, Alfalfa LPC and
Mung protein, as well as animal proteins like pork
(74) and beef (76) [20], meaning that Gegen LPC
should be of relatively high utilization value.
Based what has been obtained from our study,
we can see that there is a variety of amino acid
types in Gegen LPC, covering a complete composition of human essential amino acids, and therefore
Gegen LPC could be regarded as a perfect protein
resource. In Gegen LPC, essential amino acids took
up about 38.1% of total amino acids, meaning the
E/N ratio was 0.507 which was close to the
FAO/WHO standard for essential amino acids
(40%) and the E/N value (0.6). The first restricting
amino acid for Gegen LPC was valine (Val), and
the SRCAA of Gegen LPC was 65.00, which indicated very high nutritional value. By now, people
have performed many deep studies on medical and
clinical applications of a variety of chemical components in Gegen LPC, and also have profound utilization value in the area of food industry [21].
Gegen LPC’s nutritional value is better than those
of many different kinds of plant proteins and fruits,
and roughly close to that of animal proteins, which
could make it a high-quality eatable protein resource with high utilization value. What’s more,
Gegen could be obtained from a wide spectrum of
sources, after processed with water-extraction and
acid-precipitation method to be transformed into
Gegen LPC that contains 42.56% protein in its contents. The processing method to obtain Gegen LPC
is simple and cost-efficient and of a promising prospect of development and application. When Gegen
LPC is used a high-quality protein added into human health-care foods, cosmetics, the waste produced after LPC extraction could still be used as
feedstuff or others. China possesses the largest resource of Gegen, and if it could be fully developed
and utilized in fields like food and medicine, there
would be great significance in changing the protein

Gegen LPC is a protein source with great nutritional values.
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Their studies showed the bending moment decreasing with increased wind speed and water depth.
Patel et al. [11] investigated the mechanical behavior of a riser using the time domain method and
compared this behavior with that observed through
the frequency domain method for displacement and
stress. Ahmad and Datta [12] presented a frequency
domain iterative procedure method for riser analysis and proved the frequency domain iterative
method could be more efficient than the time integration method in riser analysis.
Patel and Seyed [13] comprehensively reviewed riser modeling and analysis techniques.
Atadan et al. [14] considered the riser system and
drilling platforms as a whole system and analyzed
the riser and drilling platform system using the
cantilever model. Their research demonstrated that
the mass of the platform had an effect on the first
resonance of the riser system.
Chucheepsakul et al. [15] introduced a new
method to analyze the flexible marine pipes that
could also be used in similar types of elastic structures, such as onshore pipes, submerged pipes,
marine cables, onshore cables, and strings.
Kaewunruen et al. [16] employed Hamilton’s principle to analyze the nonlinear free vibration of the
riser and demonstrated that the internal flows could
reduce the degree of the hardening of the risers.
Pham et al. [17] comprehensively reviewed the
manufacture, experimental investigations, and numerical analyses of deep-water risers. Athisakul et
al., [18] applied the finite element method to investigate the three-dimensional analysis of the extensible marine riser and revealed that the axial extensibility reduced the stability of the riser system. Li et
al. [19] analyzed the transverse vibration of the
riser and indicated that the largest transverse displacement was found in the upper section of the
riser. Major et al. [20] studied the effect of drilling
string rotation on the dynamic response of drilling
risers and demonstrated that the drill string rotation
reduced the natural frequency and increased the
amplitude of the vibration of the drilling riser.
This study aims to investigate the mechanical
behavior of deep-water drilling riser and the deformation, bending moment, and deflection of the
drilling riser under different ocean environments
were obtained. Riser mechanical behavior focuses
on riser strength, whereas vortex induced vibration
focuses on riser fatigue.

A dynamic analysis model considering the actual riser string configuration is established to analyze the mechanical behavior of a drilling riser.
Riser lateral displacement, bending moment, and
deflection of the deep water well considering actual
riser string configuration are simulated. The effects
of wind speed, drilling platform drift distance, surface current speed on riser mechanical behavior are
discussed. Results indicate that riser string configuration has a significant effect on riser mechanical
behavior. Drilling platform should avoid a large
drift distance, which may result in the deflection
over the flex joint working range.


*("$%
Drilling riser, Dynamic analysis, Mechanical behavior,
deep water



!&$"'&"!
Drilling riser system is the critical connection
of subsea wellhead and drilling vessel. With exploration and development of oil and gas moving into
deepwater and ultra deepwater, drilling riser system
components are more likely to suffer accidents.
Complex environmental conditions, operational
loads, variable operation modes, and human errors
can all contribute to the occurrence of the accidents.
Any accident of drilling riser system will lead to
discharge of pollutants, drilling downtime, and even
can lead to catastrophic consequences [1-3]. From
May 2003 to April 2004, several drilling riser accidents caused discharge of 6500 barrels of syntheticbased mud and a large amount of downtime [4].
Since 1983, such major drilling riser accidents, as
unplanned disconnect of connector, break of drilling riser column, leakage of choke/kill lines, collapse of drilling riser main pipe, deformation
caused by collision, burst of main pipe induced by
wear, failure of the auxiliary equipments and
grounding of the suspended riser column during
typhoon evacuation can all be found throughout the
references reviews [5-9].
Azar and Soltveit [10] developed a marine riser analysis model and considered the depth of seawater, density of the drilling fluid, and riser tension.
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with the drifting of the drilling platform, as shown
in Fig. 1a. Thus, the mechanical model can be regarded as a simply supported beam located in the
vertical plane. The simplified riser mechanical
model in deep-water drilling can be expressed in
Fig. 1b.

6+4>:3:57./4 The riser close to the seabed
is connected to the subsea blowout preventer stack
through the lower flex joint. The riser near the
water surface is connected to a diverter through the
upper flex joint. The riser at the top ends can move


'$ 
&2/:3584303/.93:/95/-2+63-+457./4+3:;2/93:/9:-2/5+;3-.3+19+5<6./9.300/9/6;7-/+6
/6=39765/6;47+.361:,3:;2/.934436193:/9+6+4>:3:57./4
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00/-;70.934436184+;0795.930;.3:;+6-/76
93:/9 5/-2+63-+4 ,/2+=379 The drilling platform
drift distance must be controlled in a certain range.
Otherwise, the riser system must disconnect. A
large drilling platform drift distance may destroy
the wellhead, blowout preventer, riser, and slip
joint. The drilling platform drift distance can be
expressed by the percentage of water depth. If the
drilling platform drift distance is more than 1% of
the water depth, then a yellow alert signals the
disconnection of the riser system. The riser system
must disconnect if the drilling platform drift distance is close to 2% or more than 3% of the water
depth. However, drilling platform drift distance
may also considerably affect riser mechanical behavior. Drilling platform drift distances with 0%,
1%, 2%, and 3% of water depth are calculated to

discuss the effect of drilling platform drift distance
on riser mechanical behavior. The corresponding
drilling platform drift distances are 24 m, 46 m, and
69 m.
As shown in Fig. 2 and 3. Thus, the distribution of the riser deflection increases with the increase in drilling platform distance. Moreover, the
water surface is the boundary of the ocean environment loads. Risers above the water surface have
no direct action from the ocean environment loads,
whereas risers below the water surface have direct
ocean environment loads. Therefore, the maximum
bending moment appeared near the water surface
under the drilling platform drifting condition, and
the bending moment from 2050 m to the upper flex
joint significantly increases with the increase in
drilling platform distance. A large drilling platform
drift distance may destroy the riser and result in
deflection over the flex joint’s working range.
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00/-;70:<90+-/-<99/6;:8//.7693:/95/
-2+63-+4,/2+=379 Fig. 4 and 5 show the effect of
the surface current speed on the distribution of the
riser lateral displacement. It demonstrates that riser
lateral displacement significantly increase with the
increase in surface current speed. Ekman drift current theory states that current speed profile along
the water depth is determined by surface current
speed and the increase in current speed profile with

the increase in surface current speed. Consequently,
the ocean environment loads increase, thereby resulting in the increase of the riser lateral displacement, bending moment, and deflection. Thus, surface current speed has a considerable effect on
ocean environment loadings. Accordingly, surface
current is a key parameter in the design of the riser
string configuration.
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Effect of wind speed on riser mechanical behavior. Fig.6 and 7 show the effect of wind speed
on the distribution of riser lateral displacement.
Riser lateral displacement increase with the increase in wind speed. The increasing trend is more
evident in the area closer to the water surface. The
increase in wind speed can increase the surface
current speed, thereby increasing the loading. However, the action depth from the wind is limited

because of the damping effect of seawater. Thus,
wind-induced ocean environment loads may be
found at the upper side of the riser that is close to
the water surface. Therefore, the influence of the
variation in wind speed on the distribution of riser
lateral displacement is limited, as shown in Fig. 6
and 7. Accordingly, the influence of wind speed on
riser mechanical behavior is significantly less compared with the influence of ocean current.
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A dynamic analysis model considering the actual riser string configuration is established to analyze the mechanical behavior of a drilling riser.
Riser lateral displacement, bending moment, and
deflection of the deep water well considering actual
riser string configuration are simulated. The effects
of wind speed, drilling platform drift distance, surface current speed on riser mechanical behavior are
discussed. Results indicate that riser string configuration has a significant effect on riser mechanical
behavior. Drilling platform should avoid a large
drift distance, which may result in the deflection
over the flex joint working range.
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Aquaculture Department, Faculty of Fisheries Sciences Recep Tayyip Erdogan University, 53100 Rize, Turkey


  

The construction of reinforced concrete structures in aquatic systems and water basins has now
become an inevitable need. Concrete structures,
both simple and large, such as retaining walls, the
design of landscape areas, bridges, hydroelectric
power plants, and dams affect water basins. These
structures contribute positively to mankind but the
negative impact on the aquatic environment is inevitable. The present study determined the toxic effects of various concrete elements, such as cement
(C), cement/set accelerating admixture (CS), cement/plasticizer (CP), and all additives (CSP) on
rainbow trout (     ) cultivated in
freshwater. The negative control group was devoid
of additives. The mortality rates reported for these
additives were 5, 20, 35, and 45%, respectively.
Negative control groups were not associated with
mortality. In addition, histological examination
revealed severe toxic symptoms and effects on gills,
liver, kidney, and spleen of fish.



Contamination of the aquatic area by concrete
causes serious damage to aquaculture facilities and
wild fish fauna. Cement constitutes a major and
important substance in concrete; therefore, its negative effects on fish have been investigated by some
researchers [3, 4]. For example, an in vitro study
analyzed the effects of Portland cement (100 mg/L)
on rainbow trout fry (3.6 cm and 0.48 g   
 ) [3]. Portland cement increased the pH
of the water to above 10.5, which was found to be
toxic to fish. Another study investigated the toxicity
and histopathological effects of Portland cement
powder on Nile tilapia (     ) gills
and liver tissues [5]. The most common pathology
observed at all exposed doses of cement on fish was
gill lamella destruction, epithelial hyperplasia, and
epithelial hypertrophy. Hepatic lesions observed in
fish exposed to Portland cement were attributed to
hepatocyte degeneration, vacuolization of cell cytoplasm, fatty degeneration, and hypertrophy of
hepatocytes. The toxic effects of cement on rainbow
trout (  ) and Siberian sturgeon (   
  ) were investigated by Kurtoğlu et al. [4].
This study reported severe pathologies, especially
in the gills, due to cement-borne toxicity.
Despite the reported toxic effects of various
chemicals added to cement on fish, no measures
have been implemented to prevent these effects.
The present study determined the toxic effects of
some concrete additives including cement on rainbow trout.


  

A total of 150 fish (  ) (mean weight:
60 ±1.2 g) were used in the study. These were obtained from the aquaculture research unit of the
Faculty of Fisheries Sciences in Recep Tayyip
Erdoğan University. The water quality parameters
used in the experiment included temperature of 12
°C, pH 7.5, dissolved oxygen 11.3 mg/L, ammonia
< 0.01 mg/L, nitrite < 0.01 mg/L, nitrate 0.01 mg/L,
total hardness 120 mg/L (CaCO3), and carbon dioxide 1.5 mg/L. For the experiment, 15 fiberglass
tanks (50 L) with ventilation system installed to
provide sufficient oxygen were used in triplicate.

%#
Cement, set accelerating admixture, plasticizer, trout.



 ! 
Concrete is one of the oldest and most widely
used construction materials owing to its low cost,
availability, long-term durability, and ability to
protect against extreme weather conditions. It is
used in the construction of various structures, such
as roads, sidewalks, building scaffoldings, bridges,
and dams. Concrete is produced from a mixture of
aggregates (75%), cement (7–14%), some additive
materials, and water [1]. The chemical additives in
the concrete increase the fluidity of the concrete,
enhance its strength and modify its physical properties such as making it less permeable and frost
resistant as well as changing its freezing time [2]. In
this regard, for the construction of dams, hydroelectric power plants, and bridges, which are built on
aquatic systems, appropriate additives are necessary
to have a minimum negative effect on the aquatic
life.
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A previously determined LC50 value of cement
(0.44 g/L for 96 h) on rainbow trout [4] was used as
the main value in our study to determine the value
of other additives in concrete. The percentages of
set accelerating admixture (based on chloride < %
0,1) and plasticizer (based on naphthalene formaldehyde sulfonate) used in our study were 3% and
1.5%, respectively; these were same as those used
in a study by Rixom and Mailvaganam [6] and
Şimşek et al. [7]. In the present study, negative
control (free of additives, NC), positive control
cement (C, 0.44 g/L, cement/set accelerating admixture (CS, 0.44/0.132 g/L, cement/plasticizer
(CP, 0.44/0.06 g/L), and all additives (CSP,
0.44/0.132/0.06 g/L) were used.
The pH values were measured at the beginning
of the experiment. The fish were exposed to various
additives and their behavior was recorded during
the experiment. The trial was terminated at 24 h to
determine the acute effects of the additives on fish.
Histological studies were performed to determine the pathologies on vital tissues of fish. For
this, fish were anesthetized with benzocaine before
their death; they were then cut off the abdomen and
transferred to 10% neutral buffered formalin as a
whole. After 24 h, the samples were transferred to
50% ethyl alcohol. The liver, spleen, kidney, and
gills of fish were removed, passed through a series
of alcohol concentrations followed by treatment
with xylose. The tissues were embedded in paraffin
and then cut to a thickness of 0.5 μm; these were
then stained with hematoxylin and eosin. The
stained tissue sections were then fixed using entallan and covered with coverslips [8]. Histopathological changes were examined with a light microscope. The pathologies were reported as follows:

none: - (0 lesion), few: + (1-4 lesions), moderate:
++ (5-8 lesions) and high: +++ (≥9 lesions) [9].
! 

The pH values measured at the beginning of
the experiment, after addition of the additives to the
groups, were NC: 7.5, C: 10.42?0.5, CS: 10.61
?0.2, CP: 10.77 ?0.3, and CSP: 10.75?0.2. At the
end of the trial, different mortality rates were observed in some groups. The highest fish mortality
rate of 45% was observed in the group exposed to
all additives (CSP). The mortality rates of the other
groups were recorded as 5% (C), 20% (CS), and
35% (CP). No deaths were observed in the negative
control group (NC). 
Table 1 lists the pathologies that occurred in
the vital organs of fish. Histopathological findings
of the gill structure revealed hyperplasia in all the
groups. Significant deformities in the gill structure
were among the common findings in the additive
group. Unlike all groups, the presence of fatty vacuoles in the gills was a characteristic histological
finding in the CSP group. Gill pathologies in all
groups are shown in Figure 1. Histopathological
findings in the kidney tissue included the presence
of dense melanomacrophage centers compared to
the control group. This pathology was found more
intensely in the CS, CP, and CSP groups. Cell loss
(necrotic losses) was another important finding in
the kidney (Figure 2). Liver histopathology revealed intense but small diameter fat vacuoles.
Another finding in the liver was the formation of
melanomacrophage centers. Also, significant tissue
loss and intensive melanomacrophage centers were
observed in the spleen (Figures 3 and 4).


-*(-&2,*6.27-*-.6734&7-303,.(&04&5&1*7*56)8*737-*73;.(*++*(763+(*1*27&)1.;785*6.25&.2'3:
75387
.6734&7-303,.(&06<147316




>
.006

Hyperplasia
+++
++
+++
++
Deformation
+
+++
++
++
Thrombose
+
Epithelial lifting
+
+
+++
Fat vacuoles
++
.9*5

Space between cells
++
+++
Hypertrophy
++
Fat vacuoles
++
++
Tissue loss
++
++
++
++
.9*5
Melanomacrophage centers
+
++
++
++
+++
Necrosis
+
.)2*<

Melanomacrophage centers
+
++
+++
+++
+++
Tissue loss
++
++
Necrosis
++
+
NC: negative control, C: cement, CS: cement/set accelerating admixture, CP: cement/plasticizer and CSP: all additives, (-): none, (+): few,
(++): moderate, (+++): high
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-*(-&2,*6.27-*-.6734&7-303,.(&04&5&1*7*56)8*737-*73;.(*++*(763+(*1*27&2)37-*5(32(5*7*
&)1.;785*6.27-*,.006.25&.2'3:75387
(NC): negative control, (C): cement, (hp): hyperplasia, (CS): cement/set accelerating admixture, (hp): hyperplasia, (el): epithelia lifting, (md): multiple deformations, (CP): cement/plasticizer, (hp): hyperplasia, all additives (CSP): (el): epithelia
lifting, (md): multiple deformations, (fv): fat vacuoles, (t): thrombose.

! 
.6734&7-303,.(&0(-&2,*6)8*737-*73;.(*++*(763+(*1*27&2)37-*5(32(5*7*&)1.;785*6.27-*/.)2*<6
.25&.2'3:75387
(NC): negative control: melanomacrophage centers, (C): cement, (td): tubular degeneration, (CS): cement/set accelerating
admixture (CS) (mmc): melanomacrophage centers, (CP): cement/plasticizer, (mmc): melanomacrophage centers (n): necrotic cells, (*): tissue loses, (CSP): all additives, (mmc): melanomacrophage centers, (*): tissue loses.
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! 
.6734&7-303,.(&0(-&2,*6)8*737-*73;.(*++*(763+(*1*27&2)37-*5(32(5*7*&)1.;785*6.27-*0.9*56.2
5&.2'3:75387
(C): cement, (*): fat vacuoles, (CS): cement/set accelerating admixture, (*): tissue loses, (CP): cement/plasticizer, (*): tissue
loses, (CSP): all additives, (mmc): melanomacrophage centers, (*): tissue loses, (ht): hypertrophy.

! 
.6734&7-303,.(&0(-&2,*6)8*737-*73;.(*++*(763+(*1*27&2)37-*5(32(5*7*&)1.;785*6.27-*640**26
.25&.2'3:75387
(C): cement, (*): tissue loses (CS): cement/set accelerating admixture, (mmm): melanomacrophage centres, (CSP): all additives, (mmc): melanomacrophage centres, (*): tissue loses.

!

The problems caused by concrete structures
built in aquatic areas are of most importance as
these lead to massive fish deaths. Many cases of
fish mortality have been reported due to the con-

tamination of aquaculture and natural aquatic areas
with concrete water. However, the mechanisms by
which this contamination affects water and fish
have not been clearly explained. One of the major
effects of these additives is the elevation of pH of
aquatic areas along with toxic effects on fish. In this
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intensively observed in the CSP group. However,
unlike other groups, the presence of fat vacuoles in
the gill lamella in the CSP group was noteworthy.
Fat vacuoles in tissues are regarded as a sign of
metabolic damage [13]. These findings clearly
demonstrate that concrete water has a detrimental
effect on gill metabolism in trout at the prevailing
dose and duration. The presence of fatty vacuoles,
especially of small diameter in the liver, also reveals deterioration of liver metabolism.
Melanomacrophage centers found in the liver,
kidney, and spleen are formed when macrophages
combine with pigment cells. These structures are
known to have a fundamental role in fish, such as
the decomposition of toxic materials and cellular
degradation products [14]. The most important
histopathological finding in the present study was
the increase in melanomacrophage centers that were
clearly observed in the basic tissues of the immune
system such as spleen and kidney.
The findings of the current study demonstrated
that concrete additives exert serious toxic effects on
the trout. Therefore, necessary precautions should
be implemented during application of concrete in
aquatic environments.
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context, Samis [3] published a study on the toxic
effects of cement in trout. Similarly, Kurtoğlu et al.
[4] conducted a study on the toxic effects of cement
on rainbow trout ( ) and Siberian sturgeon
(  ) and reported LC50 values for both genera
to be 0.44 g/L and 0.62 g/L (96 h), respectively.
They reported severe pathological findings, especially in the gills of fish. In the recent years, to
increase the quality of concrete production, additives have been widely used in the production of
concrete. However, the toxic effects of these substances on fish have not been examined. In the
present study, we evaluated the toxic effects of
some concrete additives (set accelerating admixture
and plasticizer) on rainbow trout.
Water quality is an important criterion that
concerns fish health. Within this criterion, pH is
crucial in many aspects because the toxicity of
many substances changes with changes in pH values. The optimum pH of water for fish is between 6
and 9 [10]. A study by Kurtoğlu et al. [4] on rainbow trout reported pH of water to be 10.5 in the
experimental group with 500 mg/L of cement. In
the present study, pH values in the additive groups
(10.61–10.75) were higher than in the cement group
(10.42), indicating that pH value is adversely affected by concrete additives used to produce cement.
The studies on the toxicity of concrete and its
contents in fish are limited. A study by Samis [3]
reported a 24-hour cement application (100 mg/L at
15 °C) to cause 60% mortality in rainbow trout. In
another study, Kurtoğlu  . [4] reported that application of cement (500 mg/L at 10 ±0.5 °C) for 96
h resulted in the death of 50% of fish (rainbow
trout). Unlike these reports, the present study reported 5% mortality in the cement group. This
contradiction can be attributed to differences in the
time of experiments, length, and weight of fish, and
water quality criteria. For instance, the fish used in
the study by Samis [3] were fingerling (3.6 g),
whereas the fish weight in the current study was 60
g. Similarly, the fish weight and time of experiment
in the study by Kurtoğlu et al. [4] was 40 g and 96
h, respectively. However, the duration of the experiment was 24 h in our study.
Studies related to toxic effects of various substances, such as pesticides, fertilizers, and nanoparticles on fish tissues by histopathological methods
are quite common [9, 11, 12]. These studies focused
especially on gills, liver, spleen, and kidneys of fish
and included symptoms such as hyperplasia, epithelial lifting, thrombosis, hypertrophy, and necrosis
that are generally reported in the gill tissues. Also,
melanomacrophage centers and fat vacuolization
are specially mentioned in the kidney, liver, and
spleen tissues. In the present study, similar massive
hyperplasia was observed in the gills in the cemented group. When the differences among the gills of
fish groups were examined, epithelial lifting was
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In this study, grape cultivars growing in
Şanlıurfa were analyzed and compared using molecular markers. The analysis was performed with 50
genotypes using 7 microsatellite markers. Total
number of alleles per locus ranged from 7
(VrZAG62 and VrZAG79) to 9 (VVS2), with a
mean number of 7.9 alleles per locus. The expected
and observed heterozygosity were 0.7509 and
0.6958, respectively. Clustering analysis was conducted using the UPGMA method (Unweighted
Pair-Group Method using Arithmetic means). The
analysis of similarity index revealed 6 distinct
groups, each of which included several subgroups:
Group I included 8, Group II included 4, Group III
included 11, Group IV included 9, Group V included
10, and Group VI included 8 subgroups. The two reference genotypes, Cabernet Sauvignon and Merlot,
were classified into a separate subgroup within
Group V. In conclusion, 17 synonyms and 8 homonyms were identified for the genotypes analyzed in
our study.

such as Random Amplified Polymorphic DNA
(RAPD), Amplified Fragment Length Polymorphism (AFLP), and Simple Sequence Repeats
(SSR).
Microsatellites, a highly powerful type of DNA
markers, provide a unique genetic profile for every
cultivar, permitting unambiguous identification that
is not affected by environment, disease or farming
methods [32]. Since the first grape microsatellites
were reported by [53], many more microsatellites
have been developed for characterization of 
germplasm [8, 10, 47,16]. Microsatellite markers
have been extensively used for genotyping [56, 18,
24, 11], for pedigree analysis [32, 46], and recently
for investigating the parentage of cultivars and genome mapping [22, 1]. These markers have also been
used for identification of chimaeras of grapes in recent years [19, 41, 23, 4, 57, 30, 51, 50, 17, 6, 37, 15,
5].
The aim of this study was to perform molecular
identification of 48 grape cultivars including 39 cultivars growing in Şanlıurfa Province and 9 cultivars
that had been previously transplanted to the Tekirdağ
National Germplasm Repository Vineyard from this
region using the SSR technique, in order to contribute to better characterization of the grape germplasm
of both Turkey and the world and also to the determination and protection of the genotypes of diverse
plant species around the world.

('"#
Grape, Şanlıurfa, molecular markers synonyms, homonyms.
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Şanlıurfa Province, due to its rich civilization
history, has been home to numerous cultures and societies, where viticulture is widely performed and a
large number of grape cultivars grow. Studies have
also shown that the geographical features of
Şanlıurfa are highly suitable for viticulture, particularly for the grape cultivars used in research studies.
However, there is a widespread confusion regarding
nomenclature of the grape cultivars growing in this
region. This in turn leads to a significant problem regarding the knowledge of grape cultivars growing in
the region and this problem could only be solved by
performing genetic identification of all the cultivars
growing in this region by using molecular markers

$"#$#

The study was performed at Ankara University
Agriculture Faculty Horticulture Department. The
materials included 39 genotype samples of cultivars
that were collected from Şanlıurfa Province and its
districts and 9 genotype samples of cultivars that had
been transplanted to the Tekirdağ National
Germplasm Repository Vineyard several years earlier. Additionally, two genotypes of European origin
that are commonly used as reference genotypes
around the world, Cabernet Sauvignon and Merlot,
were also used in the analysis and the molecular
analysis was performed for a total of 50 genotypes

3835

$#

! %    







!"  ! 


using the SSR technique.
One-year-old seedlings obtained from each
genotype were planted in polyethylene tubes and
then germinated in greenhouse conditions until
green buds were obtained. The fresh leaves of these
buds were used for DNA extraction.
DNA extraction was performed using the
method described by [27]. The DNA concentration
used for polymerase chain reaction (PCR) amplification was diluted to 30 ng/µl.
The analysis was performed with 7 SSR primers including 6 microsatellite loci (VVS2,
VVMD5, VVMD7, VVMD27, VrZAG62, and
VrZAG79) which were used in a previous GENRES
081 European Union (EU) research project and are
commonly accepted as standard loci around the
world and one primer, VrZAG47, which has been
previously shown to be a polymorphic primer. Forward primers of each primer pair were labeled with
fluorescent dyes including Vic (green), Ned (yellow), and Fam (blue).
DNA amplification was conducted using GeneAmp PCR System 9700 with EU-Applied Biossystems, and PCR optimization was performed for
each cultivar. PCR amplification was conducted using a reaction volume of 20 µl containing 5 µl of
DNA, 2 µl of 10X Buffer, 1.2 µl of MgCl2, 0.6 µl of
dNTP, 1 µl of primer 1, 1 µl of primer 2, 0.2 µl of
GoldTaq, and 9 of µl distilled water. Touchdown
PCR was conducted using the following cycling conditions: 95 °C for 10 min, 94 °C for 30 s, and 52 °C
for VVS2, VVMD5, and VVMD7, 58 °C for
VVMD27, 55 °C for VrZAG47, and 62 °C for
VrZAG62 and VrZAG79 for 30 s each, according to
the rate of primer annealing, with a reduction of 0.2
°C/cycle. Following the completion of 25 cycles, additional 15 cycles were conducted with a decrease of
5 °C from the primer annealing temperature, ultimately followed by holding at 72 °C for 40 min.
To monitor the amplification of the fragments
in each locus, at least 10 samples representing each
locus were loaded on agarose gel. After the amplification, the amplified fragments were subjected to sequencing using ABI Prism 3730 automated DNA sequencer with GeneScan™ 500 LIZ™ dye Size
Standard. The resultant data were analyzed, visualized, and processed with GeneMapper v 3.7 software. The number of alleles per locus was calculated
as the peak levels.
Genetic similarity between the genotypes was
determined using the Microsat software [34] and the
genetic parameters (number of alleles per locus, allele frequency, expected heterozygosity, observed
heterozygosity, parentage, null allele frequency, and
probability of identity) were determined using the
IDENTITY 1.0 software [55]. The dendrograms
were established and visualized by the NTSys software (version 2.02g, Exeter Software, Setauket,
NY). Clustering analysis was conducted using the
UPGMA method (Unweighted Pair-Group Method

using Arithmetic means).


"#%$#
The data obtained by the GeneMapper v. 3.7
software regarding the molecular analysis of the 50
genotypes characterized by 7 microsatellite markers,
including peak levels and the number of alleles and
basepair per locus were presented in Table 1.
The results indicated that the total number of
alleles per locus ranged from 7 to 10 and the mean
number of alleles per locus was 7.9. Of the 7 loci,
VVS2 was detected with the highest number of alleles and VrZAG62 and VrZAG79 were detected
with the lowest numbers of alleles. The expected and
observed heterozygosity were 0.71 and 0.67, respectively. The PI value per locus was greater than the
reference value of 0.05 stipulated by [49]. Taken together, these values suggest that the microsatellite
markers used in our study are highly polymorphic for
genotypic analysis of grapevine.
Genetic similarity between the genotypes was
determined using the Microsat software according to
the following formula: genetic distance (D), =1(proportion of shared alleles) (dissimilarity index).
The resultant value was converted to genetic similarity index. The genotypes that showed a value of
1.000,  those with the highest similarity index,
were accepted as synonym cultivars. The genotypes
that showed a value of 0.929 were accepted as genetically similar and the genotypes that had no shared
alleles or showed no genetic similarity in any locus
were accepted as genetically dissimilar.
The analysis of similarity index revealed 6 distinct groups, each of which included several subgroups: Group I included 8, Group II included 4,
Group III included 11, Group IV included 9, Group
V included 10, and Group VI included 8 subgroups.
The two reference genotypes, Cabernet Sauvignon
and Merlot, were classified into a separate subgroup
within Group V. The genotypes that showed a value
of 1.000 on the dendrogram were accepted as synonym cultivars. The dendrogram also revealed that the
genotypes showed no remarkable dissimilarity between each other and had close relationship with
each other. Furthermore, several synonyms and
homonyms were found among the accessions in the
dendrogram (Figure 1).
#%##%#

Molecular microsatellite markers have been extensively used and have been shown to be a favorable technique for the identification of cultivars and
the determination of synonyms and homonyms [9,
45, 43, 13, 44, 21, 14, 40, 39, 29, 31, 35, 52, 38, 21].
[42] performed a similar study by using microsatellite markers and obtained positive results. In
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another study, [36] concluded that microsatellite
markers are a useful technique for data sharing
among the studies performing genetic analysis of
grapevine germplasms. In the current study, a total
of 56 alleles were detected in the 50 genotypes characterized by 7 loci. Moreover, the total number of
alleles per locus ranged from 7 (VrZAG62 and
VrZAG79) to 9 (VVS2), with a mean number of 7.9
alleles per locus. In contrast, the studies in which
greater mean numbers of alleles were identified

compared to our study were performed with greater
numbers of genotypes and those genotypes demonstrated greater variation compared to those in our
study. In contrast, the studies by [14, 12, 24, 11]
were performed with fewer genotypes and lower
mean numbers of alleles were identified in these
studies compared to those in our study. However, in
the studies conducted by [18, 28], greater mean numbers of alleles were identified compared to those in
our study.
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ABSTRACT
In recent years, coal and biomass synthetic
natural gas have become a hot issue. The traditional
natural gas synthesis route is based on the conversion of carbon raw materials, through the catalytic
conversion reaction of methanation, to synthesize
natural gas. Among all the active components of
methanation catalysts, nickel-based catalysts have
been widely used for their high reactivity, methane
selectivity and low cost. However, nickel-based
catalysts are prone to form nickel carbonyl at low
temperature (200-300Ԩ) and low hydrogen-carbon
ratio, which results in nickel particle sintering. It is
possible to produce high molecular carbon at 500
degrees centigrade and decrease in activity at 500
degree Celsius. This may be due to the thermal
sintering of the carrier, the formation of carbon
deposition, or the growth of nickel crystals due to
the migration and reduction of particles. In order to
further improve the high temperature stability and
sulfur tolerance of the catalyst, a series of xNi/TiO2
and 20Ni/xMn-TiO2 catalyst were prepared by
impregnation method and the effect of Ni and Mn
loading on the catalytic performance for CO
Methanation was studied respectively. XRD, SEM,
TG/DTG and evaluation of activity were used to
examine the catalysts. A fixed bed tubular reactor is
used as the catalyst evaluation device. The reactor
was heated in three stages. The bed temperature
was measured by a thermocouple extending into the
bed. Spectrometer (Agilent-GC7890B) analysis,
thermal conductivity tank detector (TCD) analysis
of CH4, CO2, CO, H2. Hydrogen flame ionization
detector (FID) was used to analyze other alkanes in
the product. The activity of the catalyst was evaluated and characterized by XRD, SEM and TG/DTG.
The results show that the activity of 20Ni/TiO2 is
the highest, up to 99%, in the xNi/TiO2, while the
Ni loading affect xNi/TiO2 activity is not the main
factor; With 20 Ni/TiO2 catalysts for the further
study, add Mn in the xNi/TiO2 catalyst will improve
its CH4 selectivity and temperature interval. Characterization analysis found that adding Mn will
increase the degree of dispersion of active components. The reduction method and temperature test of
20Ni/8Mn-TiO2 shows that the catalyst reduced
under 400Ԩ TPR performance better.

INTRODUCTION
Due to the increasing demand for natural gas
and petrochemical resources dries up, synthetic gas
of coal and biomass in recent years has become a
hot issue [1-3]. Traditional gas synthetic route is
based on the conversion of carbon materials
through the catalytic conversion of methane synthetic natural gas [4, 5]. Methanation steps is a key
step to synthesis gas. Nickel-based catalysts with
high reaction activity and selectivity of methane
and lower economic costs and widely application in
all of the methanation catalyst active component.
However, nickel-based catalysts are easy to generate carbonyl nickel in nickel particles sintering [6,
7] under low temperature (200-300Ԩ) and low
hydrogen/carbon ratio under and likely to generate
polymer carbon Under the 500Ԩ [3, 8-11]. While
the temperature is greater than 500Ԩ the activity of
catalyst is reduced. This may be due to the nickel
crystal growth for carrier's thermal sintering, the
formation of carbon deposition, or the migration
and reduce of particles [12]. Besides Ni based catalyst sulfur resistance is low, trace sulfur elements
can lead to catalyst deactivation. Therefore, improve the high temperature stability of the catalyst
and the sulfur resistance is imperative.
According to the research of Barrientos [13],
different carrier load Ni catalyst generate different
carbon amount and variety. The interaction of metal
carrier can also affect the formation of carbon
amount and variety [13-16]. The condition of Carrier sintering and phase shift also will change with
the change of the intermediate [17-20]. Barrientos
[13] found that Ni/TiO2 catalysts showed good
resistance to carbon deposition and the sintering
performance under low temperature. Besides
Ni/TiO2 catalyst than Ni/SiO2 catalyst showed better carbonyl nickel resistance [13, 21]. The study of
Park and Ouaguenouni [22, 23] showed in methane,
carbon dioxide reforming reaction can reduce the
formation carbon. Li libo [24] etc. Research results
show that Mn additives added to form MnNi 2O4

3843

© by PSP

Volume 28 ± No. 5/2019 pages 3843-3853

Fresenius Environmental Bulletin

1 g (CH3COO)2Mn·4H2O was dissolved in 3 mL of
water to give a solution. 10g TiO2 carrier was
placed in the adjuvant solution, stirred and allowed
to stand at room temperature for 8h, then dried at
80C for 6 hours and calcined at 500Ԩ for 4 h. 2g Ni
(NO3)2·6H2O was dissolved in 3 mL of water to
obtain a nickel nitrate solution. The carrier was
placed in a solution of nickel nitrate and stirred at
room temperature for 8 hours. The mixture was
dried at 80Ԩ for 6 hours and calcined at 500Ԩ for 4
h. To obtain a catalyst.

complexes and it is advantageous to the catalyst
reduction, while Mn fertilizer produced by the electronic effect make the methanation catalyst activity.
Yao, etc. [25] by the impregnation method introduces Mn fertilizer in Ni/TiO2 catalyst, the research
results show that the introduction of Mn fertilizer
can improve the dispersion of active component Ni,
reduced the size of the NiO, especially the formation of NiMn2O4 can prevent the sintering of
catalyst, so as to improve the steam reforming of
methane catalytic reaction activity and stability.
In this work, the load of active component Ni
is examined for Ni/TiO2 catalyst activity and adding
additives Mn to modification the catalysts while the
influence of additives content on the properties of
catalyst were examined.

Catalyst activity evaluation. Catalyst evaluation device. The catalyst evaluation device is
shown in Fig 1.
The catalyst evaluation device is a fixed bed
tube reactor, the reactor is heated by three stages,
and the bed temperature is measured by a thermocouple extending into the bed. The reaction air
volume is RCS 2000A produced by Beijing JinXun
Electronics Co., Ltd. (TCD), CH4, CO2, CO, and H2
were analyzed by a gas chromatograph (AgilentGC7890B). The gas flow rate of the reactor was
analyzed by a gas chromatograph (AgilentGC7890B). The hydrogen flame ion detector (FID)
analyzes the other alkanes in the product.

EXPERIMENTAL
Instruments and reagents. Ni(NO)3·6H2O
(Sinopharm Chemical Reagent Co., Ltd, AR), TiO2
(Sinopharm Chemical Reagent Co., Ltd, AR),
(CH3COO)2Mn·4H2O (Sinopharm Chemical Reagent Co., Ltd, AR), BRURER D8 ADVANCE
XRD, Zeiss SIGMA 500/VP SEM, STA 2500 Regulus simultaneous thermal analyzer, Agilent 7890B
GC gas chromatograph, high temperature muffle
furnace, catalyst evaluation experiment device.

Evaluation of catalyst activity. Catalyst loading: 2ml of quartz sand into the reactor, then 2ml
catalyst into the reactor, and then into the 2ml
quartz sand, in the reactor to form a constant temperature zone reaction bed.

The preparation of the catalyst. The TiO2
support was activated and calcined at 900Ԩ for 4 h
before impregnation. A solution of 0.2, 0.4, 0.6, 0.8,

FIGURE 1
Catalyst evaluation experiment device
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Reduction of catalyst. The catalyst active
component packed into the reactor is NiO, so it
needs to be reduced to metal Ni with catalytic activity. The reduction treatment was carried out by
continuously flowing pure H2 (90 mL / min) and N2
(40000mL/min) at 400Ԩ for 180 min at constant
temperature, and the mixture was cooled to room
temperature by heating.

Fresenius Environmental Bulletin

CCO

COin  COout
u 100%
COin

CH4 Selective formula˖
SCH 4

CH 4
u 100%
COin  COout

RESULTS AND DISCUSSION
Evaluation of the activity of the catalyst. (1)
The temperature inside the reactor was raised from
room temperature to 200Ԩ over 20 min. (2) Starting from 200Ԩ to 500Ԩ, the activity of the catalyst
was tested every 30Ԩ. The temperature of each test
point is kept for 20 min. Each time the temperature
rise time is 5 min. (Example: 200Ԩ for 20 min to
test its activity, after 20 min after 5 min after heating to 230Ԩ to keep 20 min, and so on until 500Ԩ
to maintain 20 min after the end of its activity).

From Fig.2(a), it can be seen that TiO2 is
about 100nm uniform particles, NiO uniformly
adsorbed on the TiO2 carrier. By comparing
Fig.2(b) and (c), it was found that the NiO particles
became smaller and the dispersion was more uniform after the addition of the additive Mn. Figure.2(c) and (d) show that 20Ni/8Mn-TiO2 catalyst
is more homogeneous and finer than 20Ni/2MnTiO2 particles, which indicates that the addition of
Mn promoter is beneficial to improve the dispersibility of 20Ni/TiO2 more the additive is added, the
better the dispersibility.

Activity calculation. CO conversion rate calculation formula:

(a)

(b)

(c)

(d)
FIGURE 2
SEM image of catalyst TiO2(a), 20NiTiO2(b), 20Ni/8Mn-TiO2(c) and 20Ni/8Mn-TiO2(d)
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calcined TiO2.
In Fig.3, TiO2 is the XRD pattern before calcination at 900Ԩ. We can see that the crystal form of
TiO2 before calcination is anatase, and the catalyst
carrier is calcined at 900Ԩ. Its crystal form is rutile,
indicating that the crystal morphology of TiO2 was
changed at 900Ԩ. It can be seen from Fig.3 that
there is no obvious NiO peak in the XRD pattern of
10Ni/TiO2 and 20Ni/TiO2 catalysts, and the NiO
peak appears in the 40Ni/TiO2 catalyst, which
shows that in the 10Ni/TiO2, 20Ni/TiO2 catalyst
NiO particles are well dispersed in the carrier. In
the 40Ni/TiO2 catalyst, NiO particles accumulate,
crystallize and grow, and accumulation on the surface of the carrier may lead to clogging of the
pores.

TABLE 1
Average crystallite size of xNi/TiO2 catalyst
Sample
Dxrd (nm)
TiO2(Anatase)
103.4
10Ni/TiO2
204.0
20Ni/TiO2
157.5
143.5
40Ni/TiO2
Effect of Ni loading on Ni/TiO2 catalyst. As
can be seen from Table 1, the anatase grains before
firing are relatively small; this may be due to the
fact that the sintered TiO2 sintered at 900Ԩ leads to
a larger grain size, and as the amount of Ni increases. The decrease in grain size may be due to the fact
that the NiO grain size is smaller than that of the

hRutile
iAnatase
kNiO
xTitanium

h
h
h

40Ni/TiO2

intensity/a.u.

h

k xh

k
h

h

kh

h

h
h

20Ni/TiO2
10Ni/TiO2
i

i
i

TiO2

i
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i
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FIGURE 3
XRD patterns of xNi/TiO2 catalysts
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FIGURE 4
The influence of temperature on the CO conversion of xNi/TiO2 catalyst
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certain temperature. It can also be seen from Fig. 5
that the 20Ni/TiO2 catalyst is better than the other
two kinds of supported catalysts in the optimum
active temperature range.
From Fig.6, we can see that the CH4 yield of
different catalysts is not very different, and the
activity temperature of 20Ni/TiO2 is slightly lower
than that of the other two catalysts.
In general, the effect of Ni on the Ni/TiO2 catalyst is not very large. In comparison, the
20Ni/TiO2 catalyst is better than the other two catalysts in CO conversion and low temperature activity
(Fig.7). Therefore, we further studied the effect of
adding 20% Ni loading on the basis of the addition
of Mn to modify the TiO2, and the effect of adding
auxiliaries was studied.

As shown in Fig.4, we can see that the activity
range of CO methanation reaction of xNi/TiO2
catalyst is about 350~470Ԩ. The CO conversion of
20Ni/TiO2 catalyst is higher because 10% Ni. The
supported catalyst has a low catalytic activity and a
low catalytic activity. The catalyst with 40% Ni
loading may be due to the decrease of the active site
due to the aggregation of Ni particles, resulting in
less than 20Ni/TiO2 activity.
It can be seen from Figure 5 at low temperature CO conversion rate is low, CH4 selectivity is
high, the reaction of the CO all the basic conversion
to CH4, with the temperature increase in the catalyst
selectivity will appear a significant decline , It can
be seen from Fig.7 that CO2 appears to be present at
a certain temperature since the main reaction at low
temperature is a complete methanation reaction, and
a direct methanation reaction takes place after a
100

CH4 Selective/%

80

60

40

10Ni/TiO2
20

20Ni/TiO2
40Ni/TiO2

0
200

250

300

350

400

Temperature/

450

500

Ԩ

FIGURE 5
The influence of temperature on the CH4 conversion of xNi/TiO2 catalyst
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FIGURE 6
The influence of temperature on the CO2 yield of xNi/TiO2 catalyst
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FIGURE 7
The influence of temperature on the CO2 conversion of xNi/TiO2 catalyst
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FIGURE 8
TG curve of used xNi/TiO2 catalyst
Figure 8 shows the TG chart after the activity
test of xNi/TiO2 catalyst. We can see that the three
other catalysts except 40Ni/TiO2 catalyst are constantly absorbing and increasing their weight during
the heating process, and no weight loss reaction
occurs. less. And 40Ni/TiO2 catalyst at 450Ԩ
weightlessness indicates the existence of a carbon
deposition material.

The effect of Mn addition on catalyst. From
Table 2 we can see that the average grain size of the
catalyst after the addition of the additive Mn is
reduced. This shows that the appropriate amount of
additive additives Mn can improve the dispersion of
the catalyst.
Figure 9 shows the XRD patterns of the different additions of the additives, which is the main
peak of NiO at 43.3°, but it can be seen that the
NiO is very well dispersed in the 20Ni/xMn-TiO2
catalyst.
Figure 10 for the addition of different amounts
of Mn additives after the catalyst CO conversion
rate diagram, from the overall view of the CO conversion rate is the first increase in the process of
decline. From Fig.10, we can see that the activity
range of the catalyst after adding Mn promoter
increased from 350~470Ԩ to 320~500Ԩ. In addition, the optimum catalyst temperature is reduced to
350Ԩ. Figure.10 can also be seen in 20Ni/8MnTiO2 compared to several other catalysts have a
high conversion rate, while a good thermal stability.

TABLE 2
Average crystallite size of 20Ni/xMn-TiO2
catalyst
Sample
TiO2㸦Anatase㸧
20Ni/TiO2
20Ni/2Mn-TiO2
20Ni/4Mn-TiO2
20Ni/6Mn-TiO2
20Ni/8Mn-TiO2
20Ni/10Mn-TiO2

Dxrd (nm)
103.4
157.5
129.4
113.3
107.4
111.1
104.5
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FIGURE 9
XRD patterns of 20Ni/xMn-TiO2 catalysts
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FIGURE 10
The influence of temperature on the CO conversion of 20Ni/xMn-TiO2 catalyst

100

80

CH4 selective/%

© by PSP

60

0Mn
2Mn
4Mn
6Mn
8Mn
10Mn

40

20

0
200

250

300

350

Temperature/

400

450

500

Ԩ

FIGURE 11
The influence of temperature on the CH4 conversion of xNi/TiO2 catalyst
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It can be seen from Fig.12 that the yield of
20Ni/8Mn-TiO2 catalyst is better, the maximum
yield of CH4 is above 80% at 350Ԩ, and the addition of other Mn additive is compared with that of
20Ni/TiO2 catalyst There is a certain upgrade.
Therefore, 20Ni/8Mn-TiO2 catalyst has the best
effect from the overall performance.

It can be seen from Figure 11 that the methane
selectivity of the catalyst after the addition of the
Mn promoter is significantly increased. With the
increase of Mn addition, the methane selectivity at
low temperature is slightly decreased. It can be
deduced that this is due to the decrease of the activation temperature after the addition of Mn.
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FIGURE 12
The influence of temperature on the CH4 yield of 20Ni/xMn-TiO2 catalyst
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FIGURE 13
The influence of temperature on the CO2 yield of 20Ni/xMn-TiO2 catalyst
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FIGURE 14
TG curve of used 20Ni/xMn-TiO2 catalyst
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The influence of reduction temperature on the CO conversion of 20Ni/8Mn-TiO2
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FIGURE 16
The influence of reduction method on the CO conversion of 20Ni/8Mn-TiO2

It can be seen from Fig.13 that the addition of
CH4 and CO2 after the addition of the additive Mn
increases, whereby it can be deduced that the addition of Mn to inhibit other side reactions is beneficial to the formation of methane.
Figure 14 is 20Ni/xMn-TiO2 catalyst activity
test after the TG diagram, we can see that the catalyst after adding Mn additives with the temperature
increase after weight loss weight gain. And the
weight loss temperature range of 40~200Ԩ this
range is not the carbon weight loss range, indicating
that the increase in reactivity while carbon deposition and no significant increase.
According to the previous study, we selected
20Ni/8Mn-TiO2 catalyst at different reduction temperature (400, 500, 600Ԩ) and different reduction
(TPR, TIR) reduction after its test at 380Ԩ, the
results shown in Figure.15, 16 The We found that
the 20Ni/8Mn-TiO2 catalyst reduced at 400Ԩ had
the highest CO conversion and had little activity at
600Ԩ. TPR reduction catalyst was slightly better
than TIR, but this effect was very weak.

CONCLUSION
The Ni-based catalyst with TiO2 as carrier and
prepared by impregnation method was found to
have a high catalytic activity of 99%. By comparing
the different Ni loading catalyst, it was found that
the loading had some influence on the catalyst, but
not the main factor. Which Ni load of about 20%
higher activity. It was found that the additive addition Mn could improve the dispersibility of the
catalyst, reduce the grain size of the catalyst, decrease the reaction activation temperature, increase
the reactivity interval, improve the CO conversion
and CH4 selection. And the inhibition of other side
effects increases the selectivity of CH4. The results
showed that the activity of 20Ni/8Ca-TiO2 catalyst
was better, the conversion rate of CO was 98.8%
and the yield of CH4 was up to 84%. At the same
time, the reduction of TPR in 20Ni/8Mn-TiO2 catalyst is superior to that of 20Ni/8Mn-TiO2 catalyst at
400Ԩ.
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The mechanical behaviors that can occur under the influence of high temperature in the mortars
produced by silica fume and waste marble dust
were investigated in this study. For this purpose,
Portland cement (CEM I), waste marble dust (MD)
from Afyon Çavdarlar Marble Factory, silica fume
(SF) of ETİ electrometallurgy INC. industrial
waste, CEN standard sand and water were used in
the production of mortar. Mechanical experiments
such as high temperature effect and cooling process
with some physical experiments were performed on
MD, SF and SFMD. Blended cements were obtained by using MD, SF and SFMD at 5.0%, 10.0%,
15.0% and 20.0% ratio with substitution method in
Portland cement. Density, Blaine, initial set and
final set were performed on the produced mortars
and 40x40x160 mm sized mortar prism samples
were obtained using these cements. These samples
were exposed to five temperature effects as 20, 150,
300, 700 and 900 ° C. The mortar samples kept at
20 ° C were accepted as reference mortar. A total of
1053 samples were studied in two different ways of
cooling mortars as air-cooling (spontaneously at 20
° C ± 2 in laboratory environment) and sprinkling
(water spraying). After the mortar samples reached
at room temperature, flexional resistance and compressive strength tests were carried out on 7th, 28th
and 90th days. According to the test results; it was
determined that MD, SF and SFMD can be used as
pozzolanic additives in cement mortars both alone
and together and can be evaluated in buildings with
high probability of fire up to certain temperature
values.

People's needs such as living, health food and
shelter are increasing at the same rate with the rapid
increase in the world population. Environmental
pollution also increases at the same rate with the
increasing needs. Environmental pollution has become one of the most important problems of today
[1, 2]. Environmental pollution occurs in two ways.
One of them is the natural pollution, which refers to
wastes of the living things except people, and the
other one is the pollution that occurs by the wastes
of people. The nature can clean the natural pollution by the natural recycle mechanism in a short
while. However, human resourced pollutants especially the ones caused by industrial activities can
stay in nature for a long time and have negative
effects on people [3-5].
The increasing use of natural resources and release of wastes produced by humans to the atmosphere and to the environment caused negative effects on both environment and human health. Especially pollutant sources, such as industrial activities,
fossil fuels used for heating and exhaust gas emissions caused by vehicle traffic are the most important pollutants of air, soil and water, which are
necessary for the survival of living things. The
release of toxic substances into the environment is
particularly spreading from industrialized countries.
Heavy metals are released into the atmosphere due
to the presence of many industrial facilities and
heavy traffic. These pollution sources have increased rapidly in the last two decades in parallel
with the population growth in the cities. For this
reason, a rapid increase in important diseases such
as lung diseases and heart diseases has been observed since the 2000s. Particularly heavy metals
cause genotoxic effects and cancer, damaging the
immune system and the neurological system. The
most important reason of the increase in the occurrence of these diseases is the increase of heavy
metal pollution in the atmosphere. Monitoring air
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Portland cement, Waste marble dust, Silica fume, High
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products or wastes obtained during the production
of various products. There are different applications
in obtaining high performance mixtures. Use of
various additives, material selection at the top performance value, high quality control, different design methods, current test techniques are among
these applications [23].
While developed countries have clear rules on
waste management, there is no law on waste in
developing countries. Therefore, existing wastes are
left out without any processes and they cause various negative effects [24]. According to the international Kyoto protocol agreement which is for
fighting against global warming and climate
change, that was signed in 1997 and effectuated in
2005; by the directive of “ the waste processes of
the high energy consuming factories such as cement, iron-steel, lime factories will be re-regulated”
the waste products are required to be used in cement production and so it is aimed both to prevent
the environmental pollution caused by these wastes
and to reduce the cost of cement which is one of the
most expensive components used in concrete [25].
The concrete and cement sector is criticized
due to consumption of natural resources and energy
in high amounts and the high emissions -notably
CO2 caused- by cement production. These criticisms are tried to be overcome with alternative
solutions [26]. One of the suggestions for solving
the problem is recycling. The developed countries,
which see the fact with the rising energy crisis that
recycling does not only avoid the waste of resources but also increases life standards, sought and
developed methods for the recovery and reuse of
waste [27]. Recycling of wastes will not only protect the environment but will also obtain economic
benefits. Increasing popularity of environmentally
friendly, low-priced, robust construction materials
requires new researches. It is necessary to obtain
new raw materials, which are in accordance with
standards in use and do not harm the environment,
by using them alone or mixed with other materials
[22]. CO2 emissions can be minimized by the use
of industrial wastes with pozzolanic properties such
as fly ash, blast furnace slag, silica fume, etc., in
cement based systems (such as plaster, mortar,
concrete), reducing the need for natural resources
and energy [26].
Silica fume; (SF) is one of the most effective
waste materials used in cement or concrete due to
its pozzolanic properties. Silica fume is an excellent
pozzolanic material because it has an amorphous
structure, it contains very fine grain and high
amount of SiO2. The fact that silica fume is composed of very fine grains reduces the consistency
and workability of fresh concrete and increases the
need for water. Therefore, when silica fume is used
as an additive for the production of high strength
concrete, water-reducing additive is also used. Cement and concrete with silica fume additive is used

pollution in industrial facilities and cities is very
important to determine the impact of pollution on
past environmental systems. As the most reliable
source for determining the increase in heavy metal
air pollution, the materials used in the concrete
structures should be considered as it is in the examination of the wood from the past to the present. It
was observed that the climate potential in the atmosphere was also affected. Therefore, the use of
recycled materials in the construction sector is
increasing rapidly and prevents the contamination.
In particular, the use of recycled materials is aimed
at reducing the amount of air pollution required to
be reduced [1-12].
Uncontrolled consumption of river sands in
coastal areas has led to disruption of ecosystems
with unpredictable long-term consequences, such as
the destruction of local species. For sustainable
concrete structure, long term alternatives of traditional building materials are sought. Developing
countries should use environment-friendly materials
that are abundant, especially to address sustainability. Concrete is a composite material consisting of
fine and coarse aggregates that are embedded in a
hard cement mixture, which fills the gap between
the aggregate particles and connect all of them
together. The fine and coarse aggregates form the
skeleton of the concrete and generally constitute
60-75% of its volume. Approximately 1 ton of
concrete is produced annually around the world.
The increase in the demand for concrete every year
puts a lot of pressure on the supply of concrete
components to meet the demands. One of the top
ten countries that use natural resources for constructions is Turkey. With the rapid decline of resources such as river sand and coarse aggregate,
this research focuses on alternative materials for
fine and coarse aggregates. Where the performance
of the concrete is more important than the strength
criteria, this also leads to the use of many locally
accessible and marginal materials in concrete.
When a reliable design database for concrete produced with marginal material is formed, the replacement of natural fine aggregates by structural
and non-structural elements will be economical for
developing countries. One of these marginal materials is the laterite, a natural soil that is widely expanded in many parts of the world, especially in
tropical and subtropical regions [1-21].
Development of the industry day by day; increasing material consumption causes significant
pollution problems in addition to the problem of
rapid depletion of natural resources (raw material
and energy). Increased production constitutes a
significant amount of waste. These wastes cause an
increasing environmental damage. Many countries
and international organizations are trying to minimize these losses by encouraging re-usage of
wastes by new regulations [22]. Nowadays, intensive studies are carried out on recycling of by-
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in places that require high strength and durability
[28].
Marble dust can be defined as the marble particles in colloidal structure, which are formed during the cutting of blocks and slabs in marble processing plants, and most of them are below 1 mm.
The studies show that at the results of the chemical
analysis of MD, the amount of CaO is at least 40%
[29]. During the processing of marble, marble dust
is produced as waste material. Reusage of marble
dust in different industrial areas will be beneficial
for reducing environmental pollution [30]. They
can be reused in variable areas. While large-scale
wastes can be used as building materials in the
construction sector, dust wastes can be used directly
in different industrial branches [31].
It is very important to know the behavior of
the materials used in buildings in order to determine
the precautions to be taken for the protection from
fire. The behavior of a building material against fire
is determined by performance criteria such as participation to fire, flame formation, flame propagation rate, flame continuity [32]. Combustion is a
stable exothermic chain reaction of flammable
substances with oxygen or other oxidizing agents
under certain conditions. The presence of oxygen
and the thermal energy source to provide ignition is
required for the start of a combustion reaction,
together with the combustible material [33]. Due to
the dense structure and high void ratio of the mineral reinforced high strength concretes, the percent-

ages of strength loss under high temperature have
been found to be higher than the concrete with no
mineral admixture [30].
The reuse of marble dust and silica fume from
industrial waste materials in construction was investigated in this study. These two waste materials
were added separately and jointly in Portland cement in different proportions and it was aimed to
examine both the compressive and tensile strengths
under high temperature effect and their effects on
the physical properties of cement.
#!"#"

):-81)39 -4-5: In this study, PC 42.5R
(CEM I) cement produced at Limak Ankara Cement Factory was used. Chemical and physical
properties of cement are given in Table 1.
&)9:- )8*3- ;9: )5, "131+) ;4- Marble dust (MD) in the experimental study; the marble
pieces were ground to approximately cement fineness. Silica fume (SF) was used as another additive.
No action was taken on the SF used in the experiments. The specific surface of the SF was determined via the BET method. Chemical composition
and physical properties of silica fume and marble
dust are given in Table 2.

# 
0-41+)3)5,70>91+)37867-8:1-96.+-4-5:  
Oxide

Value

Analysis

Properties

Value

SiO2
Al2O3
Fe2O3
CaO
MgO
SO3
Na2O
K2 O

20.41
5.35
3.30
63.50
1.65
2.93
0.16
0.71

Physical

Specific surface, cm2/g
Volume expansion, mm
Normal consistency water (%)
Initial set, sec
Final set, sec
Density, g/cm3
Remaining more than 40 (µm) (%)
Remaining more than 90 (µm) (%)

3320
1.2
28.5
163
240
3.16
7.9
0.6

Total

98.01

# 
0-41+)3+647691:165)5,70>91+)37867-8:1-96.")5,
=1,-

"



SiO2
Al2O3
Fe2O3
CaO
MgO
SO3
K2 O
Na2O
K.K.

94.62
0.20
0.20
1.40
0.21
-

1,92
0,38
0,03
54,34
0,39
0,08
0,05
0,18
42,63

Total

96.63

100

0>91+)37867-8:1-9
Density, g/cm3
Remaining more than 40 (µm) (%)
Remaining more than 90 (µm) (%)
Specific surface (blaine) (m2/kg)
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2.36

2,72
51,23
32,35
-
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66315/ )7731+):1659 Half of the samples
which were kept at 150, 300, 700 and 900° C for 2
hours at high temperature application, were cooled
in air (20° C ± 2 in laboratory) and the other half
was cooled by sprinkling (water spraying) method.
Flexural strength and compressive strength tests
were applied to the mortar samples after cooling
process. The mortar samples that were cooled in the
air were kept in the laboratory between 30-180 min.
depending on the cooling speed temperature until
they reached at the temperature of 20°C, and the
mortar samples that were cooled by the sprinkler
method were kept in the laboratory for about 20-80
minutes until they reached at the temperature of
20°C. 

6478-991<- 9:8-5/:0 )5, .3-=165)3 8-
919:)5+- -=7-814-5: The pressure and flexural
resistancevalues were determined by taking 3 samples representing each group which were exposed
to high temperature one day after leaving them for
cooling. Pressure and flexural resistancetests were
performed in accordance with TS-EN 196-1 standard [35, 38].

-:06,9 86,;+:165 6. -4-5:9 )5, -
4-5: =7-814-5:9 Cement was produced by using SF, MD and SFMD via substitution method in
5%, 10%, 15% and 20% ratio. The mortars were
produced in 40x40x160 mm dimensions according
to TS EN 196-1 [34,35]. The amount of water required in each group mixture was determined by
flow table test according to the flow diameter specified in ASTM C230, C109 and C1437 standards
[34]. (TSE, 2002). The produced samples were
stored at a temperature of 200C ±20C at a relative
humidity of 95%.

86,;+:165 6. +-4-5: 468:)89 )5, 468:)8
-=7-814-5:9The chemical composition and physical properties of PC 42.5, MD and SF that are used
in the production of PC 42.5, MD, SF, SFMD
blended cements were determined. This was done
in accordance with the standard of “TS EN 196-1
Cement Test Methods - Part 1: Resistance” in
40x40x160 mm dimensions by using triple steel
mortar molds.
4 types of mortar samples (PC 42.5, MD, SF,
and SFMD) prepared with CEN standard sand were
subjected to bending and compressive strength tests
at three different day ages (7, 28, 90). Mortar samples are produced in the form of mortar prism with
dimensions of 40x40x160 mm. Samples removed
from the molds after 24 hours of production were
kept in a laboratory with 95% relative humidity at
20 ± 2 ° C until the day of experiments on 7, 28 and
90 days. The mixture ratios to be used in the experiments were determined by considering the flow
rate values and the mixture calculations were made.
The mortar sample with cement binding was
named as PC42.5; the mortar samples with cement
and marble dust binding at 5, 10, 15, 20 % ratios
were named as MD5, MD,10, MD15, MD20; the
mortar samples with cement and silica fume binding at 5, 10, 15, 20 % ratios were named as SF5,
SF10, SF15, SF20; the mortar samples bonded with
cement and marble dust with silica fume at 5, 10,
15, 20 % ratios were named as SFMD5, SFMD10,
SFMD15, SFMD20.

' !#
""$""

0>91+)3 867-8:1-9 6. 86,;+-, -4-5:
Density, blaine, initial and final set and fineness
tests were performed on the produced cement samples and the results are given in Table 3.
The lowest values of blaine tests of the produced samples were found in MD5; and the highest
values were found in SFMD20 and the lowest values of density tests were found in SFMD20 and the
highest values were of SF20. The initial set and
final set time periods are in the limits given by TS
EN 196-3 [39].
0-41+)3 867-8:1-9 6. 86,;+-, -4-5:
According to the ASTM C 618 the sum of
SiO2+Al2O3+Fe2O3 must be at least 70% by weight,
and sulfur trioxide (SO3) must be 5% at most by
weight in a pozzolan. As seen on Table 2, the sum
of SiO2+Al2O3+Fe2O3 in SF is 95.02% and the sum
of SiO2+Al2O3+Fe2O3 in MD is 56.67 % and it is
higher than the limit value for a C type pozzolan
material.

1/0:-47-8):;8-)7731+):1659The application of high temperature was carried out in accordance with the requirements of BS EN 13501-1
standards [36]. After the cure periods of 7, 28 and
90 days, the mortar samples were stored in the oven
(105 ± 5° C) (for 24 hours) before exposure to high
temperature. The mortar samples that were brought
to dry state in the oven were placed in the high
temperature oven to determine the high temperature
effect. At heat treatment phase the samples were
heated at 6 ° C / min according to TS EN 1363-1
[37] in high temperature oven at high temperatures
of 150, 300, 700 and 900° C for 2 hours [37]. Reference mortar samples at 20° C were not exposed to
high temperature.

3-=165)3 8-919:)5+- 6. " )5,  41=-,
468:)89Table 4 shows the 7, 28 and 90 day flexional resistance test results of SF, MD and SFMD
cement mortar prisms. As a result, the substitution
rate of SF and MD in cement was evaluated in
accordance with mixing water and the effect of
cement mortar on the mechanical properties under
high temperature was investigated.
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# 
#0-70>91+)37867-8:1-96.+-4-5::>7-9
Cement type

Density
(g/cm3)

Blaine
(cm2/g)

Initial Set
(sec)

Final Set
(sec)

Remaining more
than 40 (µm) (%)

Remaining more
than 90 (µm) (%)

PC 42.5
SFMD 5.0
SFMD 10.0
SFMD 15.0
SFMD 20.0
SF 5.0
SF 10.0
SF 15.0
SF 20.0
MD 5.0
MD 10.0
MD 15.0
MD 20.0

3.16
3.10
3.04
2.89
2.85
3.13
3.14
3.15
3.16
3.14
3.12
3.11
3.10

2962
5440
8660
10700
10810
3890
3900
4200
4500
2963
3120
3395
3690

140
325
297
230
190
270
330
380
440
333
345
320
300

200
353
333
310
300
340
390
450
500
420
408
370
365

8.3
39.8
41.2
42.7
43.1
7.6
6.4
5.2
4.1
40.5
41.9
43
43.8

0.5
16.1
17.9
19.0
20
0.3
0.2
0.1
0.1
18
18.9
19.8
20.2


resistance at 150 °C to the mortar sample produced
at 20°C (Reference mortar samples). The flexional
resistance values obtained at 900°C by sprinkler
cooling method are low.
When the flexional resistance of produced
mortar samples obtained by 7, 28 and 90 days cooling by sprinkler method is compared to each other,
it has been seen that the highest and lowest resistance were of the mortar samples at 150 and
900°C respectively.

#0- +6478-991<- 9:8-5/:0 6. " )5, 
9;*9:1:;:-, 468:)89 The results of 7, 28 and 90
days compressive strength test results of SF, MD
and SFMD substituted cement mortar prisms are
given in Table 5. As a result, the substitution rate of
SF and MD in cement was evaluated in accordance
with mixing water and the effect of cement mortar
on the mechanical properties under high temperature was investigated.
When the Table 5 is examined, about the samples produced by air cooling, it was determined
that;
The compressive strength values of 28 days
old SF5 samples were higher than 20 and 150°
temperature of pure PC 42,5 cement; the compressive strength values of SF10 samples were higher
than 20 and 150, 300° temperature of pure PC 42,5
cement; and that the compressive strength values of
SFMD5, SFMD15 and MD5 samples are close to
the 20 and 150° temperature of pure PC 42,5 cement.
It was determined that the compressive
strength values of 90 days old SF5 samples were
higher than 20 and 150,300, 900° temperature of
pure PC 42,5 cement; the compressive strength
values of SF10 samples were higher than 20 and
150 and 900° temperature of pure PC 42,5 cement;
the compressive strength values of SF15, SF20,
SFMD5 samples were quite close to 20 and 150°
temperature of pure PC 42,5 cement.

When the Table 4 is examined for the air
cooled samples;
It was determined that flexional resistance
values of 7 days old SF5 substituted samples are
greater when compared to the 20 (Reference mortar
samples) and 150° temperature of PC 42,5 cement;
the flexional resistance values of 28 days old SF10,
SF15, SFMD5 substituted samples are close to the
20 and 150° temperature of PC 42,5 cement;
the flexional resistance values of 28 days old
SF5, SF10 substituted samples are greater when
compared to the 20 and 150° temperature of PC
42,5 cement; the flexional resistance values of 28
days old SF15, SFMD5 and SFMD10 substituted
samples are close to the 20 and 150° temperature of
PC 42,5 cement;
the flexional resistance values of 90 days old
SF5, SF10, SF15 substituted samples are greater
when compared to the 20 and 150° temperature of
PC 42,5 cement; the flexional resistance values of
90 days old SFMD5, SFMD10 and SFMD15 substituted samples are close to the 20 and 150° temperature of PC 42,5 cement.
It has been determined that; there is difference
between 7, 28 and 90th days, the increase in temperature values is in the opposite direction with the
flexional resistance, there is difference between air
and sprinkler method cooling, and that the flexional
strength reduces while the temperature increases
between 300-900°C interval.
When the flexional resistance of produced
mortar samples obtained by 7, 28 and 90 days aircooling is compared to each other, it has been seen
that the highest and lowest resistance were of the
mortar samples at 150 and 900°C respectively.
The 7 days old SF5 mortar samples that were
produced by sprinkler cooling method at 150, 300,
700 and 900°C, the 28 days SF5 and SF10 mortar
samples that were produced by sprinkler cooling
method at 150, 300, 700 and 900 °C and the 90
days old SF5, SF10, and SF15 mortar samples that
were produced by sprinkler cooling method at 150,
300, 700 and 900 °C obtained the most proximate
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# 
3-=165)38-919:)5+-6.468:)89)473-9

Mortar type

Conditions

Mortar type

Conditions

Mortar type

Conditions

Flexional resistance (MPa)
Day
Cooling application
High temperature
application °C
PC 42.5
MD5
MD10
MD15
MD20
SF5
SF10
SF15
SF20
SFMD5
SFMD10
SFMD15
SFMD20
Day
Cooling application
High temperature
application °C
PC 42.5
MD5
MD10
MD15
MD20
SF5
SF10
SF15
SF20
SFMD5
SFMD10
SFMD15
SFMD20
Day
Cooling application
High temperature
application °C
PC 42.5
MD5
MD10
MD15
MD20
SF5
SF10
SF15
SF20
SFMD5
SFMD10
SFMD15
SFMD20

7
20
(Reference
mortar
samples)
6,7
5,2
5,1
4,5
3,9
6,9
6,3
5,8
5,1
6,1
5,9
5,8
4,8

20
(Reference
mortar
samples)
8,4
6,4
6,3
5,4
4,8
8,7
9,0
8,1
6,4
7,2
7,8
6,8
5,6

In air
150
6,5
5,0
4,8
3,9
3,2
6,7
5,9
5,9
4,6
5,8
5,2
4,4
3,2

900

150

300

700

900

5,8
2,7
1,4
4,2
2,0
1,2
4,1
1,8
0,0
3,1
1,5
0,0
2,9
1,0
0,0
5,4
2,3
1,5
5,1
3,4
1,4
4,3
2,6
0,0
3,3
2,2
0,0
5,3
2,4
1,5
4,8
3,1
1,4
4,1
2,2
0,0
2,0
0,0
0,0
Flexional resistance (MPa)
28
In air

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

4,3
3,9
3,6
2,9
2,3
4,1
3,9
3,1
2,6
4,0
3,7
3,0
0,0

1,3
1,0
1,9
0,0
0,0
1,2
2,8
2,9
1,2
2,1
2,4
1,5
0,0

0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

150

300

In water
700

300

700

8,6
7,7
3,9
6,4
5,6
3,3
6,1
5,4
2,9
5,1
4,5
3,5
4,2
3,3
2,4
9,0
6,4
3,8
9,4
5,4
3,1
8,6
5,2
2,9
5,9
4,6
0,0
7,8
6,5
3,6
7,9
6,5
3,2
6,4
5,6
3,6
4,8
3,4
2,1
Flexional resistance (MPa)

In water

900

150

300

700

900

2,6
1,7
1,4
1,3
1,2
1,6
1,8
1,4
0,0
2,1
1,8
1,4
0,0

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

6,4
4,4
4,2
3,0
2,6
5,2
5,1
4,2
3,9
4,2
4,8
3,6
2,40

2,9
2,2
2,1
1,9
1,2
3,1
3,0
2,4
0,0
2,9
2,8
0,0
0,0

1,4
1,5
0,0
0,0
0,0
2,2
1,4
1,2
0,0
1,2
1,6
0,0
0,0

90
20
(Reference
mortar
samples)
9,5
7,6
7,5
6,9
5,4
10,1
10,1
9,4
8,9
9,1
8,8
7,2
6,0

In air

In water

150

300

700

900

150

300

700

900

9,7
7,7
6,8
6,3
4,8
10,4
10,4
9,8
8,6
9,6
9,4
8,9
5,45

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

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

3,4
2,2
1,5
0,0
0,0
3,8
2,9
2,2
1,8
3,0
2,4
1,4
0,0

8,2
6,1
5,2
5,1
4,1
8,4
8,2
7,6
6,8
7,8
6,5
4,5
0,0

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

4,9
2,7
2,4
2,3
2,0
4,3
4,1
3,1
2,8
3,6
3,2
2,5
0,0

2,6
1,2
1,0
0,0
0,0
2,5
2,2
1,8
1,2
2,2
1,8
0,0
0,0





3870

%$

" &   









 " #!"!


When the compressive strength of produced
mortar samples obtained by 7, 28 and 90 days aircooling is compared to each other, it has been seen
that the highest and lowest resistance were of the
mortar samples at 150 and 900°C respectively.
While the most proximate compressive
strength of the 28 days old SF5, SF10, SF15, MD5,
SFMD5 mortar samples that were produced by
sprinkler method cooling at 150, 300, 700 and

900°C to the mortar sample produced at 20 ° C
were obtained at 150°C; the most proximate compressive strength of the 90 days old SF5, SF10,
SF15, SF20, SFMD5 mortar samples that were
produced by sprinkler method cooling at 150, 300,
700 and 900°C to the mortar sample produced at
20° C were obtained at 150 °C. the compressive
strength values of SF20 mortar samples produced
by sprinkler method cooling at 700 and 900°C and


#
#0-+6478-991<-9:8-5/:06.468:)89)473-9

Mortar type

Conditions

Mortar type

Conditions

Mortar type

Conditions

Compressive strength (MPa)
Day
Cooling App.

7
20

In air

High Temp. App.°C

(Reference
mortar
samples)

150

PC 42.5
MD5
MD10
MD15
MD20
SF5
SF10
SF15
SF20
SFMD5
SFMD10
SFMD15
SFMD20

38,4
29,2
24,9
19,6
16,2
38,2
37,8
35,8
34,2
31,0
25,9
21,4
18,6

40,5
28,1
24,5
18,3
12,3
38,9
35,4
22,4
18,1
35,4
26,4
20,3
15,6

Day
Cooling App.

20

High Temp. App.°C

(Reference
mortar
samples)

150

PC 42.5
MD5
MD10
MD15
MD20
SF5
SF10
SF15
SF20
SFMD5
SFMD10
SFMD15
SFMD20

41,2
37,2
33,6
29,2
24,2
43,2
42,6
39,4
37,2
39,0
35,9
31,1
27,1

43,2
37,4
33,8
29,4
24,6
47,5
48,2
38,5
30,0
41,0
34,5
32,4
25,6

Day
Cooling App.

300

In water
900

150

300

700

900

37,7
20,8
18,4
22,1
12,8
10,4
21,4
10,5
8,6
12,6
9,4
7,8
8,4
4,3
2,6
32,4
16,1
14,8
31,1
14,3
12
28,6
12,0
9,6
15,4
8,0
7,8
30,5
14,6
12,8
22,1
13,2
10,2
18,4
12,3
9,8
12,6
8,5
0,0
Compressive strength (MPa)
28
In air

33,6
24,4
22,3
16,6
10,2
24,5
23,8
21,1
18,2
24,3
22,4
18,5
13,4

31,2
20,3
18,5
10,2
6,5
21,2
20,5
18,4
12,4
20,4
18,5
12,4
11,6

13,5
8,6
6,4
5,6
3,6
12,2
10,2
0,0
0,0
11,4
9,6
6,8
0,0

10,5
6,2
4,4
3,2
0,0
10,6
7,4
6,2
0,0
8,8
7,2
5,2
0,0

300

700

700

39,6
31,4
29,2
22,2
24,6
18,4
18,3
10,5
16,5
8,5
39,4
24,2
40,5
22,1
32,6
16,2
31,3
0,0
34,5
24,8
32,3
21,8
30,4
18,4
18,5
8,4
Compressive strength (MPa)

In water

900

150

300

700

900

28,6
19,6
16,2
8,2
6,2
21,3
18,5
14,5
0,0
19,6
16,5
14,2
6,8

36,6
30,2
26,5
20,4
15,8
38,1
40,4
35,2
34,5
37,7
32,3
28,2
16,8

34,3
24,2
20,3
14,5
7,6
30,2
29,6
28,2
25,4
32,5
28,5
24,2
16,8

16,7
12,2
10,8
7,6
6,4
15,6
14,8
6,4
0,0
12,5
10,6
8,5
4,2

14,8
10,5
8,5
5,8
4,2
12,8
11,5
0,0
0,0
10,6
8,5
6,4
2,2

90
20

In air

In water

(Reference
High Temp. App.°C

mortar
samples)

150

300

700

900

150

300

700

900

PC 42.5
MD5
MD10
MD15
MD20
SF5
SF10
SF15
SF20
SFMD5
SFMD10
SFMD15
SFMD20

51,5
45,3
43,2
39,5
35,4
55,7
54,1
52,2
50,1
49,1
46,2
43,2
39,7

54,3
44,9
42,2
40,8
28,5
58,4
57,3
52,4
49,3
52,6
47,0
42,2
35,6

52,3
40,5
38,6
32,4
18,5
54,2
51,4
48,2
39,5
46,8
40,5
38,6
28,2

38,2
30,5
26,8
21,6
9,6
35,4
36,3
18,4
2,8
34,2
33,6
28,4
12,3

32,2
26,5
22,5
16,5
8,2
32,5
33,5
15,2
0,0
29,6
25,3
20,6
9,6

52,2
42,8
34,6
32,3
18,6
52,4
49,5
48,2
35,4
50,5
42,6
38,5
26,6

44,6
36,4
32,2
19,6
12,6
42,6
38,4
32,6
22,1
39,7
36,2
30,5
18,5

34,0
24,3
18,5
10,2
8,4
28,5
30,2
13,7
4,6
28,7
24,5
21,6
12,0

29,6
21,6
15,6
8,2
5,8
25,5
27,8
12,3
0,0
25,8
23,2
18,3
9,2
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of the sections taken from high temperature applied
mortar samples, it was seen that aggregate distribution, crack development and pore structure could
not be distinguished well up to 300 ° C, but at later
temperatures cracks between aggregate grains of
binder were growing.
The increase of flexional resistance and compressive strength of the mortar samples between
100-300 ° C and the water vapor formed during the
high temperature caused a high pressure in the
blended mortar samples [21]. This creates an internal balance. This situation is observed especially in
90-days old samples. According to the former researches, as calcium hydroxide at 500 ºC and calcium silicates at 900ºC are known to be completely
decomposed [21], in experimental study, some
experimental results belonging to samples at 700
and 900ºC temperatures were too low or no value
was obtained.
Studies on the use of different substitutes in
cement are very important in terms of both waste
disposal and cost reduction. Therefore, many studies have been carried out on this subject.
Kabeer & Vyas [40] used marble dust, a waste
product formed during the cutting and shaping of
marble blocks, to replace traditional river sand in
cement mortars in their study. For this purpose,
they examined four different mixture mortars in
terms of workability, drying shrinkage, compressive strength, bond and adhesive strength, density,
water absorption and dynamic Young modules. The
results of their study indicated that the mortars
blended with river sand and marble dust at 20%
ratio can be used for masonry and processing purposes.
Khodabakhshian et al. [41] added silica fume
(0%, 2.5%, 5%, 10%) and waste marble dust (0%,
5%, 10%, 20%) to Portland cement in different
proportions and found that the durability and
strength of the concrete containing waste marble
dust has a tendency to decrease over 10%, but satisfactory results are obtained below this level. With
regard to the use of silica fume, they have observed
that they improve the strength and durability of the
concrete with waste marble dust by preventing the
reduction of its properties compared to conventional concrete. In addition to achieving approximately
the same results as the traditional concrete mix,
partial replacement of cements using 20% waste
marble dust and 10% silica fume has resulted in a
30% cement reduction that reduces the harmful
effects of the cement industry on the environment.
Yıldız et al. [42], added marble dust at 10%,
20%, 30%, 40% and 50% ratios by volume to the
mortar samples containing glass fiber at 0.25 kg/m3,
0.50 kg/m3, 0.75 kg/m3 and 1 kg/m3 proportions to
be replaced with the filing materials in order to
investigate the mechanical and physical properties
of waste marble dust and glass fiber added cement
mortars exposed to sulphate attack. The obtained

SF15 mortar samples produced by sprinkler method
cooling at 900°C could not been calculated. When
the compressive strength of mortar samples obtained by 7, 28 and 90 days sprinkler cooling method is compared to each other, it has been seen that
the highest and lowest resistance were of the mortar
samples at 150 and 900°C respectively.


!"$#""$""
As a result of the study, it was determined that
the flexional resistance and compressive strength at
all temperatures after 150° C decreased on days 7,
28 and 90. This may be due to the fact that mineral
additive subjected to this research reduce the
amount of pores in mortar samples. In addition, the
amount of Ca(OH)2 decreases in the system due to
the pozzolanic reaction occurring between the reactive silica (SiO2) that mineral additives include and
Ca(OH)2 in the cement [39]. Mixtures containing a
certain proportion of mineral additive, which are
substituted in the cement, contain less calcium
hydroxide compared to pure PC cement, which may
also be the reason of increase of strength up to 150°
C.
Since the materials used in the study are waste
materials, the use of these materials in the mortar is
important in order to prevent the environmental
pollution caused by them and to reduce the costs of
the samples produced. In this study, as a result of
experiments on mortars; it was determined that
flexional resistance and compressive strength of all
cement mortars that were produced by sprinkling
cooling method decreased at all ages, and the densities of blended cements decreased in proportion to
the amount of marble dust; the initial and final set
periods of SF5 and SF10 samples of SF blended
cements were lower than MD5 and MD10 samples
of MD blended cements, however the initial and
final sets periods of SF15 and SF20 samples were
higher than MD15 and MD20 samples; the blended
mortars produced by air cooling have reached values close to the control mortar values from the 7th
day in terms of compressive strength, and the SF
blended cements had higher compressive strengths
at all ages compared to the MD blended cements at
7th and 28th days but they exhibited an inverse behavior on 90th day at higher temperatures at 700
and 900°C.
It was determined that the compressive
strength of air-cooled 7, 28 and 90 days old SFMD
substituted cements were higher than the MD substituted cements at all temperatures. As for the
compressive strengths of 90 days air cooled samples, SFMD5 that was produced by substitution of
SF and MD in dual use at 5% ratio were found to be
close to PC 42.5 mortar produced by air cooling
method at 20° (Reference mortar samples) and 150
300, 700, 900° C temperature. In the microstructure
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ture. The use of waste marble dust in the glass fiber
blended mortar samples indicated that a more dense
structure was formed and thus less strength loss
occurred in high temperature mortar samples.

mortar samples were subjected to three different
curing conditions in 5% Na2SO4 solution. Flexural
strength, compressive strength and apparent porosity tests were carried out on the samples and their
mechanical and physical changes under the effect
of sulfate were determined. As a result of the study,
it has been concluded that the use of marble dust in
glass fiber reinforced mortar samples with the material to be displaced up to 40% by volume in order
to increase the tensile strength will provide positive
gains in terms of both economy and sulfate resistance.
Kara & Yazıcıoğlu [43] have determined the
physical and mechanical changes that occur as a
result of carbonation in concrete produced by substituting different amounts of marble dust (MD)
waste and 10% silica fume (SF) in their study. During the study, they produced eight different types of
C30 class concrete with the same settling value as
5%, 10%, 15% MD substituted, 10% SF substituted, 5% MD + 10% SF, 10% MD + 10% SF, 15%
MD + 10% SF substituted and reference (without
additive). They performed flexional resistance,
carbonation depth, capillary water absorption, ultrasound transition rate, abrasion and compressive
strength tests on concrete types. As a result they
stated that, as the carbonation depth increases in
concrete samples containing different ratios MD,
SF and MD + SF; the ultrasound velocity values
increased, the capillarity coefficients decreased, the
amount of wear decreased and the compressive
strength increased.
Kaya & Yazıcıoğlu [33] investigated the effect
of high temperature on the mechanical and physical
properties of calcined mortar. Cement used in mortars was reduced as 10%, 15% and 20% by weight
and it was replaced by calcined bentonite. They
examined the compressive strength of the prepared
samples at 7, 28 and 56 day curing ages. They also
applied high temperature of 250, 500, 750 and 1000
° C to the samples that completed the 56 day cure
age. Ultra sound, water absorption, porosity, weight
loss and compressive strength of the samples before
and after high temperature were measured and
compared with each other. According to the results,
the lowest resistance losses before and after high
temperature exposure were obtained from the reference sample at 500° C and from 10% bentonite
added samples at 750 and 1000° C.
Gökçer et al. [44] added waste marble dust to
the mortar samples reinforced with different
amounts of glass fiber by displacing the filling
material as 10%, 20% and 30% by weight in their
study. They examined the effect of high temperature on the mechanical and physical properties of
the samples. For this purpose, porosity, capillary
water absorption, ultrasound velocity, compressive
strength and flexural strength tests were performed
on the prepared samples and they observed the
changes occurring in the samples at high tempera-

$""
As a result of the study, it was determined that
marble dust and silica fume can be used separately
or together in different proportions in cement production. Due to the fact that these materials are
waste materials, it is important to use them in the
mortar, to prevent environmental pollution and to
reduce the cost of produced samples. At this point,
it is important to know how the quality of concrete
changes depending on the proportions of the materials used.
In this study it was determined that flexional
resistance and compressive strength of all cement
mortars at all ages decreases in the samples produced by cooling via sprinkling method, and the
densities of blended cements decrease in proportion
to the amount of marble dust; and that the initial set
and final set times of SF5 and SF10 blended cements are more than the MD5, MD10 blended cements; however the initial and final set times of
SF15 and SF20 is less than MD15 and MD20
blended cements. According to these results, in
places where the early resistance gain significance
and the weather is cold it is more appropriate to use
MD15 or MD20 blended cements. The compressive
strength of SF blended cements on 7th and 28th days
are higher than MD blended cements at all temperatures but an inverse behavior was observed on 90th
day at higher temperatures at 700 and 900°C. It
would be beneficial to determine the ratios by considering these results in the cements to be produced.
Considering the results of the study in the cements to be produced, it is possible to select and
use contribution ratios which do not make significant concessions in cases where high temperature
exposure may occur in concrete design. For example; the compressive strength of SFMD5 was very
close to the PC 42,5 mortar. It is a strong example
of this that while the compressive strength of air
cooled for 90 days PC 42.5 cement was 51,5 MPa,
at 20°C; 54,3 MPa at 150°C; 52,3 MPa at 300 °C;
38,2 MPa at 700°C and 32,2 MPa at 900°C; the
compressive strength of 90 days air cooled SFMD5
was 49,1 MPa at 20°C; 52,6 MPa at 150°C; 46,8
MPa at 300°C; 34,2 MPa at 700°C and 29,6 MPa at
900°C.
The environmental factors should be taken into consideration on a sustainable concrete design.
The situations such as fire, explosion, exacerbation
etc. which can cause to be exposed to high temperature in reinforced concrete structures should always
be considered. The usage of brick dust and silica
fume by substitution into cement may minimize the
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#D J>?I IJK:O J>; 7CEKDJ E< D?JH7J; B;79>;:
<HECJ>;IE?B7D:?JI;<<;9JIEDO?;B:7D:GK7B?JOE<
9K9KC8;HFB7DJ=HEMDKD:;H=H;;D>EKI;9ED:?J?EDI
M;H; :;J;HC?D;: 7I 7 H;IKBJ E< :?<<;H;DJ <;HJ?=7J?ED
IJH7J;=?;IM>?9>M7I<EHC;:8O9>7D=?D=J>;7FFB?
97J?ED J?C; E< J>; C?NJKH; E< <;HJ?B?P;H IEBKJ?ED
:KH?D= J>; ?HH?=7J?ED 9O9B;  EH J>?I FKHFEI; <?L;
:?<<;H;DJ <;HJ?=7J?ED IJH7J;=?;I M;H; 7FFB?;: ? ; 
<;;:?D= E< <;HJ?B?P;H IEBKJ?ED :KH?D= J>; M>EB; ?HH?
=7J?ED F;H?E:   <;;:?D= E< <;HJ?B?P;H IEBKJ?ED
:KH?D=J>; <?HIJ>7B<E<?HH?=7J?EDF;H?E: <;;:
?D= E< <;HJ?B?P;H IEBKJ?ED :KH?D= J>; I;9ED: >7B< E<
?HH?=7J?ED F;H?E:   <;;:?D= E< <;HJ?B?P;H IEBKJ?ED
8;JM;;D J>7D: J>?HH?=7J?EDF;H?E: 7D:
?D@;9J?ED E< <;HJ?B?P;H IEBKJ?ED ?CC;:?7J;BO KFED
IJ7HJ E< ?HH?=7J?ED   .>; >?=>;IJ 7D: B;7IJ O?;B:
M7IE8J7?D;:?D   JEDI:7 7D:   
JEDI :7  <;HJ?=7J?ED IJH7J;=?;I H;IF;9J?L;BO  #J M7I
:;J;HC?D;: J>7J <;HJ?=7J?ED IJH7J;=?;I :?: DEJ 7<<;9J
IJ7J?IJ?97BBO J>; O?;B: <HK?J B;D=J> <HK?J :?7C;J;H
FB7DJ>;?=>J7D:IJ;C:?7C;J;H )DJ>;EJ>;H>7D:
?JM7I<EKD:J>7JJ>;;<<;9JE<<;HJ?=7J?EDIJH7J;=?;I
ED D?JH7J; D?JHE=;D () ( B;79>?D= M7I IJ7J?IJ?
97BBO I?=D?<?97DJ  .>; >?=>;IJ () ( B;79>?D= M7I
E8I;HL;:?D 7D:J>;B;7IJ?D <;HJ?=7J?EDIJH7J;
=O #JM7I9ED9BK:;:J>7JJ>;8;IJ<;HJ?=7J?EDIJH7J;
=OJEFH;L;DJJ>;FEBBKJ?EDE<=HEKD:M7J;H8OC?D
?C?P?D=() (B;79>?D=J>;CEIJ7FFHEFH?7J;IJH7J
;=O?I ? ; <;;:?D=E<<;HJ?B?P;HIEBKJ?ED8;JM;;D
J>7D: J>?HH?=7J?EDF;H?E: 

8;97KI; E< 9B?C7J?9 J;9>DEBE=?97B 7D: BE=?IJ?97B
7:L7DJ7=;I ECCED9HEFI=HEMDM?:;BO?D=H;;D
>EKI;I BE97J;: ?D DJ7BO7 .KHA;O 7H; JEC7JE
  9K9KC8;H   F;FF;H   ;==FB7DJ
 7D: EJ>;H L;=;J78B;I <HK?J 7D: EHD7C;DJ7B
FB7DJI 7H;=HEMD56 .>;H;<EH;J>;FHEL?D9;
E<DJ7BO7>7I7D?CFEHJ7DJH;=?ED7CED=?DJ;DI?L;
7=H?9KBJKH7B7FFB?97J?EDI;IF;9?7BBO?DJ;DI?L;?HH?=7
J?ED  ;HJ?B?P7J?ED ?I L;HO ?CFEHJ7DJ ?D J;HCI E<
?D9H;7I?D=IE?BFHE:K9J?L?JO7D:FB7DJO?;B:JEC;;J
FB7DJDKJH?;DJIM>?9>7H;H;CEL;:<HECJ>;IE?B7I7
H;IKBJ E< ?DJ;DI?L; 7=H?9KBJKH7B 79J?L?J?;I  #J ?I 7D
?D:?IFKJ78B; JHKJ> J>7J M7J;H 7D: FB7DJ DKJH?;DJI
;IF;9?7BBO(C?D;H7BI7H;J>;CEIJ?CFEHJ7DJ?DFKJI
?DJ;HCIE<FB7DJ=HEMJ>GK7B?JO7D:O?;B: 
.>; 7FFB?97J?ED E< FB7DJ DKJH?;DJ M?J> ?HH?=7
J?EDM7J;H<;HJ?=7J?ED?IJ>;CEIJ;<<?9?;DJC;J>E:
JE ;D>7D9; 9HEF FHE:K9J?ED 7D: H;:K9; FEJ;DJ?7B
;DL?HEDC;DJ7B :7C7=; ?D 9ECF7H?IED JE J>; 9ED
L;DJ?ED7B C;J>E: 56 #D <;HJ?=7J?ED 7FFB?97J?EDI ?J
?I 7?C;: JE 799KCKB7J; J>; <;HJ?B?P;H 7D: M7J;H ?D
J>;HEEJPED; BJ>EK=>J>;BEIIE<FB7DJDKJH?;DJI?I
B;II ?D J>; :H?F ?HH?=7J?ED C;J>E: J>7D ?D J>; EJ>;H
?HH?=7J?EDC;J>E:I?J97DH;79>7I?=D?<?97DJB;L;B7I
7 JEJ7B BEII ?D ?HH?=7J?ED M?J> I>EHJ ?DJ;HL7BI 56 
;97KI; E< J>; ?D9EHH;9J <;HJ?=7J?ED IJH7J;=?;I ;N
9;II?L;<;HJ?B?P;H799KCKB7J?ED?DJ>;HEEJPED;C7O
D;=7J?L;BO 7<<;9J J>; :;L;BEFC;DJ E< J>; FB7DJ 7D:
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ABSTRACT

INTRODUCTION

The Wumeng semi-fine wool sheep industry is
the pillar industry in the Wumeng mountainous
area. In order to reduce the impact of overmuch or
too little trace element nutrients on the Wumeng
semi-fine wool sheep industry, we have carried out
research on the effect of zinc on blood parameters
of Wumeng semi-fine wool sheep in natural habitat.
It was analyzed the contents of mineral nutrients in
soil, forage and animal tissues and determined the
blood physiological and biochemical parameters of
Wumeng semi-fine wool sheep. The results showed
that the zinc (Zn) content in the soil of the experimental pasture was significantly lower than that in
the control pasture (P<0.01), and the Zn content in
the forage of the experimental pasture was significantly lower than that in the control pasture
(P<0.01); the Zn content in the blood of the experimental group was significantly lower than that in
the control group (P<0.01), but there was no significant difference in other elements (P>0.05); the
content of RBC, LY, NE in the blood of the experimental group was significantly lower than that in
the control group (P<0.01); the activity of
SOD,GSH-Px, CAT, AKP in serum of the experimental group was significantly lower than that in
the control group (P<0.01), the content of MDA in
serum of the experimental group was significantly
higher than that in the control group (P<0.01), but
there was no significant difference between the
content of Hb, PCV, WBC, BUN and the activity of
LDH, AST, $/7Ȗ-GT activity (P>0.05). So it can
be seen that zinc deficiency in natural habitat has a
significant effect on blood physiological and biochemical parameters of Wumeng semi-fine wool
sheep, furthermore, it has very significant effect on
antioxidant enzymes of the body.

