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Peanut is one of the most important oil and protein producing crops in the world. Quality of peanut seed
oil is influenced by temperature and moisture. However, little
is
known about the chemical
composition of peanut grown in environmental conditions of Turkey. Therefore, this study was
conducted at the Cukurova University Farm, Turkey as a main and double cropped to determinate oil
quality and fatty acid compositions of some peanut varieties in different growing seasons. The results of
study indicated that, the oil content (two years average) of peanut varieties ranged from 47.55-51.55% in
main cropped and 43.71-50.48% in double cropped growing seasons. Further, the oleic acid content was
also varied between 39.80-81.13% and 39.42-81.51% in main and double cropped growing seasons,
respectively and the linoleic acid percentage values of peanut varieties ranged from 1.73 to 36.38% in
main cropped and from 2.66 to 37.72% in double cropped growing season. Oleic acid to linoleic acid
ratio (O/L) was higher in main cropped than in double cropped growing season and iodine value was
higher in double cropped than in main cropped growing season.
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1 Introduction
Peanut (Arachis hypogaea L.) is the fourth major oilseeds crop
of the world next to soybean, rapeseed and cotton. In 2015,
peanut contributed 8.7% of the total oil seeds production (45
million ton) in the world (Anonymous, 2015). Peanut is an
important oilseed crop for vegetable oil production (Arioglu,
2014). About two-thirds of total peanut production is crushed
for oil and the remaining one-third is used in confectionery
products in the world (Dwivedi et al., 1993).
Peanut seeds contain 9.5-19.0% carbohydrate on a dry seed
basis it is a good source of mineral (P, Ca, Mg and K) and
vitamins (E, K and B group). Peanuts are also a cheap source
of protein, a good source of essential vitamins and minerals,
and a component of many food products (Dwivedi et al.,1996;
Yav et al., 2008; Ingale & Shrivastava, 2011; Chamberlin et
al.,2014; Chowdhury et al., 2015). Peanut contain 13 different
fatty acids (palmitic, palmitolic, heptadecylic, heptadecenoic,
stearic, oleic, linoleic, linolenic, arachidic, eicoseonic,
behenich, nervonic and lignoceric). Oleic and linoleic acids are
two important unsaturated fatty acids and both of them
comprised about 80% of fatty acid composition. The rest of
fatty acids are saturated fatty acids (20%). Peanut cultivars
varied in their fatty acid composition (Ahmed & Young, 1982)
The nutritional and storage qualities of peanut are determined
by its fatty acids composition. According to Andersen &
Gorbet (2002) peanut oil contains both saturated and
unsaturated fatty acids. Among these, the amount of saturated
and unsaturated fatty acids in peanut oil varies from 10.92 to
17.47% and from 81.13 to 94.81%, respectively. Oleic acid
content in peanut genotypes can vary from 21 to 85% and
linoleic acid from 2 to 43%.
The fatty acid composition of peanut is becoming increasingly
important diet for healthy living. The oleic to linoleic acid ratio
and iodine value were used to determine the quality of peanut

oil. Moreover, the degree of unsaturated fatty acid and the
stability of peanut oil were determined by using the iodine
value. High-oleic peanut has longer self-life than low-oleic
peanut and it has better flavor quality or stability than lowoleic peanut (Brown et al., 1975; Yav et al., 2008;Chaiyadee et
al., 2013)
Several factors such as variety, seasonal variation, genotype,
location, air and soil temperature, planting date, soil nutrient,
moisture availability, growing conditions and maturity affect
the fatty acid content in peanut oil (Young & Worthington,
1974; Brown et al., 1975