The Wumeng semi-fine wool sheep is mainly
distributed in the Wumeng mountainous area at the
border of Guizhou, Yunnan and Sichuan provinces,
it has the characteristics of high production performance, strong adaptability, gentle temperament and
easy management, it is the most important sheep
breed in Wumeng mountainous area, so it plays an
irreplaceable economic role in the development of
local grassland and ecological animal husbandry, it
is also the material basis for the survival of local
people [1]. Mineral nutrition is the basic nutrient in
the food chain, its migration and circulation in the
whole ecosystem is realized through soil (water)plant-animal- human body [2]. The results show
that the mineral nutrition content in soil reflects the
supply level of mineral nutrition in soil to plant, and
the deficiency and overmuch of some mineral nutrition in soil will directly affect the mineral nutrition
content in forage or feed, to some extent, it affects
the nutrition and health of humans and animals [3].
Zinc is one of the most important elements of
15 trace elements involved in physiological function [4]. Zinc is a component of zinc protein, and it
is also an important component of many enzymes in
animals [5]. Zinc not only participates in the metabolism of carbohydrates, fats, proteins, nucleic
acids, vitamins and trace elements in animals, but
also plays an important role in physiological functions such as bone development, fur growth, coagulation and biofilm stability [6]. Zinc is an inherent
component of adrenal cortex, which has important
physiological significance in maintaining the normal development of sexual organs and sexual function in animals [7]. Zinc is directly involved in the
formation, maturation, activation and capacitation
of spermatozoa and promotes the normal functioning of reproductive organs and functions [8]. Zinc
is also involved in the processes of immune and
antioxidant, which affects the immune function of
animals by inhibiting the damage of peroxides to
cells [9]. The main manifestations of zinc deficiency in animals are slow growth, low feed utilization
rate, dermatogeratosis of skin, abnormal bone de-

KEYWORDS:
Wumeng mountainous area, Wumeng semi-fine wool
sheep, natural habitat, zinc deficiency, the activity of
antioxidant enzyme
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Sample collection. Soil sample collection: 10
soil samples were collected from each pasture, the
quadrats of l m × l m was randomly selected for
sample, each quadrat interval was 100 m, the surface soil samples of 0-30 cm were collected from
each quadrat, each sample was 200 g, marking the
sample points prepare for collecting forage samples
at the same location.
Forage sample collection: 10 mixed forage
sample were collected from each pasture. In order
to reduce the effect of different forage varieties on
trace element content, the soil sample collection
point was taken as the center, select 10 sample
points evenly distributed from the center of the
circle 250 m (each sample point is 250 m apart),
25g forage was collected at each sample point and
then mixed to form a forage sample, and a forage
sample was 250g.
Blood and liver sample collection: each animal was collected 20mL blood from jugular vein by
using a sterile vacuum blood collection tubes, the
blood sample was carried back to the laboratory for
treatment within 4 hours at 4-8°C for analysis of
blood parameters and determination of trace element content. According to the method of Rockey
et al. (2009) to collect liver sample, the liver sample
was obtained by using a rapid biopsy gun puncture
the liver at a 45° angle to the end of the skin in the
right side of the liver and the liver was punctured
6cm, the liver sample was fixed in the specimen
bottle after collection, the liver sample was carried
back to the laboratory like the blood sample [14].

velopment and reproductive dysfunction [10]. The
typical performance of zinc deficiency in sheep is
that wool can shed and become brittle, and the
symptom of dermatogeratosis of skin can appear
[11]. However, when zinc content is overmuch, it
will also have a serious impact on livestock production and health, therefore, zinc needs to be used
scientifically and reasonably [12].
The purpose of this study is to reveal the relationship between mineral nutrition in habitat and
the industry of Wumeng semi-wool sheep, and to
elucidate the distribution of zinc nutrition in natural
habitat and its effect on blood parameters of the
Wumeng semi-fine wool sheep, thereby to provide
theoretical reference for healthy breeding of
Wumeng semi-fine wool sheep and development of
animal husbandry in Wumeng mountainous area.

MATERIALS AND METHODS
Study area. The experimental area is located
in the Sheep Farm of Qixingguan District and
Hezhang County, Bijie City, Guizhou province, this
area belongs to Wumeng mountainous area. It is a
subtropical and warm temperate zone warm monsoon climate where is no chilly winter and hot
summer, the average altitude is 1 600-2 900 m, the
annual average temperature is 11.5-12.8 Ԩ, the
frost-free period is 185-259 days, and the annual
average rainfall is 900-1200 mm, and the annual
average sunshine duration is 1400-1900 hours. The
main plant species are: Lolium perenne, Trifolium
repens, Festuca ovina, Poa annua, Carex rigescens,
Potentilla fulgens and Potentilla discolor [13].

Sample processing. Soil samples were dried
to constant weight at 20 Ԩ and crushed, stone particles were removed by 2mm sieve, fine sand was
removed by 0.075mm sieve, the soil sample was
dissolve by microwave digestion method with the
mixture of nitric acid (HNO3), perchloric acid
(HClO4) and hydrofluoric acid (HF) (5:2:5) [15].
The forage sample was washed with tap water
and distilled water, dried to constant weight at 20 Ԩ
and crushed. The forage sample was dissolve by
microwave digestion method with the mixture of
nitric acid (HNO3), perchloric acid (HClO4) (4:1)
[15].
Animal serum was centrifuged with low temperature centrifuge at 4 Ԩ for 3500 R/min, the
serum was separated from EP tube and stored at -80
Ԩ. The blood and liver sample was dissolve by
microwave digestion method with the mixture of
nitric acid (HNO3) and perchloric acid (HClO4)
(4:1) [15].

Experimental animals. 20 Wumeng semifine wool sheep in the Sheep Farm of Wumeng
mountainous area in Hezhang County were randomly selected as the experimental group, the experimental sheep was form 1 to 2 years old with the
obvious symptom of loss of appetite, growth retardation, dermatogeratosis of skin, coarse and shedding wool. 20 healthy Wumeng semi-fine wool
sheep in the experimental pasture of Qishingguan
District in Bijie City were randomly selected as the
control group.
Experiment design. The sheep farm of
Hezhang County and the experimental pasture of
Qishingguan District in Bijie City were used as the
experimental group and the control group respectively. It was analyzed the mineral nutrients in soil,
forage and animal tissues and the activities of physiological indexes and biochemical enzyme in animals, while it was compared the content of mineral
content, physiological and biochemical indexes in
blood of Wumeng semi-fine wool sheep in the
experimental group and the control group.

Detection indicators. The content of trace elements in soil, forage and animal tissues were determined by inductively coupled plasma atomic
emission spectrometry (Inductively Coupled Plasma Atomic Emission Spectroscopy, ICP-AES), the
instrument is the inductively coupled plasma emis-
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mean ( x ) ± standard deviation (S) and its difference was evaluated by independent sample t-test.

sion spectrometer (HK9600 Type Atomic Emission
Spectroscopy, Huaketiancheng Co., Ltd, China),
many elements were analyzed that were copper
(Cu), iron (Fe), manganese (Mn), zinc (Zn), molybdenum (Mo) and selenium (Se) [16]. Hemoglobin
(Hb), red blood cell count (RBC), packed cell volume, white blood cell count (WBC), lymphocytes
(LY) and neutrophils (NE)were measured using an
animal-specific automatic blood analyzer (SF-3000,
Sysmex-Toa Medical Electronics, Kobe, Japan)
[16]. The activity of Lactate Dehydrogenase
(LDH), Alkaline Phosphatase (AKP), Aspartate
Aminotransferase (AST), Alanine Aminotransferase (ALT), *OXWDP\O 7UDQVSHSWLGDVH Ȗ-GT), Superoxide Dismutase (SOD), Glutathione Peroxidase
(GSH-Px) and Catalase (CAT) and the content of
blood urea nitrogen (BUN) and malondialdehyde
(MDA) were detected by an automatic biochemical
analyzer (Olympus AU 640, Olympus Optical Co.,
Tokyo, Japan) [16].

RESULTS AND ANALYSIS
Analysis of mineral nutrition content in
natural habitat. The Zn content in soil of the experimental pasture was significantly lower than that
in the control pasture (P<0.01), and there was no
significant difference in other elements (Table 1).
The Zn content in forage of the experimental pasture was significantly lower than that in the control
pasture (P<0.01), and there was no significant difference in other elements (P>0.05) (Table 1).
The Zn content in blood of Wumeng semi-fine
wool sheep in the experimental pasture (zinc deficiency) was significantly lower than that in the
control group (P<0.01). There was no significant
difference in other elements of Wumeng semi-fine
wool sheep in the experimental pasture compared
with the control pasture (P>0.05) (Table 2).

Data analysis. The experimental data were
analyzed by SPSS version 20.0 for windows (Chicago, Illinois, USA. The data were expressed as

Element
Mn
Zn
Cu
Fe
Mo
Se

TABLE 1
7KHFRQWHQWRIWUDFHHOHPHQWLQVRLODQGIRUDJH ȝJJ
Soil
Forage
Control
Experimental
Control
Experimental
pasture
pasture
pasture
pasture
192.44±17.12
193.45±15.33
67.28±7.23
68.78±7.22
35.87±3.17a
78.12±3.55b
38.67±7.18a
69.93±5.22b
10.87±2.27
11.74±2.16
4.68±1.33
4.51±1.29
4152.33±77.34
4137.24±72.33
522.34±37.21
523.57±35.65
1.89±0.13
1.86±0.17
0.82±0.12
0.87±0.13
0.13±0.01
0.12±0.01
0.08±0.02
0.09±0.01

The different letters in the same row indicate significantly different (P<0.01), the same below.

TABLE 2
The content of mineral elements in blood of Wumeng semi-ILQHZRROVKHHS ȝJJ
Mineral
Experimental
Control
Element
animals
animals
Mn
0.27±0.08
0.28±0.07
Zn
3.51±0.12a
7.97±0.13b
Cu
0.54±0.03
0.56±0.02
Fe
459.29±21.33
458.18±21.26
Mo
0.23±0.03
0.22±0.04
Se
0.07±0.01
0.08±0.01
TABLE 3
Blood routine indicators of Wumeng semi-fine wool sheep
Control
Blood routine
Experimental
group
group
indicators
Hb(g/L)
112.69±11.71
112.65±21.15
RBC(1012/ L)
6.87±1.59a
11.60±1.57b
PCV (%)
35.85±2.71
35.87±2.63
9.36±1.33
9.33±1.37
WBC(109/L)
LY (%)
33.23±3.33a
57.67±7.32b
NE (%)
27.56±1.36a
45.46±2.35b
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TABLE 4
Biochemical parameters in blood of Wumeng semi-fine wool sheep
Experimental group
Control group
Biochemical parameters
LDH (U/L)
3.58±0.34
3.59±0.38
AKP (IU/L)
237.26±19.56a
271.24±12.35b
AST (IU/L)
39.45±4.34
39.58±4.13
ALT (IU/L)
13.67±2.26
13.56±2.68
Ȗ-GT(IU/L)
19.65±2.10
19.87±2.16
BUN (nmol/L)
6.92±1.30
6.52±1.38
TABLE 5
Antioxidant indicators of Wumeng semi-fine wool sheep
Antioxidant indicators
Experimental group
Control group
SOD(U/L)
12.23±1.54a
17.58±1.73b
GSH-Px(U/L)
12.54±2.21a
19.35±1.37b
CAT(U/ml)
1.32±0.15a
1.97±0.17b
MDA (nmol/L)
23.45±1.73a
13.70±1.19b

in this area [19]. The zinc in the soil is mainly derived from rock weathering, the common range of
zinc content in soil in the world is 10-300 μg /g, the
average value of zinc content in soil in the world is
of 50-100μg /g [20]. The zinc content in the soil of
the experimental pasture was obviously lower than
the normal average value, which resulted in that the
zinc nutrition of forage could not meet the needs of
animal growth and development.
Zinc is an essential mineral nutrient for animals [21]. Zinc in animals is mainly obtained from
diets, it is digested and absorbed through the digestive system. In the process of absorption, zinc mainly exists in the form of zinc ion. Firstly, zinc in the
intestinal lumen enters the cell through the apical
membrane (brush border) of the small intestinal
mucosa; secondly, zinc enters the cell from the
apical membrane of the small intestinal mucosa to
the basement membrane, and then enters the blood
from the basement membrane; finally, the absorbed
zinc binds to hemoglobin in the blood, the digestion
and metabolism through blood circulation into the
liver, bones and other tissues [22]. Liver is the main
place of zinc storage and metabolism [23]. The
lower is the content of zinc in liver, the higher is the
degree of zinc deficiency [10]. Copper and iron are
trace elements that affect the absorption and utilization of zinc in the body [24]. The main absorption
sites of iron and zinc are in duodenum, and there is
competition in the absorption pathway between
them [25]. The interaction between copper and zinc
not only occurs in the absorption stage, but also in
the blood transport [26]. However, there was no
significant difference in copper and iron content in
soil and forage between the experimental pasture
and the control pasture in our study.
Zinc is an important substance that induces B
cells to secrete globulin, it can improve the immune
function of animal B cell and enhance the synthesis
ability of immunoglobulin, If the animal is deficient
in zinc, it will lead to disorder of the secretion of

Analysis of physiological and biochemical
indexes in blood of Wumeng semi-fine wool
sheep. The RBC, LY and NE in the blood of the
Wumeng semi-fine wool sheep in the experimental
group were significantly lower than those in the
control group (P<0.01). There was no significant
difference in Hb, PCV and WBC of Wumeng semifine wool sheep in the experimental group compared with the control group (P>0.05) (Table 3).
The AKP activity in blood of the Wumeng
semi-fine wool sheep in the experimental group
was significantly lower than that in the control
group (P<0.01), and there was no significant difference in the other biochemical indicators of
Wumeng semi-fine wool sheep in the experimental
group compared with the control group (P>0.05)
(Table 4).
The activities of SOD, GSH-Px and CAT in
blood of Wumeng semi-fine wool sheep in the
experimental group were significantly lower than
those in the control group (P<0.01), and the MDA
content in blood of Wumeng semi-fine wool sheep
in the experimental group was significantly higher
than that in the control group (P<0.01), and there
was no significant difference in other antioxidant
indicators of Wumeng semi-fine wool sheep in the
experimental group compared with the control
group (P>0.05) (Table 5).

DISCUSSION
Animals do not have the ability to store zinc,
so it needs to feed from diets to maintain their
health and nutrient balance [17]. Plant growth depends on soil, which provides most of the nutrients
needed for plant growth [18]. Hezhang County is a
typical rocky desertification area in Wumeng
mountainous area, the distribution of land resources
is unbalanced and grassland degradation is serious
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bore stability be guaranteed during drilling and production. Brudy et al. [8] proposed a series of countermeasures for the wellbore instability of this type
of reservoir, mainly including optimizing the borehole structure, scientific selection of large-displacement well trajectory and reasonable selection of
drilling fluid density [9-11]. The content of shale in
carbonate reservoir is small [12], and mechanical
factors are the main reasons for borehole instability.
Physical and chemical factors can be ignored in
borehole stability analysis. In this type of formation,
there is a group of weak surface, which leads to failure before the rock body under low wellbore fluid
pressure and unexpected complex situation of drilling [13-18]. Only by considering the influence of
weak surface in borehole stability analysis, the drilling problems for practical engineering can be solved.
A lot of researches have been carried out at home and
abroad on wellbore instability caused by weak surface of reservoirs. Ma Morsy [19], Jung et al. [20]
studied the wellbore stability of horizontal Wells in
rational shale reservoirs based on the theory of single
structural surface. The occurrence of bedding surface is the main factor leading to the collapse and instability of horizontal Wells. Neretnieks [23], Lu et
al. [21] selected the weak surface model to study the
cause of wellbore collapse in fractured formation at
great depth for open and vertical well. Result proves
the formation which the fracture dipping angle
ranges from 0° to 20° and fracture azimuth tends to
be nearly the horizontal minimum in-situ stress are
the safest situation for vertical well, followed by the
formation which the fracture dipping angle ranges
from 60° to 90° and fracture azimuth tends to be
nearly the horizontal maximum in-situ stress. Yang
[22], He et al. [23] found that after considering the
weak surface, there was no well inclination bearing
with monotonously increasing or decreasing wellbore collapse pressure, and the danger and safety areas appeared alternately, with complex distribution.
At present, there is a lack of systematic research
on the change rule of wellbore collapse pressure for
inclined well with weak surface occurrence. Based
on the engineering geological characteristics of carbonate reservoirs and the single weak surface criterion, this paper studies the variation rule of the wellbore collapse pressure of vertical wells, horizontal

ABSTRACT
Typically, the required mud weight is determined by a wellbore stability analysis in which the
rock material is assumed to be linear elastic, homogeneous, and isotropic in mechanics and strength behaviors. This traditional stability analysis, however,
may lead to erroneous results particularly for a well
drilled into fractured carbonate formation, and ignoring the strength anisotropy associated with planes of
weakness such as foliations, or schistosity presented
in carbonated rocks. Therefore, based on the porous
elastic mechanics model of borehole stability and the
single weak-plane strength theory, borehole stability
model for inclined wells in fractured carbonate formations is established. Based on those, this paper
quantitatively analyzed the effects of attitude of fissures and system researched the hole collapse pressure under different well track along with the change
of weak plane occurrence characteristics. The basis
for wellbore stability during drilling and production
was provided. The results showed that collapse pressure is controlled by weak plane occurrence characteristics. Compared with traditional hole stability
analysis model, the method of this article can provide a scientific calculated means and methods for
solving the carbonate borehole instability.

KEYWORDS:
Carbonate formations, inclined wells, borehole stability,
structural fracture, a single weak plane strength theory

INTRODUCTION
Carbonate reservoir plays an extremely important role in the world oil and gas production,
which is of great significance for solving the problem of energy shortage in the world [1-3]. Such reservoirs [4-6] often collapse in open-hole completion
formation during drilling and production [7], which
severely restricts the development of resource. Only
by thoroughly understanding the mechanism of wellbore instability of carbonate reservoir can the well-
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wells and inclined wells with the weak surface occurrence, providing a basis for the evaluation and design of the wellbore stability of fractured carbonate
reservoirs.

V1 V 3 

If the failure doesn't happen along the weak
plane, the angle between the normal of the fracture
plane and the direction of the first principal stress 
meets that, 12. If  meet this condition, and
the stress state meet the type shown in (2), the failure
of the rock will cause a slip along the weak plane,
the strength of rock mass is controlled by the
strength of weak surface. If  fails to satisfy this condition, the direction of rock failure is along the angle
0 ʌĳ0/2, the strength of rock mass is controlled
by the strength of rock matrix. The values of angle
1 and 2 can be obtained through the type (3).
(3)
ª V  V  2cw cot M sin M º
M
1

Micro-fractures are developed in complex carbonate formation rocks, and the strength of fractures
is obviously lower than the strength of the rock body,
which is often referred to as the weak surface. In
1960, Jaeger [3] first proposed the single weak surface strength theory, which described the shear failure of isotropic rock mass with one or a group of parallel weak surfaces, which was a generalization of
the Mohr-Coulomb criterion. Therefore, according
to the single weak surface strength theory, the failure
state of fractured stratum rocks can be divided into
two modes, as shown in Figure.1
(1) If the failure doesn't happen along the weak
plane, rock mass strength is equal to the strength of
the rock body, at this point, the angle of failure surface with ı1, 0 ʌĳ0/2, i.e. the rock mass strength
is:

2 c0  V 3 tan M0

1  tan M0 cot I0 sin 2I0

1  tan M w cot I sin 2I

(2)

FAILURE CONDITION FOR WEAK PLANE

V1 V 3 

2 cw  V 3 tan M w

I1

I2

w

2

S
2



2

arcsin «
¬

1

3

w

V1  V 3

w

»
¼

 M w  I1

In the formula: ı1 is the maximum principal
VWUHVV 03D ı3 is the minimum principal stress,
MPa; cw is the cohesion of carbonate rock weak
SODQH03Dĳw is the internal friction angle of weak
plane, °; c0 LVWKHFRKHVLRQRIWKHURFNPDVV03Dĳ0
is the internal friction angle of rock mass, °;  is the
angle of weak plane and the maximum principal
stress, °; 0 is the angle of rock mass failure surface
and the maximum principal stress, °.
According to the single weak surface criterion,
when cw 03D ĳw=15°, c0 03D DQG ĳ0=25°,
the rock strength under different confining pressure
is shown in Figure.2, which indicates that there is severe anisotropy in the fractured formation.

(1)

(2) When the rock mass is destroyed along the
weak surface, the strength of the rock mass is controlled by the strength of the weak surface, that is,
the rock mass strength is:

FIGURE 1
The rock strength criterion of single weak-plane carbonate rocks
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FIGURE 2
5HODWLRQVKLSEHWZHHQȕDQGVWUHQJWKRIZHOOERUHURFN

Model resolution. Since most of the failure criteria used in borehole stability analysis are expressed
as the principal stress, it is necessary to convert the
wellbore stresses into the form of principal stress. In
a deviated well, the significant difference between
inclined wells and vertical wells is that the dipping
DQJOHĮDQGWKHD]LPXWKRIZHOOȕPXVWEHFRQVLGHUHG
by inclined wells. The azimuth angle of horizontal
maximum in-VLWXVWUHVV+$Ȧ ȕ-+$ȕDQG+$DUH
all expressed by XX degree in the northeast geodetic
coordinate system.
ߪ ൌ ௪ െ 
ߪఏ  ߪ௭ ͳ
ଶ
ߪ ൌ
 ටሺߪఏ െ ߪ௭ ሻଶ  Ͷ߬ఏ௭
െ 
ʹ
ʹ
ఙഇ ାఙ
ଵ
ଶ
െ ඥሺߪఏ െ ߪ௭ ሻଶ  Ͷ߬ఏ௭
െ 
㸦7㸧
ߪ ൌ
ଶ
ଶ
The angle between the action surface of the
maximum principal stress for wellbore and the axis
of the hole is shown below:
ଶఛ
ଵ
ߛ ൌ ܽ ݊ܽݐܿݎഇ
㸦8㸧

THE MODEL OF WELLBORE INSTABILITY
ANALYSIS IN FRACTURED FORMATION
Wellbore stress distribution of inclined
wells. Wellbore stress distribution is the basis of
wellbore stability analysis. The rock of deep strata is
subject to three main in-situ stresses, wellbore stress
distribution is controlled by in-situ stress, angle of
well deviation and azimuth [24-29]. Assuming that
the formation is an elastic uniform continuous medium with holes, the stress component of inclined
Wellbore is [30]:
ߪ ൌ ܲ௪
ߪఏ ൌ ߪ௫  ߪ௬ െ ʹ൫ߪ௫ െ ߪ௬ ൯ ܿߠ ʹ ݏ

 ߠ ʹ ݊݅ݏെ ܲ௪
െ Ͷ߬௫௬



ߠ ʹ ݊݅ݏ൧
ߪ௭ ൌ ߪ௭ െ ߥൣʹ൫ߪ௫ െ ߪ௬ ൯ ܿ ߠ ʹ ݏ Ͷ߬௫௬


߬ఏ௭ ൌ ʹ൫െ߬௫௭  ߠ ݊݅ݏ ߬௬௭ ܿߠ ݏ൯
߬ఏ ൌ Ͳ
㸦4㸧
߬௭ ൌ Ͳ
In the case of a given inclination and direction,
the stress distribution of the wellbore is only a funcWLRQRIș,WLVQRWKDUGWRREWDLQHGWKDWWKH changes
RIWKHıș DQGız DUH WKH VDPH ZLWKWKHFKDQJH RIș
[21]. Therefore, the maximum or minimum value
can be obtained at the same position:
݀ߪఏ Ȁ݀ߠ ൌ Ͳ
㸦5㸧
By solving the above equation, the following
formula can be getted:
ଵ

ଶఛೣ

ଶ

ఙೣ ିఙ

ߠଵ ൌ ܽ ݊ܽݐܿݎ൬
ଵ
ଶ

ܽ ݊ܽݐܿݎ൬

ଶఛೣ
ఙೣ ିఙ

൰

ଶ

ఙഇ ିఙ

In the formula (8),

V T , V z ,W T z

represents the

tangential stress, axial stress and shear stress respectively in the cylindrical coordinate system with the
inclined well as the axis.
In the geodetic coordinate system (N,E,Sky),
the azimuth of the weak surface formation is north
TR east, the dipping angle is DIP, so the direction
vector n of the normal line of the weak surface is:
㸦9㸧
݊ ൌ ݅ܽଵ  ݆ܽଶ  ݇ܽଷ
In the formula (9):
ܽଵ ൌ ݊݅ݏሺ ܲܫܦሻ ܿݏሺ ܴܶሻǡ ܽଶ ൌ
㸦10㸧
݊݅ݏሺ ܲܫܦሻ ݊݅ݏሺ ܴܶሻǡ ܽଷ ൌ ܿݏሺ ܲܫܦሻ
In the rectangular coordinate system, the direction vector n of the maximum principal stress of
ZHOOERUHı1 in the geodetic coordinate system can be
expressed as:
㸦11㸧
ܰ ൌ ܾ݅ଵ  ݆ܾଶ  ܾ݇ଷ

గ

൰ 㸪ߠଵ ൌ 
ଶ

㸦6㸧

The circumferential stress of the wellbore
UHDFKHVLWVH[WUHPHYDOXHDWș1 RUș2. After determining the extreme point of wellbore circumferential
stress, the calculated stress is compared with the corresponding strength criterion to judge whether the
wellbore is stable or not.
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parameters of sinian carbonate reservoir were
substituted into the fracture formation borehole instability analysis model mentioned above. The influence of weak surface inclination and direction on the
wellbore collapse pressure is obtained through numerical calculation. The influence of different fracture orientations and horizontal hole orientations on
the bottom hole minimum pressure to maintain the
stability of the wellbore is shown in Figure.3, at the
case of weak plane dipping angle is 0°ࠊ30°ࠊ60°
and 90°, respectively.
The results prove that, (1) When the weak surface dipping angle is 0°, the collapse pressure is independent of weak surface azimuth. The variation of
collapse pressure with borehole orientation is similar
to sin function. The minimum value is obtained in
the direction of the horizontal maximum ground
stress, and the maximum value is obtained in the direction of the horizontal minimum ground stress,
which is the direction of the most prone to wellbore
instability accidents for horizontal wells. (2) The collapse pressure has no obvious changing with the increasing or decreasing of the weak surface inclination. And its distribution is complex, which should
be analyzed by specific weak surface strata occurrence. (3) It can be seen from the analysis of the most
stable and volatile area of the wellbore in different
fractured reservoirs that, when the weak plane dipping angle is 0 °, the safest position for horizontal
well is where the azimuth is 0 °, at this point, the
wellbore collapse is 23.26MPa; the most easily collapsed azimuth for horizontal wells is 90 °, at this
point, the collapse pressure is 25.50MPa; When the
inclination of the weak surface is 30°, and the azimuth of weak plane and well is 60°ࠊ120°ࠊ240°
and 300° respectively, the borehole is the most stable, and the minimum bottom hole pressure to maintain the stability of the borehole wall is 19.78MPa.
When the azimuth of weak plane is 60° and well azimuth is 180°, the minimum bottom hole pressure to
maintain the stability of wellbore is 33.21MPa;
When the dipping angle of weak plane is 60°, the
safest situation for horizontal wells is when the azimuth of weak plane is 60° and well azimuth is 270°,
the wellbore collapse pressure is 18.88MPa; the most
easily collapsed situation for horizontal wells is
when the azimuth of weak plane is 90° and well azimuth is 180°, the minimum bottom hole pressure to
maintain the stability of wellbore is 33.40MPa;
When the dipping angle is 90° and azimuth is 240°
for weak plane, the wellbore collapse pressure is
18.88MPa under the condition of well azimuth is
90°, which is the safest azimuth for horizontal wells;
When the azimuth of weak plane is 60° and well azimuth is 0°, the well is susceptible to collapse and the
wellbore collapse is 33.40MPa. In summary, the horizontal well orientation in fractured carbonate reservoirs should be determined according to the weaksurface occurrence and the optimal well trajectory
design scheme.

In the formula (11):
ܾଵ FRVߚ ܿ ߠ ݊݅ݏ ߙ ݏെ  ߠ ݏܿ ߚ ݊݅ݏ ܿߛ ݏܿ ߙ ݊݅ݏ ߚ ݏ
ܾଶ VLQߚ ܿ ߠ ݊݅ݏ ߙ ݏ ܿ ߠ ݏܿ ߚ ݏ ߛ ݏܿ ߙ ݊݅ݏ ߚ ݊݅ݏ
ܾଷ   ߠ ݊݅ݏ ߙ ݊݅ݏ ܿߛ ݏܿ ߙ ݏ

㸦12㸧
The angle between maximum principal stress
of wellbore and the normal of weak plane is
Sidewall Angle of maximum principal stress
and the fracture plane normal  is expressed below:
ڄே

ܿ ߶ݏൌ ȁȁȁேȁ ൌ

  

ሺ݅ǡ ݆ ൌ ͳǡʹǡ͵ሻ

㸦13)
Firstly, the angle between the maximum principal stress of the wellbore and the normal line of the
weak plane is determined. If the angle between the
maximum principal stress and the normal line of the
weak plane obtained by the formula ranges from 1
to 2, then the three principal stresses obtained by
equation (7) and the angle obtained by equation (8)
are substituted into equation (2), the collapse pressure of the borehole, which failure happened along
the weak plane can be obtained by solving this nonlinear equation. If the angle calculated by equation
(8) is not satisfied 12, equation (3) is substituted into equation (1), then this nonlinear equation
can be solved to get the collapse pressure of the well
without shear failure along the fracture plane [22].
Thereinto, the nonlinear equation is solved by iterative method.
ሺ  ሻభȀమ ା൫ೕ ೕ ൯

భȀమ

ANALYSIS OF
THE INFLUENCE OF WEAK SURFACE
OCCURRENCE TO WELLBORE STABILITY
In order to analyze the borehole instability rule
of Dengying Formation (Sinian) in the central Sichuan region, the influence of borehole trajectory
and fracture surface occurrence on borehole stability
was studied with reservoir parameters (as shown in
table 1) in this region. The purpose of safe drilling
was achieved by optimizing borehole trajectory.
TABLE 1
Comparison table of industrial circulating
cooling water and oilfield sewage
Number
1
2
3
4
5
6
7
8
9
10
11

Parameters
Vertical depth/(m)
Vertical stress/(MPa)
Horizontal maximum principal
stress/(MPa)
Horizontal minimum principal
stress/(MPa)
Formation pressure/(MPa)
Rock mass cohesion/(MPa)
Internal friction angle of rock
mass/(°)
Weak plane cohesion/(MPa)
Weak plane friction angle/(°)
Effective stress coefficient
Poisson's ratio

Value
4981㹼5851
114.96
103.96
85.96
57.28
23
37
0.5
37
0.75
0.26

Model resolution. Assume that the direction of
horizontal maximum geostress is due north, the basic
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The effect of weak plane to inclined
wells. The variation of wellbore collapse pressure for
inclined wells with the weak plane inclination angle
and azimuth is analyzed. When the hole deviation
angle is 30°, the calculation results of wellbore collapse pressure for the hole azimuth is 90° and 180°
are shown in Figure.4~5. The analysis mainly draws
the following conclusions,
(1) At the case of well azimuth is 90°, wellbore
collapse pressure is generally high for different trajectory. When the weak plane dipping angle is 30°
and azimuth is 90°, the wellbore collapse pressure
gets the minimum value, i.e. 18.30MPa; besides,
when the weak plane dipping angle is 50° and azimuth is 30°or the weak plane dipping angle is 90°
and azimuth is 270°, the minimum bottom hole pressure maintaining borehole stability is relatively
small, i.e. 21.30MPa;
(2) At the case of well azimuth is 180°, when
the dipping angle of weak plane is greater than 60°,
the wellbore collapse pressure is relatively high, basically above 25MPa. When weak plane dipping angle is less than 60°, the wellbore pressure has large
variation range, when the weak plane azimuth is 0°,
180° or 360°, the collapse pressure obtained the minimum value, 17.88MPa; when the weak plane azimuth is 120° or 240°, the collapse pressure obtained
the maximum value, 28.84MPa.

(a) When weak plane dipping angle is 0°

(b) When weak plane dipping angle is 30°

(c) When weak plane dipping angle is 60°
FIGURE 4
Well collapse pressure changing with the weak
SODQHRFFXUUHQFHZKHQĮ DQGȕ 

(d) When weak plane dipping angle is 90°
FIGURE 3
Horizontal well collapse pressure changing
with the weak plane azimuth and wellbore
azimuth

FIGURE 5
Well collapse pressure changing with the weak
SODQHRFFXUUHQFHZKHQĮ DQGȕ 
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CONCLUSION AND PROSPECT
(1) For horizontal well, when the weak surface
dipping angle is 0°, the collapse pressure is independent of weak surface azimuth. The variation of
collapse pressure with borehole orientation is similar
to sin function. The collapse pressure has no obvious
changing with the increasing or decreasing of the
weak surface inclination. And its distribution is complex, which should be analyzed by specific weak surface strata occurrence.
(2) There are great differences in the stability
of inclined wells with different weak surface occurrences. The stability analysis of borehole should be
based on the actual calculation results and in combination with specific conditions. Under specific weak
surface occurrences and reservoir environmental
conditions, the stability of borehole walls can be improved by appropriately changing the borehole trajectory.
(3) In the wellbore stability analysis of fractured carbonate reservoirs, the influence of weak
plane occurrence is crucial. Appropriate changes in
wellbore trajectory can improve the stability of the
wellbore. The influence of natural fracture occurrence should be fully considered to prevent the wellbore from collapsing and instability, leading to stuck
drilling or well scrapping.
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The solarization applications performed by
means of sun is effective in disinfection of the soil
in greenhouses. A trial was completed in a plastic
covered greenhouse for determining the effect of
solarization on soil temperature and disinfection. In
this trial, temperature values were measured from
May to September in parcels covered with
0,15±0,01 mm thick transparent and black polyethylene and soil parcels.
In these months, the surface temperature on
the black polyethylene covered parcels was measured between 49.0 oC and 57.7 oC. These values are
5.0 oC to 6.1 oC higher than the transparent polyethylene covered parcel (44.0 oC – 51.6 oC). As for
the soil parcel, the maximum soil temperature varied between 44.1 oC – 46.9 oC. The temperatures,
which were measured as a result of the solarization
and exceeded 45 oC – 50 oC, are significant values
for soil disinfection. It was determined that temperature of surfaces with black cover increased up to
57.7 oC when the air temperature in the greenhouses
exceed 40 oC. However, the surface temperature of
the soil under the black cover was around 43.6 oC
and thus 14.1 oC lower than the surface temperature
of the black polyethylene cover. The difference
between the low greenhouse temperatures might be
lowered down to 2 oC – 3 oC. The temperature of
the soils under the polyethylene covers resistant to
solar rays is lower than the soils under the transparent polyethylene cover.
The soil surface temperature of the transparent
polyethylene covered parcel might be 2 oC to 3 oC
higher than the polyethylene covered parcel.
The maximum temperatures measured at 10 to
15 cm depth of the soil were between 32.12oC and
40.7 oC in the parcel covered with transparent polyethylene and thus 1.1 oC to 4.9 oC higher than the
parcel with black polyethylene cover. These values
varied between 23.2 oC and 35.2 oC on the soil
parcel and thus were lower than other covered parcels.



Agricultural activities must be sustained to
meet food and nutritional requirements of the people and all living creatures in the world. Sustainable
agriculture becomes more difficult since the world
population increases and the agricultural lands are
being misused. These conditions require continuously harvesting more number of products from a
unit of agricultural land. The intensive cultivation
practices might cause rapid changes on the natural
soil characteristics and the organic matter might
decrease and its physical, chemical and biological
structure might start to deteriorate.
Sustainable production in greenhouses becomes much more crucial considering the special
and expensive production conditions in the agriculture and the high efficiency achieved in the greenhouses.
In fall, winter and spring, the air temperatures
are low in our country and the production in greenhouses requires heating. Actually, heating highly
increases the production costs in the greenhouses
and leads to expensive production activities. Thus,
sun is used as the source of energy for cultivation
activities in the greenhouses [1].
Generally, the greenhouses practicing monoculture cultivates the same plants continuously over
and over again and this cultivation increases the
plant disease specific for that plant and population
of pests in the soil. Besides, the air temperature and
humidity in the greenhouse are also high. The hotbeds have insufficient air and the soil moisture is
high due to irrigation and this paves the way for
rapid increase and spread of all types of diseases
and pests in the greenhouse. To do healthy, efficient
and quality production in the greenhouses, effects
of diseases and pests in the soil must be reduced by
a specific level. It is determined that solarization
applications are efficient for disinfection of the
hotbeds [2].
30&5.<&7.32440.(&7.326.27-*5**2-386
*6 Disinfecting hotbeds by using solar energy before planting is an environment friendly method.
The basis of solarization with solar energy is to heat
the soil up to high temperatures using sun lights. In
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Turkey, this method can be used in the greenhouses
during very hot July and August when production
activities are not performed in the greenhouses.
After preparation of the soil and irrigation, the solarization might be practiced by covering the soil
with polyethylene cover or another cover. The purpose of solarization applied with covering the hotbed with a polyethylene cover is to increase the soil
temperature and to ensure transmission to sub layers [3]. This method has advantages such as low
costs and having no negative impact on the environment. However, this must be applied for a long
time such as minimum 3 to 4 weeks [4].
The soil temperature is the most important element that control physical, chemical and biological
phenomena observed in the soil. It is the hardest
soil condition to control. The most significant factor
in heating the soil is the infrared lights of the sun
that have long wavelengths. The infrared lights
coming from the sun heat the atmosphere and soils.
Also, the short wavelength sun lights hit the earth
and their wavelengths increase and they heat the
earth and objects as thermal energy. The energy
received by the soil heats the soil if it is more than
the energy lost by the soil. The direction of heat
transmission in the soil is from high temperature to
lower temperature [5].
The soil heating effect of solar radiation might
be increased through use of miscellaneous substances and covers on the soil. The polyethylene
cover laid on the soil surface does not only reduce
the heat loss of the soil but also prevents water loss
of soil through evaporation. It is stated that water
drops and water vapor on the inner surface of the
polyethylene cover laid on the soil surface block
long wavelength lights and create the “greenhouse
effect” as well as heating the soil more [6].
The effectiveness of solarization depends on
causes of disease in the soil, sensitivity of harmful
microorganisms and nematodes to high soil temperatures.
Most of the causes of diseases and nematodes
harming the cultivated plants are present in the soil.
Controlling soil based causes seen in the hotbeds is
possible through physical and chemical methods.
The physical disinfection is performed through
increasing the heat of hotbeds with a number of
methods and solarization. For chemical disinfection, some extremely toxic chemical substances
(pesticides) are applied to the soil. This method is
highly dangerous for the environment and human
health and adversely affects the natural balance.
The producers prefer agrochemicals due to advantages such as easy application and being effective in a short period of time. Today, conscious and
controlled use of agrochemicals must be guaranteed
for sustainable agricultural production and protection of environmental health. Excessive use of
chemicals increases the production costs and causes
expensive production activities. Residues on fruits

and vegetables emerge as a problem during marketing and exportation operations. This is why healthy
food production must be guaranteed through a sustainable agricultural system and limited use of
chemical substances [7,8]. Otherwise, these excessive toxic substances might come back to the humans and other living creatures through the food
chain [9-11]. Furthermore, these chemical substances have several adverse effects such as diseases and harmful organisms as well as resistance of
weeds [12].
Different researchers used a variety of different substances for solarization. In Nigeria, permeable polyethylene film and organic mulch was used
for solarization during onion production in the arid
season [13]. Solarization provided better results
than other organic mulches (peanut shells, corn
shells, sawdust). MeBr and soil solarization applications were compared on the greenhouses cultivating
tomatoes.    
 population was significantly reduced with both methods and yield increased significantly. This study presented that soil
solarization can be used in the greenhouses cultivating tomatoes, as an alternative to MeBr fumigation
[14].
0.25 mm transparent, black and 0.75 mm black
polyethylene covers were used for the soil solarization study done in India. The highest soil temperature was 52.2 °C at 12 cm depth under 0.25 mm
transparent polyethylene covers and wet conditions.
This value was measured as 50.1 °C under dry
conditions. The highest soil temperature was 39.6
°C in the area with no solarization [15].
This study focused on a different use of sun,
one of the renewable energy resources, in the
greenhouses. Majority of the causes of disease and
nematodes, which damage the cultivated plants
grown in the greenhouses, is present in the soil. To
control these, the physical control method, which
heats the soil up to a certain temperature, was preferred instead of chemical control method that has
negative impact on the environment and people.
The greenhouses do not have any production activities during the hot summer months and the study
focused on increasing the soil temperature through
the polyethylene cover and solarization applications
in the hotbeds and disinfecting effect of this process
during these months.
  

*2*5&0 -&5&(7*5.67.(6 3+ 7-* *6*&5(-
5*& The research area is the Thrace Region, located on the northwest of Turkey, and the city center of Tekirdağ province. The Thrace Region is
located on the European continent of Turkey and
between 26o-29o Eastern longitudes and 40o-42o
northern latitudes. Tekirdağ Province, namely the
location of research area, is located between 26o-
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41′-28o10′ Eastern longitudes and 40o35′-41o35′
northern latitudes. The area is around 62188 hectares. Tekirdağ has a slightly rough terrain and
rather young geological structure. The city achieved
its current view during the time IV. Tekirdağ is
categorized under sub-humid climate type [16]. 

-&5&(7*5.67.(6 3+ 7-* 30;*7-;0*2* 39*5
Soil parcels and parcels covered with transparent
and black polyethylene covers were used as material in the plastic covered greenhouse. During solarization, we worked on determining the effect of
0.15±0.01 mm thick transparent and black colored
polyethylene covers on the soil temperature and
disinfection of the parcels. 

*7-3) The process followed as a method
measured cover surface and under cover soil surface temperatures on the transparent and black
polyethylene covered parcels and soil temperatures
at 10-15 cm depth at 14:00 o’clock on the day of
testing. The surface temperature and soil temperature at 10-15 cm depth were measured on the soil
parcel.
Furthermore, interior and exterior air temperatures of the greenhouse and moisture values were
determined. The interior temperature of the greenhouse varied significantly from the exterior air
temperature. The major factors of this temperature
difference were related to sunny weather and ventilation windows and open or closed doors.

achieved as a result of the solarization, are important for disinfection [17, 18]. The soil surface
temperature under the transparent polyethylene
cover is higher than the black polyethylene covered
parcel [15]. In the summer months, the maximum
soil surface temperature varied between 44.1 oC 46.9 oC on the soil parcel.
The temperature measurements related to the
solarization in the parcels were examined between
May and September. The solarization works took
place during these months because the greenhouses
do not have production activities in these months
and the air temperature is high. In these months, the
surface temperature on the black covered parcel
varied between 49.0 oC and 57.7 oC. These values
were measured between 44.0 oC and 51.6 oC on the
parcel covered with the transparent plastic covered
parcel (Figure 1). The surface temperature of the
black polyethylene cover was 5.0 oC to 6.1 oC higher than the transparent polyethylene cover.

! !
Testing parcels were created on the plastic
covered greenhouse for determining the effect of
solarization through sun lights on the soil temperature and, indirectly, on the soil disinfection. In this
test, temperatures were measured on the transparent
and black polyethylene covered parcels and the soil
parcels. The temperature measurements took place
daily on the polyethylene covers and soil surface as
well as at 10-15 cm depth of the soil. The albedo
value (reflection capacity) of the dark colored,
black polyethylene cover used for solarization is
low. Thus, it traps more number of sun lights when
compared to other covers. The surface temperature
is higher than the transparent polyethylene cover
[3]. However, this surface temperature cannot manifest itself in the soil. In other words, nontransparent covers trap the heat but they cannot
transmit it to the sub soil layers. The fact that sun
lights cannot go through the cover is a factor in this
process.
In the parcel covered with the transparent polyethylene cover, the soil surface temperature was
measured 1.5 oC to 2.3 oC higher than the plastic
cover surface temperature. It is determined that
degrees exceeding 45 oC - 50 oC, which are

!
&:.1817*14*5&785*(-&2,*6327-*4&5(*0
685+&(*&2)63.0&7 (1)*47-6



In this test, it is determined that the black polyethylene cover does not transmit the sun lights
adequately. Thus, the surface temperature of the
black polyethylene is higher than the surface temperature of the soil under it. The measurements
revealed that cover surface temperature increased
up to 57.7 °C on the black polyethylene covered
parcels when the air temperature exceeded 30 oC
and interior temperature of the greenhouse exceed-
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also that it transmits and protects heat at a lower
ratio. The minimum soil temperatures on the soil
parcel were between12.0 oC and 20.3 oC. The values that are low in May catch up with the values of
transparent covered parcel in July and August. The
sub soil layers are heated less because the movement of soil temperature is in less and small in the
vertical direction [5, 19].

ed 40 °C. However, the surface temperature of the
soil under the cover increased up to 43.6 °C and it
was nearly 14.1°C lower than the black plastic
cover. The correlation between the surface temperature of the black polyethylene cover and surface
temperature of the soil under the cover is shown on
Figure 1. When the interior temperature of the
greenhouse increased, the difference between the
surface temperature of the black polyethylene cover
and surface temperature of the soil under it increased. The difference might decrease down to 2
o
C – 3 oC in case of lower exterior air temperatures
and in winter (Figure 2).

!
&:.1817*14*5&785*63+7-*'0&(/
430;*7-;0*2*(39*5685+&(*&2)
63.04&5(*0685+&(*
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The tests were done to determine the effect of
solarization through sun lights in the plastic covered
greenhouse on the soil disinfection. The purpose of
the test was to determine the effect of 0.15±0.01
mm thick transparent and black polyethylene on the
soil temperature.
The albedo (reflection) value of the dark colored, black polythene cover is low and it traps sunlight more than other covers [3]. The surface temperature is higher when compared to the transparent
polyethylene cover. However, this surface temperature cannot manifest itself in the soil. It is confirmed the surface temperature of the black cover
increased up to 57.7 °C on the days with high air
temperature. However, the surface temperature of
the soil under the cover increased up to 43.6 °C.
The soil surface temperature was 14.1°C lower than
the black cover.
It is determined that the surface temperature of
the transparent plastic cover increased up to 51.6 °C
and the soil surface temperature was 2.3 °C higher
and marked 53.9 °C. It is confirmed that the soil
surface temperature under the polyethylene cover
was higher than the black polyethylene covered
parcel. The temperature value connected with the
transparent polyethylene cover was also studied by
other researchers [15]. It is stated that the soil temperature that was measured as a result of solarization and exceeded 45 oC-50 oC is an important level
of temperature for disinfection [17, 18].
The difference observed in terms of soil surface temperatures under the transparent and black
polyethylene covers was also observed at the maximum temperatures at 10-15 cm depth of soil. The
maximum temperatures at 10-15 cm depth of soil
on the plastic covered parcel varied between 32.1°C
and 43.7 °C from May to September. These values
are 1.1 °C to 4.9 °C higher than the black polyethylene covered parcel. These values varied between
23.2 °C and 35.2 °C in the soil parcel and thus were
lower than the other parcels.
When the minimum temperatures of the parcels are compared, it is seen that these values were
between 18.8 °C and 22.4 °C on the black covered
parcel but they were lower, namely between 17.7
°C and 20.8 °C, on the transparent covered parcel.
This suggests that black plastic cover does not
transmit sunlight and also transmits heat less and



As is seen, there are differences between the
transparent and black polythene covered parcels in
terms of the temperatures measured at 10-15 cm
depth of soil.
The black polyethylene cover used for the solarization does not transmit the sun lights and the
soil cannot be heated adequately. Also, the organic
solarization material that does not transmit the sun
lights cannot adequately heat the sub soil layers.
The maximum soil temperatures at the 10-15
cm depth of the soil were higher on the transparent
plastic covered parcel when compared to the black
covered parcel. From May to September, these
values varied between 32.1oC (May) and 43.7 oC
(August) on the transparent covered parcel. In the
same period, the maximum soil temperatures measured at the 10-15 cm depth of the parcel covered
with black polyethylene cover varied between 31.0
o
C (May) and 38.8 oC (August). The soil temperature of the transparent covered parcel was 1.1 oC to
4.9 oC higher than the black covered parcel.
These values varied between 23.2 oC and 35.2
o
C on the soil parcel and this is rather lower in
comparison to the other two parcels.
If the minimum soil temperatures on the parcels are compared; this value was between 18.8 oC
and 22.4 oC on the black covered parcel and lower,
namely between 17.7 oC and 20.8 oC, on the transparent covered parcel. This suggests that the black
plastic cover does not transmit the sun light and
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Evaluation on the ecotourism resources of traditional villages can promote the sustainable development of rural tourism. Taking 10 typical traditional villages in the western part of Hunan area as
research subjects, 1 decision layer, 3 criterion layers
and 22 indicator layers have been established. Simulation training is conducted by adopting the rapidity
and dynamics of artificial neural network in Clementine 12.0 and RBF evaluating model. In the meantime, quantitative comprehensive evaluation on the
ecotourism resources of sample villages is also carried out on the basis of dynamic approach model in
combined with fuzzy comprehensive evaluation approach. The result indicates that the credibility of the
dynamic model in artificial neural network is higher
than that of other 2 models; the overall situation of
the ecotourism resources of sample villages is above
the average, yet in need of further development and
utilization. It is suggested to deeply explore the historical and cultural connotation implied by the ecological resources of traditional villages, improve the
transportation convenience, promote infrastructure
construction; strengthen propaganda as well as to
systemically integrate the regional resources, so as to
further upgrade the availability of the ecotourism resources of traditional villages, take control of the
reasonable degree of protection and development of
the ecotourism resources in the western Hunan area,
and boost the economic sustainable development.



agricultural and farming civilization. The villages inherited in the western part of Hunan (hereinafter referred to as the western Hunan) area are mainly traditional villages shaped during Ming and Qing dynasties and ever before. These villages still retain rich
historical memory and cultural roots, which enables
them to be significant sacred lands for tourists both
abroad and at home. Therefore, how to protect and
inherit the culture of traditional villages; how to scientifically categorize, effectively evaluate, protect
and make use of ecotourism resource; as well as how
to attract even more tourists to come to rural traditional villages for visits, have become important subjects in urgent need of addressing by rural ecotourism developments [1, 2].
From 2012 to 2016, 4 batches with 4157 directories of Chinese traditional villages have been published by the Ministry of Housing and Urban-Rural
Development, the Ministry of Culture, and the Ministry of Finance. Altogether 257 villages in Hunan
have been enlisted, taking up 6.2% of the nation’s
total. Currently, there are few research materials for
the evaluation on the ecotourism resources of traditional villages, and most of the literature is concentrated on such aspects as tourism resources value,
tourism environment, tourism service, and etc. of the
traditional villages which cannot systemically reflect
and historical, scientific and cultural values of the
tourism resources of traditional villages, or can
hardly embody the important status of ecotourism resource in the development and protection of traditional villages [3-7]. From the perspective of evaluating methods, relevant literature mainly adopts
quantitative evaluating methods [8-10], for example,
analytical hierarchy process, and the combination of
analytical hierarchy process and fuzzy comprehensive evaluation, as well as GIS evaluation; whereas
less artificial neural network to evaluate the ecotourism resources of traditional villages. This research
conducts comprehensive evaluation on the tourism
resources of 10 representative traditional villages in
the western Hunan area by adopting the nodes of artificial neural network in Clementine12.0, data-mining software [11-14]. On this basis, suggestions of
sustainable utilization of the ecotourism resources of
traditional villages in the western Hunan area are

'% !
Ecotourism resources, artificial neural network, clementine data-mining, evaluating indicator, traditional village,
sustainable development

" #"

Referring to the earlier-shaped villages in possession with abundant cultural and natural resources,
as well as certain historical, cultural, scientific, artistic, economic and social values, traditional villages
boast the greatest heritage inherited from Chinese
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Major
category

Sub
category

Basic category
Topography

Natural
landscape
resources

Earthscape

Terrace
Famous woods
and ancient trees

Forests and
rivers

Relics
landscape

Settlement
landscape
resources

Forests
Rivers
Traditional residential
Characteristic
blocks
Ancestral halls
Stockade gates

Monolandscape

Bridges
Relic Sites
Architectural
sketches
Mastaba folks

Social folks

Festival folks
Folk arts and
crafts

Folk culture resources

Sacrifice folks
Spiritual
folks

Folklores
Folk dramas
Songs and
dances

Village characteristics
Deben Village is located in the alpine and gorge region with winding mountains
surrounded and terrains drastically rugged; Lao Siyan Village has karsts landform;
Yan Paixi Village is surrounded by peripheral terraces, with shallow hilly tier upon
tier as if done by the spirits; 9 ancient aqueducts are just like 9 dragons coming
down from the heaven, and irrigating thousands of mu of fertile farmland;
In the front of Yan Paixi Village tower 3 ancient maple trees, whose metaphor is
that Guanyin, a Bodhisattva ignites and inserts “3 incenses”. This is implied with
ancient “Fengshui” study;
Shu Jiatang Village has cedar, pine, cypress, cedrela, cryptomeria fortune, camphor
and other timberland;
Zhonghuang Village has Qiabi River; Lao Sicheng Village has Lingxi River;
Shu Jiatang Village and Lahao Village use stone to build, and Tujia ethnic group
uses wood to build hanging houses, and Deben Village is the one of Miao ethnic
group;
Lahao Village has characteristic blocks; and Zhonghuang Village has streets and
lanes with the Republic of China features;
Lao Sicheng Village has the Hall of Patriarch;
Lahao Village has Baojia Building; and Shuangfeng Village has Shuangfeng
Stockade Gate;
Laohao Village has Fengyu Bridge; and Liuhe Village has Sangong Bridge;
Lao Sicheng Village has Tu Sicheng Relic Sites;
Shuangfeng Village has Guyou Mill; Lao Sicheng Village as Guyou Mill; Shu Jiatang Village has “Southern Great Wall”; Lao Siyan Village has the original location of ancient dock; Liuhe Village has Longdong Mansion, Xianren Cave and
Xima Cave;
Shu Jiatang Village has stone tablet; Lahao Village has ancient tombs; and Tusi has
Dezheng Stele
Shu Jiatang Village has “Baishou Festival”, Tiaoma Festival, 8 April, 6 June, and
Mid-July all in Chinese lunar calendar;
Lahao Village has weaving, embroidery, processing of silver ornaments, traditional
printing and dyeing of Miao ethnic group; and Laoche Village has brocade of Tujia
ethnic group;
Laoche Village offers sacrifices to the land, the mountain deity, worships the
Dragon King, and has the Dragon Lantern Dance;
Yan Paixi Village has Songfu Legend;
Yan Paixi Village has Zuotan Opera;
Laoche Village has Baishou Dance, folk songs of Tujia ethnic group, Tima Song;
and Lao Sicheng Village has Kujia Song;

! "!

proposed, which is useful for the sustainable development of the traditional villages tourism and the implementation of rural revitalization strategy in this
area.

0)9)+;-91:;1+: 7.  )6,  6-<9)4 6-;
>793 Back-Propagation (BP) network model belongs to a multi-layer feed forward neural network
that is one-way transmitted. It has one input layer,
one output layer, one or several hidden layers. Each
layer has several nodes, every of which stands for a
neuron. Each and every node in the same layer is not
connected with one another, yet in the neighboring
layer, is fully connected. Information is one-way
transmitted among every layer starting from the input layer, and passes every hidden layer in succession, and finally arrives the output layer [15, 16].
Both hidden nodes and output nodes of BP neural
network adopt the same adder and Sigmoid activation function.
The
adder
equation is,

& "

077:16/;0-:<*2-+;:There are altogether 82
villages from Xiangxi Tujia and Miao Autonomous
Prefecture enlisted into ." #,.),2)  "#(-,
#.#)(&#&&!These villages have abundant material cultural heritages and intangible cultural heritages, which mainly formed during Ming and Qing
Dynasties, with the earliest village dated back to
Warring States Period. This research selects 10 representative villages, whose historical sites are wellpreserved with plenty of cultural relics, providing
rich resources to develop rural tourism. Combined
with the status quo of the ecotourism resources of
sample villages, the author divides ecotourism resources into 3 major categories, 6 sub ones, and 19
basic ones, as specifically indicated by Table 1.



  = ∑    + θ  , among which,   is the ad =1

der of the node $

 is the link weight between the

node #of the upper layer and the node $of this layer,
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#is the output value of the node # of the upper layer,
and 6$ is the deviation of the nodes. BP neural network adopts (0,1) type of Sigmoid activation function,
and
its
function
equation
is

 (  ) =

evaluation indicator of traditional villages in western
Hunan is primarily set-up [19,20]. On this basis, ecotourism resources evaluation indicator system of traditional villages in western Hunan is finally established after soliciting opinions from 30 experts, adjusting, adding and deleting the indicator system in
accordance with such principles as the natures of objective, systematic, dynamic beneficial, and etc. of
ecotourism resources evaluation [21, 22]. This system includes three layers, namely, decision layer (A),
criterion layer (B1  B2  B3) and indicator layer
(AB1C1~AB3C8) (Table 2).

1

−
1+   .

Radial Basis Function (RBF) neural network is
a feed forward network with sound performances
[17], such as the optimal approximation, concise
training, fast learning convergence speed, as well as
surmounting of local minimum problem. Currently,
it has been proved that RBF can approximate arbitrary functions in succession with arbitrary precision,
and therefore it is widely applied to model identification, non-linear control, image processing and
other fields. This neural network is composed of input layer, hidden layer and output layer, three layers
of network [18]. The weight from input layer to hidden one is fixed as 1. Neuron in the hidden layer is
the input as the activation function of this neuron after the multiplication of the vector distance between
#, the weight vector and #, the output vector of this
layer and the deviation #. The transferring function
of the hidden layer unit adopts the RBF of Gaussian
kernel
function,
and
the
equation
is

ker (  −  ) = 

−

 − 

);) +744-+;176 )6, 897+-::16/ Since artificial neural network is to predict the evaluating results on the basis of the simulation results of training
sample set, evaluating data need to be divided into 3
parts for processing, namely, training sample set,
testing sample set and predicting sample set. For the
former two sets, 22 evaluating indicators are
set(AB1C1~AB3C8), with 5 evaluating rates,
“ 1.00 ”(poor)“ 0.75 ”(average)“ 0.50 ”(moderate)“ 0.25 ”(good)“ 0 ”(excellent); meanwhile,
expectation value (output value) is realized by 5 categorical variables, with “0” indicating poor evaluating result, “0.25”, average; “0.50”, moderate; “0.75”,
good; and “1.00”, excellent. In Clementine, the
above mentioned data is sample-partitioned according to the proportion of 70% of training sample set,
and 30% of testing sample set. Sample set is tested
and model deviation is calculated by making use of
training model of training sample set. Drawing support of the investigation and survey period of editing
." (.,*,..#)( ( (",#.( )  ,#.#)(&
"#(- ,"#../, /(( )&/', the research
team investigated the sample villages during March
and July in 2016 [23, 24]. Predictive sample

2

2σ 
2

, 1 is the input variable1
is the center of the kernel function, 5is the width of
kernel function, and "is radial covering length.

76:;9<+;1767.-=)4<);16/:?:;-5)6,,);)
+744-+;176)6,897+-::16/76:;9<+;1767.-=)4<
);16/ :?:;-5 According to the resources categorization standards and expert opinions of .!),#3
.#)( (0-.#!.#)( ( 0&/.#)( )  )/,#-' 
-)/,- (GB/T18972-2003), ecotourism resources
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Resources factor value B1

Evaluation A on the tourism resources of traditional
villages in western Hunan

Historical, cultural and artistic
value B2

Tourism environmental
ambience B3
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Functionality AB1C1
Ecology AB1C2
Sociability AB1C3
Economy AB1C4
Ornamentality AB1C5
Uniqueness AB1C6
Completeness AB2C1
Historicity AB2C2
Regionality AB2C3
Plurality AB2C4
Science popularity AB2C5
Continuity AB2C6
Inclusiveness AB2C7
Faith AB2C8
Regional combination AB3C1
Environmental capacity AB3C2
Traffic condition AB3C3
Infrastructure AB3C4
tourist source market AB3C5
Tourism advertising AB3C6
Development degree AB3C7
Environmental protection AB3C8
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"0-!-;;16/7.!;9<+;<9-7,-4)9)5-;-9
Neural network
calculating method
Network structure
Pattern model
Number of training cycles
(data passing times)
(Alpha)
Impulse
Training
parameter
(Eta)
Learning rate

Quick analytical
method
22; 7; 5
Expert
200
0.9

Dynamic analytical
method
22; 3; 4; 5
Simple
Automatic settings by
the system

200
0.9

Initial Eta=0.3; high Eta=0.1;
Eta declining=30; low Eta=0.01

Automatic settings by
the system

Initial Eta=0.4; Eta automatic calculation;
RBF clustering number =20; RBF radical
covering length =1

100%

100%

100%

⎛ ⎛ ⎞ ⎞

  ( ) =   ( − 1) × exp ⎜ log ⎜
⎟/⎟
⎜ ⎜   ⎟ ⎟
⎠ ⎠
⎝ ⎝

data were obtained by means of on-site questionnaire
for tourists, and by adopting Likert 5-point Scale for
the data statistics [25]. 100 sheets of questionnaire
were handed out in every village, with 90~ 95 valid
and the data were entered into SPSS software for
data evaluation [26]. Since the range of the variable
input by artificial neural network was usually valued

 =

22; 5; 5
Expert

—

Precision of training
simulation

0~1,

RBF

  − min
max − min

. Etalow and
Etahigh indicate the maximum and minimum in respective of the change range of learning rate, and 
is attenuation [31].
By setting the parameter of Table 3, 22 evaluating indicators are analyzed for simulation, and the
result is as Table 4. From Table 4, it can be known
that the actual output value of three methods totally
conforms to the expected one, but the confidence degree in prediction being calculated is different, high
to low in succession is BP neural network dynamic
method, RBF model, BP neural network quick
method. This indicates that BP neural network dynamic method is higher in the success rate of prediction with the best evaluating effects.

=)4<);176 76 ;0- -+7;7<91:5 9-:7<9+-: 7.
;9),1;176)4=144)/-:Adopting the above mentioned
well-trained network model to evaluate the ecotourism resources of the sample villages, and the results
can be shown as Table 5. From Table 5, it can be
known that the confidence degree in prediction of the
tree evaluating method models is different. Overall
speaking, the confidence degree of quick method
model evaluation is the lowest, next is that of RBF
model evaluation [32]; yet that of dynamic method
model evaluation is relatively higher, which indicates that evaluation result of dynamic method
model is higher. This conforms to the result of the
confidence degree in prediction of the training sample in Table 2, and therefore, the evaluation result of
dynamic method model is adopted.
Importance analysis indicates the degree of correlation between evaluating indicator and output
nodes [33]. The higher the value is, the more important this evaluating indicator is to output nodes,
and also to other indicators. The importance of 22
evaluating indicators (AB1C1~AB3C8) is calculated
by adopting the model calculating method of BP
neural network dynamic method and Tchaban algorithms based on neural network weight with the cal-

was adopted (   is

the average of the evaluating indicator of #, 1'11'#(
are the maximum and minimum respectively of the
indicator data of #) to conduct standardized transformation and processing of the data. Finally, the above
mentioned data were introduced to the neural network model in Clementine12.0, data-mining software to realize the evaluation on ecotourism resources [27, 28].
!#"!!#!!

)9)5-;-9 :-;;16/ Three-layer (input layer,
hidden layer and output layer) neural network design
is adopted. Network’s input layer is the evaluating
indicator of the ecotourism resources of traditional
villages; output layer consists of 5 categorized neurons; whereas there is yet determined criterion with
authority for the composition of hidden layer. The
optimal network is opted by adopting trail-and-error
method, and comparing among the network structure
of the dynamic method, quick method and RBF of
BP neural network nodes in the Clementine, simulation training cycle, parameter setting, training precision (Table 3), and the confidence degree of simulation results [29, 30]. The precision of training simulation refers to the prediction precision of estimation,
and is based on the calculation of training sample set.
For categorical output variable, prediction precision
means the proportion taken up by correctly predicted
sample of the entire sample. The learning rate setting
strategy in Clementine is to make it change automatically in its process of model training, and the automatic
change
equation
is

 =

culating equation
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Evaluating indicator
AB1C1
AB1C2
AB1C3
AB1C4
AB1C5
AB1C6
AB2C1
AB2C2
AB2C3
AB2C4
AB2C5
AB2C6
AB2C7
AB2C8
AB3C1
AB3C2
AB3C3
AB3C4
AB3C5
AB3C6
AB3C7
AB3C8
Expected value
Output value of quick method
Confidence degree of quick method
Output value of dynamic method
Confidence degree of dynamic method
RBF output value
RBF model confidence degree

Excellent
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1.00
1.00
0.77
1.00
0.97
1.00
0.41

Good
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.75
0.75
0.02
0.75
0.97
0.75
0.56

equation, .refers to time; 1 #., the evaluating indicator value of the moment .; ., output node value
of the moment t; #$(t), the network weight between
the input node of #, and hidden node of $ of the moment .;  $%(t), the network weight between the hidden node of $, and the output node of % of the moment
.[34]. According to the importance of evaluating in =

Moderate
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.11
0.5
0.97
0.5
0.48

Average
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.25
0.25
0
0.25
0.97
0.25
0.68


Poor
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0
0
0.21
0
0.97
0
0.31


 = ∑  × / ∑ 

 =1
 =1
weighted average, equation
is based,
among which, is comprehensive evaluating value;
#, grading of comment set excellent, good, moderate, average, pooras (5, 4, 3, 2, 1) in respective.
By calculating the result of resources factor value,
historical, cultural and artistic value, and tourism environment ambience as 3.849, 3.913, 3.739 in respective, the value of the ecotourism resources of 10
traditional villages ranges from high to low is historical, cultural and artistic value, resources factor
value, and tourism environment ambience.
According to the evaluation results of neural
network dynamic method (Table 5) [36], the evaluating results of ecotourism resources of western Hunan’s traditional villages; the comprehensive evaluating result of Lahao Village of Fenghaung County,
Deben Village of Jishou City, Lao Sicheng Village of
Yongshun County, and Shuangfeng Village of
Yongshun County is“good”; Shu Jiatang Village of
Fenghuang County, Zhonghuang Village of Jishou
City, Yan Paixi Village and Lao Siyan Village of
Guzhang County, Laoche Village of Longshan
County, and Liuhe Village of Longshan County,
“moderate”. The results indicate that the ecotourism
resources situation of these 10 traditional villages is
above the average as a whole, and therefore, resources are still in need of further development and
utilization. From the perspective of the importance
of evaluating indicator in Table 6, infrastructure
(AB3C4), transport condition (AB3C3), tourist source



3

∑



 =1
dicator,
, normalization equation can be
utilized to calculate the importance of the indicator
in every criterion layer, which is illustrated as Table
6 [35].
Every criterion layer (resources factor value,
historical, cultural and artistic value, and tourism environment ambience) adopts fuzzy comprehensive
evaluation method to conduct secondary comprehensive evaluation. Every weight distribution of indicator layer against criterion layer is defined as 'and
'is the factor set for every criterion layer (this factor evaluating value stands for frequency value)
shown as Table 7. The comprehensive evaluating result of resources factor value is    4 
(0.023,0.065,0.233,0.388,0.291); historical, cultural
and artistic value,
  4 

(0.031,0.073,0.180,0.345,0.371); and ecotourism
environment ambience,
   4 
(0.031,0.083,0.235,0.408,0.243). According to the
principle of maximum membership, sample villages’
resources result of resources factor value, historical,
cultural and artistic value, and tourism environment
ambience is “good”, “excellent” and “good” in respective. While according to the principle of
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Evaluating
indicator
AB1C1
AB1C2
AB1C3
AB1C4
AB1C5
AB1C6
AB2C1
AB2C2
AB2C3
AB2C4
AB2C5
AB2C6
AB2C7
AB2C8
AB3C1
AB3C2
AB3C3
AB3C4
AB3C5
AB3C6
AB3C7
AB3C8
Quick
method
evaluation
Confidence
degree of
quick
method
evaluation
Dynamic
method
evaluation
Confidence
degree of
dynamic
method
evaluation
RBF evaluation
Confidence
degree of
RBF model
evaluation

Fenghuang County
Shu
Lahao
Jiatang
Village
Village
0.42
0.22
0.32
0.26
0.35
0.32
0.34
0.31
0.33
0.24
0.32
0.27
0.23
0.21
0.33
0.22
0.21
0.27
0.29
0.24
0.42
0.32
0.24
0.25
0.47
0.35
0.46
0.33
0.49
0.33
0.21
0.27
0.37
0.23
0.29
0.27
0.39
0.35
0.37
0.20
0.29
0.31
0.27
0.23

Jishou County
ZhongDeben
huang
Village
Village
0.26
0.36
0.20
0.33
0.27
0.32
0.23
0.24
0.27
0.24
0.25
0.31
0.20
0.29
0.21
0.31
0.24
0.27
0.23
0.27
0.25
0.35
0.21
0.24
0.30
0.38
0.27
0.37
0.23
0.39
0.25
0.23
0.23
0.32
0.26
0.30
0.36
0.30
0.22
0.22
0.30
0.28
0.25
0.22

Guzhang County
Lao
Paixi
Siyan
Village
Village
0.39
0.21
0.31
0.34
0.32
0.34
0.33
0.30
0.29
0.23
0.28
0.21
0.27
0.24
0.34
0.28
0.25
0.18
0.28
0.29
0.35
0.31
0.26
0.25
0.35
0.29
0.33
0.32
0.37
0.33
0.27
0.27
0.34
0.29
0.27
0.26
0.33
0.31
0.33
0.28
0.26
0.29
0.31
0.27

Yongshun Country
Lao
Shuang
Sicheng
feng
Village
Village
0.36
0.27
0.25
0.19
0.30
0.28
0.20
0.25
0.15
0.21
0.24
0.26
0.19
0.23
0.28
0.25
0.18
0.27
0.28
0.24
0.31
0.31
0.15
0.23
0.25
0.32
0.34
0.32
0.31
0.24
0.22
0.28
0.23
0.22
0.28
0.24
0.37
0.35
0.21
0.24
0.24
0.27
0.20
0.26

Longshan County
Laoche
Village

Liuhe
Village

0.33
0.38
0.34
0.33
0.26
0.29
0.28
0.34
0.26
0.26
0.38
0.31
0.37
0.33
0.35
0.21
0.26
0.33
0.36
0.25
0.30
0.25

0.37
0.33
0.34
0.31
0.25
0.27
0.30
0.31
0.27
0.26
0.34
0.27
0.32
0.32
0.33
0.23
0.31
0.28
0.34
0.32
0.34
0.33

0.50

0.75

0.75

0.75

0.50

0.75

0.75

0.75

0.50

0.50

0.03

0.02

0.04

0.01

0.01

0.02

0.03

0.03

0.01

0.01

0.50

0.75

0.75

0.50

0.50

0.50

0.75

0.75

0.50

0.50

0.97

0.25

0.95

0.93

0.96

0.18

0.98

0.94

0.95

0.92

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.23

0.48

0.59

0.38

0.33

0.47

0.54

0.53

0.34

0.37


market (AB3C5), and regionality (AB2C3) of traditional villages exert more influence on the evaluation
on the folk ecotourism resources of ancient villages,
and therefore, are more important than other evaluating indicators; next come the tourism advertising
(AB3C6), historicity (AB2C2), regional combination
(AB3C1), functionality (AB1C1), sociability (AB1C3),
and ornamentality (AB1C5) of the tourism resources
of traditional villages; thirdly are economy (AB1C4),
ecology (AB1C2), environmental capacity (AB3C2),
completeness (AB2C1), science popularity (AB2C5),
plurality (AB2C4), continuity (AB2C6), and inclusiveness (AB2C7) of the tourism resources of traditional villages. However, the faithfulness (AB2C8),
uniqueness (AB1C6), environmental protection
(AB3C8), and development degree (AB3C7) of villages’ historical, cultural and artistic value are rela-

tively of the least importance. Viewing from the importance of 22 indicators, infrastructure, transport
condition, tourist source market, and historical and
cultural regionality, and etc. of ecotourism resources
exert huge influence on tourist resources evaluation;
and the proportion of these 4 indicators evaluated as
“good” is 60.5%, 63.1%, 57.6%, and 74.4% (Table
7) in respective. This indicates that there is still great
room for these 4 evaluating indicators to improve,
particularly, traditional villages’ supporting facilities,
conditions for transport convenience and tourist
source market [37]. Given that western Hunan’s traditional villages are located in the mountainous areas,
and farther away from urban core zones, though it is
advantageous to protect the completeness of village
culture, it still leads to poor transport convenience,
low service level, as well as weaker infrastructure in
comparison with mature tourism villages [38].

3911

$#

! %      





!"  ! 


Therefore, the transport convenience should be upbroadcast and other media or by holding the press
graded; and the construction of the supporting facilconference. Meanwhile, screen culture works, inities should be strengthened for traditional villages,
cluding scenery documentaries, folk custom docuso as to improve the quality of experience and degree
mentaries, or forms such as Shen Congwen Writers’
of satisfaction for tourists [39]. Furthermore, as for
Union, Huang Yongyu Art Exhibition can also be
the folk culture characteristic of Xiangxi Autonomade use of to enable many more people not only to
mous Prefecture, the influence of folk-featuring
know about, but more to desire for Xiangxi Autonoproducts can be expanded through newspapers, TV,
mous Prefecture [40].
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Criterion layer

Resources factor value B1

Historical, cultural and artistic value B2

Tourism environment ambience B3

Evaluating
indicator
AB1C1
AB1C2
AB1C3
AB1C4
AB1C5
AB1C6
AB2C1
AB2C2
AB2C3
AB2C4
AB2C5
AB2C6
AB2C7
AB2C8
AB3C1
AB3C2
AB3C3
AB3C4
AB3C5
AB3C6
AB3C7
AB3C8

Importance of criterion layer
indicator (')
0.1917
0.1625
0.1405
0.1344
0.1981
0.1031
0.1679
0.1553
0.2492
0.1639
0.1631
0.1827
0.1168
0.1071
0.2311
0.1871
0.1797
0.1736
0.1714
0.2121
0.1308
0.1619

Importance of the overall
evaluating indicator (#%)
0.0589
0.0507
0.0545
0.0521
0.0525
0.0414
0.0495
0.0621
0.0659
0.0485
0.0490
0.0474
0.0431
0.0412
0.0613
0.0494
0.0689
0.0697
0.0675
0.0649
0.0397
0.0401
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Criterion layer

Resources factor value

Historical,
cultural and
artistic value

Tourism environment ambience

Evaluating indicator
AB1C1
AB1C2
AB1C3
AB1C4
AB1C5
AB1C6
Fuzzy evaluation result
AB2C1
AB2C2
AB2C3
AB2C4
AB2C5
AB2C6
AB2C7
AB2C8
Fuzzy evaluation result
AB3C1
AB3C2
AB3C3
AB3C4
AB3C5
AB3C6
AB3C7
AB3C8
Fuzzy evaluation result

Poor
0.023
0.027
0.031
0.022
0.032
0.031
0.023
0.067
0.028
0.037
0.031
0.033
0.035
0.018
0.029
0.031
0.035
0.019
0.024
0.029
0.037
0.015
0.023
0.027
0.031

Average
0.089
0.058
0.043
0.042
0.067
0.187
0.065
0.112
0.059
0.068
0.112
0.049
0.068
0.084
0.036
0.073
0.058
0.046
0.056
0.118
0.098
0.113
0.031
0.046
0.083

Moderate
0.196
0.231
0.167
0.236
0.344
0.229
0.233
0.223
0.176
0.151
0.225
0.209
0.238
0.129
0.235
0.180
0.187
0.187
0.289
0.248
0.289
0.207
0.309
0.207
0.235

Good
0.425
0.367
0.372
0.355
0.366
0.306
0.388
0.351
0.369
0.223
0.415
0.368
0.345
0.414
0.337
0.345
0.426
0.392
0.434
0.423
0.379
0.376
0.396
0.326
0.408

Excellent
0.267
0.317
0.387
0.345
0.191
0.247
0.291
0.247
0.368
0.521
0.217
0.343
0.311
0.355
0.363
0.371
0.294
0.356
0.197
0.182
0.197
0.289
0.241
0.394
0.243

Note: Evaluating value in the table represents frequency value, for instance, the proportion of tourists choosing “excellent” in AB1C1 is 26.7%
as well as others.
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It can be known from the fuzzy comprehensive
evaluation on criterion layer that the evaluating result of historical, cultural and artistic value is “excellent”, which demonstrates the characteristics of the
tourism resources of western Hunan’s traditional villages, such as Laoche Village’s Baishou Dance,
Tujia ethnic group’s folk songs, Tima Song, and Yan
Paixi Village’s Zuotan Opera, as well as other folk
culture resources, all of which are in possession with
unique regionality, historicity, originality and artistry.
Miao ethnic group’s embroidery, and traditional
printing and dyeing are intangible cultural heritage
of Hunan Province. All of these become a great attraction for tourists. In addition, the evaluating result
of resources factor value is “good”, which indicates
that the tasting value and involvement are still in
need of further upgrading for traditional villages’ resources. Both the connotation and implication of the
resources should be dug out. Therefore, resources
factor value and artistic characteristics of traditional
villages’ resources should be utilized to deeply explore the historical and cultural connotations implied,
and traditional villages’ features should be fully concentrated, with folk etiquette and custom, folk handicrafts, folk songs and dances as well as some unique
activity forms characterized by local features being
documented. At the same time, with the assistance of
folk tourism activities, such as Shu Jiatang Village’s
“Baishou Festival”, Tiaoma Festival, 8 April, 6 June,
and Mid-July all in Chinese lunar calendar, and etc.,
folk traditional festivals, folk handicraft, arts and entertainment skills are fully demonstrated. Monotonous folk song and dance performances in the past
can be adjusted according to tourists’ needs [41].
From the perspectives of religion, society, economy,
sporting economy, daily life and others to actively
develop ethnic customs, folk customs, celebration
and ancient lyrics, folk skills, humanistic architectures, cultural activities, historical and cultural sites
in possession with ethnic features [42]; open up
places for performing ethnic songs and dances, ethnic costume performances as well as exhibition halls,
so as to provide a wide range of tourists with personalized products and tourism services of high quality
and great pleasure. Meanwhile, series of festival activities are conducted regularly. Developing festival
culture, and forming brand festival culture are to attract tourists’ involvement, satisfy their psychological demands, and develop plural and integrated tourism economy [43]. The unique culture of Xiangxi
Autonomous Prefecture is embodied with depth, and
the culture brand strategy is well implemented
through certain forms of expression, which enables
tourists to better profoundly and comprehensively
understand and experience the Xiangxi Autonomous
Prefecture’s folk culture. Moreover, Xiangxi Autonomous Prefecture’s folk commodities are varied and
rich in ethnic features, local colors as well as thick in
cultural implication, thus with commodious room for
development Practical and effective measures

should be adopted to protect, and fully explore such
traditional handicraft as wax printing, silver making,
brocading, embroidering, root carving, stone sculpturing, paper cutting and etc. [44]. Local people are
trained to research and develop ethnic commodities
[45]; exhibition hall can be set up for ethnically featured commodities, meanwhile opening up traditional manual workshops, as well as increasing commodities’ values of appreciation and culture, so that
tourists can be involved in experiencing the manufacturing process for themselves, and eventually increase the commodities’ attractiveness [46].
From the perspective of planning and developing, ecotourism resources of western Hunan’s traditional villages are precisely categorized, evaluated
and reasonably partitioned to realize the advantages
complement among villages. Based on this, it has
been a key direction for the future planning and development of rural ecotourism resources to combine
with other villages or scenic spot ecotourism resources so as to realize the sharing between resources and tourist sources. Only by relying on tourist scenic spots well-known both inside and outside
around for joint development, which complement
multiple resources within the region, can rural tourism meet the personalized tourists’ demands, expand
tourist source market, realize resources sharing, as
well as enhance the popularity and branding of traditional villages’ scenic areas. For instance, by making
use of the influence of western Hunan’s Fenghuang
County (national AAAA scenic area), a historically
and culturally famous county at the national level, a
tourism route from Fenghuang County, to Shu Jiatang Village, and till Lahao Village takes shape.
Along this route, there are such sightseeing as ancient buildings, Chen Dounan House, Tuojiang
River Hanging House, old slab-stone street, Wanming Tower, Qifeng Mountain, stone-built complex,
southern Great Wall, and etc. After touring the scenic
areas, tourists can also live in the ancient houses built
in Ming and Qing Dynasties to experience rural traditional residential as well as historical folk culture.
Folk resources of these 2 traditional villages, both
with their own features, complement each other with
their own advantages, plus being well-known traditional villages both inside and outside around western Hunan, the popularity and branding of the folk
culture scenic area are thus being promoted [47]. In
addition, relying on the resources advantages of traditional villages, according to the leading principles
of integrating regional resources, constructing tourism network, and cultivating interbank market to actively promote inter-regional cooperation on ecotourism resources of traditional villages, and
strengthen advantages complement as well as Internet operation [48]. In the meantime, the Wuling
Mountain Tourism Circle”, which stretches about
3000 km from Zhang Jiajie, to Taohua Yuan, Jishou,
Fenghuang, Huaihua, Tongren, Fanjing Moutain,
Three Gorges, Enshi, Yongshun and Zhang Jiajie, is
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[6] Moschino, V., Schintu, M., Marrucci, A., Marras, B., Nesto, N., Da Ros, L. (2017) An ecotoxicological approach to evaluate the effects of
tourism impacts in the Marine Protected Area of
La Maddalena (Sardinia, Italy). Marine Pollution Bulletin. 1(2), 306-315.
[7] Duan, X.J, Ruan, Q., Gan, Q.Q., Song, X.Q.,
Fang, S.A., Zhang, X.R., Zhang, J.B. (2018) Radiosynthesis and evaluation of novel
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Journal of Organometallic Chemistry. 8, 154163.
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behavior. Journal of Business Research. 1, 7989.
[9] Lee, T.H., Jan, F.H., Yang, C.C. (2013) Conceptualizing and measuring environmentally responsible behaviors from the perspective of
community-based tourists. Tourism Management. 3, 454-468.
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Chu, X.L., Xu, Y., Zha, X.L. (2016) Recent research progress and prospects. in tourism geography of China. Journal of Geographical Sciences. 8, 1197-1222.
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138, 60-69.
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Cultural Tourism Resources from Sustainable
Perspective. Boletín Técnico. 20,74-81.
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Forecasting Using Artificial Neural Network.
Lecture Notes in Engineering and Computer
Science. 1, 108-112.
[16]Ali, J.B., Fnaiech, N, Saidi, L., Chebel-Morello,
B., Fnaiech, F. (2015) Application of empirical
mode decomposition and artificial neural network for automatic bearing fault diagnosis
based on vibration signals. Applied Acoustics. 3,
16-27.

also integrated to undertake the tourist source from
Changsha-Zhuzhou-Xiangtan City Cluster, Wuhancentered City Circle, and Chengdu-Chongqing City
Cluster.
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It is suggested to deeply explore the historical
and cultural connotation implied by the ecological
resources of traditional villages, improve the transportation convenience, promote infrastructure construction; strengthen propaganda as well as to systemically integrate the regional resources, so as to
further upgrade the availability of the ecotourism resources of traditional villages, take control of the
reasonable degree of protection and development of
the ecotourism resources in the western Hunan area,
and boost the economic sustainable development.
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The clean-up of soils co-contaminated with
heavy metals and organic compounds is a contemporary issue of remediation efforts. In this study,
the purpose is to investigate the effect of plant residues and nutrients on soil enzymatic activity, number of hydrocarbon degrading bacteria and microbial community through pyrosequencing of 16S
rRNA gene amplicons, to enhance the simultaneous
removal of phenanthrene and copper from the cocontaminated soil. The experiment was divided into
five groups (S0-S4) by adding various nutrients and
0, 1, 3, 5, 7% of plant residue (dichondra repens)
for the survival of microorganisms. The results
showed that the degradation rate of phenanthrene in
the simulated soil reached 32.69%, 65.25%,
78.89%, 81.59%, 92.84% and the conversion rate
of soluble copper reached 13.31%, 44.72%,
50.33%, 55.95%, 60.11% in S0 to S4, respectively.
The enzyme activities of dehydrogenase and urease
were transiently promoted by the presence of additive after 15 days, subsequently the number of hydrocarbon-degrading bacteria also increased, but
the shift became weaker or disappeared as the exposure time increased to 61 days. Then we selected
S4 which has the best degradation effect for sequencing analysis and it produced a change of species richness, the original bacterial flora of that was
 (40.4%), then it gradually left a
community dominated by members of 
 (50.4%) and  (45.5%), with 
  and   as the most abundant
genus. The results indicated that more plant residues and nutrients has potential for clean-up of
heavy metals and polycyclic aromatic hydrocarbons
(PAHs) from co-contaminated soils.

Soils contaminated with both heavy metals
and polycyclic aromatic hydrocarbons (PAHs) have
been a common environmental problem [1]. Some
researchers found that the combined effect of heavy
metals and PAHs on ecological systems and human
health was synergistic [2, 3]. Soil contaminated
with polycyclic aromatic hydrocarbons (PAHs) and
heavy metals display high levels of multicontamination, both them persisted in the environment due to their low availability and low degradability [4, 5]. Therefore, the clean-up of combined
contaminants in soils, such as PAHs and heavy
metals, is an urgent task.
Among them, phenanthrene is one of 16 types
of PAHs that have the least molecular weight in
areas associated with PAHs carcinogenicity [6]
under Environmental Protection Agency (EPA)
priority control. Compared with high molecular
weight polycyclic aromatic hydrocarbons, low
molecular weight polycyclic aromatic hydrocarbons
is more water-soluble and volatile and easily used
by organisms. Therefore, many scientific researchers use the phenanthrene as a reference to study the
toxicity and degradation pathways of PAHs, as well
as various environmental factors affecting the degradation rate and bioavailability of PAHs [7]. PAH
contamination of soil is often associated with the
presence of high levels of potentially toxic metals
[8]. There are many research methods to repair soil
contaminated by metals and polycyclic aromatic
hydrocarbons. Zhao. B et al [9] researched nonionic
surfactant and organic acid solutions to enhance the
simultaneous removal 99.9% of phenanthrene and
85.7% of copper (II) from the co-contaminated soil
by column flushing. But they are complex and
costly. Sneath. H.E. et al. [10] used 1% of biochar
and 5% of iron filing enhancing phenanthrene degradation by 44-65% and reducing Cu and As leaching, but it negatively impacted soil structure and
released high levels of Fe causing sunflower plant
mortality. However, Hlerema. I.N. et al. [11] used

+)!$%
Plant residues, Phenanthrene, Copper, Co-contaminated
soil, Microbial remediation
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the soil was dried in the shade and screened with
2mm sieve. The combined pollution soil of phenanthrene and copper was prepared by homogeneous
mixture method as experimental soil: a certain
amount of phenanthrene was dissolved in dichloromethane, and the solution was sprayed evenly in the air-dried soil, and the mixture was even.
Then, a certain amount of CuSO4·5H2O was dissolved in pure water and added to the above soil so
that the soil was mixed evenly and the phenanthrene and copper contaminated soil was prepared.
The tested soil contained 145mg/kg phenanthrene
and 500mg/kg copper.

C;0=4809?,7 /0>429 Add 5.5kg of test soil
to each pot. Add the nutrients, sawdust and fresh
dichondra repens according to the five microbial
repair methods in Table 1. Corn starch, ammonium
nitrate, monopotassium phosphate is added to provide sufficient carbon, nitrogen and phosphorus
sources for microorganisms in the soil. The dichondra repens is the fresh dichondra repens that the
garden workers just harvested. And chopped into a
pot. The experiment consisted of 5 groups, 2 sample in each group. Turn the soil and water it every
day to keep the water content at about 20% of the
maximum water holding capacity of the soil. Samples were taken every 7 days for the first 3 weeks of
the repair process and every 10 days after 3 weeks
until the end of the experiment. The soil of the
compost should be thoroughly mixed before each
sampling, the diagonal sampling method was used
for sampling. The experiment was carried out for
61 days.

maize and pineapple residue reducing Cd concentration from 3.3 mg/kg to 0.15 mg/kg (a safe level)
in soil. Li. S. et al. [12] applied strain mixed with
plant residue to increase 15% of Cu and 30.3% of
Zn accumulation by wheat seedlings in soil. This
study offers a safe strategy for the post-treatment of
plant residue. Although many studies employed soil
amendments in order to reduce metal toxicity and
increase PAHs degradation rate on microorganism
[10, 13], the impact of toxic metals and PAHs on
soil amended with plant residues has not received
much attention so far [14]. So adding plant residues
to amend co-contaminated soil seems to have more
potential for in situ clean-up of heavy metals and
polycyclic aromatic hydrocarbons (PAHs). It appears to be more green, economical and pollutionfree.
Dichondr repens as plant residue added into
the soil can improves soil structure and provides
essential nutrients when it is decomposed [15].
Consequently it reduces soil dependence on fertilizers [16]. However, the effect of its amount on
copper and phenanthrene co-contaminated soil
modification is unknown, especially for soil microbial community and few literatures have studied it.
To better predict the effect of plant residues on the
soil, dichondra repens as plant residues was proposed to evaluate the impact on different treatment
soil in this study. In this paper, phenanthrene and
typical heavy metal copper are used as representative pollutants, and nutrients and plant residue are
used as additives to microbial remediation of phenanthrene-copper complex contaminated soil. By
comparing different amounts of fresh horseshoe
gold added in soil, the purpose is to explore its
impact on hydrocarbon-degrading bacteria, soil
enzyme activity and soil microbial community
structure, and to study the degradation effect of
phenanthrene in soil and different forms of copper
conversion process.


&$% &!%

"=0;,=,?4:9:1?0>?0/>:47In this experiment,
the soil we used was simulated. The original soil
was collected from agricultural topsoil (0-15cm) of
the third stage of southwest petroleum university
which is located in Chengdu, Sichuan Province.
After removing the debris such as stones and roots,


&309@8-0=:1>:473D/=:.,=-:9/02=,/492
-,.?0=4, The number of hydrocarbon-degrading
bacteria is an important index to measure the degradation effect of petroleum hydrocarbon in soil.
Therefore, it is used to measure the degradation
effect of phenanthrene in simulated soil. The fresh
soil samples collected were weighed at 4g in a
50mL centrifuge tube. 20mL of aseptic water was
added to the tube, and the soil suspension was obtained by oscillating on a vortex oscillator for
5min.The suspension of 1mL soil sample was taken
with a syringe in the culture medium of hydrocarbon-degrading bacteria, and the dilution gradient
was successively 10-9 times, and the suspension
was parallel for 3 times. The medium

& 
&=0,?809?:1>:47>,8;70
Group

Corn starch/%

0
1
2
3
4

0
2
2
2
2

Ammonium
nitrate/%
0
0.23
0.23
0.23
0.23

Monopotassium
phosphate/%
0
0.035
0.035
0.035
0.035
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Sawdust/%
0
3
3
3
3

Fresh dichondra
repens/%
0
1
3
5
7

Sample
Blank S0
Group S1
Group S2
Group S3
Group S4

$#

! %      





!"  ! 


electrophoresis on a 1.2% (w/w) agarose gel. After
extracting the total DNA of the sample, primers
were designed based on the V3 and V4 region, and
sequencing adapters were added to the ends of the
primers for PCR amplification.

was placed in a 35 incubator for 2 weeks. 0.1mL
3g/L ionitrotetrazol purple color solution was added, and the growth of hydrocarbon-degrading bacteria was recorded according to MPN method [17]
after culture it for another one day.

%:47/03D/=:209,>0,9/@=0,>0,.?4A4?DThe
activity of urease in soil samples was determined
by colorimetry. Samples after dry, apply 5 g in the
soil under 50 ml conical flask, add 1 ml toluene, 15
min after add 10 ml of 10% urea liquid and 20 ml
of citrate buffer pH 6.7, at 37  thermostatic cultivation in 24 h, with 0.45 um filter membrane filtration, take 3 ml of filtrate to 50 ml of volumetric
flask, according to determine the color of standard
curve method for determination of absorbance,
blank contrast experiment at the same time.
The activity of dehydrogenase in soil samples
was determined by triphenyl tetrazolium chloride
(TTC) method [18]. 3g dry soil was weighed and
put in 10mL centrifuge tube. 2mL pure water was
added and 0.03g CaCO3 and 2mL 1%TTC solution
were added. The mixture was thoroughly mixed.
Culture 24h in a 30incubator.5mL toluene was
added to oscillate on the vortex oscillator for 5min
and centrifuged at 4000 r/min. The absorbance of
supernatant was measured at OD485 of the visible
spectrophotometer and compared with the standard
curve.

$%'&% &!%

110.?:1?30?=0,?809?>:9?303D/=:.,=-:9
/02=,/492 -,.?0=4,7;:;@7,?4:9 /09>4?D ,9/ 09
ED8,?4.,.?4A4?40>:1?30>:47 The influence of the
number of hydrocarbon degrading bacteria in soil
by the different amount of dichondra repens is
shown in Fig. 1. A dramatic increase of about two
and three orders of magnitude was observed in the
hydrocarbon degradation bacteria population originally in S0 after treatment of the S1 to S4 microcosms during 20 days. In contrast, a significant
decrease in the population of bacteria occurred after
20th day (Fig. 1). The addition of dichondra repens
significantly increased the number of hydrocarbondegrading bacteria even at 1% of a low addition of
dichondra repens. Most increase in hydrocarbon
degrading bacteria occurred in the first 21 days of
cultivation, in which most soil urease and dehydrogenase activity increased higher than the blank
control group (Figs 2 and 3). However, the activity
of soil urease and dehydrogenase increased rapidly
on the 15th day, and after a few days, the growth of
hydrocarbon-degrading bacteria was promoted.
In the first 21 days of the experiment, in the
early stage of the experiment, the nutrient-rich
nutrient ratio was more balanced, which helped to
increase the number of hydrocarbon-degrading
bacteria. The number of hydrocarbon degrading
bacteria in the soil of the four experimental groups
showed a rapid growth trend and reached the maximum at 21d. At this time, the highest number of
hydrocarbon degrading bacteria in experimental
group S4 was about 9.58×108 cfu/g. From 21d to
61d, the number of hydrocarbon degrading bacteria
in the experimental group decreased rapidly until
the dynamic balance was reached. The number of
hydrocarbon degrading bacteria in the blank group
S0 was about 5.77×106 cfu/g. In the later stage of
the experiment, with the progress of microbial
remediation, nutrients were gradually consumed,
and the proportion of nutrients such as C, N, and P
was unbalanced, which reduced the number of
hydrocarbon degrading bacteria.
In microbial remediation, the lack of nutrients
is one of the limiting factors for the restoration of
petroleum hydrocarbon contaminated soil. Pascault
et al. [22] added various plant residues to modifications of the diversity of soil microbial communities
induced, the dynamics and the identity of the bacterial groups stimulated depended on the residue
added and degradability. Esmaeil Shahsavari et al.
[23] investigated the effect of 4 types of plant resi-

:;;0= ,9/ ;309,9?3=090 .:9?09? 49 /41
10=09? >:47 1:=8> The contents of soluble copper,
reducible copper, oxidizable copper and residual
copper in soil samples were determined by BCR
extraction [19, 20] and total digestion.
The soil sample of 5g drying and screening
was placed in a 50mL colorimetric tube, 10mL
dichloromethane was added, and the supernatant
was extracted for 30min in an ultrasonic cleaner
(temperature is controlled at 20±2). The supernatant was then poured out after standing [21], and
then 10mL dichloromethane was added for repeated
extraction for 3-4 times. The supernatant was collected for filtration, and the phenanthrene content
was determined by using an ultraviolet spectrophotometer.
% =  2090> 74-=,=D ;=0;,=,?4:9 ,9/
>0<@09.492The soil samples of S4 (day 1, day 15,
day 31, day 41 and day 61) with the best microbial
repair effect were selected for total DNA extraction
and HiSeq sequencing and their microbial flora
structure was analyzed. DNA was extracted from
the soil samples using the E.Z.N.A. Soil DNA kit
(OMEGA Bio-Tek) and detected by gradient gel
electrophoresis. A genetic-diversity analysis of the
bacterial communities in the soil microcosms was
performed by the PCR amplification of bacterial
16S ribosomal-DNA (rDNA) fragments followed
by DGGE. The PCR products were analyzed by
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produces urease and dehydrogenase, because of the
short of nutrients (Figs 1, 2 and 3). Urease activity
was significantly correlated with soil fertility. The
addition of fresh dichondra repens improved soil
nutrient structure, and the more it was added, the
higher soil urease activity was.


dues on the bioremediation of aliphatic hydrocarbons, confirming that adding plant materials significantly enhanced both hydrocarbonoclastic and
general microbial soil activities. The results showed
that the addition of nutrient additives can significantly improve the degradation rate of petroleum
hydrocarbons and the number of microorganisms in
soil, microbial diversity and dehydrogenase activity. In this experiment, microbial remediation of
phenanthrene-copper contaminated soil was carried
out by adding different proportions of fresh dichondra repens. During the 61d repair process, the number of hydrocarbon degrading bacteria added to the
7% dichondra repens experimental group was the
largest at the same time, which was beneficial to
the soil. Degradation of hydrocarbon contaminants.
The addition of fresh dichondra repens not only
brings nutrients to microbial remediation, but also
further improves the soil environment. The experimental results can show that within a certain range,
the larger the amount of organic waste is, the more
abundant the nutrients are, the larger the growth of
indigenous microorganisms in the soil, and the
faster the number of hydrocarbon degrading bacteria increases.
















 

   (   )









)







































'$ 
&=09/:1>:47@=0,>0,.?4A4?D/@=49284.=:-4,7
=080/4,?4:9

S0
S1
S2
S3
S4









    (





 

 





  

S0
S1
S2
S3
S4























'$ 
&=09/:1>:47/03D/=:209,>0,.?4A4?D/@=492
84.=:-4,7=080/4,?4:9

110.?:1?30?=0,?809?>:9?30.:;;0=.:9
A0=>4:9:1?30>:47,9/:9;309,9?3=090074849,
?4:9 As compared to blank group S0, a dramatic
change in in the status of Cu was observed in other
experimental group. After adding plant residues and
nutrients, the conversion of soluble copper to other
forms of copper was significantly promoted. The
conversion rate of soluble copper reached 60.11%
(from 176.64 to 70.46 mg/kg) in S4 after 61 days,
while only 13.31% decrease for S0 (Table 2 and
Fig 4A).
The results in Fig. 4 B and Table 2 showed
that the increasing rate of reducible copper was
only 8.46% (from 200.17 to 215.88 mg/kg) in S0
after 61 days, whereas this percent for S1 to S4 was
19.32%, 14.76%, 14.70%, 7.83% within the same
period. We can see S1 increase to the greatest extent and excessive plant residues limit the increas-



'$
V,=4,?4:9?=09/:1>:473D/=:.,=-:9/02=,/,?4:9
-,.?0=4,.:9?09?/@=49284.=:-4,7=080/4,?4:9

Fig. 2 and 3 shows the effect of the different
treatments on the soil enzyme activity. After adding
dichondra repens, the soil urease and dehydrogenase activity significantly increased. In both enzymes, they underwent a rapid increase firstly before 15 days, the enhanced enzyme activity promotes the increase of hydrocarbon degrading bacteria, then there's a slight downward trend to 21 days
and maintained stably thereafter during 21 to 31
days in S1 to S4. Whereas the enzymes activity
declined greatly to an all-time low after 61 days.
Hydrocarbon-degrading bacteria also decrease with
the trend (Fig 1). In contrast, the enzymatic activity
was not affected in blank group, while all the enzymatic activities gradually became diminished
after 20 days. The reduction of enzyme activity was
attributed to the reduction of bacteria, which can
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From the present study, it is concluded that integrated application of plant residues and nutrients
significantly higher promoted copper conversion
rate compared to blank group alone. It produced
relatively more content of low toxic form of copper
over microbial remediation. Oxidizable and residual copper was the most dominant form of copper
[24]. The highest contribution rate can be achieved
about 86.98% of soluble copper conversion rate.
The content of highly toxic soluble copper decreases during microbial remediation,

ing rate of reducible copper in comparison with S0.
Addition of 1% dichondra repens maximizes the
conversion process of soluble copper to reducible
copper.
In Fig 4 C and D, while the content of reducible copper and residual copper had significant positive correlation with addition of horseshoe gold, the
content of reducible copper and residual copper is
increasing with the increase of the amount of dichondra repens. In S4, 27.98% and 24.31% of soluble copper were converted to reduced copper and
residual copper after 61 days, respectively, while
only 4.46% and 0.39% of conversion rate in the
blank group S0.
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& 
:9A0=>4:9=,?0:1/4110=09?.:;;0=1:=8>,9//02=,/,?4:9=,?0:1;309,9?3=090
Soluble
Reducible
Oxidizable
Residual
Sample
Phenanthrene%
copper%
copper%
copper%
copper%
S0
13.31a
8.46b
4.46b
0.39b
32.69b
a
b
b
b
S1
44.72
19.32
13.93
11.47
65.25b
a
b
b
b
14.76
19.06
16.52
78.89b
S2
50.33
14.70b
21.05b
20.20b
81.59b
S3
55.95a
a
b
b
b
S4
60.11
7.83
27.98
24.31
92.84b
The “ a “ represents decrease, “ b “ represents increase.
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1, the hydrocarbon-degrading bacteria increases to
the maximum by the presence of additive after 20
days, which make it maximized the degradation of
the phenanthrene. But the shift became weaker or
disappeared as the exposure time increased to 61
days. In the present study, the higher value we
obtained also suggests that elevated the amount of
plant residues and the presence of nutrients play
important roles in the extent of the phenanthrene
removal that was achieved and the associated rates
of degradation during bioremediation. These observations are consistent with those reported by Ordonez-Fernandez, R. et al. [27].

110.?:1?30?=0,?809?>:9?30>:47Bacterial
composition: General analysis of the pyrosequencing data set. The taxonomic composition and diversity of the bacterial communities of the microcosm
S0 and S4 after 15, 31, and 61 days of subsequent
bioremediation were profiled by pyrosequencing.
The pyrosequencing-based analysis and subsequent
statistical inference provided 20690 prokaryotic
sequences (at an average length of 417 bp) after the
data trimming.
The coverage in all the samples was over
99.32%. The rarefaction curves corresponding to
samples from S4 taken at 41 and 61 days did not
approach saturation, indicating that their microbial
communities were highly complex (Fig.6 A). These
rarefaction curves estimating the OTU richness
confirmed the difference between the soil samples
from the S0, and experimental microcosms after the
various treatments (Table 3), where S4 (at 31 and
41 days) were predicted to have a higher degree of
microbial-species richness than the other soil samples. A low species richness (ACE and Chao1) was
observed in the S0 microcosms. The new community contained an uneven assemblage (reciprocal
Simpson) with less species diversity (Shannon).
This pattern was improved as a result of the subsequent bioremediation over the first 41 days. Although the diversity (Shannon) and equitability
(reciprocal Simpson) indices declined

S0
S1
S2
S3
S4
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94?D

while the content of low toxicity reductive copper,
oxidizable copper and residual copper increases,
indicating that the microorganism can convert the
higher toxic soluble copper ions into less toxic
copper forms, and then reduced the inhibition of
copper on soil enzyme activity, which is beneficial
to the survival of microorganisms in the soil and the
reuse of soil. With the soil enzyme activity, microbial population and community diversity increasing, it can also promote the conversion of heavy
metals in the soil to low toxicity forms in turn.
Many studies have shown that the organic amendments have a bearing on the transformation of micronutrients in soil [25, 26].
Residual phenanthrene pollutants of the bioremediation process performed are shown in Fig 5
continuous decrease of phenanthrene was observed,
as it shown, which suggested that phenanthrene can
be degraded by indigenous microbes. The initial
addition of 7% dichondra repens and nutrients resulted in a high rate of TPH degradation (92.84%),
whereas the value is about three times of S0
(145.81 to 98.14 mg/kg). It's degraded to the greatest extent in S4 after 61 days, while the addition of
0, 1, 3, or 5% dichondra repens only resulted in
degradation rates of 32.69%, 65.25%, 78.89% and
81.59%, respectively (Table 2). As it shown in Fig



& 
"D=:>0<@09.492-,>0/,9,7D>4>:1?30/4110=09?.:88@94?40>>?@/40/
Sample
OTU
ACE
Chao1
Simpson(reciprocal)
Shannon
Coverage[%]
S0
469
542.10
538.60
4.89
3.20
99.32
S4(15d)
487
561.88
596.20
7.91
3.21
99.49
S4(31d)
494
572.71
605.91
21.19
4.05
99.40
S4(41d)
500
539.04
552.98
31.85
4.30
99.50
S4(61d)
504
574.55
584.56
32.47
4.39
99.45
The number of total sequences, observed OTUs clustered at a 99.32%-similarity level, coverage (i.e., Hill numbers), ACE
and Chao1 (species richness), Shannon (the exponential of the Shannon diversity) and Simpson (the reciprocal of Simpson's
index) for the different communities studied, were calculated through the use of a randomly selected subset of sequences per
sample. The bioremediation of the original soil (S0) was taken as control treatment.
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 and  produced an
increase to 52.3% and 35.5%, while 
produced a low to 7.9%. 15 days after adding nutrients, Comparing with S0, the soil of S4 produced a
change of species richness leaving a community
dominated by members of  (50.4%)
and  (45.5%), with  
and  as the most abundant genus. Other nine phyla (  ! 
    "
 

") respectively represented less than 1%
of the total reads. Then, the relative proportion of
 and  increased to 61
days.
However, in genus of soil, the microbe species
are abundant and the proportion of each microbe is
very low. The microbial communities was predominated by the phylum  (6.5%) and
  (1.0%) in S0 but Others reached
90.5%, while adding plant residues and nutrients,
the community structure has changed dramatically.
The  ,  , 
and  became members of a major
community ranging from 37.7% to 12.1%, 13.1% to
8.8%, 4.2% to 11.0% and 3.1% to 12.3% of the
total reads during 61 days. The proportion of 
 is reduced to 15.1% in 15 days, then goes back
up to 27.1% in the end. The addition of plant residues seems to significantly alter the community
structure of microorganisms in contaminated soil,
the initial population of that was dominated by
 and the later dominant bacteria also contain
 .
Overall it was possible to observe that Proteobacteria and Bacteroidetes dominate the studied
soils, which suggest that its members may play
major functions in petroleum hydrocarbon polluted
soil. The principal component analysis correlated
the most abundant families with the most efficiently-degraded PAHs. However we cannot prove that
the most abundant bacteria were responsible for the
phenanthrene degradation, since we only sequenced
the 16S rRNA gene fragment. Nevertheless, our
results suggest possible relationships between the
degradation processes and microbial community.
Although it is decreasing on 61 days, 
  appears to be the dominant community in genus
of S4. It’s a novel plant growth-promoting bacteria
isolated from rhizosphere soils [29]. That may be
caused by the addition of dichondra repens to the
soil. Then it was the genus   (belonging
to the phylum ). It is a rich new type
of microbial resource that can be used for biodegradation of aromatic compounds, because 
  has a very extensive metabolic capacity for
aromatic compounds, and it is able to synthesize
valuable extracellular biopolymers [30], the specific effects of    on complex structures
of hard-to-degrade aromatics make it abundant in

in the soil community after the 61th day of bioremediation, it is always higher than S0 (Table 3).
We can see that after 61 days of cultivating in S4,
Simpson and Shannon index are increasing, indicating that the species diversity are increasing. But
ACE and Chao1 were increasing in S4 (at 15 and
31 days) and decreasing in S4 (at 41 and 61 days),
indicating that the species richness was increasing
for the first 31 days while decreasing at 41 days to
61 days. This may be due to some dominant bacteria from scratch or bacteria from less to more, the
competition between the communities, inhibiting
the disadvantages, the growth of strains and strains
adapted to the environment become the main flora
in this environment with the reduction of nutrients
and growth and metabolism process. Compared
with S0, the soil species richness and diversity of
S4 is higher, indicating that the flora structure is
more complex, the microorganisms are rich and
diverse. The diversity and richness estimators described by Hill [28] in the soil community from the
S4 microcosms suggested that the bioremediation
treatment had resulted in after a few month the
selection of a less rich community with a similar,
though somewhat lower, species diversity.

110.? :1 ?30?=0,?809?> :9 -,.?0=4,7 /4A0=
>4?D In the figure, the rarefaction curves for the S0
and S4 microcosms are plotted. The rarefaction
curves corresponding to samples from S0 and S4
taken at 15, 31, 41 and 61 days did not approach
saturation, indicating that their microbial communities were highly complex (Fig.6 A). As the number
of sequencing increases, the curve of S0 to S4 (at
15, 31, 41 and 61 days) shows a sharp rise in order,
it indicates that more and more species are found in
the community. These rarefaction curves estimating
the OTU richness confirmed the difference between
the soil samples from S0 and S4, where S4 (61d)
was predicted to have a higher degree of microbial
species richness than the other soil samples, S0 was
just the opposite. After 61 days of cultivating, the
microorganisms had better adaptability in S4 soil
and worse in S0 soil.
The microorganism in soil is a dynamic
change process and successional changes in the
soil's resident community occurred during the
course of the microbial remediation. All the sequences were found to be classified with in the
domain Bacteria. Fig. 6B summarizes the relative
abundance of the different orders identified in each
microcosm.
In phylum, the main bacterial flora of 
was gradually transformed into the 
 and  with the addition of
additives. Members of the phylum 
(40.4%), (25.5%) and 
(10.2%) represented the bacterial community of S0,
with  and   being the
most representative genera. After 61 days in S4,
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of the PC1 axis, thus implying the abundance of
members of and  phylum. The presence of members of the order 
 mainly pointed out the difference between
the bacterial communities from S4 up to the 31th
day (constituting the early changes) from those
incubated after 31 days until the end of the bioremediation treatment, including S0 (consisting in the
later changes) on the PC2 axis [33].

petroleum hydrocarbon-contaminated soils and
seems to play an important role on biormediation
processes. Researches [31] showed that soil organic
amendment may be the key factors in shaping the
soil bacterial community structure. Numerous studies have suggested that dichondra repens releases
nutrients and in so doing provides a new environment for the adaptable microbial community.
Liang. X. et al. [32] proved adding maize residues
input to soils affect the magnitude and direction of
priming effect and alter the composition and structure of soil microbial community.
The analysis based on the relative abundance
of orders was made with the STAMP software (v
2.1.3). Fig.7 represents the PCA from the bacterial
community at the taxonomic level of order of S0
and S4 along with the sampling time during the
subsequent bioremediation treatment in the last of
those microcosms. An explained variance of
74.15% was obtained. The figure indicates that the
S4 (15 and 31-day) microcosms shifted to the right

%&&%& +%%
Statistical analysis of the results was performed with SPSS 11.0 for Windows (SPSS Inc.).
Means were compared using a t-test. The least
significant difference of means at a 5% confidence
level (P < 0.05) in the microbial communities was
applied to assess significant differences.
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for their support of this study (the Project Number:
18ZDYF0051).

Adding nutrients and plant residues to the soil
significantly promotes the growth of microorganisms in the soil, which may increase the predictability of nutrient release from organic amendments
and lead to a more sustained nutrient supply to soil
microbe and increase the activity of dehydrogenase
and urease in soil, then increase the number of
hydrocarbon-degrading bacteria which is helpful to
improve the degradation rate of phenanthrene and
the conversion rate of copper to low toxicity. The
highest degradation rate of phenanthrene in the
simulated soil reached 92.84% and the conversion
rate of soluble copper reached 60.11% with addition of 7% dichondra repens, including 27.98% and
24.31% of high-toxic soluble copper were converted to low-toxic reduced copper and residual copper
after 61 days, respectively. Comparing with blank
group S0, adding various nutrients and plant residue significantly changed the microbial community
structure and increased soil microbial community
richness and diversity, and the soil of experimental
group S4 produced a change of species richness
leaving a community dominated by members of
 (50.4%) and (45.5%),
with   and   as the most
abundant genu.
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in a river basin around the world [1-5]. Changes in
LULC, primarily ascribed to anthropogenic activities, including alterations in types of vegetation,
modification in land use practices and their spatial
patterns is supposed to have substantial influence
on the hydrologic characteristic of a river basin.
Alterations in LULC impacts the water resources
availability and hydrological cycle [6-10]. Translation of land-cover for urban and agricultural uses
often effects integrity of soil, nutrient fluxes, and
assemblies of inherent species. Such changes can
disturb watershed hydrology by altering canopy
interception, soil properties, infiltration, surface
roughness, albedo and evapotranspiration. Therefore, interactions among these factors at basin scale
can have a confounding effect that might result in
variations in the timing and volumes of surface
runoff [11-13].
Land use change can affect not only river flow,
but also other compartments of the water cycle,
such as groundwater, which can decline during the
dry season as a consequence of reduced infiltration
volume. This affects groundwater recharge and soil
water content more in general, thus contributing to
reduce evapotranspiration (ET) [14]. ET may also
decrease because of higher surface albedo, lower
surface aerodynamic roughness, lower leaf area and
shallower rooting depth caused by changing land
use from forest to pasture [15]. In areas where precipitation recycling is large and strongly depends
on ET, this may ultimately affect also microclimate.
Therefore, comprehending the hydrologic response
of a catchment to LU changes formulates a pivotal
step towards water resources planning and management. Moreover, with rise in scarcity of available water wealth, hydrologic impacts due to change
in LU have drawn substantial attention from the
hydrologic community.
Assessing impacts of LULC changes on hydrology is the essential for watershed management
and ecological restoration. Quantification of the
impact due to changes in land use on dynamics of
streamflow in river basins has been the area of
interest for hydrologists in recent years. In the past
30 years, land use changes associated with rapid
urbanization and deforestation have greatly altered
a large proportion of regions [16]. The effect of
alteration in LULC on available water resources
and hydrological processes has been one of the
most popular focus of research during the past dec-

Runoff has changed significantly in most regions in China over the past decades. Climate variability and land-use changes are considered to be
the two main factors contributing to runoff variation. Investigating the mechanism of runoff variation is of great significance for the sustainable utilization of water resources. In this study, the sensitivities of runoff were estimated with regard to these
two factors in central China during the study period
from 1980 to 2000. The objectives of this study
therefore are to (1) investigate the tendencies and
change points of annual runoff in the area of Hefei
of Anhui from 1980 to 2000; (2) the relative impacts of land-use changes on the decrease of runoff;
(3) analyze the impact of Land Use Change on
Water Environment. The findings of this study will
be very helpful for future water resources planning
and land-use improvement strategies. The results
revealed a significant decreasing trend in annual
runoff and indicated that land-use changes had a
greater effect on runoff than climate variability
since 1980. Forests have the most effective impact
on runoff reduction, followed by grassland or farmland. The green water holding capacity of the covered green land is stronger than that of the bare
green land, and the reduction of chemical pollutants
such as COD is stronger than that of bare land, and
its ability to reduce COD is most prominent. In the
area of 486.61 km2 in the central urban area, the
pollution caused by rainfall runoff is about 800,000
tons, and the pollution caused by runoff increases at
an average annual rate. If the annual rainfall is too
large, the pollution situation will be more serious.


*(!#$
Land-use changes, Runoff variation, Sensitivity analysis,
Water Environment

 %#!&%! 
Land use and land-cover (LULC) change is
widely recognized as one of the most important
components of global environmental change. Land
use and land-cover and climate change are the two
foremost drivers of hydrologic processes, influencing the available water resources and flow regimes
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hectares, the grassland is 36.26 hectares, and the
other agricultural land is 135102.27 hectares. In the
construction land, the residential area and industrial
and mining land are 90058.60 hectares, the transportation land is 5,78.73 hectares, and the water
conservancy facilities are 18,821.42 hectares. In the
unused land, the unused land is 5714.42 hectares
and the other land is 34601.63 hectares.


#$&%$ $&$$! 

ades [17]. For example, change in land use can lead
to variation in flood frequency, base flow, severity,
and annual mean discharge [18]. Several studies
have revealed that the removal of vegetation can
lead to increase in the base flows if infiltration
properties of soil remain unperturbed. However, if
removal of vegetation is followed by land use practices, which compact soils and make them vulnerable to erosion, then it can lead to decrease in percolation to groundwater. Lin and Wei [19] in their
study reported a trend of increased flooding with
decreasing forest cover. Moreover, Bradshaw et al.
[20] revealed that deforestation is largely correlated
with occurrence of flood and its severity. Urbanization has been the most frequently witnessed driver
to change in LULC, and has been extensively explored in recent years. Increase in impervious areas
through urbanization results into decrease in the
volume of water, which infiltrates into the soil.
Different model concepts exist (empirical,
conceptual and physically based models) among
which physically based spatially distributed models
are considered suitable for the analyses of LULC
impacts on erosion at smaller scales as a certain
complexity is necessary for the predictions of the
changing LULC conditions. The parameter values
of these model types have a physical meaning and
therefore can be better estimated, which increases
the quality of the simulated output. The hydrological and soil erosion model SHETRAN has been
successfully applied to simulate effects of changing
LULC and climate. SHETRAN studies used several
approaches to investigate the impacts of a changing
LULC. On the one hand, hypothetical scenarios
derived from a simple change of vegetation properties are used and on the other hand the analyses of
observed land use in different catchments were
compared to reflect changed LULC.
The objectives of this study therefore are to (1)
investigate the tendencies and change points of
annual runoff in the area of Hefei of Anhui from
1980 to 2000; (2) the relative impacts of land-use
changes on the decrease of runoff; (3) analyze the
impact of Land Use Change on Water Environment.
The findings of this study will be very helpful for
future water resources planning and land-use improvement strategies.


)"# %

+6.=;/ -2+61/; Land-use can be divided
into six categories in the study area, including forest, grassland, farmland, water bodies, built-up land
and unused land. Significant variations in land-use
types occurred between 1980 and 2000, forest,
grassland and farmland were the major types of
land-use, occupying more than 90% of the total
study area. Changes in land-use types were most
significant from 1990 to 1995. Forest represented
the largest area, increasing from 31.94% to 37.01%
during this period, due to the afforestation project
advocated by the Chinese government. Grassland,
which covered 30.14%, was also one of the main
types of land-use, but decreased by 1.23%. Although farmland covered 28.41% of the study area,
it decreased in total area by 3.80% from 1990 to
1995. Water bodies, built-up land and unused land
showed minimal changes, these land-use types are
estimated to cover approximately 4.44% of the
study area. By 2000, the coverage rates of forest,
grassland and farmland recovered to the levels of
1990, covering 31.41%, 32.82% and 32.06%, respectively. A significant land-use transition was
found between forest and farmland from 1980 to
2000.
%2/ 358+-< 70 4+6.=;/ -2+61/; 76 :=6700
A significant decreasing trend in runoff was found,
despite the lack of an obvious decreasing trend in
precipitation in the study region. This clearly indicates that the runoff decline is influenced by other
factors. Fig. 1 shows that the influence of climate
weakened after 1979, and land-use changes could
be seen as the main cause of runoff variation. This
confirmed findings of previous studies that land-use
changes are the primary factors influencing runoff
reduction. As the major types of land-use, forest,
grassland and farmland changed considerably during the study period. In the 1980s, the total farmland area reached 57 × 103 km2 due to land reform
policies, accounting for 31.71% of the total land
area. In the early 1990s, the coverage of forest and
grassland greatly increased under the Grain for
Green policy, representing more than two-thirds of
the total area.

The land area of Hefei City is 704,701.37 hectares. Among them, 549,526.57 hectares of agricultural land, accounting for 77.98% of the total land
area; 114,858.75 hectares of construction land,
accounting for 16.30% of the total land area;
40,316.05 hectares of unused land, accounting for
5.72% of the total land area. In the agricultural land,
the cultivated land is 377,564.63 hectares, the garden is 2292.25 hectares, the forest land is 34531.16
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of different watersheds differed due to their different areas. To compare the effects of forest, grassland and farmland on runoff, the relationship between the influence of these three vegetation types
on runoff in 66 watersheds and their coverages are
shown in Fig. 2. There is a significant positive
correlation between runoff and its coverage in forest, grassland and farmland in different watersheds,
the sensitivities of runoff to forest (εforest), grassland
(εgrass), and farmland (εfarmland) were 0.79–2.04, 0.7–
1.67 and 0.61–1.60, respectively, with means of
1.46, 1.21 and 1.18, respectively. These results
imply that with a 10% increase in forest, grassland
and farmland coverage, runoff will decrease by
1.46, 1.21 and 1.18 mm, respectively. According to
the perspective of water balance, reduced runoff
should be stored as soil water or returned to the
atmosphere as ET. Forests have a more efficient
impact on reducing runoff, mainly because of the
intrinsic properties of forests. They can intercept
rainfall, alter soil micro-topography and increase
soil porosity to store more water to infiltrate into
the soil. In contrast, agricultural activities destroy
the natural structure of the soil and reduce the infiltration rate of the water. Furthermore, previous
studies showed that afforestation can increase the
annual average ET by 2.7–11.1%, while conversion
of forest to farmland will decrease the annual average ET by 3.1–22.2%.

&# 
7=,4/-=5=4+<3>/-=:>/70+--=5=4+</.+66=+4
8:/-383<+<376+6.+--=5=4+</.+66=+4:=670036
<2//30/3+:/+

Most studies demonstrated that vegetation can
decrease runoff, but the extent of the reduction has
not been quantified. The forest, grassland and farmland of this study were simulated by the model to
estimate the impacts on runoff. The results show
that the average reduction of runoff in forest, grassland and farmland in the study area was 57.53,
38.33 and 35.62 mm, respectively. This indicates
that the effect of farmland and grassland on runoff
in the study area is far less than that of forest.
The reserves of forest, grassland and farmland
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$35=4+<376 /@8/:35/6< 70 (+</: 6>3:76
5/6< Effect of green ground thickness, green area
and green rate on COD is studied (Fig.3-5). The
green water holding capacity of the covered green
land is stronger than that of the bare green land, and
the reduction of chemical pollutants such as COD is
stronger than that of bare land, and its ability to
reduce COD is most prominent. In the area of
486.61 km2 in the central urban area, the pollution
caused by rainfall runoff is about 800,000 tons, and
the pollution caused by runoff increases at an average annual rate. If the annual rainfall is too large,
the pollution situation will be more serious.
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In this study, the sensitivities of runoff were
estimated with regard to these two factors in north
China during the study period from 1980 to 2000.
The objectives of this study therefore are to (1)
investigate the tendencies and change points of
annual runoff in the area of Hefei of Anhui from
1980 to 2000; (2) the relative impacts of land-use
changes on the decrease of runoff; (3) analyze the
impact of Land Use Change on Water Environment.
The findings of this study will be very helpful for
future water resources planning and land-use improvement strategies. The results revealed a significant decreasing trend in annual runoff and indicated
that land-use changes had a greater effect on runoff
than climate variability since 1980. Forests have the
most effective impact on runoff reduction, followed
by grassland or farmland. The green water holding
capacity of the covered green land is stronger than
that of the bare green land, and the reduction of
chemical pollutants such as COD is stronger than
that of bare land, and its ability to reduce COD is
most prominent. In the area of 486.61 km2 in the
central urban area, the pollution caused by rainfall
runoff is about 800,000 tons, and the pollution
caused by runoff increases at an average annual rate.
If the annual rainfall is too large, the pollution situation will be more serious.
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PREVALENCE CHARACTERISTICS OF PNEUMOCONIOSIS
IN A CHINESE CITY: A SYSTEMATIC ANALYSIS OF
1980±2017 STUDIES
Li-jiang Zhang, Yao-qin Lu, Hao-feng Yang, Hui-min Yu, Bao-ling Rui*
Section for Occupational Disease Prevention, Center of Prevention and Control for Diseases in Urumqi, Urumqi, 830002, China

around the world, more and more of works are at
risk for pneumoconiosis. Furthermore, without effective protection for workers, pneumoconiosis is a
preventable but difficultly curable occupational
lung disease [3].
In China, some process on pneumoconiosis
has been made in the last two decades. In 1992, the
national Chinese pneumoconiosis epidemiological
survey showed that the overall prevalence of coal
ZRUNHUV¶ SQHXPRFRQLRVLV &:3  ZDV 
among Chinese Coal miners, which is from a survey of millions people [2]. Meanwhile, CWP accounts for about 48% among the total number of
cases of pneumoconiosis, and the number of patients with CWP among patients with occupational
disease remains the highest. Some individual regional studies also reveal the prevalence of CWP
and pneumoconiosis is very serious in China [4, 5].
On the other hand, environmental factors and geQHWLF YDULDWLRQV FRQWULEXWH WR FRDO ZRUNHUV¶ SQHumoconiosis (CWP). In 2017, Liu et al. demonstrated that LRBA SNPs were associated with CWP
susceptibility among 703 CWP cases and 705 controls in a Chinese population [6]. Wang et al. also
identified 4 new CWP associated loci among 703
CWP cases and 705 exposed controls in Han Chinese man, which may advance our understanding of
the susceptibility to CWP in 2018 [7]. These may
provide a deeper understanding of the genetic predisposition of CWP. Therefore, pneumoconiosis
still belongs to legal serious occupational disease
and is not effectively controlled in China [8].
In this study, the 1980±2017 studies regarding
the prevalence of pneumoconiosis in a Chinese city
was conducted. 4797 pneumoconiosis cases were
collected and analyzed to grasp pneumoconiosis
characteristic and furthermore control pneumoconiosis occurrence. From the big data, the differences among the gender, age, nationality, time of
dust exposure, stages of pneumoconiosis, industry
types of pneumoconiosis, etc. were analyzed to
provide a scientific basis for the prevalence and
prevention of pneumoconiosis.

ABSTRACT
Nowadays, pneumoconiosis is a chronic occupational lung disease in China among coal, manufacture, building and other industries. However,
information on the exact prevalence and characteristic of the disease is not available. Therefore, the
aims of our investigation were to provide the significant original information and analyze the characteristics by conducting a systematic analysis in a
city of China from 1980 to 2017.
Based on predetermined inclusion and exclusion criteria, 4797cases were selected and association analysis was further conducted. The prevalence
was analyzed according to gender, age, nationality,
industries, stages, disease type, age of diagnosis
and time of dust exposure, etc.
As a result, silicosis and coal workers' pneumoconiosis is the major type of pneumoconiosis in
a Chinese city. It also showed a clear industry distribution and the age of diagnosis is large in recent
decades.
There conclusions suggested that occupational
health monitoring and primary prevention should
be strengthened. On the other hand, these results
may provide a deeper understanding of the pneumoconiosis and government in China need to step
up their efforts on implementing more rigorous
policies to protect people from dust pollution.

KEYWORDS:
Pneumoconiosis, Characteristics, Industry, Silicosis, Coal,
Prevalence

INTRODUCTION
The first case report on pneumoconiosis from
FRDOZRUNHUV¶ZDVUHSRUWHGE\*UHJRU\LQ>@
Pneumoconiosis is the main occupational lung disease, which followed inflammation of the alveoli
and irreversible lung damage [2]. Owing to increasing demand for heavy physical labor workers
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complete information. The basic information, stage,
diagnosis age and work type of pneumoconiosis
cases were analyzed.

MATERIALS AND METHODS
Data source. A total of 4797 pneumoconiosis
cases from 1980 to 2017 were recruited in this
study. The case data of 1980 to 2005 was from registration information of occupational disease diagnosis institutions in a city. The case data of 2006 to
2017 was from pneumoconiosis report data in occupational disease and occupational health information monitoring system, Chinese disease prevention and control information system. The quality of
identified reports was evaluated using strictly inclusion and exclusion criteria and all cases had

Statistical analysis. Data were expressed as
means ± 25th and 75th percentiles., and the differences between groups were evaluated using SPSS
version 21.0; Kruskal-Wallis H Test for multiple
groups comparison and Nemenyi Test and Dunnet-t
Test for two groups comparison. Statistical significance was set at P < 0.05 and extremely significance was set at P < 0.01.

FIGURE 1
Gender, nationality and stage of all pneumoconiosis in pie chart and histogram.

FIGURE 2
Diagnosis age and dust exposure time of all pneumoconiosis in pie chart and histogram
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old group, which accounted for 38%. On the other
hand, the media time of dust exposure was 21 years,
their 25th and 75th percentiles was 14 and 27, respectively. It mainly distributed in 20~30 years old
group, which accounted for 42% (Figure2). The
occurrence of disease involved 12 industries, which
was mainly distributed in four industries: coal
(1441 cases), manufacture (974 cases), building
(716 cases), electricity (688 cases). Their rate was
30%, 20%, 15% and 14%, respectively. Pneumoconiosis types consisted of silicosis (2603 cases, 54%),
coal worker pneumoconiosis (1753 cases, 37%),
welders pneumoconiosis (300 cases, 6%) and other
pneumoconiosis types (141 cases, 3%) (Figure 3).

RESULTS
Baseline characteristics. The number of
pneumoconiosis was 4974 from 1980 year to 2017
year, including 4460 male and 337 female. Meanwhile, Han and Uighur were the two main ethnic
among all pneumoconiosis patients and their account for proportion was 77% and 19%, respectively. Among them, I, II and III stage of pneumoconiosis was 3925, 716 and 156 respectively (Figure 1).
The media age of diagnosis was 53 year old
and their 25th and 75th percentiles was 48 and 61,
respectively. It mainly distributed in 50~60 years

FIGURE 3
Industry distribution and types of all pneumoconiosis in pie chart and histogram

FIGURE 4
Difference analysis between diagnosis age and nationality among all pneumoconiosis
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In addition, diagnosis age and dust exposure
time of pneumoconiosis were also shown in the
Table 1 and we found that diagnosis age and time
of pneumoconiosis had strong correlation
(R2=0.965) through their regression analysis (Figure 7). The pooled rate of the new pneumoconiosis
patients combined with tuberculosis was 6.4%. The
pooled rate of the new pneumoconiosis patients
combined with emphysema, pleural adhesions and
lung bulla was 1%. Among WKHP FRDO ZRUNHUV¶
pneumoconiosis was the highest and their rate was
54.40%; the second was silicosis and their rate was
43.97% (Figure 8).

Statistical analysis and difference comparison for pneumoconiosis. 3QHXPRFRQLRVLVSDWLHQWV¶
diagnosis age existed significance difference (P <
0.01) with their nationality and the maximum age
was Uighur among different ethnic patients (Figure
  3DWLHQWV¶ GLDgnosis age had also significance
difference (P < 0.01) among their stages and the
highest stage was II stage (Figure 5). Significance
difference (P < 0.01) also existed in different between pneumoconiosis type and the contact time of
SROOXWLRQ VRXUFH $PRQJ WKHP ZHOGHU ZRUNHU¶
working age was the highest and the asbestos was
the lowest (Figure 6).

TABLE 1
Diagnosis age and dust exposure time of pneumoconiosis
Time

Case
number

Percent (%)

Diagnosis age
[M( P25,P75), year old]

Time of dust exposure
˷M( P25,P75), year]

1980~
1990~
2000~
2010~
Total

2400
937
939
521
4797

50.03
19.53
19.57
10.86
100.00

50(46,55)
53(48,57)
56(47,74)
62(50,78)
52(47,59)

20(14,25)
25(18,30)
21(13,27)
19(10,27)
21(14,26)

FIGURE 5
Difference analysis between diagnosis age and stage among all pneumoconiosis

FIGURE 6
Difference analysis between dust exposure time and types among all pneumoconiosis
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FIGURE 7
Regression analysis of patient diagnosis age and times among all pneumoconiosis

FIGURE 8
The distribution of tuberculosis and other diseases among all pneumoconiosis
of pneumoconiosis, we should strengthen physical
examination and expand their scope at the same
time.
In the present study, the diagnosis age was
mainly distributed in 40 to 60 years old (about
66%), followed by over 60.0 years old (15.39%),
and the median age of diagnosis was 53.0 years old
among 4994 pneumoconiosis cases. The time of
dust exposure was mainly concentrated in 10.0 to
29 years (72.53%), followed by patients over 30
years (14.18%), and the median age of dust exposure was 21 years (Figure 2). With the development
of time in recent decades, we also found that the
age of diagnosis has increased in recent years.
7KHVH SKHQRPHQD VXJJHVW JRYHUQPHQW¶V ZRUN LQ
prevention and control of pneumoconiosis has
DFKLHYHG JRRG UHVXOWV DQG ZRUNHUV¶ KHDOWK ULJKWV
have been effectively protected. A further systematic analysis of the age of diagnosis and working
age of dust exposure showed that the median age of
new pneumoconiosis cases in Uighur was 55 years,
which was higher than that of the Han nationality

DISCUSSION
Pneumoconiosis is a occupational, progressive
and irreversible lung disease, which caused by continuous exposure and inhalation of dusts. The direct
economic losses amount to 8 billion CNY each year,
and the indirect economic losses amount to 20 billion RMB each year in China. The current situation
of pneumoconiosis in China is may be more serious
[9].
In the recent 40 years, males accounted for
93.03% among the new cases of pneumoconiosis in
a city. There suggested that most of the dust operations
were
heavy
physical
labor
and
male-dominated related. In the stage of disease, I
stage of occupational pneumoconiosis is 81.82%
and it is lower than other reports, which is about
90% (Figure 1). This result suggested that some
patients were directly diagnosed as II stage and III
stage pneumoconiosis in their first occupational
health examination. To further prevent the damage
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and other ethnic groups. There may be owing to
language barriers, and lacking of communication,
education, knowledge and awareness of occupational health care. Therefore, a lot of work needed
to do to prevent and treat pneumoconiosis [10].
In the type of disease, the major types of
pneumoconiosis were silicosis (54%) and coal
worker pneumoconiosis (37%), which was consist
with the trends of other reports (Figure 3). Among
different type pneumoconiosis, silicosis was mainly
distributed in the industries of building, manufacWXULQJ DQG HOHFWULFLW\ DQG PRVW FRDO ZRUNHUV¶
pneumoconiosis was distributed in the coal industry.
This distribution of lung diseases and the type of
pneumoconiosis show a concentrated trend and
consistency. On the other hand, some difference
still existed in the pneumoconiosis industry distribution. Our study showed that pneumoconiosis
distributed in coal, manufacturing and electricity,
and other reports were in coal, building,
non-ferrous metals and metallurgical industries.
These results may be caused by the difference of
regional industry distribution and it is important to
focus the unique characteristic of industry distribution for preventing the pneumoconiosis.
Owing to no obvious clinical manifestations
and no specific characteristic in early tuberculosis
test by X-ray chest tuberculosis [11], pneumoconiosis patients are often misdiagnosed clinically. This
may cause the all pneumoconiosis patients, which
combined with tuberculosis, were mainly coal
worker pneumoconiosis and silicosis. Therefore,
early diagnosis and correct diagnosis of pneumoconiosis have important practical significance for
protecting pneumoconiosis patients.

CONCLUSIONS
The increased new pneumoconiosis may contribute to lack of attention to occupational health,
inefficient surveillance, and weak occupational
health services. According to the incidence and
characteristics of pneumoconiosis, we recommended expanding the coverage of occupational
health monitoring, which could carry out occupational health examinations for workers and publicize knowledge of preventing occupational disease
prevention. Our aim was to detect early, diagnose
early and treat early in future.

REFERENCES
[1] Gregory. J.C. (1831) Case of particular black
infiltration of the whole lungs resembling
melanosis. John Stark. 36, 389-394.

3944

© by PSP

Volume 28 ± No. 5/2019 pages 3939-3945

Received:
Accepted:

07.12.2018
12.03.2019

Fresenius Environmental Bulletin

CORRESPONDING AUTHOR
Bao-ling Rui
Section for Occupational Disease Prevention,
Center of Prevention and Control for Diseases in
Urumqi, Urumqi, 830002 ± China
e-mail: ruibaoling@163.com

3945

%$

" &   









 " #!"!




$&"!%#&(!"$!!%&$'&"!
""" &%!"($#"*"
*"!#$%%"!!"$&!
(15)-: *41:7@55:  1:3D4@)-; (1:8;:3*4-;

2



1
China University of Petroleum-Beijing, College of Geosciences, Changping, Beijing China
Exploration and Development Research Institute, PetroChina Huabei Oilfield Company, Renqiu, P.R China

%&$&

The origin and distribution of the Lower Paleozoic dolomites in the Jizhong Depression, North
China, are related and affect the distribution of the
reservoir. The Lower Paleozoic dolomites can be divided into four types: Type-A is gypsiferous mudsilt-sized crystalline dolomites; Type-B is non-gypsiferous mud-silt-sized crystalline dolomites; TypeC is silt-fine-sized crystalline dolomites; Type-D is
medium-coarse-sized crystalline dolomites. Type-A
dolomites contains gypsum, with stratiform stromatolites, bird’s eye structures and brecciated structures.
The ordering of dolomites averages 0.56. δ13C averages -0.155‰ (PDB) and δ18O averages -5.669‰
(PDB). Type-B dolomites are gypsum-free and not
associated with gypsum bed. δ13C averages -2.114‰
(PDB). The rest of the characteristic are similar to
type A. Type-C dolomites are subhedral and euhedral. Metasomatic relict structure are common. The
ordering of dolomites averages 0.75. δ13C averages 0.693‰ (PDB) and δ18O averages -6.079‰ (PDB).
Cathodoluminescence is orange and represents zonal
structure. Type-D dolomites are subhedral or anhedral. Mosaic structure, recrystallization and residual
porphyritic features are common. The ordering of
dolomites averages 0.86. δ13C averages -1.433‰
(PDB) and δ18O averages -0.149‰ (PDB). The homogenization temperature of inclusions ranges between 90-330°C. Cathodoluminescence is dark
brown. Type-A dolomites and Type-B dolomites are
thin, with a small horizontal distribution, but the
number of dolomite layer is more. Type-C dolomites
have large thickness and large horizontal distribution.
It is generally distributed under Type-A and Type-B
dolomites. Type-D dolomites have a massive distribution with a large vertical thickness. The range of
horizontal distribution is relatively small. These
characteristics can be used to analyze the original
rock of dolomite, dolomitization temperature, stratigraphic burial history, the occurrence time of dolomitization, and the source of magnesium ions. It is
indicated that Type-A and Type-B dolomites are
formed in tidal flat environment. Type-A dolomites
are formed as a result of evaporative pumping. The

origin of Type-B dolomites are similar to that of dolomite in Andros Island, Bahamas. Type-C dolomites are formed as a result of seepage reflex dolomitization, and have a sandwich structure. Type-D
dolomites are formed as a result of burial hydrothermal dolomitization, closely related to the deep faults
of the Himalayan Movement and Cenozoic magmatic rocks. These dolomitizations result in different
patterns of dolomite distribution. Type-A, Type-B
and Type-D dolomites underwent dissolution during
the formation process, and could form good reservoirs for oil and gas.


)("$%
North China Platform, Jizhong Depression, Lower Paleozoic, Dolomite, Seepage reflux dolomitization, Hydrothermal dolomitization.
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The Lower Paleozoic strata in the Jizhong Depression are dominated by carbonate rocks, especially dolomites. Dolomites as important reservoir
rocks face two challenges in exploration and development. First, it is not sure exactly where dolomite
is developed before drilling. Secondly, dolomites in
different positions vary greatly in physical properties.
These two challenges are widespread in the oil and
gas fields that are in the exploration stage, making it
difficult to predict and analyze dolomite reservoirs.
Research on the origin and distribution of dolomite
may help resolve these two challenges. There are
few studies on the types and origins of dolomites in
the Jizhong Depression. Previous studies mostly focused on the dolomites of North China Platform.
Feng [1, 2] and Jin [3] discussed the origin of the
Lower Paleozoic dolomites of North China Platform
and clarified that the Lower Ordovician "Sanshanzi
Dolostones" are multi-genetic and diachronous dolomites. There are also many studies on adjacent basins and depressions on the North China Platform [47]. These studies suggest that the origin of Ordovician dolomites include evaporative pumping penecontemporaneous dolomitization, seepage reflux
dolomitization, mixed-water dolomitization and
3946
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Dolomite is mainly formed in the low-latitude
marine environment with high salinity and hot temperature. The study of dolomite characteristics
formed during this period is of great significance for
understanding the evolution process of the environment at that time and thereafter.


&$%! &"%

deep burial dolomitization, which provide important
reference and inspiration for this study.
Mixed-water dolomitization of previous studies is problematic in North China Platform, because
no dolomite has been found in Modern mixing-zones
[8-11]. Thus, the main origins of the dolomite on the
North China platform, especially the unique
“Sanshanzi Dolostones”, need to be restudied. Moreover, Buried hydrothermal dolomite has many hydrothermal sources and genetic mechanisms [12-16],
but there is no relevant research on Jizhong Depression and North China Platform. The study of the hydrothermal dolomite in Jizhong Depression can provide a research example for hydrothermal dolomite
in other sedimentary basins. More importantly, the
type and distribution of dolomite in sedimentary basins are different. How to judge the dolomite reservoir effectively in the exploration process requires
the study of origin and distribution of dolomite.
This paper drew lessons from previous studies
[17, 18], classified dolomite according to crystalline
size, inclusions and tectonic features. The geochemical characteristics and distribution of these types of
dolomites were described and the orgin of dolomites
were studied. The relationship between the origin
and distribution of dolomite is discussed, so as to
predict the distribution of dolomite and dolomite reservoir.

1;8;35/-8 >1??5:3 Jizhong Depression, located in the middle of North China Platform (Fig.
1A), with an area of about 32,000 km2. The whole
depression takes the form of northeast-southwest,
bordering on the Cangzhou uplift in the east and Taihang uplift in the west. It is a Meso-Cenozoic sedimentary depression developed on the basis of North
China Platform [19]. The formation of depression
generally goes through four stages of development:
the formation stage of Mesozoic platform crystalline
basement, Mesoproterozoic and Late Paleozoic platform development stage, Mesozoic folding-fault depression development stage and Cenozoic fault riftdepression development stage [20].
Due to the tectonic uplift at the end of the Caledonian Movement, the Silurian and Devonian were
entirely missing. The Lower Paleozoic is only the
Cambrian and Ordovician, and it is missing in the
west of Jizhong Depression (Fig. 1B).
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Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
15
17
18
19
20
21
22
23
24
25
26
27
28
29
31

Rock
types
Type-A
Type-A
Type-A
Type-A
Type-D
Type-A
Type-A
Type-B
Type-B
Type-B
Type-A
Type-D
Type-A
Type-B
Type-B
Type-B
Type-B
Type-B
Type-A
Type-A
Type-B
Type-B
Type-B
Type-B
Type-B
Type-B
Type-C
Type-C

δ13CPDB

δ18OPDB

Z

Sample

0.413
2.302
-0.054
3.508
0.366
0.716
-1.226
-3.489
-5.175
-4.669
2.067
-0.853
-0.482
-3.765
-2.192
-2.086
-2.012
-1.280
-0.304
1.071
-1.171
-1.162
-1.224
-0.664
-0.431
-0.274
-2.101
-2.205

-4.788
-5.977
-5.217
-4.568
-7.538
-6.798
-3.701
-7.752
-5.232
-4.581
-6.070
-7.783
-6.07
-6.094
-6.161
-6.285
-7.197
-5.674
-7.369
-6.893
-6.045
-6.394
-8.170
-6.296
-4.963
-5.679
-5.799
-5.832

125.76
129.04
122.05
129.66
124.30
122.83
120.40
116.29
114.10
115.46
125.96
121.68
120.74
116.55
119.74
119.90
119.59
121.85
120.46
123.51
121.89
121.74
120.72
122.80
123.95
123.91
120.11
119.88

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
60
61

Rock
types
Type-C
Type-C
Type-C
Type-C
Type-A
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-D
Type-D
Type-D
Type-C
Type-D
Type-D
Type-D
Type-C
Type-D
Type-D
Type-C
Type-A

δ13CPDB

δ18OPDB

Z

-1.773
-2.008
-1.608
-1.089
-1.236
-1.182
-1.017
-1.113
-0.710
-0.911
-0.739
0.323
0.890
0.686
-1.969
0.730
1.204
0.473
0.998
-1.223
0.752
-4.669
-4.277
-2.039
-0.248
-1.983
-1.123
-0.456
1.362

-6.098
-8.023
-4.108
-5.478
-3.956
-5.963
-7.384
-8.504
-4.885
-6.277
-8.479
-5.833
-5.277
-4.849
-5.571
-6.441
-4.889
-8.248
-8.479
-8.344
-6.202
-7.671
-7.309
-9.289
-5.385
-8.583
-8.245
-6.370
-6.623

120.63
119.19
121.96
122.34
120.25
121.91
121.54
120.78
123.41
122.31
121.56
125.06
126.49
126.29
120.49
125.59
127.33
124.16
125.12
120.64
125.75
113.92
114.90
118.50
124.11
118.96
120.89
123.19
124.25

samples were collected, and two of outcrop sections
were selected for detailed measurement. The two
sections are respectively located in Xiaweidian Village (39°59'N116°01'E), west mountain of Beijing, and in Nanwang Village (37°56' N114°09' E),
west of Shijiazhuang city. Mud logging data, well
logging data and 36 dolomite samples were collected
in drilling data.
Thin sections were fabricated for all samples,
and the half area of the thin sections was stained with
Alizarin Red S. According to the observation of thin
sections under a polarizing microscope, the size of
the dolomite crystals of each sample was measured.
Based on these statistical results, 68 samples were
selected for carbon and oxygen isotope analysis, 54
samples for X-ray diffraction analysis, 36 samples
for fluid inclusion analysis and 38 samples for cathodoluminescence analysis.
Whole-rock carbon and oxygen isotope analysis was performed by the State Key Laboratory of
Nanjing Institute of Geology and Palaeontology,
Chinese Academy of Sciences. The instrument was
a MAT-253 isotope mass spectrometer, and the sample preparation system was a vacuum pre-treatment
series, with the laboratory control temperature of
22°C ± 10°C and humidity of 50% RH ± 5%. The
results of the analysis used the PDB standard, with
δ13C and δ18O testing accuracy of 0.030 and 0.080
respectively. Analytical data are shown in Table 1.

According to the lithofacies palaeogeography
of the Lower Paleozoic, the seawater in the Early
Cambrian Epoch 2 invaded from the northeast, and
formed a restricted sea environment in Beijing. At
the end of the Fujunshan Age, there was exposure,
resulting in an unconformity. In Mantou Age and
Maozhuang Age, tidal flat sediments were developed in the whole depression, and the lithology were
purple-red mudstones and mud-silt-sized crystalline
dolomites. At the beginning of the Xuzhuang Age,
seawater became deeper, and the sea water reached
its highest level during the Zhangxia Age. This period was dominated by Oolitic bank. In the early
Gushan Age, the tidal flat reappeared, and coexisted
with bamboo leaf-shaped gravel bank.
Until the end of the Liangjiashan Age the North
China Platform was exposed due to the rise of the
Huaiyuan Movement. At the same time, a parallel
unconformity was formed. Transgression began
again in the Middle Ordovician, and three large
transgressions and regressions took place. The tidal
flat sediments were formed in Majiagou I Formation,
Majiagou III Formation and Majiagou V Formation,
and the open sea sediments were formed in Majiagou
II Formation, Majiagou IV Formation and Majiagou
VI Formation [21].
The data of this study came from outcrop section and drilling analysis. Based on the observation
of five outcrop sections, more than 160 dolomite
3948
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Cathodoluminescence was done on a
CL8200MK5-2 cathodoluminescence system and all
samples were tested with a beam voltage of 17 kV
and a beam current of 500 μA. X-ray diffraction was
used to analyze the ordering of dolomite and the molar content of CaCO3 and performed on a Bruker D2
Phaser X-ray diffractometer, operating at 30 kV and
10 mA, a CuKα radiation wavelength was used for
measurement, and 2θ angular scanning range of
4.5°-50° was selected. Analytical data are shown in
Table 2. The instrument for fluid inclusions was

Linkam-350 cooling-heating stage, with temperature range from -196°C to 350°C, temperature accuracy of 0.1°C and maximum heating / cooling rate of
30°C/min. The temperature control rate set in the
heating and freezing process was generally
40°C/min, and rate near phase transformation point
was 4°C/min. Analytical data are shown in Table 3.
These analyses were completed at the State Key Laboratory of Petroleum Resources and Prospecting,
China University of Petroleum (Beijing).
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5D4;:31<=1>>5;:
Rock
types
Type-A
Type-A
Type-D
Type-A
Type-A
Type-A
Type-D
Type-A
Type-C
Type-A
Type-B
Type-C
Type-C
Type-C
Type-D
Type-D
Type-C
Type-B
Type-B
Type-B
Type-B
Type-B
Type-B
Type-B
Type-B
Type-B
Type-B

Sample
3
4
5
6
7
11
12
13
16
21
30
31
32
46
50
51
52
59
62
63
64
65
66
67
68
69
70

Ordering
0.537
0.601
0.877
0.523
0.635
0.481
0.854
0.514
0.819
0.594
0.601
0.834
0.857
0.703
0.737
0.836
0.755
0.615
0.586
0.452
0.623
0.583
0.576
0.564
0.613
0.574
0.576

d
(104)
2.891
2.888
2.886
2.891
2.887
2.891
2.886
2.886
2.886
2.886
2.891
2.886
2.887
2.886
2.887
2.886
2.888
2.887
2.89
2.892
2.887
2.886
2.891
2.887
2.888
2.888
2.89

NCaCO3/%

Sample

51.66703
50.66704
50.00038
51.66703
50.33371
51.66703
50.00038
50.00038
50.00038
50.00038
51.66703
50.00038
50.33371
50.00038
50.33371
50.00038
50.66704
50.33371
51.3337
52.00036
50.33371
50.00038
51.66703
50.33371
50.66704
50.66704
51.3337

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

Rock
types
Type-B
Type-B
Type-B
Type-A
Type-A
Type-A
Type-A
Type-A
Type-A
Type-A
Type-A
Type-A
Type-A
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-C
Type-D
Type-D
Type-D
Type-D

Ordering
0.632
0.574
0.531
0.546
0.659
0.636
0.548
0.606
0.623
0.651
0.505
0.509
0.489
0.681
0.730
0.757
0.653
0.792
0.621
0.838
0.796
0.633
0.861
0.957
0.855
0.916
0.894

d
(104)
2.889
2.891
2.89
2.89
2.889
2.893
2.888
2.887
2.887
2.889
2.891
2.892
2.892
2.892
2.889
2.886
2.886
2.886
2.89
2.888
2.887
2.892
2.886
2.894
2.885
2.886
2.886

NCaCO3/%
51.00037
51.66703
51.3337
51.3337
51.00037
52.33369
50.66704
50.33371
50.33371
51.00037
51.66703
52.00036
52.00036
52.00036
51.00037
50.00038
50.00038
50.00038
51.3337
50.66704
50.33371
52.00036
50.00038
52.66702
49.66705
50.00038
50.00038
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Sample
5
12
50
51
49
98
99
100
101
102
103
104

Rock types
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D

Temperature
291
289
98
165
104
126
136
142
170
158
169
171

Sample
105
106
107
108
109
110
111
112
113
114
115
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Rock types
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D
Type-D

Temperature
193
204
186
235
221
216
223
253
268
287
313

%$

" &   









 " #!"!



'$ 
#4;?;95/=;3=-<4>;2;B1=#-8-1;D;5/5D4;:31<=1>>5;:+,&C<10;8;95?1>;88-?4>4-<10
<>1@0;9;=<4>-2?1=3C<>@9C<5>;2;=51:?10-==-:3191:?+,&C<10;8;95?1>;8B5?4>?=;9-?;
85?1>?=@/?@=1+,&C<10;8;95?1>/;:?-5:>/-8/5?1/191:?>-8;8;95?1>;8-=1/4-=-/?1=5D10.C
05=?C5:?1=5;=>-:0.=534?9-=35:>+,&C<10;8;95?1>4-A1?41=1>50@-8;;85?5/>?=@/?@=1+,&C<1
0;8;95?1;8;95?1>-=15==13@8-=5:>4-<1-:05:8-C/;:?-/?B5?41-/4;?41=+,&C<10;8;95?1>/;:
?-5:>>-00810;8;95?1


$%'&%!%'%%"!
The data of CaO, MgO and Sr contents are
from Huabei Oilfield Company, and the samples are
all drill cores. MgO and CaO contents were meas;8;95?1?C<1Dolomites of different crystalured on FEI Quanta 200F field emission scanning
line sizes often differ in color, beds and sedimentary
electron microscope, using an accelerating voltage
structure. Many studies in recent years have shown
of 200 kV and a maximum angle of ± 40°. The abunthat dolomite of a different crystalline often corredances of Sr were measured on an ICPS-1000IV insponds to a different origin. For example, mud-sized
ductively coupled plasma atomic emission speccrystalline dolomites are often formed in tidal flat
trometry (ICP-AES), according to the SY/T6404environment [22,23]; the medium-coarse-sized crys1999 of the People’s Republic of China for determitalline dolomites are often dolomitized by allonation of metallic elements in sedimentary rocks.
source fluid at high burial temperatures [24]. The do
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commonly positive (Fig. 3B). The averageδ13C is 0.155 ‰ (PDB), with a range of -2.236 to 2.508 ‰
(PDB). The average δ18O is -5.669 ‰ (PDB), with a
range of -7.369 to -3.701 ‰ (PDB). The content of
MgO and CaO are low and have a positive correlation (Fig. 3C). The Sr content (p. p. m) are also low
(Fig. 3D). The cathodoluminescence of the dolomites is uniformly dark brown (Fig. 4B). In combination with log analysis, the curves of GR (Gamma
Ray Log) value were high, and the curves of resistivity value were low in the context of high resistance.

lomites in the Jizhong Depression are different obviously and easy to be distinguished in crystalline size,
color, bed, sedimentary structure and whether to
contain gypsum. Therefore, based on these characteristics, this paper divides these dolomites into four
types: Type-A is gypsiferous mud-silt-sized crystalline dolomites; Type-B is non-gypsiferous mud-siltsized crystalline dolomites; Type-C is silt-fine-sized
crystalline dolomites; Type-D is medium-coarsesized crystalline dolomites.
&41/4-=-/?1=5>?5/>;2&C<1Type-A dolomites are less than 0.1mm, thin in layer, and gray or
yellowish brown in color, often having bird’s eye
structure and horizontally-laminated bed. Brecciated
structure formed by erosion collapse is common.
Drusy and nodular gypsum associated minerals are
mostly contained. Under a microscopic observation
of thin sections, lath-shaped pseudomorphs after
gypsum is of oriented arrangement (Fig. 2A). X-ray
diffraction analysis shows that the ordering of these
dolomites is relatively low, ranging from 0.48 to 0.65
(Fig. 3A), averaging 0.56. The molar concentration
of CaCO3 range from 50.00038% to 52.33369%, averaging 51.09840%. Carbon and oxygen isotopes are

&41/4-=-/?1=5>?5/>;2&C<1Type-B dolomites are often seen in bird’s eye and stromatolite
structure. They sometimes represent psammitic and
psephitic shape. δ13C overall is more negative than
Type-A dolomites, with an average of -2.114 ‰
(PDB), ranging from -5.175 to 0.274 ‰ (PDB). It is
similar to the Type-A dolomites in oxygen isotopes,
dolomite ordering and molar concentration of
CaCO3. The most obvious difference between the
two is that it neither contains gypsum nor coexists
with the gypsum layer (Fig. 2B).
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01<=1>>5;:
[A] Mud-sized crystalline dolosmites, with uniform structure. [B] Same view as A, but taken under cathodoluminescence. The
dolomites are uniformly dark brown in colour. [C] Fine-sized crystalline dolomites. The dolomites are subhedral to euhedral.
[D] Same view as C, but taken under cathodoluminescence. The cathodoluminescence of the dolomite crystals is orange to
orange yellow, showing the characteristics of the zonal structure. [E] Medium-coarse-sized crystalline dolomites. Dolomite
crystals are big, and are anhedral. [F] Same view as C, but taken under cathodoluminescence. Dolomite crystals are dull brownish red.

&41 /4-=-/?1=5>?5/> ;2 &C<1 The crystalline of such dolomite ranges between 0.05 and 0.25
mm, and the color is light gray and gray. When dolomitization is not complete, the dolomites are
mainly subhedral to euhedral, with dirty interiors
and bright margins (Fig. 2C). When dolomitization
is complete, anhedral dolomite is visible. There is
very little clay mineral, and no gypsum is contained.
In the Type-C dolomites, many kinds of metasomatic
relict structures are developed, such as relict oolitic
structure (Fig. 2D), relict bamboo leaf-shaped psephitic

structure, relict psammitic structure and relict bioclastic structure. The ordering of such dolomite is
higher than Type-A and Type-B dolomites, averaging 0.75 (Fig. 3A). The average molar concentration
of CaCO3 is 50.556%. The value of carbon and oxygen isotope is lower than Type-A and Type-B dolomites (Fig. 3B). The δ13C values range from -2.205
to 1.205 ‰ (PDB), averaging -0.693 ‰ (PDB). The
δ18O values range from -8.504 to -4.108‰ (PDB),
averaging -6.079 ‰ (PDB). Some dissolved pores
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form (Fig. 6A), which is distributed in the Lower
Ordovician and part of the Upper Cambrian, with a
thickness of 100-300 m, area greater than 200000
km2, and featured by being thick in the south and thin
the north. The other is the Fujunshan Formation dolomites of Cambrian, with a thickness of 10-20 m,
and area greater than 200000 km2. In both sets of dolomites, from top to bottom, dolomitization weakened and dolomite content decreased. The lithology
also shows regular changes. Porphyritic fine-sized
crystalline dolomites, porphyritic lime dolomites,
dolomitic limestones, and limestones are distributed
in turn.

are filled with sparry calcite, which contains fluid inclusions. Their homogenization temperature ranges
from 43ºC to 75ºC. The content of MgO and CaO
have a negatively correlation (Fig. 3C). The Sr content (p. p. m) are high (Fig. 3D). The cathodoluminescence of the dolomite crystals is orange to orange
yellow (Fig. 4D), showing zonal structure. In logging response, the GR value is shown as a relatively
flat low value, obviously lower than Type-A and
Type-B dolomites; the resistivity shows a lower
value.
&41 /4-=-/?1=5>?5/> ;2 &C<1 The crystalline size of such dolomite ranges between 0.2-2.00
mm, the color is dark-gray to light-gray. It is mostly
distributed in massive form in space, and composed
of subhedral or anhedral dolomites. Dolomite crystalline mostly appear to be of inlaid structure, and
recrystallization is obvious (Fig. 2E). Saddle dolomite can be seen (Fig. 2F), crystal surface is bent,
and wavy extinction is visible under orthogonal light.
In addition, some relict porphyritic features can also
be seen. The porphyritic form is irregular, and the
boundaries are not obvious and cut by dolomite crystals. The size of the dolomite crystals varies greatly,
mainly being xenomorphic. Type-D dolomite has a
high ordering, averaging 0.86; the molar concentration of CaCO3 is 50.3337% on average (Fig. 3A).
The δ13C value is high (Fig. 3B), ranging from 4.669 to 0.998 ‰ (PDB), averaging -1.433 ‰ PDB.
The δ18O value is low with a distribution range from
-9.289 to -7.309 ‰ (PDB), averaging -8.149 ‰
(PDB). The content of MgO and CaO are relatively
high (Fig. 3C). But the Sr content (p. p. m) are low
(Fig. 3D). The cathodoluminescence of the dolomite
crystals is dull brownish red (Fig. 4F). There are two
phase gas-liquid fluid inclusions in these dolomites
(Fig. 5). The homogenization temperature of fluid
inclusions is between 90-330°C. Type-D dolomites
have similar electrical characteristics to Type-C dolomites, with relatively flat low GR values and low
resistivity values.

'$
;9;31:5D-?5;:?19<1=-?@=145>?;3=-9;228@50
5:/8@>5;:>2=;9;B1=#-81;D;5/0;8;95?1>5:
5D4;:31<=1>>5;:
The samples are medium-coarse-sized crystalline dolomites. The homogenization temperature indicate that the
dolomitizing water was hot, up to 300°C.

Type-D dolomites are distributed in thick massive way within the limitations. For example, the dolomites in the T17 Well Majiagou V Formation,
Majiagou IV Fromation (Fig. 6A), and Zhangxia
Formation (Fig. 6B) are characterized by a limited
distribution range in the plane. It is only distributed
near the fault with a large thickness.
The analysis of the sedimentary structure and
geochemistry of the Lower Paleozoic dolomites, the
forming environment of original rock, dolomitization temperature, stratigraphic burial history, the occurrence time of dolomitization, and the source of
magnesium ions can be inferred. Comparing with the
evaporative pumping model of Persian Gulf tidal flat
[25], multi-cause dolomitization of Bahamian Platform [26-28], seepage reflux model [29,30] and burial hydrothermal model, the origin of dolomite in this
study area is identified. Analyzing the origin of dolomite not only provides us with the possibility to
judge the type and origin of dolomite in sedimentary
basins through the macroscopic distribution pattern,
but also helps us to find dolomite reservoirs.

5>?=5.@?5;: Type-A dolomites are mainly
distributed in Mantou Formation and Maozhuang
Formation of Cambrian, Majiagou I Formation,
Majiagou III Formation and Majiagou V Formation
of Ordovician. Type-B dolomites are mainly found
in the Lower Ordovician and the lower part of Fujunshan Formation of Cambrian. 
Type-C dolomites are mainly distributed in the
Liangjiashan Formation and the Yeli Formation of
Ordovician, and Fujunshan Formation and Fengshan
Formation of Cambrian. These dolomites are usually
developed under Type-A and Type-B dolomites.
There are two sets of the largest dolomite masses in
the Lower Paleozoic in North China Platform, which
main lithology are Type-C dolomites. The one is the
"Sanshanzi Dolostones" over the North China Plat-

"=535:;2&C<10;8;95?1>The Type-A dolomites often have bird’s eye structure, which is an
environmental symbol of supratidal zone. In addition, stratiform stromatolites and lamellar structure
also indicate the original rocks are formed in supratidal environment. It is considered the original rock is
thin-layered lime mudstone. Dolomite is formed in
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replaced and occurs dolomitization as a result of xerothermic climate and intense evaporation. At the
same time, gypsum is generated. Recent studies
show that microorganisms play an important role in
dolomitization process. With the participation of microorganisms, stromatolite is prone to occur dolomitization and supratidal dolomites are often symbiotic with stromatolite.

low-temperature rapidly crystallized surface environment since its ordering is low and cathodoluminescence is dark brown. Moreover, dolomite has
high δ18O value and contains gypsum, indicating it
is formed in salted seawater with high concentration.
These features make it comparable to the evaporative pumping dolomites in modern Persian Gulf. In
the sabkha environment of Persian Gulf, aragonite is
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&4105>?=5.@?5;:;20;8;95?1>5:?41;B1=#-81;D;5/5:?415D4;:31<=1>>5;:
[A] The distribution of Ordovician dolomites. Type-A dolomites and Type-B dolomites are lamellar distribution; “Sanshanzi
Dolostone” (mainly Type-C dolomites) is very thick layer distribution; some wells (T17, D6) containing Type-D dolomites. [B]
The distribution of Cambrian dolomites. The dolomites are mainly distributed in Fujunshan formation (Type-C dolomites),
Mantou formation (Type-A dolomites), Fengshan formation (Type-B dolomites and Type-C dolomites). The T17 well developed Type-D dolomites in the Zhangxia formation.


"=535: ;2 &C<1 0;8;95?1> Type-B dolomites often have bird’s eye structure and stratiform
stromatolites, which indicate the original rock is
thin-layered lime mudstone and formed in tidal flat
environment. Some dolomites represent psammitic

and psephitic shape, indicating that sometimes it is
broken by stormy waves in the early stages of diagenesis. In relatively humid environment, gypsum
may not form or be dissolved away after formation,
so gypsum doesn’t occur. Based on the formula of
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dolomites in Bahamas Platform. Due to the humid
climate in the Bahamas, gypsum is not easily formed
or preserved in supratidal zone, and thus gypsum is
absent in dolomites. For the Bahamian platform dolomite formation mechanism, some people believe
that it is evaporative pumping dolomitization, some
people think that it is formation of mixed-water dolomitization [32, 33], and some people think that it is
a combination of multiple mechanisms.

Keith and Weber [31], the paleo-salinity (Z value) of
dolomites was calculated using δ18O and δ13C value.
The results showed that the Z values of Type-B dolomites were generally less than 120, but the Z values of Type-A dolomites were more than 120 (Table
1). The obvious difference indicates when Type-B
dolomites are formed, the salinity is relatively low.
These characteristics indicate that Type-B dolomites
are similar with the supratidal penecontemporaneous

'$
&410;8;95?5D-?5;:B1-71:>2=;9?;<?;.;??;9"=0;A5/5-:-;0@D4-5;2%4565-D4@-:31.1545:-
The upper section is composed of Type-A dolomites with terrigenous muddy debris (A), while the lower section is composed
of Type-C dolomites and limestone, between which, an unconformities is existed. The dolomitization intensity gradually decreases below the unconformities. The dolomites transit from dark gray fine-sized crystalline dolomites (B) to porphyritic limy
dolomites (C), dolomitic limestone and lime mudstone (D).
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"=535:;2&C<10;8;95?1>The Type-C dolomites have an extremely small amount of clay minerals, so their GR curves are low and flat, indicating
their original rock contain a small amount of mud
and are formed in open sea or restricted sea environment. The cathodeluminescence is bright and represents zonation, suggesting the dolomites are formed
in shallow burial reducing environment. The homogenization temperature ranges from 43ºC to 75ºC, indicating the dolomites are formed in low temperature. Most dolomites have metasomatic relict structure, indicating they are formed as a result of metasomasis at late diagenetic stage. The ordering of dolomite is relatively high and the molar concentration
of CaCO3 is closed to 50%, indicating crystallization
occurs in low temperature and at slow speed. The
negative δ18O value indicates the diagenesis of dolomites is affected by freshwater fluids. 
In addition, the dolomites of this type have
some obvious features. Taking the dolomites with a
thickness of 1m in the Baoduzhai Outcrop of Shijiazhuang as an example (Fig. 7), the following features
are shown: (1) There are two lithologic sections. The
upper section is composed of mud-silt-sized crystalline dolomites with terrigenous muddy debris (Fig.
7a), while the lower section is composed of silt-finesized crystalline dolomites and limestone, between
which, an unconformities is existed; (2) The dolomitization intensity gradually decreases below the
unconformities. The dolomites transit from dark
gray fine-sized crystalline dolomites (Fig. 7b) to porphyritic limy dolomites (Fig. 7c), dolomatic limestone and lime mudstone (Fig. 7d). Mud-silt-sized
crystalline dolomites (Fig. 7b) have an ordering of
0.77, heavy δ18O value (-5.832 ‰ (PDB)) and single-phase fluid inclusions, indicating their formation
mechanism is seepage reflux dolomitization. That is,
dolomitization takes place due to the downward
seepage of evaporated brine.
The high-density brine of seepage reflux dolomitization is generally formed in supratidal flat and
sabkha environment [34]. In the Jizhong Depression,
seepage reflux dolomites are often associated with
the sediments of supratidal flat and unconformities.
For example, “Sanshanzi Dolostones” occur below
Majiagou I Formation that is composed of the sediments of tidal flat. Between Majiagou I Formation
and “Sanshanzi Dolostones”, there is an unconformities formed in response to Huaiyuan Movement [35].
The dolomite crystals of “Sanshanzi Dolostones” are mainly composed of silt-fine-sized crystals, in which, bamboo leaf-shaped psephitic and oolitic relict structure are common. The carbonate
rocks with bamboo leaf-shaped psephitic and oolitic
relict structure are generally formed in turbulent
shallow-water marine environment and dolomitization generally occurs after burial diagenesis. Lamellar silt-fine-sized crystalline dolomites are argillaceous, indicating the original rocks are formed in
tidal flat environment. Part of dolomite is varying in

crystalline sizes, indicating it is formed as a result
of secondary dolomitization. In addition, the dolomitization in the lower part of shale weakens obviously, indicating that shale hinders the downward
seepage of the dolomitized fluids in the upper part.
These characteristics indicate “Sanshanzi Dolostones” are formed as a result of seepage reflux dolomitization. The tectonic movement of Huaiyuan
Period is intense in the south but weak in the north.
Therefore, dolomites are better developed in the
south than in the north due to sufficient high-magnesium water supply and the promotion of unconformities in the downward seepage of fluids.
A similar set of dolomites is developed in the
upper part of Cambrian Fujunshan Formation and
their characteristics are as follows: (1) The Mantou
Formation is composed gypsiferous purplish red
shale and mud-silt-sized crystalline dolomites, indicating the depositional environment is sabkha environment; (2) There is an unconformities between
Mantou Formation and Fujunshan Formation; (3)
Below the unconformity, dolomitization gradually
weakened and dolomite content decreased.
"=535:;2&C<10;8;95?1>The spatial distribution of Type-D dolomites is distinctly different
from that of other three types. Such as in T17 Well,
Upper Ordovician strata are composed of 300 m
thick dolomites (Fig. 2A). In the strata 200 m below
Zhangxia Formation, limestone is completely dolomitized. Similarly there is the Ji4 well, which contains at least 570 m of continuous dolomite formations. Coring samples showed that the lithology
was mainly Type-D dolomites. Their common features are that the dolomite body cuts through the
horizon, has a large vertical distribution, and has a
small horizontal distribution. It is difficult to be
tracked between wells (5 km well space). The dolomites are closed to fault zone and have no genetic
markers of supratidal environment. According to
these characteristics, it is concluded that the formation of dolomites is not under the control of depositional environment and the original rocks are various types of carbonate rocks.
Type-D dolomites mainly occur in the vicinity
of deep faults (Fig. 9). These faults are extensional
and strike-slip faults formed since the Jurassic period, closed to which, magmatic rocks of Himalayan
Period are distributed [36], indicating dolomitization
is closely related to the Himalaya tectonic movement.
The present buried depth of Lower Paleozoic strata
is more than 2000 m. Taking T17 Well as example,
the present buried depth of Ordovician strata is about
3000m. Several times of large-scaled subsidence occurred in geological history, especially in Paleogene.
The burial depth of the Lower Paleozoic is about
4000m in this period. According to geothermal gradient, the formation temperature is calculated as
about 110°C (Fig. 8). However, many homogenization temperature of fluid inclusions obtained from
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The deepest buried depth of the Lower Paleozoic is about 4000m. According to the geothermal gradient, the maximum
geotemperature is about 110°C.



'$
%71?/49-<>>4;B5:3?4105>?=5.@?5;:;2#-81;31:19-39-?5/=;/7>-:0011<2-@8?>
Modified from Peng [36]. The wells in figure all containing Type-D dolomites.


Type-D dolomites exceeds 200°C, which is much
higher than normal formation temperature, indicating Type-D dolomites are formed as a result of hydrothermal dolomitization. In addition, the saddle
dolomites are often considered as a sign of hydrothermal activity [37-39].
The dolomites formed in a buried and high-

temperature environment (>60°C) have medium to
coarse sized crystalline structure [40]. When the dolomites are concentrated in morphology and formed
at a higher temperature, it may be the hydrothermal
dolomites. At present, although there is no report of
hydrothermal dolomites in Lower Paleozoic in North
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are distributed below the evaporative tidal flat and
its periphery, and the degree of dolomitization gradually weakens downwards. The formation period of
unconformities is also the leaching period of atmospheric freshwater to the lower rock formation during
the epigenetic period. After leaching, high-magnesium water and atmospheric freshwater can easily
enter the underlying rock formation. So it was that
many pores are formed in dolomite, such as vugs,
caverns and channels. As of the “Sanshanzi Dolostones”, the upper evaporative tidal flat of Majiagou
I Formation can form a good cap rock, the development of vugs and caverns can form a good reservoirs.
With proper oil and gas configuration, good oil and
gas reservoirs can be formed.
Burial hydrothermal dolomites are distributed
in the vicinity deep faults and Himalayan magmatic
rocks. The farther away from fault zone, the weaker
the effect of dolomitization. The geometry and developmental position of burial hydrothermal dolomites are distinctly different from those of other genetic types. It’s have small distribution range, with a
thickness from tens of meters to hundreds of meters
and an area from a few hundred square meters to several square kilometers. Burial hydrothermal dolomitization may occur in any carbonate strata near
deep fault. Type-A, Type-B and Type-C dolomites
can undergo recrystallization and secondary dolomitization under hydrothermal conditions to form
Type-D dolomites. Therefore, in the practice of production, the developmental position of burial hydrothermal dolomites can be predicted by the position
of deep faults and Cenozoic magmatic rocks in oil
and gas reservoir exploration. In ddition, it can also
be judged from the geometry of dolomites.
Hydrothermal dolomites are widely distributed
in the world and recognized as an important exploration target. Studies have shown that hydrothermal
dolomization and hydrothermal dissolution occur
simultaneously [46]. Dolomite formed by hydrothermal dolomization is in mosaic contact and does not
develop intercrystalline pores. The hydrothermal
dissolution will expand the vugs and channels of the
original rock [47]. At the edge of the hydrothermal
channel, cementation is greater than dissolution [48].
In the vicinity of the dominant hydrothermal channel,
the hydrothermal fluid flows quickly, the quantity is
large, and the dissolution is strong [49, 50]. Therefore, for the hydrothermal dolomite, its high quality
reservoir is located near the dominant hydrothermal
channel near the deep faults.


"!'%"!%

The four types of dolomite have different origins in the Lower Paleozoic of Jizhong Depression,
North China. Type-A dolomites are formed in sabkha environment as a result of evaporative pumping.
Type-B dolomites genesis are similar to the dolomite

China Platform, a large number of hydrothermal dolomites are discovered in many oil and gas fields in
the world. These hydrothermal dolomites are mainly
distributed in the vicinity of extensional fault [41],
strike-slip fault [42] and overthrust fault [43,44], indicating their formation is closely related to faulting
activities. Under the impact of tectonic movements,
a large number of open fracture-cave systems are
formed within rock mass and the geothermal gradient becomes anomalous, which provide pathway and
driving force for the circulation of thermal fluids.
The hydrothermal dolomites in North America covers an area from a few square kilometers to tens of
square kilometers, with a thickness from a few meters to tens of meters. Since the temperature is high
and crystallization process is slow during buried hydrothermal dolomitization, the dolomites have high
ordering and crystals are medium-coarse-sized. The
hydrothermal dolomites with negative δ18O value
contain two-phase gas-liquid fluid inclusions [45].
Since Fe and Mn are rich during dolomitization,
cathodeluminescence is weak. The Type-D dolomites have above characteristics.
In summary, the Type-D dolomites are affected
by tectonic movement and formed in the early Himalayan movement, Paleogene. In the deep burial
stage, dolomitization occurs due to the enrichment
of magnesium ions. Magnesium ions originate from
hydrothermal fluid, which derived from the mantle
in Paleogene. Hydrothermal fluid is driven by tectonic movements and move along deep faults. It can
be mixed with formation water during its movement.
Dolomitization occurs when it enters permeable
limestone strata. The farther the limestone is from
the fault zone, the harder the hydrothermal fluid is to
enter it, and the weaker the effect of dolomitization.
9<85/-?5;:;20;8;95?5D-?5;:-:05?>05>?=5
.@?5;:Type-A dolomites and Type-B dolomites are
formed in tide flat environment. They are distributed
in thin layers and are controlled by sedimentary facies. Their dolomitization occurs at early diagenetic
stage, so the dolomites retain primary sedimentary
structures and have the sedimentary characteristics
of supratidal flat and sabkha. Atmospheric fresh water dissolves gypsum to form solution vug in the
syngenetic phase. For the tide flat dolomite of nongypsum, it tends to be dense. Therefore, in the dolomites developed on the tidal flats, only the gypsiferous mud-silt-sized crystalline dolomites (Type-A)
can form a good reservoir.
Type-C dolomites are formed in seepage reflux
dolomitization. It is closely related to unconformities and supratidal flat facies and characterized by
sandwich structure. The upper part is evaporative
tidal flat sediments, the middle part is an unconformities, and the lower part is secondary replacement dolomites. The upper evaporative tidal flat sediments
provides the sources of high-magnesium water, and
often form cap rock. Therefore, the lower dolomites
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[3] Jing, Z.K., Feng, Z.Z. (1993) Types and reservoiring performance of dolostones of the Lower
Paleozoic in the eastern North China Platform.
Acta Sedimentologica Sinica. 11, 11-18.
[4] Yang, S., Jiao, Y.Q., Wu, L.Q., Lin, H.X., Liu,
H., Zhang, S.P., Li, J.Y. (2007) Dolomite reservoirs analysis and prediction of the yeli and
liangjiashan formations in the eastern part of
north China. Geological Science and Technology Information. 26, 61-67.
[5] Bai, X.L., Zhang, S.N., Huang, Q.Y., Ding, X.Q.,
Zhang, S.Y. (2016) Origin of dolomite in the
Middle Ordovician peritidal platform carbonates in the northern Ordos Basin, western
China. Petroleum Science. 13, 434-449.
[6] Li, F.J., Du, L.C., Zhao, J.X., Li, Y.G., Xiang, F.,
Li, F.P. (2016) Dolomite genesis in Member
Ma55 of Majiagou Formation, Sudong area, Ordos Basin. Acta Petrolei Sinica. 37, 328-338.
[7] Yang, H., Shi, K., Liu, J.W. (2016) The characteristics of Ordovician Dolomite petrography
and its composition of Carbon and Oxygen stable isotope in Ordos Basin. Journal of Northwest University (Natural Science Edition). 46,
415-422.
[8] Meng, Y., Xu, Z., Gao, C., Xu, Y., Li, R. (2018).
The identification of the Eocene magmatism
and tectonic significance in the middle Gangdese magmatic belt, southern Tibet. Acta Petrologica Sinica. 34, 513-546.
[9] Yang, T., Cao, Y., Friis, H., Liu, K., Wang, Y.
(2018) Origin and evolution processes of hybrid
event beds in the Lower Cretaceous of the
Lingshan Island, Eastern China. Australian
Journal of Earth Sciences. 65, 517-534.
[10]Song, Y., Stepashko, A., Liu, K., He, Q., Shen,
C. (2018) Post-rift Tectonic History of the
Songliao Basin, NE China: Cooling Events and
Post-rift Unconformities Driven by Orogenic
Pulses From Plate Boundaries. Journal of Geophysical Research Solid Earth. 123, 2363-2395.
[11]Luczaj, J.A. (2006) Evidence against the Dorag
(mixing-zone) model for dolomitization along
the Wisconsin arch-A case for hydrothermal diagenesis. AAPG Bulletin. 90, 1719-1738.
[12]Davies, G.R., Smith Jr, L.B. (2006) Structurally
controlled hydrothermal dolomite reservoir facies: An overview. AAPG Bulletin. 90, 16411690.
[13]Beckert, J., Vandeginste, V., John, C.M. (2016)
Relationship between karstification and burial
dolomitization in permian platform carbonates
(Lower Khuff - Oman). Sedimentary Geology.
342, 165-179.
[14]Hips, K., Haas, J., Győri, O. (2016) Hydrothermal dolomitization of basinal deposits controlled by a synsedimentary fault system in Triassic extensional setting, Hungary. International
Journal of Earth Sciences. 105, 1215-1231.

genesis of Andros Island, Bahamas. These two types
of dolomites are formed on the tidal flat. Type-C dolomites are formed as a result of seepage reflex dolomitization. Type-D dolomites are formed as a result
of burial hydrothermal dolomitization.
There are many potential connections between
the origin and distribution of dolomite. Type-A dolomites and Type-B dolomites are formed in tidal flat
environment, controlled by the distribution of tidal
flat facies, and are distributed in thin-layered. TypeC dolomites has a sandwich-like structure of "supratidal flat sediment- unconformities-seepage reflux
dolomites". The dolomites in the upper part of the
Fujunshan Formation and "Sanshanzi Dolostones”,
which are the two largest sets of dolomites in North
China Platform, are mainly formed as a result of
seepage reflux dolomitization. Due to the control of
hydrothermal fluid, the Type-D dolomites have a
small distribution range. Its spatial form is concentrated and distributed in the vicinity of deep faults
and Cenozoic magmatic rocks. These correlations
can be applied to the exploration of dolomite reservoirs.
Different dolomite distribution patterns and
dolomitization have important influence on the reservoir. Type-A dolomites can form good reservoirs
based on its containing dissolved pores. The distribution of Type-C dolomites is controlled by the
evaporative tidal flat. Type-C dolomites can form
good reservoirs within a wide range due to the effect
of freshwater leaching during the epigenetic period.
Type-D dolomites are affected by the hydrothermal
fluid and forms a good reservoir near the dominant
hydrothermal channel.
!"( !&%
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Stand structure indices were examined in this
study to clarify stand structure and interaction
among individual trees. This analysis provides a
greater understanding of density-dependent interactions among intraspecific trees with different vitality
using a point pattern analysis method. This study
was undertaken in Hulunbuir Sandland, Inner Mongolia, China, in natural    L. var.
 Litv. stands which have different densities and relatively little human interference Results
for Regeneration seedlings (R-seedlings) (31.07%
±15.5), Suppressed trees (S-trees) (55.0% ±13.3) and
Dominant trees (D-trees) (13.3% ±2.6) indicated that
this forest was under a period of renewal and growth.
Apart for R-seedlings, growth dynamics differed depending on the density gradient in all plots, and obvious significant differences were recorded between
S-trees growth and density gradient. The spatial distribution of S-trees was also found to have a significant impact on germination and growth of R-seedlings in these forests. However, D-trees did not directly affect germination and survival of R-seedlings.
Findings from this study will provide a reference for
afforestation, reforestation and plantation management in close-to-nature forests.

China, the Chinese government has implemented regeneration programs over the last 70 years to revegetate degraded land in dryland areas [6, 7]. Since the
late 1950s, Mongolian Scots Pine (   
var.  ) has been introduced into Horqin
Sandy Land from Hulun Buir Sandy Land and
planted in the majority of drylands of China [9]. This
species is a needle leaved tree characterized by a
high tolerance to cold environments, drought conditions and infertile soils, and it has been recorded to
have good growth in sandy soils [8]. In 1978 when
the “Three-North Shelter Forest Program” was implemented, Mongolian Scots Pine was the main evergreen species used for afforestation and reforestation [10]. However, in recent years large areas of
Mongolian Scots Pine plantations have become degraded [11-13]. This degradation has resulted in a reduction of their protective functions and a reduction
in other ecosystem services, such as carbon fixation
capacity and timber production [14-16].
It was projected that unexpected climate
change, such as reduced precipitation and an increase in temperature, will result in nutrient imbalance [17, 18], an extension of pest survival time [19,
20] and other factors such as the rotation age of trees
in forests etc. It is expected that forest plantations
will gradually decline, thus close-to-nature silviculture [21-23] is expected to be the best solution to restore degraded forests. In general, close-to-nature
plantation management can be achieved by controlling stand density and inducing natural regeneration
[21, 24]. For degraded Mongolian Scots Pine plantations, close-to-nature forest management techniques
seem to be an alternative solution for restoration.
Therefore, examining changes in natural Mongolian
Scots pine forests is important to gain a better understanding of potential density changes and spatial pattern distributions [25-27].
In this study, five secondary natural Mongolian
Scots pine forests with different stand densities and
relatively little human interference were studied in
Hulunbuir Sandland, Inner Mongolia. The aims of
this study were: (1) to clarify stand structure and the
interrelationships among individual trees using stand

)(!#$
   L. var.  Litv., Spatial distribution, Growth dynamics, SIAFOR program, Programita
software
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Desertification in arid, semi-arid and dry subhumid areas is a major global environmental issue
which has serious implications in China [1, 2]. This
issue not only effects local populations [3], it also
has major influences on atmospheric processes, resulting in frequent sandstorms in neighboring countries [4, 5]. To effectively control desertification in
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index ‘CE’ [30, 31], relative mingling index ‘S’ [32],
mingling index ‘DM’ and differentiation index ‘T’
[33] were analyzed. The permutation test for DM
and T [34] generated 1000 permutations, it randomly
reassigning species or size values to tree coordinates,
and it indicated whether the index value was significantly different from that under random conditions
[29]. CE, DM and T were separately calculated for
each species and calculated together for all species;
S was calculated for each pair of species [29].
Instead of tree species, tree classification was
used to analyze stand structure of the five plots. The
description of the main characteristics and statistical
tests for these indices is listed in Table 2 [29].

structure indices, and (2) to increase our understanding of density-dependent interactions among intraspecific trees with different vitality using a point pattern analysis method. Results from this study will
provide a baseline for afforestation, reforestation and
plantation management for close-to-nature forests
established using the Three-North Shelter Forest
Program to combat desertification in north China.
%#$ %!$

/;-:38<376 70 <2/ ;<=.A +:/+ +6. ;+584/
847<;/4/-<376This study was undertaken in Hulun
Buir Sandland, Inner Mongolia, northeastern China,
between 47°38’N and 47°39’N latitude and
119°11’E and 119°12’E longitude (Table 1). The
study site is located in the border areas of China and
Mongolia between Da Xing’anling Mountains and
the Mongolian Plateau, characterized by hills consisting of Quaternary sand covering a large area. The
climate of the research area is typical continental
semiarid with a mean annual temperature of -1.5°C,
and a mean annual precipitation of 344 mm, mainly
occurring between July and August. Elevation of the
study sites ranged from 700-1100 m a.s.l. The main
forest stand is natural pure forest of   
L. var.  Litv. grouped with several other
woody species (e.g.,     (L.) Borkh, 
   (L.) Lamarck,    
Koehne ex C.K. Schneider) in an understory vegetation which has very little human interference.
We selected five 50×50 m sample plots in
natural pure    L. var.  Litv.
stands which had highly similar physical characteristics and different stand densities. In each sample
plot, parameters such as tree position (X and Y coordinates), DBH (basal diameter was measured for
trees less than 2 m in height), height, crown radius
and length, and tree age of all trees were measured
(Table 1). Tree age was determined by either counting the total number of branches (smaller trees) or
using the annual ring counting method (larger trees).
Tree data were classified into three groups following
the IUFRO classification for tree vitality: Dominant
trees (D-trees), middle layer or Suppressed trees (Strees), and the lowest layer or Regeneration seedlings (R-Seedlings) [28]. Duncan’s multiple range
test was used to compare growth characteristics
(mean height, DBH, crown radius: four directions
from the main bole with magnetic north to the vertically projected edge of the crown, crown length: vertical length of a living branch, and age of each trees)
of the three groups within the five plots.

$8+<3+48736<8+<</:6+6+4A;3;Current spatial
point pattern analysis methods [35-37] were used to
analyze the spatial patterns found at the five study
plots. Univariate () and bivariate 12() pair correlation functionswere used to quantify observed spatial patterns [35-39]. () and 12() were initially
calculated using Ripley’s () function, an accumulation distribution, whereby the existence of the accumulation effect may affect the accuracy of the results [39, 40], as:
8: ; 3 )/ -+'# ,'#

"+, &# . 5!+, 6
(1)
,(+

where,  is the plot area;  is the distance between  and  at two points; () is the indicator
function; and is a weight value for edge correction.
When  is less than or equal to , ()=1; when >
, ()=0. For homogeneous patterns, () can be
defined as the expected density of points in a ring of
radius r and width dw centered in an arbitrary point,
divided by intensity l of the pattern [35]. We compared the univariate spatial patterns to the null models of complete spatial randomness (CSR) or to a
Thomas process that describes clustering [41,42].
Using the Thomas process, we were able to identify
additional characteristics of clustering [42]. For (),
its relationship with () can be described as:
: ; 3 : ;&# : ; 
(2)
where, () is the differentiation of the ()
function; and r is the differentiation of radius r. () >
1 indicates spatial aggregation, g(r) < 1 indicates regularity, and g(r) =1 indicates randomness. The bivariate12() function describes the spatial relationship
between two patterns (pattern 1 and pattern 2), as:
#$: ; 3 : ;&# #$ : ; 
(3)
Equation (3) calculates the number of related
species (or pattern 2) in a ring area with an associated
species (or pattern 1) as the center of the circle using
a radius of . The12() function can be defined as
the expected density of type 2 points in a ring of radius r with width dw centered in an arbitrary type 1
point, divided by the intensity l2 of the pattern of
type 2 points [39]. To investigate the relationship between R-seedlings, S-trees and D-trees, a toroidal
shift null model was used [39, 43]. This method
provided a non-parametric way to test independence

$<+6. ;<:=-<=:/ +6. <2/ :/4+<376;238 ,/
<?//6 6/312,7:361 <://; SIAFOR 1.0 (Structural
Index Assessment in Forest stands) program was
used to analyze stand structure of the five plots [29].
Four nearest-neighbor indices, spatial point pattern
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trees - 24.47 ±3.08 years; and D-trees - 33.57 ±3.78
years. DBH distribution results (Figure 2) for each
plot approximately appeared as a reversed-J shape
for R-seedlings (31.07% ±15.5), S-trees (55.0%
±13.3) and D-trees (13.3% ±2.6). This result indicates that all plots were not considered as mature
stands, reflecting that small trees and seedlings had
a greater distribution pattern than those of older trees.
In addition, tree age of R-seedlings, S-trees and Dtrees in all plots also indicated that this forest was
under a period of vegetation renewal (Figure 2). For
the three groups, the Mean survival rate of R-seedlings (16.5% ±9.0) was the lowest compared to Strees (90.7% ±3.5) and D-trees (100%). In addition,
with an increase in stand density, mortality rates increased (Figure 2f).
The number of R-seedlings ranged from 93 to
971 trees per plot, with the lowest survival rate recorded in P3 (mid-density, 5.3 %) and the highest rate
in P2 (high density, 27.6 %) (Figure 2f). Survival
rates for S-trees ranged from 332 (P3; mid-density;
85.0 %) to 564 trees per plot (P2; high density;
94.2 %) (Figure 2f). Survival rates for D-trees ranged
from 73 (P5; lowest density; 100%) to 153 trees per
plot (P2; high density; 100%) (Figure 2f).

between two patterns. This null model treats the
study plot as a torus and involves random shifts of
complete pattern 2 relative to pattern 1 (which is kept
fixed) [44]. If 12() function values are above or below the simulation envelopes, the two patterns indicate attraction or repulsion, respectively.
All analyses were carried out using Programita
software for point spatial pattern analysis [39] using
a cell size of 0.5 × 0.5 m. This spatial resolution was
fine enough to respond to our objectives. For estimation of the pair-correlation functions, a ring width of
1 m was used. Details on the estimators of the paircorrelation function and edge correction can be
found in Wiegand and Moloney (2004) [39]. Spatial
patterns were analyzed by separating all tree stands
(survival and mortality trees) with surviving trees to
understand the effect of spatial distribution of trees
on sustainable growth.
#$&%$

$<+6.$<:=-<=:/The age of trees classified by
IUFRO was: R-seedlings - 14.96 ±4.78 years; S-

% 
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Permutation
test
H0:DM=DMran;
H1:DM≠DMran
Permutation
test
H0:T=Tran;
H1:T≠Tran

is the distance between tree and its nearest neighbour; total number of trees;
the plot area; the plot perimeter; and number of trees of s1 and s2 in the plot with a nearest neighbor of the same species;
and number of trees of s1 and s2 in the plot with a nearest neighbor of the other species; sum of trees of s1 and s2;
equals 1 if tree and neighbour are of a different species, otherwise it is 0;
and is the size of tree and neighbor , can be diameter (TD), height (TH), crown length (TCl) and crown radius (TCr).
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$8+<3+4.3;<:3,=<3767036.3>3.=+4<://;?3<236<2/03>/847<;
(a: plot 1, b: plot 2, c: plot 3, d: plot 4, e: plot 5). ● Survival regeneration seedlings, ○ Mortality regeneration seedlings, ■
Survival suppressed trees, □ Mortality suppressed trees, ▲ Survival dominant trees, 9 Mortality dominant trees


The basal area of R-seedlings, S-trees and Dtrees in each plot was analyzed using surviving trees.
The number of surviving trees of R-seedlings, Strees and D-trees increased with an increase in stand

density. For basal area of R-seedlings and D-trees,
density was greatest in the high density plot (P1), resulting in the highest basal area (1.0 m2/ha and 20.9
m2/ha, respectively). Basal area of S-trees were the
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highest in the middle-density stand (P3; 40.3 m2/ha),
followed by low density stands (P4 and P5) and high
density stands (P2 and P1). Basal area of R-seedlings
were the lowest in P1 and P2 (high density stands),
followed by S-trees and D-trees (Table 3).

mean value of crown radius and length increased
with a decrease in stand density (P1-P5 values were
0.79 ±0.22 m and 3.43 ±1.54 m; 0.81 ±0.21 m and
4.08 ±1.46 m; 0.87 ±0.20 m and 3.90 ±1.49 m; 1.01
±0.26 m and 4.44 ±1.81 m; and 1.13 ±0.35 m and
4.54 ±1.81 m, respectively). The influence of stand
density on crown radius and length was also recorded for D-trees. The highest crown radius and
length values were recorded in P5 (1.86 ±0.37 m and
7.39 ±1.58 m, respectively). Results for P4, P1, P2
and P3 were 1.64 ±0.41 m and 6.99 ±1.79 m; 1.55
±0.85 m and 6.49 ±2.44 m; 1.43 ±0.44 m and 6.39
±1.56 m; and 1.35 ±0.31 m and 5.84 ±1.21 m, respectively.

%2/ :/4+<376;238 ,/<?//6 6/312,7=:361
<://;6./@AlthoughCE index results for Rseedlings in P3, P4 and P5 only had a few individuals,
individuals in P1 and P2 recorded a significant clustered distribution. Results for S-trees recorded a significant clustered pattern in P1, an insignificant clustered pattern in P2 and P4, and an insignificant regular pattern in P3 and P5. Results for D-trees indicated a significant regular pattern in P2, P4 and P3,
and an insignificant regular distribution in P1 and P5
(Table 3).

36./@ DM index results for the degree of
dissimilarity between neighbouring trees was dependent on the relative frequency and spatial pattern
of a certain classification within a stand. Our results
reveal that P3 (middle-density stand) had the highest
(0.981) DM index for R-seedlings, followed by P5,
P4 and P2 (0.979, 0.945 and 0.880). P1, having the
highest stand density, recorded the lowest DM value
(0.806). DM results for S-trees recorded the opposite
pattern to that of R-seedlings (higher density stands
had higher the DM values). P1 recorded the highest
value (0.376), followed by P2, P4, P3 and P5 (0.335,
0.242, 0.234 and 0.216, respectively). The highest
DM value for D-trees (0.824) was recorded in P1,
followed P4, P5, P2 and P3 (0.820, 0.813, 0.719 and
0.719, respectively). The DM value in P4 was found
to be significant (Table 3).

%636./@The differentiation index T (n) is
the degree of dissimilarity of size of parameters (diameter, TD; height, TH; crown length, TCl; and
crown radius, TCr) between neighboring trees. The
T (n) index ranges from 0 to 1 indicating the degree
of differentiation. TD, TH and TCr indices results for
R-seedlings recorded only a few individuals in P3P5 for analysis (Table 3). T (n) results for S-trees
recorded the lowest and highest values (TH, TCl and
TCr) in P3 (mid-density stand) and P5 (lowest density stand), respectively. Similarly, results for Dtrees recorded the highest TH value in P1 (highest
density) and the lowest TD and TCr values in P5.
These results had no significant difference and P3
recorded the lowest TH and TCl values (Table 3).

:7?<2 .A6+53-; The effect of density gradient changes due to tree height, DBH, crown radius
and length are shown in Figure 3. Results for each
classification indicate:
Height: For R-seedlings, as stand density increased no corresponding trend in tree growth characteristics within the five plots were recorded. Mean
height of R-seedlings were in the order of P1 (5.24
±1.44 m) > P2 (5.10 ±1.45 m) > P4 (4.91 ±0.90 m) >
P5 (4.83 ±1.35 m) > P3 (4.22 ±0.93 m). Mean height
results for S-trees were 8.89 (±1.80 m) P1, 9.78
(±1.93 m) P2, 9.39 (±1.78 m) P3, 9.34 (±2.02 m) P4
and 10.09 (±2.07 m) for P5. Mean heights for D-trees
were P3 (11.56 ±0.94 m), P1 (12.07 ±1.67 m), P2
(12.21 ±1.05 m), P4 (12.45 ±1.01 m) and P5 (12.51
±1.15 m). Although trend changes for tree height and
density were not significant for S-trees and D-trees,
the lowest level of tree growth of all groups was recorded in P3.
DBH: Mean DBH results for R-seedlings recorded no significant differences between each plot.
R-seedlings with a middle density and DBH (3.80
±0.65 cm; P3) recorded the lowest values, followed
by P5 (4.12 ±1.03 cm). P4 recorded the highest mean
DBH results (4.37 ±0.82 cm), followed by P1 (4.30
±0.96 cm) and P2 (4.17 ±0.98 cm). Mean DBH results for S-trees recorded a changing characteristic
with a change in plot density: lower density plots recorded higher mean DBH. The lowest DBH was recorded in the most dense plot (P1; 9.39 ±2.82 cm)
with P2-P5 having values of 10.67 ±3.12 cm, 12.00
±3.22 cm, 12.60 ±4.16 cm, and 13.71 ±4.77 cm, respectively (Figure 3b). A similar trend was recorded
for D-trees, however the level of change was not as
obvious as that for S-trees. The highest mean DBH
value for D-trees was recorded in the most dense plot
(P1; 19.76 ±7.56 cm), followed by P2-P5 (19.93
±3.56 cm, 20.30 ±3.15 cm, 23.12 ±4.53 cm and
23.06 ±2.63 cm, respectively; Figure 3b).
Crown Radius and Length: R-seedlings results
for crown radius and length (Figure 3c and d) indicate a change with stand density; results for crown
length however did not record a significant change
with density. Crown radius results were lowest in the
densest plot (P1; 0.59 ±0.13 m), followed by P2, P5,
P4 and P3 (0.62 ±0.12 m, 0.66 ±0.13 m, 0.67 ±0.13
m and 0.71 ±0.19 m, respectively). The lowest crown
mean length was recorded in P3 (mid-density; 1.54
±0.62 m), followed by P5, P2, P1 and P4 (1.62 ±0.58
m, 1.73 ±0.81 m, 1.90 ±0.94 m and 2.00 ±0.85 m,
respectively).
Results for crown radius and length for S-trees
indicated that stand density had an obvious influence
compared to R-seedlings (Figure 3c and d). The

3967

$#

! %  









!"  ! 


$36./@S index indicates the relative association of R-seedlings, S-trees and D-trees within each
plot. In P1, our test results indicated that R-seedling
and S-trees had significant segregated association; in
P3 a significant aggregated association distribution
was recorded. Similarly, segregated association was

shown between D-trees with S-trees in P1 and Rseedlings with S-trees in P2; R-seedling with D-trees
showed an aggregated association in P2, indicating
that there was no significant difference with other
groups (Table 3).

&#
.3;<:3,=<376+" ," -" ." /";=:>3>+4+6.57:<+43<A<://;036" "
##/1/6/:+<376;//.4361;$$=88:/;;/.<://;7536+6<<://;

&# 
=6-+6D;5=4<384/:+61/</;<;-758+:3611:7?<2-2+:+-</:3;<3-;
(Mean height: a, DBH: b, crown radius and length: c and d) of each plot. Different letters above the bars indicate significant
differences (p<0.05), R: Regeneration seedlings, S: Suppressed trees, D: Dominant trees
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$8+<3+48+<</:6;The spatial distribution of Rseedlings, S-trees, and D-trees in each plot was analyzed using total trees (survival and mortality trees)
and surviving trees separately (Figure 4). For total Rseedlings, it was significantly clustered on the 1-14
m scale in each plot. R-seedlings of P1 were clustered at the 0-10 m scale with a mean () of 1.39
±0.41 and it tended to have a regular distribution at
the 12-25 m scale with a mean () of 0.90 ±0.03
(Figure 4a). R-seedlings in P2 were clustered at the
0-19 m scale with a mean () of 1.27 ±0.22, and
they tended to have a random distribution at the 1925 m scale (Figure 4c). R-seedlings in P3 were clustered at the 0-9 m scale with a mean () of 1.38
±0.17, and they tended to have a regular and random
distribution (Figure 4e). R-seedlings in P4 were clustered at the 0-14 m scale with a mean () of 1.74
±0.46, tending to have a regular and random distribution (Figure 4g). R-seedlings in P5 were clustered
at the 0-20 m scale with a mean () of 1.76 ±0.73,
having a random distribution (Figure 4i). In addition,
although the survival results for R-seedlings had a
low level of significance for all plots (due to a small
number of reasons), the general trend was a clustered
distribution on some scales (Figure 4b, d, f, h and j).
Results for S-trees recorded a clustered distribution on the small scale (0-8 m) in each plot. Results for total trees and surviving trees recorded some
differences in the distributed scale total trees and surviving trees, however there was no difference in the
trend at all scales. S-tree in all plots clustered at the
different scale had a respective mean () value. Results for P1-P5 were P1, 0-6 m scale (mean (): 1.26
±0.12; Figure 5a); P2, 0-6 m scale (mean (): 1.10
±0.05; Figure 5c); P3, 0-10 m scale (mean ():
1.09±0.05; Figure 5e); P4, 0-9 m scale (mean ():
1.13 ±0.08; Figure 5g); and P5, 0-20 m scale (mean
(): 1.15±0.10; Figure 5i). Moreover, S-tree results
tended to have random distributions with a fluctuation around the upper and lower envelope line at
some scales. Results for surviving S-trees were clustered at the 0-10 m scale for P1 (mean ():
0.90±0.02; Figure 5b), at the 0-6 m scale for P2
(mean (): 1.10±0.07; Figure 5d), at the 0-8 m scale
for P3 (mean (): 1.08±0.03; Figure 5f), at the 0-5
m scale for P4 (mean (): 1.14±0.06; Figure 5h),
and at the 0-21 m scale for P5 (mean (): 1.14±0.09;
Figure 5j).
Spatial pattern results for D-trees recorded a
random distribution at the 2-25 m scale. Results on a
small scale (0-2 m) for each plot recorded a regular
distribution. As dead trees were not dominant in all
plots, there was no difference between total trees and
surviving trees for D-trees (Figure 6).

in terms of total trees recorded significant positive
associations for all plots. Results for P1-P5 were: 06 m scale (mean 12(): 1.39±0.20; Figure 7a), 0-8 m
scale (mean 12(): 1.18±0.03; Figure 7c), 0-5 m
scale (mean 12(): 1.29±0.17; Figure 7e), 0-4 m
scale (mean 12(): 1.49±0.18; Figure 7g) and 0-4 m
scale (mean 12(): 1.61±0.33; Figure 7i), respectively. For scales greater than 8 m, there was a tendency for independent associations with a fluctuation around the upper envelope line. Due to the high
mortality of R-seedlings, no association with a fluctuation around the upper envelope line was recorded
between surviving S-trees and R-seedlings. However,
results for P1 recorded a positive association at the
0-1 m scale (Figure 7b).
Spatial associations between D-trees and Rseedlings total trees in all plots were predominantly
not positively associated at most scales (random distribution). However, some associations were positively associated at the 1-2 m scale (P3, mean 12():
1.20±0.01; Figure 8e) whilst surviving trees of Dtrees and R-seedlings were found to be in a negative
association at the 4 m scale (P5, mean 12(): 0.13;
Figure 8j).
Spatial associations between D-trees and Strees of total trees at all plots also recorded a negative
association at the 0 m scale (P1, mean 12(): 0.79;
Figure 9a), the 0-1 m scale (P2, mean 12():
0.73±0.13; Figure 9c), the at the 0 m scale for P3-P5
(mean 12(): 0.73, Figure 9e; mean 12(): 0.64, Figure 9g; and mean 12(): 0.58, Figure 9i, respectively). Between surviving D-trees and S-trees, results indicated that total trees were almost similar to
the spatial associations. The spatial associations for
surviving D-trees and S-trees also recorded a negative association at a small scale in all plots (Figure
9).
$&$$! 
/6;3<A1:+.3/6<+6.<2/07:/;<;<:=-<=:/:/
4+<376;238 In general, greater tree growth is recorded in areas with lower tree density [45, 46] as
stand density affects both the properties of single
trees and the whole stand [47]. In high-density forests, the lack of natural resources and competition
between trees in the stand has led to a decline in tree
growth, especially in average DBH [47, 48].
Results from our study also showed that all
mean growth values (height, DBH, crown length,
crown radius) in low density plots tended to have
high growth for S-trees and D-trees; this growth was
not recorded for R-seedlings. Environmental conditions such as more water availability, higher soil nutrients and suitable shading may have resulted in the
higher density in P1 and P2. Furthermore, a fixed
crown can provide a favorable environment for seed
germination and survival, thus leading to more active
germination of R-seedlings [49]. However, due to

$8+<3+4 +;;7-3+<376; Spatial associations between R-seedlings, S-trees and D-trees in each plot
analyzed by total trees and surviving trees are shown
in Figures 7, 8 and 9.
Spatial associations for S-trees and R-seedlings
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and soil nutrient resources, thus resulting in relatively less competition [55]. Results in Table 3 and
Figure 6 recorded the same pattern for D-trees in our
study. As larger trees consume the majority of resources in a community, R-seedlings are therefore
forced to prefer less compatible areas with fewer resources [56-58]. Overall, P1 and P5, having high and
low densities, respectively, recorded more clustered
patterns compared to P2-P4 (Table 3 and Figure 4).
Our results indicate that other factors such as soil
texture, nutrient availability, precipitation, seed diffusion, habitat variation and aspect are also important ecological factors that result in tree species
having a cluster distribution in a forest [38, 59-62].
Results for S-trees indicated the same pattern as for
R-seedlings, they had a relatively less clustered distribution than R-seedlings and a more random distribution as density increased (Table 3 and Figure 5).
The relationship between tree and tree is an important factor influencing the distribution pattern
[63]. S index and bivariate point pattern analysis
results showed that mutual promotion relationships
between S-trees and R-seedlings existed in all plots.
Both S-seedling and R-seedlings showed a significant impact on each other in terms of germination. In
addition, the cluster distribution of R-seedlings was
relatively low in plots with a low density of S-trees,
a finding which confirms that the distribution of Strees will have a significant impact on the distribution of R-seedlings. Moreover, DM index of S-trees
have the lowest degree of dissimilarity of species between neighboring trees compared with other groups
(Table 3), a finding that also indicated that S-trees
have a significant impact on the distribution of Rseedlings [33]. The spatial pattern distribution of Dtrees and S-trees were roughly divided into separated
and isolated spatial distributions. Findings from our
study also indicate that D-trees have stronger competition between themselves, thus other trees recorded a distribution away from this group.

strong competition among all tree groups, this resulted in low tree growth (Figure 2). Results for P3
(a stand with a mid-density pattern) indicated that
survival rate and crown growth values of R-seedlings and S-trees were lower than those in the other
plots, however P3 recorded the highest basal area
values. P4 and P5 (low stand densities) recorded
high growth rates compared to other plots with the
same density. In high-density forest, tree growth was
relatively low due to limited resources and strong
competition among trees for these resources. However, mid-density forest recorded higher growth
rates due to relatively moderate density competition.
However, due to the effects of existing trees in that
forest, there are limitations to germination. On the
other hand, low-density forest recorded the highest
growth rates, this being due to more resources and
less trees. The relatively small level of germination
in these stands is disadvantageous compared to other
densities. Results from previous studies [50-52] indicated that natural regeneration in natural forests
has less impact on density (Table 3). Results in our
study also show that there was no significant difference between R-seedling growth values of each plot
associated with a change in density gradient (Figure
3).

2+:+-</:3;<3-70;8+<3+4.3;<:3,=<37636:/4+
<376?3<2:/1/6/:+<376A number of different ecological processes led to aggregation distribution of
trees; this space distribution pattern is scale dependent on a theoretical basis [42]. Generally, small trees
prefer to have a cluster distribution pattern rather
than a random distribution [53]. When tree species
are in a cluster distribution, they can best resist adverse environmental conditions and can adjust with
environmental conditions by promoting a stable population [54].
CE index and univariate point pattern analysis
results indicated that D-trees in natural forest have
the advantage of relatively abundant sunshine, water
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0.202**
0.379**
0.241**
0.153**
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0.5
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0.981P3
0.2340.2580.190**
0.350**
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1.012D
130
17.2
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0.2
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0.820*
0.1620.0870.2460.209*
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0.1
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0.288**
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20.1
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1.106
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0.110
0.096
0.201
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-0.156-0.035Statistical testing results are represented by the percentage of replications resulting in the acceptance of the null hypothesis (-), and those
resulting in its rejecting at the 0.05 (*) and 0.01 (**) significance level.
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[3] Chen, Y. and Tang, H. (2010) Desertification in
north china: background, anthropogenic impacts and failures in combating it. Land Degradation and Development. 16(4), 367-376.
[4] Ma, C.J., Tohno, S., Kasahara, M., and
Hayakawa, S. (2004) Properties of the size-resolved and individual cloud droplets collected in
Western Japan during the Asian dust storm
event. Atmospheric Environment. 38(27), 45194529.
[5] Geng, H., Hwang, H., Liu, X., Dong, S., Ro,
C.U. (2014) Investigation of aged aerosols in
size-resolved Asian dust storm particles transported from Beijing, China, to Incheon, Korea,
using low-z particle epma. Atmospheric Chemistry and Physics. 14(7), 3307-3323.
[6] Wang, X., Chen, F., Hasi, E. and Li, J. (2008)
Desertification in China: an assessment. EarthScience Reviews. 88(3-4), 188-206.
[7] Wang, F., Pan, X., Wang, D., Shen, C., Lu, Q.
(2013) Combating desertification in China: Past,
present and future. Land Use Policy. 31, 311313.
[8] Zhu, J.J., Kang, H.Z. and Zhi hui, L.I. (2006)
Comparison of different types of drought
stresses affecting photosynthesis of Mongolian
pine seedlings on sandy soils. Journal of Beijing
Forestry University.
[9] Zheng, X., Zhu, J.J., Yan, Q.L., and Song, L.N.
(2012) Effects of land use changes on the
groundwater table and the decline of pinus sylvestris var. mongolica plantations in southern
horqin sandy land, northeast china. Agricultural
Water Management, 109, 0-106.
[10]Jiang, F.Q., Yu, Z.Y., Zeng, D.H., and Zhu, J.J.
(2009) Effects of climate change on the threenorth shelter forest program and corresponding
strategies. Chinese Journal of Ecology. 28(9),
1702–1705 (in Chinese with English abstract).
[11]Shuren, J. (2001) Report on the causes of the
early decline of pinus slyvestris var.mongolica
shelterbelt and its preventative and control
measures in Zhang Gutai of Liaoning Province.
Scientia Silvae Sinicae. 369(s1–3), 393-402.
[12]Gossner, M.M., Lachat, T., Brunet, J., Isacsson,
G., Bouget, C., Brustel, H., Brandl, R., Weisser
W.W., and Muller J. (2013) Current near-to-nature forest management effects on functional
trait composition of saproxylic beetles in beech
forests. Conservation Biology. 27(3), 605-614.
[13]Shi, Z., Xu, L., Dong, L., Gao, J., Yang, X., Lu,
S., Feng, C., Shang, J., Song, A., Guo, H., and
Zhang, X. (2015) Growth-climate response and
drought reconstruction from tree-ring of Mongolian Pine in Hulunbuir, Northeast China.
Journal of Plant Ecology. 9(1), 51-60.

However, survival and tree mortality spatial
pattern analysis indicated that the mutual promotion
relationship between R-seedlings and S-trees could
be confirmed in plot 1, thus having a certain effect
on survival. For low density stands, S index cloud
bivariate point pattern analysis was used to identify
the survival rate of these trees. Therefore, S-trees
showed an aggregated-associated distribution. On
the contrary, in high density stands, it was confirmed
that competition intensity between S-trees was too
high, thus the distribution of trees was neutral or had
segregated-separated distribution.
007:/;<+<376 +6. 5+6+1/5/6< :/-755/6
.+<376; Afforestation and reforestation are key
methods for the restoration of degraded land, and
these practices can contribute to increasing resources
for mitigating atmospheric CO2 [64]. However, although large areas of Mongolian Pine plantations
have been degraded in recent years [11-13], close-tonature plantation management is expected to be the
best solution to restore degraded forest [21-23]. This
restoration can be achieved by controlling stand density and inducing natural regeneration [21, 24]. In
addition to controlling forest density, controlling the
spatial distribution of trees will enable continuous
forest formation by increasing biomass and extending the growth period of trees [47, 48].
Our results confirmed previously published results [45, 46]. A decline in forest density results in
an increase in tree growth in natural Mongolian
Scots Pine, and regeneration is greatly affected by
tree spatial patterns. In particular, the spatial distribution pattern of S-trees has a significant influence
on germination and growth of R-seedlings. Results
from our study provide a baseline for future investigations to fully understand current forest scenarios.
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Wild marjoram is the most widely distributed
species among the genus   L. and is valued as an aromatic and medicinal crop. It is commonly marketed as a fresh herb in pots for culinary
purposes. Combined stress factors affecting plants
within the producer–consumer chain can significantly change their chemical composition. The aim
of the study was to evaluate the effects of chilling
and light stress applied to young plants of wild
marjoram (   L.) on selected bioactive compounds. Potted plants meeting market
standards were subjected to temperature and light
regimes: (a) 5 °C, light irradiance of 0, 100 and 250
μmol m2 s−1 and (b) 18 °C, light irradiance of 0,
100, and 250 μmol m2 s−1 for 7 days, in phytotron
chambers. Analyses proved a significant influence
of the stress factors applied on dry matter, soluble
sugars, photosynthetic pigments and compounds
associated with stress acclimation. The general
effect observed was an increase in most bioactive
compounds, with the exception of pigments, in
potted wild marjoram plants subjected to chilling in
conditions of limited light irradiance (100 μmol m2
s−1). In chilling conditions, a lack of light and irradiance at the level of 250 μmol m2 s−1 mitigated the
stress response but simultaneously decreased the
biological quality of plants. The combined application of specified chilling and light levels may increase, by initiating mild stress, the healthpromoting value of potted wild marjoram dedicated
as a product for the fresh market.



The genus   (Lamiaceae family) is a
herb native to the Mediterranean, Iran-Siberian and
Euro-Siberian regions, and contains 38 species
recognised across the world. Most of them are used
as culinary herbs for their aromatic properties [1,
2]. With respect to biodiversity preservation, plants
of this genus are valued for their attractiveness to
beneficial insects [3]. Wild marjoram ( 
  L.) is the most widely distributed species
among the genus and has been valued as a medicine
and spice since ancient times [4]. Its foliage contains essential oil, with thymol and carvacrol considered as the major terpene components [5]. Wild
marjoram herb is characterised by the highest total
antioxidant capacity and phenolic content compared
with other Lamiaceae including thyme, sage, rosemary, mint and sweet basil [6, 7]. The volatile oil as
well as several other antioxidants may contribute to
the antimicrobial, anti-inflammatory, cardioprotective, blood sugar- and lipids-modulating action [8].
Wild marjoram is also valuable for the food industry; dried aerial parts are included in many spice
mixtures, and the essential oil is useful for its capability to preserve food [9].
The wide spectrum of wild marjoram’s applications and long traditions of its culinary usage
gave rise to a continuous supply of potted herb used
in households as a spice due to its flavour and taste
[10]. Optimal growing conditions applied during
plant development at the production stage are often
substituted by light and/or temperature stress during
transport, storage and shelf-life [11]. The phenomenon of acclimation enables plants to stay in good
condition even when sequential stress factors
change their type or action. Over the past decade,
investigations into the molecular mechanisms underlying stress tolerance in plants have emphasised
individual stresses. However, plants are often simultaneously challenged by combined stresses involving different mechanisms of tolerance [12].
Acclimation strategies of plants to combined stress

(&!"
Wild marjoram, multiple stresses, stress ‘cross-talk’,
antioxidant defence
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depend largely on the age of the plant, genetically
based stress-resistant or susceptible characteristics,
and the severity of the two stresses involved [13].
They include genetic, biochemical and physiological responses evoked by both stresses, constituting
a stress combination in which a dominant stressor
can appear. Chinnusamy et al. [14] determined that
drought, salinity and chilling induce plant response
in the form of enhanced synthesis of osmoprotectants. Munns [15] showed changes in the transport
and compartmentation of ions in plants under heat
and salt stress. The interaction between two stresses
can either be additive or antagonistic, but simultaneously applied stresses affect plant development
more severely than the individual ones [16]. Light
and chilling stress interactions have been investigated mainly for tropical species with respect to
limiting the distribution of chilling-sensitive plants
to higher latitudes [17, 18]. A model chillingsensitive plant, cucumber, was chilled (5 °C) in the
light (1000 µmol m−2 s−l) and exhibited a considerable decrease in antioxidants and leaf pigments and
a high level of lipid peroxidation [19]. There are
few results on the effect of limited light irradiance,
below 250 μmol m2 s−1, applied together with
chilling stress on the plant metabolome involved in
stress-mediated response focused on chillingsensitive plants [20, 21]. A common effect of combined stressor action is overproduction of reactive
oxygen species (ROS) which are active, as signalling molecules, in mediating important signal transduction pathways that coordinate an astonishing
range of diverse plant processes under stress conditions [22, 23]. To overcome oxidative stress, plants
upregulate the synthesis of enzymatic antioxidants
like superoxide dismutase (SOD), catalase (CAT)
and peroxidase (POX) as well as non-enzymatic
ones (L-ascorbic acid, phenols and carotenoids)
which are also information-rich redox buffers and
important components of redox signalling that
interact with biomembrane-related compartments
[24].
There are a few studies regarding  
L. focused on the application of different stressors
and analysis of their consequences, e.g. relationships between water stress and essential oil content
[25], nutrient stress and phenolic content [26] or
morphological changes due to reduced irradiance of
light [27]. However, stress action cannot be perceived as a clearly negative factor, because there is
evidence that moderate abiotic stress can increase
the content of pro-health compounds [28]. As
shown, research has so far been limited to responses to individual stresses. The understanding of
adaptation to combined stresses is limited mainly to
salt and drought interactions, or biotic and abiotic
stresses, acting during field crop production [29].
Light and temperature stress ‘cross-talk’, commonly applied during the post-harvesting producer–
consumer marketing of many species of potted

herbs and spices, may significantly modify plants’
chemical composition and overall quality.
On the basis of the references studied, we hypothesised that (i) both low temperature and light
irradiance can affect the metabolic profile of young
wild marjoram plants conferred by priming stressresponse chemicals, (ii) the effect of the combined
application of these stressors could be different
from that of applying individual stressors, and (iii)
the activation of ROS defence mechanisms can
affect the chemical composition of the herb, improving its biological quality.
#!"#"
4)6; 5);-91)4 )6, -?8-915-6; ,-:1/6 The
experiment was conducted in a greenhouse and
growing chambers of the Department of Vegetable
and Medicinal Plants, University of Agriculture in
Krakow, Poland. Seeds of wild marjoram ( 
   L.) were purchased from W. Legutko
Company, Poland. On 17 March 2015, wild marjoram seeds were sown into 12 nursery plant trays (96
cells, cell volume 53 cm3) in a greenhouse. Plant
trays were pre-filled with peat substrate (Klassman
TS2, Klasmann-Deilmann GmbH, Germany). The
temperature in the greenhouse was 24 ± 2 °C during
germination and 20/18 °C (day/night) during
growth; plants were irrigated according to ruling
standards. Fertilisation was performed with Kristalon Green liquid fertiliser (Yara International
ASA, Poland) (18% N, 18% P2O5, 18% K2O, 3%
MgO and 2% S) at a dose of 10 g dm−3 water 5
weeks after sowing. On 27 May, 10-week-old
plants at the stage of market standard requirements
were transferred to phytotron chambers. The different temperatures in the chambers, 5 °C (chilling
treatment) and 18 °C (control), provided the first
experimental factor. Light irradiance at canopy
level (second experimental factor) was 0, 100 and
250 μmol m2 s−1, respectively (Philips Master Tl-d
90 Graphica 36W/950sl lamps, Philips Lighting
Holding B.V., The Netherlands); the photoperiod
was 12/12 h (day/night). Each experimental treatment consisted of three replications, with 60 cells ×
one plant per cell per replication. Aboveground
parts of plants (herb) were harvested on 4 June and
subjected to laboratory analyses. Samples were
analysed in the laboratory of the Department of
Vegetable and Medicinal Plants, University of
Agriculture in Krakow, Poland. Before analyses,
plant material was washed and milled.

";9-::*175)93-9:)6,)6;17?1,)6;)6)4@:1:
Dry weight (DW) was determined according to the
standard gravimetric method as described by Kalisz
et al. [30]. Samples were weighed with a Sartorius
A120S balance (Sartorius AG, Germany) and dried
at 65 °C until constant weight was achieved; then,
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lents (GAE), mg GAE per 100 g FW.
Malondialdehyde (MDA) activity was measured by the thiobarbituric acid method [37]. MDA
was extracted from plant cells with 0.1% TCA. The
reaction mixture consisted of supernatant, Kphosphate buffer (pH 7.6) and 0.5% thiobarbituric
acid dissolved in 20% TCA. The MDA and thiobarbituric acid reaction showed orange colouration
at 95 °C. The MDA content was calculated from
the difference in absorbance measured at λ = 532
and 600 nm, using a molar absorbance coefficient.
TCA (0.1%) was used as a blank.
CAT activity was measured by the method of
Aebi [38]. Plant material (2.5 g) was ground in an
ice bath, mixed with 20 cm3 of 0.05 M potassium
phosphate buffer and centrifuged for 15 min (4 °C,
3492 ). Then 1.8 cm3 of 0.05 M potassium phosphate buffer was mixed with 1.0 cm3 of 0.15%
H2O2 solution in 0.05 M phosphate buffer (pH 7.0).
The supernatant (0.2 cm3) was added every minute
for 5 min, and the decrease in absorbance at λ = 240
nm was measured. A mixture of 2.0 cm3 of 0.05%
M phosphate buffer and 1.0 cm3 of 0.15% H2O2 in
phosphate buffer was used as a blind sample. CAT
activity was defined as 1 mmol of H2O2 decomposed during 1 min per g FW.
POD activity was determined as described by
Cullen [39] with p-phenylenediamine and H2O2.
Plant material (2.5 g) was ground in an ice bath
with 10 cm3 of 0.05 M phosphate buffer and centrifuged (15 min, 4 °C, 3492 ). The mixture analysed
was composed of 2 cm3 of the diluted supernatant,
2 cm3 of 0.05 M potassium phosphate buffer, 0.2
cm3 -phenylenediamine and 0.2 cm3 H2O2. Absorbance was measured at λ = 485 nm at 60-s intervals, for 2 min. POD activity was expressed in units
(U) per gram FW whereby one unit was defined as
an increase in the absorbance by 0.1 per minute.

";);1:;1+)4 )6)4@:1: All values were expressed as means of three replicates ± SD. Results
were processed by two-way ANOVA using STATISTICA 13.0 (Dell Inc., USA). Significance levels
were reported as significant at p ≤ 0.05, and nonsignificant according to Tukey’s honest significant
difference (HSD) test. Equations to predict H2O2 as
well as TAA as a function of independent variables
(priming stress-response chemicals: CAT, POD,
TPC, L-AA, Chl. , Chl. , Cars and MDA) were
developed by a stepwise regression procedure with
backward elimination to remove the least significant variables. The coefficient of determination
(R2) was calculated, and simple regression equations were developed to assess the significance (N
= 24, p ≤ 0.05) of interrelationships between the
parameters investigated; the most evident relationships were shown.

the loss of weight was calculated and expressed as
FW percentage.
Soluble carbohydrates (SC) were analysed by
the anthrone method described by Yemm and Willis [31]. Plant material (1 g) was extracted with 50
cm3 of 80% ethanol for 30 min at 100 °C, then
cooled to 20 °C. After addition of anthrone (4 cm3),
the SC was determined spectrophotometrically at λ
= 625 nm.
L-ascorbic acid (L-AA) was determined by
modified Tillman’s titration method [32]. Fresh
plant material (25 g) and 100 cm3 of 1% oxalic acid
were homogenised; the solution was kept in darkness for 30 min, then filtrated and titrated by 2,6dichlorophenolindophenol until a light pink colour
was observed.
Chlorophyll and and carotenoids (Chl. ,
Chl. and Cars, respectively) were determined by
the colourimetric method [33]. Fresh plant material
(0.1 g) was ground with MgCO3 (3 mg), then 25
cm3 of 80% aqueous acetone was added. The solution was kept in the dark for 30 min at 20 °C, filtrated, and absorbance was measured at λ = 470,
646 and 663 nm (respectively for Cars, Chl. and
Chl. ).
Hydrogen peroxide (H2O2) was determined by
extraction with 0.1% trichloroacetic acid (TCA).
The reaction mixture contained the supernatant,
potassium phosphate buffer (pH 7.6) and potassium
iodide. After addition of the colour reagent, the
sample was stirred thoroughly and then incubated
in dark for 60 min at 20 °C. The intensity of the
resulting yellow colour was measured at λ = 390
nm. The H2O2 concentration was read from a calibration curve [34].
Total antioxidant activity (TAA) was evaluated on the basis of DPPH radical scavenging with
the use of 2,2-diphenyl-1-picrylhydrazyl (DPPH
reagent). A mixture of fresh plant material (2.5 g)
ground with 80% methanol was centrifuged (10
min, 4 °C, 3492 ). The test tubes, containing 0.1
cm3 of supernatant and 4.9 cm3 of 0.1 mM DPPH
dissolved with 80% methanol, were incubated in
the dark (15 min, 20 °C), then absorbance was
measured at λ = 517 nm. The TAA was expressed
as DPPH [%] = [(A0 − A1)/A0] × 100; A0 and A1
are the absorbance of the reference and test solutions, respectively [35].
The Folin–Ciocalteu colourimetric method
was used for determination of total phenolics content (TPC) [36]. Fresh plant material (2.5 g) was
mixed with 10 cm3 of 80% methanol, then samples
were centrifuged (15 min, 4 °C, 3492 ). The supernatant (0.1 cm3) and sodium carbonate (2 cm3)
were mixed; after 5 min, 0.1 cm3 of Folin–
Ciocalteu reagent mixed with deionised water at a
1 : 1 ratio was added. After 45 min, absorbance was
measured at λ = 750 nm against a reference solution. The results were shown as gallic acid equiva-
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9@>-1/0;:74<*4-+)9*70@,9);-)6,):+79*1+)+1,+76;-6;16>14,5)9279)5.9-:00-9*,-8-6,16/76
)8841+);1767.;-58-9);<9-)6,41/0;:;9-::
Temperature
(°C)

Light irradiance
(μmol m2 s−1)

Dry weight
(g 100 g−1 FW)

Soluble carbohydrates
(g 100 g−1 FW)
2.40 ± 0.12 d
3.74 ± 0.25 f
3.46 ± 0.21 e
1.18 ± 0.10 a
1.69 ± 0.07 b
1.95 ± 0.05 c

L-ascorbic acid
(mg 100 g−1 FW)

32.73 ± 0.86 c
22.16 ± 0.11 bc*
0
36.97 ± 0.35 d
24.93 ± 0.16 d
100
13.03 ± 0.30 a
22.58 ± 0.17 c
250
23.03 ± 0.50 b
15.81 ± 0.10 a
0
18
20.61 ± 0.50 b
20.09 ± 0.09 b
100
38.79 ± 1.34 d
21.69 ± 0.170 b
250
Mean for temperature
5
23.22 ± 0.38 B
3.20 ± 0.18 B
27.58 ± 3.16 A
18
19.20 ± 0.75 A
1.60 ± 0.10 A
27.47 ± 2.48 A
Mean for light irradiance
27.88 ± 1.89 B
1.79 ± 0.23 A
18.98 ± 1.20 A
0
28.79 ± 3.11 B
2.71 ± 0.39 B
22.51 ± 0.97 C
100
25.91 ± 4.91 A
2.70 ± 0.29 B
22.14 ± 0.20 B
250
* Means of three replicates ± SD; data were subjected to two-way ANOVA; means within a column followed by different
letters (capital letters for main effects and lowercase letters for interaction effects) are significantly different at p ≤ 0.05 according to Tukey’s HSD test.
5

role of SC as osmoprotectants targeted to protect
cytoplasm integrity against possible H2O2 injury.
Also, reference data show that plants’ acclimation
to low temperatures includes accumulation of SC
[40] because they play a crucial role in cell osmotic
adjustment and maintaining membrane integrity
[23, 41].
Light irradiance plays a key role in producing
L-AA in plants. According to Verkerke et al. [42],
the best way to enhance the content of this vitamin
is applying a light with low irradiance for a longer
period (20 h) rather than applying light with higher
intensity for a shorter period (14 h). Analysis of the
interaction between experimental factors indicated
significant differences in L-AA content in wild
marjoram herb. Plants cultivated under light irradiance of 250 μmol m2 s−1 were characterised by the
lowest (at 5 °C) as well as the highest (at 18 °C) LAA content. Among chilling treatments, the most
favourable light irradiance for L-AA synthesis was
100 μmol m2 s−1. In cold stress conditions, plants
accumulate metabolites which have antioxidative
functions [43], for example, L-AA [44]. These
results prove an important role of L-AA in detoxifying O2− and H2O2 in plant cells.
Chilling stress limits photosynthetic activity
and causes a decrease in the concentration of photosynthetic pigments [45]. In this study, it was observed that Chl. , Chl. and Cars concentration
changed depending on temperature and light irradiance (Fig. 1). Generally, in chilled plants, the concentration of pigments was lower regardless of light
irradiance; this phenomenon was also confirmed by
Kudoh and Sonoike [20]. In the case of wild marjoram treated at 5 °C, the content of Chl. , Chl.
and Cars was highest with light irradiance of 250
μmol m2 s−1. In contrast, for plants cultivated at 18
°C, the effect was different: the highest content of
pigments was observed for light irradiance of 100

!"$#""$""
According to studies focused on investigation
of chilling-sensitive species, chilling injury can be
induced in complete darkness but is more marked
under weak light [20]. In the present experiment,
the interaction between the two stress factors, light
irradiance and temperature, had a significant influence on DW content in wild marjoram foliage (Table 1). The highest level of DW was recorded in
plants treated with 5 °C and light irradiance of 100
μmol m2 s−1 while the lowest level of DW was
noted in plants grown at 18 °C without light. Lack
of light caused a decline in DW especially in control plants, where the result of higher temperature
was increased respiration and organic matter decomposition. According to Kudoh and Sonoike
[20], chilling injury in the light is regarded as a
kind of irreversible photoinhibition, damaging
photosynthesis gradually over several days. We did
not observe visible symptoms of chilling-light
‘cross-talk’ on wild marjoram leaves, but the effect
of this treatment was reflected firstly in DW content
as well as in the other biochemical parameters described below.
The SC content in plant material ranged from
1.18% to 3.74% FW. The combined effect of both
stress factors had a significant influence on the SC
content in the herb of wild marjoram. However, SC
content was two times higher in chilled plants than
in the control regardless of light irradiance, pointing
to light as the dominant factor in chilling and light
stress ‘cross-talk’. The highest level of SC was
recorded in wild marjoram treated with 5 °C and
100 μmol m2 s−1, while the lowest was recorded for
the treatment at 18 °C and 0 μmol m2 s−1. Additionally, we determined a positive correlation between
SC and H2O2 content (r = 0.68, p ≤ 0.001), suggesting that increased H2O2 may indicate a significant
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μmol m2 s−1, but there were no differences between
0 and 250 μmol m2 s−1. According to Ahmed et al.
[46], combined drought and salt stress results in
enhanced reduction of Chl. as compared to that
observed under individual stresses in barley. The
present experiment showed similar plant reactions
against chilling and light stress involving Chl. ,

Chl. and Cars; the most disruptive combination
was 5 °C and 250 μmol m2 s−1. Carotenoids play an
important role in protection against damage caused
by excessive light irradiance [47], which could
explain the increase in Cars content in the treatment
with low temperature and high light irradiance.
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Means followed by different lowercase letters for interaction and capital letters for the main effect of temperature (5 and 18
°C) and light irradiance (0, 100, 250 μmol m2 s−1) are significantly different at p ≤ 0.05 according to Tukey’s HSD test; bars
represent standard deviations (± SD).
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for abbreviations, see Fig. 1.
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significant variables affecting H2O2 as well as
TAA. The base equation for the model was: H2O2 =
B0 + B1 × L-AA + B2 × Chl. + B3 × Chl. + B4
× Cars + B5 × TAA + B6 × TPC + B7 × MDA +
B8 × CAT + B9 × POX, where B0 is a constant and
B1–9 are regression coefficients. The simplified
equations for the wild marjoram herb H2O2 and
TAA are as follows:
H2O2 (mol g−1 FW) = 0.248 − 0.011 × TAA
(% DPPH) + 0.004 × TPC (mg GAE 100 g−1 FW) +
0.09 × CAT (µmol H2O2 min−1 g−1 FW) + 0.023 ×
POX (U min−1 100 g−1 FW)
TAA (% DPPH) = B + B1 × TPC (mg GAE
100 g−1 FW) + B2 × POX (U min−1 100 g−1 FW) +
B3 × H2O2 (mol g−1 FW)
The R2 values showed that the regression prediction fitted the data: 88% for the H2O2 model,
corresponding with TAA, TPC, CAT and POX. For
TAA it was equal to 0.91%; that model involved
TPC, POX and H2O2. Additionally, we showed that
TAA is strongly correlated with TPC (r = 0.92, p ≤
0.001), pointing to phenolic compounds as important antioxidants in the wild marjoram stress
defence system.
The highest MDA content was observed in
plants under light irradiance of 0 and 100 μmol m2
s−1 at a temperature of 5 °C (Table 2), indicating
significantly increased lipid peroxidation of which
the final product is MDA, as reported previously by
Oliviera et al. [53] and Sharma et al. [54]. However, the present results showed also the protective
effect of high light irradiance in chilling conditions
on cell membrane permeability, reflected by a lower MDA content for the treatment under light irradiance of 250 μmol m2 s−1 at a temperature of 5 °C.
Simultaneous occurrence of light and chilling
stresses resulted in a high degree of complexity in
wild marjoram plant responses. The combined
stresses are largely controlled by different, and
sometimes opposing, signalling pathways that may
interact with and inhibit each other.

The highest Chl. to ratio was observed in
wild marjoram treated with 5 °C and 250 μmol m2
s−1 as well as 18 °C and light irradiance of 0 and
100 μmol m2 s−1. No significant differences were
observed regarding the Chls : Cars ratio (Fig. 2).
The investigations performed on chilling-sensitive
species assumed that the decrease in the amount of
chlorophyll could be due to degradation of the PSI
reaction-centre complex, which has a high Chl.
: Chl. ratio [20]; this could explain the lowest
value observed at 5 °C and 100 μmol m2 s−1 in the
present experiment.
Chilling stress causes an increase in ROS due
to modifications of plant physiology that can damage cellular organelles [48]. The highest accumulation of H2O2 was observed as a combined effect of
5 °C treatment together with 100 μmol m2 s−1 light
irradiance (Table 2). Plants have developed a defence system against ROS which includes an increase in the synthesis of CAT, POX and phenolic
compounds [49, 50]. The wild marjoram plants
treated at 5 °C were characterised by TPC as well
as TAC differentiated to a high degree, from the
lowest value in darkness to the highest value in
light irradiance of 100 μmol m2 s−1 for both parameters described. In the 18 °C treatment, TPC
decreased with an increase of light irradiance; however, in the case of TAA, differences between 100
and 250 μmol m2 s−1 treatments were not statistically significant. As mentioned above, although the
highest TPC and TAA were observed in chilled
plants at light irradiance of 100 μmol m2 s−1, the
overall level of phenols and antioxidant activity
were lower in chilled plants in comparison with the
control. Most studies report an increase of phenolic
compounds content [44, 51]; nonetheless, some
studies have shown a decrease in phenols content in
low temperature-treated plants [52].
To precisely describe H2O2 production and
scavenging in the conditions of the present experiment, we performed a stepwise regression procedure with backward elimination to remove the least

# 
  ;7;)480-6741+:)6,5)476,1)4,-0@,-+76;-6;)6,)6;17?1,)6;)+;1=1;@16>14,5)9279)5.9-:00-9*
,-8-6,16/76)8841+);1767.;-58-9);<9-)6,41/0;:;9-::
Temperature
(°C)
5

Light irradiance
(μmol m2 s−1)
0
100
250
18
0
100
250
Mean for temperature
5
18
Mean for light irradiance
0
100
250

H2O2
(mol g−1 FW)
0.966 ± 0.07 ab*
1.345 ± 0.03 c
1.129 ± 0.10 b
1.008 ± 0.17 ab
1.035 ± 0.02 ab
0.928 ± 0.02 a

Antioxidant
activity (% DPPH)
19.48 ± 0.89 a
49.23 ± 1.67 d
26.50 ± 0.82 b
48.68 ± 1.22 d
31.80 ± 0.92 c
34.72 ± 1.08 c

Total phenolics
(mg GAE 100 g−1 FW)
133.6 ± 0.59 a
229.1 ± 1.95 f
157.7 ± 1.46 b
213.0 ± 6.41 e
200.3 ± 0.26 d
186.5 ± 0.27 c

Malondialdehyde
(μmol g−1 FW)
26.63 ± 0.28 c
26.63 ± 0.24 c
11.32 ± 1.04 a
20.44 ± 1.13 b
17.79 ± 0.42 b
10.45 ± 0.40 a

1.146 ± 0.17 B
0.990 ± 0.10 A

31.74 ± 3.88 A
38.40 ± 2.29 B

173.5 ± 2.26 A
199.9 ± 3.80 B

21.53 ± 2.20 B
16.23 ± 1.33 A

0.987 ± 0.12 A
1.190 ± 0.17 B
1.029 ± 0.13 A

34.08 ± 5.56 B
40.52 ± 3.41 C
30.61 ± 1.68 A

173.3 ± 5.30 A
214.7 ± 5.53 B
172.1 ± 5.49 A

23.54 ± 1.29 B
22.21 ± 1.69 B
10.88 ± 0.54 A

*For abbreviations, see Table 1.
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Increased CAT and POX activity and MDA
content in plants cultivated in stress conditions have
been confirmed for    L. by Liu et al.
[55]. Cold acclimation is attributed to enhanced
activity, including that of POX [56]. CAT is more
involved in detoxification of H2O2 than in regulation as a signalling molecule in plants [57]. Although Wang et al. [58] showed a correlation between elevated CAT activity and tolerance to dark
chilling stress, we did not observe a significant
increase of CAT in plants chilled in darkness (Fig.
3). CAT is present in different isoforms in cellular
organelles where H2O2-generating enzymes are
found. According to Dat et al. [59], CAT isoforms
exhibit differential thermal extremes. As reported
by Apel and Hirt [60], the changing balance of
scavenging enzymes induces compensatory mechanisms; for example, POX can be up-regulated when
CAT activity is reduced in plants. In the conditions
of the present experiment, we did not show a correlation between CAT and POX activity (r = 0.14, p =
0.51), so future investigations on the action of CAT
as well as POX isoforms could contribute to the
precise highlighting of cold acclimation of plants in
conditions of light and chilling stress.

sis; the most disruptive combination was 5 °C and
250 μmol m2 s−1. SC, acting probably as osmoprotectants, were noted in the highest amount in wild
marjoram treated with chilling stress combined with
light irradiance of 100 and 250 μmol m2 s−1. Low
light irradiance interacted with chilling temperature
with respect to an increase in L-AA content, as well
as to antioxidant activity and total phenolics in wild
marjoram herb. The response of the metabolome of
the species investigated to low temperature and
light stress was significant but did not induce longterm destructive changes mitigating adaptation
abilities. The increasing demand for healthy food
has necessitated the intensification of investigations
into stress combinations affecting plant composition as well as those including storage, transport
and shelf-life. The development of precise stress
applications for particular crops in subsequent steps
of production and marketing could maintain or even
improve their biological quality. The fact that a
combination of stresses shows unpredictable action
is an important challenge for intensive studies to
understand plants’ response to multiple stresses.
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The response of wild marjoram plants to combined light and chilling stress cannot be directly
extrapolated from the reaction to individual stress
factors. Chilling and light stress applied simultaneously affected Chl. , Chl. and carotenoid synthe-
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The crude (MeOH:CHCl3) and +-hexane-soluble extracts from four brown algae (Phaeophyceae)
[#0),+'$/!'4/0,/#'.!.'+'04/0,/#'.$,#
+'!1)!# and ),-0#.'/ /!,-.'], one red alga
(Rhodophyta)[+'.1 #+/] andthree green algae
(Chlorophyta) [&#0,*,.-&#.#,"'1*$.%
')#subsp. $.%')#and)2!,*-.#//] from Turkish
coasts (Izmir Bay, Ayvalık and Çanakkale) were assessed '+2'0., for their acetylcholinesterase (AChE)
inhibitory activities at 200, 150, 50, 20 µg/mL test
concentration with Ellman’s method. The crude extract of  $/!' possessed the highest inhibition
(IC50 value of 19,22±10,47 µg/mL) against AChE.
Galanthamine HBr was used as standard drug that
gave against AChE enzyme IC50 of 3.44±1.14 µM.
In the second stage, the crude, hexane-soluble, chloroform-soluble and water-methanol soluble extracts
of the marine algae were observed '+ 2'0., against
parasitic protozoa ()/*,"'1*$)!'-.1*.4-
+,/,* .1!#' .1!#'.4-+,/,*!.15've#'/&
*+''+$+01*). According to results, the most potent protozoal activities were shown by the Khex of
!.'+'0 (IC50 value of 10,62 µg/ml), followed by
the Khex of $.%')#subsp$.%')# (IC50 value of
11,89 µg/ml). The hekzan-soluble (Khex) and chloroform-soluble (KCH) extracts gave the best results.
The marine algae were also tested on MRC-5 cells
(human fibroblasts) for by controlling tamoxifen.
The extracts of /!,-.', #.# ve $.%')#
subsp. $.%')# showed toxicity.

Dementia is a syndrome due to disease of the
brain, usually chronic, characterised by a progressive, worldwide deterioration in intellect including
memory, learning, orientation, language, comprehension and judgement. While dementia mainly affects older people approximately after age of 65,
there is growing awareness of cases that start before
the age of 65 years [1]. Extend the life of aging as a
result of human societies, dementia creates a major
health problem [2]. Dementia syndrome is linked to
a large number of underlying brain pathologies [1].
More than one hundred diseases have been reported
to cause dementia [2]. Common type of dementia are
Alzheimer’s disease (AD), vascular dementia
(VaD), dementia with Lewy bodies (DLB) and frontotemporal dementia (FTD). AD is the most common type of dementia (50-75 %) and one of the
fourth leading causes of death in developed nations
(after heart disease, cancer and strokes) [1,3]. It’s estimated that occure 4.6 million new AD cases every
year. In AD, determined senil amiloid plaques, neurofibriller tangles, sinaps-neuron loss and marked atrophy in brain as histopathologyc signs [4]. The definitive diagnosis of AD, it is not possible while patiens are living. Because of this reason, it is required
pathological examination with autopsy [5]. Accepted risk factors for AD are age, family story and
apoliprotein E (Apo E) gene e4 allele [6]. Acetylcholinesterase (AChE) inhibitors are widely used for
treatment of AD to increase levels of acetylcholine
(ACh) in the brain for cholinergic neurotransmission
[7]. Some synthetic AChE inhibitors such as
donepezil, takrin, rivastigmin have been used for the
treatment of AD. Because of bioavailability problems and side effects like hepatotoxicity and gastrointestinal disorder researcher is trying to find better
ChE inhibitors from natural sources [3].
Parasitic protozoans are eucaryotic and singlecelled organisms that give rise to toxic, nervous, inflammatory, mechanical, traumatic and exploitative
effects living on the host [8]. These effects occur a
result of protozoal parazitic diseases and the largest
cause of death in tropical and subtropical regions.

*(!#$
Marine algae, Acethylcholinesterase, )/*,"'1*.4-
+,/,*#'/&*+' cytotoxicity.
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">2<.>.@6;:;3.84.82D@>.0@?Algae samples
were washed with tap water and twice with distilled
water to remove the adhering salts and other epiphytes then air-dried on a blotting paper. Dried samples were pulverized in blender and soaked in aqueous methanol for 7 days at room temperature and filtered using Whatman No. 1 filter paper. The crude
extract was concentrated in a rotary evaporator at
low temperature (45°C). Solvent-solvent partitioning was performed by using Kupchan and Tsou
(1973) method [29, 30]. The crude extract was dissolved with methanol. The prepared solution was
then fractionated using solvents of increasing polarity (water-methanol-soluble, chloroform-soluble,
hexane-soluble subextract).

Malaria, African trypanosomiasis (Sleeping sickness), American trypanosomiasis (Chagas disease)
and Leishmaniasis are among the major parasitic diseases distributed throughout the world [9-10]. Malaria, caused by )/*,"'1*  $)!'-.1*, is
transmitted to humans by female +,-&#)#/ mosquitoes and the third leading cause of death among infectious diseases [11]. Leishmaniasis, is caused by
#'/&*+'  '+$+01* and transmitted bt the
sandfly, is recognized one of the most important of
the six infectious diseases by WHO. African trypanosomiasis, is caused by .4-+,/,*  .1!#'
.1!#', transmitted by the tsetse fly. American trypanosomiasis is a potentially life-threatening illness
caused by the !.15', is mostly transmitted to humans by the faeces of triatomine bugs [12]. Chemotherapy is implemented for the treatment of parasitic
disease. But chemotherapeutic agents are inadequate
in chronic phases disease because of severe side effects also parasites that are resistant to these agents
today [13-15]. The most effective treatment is
needed to daily parenteral administration but a number of reasons, such as parasites tent to be chronic,
not create enough immun response in host and have
complex circle, make difficult development of vaccines [11]. Therefore there is a need for new, effective, natural agents.
Marine algae are base of the aquatic food chain
and their essential roles in nitrogen and phosphorus
cycling are critical to aquatic ecosystems (16). They
produce secondary metabolites due to developed an
extensive chemical defense system, e.g. herbivory,
pathogens and intense competition. These bioactive
secondary compounds such as carotenoids, dietary
fibre, protein, essential fatty acids, vitamins, and
minerals that possess a broad spectrum of biological.
Studies of marine algae have shown their extensive
biological activity, including AChE [3, 17- 22] and
antiprotozoal activity [23- 28].
The objectives of the present study were to
evaluate extracts from 8 species of seaweeds from
Turkey marine algae against acetylcholinesterase
(AChE) enzyme with Ellman’s method and cultured
protozoa responsible for human malaria, leishmaniasis, African trypanosomiasis and American trypanosomiasis. Also the extracts of these algae were
evaluated for their cytotoxic potentials.

02@E805;86:2?@2>.?25:56/6
@;>E 0@6B6@E ??.E The inhibition of AChE was
measured using a 96-well microplate assay based on
Ellman’s method [31] as previously described [32,
33]. The absorbance was quantitatively measured at
405 nm by a BioTek EL 808 microplate reader after
0, 15, 30, and 45 min after adding 0.22 U/mL AChE.
Data were collected by the software programme
Gen5 (version 1.11).
The self-absorbance of all ingredients of the assay were corrected by subtracting the absorbance at
time zero from the subsequent absorbance values.
For the microplate assay, samples and the positive
control galanthamine HBr (GNT; IC50 3.2±1.0 µM)
were dissolved in DMSO to stock solutions and diluted with buffer A at 1:100. The final concentration
of DMSO in the microplate assay was 1%.
The percentage of the enzyme inhibition was
calculated by comparing the rates for the sample to
the blank (containing 1% DMSO; n=4). The IC50
values were determined with Probit analysis. For statistical processing PASW Statistics 18 was used.

#2.42:@?AChE (EC 3.1.1.7) from )#!0.,-&
,.1/ #)#!0.'!1/ (electric eel), acetylthiocholine iodide (ATCI), 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB, Ellman’s reagent), and the positive control
galanthamine-HBr were purchased from Sigma-Aldrich Co. LLC.
  :@6<>;@;F;.8 0@6B6@E ??.E
4.6:?@       $)!'-.1*
GHA strain and the standard drug chloroquine were
used for the assay. The strain was maintained in
RPMI-1640 medium supplemented with 0.37 mM
hypoxanthine, 25 mM Hepes, 25 mM NaHCO3, and
10% O+ human serum together with 2-4% washed
human O+ erythrocytes. Compound stock solutions
were prepared in 100% DMSO at 20 mM or mg/ml.
Assay were performed in 96-well microtiter plates,
each well containing 10 µl of the watery compound
dilutions together with 190 µl of the malaria parasite
inoculum (1% parasitaemia, 2% HCT). After 72h incubation at 37°C, plates were frozen at -20°C. After

%#$ %!$

$.9<82 0;8820@6;: .:1 12:@6360.@6;: Fresh
samples of marine algae were collected by hand or
scuba diving from various locations from the the
Dardanelles and the Aegean coast of Turkey (Figure
1, Table 1), and identified by Prof. Dr. Ergün
TAŞKIN (Manisa Celal Bayar University, Faculty of
Arts and Sciences, Biology Department, Manisa,
Turkey).
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thawing, 20 µl of each well is transferred into another plate together with 100 µl MalstatTM reagent
and 20 µl of a 1/1 mixture of PES (phenazine
ethosulfat, 0.1 mg/ml) and NBT (Nitro Blue Tetrazolium Grade III, 2 mg/ml). The plates were kept out

of light for 2 hours and change in colour was measured spectrophotometrically at 655 nm. The results
were expressed as % reduction in parasitaemia compared to control wells and IC50 values were calculated [34].

% 
;8820@6;:@692?.:1?6@2?;3@52%A>76?59.>6:2.84.2
;8820@6;:
84.2
.968E
?6@2
"5.2;<5E02.2>;C:.84.2
#0),+'$/!'(O.F.Müll.) Kuntze
Scytosiphonaceae
Izmir Bay
),-0#.'//!,-.' (L.) Sauv.

Stypocaulaceae

4/0,/#'.!.'+'0Duby

Cystoseiraceae

4/0,/#'.$,#+'!1)!#(L.) Grev.
#5;1;<5E@.#21.84.2
+'.1 #+/(L.) J.V.Lamour.
58;>;<5E@.>22:.84.2
)2!,*-.#//L.
&#0,*,.-&#.#(Dillwyn) Kütz.

Ayvalık
Çanakkale
Ayvalık

;8820@6;:
@692
March 2012
July
2011
April
2011
July
2011

Corallinaceae

Izmir Bay

October 2011

Ulvaceae

Izmir Bay

Cladophoraceae

Çanakkale

Codiaceae

Çanakkale

March 2011
April
2011
April
2011

,"'1*$.%')#subsp$.%')#
(Suringar) Hariot

&# 
.<;3%A>72E?5;C6:4?.9<86:4?6@2?
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0E@;@;D606@E2B.8A.@6;:;:5A9.:36
/>;/8.?@?#028886:2MRC-5SV2 cells were
cultured in MEM + Earl’s salts-medium, supplemented with L-glutamine, NaHCO3 and 5% inactivated fetal calf serum. Compound stock solutions
were prepared in 100% DMSO at 20 mM or mg/ml.
Assays were performed in sterile 96-well microtiter
plates, each well containing 10 µl of the watery compound dilutions together with 190 µl of MRC-5SV2
inoculum (3×104 cells/ml). after 3 days incubation,
cell viability was assessed fluorimetrically after addition of 50 µl resazurin per well. After 4 hours at
37°C, fluorescence was measured (λex 550 nm, λem
590 nm). The results were expressed as % reduction
in cell growth/viability compared to control wells
and IC50 was determined [34].

4.6:?@      .1!#'
.1!#' Squib 427 strain and the standard drug suramin were used in this study. The strain was maintained in Hirumi (HMI-9) medium, supplemented
with 10% inactivated fetal calf serum. Compound
stock solutions were prepared in 100% DMSO at 20
mM or mg/ml. Assays were performed in sterile 96well microtiter plates, each well containing 10 µl of
the compound dilutions together with 190 µl of the
parasite suspension (1.5×104 parasites/well). After 3
days incubation, parasite growth was assessed fluorimetrically after additon of 50 µl resazurin per well.
After 24h at 37°C, fluorescence is measured (λex
550nm, λem 590 nm). The results were expressed as
% reduction in parasite growth/viability compared to
control wells and IC50 is calculated [34].
4.6:?@    !.15'Tulahuen
CL2, β galactosidase strain and the standard drug
benznidazole were used. The strain was maintained
on MRC-5SV2 cells in MEM medium, supplemented
with 200 mM L-glutamine, 16.5 mM NaHCO3, and
5% inactivated fetal calf serum. Compound stock solutions were prepared in 100% DMSO at 20 mM or
mg/ml. Assays were performed in sterile 96-well microtiter plates, each well containing 10 µl of the watery compound dilutions together with 190 µl of
MRC-5 cell/parasite inoculum (4×103 cell/well +
4×104 parasites/well). Parasite growth controlled after 7 days incubation at 37°C and 5% CO2. Parasite
burdens were assessed after adding the substrate
CPRG (chlorophenolred β-d-galactopyranoside): 50
µl/well of a stock solution containing 15.2 mg CPRG
+ 250 µl Nonidet in 100 ml PBS. The change in color
was measured spectrophotometrically at 540 nm after 4h incubation at 37°C. The results were expressed
as % reduction in parasite burdens compared to control wells and IC50 was calculated [34].

#$&%$
In the present study, marine algae (#0),+'
$/!' 4/0,/#'.!.'+'0 4/0,/#'. $,#+'!1)!#
),-0#.'/ /!,-.' +' .1 #+/ &#0,*,.-&
#.# ,"'1* $.%')# subsp. $.%')# )2 !,*
-.#//)from three different localities [İzmir Bay and
Ayvalık (Aegean coast of Turkey), and Çanakkale
(Dardanelles, Sea of Marmara) of Turkey were
screened for their '+2'0., diverse biological activities against some test agents.
5 6:56/6@;>E .0@6B6@E The AChE inhibitory properties of the crude (CR) and hexane-soluble
(Khex) extracts of the marine algae observed at concentrations between 20-200 µg/mL. The results, expressed as IC50 values, are summarised in Table 2
and Figure 2. The best AChE inhibitory activity was
demonstrated by the CR of $/!' (19,22±10,47
µg/mL), followed by the Khex of  #.#
(28,68±12,84) The remaining 4/13 algae extracts
showed good inhibition of AChE with IC50 values
ranging between 54.78± 6.08 µg/mL and
105.34±11.39 µg/mL, while remaining 6/13 extracts
showed low AChE inhibitory activity with IC50 values ranging between 197.8±87.10 µg/mL and
425.91±298.55 µg/mL. The lowest AChE inhibitions were showed by  /!,-.' and  $.%')#
subsp$.%')#extracts. The Khex of $,#+'!1)!#
 .1 #+/ and  $.%')# gave no significant result
against AChE. Also the positive control galanthamine HBr gave IC50 of 3.44±1.14 µM.

4.6:?@       '+$+01*
MHOM/MA(BE)/67 strain and the standard drug
miltefosine were used. The strain was maintained in
the Golden Hamster (#/,!.'!#01/ 1.01/). Compound stock solutions were prepared in 100%
DMSO at 20 mM or mg/ml. Assays were performed
in 96-well microtiter plates, each well containing 10
µl of the compound dilutions together with 190 µl of
macrophage/parasites inoculum (3×104 cells +
4,5×103 parasites/well). The inoculum was prepared
in RPMI-1640 medium, supplemented with 200 mM
L-glutamine, 16.5 mM NaHCO3, and 5% inactivated
fetal calf serum. After 5 days incubation, parasite
burdens (mean number of amastigotes/macrophage)
were microscopically assessed after staining the
cells with a 10% Giemsa solution. The results are expressed as % reduction in parasite burden compared
to untreated control wells and a IC50 was calculated
[34].
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02@E805;86:2?@2>.?26:56/6@;>E.0@6B6@E;39.>6:2.84.82D@>.0@?
 B.8A2
84.2%E<2;32D@>.0@
$@.:1.>@12B6.@6;:,G49,G49"5.2;<5E02.2
#

10,47
 
2D
205,55
38,56
#
425,91
298,55
 
2D
242,16
125,40
#
 
28,42

2D

11,39
 
#
197,83
87,10
#5;1;<5E@.
 
#
 
15,78
58;>;<5E@.
#

26,45

2D
 
6,08
#
197,09
85,22
 
2D

12,84
  
#
243,37
122,98
 
$@.:1.>1
Galanthamine HBr
3.44 µM
1.14 µM

[$ ; Species extract number,# Crude (MeOH:CHCl3), 52D Hexane-soluble subextract,  Chloroform-soluble
subextract, = Water-methanol-soluble subextract].

&# 
 B.8A2?;3.84.82D@>.0@?
(  The CR of $/!',  The Khex of $/!',  The CR of /!,-.',  The Khex of /!,-.',  The CR of 
!.'+'0,  The Khex of !.'+'0,  The CR of $,#+'!1)!#,  The CR of .1 #+/,  The CR of !,*-.#//,  The
Khex of !,*-.#//,  The CR of #.#,  The Khex of #.#,  The CR of $.%')# subsp. $.%')#).

:@6<>;@;F;.8.0@6B6@EThe '+2'0., inhibitory
activity of the crude (CR), hexane-soluble (Khex),
chloroform-soluble (KCH) and water-methanol-soluble (KAqM) extracts of the marine algae (total 32
extracts) were evaluated against four parasitic

protozoa ( $)!'-.1*  '+$+01*  .1!#'
.1!#'and!.15'). Table 3 displays the IC50 values
determined for each extract as well as standard compounds (suramin, benznidazole, miltefosine, chloroquine). According to results, the most potent
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protozoal activities were shown by the Khex of 
!.'+'0 (IC50 value of 10,62 µg/ml), followed by the
Khex of $.%')#subsp$.%')# (IC50 value of 11,89
µg/ml).At least one extract of each species showed
test parasites except for '+$+01*. The 15 algal
extracts gave IC50 values ranging from 16.12 to
23.24 µg/ml against  .1!#' .1!#'. Due to 20/32
extracts effected against  !.15' as this pathogen
was found to be the most sensitive parasite (IC50 values ranging from 10.62 to 30.91 µg/ml). Against 
'+$+01*was showed activity by only the KCH of 
.1 #+/and the Khex of $.%')#subsp$.%')#(IC50
values of 16 µg/ml and 25.40 µg/ml, respectively)
The 16 algal extracts showed antimalarial activity
with IC50 values ranging from 11.89 to 21.85 µg/ml.

None of the KAqM extracts displayed activity
against all test parasites. The Khex and KCH extracts
gave the best results.

%;D606@E @2?@ The toxicity of the crude (CR),
hexane-soluble (Khex), chloroform-soluble (KCH)
and water-methanol-soluble (KAqM) extracts of the
marine algae were also tested on human fibroblasts
(MRC-5 cells) for by controlling tamoxifen (Table
3). When tested for toxicity, four extracts, the CR
and Khex of /!,-.', the Khex of #.# and
$.%')# subsp.$.%')#, appeared to be associated
with some toxicity.

% 
:@6<>;@;F;.8.0@6B6@E;39.>6:2.84.82D@>.0@?
%2?@<.>.?6@2? B.8A2?G498
$
;













#
6:2

> 32
> 32
16,35
> 32
> 32
16,23
> 32
> 32
> 32
16,35
16,35
> 32
> 32
16,23
17,59
> 32

> 32
10,62
22.19
> 32
25,17
15,84
21,97
> 32
23,35
16,78
19,12
> 32
22,17
16,45
22,80
> 32

> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32

> 32
> 32
18,47
> 32
> 32
21,77
21,19
> 32
20,16
> 32
14,55
> 32
18,78
20,95
15,46
> 32

> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
> 32
16,23
14,66
> 32
> 32

16,23
16,99
16,23
> 32

17.62
20,96
14,93
> 32

> 32
> 32
16
> 32

21,85
> 32
16
> 32

> 32
> 32
> 32
> 32

> 32
16,23
> 32
> 32
17,28
23,24
16,12
> 32
17,91
16,35
> 32
> 32
0,023a

> 32
13,79
> 32
> 32
> 32
19,23
30,91
> 32
14
14,81
> 32
> 32
3,33b

> 32
> 32
> 32
> 32
> 32
25,40
> 32
> 32
> 32
> 32
> 32
> 32
6,1c

> 32
> 32
25,85
> 32
> 32
11,89
12,36
> 32
> 32
> 32
17,08
> 32
0,36d

> 32
14,72
> 32
> 32
> 32
17,59
> 32
> 32
> 32
> 32
> 32
> 32
8,2e

84.2%E<2;3D@>.0@
"5.2;<5E02.2
#
52D


=
#
52D
 

=
#
52D
 

=
#
52D
 

=
#5;1;<5E@.
#
52D
 

=
58;>;<5E@.
#
52D
 

=
#
 ?A/?<
52D
 

=
#
52D
 

=
$@.:1.>10;9<;A:1?

[# Crude (MeOH:CHCl3), 52D Hexane-soluble subextract,  Chloroform-soluble subextract, =
Water-methanol-soluble subextract,
: .4-+,/,* .1!#' .1!#'  .4-+,/,* !.15' #'/&*+'
'+$+01* )/*,"'1*$)!'-.1*#6:2Human Fetal Lung Fibroblats Cells, Standard compounds:
a
Suramin, bBenznidazole, cMiltefosine, dChloroquine, eTamoxifen].
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[15, 47]. As a result of some related studies, various
seconder metabolites of seaweeds, such as terpenes,
sulfated fucans, kainic acid, oxylipin, galactan sulfate, derived from marine algae showed antiprotozoal activity [48-52]. Polysaccharides, polyketides
and polysaccharide derivates (prumycin) also have
potential antiplasmoidal activity [53]. In the present
study, the '+ 2'0., inhibitory activities of the CR,
Khex, KCH and KAqM extracts of 8 marine algae
(total 32 extracts) were evaluated against four parasitic protozoa ( $)!'-.1*  '+$+01*  
.1!#'and!.15'). According to results, the most
potent protozoal activities were shown by the Khex
of !.'+'0 (IC50 value of 10,62 µg/ml), followed
by the Khex of $.%')#subsp$.%')# (IC50 value
of 11,89 µg/ml). The hekzan-soluble (Khex) and
chloroform-soluble (KCH) extracts gave the best results (Table 2). The active antiprotozoal compounds
were relatively apolar [28].
Algal extracts tested for toxicities and four algal extracts that are the CR and Khex of /!,-.',
the Khex of #.# and $.%')#subsp$.%')#,
appeared to be associated with some toxicity. But
these extracts showed no effect all test parasites. For
this reason, it is considered that the marine algae extracts possess selective biological effects.

Acetylcholine (ACh) is a neurotransmitter at
cholinergic synapses in the nervous systems and hydrolyzed mainly by the enzyme acetylcholinesterase
(AChE). Increasing AChE concentrations to inhibit
the rate of hydrolysis of ACh is considered the most
effective treatment against AD [35]. Synthetic drugs
(donepezil, takrin, rivastigmin) and natural drugs
(physostigmine and galanthamine) for AD treatment
can’t answer the purpose because of possessing adverse effect and changing or altering the underlying
cause of this terminal disease [36]. Researchers have
previously attempted to develop ChE inhibitors on
synthetically or plants and fungi used in drugs trials,
but now started to work with marine algae [37].
Researchers have focused on marine environments due to marine organisms have ability to produce secondary metabolites. To date, many bioactive
chemically unique compounds have isolated from
such as algae, sponges, corals, ascidians and fungi,
and marine algae, which is one of the largest producers in marine ecosystem, has been extensively investigated the last 20 years [38]. Marine algae are
among the richest sources of known and novel bioactive compounds [39, 40]. These metabolites has
just started to be explored the last few decades of
which sterols, phlorotannins, alkaloids, terpenoids
have showed AChE inhibitory activity [41, 42].
Since most of the acetylcholinesterase inhibitors,
such as alkaloids, are known to contain nitrogen, the
higher activity of these extracts may be due to their
rich alkaloidal content [35]. Alkaloids can inhibit
AChE activity mainly due to their rich alkaloid content [35, 40, 43].
In the present study, the highest extract concentration tested was 200 mg/mL, with IC50 results ranging from 19,22±10,47 to 425,91±298,55. Among the
solvent extracts derived from the CR of a brown alga
#0),+'$/!'crude and the Khex ofa green alga
&#0,*,.-&#.#extracts possessed the highest
acetylcholinesterase inhibitory activities under '+
2'0., condition. Kontath et al. [44] have reported that
the alkaloid extracts of two species of 4!,-,"'1*
(!)201* and 0&4,'"#/) significantly inhibited
the AChE activity '+2'0.,. AChE activity was found
to be inhibited in the rat cortex, hippocampus and
striatum homogenates incubated '+ 2'0., An ethanolic extract of fresh-water algae -'.,%4.%.0'+
possessed the highest inhibition as 42.5± 2.28% at
2.0 mg/mL against AChE [45].
The presence of clerodene or similar diterpenes
has been offered as the responsible for the AChE activity of the organic extracts of the roots of *'*,
/,'"#/ by the Adewusi et al. [46]. AChE Activity of
this species has been reported as the highest as IC50
0.03 ± 0.08 mg/ml.
Japanese and Chinese cultures have used seaweed decoctions since ancient times for the treatment of parasitic diseases, as well as other diseases

! &$! 
This study was performed to screen biological
activities of marine algae collected from different localities from Turkey. The results of the present study
indicated that solvent extracts derived from the CR
of a brown alga #0),+'$/!'and the Khex ofa
green alga &#0,*,.-& #.#extracts possessed
the highest acetylcholinesterase inhibitory activities
under '+2'0., condition.The significance of natural
AChE inhibitory activity from these two algae will
further be characterized, and they will be evaluated
for their bioavailabilities and potential toxicities '+
2'2,. According to antiprotozoal assay results, the
brown alga 4/0,/#'. !.'+'0 and the green alga
,"'1*$.%')#subsp$.%')# were found as having
most potent protozoal activities. Seasonal changes in
activities of the extracts could be related the synthesis of different compounds during the different
growth conditions [19]. For standardization of extracts of the inhibitory activities, identification of the
compounds or compound groups responsible for the
related activity is important.

 !( %$
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their use worldwide [8].
In order to efficiently manage the problem of
shale instability using water-based muds, it is important to consider the mechanisms of water-based
mud interaction with shale. These chemomechanical processes are greatly affected by the
low permeability characteristic and presence of
negatively charged clay platelets in the shale. It is
well established that these characteristics of the
shale lead to some semi-permeable membrane behaviors [9-11]. As a result, fluid transport into the
formation is dominantly controlled by osmosis
driven by chemical potential rather than hydraulic
gradient [12-14]. However, since shales perform as
leaky or non-ideal membranes, solutes can also
penetrate into the formation [15-18]. Solute diffusion into low permeability shales results in chemical osmosis being a time dependent process and
thereby time dependent nature of the problem of
wellbore instability in shales [19, 20].
Attempts have been made to incorporate the
chemical effects into the poroelastic model for
better analyzing shale deformation while drilling.
Sherwood [21] modified the Biot’s linear poroelastic theory to include the chemical potential of the
species within the pore fluid. However, he assumed
that shale acts as an ideal ion exclusion membrane
and neglected the movement of ions into the shale.
The partially coupled chemo-poroelastic model
failed to correctly describe the behavior of the shale
during some experiments, since the effect of ion
transport into the shale was not considered [22].
Based on arguments from non-equilibrium
thermodynamics, Heidug and Wong [13] developed
the first comprehensive coupled chemo-poroelastic
model of hydration swelling for water-absorbing
rocks under isothermal conditions. This continuum
model is based on the extension of poroelasticity
equations [17] and Darcy’s flow law that incorporates the effects of chemical osmosis and swelling
phenomena. A diffusion equation is also used for
the transport of solute in the porous media. Solute
transport due to advection in low permeability
shales is neglected in this study. The feature that
sets this model apart from many related works is its
consistency with the second law of thermodynamics. Heidug and Wong [13] also used the finite

Serious wellbore instability frequently occurs
during drilling operations in shale formations. Selection of safe mud parameters to alleviate shale
instability problems during drilling operations can
benefit from predictive models. Only a few experimental measurements and analysis of model predictions are available. In this paper, pore pressure
transmission test on shale is conducted and pore
pressure changes in the shale sample under hydraulic and chemical loading is measured. Comparison
with experimental data shows that the simulation
results are in good agreement with the actual pressure measurements in the test. This result provides
further validation for the theoretical model.
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Wellbore instability problems that often occur
in shale bedding planes rich in clay minerals is one
of the most significant difficulties in exploration
and production phases of shale oil and gas industry
[1, 2]. These problems are caused by the stress in
the near wellbore region exceeding the shale
strength during drilling. In addition to poroelastic
effects, shale-drilling fluid chemical interactions
strongly affect the borehole instability [3-7]. As the
water-based fluids come into contact with the shale,
water and ions penetrate into the rock due to differences in chemical and hydraulic potentials of pore
and drilling fluids. This interaction induces pore
pressure and effective stress state alterations near
the wellbore wall. On the other hand, as the monomolecular layers of water are incorporated into the
crystalline structure of the clay minerals in the
shale, swelling phenomena is occurred and consequently decreases the strength of the formation.
These chemo-mechanical processes may lead to
wellbore failure. Although, oil-based muds have
been successfully used in the past to overcome the
problem of wellbore instability in shale formations,
their high cost and environmental concerns restrict
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element solution of this theory to analyze an experiment on the linear flow of a salt solution through a
shale sample. Results obtained from the model were
in a good qualitative agreement with the observations from the experiment. This theory was subjected to some extensions later by incorporating the
effects of thermal loading, electrical interactions
[19], transversely isotropic behavior of shale and
elasto-plastic behavior of shale [20].
Based on the aforementioned theory,
Ghassemi and Diek [3] developed a robust linear
physicochemical theory by expressing the chemical
potential as a linear function of the solute mass
fraction. Moreover, in contrast to the case of an
incompressible fluid considered by Heidug and
Wong [13], they proposed linearized version for
compressible constituents. The main advantage of
the linear model is that allows analytical treatment
of the equations which is most useful for rapid field
applications. Huang and Ghassemi [22] used the
analytical solution to the linearized chemoporoelastic equations for analyzing pore pressure
and solute concentration distributions in a pressure
transmission test and showed that there exists good
agreement in the trends of the evolution of the
fields of interest.
In this paper, pore pressure transmission test
on shale is conducted and pore pressure changes in
the shale sample under hydraulic and chemical
loading is measured. Comparison with experimental
data shows that the simulation results are in good
agreement with the actual pressure measurements in
the test. This result provides further validation for
the theoretical model.

With the rapid development of unconventional
oil and gas exploration, theoretical understanding
and exploration and development technologies have
been increasingly advanced, and unconventional oil
and gas has become an important replacement energy source for future oil and gas resources.
In the process of unconventional oil and gas
exploration and development, it is recognized that
abnormal high pressure is not only conducive to the
preservation of oil and gas reservoirs, but also the
pore pressure of the formation is directly related to
the production of oil and gas layers. In general, the
higher the pore pressure, the larger the yield; when
the pressure value is small, not only the yield is low,
but also a certain external force is applied during
the mining process, which increases the development cost. In addition, accurate pore pressure prediction helps to drill safely and economically, and
can effectively prevent drilling accidents.
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In the Bowers method, the relationship between sediment loading and sedimentation unloading is considered in the relationship model between
effective stress and velocity. The formation pore
pressure prediction model suitable for under compaction and fluid expansion is established. For
Fig.1-2, effect of acoustic wave velocity, effective
stress at unloading point on pore pressure is studied.
It can be seen that the formation pore pressure obtained by the equivalent depth method does not
agree well with the measured pressure data, and the
average relative error of the three points is 17.33%.
The formation pore pressure obtained by Bowers
method agrees well with the measured pressure data,
with an average error of 3.15%. It is also determined that the calculation of formation pore pressure model for Songliao Basin is Bowers method.
This is mainly due to the fact that the overpressure
of the target layer in the study block is mainly “hydrocarbon generation boost”, and the Bowers method is suitable for the mixed genetic mechanism of
under compaction and hydrocarbon generation
pressurization. Therefore, it is finally determined
that the Bowers method is used to calculate the
formation pore pressure.

& !#
The study block is a block in the northern part
of the Songliao Basin. Its lithology is dominated by
mud shale and is mainly controlled by western
provenance. The distribution of wells in the work
area is extremely uneven. The drilling in the northwest is close to the source area, while the drilling in
the southeast is less. The block is fully covered by
3D seismic and has undergone high-precision processing. The measured formation pressure data
shows that the target layer is from top to bottom,
from northwest to southeast, the formation pressure
is gradually increased, and the overpressure is
gradually increased. The pressure coefficient is
mainly 1.15 to 1.38, and the highest is up to 1.5.
Mainly due to the hydrocarbon generation of source
rocks. Using the measured pressure data, well logging data and the high-resolution seismic velocity
body obtained from the pre-stack AVA inversion,
the pore structure and the pressure coefficient body
are predicted by the combination of well-seismic
layers.
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Results indicate that, as expected, if the drilling mud is more saline than the sample according to
the industry-wide practice to avoid wellbore instability, osmosis reduces the pore pressure inside the
sample. Comparison between the numerical solution of the model for the test and experimental results shows good agreement. This further verifies
the accuracy of the applied theory in a quantitative
manner and enables using the proposed model for
simulating wellbore stability.



%#"

Fig. 3-6 shows the induced pore pressure profile caused by chemical loading in the sample corresponding to different times. The induced pore
pressure in response to chemical osmotic flow is
zero at upstream end and negative inside the sample.
The peak value of pore pressure decreases with
time and moves toward the no-flow boundary of the
sample till the peak value at the downstream end of
the sample is reached and then increases. Therefore,
the maximum magnitude of the induced osmotic
pore pressure is occurred at the downstream end of
the sample.
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At present, the economic growth continues at
the same time the environment is worsening, the ecological damage is becoming more and more serious.
Comprehensive evaluation of the environmental
economy has been widespread concern in academia
[5, 6]. Scholars have studied from the perspective of
coordinated development on social economy and
ecological environment, ecological security warning, economic growth and environmental pollution,
ecological economy [7, 8]. But on the whole, there
were few studies on qualify the relationship between
social economic development with ecological quality and environmental quality at home and abroad,
and lacked of macroeconomic research on the development stage and path of regional environmental
economy. Some developed countries mainly focus
on the study of micro-scale, such as atmospheric environment [9], water environment and other aspects
of pollution characteristics, pollution on biological
and human health [10, 11] and macro-scale focuses
on pollution emissions and economic growth, crossborder pollution and regional environmental quality
[12, 13] and so on.
Single study cannot guide the overall regional
environmental governance; other issues had increasingly arisen in the process of solving some problems
[14, 15]. At present, there are several methods used
in regional environmental assessment, such as ecological footprint, coordination degree, matter element analysis [16] and ecological health risk analysis. Although these methods have their own advantages, but they cannot fully objective evaluate the
region’s comprehensive socio-economic development level, the development stage and the main contradictions.
It is urgent to develop clear information evaluation models to simulate the relationship between
ecological environment and social economic development for management and decision-making basis.
Application of the coordinated model on simulation
the relationship between ecological environment and
social economic development, especially on carrying
capacity of regional ecological environment to social
economic development was less reported.

Using the coupling coordination model, 26 indexes of ecological environment system and economic system were selected to evaluate the ecological environment and economic coupling of Tianjin
from 2003 to 2017. The results show that the overall
ecological environment and economic coupling of
Tianjin are relatively low, but overall goes to the
good direction. We successfully developed a model
that could be used for evaluating the carrying capacity of regional ecological environment to social economic development and that could be generalized to
other regions. The model can simulate the relationship between socioeconomic and ecological environment, and made the results more intuitive, spatial,
and visual. Taking Tianjin as the research area, the
results of the evaluation were consistent with the
analysis results of the original data characteristics,
including the indexes: forest cover, per capita GDP
and industrial wastewater discharged. It is consistent
with the actual situation in the model.
$" 
Coupling evaluation model, Carrying capacity, Ecological
environment, Economic development

 
The sustainable development of ecological environment and social economy has always been the
focus of attention in the world [1-4]. The coordinated
development of ecological environment and social
economy was the common responsibility and pursuit
of the international community. China, as the largest
developing country in the world, has created the
“miracle of China” at an average annual rate of 9.8%
over 30 years of reform and opening up, but at the
same time, “high investment, high pollution and high
emissions” model has also led to a series of environmental problems. Environment pollution and ecological destroy gradually evolved into constraints of
China’s economic and social sustainable development of the outstanding obstacles.
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2).(&7356;67*186*)73&66*663+7-**(3231;<*29.5321*276;67*1
Subsystem

Indicator
Direction
Per capita GDP
+
Per capita built-up area
+
Proportion of the secondary
+
Economy subsystem
industry
Proportion of the tertiary
+
industry
Discharge of COD
–
Discharge of SO2
–
Discharge of solid waste
–
Environment subsystem
Environmental protection
+
investment
Pollution Index
–
Notes: ‘+’ and ‘−’ represent the positive and negative indicators, respectively.

Unit
Yuan/capita
Km2/capita

Weight
0.3562
0.2474

%

0.2717

%

0.1247

Tons/capita
Tons/capita
Tons/capita

0.0745
0.2122
0.2528

Yuan/capita

0.2201

Dimensionless

0.2404

#

follows:
Proportion (P) of the indicator j in year i:

9&08&7.323+7-*(3840.2,(335).2&7.32)*
,5** 66*661*27 .2).(&735 6;67*1 +35 7-* *(32
31;<*29.5321*276;67*1We constructed an indicator system based on previous case studies and the
structure of our established SD model to synthetically analyse the development level of each subsystem and the coupling relationships of the economy–
environment system. Table 1 shows the structure of
the indicator system, which contains 9 indicators.
The indicator system synthetically reflects economic
production and industrial structure in the economy
subsystem and environmental pollution and environmental governance in the environment subsystem.

&7& 45*453(*66.2, To render the results
comparable and eliminate the impact of dimension,
we use the following two formulas to standardise the
indicators:
Positive indicator:
rij=(Xij−minXj)/(maxXj−minXj),
(1)
Negative indicator:
rij=(maxXj−Xij)/(maxXj−minXj),
(2)
Where maxXj and minXj is the maximum and
minimum, respectively, of indicator j in all years; Xij
and rij are the original and standardised values of indicator j in year i. A positive indicator means that the
greater the value is, the better the implication for the
development of the system and vice versa.

Pij =  / ∑ ri j ,



(3)

 =1

Information entropy (e) of each indicator j:

1
(4)
 = / ∑ (Pij • lnPij ) (0 ≤   ≤ 1),
lnm

 =1

Entropy redundancy (e) of each indicator j:
(5)
dj=1−ej,
Weight (W) of each indicator j:

,
(6)
W =   / ∑  
 =1

Evaluation of the level (L) of indicator j in year
i:
(7)
Lij=Wj×rij,
Comprehensive level (CL) of the subsystem in
year i:

,
(8)
CL i = ∑ S 
 =1

Where n is the number of indicators in a subsystem, m denotes the number of years and rij is calculated by Formulas (1) or (2). According to Formulas (3)–(6), we obtained the weights of each indicator
in Table 1. The comprehensive level of each subsystem are calculated through Formulas (7)–(8).
3840.2, (335).2&7.32 )*,5** 13)*0 Coupling, which originates from the physical science, is
a phenomenon in which two or more systems influence each other through various interactions. In recent years, this concept is often used in studies of
eco-environment and urbanisation. For example,
CCDM has been used for the compound system of
the eco-environment–urbanisation system, the socio-economy–carbon emission system and the lowcarbon development–urbanisation system. However,
CCDM is often used in situations with two subsystems and this method is rarely applied to the case of
multi-subsystems coupling. The general form indicates that CCDM of the three subsystems is provided
in Formula (9):

9&08&7.323+7-**(3231;5*6385(*&2)*2
9.5321*2768'6;67*16The weights of each indicator in Table 1 are determined by the entropy method
(EM) in this work. In ‘entropy’ theory, ‘entropy’ is a
measure of the degree of disorder in a system that
can be used to measure the amount of information
and the weight of the known data. That is, the more
useful information an indicator provides, the greater
the weight it will play in decision-making. EM is an
objective weight determination method that has been
widely used in comprehensive evaluation. The detailed steps of calculating the weights by EM are as
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The current study applies the quartile method to divide CCD. Accordingly, this method may be more
objective for measuring the CCD level. Table 2
shows the division of CCD.

1

⎧
⎫3
⎪
⎪ ,
•
•
f(X)
g(Y)
h(Z)
⎪
⎪
C=⎨
3 ⎬
⎪ ⎡ f(X) + g(Y) + h(Z) ⎤ ⎪
⎢
⎥
⎪
3
⎦ ⎪
⎩⎣
⎭

 =  •  and T=αf(X)+βg(Y)+γh(Z)

(9)
Where C is the coupling degree, whilst f(X),
g(Y) and h(Z) are the comprehensive levels of the
economy, resource and environment subsystems, respectively. Here, the value of f(X), g(Y) and h(Z) is
determined by Si as indicated in Formula (8). D is
the CCD and T reflects the overall development level
of the economy–environment system. α, β and γ represent the contribution of each subsystem. This study
assumes that each subsystem is equally important to
the coordinated development of the economy–environment system. Thus, α=β=γ=13.
After calculating the CCD, scholars often divide CCD into several levels in a subjective manner.

  
Table 3, Figure 1, and Figure 2 show that Tianjin's annual economic comprehensive benefits and
environmental comprehensive benefits have increased in 2003-2017, and the annual gap between
the two is not much different; in addition, economic
and environmental development The degree of coordination is above 0.9, compared with the criteria
given in Table 3, are all in the category of quality
coordination.


.9.6.323+7-*)*9*0341*2767&,*63+7-**(3231;<*29.5321*276;67*1
Value of D

0≤D<0.25

Development stages

Seriously unbalanced

0.25≤D<0.5
Slightly
unbalanced

0.5≤D<0.75
Barely balanced

0.75≤D≤1
With superior
balance

 
(3231.(&2)29.5321*27&03145*-*26.9**2*+.72)*:&2)76335).2&7.32*,5**3+.&2/.2
Year
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003

Comprehensive economic
benefits
0.9912
0.9846
0.9624
0.9444
0.9156
0.8757
0.8407
0.8325
0.7705
0.7405
0.6818
0.6242
0.5135
0.5012
0.4497

Comprehensive
environmental benefits
0.9787
0.9431
0.9221
0.8975
0.8893
0.8698
0.8249
0.7998
0.7355
0.6631
0.6241
0.5836
0.5579
0.5152
0.4706

Coordination

Type

0.9578
0.8893
0.8501
0.8051
0.7909
0.7564
0.6805
0.6391
0.5396
0.4385
0.3895
0.3406
0.3112
0.2655
0.2216

Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination
Quality coordination

 
(3231.(&2)29.5321*27&03145*-*26.9**2*+.73+.&2/.2
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29.5321*27&0;67*1&2)(3231.(;67*1335).2&7.323+.&2/.2

 
-*(335).2&7*))*9*0341*27)*,5**&2)7;4*3+*29.5321*27&2)*(3231;.2.&2/.2
Year
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003

Degree of coordination
development
0.9871
0.9824
0.9724
0.9544
0.9456
0.9427
0.9107
0.9005
0.8625
0.8105
0.7918
0.7642
0.7305
0.7112
0.6747

f(x), g(y)
comparison
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) > g(y)
f(x) < g(y)
f(x) < g(y)
f(x) < g(y)

Type
High quality coordinated development environment lag
High quality coordinated development environment lag
High quality coordinated development environment lag
High quality coordinated development environment lag
High quality coordinated development environment lag
High quality coordinated development environment lag
High quality coordinated development environment lag
High quality coordinated development environment lag
Good coordination development environment lag
Good coordination development environment lag
Intermediate coordination development environment lag
Intermediate coordination development environment lag
Intermediate coordination development environment lag
Intermediate coordination development environment lag
Primary coordinated development environment lag


 

It can be seen from Table 4 that the coordinated
development of environmental and economic development in Tianjin during the 15 years from 2003 to
2017 shows an overall upward trend, indicating that
there are some unstable situations in Tianjin while
developing social exhibitions, but the environment
and economy the overall level of coordination is rising.
Finally, the dynamic trend index of the overall
coordinated development degree of Tianjin in 2017
is calculated to be >1, which indicates that Tianjin
has an upward trend in the coordinated development
of environment and economy during the period from
2003 to 2017. Although the upward trend is not obvious, it also reflects the easing of the contradiction
between Tianjin's economic development and the
ecological environment.

(1) We successfully developed a model that
could be used for evaluating the carrying capacity of
regional ecological environment to social economic
development and that could be generalized to other
regions. The model can simulate the relationship between socioeconomic and ecological environment,
and made the results more intuitive, spatial, and visual.
(2) Taking Tianjin as the research area, the results of the evaluation were consistent with the analysis results of the original data characteristics, including the indexes: forest cover, per capita GDP and
industrial wastewater discharged. It is consistent
with the actual situation in the model.
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ABSTRACT

with chickpea diseases and GPB. In addition, the
influence of GPB in dissemination and/or providing
possible entry to these pathogenic fungi for complex disease development cannot be ignored.

The association of gram pod borer (GPB),
Helicoverpa armigera Hübner with chickpeas disease causing fungi has not been reported. Thus,
present studies were conducted during the year
2015 and 2016 at Sindh Agriculture University,
Tandojam, Pakistan. The results pertaining to GPB
affected seeds and seed shells, larva and adults
moth of H. armigera revealed the association of 65
different fungal strains belonging to 17 different
genera. The specific genera and species were confirmed through molecular characterization using
ITS region of rDNA of fungi blasted in NCBI database. Out of 65 strains; 20 strains found associated
with GPB affected seed, 07 with seed shell, 09 with
live larva; whereas 16 with dead larva, and 13 with
moth. Significantly (P <0.05 = 0.0000) highest frequency was recorded for A. alternata (64.20 and
19.40%) followed by Chaetomium sp. (38.20 and
0.00%), A. tenuissima (36.70 and 0.00%), C. lunata
(32.70%), Drechslera sp. (31.70 and 0.00%) and L.
theobroae (31.20 and 9.40%) and F. oxysporum
(0.00 and 6.90%) from GPB affected seed of 2015
and 2016. In case of seed shell highest frequency
percent was recorded for A. niger (55.90 and
30.70%) followed by A. flavus (52.80 and 11.90%)
and A. alternata (35.90 and 21.90%), when isolated
through agar plate and blotter paper method, respectively. Significantly higher frequency was recorded for A. flavus (20.40%) followed by A. niger
(9.40%), A. alternata (8.40) and Penicillium sp.
(7.40%) from un-treated larvae. Whereas, from
treated larvae Fusarium sp. (10.40%) followed C.
lunata (5.40%). In case of dead larvae (unsterilized), higher frequency was recorded for A.
alterna (25.40%) followed by A. fumigatus
(15.40%) and A. niger (14.40%). Whereas, from
surface sterilized larvae, A. alterna (13.40%) followed by Fusarium sp. (12.20%) and B. bassiana
(6.40%) were isolated with higher frequency. From
adult moth (un-sterilized), higher frequency was
recorded for A. alternata (43.20%) followed by
Paecilomycete (36.20%) and A. niger (34.20%) and
T. virens (13.20). Whereas, the frequency of other
fungi associated with adult moth (Surface sterilized)
was lower that ranged from 0 to 11.50%. These
results indicate the relationship of these pathogens

KEYWORDS:
Fungal strains, Helicoverpa armigera, association, chickpea diseases

INTRODUCTION
Chickpea, Cicer arietinum L. is an important
legume crop belongs to the family Fabaceae (subfamily Faboideae) and ranked 3rd among the legume crops [1, 2]. Generally, chickpea prefers relatively well drained soils and is well adapted to diverse climates such as arid, cool semi-arid regions
of the tropics, sub-tropics as well as the temperate
areas [1]. Worldwide, chickpea is widely distributed crop and is cultivated in more than 50 countries
with lion share (approximately 83%) contributed by
south Asian countries including India, Pakistan,
Nepal, and Bangladesh [3-7].
Pakistan being a 5th major producer of Chickpea in world, however, its production is very low as
compared to other chickpea producing countries
[7]. In Pakistan, it is mostly cultivated in rainfed
areas of Punjab and Khyber Pakhtunkhwa; whereas
on residual moisture after harvesting of rice crop in
Sindh and Baluchistan provinces [8]. It is believed
that chickpea is a great source of biomolecules such
as proteins, carbohydrates, dietary fiber, minerals
and vitamins and its use has been increased for reducing risk of human diseases [9]. Despite the fact
that the chickpea has great economic and nutritional
value, the production of chickpea is far below than
other countries where chickpea is commonly cultivated, which likely due to several biotic and abiotic
factors. Chickpea plant is highly susceptible to various insect pests at different critical growth stages
from seedling stage to maturity. Around 60 species
of insect pests belonging to orders Lepidoptera,
Hemiptera, Diptera and Thysanoptera are commonly found in chickpea crop [10-11]. However, Gram
pod borer (Helicoverpa armigera Hübner) [12-13]
is considered as major pest of this crop.
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3. Isolation fungi from field live collected
larvae of H. armigera (Surface sterilized and Unsterilized).
4. Isolation fungi from field dead collected
larvae of H. armigera (Surface sterilized and Unsterilized).
5. Isolation fungi from field adult collected
larvae of H. armigera (Surface sterilized and Unsterilized).

Apart from insect pests, around 50 pathogens
of economic significance have been reported in
literature to affect the chickpea plant and causing
severe diseases. Among them most important diseases caused by these pathogen include: wilt
(Fusanum oxysporum Schlecht emend.), several
root and stem rots (Rhizoctonia bataticola Taub.;
Fusarium solani Mart.; Operculella padwickii
Kheswalla, Sclerotinia sclerotiorum Lib.), blights
(Ascochyta rabiei Pass.; Labrousse; Stemphylium
sarciniforme Cav.), grey mold (Botrytis cineria
Pers. ex Fr.), rust (Uromyces ciceris-arietini
Grogn.), and viral diseases such as stunt caused by
pea leaf roll virus. Datta and Lal [14] reported that
pathogens in chickpeas are the main cause for yield
loss (up to 90%). Jendoubi et al. [15] reported that
chickpea Fusarium wilt is key soil-borne fungus
which limit chickpeas production and under optimum environmental conditions. Iruela et al. [16]
and Mulwa et al. [17] indicated that chickpea yield
can be limited by the ascochyta blight and Fusarium
wilt. It has also been reported by Baite and Dubey
[18] that rainfall period can reduce the growth of
chickpea severely since rainfall events can increase
the disease infection and spread. However, the associations of gram pod borer with Chickpea disease
causing fungi have not been reported before in the
literature.
Based on aforementioned facts it was planned
to determine the association of gram pod borer with
chickpea disease causing fungi. To cater the need,
present studies were conducted on the association
of mycoflora with gram pod borer infested chickpea.

Isolation fungi from seed and seed shell.
Isolation of fungi from gram pod borer affected
seeds and seed shells were conducted by using isolation techniques describe (Figure 1) by International Rules for Seed Testing Association [19] such
as: Standard blotter method (SBM); and Standard
Agar-plate method (SAM).
Standard blotter method (SBM). Seed and
seed shell samples of 2015 and 2016 crop seasons
were used for the isolation of associated mycoflora.
Three layers of blotter papers circular in shape and
150 mm diameter according to size of Petri dishes
were cut with the help a scissor. The blotters were
dipped and moistened with sterilized distilled water
and excess water was removed from the petrdishes.
The moistened blotter papers were transferred to
sterilized petridish with the help of sterilized forceps. Randomly collected seed samples were thoroughly washed with tap water and the dried. These
seeds and seed shells were surface sterilized in 0.1
per cent mercuric chloride solution (HgCl2) for 30
seconds followed by three washing with sterilized
distilled water in beakers under aseptic conditions
using laminar air flow. All seeds were then completely dried by placing on sterilized blotting paper.
A total of 10 randomly collected seeds and seed
shells were placed in such a manner that 09 were in
outer circle and one in the centre. The inoculated
SODWHVZHUHWKHQLQFXEDWHGLQLQFXEDWRUDWÛ&
for 7 days under 12 hrs alternating cycles of light
and darkness. All plates were examined on 3rd days,
5th days and 07th days after incubation (DAI). The
experiment was conducted on 07-04-2016 with
complete randomized design (RCD) with 10 replications. After seven days all fungi developing on
samples were examined and purified through single
spore isolation technique on Potato Dextrose Agar
(PDA) medium freshly prepared with the help of
sterilized needle for purification. All the isolates
were given initially different laboratory codes based
on the colony characteristics and then were identified (Figure 1).

MATERIALS AND METHODS
The present studies were conducted during the
year 2015 and 2016 at post graduate laboratory,
Department of Plant Protection, Faculty of Crop
Protection, Sindh Agriculture University, Tandojam, Pakistan. Samples were collected from agroecological zones of Sindh, Pakistan i. e Upper Zone
(Dokri, Larkana) and Lower zone (Tandojam) from
the crops season of 2015 and 2016.
Isolation of Fungi. Isolation of fungi was
conducted from gram pod borer affected seeds, seed
shell of chickpeas, larvae (field dead and live) and
adult of gram pod borer, Helicoverpa armigera
through standard isolation techniques. The specimen for isolation of fungus was collected from
gram pod borer sensitive (Choola) variety. To fulfill
the objective of current study, series of following
different experiments were conducted:
1. Isolation of fungi from gram pod borer affected seeds (fresh & one year old).
2. Isolation of fungi from gram pod borer affected seed shells (fresh & one year old).

Standard agar plate method. In standard
agar plate method, randomly collected seeds and
seed shells were thoroughly washed with tap water
and then dried. These seeds were surface sterilized
in 0.1 per cent mercuric chloride solution (HgCl2)
for 30 seconds followed by three washing with ster-
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databases were also used to compare the morphological characteristics of isolates. Moreover, identification of all isolates were further confirmed
through molecular characterization (Figure 1).

ilized distilled water in beakers under aseptic conditions using laminar air flow. All seeds and seed
shells were then completely dried by placing on
sterilized blotting paper. Five seeds and seed shells
of each were transferred aseptically to the 90 mm
diameter petriplates containing sterile PDA medium
amended with an antibacterial agent and filled up to
quarter strength in manner that 4 seeds were kept at
outer circle and 01 seed at the centre of petridish.
The inoculated plates were incubated at 25±20oC
(Figure 1). All the plates were monitored regularly
and growing colonies were subjected to different
laboratory codes for further analysis. The culture,
thus, obtained was subjected to purification. A single spore culture technique was used to purify the
isolates. Sub-culturing of isolates were made time
to time to maintain the fresh culture for further
analysis until the end of experiments.
The frequency of the fungi in the collected
specimens of both years was recorded by using the
followingg formula:

Molecular characterization. DNA Extraction. Five samples from each isolate of fungi were
selected for DNA extraction. Fungal genomic DNA
was purified (Figure 2) using GentraPuregene Yeast
Kit by following the protocol described in the kit:
The DNA Extraction Protocol followed as under:
1. Pure 5mm disc from purified fungal cultures were inoculated in YM broth and incubated
for 72hours with continuous shaking at 130rpm at
room temperature (25°C-30-C°). The growing mycelium in the form of round balls were harvested
and twice washed with sterilized distilled water in
sterile Petri plates.
2. To isolate DNA from the mycelium was
crushed in sterilized pestle and mortar using liquid
nitrogen.
3. A small amount of mycelium was picked
up with the help of sterile needle and mixed with
1.5ml autoclaved distilled water in 1.5ml Eppendorf
tube and centrifuged for 3 minutes.
4. Supernatant was discarded carefully and
1ml sterile water was added to the pelleted cells and
vortexed.
5. The suspension was centrifuged and the
supernatant was discarded again.
6. ȝORIFHOOVXVSHQVLRQVROXWLRQZDVDGded in the pellet cells and pipetted up and down for
almost 20 times.
7. ȝO RI O\WLF HQ]\PH VROXWLRQ ZDV DOVR
added in the middle of tube and was mixed by inverting 25 times.
8. Samples were incubated for 45mins in incubator at 37°C.
9. After incubation, samples were centrifuged for 3min at high speed (13000 x g) and supernatant was discarded carefully.
10. 300μl of lysis solution was added into the
pellet samples and pipetted up and down about 20
times.
11. 100μl of protein precipitate solution was
added and samples were vortexed for 20 seconds at
high speed.
12. Samples were centrifuged for 5min at high
speed (13000 x g). At this stage tight pellet of protein was appeared.
13. Supernatant was transferred in a clean microcentrifuge tube containing 300μl of isopropanol.
14. Samples with isopropanol were gently
mixed by inverting 50 times and centrifuged for 3
min at 13000 x g.
15. DNA was visible in a small white pellet.
16. Supernatant was discarded and the tubes
were drained on a clean piece of absorbent paper
carefully, so that the pellet was remain in the tube.

Isolation of fungi from different life stage of
H. amigera. Series of experiments for the isolation
of fungi from different life stage such as larvae, and
adult moth of H. amigera were designed to confirm
the association mycoflora. Surface sterilized and
un-sterilized samples were used in each experiment.
Samples were first washed with sterilized distilled
water and then were surface sterilized with 0.1%
mercuric chloride (HgCl2) for 2-3 minutes. All
treated samples were twice washed in sterilized
distilled water for 2 minutes. Treated samples were
completely dried before inoculation. In addition,
un-surface sterilized samples were also used for the
isolation of fungi. One surface sterilized live larvae
per plate (after sterilization became dead) were
placed on PDA medium; whereas, one unsterilized
live larva were released in PDA medium. Similarly,
the adult of H. amigera (Surface sterilized and unsterilized) were placed in PDA medium (Figure 1).
All inoculated plates were incubated at
25±20oC and were monitored regularly. The growing colonies were subjected to different laboratory
codes as explained earlier and frequency percentage
was determined. The culture, thus, obtained was
subjected to purification as explained earlier for
further analysis. The frequency percent of fungi
was determined by following the formula as mentioned above.
Identification of fungal genera. Morphological and cultural characters. Temporary slides of
fungal isolates from pure cultures were made and
observed under light microscope. Morphological
and cultural characters of isolated fungi were recorded and compared with standard keys for establishing their identity [20-24]. In addition, internet
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were 5´-TCCGTAGGTGAACCTGCGG-3´ and 5´TCCTCCGCTTATTGATATGC-3´respectivily.
Primers were in a concentration of 100nm/Pl designed by integrated DNA technologies (IDT). Primers working solutions were prepared in 100μl
nuclease free water with a concentration of 1nM/μl
(1000picomoles). 25μl of PCR reaction mix was
prepared with the following components: 1.0 μl
(10pico moles) of each ITS1 and ITS4 primers, 2μl
template DNA, 12.5μl Master mix (contained75
mM of tris-HCl pH 8.8, 0.625 units/Pl of Taq DNA
polymerase, 20 mM of (NH4)2SO4, 1.5mM of
MgCl2 and 0.2mM each of dNTP) and 8.5 nuclease
free water (PCR water). Reaction was performed in
THERMO HYBRID PCR Express Thermal cycler.
PCR protocol consisted 40 cycles with 5 minutes
initial denaturation temperature at 95°C. PCR conditions were; denaturation at 95°C for 30 sec, annealing at 58°C for 30 sec, extension at 72°C for 1
min and final extension at 72°C for 5 min. After
PCR amplification temperature was maintained at
4°C until samples were removed from thermal cycler.

17. 300μl of 70% ethanol was added and tubes
were inverted several times to wash the DNA pellet.
18. Samples were centrifuged for 3min at
13000 x g. supernatant was discarded, tubes were
drain on a clean piece of absorbent paper and allowed to air dry for 5min.
19. 100μl of DNA Hydration Solution was
added, samples were briefly vortexed for 5sec at
medium speed.
20. 1.5μl of RNase A solution was added and
samples were mixed by vortexing for 1sec. To collect the DNA, tubes were pulse spin and incubated
at 37°C for 1hr in incubator.
21. After the completion of incubation period
samples were incubated in pre heated water bath on
65°C for 1hr to dissolve the DNA.
22. After incubation samples were incubated
at room temperature on gentle shaking.
23. Purified DNA was stored at -20°C.
PCR amplification. Amplification of conserved regions of fungal genomic DNA was performed by universal primers ITS1 (forward) and
ITS4 (reverse). The sequences of ITS1 and ITS4

A. Agar Plate Method

B. Blotter Paper Method

C. Isolation from different life stage
D. Identification
FIGURE 1
Isolation fungi from gram pod affected seeds, seed shell and different life stages of gram pod borer
(Live and dead larva; adult) collected from chickpea field during the study periods
Note: A) Isolation through agar plate; B) Isolation through blotter paper methods; C) Isolation from different life stages of
gram pod borer (Live and dead larva; adult); D) Identification through morphological characteristics.
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FIGURE 2
Different steps followed during molecular characterization of fungal isolates.
RESULTS

Gel Electrophoresis for Genomic DNA Visualization. Gel electrophoresis was performed to
check the quality of DNA. 1.5% gel was prepared
by adding 1.12gm of agarose into 75ml of 1X TBE
buffer [Tris-Borate EDTA (Ethylenediaminetetraacetic acid)] with 8.5pH and heated in microwave
oven till the gel was completely dissolved. 5μl ethidium bromide was added and the molten gel was
poured into the gel caster pre fitted with 8 or 16
well comb. The comb was removed when gel completely solidified and the gel caster along with gel
was placed in the gel electrophoresis tank prefilled
with 1X TBE buffer.
5μl genomic DNA of each sample was mix
with 2μl of ThermoScientific 6X loading dye by
pipetting and loaded in the gel. The dye contained
10mM Tris-HCl (pH 7.6), 0.03% xylene cyanol FF,
0.03% bromophenol blue, 60% glycerol 60mM
EDTA. Gel was run on 120V for 45 min. For the
conformation of DNA gel was placed on UVP
Benchtop transilluminator (302nm) to observe
bands (Figure 2).

The associations of fungi with gram pod borer
affected seeds, seed shells and different life stages
of gram pod borer have not been reported before in
the literature. In our study we determined the association of gram pod borer with chickpea disease
causing fungi. The results pertaining to gram pod
affected seeds and seed shells, larva and adult moth
of H. armigera revealed the association of several
fungal genera in current studies (Figure 3 and 4).
On overall basis from all specimens of current
study, a total of sixty five different fungal strains
belonging to seventeen different genera (Alternaria,
Aspergillus, Curvularia, Chaetomium, Colletotrichum, Drechslera, Fusarium, Lasiodiplodia,
Macrophomina, Paecilomyces, Penicillium, Pleospora, Rhizoctonia, Sordariomycetes, Stemphylium,
Beauveria and Trichoderma) were identified. It was
further observed that a total of twenty different fungal strains were identified from the seeds and seven
from seed shells of 2015 and 2016 chickpeas crop.
There were twenty different fungal strains found
associated with gram pod borer affected seed and
seven with seed shell of both years isolated through
agar plate and blotter paper method. Moreover, nine
different fungal strains found associated with field
live collected larva (surface sterilized and unsterilized); whereas from field dead collected larva,
sixteen fungal strains were confirmed. When adult
of gram pod bore was placed on PDA medium, 13
different fungal strains were identified from surface
sterilized and un-sterilized moth. All the fungal
strains were tentatively identified through their cultural and morphological characteristics and thereafter were confirmed through molecular characterization (Table 1).

Sequence analysis. The PCR product was
sent to the company for sequencing of DNA of each
sample. The nucleotide sequence of each sample
was blasted by using nucleotide internet database of
National Center for Biotechnology Information
Database (NCBI).
Phylogenetic analysis of different isolates.
The Phylogenetic tree was constructed through
Neighbor-Joining method associated taxa clustered
(bootstrap 1000 replicates). The Nucleotide sequence obtained from the National Center for Biotechnology Information Database (NCBI). The obtained sequences were analyzed with Clustalx 1.83,
and the Phylogenetic tree was constructed through
MEGA (version 3.1). The circled isolate denotes
the member cultured in present study.

Morphological characterization. The cultural and morphological characteristics of most frequently associated fungal strains such as: Alternaria
alternata (Fr.) Keissler, Alternaria solani Sorauer,
Alternaria tenuissima, Aspergillus flavus, Aspergillus fumigatus Fresenius, Aspergillus niger van
Tiegh, Aspergillus terreus, Beauveria bassiana,
Chaetomium sp., Colletotrichum sp., Curvularia
lunata (Wakker) Boedijn, Cercospora sp.,
Drechslera sp. Synonym: Biporalis australiensis
(M. B. Ellis), Fusarium equiseti (Corda) Sacc.,
Fusarium oxysporum (Schl.) Snyder & Hansen,

Statistical analysis. The data obtained in present were statistically analyzed by using the standard procedures for analysis of variance, ANOVA
(linear model), and mean separation (least significant difference, LSD) of frequency (%) of fungi
from each experiment was analysed by using the
computer software Statistix 8.1 [25]. All differences
described in the text were significant at the 5% level of probability.
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Fusarium solani (Mart.) Sacc., Lasiodiplodia theobromae, Macrophomina phaseolina (T assi)
Goid., Paecilomyces sp., Penecilium sp., Rhi-

zoctonia solani (Kohn), Rhizopus stolonifer, Stemphylium Wallr. and Trichoderma viride are documented in Figure 5.

Chickpea Seeds

Seed shells
FIGURE 3
Association of different fungal strains with seeds and seed shell infested with gram pod borer

FIGURE 4
Association of different fungal strains with the larva (Field-Lab live and dead) and adult moth of gram
pod borer
Note: A) Field Live larvae; B) Lab. Live Larvae; C) Field Dead Larvae; D) Lab. Dead; E) Adult Moth

TABLE 1
Fungal isolates associated with gram pod borer affected seeds, seed shell and different life stages of
H. armigera
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Total

Seeds
Acremonium sclerotigenum
Alternaria alternate
A. solani
A. tenuis
A. tenuissima
Aspergillus flavus
A. fumigatus
A. niger
Chaetomium sp.
Colletotrichum truncatum
Curvularia lunata
Drechslera sp.
Fusarium equiseti
Fusarium oxysporum
Macrophomina phaseolina
Penicillium spp.
Rhizopus stolonifer
Stemphylium spp.
Lasiodiplodia theobromae
A. terreus
20

Seed Shells
A. alternate
A. flavus
A. fumigatus
A. niger
C. lunata
Penicillium spp.
R. stolonifer
7

Live Larva
A. alternate
A. solani
A. flavus
A. niger
Chaetomium sp.
C. lunata
Drechslera sp.
Fusarium sp
Penicillium spp.
9
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Dead Larva
A. alternate
A. flavus
A. fumigatus
A. niger
Beauveria bassiana
Chaetomium sp.
C. lunata
Fusarium spp.
Paecilomyces sp.
Penicillium spp
Pleospora herbarum
Rhizoctonia bataticola
R. stolonifer
Sordariomycetes sp.
Stemphylium spp.
Trichoderma virens
16

Adult
A. alternate
A. flavus
A. fumigatus
A. niger
Chaetomium sp.
C. lunata
Fusarium spp.
Paecilomyces sp.
Penicillium spp.
Pleospora herbarum
R. stolonifer
Sordariomycetes sp.
T. virens
13
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FIGURE 5
Cultural and morphological characteristics of different fungal strains isolated in current study

FIGURE 6
Phylogenetic analysis of genus Alternaria associated isolates.
Note: The Phylogenetic tree was constructed through Neighbor-Joining method associated taxa clustered (bootstrap 1000
replicates). The Nucleotide sequence obtained from the National Center for Biotechnology Information Database (NCBI).
The obtained sequences were analyzed with Clustalx 1.83, and the Phylogenetic tree was constructed through MEGA (version 3.1). The circled isolates denote the member culture in present study.
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FIGURE 7
Phylogenetic analysis of genus Aspergillus associated isolates.
Note: The Phylogenetic tree was constructed through Neighbor-Joining method associated taxa clustered (bootstrap 1000
replicates). The Nucleotide sequence obtained from the National Center for Biotechnology Information Database (NCBI).
The obtained sequences were analyzed with Clustalx 1.83, and the Phylogenetic tree was constructed through MEGA (version 3.1). The circled isolates denote the member culture in present study.

FIGURE 8
Phylogenetic analysis of genus Penicillium associated isolates.
Note: The Phylogenetic tree was constructed through Neighbor-Joining method associated taxa clustered (bootstrap 1000
replicates). The Nucleotide sequence obtained from the National Center for Biotechnology Information Database (NCBI).
The obtained sequences were analyzed with Clustalx 1.83, and the Phylogenetic tree was constructed through MEGA (version 3.1). The circled isolates denote the member culture in present study.
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TABLE 2
Different fungal strains gen bank accession and GI isolated from gram pod borer affected seeds, seed
shells and different life stages of H. armigera
S. No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Lab Code
CPI-7
CPI-11
CPI-21
CPI-24
CPI-20
CPI-22
CPI-24
CPI-18
CPI-22
CPI-18
CPI-24
CPI-22
CPI-21
CPI-11
CPI-20
CPI-21
CPI-24
CPI-21
CPI-22
CPI-18
CPI-23
CPI-2
CPI-10
CPI-1
CPI-16
CPI-14
CPI-9
CPI-8
CPI-4
CPI-17
CPI-13
CPI-28
CPI-19
CPI-19
CPI-7
CPI-21
CPI-27
CPI-34
CPI-38
CPI-40
CPI-38
CPI-6
CPI-35
CPI-35
CPI-37
CPI-23
CPI-9
CPI-12
CPI-3
CPI-15
CPI-3
CPI-12
CPI-8
CPI-14
CPI-15
CPI-9
CPI-9
CPI-23
CPI-18
CPI-6
CPI-8
CPI-23
CPI-23
CPI-23
CPI-33

Isolate
Acremonium sclerotigenum isolate A1
Alternaria alternata
A. alternata isolate CHRYSA25
A. alternata isolate LQ-1231
A. alternata strain CICR6
A. alternata strain DUCC5024
A. alternata strain Lahuf-A.al
A. alternata strain SR/I/99
A. arborescens isolate A674
A. brassicicola isolate RdKyA-1
A. citrimacularis strain FC8A
A. destruens strain KCL7c
A. longipes isolate chrys A2
A. porri strain Kd
A. solani f. sp. lycopersici
A. solani f. sp. lycopersici
A. solani isolate BLF03C1
A. tenuissima isolate chrys A3
A. tenuissima isolate endophytic fungi
A. tenuissima isolate NIR12
Aspergillus flavus
A. fumigatus isolate 928
A. fumigatus isolate SF8
A. fumigatus strain AHBR16
A. fumigatus strain CMXY10245
A. fumigatus strain Hus.-A.fu
A. fumigatus strain Hus.-A.fu
A. niger isolate S5
A. terreus isolate MD3_2
A. terreus strain AP4
Beauveria bassiana isolate FAFU-BSF2
Cercospora sp. PG2
Chaetomium sp. 15003
C. uniseriatum strain LC3756
Colletotrichum gloeosporioides isolate LSC-31
Corynespora sp. isolate OLS1
Curvularia lunata
Drechslera sp.
Fusarium equiseti isolate XSD-80
F. oxysporum isolate FO-12 18S
F. solani
Lasiodiplodia theobromae isolate Lt-A2
Macrophomina phaseolina isolate MP-018
M. phaseolina isolate SMPMb28F
Paecilomyces sp.
Paradendryphiella salina strain CF-285749
Penicillium chrysogenum strain FH10
P. chrysogenum strain HGQ6
P. chrysogenum strain HGQ6
P. chrysogenum strain QRF370
P. dipodomyicola strain IIF7SW-F4
P. griseofulvum strain L1
P. roseopurpureum isolate 6
P. rubens strain XQ3
P. rubens strain XQ3
P. rubens strain XQ3
P. viridicatum
Pleospora herbarum strain MFLUCC 14-0920
Rhizoctonia bataticola clone RB50
R. bataticola isolate VRF 25/07
Sordariomycetes sp. TC204
Stemphylium lycii CBS 125241
S. solani strain FE30
Stemphylium sp. isolate CCTU1067
Trichoderma virens

Note: Gen Bank Accession and GI were obtained from NCBI BLASTn database
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Gen Bank Accession
MG980070.1
JQ080319.1
KX156938.1
MF141011.1
KF747365.1
KJ728679.1
MF099865.1
KJ728834.1
KX463046.1
MF167583.1
KP863716.1
MG182675.1
KU639594.1
KT447157.1
KX452728.1
KX430179.1
MH312016.1
KU639595.1
MG561951.1
MG786766.1
HQ340103.1
KU936230.1
KX011021.1
KF305755.1
MG991603.1
MF163444.1
MF163444.1
KX897146.1
JQ697515.1
KF860883.1
MH715012.1
HQ232415.1
EU750691.1
KP336751.1
KU097221.1
KU898065.1
EU326202.1
AY928419.1
EU029589.1
KX270362.2
MH371315.1
KC513786.1
HM626196.1
MG065798.1
EU409812.1
JF834167.1
JF834167.1
KP278201.1
KY218703.1
MF034654.1
MH481292.1
KU216705.1
KU216705.1
KU216705.1
HG326300.1
KY659560.1
HQ392798.1
EF446282.1
JX174135.1
NR_154932.1
KU743971.1
KY077541.1
AF099007.1

Gen Bank GI
1347826466
380447312
1043111902
1279122625
560207868
664818462
1191949177
659225145
1139416976
1198370140
906541939
1253806173
1028336416
984697830
1050550885
1050550884
1387845362
1028336417
1279695442
1328374884
330897167
1092191070
1025824576
527851622
1349758520
1198318131
1198318131
1148880127
387860691
584013156
1442531291
310750932
190645817
940676158
1021765884
1074969396
162285925
60593128
157824570
1393545685
1390642155
459649108
307563850
1253224937
166203656
334854872
334854872
817011885
1104561771
1189013873
1402357422
1004525512
1004525512
1004525512
530445851
1213948660
311062962
133711976
403314319
1360449954
1060717068
1173132660
4323321
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other fungi associated with seed was lower that
ranged from (3.0 to 30.70%) (Figure 9). The association of these fungi further revealed that older
seeds had higher frequency compared to fresh
seeds. On overall basis all fungal strains significantly produced higher frequency in the seeds of 2015
compared to 2016 when isolation mad through agar
plate method (Figure 9). Moreover, when isolation
of fungi was made through blotter paper method
had lower frequency compared to agar plate method. Significantly higher frequency was recorded for
A. alternata (19.40%) followed by A. niger
(11.40%), L.theobromae (9.40%) and F.oxysporum
(6.90%). However, the frequency of other fungi
was ranged from 0.3 to 5.50% (Figure 9). Similar to
agar plate method, the association of these fungi
further revealed that older seeds had higher frequency compared to fresh seeds. On overall basis
all fungal strains significantly produced higher frequency in the seeds of 2015 compared to 2016
when isolation mad through blotter paper method
(Figure 9).
It is also obvious from the results that obtained
through combined analysis of agar plate and blotter
methods; the overall frequency of fungi in blotter
paper method was much lower than agar plate
method. All the fungi significantly produced higher
frequency on agar plate method (Figure 9).

Molecular characterization. The isolates associated with gram pod borer affected seeds, seed
shell, and its different life stages (larva and adult)
were isolated and initially identified based on morphological characteristics. However, the specific
genera and species of all isolates were confirmed
through molecular characterization using ITS region of rDNA of fungi. The sequences of all strains
except Curvularia lunata and Drechslera sp. were
blasted in NCBI BLASTn data based and Gen Bank
Accession number and Gen Bank GI were obtained
(Table 2).
Sequence alignment and Phylogenetic analysis. The phylogenetic analyses of different isolates
were conducted based on internal transcribed spacer
(ITS) regions. In present study, we determined the
morphological taxonomy of twenty four (24) fungal
isolates, and the domain consisting of protein sequences obtained from various sources are aligned
by using redundant entries. A combined rooted
neighbor-joining (NJ) tree (1000 replicates) was
generated through MEGA 4.5 by following the default parameters; poisson correction, pairwise deletion, and bootstrap. Conserved motifs protein sequences of all sorted member were identified using
a motif based sequence analysis tool. The BLAST
search for the resulting motifs in NCBI and MSHomology databases was carried out to determine
their significance. In order to understand the putative role of fungal isolates, we analyzed the deduced amino acid sequence by BLASTn and
searched in NCBI database indicated as inquiry
aligned with isolated strains. Comparison of the
amino acid sequence and phylogenetic analysis of
isolates was also performed which revealed that
sequences belong to different groups/species.
A total of sixty five fungal isolates belonging
to seventeen genera were classified into six different group species, the most common of which were
Alternaria, Aspergillus and Penicillium. Isolates
were identified to species level based on similarities
with known sequences in NCBI (GenBank) database and a large proportion of the fungi were belonging to Alternaria (98%) followed Aspergillus
(75-81%) and Penicillium (80%) species.

Frequency percent of fungi from Seed shell.
In case of seed shell a total of seven twenty different fungal strains (A. alternata, A. flavus, A. fumigatus, A. niger, C. lunata, Penicillium sp., and R.
stolonifer) were identified. Significantly highest
frequency percent was recorded for A. niger
(55.90%) followed by A. flavus (52.80%) and A.
alternata (35.90%) from seed shells of 2015 and
2016 when isolated through agar plate method. The
frequency of other fungi associated with seed shell
was lower that ranged from 0.30 to 21.4% (Figure
10). The association of these fungi further revealed
that older seed shells had higher frequency compared to fresh seed shell. On overall basis all fungal
strains significantly produced higher frequency in
the seed shell of 2015 compared to 2016 when isolation made through agar plate method (Figure 10).
Moreover, when isolation of fungi from seed
shell was made through blotter paper method had
lower frequency compared to agar plate method.
Significantly higher frequency was recorded for A.
niger (30.70%) followed by A. alternata (21.90%)
and A. flavus (11.90%). However, the frequency of
other fungi was ranged from 0.40 to 4.70% (Figure
10). Similar to agar plate method, the association of
these fungi further revealed that older seed shell
had higher frequency compared to fresh seeds. On
overall basis all fungal strains significantly produced higher frequency in the seed shells of 2015
compared to 2016 when isolation made through
blotter paper method (Figure 10).

Frequency percent of fungi. The results pertaining to the frequency percent of fungi associated
with gram pod affected seeds and seed shells, larva
and adults moth of H. armigera revealed the significant difference among each other.
Frequency percent of fungi from Seeds.
Significantly highest frequency percent was recorded for A.alternata (64.20%) followed by Chaetomium sp. (38.20%), L. theobromae (20.30%), A. tenuissima (36.70%), C. lunata (32.70%), Drechslera
sp. (31.70%) and L. theobroae (31.20%) when isolated through agar plate method. The frequency of
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It is also obvious from the results that obtained
through combined analysis of agar plate and blotter
methods; the overall frequency of fungi from seed
shell isolated through blotter paper method was

much lower than agar plate method. All the fungi
significantly produced higher frequency on agar
plate method (Figure 10).



A. Agar Plate Method
SE
=
0.6997
LSD =
1.3821

B. Blotter Paper Methods
C. Combined
1.1381
0.7931
2.2481
1.5603
FIGURE 9
Frequency percent of different fungal strains isolated from gram pod borer affected seeds chickpea.
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A. Agar Plate Method
SE
= 0.9004
LSD = 1.8068

B. Blotter Paper Methods
C. Combined
1.1900
0.7931
2.3879
1.5603
FIGURE 10
Frequency percent of different fungal strains isolated from gram pod borer affected seed shells of
chickpea.
lunata, Drechslera sp., Fusarium sp., and Penicillium sp. There was significant different among the all
isolated fungi for frequency percent. Significantly
higher frequency was recorded for A. flavus
(20.40%) followed by A. niger (9.40%), A. alternata (8.40) and Penicillium sp. (7.40%) from

Frequency percent of fungi from different
life stages. There were nine different fungal strains
found associated with field live collected larva (surface sterilized and un-sterilized). The fungal strains
associated with live larva were A. alternate, A.
solani, A. flavus, A. niger, Chaetomium sp., C.
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B. Dead Collected Larvae
C. Adult Moth
2.0731
1.0321
4.1032
2.0477
FIGURE 11
Frequency percent of different fungal strains isolated from different life stages of gram pod borer
collected from chickpea field.

SE
LSD

=
=

A. Live Collected Larvae
0.5614
1.1202

Moreover, there were sixteen different fungal
strains found associated with field dead collected
larva (surface sterilized and un-sterilized). The fungal strains associated with dead larva were A. alternata, A. flavus, A. fumigates, A. niger, Beauveria
bassiana, Chaetomium sp., C. lunata, Fusarium sp.,

un-treated larvae. Whereas, from treated larvae
Fusarium sp. (10.40%) followed C. lunata (5.40%).
The frequency of other fungi associated with live
larva was lower that ranged from 0.20 to 3.40%
(Figure 11).
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with field dead moth of H. armigera. On overall
basis from all specimens of current study, we isolated a total of sixty five different fungal strains
belonging to seventeen different genera. All the
isolates were initially identified based on morphological characteristics. The specific genera and species of all isolates were then confirmed through
molecular characterization using ITS region of
rDNA of fungi. The sequences of all strains except
Curvularia lunata and Drechslera sp. were blasted
in NCBI BLASTn data based and Gen Bank Accession number and Gen Bank GI were obtained. Isolates were identified to species level based on similarities with known sequences in NCBI (GenBank)
database and a large proportion of the fungi were
found associated with Alternaria followed Aspergillus and Penicillium species that maybe due to
their frequent occurrence and availability in the
environment.
The frequency percent of fungi associated
with gram pod affected seeds and seed shells, larva
and adults moth of H. armigera were also significantly varied. A. alternata followed by Chaetomium
sp., L. theobromae, A. tenuissima, C. lunata,
Drechslera sp. and L. theobroae were remained
dominant when isolated through agar plate method.
The association of these fungi further revealed that
older seeds had higher frequency compared to fresh
seeds. It was observed that overall frequency of
fungi in blotter paper method was much lower than
agar plate method. All the fungi significantly produced higher frequency on agar plate method. In
case of seed shell, significantly highest frequency
percent was recorded for A. niger followed by A.
flavus and A. alternata from seed shells of 2015 and
2016, when isolated through agar plate method.
Similar to agar plate method, the association of
these fungi further revealed that older seed shell
had higher frequency compared to fresh seeds. In
the recent past, Shamsi and Khatun [26] found the
association of nine species of fungi with seeds of
nine varieties of chickpea. The isolated fungi were
Alternaria alternata, Aspergillus flavus, A. niger, A.
fumigatus, A. nidulans, Curvularia lunata, Penicillium sp., Rhizopus stolonifer and Trichoderma
viride. However, in our study we observed a total of
twenty different fungal strains from the seeds and
seven from seed shells of 2015 and 2016 chickpeas
crop. Shamsi and Khatun [26] further revealed that
the fungal association varied with duration of storage period. Species of Aspergillus, Penicillium and
Rhizopus become predominating fungi with increase of the storage period. In our study we also
found that older seeds had higher frequency compared to fresh seeds.
Moreover, no any literature available with regards to the association of fungal strains with different life stages of gram pod borer. In our study,
we inoculated field collected live and dead larvae
and adult moths in order to determine the associa-

Paecilomyces sp., Penicillium sp., Pleospora
herbarum, Rhizoctonia bataticola, R. stolonifer,
Sordariomycetes sp., Stemphylium sp., and Trichoderma virens. There was significant different
among the all isolated fungi for frequency percent.
Significantly higher frequency was recorded for A.
alterna (25.40%) followed by A. fumigatus
(15.40%), A. niger (14.40%), A. flavus (9.60%),
and Paecilomycetes (7.40%) and P. herbarum
(6.20%) from un-treated dead larvae. Whereas,
from treated dead larvae A. alterna (13.40%) followed by Fusarium sp. (12.20%) and B. bassiana
(6.40%) were isolated with higher frequency. The
frequency of other fungi associated with dead larva
was lower that ranged from 0.20 to 4.80% (Figure
11).
There were thirteen different fungal strains
found associated with adult moth (surface sterilized
and un-sterilized). The fungal strains associated
with adult moth were A. alternate, A. flavus, A.
fumigates, A. niger, Chaetomium sp., C. lunata,
Fusarium sp., Paecilomyces sp., Penicillium sp.,
Pleospora herbarum, R. stolonifer and Sordariomycetes sp. There was significant different among the
all isolated fungi for frequency percent. Significantly higher frequency was recorded for A. alternata
(43.20%) followed by Paecilomycete (36.20%), A.
niger (34.20%), P. herbarum (31.20%), A. flavus
(26.20%), A. fumigatus (14.20%) and T. virens
(13.20) from un-treated adult moth. Whereas, the
frequency of other fungi associated with adult moth
was lower that ranged from 0 to 11.50% (Figure
11).

DISCUSSION
Association of fungi with gram pods borer.
There are several pathogenic diseases have been
reported to cause economic losses in chickpea crop.
It was also mentioned in the literature that around
50 pathogens of economic significance are affecting
the chickpea plant and causing severe diseases.
However, the associations of gram pod borer with
Chickpea diseases have not been reported before in
the literature. In our study we determined the association of gram pod borer with chickpea disease
causing fungi. The results pertaining to gram pod
affected seeds and seed shells, larva and adults
moth of H. armigera revealed the association of
several fungal genera in current studies. It was noticed that several pathogenic fungal genera were
found associated with seeds, seed shells, larva (live
and dead) and moth such as Alternaria, Aspergillus,
Curvularia,
Chaetomium,
Colletotrichum,
Drechslera, Fusarium, Lasiodiplodia, Macrophomina, Paecilomyces, Penicillium, Pleospora, Rhizoctonia, Sordariomycetes and Stemphylium. However, two entomopathogenic fungi such as Beauveria and Trichoderma were also found associated
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is also known as “white gold” owing to its major
share in textile. Moreover, cotton is grown in tropical and sub-tropical regions of the world as its byproducts are used for dietary purpose and for animals as a seedcake.
Genetic variability is compulsory among
germplasm entries for the development of cultivars
having high seedcotton yield and other economical
traits [1]. The extent of variation among filial generations is vital for selection purposes. Hereditary
behavior and mode of gene action of the economic
traits play a significant role for the development of
breeding methodology in plant sciences [2].
The concept of early generation was used in
self-pollinated plants as a mean to select the best
hybridized plants among populations with success
in number of species [3]. Through this concept, the
useful entries in breeding program are selected, and
resources and duration needed for the process are
reduced [4]. For development of any breeding strategy, breeders consider the number of the parents to
be used for hybridization, the magnitude of proceeding filial generations, the filial stage to be considered for selection and the morphological characters to be screened. The use of filial stage in morphological screening of cotton for selection purposes has been studied for a long time [5] and it has
been found to be beneficial for evaluation of genotypes which were introduced anciently [6].
The genetic pattern of different polygenic
traits is determined through relationship of heritability and selection response [7]. Thanks to it, a
number of alternative early generation screening
has been practiced. Bulking, for instance, was applied in F2 for selection of improved barley [8]
while advanced progenies were selected using F2:3
progenies in soybean [9]. Selection as single seed
descent and progeny row play a vital role for minimizing errors during the conduction of replicated
trials. In any breeding program, selection of plants
on advance stages contributes to the increase in

Variation is very important for the plant
breeders and selection is effective when magnitude
of variability in the breeding population is adequate. Genetic variability and heritability were
observed among F2:4 populations of cotton for three
seasons. Parents, including   
(Askabat-100),   (Nazilli84S, Giza45,
Albania-6172 and IS-4), and their F2:4 populations
were grown in a randomized complete block design
with three replications during 2015. Statistical
analysis revealed highly significant differences for
all the traits. On average basis, the F2:4 populations
showed better performance than parental cultivars
for yield and yield components. Additionally, from
moderately high to high heritability (broad sense)
values (0.61-0.95) were calculated for all parameters in the populations. Yield contributing components specially number of bolls per plant and boll
weight directly affected the seed cotton yield in all
populations among which Albania6172 x Giza 45
exhibited the highest boll weight. In general, our
results revealed that F2:4 populations developed by
single seed descent method held not only a larger
genetic potential but also a positive association
between yield and yield contributing traits. As a
whole, it might be interpreted that moderate to high
heritability could be used a selective parameter for
plant improvement in segregating populations.


*)"$%
Genetic variability, Seedcotton yield, heritability, genetic
advance, segregating generations
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Cotton is a crop of global importance as an ultimate source of natural fiber all over the world. It
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tions of the three populations were sown on May
the 13th in spaced plants; rows 70 cm apart and 20
cm between plants. Three weeks after planting, the
plants were thinned to one plant. At the end of the
season, two picks were done on single plant basis.
After ginning, seeds were delinted. In 2014; F2:3
generations, randomly selected single plant seeds
from pop I, pop II and pop III, were sown on May
the 15th. The plot size was 4 m long, 70 cm apart
and 20 cm between plants within a row for each
population. After full emergence, seedlings were
thinned to one plant per hole. At maturity; the best
plants were randomly selected from the families for
seedcotton yield from each population. In season
2015, F2:4 generations were sown on the 27th of
April 2015 in randomized complete block design
having three replications along with the parents
with same plot size. Thinning was performed after
two weeks of germination to ensure single plant per
hole. In three growing seasons, the recommended
cultural practices for cotton production were adopted similarly, other cultural practices including hoeing, irrigation, fertilizer and insecticide applications
were carried out in accordance with the region’s
requirements. Picking was done manually on an
individual plant basis during the month of October
for calculating the data on various variables.

&;+3=<6/+<>;/6/7=+7.<=+=3<=3-+5+7+5B<3<
Data were recorded for bolls, boll weight and seedcotton yield per plant from guarded plants in each
population. Then ginning was done using roller gin
at Agriculture Faculty, Kahramanmaras Sutcu
Imam University, Kahramanmaras Turkey. Ginning
outturn (GOT %) calculated using the following
formula:

selection efficiency. [10] observed genetic advance
for ascertaining selection in two crosses of cotton
and revealed that absolute and expected genetic
advance were equal in one cross while these were
not related in the second.
Since the final output in cotton variety development is to produce high lint yield with fine fiber,
all economical traits are considered jointly in the
selection process as well as the other factors by
which these traits might be influenced such as environment and management practices. The researchers have recognized the existence of desirable or
undesirable relations among yield and fiber quality
improvement. When yield is improved, usually
there is a hindrance for refinement of fiber traits
[11]. [12] screened cotton genotypes for the assessment of relationship between yield and fiber
attributes. They postulated that information about
the kind and the extent of genetic variation is crucial in order to carry a reliable selection in cotton.
Additionally, it has been demonstrated that
ginning outturn (GOT %) is an important yield
component which is directly connected with lint
production and therefore, it can be used for the
evaluation of other yield components [13]. Therefore, it is of immense value to evaluate different
breeding materials for ascertaining the expected and
absolute variations for selection related to yield
components and GOT (%) [4]. The outcome of any
crop improvement depends upon the precise screening of multi-dimensional breeding materials and
transgressive segregation is expected to be high
among populations having desirable traits.
In our study, to develop more targeted breeding strategies to combine high yield with good
ginning outturn, three separate populations that
would be advanced for variety development were
generated by using elite parents in terms of yield
and fiber quality. Single seed plant descent was
applied as the method of breeding for this purpose.
Once all generations were obtained, we used our
selection criteria including lint yield, GOT, fiber
quality and seed cotton yield to determine the usefulness of the method.
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Analysis of variance was determined using
SAS (p < 0.01) [14]. Frequency distribution of
genotypes was calculated. Genotypic (GCV) and
phenotypic coefficients of variance (PCV), and
heritability (broad sense) were computed according
to [15]. The genetic advance in percentage of mean
was calculated by using the method described by
[16].
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#5+7=6+=/;3+5 +7. =;3+55+B8>=. The present
study was conducted at the experimental farm of
Kahramamaras Sutcu Imam University at East
Mediterranean Transitional Zone Agricultural Research Institute Kahramanmaras during the growing
seasons from 2013 to 2015. The genetic materials
used in this study included three populations belonging to     L. and  
  L. The first population derived from the cross
between Nazilli84S x Askabat-100, second from
Albania6172 x Giza-45 and the third was developed
using Nazilli84S x IS-4. During 2013, F2 genera-

Relative values for means, range, and coefficient of variation (CV %) for different characters
contributing to seedcotton yield between all populations (Nazilli84S x Askabat-100), (Albania6172 x
Giza45) and (Nazilli84S x IS-4) are shown in (Table-1). Analysis of variance showed highly significant differences (P≥0.01) in all populations for
seedcotton yield, yield components and ginning
outturn (GOT %). The variability was ranged from
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ferences for yield and yield components.
3.48 to 46.43 in F2:4 populations. While AlbaIn our study, by using frequency distribution,
nia6172 x Giza 45 produced the highest CV (%) for
we were able to observe that intra and interspecific
seedcotton yield, the lowest value (3.48) was found
populations had diverse traits in-contrast to parents
for GOT (%) among individuals of Nazilli84S x ISand we thought it could be helpful for developing a
4, which depicted that broad variation is present
new variant with more desirable characteristics
among populations. Based on overall mean and
(Fig. 1-3). Frequency distribution can be used for
variability performance of genotypes, Giza45, Althe detection of variation in a given population.
bania6172 and Nazilli84S though performed well
for couple of traits, yet none of the genotypes was
Transgressive segregants can also be developed and
superior for all the traits simultaneously. [17-18]
genetic effects can be evaluated with such inforevaluated upland cotton cultivars for determining
mation [19].
valuable traits and observed highly significant dif
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Seedcotton
Yield* (g)

Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4

Boll number*
Boll weight
(g)*
G.O.T (%)*

Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4
Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4
Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4

+A

37

30.01
40.32
47.55
16.33
11.33
18.33
3.92
6.39
5.07
45.72
48.08
48.78

3.14
3.14
6.55
2.33
1.67
2.33
0.96
1.02
1.32
36.12
35.81
40.62

/+7
10.07
17.27
17.85
5.17
4.97
7.03
1.89
3.34
2.66
39.37
41.15
45.22

%

(


5.51
9.21
7.59
2.08
1.95
3.33
0.66
1.09
0.74
1.93
2.71
1.89

34.24
46.43
25.85
31.06
30.37
24.09
15,44
22.7
10.75
5.32
5.34
3.48

/+7%:>+;/
/78=B9/
 

;;8;
 

(+5>/

104.1
254.35
198.68
15.59
11.99
36.72
1.35
3.6
1.62
11.28
21.98
20.84

11.89
64.27
21.28
2.57
2.28
2.87
0.085
0.57
0.08
4.39
4.82
2.48

8.75**
3.96**
9.33**
6.05**
5.26**
12.79**
15.92**
6.27**
19.86**
2.57**
4.55**
8.40**

Highly significant 0.01
Per plant,
CV (%) = Coefficient of variation
S.D = Standard deviation
GOT (%) = Ginning outturn
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Askabat100 followed with 53.32 in Albania6172 x
Giza 45. The researchers usually observe decrease
in genetic variability during variety development,
which is a big hindrance for selection of parents for
hybridization program. In order to keep breeding
procedure on continuous scale via traditional ways,
it is compulsory to have uniform genetic variation.
In current research, we demonstrated that seedcotton yield is directly connected to yield components.
Environmental coefficient of variation also revealed
significant variation as it ranged between 25.84 and
46.42%. Our findings are in accordance with a
number of previous studies [20, 1].

Plant yield showed wider ranges (3.14 48.78g) in all populations and maximum yield
(48.78g per plant) was produced in Nazilli84S x IS4 in-contrast to the parents (Fig. 1-3). Seedcotton
yield per plant has genotypic variance ranged from
0.42 to 63.36 with highest found in Albania6172 x
Giza 45 while genotypic coefficient of variance
(GCV) ranged from 3.85 to 55.06. The maximum
GCV (55.06%) was observed for seedcotton yield
in the population developed from Nazilli84S x
Askabat-100 (Table 2). On the other hand, phenotypic coefficient varied from 45.2 to 58.5% among
all populations with maximum PCV (58.5) observed for seedcotton yield in Nazilli84S x

'$ 
;/:>/7-B.3<=;3,>=38708;5,+73+  A3C+ ./;3?/.  989>5+=387
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37  989>5+=387<
#+;+6/=/;<
Seedcotton
yield* (g)
Boll number*

Boll weight*

G.O.T (%)*

#89>5+=387<
Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4
Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4
Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4
Nazilli84S x Askabat100
Albania6172 x Giza 45
Nazilli84S x IS-4

(1
30.74
63.36
59.13
4.34
3.24
11.28
0.42
1.01
0.51
2.3
5.72
6.12

(

55.06
46.09
43.08
40.3
36.2
47.78
34.36
30.09
26.94
3.85
5.81
5.47

(9
34.7
84.78
65.08
5.2
4.0
13.63
0.45
1.20
0.54
3.76
7.33
6.95

#(

58.5
53.32
45.2
44.09
40.22
52.51
35.49
32.8
27.63
4.93
6.58
5.83

(

34.24
46.42
25.84
31.01
30.38
24.1
15.43
22.6
10.63
5.32
5.34
3.48


0.89
0.75
0.91
0.84
0.81
0.83
0.94
0.84
0.95
0.61
0.78
0.88

* = plant, Vg = Genetic variance, Vp = Phonotypic variance, GCV = Genotypic coefficient of variation,
PCV = Phenotypic coefficient of variation, H2 = Heritability (broad sense), GA = Genetic advance,
GA % = Genetic advance on mean basis,
GOT % = Ginning outturn
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7.3
9.63
10.26
2.67
2.27
4.28
0.88
1.29
0.98
1.66
2.96
3.25


72.54
55.78
57.49
51.55
45.61
60.87
46.56
38.65
36.77
4.21
7.19
7.19
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found that Albania6172 x Giza-45 produced the
highest genotypic and phenotypic variance for
seedcotton (63.36 and 84.78 respectively). Genotypic and phenotypic variation for number of bolls
per plant and boll weight were observed from 11.28
& 13.63 and 30.09 & 32.8 respectively (Table 2).
Our findings are in accordance with a number of
previous studies [20-22].
Ginning outturn percentage had its maximum
(48.78) and minimum (35.81) values in filial populations (Fig. 1-3). The two populations having the
highest GOT % (48.78 and 48.08) originated from
Nazilli84S x IS-4 and Albania6172 x Giza 45, respectively, with the mean values of 45.22 and
41.15. GCV were calculated to vary between 3.85
and 5.81 and PCVs ranged from 4.93 to 6.58 among
all populations. The ultimate outcome after ginning
of seedcotton is presented as ginning outturn percentage, and it is expected to be high since it is an
important attribute of fiber quality. Earlier findings
which screened cotton genotypes for yield and yield
components showed that this trait has a negative
impact on seedcotton yield [23-24]. However, in
our findings, we realized that some plants among
F2:4 populations developed from Nazilli84S x IS-4
had high GOT (%) and they can be used for developing breeding strategies for improving multiple
characters at the same time. Overall, our observations in GOT were in accordance with the results of
many previous studies such as [25-27]. Improvement in lint percentage and fiber yield could be the
results of high selection intensity, genotypic coefficient of variance and heritability. These factors play
a major role in genetic advances we encountered in
two populations derived from Nazilli84S x
Askabat100 and Albania6172 x Giza 45. Similar

Number of bolls ranged from 1.67 to 18.33
with a mean of 5.17, 4.97 and 7.03 between the
populations as most bolls per plant found in Nazilli84S x IS-4. It was also observed from frequency
distribution that the individuals in the F2:4 populations were having more bolls per plant as compared
to the parents (Fig. 1-3). Genotypic variances were
calculated to be in the range of 3.24 to 11.28 and
GCV was found to vary between 36.2 and 47.78 for
number of bolls per plant while highest GCV
(47.78%) was found in Nazilli84S x IS-4. Phenotypic coefficient of variation fluctuated from 40.22
to 52.51 and maximum 52.51% was in Nazilli84S x
IS-4. It has been observed that environment has
also influence upon this trait as its value was found
to vary from 24.1 to 31.01%.
Boll weight was observed in the range of 0.96
to 6.39g with means of 1.89, 3.34 and 2.66 for all
populations and Albania6172 x Giza 45 has the
highest 6.39g boll weight. Moreover, the parents
were having less boll weight as compared to F2:4
populations. Genotypic coefficient of variation
ranged from 26.94 to 34.36 and highest GCV
(34.36%) was found in Nazilli84S x Askabat100
followed by Albania6172 x Giza 45 with 30.09.
Our results showed that this character is highly
heritable as values for heritability were between
0.84 and 0.95 for all populations with the highest
(0.95) observed in Nazilli84S x IS-4. Genetic advance on mean basis was to be scaled from 36.77 to
46.56. The highest (46.56) value for this trait was
detected in Nazilli84S x Askabat100. The ultimate
goal of seedcotton yield production relies on number of bolls per plant and boll weight. In current
research, we demonstrated that seedcotton yield is
directly connected to yield components. We also
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closer to each other. This is why phenotypic variation is high.
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results were obtained by [10, 27].
In the present study, there was a close correspondence between genotypic and phenotypic coefficient of variation for most recorded traits, which
evidenced that these characters were barely influenced by the environment. Seedcotton yield on
plant basis exhibited that environmental factors
strongly affected the trait and it must be included
for conduction of any breeding program.
Heritability allows the analysis of traits governed by many genes in genetic studies and highlights phenotypic coefficient variation role for
breeding [28-29] Appropriate selection strategies
can be developed using heritability estimated values
for refinement of economic characters. Phenological selection allows steady estimation of genetic
advance with GCV as well as heritability. In our
study, seedcotton yield per plant, number of bolls
per plant and boll weight produced moderately high
to highly heritable values as they ranged from 0.75
to 0.91 (75 - 91%), 0.81 to 0.84 (81 - 84%), 0.84 to
0.95 (84 - 95%), respectively. In a population, variation is observed due to both genetics and environmental factors. However, only genetic variability is
heritable from generation to the next generation.
Since heritability alone does not give an idea about
the expected gain in the next generation as environmental factors may vary, it has to be considered
in conjunction with the genetic advance. Genetic
advance on mean basis, on the other hand, was
found to vary from 55.78 to 72.54, 45.61 to 60.87
and 36.77 to 46.56 in F2:4 populations derived from
Nazilli84S x Askabat100, Albania6172 x Giza 45
and Nazilli84S x IS-4 with respect to their order.
[30-31] postulated that yield determination is more
difficult than the determination of other phenological traits in cotton since it is also affected by other
factors. Similarly to the researchers in the past, who
calculated moderate to high heritability for bolls per
plant, boll weight and seed cotton yield in upland
cotton and concluded that these characters can be
improved in advance generations of cotton [32-34],
we also observed moderately high heritability for
plant yield basis 0.75 with 55.78 genetic advance
on mean basis in one of the crosses, namely Albania6172 x Giza 45.
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Volatile ammonia, which emanate from chicken fresh manure significantly contributes to the
atmospheric nitrogen pollution, adversely poultry
performance and decreasing of manure’s fertilizer
value. Nowadays, the proliferation of organic
wastes is attributed to the scaling up of poultry
farms, and these organic wastes generate a plethora
of ammonia losses, which in turn jeopardize atmospheric quality. These organic residues with regard
to their use as nutrient source and soil conditioners
in agricultural areas is considered one of their recycling ways and their fertility value is contingent on
the extent of plant nutrients which lies in organic
fertilizers obtained from these organic wastes.
Therefore, the aim of this study was to investigate
the effects of zeolite, sulfuric acid and gypsum
applications on nitrogen losses as ammonia gas
(NH3) from chicken fresh manure. The experiment
was carried out in a closed system under laboratory
condition whereby two different concentrations (1
and 2%) of zeolite, gypsum and sulfuric acid were
separately applied to 250g of chicken fresh manure
based on oven dry weight. The prepared samples
were left to the incubation for 6 days and then daily
and total nitrogen losses as NH3 were measured by
vacuuming at certain intervals. The experimental
results showed that the addition of zeolite, gypsum
and sulfuric acid at the rate of 1% substantially
decreased the nitrogen losses in gas form by 32%,
53.31% and 52.29% respectively, while the application of zeolite, gypsum and sulfuric acid at the rate
of 2% significantly reduced losses by 54.23%,
58.87% and 62.09% respectively.

sidered the most harmful gas in the broiler houses
and can not only induce environmental problems,
but also be detrimental to the health and performance of birds [1]. The applications of chicken
manure to agricultural land are the significant
source of ammonia (NH3) emissions to the atmosphere, which in turn has a deleterious effect on the
environment. Additionally, this emission also induces the loss of available N for crop uptake [2].
The volatilization of ammonia during manure handling and storage noticeably decreases the agronomic value of the product and occasions a significant contribution to the environmental pollution [3].
The poultry industry progress in Turkey is expected to continue in the incoming years and also
the poultry sector is rapidly developing at large.
Chickens are often grown in the production houses
at densities of 13.5–21.2 bird m−2. There are 323
million poultry in Turkey according to the last
agricultural census [4]. The amount of wet waste of
these animals is about 5,923,571 t y-1 and these
wastes could be largely a problem for businesses if
it is not properly used [5]. The poultry produce
daily feces of 3 to 4% by body weight. On the average, the rate of one bird excretion into the poultry
house is estimated as 22 kg/year. Despite of the
increasing significance of poultry in recent years,
there is an insufficient effort for properly removal
of chicken wastes. The produced wastes are collected into the open storage pits which are around the
plant and then transported to another area from the
plant. It was revealed that approximately 7 million
tons of poultry feces lead to the environmental
problems in Turkey [6]. Additionally, in the poultry
houses, ammonia (NH3) volatilization from poultry
litter impairs bird health, decreases the fertilizer
value of litter, and adversely impacts the environmental quality [7]. The reduction of ammonia volatilization through combining of poultry manure and
chemical amendment has been found to increase
agricultural productivity.
The objective of this research was to study the
effects of the additives zeolite, sulfuric acid and
gypsum on NH3 volatilization from chicken fresh
manure within the short period of time.
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Ammonia volatilization, chicken manure, gypsum, sulfuric acid, zeolite
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Currently, intensive production of poultry and
livestock has raised a serious environmental concern with the public. Specifically, ammonia is con-
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6&6-56-'&/&1&/95-52*(&6&The collected data from the experiment were analyzed using analysis of variance tests based on randomized plot design (using F-LSD at P < 0.05) according to the
procedures outlined by [9]. All statistical results
were calculated using the one-way Analysis of
Variance procedure on MINITAB statistic software
package [10]. 

  

The experiment was carried out under laboratory conditions during the incubation of 6 days by
employing of chicken fresh manure, which was
supplied from a poultry farm. The natural Turkish
zeolite (Gördes town of Manisa) used as adsorbent
in this study was a commercial sample supplied
from Rota A.Ş Mining Company, İstanbul, Turkey.
The natural zeolite samples were crushed in a mortar and sieved through 250 µm sieve. The crushed
samples were dried in an oven at 105 ºC for 24h
before being used in the experiment. The experiment was carried out using a randomized complete
plot design with four replications. The treatments
per kg of chicken manure were: 250g of chicken
manure based on oven dry weight, two different
concentrations of zeolite, gypsum and sulfuric acid
(1-2%) that were applied to each unit.
Ammonia volatilization from soil was measured by a closed airflow system with modifications
[8]. The system consisted of an exchange chamber
(2.5 L glass bottle), a trap (500 ml glass bottle) and
stopper fitted with both an inlet and outlet. The inlet
of the chamber was connected to an air pump and
the outlet was connected by polyethylene pipe to
trap containing boric acid solution (%1.5). Chicken
manure (250 g) was placed in the glass bottle. The
treatments were mixed homogeneously, before
being applied to the chicken fresh manure. The
prepared samples were left to incubation for 6 days
at 22 ± 3 °C, after being arranged, water was added
to bring moisture content to 50% and then daily and
total nitrogen losses as NH3 were measured by
vacuuming with certain intervals. Air passed
through 2.30 L min-1 and released NH3 was captured in the trapping solution containing 100 ml
boric acid with bromocresol green and methyl red
indicator. The incubation glass bottle was maintained at room temperature. Boric acid- indicator
was replaced every day and back titrated with 0.002
N H2SO4, to estimate released NH3.

! !

Some characteristics of the chicken fresh manure prior to the start of the experiment are presented in Table 1. Fresh manure from chickens if the
feces are collected and stored on a regular basis
significantly losses occurs. It was evidenced that
the reduction of fertilizer value of the feces is the
main reason of causing nitrogen loss in ammonia
(NH3) form [11]. As it is presented in table 1, the
pH of the chicken fresh manure used during the
experiment is higher. Research indicated that ammonia volatilization increased pH, moisture content, wind speed, NH3 concentration and temperature [12]. Additionally, it is believed that pH increases with increasing of the NH3 to NH4+ ratio,
thereby resulting in increased volatilization rates
[13]. Moore et al. [14] revealed that NH3 volatilization from poultry litter dramatically increased once
the pH rose above 7.0.

20)3423)46-)52*6,)',-'.)1*4)5,0&174)
75)(-16,)567(9
423)46-)5
pH in water (1:5)
EC in water (1:5)(dS cm-1)
Organic matter (%)
CaCO3 (%)
C (%)
N (%)
C/N


8,62
9,54
73,17
4,36
39,46
3.60
10,96

!
,))**)'652*:)2/-6)211-642+)1/255)5-16,)*2402*&0021-&+&5 *420',-'.)1*4)5,0&174)
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zeolite and chemical amendments are proposed to
be the most suitable for reducing NH3 losses during
composting of poultry manure. Gümüş and Şeker
[19] reported that zeolite applications decreased the
nitrogen losses in gas form during two years of
trials under field condition.
As it is shown in Figure 2, the experimental
results indicated that the average cumulative ammonia volatilization by applying of 1 and 2% of
gypsum during the incubation period of 144hours
were 15.38 and 13.55 mg N respectively. The application of 1 and 2 % gypsum to chicken fresh
manure compared to the control, decreased NH3
volatilization by 53.31 and 58.87 % respectively.
Furthermore, the addition of sulphate salts fertilizers and manures reduced NH3 volatilization. Similar study done by Zia et al. [20] found that gypsum
application reduced NH3 volatilization from a range
of ammonium-based fertilizers. Additionally, mineral amendments such as gypsum, rock phosphate,
superphosphate, CaCl2 and bentonite were used to
reduce NH3 volatilization from cattle and chicken
manure. It was evidenced that the reduction of NH3
volatilization is apparently attributed to the decrease of pH of the manure due to amendments
[21]. The evidenced study indicated that gypsum

Ammonia volatilization from the chicken
fresh manure was initially high but decreased with
time. As it is shown in Figure 1, experimental results showed that the average cumulative ammonia
volatilization from the untreated chicken fresh
manure (control) during the incubation period of
144 hours was 32.95 mg N. The effects of zeolite
on nitrogen losses in the form of ammonia gas
(NH3) from chicken manure were given in Figure 1.
The results of the study revealed that the average
cumulative ammonia volatilization of 1 and 2% of
zeolite application during the incubation period of
144 hours were 22.32 and 15.08 mg N respectively.
From the observation of Figure 1, application of 1
and 2 % of zeolite application to chicken manure
compared to the control resulted in reducing of NH3
volatilization by 32 and 54.23 % respectively. It
was evidenced that Zeolites are naturally occurring
alumino silicate minerals with a high cation exchange capacities [15]. Zeolite is characterized by a
rigid three- dimensional lattice with tunnels that are
10-9 m in size containing internal exchange sites
that have an affinity for NH4+. The small sizes of
the tunnels physically protect NH4+ from nitrification by microbes and may reduce ammonia volatilization [16, 17]. Kithome et al. [18] stated that the
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application was an effective amendment encountered in reducing ammonia volatilization in poultry
manure [19]. The aforementioned results were also
validated by Zia et al. [20] whereby hydrated calcium sulfate (gypsum) application reduced NH3 volatilization from a range of ammonium-based fertilizers.
From the observation of Figure 3, the results
of the study revealed that the average cumulative
ammonia volatilization through 1 and 2% of sulfuric acid application during the incubation period of
144 hours was 15.72 and 12.49 mg N respectively
and the application of 1 and 2 % sulfuric acid to
chicken fresh manure compared to the control significantly decreased NH3 volatilization by 52.29
and 62.09 % respectively. Moreover, the addition of
chemical amendments reduced NH3 losses and
various acids are used to reduce nitrogen which is
lost as ammonia gas from fertilizers. It is perceived
that the chemical amendments namely phosphoric
acid or aluminum sulphate (Al2(SO4)3.14H2O) decreased NH3 volatilization. It was evidenced that
poultry litter treated with H3PO4 decreased NH3
volatilization by 44%, while the poultry manure
treated with aluminum sulphate scaled down NH3
volatilization by 62% [3]. Additionally, Sulfuric
acid and aluminum sulphate applications significantly reduced NH3 emissions, and the greatest
decrease relative to raw slurry were obtained with
H2SO4 (75% in pig and 81% in dairy slurry) and
aluminum sulphate (69% in pig and 87% in dairy
slurry) [22].

The author would like to thanks Prof. Dr.
Cevdet Şeker and Phd student Noel Manirakiza for
his helpful comments and Hamza Negiş for his
helpful laboratory analysis, which were conducted
under the auspices of the Department of Soil Science and Plant Nutrition, Faculty of Agriculture,
University of Selçuk.


[1] Moore Jr, P.A., Daniel, T.C., Edwards, D.R.,
and Miller, D.M. (1995) Effect of Chemical
Amendments on Ammonia Volatilization from
Poultry Litter. Journal of Environmental Quality. 24(2), 293-300.
[2] Misselbrook, T.H., Nicholson, F.A., and
Chambers, B.J. (2005) Predicting ammonia
losses following the application of livestock
manure to land. Bioresource Technology. 96,
159–168.
[3] Witter, E., and Kirchmann, H. (1989) Effects
of addition of calcium and magnesium salts on
ammonia volatilization during manure decomposition. Plant and Soil. 115, 53-58.
[4] TUIK (2016) www.tuik.gov.tr/doi: 21871
[5] Avcioglu, A.O., Colak, A., Turker, U. (2013)
Turkey's Chicken Waste Biogas Potential.
Journal of Tekirdag Agricultural Faculty.
10(1), 21-28.
[6] Eleroglu, H., Yildiz, S. and Yildirim, A. (2013)
The Applied Methods for Removal of Poultry
Feces That Creates Environmental Problem.
Gaziosmanpasa Journal of Scientific Research.
2, 14-24.
[7] Burt, C.D. (2015) Gypsum Effect on Broiler
Litter. getd.libs.uga.edu. https://getd.libs.uga.
edu/pdfs/burt_christopher_d_201512_phd.pdf.
[8] Siva, K.B., Aminuddin, H., Husni, M.H.A.,
and Manas, A.R. (1999) Ammonia Volatilization from Urea as Affected by Tropical- based
Palm Oil Palm Effluent (pome) and Peat.
Communications in Soil Science Society of
America Journal. 48, 921-926.
[9] Snedecor, G.W. and Cochron, W.G. (1980)
Statistical Methods. 7th Edition. Iowa State.
University Press. Ames Iowa.
[10]Minitab (1995) Minitab Reference Manuel
(Release 7.1). Minitab Inc. State Coll. PA.
16801. USA.
[11]Taban, S., Turan, M.A., Katkat, A.V. (2013)
Agriculture Organic Matter and Chicken Manure. Journal of Poultry Research. 10, 9-13.
[12]Reddy, K.R., Khaleel, R., Overcash, M.R. and
Westerman, P.W. (1979) A non-point source
model for land areas receiving animal wastes:
II. Ammonia volatilization. Trans. ASAE. 22,
1398–1405.

!

Reducing NH3 volatilization during in-house
composting at high level, caged layer facilities cost,
effectiveness at reducing atmospheric NH3 concentrations below critical levels for poultry and human
health, and impacts on the composting process and
end product quality has to be considered. Results
from this study indicate that zeolite, gypsum and
sulfuric acid are the most efficacious in reducing
ammonia volatilization from chicken fresh manure
of the tested compounds. Experimental result revealed that zeolite, gypsum and sulfuric acid (2%)
applications significantly reduced the losses of
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sulfuric acid are used to increase the acidity of
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present in the structure. Since the high NH3 levels
in chicken houses induce the major economic losses
to producers, the use of zeolite, gypsum and sulfuric acid as a chemical amendment play a significant
role in increasing poultry productivity, while decreasing the negative environmental impact.
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of TCs, especially in the industry of livestock feeding, results to the pollution of surface and underground water at many sites around the world [2, 3].
Furthermore, this may cause environmental risks and
human health problems through the food chain enrichment seriously. Compared to conventional biological treatment (i.e. activated sludge process) or
physical treatment, Advanced oxidation processes
(AOPs) have been proposed as one kind of effective
alternatives for treating antibiotics. And these technologies have been successfully used to deal with the
recalcitrant compounds which have relative high solubility and stability at room temperature [4-6]. Reactive oxygen species, such as hydroxyl radicals
(·OH) can be produced during AOPs, which are effective in the degradation of many kinds of non-biodegradable pollutants.
But recently, the sulfate radicals (SO4•-) has
been applied to degrade organic contaminants
widely [7-10]. Sulfate radicals can be generated from
the decomposition of persulfate ions (S2O82-) by using heat [11], light [12], transition metals [13], as
shown in the following reaction (Eq. (1)) [14].
S2O82- + heat/UV→2SO4•(1)
Owing to the advantages of cost effectiveness,
high activity and the environmentally friendly nature, Fe2+ has been commonly selected as the activator of persulfate (PS) to generate SO4•- in practical
application [15]. The corresponding reaction equations are as follows.
(2)
S2O82- + Fe2+ → SO4•- + SO42- + Fe3+
SO4•- + Fe2+ → SO42- + Fe3+
(3)
However, the activation method has some disadvantages, such as Fe2+ can be oxidized into Fe3+,
in addition, the excessive Fe2+ can act as a scavenger
of SO4•- and iron sludge produced in the reaction process is not reusable effectively [16].
Zero valent iron (Fe0) due its non-toxic, cheap,
high reactivity, is now considered useful for removing organic contaminants [17]. The Fe0-Fenton oxidation integrates Fe0 reduction and Fenton oxidation
is regarded as an effective process for degrading organic contaminants, where it is usually preceded by
Fe0 reduction process [18]. The use of Fe0 overcomes the disadvantage of Fe2+ and has the advantage of avoiding the addition of other anions by

Comparative experimental studies were conducted to investigate the oxidative degradation of
tetracycline (TC), one of the most frequently detected pharmaceuticals in waters, by Fe2+/Na2S2O8
and Fe0/Na2S2O8 process. Results showed that the removal efficiencies of TC in Fe0/Na2S2O8 system
were higher than those in Fe2+/Na2S2O8 system in
certain adding dosage of activator, concentration of
persulfate (PS), temperature, pH and initial concentration of TC. The TC removal increased with the increments of PS concentration, temperature and the
initial concentration of TC in the two systems. However, the rise of pH caused a negative effect on the
performance of TC degradation. In addition, TC removal increased and then decreased with the increment of initial activator (Fe2+ and Fe0) dosages. Results showed that 0.1 mmol·L-1 was the best amount
of Fe2+ and Fe0, where the removals of TC could
reach to 87.6% and 91.8% respectively. When the
concentration of PS was 2.0 mmol·L-1, the removals
of TC in Fe2+/Na2S2O8 and Fe0/Na2S2O8 system
could reach 59.0% and 77.7%, respectively. The TC
degradation followed a first-order kinetics pattern
and acidic circumstance favored the degradation of
TC in the two systems. For Fe0/Na2S2O8 system, the
removals of TC were high, increased from 75.3% to
79.9% corresponding of TC initial concentrations
from 30 to 100 mg·L-1. However, for Fe2+/Na2S2O8
system, the removals of TC increased from 25.7% to
52.7% under same reaction conditions.
+)!$%
Tetracycline, Zero valent iron, Advanced oxidation processes (AOPs), Sulfate radicals, Degradation
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The presence of antibiotics in water environment is a serious threat to the public health and living
condition. Tetracyclines (TCs) are a group of antibiotics that have been widely used in human and veterinary applications as either medication or growth
enhancing substances [1]. The widespread overuse
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ferrous salts [19]. Fe0 can produce Fe2+ by the following reactions:
(4)
Fe0 → Fe2+ + 2e
Fe0 + 2H2O → Fe2+ + 2OH- + H2
(5)
Fe0 + 2Fe3+→ 3Fe2+
(6)
To data, Fe0/Na2S2O8 system has been reported
to remove many non-biodegraded organic pollutants
such as -nitrophenol [20], dyes [21] and bisphenol
A [22]. However, to the best of our knowledge, very
limited information is available on the oxidation of
TC in water by Fe0/Na2S2O8 process.
The object of this study was to compare the
degradation performances of TC between
Fe2+/Na2S2O8 and Fe0/Na2S2O8 process. Then, several key influencing factors were evaluated, including the initial activator dosage (Fe2+ and Fe0), the
concentration of PS, temperature, pH and the initial
concentration of TC.


&$% &!%

-=1;5-6<The commercial tetracycline hydrochloride [C22H25N2O8Cl] (USP grade, 99%) was
used in this study. Its characteristic information was
shown in Table 1. Sodium persulfate (Na2S2O8,
98%) and FeSO4·7H2O was purchased from Kimiou
Chemical Reagent Co. Ltd. (Tianjin, China). Ethanol
(EtOH), sodium hydroxide (NaOH) and sulfuric acid
(H2SO4) were obtained from Luoyang Reagent Co.
Ltd. (Henan, China). Sample solutions were prepared using deionized water.

oscillator. Finally, Na2S2O8 was added to start the reaction. When the reaction completed, the water sample from the supernatant after filtered by 0.22 μm filter membrane was send to be measured by high performance liquid chromatography (HPLC).
Concentrations of TC were determined based
on the calibration curves and accordingly the removal efficiency (%) of TC was calculated using
the following equation:

% =

 0 − 
×100%
0

(7)

where % represented the TC removal efficiency, 0 (mg·L-1) was the initial concentration of
TC in the solution, and 0 (mg·L-1) expressed the
concentration of TC at min.

8-6A<5< 71=490< TC samples were quantified with HPLC (Thermo Fisher UltiMate 3000,
USA) equipped with an HYPERSIL. C18 analytical
HPLC 5-μm (4.6 mm×250 mm) reversed phase column and UV detector (DIONEX UltiMate 3000)
with the detection wavelength of 359 nm. The column temperature was 30oC and the injection volume
was 20 μL. The mobile phase was a mixture of acetonitrile and oxalic acid (0.1 mol·L-1) at a ratio of
31:69 (v/v). The flow rate was 1.0 mL·min-1.
$%'&% %'%%! 

221/= 92 585=5-6 -/=5?-=9; 09<-31 In this
study, two different forms of iron sources (Fe2+ and
Fe0) were used to test the formation of SO4•-. The TC
removals in different adding amounts of two iron
sources were shown in Fig. 1.
According to Fig. 1, the removal of TC in
Fe0/Na2S2O8 system was higher than that in
Fe2+/Na2S2O8 system in certain adding dosage of activator. Moreover, the degradation regularity of TC
in Fe0/Na2S2O8 system was consistent with that in
Fe2+/Na2S2O8 system. The TC removal increased and
then decreased with the increment of adding
amounts.

";9/10>;1 A stock solution of tetracycline
was prepared fresh with deionized water before each
experiment and the initial concentration was fixed at
50 mg·L-1 except for the experiment investigating
the influence of initial TC concentration on the removal rate. Then FeSO4·7H2O or Fe0 were added
into 50 mL of tetracycline solution with constant stirring by using a thermostatic water bath oscillator
(ZWY-110×30, China) and stirred for a certain time,
the agitation speed was 150 r·min-1, the temperature
could be regulated by thermostatic water bath



& 
4-;-/=1;5<=5/<92=1=;-/A/65814A0;9/469;501
Molecular mass
Molecular
Chemical structures
(g·mol-1)
formula

480.9
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According to Fig. 1, Fe0 has higher ability than
Fe to activate PS oxidizing TC. Since Fe2+ quickly
activate PS to generate SO4•-, it is evident the degradation of TC decreases when any excess Fe2+ content. A higher degradation of TC was obtained using
Fe0 as a source of dissolved Fe2+, where Fe0 can
serve as a slow-releasing source of dissolved Fe2+ to
improve generated sulfate radicals [26].

221/=92=41/98/18=;-=59892"%PS concentration is a critical parameter as the source of sulfate
radicals in Fe2+/Na2S2O8 and Fe0/Na2S2O8 system.
The TC removals in different concentrations of PS
in two systems were shown in Fig. 2. It was indicated
that the removal efficiency of TC in Fe0/Na2S2O8
system was higher than that in Fe2+/Na2S2O8 system
in certain concentration of PS. Moreover, the degradation regularity of TC in Fe0/Na2S2O8 system was
consistent with that in Fe2+/Na2S2O8 system, the TC
removal increased with the increasing of PS concentration.
When the concentration of PS increased from
0.5 to 5.0 mmol·L-1, the removals of TC in
Fe2+/Na2S2O8 and Fe0/Na2S2O8 system increased
from 25.6% and 64.5% to 70.3% and 82.0% respectively. When the concentrations of PS in the two systems were zero, the removal of TC were around
13.0%, indicating low oxidation efficiency. According to Fig. 2, when the concentration of PS was
above 2.0 mmol·L-1, the removals of TC in
Fe2+/Na2S2O8 and Fe0/Na2S2O8 system had no obvious variations, ranged from 59.0% and 77.7% to
70.3% and 82.0% respectively, which indicated the
degradation efficiency of TC had no notable increase
when the concentration of PS reached a certain degree.


When the adding amounts of Fe2+ or Fe0 were
zero, namely without activator to activate Na2S2O8,
the removal rate of TC was 26.7%. Moreover, when
the adding amounts of Fe2+ and Fe0 reached 0.1
mmol·L-1, the removals of TC were 87.6% and
91.8% respectively. But when adding amounts of
Fe2+ and Fe0 increased from 0.1 to 2.5 mmol·L-1, the
corresponding removals of TC decreased from
87.6% and 91.8% to 14.7% and 68.7% respectively.
Results showed that moderate Fe2+ and Fe0 can promote the degradation of TC, but the inhibitory action
may appear when the adding amounts of Fe2+ and Fe0
increase to a certain value. This is probably expressed by equations (2) and (3), caused by such reasons.
For Fe2+, when the concentration of Fe2+ is
high, SO4•- produced by equation (2) can react with
Fe2+ lied in solution (see Eq. (3)), which inhabiting
the degradation of TC. In addition, the ferrous ion
could also decompose persulfate anion according to
reaction (8). Thus, excess amount of Fe2+ would lead
to the declination of TC removal efficiency. Similar
tread was also observed by Chen et al. [23], who reported the removal of MTBE decreased with excessive Fe2+ because of the reaction between Fe2+ and
SO4•-. Peng et al. drew the similar conclusion that a
0.5/1 M ratio of Fe2+/PS was observed to be best
[24].
(8)
S2O82- + 2Fe2+ → 2SO42- + 2Fe3+
For Fe0, excess the Fe0 dosage likely provided
too much Fe2+ which could scavenge SO4•- produced
in the Fe0/Na2S2O8 system (Eq. (3)), leading to reduce the overall degradation efficiency. Wang et al.
drew the similar conclusion that the optimum Fe0 to
Na2S2O8 molar ratio was 2:1 and the oxidation was
complete almost in 60 min [25].

2+
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of temperature on TC degradation in Fe2+/Na2S2O8
and Fe0/Na2S2O8 system at 30, 50, 70 and 90oC were
shown in Fig. 3. It was indicated that the removal
efficiency of TC in Fe0/Na2S2O8 system was higher
than that in Fe2+/Na2S2O8 system in certain temperature. Moreover, the degradation regularity of TC in
Fe0/Na2S2O8 system was consistent with that in
Fe2+/Na2S2O8 system, the TC removal increased with
the increment of temperature.
According to Fig. 3, when the temperature increased from 30 to 90oC, the removals of TC in
Fe2+/Na2S2O8 system and Fe0/Na2S2O8 system
ranged from 58.9% and 77.0% to 70.4% and 93.8%,
respectively. Result showed that the absorbed energy
of TC increases when the temperature rises, which
increasing the concentration of SO4•-. Moreover, the
reaction rate constant also increases with the increase of temperature. The degradation process followed the first-order kinetics pattern in the two systems. The reaction rate constants of different temperature were listed in Table 2. It also indicated more
SO4•- were generated in the Fe2+/Na2S2O8 and
Fe0/Na2S2O8 system due to the activation of persulfate by heat and more Fe2+ with the increase of temperature, and the rate constant () increased from
0.0043, 0.0073 to 0.0060, 0.0104 min-1 with the temperature ranged from 30 to 90oC respectively.
According to the apparent kinetic rate constants
at different temperatures, the activation energy for
TC degradation by the two systems was calculated
by the Arrhenius equation (Eq. (11)) [28].

It should be noted that, as for Fe2+/Na2S2O8 and
Fe /Na2S2O8 process, when the PS concentration is
low, increasing the concentration of oxidant is essential for generating a higher level of SO4•- to overcome the competition of other organic materials and
inorganic ions [27]. However, at higher persulfate
concentrations, more SO4•- would be generated, correspondingly. But excessive SO4•- could be decomposed according to the following Eqs. (9) and (10).
(9)
SO4•- + S2O82- →SO42- + S2O8•SO4•- + SO4•- → S2O82(10)
As for Fe0/Na2S2O8 process, with the increasing
concentration of PS, more PS molecules can reach
the surface of Fe0 and react with Fe0 and Fe2+. In addition, with the increment of PS, the fixed dosage of
Fe0 limits the available amount of SO4•-.
In all, based on the effects of TC oxidation and
the dosage of oxidant, the optimal PS concentration
was ultimately considered as 2.0 mmol·L-1 as the initial concentration in this study.
In Fe0/Na2S2O8 system, a higher degradation of
TC was obtained using Fe0 as a source of dissolved
Fe2+ and the higher activity of Fe0 than that of Fe2+.
In addition, the curve of degradation of
Fe2+/Na2S2O8 process was milder than that of
Fe0/Na2S2O8 process. It is probably that Fe2+ in liquid phase can react with Na2S2O8 to produce SO4•with the increase of PS steadily. Nevertheless, as
solid phase in Fe0/Na2S2O8 system, the strong activity of Fe0 results in the removal of TC increased rapidly with the low dosage of PS, however, more PS
molecules can reach the surface of Fe0 and occupy
the active site of Fe0 surface with the increasing of
PS, which lead to the gently removal of TC.

221/= 92 =17:1;-=>;1 Temperature affects
the rate of chemical reaction. In general, the higher
temperature is favorable for the reaction. The effects
0

  = −


+ 


(11)


where 0 is the Arrhenius factor, a is the Arrhenius activation energy (kJ·mol-1),  is the gas
constant (8.314 J·(mol·K)-1) and  is the solution
temperature (). As shown in Fig. 4, a linear
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Fe2+/Na2S2O8 and Fe0/Na2S2O8 system ranged from
56.6% and 80.9% to 30.4% and 60.7% respectively.
The removal rate of TC decreased with the increase
of pH. It could be seen that acidic circumstance favored the degradation of TC. The reason might be
ascribed to the increase of the formation rate of Fe2+
or Fe0 (Eq. (12)), which could generate more SO4•- in
the two systems under the condition of acidic circumstance.

relationship was obtained in the Arrhenius plot of ln
versus 1·-1. The activation energy (a) calculated
through the slope were 5.173 and 5.223 kJ·mol-1 in
Fe2+/Na2S2O8 and Fe0/Na2S2O8 system respectively,
suggesting that degradation of TC in the two systems
could be easily achieved.
221/=92:According to Fig. 5, when pH increased from 3.0 to 12.0, the removals of TC in
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Fe0 +2H+→ Fe2+ + H2
(12)
Moreover, it was indicated that the removal efficiency of TC in Fe0/Na2S2O8 system was higher
than that in Fe2+/Na2S2O8 system in certain pH.
In acidic surrounding, the O–O bond in PS
brakes into SO4•- and HSO4- asymmetrically (Eq.
(13)).
S2O82- + H+ → SO4•- + HSO4(13)
The activity energy of uncatalyzed reaction of
S2O82- is 140 kJ·mol-1, but that of catalyzed reaction
is 108.8 kJ·mol-1 [29], thus acidic condition is favorable to degrade TC. Alkaline condition remarkably
inhibits the degradation, the removal rate decreases
with the increment of pH. Because Fe2+ and Fe3+ are
almost insoluble at a high pH, the iron ions turn into
iron hydroxides and participate in bottom of the reactor. Furthermore, SO4•- can turn into ·OH in

alkaline condition (Eq. (14)). Despite the low oxidation-reduction potential, SO4•- can be purged by ·OH
under the condition of high pH (Eq. (15)) [30].
SO4•- + OH- → SO42- + ·OH
(14)
2SO4•- + 2·OH → 2HSO4- + O2
(15)
In addition, the Fe0/Na2S2O8 system was effective for TC degradation, the reason might be ascribed
to the increase of the formation rate of Fe2+ (Eq. (8)),
which could generate more SO4•- in this system
steadily.

221/= 92 585=5-6 /98/18=;-=598 92 & Since
the concentration of target pollutant influenced on
activity of the catalyst which impacted the generation and utilization efficiency of SO4•-, the effects of
initial TC (30, 50, 70, 100 mg·L-1) in Fe2+/Na2S2O8
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and Fe0/Na2S2O8 system were investigated (see Fig.
6). 
According to Fig. 6, it was indicated that the
removal efficiency of TC in Fe0/Na2S2O8 system
were higher than that in Fe2+/Na2S2O8 system in certain initial concentration of TC. Moreover, the degradation regularity of TC in Fe0/Na2S2O8 system was
consistent with that in Fe2+/Na2S2O8 system, the TC
removal increased with the increment of its initial
concentration.
For Fe2+/Na2S2O8 process, the removals of TC
increased from 25.7% to 50.0% when the initial concentration of TC increased from 30 to 70 mg·L-1, indicating an obvious variation. When the initial concentration of TC was over 70 mg·L-1, the removal
efficiency of TC varied insignificant. However, for
Fe0/Na2S2O8 process, the removals of TC increased
from 75.3% to 79.9% when the initial concentration
of TC increased from 30 to 100 mg·L-1, indicating an
inconspicuous variation.
The reason might be ascribed that the increasing initial TC concentration leads to increasing the
probability of reaction between TC and the sulfate
radical. Consequently, many more TC molecules improved the utilization efficiency of SO4•- and this led
to more TC being degraded.


! '%! %

The removal efficiencies of TC in Fe0/Na2S2O8
system were higher than those in Fe2+/Na2S2O8 system in certain adding dosage of activator, concentration of persulfate (PS), temperature, pH and initial
concentration of TC. Moreover, the degradation regularities of TC in Fe0/Na2S2O8 system were consistent with those in Fe2+/Na2S2O8 system under several different influence factors investigated in this
study.
The TC removal increased with the increments
of PS concentration, temperature and the initial concentration of TC in the two systems. However, the
rise of pH caused a negative effect on the performance of TC degradation. In addition, TC removal
increased and then decreased with the increment of
initial activator dosages. 0.1 mmol·L-1 was determined as the best adding amounts of Fe2+ and Fe0. In
this study, the optimal PS concentration was ultimately considered as 2.0 mmol·L-1. Results showed
that the TC degradation followed first-order kinetics
pattern in the two systems. Acidic circumstance favored the degradation of TC. In conclusion,
Fe0/Na2S2O8 process can be as a potential technology
for purifying tetracycline polluted water.
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Sodium carbonate and sodium bicarbonate are
the two main salts that cause grassland salinization
in northeast China. In spring, the plants often bear
the double stress of saline and alkaline conditions. In
this paper,     seedlings were used to study the effects of freeze-thaw
(FT) and alkaline salt stress on the content of osmotic adjustment substances, biological membrane
permeability, and antioxidant enzyme activity. The
results showed that under the stress of FT+NaHCO3
and FT+Na2CO3, the protein content in seedlings decreased by 1.39~7.97% and 3.93~12.29%, respectively; MDA content increased by 10.67~46.99%
and 3.74~46.41%, respectively; free proline increased by 11.07~45.32% and 43.67~73.73%, respectively; and the activity of SOD and POD increased. During the FT cycle, both proline and MDA
content initially increased and then decreased. Under
alkaline salt and FT stress, a large amount of superoxide anion was produced in seedlings. The content
of MDA increased, inhibiting seedling growth, and
the contents of protein, soluble sugar and free proline
in plants increased significantly. Meanwhile, the defense mechanism of seedlings induces the activity of
SOD and POD to resist stress injury; the damage to
seedlings under combined stress (alkaline salt and
FT stress) was higher than that under a single stress
(alkaline salt stress or FT stress). Moreover, Na2CO3
stress was more harmful to the seedlings than NaHCO3 stress. The results of this study prove the
adaptable changes in the alfalfa seedlings, reflecting
their abilities of saline-alkaline tolerance and cold
resistance.

!"!

China is a country in which salinization has become rather serious and saline soil has grown to 33
million hm2, especially in the cold northeast, where
the herbages are mainly limited by the important environmental factor of freeze-thaw actions in winter.
Stress from low temperatures decreases the photosynthesis of plants and enhances respiration; thus,
the synthesis of energy and material is blocked,
which causes the plants to starve. This seriously affects the growth of plants and can even lead to death
[1].
The area of saline land in northeastern China is
ranked in the world top three areas for commodity
grain and animal husbandry, and soil salinity seriously restricts regional agricultural and economic
development [2]. In western Jilin Province, the area
of saline land is rather large and the phenomenon of
bare patches due to sodic and saline soils is also serious. According to a plant survey, 
 is one of the most common saline planting
herbages in western Jilin Province [3] and even in
northeastern China and the circumpolar latitude regions.   , characterized by great
cold resistance and saline-alkaline tolerance, is usually used for improvements to saline land in northeastern China. It is also a common experimental material for plant chilling resistance and saline-alkaline
tolerance tests.
  (alfalfa) is a perennial legume with strong stress resistance and a wide range
of adaptations that can live in many types of climate
and soil environments [4].    is
adaptable to neutral to slightly alkaline soils as well
as conditions where the soluble salt of soil is below
0.3%, but is not suitable for acidic or alkaline soil.
The optimum pH value for   is 7 ~
8.   has high yield, longevity, regeneration, strong palatability, nutrition and other
features and is an important source of protein feed
for animal husbandry [5].
Currently, studies on the physiological response mechanism of   seedlings
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  , Freeze-thaw action, Alkaline salt
stress, Chilling resistance, Saline-alkaline tolerance
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seedlings were divided into 6 groups: control groups
(group1 and group4) with no treatment; test groups
(group2 and group5) with freeze-thaw treatment
only; alkaline salt groups (group3 was NaHCO3 with
freeze-thaw treatment; group6 was Na2CO3 with
freeze-thaw treatment). According to the sample volume required for the testing indicators, the experimental groups and the control groups were sampled
at each temperature. Three sets of parallel samples
were taken from each group was taken, placed on ice
bags and quickly analyzed. The lowest temperature
of cold resistance for   seedlings
was -3°C.

under freeze-thaw and alkaline salt stress mainly focus on single-factor stress, for instance, neutral salt
and mixed salt alkaline stress [6], salt effects of
stress on the growth of   and expression of salt resistance genes [7, 8], soil temperature and saline-alkaline component synergistic reaction to salt resistance of seed germination and growth
period and so on [9]. In cold saline alkali land areas,
the rational development and utilization of feed resources in the region has become the primary problem [10].
In the early spring and autumn period of the
northeast cold area, freeze-thaw events and salinealkaline stress phenomena are common [11], mainly
saline alkali stress [12]. Therefore, 
 seedlings were selected as experimental materials
in this experiment, which studied the changes in
seedlings protein, MDA, and free proline content,
and the activities of POD and SOD under freezethaw and NaHCO3 or Na2CO3 stress to explore
chilling resistance and saline-alkaline tolerance in
the seedlings and provide a scientific basis for the
agricultural use of cold saline-alkaline areas.

.=8/525-/)'2 4*+< +9+73/4'9/54 Coomassie blue staining for the determination of soluble
protein content [14]; thiobarbituric acid for the determination of the content of MDA [14]; acidic ninhydrin colorimetric method determination of free
proline content [14] and SOD and POD kits for the
determination of activity were used.

'9'75)+88/4-In data processing, Microsoft
Excel 2007 and SPSS19.0 software were used for
statistics and analysis. The significance level was at
0.05, and all of the results are presented as
mean()SE. The mean values along with the standard error () are shown as bars in the figures by using Origin 8.0 software.

! ! 

'9+7/'28       7++*/4- In
this study, the indoor petri dish culture experimental
method was used; seedlings were used for experiments after 7 days of cultivation.


 "! %  

.'4-+/48359/)*0:893+49.'4-+85,
759+/4)549+49 Fig.1 indicates that under freezethaw stress, the protein content of group3 and group6
compared with that of group2 and group5 decreased
by 1.39~7.97% and 3.93~12.29%, respectively, and
Na2CO3 had a greater impact on protein content than
NaHCO3. After the treatment with alkaline salt, the
seedlings were stressed, resulting in blockage of protein synthesis in the body or an increase in protein
decomposition enzyme activity, leading to a decrease in protein content, which was proven in Mao
Gui et al.’s [15] research.
In the freeze-thaw cycle, group3 and group6
showed roughly the same trend.
At the freezing stage, from T1 to T3, group1
was significantly different from the treatment
groups. At T2, the alkaline salt groups (group3 and
group 6) peaked at 8.67 mg·g-1 and 7.93 mg·g-1;
group2, group3, group5 and group6 were significantly different (P < 0.05) at this temperature. As the
temperature dropped, the content of protein increased. When the temperature reached 0°C, group3
and group6 increased by 13.84% and 25.35%, respectively, and these two groups were not significantly different from each other. At , the protein
content decreased as the stress increased, and group

:29/;'9/545,       Full seeds
disinfected with 0.1% KMNO4 solution were cultured in 100 mm diameter petri dishes. Each dish was
put into two layers of moistened filter paper, 100
seeds were evenly placed into the dish with water,
then covered for cultivation [13]. The seedlings were
placed into a light incubator for pregermination and
germination without light. When cultured to germination, 12 h of illumination was set, and the temperature during the full illumination period was 25°C.
The temperature during the dark period was 15°C.
During the germination period, 4 ml of water was
dropped on the seedlings every day at morning, noon
and evening. When the seedlings produced the third
cotyledons, plants with similar growth were selected
for further experiments.
+9.5* !7+'93+49 5, '9+7/'28 The treatment solvents were selected as NaHCO3 and Na2CO3
solutions, for which the concentration was 0 mmol/L
and 100 mmol/L. Each treatment cycle lasted two
days and was performed once. 
The two experimental groups were placed into
the freeze-thaw cycle test after treatment with alkaline salt (NaHCO3 only and Na2CO3 only). The temperature was set to 10, 5, 0, -3, 0, 5 and 10°C, and
each temperature lasted for 2 h of treatment; thus, the
seedlings experienced freeze and thaw. The
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759+/4)549+49:4*+7*/,,+7+49897+88+8
The left chart is NaHCO3 treatment; the right chart is Na2CO3 treatment; T1-T7 represents 2-14 h after different temperature
treatments corresponding to 10, 5, 0, -3, 0, 5 and 10°C. Group1 and group4 are no treatment, group2 and group5 are freezethaw stress only, and group3 and group6 are freeze-thaw stress and alkaline salt stress, respectively. The different letters indicate significant differences among treatments (P<0.05). Values expressed are the means ± SEs of three replicates.

"
752/4+)549+49:4*+7*/,,+7+49897+88+8
The left chart is NaHCO3 treatment; the right chart is Na2CO3 treatment; T1-T7 represents 2-14 h after different temperature
treatments corresponding to 10, 5, 0, -3, 0, 5 and 10°C Group1 and group4 are no treatment, group2 and group5 are freezethaw stress only, and group3 and group6 are freeze-thaw stress and alkaline salt stress, respectively. The different letters indicate significant differences among treatments (P<0.05). Values expressed are the means ± SEs of three replicates.

R. A. et al. [17] and Guy C.L. et al. [18] on the mechanism of plant adaption to low-temperature stress.
For the plant varieties with chilling resistance,
proper stress could stimulate them to generate protective substances more effectively, hence, the content of protein increased and relieved the harm to the
plants caused by stress.

2 showed significant differences from group 3 (P <
0.05).
At the thawing stage, the content of free proline
in the seedlings initially increased and then decreased. With the rise in temperature, seedlings continued to be stressed by the low temperature, but not
as much; thus, the protein content increased and
peaked at 0°C and group5 which showed a significant difference (P < 0.05) compared with group6 at
T5. When the temperature rose above zero, the protein content in the seedlings decreased slightly since
the seedlings had been stressed under constant low
temperatures for a long period.
After treatment with a freeze-thaw cycle, the
protein content in the alkaline salt groups (group2
and group5) was higher than that of the control
groups (group1 and group4). The results were consistent with the findings of Lin S.Z. et al. [16], Fleck,

.'4-+8/49.+6752/4+)549+49In Fig. 2, under freeze-thaw stress, after NaHCO3 (group3) and
Na2CO3 (group6) treatment, the free proline content
in seedlings compared with group1 and group4 increased by 11.07~45.32% and 43.67~73.73%, respectively; group3 and group6 compared with
group2 and group5 were significantly different over
the whole cycle. (P <0.05); Na2CO3 had an even
more obvious effect. This showed that 
 seedlings showed a resistance reaction under
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prevent damage through a series of regulatory mechanisms.
In the freeze-thaw cycle, the changes in MDA
content between the two alkaline salt groups were
similar; as the temperature dropped, MDA content in
both increased and vice versa. During the whole process, the MDA content of both the testing groups
(group2 and group5) and the alkaline salt groups
(group3 and group6) were higher than that of the
control groups (group1 and group4), and MDA content peaked at 20.96    , 25.76    ,
32.70    and 37.76    at -3°C.
From T2 to T7, group5 was significantly different
from group6 (   0.05); at T4~T6, group2 and
group3 were significantly different from each other.
After continuous cold stress, the MDA content
was still high, although it slightly decreased. On the
whole, it could be seen that the lower the temperature
was, the higher the MDA content in plants would be.
This was consistent with Shao et al.’s [22] study on
the mechanism of physiological and biochemical responses in seedling adaptation to low temperature.
Under extended low temperature stress, the MDA
content in the seedlings increased.

alkaline salt stress, which led to an increase in the
proline content, and alkaline salt stress was more serious than neutral salt stress. This was consistent
with Wang B.P. et al.’s [19] study on response mechanisms in alfalfa seedlings. With increasing salt concentration, the proline content increased, and alkaline salt had a stronger effect than neutral salt.
In the freeze-thaw cycle, the free proline content in the seedlings showed a trend of initially increasing and then decreasing. At the freezing stage,
both the testing group (left) and alkaline salt group
(right) increased as the temperature decreased; when
it was -3 °C, they peaked at 116.03     and
163.01     , 110.36     and 174.25  
 , respectively, which showed significant differences at   and 0°C(P<0.05)(not reflected in
the diagram).
At the thawing stage, the proline content first
dropped and then stabilized. The result was consistent with Zhang W.H. et al.’s [20] research. With
the drop in temperature in a certain range, the content
of free proline first increased and then decreased.
.'4-+8 /4 /525-/)'2 +3(7'4+ +73+'
(/2/9= .'4-+8 /4  )549+49 From Fig. 3, it
can be seen that under freeze-thaw stress, after treatment with NaHCO3 and Na2CO3 (group3 and
group6), MDA content in seedlings compared with
freeze-thaw groups (group1 and group4) increased
by 10.83~46.99% and 3.74~46.41%. Under freezethaw stress, the seedlings were stressed by alkaline
salt, so the MDA content increased. The data also
showed that Na2CO3 had a greater impact than NaHCO3, which was consistent with the findings of
Gao et al. [21] that under alkaline salt stress, the
MDA content inside wheatgrass seedlings was proportional to the concentration of alkaline salt; in a
certain range of concentrations, plant cells could

.'4-+8 /4 4>=3+ )9/;/9= .'4-+8 /4
 )9/;/9= Fig. 4 indicates that after treatment
with NaHCO3 (left) and Na2CO3 (right), the activity
of SOD in group3 and group6 was higher than that
in group2 and group4; group3 and group6 respectively increased their SOD activity by 3.21~11.01%
and 3.33~9.70%, respectively. The activity of SOD
strengthened in order to resist harm caused by alkaline salt. This was consistent with the study of Liu et
al. [23]. In a certain concentration range, the activity
of SOD increased with increasing alkaline concentration.

" 
)549+49:4*+7*/,,+7+49897+88+8
The left chart is NaHCO3 treatment; the right chart is Na2CO3 treatment; T1-T7 represents 2-14 h after different temperature
treatments corresponding to 10, 5, 0, -3, 0, 5 and 10. Group1 and group 4 are no treatment, group2 and group5 are freezethaw stress only, and group 3 and group 6 are freeze-thaw stress and alkaline salt stress, respectively. The different letters
indicate significant differences among treatments (P<0.05). Values expressed are the means ± SEs of three replicates.
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The left chart is NaHCO3 treatment; the right chart is Na2CO3 treatment; T1-T7 represents 2-14 h after different temperature
treatments corresponding to 10, 5, 0, -3, 0, 5 and 10°C. Group1 and group4 are no treatment, group2 and group5 are freezethaw stress only, and group3 and group 6 are freeze-thaw stress and alkaline salt stress, respectively. The different letters
indicate significant differences among treatments (P<0.05). Values expressed are the means ± SEs of three replicates.

activity than the control groups (group1 and group4),
showing a trend of initially increasing, then dropping
and finally stabilizing. The seedlings were sensitive
at T4, in which group2 and group3 peaked at 7.89 
  and 8.33   ; at T5, their POD
values were 6.92     and 7.91  
  , respectively, showing a significant difference between -3°Cand 0°C (P<0.05) (not shown
in the figure). At T2 and T4, there was a significant
difference between the POD values of group5 and
group6 (P<0.05).
When the temperature increased to 5, the
POD activity stabilized. The results showed that low
temperatures could strengthen POD activity. This
was consistent with the research in [26] and [27].

In the freeze-thaw cycle, group3 and group6
showed a pattern of SOD activity that initially increased and finally stabilized, and the SOD activity
of treated groups was higher than that of the control
groups. Group2 and group3 showed obvious differences throughout the whole cycle (P<0.05); at T3
and T5, group5 showed significant differences from
group6. At -3°C, the SOD activity was significantly
different from that at 10°C, 5°C and 0°C (P< 0.05)
(Not reflected in the picture). This revealed that the
seedlings were the most sensitive at -3°C. Below
0°C, the activity of SOD increased sharply as the
damage to the seedlings became more serious.
At the thawing stage, SOD activity dropped
slightly and then stabilized, but the value was still
high, which showed that the seedlings were still
stressed seriously after continuous placement at low
temperature. This was consistent with the study of
He et al. [24]. Under the freeze-thaw stress, the SOD
activity inside the seedlings significantly increased
to overcome the low-temperature stress to maintain
normal growth.

,,+)98 5, '  '4* '  54 2,'2,'
++*2/4- .=8/525-/)'2 4*+<+8 According to Table 1, MDA, soluble sugar, free proline content,
SOD and POD activities all showed an upward trend
after alkaline salt treatment, but the protein content
decreased. The NaHCO3 group MDA content, soluble sugar content, free proline content, SOD activity
and POD activity increased by 7.97%, 5.56%,
30.48%, 1.74%, 6.79%, respectively, and the protein
content was reduced by 4.22% compared with the
control group. The Na2CO3 treatment group MDA
content, soluble sugar content, free proline content,
SOD activity and POD activity increased by 8.86%,
8.47%, 56.83%, 2.46%, 20.35%, respectively, compared with the control group; the protein content decreased by 9.89% compared with the control group.
From the table, the increase in physiological index
values in the NaHCO3 group was higher than that in
the Na2CO3 treatment group.

.'4-+8 /4 )9/;/9= Fig. 5 shows that
the POD activity of alkaline salt treatment groups
(group3 and group6) increased by 0.48~6.35% and
0.61~14.34% compared with that of the control
groups (group1 and group4) under freeze-thaw
stress. Both of the alkaline salt groups (group3 and
group6) showed an upward trend, though group6
showed a more obvious increase. This was similar to
the results of a study in which alfalfa seedlings promoted their oxidation resistance to eliminate active
oxygen free radicals [25].
In the freeze-thaw cycle, both the test groups
(group2 and group5) and alkaline salt treatment
groups (group3 and group6) showed higher POD
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The left chart is NaHCO3 treatment; the right chart is Na2CO3 treatment; T1-T7 represents 2-14 h after different temperature
treatments corresponding to 10, 5, 0, -3, 0, 5 and 10 . Group1 and group4 are no treatment, group2 and group5 are freezethaw stress only, and group3 and group6 are freeze-thaw stress and alkaline salt stress, respectively. The different letters indicate significant differences among treatments (P<0.05). Values expressed are the means ± SEs of three replicates.

!
536'7/8545,9.+/4)7+'8+/48/<6.=8/525-/)'2/4*+<+8/49.+'21'2/4+8'2997+'93+49-75:6
MDA
Protein
Soluble Sugar
Proline
SOD activity
POD activity
NaHCO3
7.97%
-4.22%
5.56%
30.48%
1.74%
6.79%
Na2CO3
8.86%
-9.89%
8.47%
56.83%
2.46%
20.35%
%   " 

.'4-+8 /4 8359/) *0:893+49 :(
89'4)+8Proline is an important osmosis-regulating
substance used by plants to maintain the balance of
internal osmotic potential [28]. Under normal conditions, the content of proline in plants is very low, but
in the case of drought and low temperature stress, the
free proline in the plant would accumulate to a large
amount, and the cumulative index is related to the
stress resistance of the plant [29]. The results of this
study generally confirmed that the proline content of
seedlings was used to balance the osmotic potential.
The proline content under combined stresses was
much higher than that under single-factor stress,
which showed that combined freeze-thaw and alkaline salt stress induce greater harm to the seedlings.
This is due to the   seedlings under
combined stress not only being dominated by free
proline osmotic adjustment but also forced to resist
chilling injuries [30]. The stress of seedlings was aggravated, and the growth of seedlings was restrained.
The alkaline salt stress of Na2CO3 was more significant than that caused by NaHCO3.
Protein is the most abundant biological macromolecule in plant cells and is one of the most important basic substances for organism structure and
function. As the main component of enzymes, it can
be involved in the chemical reactions of the cell [31].
This experiment showed that under combined stress,
the protein content was lower than under a single
stress factor, and the variation in protein content was

as follows: test groups (freeze-thaw only) > alkaline
salt groups (combined stress). This might be because
the growth of seedlings was restrained, the protein
synthesis was blocked, or protein synthesis enzymes
were decomposed under combined stress [32]. This
may also be because the protein synthesis rate became lower than the protein decomposition rate. Under freeze-thaw stress, the protein content increased
because the low temperature caused anti-freeze gene
expression and then synthesis of the anti-freeze protein. According to the results, the effect of Na2CO3
on seedlings was significantly higher than that of NaHCO3. During the freeze-thaw cycle, the protein
content decreased with decreasing temperature, possibly because under low-temperature stress, the
seedlings were continuously stressed and showed resistance actions; thus, the protein content increased.
At -3°C, the temperature was very low, so the seedlings were injured by freezing and the protein content dropped. With increasing temperature, the stress
was relieved, and the protein content increased and
then stabilized with the assistance of resistance capacity. The study of Wang et al. [32] supported this
view and noted that low temperature could lead to an
increase in protein.
.'4-+8 /4 +3(7'4++73+'(/2/9= When
plant organs are in senescence or under stress, membrane lipid peroxidation usually occurs; malondialdehyde (MDA) is one of the products [33]. The accumulation of MDA is usually regarded as an index
for membrane lipid peroxidation to indicate the intensity of cell membrane lipid peroxidation and the
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activity, and redundant H2O2 was eliminated to
maintain the normal growth of the seedlings [44].

resistance actions [34]. Under freeze-thaw and alkaline salt stress, the balance of intracellular activated
oxygen metabolism was destroyed, resulting in the
peroxidation of membrane lipids and the degradation
of unsaturated fatty acids and producing MDA,
which causes damage to the plasma membrane and
enzymes, causing the membrane structure and physiological function to be destroyed [35]. This experiment confirmed that a decrease in temperature and
aggravated stress resulted in an increase in MDA
content; as the temperature increased, MDA content
declined but remained high. This may be caused by
the continuous low temperature in the thaw process;
the stress on the seedlings was still serious, thus, the
cells showed severe membrane lipid peroxidation.
The results were previously confirmed [36] that under stress, the MDA content was proportional to the
level of stress, which directly revealed the injury intensity of freeze-thaw and alkaline salt stress.

"  

The experiments indicated that seedling
chilling resistance and saline-alkaline resistance
could be reflected by 5 indexes (the content of protein, MDA, and free proline and the activity of SOD
and POD). By stabilizing the biological membrane
permeability and increasing the content of osmotic
adjustment substances, the removal of activated oxygen to resist combined stress could be carried out in
a timely manner. Under combined stress, the MDA
content inside the seedlings increased; thus, peroxidation of membrane lipids enhanced and activated
oxygen increased, causing cell membrane system
damage. The seedlings enhanced the activity of POD
and SOD to eliminate activated oxygen and protect
   from damage from superoxide
anion free radicals. Under combined stress, the free
proline and protein contents of the Na2CO3 treatment
groups were higher than those of the NaHCO3
groups. This result was the same as for the changes
in POD activity, but the SOD and MDA contents
tended to show the opposite result. During a shortterm freeze-thaw process, the   
seedlings showed a series of changes. Whether this
short-term physiological mechanism is adaptable for
further research and whether the changes could promote seedling adaptation to the environment remains
to be studied.

.'4-+8 95 9.+ 759+)9/;+ 4>=3+ =89+3
When plants are under alkaline salt and freeze-thaw
stress, the reactive oxygen of the cell accumulates
intracellularly and, when it exceeds the normal level,
causes oxidative damage [37]. Under these conditions, by enhancing the antioxidant enzyme activity
and eliminating reactive oxygen species, plants protect themselves against the damage of active oxygen
[38].
SOD is the first line of defense in protecting
plant cells against reactive oxygen [39]; it transforms
the superoxide anion radical into H2O2 to protect
plants against hydroxyl free radical damage, and its
activity can directly reflect the plant's capacity of tolerance for active oxygen [40]. This experiment
showed that the variation of SOD was as follows:
control groups>test groups (freeze-thaw only)>alkaline salt groups (combined stress). According to the
results, the test group was hurt the most, and the
stress caused by Na2CO3 on seedlings was significantly higher than that caused by NaHCO3. Under
combined stress, the seedlings were sensitive at 3°C, and the difference between the two groups was
significant. This revealed that the seedlings were
damaged during the freeze-thaw cycle and that the
content of activated oxygen was too high. As a result, plants enhanced the SOD activity to reduce the
damage [41]. This was noted in Gong et al.’s study
[42]. At low temperatures, SOD increased slowly.
POD is able to protect cells from H2O2 damage
and is regarded as a major enzyme that protects cells
[43]. The experimental proof is that, under freezethaw and alkaline salt stress, the POD activity of
  seedlings was enhanced, and was
higher than that in the control group at every temperature. Both treatment groups showed a trend of initially increasing and then dropping and finally stabilizing. At -3 , the activity of POD reached its peak.
This may be because the seedlings were stressed the
most at this time, which led to the rise in POD
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Jilin Agricultural Science and Technology University, Jilin City, Jilin Province, 132109, China

been employed for preparing flavonoids from different plant materials [11, 12] and showed good
extraction efficiency, proved to be a simple, inexpensive and efficient alternative to conventional
extraction techniques [13].
To our knowledge, although the medicinal efficacy and application of flavonoids has been reported extensively, there is no research about ultrasonic extraction of total flavonoids from   
    so far. Thus, we aimed to study extraction process of total flavonoids from   
     to obtain optimization conditions
which will provide a theoretical basis for the development and utilization of chemical constituents
from       


#$"$
In this research, the total flavonoids were extracted by ultrasonic extraction from the stem of
     . Firstly, single factor analysis
was used to optimize the effects of processing parameters including temperature, ultrasonic time,
ethanol concentration, ultrasonic power and solid-liquid ratio on the total flavonoids yields. Based
on single factor analysis, orthogonal experiment of
L18 (35) was then designed and performed. Through
statistical analysis, ratio of liquid to solid had significant effect on the yield of total flavonoids from
      . In addition, the ethanol concentration, extraction time and temperature also
played a role on the yields. Thus, the optimum extraction conditions were determined as follows:
ratio of liquid to solid 1:20, extraction temperature
60 , extraction time 40 min, ethanol concentration
40 % (v/v), ultrasonic power 150 w. Under these
conditions, we obtained 2.80% extraction rate of
total flavonoids.



$"#$ #
The whole plant material of     
   used in this study was collected from medicinal plant base of Jilin institute of agricultural
science and technology. The rutin standard was
bought from China Institute for the Control of
Pharmaceutical and Biological Products (Lot
Number: 100080-200707). Chemical reagents we
used including methanol, ethanol, alchlor, glacial
acetic acid and natrium aceticum were analytical
grade. Ultraviolet spectrometer (752#) was bought
from Shanghai Aubelle instrument Co., Ltd. Ultrasonic cleaner (KQ3200DB) was bought from Kunshan Ultrasonic Instrument Co., Ltd. Thermostat
water bath was bought from Jiangsu Jintan Jincheng Guosheng Experimental instrument Factory.

!:/8+:+<376 70 ;<+6.+:. -=:>/ Rutin was
used as the standard sample and dried at 120  to
constant weight. Then weighed precisely 5.5 mg
and dissolve in 50 ml methanol to make 0.11 mg/ml
standard solution of rutin. Precisely absorb of rutin
standard solution (0.11mg/ml) 0.5, 1, 2, 3, 4, 5 ml
to capacity bottles and add 2 ml alchlor solution
(0.1M), 1 ml NaAc-HAc buffer solution and last
quantify total volume of 10 ml, respectively. Put the
bottles into a 40  thermostatic water bath for 10
min and cool it out, then absorbance value was
measured and the reagent blank was used as the
control. The standard curve was shown in Fig 1.
The regression equation was y=10.714x+0.0424,
R2=0.9993.

)' "#
     , flavonoids, ultrasonic extraction

$" %$ 

        is an annual herb of
Solanaceae. It is used for medicinal or appreciative
cultivation in north and south of China. Early in
1981, researchers had extracted and separated anticancer agents from         [1]
Currently, there has been an upsurge of interest in
the therapeutic potential of medicinal plants which
might be due to their phenolic compounds, especially flavonoids [2, 3].         is
rich in flavonoids, such as nicandrenone, ferulic
acid ketone and other flavonoids [4]. It has been
reported that flavonoids have activities of antioxidation [5], antibacterium [6], antiinflammatory [7],
anticancer [8] as well as hepatoprotecting [9].
Traditional methods, including heating, boiling and refluxing, have been used to the extraction
of flavonoids. However, the disadvantages of these
methods are not only wasting long extraction time
but also the loss of flavonoids due to hydrolysis,
oxidation and impurity substance during extraction
[10]. In the past decades, ultrasonic treatment has
4141
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!:/8+:+<376 70 -747:361 :/+1/6< Precisely
weigh alchlor (AlCl3) 1.34 g and dissolve in methanol to quantify total volume of 100 ml (0.1 M).
Precisely weigh anhydrous sodium acetate 1.76 g
and dissolve in distilled water to quantify total
volume of 100 ml (0.2 M). Dilute 1.15 ml glacial
acetic acid with 100ml distilled water to make 0.2
M acetum solution and then mixed with 0.2 M sodium acetate solution above to obtain NaAc-HAc
buffer solution (pH 5.2).

'+>/4/61<2 ;/4/-<376 The standard solution
of 1ml rutin was taken and placed in the volumetric
flask, then added 2 ml AlCl3 solution (0.1 M) and 1
ml NaAc-HAc buffer solution and filled with
methanol to quantify total volume of 10 ml. Then
put the flask into the water bath at 40  for 10 min.
The absorptions were determined by UV spectrophotometer.

@<:+-<376 70 <7<+4 04+>7673.; Powders of
the samples (1.0 g) were accurately weighed and
placed in a conical bottle by adding 20 mL of different concentrations (v/v) of ethanol accurately.
After weighing, the conical bottle was placed into
the ultrasonic cleaner at indicant temperatures for a
series of periods. The ultrasonic power was kept at

50-300W. After extracted solution was cool, fill in
the reduced weight and filter out the filtrate (sample
solution).

/</:536+<376 70 04+>7673.; 1 mL of the
sample solution was accurately removed into a
volumetric flask (10 mL) by adding 2 mL of AlCl3
(0.1M) solution and NaAc-HAc buffer solution
(pH5.2), and filled with methanol to quantify total
volume of 10 ml. Then put the flask into the water
bath at 40  for 10 min. The absorptions were determined by UV spectrophotometer.


"#%$# 

#/4/-<376 70 ./</-<3>/ ?+>/4/61<2 Ultraviolet scanning (presented in Fig. 2) was performed to
determine the detective wavelength. We can see
rutin had the largest absorption at 323nm, and there
was no interference in the blank. So we selected
absorption at 323nm for detection.

#3614/ +-<7: $/;< There were many factors
affecting the extraction of flavonoids from   
    We worked out the optimum levels
of each factor by the single factor test. Single factor

4142
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test was performed by one factor varied with different levels while other factors fixed.

rate was just like S-shape. As we can see in fig.3B,
the extraction rate of flavonoids increased from
1.34% to 1.62% between 20 and 30 min and
reached a maximum at 40 min and then dropped
down. As ultrasonic time continued to prolong, the
extraction rate was no longer increased.

- 00/-< 70 /<2+674 -76-/6<:+<376 76 /@
<:+-<376 :+</ Ethanol was used as the extraction
solvent in our study and different concentrations
were set in each group while other factors fixed
(solid to liquid ratio was 1: 20, ultrasonic power
was 150 w, temperature was 50 , ultrasonic time
was 30 min). The result showed that the extraction
rate of flavonoids was increasing and reached its
crest value of 1.61% when ethanol concentration
was 30 % (v/v). After that, with the increase of
ethanol concentration, the extraction rate was a
slight downward trend. When concentration was
60%, the extraction rate of flavonoids decreased
sharply from 1.49% to 1.22% (Fig. 3C).

+00/-<70</58/:+<=:/76/@<:+-<376:+</
The effect of different temperatures on extraction
rate was investigated. Other conditions were kept
the same (40% ethanol(v/v), solid to liquid ratio
was 1: 20, ultrasonic power was 150 w, ultrasonic
time was 30 min) As shown in Fig. 3A, the extraction rate of flavonoids did not change much when
temperature was between 30-50. However, there
was a significant rise when the temperature was
above 50 and reached its highest point at 60.
After 60 , although the temperature was increasing, the extraction rate of flavonoids was decreased
gradually probably influenced by impurities.


, 00/-< 70 <35/ 76 /@<:+-<376 :+</ We
controlled the time of ultrasonic process by 10, 20,
30, 40, 50, 60 min and other conditions were kept
the same (40 % (v/v) ethanol, solid to liquid ratio
was 1: 20, ultrasonic power was 150 w, ultrasonic
temperature was 50 ) and the curve of extraction


%" 
$2//00/-<70;3614/0+-<7:00/-<70</58/:+<=:/76/@<:+-<376:+</00/-<70<35/76/@<:+-<376:+</
00/-<70/<2+674-76-/6<:+<37676/@<:+-<376:+</00/-<70=4<:+;763-87?/:76/@<:+-<376:+</00/-<
70;743.439=3.:+<3776/@<:+-<376:+</
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.00/-<70=4<:+;763-87?/:76/@<:+-<376
:+</ In order to study the influence of ultrasonic
power on extraction rate, we set the single factor
variable of ultrasonic power from 50 to 300 W
while other factors fixed (40% ethanol(v/v), solid to
liquid ratio was 1: 20, ultrasonic temperature was
50ultrasonic time was 30 min). The result indicated that at 100 w or so, the extraction rate of flavonoids changed little with the increase of power.
After 150 w, the extraction rate of flavonoids obviously augmented with the increase of power and
appeared a peak at 200 w (Fig. 3D).

/ 00/-< 70 ;743.439=3. :+<37 76 /@<:+-<376
:+</Solid-liquid ratio was also an important factor
affecting the extraction rate. The extraction by solid
to liquid ratio 1:10 (g/mL), 1:15, 1:20, 1:30, 1:40
and 1:50 was investigated, other conditions were
kept same (40 % ethanol(v/v), ultrasonic power was
150 w, ultrasonic temperature was 50 , ultrasonic

time was 30 min). As we can see in fig.3E, the best
result of extraction rate could be achieved at 1:20 of
material to liquid ratio. In the range of 1: 25-1: 30,
the extraction rate of flavonoids remained basically
unchanged. 
:<27176+4 ./;316 /@8/:35/6< Orthogonal
experiment of five factors and three levels were
adopted to optimize the conditions of extraction L18
(35). Basis on Table1, eighteen experimental groups
were designed with these five factors (Table 2). It
indicated that the maximum difference of factor A
was the most important factor affecting the extraction effect, and the order of influence degree was
A > C > E > B > D. The optimum conditions of
ultrasonic extraction were as follows: the ratio of
solid to liquid was 1: 20, the concentration of ethanol was 40 %(v/v), the ultrasonic time was 40 min,
the temperature was 60  and the power was 150
w.

$ 
+-<7:;+6.4/>/4;707:<27176+4/@8/:35/6<
Level

A Solid to liquid
ratio

B Temperature
()

1
2
3

1:15
1:20
1:25

50
60
70

Factors
C Ethanol
concentration
(v/v, %)
20
30
40

D Extraction
power
(w)

E Time
(min)

150
200
250

30
40
50

$ 
$2/:/;=4<;707:<27176+4./;316+6.:+61/+6+4A;3;
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean I
Mean II
Mean III
R

A
1
1
1
2
2
2
3
3
3
1
1
1
2
2
2
3
3
3
1.242
1.66
0.962
0.698

B
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1.082
1.555
1.227
0.473

Factors
C
1
2
3
1
2
3
2
3
1
3
1
2
2
3
1
3
1
2
1.00
1.378
1.485
0.485
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D
1
2
3
2
3
1
1
2
3
3
1
2
3
1
2
2
3
1
1.348
1.243
1.272
0.105

E
1
2
3
2
3
1
3
1
2
2
3
1
1
2
3
3
1
2
0.992
1.468
1.403
0.476

Absorbance

Extraction
rate (%)

0.154
0.215
0.232
0.170
0.282
0.153
0.145
0.160
0.102
0.174
0.132
0.145
0.158
0.342
0.216
0.148
0.123
0.194

1.04
1.61
1.77
1.19
2.24
1.03
0.96
1.09
0.56
1.23
0.84
0.96
1.08
2.80
1.62
0.99
0.75
1.42
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$ 
&+:3+6-/+6+4A;3;
Variance source

deviation quadratic sum

A
B
C
D
E
SS

4.47
2.12
2.39
0.1
2.33
12.84

degree of
freedom
2
2
2
2
2
43

variance

F value

P value

2.235
1.06
1.195
0.05
1.165
0.30

7.45
3.5
3.98
0.17
3.88

**
*
*
*

$ 
$2/:/;=4<;708:/-3;376</;<
Number
A

1
0.127

2
0.126

3
0.122

4
0.125

5
0.126



6
0.125

0.125

RSD (%)
1.26

$ 
$2/:/;=4<;70;<+,343<A</;<
Time(min)
A

10
0.124

20
0.122

30
0.126

40
0.126

50
0.127



60
0.128

0.1255

RSD (%)
1.58

$
$2/:/;=4<;70:/8/+<+,343<A</;<
Number
A

1
0.124

2
0.121

3
0.126

4
0.123

5
0.127


0.1242

RSD (%)
1.72

$
$2/:/;=4<;70:/-7>/:A;<=.3/;
Number

Content(mg)

Added(mg)

Found(mg)

Recovery (%)

1
2
3
4
5
6

0.35
0.35
0.35
0.35
0.35
0.35

0.055
0.11
0.165
0.22
0.275
0.33

0.39
0.46
0.51
0.56
0.62
0.65

96.30
102.17
99.03
98.25
99.20
98.59

Mean recovery(%)

RSD (%)

98.92

1.75

which indicated that the stability of the solution had
excellent stability in 1 h (Table 5).

- "/8/+<+,343<A 70 +6+4A<3-+4 5/<27. To
assess the repeatability of the method, six solutions
made by ultrasonic extraction were determined.
RSD obtained was 1.72%, which showed acceptable repeatability (Table 6).

Through variance analysis in Table 3, the ratio
of solid to liquid (A) played a very significant role
in the extraction of flavonoids. Meanwhile, the
temperature (B), ethanol concentration(C) and extraction time (E) all played a role in the extraction
except the extraction power (D) which had almost
no effect on the extraction yield.

/<27.7471A #<=.3/; + !:/-3;376 </;< 70
<2/ +88+:+<=; Apparatus precision was evaluated
by the analysis of a solution of the sample for six
consecutive times by ultraviolet spectrophotometer.
Relative standard deviation (RSD) obtained was
1.26%, which showed that the precision of the apparatus was satisfactory (Table 4).

,#<+,343<A</;<70-747::/6./:361Stability
was evaluated by analysis a solution of the sample
to color render in a water bath of 40 for 10, 20,
30, 40, 50 and 60 min. RSD obtained was 1.58%,

. "/-7>/:A ;<=.3/; Recovery studies were
performed by adding series of rutin to 1ml of sample solution, determined by ultraviolet spectrophotometer detector after ultrasonic extraction. The
results were shown in Table 4. We can see from the
table that the mean recovery for flavonoids from
       extracted by ultrasonic extraction was 98.92% with 1.75% of RSD, which
indicated good effectiveness of the method (Table7).
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practical method established in our work to extract
and determine flavonoids from     
   has great significance for studying the active ingredients of        and for its
application.

Flavonoids consist of a large group of polyphenolic compounds which have a benzo-r-pyrone
structure and occur virtually in most plant parts [14].
Flavonoids had been extracted by several methods
from plants. For example, Li YR extracted and purified of total flavonoids from Aconitum tanguticum
by using XAD-16 macroporous resin, which the
average content of total flavonoids was raised from
4.39% to 46.19% [15]. Lu J performed enzyme
extraction technology to extract total flavonoids
from Cryptotaenia japonica with the average extraction rate of 4.76% [16]. In our study, the effect
of single factor such as temperature, time, ethanol
concentration, ultrasonic power or ratio of liquid to
solid was not constant to the rate of total flavonoids.
They all played the role of promoting the yield under certain conditions. When they exceed the corresponding point, the yield would decrease, which
may be due to the influence of the solubility of flavonoids and the production of impurities (Fig. 3).
For example, when ultrasonic treatment time was
increased from 40 min to 50 min, the extraction rate
of flavonoids decreased from 1.70% to 1.27%,
which probably due to the excessive ultrasonic
treatment time resulting in more impurities (Fig.
3B).
Because of the interaction among the factors,
the combination effects of the optimum levels of
each factor may not be the optimum extraction
conditions. The orthogonal test is a scientific
method of arranging multi-factors [17]. Based on
the single factor test, the optimal extraction conditions can be worked out by orthogonal test. In our
orthogonal design experiment, the mean and p value were calculated and list (Table 2). The results
indicated that the ratio of solid to liquid had the
greatest influence on the extraction rate and we
could obtain the highest extraction yield of flavonoids with 2.8% under the following conditions: the
ratio of material to liquid was 1: 20, the concentration of ethanol was 40 %, the ultrasonic time was
40 min, the temperature was 60  and the power
was 150 w. To further verify the suitable of the
method, the analytical method was performed. It
showed that the method we used was convenient,
rapid and reliable in the extraction and determination of total flavonoids.
In the present study, the ultrasonic extraction
had been established to extract flavonoids from
       and quantification was performed by means of ultraviolet spectrometer. The
extraction yield of flavonoids was 2.8%. According
to our knowledge, there is no special component in
       that has ever been reported.
Flavonoids are major functional components of
      , and flavonoids from   
    had many effective roles in healthy
and medical function. Therefore, the rapid and
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intervals (such as 20-25 cm) can increase the soil
temperature more. This may also provide opportunity to achieve the soil disinfection in a shorter
period.

The worldwide restrictions imposed on agrochemicals (pesticides) used in the disinfection of
hotbeds have led researchers and employees to
benefit from the sun, which is one of the renewable
energy sources in agriculture, for this issue. In this
study, the usage possibility of solar collectors and
solar energy in the disinfection of hotbeds was
investigated in Tekirdag Province in Thrace region
of Turkey. Hot water obtained from solar collector
with an area of 3 m2 was transported to the hotbeds
by using pipes which were laid into the greenhouse
and connected in series. Hot water pipes were
placed into the soil with the intervals of 50-55 cm.
The effect of the hot water in the system on the
temperature of soil surface was measured by infrared thermometer and significant differences were
observed.
The soil surface temperature measured in the
greenhouse was measured as 62 oC in the parcel
where plastic covered and hot water passed. This
value was determined as 15.1 oC more then what it
was in the soil parcel and 10.4 oC more then what it
was in the plastic covered parcel.
The temperature of the hotbed at 10-15 cm
depth was measured by digital soil thermometers
having probe. Significant differences between the
parcels were identified as a result of measurements
of soil temperature conducted in plastic covered
parcel in which hot water passed and in plastic
covered soil parcel. In the plastic covered parcel
with hot water, the soil temperature was measured
as 50.2 oC. The soil temperature in hot water parcel
was determined as 15 oC more than the soil temperature in soil parcel and as 6.5 oC more than what it
was in plastic covered parcel. The temperature of
the soil at 20-25 cm depth was measured by the soil
temperature sensors. In the hot water parcels, the
maximum temperature of the soil at this depth was
27.03 oC and it was measured to be 2.13 oC more
than the temperature in plastic covered parcels.
In the parcel heated by water coming from the
solar collector and the water temperature increased
up to 78-79 oC in summer, the soil temperature
could not be raised to the desired extent. This is
because the thermal conductivity of soil is very
low. Placing of hot water pipes with more frequent

'&!"
Greenhouse, hotbed disinfection, solar collector, soil
temperature, solarization
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An important portion of the energy resources
used in the world are fossil energy resources, such
as natural gas and oil and they cause environmental
problems. Instead of fossil fuels that introduce
problems like greenhouse gases in the atmosphere
and whose reserves also decrease, the use of environmentally friendly renewable energy sources is
becoming widespread.
The sun is the world's leading and, at the same
time, an endless source of energy. Comparing with
the renewable energy sources on the world, solar
energy is too much [1]. What makes solar energy
valuable compared to other renewable energy
sources is that it is ready to be used in all over the
world.

"52(70?(9054 (4+ 0804-,*9054 6620*(90548
04 7,,4/5:8,8 The disinfection of greenhouse
soil from harmful organisms by using solar energy
is an environmentally friendly practice. The heating
of the soil by using the sun rays forms the basis of
disinfection with solar energy. This method can be
applied in July and August, in which it is very hot
in Turkey. In the greenhouse, after soil preparation
and irrigation, the soil should be covered with polyethylene cover for solarization application. In the
disinfection of the hotbed from pests, it was determined that solarization applications were effective
[2]. The solarization application providing heat
accumulation in the soil increases the effect of
disinfection. 
Many of the nematodes and important disease
factors causing damages on cultivated plants are
soil-borne. Fighting with these soil-based factors in
hotbeds can be achieved through physical and
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tive impact on the environment. However, it has to
be applied 3-4 weeks [12].
If the daily global solar intensity value of
1281.2 kWh m-2 year-1 (daily average total 3.51
kWh m-2 day-1) in Tekirdag Province is taken into
consideration, soil disinfection can be more effective with the use of solar collector system in the
region [13].
In this study, it was aimed to use hot water obtained from solar collectors for soil disinfection in
greenhouses. By increasing the soil temperature via
passing the hot water obtained from collectors
through hot water pipes placed into the soil, It was
aimed to increase the effect of disinfection and
consequently to decrease the disinfection time.
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,4,7(2 /(7(*9,70890*8 5- 9/, !,8,(7*/
7,( Tekirdag Province, which is the research
area, is in Thrace Region. Thrace Region is on the
European continent of Turkey and located between
26o-29o Eastern longitudes and 40o-42o northern
latitudes. Tekirdag Province, where the research
was conducted, is located between 26o40ʹ-28o10ʹ
eastern longitudes and 40o35ʹ-41o35ʹ northern latitudes, and the area of it is 621 788 ha. The city,
whose geological structure is quite young, gained
its today's view in IV. time [14].

#/, "52(7 522,*957 ">89,3 The hot water
systems with solar collectors used for the disinfection of the hotbeds consist of a tank that contains
hot water, planer collectors that collects the solar
power and insulated pipes that provide the connection between these two parts. The solar collector
used in the experiment was a solar energy heating
system with a surface area of 2,5*2,5 m2, 30 vacuum tubes, 200 l hot water and 50 l cold water boiler. Solar collector was used for heating the root
zone of the hotbeds in autumn, winter and spring
months and for disinfecting it in summer months
(Figure 1).

chemical means. In physical disinfection method,
the hotbed is warmed up to a certain temperature by
various methods. However, in chemical disinfection, some highly toxic chemicals (pesticides) are
applied to the soil. The residues and deposits in the
products caused by using more chemicals in agriculture emerge as a problem for consumers and
exportation of vegetables. Therefore, by limiting
the use of chemical materials in agriculture, healthy
and safe food production should be ensured. Thus,
these toxic substances should be prevented from
returning to the people and other living things
through nutritional chain [3-6]. It also has many
undesirable effects, such as increase in resistance
against disease pests and weeds [7]. For this reason,
in order to ensure protection of environment, human health, and sustainable agricultural production,
the pesticides should be used in accordance with the
recommendations [8, 9].
The chemicals suggested for soil fumigation
vary depending on many factors such as pests,
product, region, time, and soil type. According to
Montreal Protocol, production and use of MeBr,
which is the most widely used fumigant in the soil,
is prohibited worldwide. As a result, in combating
with soil pests, some alternatives have been sought.
Today, for soil disinfection, some techniques such
as solarization, steam application, soilless agriculture, and hot water emerge as the most common
alternative applications [10]. The important thing in
physical disinfection is to identify what the disease
and pests in the soil are and to increase the soil
temperature accordingly. Generally, the temperature level of 71-77 oC are the most widely used
levels in the disinfection of hotbeds. The maximum
temperature is 82 oC; at the temperatures above this
value, there is a possibility that useful soil bacteria
should be in the soil may also lose their liveliness
[11].
Solarization is usually applied by using the solar energy in order to heat the soil in the summer
months, when the exterior temperature is high and
the greenhouse is empty. This method has some
advantages such as low-cost and not having a nega
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,9/5+$8,+049/,=6,703,49For the disinfection of hotbeds, hot water obtained from solar
collector were circulated in the hotbeds by using
pipes. Hot water pipes were placed under 10-15 cm
of the soil and with about 50-55 cm intervals. In
order to accelerate the movement of water in the
pipes and allow it to give the heat energy to the soil
easily, a 0.1 kW circulation pump is placed in the
system.

,(8:7,+ ,9,57525.0*(2 %(2:,8 In this
study, anemometer, digital soil thermometer, infrared thermometer, soil temperature sensor and data
collection device were used to obtain meteorological data and soil temperatures.
During the experiment, three times a day (at
11:00, 14:00 and 16:00), temperature and humidity
values were determined in the greenhouse and also
temperature, humidity, wind speed and direction
were determined outside the greenhouse.
The greenhouse temperature were showing
considerably differences from outside air temperature. The fact that the weather was sunny or cloudy,
the wind condition, ventilation windows and the
fact that the doors were open or closed had been
more effective on the temperature difference.
In the experiment, the temperatures of the soil
was measured in plastic covered parcels having hot
water pipes and in plastic covered soil parcels. In
the parcels, soil surface temperature and the temperature at 10-15 cm and 20-25 cm depth of the soil
were measured.

,(8:7,3,49 5- #,36,7(9:7, 04 9/, "502
Digital soilthermometer with probe that can measure instant temperature and record daily minimum
and maximum temperatures has been used at 10-15
cm depth of soil. Every day, measurement was done
by this thermometer at 14:00, and the values were
recorded. 

The surface temperatures of the parcels were
measured by infrared thermal thermometer in three
separate points and their average was recorded.
In order to determine the soil temperature
changes in the parcels, soil temperature sensors
having data recorder device were placed on the
parcels. The measurement values of the sensors
were automatically transferred to the computer.

,(8:7,3,49 5- 59 &(9,7 04 9/, "52(7
522,*9578 The temperature of the water in the
solar collectors was also measured daily by the
thermometers placed in the system. There was only
a few degrees of difference between the temperatures of water that was sent to the parcel and returned from the parcel.
!"$#""$""

%(2:,85-9/,"502#,36,7(9:7,For the soil
temperatures in the parcels, the values in the period
from May, when the production in the greenhouses
was almost done, to the end of September, when the
production started, were used. The high air temperature was also an important factor in selecting this
period.
Soil surface temperatures in parcels were
measured by infrared thermometer. The highest soil
surface temperatures were obtained in July, August
and September. This value was measured between
44.5 oC and 46.9 oC in soil parcel, between 45.8 oC
and 51.6 oC in plastic covered parcel, and between
52.8 oC and 62.0 oC in plastic covered and hot water tubular parcel. The highest surface temperature
value measured in plastic covered hot water parcels
was 15.1 oC more than what it was in soil parcel
and 10.4 oC more than what it was in plastic covered parcel (Figure 2).

$! 
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The minimum and maximum soil temperatures
at 10-15 cm depth were also measured by digital
soil thermometers. The minimum soil temperatures
measured in all parcels were between 17.7 oC and
23.8 oC, and no significant difference was found.
The reason for this was that, in order the solar collector system to operate it is required to wait some
time after sunrise and the temperature of the water
in the system to reach at least 35-40 oC. Therefore,
at night, when the outside air temperature decreased, the minimum temperatures measured in the
soil did not reveal a significant difference.
It was identified that the maximum soil temperature at 10-15 cm depth of the soil increased up
to 50.2 oC in the plastic covered hot-water parcel. It
was also identified that this inside-soil temperature
was important in terms of solarization [15]. It was
determined that this soil temperature value was 15
o
C more than what it was in soil parcel and 6.5 oC
more than what it was in plastic covered parcel
(Figure 3a). Since the movement of soil temperature is minor and slow in the vertical direction, sub
soil layers warm less [16]. This effect can be observed with the temperatures measured at 20 to 25
cm depth of soil (Figure 3b). The temperatures
measured at these depths of soil are below readings
of top soil layers. In the months (May-JuneSeptember), when the exterior temperature is lower,
the temperature difference increases in the plastic
covered parcel having hot water pipes in comparison to the plastic covered parcel. This difference
was 4.6° C, 4.8°C and 5.9°C more in the parcel
having hot water pipes, respectively in May, June
and September. This temperature difference decreases in August since the exterior temperature at
20 to 25 cm depths of soil is at highest level
(42.4°C) in this month. The difference between two
parcels decreased in this month and recorded as
2.2°C.

In August, the highest value in the minimum
temperatures measured by soil temperature sensors
at 20-25 cm depth of soil during summer months
was 27.03 oC in plastic covered parcel having hot
water pipes. This value was 2.13 oC more than what
it was in plastic covered parcel. In the summer
months other than August, the temperature differences were between 0.31 oC and 3.65 oC.
The highest indoor air temperatures in the
greenhouses were measured at 14:00 and 16:00 in
July, August and September. The highest temperature was identified as 43.2 oC at 16:00 in August.
During this time, the outdoor temperature was 35
o
C.
--,*9 5- "52(7 522,*957 54 "502 #,36,7(
9:7,The hot water obtained from the solar collector used in the experiment was sent to the parcel in
the greenhouse through pipes. The effect of this hot
water on the surface temperature of the soil and on
the temperatures at depths of 10-15 cm clearly
observed. Due to the effect of hot water obtained
from the collector, the soil surface temperature
increased up to 62.0 oC in the parcel having hot
water pipe. This value was 15.1 oC more than the
soil parcel and 10.4 oC more than the plastic covered parcel. The highest temperature identified at
10-15 cm depth of soil was measured as 50.2 oC in
the plastic covered parcel with hot water pipe. This
value was 15 oC and 6.5 oC more than the other
parcels.
In July and August, the temperature of the water in the solar collector system increased up to 78
o
C and 79 oC. In the parcel with hot water obtained
from the collector system, soil temperatures increased, but they did not reach the expected values.

(a)

(b)
$! 
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Generally, in the greenhouses where monoculture is applied and is not heated, all kinds of diseases and pests rapidly reproduce and spread due to
high humidity and soil moisture in the greenhouses.
This situation can cause great economic loss [16].
In order to achieve a healthy, efficient and quality
agriculture in greenhouses, the effects of diseases
and pests in the soil should be reduced to a certain
extent. Disinfection, which is the method of combating with disease agents and nematodes in hotbeds, can be carried out in physical and chemical
ways.
Chemical disinfection is carried out by application of some highly toxic chemicals (pesticides)
into the soil. This method is highly dangerous for
human health and environment, and it affects the
natural balance negatively. Through nutritional
chain, this substances may return to human and
other living beings [6]. It is also stated that the
solarization, which is a temperature application into
the soil, is an effective way for purifying the soil
from pests [2]. In the solarization process, after
covering the soil surface with plastic cover, the
temperature of the soil under the cover is increased
by sun rays.
In this study, both solarization and hot water
obtained from solar collector were used in order for
disinfection of the soil. In this project, for the soil
parcel, for the parcel where the solarization was
applied and for the parcel where both solarization
was applied and the hot water obtained from solar
collector was circulated by pipes, the measurement
was done every day at 14:00. Every day, the minimum, maximum and instant temperature levels
were determined on the soil surface and at 10-15
cm depth of it. In addition, the temperature change
at 20-25 cm depth of soil was examined by the
temperature sensors in the plastic covered parcel
and also in the plastic covered parcel having hot
water pipes.
As a result of the measurements, the highest
soil surface temperature was measured as 62 oC in
polyethylene covered parcel having hot water. This
value was 10.4oC more than polyethylene covered
parcel and 15.1oC more than the soil parcel. The
surface temperature in the polyethylene covered
hot-water parcel was quite more than the other
parcels. This significant difference in the soil temperature levels shows the effect of the solar collector. The soil temperature at 10-15 cm depth was
measured, again, significant differences between
the parcels were observed. The value measured as
50.2 oC in polyethylene covered parcel with hot
water was 15 oC more than what it was in soil parcel and 6.5 oC more than what it was in polyethylene covered parcel. The soil temperature obtained
as 50.2 oC is important in terms of disinfection,
because many soil-based pathogens and diseases

can survive for several hours at temperatures of 45
o
C and above [17]. The rise of temperature of water
in the solar collector to 78 oC and 79 oC, the highest
surface temperature measured in the soil being 62
o
C, the the highest temperature measured at 10-15
cm depth being 50.2 oC and the temperature at 2025 cm depth being 42.4 oC showed that the soil
temperature had not reached to the expected level.
This was due to the fact that the soil had a threephase structure (liquid, solid and gas) and the heat
transfer was very slow [18]. In the literature it is
also stated that the movement of the heat in the
upper zone of the soil to the lower zone of it is
difficult [16].
Increasing of the efficiency of the solar collector system on disinfection may be possible by placing the hot water pipes into the soil with more frequent intervals. In the experiment, the hot water
pipes were placed with 55 cm intervals. Decreasing
this intervals to 20-25 cm may provide the heat to
be transfered even further. Through this way, the
efficiency of the collector system can be increased.
Because in our country, in the south regions
(Mediterranean) where the air temperature and
solarization are high, high level of water temperature can be obtained by solar collectors, the soil
disinfection can be achieved more effectively and
faster.
The solar collector can be used to increase soil
temperature in order to increase yield in the fall,
winter and spring months, which are production
seasons in greenhouses. In the cold seasons, warming of the soil facilitates the continuation of biological and chemical events in the soil and makes it
easier for plants to obtain water and nutrients from
the soil [19, 20].
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mixed with cereals [3]. Field pea has a benefit over
many other crops since it has the ability to fix its
own nitrogen. This makes it useful not only as an
alternative crop but also adds rotational benefits.
As a forage crop, pea hay and seed are rich in
crude protein content and most of mineral elements
[4-5]. In recent years in Turkey, important developments have been recorded in the cultivation area
of forage peas due to the developed winter-resistant
varieties. In the future, forage peas may be replaced
by hungarian vetches in hard-winter regions by the
winter-resistant varieties because of their high dry
matter yield and qualities.
Many factors affect the rate of change in nutrient composition with advancing plant development and maturity stages. These factors may include any one or a combination of the following:
plant type, climate, season, weather, soil type and
fertility, soil moisture, leaf/stem ratio, physiological
and morphological characteristics, and others, and
may vary with annuals versus perennials, grasses
versus legumes, etc. By themselves, nutrient composition levels are not necessarily the only criterion
in evaluating the nutritive value of plants [6]. Most
plants show a similarity in declining nutrient composition with advancing development towards maturation [7, 8, 9, 10].
Fertilization may not only improve dry matter
yield but also affect the chemical content of the
produced hay. In general, phosphorus treatment
causes an increase in crude protein content due to
enhancing nitrogen uptake by plants [11]. Phosphorus fertilization affects dry matter yield and chemical composition of forage crops [12, 13, 14, 15].
Turk et al. [16] reported that P fertilization increased dry matter yield and N, P, K, Ca and Mg
contents, but decreased K, tetany ration (K: (Ca +
Mg)), acid detergent fiber and neutral detergent
fiber and had no effect on Mn, Cu, and Zn.
The main objective of this study was to evaluate the effect of harvesting stages and phosphorus
fertilization on dry matter yield and forage quality
of pea.

The aim of this study was to determine the effects of five phosphorus rates (0, 30, 60, 90 and 120
kg ha−1) and three harvesting stages (beginning of
flowering, full flowering, and seed filling) on forage yield and quality of pea (  L.).
Dry matter (DM) yield, CP ratio, CP yield, acid
detergent fiber (ADF), neutral detergent fiber
(NDF), total digestible nutrients (TDN), and relative feed value (RFV) were determined. Phosphorus
rates and harvesting stages significantly affected
most of the components determined for pea. According to two-year averages, phosphorus treatments increased DM yield, CP ratio, CP yield, TDN
and RFV values but decreased ADF and NDF ratios. Harvesting at the late stages impaired the forage
quality. While the contents of CP, TDN and RFV
decreased with advancing growth, DM yield, CP
yield, ADF and NDF contents increased. It has been
concluded that it is more suitable to harvest forage
peas in the seed filling stage and 60 kg ha -1 phosphorus rate is sufficient for the high dry matter and
crude protein yield in Usak and similar regions.


'&!"
 , crude protein, dry matter yield, ADF,
total digestible nutrients.

#!$#
Atmospheric nitrogen is a renewable resource
for legume crops owing to the biological nitrogen
fixation with    sp bacteria. In 1975, nearly
half of the nitrogen needed in agriculture (44 to 66
million tons annually) was provided through legume-rhizobial symbiosis [1]. Since biological N
fixation presents economic, environmental, and
agronomic benefits, it could be used to a larger
degree as an alternative to synthetic fertilizers every
year [2].
Legumes are grown worldwide as a source of
high-quality protein in human and animal feeding.
Being a legume crop, peas are widely grown for
hay, pasturage or silage production either alone or
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(ADF), neutral detergent fiber (NDF), total digestible nutrients (TDN), and relative feed value (RFV)
of the samples taken from quadrats (1 m2) were
investigated. The samples taken from each plot
were dried at room temperature and then in an oven
at 65°C until they reached a constant weight. Following the cooling and weighing processes, the
samples were ground for analyses. Nitrogen content
was calculated by using the Kjeldahl method [18].
Crude protein content (N×625) and then crude
protein yields were calculated. Total digestible
nutrients (TDN), dry matter intake (DMI), digestible dry matter (DDM), and relative feed value
(RFV) were estimated according to the following
equations adapted from [19].

The field experiments were conducted in Usak
located in the Aegean Region of Turkey during
2015-16 and 2016-17 growing seasons. Total precipitation was 418.8 mm in 2015-16 (October–
May) and 417.1 mm in 2016-17 growing season.
The long-term average precipitation was 468.5 mm.
The average temperature was 9.7 oC in 2015-16
growing season (October–May) and 8.3 oC in 201617 growing season. The long-term average temperature was 8.0 oC (Table 1).
The experiments were carried out in a randomized complete block design with three replications
between November of 2015 and 2016. Five phosphorus rates (0, 30, 60, 90 and 120 kg P ha−1 per
annum) and three harvesting stages (beginning of
flowering in early May, full flowering in mid-May
and seed filling in early June) were applied in this
study. Töre cultivar was used in this study. The
seeding rate was 140 kg ha-1. The individual plot
size was 1.8×5m = 9m2. Phosphorus was administered as triple superphosphate (46% P2O5) during
sowing in November. The experiment was repeated
on an adjacent site in the second year.
The plots were harvested by hand. Dry matter
(DM) yield, CP ratio, CP yield, acid detergent fiber

TDN = (-1.291 x ADF) + 101.35
DMI = 120/NDF % dry matter basis
DDM = 88.9-(0.779 x ADF % dry matter basis)
RFV = DDM% x DMI% x 0.775
The ANKOM Fiber Analyzer was used for
NDF and ADF analysis. Ankom F57 filter bags
were used for ADF and NDF analysis in this study
[20]. The data of 2016 and 2017 were analyzed
together using the Proc GLM [21]. The means were
separated by LSD at the significance level of 5%.
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Months
October
November
December
January
February
March
April
May
Mean
Total

Average temperature (oC)
2015-2016
2016-2017
1950-2017
15.2
14.6
13.3
10.0
9.4
8.0
4.2
4.1
4.2
1.5
-0.1
2.4
8.2
4.2
3.1
7.9
8.3
6.2
14.6
11.0
10.8
16.2
15.1
15.7
9.7
8.3
8.0
-

2015-2016
29.6
52.3
75.6
69.8
8.0
39.4
63.1
81.0
418.8

Precipitation (mm)
2016-2017
26.8
45.2
77.2
110.2
22.0
55.2
32.0
48.5
417.1

1950-2017
40.2
58.4
78.2
72.2
64.4
55.6
52.2
47.3
468.5

# 
!.;=4<;7/+6+4?;2;7/>+:2+6,.<:+2<;-.<.:526.-
CP ConCP Yield
tent
Mean Square
Year (Y)
1
4345.6
0.29
55.52
Block (year)
4
14775.8
0.24
479.48
Harvesting Stage
2
548103.4**
21.50**
10182.36**
HS x Y int.
2
889.8
0.55
3.50
Phosphorus
4
93721.8**
17.66**
7097.02**
P x Y int.
4
1213.0
0.37
31.72
HS x P int.
8
1019.2
0.31
43.01
HS x P x Y int.
8
3031.6
0.36
172.05
CV (%)
11.48
3.91
12.12
D.F, degrees of freedom; * : P ≤ 0.05, ** : P ≤ 0.01.
Sources of Variation

D.F.

DM Yield
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NDF

ADF

TDN

RFV

0.01
1.83
136.98**
1.60
14.80*
0.16
0.77
0.15
4.14

0.93
2.78
38.73**
3.95
20.34**
0.34
1.02
0.22
3.45

1.54
4.63
64.57**
6.57
33.90**
0.57
1.70
0.37
7.11

0.41
78.15
3995.59***
91.51
615.19**
6.66
16.65
3.50
8.23
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tion, made up a larger portion of the herbage in
more mature forage. The crude protein content
results obtained from the study are similar to those
studies [10, 16, 28].
The CP yields showed a similar trend with
DM yields. The highest CP yield was obtained from
60, 90 and 120 kg ha-1 P rates (1.42, 1.45 and 1.45 t
ha-1); whereas, the lowest CP yield (1.01 t ha-1) was
obtained from control plot. The effects of harvesting stages were significant for CP yield in two-year
averages. While the highest CP yield (1.50 t ha-1)
was obtained at seed filling stages, the lowest CP
yield (1.13 t ha-1) was obtained at beginning of
flowering stages. These results are compatible with
the results reported by those researchers [29, 30,
31].
Increasing phosphorus rates resulted in a decrease in ADF and NDF contents. While the highest
ADF and NDF ratios were obtained from 0 and 30
kg ha-1 P rates, the lowest values were obtained
from 90 and 120 kg ha-1 P rates. The effects of
harvesting stages were significant for ADF and
NDF ratios. The NDF ratios increased from 35.80
to 39.98% and the ADF ratios increased from 27.00
to 29.20% with advancing maturity (Table 3).
Thorvaldsson [32], noted that with the advancing
maturity on forages, ADF and NDF contents increased but the digestibility decreased. Acid detergent fiber and NDF content increased with advancing plant growth. This could be explained by the
decrease in the proportion of leaves and increase of
the proportion of stems with advanced maturity.
The trend in ADF and NDF contents with increasing maturity is normally the reverse of protein [8].
Young plant cells have the primary cell wall, but
also the secondary cell wall occurs with maturing.
This causes mature plants to be the more fibrous
[33].

As shown in Table 2, harvesting stages and
phosphorus treatments had significant effects on
DM yield, CP ratio, CP yield, ADF, NDF, TDN,
and RFV values. Dry matter yield of pea increased
significantly as a result of the phosphorus treatments. While the highest DM yield was obtained
from 60, 90, and 120 kg ha-1 P rates (7.61, 7.64 and
7.65 t ha-1), the lowest DM yield (6.07 t ha-1) was
obtained from the control plot (Table 3). Kavut et
al. [22] reported that the dry matter yields of the
forage pea varieties varied between 7.27 and 8.90 t
ha-1 in 20 cm row spacing in the Aegean region.
The results of the present study confirm those of the
studies [12, 13, 22, 23]. The DM yield significantly
increased with advanced harvest stages. As plants
begin to concentrate DM in pods and seeds, an
enhanced forage yield with advancing maturity is
consistent with results of several researchers [2425].
Increasing phosphorus rates resulted in an increase in CP contents. The highest CP (18.68,
19.05, 19.04%) ratio was obtained from 60, 90, and
120 kg ha-1 P treatment; on the other hand, the
lowest CP ratio (16.84%) was obtained from the
control plot (Table 3). These results confirm the
results of other researchers [16-23]. Crude protein
ratios decreased with advancing stages from 19.05
to 17.36%. Maturity stage at harvest is the most
important factor determining forage quality. Besides N and hence protein also decline with advancing plant development; on the other hand, carbohydrate synthesis and storage increased [26]. Buxton
[27], reported that the decrease in CP concentration
with advancing maturity occurred due to the fact
that the protein of leaves and stems decrease and
because stems, with their lower protein concentra-
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DM Yield
CP
CP Yield
NDF
ADF
Harvesting Stages
TDN
RFV
(t ha-1)
(%)
(t ha-1)
(%)
(%)
BF
5.91 c
19.05 a
1.13 c
35.80 c
27.00 c
66,49 a
176,30 a
FF
6.88 b
18.29 b
1.26 b
38.63 b
28.59 b
64,44 b
160,40 b
SF
8.58 a
17.36 c
1.50 a
39.98 a
29.20 a
63,65 c
153,88 c
Mean
7.12
18.23
1.30
38.14
28.26
64.86
163.53
LSD0.05
0.42
0.37
8.13
0.68
0.61
0.55
6.11
Phosphorus Doses
(kg ha-1)
0
6.08 c
16.84 c
1.01 c
39.25 a
29.66 a
63,06 b
155,90 c
30
6.66 b
17.56 b
1.16 b
38.79 a
28.94 a
63,99 b
159,09 b
60
7.61 a
18.68 a
1.42 a
38.14 ab
28.19 ab
63,76 b
161,46 b
90
7.64 a
19.05 a
1.45 a
37.37 b
27.42 b
65,95 a
168,08 a
120
7.65 a
19.04 a
1.45 a
37.12 b
27.08 b
66,39 a
169,88 a
Mean
7.13
18.23
1.30
38.13
28.26
64.63
162.88
LSD0.05
0.55
0.48
10.50
1.25
1.48
1.42
3.1
BF, beginning of flowering; FF, full flowering; SF, seed filling stage
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The results from the different phosphorus rates
and harvesting stages applied in pea in Aegean
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harvesting stages significantly affected most of the
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ADF and NDF contents increased with advancing
maturity.
When the obtained results were evaluated together, it has been concluded that it is more suitable
to harvest forage peas in seed filling stage and 60
kg ha -1 phosphorus rate is sufficient for high dry
matter and crude protein yield in Usak and similar
regions.
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chemical fertilizers, the soil environment used for tobacco planting was gradually deteriorated [3], such
as soil nutrient loss, soil porosity decreased, soil
acidification harden, and other issues. All of those
situations caused slow spreading of tobacco leaves at
the early growth stage and continuous released N in
soil at late growth stage, thus resulting in excessively
thick leaves, nicotine and nitrogen-containing compounds increased, sugar and aroma of the leaves decreased, also its industrial availability reduced. Good
soil conditions are required to produce high quality
tobacco leaves. Some early studies used organic manure plus balanced fertilization with N, P and K have
promoted soil activity and enhanced crop growth,
but the production is not significant. And other studies used biological and chemical modification techniques have still not achieved a good repair effect.
Therefore, it is very important to utilize some new
soil amendments in tobacco-planting areas to solve
the problem of the decreasing yield and quality of
flue-cured tobacco.
Biochar is a product of thermal decomposition
of organic matter during the pyrolysis process with
limited oxygen access in the temperature range of
300-1000 [4], and its potential to improve soil fertility and mitigate climate change has been recognized globally [5]. Biochar, rich in nutrients, is constitutionally stable and can persist in soil for thousands of years [6, 7]. The main purposes of using biochar are to improve the soil structure and contribute
to C sequestration by the soil, and biochar also has
unique properties to improve soil productivity [8].
Biochar is recognized as a good soil amendment,
aimed to reduce nutrient loss, provide greater nutrient availability in soil, and improve the efficiency of
nutrient utilization in crops [9]. Biochar has a large
specific surface area, porous microstructure, and
abundant surface functional groups, which can provide favorable soil conditions for microbes [10, 11].
Furthermore, the high porosity of biochar may also
be very beneficial for improving soil structure as
well as water holding capacity and mitigating the
ever-increasing drought stress in dryland agriculture

Due to long-term continuous cropping and over
use of chemical fertilizers, it has restricted the
growth of flue-cured tobacco seriously, and which
caused the decreasing yield and quality of tobacco
leaves. Different biochar combined with effective
microorganisms (EM) treatments were designed to
explore the influences on the growth of flue-cured
tobacco in the pot experiment. The results showed
that the leaf area index (  ) of B1E1 (1.5% biochar
combined with 1.5% EM) was the largest (3.89),
which increased 28.53% more than that of CK. The
biochar and EM application have significantly increased net photosynthetic rate (), stomatal conductance ( !) and intercellular CO2 concentration
( ), and decreased transpiration rate ( . The yield
of B1E1 was the highest (2546.61 kg·hm-2), which
have a significant difference with other treatments
(), and it has increased more than 33.6% and
25.83% compared with B2E2 (2.5% biochar combined with 2.5% EM) and CK. Therefore, appropriate amount of biochar combined with EM application have a significantly effect on the growth of fluecured tobacco, but the excessive biochar and EM
will inhibit it, B1E1 is the best coupling treatments,
and the results could provide theoretical and practical guidance for the growth of crop.


)' "#
Biochar, Effective microorganisms, Tobacco, Physiological indexes, Growth indexes

$" %$ 

Flue-cured tobacco is the dominant economic
crop in China, the production of tobacco leaf plays a
very important role in the development of agriculture
and national economy in China [1, 2]. Because of the
long-term continuous cropping and over use of
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due to climate change [12, 13]. Biochar amendment
to cropland may have effects on reducing N demand
by crop production through enhanced N use efficiency which in turn may reduce the emission of
GHGs from N fertilizer industry [14]. The porous
physical structure of biochar induces a greater sorption capacity to conserve soil moisture and nutrients
[13, 15]. Biochar amendments could significantly
improve soil fertility by increasing the CEC and consequently the retention and availability of nutrients
for plants [16].
In recent years, effective microorganisms (EM)
are used in numerous fields associated with agriculture. It is a mixture of beneficial microorganisms
containing 80 different species of micro-organisms
that are considered as mutually compatible and coexistent in a liquid culture [17, 18]. Positive effects
of EM application to enhance the growth, yield and
quality of crops have been reported. Hou et al. [19]
have researched on EM water-retention agent application in flue-cured tobacco, demonstrating that it
can increase net photosynthetic rate () and decrease transpiration rate ( ), which could regulate
photosynthetic effects of tobacco leaves at growth
stages. Javaid et al. [20] indicated that EM could significantly enhance nitrogen, phosphorus and potassium nutrition of the test plant in farmyard manure
amendment both at flowering stage and maturity. Talaat et al. [21] had clearly demonstrated that EM application could increase plant salt tolerance, which
mainly contributed to the enhancement in nutrients
acquisition and the improvement in osmotic adjustment by compatible solutes accumulation. Moreover, greater osmotic adjustment would reduce oxidative damage and alleviate the cell membrane damages. Hu et al. [22] revealed that long-term application of EM compost gave the highest values for the
measured parameters but the lowest values in the
control plot. The application of EM in combination
with compost significantly increased wheat straw biomass, grain yields, straw and grain nutrition compared with traditional compost and control treatment. The foliar application of effective microorganisms can improve nodulation and yield in pea, with
a grain yield increase of 126% for NPK amendment
and of 145% for green manure amendment [23].
Compared to chemical fertilizer, EM bokashi fertilizer significantly increased both the nodule numbers
per plant and fresh weight per nodule. The peanut
plants fertilized with EM bokashi also showed
higher photosynthetic rate, transpiration rate and
mesophyll conductance [24]. The application of EM5 Sutociu could simultaneously increase bean plant
growth and reduce R. solani disease [25].
At present, there have been some researches on
biochar and EM technologies on soil remediation,
but most of them focus on single-factor experiments,
such as straw returning, EM bacteria, and biochar.
There are few studies about biochar and EM com-

bined application effect on soil remediation, especially the effect mechanism is not clear, which
greatly restricts the large-scale application of biochar
and EM in agricultural production [26]. It is well
known that biochar has a large specific surface area
and abundant surface functional groups, if biochar
combined with the EM is used, it can provide a large
specific surface area for the microbes, when both of
them persist in soil, the nutrients and effective microorganisms may be released slowly, thereby
achieving the purpose of reducing nutrient loss, promoting the soil microbial biomass, activity and diversity, and enhancing the growth, yield and quality
of crops. Moreover, it is estimated that the annual
output of agricultural straws in China is about 0.7
billion tons and up to 50% of the straw is burned, the
release of CO2, CH4 and NO2 by burning occupies
by 6.13%, 0.68% and 3.63% of China's emissions in
2000 [27]. And most straw resources are directly
burned in the field, abandoned at the edge of the
field, or combusted as cooking and heating fuels that
cause serious air pollution and resource waste. While
turning straw into biochar under low temperatures
and limited oxygen conditions is a promising approach for the utilization of waste resources [28]. In
order to solve the problem of the poor growth, yield
and quality of flue-cured tobacco. Different biochar
and EM treatments were designed to investigate the
response mechanisms of agronomic traits, dry matter, photosynthetic characteristics and yield of fluecured tobacco, and the results could provide theoretical and practical guidance for the physiological
growth of flue-cured tobacco and the development of
agriculture in China.
$"#  $ #

?8.925.6;*4 :2;. *6- ;1. :724 8978.9;2.:
The experiment was initiated in a plastic sheet covered greenhouse in the Vegetables and Flowers Institute of Hohai University test base (latitude
31°43'N, longitude 118°46′E), Nanjing, China. The
average annual rainfall is about 1106.5 mm. The average yearly temperature is approximately 15.7 
and average humidity is about 81%. Besides, the
maximum wind speed is 19.8 m/s and the frost-free
period is 237d. The waterproof insulation canopy is
installed above the lysimeter to cut off natural rain’s
effect on the test results. The specimen collected
from the experimental site was yellow brown soil,
and its physico-chemical properties were shown in
Table 1.
27,1*9 *6-  ,1*9*,;.92:;2,: The tested
biochar applied to soil was obtained from a commercial manufacturer and was produced by pyrolysis
where the feedstock was thermochemically decomposed at a temperature of 500  in an oxygen-poor
atmosphere. Biochar was produced from rice straw
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and was provided by Jiangsu Huafeng Agricultural
Biological Engineering Co., Ltd. Its main properties
were as follows: pH of 10.32, total nitrogen content
of 2.16 g·kg-1, total phosphorus of 6.85 g·kg-1, total
potassium of 7.42 g·kg-1, organic carbon of 545.26
g·kg-1, ash content of 30.26%, CEC of 45.3
cmol·kg-1, H/C of 0.03, O/C of 0.50, and (O+N)/C of
0.51. In addition, it contained more micro-pores, and
the pore sizes of the tested biochar were mainly below 4.75 nm.
Members of 5 main groups of microorganisms
are used in the source material of EM including lactic acid bacteria ( "#!" # !
 " "#! "!), photosynthetic bacteria
(!#! #!" #!  " 
! !), yeasts ( %!  $! 
#"!), actinomycetes (" "%!#!
 !#!) and fermenting fungi (! #! %&
# !  #  !) [29, 30]. The
tested EM is a yellow-brown liquid with pH 3.8,
sweet-sour taste and the smell of kvass or fermenting
fruit juice. The EM was provided by Corporation
EM Research Institute China subsidiary (Aiyile Environmental Biotechnology (Nanjing) Co., Ltd).

The young plants of flue-cured tobacco K326
were elaborately cultivated in made-in-order seedling trays, they would be transplanted into the pot
when it has six expanded leaves. Irrigation water
amount of start-up stage, growth stage and maturity
stage accounts respectively 30%, 40% and 30% for
the total irrigation water. The biochar and EM application rates were calculated as a percentage of soil
weight in pots. Inorganic fertilizer was applied according to a proportion of basal fertilizer: additional
fertilizer = 7:3 (provided by Tobacco Institute of Science in Guizhou Province, N: P2O5: K2O =1: 2: 3).
The amount of nitrogen fertilizer for each treatment
is 89.99 kg·hm-2 and the amount of P2O5 and K2O for
each treatment is converted into 59.99 and 149.99
kg·hm-2 respectively. What’s more, the basal fertilizer was applied in hole patterns and the latency
time of additional fertilizer application was 26 days
after transplanting.

*26 ;.:;.- 26-.?.: *6- 5.;17-: Agronomic characters and leaf area index of flue-cured
tobacco: each treatment chooses 3 strains to determine the plant height, stem circumference, the largest leaf length and width of flue-cured tobacco [31].
Flue-cured tobacco leaf area per plant calculation method [31] is as following:

?8.925.6;*4 -.:206 The experiment was
carried out by plastic pots, which the upper diameter
is 38 cm, the bottom diameter is 30 cm and the height
is 40.5 cm. The growth periods of flue-cured tobacco
were divided into three stages, start-up stage (35
days after transplanted), growth stage (36 to 65 days
after transplanted) and maturity stage (66 to ending
of harvested), respectively. The study was designed
with five levels of biochar application rate and five
levels of EM application rate, that is, 0%, 1.5%,
2.5%, 3% and 5% were selected in this experiments
respectively, there were 7 different combined treatments in all, each treatment with three replicates (Table 2).



s = ∑ (i × i × 0.6345)

(1)

 =1

Where, ! is the flue-cured tobacco leaf area
per plant,  is flue-cured tobacco leaf number,  is
the largest leaf length,  is the maximum blade
width.
Flue cured tobacco leaf area index according to
the following formula:
(2)
 = s / 
Where,  is the covered area of flue-cured
tobacco per plant.

$ 
!1@:2,7,1.52,*48978.9;2.:7/;1.:724*;;1..?8.925.6;:2;.
Property

pH

Organic matter
(g·kg-1)

Total N
(mg·kg-1)

Values

5.87

14.21

129.90

Available P
(mg·kg-1)

27.20

$ 
?8.925.6;*4-.:206

Treatment

Biochar (%)

EM (%)

Nitrogen fertilizer
(kg·hm-2)

CK
B1E0
B0E1
B1E1
B2E0
B0E2
B2E2

0
3
0
1.50
5
0
2.50

0
0
3
1.50
0
5
2.50

89.99
89.99
89.99
89.99
89.99
89.99
89.99

4173

Available K
(mg·kg-1)

Bulk density
(g·cm-3)

229.90

1.35

Field
capacity
(%)
28.0

Irrigation amount (mm)
Start-up
Growth
Maturity
stage
stage
stage
180
240
180
180
240
180
180
240
180
180
240
180
180
240
180
180
240
180
180
240
180
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can be seen that B1E1 treatment was significantly
higher than other treatments. The results indicated
that the amount of biochar and EM affected the leaf
area of flue-cured tobacco significantly and appropriate amount of biochar and EM have more conducive to the growth of flue-cured tobacco.
After transplanting 68~85d, tobacco entered
into the maturity stage, and the leaf area of fluecured tobacco was still a certain increasing and tends
to be stable. After transplanting 85d, the leaf area of
flue-cured tobacco treated with biochar and EM was
relatively higher, among them, B1E1 treatment was
also the largest, attained 23609.79 cm2; followed by
B0E1, attained 23053.25 cm2; B2E2 was also the
lowest, only attained 13657.53 cm2. This indicated
that the appropriate amount of biochar combined
with appropriate amount of EM was more conducive
to leaf area of flue-cured tobacco growth. With regard to the single factor of flue-cured tobacco leaf
area per plant, 1.5% biochar combined with 1.5%
EM is the best coupling treatments.
The dynamic changes of  of flue-cured tobacco along with the planting time is shown in Fig 1.
As can be seen from the figure, the  of flue-cured
tobacco can be divided into two stages: after transplanting 22~85d, the tobacco leaf area index has
been growing; 76-107d after transplanting, with the
picking of tobacco and the lower leaves, tobacco leaf
area index also decline gradually. After transplanting
85d, flue-cured tobacco  of each treatment
reached its peak,  of B1E1 was the largest, attained 3.89; followed by B0E1, attained 3.80; B2E2
was the lowest, only attained 2.25. The reason is
mainly that B2E2 has applied excessive biochar and
EM, leading to a smaller leaf area. In general, the
different application of biochar and EM could affect
the  of flue-cured tobacco to a certain extent.
Therefore the appropriate amount of biochar combined with EM is more conducive to leaf area of fluecured tobacco growth.

!17;7:@6;1.;2, ,1*9*,;.92:;2,: Photosynthetic characteristics in growth stage and maturity
stage of flue-cured tobacco were measured using the
LI-6400 portable photosynthetic apparatus produced
by American company LI-COR during 8:30~11:30
am. The measured leaf was the most recent fully expanded. Measurement characteristics included the
net photosynthetic rate (), stomatal conductance
( !), intercellular CO2 concentration ( ), and transpiration rate ( ) when light intensity was controlled around 800 µmol·m-2·s-1. LI-6400 was widely
used in  estimation to get rid of the trouble of
manual measurement [32], making the  metering
much more convenient.
9@5*;;.9@2.4-*6-977;:177;9*;27 When
the tobacco leaves were matured, they were separated by roots, stems and leaves, then kept in an incubator at 105  for 8 hours and then dried at 75 
to constant weight, respectively. The dry matter accumulation could be obtained and the root-shoot ratio and the yield could be calculated.
*;*6*4@:2: The data were compared statistically in SPSS software Version 17.0.
"#%$##%## 

.*/ *9.* *6-  The change of per plant
leaf area along with the planting time under different
biochar and EM treatments is shown in Table 3. It is
well-known that leaf area directly affects the yield of
flue-cured tobacco and is an important factor in the
value of flue-cured tobacco. As can be seen from the
table, the growth of tobacco leaf area could divide
into three stages: slow growth period, rapid growth
period and relatively stable period. It also can be
seen from the table that the flue-cured tobacco leaf
area per plant of B2E0 treatment was the largest after
transplanting 22d, attained 3943.57 cm2; followed by
B1E0, attained 2869.96 cm2; B0E2 was the lowest,
which only attained 1682.9 cm2. From that B0E2
treatment had significantly lower leaf area than other
treatments, which indicated that the single biochar
treatment promoted the growth at the start-up stage
more obviously, however, because the EM preparation is acidic, the treatment with EM alone might be
lack of alkaline biochar neutralization, higher acidity
leads to slower growth.
After transplanting 36~76d, leaf area increased
significantly due to tobacco gradually into the rapid
growth stage. While after transplanting 36d, the effect of biochar and EM treatments on leaf area
growth was extremely significant. After transplanting 68d, the leaf area of each treatments becomes
consistent, but B1E1 treatment had the largest fluecured tobacco leaf area per plant, attained 17329.34
cm2; followed by B0E1, attained 15605.85 cm2; and
B2E2 was the lowest, only attained 12013.83 cm2. It

.; 817;7:@6;1.;2, 9*;. The photosynthetic
characteristics of flue-cured tobacco was measured
in growth stage and maturity stage. Effects of different biochar and EM treatments on net photosynthetic
rate of flue-cured tobacco are shown in Fig 2. It can
be seen from the figure that the  value of fluecured tobacco leaves in growth stage is higher than
that of the maturity stage. It also can be seen from
the figure that  values was in the highest level of
B2E2 in growth stage, attained 17.34 μmol·m-2·s-1,
followed by the B1E1, attained 17.25 μmol·m-2·s-1,
CK was the lowest, only attained 14.71
μmol·m-2·s-1. Compared with the growth stage, the
 value was almost decreased in maturity stage, but
B2E2 also was the highest, attained 15.31
μmol·m-2·s-1, CK was the lowest, only attained 12.64
μmol·m-2·s-1. It also can be seen from Fig 2, in the
growth stage, the EM application was significantly
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$ 
$1..//.,;:7/-2//.9.6;;9.*;5.6;:768.984*6;4.*/*9.*
The per plant leaf area of Flue-cured tobacco (cm2)
22d
36d
46d
57d
68d
76d
CK
1778.20 d
5678.36 c
6876.41 c
10912.43 d
11995.64 d
13401.16 d
B1E0
2869.96 b
5465.52 d
7534.98 b
12349.45 c
14068.00 c
16432.34 c
B0E1
2826.78 c
8054.46 a
7573.33 b
14606.37 a
15605.85 b
17705.31 b
B1E1
2850.84 bc
8035.70 a
8857.59 a
14595.89 a
17329.34 a
19451.55 a
B2E0
3943.57 a
5669.19 c
6937.14 c
12709.90 b
14050.25 c
16411.39 c
B0E2
1682.90 e
6707.27 b
7545.50 b
12752.13 b
15588.43 b
16446.99 c
B2E2
1793.34 d
4565.42 e
5321.44 d
9846.05 e
12013.83 d
13373.21 d
Different letters in the same column indicate significant differences at P< 0.05.
4
CK
B1E0
B0E1
3
B1E1
B2E0
B0E2
2
B2E2

85d
16836.54 d
19609.68 c
23053.25 b
23609.79 a
19599.64 c
19582.46 c
13657.53 e



Treatment

1
0
22

36

46
57
68
76
85
96 107
Days after transplanted (d)
%" 
@6*52,,1*60.:7/4.*/*9.*26-.?
Growth stage

 (μmol·m-2·s-1)

20
15

b

c

d
d

c

a
a

b

Mature stage
a
a

a
cd



cd

cd

B2E0

B0E2

10
5
0
CK

B1E0

B0E1

B1E1

B2E2

Treatment
%" 
//.,;7/-2//.9.6;;9.*;5.6;:766.;817;7:@6;1.;2,9*;.

larger than that without EM treatment of the 
value, and there is little relation with the amount of
biochar applied at this time.  was relatively
smaller for the B0E2 treatment (high EM and no biochar application), this may be because the tobacco
grew slowly in maturity stage, and high EM application had little effect on , which also suggested that
under the same field management, the  of combined biochar and EM treatment was significantly
greater than that of single application or CK treatment, and the difference is significant (),
which further verify that combined biochar and EM
application is more conducive to the growth of tobacco.



#;75*;*4,76-<,;*6,.Effects of different biochar and EM treatments on stomatal conductance
( !) of flue-cured tobacco are shown in Fig 3. The
! value of flue-cured tobacco leaf at different
growth stages was the largest in growth stage, and
maturity stage was significantly lower than the
growth stage. The results showed that the treatments
of different combined biochar and EM had a significant effect on the ! value of flue-cured tobacco
leaves. It also can be seen from the figure that !
values was in the highest level of B1E0 in growth
stage, attained 0.55 mol·m-2·s-1, followed by the
B2E0, attained 0.53 mol·m-2·s-1, B0E2 was the lowest, only attained 0.40 mol·m-2·s-1. This indicated
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The  values was in the highest level of B1E1 in
growth stage, attained 309.34 μmol·mol-1, followed
by the B1E0, B0E2 was the lowest, only attained
255.11 μmol·mol-1, this indicated that different combinations of biochar and EM treatment can promoted
the  value. It also can be seen from the figure that
there is no significant difference between different
biochar and EM treatments, this may be in the
growth stages, the growth of tobacco was relatively
strong, so the different combinations of biochar and
EM treatments have little effect on the intercellular
CO2 concentration. Compared with the growth stage,
the  was almost significant decreased in maturity
stage, the B1E0 was the highest of the  value of
different treatments in maturity stage, attained
205.32 μmol·mol-1, followed by B0E1, attained
200.78 μmol·mol-1, B0E2 was the lowest, only attained 171.29 μmol·mol-1. Except for B0E2, there
was no significant difference in other  values of
flue-cured tobacco (). In general, the  values of different biochar and EM treatment was significantly better than the single biochar and EM
treatment, this may be due to the reduction of fluecured tobacco ! by the combined application, when
the concentration of CO2 in the intercellular space
was constant, there was a slight surplus of CO2 in the
intercellular space of flue-cured tobacco.

that the single application of biochar treatment is
greater than the single application of EM treatment,
but in the case of excessive application of biochar,
the value of ! in leaves of flue-cured tobacco is relatively low, this also indicated that excessive EM
and biochar is not conducive to the increase of leaf
! value. While compared with the growth stage, the
B2E0 was the highest, attained 0.35 mol·m-2·s-1, followed by B2E2, B0E1 was the lowest, only attained
0.22 mol·m-2·s-1. In general, different treatments of
biochar and EM during maturity stage had a certain
effect on the ! of tobacco leaves, and there has a
significant difference between the application of biochar and EM or CK treatments ().

6;.9,.44<4*9   ,76,.6;9*;276 Effects of
different biochar and EM treatments on intercellular
CO2 concentration ( ) of flue-cured tobacco are
shown in Fig 4. It can be seen from the figure that
the  of flue-cured tobacco leaves in growth stage
is higher than that of the maturity stage. The photosynthetic characteristics of flue-cured tobacco
reached a higher level at the time of budding, and the
closer to the harvest in the later period, the faster of
each photosynthetic characteristics decreased.
It can be seen that the treatment of different biochar and EM also had a significant effect on the .

! (mol·m-2·s-1)

0,6

Growth stage
a

a
b

cd

bc

de

0,4
cd

a

ab

abc

Mature stage

e
a
bc

d

0,2

0
CK

B1E0 B0E1 B1E1 B2E0 B0E2 B2E2
Treatment
%" 
//.,;7/-2//.9.6;;9.*;5.6;:76:;75*;*4,76-<,;*6,.

Growth stage

 (μmol·mol-1)

400
300
200

ab

d
b

a

abc
a

a

bcd
ab

Mature stage
cd

e
b

c

b

100
0

CK

B1E0 B0E1 B1E1 B2E0 B0E2 B2E2
Treatment
%" 
//.,;7/-2//.9.6;;9.*;5.6;:7626;.9,.44<4*9 ,76,.6;9*;276
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$9*6:829*;276 9*;. Effects of different biochar and EM treatments on transpiration rate ( ) of
flue-cured tobacco are shown in Fig 5. It can be seen
from the figure that the  of flue-cured tobacco
leaves in growth stages is higher than that of the maturity stage. The  values was in the highest level of
B0E2 in growth stage, attained 3.41 mmol·m-2·s-1,
followed by CK, attained 3.32 mmol·m-2·s-1, B1E0
was the lowest, only attained 2.82 mmol·m-2·s-1.
Compared with the growth stage, the  was almost
significant decreased in maturity stage, the CK was
the highest of the  value of different treatments in
maturity stage, attained 2.27 mmol·m-2·s-1, followed
by B0E2, attained 2.19 mmol·m-2·s-1, B1E0 was the
lowest, only attained 1.79 mmol·m-2·s-1. The results
showed that the higher application rates of biochar
and EM did not play a role to reduce the  value of
flue-cured tobacco leaves. This may be due to the
higher application rates of biochar and EM accumulated with water in the fixed space under pot control
conditions, that detrimental to the growth of fluecured tobacco.
As shown in Table 4 and Table 5, the results
indicated that the related analysis of the main photosynthetic characteristics, biochar and EM application
in growth and maturity stage. It can be seen that the
! was significantly positive correlated with biochar
application in growth stage, the correlation coefficients was 0.834, the  was positive correlated with
biochar application, the correlation coefficients was
0.415, and the  and  were negative correlated
with biochar application, the correlation coefficients
were 0.266 and 0.360 respectively. While the  and
 were positive correlated with EM application, the
correlation coefficients were 0.735 and 0.439 respectively, the ! was significantly negative correlated
with EM application, the correlation coefficients was
0.809, and the  was negative correlated with EM
application, the correlation coefficients was 0.565.
In addition, it can be seen from the Table 5 that the
! was significantly positive correlated with biochar



in maturity stage, the correlation coefficients was
0.845, the  and  was positive correlated with biochar application, the correlation coefficients were
0.103 and 0.113 respectively, and the  was negative correlated with biochar application, the correlation coefficients was 0.462. While the  and 
were positive correlated with EM application, the
correlation coefficients were 0.135 and 0.293 respectively, the ! and  were negative correlated with
EM application, the correlation coefficients were
0.355 and 0.437 respectively.
In this study, it was found that the application
of appropriate amount of biochar and EM could significantly increase the contents of , ! and , and
decrease  , while the , !, , and  of the
treated tobacco both have some fluctuations with the
increased of biochar and EM application, it indicated
that the effect of biochar and EM application on tobacco photosynthetic characteristics was obvious, it
could improve tobacco photosynthetic capacity, but
over usage would be bad for improving tobacco photosynthetic characteristics. This also confirms and
supplements Chen and Hou’s Researchings [19, 33].
Similar study by Wang et al. [34] biochar application
at 2400 kg·hm-2 increased net photosynthetic rate
77.32%, and biochar could effectively promote the
growth and development of root of flue-cured tobacco, optimize root physiological parameters, and
improve leaf photosynthetic physiological. The peanut plants fertilized with EM also showed higher
photosynthetic rate, transpiration rate and mesophyll
conductance [24]. However, Liu et al. [35] indicated
that the application of biochar had no obvious effect
on tobacco photosynthesis, but the application of biochar combined with AM fungi ( "  ! 
 !!) significantly increased net photosynthetic rate, stomatal conductance, transpiration rate
and water use efficiency, while significantly decreased intercellular CO2 concentration, which indicated that the photosynthesis of tobacco leaves was
promoted.

Growth stage

4

 (mmol·m-2·s-1)

ab

cd

e

3
a

d

2

c

a

c

de

cd

Mature stage

bc

bc
ab

abc

1
0

CK

B1E0

B0E1

B1E1 B2E0 B0E2 B2E2
Treatment
%" 
//.,;7/-2//.9.6;;9.*;5.6;:76;9*6:829*;2769*;.
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$ 
$1.9.4*;.-*6*4@:2:7/5*26817;7:@6;1.;2,,1*9*,;.92:;2,:+27,1*9*6-*8842,*;27626097>;1:;*0.
Parameter
Biochar
EM

!


Biochar
1
-0.550
-0.266
0.834*
0.415
-0.36
EM
1
0.735
-0.809*
-0.565
0.439

1
-0.426
-0.079
-0.004
!
1
0.681
-0.683

1
-0.908**

1
**and * indicate significant correlation of 0.05 and extremely significant correlation of 0.01 respectively.

$ 
$1.9.4*;.-*6*4@:2:7/5*26817;7:@6;1.;2,,1*9*,;.92:;2,:+27,1*9*6-*8842,*;276
265*;<92;@:;*0.
Parameter
Biochar
EM

!


Biochar
1
-0.550
0.103
0.845*
0.113
-0.462
EM
1
0.135
-0.355
-0.437
0.293

1
0.232
0.368
-0.391
!
1
-0.166
-0.274

1
-0785*

1
*indicate significant correlation of 0.05.

9@5*;;.9*,,<5<4*;276*6--2:;92+<;27626
=*927<:8*9;:7//4<.,<9.-;7+*,,7Effects of different biochar and EM treatments on the dry matter
accumulation of flue-cured tobacco organs are
shown in Table 6. It can be seen that the highest root
dry weight of different treatments was the B2E0, attained 57.29 g·plant-1, significantly higher than other
treatments, followed by B2E2, attained 52.65
g·plant-1, B0E2 was the lowest, only attained 43.13
g·plant-1, significantly lower than other treatments.
Overall, with the increase of biochar application can
help increase the root dry weight of tobacco. The
highest dry weight of stems was B1E1, attained
64.76 g·plant-1. The lowest dry weight of stems was
B2E2, only attained 46.61 g·plant-1. The dry weight
of tobacco leaves in each treatment ranged from
102.48~154.34 g·plant-1, as the B1E1 treatment was
the highest, attained 154.34 g·plant-1, followed by
B0E1, attained 133.76 g·plant-1, and the lowest was
B2E2, only attained 102.48 g·plant-1. From the analysis of the above results, we can seen that the accumulation of dry matter in different parts was greatly
affected by the different ratios. Dry matter accumulation of roots and stems, accumulation of whole
plant dry matter and leaf dry matter accumulation
were not necessarily related, the dry weight of roots
or stems or leaves may not necessarily be large. An
organ may account for the dry weight of the whole
plant, and the proportion of other organs to total
plant dry weight was not necessarily large. It can be
seen from Table 6, there is a certain difference in the
dry matter accumulation of roots, stems and leaves
among all the treatments. Among them, the highest
of tobacco stems and leaves was B1E1 (1.5% biochar combined with 1.5% EM), which attained 64.76
g and 154.34 g, respectively, while the lowest of the
dry matter accumulation of tobacco stems and leaves

was B2E2 (2.5% biochar combined with 2.5% EM),
only attained 46.61 g and 102.48 g, respectively, and
there have a significant difference between the maximum and the minimum value.
It also can be seen from Table 6, the dry matter
accumulation in stems and leaves reduced with the
increasing of biochar and EM application, among
them, as B1E1 treatment was the highest, and B2E2
was lowest, compared with B2E2, the dry matter accumulation in stems and leaves increased by 28.03%
and 33.6%, respectively, compared with CK, the dry
matter accumulation in stems and leaves increased
by 18.78% and 25.83%, respectively. Furthermore,
CK compared with B2E2, the dry matter accumulation in stems and leaves increased by 11.39% and
10.47%, respectively. It indicated that the dry matter
accumulation increased with the increasing of the biochar and EM application in a certain range, but excessive application would reduced the dry matter accumulation, such as B2E2, the root dry matter accumulation decreased with the increasing of biochar
and EM application rate, which suggested that biochar and EM application could contribute to the
growth of aerial parts of flue-cured tobacco.
It can be seen from Fig 6, the order of the distribution of dry matter in roots, stems and leaves is
leaf> stem> root, the dry matter of the whole tobacco
plant was mainly distributed in leaves, with leaves
accounting for about 50% of total plant dry weight,
followed by the stem, accounting for 22.60~24.60%
of total plant dry weight, the lowest was the root, accounting for 19.11~26.10% of total plant dry weight.
The increase of the biochar application rate could increase the proportion of root in the whole plant dry
weight, and the proportion of leaf to total weight decreased relatively, this may be because the biochar
application is beneficial to root growth (Fig 6).

4178

$#

! %    





!"  ! 


$
//.,;7/-2//.9.6;;9.*;5.6;:76-9@5*;;.9*,,<5<4*;27626=*927<:8*9;:7//4<.,<9.-;7+*,,7
Treatment

Root
(g plant-1)

Stem
(g plant-1)

Leaf
(g plant-1)

CK
B1E0
B0E1
B1E1
B2E0
B0E2
B2E2

46.75 d
51.21 c
46.71 d
51.75 c
57.29 a
43.13 e
52.65 b

52.60 c
57.54 b
57.76 b
64.76 a
53.16 c
52.53 c
46.61 d

114.47 d
129.85 bc
133.76 b
154.34 a
124.72 c
124.44 c
102.48 e

Total dry
matter
(g plant-1)
213.82 d
238.59 b
238.23 b
270.85 a
235.17 b
220.10 c
201.74 e

Root-shoot
ratio

Economic
coefficient

0.278
0.273
0.244
0.236
0.322
0.244
0.353

0.535
0.544
0.561
0.569
0.530
0.565
0.507

Root

80%

Stem

Percentage

100%

Leaf

60%
40%
20%
0%
CK B1E0 B0E1 B1E1 B2E0 B0E2 B2E2

Root-shoot ratio

Treatment
%"
$1.897879;2767/-2//.9.6;-9@>.201;;7;7;*4-9@>.201;790*6:7//4<.,<9.-;7+*,,7

0,4
0,3
0,2
0,1
0
CK

B1E0 B0E1 B1E1 B2E0 B0E2 B2E2
Treatment
%"
$1.977;:177;9*;277//4<.,<9.-;7+*,,7

The root-shoot ratio of flue-cured tobacco varied among different treatments are shown in Fig 7.
The root-shoot ratio of flue-cured tobacco increased
overall with the increase of biochar application, and
did not show a certain relationship with EM. Among
them, the B2E2 treatment was the highest, attained
0.353, followed by B2E0, attained 0.322, the B1E1
was the lowest, only attained 0.236, compared with
CK treatment, there was no regularity change, but
only a positive correlation with the application of biochar content. This may be due to the fact that the
increase in the amount of biochar applied to the
growth of roots and shoots caused by the proliferation of different effects, manifested as the increase in

the amount of biochar application of root growth to
promote greater than the above-ground. In the case
of the same irrigation, the reason for the lowest rootshoot ratio of B1E1 may be due to the better effect
of B1E1 on water retention and drought resistance,
more water stored in the soil than other treatments,
the development of the root system was inhibited,
and the growth of the above-ground part was promoted to be better. The root to crown ratio becomes
smaller. When the soil was deficient in water, the
water absorbed by the roots is rarely transported upwards, the impact on the growth of flue-cured tobacco was relatively small, the growth of the aboveground parts was inhibited, and the ratio of root to
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20%
15%

y = 0,6x + 0,05
R² = 0,9995

10%
5%
0%
0

Leaf accounted for the total
dry matter ratio

Stem accounted for the total
dry matter ratio

25%

0,1

30%
25%
20%
y = -0,1093x + 0,2683
R² = 0,4824

15%
10%
5%
0%

0
0,1
0,2
0,3
0,2
0,3
0,4
Root-shoot ratio
Root-shoot ratio
*+

60%

0,4


300
Total dry matter/g·plant

Roots accounted for the total
dry matter ratio

30%

250

50%
40%

200

y = 1.7003x2-1.4872x + 0.8246
R² = 0.9566

30%

150

y = 1247,1x2 - 1041,8x + 422,67
R² = 0,3853

100

20%
10%
0%
0

0,1

0,2

0,3

0,4

50
0

0

0,1

0,2

0,3

0,4

Root-shoot ratio

,-
%"
$1.9*;277/977;*:;.5+4.*/,;7;7;*4-9@5*;;.9*6-977;:177;9*;27*6-9.4*;276:128+.;>..6
;7;*4-9@5*;;.9*6-977;:177;9*;27-
Root-shoot ratio


crown increases. Therefore, the B1E1 treatment has
better water retention performance, and enhanced
the ability of the plant to resist drought at the later
stage, which promoted the growth of flue-cured tobacco.
Fig 8 was the ratio of dry weight, dry weight of
stems and dry weight of leaves to total dry matter,
and relationship of the root-shoot ratio, total dry matter to root-shoot ratio under different biochar and
EM treatments. It can be seen from the figures, the
total dry matter showed a slight downward trend
with the increasing of the root-shoot ratio; The ratio
of the dry weight of tobacco leaves to the total dry
weight decreased with the increasing of root-shoot
ratio; The proportion of stem dry weight to total dry
weight decreased inconspicuous with the increasing
of root-shoot ratio. With the increase of root-shoot
ratio, the proportion of dry matter distributed in the
roots is increasing, and the two of them have a very
significant linear positive correlation. From the
above analysis, under the same irrigation conditions,
the increase of biochar application can promote the
growth of underground roots within a certain rang,
and the promotion of tobacco leaves is not very obvious. This indicated that excess biochar and EM application will inhibit the growth of flue-cured tobacco leaves, but the appropriate amount of biochar
and EM treatment can effectively promote the
growth of tobacco leaves, and can play a better effect

of water retention and drought resistance, and it also
indicated that the biochar and EM can regulate soil
moisture and play a role in regulating fertilizer with
water. 

//.,; 7/ -2//.9.6; ;9.*;5.6;: 76 @2.4- Effects of different biochar and EM treatments on yield
of flue-cured tobacco are shown in Fig 9. It can be
seen from the figure that the yield of different biochar and EM treatments have a significant difference
(P<0.05). Among them, the B1E1 have got the highest yield, attained 2546.61 kg·hm-2, which have a significant difference with other treatments (P<0.05),
followed by the B0E1, attained 2207.04 kg·hm-2,
B2E2 was the lowest, only attained 1690.92
kg·hm-2, compared with B2E2 and CK, the yield of
B1E1 have increased more than 33.6% and 25.83%,
respectively. It also can be seen from Fig 9, both biochar and EM could increase the yield of flue-cured
tobacco to a certain extent, but excessive will play an
inhibitory role, such as B2E2, which combined 2.5%
biochar and 2.5% EM, so this indicated that the appropriate amount of biochar combined with appropriate amount of EM is more conducive to improve
the yield of flue-cured tobacco. With regard to increase the yield of flue-cured tobacco, 1.5% biochar
combined with 1.5% EM is the best coupling treatments.
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2000

b

c

d

c
e

1000

0
CK

B1E0 B0E1 B1E1 B2E0 B0E2 B2E2

Treatment
%"
//.,;7/-2//.9.6;;9.*;5.6;:76@2.4-
provide some support for the use of biochar and EM
technologies, as well as theoretical methods such as
water-saving, drought protection and soil remediation. In addition, due to the high cost of EM, it was
usually necessary to carried out expansion culture
before application, while in the course of cultivation,
how to solve the problem of coordination and symbiosis of the microbial flora in the process of expanding cultivation is also the key to research. Because of
the plant areas were widely distributed in China, soil
types were diverse, and soil fertility and water holding characteristics were difference, therefore, in the
application of biochar and EM, the appropriate application amount should be selected according to the
actual conditions in consideration of local conditions. Such as in our study we founded that the excessive biochar and EM will inhibit the physiological growth, photosynthesis and yield of flue-cured
tobacco. Therefore, reasonable and appropriate application of biochar and EM should be applied to
promote the physiological growth and yield of tobacco or other crops.

In our study, the application of biochar and EM
could promoted  , photosynthesis characteristics,
dry matter, and yield. Early study by Zhang and Abbott et al. [36-37] were showed that single biochar or
EM application could promoted the growth of tobacco. While we founded that the promotion effect
of combined biochar and EM was obviously better
than the single biochar or EM treatment for the leaf
area, photosynthesis, dry matter and yield of fluecured tobacco. This may be because of the biochar is
rich in mineral nutrient content, and it has a distinct
physical structure, which can improve soil nutrient
absorption and availability and promote crop growth
[38-40], as well as EM is rich in photosynthetic bacteria, lactobacilli, yeasts, and actinomycetes or other
beneficial bacteria. So this microorganisms in EM
improve crop health and yield by increasing photosynthesis, producing bioactive substances such as
hormones and enzymes, accelerating decomposition
of organic materials and controlling soil-borne diseases. Some studies had reported that crop growth
and yield were increased due to the application of
EM [20, 29]. Hussain et al. [41] also reported that
EM could increase the yields of rice and wheat. In
this study, we showed that biochar combined with
EM application have a significantly effect on leaf
area, dry matter and yield. Therefore, when biochar
combined with EM application, the porous nature
and adsorption properties of biochar provide a favorable environment for the growth and reproduction of
soil microorganisms, and under double effect of the
external environment improvement and root induction hormones, the root structure have significant improvement, and then promoted the growth and yield
of flue-cured tobacco.
In recent years, there are many reports on the
methods of combined biochar and EM application in
crop cultivation [19, 28], and the research on the use
of biochar and EM technology and methods needs to
be strengthened, and the application of biochar and
EM should be as the main direction of “high yield,
good quality, water-saving potential, and environmentally friendly” [19]. The results of this study can

 %# #

It could be concluded from the results of these
experiments that appropriate amount of biochar
combined with EM application have a significantly
effect on leaf area, dry matter and yield. The leaf area
and  of B1E1 treatment was the largest, compared with CK, the leaf area and  of B1E1 have
increased more than 28.69% and 28.53%, respectively. Furthermore, the biochar and EM application
have significantly increased the contents of , !
and , and decreased  , have promoted the growth
of flue-cured tobacco effectively. On the other hand,
compared with CK, the dry matter accumulation of
B1E1 treatment in stems and leaves were increased
by 18.78% and 25.83%, respectively. And for the
yield of flue-cured tobacco, the B1E1 also was the
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highest, attained 2546.61 kg·hm-2, which have a significant difference with other treatments, B2E2 was
the lowest, only attained 1690.92 kg·hm-2, and followed by CK, attained 1888.755 kg·hm-2, compared
with B2E2 and CK, the yield of B1E1 treatment have
increased more than 33.60% and 25.83%, respectively. Comprehensive consideration of the physiological and growth indexes of flue-cured tobacco,
1.5% biochar combined with 1.5% EM is the best
coupling treatments, the excessive or small amount
of application is not conducive to the growth of fluecured tobacco. Therefore, biochar combined with
EM has a positive effect on soil nutrients and the microbial community structure in tobacco fields, and
the used of biochar and EM as an amendment to improve soil fertility and microbial environment has favorable application prospects in the tobacco fields,
also the results of this study could provide theoretical
and practical guidance for the physiological growth
of flue-cured tobacco and the development of agriculture in China.
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four-step process. In the first step, a polymer solution is laid on a paper layer and pressed between
heated rollers, creating a thin layer of synthetic
leather. The polymer solution is a mixture of about
55% PU/PVC polymer, about 40% plasticizer,
about 1% stabilizers, and the balance fillers [6]. In
the second step, the polymer solution, mixed with a
riser, is laid on the previous layer. This is passed
through an oven, which forms a second, thick,
foamy leather layer. The third step includes the
simultaneous addition of a cotton-polyester layer
and peeling off the paper layer, while the structure
is being cured in an oven. The fourth step is laying
a resin layer and the setup being passed through
textured rollers [7].
Polyurethanes (PUs) are the most versatile
class of polymers [8] owing to their diverse applications such as coatings, elastomers, foams, adhesive-based products, textile finishing, thermal insulation etc. [9]. The uniqueness of PUs is reflected in
their properties and can be ascribed to the definite
micro level construction of linear PUs based on
hard and soft segments [10]. The hard segments of
PU block derived from isocyanate and soft segments of PU derived from polyols [11]. Mostly,
aliphatic diisocyanates combined with polyols are
used to synthesis PUs as compared to aromatic
diisocyanate. The preference for aliphatic diisocyanate is because they are more reactive to form
pre-polymer and color stable PU coating or elastomers, chemically resistant, resistance to yellowing
and chalking and resistance to abrasion etc., that
can significantly enhance a product’s appearance,
and length its lifespan [12]. The wide range applications of polyurethane are due to their unique mechanical, chemical and morphological properties
[13].
Due to increasing concerns about human
health and environmental-friendliness, most of the
organic solvent-based coatings have limited their
applications as they release large amounts of volatile organic compounds (VOCs) [14]. In contrast,
eco-friendly coatings are preferred as a potential
substitute of conventional organic solvent-borne
coatings, such as waterborne emulsions, radiation

Waterborne synthetic leather was fabricated by
wet solidification process. Effect of polyurethane
impregnating solution concentration, concentration
of lanthanum acetate, coagulation bath temperature
and solidification time on tear strength and average
aperture are examined. The results show that concentration of lanthanum acetate and the solidification time are the main influencing factors. Through
research, the low temperature differential temperature solidification method has a good effect on pore
formation. The optimized wet solidification process
has a lanthanum acetate concentration of 10%, a
solidification temperature of 21°C, a solidification
time of 9 min, and a polyurethane impregnating
solution concentration of 12%. These surfaces are
expected to be of interest in wide variety of applications.


)' #$
Waterborne polyurethane, Tear strength, Synthetic leather,
wet solidification process
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Leather has been an important material since
the beginning of the human race [1-3]. Before the
development of woven textiles, leather was the only
available material to use for clothing. Due to its
desirable traits, including high tensile strength,
flexibility, resistance to tearing, puncturing, and
abrasion, and permeability to air and water, it has
applications in footwear, furnishings, automotive
industry, clothing, bookbinders, gloves, sports gears,
bags, and cases [4].
Genuine or natural leather is expensive and
can be challenging to work with it. Therefore, in
order to reduce cost and tailor flexibility, there has
been a growing demand for synthetic leather [5].
Commercially, two types of synthetic leather are
primarily used based on—polyurethane (PU) and
polyvinyl chloride (PVC) [6]. A general manufacturing process of synthetic leather is typically a
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curable coatings, powder coatings, high solid content coatings, etc. [15]. Waterborne polyurethane
coatings have proven potential industrial coatings
owing to their exceptional adhesive strength, ease
in tailoring desirable mechanical, thermal and
chemical properties, superior weather resistance,
excellent solvent resistance, pH stability, less or
zero VOCs, durable flexibility even at low temperature and water resistance properties. Waterborne
polyurethane (WPU) is being rapidly developed and
applied to leather and textile finishing [16], adhesives, pressure sensitive adhesives, floor coverings,
and so on [17]. Binary colloidal system of waterborne PUs serves as a continuous emulsion medium
for PU particles. The basic building components of
water dispersible polyurethane include aromatic or
cyclic diisocyanates, long chain polyesters, polyether or polycaprolactone polyols, low molecular
weight bis-hydroxyl carboxylic acid, diamine
and/or glycol as a chain extender and a neutralizing
base [18]. By defaults, conventional PUs having
hydrophobic diisocyanate, do not dissolve but this
can be converted to water dispersible materials by
incorporation of non-ionic or ionic hydrophilic
groups in the polymer chain [19]. In WPU, the base
neutralizes the pendant −COOH groups forming
water dispersible pre-polymer with salt groups.
WPU has become more important due to its exceptional properties such as quick drying time, curing
at room temperature, gloss temperature, and flexibility impact resistance, transparency, non- flammable, abrasion resistance, low contents of VOCs,
adhesion on many substrates, hardness and easy
cleaning with water. Moreover, WPU can be injected, molded, extruded and recycled easily.
In this paper, waterborne synthetic leather was
fabricated, which will bring some guidance and
reference to the synthetic leather process. These
surfaces are expected to be of interest in wide variety of applications.

(!#%
Synthetic leather consists of grooved surface
to simulate leather feel. A nanocomposite layer of
hydrophobic silica nanoparticles and waterborne
polyurethane emulsion was used to achieve hierarchical structure. The nanocomposite layer was deposited using spray coating technique because it
provides the desired surface as compared to other
techniques. The nanocomposite layer was later
coated with low energy fluorinated materials, because they are known to provide repellency to low
surface tension liquids such as oils. Fluorinated
materials are commonly used because fluorine is
very electronegative and has a low polarizability.
Polyurethane wet solidification process:
(1) Base fabric after PVA pre-shrinking treatment;
(2) Main solidification tank (21°C);
(3) Secondary solidification tank (17°C);
(4) Hot water wash off PVA;


#$&%$$&$$ 
With the increase of the concentration of polyurethane immersion liquid, the density of polyurethane membrane also increases, the fiber consolidation is not easy to slip, and the tear strength is
reduced, but the polyurethane film also bears part of
the stress, although the nonwoven substrate reaches
The maximum strength, and the polyurethane film
does not reach the maximum strength, so its tear
strength increases with the increase of the concentration of polyurethane cool impregnation solution.
Fig.1 and 2 indicate that the tear strength
changes with the concentration of the polyurethane
immersion liquid. The tear strength first increases
with the concentration of the polyurethane cool
impregnation liquid, and then decreases. When the
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As the concentration in the coagulation bath increases, the tear strength decreases. This is because
as the solidification time increases, the solidification rate becomes slower, the pore diameter of the
membrane becomes smaller, and the drilling force

concentration of the polyurethane immersion liquid
is between, tear strength reaches a peak.
The velocity of the film moving toward the
coagulation bath is fast before it enters the coagulation bath, and then the velocity is gradually reduced.
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between the polyurethane membrane and the fiber
increases, restricting the movement deformation of
the fiber and the yarn, so during the tearing process,
the friction between the fibers and between the
yarns is reduced, resulting in a reduction in the tear
strength of the product. It can be seen from Fig. 3
and 4 that the tear strength is relatively high at 8-16
min of solidification, and the pore size is moderate
between 8-12 min.
For Fig.5, it is seen that the concentration of
lanthanum acetate in the coagulation tank increases,
and the tear strength tends to decrease. In order to
obtain a relatively fine and uniform pore size of the
bass, and also to meet the high concentration requirements during recovery, the concentration of

the coagulation tank is preferably between 10% and
20%.
Fig.6 shows that the relationship between the
temperature of the solidification tank and the tear
strength indicates that the tear strength has a certain
relationship with the solidification temperature.
Since the hydrolysis temperature is 25°C, the
solidification temperature must be lower than this
temperature. Fig.7 and 8 show that the temperature
is low, the diffusion speed of lanthanum acetate is
slow; when the temperature is high, the diffusion
speed is fast, and the dense surface is formed on the
surface of the film, which affects the uniform diffusion of the internal lanthanum acetate, and the pore
diameter is small and uneven.
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Fig.9 and 10 show that the lower the concentration in the coagulation bath, the typical finger
structure in the membrane, the large pore size is
high, the solidification rate is slow, and the pore

The concentration of lanthanum acetate in the
coagulation bath is an important process parameter
affecting the solidification rate and microporous
structure.
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diameter in the membrane is fine. As the concentration in the coagulation bath increases, the tear
strength decreases. This is because as the concentration in the coagulation bath increases, the solidification rate becomes slower, and the adhesion between the polyurethane film and the fiber increases,

restricting the movement deformation of the fiber
and the yarn, so during the tearing process, between
the fibers and the friction between the yarns is reduced, resulting in a reduction in the tear strength
of the product.
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Fig.11 indicates that the average pore size of
the product varies with the concentration of polyurethane impregnating solution. When the concentration of polyurethane impregnating solution is between 15% and 20%, the average pore size of the
sample is relatively stable and the pore size is moderate. The water droplets have an average diameter
of 100 m and the water vapor molecules have an
average diameter of 0.0005 m. Therefore, it can
prevent water droplets, but allows water vapor
molecules to pass through, thereby obtaining waterproof and breathable properties.
Fig.12 indicates that the velocity of the film
moving toward the coagulation bath is fast before it
enters the coagulation bath, and then the velocity is
gradually reduced. As the concentration in the coagulation bath increases, the tear strength decreases.
This is because as the solidification time increases,
the solidification rate becomes slower, the pore
diameter of the membrane becomes smaller, and the
drilling force between the polyurethane membrane
and the fiber increases, restricting the movement
deformation of the fiber and the yarn, so during the
tearing process. The friction between the fibers and
between the yarns is reduced, resulting in a reduction in the tear strength of the product.
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Waterborne synthetic leather was fabricated by
wet solidification process. We studied the effect of
polyurethane impregnating solution concentration,
coagulation bath temperature and solidification time
on tear strength, concentration of lanthanum acetate,
and average aperture. The results show that concentration of lanthanum acetate and the solidification
time are the main influencing factors. Through research, the low temperature differential temperature
solidification method has a good effect on pore
formation. The optimized wet solidification process
has a lanthanum acetate concentration of 16%, a
solidification temperature of 21 , a solidification
time of 9 min, and a polyurethane impregnating
solution concentration of 12%. These surfaces are
expected to be of interest in wide variety of applications.
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quality roughage demand of the livestock sector is
met, the yield per animal will increase as a result of
the decrease in the use of the unqualified roughage
such as straw and fodder. These roughages have
low feed value and high cellulose in feeding
animals.
The silage is an important feed source used for
the economic, balanced and adequate feeding for
ruminants, primarily feeder and dairy cattle, in the
countries developed in husbandry [5]. Silage can be
made from almost all of the green fodder. However,
the dry matter ratio of the green forage that will be
used in silage (25-30%) and readily soluble
carbohydrate (2.5% and higher) are two important
factors. In silage production, only the plants grown
for this purpose can be used, and various production
residues can also be used for silage.
The giant miscanthus (  
  ) is a perennial, warm-season Asian grass
with the C4 photosynthetic pathway. The triploid
      with 57 chromosomes
breeding by natural hybridization of the tetraploid
     with 76 chromosomes
and diploid     with 36
chromosomes (the giant miscanthus) is a sterile
plant [6]. Although the giant miscanthus, originated
in Japan, is sterile and does not give seed, it can be
grown easily with the strong rhizomes [7].
Lewandowski et al. [8], have reported that 
   can adapt in a very wide area from the
Mediterranean coast to southern Scandinavia. The
researchers have reported that    contain
enough sugar in order to be ensiled. Its silage pH is
about 4.2 and the silage dry matter is about 40%
and the fermentation can be completed after two
weeks its ensiling. Burner et al. [9], reported that
the giant miscanthus stems are richer than their
leaves in terms of nonstructural carbohydrates. In
the study conducted by Geren et al. [10] in Izmir, it
was stated that the green herbage yield of the giant
miscanthus was 11618 kg/da, the crude protein ratio
was 5.62% and the silage pH was 3.79 and it can be
easily ensilaged due to the high amount of
carbohydrate it includes. Whittaker et al. [11],
determined the dry matter ratio in the giant
miscanthus silages as 35.7%, the silage pH as 5.5,

The aim of this study is to determine some
physical and chemical characteristics of giant
miscanthus silages harvested and ensiled in
different development stages. In the study, giant
miscanthus (     ) was harvested
and ensiled without using any additives at the early
booting, booting and flowering stages in 2017 year.
According to the results of the study, statistically
significant differences were determined related to
dry matter contents, silage loses, physical
observation values, pH, fleig scores and relative
feed values of the silages in terms of cutting stages.
The crude protein contents of the silages varied
between 4.07% and 5.20%, NDF values varied
between 71.46% and 77.06% and ADF rates varied
between 49.66% and 52.02%. According to the
results of the study, late cutting stage increased the
silage fermentation performance, however, it
decreased the silage quality. At the end of the study,
it was found out that it is more suitable to harvest
the giant miscanthus in early booting stage for a
high quality silage.


%$ 
Giant miscanthus,     , silage, pH,
NDF, crude protein

!"!
Meeting the quality roughage need is among
the most important problems to be solved in order
to improve the livestock in Turkey. Low production
costs of quality roughages such as hay, green grass,
and silage feeds increase the profitability of
livestock enterprises [1-2]. It is known that about
70% of the production costs in dairy production or
feeder cattle enterprises are feed inputs [3].
Roughages are important as they improve the
animal performance by means of protein, fat,
cellulose, mineral, and vitamins. They also prevent
many metabolic diseases based on feeding and they
provide high-need animal products [4]. When the
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based on the formula presented by Denek et al.
[17], (Flieg Score = 220 + (2 x % dry matter - 15) 40 x pH). For the quality analyses, the values
obtained from performing nitrogen analysis on the
grounded samples of each silage based on the
method of Kjeldahl [18] were multiplied by the
coefficient of 6.25 and then the crude protein ratios
of the samples were determined. The NDF and
ADF analyses of silage samples were performed
according to the fundamentals reported by ANKOM
Technology [19]. Relative feed value (RFV) was
calculated according to the formula (RFV = %
DDM x % DMI x 0.775) reported by Horrocs and
Vallentine [20].
The data obtained from the study were subject
to variance analysis in accordance with the
randomized parcels experimental designs with three
replicatons in the JMP 5.0.1 statistical packaged
software. As a result of the analysis of variance,
least significant difference (LSD) (5%, 1%) tests
were used to determine the significance levels of
the differences between the mean values.


 "!  " 

and the NDF value of the silage as 70.1 in their
study conducted with 
  , 
   and corn silages. In the same study,
the pH of the corn silage was determined as 5.6.
The giant miscanthus has become the center of
interest for high biomass yield it produces from unit
area and for its high adaptation capabilty in many
countries, especially in Europe. Miscanthus’
beneficial environmental profile is mainly due to its
perennial nature and because soil organic carbon
tends to increase when arable land is converted to
its cultivation [12]. It is a very resource and landuse efficient crop with efficient nutrient-recycling
mechanisms and high net energy yields per unit
area [13, 14]. For this reason, miscanthus is very
useful crop both producers and environment.
The previous studies have been mostly about
the plant's use in the bioenergy area. However,
there is a limited number of studies conducted to
determine the potential of the giant miscanthus used
as a roughage source for animal feeding. This study
was conducted to determine some physical and
chemical characteristics of giant miscanthus silages
harvested and ensiled at different development
stages.


! !

Table 1 shows the values related to some
physical properties of the giant miscanthus silages
ensiled in different development periods. According
to the table, the effect of harvest times on the dry
matter rates of silages was found to be statistically
significant at the level of 0.05. The dry matter rates
of silages, according to harvesting stages, varied
between 36.69% and 47.62%. The highest dry
matter content was determined as 47.62% in the
silages harvested the flowering period. Kristensen
[21], reported that the dry matter rate of  
was 41% and Lewandowski et al. [8], stated that the
dry matter rate in the silages of   was
about 40%. Moreover some researchers reported
that the advancing of harvest stage, increased the
dry matter content of silages [22-23]. In this
context, the study indicated that as the harvest time
progressed, the structural carbohydrate amount in
the plant tissues increased and this led to an
increase in the dry matter rates of the silages.
The effect of the harvest times on the silage
loss caused statistically significant differences at the
level of 0.05 and the highest silage loss was
observed in the silages as 2.66% in the early
booting period. The lowest silage loss was
determined as 2.27% in the silages in the flowering
period (Table 1). This period also corresponded to
the period with the highest dry matter rate. This
situation was remarkable as it demonstrated that the
silage loss also decreased together with the increase
in the dry matter rate. The losses in silage
production may be caused by mechanical
respiration, fermentation and washing [24]. In the
present study, the silage loss mainly based on

The study was conducted at Agriculture and
Natural Sciences Faculty in Usak University, in
2017. The giant miscanthus (  
  ) plants aged two years were used in the
trial field as the material. According to the
treatments in the study, the giant miscanthus,
harvested in three development periods, (early
booting, booting and flowering) was chopped in the
laboratory-type by a grinding machine. The samples
of each cutting were filled and compressed in the 1
liter plastic jars without any additives and then
ensiled without letting the air in as much as
possible. After the ensiled jars were closed tightly
without letting any air inside, they were wrapped
with stretch film and left for fermentation [15]. At
the end of a 90-day fermentation period, silo jars
were opened.
The physical characteristics of the silages such
as colour, smell and structure were determined
according to the average scores given by four
people who are experienced on silages, according to
the scale determined by DLG [16]. In order to
determine the dry matter rate, the samples taken
from each jar were kept at the drying oven set at
105 oC until it reached to its constant weight and
then the dry matter rates were determined by being
proportioned to their wet weights. To determine the
silage pH, 2.5 ml of distilled water was added to 1 g
of silage sample. After stirring in an agitator for 5
minutes, pH of the silage was determined by digital
pH meter [16]. The Fleig scores were calculated
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fermentation and respiration. It has been reported
by some researchers that the silage loss may be
between 3-30% [24]. In this respect, the silage loss
values determined in the present study were found
to be quite reasonable.
A decrease which is parallel to the advances of
the maturity in the plant was observed in the
physical observation values and then it was
calculated by summing the scores of the physical
parameters like color, smell and structure. The
highest physical observation value was determined
in the silages of the early booting and booting
periods and the lowest values were determined in
the flowering period (Table 1). According to the
silage quality classification, that can be determined
by sense organs, by German Agricultural
Organization (DLG), the silages are divided into 5
groups according to their sum of the smell,
structure, and color scores based on silage
qualification classification (20-18: Very Good, 1714: Good, 13-10: Average, 9-5 : Low, 4-0:
Impaired) [17]. According to the results determined
in the study, the silages were in a "very good
quality" group in each of three periods.
The effect of harvest stages on silage pH
values was found to be statistically significant at the
level of 0.01. Accordingly, the silage pH decreased
depending on advances of the harvest stage. The
lowest pH was determined as 4.71 in flowering and
the highest silage pH was determined as 5.09 in the
silages produced in the early booting stage (Table
2). McDonald et al. [25], reports that the pH of the
silage may increase due to the badly performed silo
compaction process. However, in terms of both the
Fleig scores and physical quality class, there was no

problem related to compression in the present study.
In their study, Geren et al. [10], reported the pH of
the giant miscanthus silage as 3.79. These values
were lower than the results of the present study.
Whittaker et al. [11], reported the silage pH in the
giant miscanthus as 5.5. The values of the
researchers are higher than the values of the present
study. Kaiser et al. [26], reported that the high dry
matter rate in the silage may cause a buffering
effect in the silage pH. In the present study, it was
observed that the advances of the maturity affected
the silage performance positively as an increase in
stem ratio of plants and in the sugar ratio of silages.
The Fleig score is a quality parameter
calculated with the dry matter rate and pH in silage.
Besides, this value is expected in a high amounth in
the quality silages. When the score is calculated by
putting the dry matter and pH values data into their
places in the Flieg Score= 220+(2x % Dry Matter15)-40 x pH equation, the silage quality increases
according to the quality class order (100-81:Very
Good,
80-61:Good,
60-41:Satisfying,
4021:Average, 20-0:Bad) of the obtained score [25].
In the study, the effect of the ensilage period on the
Fleig score was found to be statistically significant
at the level of 0.01. The Fleig score values
increased as the giant miscanthus became mature.
The highest Fleig score (111.58) was determined in
flowering period and the lowest values were
determined in the early booting period (Table 2). In
the study, all three ensilage periods, the silages
were among the "very good quality class" in terms
of the Fleig scores.

! 
5:1&77*5(327*2766.0&,*0366*6&2)4-:6.(&03'6*59&7.3263+,.&271.6(&27-866.0&,*6&7).++*5*27
-&59*67.2,67&,*6
.0&,*
-:6.(&0
&59*67.2, 7&,*6
5:&77*5
366
'6*59&7.32
Early booting
36.69 b+
2.66 a
19.00 ab
Booting
42.06 ab
2.38 ab
19.67 a
Flowering
47.62 a
2.27 b
18.33 b
LSD0.05
6.06*
0.32*
0.94*
CV (%)
7.19
6.52
2.48
+
: The differences between the averages indicated by the same letters are statistically insignificant.
*: Significant at the level of 0.05.

! 
4+0*.,6(35*&2)(58)*4537*.2(327*2763+,.&271.6(&27-866.0&,*6
&59*67.2, 7&,*6
4
0*., (35*
58)*537*.2
Early booting
5.09 a+
74.91 c
5.20 a
Booting
4.85 b
95.25 b
4.63 b
Flowering
4.71 c
111.58 a
4.07 c
LSD0.05
0.08**
10.66**
1.39**
CV (%)
0.84
5.68
3.01
+
: The differences between the averages indicated by the same letters are statistically insignificant.
**: Significant at the level 0.01.
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!-*9&08*63+&2)#.2,.&271.6(&27-866.0&,*6&7).++*5*27)*930341*2767&,*6
&59*67.2, 7&,*6


#
Early booting
71.46 b
49.66
65.35 a
Booting
76.26 a
50.93
60.04 b
Flowering
77.06 a
52.02
58.34 b
LSD0.05
0.74**
ns
12.98**
CV (%)
0.05
3.13
2.80
+

: The differences between the mean scores indicated by the same letters are statistically insignificant.
**: Significant at the level 0.01. ns: not significant.

determined in the giant miscanthus are higher than
the NDF values determined in maize and sorghum
silages. This showed that the giant miscanthus was
richer than maize and sorghum in terms of the cell
wall components and also the plant's silage
digestibility was lower than those of the plants
mentioned.
It was determined that the harvest periods did
not have a statistically significant effect on the ADF
ratios of the giant miscanthus silages and ADF rates
of the silages varied between 49.66% and 52.02%.
Burner et al. [9], reported that the ADF values of
the giant miscanthus were 52.28% and 40.43% in
the leaves and stems respectively. Besides, the giant
miscanthus stems were richer than the leaves in
terms of nonstructural carbohydrates (organic acid
and sugar). Norman and Murphy [30], determined
that the ADF rates in the giant miscanthus varied
between 43.1%-59.0% and Whittaker et al. [11],
determined these rates as 47%. The difference
between NDF and ADF rates is mainly due to
hemicellulose which is basically one of the cell wall
components. In other words, the harvest periods
included in the study were effective mainly on the
hemicellulose content of the plant and it may be
asserted that it did not have a significant effect on
the cellulose and lignin contents.
The relative feed values (RFV) of the silages
varied between 65.35% and 58.34%. As the harvest
period advanced for the silage, decreases in the
RFV values of the silages were observed and the
analyses of variance showed that these decreases
were statistically significant at the level of 0.01
(Table 3). With the delay in the harvest period, the
structural carbohydrate amount (hemicellulose,
cellulose and lignin) in the cell wall components
increased and also the NDF and ADF values of the
plant increased. And as the RVF value was
calculated mainly through the equation derived
from the NDF and ADF rates, the increasing NDF
and ADF rates caused a decrease in the RFV value
in inverse proportion. In the classification
performed by Linn and Martin [31], related to the
relative feed values, it was reported that if its RFV
value is higher than 151 and the feed has superior
quality; if the RFV value is between 125-151, it has
high quality; if the RFV value is between 103 -124,
it has good quality; it the RFV value is between 87102, it has average quality; if it the RFV value is

The crude protein ratios of the silages
produced from the giant miscanthus varied between
4.07% and 5.20%. The highest crude protein
content was determined in the early booting stage
and the lowest crude protein content was
determined in the flowering stage (Table 2). As the
harvest time was delayed the crude protein contents
decreased. By the way, the harvest times caused
significant differences in the crude protein content
at the level of 0.01. Naidu et al. [27] and Huyen et
al. [28], reported that the crude protein content in
giant miscanthus varied between 3-6%. Geren et al.
[10], stated that the crude protein contents of giant
miscanthus varied from 5.29% to 5.82%. Da Borso
et al. [29], reported that there was a sudden
decrease in the crude protein rate of the giant
miscanthus together with the delay of the harvest
period, the crude protein ratios varied between
4.01% and 5.47% in the early harvest and this ratio
varied between 2.06% and 2.87% in the late
harvest. The crude protein contents determined in
the present study are similar to those reported by
the previous researchers. In the study, the
advancing harvest period caused a decrease in the
leaf/stem ratio in the plants and this caused a
decrease in the crude protein content.
The NDF value, which is one of the important
quality parameters of the forage crops, may give an
opinion about the digestibility of the forage. In the
study, the NDF rates of the giant miscanthus
harvested in different devolopment periods varied
between 71.46% and 77.06%. In the silages, the
lowest NDF value was determined in the early
booting. The NDF values of the silages produced in
the booting and flowering periods were found not to
be statistically different and the effect of the
ensilage period on NDF was statistically significant
at the level of 0.01 (Table 3). Norman and Murphy
[30], stated that the NDF rate in the giant
miscanthus (     ) varied
between 72.2% and 79.1% and its average value
was 77.5%. The values reported by the researcher
were similar to the results of the present study.
However, there were not enough studies on the
digestibility characteristics of the giant miscanthus.
On the one hand, the NDF values in silages of
plants such as maize and sorghum were reported
between 65.82% (maize) and 66.45% (sorghum)
[17]. On the other hand, the NDF values we have
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between 75-86, it has poor quality and if this value
is lower than 75, it has bad quality. According to
the scale reported by the researcher above, the giant
miscanthus silages had bad-quality RFV values. In
the study conducted on Giant King Grass
(    by Geren and Kavut [32], it
was reported that RFV values as 95 in average. The
RFV values of the giant miscanthus in the present
study are lower than the values reported by Geren
and Kavut [32].
" 
According to the results of this study
conducted to determine some physical and quality
characteristics of the giant miscanthus silages
harvested in different development periods; it was
determined that the dry matter rate of the plant was
enough for silage production. The values of the
silage losses were within the reasonable limits. The
silages were involved in the good-quality silage
group in all the three cutting stages in terms of the
physical quality characteristics and the fleig scores.
The advancing harvest period affected the silage
performance positively because it increased the
sugar-rich stem rate in the forage. However, the
advances of the harvest period affected NDF, ADF
and RFV values negatively, the crude protein
content of the silages particularly.
When the obtained results were evaluated
together, it was concluded that it was more suitable
to harvest the giant miscanthus in the early booting
period for the quality of silage in terms of the crude
protein content and the digestibility characteristics.
The giant miscanthus is a high-yielding C4
plant that has high adaptability and is easily
harvested and ensilaged. However, the chemical
composition of the plant, especially the low crude
protein ratio and cell wall components at high levels
reduce the roughage quality of the plant
significantly. In order to eliminate these problems,
some agronomic studies as well as the other studies
for improving the quality characteristics of silages,
such as the addition of various additives will pave
the way for the plant to be used as quality roughage.
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tion between limited oil production and sharply increased consumption requires people to explore and
develop new plant fat resources.
Citrus (C. grandis Osbecko) is a Citrus plant of
the Rutaceae family, which is widely cultivated in
the provinces south of the Yangtze River in China,
and the yield is increasing year by year [4]. Grapefruit has the functions of strengthening the spleen
and stomach, moistening the lungs, enriching the
blood, clearing the intestines, facilitating the digestion and helping digestion. It can promote wound
healing and has a good therapeutic effect on sepsis
[5]. The use of grapefruit has always been mainly for
fresh food and food processing, but the attention and
application of grapefruit seeds for grapefruit residues are rare, mainly for germplasm preservation
and seedling [6]. Like most other plants, grapefruit
seeds accumulate and enrich oil during ripening and
are a potential plant oil resource. At present, relevant
research reports on grapefruit seed oil are almost
blank.
Extracting and obtaining plant seed oil is a prerequisite for its development and utilization, so it is
of great significance to explore the establishment of
a highly efficient and feasible extraction process for
specific plant seed oil [7]. The commonly used methods for extracting vegetable oils include pressing
method, extraction method, supercritical extraction
method, and water enzymatic method [8, 9]. In recent years, ultrasonic waves have been widely used
in the extraction of plant active substances because
of their good penetration and cell disruption effects,
simple operation, low extraction temperature, and no
damage to the structure of the material. Previous
studies have shown that ultrasound can indeed exert
significant positive effects in the extraction of plant
seed oil [10, 11]. Based on this, this study optimized
the process of ultrasonic-assisted extraction of
grapefruit seed oil. It should be pointed out that the
extraction of the obtained plant seed oil requires a
series of tests to determine its composition and nutritional value, so as to measure and evaluate its development potential as a new edible oil resource,
wherein the composition and physical and chemical
properties can be very high. It reflects its nutritional
value and health benefits. Therefore, based on the ultrasonic assisted extraction process of grapefruit

With n-hexane as extractant, the optimal process of ultrasonic-assisted extraction of grapefruit
seed oil was optimized by response surface methodology. The fatty acid composition and physical and
chemical properties of the obtained grapefruit seed
oil were analyzed. The results showed that the best
extraction process of grapefruit seed oil was liquidsolid ratio (mL/g) of 12, ultrasonic time of 31 min,
ultrasonic power of 191 W, and ultrasonic temperature of 60 °C. Under this condition, grape seed oil
extraction rate was 35.67. %. Four kinds of fatty acids were detected by GC-MS, which were palmitic
acid (12.74%), linoleic acid (47.73%), oleic acid
(32.37%), stearic acid (7.16%), unsaturated fatty acids. The content reaches 80.1%; the grapefruit seed
oil is a pale yellow, clear and transparent oily liquid
with the characteristic smell and taste of grapefruit
seeds. The relative density (d2020) and refractive index (nd20) of grapefruit seed oil were 0.9025 and
1.4745, moisture and volatile matter 0.02%, insoluble impurities 0.03%, iodine value (I2) 95.256 g /100
g, saponification value (KOH) 189.56 mg / g, unsaponifiable 2.46 g / kg, acid value (KOH) and peroxide value were 1.08 mg / g and 2.935 mmol / kg, respectively, smoke point 192°C. All physical and
chemical indicators can reach the Chinese edible
vegetable oil standard.
+)"$%
Grapefruit seed oil, Fatty acids composition, Physical and
chemical properties, Analysis

!&$"'&"!
As an important edible oil source and industrial
raw material for human beings, vegetable oils and
fats are closely related to people’s daily life and national grain and oil security [1]. China’s edible oil
self-sufficiency rate is obviously insufficient, and it
needs a large amount of imports every year and the
gap is increasing year by year [2, 3]. The contradic-
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ature water bath at 60°C for 20 min. After the reaction is completed, add distilled water to 25 mL,
shake evenly, then let stand, and use a plastic pipette
to pipette the upper transparent fatty acid methyl ester liquid, and dry it with anhydrous sodium sulfate.
Gas chromatography analysis is made [12, 13].

seed oil, the fatty acid composition and physicochemical properties of the extracted grapefruit seed
oil were tested to provide a theoretical basis for the
development and utilization of grapefruit seed oil.
&$%! &"%

-?1=5-7> The grapefruit seeds were picked
from Qiyang County, China, and the dried grapefruit
seeds were pulverized into powders by a pulverizer
for use. All reagents were of analytical grade.

=-;12=@5?>110:571C?=-/?5:9Weigh 10.00 g
grapefruit seed powder, add a certain volume of nhexane and stir well, then dilute the mixture for 12
h, then assist the extraction of the grapefruit seed
powder solution under certain ultrasonic power, ultrasonic time and ultrasonic temperature. The extract
is vacuum filtered to obtain a clear liquid, and the
filtered supernatant is subjected to rotary evaporation to collect the oil. Finally, the collected oil is
placed in a vacuum oven at 60°C for 2 h to remove
residual solvent, and the dried grease is cooled to
room temperature. Weighed and calculated the extraction rate. The extraction rate of grapefruit seed
oil is calculated according to formula (1):
Extraction rate (%) = (fruit quality of grape
seed oil / quality of raw materials) × 100%
(1)

 % -9-7D>5> /:905?5:9> Gas chromatographic conditions: elastic quartz capillary column
(30 m × 0.25 mm × 0.255 m); carrier gas is high purity He, purity ≥ 699.999%; column initial temperature 130°C, column temperature: 130-240°C, for 1
min, Warm up to 230°C at 20 °C/min for 5 min, then
increase to 240°C at 20 °C/min for 6.5 min for a total
of 18.00 min, inlet temperature 250°C, pre-column
pressure 84.6 kPa, column flow 1.00 mL /min, split
ratio 1:30; 1.0 uL [14] was injected using a microinjector.
Mass spectrometry conditions: EI ion source,
ion source temperature 200°C, GC-MS interface
temperature 200 ° C, electron energy 70 eV, electron
multiplier voltage 0.97 kV, mass scan range 29-450
m / z, solvent peak cut-off time 1.6 min, The mass
spectrometry detection start time was 1.7 min [14].
$%'&%!%'%%"!
9-7D>5>:2;4D>5/-7-90/4185/-7;=:;1=?51>
:23=-;12=@5?>110:57For relative density determination, refer to GB/T 5526-1985 «Measurement
method for plant oil and fat test»; Reference index
for determination of refractive index GB / T 55272010 «Determination of refractive index of animal
and vegetable oils»; Determination of saponification
value reference GB / T 5535.2-2008 « Determination
of saponification value of animal and vegetable
oils»; Determination of unsaponifiable matter reference GB / T5535.2-2008 «Determination of unsaponifiable matter of animal and vegetable oils»; Determination of acid value by reference GB / T 55302005 «Determination of acid value and acidity of animal and vegetable oils »; Iodine value determination
GB / T 5532-2008 «Determination of iodine value of
animal and vegetable oils»; Determination of peroxide value reference GB / T 5538-2005 «Determination of peroxide value of animal and vegetable oils»;
Determination of moisture and volatile matter reference GB / 5528-2008 «Determination of moisture
and volatile matter in animal and vegetable oils»;
Determination of insoluble impurities GB/T 55291985 «Ingredient testing of vegetable oils - Determination of impurities»; Determination of smoke
points GB / T 20795-2006 «Tobacco oil smoke Point
determination»; Freezing test reference GB / T
17756-1999 «General technical conditions for salad
oil».

-?- ;=:/1>>593 All experiments were repeated 3 times, and the data were collated, analyzed

%59371 2-/?:= 1C;1=5819? -90=1>;:9>1 >@=
2-/1:;?585E-?5:91C;1=5819?The effects of ultrasonic time, ultrasonic power, ratio of material to liquid and ultrasonic temperature on the yield of grape
seed oil were investigated. The single factor experiment set liquid-solid ratio (mL/g) 6:1, 8:1, 10:1,
12:1, 14:1, ultrasonic time 20, 25, 30, 35, 40 min,
ultrasonic power 100, 150, 200, 250, 300 W, ultrasonic temperature 20, 30, 40, 50, 60°C each 5 gradient levels. When performing a certain factor experiment, the values of the other three factors remained
fixed, which were 1:10 ratio of material to liquid, 30
min of ultrasonic time, 150 W of ultrasonic power,
and 50 °C of ultrasonic temperature. On the basis of
single factor experiment, the design principle of
Box-Behnken center was applied. The ratio of material to liquid, time, ultrasonic power and ultrasonic
temperature were taken as the object of investigation. The extraction rate was the response value, and
the ultrasonic assisted extraction process conditions
of grapefruit seed oil were optimized.

 %9-7D>5>:2-??D/50:8;:>5?5:9
:2=-;12=@5? %110"57 1?4D7-?5:9 :2 ?41 >-8
;71 Accurately measure 6.0 mL of grapefruit seed
oil in a 25 mL round bottom flask, then add 10.0 mL
of a mixture of n-hexane-diethyl ether (2:1), shake it
to mix well, and then add 0.5 mol/L KOH - 6.0 mL
of methanol solution, refluxed in a constant temper-
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factors affecting the oil extraction process of grapefruit seed, namely liquid-solid ratio (A), ultrasonic
time (B), ultrasonic power (C) and ultrasonic temperature. (D) Design a four-factor three-level response surface optimization test. The response rate
of grapefruit seed oil extraction rate was optimized
by Design-Expert 8.06. The test plan and results are
shown in Table 1. The analysis of variance is shown
in Table 2. The results of each response surface are
shown in Figure 2.
The regression equation obtained by fitting the
response surface analysis results to each factor is:
Y=33.02+2.63A-1.93B+0.30C+2.01D-2.52AB0.44AC+1.76AD-0.28BC+0.18BD-1.54CD2.31A2-2.74B2-3.89C2-2.07D2
It can be seen from Table 2 that the regression
equation is used to describe the relationship between
each factor and the seed oil extraction rate
(R2=0.9625). Known by the significance and F
value, the main factors influencing the extraction
rate of grapefruit seed oil are liquid-solid ratio>ultrasonic temperature>ultrasonic time>ultrasonic
power. The gradient of response surface curve reflects the influence of various factors on the extraction rate of seed oil. The steeper the curve, the more

and mapped by Excel2003, SPSS19.0, Sigmaplot10.0 and Design-Expert 8.06.

=-;12=@5?>110:571C?=-/?5:9;=:/1>>It can
be seen from Fig. 1 that the liquid-solid ratio, ultrasonic time, ultrasonic power and ultrasonic temperature all have significant effects on the yield of grapefruit seed oil, but the yields of each factor vary. Under ultrasound-assisted conditions, the yield of mint
seed oil increased with the increase of liquid-solid
ratio, ultrasonic time and ultrasonic power, and
reached a maximum at a liquid-solid ratio of 10:1, an
ultrasonic time of 30 min, and an ultrasonic power of
200 W. After that, the stability of the grapefruit seed
oil also increased gradually with the increase of the
ultrasonic temperature. After reaching the maximum
value at 50 °C, it remained stable and decreased
sharply after 60 °C. Based on the consideration of
yield and cost, determine the liquid-solid ratio
(mL/g) 8:1, 10:1, 12:1, ultrasonic time 30, 35, 40
min, ultrasonic power 150, 200, 250 W, ultrasound
Response surface experiments were performed at
temperatures of 40, 50, and 60°C.
Based on the above single factor test, the BoxBehnken test was used to investigate the four main

'$ 
221/?:275<@50>:750=-?5:@7?=->:95/?581@7?=->:95/;:B1=@7?=->:95/?18;1=-?@=1:9
1C?=-/?5:9=-?1:2>110:57:23=-905>">.1/6:
Values are means ±SD (n =3).SD =standard deviation.
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:C149619?1>?;7-9-90=1>@7?>
!:
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

-/?:=
8 3
-1 (8)
1
-1
0 (10)
-1
0
0
-1
1 (12)
0
1
0
1
1
0
1
1
0
-1
1
1
-1
0
-1
-1
-1
0
0
0

 859
1
-1 (30)
0
0
-1
0 (35)
0
1 (40)
-1
0
1
0
-1
1
0
1
0
1
1
-1
1
-1
-1
-1
1
-1
0
0
0

 )
1 (250)
1
0
0 (200)
1
1
0
1
-1 (150)
0
-1
0
1
1
0
-1
0
0
-1
-1
1
1
0
-1
-1
-1
0
0
-1

%110:571C?=-/?5:9
=-?1
18.69
25.69
19.98
33.68
15.89
19.36
32.69
21.63
31.36
31.32
26.69
34.36
32.36
17.98
19.95
14.96
29.36
18.63
20.36
25.32
20.36
21.58
27.23
15.38
17.36
19.63
21.58
32.79
17.36

 G
1
-1 (40)
0
0 (50)
1
0
0
-1
1 (60)
1
1
0
1
-1
-1
-1
0
0
1
-1
1
-1
0
-1
-1
1
0
0
0


& 
9-7D>5>:2(-=5-9/1:2$1>;:9>1(-7@1:2=-;12=@5?%110"57C?=-/?5:9$-?1
Source
A
B
C
D
AB
AC
AD
BC
BD
CD
A2
B2
C2
D2
Model
Residual
Lack of Fit 38.80
Pure Error
Cor Total

df
1
1
1
1
1
1
1
1
1
1
1
1
1
1
14
14
10
4
28

Sum of Squares
165.38
89.47
2.11
96.88
101.71
3.06
49.56
1.29
0.51
37.82
138.23
195.24
391.73
110.814
1111.28
43.27
38.80
4.47
1154.55

obvious the influence of this factor on the extraction
rate of seed oil. It can be seen from Fig. 2 that the
liquid-solid ratio has the greatest influence on the extraction rate of seed oil, and there is a certain interaction between factors except AC, BC and BD. The
interaction of AB, AD and CD has significant influence (P<0.05). This is consistent with the results of
the regression analysis in Table 3. The design conditions of the grapefruit seed oil extraction process
were optimized by Design-Expert software. The optimum conditions were as follows: liquid-solid ratio

Mean Square
165.38
89.47
2.11
96.88
101.71
3.06
49.56
1.29
0.51
37.82
138.23
195.24
391.73
110.84
79.38
3.09
3.88
1.12

F Value
53.51
28.95
0.68
31.35
32.91
0.99
16.04
0.42
0.17
12.24
44.73
63.18
126.76
35.87
25.69

p-value
< 0.0001
< 0.0001
0.4223
< 0.0001
< 0.0001
0.3364
0.0013
0.5290
0.6904
0.0035
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

3.47

0.1207

(mL/g) was 12, ultrasonic time was 31.14 min, ultrasonic power was 191.18 W, and ultrasonic temperature was 59.42. °C, the grape seed oil extraction rate
was predicted to be 36.84%. In order to facilitate the
actual operation, the optimum process was corrected
to a liquid-solid ratio (mL/g) of 12, an ultrasonic
time of 31 min, an ultrasonic power of 191 W, and
an ultrasonic temperature of 60.00 °C. Under the
modified conditions, the extraction rate of grapefruit
seed oil was 35.67%, which was consistent with the
theoretical value.
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-??D-/50/:8;:>5?5:9-90=17-?5A1/:9?19?:23=-;12=@5?>110:57
!:

$1?19?5:9?581859

-??D-/50

1
2
3
4

13.175
14.463
14.528
14.639

Palmitic acid
Linoleic acid
Oleic acid
Stearic acid

:71/@7-=2:=8@7-
C16 H32O2
C18 H32O2
C18 H34O2
C18 H30O2

:71/@7-=B1534?
256
280
282
278

$17-?5A1
/:9?19?
12.74
47.73
32.37
7.16

&
=-;12=@5?>110:57;4D>5/-7-90/4185/-75901CA-7@1
(-7@1>-=181-9>F%9 %>?-90-=001A5-?5:9
1->@=105901C
Relative density (d2020)
Refractive index (nd20)
Saponification value (KOH)/(mg/g)
Acid value (KOH) /(mg/g)
Unsaponifiable material /(g/kg)
Iodine value (I2) /(g/100 g)
Peroxide value /(mmol/kg)
Moisture and volatiles /%
Insoluble impurities /%
Smoke point /°C
Freezing test (0°CStorage for 5.5 h)

$1>@7?>
0.9205±0.033
1.4745±0.031
189.56±0.019
1.08±0.021
2.46±0.024
95.256±0.017
2.935±0.026
0.02±0.018
0.03±0.027
192±0.023
Clarified and transparent

=-;12=@5? >110 :57 2-??D -/50 /:8;:>5?5:9
The NMS05 mass spectrometry database was used
to perform computer search and artificial spectrum
analysis on the spectra. The main components were
identified and the components were determined by
peak area normalization. The relative amounts in the
seed oil, the results are shown in Table 3. As can be
seen from Table 3, the main components detected by
grapefruit seed oil are palmitic acid (12.74%), linoleic acid (47.73%), oleic acid (32.37 %), stearic acid
(7.16%), among which unsaturated fatty acid content
It reached 80.1%. In recent years, studies have
shown that unsaturated fatty acids can relieve excess
cholesterol in the blood, enhance cell membrane permeability, and prevent myocardial tissue and Arteriosclerosis [15]. The highest content of fatty acids in
grapefruit seed oil is linoleic acid (47.73%), which is
higher in traditional oil crops in China. Linoleic acid
is an essential fatty acid in the body and is essential
for the synthesis of phospholipids, the formation of
cellular structures, and the maintenance of the normal function of all tissues [16, 17]. Oleic acid replaces saturated fatty acids in the diet and has the effect of lowering low-density lipoprotein (LDL) cholesterol [18]. Oleic acid has higher oxidative stability
than polyvalent unsaturated fatty acid, can improve
the body's antioxidant capacity, protect the cardiovascular system, has better physiological activity,
and is considered to be a kind of health-promoting
fatty acid [19]. Saturated fatty acids such as palmitic
acid and stearic acid can be used as industrial raw
materials for the production of lubricants, softeners,
water repellents, release agents and polishes [20, 21].

in Table 4. As can be seen from Table 4, the relative
density (d2020) and refractive index (nd20) of
grapefruit seed oil are 0.9205 and 1.4745, respectively. The color is clear and transparent, the taste is
fresh and pleasant, and the aroma of grapefruit seed
oil is unique, and the moisture and volatile matter
and insoluble impurities are less; The iodine value
(I2) of grapefruit seed oil is higher, 95.256 g /100 g,
which is a kind of dry oil, indicating that the grapefruit seed oil has higher unsaturated fatty acid content; the saponification value (KOH) is 189.56 mg/g,
which is more common. The saponification value
(KOH) (200 mg/g) of edible oil is small [22]; the unsaponifiable content is 2.46 g/kg, which is similar to
the unsaponifiable content of common edible oil;
acid value (KOH) and peroxide value are respectively It is 1.08 mg/g and 2.935 mmol / kg, which are
lower than the acid value (KOH) of edible vegetable
oil specified in GB 2716-2005 "Sanitary Standard
for Edible Vegetable Oils" of 3 mg / g or less and the
peroxide value is less than or equal to 9.85 mmol /
Kg. The above data show that the directly extracted
grapefruit seed oil does not need to be refined, and
the physical and chemical indicators can reach the
Chinese edible vegetable oil standard.
"!'%"!%
This study provides a simple and efficient extraction process of grapefruit seed oil. The oil is
good, light yellow, no odor, clear and transparent,
and the extraction rate is 35.67%. The fatty acid
composition was analyzed by GC-MS, and the
grapefruit seed oil mainly contained palmitic acid,
oleic acid, linoleic acid and stearic acid, and the content of unsaturated fatty acid reached 80.1%.

#4D>5/:/4185/-7 ;=:;1=?51> :2 3=-;12=@5?
>110:57The measured values of physical and chemical indicators of grapefruit seed oil are summarized
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The measured relative density (d2020) and refractive index (nd20) of grapefruit seed oil were
0.9025 and 1.4745, moisture and volatile matter
0.02%, insoluble impurities 0.03%, iodine value (I2)
95.256 g /100 g, saponification value (KOH ) 189.56
mg / g, unsaponifiable 2.46 g / kg, acid value (KOH)
and peroxide value are 1.08mg / g and 2.935mmol /
kg, respectively, smoke point 192 ° C, all physical
and chemical indicators can reach Chinese edible
vegetable oil standard. The results of this study provide a high-quality source of edible oil and industrial
raw materials for the health food industry and the
pharmaceutical industry.
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"/+1/7=<The photopolymer sample prepared
in this experiment is a photopolymerization system
with polyvinyl alcohol (PVA) as binder, acrylamide
(AA) and N, N'-methylene bisacrylamide (BAA) as
common monomer, vitamin B2 (VB2) and azure I as
photosensitizer (dye), triethanolamine (TEA) as initiator [9-12].

A9/;36/7=+5 37<=;>6/7=< The main instruments and equipment needed in the experiment are
as follows:
Laser: argon krypton ion laser, produced by Coherent, USA, model Innova 70C Spectrum. The output wavelengths are mainly 647 nm, 568 nm, 531 nm,
521 nm, 515 nm, 488 nm, 477 nm, 458 nm.
Absorptiometer: ultraviolet visible near infrared spectrophotometer, produced by Varian company
of America, model Cary5000.
Ultrasound cleaner, electronic analytical balance, collector constant temperature magnetic stirrer,
vacuum drying box, 6.7 cm x 6.7 cm x 1mm optical
glass substrate, beaker and dropper, etc.
The main instruments needed for sample preparation are ultrasonic cleaner, magnetic stirrer, electronic analytical balance, 6.0CM x 6.0CM optical
glass substrate, beaker, dropper, spiral micrometer,
etc.
In addition, there are laser power meter, galvanometer, Fourier lens, spectroscope, beam expander,
computer, gas floating platform and other equipment.
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A photopolymer material was fabricated Sensitized by VB2 and Azure I, the photopolymers’ experimental values of transmittance in different film
thickness sensitized by VB2 and Azure I were tested,
and the experimental values were fitted by curve.
Through the fitting curves, the photopolymers’ values of the molar absorption coefficient ε, the quantum yield φ, the photobleaching coefficient kp and
the scattering loss correlation coefficient Tsf in different film thickness sensitized by VB2 and Azure I
were tested, and the change rules were discussed and
demonstrated.


)' "#
VB2, Azure I, Photopolymer, photochemical kinetics



$" %$ 
Photopolymer materials have many advantages,
such as high diffraction efficiency, high sensitivity,
high refractive index modulation, low cost and simple fabrication, which makes them be the focus and
hotspot in the field of optical holographic storage
materials [1-2]. At the same time, photopolymer materials are considered to be the most promising and
first used as holographic storage media. It is the best
choice for optical holographic storage materials [34]. In the preparation of photopolymer, photosensitizer (dye) is an important component. In order to improve the performance of photopolymer, the choice
of dyes is very important [5-6]. In this paper, the photopolymer materials sensitized by VB2 [7] and Azure I [8] were prepared by using VB2 and Azure I as
photosensitizers. The experimental values of transmittance of photopolymer sensitized by VB2 and
Azure I at different film thickness were tested, and
the experimental values were fitted by curve. The
specific values of photobleaching rate constant kp,
molar absorption coefficient ε, quantum yield, scattering loss correlation coefficient  of photopoly-

The preparation method is shown in document
[13-14].
(1) When the temperature is 20-25oC and the
relative humidity is 40%~60%, the PVA powder of
1.6g is weighed by an electronic balance and put into
a beaker. The powder is stirred and heated to 90oC.
After it is completely dissolved, a colorless transparent solution of 8% mass fraction is obtained.
(2) Take appropriate amount of BAA powder
and add a certain amount of deionized water, stir and
heat it to 70oC to dissolve it fully, then add a certain

mer sensitized by VB2 and Azure I under different
film thickness were calculated by fitting curve.
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amount of AA powder, continue stirring for about 3
hours to make it completely dissolve.
(3) At room temperature, the mixture of BAA
and AA was added to the transparent aqueous solution of PVA in the first step, and a proper amount of
TEA was added to mix well.
(4) Under darkroom, a suitable amount of dye
solution (VB2 and Azure I solution) was added to the
above mixed solution by dropper and stirred evenly.
The concentration of each component is shown
in Table 1.
(5) In a darkroom with a temperature of 20~25
o
C and a relative humidity of 40-60%, a certain
amount of the above-mentioned mixed solution is
dripped onto a clean optical glass substrate and dried
naturally in the darkroom for 36~48 hours so as to
forming a photopolymer film with a certain thickness. In the experiment, the thickness of the film can
be adjusted by controlling the amount of the drip
coating.

  ( ) =

 0 (ε  [  ]0 − 1)−εϕ 0
1 + (ε  [  ]0 − 1)−εϕ 0

(4)

When exposed, the absorbed part of the beam
will be   ( ) , and the transmitted part will be

 ( ) . The expression of the incident light intensity
can be obtained:

 0 =   ( ) +  ( )

(5)

The transmittance of a sample is defined as the
ratio of the light intensity through the sample to the
incident light intensity. From the above formulas, the
relationship between the transmittance and time can
be obtained [15]:

 ()
 ( )
( ) =  =
=
ε  [  ]0
− 1)−εϕ 0
0
  ( ) +   ( ) 1 + (
(6)
In the upper formula,  is a parameter related to scattering and reflection.
In the experiment, the transmittance of the photopolymer can be measured with time. According to
formula (6),  , molar absorption coefficient ε and

!28=8-2/63-+5 ;/+-=387 437/=3- 9+;+6/=/;<
80928=8985B6/;3C+=3879;8-/<<According to the
principle of photochemical reaction in photopolymer
polymerization, the variation of dye concentration in
polymer with time can be described as follows:

quantum efficiency Ф can be defined as parameters
respectively, and (6) can be used as the basic fitting
formula. The exposure intensity of laser beam, the
initial concentration of different dyes used in the experiment, and the thickness of photopolymer film
were substituted into (6). The time-dependent transmission curve (discrete points) of the material was
obtained by using origin mapping software. If the
change curve was fitted by Levenberg-Marquardt algorithm [16], the result could be obtained. The kinetic parameters such as quantum efficiency Ф, molar extinction coefficient ε and  of homopolymer
[17~18], and the photobleaching rate constant  can
be calculated from formula  = εφ 0 .

ϕ  ( )
 [ ]( )
(1)
=− 


In formula [D] (t) is the relationship between
dye concentration and time, Ia (t) is the light intensity
absorbed at a certain time, I0 is the exposure intensity, D is the thickness of the sample, and t is the time.
In photopolymer, dyes absorb photons in the
sensitive spectral range, and their absorption intensity can be expressed by Lambert-Beer law formula
as follows:
(2)
  ( ) =  0 (1 −  −ε  [  ]( ) )
The molar absorption coefficient of the dye at
the exposure wavelength reflects the ability of the
dye to absorb light at that wavelength.
The initial conditions [D](t) = [D](0) = [D]0 is
applied, that is the initial concentration of dye in dry
film. Because the intensity of incident light remains
unchanged throughout the exposure time, the exposure intensity I(t)= I(0)= I0, the relationship between
dye concentration and time is obtained by simultaneous (1) and formula (2).

"#%$##%## 
,<8;9=387 <9/-=;+ 80 <+695/< The absorption spectra of photopolymer sensitized by different
dyes by ultraviolet-visible-near infrared spectrophotometer is shown in Fig. 1. It can be seen from Fig.
1 that when VB2 and Azure I are mixed as dyes, the
sample has a wide range of photosensitive spectra,
and has strong absorption ability in the ultraviolet,
violet, blue, blue and red regions. The corresponding
absorption peaks are 223 nm, 268 nm, 373 nm, 446
nm and 611 nm, respectively.
According to the absorption spectrum of Fig. 1,
a 647 nm laser at the wavelength of ArKr laser output is used as the exposure source, the exposure intensity is 59.7 mW•cm-2. The experimental data of
the transmittance of photopolymer samples with film
thickness of 105, 150, 170 and 250 microns are
measured respectively. As shown in Fig. 2, the point

 [1 + (ε  [  ]0 − 1)−εϕ 0 ]
(3)
ε
In the formula Ф is quantum efficiency, which
indicates the yield of light from the initial product to
the product. It is defined as: Ф= the number of moles
(or molecules)/Einstein number (or photons) = the
rate of production of the product/the intensity of the
absorbed radiation. The quantum yield can be greater
than 1 or less than 1.
The formula (3) for substitution (2) can be used
to obtain the relationship between absorption intensity and time.
( ) =
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in the figure is the experimental data and the real line
is the real line. Fitting curve. From Figure 2, it can
be concluded that the maximum transmittance of the
photopolymer sample decreases with the increase of
the thickness of the sample film. This is because the
thicker the sample film is, the more dye molecules
absorb sensitive light and the more light is absorbed,
so the transmittance decreases. When the exposure
intensity remains unchanged, the transmittance can
be determined by the definition of transmittance. The
smaller the rate.

Based on the measured experimental data, the
original advanced non-linear fitting tool can be used
to fit the experimental data of transmittance under
different film thickness, and the corresponding parameters of sample photochemical reaction can be
obtained. From Figure 2, it can be seen that the measured experimental values are in good agreement with
the fitting curve. The fitting coefficients of the four
groups of experimental data are shown in Table 2.
The closer the fitting coefficients are to 1, the better
the fitting is.



$
87-/7=;+=38780<+695/-86987/7=<
PVA
AA
BAA
TEA
8wt%
0.25
0.0324
0.27

Component
Concentration mol/L

VB2+ Azure I
8×10-4
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more energy to the initiator in the relaxation process,
which makes the initiator produce more amino radicals, that is, the higher the quantum yield. However,
when the thickness of the film is further increased,
the dye molecules cannot be completely bleached,
and the energy transferred to the initiator will be reduced. In addition, the increase of the dye molecules
will also cause the formation of dimers between dye
molecules, which will affect the formation of amino
radicals, so the quantum yield will be reduced. Compared with the quantum yield, the change of molar
absorption coefficient affected by concentration is
smaller (slowly decreasing and then slowly increasing), which may be due to the relationship between
the absorption coefficient and the material properties
of sample components.

According to the fitting curve of transmittance
in Fig. 2, the φ, epsilon and deuterium are
defined as parameters by the function model of transmittance (6). The relationship between the molar absorption coefficient , the quantum yield φ, the scattering loss correlation coefficient  and the photobleaching rate constant  with the film thickness can
be obtained, as shown in Fig. 3 and Fig. 4, respectively.
Fig. 3 shows that the quantum yield increases
first and then decreases with the increase of the film
thickness. When the film thickness is 150 um, the
quantum yield reaches its maximum. This is because
with the increase of film thickness, exposure photosensitizer will absorb more photons and transfer



$ 
3==371-8/003-3/7=80<+695/9/;6/+,353=B>7./;.300/;/7=0356=23-47/<<
film thicknessμm
105
150
170
Fitting coefficient
0.9886
0.9787
0.9757

250
0.9753
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!28=8-2/63-+5;/+-=3879+;+6/=/;<80<+695/<@3=2.300/;/7=0356=23-47/<<
film thickness (μm)
Molar absorption coefficient 
(×107L• mol-1•m-1)
quantum yield φ(×10-10mol•m3•L-1•J-1)
Correlation coefficient of scattering loss

Photochemical bleaching rate constant
(S-1)

105

150

170

250

1.113

0.968

1.177

1.098

0.829

1.179

0.919

0.876

0.858

0.802

0.762

0.681

0.551

0.681

0.645

0.574

""#

From Fig. 4, it can be seen that increases first
and then decreases with the increase of film thickness. This is because with the increase of film thickness, the number of dye molecules absorbed light
will increase, and then the number of free radicals
produced by initiators will increase, resulting in
faster monomer polymerization. Therefore, the rate
constant of polymerization will increase, but when
the film thickness increases, the number of free radicals produced by initiators will increase. Too much,
the quantum yield will be reduced, affecting monomer polymerization, so the polymerization rate will
decline. When the film thickness is 150 um, the maximum value of  is obtained. The photobleaching
rate indicates the speed of photopolymer polymerization. The larger the value, the faster the polymerization process is. In addition, as can be seen from
Figure 3, the quantum yield is also the largest at this
time, so the film thickness has an optimal value, and
the thickness of the film must be controlled well in
the experiment. Fig. 4 shows that  decreases with
the increase of film thickness. The fitting curve
shows that  value is related to saturated transmittance of the sample. The larger the saturated transmittance of the sample, the larger the value of .
The various parameters of the photochemical reaction of the sample are shown in Table 3.
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The photobleaching rate constant of photopolymer sensitized by VB 2 and Azure I at different film
thickness is calculated by fitting curve of photopolymer samples. The specific values of photobleaching
rate constant , molar absorption coefficient , quantum yield φand scattering loss correlation coefficient
 are obtained. It is found that the quantum yield φ
and photobleaching rate constant  depend on film
thickness. The increase first increases and then decreases. When the film thickness is 150 um, the values of quantum yield and photobleaching rate are the
largest. The change of molar absorption coefficient 
is small, and the  decreases with the increase of
film thickness. It is found that the  value is related
to the maximum transmittance of the sample. The
larger the maximum transmittance value of the sample under different exposure intensity, the greater the
value of  is.
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Level of mercury (Hg) heavy metal concentrations were investigated using Direct Mercury Analyzer (DMA) in muscles, liver, gills, gonads and kidney of three fish species (  "  #
% and  $  ) that were collected
from the Jordanian coast of the Gulf of Aqaba, Red
Sea during May to December 2015. Heavy metals
accumulation varied significantly between organs,
generally, the highest Hg concentrations were found
in muscles of  % and 
with an average 0.500, 0.354 and 0.244 µg/g respectively and the lowest concentrations were found in
gills of  with an average 0.113 µg/g and
gonads of % and  with an average
0.140 µg/g and 0.110 µg/g respectively. The accumulation of heavy metals concentrations in the muscles than other organs is an indicator for clean, pollution-free environment. Strong positive correlations
have been found between fish length and Hg concentrations. Levels of Hg in tuna fish muscles were
within the acceptable limits for human consumption.

Contamination of aquatic systems by heavy
metals has become a global issue. Heavy metals may
enter aquatic systems from different natural and anthropogenic (human activities) sources, including industrial or domestic wastewater, application of pesticides and inorganic fertilizers, storm runoff, leaching from landfills, shipping and harbor activities, geological weathering of the earth crust and atmospheric deposition [10, 11]. Many studies discover a
vulnerability of the Gulf of Aqaba to metals pollution; these studies mention that the Gulf of Aqaba
has a great probability to get polluted with heavy
metals carried by air currents [12].
Several studies have been reported on the
heavy metals in marine fish species collected from
the Gulf of Aqaba [9, 13, 14, 15, 16, 17, 18, 19].
However, the levels of Hg in the fishes of the family
Scombridae were not investigated previously. This
study aims to provide knowledge and establish baseline data for the level of mercury in three common
species belonging to the family Scombridae;
 "  ,  #% and  $ 
 that are extensively consuming by locals.
$"#$#

#;<,?)9-) The study area lies within the Jordanian portion of the Gulf of Aqaba (Figure 1). It is
a partially enclosed water body that constitutes the
eastern segment of V-shaped situated at the northern
tip of the Gulf and extends south for about 27 km to
the Saudi Arabia border. It is located in a sub-tropical arid area between longitude 34° 25' to 35° 00' E
and latitude 28°00' to 29°33' N. The Gulf of Aqaba
is 180 km long and has a maximum width of 25 km,
which decreases at the northern tip to about 5 km.
The Gulf biodiversity is unique and some species are
endemic to the area due to its semi-enclosed nature.
It is connected to the Red Sea through the Straits of
Tiran. It is more than 1,800 m deep (averaging 650
meters) [20, 21, 22].

('"#
Heavy metals, Fishes, Mercury, Aqaba, Red Sea


$"%$ 
Fish is widely consumed around the world by
many people because it is a good source of protein,
Omega-3 and unsaturated fatty acids [1, 2]. Fishes
are rich in essential vitamins such as A, B3, B6, B12,
and D, and the minerals such as calcium, iron, selenium, and zinc [1, 3, 4].
Fishes are the most significant source of mercury in human diets, and mercury levels in humans
have been closely related to fish consumption [5].
Fish are often at the top of the aquatic food chain and
may concentrate large amounts of some metals from
water and food, therefore, metals bioaccumulate and
biomagnified in different fish organs [6, 7, 8, 9].
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was completed and halogens and nitrogen/sulfur oxides were trapped. The remaining decomposition
compounds were then carried to an amalgamator that
selectively traps mercury. The amalgamator was rapidly heated, releasing mercury vapor. Flowing oxygen carried the mercury vapor through absorbance
cells positioned in the light path of a single wavelength atomic absorption spectrophotometer. Absorbance (peak height or peak area) was measured at
253.7 nm as a function of mercury concentration.

#;);1:;1+)3 5)3?:1: A non-parametric test
(Kruskal Wallis test) was performed to examine significant differences for Hg among species and organs.


"#%$#

-)=? 4-;)3: +65+-5;9);165 )465/
#+64*91,)-.1:0:7-+1-:The mean values of Mercury concentrations in muscles of different fish species (  % and ) showed
significant differences ( = 0.0002). The highest Hg
concentration was found in  with mean
value of (0.318 μg/g), followed by % (0.240
μg/g) and  (0.169 μg/g), (table 1) showed the
mean + SE of Hg concentration in muscles of three
fish species. 

1:0:)47315/)5,79-7)9);165The total of
36 samples, twelve fish samples from each of the following species:  "  #%
and  $  were collected from local fishermen during May to December 2015. Collected
samples were immediately transported to the laboratory in ice boxes and allowed thawing and rinsed
with distilled water. Muscle, liver, kidney, gonads
and gills were taken out then five gram of each tissue
were kept in deep freezer.

#)473-:5)3?:1:Samples were analyzed for
Hg according to [23] method 7473 (SW-846). using
Direct Mercury Analyzer (DMI) (Milestone - DMA80, Italy).
Sample of 0.1 g dry weight from each organ
were homogenized and weighted in sample boat
(nickel boats was cleaned using a Muffle furnace at
600°C for 20 minutes). Duplicates, spiked samples,
and check standards were analyzed with each patch
of samples.
Samples from previous step were analyzed by
located the sample boat in auto sampler tray of Direct Mercury Analyzer (DMI) instrument. Controlled heating in an oxygenated decomposition furnace was used to liberate mercury from samples in
the instrument. Each sample was dried and then thermally and chemically decomposed within the decomposition furnace. The decomposition compounds were carried by flowing oxygen. Oxidation
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-)5@#6./+65+-5;9);165:15;0-4<:+3-:.69 !#$%")5, #+633-+;-,.964;0-
69,)51)5+6):;6.;0-<3.6.8)*)"-,#-)
Mean (μg/g) ± SE
0.318 ± 0.026
0. 240 ± 0.015
0.169 ± 0.009
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$0-+699-3);165+6-..1+1-5;" )5, 96*)*131;?;-:; =)3<-*-;>--5.1:03-5/;06. !#$%"
)5, #)5,.15)34-;)3+65+-5;9);165:

%

R2
0.058
0.8711
0.8551
P-value
0.4506
< 0.0001
< 0.0001


-9+<9?+65+-5;9);165)465/,1..-9-5;.1:0
pattern: muscle > kidney > liver > gonads, this
69/)5:6..1:0:7-+1-:Results of Hg concentrations
could be because methyl-mercury in adult fishes is
more than 90% of total mercury which is primarily
(µg/g) between different organs of  were
found in the fish muscles tissue bound to protein
significantly different ( < 0.0001). Muscles and
molecules [4, 28, 29], in addition to the distribution
kidney showed the highest mean concentration with
of heavy metals in fish organs depends on the degree
mean value of 0.500 µg/g each, among all organs,
of contamination of the environment. In Hg-polluted
while the gills had the lowest mean value with 0.113
locations, Hg concentrations in internal organs are
µg/g (dw) as shown in Figure 2.
usually significantly higher than Hg concentrations
Results of Hg concentrations (µg/g) between
in muscles, whereas Hg concentration in muscles of
different organs of %was significantly diffishes captured from uncontaminated localities is
ferent ( < 0.0001). Muscles had the highest mean
usually higher than that found in their internal organs
concentration among all organs with 0.354 µg/g
[27], and this finding show clearly proofed that Aq(dw), followed by liver with 0.293 µg/g (dw), while
aba marine water is clean and uncontaminated.
the gonads had the lowest concentration with 0.140
Results of this study showed clearly that musµg/g (dw) as shown in Figure 3.
cles accumulate more Hg than other organs, this may
Results of Hg concentrations (µg/g) between
be due to the long migrations made by these species
different organs of was significantly differand to their feeding habits as they are the top predaent ( < 0.0001), muscles had the highest mean contors and occupy the highest level in the food chain.
centration among all organs with 0.244 µg/g (dw),
[30] showed that the predatory fish belonging to the
followed by kidney with 0.215 µg/g (dw), while the
higher trophic levels accumulate more Hg than the
gonads had the lowest concentration value with
benthic and planktonophagous species because it is
0.110 µg/g (dw) as shown in Figure 4.
known that the accumulation of Hg is dependent on
the length of the food chain. The highest values of
..-+; 6. .1:0 3-5/;0 65 / +65+-5;9);165:
Hg in muscles of piscivorous species, and the lowest
The results showed that there was a strong positive
concentration in muscle tissue of fish feeding invercorrelation between Hg and the body length of 
tebrate were observed by [31]. [32] studied Hg con% and  with R2 = 0.8711 and 0.8551
centration in the muscles of pelagic fish species from
respectively, whereas, weak correlation for
the Bay of Bengal, and found that Hg concentration
. The correlation coefficient (R2) and Pfor these tuna species are in the following order 
value between fish length and Hg concentrations.
>% > . Similar pattern for

Hg concentration was found in the present study.

During the present study, muscles of  con#%##
tained Hg above the maximum allowable concentra
tion set by Jordanian standards [33], Australian and
The results of this study showed that there were
New Zealand standards [34] and below the maxisignificant differences between the three fish species
mum allowable concentration in Canada [35], Fin% and  for Hg concenland [34] standards (Table 3). None of the muscles
tration, this difference could be related to differences
samples of % and  fishes contained
in each species physiology, feeding rate, growth rate,
Hg
above the maximum allowable concentration of
life pan, migratory patterns, foraging habits and/or
the above mentioned standards. Similar and even
diet [24]. Similar pattern was reported on toxic methigher concentrations of Hg were estimated by [36,
als in Italian fresh and canned tuna [25, 26].
37, 38, 39] who found that the concentration of Hg
The results of this study revealed that Hg conin muscles of tuna is higher than other organs.
centrations in muscles of , % and
The results of this study showed a strong posi  fishes were higher than other organs such
tive
correlation
between Hg and the fish length of 
as liver, gills, gonads and kidney. Similar results
%
and

, whereas there was a weak
were found on comparison and bio-monitoring of Hg
positive
correlation
between Hg and length of 
heavy metal concentrations in fishes from uncon. This is in accordance with the studies of
taminated and contaminated localities [27], they
[42, 43] in which they found a correlation between
found that Hg concentration in muscles was higher
Hg heavy metal concentration and fish length. This
than internal organs in uncontaminated localities, the
could be attributed to the specific bio-affinity for
Hg concentrations were found in the following
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organic matter of CH3Hg with a high biological halflife, which generally constitutes the dominant pool
of the total Hg in the fish muscle. The results of this
study was in disagreement with the investigations of
[44, 45].
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15.1:0-:774
Standards
Hg (ppm)
Reference
Jordan
0.5
[33]
Canada
1.0
[35]
EC
1.0
[40]
Australia
0.5
[41]
Finland
1.0
[34]
New Zealand
0.5
[34]
FDA
1.0
[34]

%##
Results show that heavy metals concentrations
were higher in muscles of the studied species than
other internal organs. Hg concentration was higher
in the muscles of %and,
and this is an indicator for clean, pollution-free environment. Positive correlations were found between
body length and Hg metal concentration for all studied fishes. Levels of Hg heavy metals in tuna fish
muscles were within the acceptable limits for human
consumption set by Jordanian, Canadian, European,
Australian, New Zealand and Finland standards.
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input amount was relatively low, 0.5966 kg/hm2,
and the three inputs accounted for 64.83%, 20.14%,
and 15.03%, respectively. After the atmospheric
rainfall passing through the canopy and trunk of the
  forest, the net TN leaching amount was 2.2082 kg/hm2.

Observations and sampling of atmospheric
rainfall, through fall, and trunk stem-flow in the
!  forests of Sejila Mountain were conducted. Samples of different forms of N and their
contents and inputs were measured and analyzed.
The results showed that from April to October, the
total amount of atmospheric rainfall was 725.8 mm,
the total through fall was 533 mm, and the total
trunk stem-flow was 34.8 mm. The variation with
the month showed a single-peak type. The relationship between trunk stem-flow and atmospheric
rainfall was y=1.7103x0.7869 (R2=0.9674), and the
relationship between through fall and atmospheric
rainfall was: y=0.413x1.121 (R2=0.9901). Monthly
average concentrations of atmospheric rainfall were
0.4023 mg/L (NO3--N), 1.8779 mg/L (TN), 1.2141
mg/L (TON), and 0.2615 mg/L (NH4+-N), respectively. The monthly mean concentrations in the
through fall were 0.2367 mg/L (NH4+-N), 0.4185
mg/L (NO3--N), 1.1891 mg/L (TON), and 1.8443
mg/L (TN), respectively. The mean monthly concentrations in trunk stem-flow were 0.2724 mg/L
(NH4+-N), 0.4173 mg/L (NO3--N), 1.2617 mg/L
(TON), and 1.9514 mg/L (TN), respectively. Fitting
analysis found that atmospheric rainfall had good
correlation with the four N component concentrations, and the correlation between through fall and
NH4+-N was not obvious, and correlated well with
the other three, trunk stem flow and concentration
of four components the relationship between them
was not obvious. In various forms of rain, the correlation between pH value and TN concentration was
significant. From April to October, the TN input
amount of atmospheric rainfall was 12.3098
kg/hm2, among which the input amount was more
TON, which was 7.9710 kg/hm2, which accounted
for 64.75%. The input amounts of NO3--N and
NH4+-N were 2.5475 kg/hm2, 1.7914 kg/hm2, respectively. Accounting for 20.69% and 14.55%,
respectively. The input amount of nutrient through
fall was 9.5050 kg/hm2, and the input amount of
TON, NO3--N and NH4+-N accounted for 64.57%,
21.99% and 13.46%, respectively. Trunk stem flow

)'!#$
!   forest, Hydrological process, Nitrogen
element, Variation characteristics, Sejila Mountain

 %#!&%! 
Atmospheric nitrogen settlement is an important source of nitrogen in natural ecosystems [1].
The increase in settlement will inevitably affect the
biogeochemical cycle of natural ecosystems [2]. Nelements, as a large number of essential elements
for plant growth, which are essential for the material circulation process in the ecosystem. Atmospheric rainfall is an important medium in the N-element
recycling process. The amount of precipitation,
precipitation frequency, and precipitation intensity
have a direct effect on the amount and degree of
trunk stem flow [3]. Through fall and trunk stemflow are the precipitation of atmospheric rainfall
through the forest canopy, which is an important
factor in the nutrient balance of the forest ecosystem, and directly affect the water distribution and
nutrient recycling of the forest soil [4-6]. Therefore,
the quantitative assessment of nitrogen settlement
fluxes in through fall and trunk stem flow is the key
to studying the forest ecosystems' acceptance of
atmospheric nitrogen settlement, and it is the prerequisite for understanding the feedback mechanism of forest ecosystems to atmospheric nitrogen
settlement [7]. At present, there have been relevant
reports on the changes characteristics of nitrogen
concentration in atmospheric rainfall, through fall,
and trunk stem-flow in different forest areas [8-14].
However, due to the differences in space-time and
research objects, the research results are varied.
!  is a pine plant and endemic to
China. Distributed in Yunnan, Sichuan, Tibet,
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Qinghai, and other places, it grows in river valleys,
hillsides, forests, valleys, and sunny slopes at altitudes of 1500 to 4500 m. It has been artificially
introduced and cultivated [15]. So far, researches
on   mainly focus on the development and
utilization of    resources and turpentine[16], the distribution pattern of   [1718], the development and research of   
cauliflower industry[19], and natural regeneration
characteristics of   forests [20-22], investigation and analysis of understory combustible
resources [23], natural vegetation restoration process in burned areas of   forests [24], and
climate and molecular ecology [25-29]. However,
there are relatively few researches on the hydrological ecological benefits and ecological environment
of  . In addition, the characteristics of Nvariation in the hydrological processes of the Sejila
Mountain pine forest in Tibet studied in this paper
are rarely reported [30-31]. It can be said that the
study is in its infancy. Tibet is located on the “roof
of the world” and has a unique geographic unit and
climate zone. The ecological environment is inherently fragile. The forests of the Tibetan Plateau are
mainly dominated by virgin forests, and the forests
are distributed in the alpine valleys. These forests
play an important role in conserving water sources,
maintaining water and soil, preventing flooding,
and purifying water quality [15]. In this paper, the
characteristics of nitrogen changes in the hydrological process of    forest were studied in
order to provide a theoretical basis for the protection and management of   water conservation forest, and lay the foundation for further exploration of the hydrological process of   
forest.


("# %

the evaporation is 544.0 mm, which accounts for
48.0% of the average annual precipitation, and the
rainy season is from June to September, accounting
for 75% to 82% of the annual precipitation, of
which the most rainfall is August. At most, the
average is 294 mm, accounting for 30% of the
annual precipitation. The soil is mainly dominated
by brown soils and acid brown soils, with a pH of
4-6. The soil layer is thick and the humiliation
process is obvious [32]. The zonal vegetation in this
area belongs to subtropical vegetation. Affected by
the southwest monsoon and the complex topography, the differences in hydrothermal conditions
between the east slope and the west slope have
obvious responses in the vegetation community,
and the vertical zone changes is significant. There
are 1091 kinds of seed plants in this area, belonging
to 475 genera of 103 families, of which gymnosperms belong to 2 families, 7 genera, 13 species,
and angiosperm has 101 families, 468 genera, and
1078 species, including 91 tropical genus species,
309 genera in temperate zones, 8 endemic genera,
and endemic species is as high as 12.4%. A typical
   forest plot is set up in the study area.
The sample plot tree layer is a natural   
forest. The shrub layers include !! !
,   ! ,   ,
and     var. ! #!
!,  ,   
#!, etc., with a coverage of about 30%.
Herbs mainly contain  #,
!,   , #$  
,  ""!, #! 
 # !!, "!,
sp., etc. Cover about 35%.

#/</+;-2 /=28.< '+=/; $+695/ 855/-
=387 From April to October of 2015, monitoring
and sampling of through fall and trunk stem-flow
from the atmospheric rainfall and rainfall within
and outside the plot were performed. The specific
method is based on the long-term positioning observation method of the Chinese forest ecosystem
[33]. The “V” type collectors made of PVC material with a width of 30 cm, a depth of 20 cm, a length
of 200 cm, and a horizontal area of 0.6 m2, were
continuously soaked in 3% hydrochloric acid for
more than 24 h and washed with distilled water
three times or more (others appliances are treated
the same). Five collectors were placed diagonally in
the plot and supported by a wooden frame to keep
the collector about 50 cm above the ground to eliminate the effects of herbaceous plants and shrubs on
through fall. Keep the collector at a small angle to
the ground. Open a small opening at the lower end
of the collector. Connect a clean plastic bucket.
Clean the litter in the collector regularly to avoid
the impact of litter on the measurement results.
Finally, the mean value of five collectors was used
as through fall, and the mixed elements were used

#/</+;-2 ;/+ $3=>+=387 The research area
is located in Tibet’s Sejila Mountain, where the
national field scientific observation and research
station of the Nyingchi Alpine Forest Ecosystem in
Tibet. It is the center of the forest in the southeast
of Tibet and is also a region with extremely special
and diverse natural environments. This area is a
typical sub-humidity semi-humid climate zone,
with warm winter and cool summer, and distinct
wet and dry seasons. The annual average temperature is -0.73°C, the average temperature of highest
month (July) is 9.23°C, the average temperature of
lowest month (January) is -13.98°C, the extreme
minimum temperature is -31.6°C, and the extreme
maximum temperature is 24.0°C. The annual average sunshine duration is 1150.6 h, the sunshine
percentage is 26.1%, the highest sunshine month is
December (151.7 h), and the sunshine percentage is
40%. The annual average relative humidity is
78.83%, the average annual rainfall is 1134.1 mm,
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(A×10-3)/water sample volume × 1000, nitrate nitrogen (mg/L) = NO3-(mg/L) × 0.2259; NH4+
(mg/L) = (A × 10-3)/water sample volume × 1000,
ammoniacal nitrogen (mg/L) = NH4+ (mg/L) ×
0.7765. In the formula: A - check the quality of the
nitrate (ammonium ion) from the standard curve, ug
- convert ug into mg; 1000 - convert into the content per liter of water; 0.2259 - convert into Nitrate
nitrogen content in water samples; 0.7765 - converted to ammonia nitrogen content in water samples.

+=+7+5A<3<The mean, standard deviation,
standard error, coefficient of variation, etc. of the
nutrient concentrations measured in each of the
atmospheric rainfall, through fall and trunk stemflow were calculated, respectively. Canopy leaching content = through fall nutrient content - atmospheric rainfall nutrient content, canopy leaching
coefficient = through fall nutrient content / atmospheric rainfall nutrient content, amount of atmospheric rainfall nutrient input = atmospheric rainfall
nutrient concentration × atmospheric rainfall
amount / 100, amount of through fall nutrient input
= through fall nutrient concentration × through fall
amount / 100, net leaching amount = amount of
through fall nutrient input + nutrient input amount
of trunk stem flow nutrient - atmospheric rainfall
input amount of nutrient, total organic nitrogen
(TON) = Total nitrogen (TN) - nitrate nitrogen
(NO3--N)-ammonia nitrogen (NH4+-N) [34-35]. Data
processing and analysis were performed in Excel
2010 and SPSS 19.0.


#$&%$ $&$$! 

to determine the concentration of nutrient elements.
A self-reported rain gauge was placed in an open
space about 80 m away from the forest to monitor
atmospheric rainfall. A collector was placed at the
same time as a monitoring control and sampling for
determination of nutrient element content. In the
sample plot, according to the distribution of 
  diameter, 10 standard wood species with
different diameters were selected. Each plant was
used with a polyethylene plastic pipe with a diameter of 2 cm and a section of which was cut along the
middle seam. The spiral was wound from 2 m upwards. In a circle around the tree trunk, fix the
plastic tube with a small nail and seal the joints
with glass glue. Place a clean plastic barrel at the
bottom of the plastic tube to collect and monitor
trunk stem-flow, and take a mixed sample to determine the nutrient element content. Each month, 3 to
5 water samples were collected from atmospheric
rainfall, through fall and trunk stem-flow, and a
total of 27 and 81 samples were collected.
%/<= /=28.< For the collected water samples, the pH was immediately measured with a pH
meter. It was then stored by filtration which used to
determine the concentration of N. In this study,
ammonia-nitrogen
nitrate-nitrogen
(NO3--N),
(NH4+-N), and total nitrogen were determined.
Nitrate nitrogen determination method [34]: Draw
10ml of the filtered water sample, placed in a 50 ml
beaker, add 1 drop of 3% potassium hydroxide
solution to make it alkaline, evaporated, add phenol
disulfonic acid reagent 2 ml Stir and make full
contact with the residue. Add 15 ml of distilled
water, add ammonium hydroxide after cooling to
make it alkaline, until the yellow no longer deepens. Then, the contents of the beaker were pour into
a 100 ml volumetric flask, and the volume was
adjusted to the mark with distilled water and shaken. Colorimetry was performed on a spectrophotometer with a wavelength of 430 nm, and the nitrate content (ug) was determined from the standard
curve. If the color of the test solution is too dark, a
small amount can be taken directly from the colored
solution and diluted to perform colorimetry. Ammonia nitrogen determination method [34]: Draw
20 ml of the filtered water sample into a 25 ml
volumetric flask, add 1 ml of 40% sodium potassium tartrate solution, add 0.5 ml Na’s reagent solution, and dilute to volume with distilled water, then
In the spectrophotometer with 430 nm wavelength
for colorimetry, the optical density of the water
sample to be measured, determine the ammonium
content from the standard curve (ug). The total
nitrogen is determined by alkaline potassium persulfate digestion and ultraviolet spectrophotometry.
For specific operating methods can depend on “National Environmental Protection Standards of the
People’s Republic of China” (HJ636-2012). The
relevant calculation formula is [34]: NO3-(mg/L) =

#+370+55 +7. 3<=;3,>=387 "+==/;7 From
April to October, the total amount of atmospheric
rainfall is 725.8 mm. It changes a single-peak type
with monthly changes (Fig 1). In July, the maximum amount of rainfall is 159.7 mm, accounting
for 22% of the total rainfall. The trend of through
fall variation is similar to that of precipitation. The
total rainfall from April to October is 533 mm, and
the same maximum amount of through fall in July
is 118.3 mm, accounting for a total of 22.2%. The
change trend of trunk stem flow rate is similar to
the change trend of precipitation. From April to
October, the total trunk stem flow amount is 34.8
mm, which accounted for 4.80% of the total precipitation. In August, trunk stem flow amount is the
largest, which is 7.5 mm, accounting for 21.56% of
the total. After fitting, the relationship between
trunk stem flow and atmospheric rainfall is:
y=1.7103x0.7869 (R2 = 0.9674), where x is the atmospheric rainfall (mm) and y is the trunk stem
flow (mm). The relation between through fall and
atmospheric rainfall is: y = 0.413x1.121 (R2 =
0.9901), where x is the atmospheric rainfall (mm)
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NH4+-N is relatively minimal, its maximum concentration value (0.3848 mg/L) is still 1.83 times the
minimum concentration (0.2097 mg/L). The order
of the maximum and minimum difference in the
monthly concentration of the same component is:
NO3--N>TN>TON>NH4+-N. The concentrations of
the four components in October are the highest,
being 0.7733 mg/L, 3.2454 mg/L, 2.0873 mg/L,
and 0.3848 mg/L, respectively. The minimum values are 0.2203 mg/L (July) and 1.3808 mg/L, (July), 0.9302 mg/L (July), and 0.2709 mg/L (August),
respectively. The 7-month average concentrations
are 0.4023 mg/L (NO3--N), 1.8779 mg/L (TN),
1.2141 mg/L (TON), and 0.2615 mg/L (NH4+-N).

and y is through fall (mm).
 87-/7=;+=387 2+;+-=/;3<=3-< 37 =68<
92/;3- #+370+55 At different times in the same
area, the variation of N content in atmospheric
rainfall is very random, resulting in a large difference in the concentration of N elements in each
month (Fig 2). As can be seen from Fig 2, in the
precipitation from April to October, the monthly
concentration of N element changes greatly. The
concentration of NO3--N changed the most, the
maximum concentration is 0.7733 mg/L, the minimum concentration is 0.2203 mg/L, and the maximum concentration value is 3.51 times the minimum concentration value, even if the content of

&# 
";/-393=+=387+7..3<=;3,>=38780   08;/<=
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 87-/7=;+=387 2+;+-=/;3<=3-< 37
%2;8>12+55 Atmospheric rainfall passes through
the canopy and forms through fall, and the nutrient
concentration also changes (Fig 3). From Fig 3, we
can see that in through fall of    forest
from April to October, TN concentration is relatively high and NH4+-N concentration is relatively low.
Among the 7 months, the highest concentration is
2.7403 mg/L for TN (October), and the lowest is
for NH4+-N, which is 0.1049 mg/L (May). The
difference between the highest and lowest is 26.12
times. The ratio of the maximum concentration of
the same component to the minimum concentration
is: NH4+-N>NO3--N>TON>TN. The highest concentration of NH4+-N is 0.3660 mg/L (October), the
lowest concentration is 0.1049 mg/L (May), and the
phase difference is 2.49, while the NO3--N ranked
second is 1.43 times worse. The seven months
average concentrations are 0.2367 mg/L (NH4+-N),
0.4185 mg/L (NO3--N), 1.1891 mg/L (TON), and
1.8443 mg/L (TN).

the forest land to form trunk stem flow, and the
concentration of nutrient elements also changes
(Fig 4). From Fig 4, it can be seen that in trunk
stem flow of   forest from April to October, the concentration of TN is relatively high, and
the concentration of NH4+-N is relatively low.
Among the 7 months, the highest concentrations are
TN, 4.0610 mg/L (October), and the lowest concentrations is 0.2185 mg/L, NH4+-N (April). The difference between the highest and the lowest is 18.59
times. The ratio of the maximum concentration to
the minimum concentration of the same component
is ranked as follows: NO3--N>TN>TON>NH4+-N.
The highest concentration of the four components is
in October, and the NO3--N, TON, and NH4+-N are
1.0255 mg/ L, 2.6038 mg/L and 0.4317 mg/L, respectively. The minimum concentrations of NO3-N, TN, and TON are 0.2603 mg/L (July), 1.4500
mg/L (August), and 0.9404 mg/L (August), respectively. The 7-month average concentrations are
0.2724 mg/L (NH4+-N), 0.4173 mg/L (NO3--N),
1.2617 mg/L (TON), and 1.9514 mg/L (TN), respectively.

 87-/7=;+=387 2+;+-=/;3<=3-< 37 $=/6
058@Atmospheric rainfall flows along the trunk to

&# 
87=25A?+;3+=38780 -87-/7=;+=38737=2;8>12;+37+0=/;   08;/<=
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% 
#/5+=387<239,/=@//7.300/;/7=08;6<80;+370+55+7. -87-/7=;+=38737   08;/<t
Types
N
Relationship
R2
y = -0.227ln(x) + 0.679
0.7708
NO3 -N
NH4+-N
y = 0.0103x2 - 0.1x + 0.4551
0.8494
Atmospheric rainfall
TON
y = 1.836x-0.369
0.8601
TN
y = 2.854x-0.374
0.8581
NO3--N
y = 0.0185x2 - 0.1784x + 0.7628
0.7442
y = 0.0155x2 - 0.1244x + 0.4235
0.3628
NH4+-N
Through fall
TON
y = 0.0631x2 - 0.556x + 2.1508
0.7505
0.7639
TN
y = 0.0971x2 - 0.8587x + 3.3371
y = 0.0395x2 - 0.399x + 1.2233
0.7328
NO3--N
+
y = 0.0086x2 - 0.0859x + 0.4449
0.4495
NH4 -N
Stem flow
TON
y = 0.0834x2 - 0.8417x + 2.9597
0.6700
TN
y = 0.1315x2 - 1.3266x + 4.6278
0.6740

% 
/5/6/7=379>=80;+370+5537   08;/<=0;869;35=8!-=8,/;4126 
NO3--N
TON
TN
Types
NH4+-N
Atmospheric rainfall input amount
1.7914
2.5475
7.9710
12.3098
Through fall input amount
1.2775
2.0898
6.1377
9.5050
Stem flow input amount
0.0897
0.1202
0.3868
0.5966
Net leaching amount
-0.4242
-0.3375
-1.4465
-2.2082


it flowed through    forests, and there is
8;;/5+=387 7+5A<3<. There is a certain coralso a large change in the nutrient content of the
relation between different forms of rainfall and
input forest (Table 2). From Table 2, we can see
different concentrations of N components. After
that the TN input amount during the period from
fitting by exponential, linear, logarithmic, binomial,
April to October is 12.3098 kg/hm2, and the more
and power functions, the relational formula with the
input amount is TON, which is 7.9710 kg/hm2,
highest correlation coefficient is taken. The results
accounting for 64.75%. The input amounts of NO3-are shown in Table 1. As can be seen from Table 1,
N and NH4+-N are 2.5475 kg/hm2 and 1.7914
the correlation between atmospheric rainfall and the
kg/hm2, accounting for 20.69% and 14.55%, refour N component concentrations is good, and the
spectively. From April to October, the input amount
correlation coefficient is above 0.77. The correlaof nutrient penetration is 9.5050 kg/hm2, and the
tion between through fall and NH4+-N is not obviinput amount of TON, NO3--N and NH4+-N acous, and the correlation with the other three is betcounted for 64.57%, 21.99% and 13.46%, respecter. Because trunk stem flow is influenced by many
tively. The trunk stem flow input amount from
factors, such as rainfall intensity, rainfall duration,
April to October is relatively low, which is 0.5966
rainfall interval, tree stem, and canopy, the relationkg/hm2. The amount of the three inputs accounted
ship between stem flux and concentration value is
for 64.83%, 20.14% and 15.03%, respectively.
not obvious.
After the atmospheric rainfall passes through the
After fitting, it is found that in various forms
canopy and trunk of    forest, the net
of rain, the correlation between pH value and TN
leaching amount of TN is -2.2082 kg/hm2, and the
concentration is significant. The relationship benet leaching of N element is negative, indicating
tween pH and TN concentration in atmospheric
that part of it is absorbed or adsorbed by the canopy
rainfall is: y = 0.1086x2 - 0.8899x + 3.228 (R2 =
and trunk.
0.9514). The equation for the relationship between
pH and TN concentration in through fall is: y =
0.3897x2 - 4.9577x + 17.119 (R2 = 0.9000). The
relationship between pH and TN concentration in
! &$! 
trunk Stem flow is: y = 11.336x2 - 97.111x + 209.4
(R2 = 0.9439).
The concentration and input characteristics of
N elements in the hydrological processes from
379>=/+=>;/< Nutrients leached from the
April to October in    forest of Sejila
canopy and tree trunks are water-soluble and can be
Mountain were studied. The main results were as
directly absorbed by plants without complicated
follows:
decomposition processes, which is beneficial to
Rainfall and distribution pattern: From April
plant growth and nutrient cycling. Atmospheric
to October, the total atmospheric rainfall was 725.8
rainfall had a large change in N concentration when
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was significant.
Input: The TN input amount of atmospheric
rainfall during April to October was 12.3098
kg/hm2, among which the more input amount was
TON, which was 7.9710 kg/hm2, accounting for
64.75%. The input amounts of NO3--N and NH4+-N
were 2.5475 kg/hm2 and 1.7914 kg/hm2, accounting
for 20.69% and 14.55%, respectively. The input
amount of nutrient through the rain was 9.5050
kg/hm2, and the input amount of TON, NO3--N and
NH4+-N accounted for 64.57%, 21.99% and
13.46%, respectively. Trunk stem flow input
amount was relatively low, 0.5966 kg/hm2, and the
three inputs accounted for 64.83%, 20.14%, and
15.03%, respectively. After the atmospheric rainfall
passing through the canopy and trunk of the 
  forest, the net TN leaching amount was 2.2082 kg/hm2.

mm, the total through fall was 533 mm, and the
total trunk stem flow was 34.8 mm. It changes a
single-peak type with monthly changes. In July, the
amount of atmospheric rainfall, through fall, and
trunk stem flow were the largest, which were 159.7
mm, 118.3 mm, and 7.5 mm, accounting for 22%,
22.2%, and 21.56% of the total, respectively. The
relationship between trunk stem flow and atmospheric rainfall was y=1.7103x0.7869 (R2=0.9674),
and the relationship between through fall and atmospheric rainfall was: y=0.413x1.121 (R2=0.9901).
Concentration characteristics of atmospheric
rainfall: The order of the maximum and minimum
phase difference times of the monthly concentration
of
the
same
component
is:
NO3-+
N>TN>TON>NH4 -N. The concentrations of the
four components in October were the highest, being
0.7733 mg/L, 3.2454 mg/L, 2.0873 mg/L, and
0.3848 mg/L, respectively. The minimum values
were 0.2203 mg/L (July) and 1.3808 mg/L (July),
0.9302 mg/L (July), and 0.2709 mg/L (August),
respectively. The seven months average concentrations were 0.4023 mg/L (NO3--N), 1.8779 mg/L
(TN), 1.2141 mg/L (TON), and 0.2615 mg/L
(NH4+-N), respectively.
Concentration characteristics in through rain:
The ratio of the maximum concentration to the
minimum concentration of the same component is:
NH4+-N>NO3-N>TON>TN. The highest concentration of NH4+-N was 0.3660 mg/L (October), the
lowest concentration was 0.1049 mg/L (May), and
the phase difference was 2.49 times, while the NO3-N ranked second was 1.43 times worse. The 7month average concentrations were 0.2367 mg/L
(NH4+-N), 0.4185 mg/L (NO3--N), 1.1891 mg/L
(TON), and 1.8443 mg/L (TN), respectively.
Concentration characteristics of trunk stem
flow: The ratio of the maximum concentration to
the minimum concentration of the same ingredient
was ranked as follows: NO3--N>TN>TON>NH4+N. The highest concentrations of the 4 components
were all in October, NO3--N, TON and NH4+-N
were 1.0255 mg/L, 2.6038 mg/L, and 0.4317 mg/L,
respectively. The minimum concentrations of NO3-N, TN, and TON were 0.2603 mg/L (July), 1.4500
mg/L (August), and 0.9404 mg/L (August), respectively. The 7-month average concentrations were
0.2724 mg/L (NH4+-N), 0.4173 mg/L (NO3--N),
1.2617 mg/L (TON), and 1.9514 mg/L (TN), respectively.
Correlation: The correlation between atmospheric rainfall and four kinds of N component concentration values was good, and the correlation
coefficients were all above 0.77. The correlation
between through fall and NH4+-N was not obvious,
but it had a good correlation with the other three.
The relationship between trunk stem flow and the
concentration of four components was not obvious.
Fitting found that in various forms of rain, the correlation between pH value and TN concentration

 !' %$
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Oat (    L.) is an important cereal
crop because of the fact that the adequate nutritious
regular fodder availability is a basic requirement for
livestock production to meet the demand of milk,
butter and other by products and also grown all over
the world for human food. [1, 2]. In proportion to
other cereal crops, oat is considered to be better suitable for production under marginal environments,
including cool-wet region and soils with low fertility
[3, 4, 5]. Oats grow on a wide range of soils at temperatures ranging from 5 to 26°C, and in regions with
rainfall over 500 mm. Total production of oat was
250.000 tons in Turkey, 2017 [6].
Oats have many uses as food cereal, feed grain,
and green or conserved forage, and also in tropical
skin care products. An advantage in using oats in cattle is that they require little or no processing before
being fed [7]. Because they often do not require processing, oats may be less susceptible to spoiling [8].
Oat is cultivated in irrigated and rainfed conditions.
It contains large amount of digestible crude protein,
total digestible nutrients (TDN), vitamin B1, minerals and fat. It is favorite feed of animals and its straw
is soft and superior to wheat and barley. The oat
grain is valuable feed for dairy cows, horses, poultry
and young breeding animals [9]. Generally fodder
become available for livestock feeding in late April
as a result of which both milk and meat production
has been reduced. Winter forage plants can be
growth in cool subtropical environment for increased fodder availability during traditional fodder
deficit period [10]. Oat has severed advantages are
other fodder species because of its high yield potential, nutrition and high regeneration capacity particularly during early winter month. Oat is predominantly grown in American and European countries,
mainly Russia, Canada and United States of America. It is used mostly for animal feeding and to some
extent as human food. Unlike wheat, which is consumed mainly as refined flour, oats are typically
used as a whole grain or a bran enriched product.
The use of oat as animal feed has declined
steadily owing to emerging use and interest in oats
as human health food. Oat beta-D-glucan is a

&'%'

Three field location experiments were carried
out to determine yield and yield components of different genotype of oat (Checota, Saia6, Seydişehir04, Yeşilköy 1779 and Albatros) in different
environmental condition using methodology during
2016 and 2017 seasons that were combined in GGEbiplot analysis. The environmental locations were
Balıkesir, Bursa and Manisa. The experiments were
arranged in the randomized complete block design
(RCBD) with four replicates in each experiment. The
purpose of the study was to determinate environmental interaction with forage yield and quality and grain
yield of oat (   L.) genotypes. In the research, herbage yield, dry matter (hay) yield, crude
protein, crude fat, ADF and NDF contents were investigated. As a result of the research the highest avarage herbage yield (4638 kg da-1) was observed in
Saia 6 and the lowest avarage herbage yield 4028 kg
da-1 in Yeşilköy 1779, and also the highest and the
lowest Average hay yield was obtained by 1359 kg
da-1 from Saia 6 and 1219 kg da-1 from Yeşilköy1779
genotypes. In terms of average yield and dry matter
(hay) yield, there were highly significant differences. Concerning average crude protein, crude fat,
ADF content also there were significant differences
statistically among genotypes. Likewise inpoint of
locations the differences among genotypes were
highly significant. Also Genotype x environment interaction except NDF and seed yield was highly significant statistically. Considering the average yield,
hay yield and crude protein the hightest value were
obtained from Manisa location, considering the average yield, hay yield the lowest value was obtained
from Balıkesir location.

+*"%&
Oat, GGE biplot, yield, quality, environment
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valuable functional ingredient having numerous industrial, nutritional and health benefits [11]. Oat has
a well-balanced nutritional composition. It is a good
source of carbohydrates and quality protein with
good amino acid balance. Oat contains high percentage of oat lipids especially unsaturated fatty acid,
minerals, vitamins and phytochemicals [12]. Intake
of oat β-glucan at daily doses of at least 3 g may reduce plasma total and low-density lipoprotein (LDL)
cholesterol levels by 5–10% in normocholesterolemic or hyper-cholesterolemic subjects. Studies
have shown that, on average, oat consumption is associated with 5% and 7% reductions in total and
LDL cholesterol levels, respectively [13] and every
1% decrease in serum cholesterol would provide a 23% reduction in the observed rate of cardiovascular
disease [14]. The nutritional benefits of oat have attracted attention from researchers worldwide and
have resulted in the increased interest of food industry in using oats as food ingredient in various food
products including infant foods [15], bread [16], oat
milk [17], beverages [18], breakfast cereals [19] and
biscuits [20]. Compared with other cereals, oats have
several nutritional advantages. Several physiological
responses have been linked to the intake of oat products [21]. The oat trade is very dynamic with new
cultivars releasing every year. Grain features of these
varieties may have effect in animal performance as
well as human health. Then, once oat grain is harvested, its chemical attributes are the main interest
according to intended consumption [22]. Oats are
grown for both grain and forage for livestock feeding
over a long time in many parts of the world [23].
The objective of our study was to analyze GEI
data by the GGE- Biplot technique to evaluate the
efficacy of the test site and determine the performance of different oat genotypes in order to compare
yield and some important quality traits in the different locations of Turkey.


'%&! '"&

The field experiment was conducted to study
the forage, grain yield, quality of some oat genotypes
and GxE interactions were investigated under three
different environmental (Balıkesir, Bursa and Manisa) conditions of Turkey during 2016-2017 growing season. The experiment was laid out in randomized complete block design (RCBD) with four replications. Each genotype was sown in 12 m2 (2.4 by
5.0 m) plots consisting of 12 rows with 20 cm row
spacing. Physical and chemical properties of experiment soils texture were loamy in all location, and pH
= 7.4, available phosphorus 3.6 ppm, available potassium 123 ppm, and organic matter 0.53 % in
Bursa location. In Balıkesir location properties of
soil; pH = 6.8, available phosphorus 2.4 ppm, available potassium 156 ppm, and organic matter 0.71 %.
pH = 7.0, available phosphorus 4.2 ppm, available

potassium 152 ppm, and organic matter 0.49 % in
Manisa. The experiments were carried out in rainfed
conditions.
Total annual rainfall was 583.0 mm, annual average the lowest and hightest temprature were 9 oC 24 oC respectively in Balıkesir. In Manisa location
annual total rainfall was 727.8 mm, annual average
the lowest and hightest temprature were 10.9 oC-22.8
o
C respectively. Total annual rainfall was 706.9 mm,
and average the lowest temperature was 9 oC, and the
the hightest temperature 23 oC.
'"'"!

0<-,20 C406/ 52 /,  At 50 % flowering
stage, all treatments of each replications were harvested and weighed to get fresh fodder yield (HY).
The yields obtained were converted into kg da-1.

<C ,>>0<For dry matter determination,
firstly aluminium containers were oven dried and
weighed by electric balance. 10 g of plant sample
was weighed in each container and placed in an oven
at 105 °C till constant weight was attained. Dry matter percentage was calculated by the following formula.
Wt. of oven dry sample
Dry Matter (%) =----------------------------------x 100
Wt. of sample before drying

<C 7,>>0< C406/ 52 /,  Dry fodder yield
(DMY) was calculated by applying this formula.
HY x DM (%)
DMY (kg da-1) = ---------------------------100
Rows were clipped at 5 cm above the ground
level to determine the biomass yield. Weight of the
total fresh biomass yield was recorded from each
plot in the field and the estimated 500 g sample was
taken from each plot to the laboratory. The sample
taken from each plot was weighed to know the total
sample fresh weight using sensitive table balance
and oven dried for 24 hours at a temperature of
105oC for herbage DM yield determination.

3074.,6 8,6C=4= The dried samples then
ground to pass a 1 mm sieve and used for laboratory
analysis. The analysis was made for ash, CP, CF
NDF and ADF. Nitrogen (N) content was determined following the micro-Kjeldahl digestion, distillation and content procedures [24] and the crude
protein (CP) content was estimated by multiplying
the N content by 6.25. Fat was extracted by the
Soxhlet method. The structural plant constituents
(NDF) and (ADF) were compared according to
methods reported by [25]. Neutral Detergent Fiber
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lowest yield (4.028 kg da) was obtained from
Yeşilköy 1.779. Albatros, Seydişehir and Checota
were at the same group and the differences among
genotypes were not significant statistically. Considering the average yield of all locations, varied between 4.096 kg da-1- 4.646 kg da-1, maximum herbage yield (4.646 kg da) was determined in Manisa,
while the minimum (4.096 kg da-1) in Balıkesir, and
the differences among them were significant statistically (Table 1). The variation in hay yield of genotypes may be attributed to genetic characteristics and
adaptability of these varieties to different environmental conditions.

(NDF) and Acid Detergent Fiber (ADF) contents
were analyzed using an ANKOM 200 Fiber Analyzer (ANKOM Technology Corp. Fairport, NY,
USA) according to the methods reported by [26].
Metabolic energy value ME (MJ / t KM) and relative
feed value were determined by the method developed by [27]. Digestible Dry Matter (% DDM) was
first calculated using the ADF value to calculate the
relative feed value. Analysis procedures described
[24] were followed for the determination of crude
protein, crude fibre, ether extractable fat and total
ash percentage. The data thus recorded were subjected to statistical analysis under Complete Randomized Block Design through analysis of variance
technique. The differences among treatment Averages were tested by applying Duncan’s Multiple
Range Test [28]. MSTAT-C and SPSS16 package
program were used for average variance, Average
Duncan and Biplot analyzes respectively.


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

<C7,>>0<3,CC406/52/, The analysis
of variance showed that environment (locations) and
genotypes interactions were highly significant differences by a level of significance of P<0.01 (Table
2). The DM yield of genotypes varied from genotypes to another across different environmental conditions. While the highest DM yields (1.506 kg da-1)
was obtained from the genotype of Saia 6in Bursa,
the lowest (1.138 kg da-1) from Yeşilköy1779 in
Balıkesir location. Considering the average DM
yield of genotypes in all locations, varied between
1.219 kg ha-1–1.359 kg da-1. The differences among
genotypes were highly significant. Genotype of Saia
6 has the highest DM yield (4.638 kg da), while
Yeşilköy 1779 has the lowest yield (4028 kg da).
Seydişehir Yeşilköy1779 and Albatros were at the
same group and the differences among genotypes
were not significant statistically. Checota was
among others. Considering the average DM yield of
all locations, varied between 1.225 kg da-1-1.348 kg
da-1, maximum DM yield was determined in Manisa,
while the minimum (4.096 kg da-1) in Balıkesir, and
the differences among them were significant statistically (Table 2). Buerstmayr et al. [4] reported that
the influences of genotype and climate conditions
are significant parameters affecting yield and quality
of oat. The significant variations among oat genotypes for DM (hay) yield reported in studies conducted by many researchers [29, 30, 31, 32, 33].

Analysis of variance revealed that all the genotypes possessed highly significant genetic variability
for all the traits. Average square due to environments
were significant for all the traits revealing influence
of environment on their expression (except ADF and
NDF). The Average square due to environment +
genotype x environment were significant for all the
characters revealing variable response of genotypes
for all the traits in the changing environment. The
GxE interaction component was also significant for
all the traits revealing that these traits were not stable
over the environments. Oat forage, grain yield and
quality are determined by multiple variable factors
such as genotype and environment. It was indicated
that the variability of chemical quality properties in
oat was affected by the environment factors. For this
reason it is very important to determine the yield,
quality traits and the relationships between yield and
quality traits of oat genotypes cultivated in various
environments. Plant breeders may take advantage of
it to develop high yield and quality varieties the best
for their location.

<?/0:<9>048.98>08>=#Protein content is one of the most important factors influencing
forage quality. The data presented in Table 3 indicates that crude protein contents in oat were influenced significantly by different location. The analysis of variance showed that environment (locations)
and genotypes interactions were significant differences by a level of significance of P<0.05. The CP
content of genotypes varied from genotypes to another across different environmental conditions.
While the highest CP content (12.17 %) was obtained from the genotype of Albatrosin Manisa, the
lowest (9.95 %) from Checota in Bursa. Considering
the average CP content of genotypes in all locations,
varied between 10.55%–11.29%. The differences
among genotypes were significant. Considering the

0<-,20C406/52/, The analysis of variance showed that environment (locations) and genotypes interactions were highly significant differences
by a level of significance of P<0.01 (Table 1). The
herbage yield of genotypes varied from genotypes to
another across different environmental conditions.
While the highest herbage yield (5.085 kg da-1) was
determined the genotype of Saia 6in Bursa, the lowest (3.640 kg da-1) was determined Yeşilköy1779 in
Balıkesir. Considering the Average yield of genotypes in all locations, varied between 4.028 kg ha-1–
4.638 kg da-1. The differences among genotypes
were highly significant. The highest herbage yield
(4.638 kg da) was obtained from Saia 6, while the
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average CP contents of genotypes there were insig<?/0 1,>.98>08>=  The analysis of
nificant among genotypes statically. Protein content
variance showed that environment and genotypes inis one of the important quality traits for oat. In our
teractions were significant differences by a level of
significance of P<0.05. The CF content of genotypes
study, protein content varied from genotypes to anvaried from genotypes to another across different enother across different environmental conditions. The
vironmental conditions. While the highest CF convariation in CP of genotypes may be attributed to getent (1.66 %) was obtained from the genotype of Saia
netic characteristics and adaptability of these varie6 in Balıkesir location and Yeşilköy1779 in Bursa,
ties to different environment. The influences of genthe lowest (1.30 %) from Yeşilköy1779 in Balıkesir.
otype and climate conditions are significant parameConsidering the average CF content of genotypes in
ters affecting yield and quality of oat [4]. Peterson et
all locations, varied between 1.42-1.51percent. The
al[1] and Yanming et al[34] reported that genetic
differences among genotypes were significant. Convariation was important for protein content, Biel et
sidering the average CF contents of genotypes there
al[35] indicated hulless oats had higher protein conwere insignificant among genotypes statically (Table
tent than hulled oats. Also Welch et al[36] reported
4). The differences in CF of genotypes may be regroat protein content varied within oat species. In adsulted from genetics and environmental factors.
dition, Doehlert et al[37] reported that protein conDoehlert et al[37] reported that CF content could be
tent was equally influenced by both genetics and environmental factors.
' 
@0<,2030<-,20C406/52/, 19</4110<08>69.,>498
Balıkesir
Bursa
Manisa
@0<,20
LSD%1

Checota
4.080 de
4.289 cd
4.681 a-c
4350 B

Saia 6
4.366 b-d
5.085 a
4.462 b-d
4638 A

Seydisehir04
4.290 cd
4.323 b-d
4.615 bc
4410 B

Genotype 217.5

Yeşilköy1779
3.640 f
3.711 ef
4.734 ab
4028 C

Albatros
4.102 de
4.270 cd
4.737 ab
4370 B

4.096 C
4.336 B
4.646 A

Interaction 376.8

Location185


' 
@0<,20/<C7,>>0<C406/52/, 19</4110<08>69.,>498
Balıkesir
Bursa
Manisa
@0<,20
LSD%1

Checota
1.234 c-e
1.267b-e
1.377 b
1293 AB

Saia 6
1.301b-d
1.506 a
1.270b-e
1359 A

Genotype 69.98

Seydisehir04
1.260 b-e
1.256 b-e
1.331 bc
1282 B

Yeşilköy1779
1.138 e
1.148 e
1.371 bc
1219 B


1.225 B
1.282 AB
1.348 A

Albatros
1.191 de
1.234 c-e
1.390 ab
1.271 B

Interaction 121.2

Location68.92

' 
@0<,20.<?/0:<9>04891 19</4110<08>69.,>498
Balıkesir
Bursa
Manisa
@0<,20

Checota
11.42 a-c
9.95 c
11.43 a-c
10.93 ns

Saia 6
10.58 bc
10.58 bc
10.87a-c
10.68 ns

LSD%5

Seydisehir04
11.68 ab
11.04 a-c
10.64 bc
11.12 ns

Yeşilköy1779
11.27 a-c
10.57 bc
11.34 a-c
11.06 ns

Albatros
10.27 bc
10.63 bc
12.17 a
11.02 ns

Interaction 1.325

11.04 A
10.55 B
11.29 A
location 0.4550

'
@0<,20.<?/01,>91 19</4110<08>69.,>498
Balıkesir
Bursa
Manisa
@0<,20
LSD% 5

Checota
1.38 a-c
1.44 a-c
1.45 a-c
1.43 ns

Saia 6
1.66 a
1.36 bc
1.36 bc
1.46 ns

Seydisehir04
1.32 c
1.61 ab
1.45 a-c
1.46 ns

Yeşilköy1779
1.30 c
1.66 a
1.45 a-c
1.47 ns

Interaction 0.2484

Albatros
1.44 a-c
1.43 a-c
1.42 a-c
1.43 ns

1.42 B
1.51 A
1.43 B
Location0.0678

'
@0<,2019</4110<08>69.,>498
Balıkesir
Bursa
Manisa
Average
LSD % 1

Checota
36.11 ab
36.38 ab
34.56 b
35.68 ns

Saia 6
35.02 ab
37.40 a
33.95 b
35.45 ns

Seydisehir04
36.10 ab
36.17 ab
35.02 ab
35.77 ns

Yeşilköy1779
34.85 ab
33.90 b
36.34 ab
35.03 ns

Interaction 2.307
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Albatros
36.29 ab
36.53 ab
36.43 ab
36.42 ns

35.67 ns
36.07 ns
35.26 ns
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'
@0<,20!19</4110<08>69.,>498
Bursa
Balıkesir
Manisa
@0<,20

Checota
57.02
55.65
55.75
56.14 ns

Saia 6
56.75
56.44
55.96
56.38 ns

Seydisehir04
55.87
56.40
58.07
56.78 ns

Yeşilköy1779
55.87
56.50
58.012
56.79 ns

Albatros
56.70
56.51
56.46
56.56 ns

56.439 ns
56.299 ns
56.852 ns

LSD %5

'
@0<,20=00/C406/52 /, 19</4110<08>69.,>498
9.,>498
Bursa
Balıkesir
Manisa
@0<,20
LSD% 5

Checota
278.5 c-f
321.47a
258.60 ef
286.19AB
Genotype 16.56

Saia 6
255.5 f
266.38 d-f
270.00 d-f
263.96 C

Seydisehir04
265.8 d-f
289.88 b-e
272.04 d-f
275.91 BC

Yeşilköy1779
308.2 a-c
266.94 d-f
259.28 ef
278.13A-C

Interaction 28.68



attributed to the environment, and that genotypic effects accounted for most of the variation. Also
Buerstmayr et al. [4] reported that the influences of
genotype and climate conditions are significant parameters affecting yield and quality of oat.

.4//0>0<208>14-0<.98>08> Acid
detergent fiber contains the poorly digestible cell
wall components, namely, cellulose, lignin, and
other very resistant substances. Due to its nature,
ADF is often used to predict energy content of feeds.
Like NDF, ADF is a good indicator of feed quality;
higher values within a feed suggest lower-quality
feed. The analysis of variance showed that environment x genotypes interactions were high significant
differences by a level of significance of P<0.01 (Table 5). The ADF content of genotypes varied from
genotypes to another across different environmental
conditions. While the highest ADF content (37.40
%) was obtained from the genotype of Saia 6 in
Balıkesir location and, the lowest (33.90 %) from
Yeşilköy1779 in Bursa. Considering the average
ADF content of genotypes in all locations, varied between 35.26-36.07 percent. But the differences
among genotypes were insignificant. Considering
the average of ADF content differences among genotypes were insignificant statically (Table 5).

Albatros
294.0a-d
314.34 ab
276.32 d-f
294.88 A

@0<,20
280.4AB
291.8 A
267.2 B
Location 68.92

&00/C406/&+52 /,  The analysis of variance showed that genotypes and environment x genotypes interactions were significant differences by a
level of significance of P<0.05 for seed yield (Table
7). The average SY of genotypes varied from genotypes to another across different environmental conditions. Concerning the average of SY of genotypes
in all locations, varied between 267.20 kg da1-291.80
kg da1. The hightest SY was observed in Balıkesir,
the lowest SY in Manisa location. The effect of environment on genotypes was significant. (Table 7).
The change in seed yield of genotypes may be related to genetic structures and adaptability of these
genotypes to different environments. The genotypes,
yield and quality traits are also greatly influenced by
environmental factors [4, 38]. Yan et al. [39] reported that significant impacts of genotype and environment on grain yields.
 #<48.4:,6 97:9808>= 8,6C=4= 4:69>
# 0>39/ The method has been widely used
recently. The GGE biplot analysis is based on a
strictly fixed effects model with (additive) main effects for genotypes and environments and multiplicative effects for the interaction all being fixed. The
discussion from recent works suggests, however,
that either genotypic or environmental effects (or
thus interaction effects) should be random [40, 41].
In plant breeding, adaptation of crop cultivars represents a trait of interest with respect to a given environment [42, 43], which multienvironment trials
(MET) is carried out for most crops throughout the
agricultural world.
In multienvironment trials (MET), a great number of cultivars are assessed in different environments represented by a genotype × environment interaction (GEI) that is represented as an important
aspect in plant breeding programs which are adapted
as a major objective of plant breeders, geneticists
and physiologists in selecting superior genotypes in
crop performance trials [44] to develop those cultivars. Furthermore, sorting of crop evaluation in environment and understanding these conditions

!0?><,6 /0>0<208> 14-0< ! 91   
The detergent feed analysis system is used to characterize fiber or total cell wall content of a forage or
feed. That portion of a forage or feed sample insoluble in neutral detergent which contains the primary
components of the plant cell wall, namely, hemicellulose, cellulose, and lignin. As cell wall production
increases, as occurs in advancing plant maturity,
NDF content will increase. As NDF content of a feed
increases, dry matter intake will decrease and chewing activity will increase. The analysis of variance
showed that the differences among genotypes, genotypes x environment interactions were insignificant.
(Table 6). Also environment was not effective on
genotypes.
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'
97-480/,8,6C=0=91@,<4,8.019<2089>C:0=919,>C406/,8/;?,64>C
V.O.S
Location
Error(R/G)
Genotype
L× Gen.
Error
CV%

DF
2
9
4
8
36

V.O.S
Location
Error(R/G)
Genotype
L× Gen.
Error
CV%

Herbage Yield
Dry Matter
Crude Protein
Crude Fat
MS
F value
MS
F value
MS
F value
MS
F value
1521926.26
46.97**
75784.46
16.85**
2.78
14.23**
0.043
4.60*
32401.08
4497.33
0.196
0.009
0.005
0.154ns
569926.20
14.84**
30032.50
7.55**
0.354
0.746ns
379932.80
9.89**
33236.84
8.36**
1.52
3.21**
0.075
2.53*
38393.45
3972.58
0.475
0.03
4.49
4.91
6.29
11.87
ADF
NDF
Seed yield
DF
MS
F value
MS
F value
MS
F value
2
3.31
3.13ns
1.65
2.66ns
3020.37
7.45*
9
1.05
0.622
405.03
0.928
0.624ns
1612.34
7.24**
4
3.07
2.13ns
8
5.19
3.61**
2.88
1.92ns
1544.18
6.94**
36
1.43
1.49
222.44
3.36
2.16
5.33



(% 
<9?:48291",>2089>C:0=.3,<,.>0<4=>4.A4>3-4:69>,8,6C=4=70>39/,8/>304<<06,>498=34:A4>3
>30,@0<,20@,6?0=91>300B,7480/:<9:0<>40=


perfectly could increase heritability of measured
traits, raise these lection, strengthen the potential of
competitiveness for seed production and maximize
grain yields for farmers [45]. In terms of the point
above, there have been many attempts to analyze
GEI for recording cultivars of crops under different
environment interactions using various methods that
have been proposed and developed for statistical
analysis of GEI, to predict the phenotypic response
to shifting in the environment, and to evaluate the
performance of genotypes in those environments
[46, 47].
Figure 1 shows that the classification of the
properties examined according to the locations and
the change of the properties. In the study, a basic
component analysis was carried out in order to determine the importance of the characteristics. We
have had 3 location. According to the results, the
characteristics were divided into 2, 3 and 3 basic

components in different location. (Figure 1). The
characteristics in the first component had the highest
significance, and this significance decreased gradually.


"!(&"!
Consequently it is very important to determine
the yield, quality traits and the relationships between
yield and quality traits of oat genotypes cultivated in
various environments. This may help breeders to develop high yield and quality varieties suitable for
their region. In our study showed that oat forage and
grain yield and quality were determined by numerous variable factors such as genotype, environment.
Genetic variation and environment factors for forage
yield, quality were highly significant and also environment factors for grain yield traits was significant
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in oat genotypes. The highest forage and hay yield
obtained from Saia 6 in Manisa. Concerning quality
the hightest value was obtained from Albatros in Manisa. Environment factors for seed yield were highly
significant. Also the hightest seed yield was determined in Albatros. There were significant differences in grain yield, protein content, fat concentration, acid detergent fiber, neutral detergent fiber
among different oat genotypes used in this study.
According to all data Saia 6and Albatross may be
recommended to plant breeder.
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The aims of this research were to measure of
some physical and mechanical properties and investigate the influence of drying methods on changing
of drying kinetics as well some quality properties of
Malabar spinach (     L.). For these purposes, Malabar spinach (     L.) was grown
in climate-controlled laboratory conditions. Then,
the leaves of plant were dried either microwave
method or convective hot air drying method. For hot
air drying process, three drying temperatures (40, 50
and 60°C) were applied. Three power levels (180,
360 and 600W) were applied for microwave drying
process. Mechanical (laceration force, puncture
force) and physical properties (leaf lenght, leaf area,
stalk thickness, leaf thickness, and initial weight) of
fresh Malabar spinach plant samples were measured.
Some analyzes such as color (L*, a*, b*), water activity of fresh and dried plant were made to determine quality changes with drying processes. The
mean leaf laceration force was determined as 0.0435
kgf while the puncture force value was determined
as 0.0144 kgf for fresh leaf samples. Hot air drying
process lasted 31, 17 and 6.5 hours for 40, 50 and
60°C drying temperatures, respectively. Microwave
drying process took 7.5, 5.5 and 4 minutes for 180,
360 and 600W power levels, respectively. L* and a*
values of the samples increased while b* values decreased after all drying applications. Final moisture
content values of all dried products were determined
between 10.9% and 16%. aw values of all dried samples were determined lower than the critic level that
allows mold growth (aw <0.6).



%# &% 
Fresh vegetables are important as dietary antioxidants and have plenty of bioactive nutrients [1].
They are qualified by high biological quality because
of their elevated context of antioxidative components, vitamins and essential minerals [2]. They are
playing a significant role in human diet [3].
     L. or      Roxb. -Malabar spinach- belongs to the   
 family [4,
5]. Malabar Spinach is known as several prevalent
nouns, namely Indian spinach, Ceylon spinach and
vine spinach. It is cultivated widely in many parts of
the world. Its leaves and stems are consumed as food
and used in medicine [6]. The pH level of this vegetable (5.3-5.4) is good for skin [5]. Leaves and stems
of Malabar spinach have been used since long time
as an Ayurvedic cure for some skin illnesses [7] and
for inflammation remedy in Thai conventional medicine [8]. Roots and leaves of this vegetable have
been used for the elimination of after birth for stomach pains and increasing milk production [9]. Malabar spinach plays an important role in human health
because of its chemical composition and properties
such as antibacterial, antiviral, antiulser, antioxidant,
vitamin [10, 11].
According to Eryilmaz Acikgoz and Adiloglu
[11], the true spinach is generally consumed in winter season while Malabar spinach is preferred in
warmer climate. Drying process can make that Malabar spinach can be consumed just like true spinach
during summer season when true spinach can be
found rarely on the market. For Turkey, especially in
the summer production of Malabar spinach can be
substituted with real spinach    
L.
As it is known, almost all vegetables have
quick deterioration feature. For this reason, using of
different drying methods or drying systems can be
used to dry to increase the shelf-life and ensure seasonal consumption of these vegetables in addition to
their fresh consumption.

(' #$
Malabar spinach (     L.), hot air drying, microvawe drying, mechanical properties
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(1: Drying chamber, 2: Scales, 3: Exhaust air outlet, 4: Product entry and exit door, 5: Heater, 6: Fan; 7: Control panel, 8:
Heater control switch, 9: Temperature control unit, 10: Power switch, 11: Speed switch, 12: Temperature sensor) [15].

%#$% $

*;)1515/ 6. )3)*)9 $715)+0 Growing of
standard type green Malabar spinach (    
L.) samples were carried out in climate-controlled laboratory conditions. Average ambient temperature
and humidity values were adjusted as 25oC and 80%,
respective in the climate-controlled lab [11]. Obtained Malabar spinach leaves were shown in Figure
1.

65=-+;1=-6;199?-9For hot air-drying
applications, convective hot air dryer was used. Dimensions of this drying cabin are 50 cm x 100 cm.
Two electrical heaters that were positioned inside
heating canal were used to supply hot drying air
(Figure 2). The air heating canal that is 50 cm lenght
was manufactured from galvanized plates in the
form of a cylinder. A centrifuge ventilating fan
(Demsan-DYK 18/150) was used to speed up drying
air in dryer. This fan can be worked at different
speeds by 5-stage speed switch (SCNR5 model). An
analogue heat control unit with digital indicator
(ARM 396 model) was used to regulate drying air

In recent years, dried vegetables have become
more important because the food industry directly
consume these in place of fresh foods [12]. Longer
shelf life makes dried fruits and vegetables more
popular, increase product variety and reduced product volume. This can lead to improvements in product quality in food processing applications [13].
The Malabar spinach provides additional benefits over human physiology and metabolic functions
beyond the need for essential nutrients to the body.
For this reason, it is an important functional food
which is defined as foods or food components that
are effective in protecting against diseases and
reaching a healthier life. In this study, it is aimed to
ensure that Malabar spinach used as a functional
food which is effective in protection of diseases and
to achieve a healthier life is found as a dried product
in a season when it is not fresh in the market. This
plant has not been dried before. This makes the research original. As in the case of Malabar spinach,
vegetables used for drying are no longer just for
feeding and for creating meals it is also consumed as
a purifying and therapeutic, protective against diseases. For these reasons, in this research, influences
of microwave drying and hot air-drying on drying
characteristics and some quality parameters of plant
were examined in addition to some mechanical and
physical properties of Malabar spinach. 
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(1: Microwave oven; 2: Ventilation holes; 3: Tray; 4: Timer; 5: Magnetron; 6: Fan; 7: Computer; 8: Power switch; 9: Scales) [16].

63695)3?:1:Color measurements of fresh
and dried leaf samples were performed using
Hunter-Lab tristimulus colorimeter (D25LT Model).
CIE L*a*b* color characteristics were measured
from 10 points of every sample batch just after drying processes. In addition to changes in L*, a* and
b* values (ΔL*, Δa*, Δb*); ΔE*, ΔL*, ΔC* and ΔH*
were also calculated using the equations as given below [19].

temperature. Drying cabin and air heating cabin were
insulated using 30 mm glass wool and aluminium
foil to avoid heat losses. Samples were placed on
perforated tray to supply the sufficient ventilation to
samples [14]. A weighing system includes an electronic scales and sample tray. The scales (AND
brand balance) was setted outside the drying cabinet
and connected to a PC. Sample tray was connected
to electronic scales. Thus, samples were weighed automatically and weights were recorded to the computer periodically.
1+96>)=-9?-9Microwave drying applications were carried out using a microwave oven (with
Beko brand, 2450 MHz frequency, maximum 800 W
power and 19 lt capacity) as seen in Fig. 3 [16]. Electronic balance (AND brand) was used to measure the
weight losses during microwave drying, continuously using interface programs similar to hot air drying experiments.

  



 





        

  




 





   







        



 

 






 





');-9 +;1=1;? -):<9-4-5;: Water activity values of fresh and dried spinach samples were
measured using a water activity measurement equipment by combining Testo 650 data logger. During
the measurements, sample was placed in a small
chamber. Then, the water in the air is measured after
it equilibrates with the sample. Reached equilibrium
moisture value was directly measured by a probe
which placed into the chamber [20].

$;);1:;1+)3 5)3?:1: All statistical analyses
were carried out using PASW Statistics 18 program.

-;-9415);165 6. !0?:1+)3 !967-9;1-: The
movable area measurement device (LI-COR brand
LI-3000A) was used to measure of the leaf length
and leaf area of Malabar spinach plants. Leaf thickness, stalk thickness and mass of plants were determined according to Hasturk Sahin et al. [17].
-;-9415);165 6. -+0)51+)3 !967-9;1-:
)+-9);165 )5, !<5+;<9- 69+- It is important
that to identify mechanical properties such as laceration, puncture force etc. which are significant characteristics with regard to post-harvest operations and
shelf life. These characteristics of Malabar spinach
plants were determined according to Hasturk Sahin
et al. [17]. Measurements on mechanical properties
were performed as 3 repeat with 3 leaves from 8
plants that were randomly selected.


#$&%$$&$$ 

!967-9;1-: 6. 9-:0 )3)*)9 $715)+0
-)=-: The computation physical and mechanical
properties of leaf samples were given in Table 1 with
their standard deviations. The physical properties
such as leaf lenght, leaf area, stalk thickness, leaf
thickness, initial weight and mechanical properties
such as laceration force and puncture force were
found by various measurement and calculation
methods. The mean leaf laceration force was determined as 0.0435 kgf while the puncture force value
was determined as 0.0144 kgf for leaf samples.

-;-9415);165 6. 9? );;-9 Dry matter
amounts were determined by oven drying method
using 105°C temperature [18].
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-:+917;1=-=)3<-:.6970?:1+)3+6369)5,4-+0)51+)37967-9;1-:6..9-:0:)473-:
Minimum value

Maximum value

5.60
22.21
1.90
0.25
0.65

12.00
102.45
5.20
0.64
4.47

8.3347
52.1022
3.4250
.4468
1.9602

0.18918
2.53031
0.11344
0.01125
0.11739

1.60529
21.47043
0.96261
0.09544
0.99610

-30.04
41.44
29.70
39.34
104.90

-19.29
87.54
45.96
90.59
119.82

-24.8150
64.9099
38.2243
69.1408
111.1075

0.25954
1.15800
0.45495
1.21344
.27699

2.20223
9.82597
3.86038
10.29642
2.35037

0.02
0.00

0.07
0.02

0.0435
0.0144

0.00124
0.00071

0.01050
0.00603

!0?:1+)37967-9;1-:
Leaf lenght
Leaf area
Stalk thickness
Leaf thickness
Initial weight
63697967-9;1-:
a
b
L
C
H
-+0)51+)37967-9;1-:
Laceration force
Puncture force

Mean value
Std. Error

Std. Deviation

% 
56=))5)3?:1:9-:<3;:.6970?:1+)3+6369)5,4-+0)51+)37967-9;1-:6..9-:0:)473-:
Between Groups
Within Groups
Leaf lenght
Total
Between Groups
Within Groups
Leaf area
Total
Between Groups
Stalk thickness Within Groups
Total
Between Groups
Leaf thickness Within Groups
Total
Between Groups
Within Groups
Initial weight
Total
Between Groups
Within Groups
a
Total
Between Groups
Within Groups
b
Total
Between Groups
Within Groups
L
Total
Between Groups
Within Groups
C
Total
Between Groups
Within Groups
H
Total
Between Groups
Laceration force Within Groups
Total
Between Groups
Puncture force Within Groups
Total

Sum of Squares
20.192
162.771
182.963
4887.440
27842.100
32729.539
18.495
47.295
65.790
0.205
0.442
0.647
7.626
62.822
70.448
166.294
178.044
344.337
2434.978
4420.049
6855.027
668.360
389.722
1058.083
2695.128
4832.022
7527.150
145.689
246.532
392.221
0.002
0.006
0.008
0.000
0.002
0.003
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df
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71
7
64
71

Mean Square
2.885
2.543

F
1.134

Sig.
0.353

698.206
435.033

1.605

0.150

2.642
0.739

3.575

0.003

0.029
0.007

4.248

0.001

1.089
0.982

1.110

0.368

23.756
2.782

8.539

0.000

347.854
69.063

5.037

0.000

95.480
6.089

15.680

0.000

385.018
75.500

5.100

0.000

20.813
3.852

5.403

0.000

0.000
0.000

2.324

0.035

0.000
0.000

1.679

0.130
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1+96>)=- ,9?15/ 215-;1+: Microwave drying at 180 W power level lasted 7.5 minutes and final
moisture content of spinach sample was determined
as 11.5%. At the end of drying, total moisture loss of
sample was found as 83.71%. 360W power level applications took 5.5 minutes, moisture content of sample was determined as 11.6% and total moisture loss
of samples was 83.61%. Final moisture content of
sample was determined as 10.9% at the end of 4
minutes drying time for 600W power level application in microwave drying. This final moisture content value was regarded as the lowest moisture content achieved in all drying applications including
with hot air-drying applications. Finally, this period,
total moisture loss of leaf samples was found as
84.31%. These changes were shown in Figure 5.
Many researchers found similar results with our
results for different type of leafy vegetables. Soysal
[24] investigated the microwave drying characteristics of parsley. In that research, seven different microwave output powers (360, 450, 540, 630, 720,
810 and 900W) were tested. Depending on the tested
power levels, the microwave drying processes lasted
between 3.5-9.75 minutes.
Alibas Ozkan et al. [25] determined that microwave drying characteristics of spinach using 8 different microwave power levels (90, 160, 350, 500,
650, 750, 850 and 1000W). Microwave drying periods were accomplished among 290 and 4005 seconds.
Karaaslan and Tuncer [26] researched that improvement of a drying model for combined microwave-fan-assisted convection drying process of
spinach. The drying periods for 180, 360, 540, 720
and 900W microwave powers were determined as
10, 5, 4, 3 and 2.5 minutes, respectively. Researchers
indicated that the moisture ratio decreases more
quickly while the microwave power is increased.

Statistical analyzes of these measurements revealed that differences between the mean values calculated for leaf thickness, stalk thickness, laceration
force and all color characteristics of the leaves for 8
different spinach plants were found statistically significant (P <0.05) (Table 2).

6;)19,9?15/215-;1+:Relationship between
moisture content and drying time during hot air drying of Malabar spinach was given in Figure 4. As
seen in this figure, a decrease in drying time occured
with the increasing drying temperature. Final moisture content of hot air-dried plant samples were
found as 16%, 13.2% and 12.5% for 40°C, 50°C and
60°C drying temperature, respectively. 
Doymaz [21] investigated that thin-layer drying of spinach leaves in a convective dryer. Spinach
samples were dried using a constant air velocity of
1.2 m/s and four drying air temperatures of 50, 60,
70 and 80°C. Drying rate increased with the increase
in drying temperature. Accordingly, the drying time
reduced. The drying time reduced from 495 to 165
min when the air temperature was increased from 50
to 80°C. Doymaz [22] researched that thin layer drying behaviour of mint leaves for 35, 45, 55 and 60°C
drying temperatures. According to Doymaz [22], the
drying periods to reduce moisture content of meant
leaves from the 84.7% to 10% at 35, 45, 55 and 60°C
temperatures were found as 600, 285, 180 and 105
min, respectively. According to this research results;
drying rate increased with the increase of drying air
temperature. Results obtained with our research
were found parallel to the findings of these researches results.
Drying processes performed using hot air dryer
lasted about 31, 17 and 6.5 hours for 40, 50 and 60°C
drying temperature, respectively. The moisture content decreased as the drying time increased. Similar
results were obtained by Watanabe et al. [23].
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Namely, the increase in the drying microwave power
resulted in a decrease in drying time.
Dadali et al. [27] researched that the influence
of microwave output power levels and sample
amount on drying kinetics of spinach leave samples.
For this purpose, they applied five different power
levels (180, 360, 540, 720 and 900W). The microwave drying process took 3.5–18 minutes depending
on microwave output power levels. It was found that
application of 900W power instead of 180W power
shorted the drying time by 80.55%.
As seen in these researches, the drying time of
samples was considerably decreased with increasing

of the microwave power level. Similar results were
also reported by several authors for various foods
dried using microwave drying [24, 28, 29, 30, 31,
32].
0)5/15/ 6. +6369 7)9)4-;-9: All dried
leaves were shown in Figure 6. It was seen that all of
the dried leaves retained their green color tone. On
the other hand, some burns occurred on the leaves
during microwave drying. In addition to this, rather
thin and tender structure spinach leaves samples at
the end of microwave drying processeswere obtained compare to hot air dried leaves samples. 
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The values of L*, a*, b*, C and H are presented
in Figs. 7-11. L* values of dried Malabar spinach
samples increased compared to that value of fresh
sample (Figure 7). This result shows that the brightness of dried samples is higher than fresh ones. It
was determined that minimum and maximum L*
values were found in the samples that were dried microwave drying at 360W power level (47.19) and hot
air drying at 60ºC temperature (40.76), respectively.
L* value of fresh sample was determined as 38.22.
Alibas Ozkan et al. [25] indicated that L* value
losses occured in the dried spinach leaves compared
the fresh ones. Dadalı et al. [31] reported that the L
value decreased with microwave drying time.
The negative a* value of all dried samples was
an expected result because of green color of the leaf

samples. a* value of fresh leaf sample was determined as -24.82. a* values of the samples increased
with drying applications (Figure 8). This result
shows that drying processes decreased green color of
plant samples due to negative influences of heat. The
a* values of hot air-dried samples were higher than
the a* values of microwave dried samples. Karaaslan
and Tuncer [26] stated that samples dried by the fan
drying method were browner than the samples dried
by microwave drying and fan-microwave drying
method. According to researchers, the increase of –
a* values of samples that were dried fan drying
method supported this result. Dadali et al. [31] reported that microwave drying caused more brown
compounds.
As seen in Figure 9, b* values decreased after
all drying applications. This result shows that the
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yellow color tone decreased after all drying processes of leaf samples. b* value of fresh sample was
determined as 64.91. b* values of all microwave
dried leaf samples were found higher than hot airdried ones. As a result of hot air-drying applications,
b* values of dried samples increased with the rising
of drying temperature. It was determined that minimum and maximum b* values were found for the hot
air-dried samples that were dried at 40ºC temperature (35.07) and microwave dried samples that were
dried at 360W power level (51.18), respectively.
Changing of color parameters were calculated
using of L*, a* and b* values of fresh and dried samples as given in Table 3. As seen in Table 3, ΔL* and
Δa* values of all samples were found positive while
Δb* values of all samples were found negative. It
means that dried samples are brighter, more red and
more blue compare to fresh sample. Larger ΔE* denotes greater colour change than the reference material namely fresh material [33]. In this case, as seen
in Table 3, minimum and maximum color change

(ΔE*) occured in microwave dried samples that were
dried at 360W power level and hot air-dried samples
that were dried at 40ºC temperature, respectively.
The ΔC* is the difference in chroma between the
sample and standard as identified in a polar coordinate system. The ΔH* is the difference in hue angle
between the sample and standard as described in a
polar coordinate system [19]. It was determined that
minimum and maximum C values were found for the
hot air-dried samples that were dried at 40ºC temperature (38.25) and microwave dried samples that were
dried at 360W power level (55.86), respectively
(Figure 10). C value of samples that were dried using
hot air drying at 50 and 60 ºC temperatures and microwave drying at 180 and 600W power levels were
found in the same group according to statistically
evaluation. Statistically, H values of all dried samples were found in the same group and there was no
significant decrease in H values of dried samples
compared to color of fresh samples (Figure 11).
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7731+);165:
B
B)
B*
B
B
HAD 40ºC
6.39
9.62
-29.84
32.00
-19.39
HAD 50ºC
2.82
8.58
-26.53
28.03
-15.94
HAD 60ºC
2.54
7.93
-24.95
26.30
-14.23
MWD 180W
5.14
5.12
-19.1
20.43
-7.74
MWD 360W
8.97
2.49
-13.73
16.59
-1.77
MWD 600W
7.28
3.86
-18.32
20.09
-6.52

B
37.95
32.36
30.01
22.45
18.94
22.34
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0)5/15/6.,9?4);;-9Changes of dry matter amounts of fresh and dried Malabar spinach leaf
samples were shown in Figure 12. Dry matter value
of fresh leaf was determined as 4.79% while initial
moisture ingredient of plant samples was found to be
95.21% (wet basis). Karaaslan and Tuncer [26] dried
the spinach leaves in an oven and they determined

initial moisture content of samples as 85%. It was
defined that maximum and minimum dry matter
amount were found in the samples that were dried
microwave method with 600W power level application (89.10%) and hot air drying that was performed
at 40ºC temperature (84%), respectively. Moisture
contents of these dried products were determined as
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The variance analysis results for the samples
obtained after drying methods are given in Table 4.
Results showed that difference among the mean values of color value of a*, dry matter and water activity
of dried samples were found statistically significant
(P<0.05) while difference among mean values for
other properties were found insignificant (P>0.05).
Duncan test showed that the dissimilar groups as in
Table 5 given for mean values.

10.9% and 16%, respectively and these moisture
content values were obtained after 7 minutes and
25.5 hours. Oladele and Aborisade [34] researched
that the impact of different storage and drying methods on the quality of       L. The leaves
were dried to roughly 4% moisture content before
storage. Lefsrud et al. [35] investigated that stability
of carotenoids and dry matter ingredient in spinach
and cole during drying. Plants were dried by using
oven drying, vacuum drying and freeze-drying methods. Plant samples were dried 120 hours. The moisture content of the samples didn’t change considerable in the first 100 h of drying when match the latest
20 h.

0)5/15/ 6. >);-9 )+;1=1;? According to
Calıskan Koc and Dirim [36] water activity is an important parameter for dried products because it generally affects the shelf life of the product. Water activity is dissimilar from moisture content as it
measures the availability of free water in a food system that is responsible for any biochemical reactions,
whereas the moisture content represents the water
composition in a food system. High water activity
states more free water available for biochemical reactions and therefore, shorter shelf life [37]. Microorganisms can keep their vitality irrespective of the
water activity, but for growth bacteria needs aw >0.8
and yeasts and molds aw >0.6 [38].
As seen in Figure 13, aw value decreased for all
dried samples. aw value of fresh leaf samples was determined as 0.975. While minimum aw value (0.391)
was found for 50ºC hot air applications, maximum
aw value (0.529) was found for 600W microwave
drying application. aw values of all dried samples
were determined at levels that will not allow mold
growth.

 &$ 
In this research, the mean leaf laceration force
was determined as 0.0435 kgf and the puncture force
value was determined as 0.0144 kgf for fresh leaf
samples as mechanical properties. In all drying
methods, the longest drying process lasted 31 hours
in hot air drying performed using 40ºC temperature
and the shortest drying process took 4 minutes in microwave drying performed using 600W power level
application. In this research, dried Malabar spinach
leaves were examined in terms of important color
criteria, such as L*, a* and b*. According the results,
the brightness of dried samples is higher than fresh
ones. a* rates of hot air-dried leaves were higher than
a* rates of microwave dried leaves. b* rates decreased after all drying applications. This result
shows that the yellow color tone decreased after all
drying processes of leaf samples. Moisture ingredients and water activity rates of all dried plants ranged
from 10.9% to 16% and 0.391 to 0.529, respectively.
aw rates of all dried samples were determined at levels that will not allow mold growth.
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% 
56=))5)3?:1:9-:<3;.69+6369,9?4);;-9)5,>);-9)+;1=1;?7967-9;1-:6.,91-,:)473-:
Sum of Squares
df
Mean Square
F
Sig.
Between Groups
0.000
5
0.000
0.000
1.000
12.000
12
1.000
Replicaton Within Groups
Total
12.000
17
Between Groups
122.205
5
24.441
5.781
0.006
Within Groups
50.735
12
4.228
a
Total
172.941
17
Between Groups
543.110
5
108.622
1.682
0.213
Within Groups
774.974
12
64.581
b
Total
1318.084
17
Between Groups
662.833
5
132.567
2.010
0.149
Within Groups
791.591
12
65.966
c
Total
1454.424
17
Between Groups
96.119
5
19.224
2.581
0.083
Within Groups
89.370
12
7.447
L
Total
185.489
17
Between Groups
4.936
5
.987
0.224
0.945
Within Groups
52.854
12
4.405
H
Total
57.791
17
Between Groups
51.085
5
10.217
13.545
0.000
9.052
12
.754
Dry matter Within Groups
Total
60.137
17
Between Groups
0.040
5
.008
69.404
0.000
0.001
12
.000
Water activity Within Groups
Total
0.041
17

% 
-)5+6369,9?4);;-9)5,>);-9)+;1=1;?=)3<-:.69,91-,:)473-:
Color parameters
9?15/-;06,:
L
a
b
C
H
Dry matter (%)
ab
a
b
b
a
HAD 40°C
44,61
-15,20
35,07
38,25
114,03
84,00c
HAD 50°C
41,04b -16,24ab 38,38ab 41,68ab 112,95a
86,80b
87,50ab
HAD 60°C
40,76b -16,89ab 39,96ab 43,41ab 113,09a
MWD 180W
43,36ab -19,70bc 45,81ab 49,89ab 113,42a
88,50a
a
c
a
a
a
MWD 360W
47,19
-22,33
51,18
55,86
113,75
88,40ab
ab
c
ab
ab
a
-20,96
46,59
51,11
114,45
89,10a
MWD 600W
45,50

Water activity
0,44c
0,39d
0,44c
0,51b
0,49b
0,53a

Dry matter and water activity values for fresh samples are 4.79% and 0.975, respectively
Different letters in the same column shows that average values are statistically important (p<0.05)
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Hg0 by means of mercury reductase (MerA) [6].
Kim et al. [7] found that the larger the difference
between the concentration of mercury in soil-air
and that in air near soil, the faster the release of
mercury. Generally, the higher the solubility of
mercury in the soil, the greater the amount of mercury release. Based on the study of Pedron et al. [8]
the addition of chelating agents to mercurycontaminated soils could promote the absorption of
mercury by plants, but the chelating agents could
also promote the volatilization of mercury. Few
studies have reported that a part of mercury could
be released into the atmosphere during the growth
of plants [9, 10]. During the growth of maple,
spruce, poplar and white oak, the average amount
of mercury released from leaves was 5.5 ng/m2·h,
1.7 ng/m2·h, 2.7 ng/m2·h and 5.3 ng/m2·h, respectively [11]. The leaves of vine, avocado and leucaena also found to release gaseous mercury at room
temperature [1, 12, 13]. According to the study by
Kozuchowski and Johnson [14], reed also released
mercury during its growth and the maximum
amount of mercury released into air was 14.3 ng/h.
In addition, the amount of gaseous mercury released from the leaves of transgenic poplar was 10
times higher than that of non-transgenic poplar
[15]. Therefore, when applying phytoremediation
technology to the remediation of mercurycontaminated soil, it is necessary to consider the
secondary pollution of atmosphere caused by mercury released from plant leaves. If this problem is
not given proper attention, mercury released from
plant leaves will not only pollute the atmosphere,
but will also pollute the surface water and soil
along with rain and snow. Preventing the release of
mercury from plant leaves into the atmosphere is an
important step in the practical application of phytoremediation, which is also a follow-up problem in
the application of phytoremediation of mercurycontaminated soil [16, 17]. However, not many
studies have been conducted in measuring the prevention of mercury volatilization from soil or plant

In this study, activated carbon, cation exchange resin and zinc powder were selected to
adsorb volatile mercury. The specific surface area
of cation exchange resin was smaller than that of
activated carbon and zinc powder. Among the three
adsorbents, activated carbon demonstrated the best
adsorption effect on mercury, followed by cation
exchange resin, and then zinc powder which exhibited a poor adsorption effect. The best adsorption
effect was observed when the weight of adsorbents
was 4 g. Since the weight of adsorbents as well as
the distance between adsorbent and mercury source
had little influence on the effect of adsorbents in
capturing the volatile mercury, the best adsorbent
was found to be activated carbon.


)' "#
Adsorbent, Volatile mercury, Secondary pollution
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Elemental mercury (Hg0) and organic mercury
(CH3)2Hg have higher vapor pressure and hence a
strong volatility. In mercury-contaminated areas,
Hg0 and (CH3)2Hg in the soil vaporise into air.
Relevant research results show that soil can become
a huge mercury pool under certain conditions [1, 2].
One of the main sources of mercury in the atmosphere is the release of large amounts of mercury
from soil through diffusion [1, 2]. Hg0 in the soil
can be obtained by the transformation of Hg2+ under abiotic or microbial actions [3, 4]. Under sunlight active mercury (mainly Hg2+) in the soil can
easily be reduced to Hg0. Humic acid and fulvic
acid in the soil can convert Hg2+ to Hg0 [5]. In the
presence of sunlight abiotic process accelerates the
transformation thereby enhancing the volatility of
mercury [5]. Some bacteria can convert Hg2+ into
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into the atmosphere. On this context, this study
aims to explore a route to prevent mercury volatilization from soil or plants to the atmosphere and
thereby reducing mercury pollution to the atmosphere.
Controlled environment agriculture (CEA),
such as crop production in plastic film and greenhouse environment, is becoming very popular because of its high output [18]. Related to plastic film
and greenhouse that are commonly used in crops
[18], this study attempts to select several types of
adsorbents to fill the adsorption film to compare
their adsorption effect on volatile mercury, as well
as finding out the best filling material of adsorption
film to adsorb gaseous mercury released from soil
or plant leaves.

levels and the adsorption experimental device are
shown in Table 1 and Fig. 1, respectively. The
volatilization process of mercury in soil is usually
very slow [23, 24, 25] and to speed up its volatilization a mercury source of 1000 mL solution (containing 100 μg mercury) was used. The mercury
solution was poured into the open foam box of the
volatile liquid in the lower part of the device and
was volatilized under natural conditions. The mercury content in the adsorbent was determined by
cold vapor atomic absorption spectrometry
(CVAAS, AA-6300, P/N 206–51800, Shimadzu
Corporation, Kyoto, Japan) after 7 days. Digestion
of the activated carbon and cation exchange resin
samples was accomplished by sulfuric acid, nitric
acid and potassium permanganate, whereas the
digestion of zinc powder samples was accomplished using dilute sulphuric acid.

$"#$ #
Activated carbon, cation exchange resin and
zinc powder were selected in this study. Activated
carbon is a black powder or granular amorphous
carbon which can effectively adsorb formaldehyde,
xylene and other waste gases in the air [19]. Cation
exchange resin is a type of resin which can exchange cations in the liquid phase. It demonstrates
good adsorption performance and hence widely
used in water treatment, medicine, chemical industry and other fields [20]. Zinc powder is a dark gray
powder which is often used to make anti-rust paint,
zinc amalgam and as a strong reducing agent [21].
Before adsorption experiments, the surface morphology of activated carbon, cation exchange resin
and zinc powder was observed. The microstructure
was observed using a positive metallographic microscope (XJZ-1A, Mac Photoelectric Instruments
Co. Ltd., Chongqing, China) at a magnification of
800. The capability of adsorbents towards volatile
mercury is related to the type, number, and the
distance from mercury sources [22]. Therefore,
three-factor and three-level experiments were designed. Orthogonal experiments on the weight of
adsorbent and the distance between adsorbent and
mercury source were designed by single factor preexperiment. Adsorbents were kept in the packages
made of non-woven fabrics and placed into selfmade testing experimental device in layers. The
device was placed outside shelter from rain with an
average diurnal temperature of 10-15 . Factor

%" 
$2//?8/935/6;+4./=3-/<:/.36;2/:;<.@70
+.:798;376
The analysis of mercury in the adsorbents is
reported as the mean±SD of triplicate determinations from three adsorbents. The data were analysed
by ANOVA test, and the comparison of mean was
performed using Tukey tests. All statistical analyses
were conducted using SPSS statistical package
(SPSS 16.0; IBM, USA).


$
+-;794/=/4:
Factor
Level
1
2
3

A

Types of
Adsorbents

B

Adsorption material
quality

C

A1
A2
A3

Activated carbon
Cation exchange resin
Zinc powder

B1
B2
B3

2g
4g
6g

C1
C2
C3
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Mercury Source
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the distance from the mercury source. It has been
shown that the effect of adsorption of activated
carbon on mercury was the best (Table 3). When
the weight of adsorbent was 4 g, the effect of adsorption was better (Table 3). The farther the adsorbents were from the mercury source, the worst
the adsorption effect (Table 3). The range of adsorbent species was 0.351, the range of adsorbent
weight was 0.148, and the range of distance between adsorbent and mercury source was 0.079
(Table 3). Variance analysis was also considered
using Eq. (3)-(9) [28]. F value of the adsorbents
was 3.577, F value of the weight of adsorbents was
0.635, and the F value of the distance between
adsorbents and mercury source was 0.173 (Table
4). According to the range (R) and variance analyses, the influence of type of adsorbent was greater
compared to its weight, whereas the influence of
weight of adsorbents was greater compared to the
distance between adsorbents and mercury source. It
indicates that the type of adsorbents exhibits a great
influence on the capture of volatile mercury
(F0.25(2, 2)<FA=3.577<F0.1(2, 2)). Also, it shows
that the weight of adsorbents has a little effect on
the capture of volatile mercury (FB<F0.25(2, 2)).
Besides, the distance between adsorbent and mercury source has an insignificant effect on the capture
of volatile mercury (FC<F0.25(2, 2)).

Activated carbon is black, cation exchange
resin is yellow and zinc powder is gray-black as
shown in Fig. 2. Activated carbon and zinc are in
the powder form with a large specific surface area
(Fig. 2). However, cation exchange resin is in granular form and its specific surface area is smaller
compared to activated carbon and zinc powder (Fig.
2). The surface of activated carbon has a porous
structure (Fig. 2) and the micro-graph of cation
exchange resin is not obvious (Fig. 2). Also, there is
no porous structure on the surface of zinc powder,
which shows a relatively flat structure (Fig. 2).
Nine groups of results obtained in orthogonal
experiments are shown in Table 2. The amount of
mercury adsorbed was the largest when 4 g of activated carbon and the distance between it and the
mercury source was 15 cm. However, the amount
of mercury adsorbed was the least when 2 g zinc
powder and the distance between it and the mercury
source was 25 cm. Range (R) analysis was considered for the results of the amount of mercury adsorbed using Eq. (1) and (2) [26, 27]. The trends of
three factors are shown in Table 3. The mercury
content of the adsorbents at first increased and then
decreased with an increase in the weight of adsorbents. In addition, it decreased with an increase in

%" 
88/+9+6-/+6.;2/53-97:;9<-;<9/70+.:79,/6;:+88/+9+6-/70+-;3=+;/.-+9,76
53-97:;9<-;<9/70+-;3=+;/.-+9,76+88/+9+6-/70-+;376/?-2+61/9/:3653-97:;9<-;<9/70
-+;376/?-2+61/9/:36+88/+9+6-/70A36-87>./953-97:;9<-;<9/70A36-87>./9
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Among the three adsorbents, activated carbon
showed the best adsorption effect on mercury, followed by cation exchange resin, and then zinc
powder which exhibited the poorest adsorption.
When the weight of adsorbents was 4 g, the effect
of adsorption was the best. As the weight of adsorbents and the distance between them and mercury
source have little influence on the effect of adsorption of volatile mercury, the best adsorbent is the
activated carbon. Irrespective of these observed
outcomes, there is still a certain gap in terms of
considering for practical applications. Thus, it is
suggested that in the next stage the adsorbents
should be applied in the phytoremediation of mercury-contaminated soil directly to prevent releasing
of mercury from soil or plant leaves to the atmosphere.

$
$2/./:316+6.9/:<4;:7079;27176+4
/?8/935/6;:
Group

A

B

C

1
2
3
4
5
6
7
8
9

1
1
1
2
2
2
3
3
3

1
2
3
1
2
3
1
2
3

1
2
3
2
3
1
3
1
2

Mercury content in
adsorbent materials (μg)
0.504±0.031
0.516±0.142
0.180±0.005
0.170±0.013
0.364±0.007
0.246±0.024
0.026±0.001
0.056±0.003
0.066±0.010

Mean±standard deviation; n=3; p<0.05.

Kr=∑(r)/3
R=max(Kr)-min(Kr)

(

Q = 3 ⎡ K1 − x
⎢
⎣
3

3

)

2

(

+ K2 − x

(

Q T = ∑∑ x ij − x
i =1 j=1

)

)

2

(

+ K3 − x

)

2

2

⎤
⎥
⎦

(1)
(2)
(3)
(4)

QT = QA + Q B + QC + Qe

(5)

Qe = QT − Q A − Q B − QC

(6)

Q=Q/f
Qe = Qe / f e

(7)
(8)

F = Q / Qe

(9)
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The effect of adsorption of several adsorbents
on volatile mercury has been studied. The specific
surface area of cation exchange resin is smaller
compared to activated carbon and zinc powder.
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The Upper Paleozoic strata in the southern
Qinshui Basin was strongly deformed, and the prediction of CBM sweet spots in this area is difficult.
Stress is an important factor affecting the permeability of coal reservoirs. Therefore, the influence of
strong denudation on coalbed methane enrichment
was studied in this paper. The results show that stress
unloading, reduction of formation temperature, and
tensile strain, all can lead to the reduction of the minimum principal stress in the erosion process. The cumulative reduction of minimum horiaontal stress for
the No. 3 coal is generally less than 10 MPa. For the
strongly deformed target layer, the fracture and fault
systems are extremely developed. Therefore, in the
region with a large erosion thickness, the degree of
stress reduction is large, and the storage conditions
are poor, so the productivity of the coalbed methane
well is low. However, the storage conditions are better in regions with a small erosion thickness, therefore the coalbed methane was easily preserved. According to the research in this paper, the preservation
effect is an important control factor for the accumulation of coalbed methane in the strongly deformed
zone. For the No. 3 coal in the study area, the area
with a denudation thickness of less than 2 000 m
should be the sweet spots for the exploration of coalbed methane.



[1-2]. Effective exploitation of unconventional oil
and gas can protect country's natural gas supply and
demand balance, while enhancing the country's international energy decision-making capacity [3-4].
As a whole gas-bearing system, coal measure strata
contains a variety of natural gas resources, including
coalbed methane (CBM), tight sandstone gas, shale
gas and limestone gas [5]. Due to the the high gas
content of coal reservoir, CBM is the most exploitable natural gas resource in coal measure strata. However, the CBM reservoir has strong heterogeneity,
and the efficient prediction of its sweet spots is still
a difficult problem for people.
Coal measure strata are widely distributed in
the Upper Paleozoic (Carboniferous - Permian) of
China, and have good gas-bearing properties [5].
The distribution of the Paleozoic coal seam is stable,
and its thickness is usually in the range of 5-10 m,
and the gas content is mainly distributed in 1-40 m3/t.
The coal measure strata have undergone deep burial,
multi-stage tectonic evolution and strong uplift and
denudation in the geological history period. The enrichment degree of the coalbed methane is extremely
uneven.
The target layer studied in this paper is the
Lower Permian Shanxi Formation coal in the southern Qinshui Basin. The area is a strongly deformed
area, and after the Yanshanian period, strong uplift
and erosion occurred, and the maximum denudation
thickness exceeded 4 000 m. The commercial development of coalbed methane is importantly influenced by permeability, however, the stress environment is an important factor affecting permeability.
Therefore, this paper attempts to explore the effect
of strong denudation on coalbed methane enrichment.

&% !
Qinshui Basin, coalbed methane, stress, erosion, sweet
spot
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The world's petroleum industry is entering unconventional oil and gas industry stage. With the
gradual depletion of conventional oil and gas resources, the importance of unconventional oil and
gas resources is becoming more and more significant

 #

7,*;2767/:;<-?*9.*The Qinshui Basin is
located in the southern part of Shanxi Province,
China, and is a large-scale composit anticline basin
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with the north-south strike. The Qinshui Basin is located on the east side of the largest "mountainshaped structure" (Consists of Qilan Mountain,
Helan Mountain and Lvliang Mountain) in China [6].
"Mountain-shaped structure" is a twisted structure
[7]. The activity of the Qilan-Lvliang-Helan mountain-shaped structure began in the late Paleozoic, the
embryonic form is formed in the Mesozoic, and the
final shape is formed in the new generation. 
The study area is situated in a well block of
coalbed methane in the southern area of the Qinshui
Basin, including the Zhengzhuang block and the
Fanzhuang block. The elevation of the terrain is high
in in the southeast and low in the northwest.

strata reached the maximum depth at the end of the
Triassic period, and then experienced a strong denudation [8-9]. During the erosion process, the stress
load of the formation gradually decreases; at the
same time, the decrease of the formation temperature
and the occurrence of tensile strain both will cause
the stress to decrease.
The stress system of underground rock can be
simplified to the maximum horizontal principal
stress, the minimum horizontal principal stress and
the vertical stress [10]. The minimum horizontal
principal stress is generally closely related to the
fracture system or permeability inside the rock [10].
Therefore, this paper mainly discusses the influence
of formation temperature and tensile strain on the
minimum horizontal principal stress during the erosion process.

//.,;7/;.58.9*;<9.-.,9.*:.76:;9.::-<9
260-.6<-*;276When the sedimentary basin is in a
strong denudation process, the stress of the formation itself will decrease, and the “stress relaxation”
phenomenon will reopen the originally closed fractures [10-11]. At the same time, in the erosion process, the temperature of the deep formation will continue to decrease. Then, the formation stress will be
greatly reduced due to the temperature drop, and the
mechanism is “heat shrinkage” [10].
In the erosion process of sedimentary basins,
the change of the minimum horizontal principal
stress of formation rocks caused by temperature
changes can be expressed as:

.87:2;276:?:;.5From the bottom to the top,
the Precambrian, Cambrian, Ordovician Fengfeng
Formation, Carboniferous Benxi Formation and Taiyuan Formation, Permian Shanxi Formation, Xiashihezi Formation, Shangshihezi Formation and Shiqianfeng Formation, Triassic and Quaternary strata
were developed in the southern part of the Qinshui
Basin [7]. The main coal-bearing strata are the Carboniferous Upper Taiyuan Formation and the Lower
Permian Shanxi Formation. The target layer of the
study is the No. 3 coal seam in the Shanxi Formation,
and its buried depth is mainly distributed between
400 m and 1 200 m, and its average thickness is 6 m.
The No. 3 coal seam is a high rank coal (anthracite)
with a Ro (vitrinite reflectance) greater than 3.5%.
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The Upper Paleozoic strata in the southern
Qinshui Basin experienced a complex tectonic evolution process. The burial history of the JS1 well in
the area (Fig. 1) indicates that the Upper Paleozoic

Δ  =


α Δ
1 −ν 

(1)

Where T is the coefficient of thermal expansion. T of quartz mineral is 10-5°C -1, while T of the
other types of sedimentary rock minerals is generally
10-6°C -1 [13];  is Young's modulus, GPa ; Δ is the
amount of temperature change, °C.
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Geothermal gradient (°C /100 m)
T(°C-1)
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7;.:: T is thermal expansion coefficient;  is Young's modulus;  is Poisson's ratio.

(GPa)
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According to the results of inclusions, apatite
fission tracks and zircon tests [12], the Shanxi Formation strata in the study area reached the maximum
depth in the early Yanshanian, and had anomalous
thermal events [12]. The geothermal gradient was
large, distributed at 2.5-6.0 °C / 100 m range (Fig. 2).
The geothermal gradient at the north and south ends
of the Qinshui Basin was up to 8.0 °C / 100 m [12].
According to the thermal characteristics of the No. 3
coal in the Shanxi Formation of the study area and
the results of rock mechanics tests, we assigned the
rock properties of the No. 3 coal (Table 1).
In this paper, the relationship between the

amount of denudation of the target coal and the minimum horizontal principal stress was established
(Fig. 3). It considered eight cases, where the formation gradients were 2.50, 3.05, 3.60, 4.00, 4.50,
5.00, 5.50, and 6.00 °C/100 m, respectively, which
represented the change from the normal geothermal
gradient to the abnormally high geothermal gradient.
It can be seen from Fig. 3 that as the geothermal
gradient increases, the influence of the erosion or
temperature change on the minimum horizontal principal stress of the formation gradually increases. Under the same denudation thickness, the variation of
the minimum horizontal principal stress of the
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formation gradually increases with the increase of
the geothermal gradient. As the thickness of the erosion of the formation increases, the formation temperature gradually decreases, and the minimum horizontal principal stress of the formation decreases
(Fig. 3).
The cumulative denudation thickness of the
overlying strata of the Shanxi Formation in the
southern Qinshui Basin is mostly in the range of 1
000 m - 3 000 m. For the coal rocks of the target layer,
the minimum horizontal principal stress was reduced
by 1-5 MPa, during the denudation process. During
the reduction process of the minimum horizontal
principal stress, part of the strongly compacted layers will gradually transform into weakly compacted
layers, while the weakly compacted layers may be
transformed into a tensile stress environment [14].
Under such high stress conditions, the originally
closed fractures are easy to re-open, and at the same
time, some new fractures are easily formed in the
formation.
Using the above formula and the rock mechanics parameters of No. 3 coal, the relationships between the minimum horizontal principal stress and
the buried depth of the stratum in the process of sedimentation and erosion under the influence of temperature were established (Fig. 4). It can be seen that
during the deposition process, the change of minimum horizontal principal stress of the rock increases
with the increase of temperature. The higher the geothermal gradient, the greater the change in the minimum horizontal principal stress (Fig. 4).
For the erosion process, it is significantly different from the aforementioned deposition process.
During the erosion process, the petrophysical properties and mechanical parameters of the sedimentary
strata will not change in the reverse direction, or the
change is very small which can be neglected [15-16].
Therefore, in the process of formation erosion, as the

temperature decreases, the variation of the minimum
horizontal principal stress of the formation will not
change along the original sedimentary curve; instead,
it will change along the tangential direction at the
maximum buried depth curve (Fig. 4b).
It can be seen from Fig. 4b that during the erosion process, the deposited formation will produce
an additional stress tensor in the direction of the minimum horizontal principal stress, which due to the
temperature drop. The larger the ancient maximum
buried depth, the greater the additional stress tensor
generated by the temperature decrease during the
erosion process. These additional stress tensors can
further increase the porosity and permeability of the
No. 3 coal reservoir in Shanxi Formation.
The starting point of the denudation curve is assumed to be a maximum buried depth of 3000 m.

//.,; 7/ 1792@76;*4 ;.6:24. :;9*26 76 :;9.::
-<9260-.6<-*;276During the erosion process, due
to stress relaxation or stress unloading, the formation
rock will produce horizontal tensile strains [17-19].
In the process of stratum erosion, the influence of the
horizontal strain on the minimum horizontal principal stress of the formation can be expressed as:

Δ  =

ν

Δ
+
Δε
ε
1 −ν 2  1 −ν 2 

(2)

It can be seen from the above formula that during the deposition process, the horizontal direction
strain is compressive. Then, as the rock  increases
and  decreases, the strain will make the minimum
horizontal principal stress of the formation increase.
However, in the process of erosion, the change of 
and  of the formation rock can be neglected, but the
strain in the horizontal direction is in a tensile state,
and thus, the minimum horizontal principal stress of
the formation will decrease.
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The sedimentary rock mass is continuously
compressed during the deposition process, and the
sedimentary rock mass on the surface of the earth's
crust can be assumed to be a small arc along the ellipsoidal earth [20-21]. Therefore, the transverse
strain rate (Δ) of the sedimentary rock mass is related to the radius of the Earth. The radius of the
Earth is 6371 km. Assuming that the maximum horizontal strain (ΔH) of the sedimentary rock mass is
equal to the strain (Δh) of the minimum horizontal
principal stress direction, then, Δ=ΔH=Δh=1/6371
km=0.00016/km.
According to the strain law, the change of the
minimum horizontal principal stress of the coal rock
stratum during the erosion process can be obtained
under the condition of the tensile strain (Fig. 5).
It can be seen from Fig. 5 that, as the amount of
denudation increases, the reduction of the minimum
horizontal principal stress of the formation gradually
increases due to the influence of the horizontal strain
of the formation rock. This factor has a relatively
weaker effect on the minimum horizontal principal
stress of the formation rock than the aforementioned
temperature factor, but it can also generate a stress
tensor environment, which makes the rock prone to
rupture or the closed fractures reopen [22-24].

denudation thickness is mainly distributed between
200 m and 3000 m. The strong erosion centers in the
study area are mostly distributed along the NE-SW
direction, while the erosion amounts in the northwest
areas are relatively small (Fig. 6). The denudation
trend on the plane of the study area is unevenly, and
it has several strong erosion centers.
Coalbed methane wells were divided into highyield wells, middle-yield wells and low-yield wells.
The daily production capacity of high-yield wells is
greater than 2 000 m3; the daily production capacity
of middle-yield wells is between 1000-2000 m3; and
the daily production capacity of low-yield wells is
less than 1 000 m3, which does not reach commercial
capacity. It can be observed that high-yield wells are
generally distributed in areas with a denudation
thickness of less than 2 000 m; and middle-yield
wells are generally distributed in areas with a denudation thickness of less than 2500 m; while low-yield
wells are generally distributed in areas with a denudation thickness greater than 2000 m.
According to the analysis, the reason for this
phenomenon is that, the target layer of the study area
is strongly deformed, and the fractures and faults in
the No. 3 coal seam and its upper cover layers are
extremely developed. In the areas with large erosion
thickness, the stress of coal reservoir and its caprock
is significantly reduced, and the fluid drainage ability of fractures is strong, so the preservation condition is poor, which leads to the loss of coalbed methane. However, the storage conditions of the regions
with a small erosion thickness are better, and the
coalbed methane is easy being stored. According to
the research in this paper, the preservation effect is
an important control factor for the accumulation of
coalbed methane in the strong deformed zone. For
the No. 3 coal in the study area, the areas with a denudation thickness of less than 2 000 m should be the
sweet spots for the exploration of coalbed methane.
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The unconformity of the target layer is located
in the interface between the top surface of the Permian and the bottom surface of the Quaternary,
which is a superimposed unconformity. The cumulative erosion amount of each single well was calculated by the acoustic wave time difference method,
and the calculation result is shown in Fig. 6. The
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(1) Stress unloading, reduction of formation
temperature, and tensile strain, all can lead to the reduction of the minimum principal stress in the erosion process. The cumulative minimum horizontal
stress reduction for the No. 3 coal is generally less
than 10 MPa.
(2) For the strongly deformed target layer, the
fracture and fault systems are extremely developed.
Therefore, in the region with a large erosion thickness, the degree of stress reduction is large, and the
storage conditions are poor, so the productivity of the
coalbed methane well is low. However, the storage
conditions are better in regions with a small erosion
thickness, therefore the coalbed methane was easily
preserved.
(3) Preservation effect is an important control
factor for the accumulation of coalbed methane in
the strongly deformed zone. For the No. 3 coal in the
study area, the areas with a denudation thickness of
less than 2 000 m should be the sweet spots for the
exploration of coalbed methane.
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that are produced during the combustion processes
of fossil fuels. Other sources of magnetic particles of
anthropogenic origin in the soils are the processing
of iron, steel and cement, heating systems and car
traffic.
Magnetic susceptibility is used as a proxy variable in monitoring soil pollution by heavy metals
[5-6]. The knowledge of magnetic grain dimension
can be helpful to distinguish natural and anthropogenic contribution to the increase of magnetic susceptibility in soils. The objective of this study is to
assess the contamination level of heavy metals in industrial soils by means of magnetic susceptibility
measurements.
In this paper, we present the results of a field
survey carried out in a large industrial area of Basilicata Region (Southern Italy). We discuss both in
situ and laboratory measurements and compare these
results with the values found in other similar industrial areas of the Basilicata.
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Magnetic susceptibility may be very variable in
soil both because of natural causes as pedogenesis
and because of anthropogenic causes as air and soil
pollution. For this peculiarity, magnetic susceptibility measurements are used for monitoring the presence of heavy metals in soil, dust and sediment; however, an accurate data analysis is fundamental for the
interpretation of the results.
Here, we present a field survey carried out in a
large industrial area of Basilicata Region (Southern
Italy), surrounded by areas devoted to agricultural
activities, woods, and protected sites (e.g., the WWF
natural oasis of “Lago Pantano”). We measured
magnetic susceptibility in situ and collected soil
samples along a georeferenced grid of about 70 sampling points. These points are representative of both
industrial soils and natural and agricultural areas.
The results of the field survey are then compared
with the results we obtained in other industrial areas
of Basilicata by adopting the same time-saving and
low-cost technique to get an overall picture of heavy
metals distribution at a regional scale.

The industrial area of Tito Scalo is located 10
km from Potenza, the chief town of the Basilicata
Region and it is considered the real industrial area of
this town. The area is characterized by the presence
of some large mechanical, steel, and iron industrial
plants.
It is located at 800 m above sea level and is surrounded by mountains reaching 1300 m and by
springs and streams. In the vicinity there are areas of
great naturalistic interest such as the oasis of the
WWF "Pantano di Pignola”. The geology of the area
is rather uniform with a clear prevalence of alluvial
deposits.

(' "#
Soil pollution, Heavy metals, Soil Magnetic Susceptibility 

$" %$ 
Soils have physical characteristics that depend
essentially on their formation process. In particular,
the magnetic properties of soil depend on their mineralogical composition, structure and texture [1].
The magnetic minerals present in soils can have both
lithogenic, pedogenic and anthropogenic origin [24]. In fact, all volatile ashes of industrial origin contain a significant fraction of ferromagnetic particles
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n
mean
SD
CV%
range
K (×10 SI)
KD
70
94
93
99
11-366
KF
70
77
92
120
9-499
KBH
70
139
142
102
12-659
KBL
70
142
146
103
13-661
−5
 magnetic susceptibility values measured with MS2D probe (×10 SI),  magnetic susceptibility values measured with
MS2F (×10−5 SI) probe,  magnetic susceptibility values at high frequencies (×10−5 SI),  magnetic susceptibility values
at low frequencies (×10−5 SI),  = sample number;  = mean value;  = standard deviation;  = percentage coefficient of variation;  = range of variability.


$ 
>6258):1<-9:):19:1+)2)4)2?9195.:0-3)/4-:1+9;9+-6:1*121:?<)2;-93-)9;8-,1491:;*?3-)495.# 
685*-14,1..-8-4:14,;9:81)2)8-)95.:0-)9121+):)"-/154$1:5!5:-4@)-2.1&1//1)45
(×10−5 SI)




94
93
99
10-366
 
53
32
60
16-106


72
78
108
8-636

167
98
60
41-607
 
−5
  magnetic susceptibility values measured with MS2D probe at Tito (×10 SI),  magnetic susceptibility values
measured with MS2D probe at Potenza (×10−5 SI),   magnetic susceptibility values measured with MS2D at Melfi
(×10−5 SI),   magnetic susceptibility values measured with MS2D at Viggiano (×10−5 SI);  = mean value;  =
standard deviation;  = percentage coefficient of variation;  = range of variability.



measurement of the standard samples were performed after the measurements of five samples for
preventing drift effects. In the following equation we
indicate with  high-frequency magnetic susceptibility soil measurements and with  low-frequency
magnetic susceptibility soil measurements. We calculated also the percentage loss of Susceptibility
( %), see [9] as:

The sampling grid covers all the industrial area
of Tito Scalo. Moreover, we collected additional
sampling points in the surrounding natural areas that
could be used as blank samples.
The sampling grid included 70 georeferenced
sampling points covering an area of 90 km2.
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Magnetic susceptibility measurements were
performed using a Bartington MS2 meter with two
field survey in situ probes MS2D (penetration depth
of about 10 cm) and MS2F (effective penetration
depth of about 1 cm) and with MS2B laboratory dual
frequency sensor. The probes measure the volume
magnetic susceptibility, expressed as a dimensionless value ×10−5 SI and the accuracy of measurements is 5%. The sampling procedure presented by
D’Emilio et al. [7-8] was used.
Regarding laboratory measurements, for each
sampling point, we selected a small square area (1m
×1m), located at least 5 m from the roadside. At the
angles of the square, we collected four soil samples
at a deep of about 5 cm. The four samples were
mixed in a polyethene bag. The samples were dried
in an oven at a temperature of 50 °C. Then they were
grounded and sieved with a 2 mm sieve.
After this pre-treatment the samples were analyzed by means of MS2B laboratory dual frequency
sensor. All measurements were conducted at the 1.0
sensitivity setting. Each measure was repeated three
times with an air reading before both each series and
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Magnetic susceptibility soil measurements carried out in situ by means of MS2D probe, MS2F
probe and double frequencies probe are shown in
Figure 1 (MS2D probe), Figure 2 (MS2F probe),
Figure 3 (high frequencies), and Figure 4 (low frequencies). Statistics of the measurements are shown
in Table 1. For MS2D magnetic susceptibility 
ranges from 11 ×10−5 SI to 366 ×10−5 SI, with a mean
value of 94 ×10−5 SI, a standard deviation of 93
×10−5 SI and a coefficient of variation of 99%.
−5
−5
 ranges from 9 ×10 SI to 499 ×10 SI, with
−5
a mean value of 77 ×10 SI, a standard deviation of
92 ×10−5 SI and a coefficient of variation of 120%.
High frequency magnetic susceptibility 
ranges from 12 ×10−5 SI to 659 ×10−5 SI, with a mean
value of 139 ×10−5 SI, a standard deviation of 142
×10−5 SI and a coefficient of variation of 102%.
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ranges from 13 ×10−5 SI to 661 ×10−5 SI,
with a mean value of 142 ×10−5 SI, a standard deviation of 146 ×10−5 SI and a coefficient of variation
of 103%. The susceptibility values of superficial soil
are very variable. In spite of the overall uniformity
of the geology of the investigated area, the coefficient of variation ranges from 99% for MS2D probe
to 120 % for MS2F probe. We measure very high
values of superficial soil magnetic susceptibility
close to the industrial settlements and low values in
areas far from industrial settlements that can be considered as not impacted areas (Figures 1-2-3-4).
We may say that the sample points close to industrial areas have ferromagnetic characteristics and
contain heavy metal ions probably due to the influence of the anthropogenic activities of the area.
The comparison of superficial soil magnetic
susceptibility mean values measured in the industrial

area of Tito Scalo with values measured in other industrial area of Basilicata Region, Viggiano Potenza,
Melfi, suggests that Tito Scalo industrial area suffers
of heavy metals soil contamination [8,10-11]. In
fact, in this site magnetic susceptibility mean values
are higher than those measured in the other industrial
areas of Basilicata except for the Melfi industrial
area. In Melfi industrial area a large automotive plant
and a cogeneration power plant are operative and
both of them produce heavy metals soil pollution.
Moreover, in this area the geology is very variable
[8] and vulcanic soils are also present. This kind of
soils naturally shows high values of magnetic susceptibility. All these characteristics of Melfi industrial areas contribute to increase soil magnetic susceptibility values.
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The superficial soil magnetic susceptibility values measured in situ and in the laboratory in this field
survey suggest that the examined industrial area of
Tito Scalo suffers of heavy metals contamination
due to the presence of many industrial settlements
operating in the mechanical, steel, and iron sector.
The low values of magnetic susceptibility measured
far from the industrial area confirm this statement.
The comparison of these findings with what observed in other industrial areas of Basilicata by
adopting the same time-saving and low-cost technique indicates that the Tito Scalo site is affected by
heavy metals soil contamination.
The findings that we obtained with our timesaving and low-cost procedure, would certainly motivate the further use of well-assessed chemical techniques for obtaining heavy metal soil concentrations
(i.e., inductively coupled plasma optic emission
spectrometer - ICP-OES) in order to better characterize the affected area and identify the most damaged zones.
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metal concentration. These measurements are very
expensive and time consuming [4].
In this paper, we evaluated if the effective radium concentration measurements used in conjunction with magnetic susceptibility measurements may
be helpful in the characterization of agricultural soils
with different paedogenesis to discriminate anthropogenic magnetic particles from those naturally present in soils.

In order to characterize soil samples collected
in two different agricultural areas of Potenza suburbs
(Southern Italy) devoted to durum wheat cultivation,
we used the combination of two techniques: magnetic susceptibility measurements and effective radium concentration obtained from radon emanation.
Magnetic susceptibility measurements are generally
used as a proxy method for monitoring heavy metals
in soil. Radium concentration and radon exhalation
rate from soil are used for characterizing different
soils. First results suggest that effective radium concentrations in soils can be helpful for the interpretation of magnetic susceptibility field surveys.



&%" &%&%&%
For this study, we carried out in situ measures
and we collected soil samples measurements from
Venosa and Lavello test sites. These areas are located in the northern part of Basilicata region, Southern Italy. From a geographical point of view, they are
parts of the Vulture basin, a valley placed along the
Ofanto River. The area is surrounded by low hills
varying from 137 to 508 m a.s.l.. This is a rather unpolluted zone where the main land use is agriculture,
being wheat the most spread cultivation, and where
milk-cow farming is prevalent. The meteorological
features of the area are typical of Mediterranean flat
areas. The annual average temperature is 13 °C, the
rainfalls are more frequent in winter and the prevailing wind direction is N-NW.
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Soil Monitoring, Effective Radium Concentration, Soil
Magnetic Susceptibility 
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Protection and conservation of soil are priority
tasks for sustainable management, environment protection, and rural areas development [1].
Measurements of soil magnetic susceptibility
are widely used to monitor heavy metals in polluted
soils because heavy metals and magnetic particles
(e.g., magnetite) are emitted from similar sources
such as combustion processes or steel industries and
have similar transport pathways into the environment [2].
Soils, even in areas very close to each other,
can have very heterogeneous features due to soilforming factors, meteorological parameters, and biological characteristics. This heterogeneity makes
complex the control of soil processes and pollutants
distribution particularly if proxy variables are used
for monitoring large areas [3].
In order to support data interpretation, very often magnetic susceptibility measurements are coupled with chemical analyses of the single heavy

For each sampling point, we selected a small
square area (1m ×1 m), located at least 5 m from the
roadside. At the angles of the square, we collected
four soil samples at a deep of about 5 cm. The four
samples were mixed in a polyethene bag. The samples were dried in an oven at a temperature of 50°C.
Then they were grounded and sieved with a 2 mm
sieve.

,270=4. 60,<>;0607=< Soil magnetic susceptibility measurements were performed using a
Bartington MS2 meter with MS2B laboratory dual
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by using a suitable software for image processing
(Image J software: Image Processing and Analysis in
Java, version 1.46r, National Institutes of Health,
USA). The radium concentration was determined by
using the formula: 
  
 
     

frequency sensor. The probes measure volume magnetic susceptibility, expressed as dimensionless
value ×10−5 SI.
All measurements were conducted at the 1.0
sensitivity setting. Each measure was repeated three
times with an air reading before both each series and
measurement of the standard samples after the measurements of five samples for preventing drift effects.
In the following, we indicate with  high frequency soil measurements and with  low frequency magnetic susceptibility soil measurements.
We calculated also the percentage loss of Susceptibility (%, see [5]) as:






where Va is the free volume of the jar, CRn is the radon concentration (Bq/m3), m is the sample mass
(kg), λ is the radon decay constant.

  
 
 






110.=4?0 ;,/4>6 .87.07=;,=487< Six soil
samples collected at the test sites of Lavello (3 samples) and Venosa (3 samples) were analyzed to determine radium concentration by using the CAN
Technique. A 100 g mass was inserted in a glass jar
with a volume of 5000 ml closed with a stopper and
sealed with a polyethylene sheet for 30 days. In each
jar, one LR-115 detector was attached below the
stopper at distance of 11 cm from the surface of the
sample (figure 1). After the exposure, the LR-115
detectors were chemically etched, using a solution of
2.5 N NaOH at 60 °C for 110 min. The track density
was determined by acquiring the image of the detector by means of a scanner with double lighting and
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deviation of 29.4 ×10−5 SI and a coefficient of variability of 29%.
We can conclude that we measure higher values
of magnetic susceptibility in Lavello. This enhancement in magnetic susceptibility for the Lavello test
site can be ascribable to anthropogenic input of magnetic material or to predisposing factors such as differences in geology and soil forming processes (paedogenesis, [6.7]).
Figure 4 and figure 5 show respectively correlations between  and  in Lavello and Venosa
test sites. Both the plots show a linear relationship
between  and and a high correlation coefficient. This behavior indicates homogeneity in the
magnetic size of magnetic grains of examined soils.
Double frequency magnetic susceptibility
probe is generally used for evaluating the characteristics of magnetic grains in soil samples. For discussing our results, we adopt the model proposed by
Dearing [8].
As shown in Table 1 and Table 2  mean
value in Lavello is 2%, whereas mean value in
Venosa is 4%. In particular. 5 of the 12 samples collected in Venosa show a value < 2%. Following
the Dearing model these soils are defined as “Virtually no Super Paramagnetic (SP) grains”. The remaining samples and all the samples collected in
Venosa are in the range 2%<< 10%.
These soils are defined as “Admixture of SP
and coarser non-SP grains or SP grains < 0.005µm”.
In addition, this difference between the two
soils can be ascribable both to anthropogenic and
natural causes.
For helping the interpretation of the results we
measured radium concentration estimation in soil
samples [9] that is a characteristic of soil indipendent
from anthropogenic influence.

& 
$0<>5=<81;,/4>6.87.07=;,=4870<=46,=48747
<845<,6950<
Location
Lavello
Lavello
Lavello
Venosa
Venosa
Venosa

Radium Concentration (Bq/kg)
12.1 ± 0.6
12.2 ± 0.6
9.4 ± 0.3
15.1 ± 1.1
16.6 + 1.5
16.0 ± 1.2
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Figure 2 (Lavello site) and figure 3 (Venosa
site) show magnetic susceptibility measurements
carried out in laboratory on the samples collected in
the two test sites.
Statistics of the measurements are shown in Table 1 and Table 2. For measurements performed at
the Lavello site high frequency magnetic susceptibility  ranges from 80.0 ×10−5 SI to 206.7 ×10−5 SI
with a mean value of 119.4 ×10−5 SI, a standard deviation of 36.4 ×10−5 SI and a coefficient of variability of 30%.
Moreover.  ranges from 82.0 ×10−5 SI to
210.4 ×10−5 SI with a mean value of 121.8 ×10−5 SI,
a standard deviation of 36.7 ×10−5 SI and a coefficient of variability of 30%.
For measurements performed at the Venosa site
high frequency magnetic susceptibility  ranges
from 60.3. ×10−5 SI to 144.5 ×10−5 SI with a mean
value of 96.2 ×10−5 SI, a standard deviation of 28.5
×10−5 SI and a coefficient of variability of 30%.
 ranges from 64.3 ×10−5 SI to 149.0 ×10−5
SI with a mean value of 96.5 ×10−5 SI, a standard

'$ 
,270=4.<><.09=4-454=B60,<>;0607=<.,;;40/8>=@4=3/8>-501;0:>07.B9;8-0,=,?0558
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In Table 3 results of radium concentration estimation are shown. In the two test sites we measured
different concentrations of radium. This result suggests us that we are examining soils with different
paedogenesis so higher levels of magnetic susceptibility measured in Lavello are probably ascribable to
natural processes and anthropogenic causes can be
excluded.
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We measured soil magnetic susceptibility values by means of a double frequency probe on soils
sampled in two close agricultural areas of the Basilicata Region (Southern Italy) devoted to cereal production.
Magnetic susceptibility measurements show a
good homogeneity of the samples for both the test
sites but we measure higher magnetic susceptibility
values in Lavello. analysis confirms that the soils
of two test sites are different for the presence of different magnetic grains. This difference can be ascribable both to soil forming processes and to anthropogenic influence. We measured radium concentration
estimation for helping us to ascertain if the observed
differences are due to natural processes. Measurements confirm this hypotesis.
This work is a first attempt to use radium concentration estimation for helping the interpretation
of magnetic susceptiblity measurements. We are
working for increasing radium measurements and
for a best definition of protocols.
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These activities are carried out in the framework of REACT project (Reinterpretation and validation of traditional knowledge for soil conservation
in areas of Basilicata devoted to cereal cultivation) –
Measure 124 of the Rural Development Programme
of Basilicata 2007-2013.
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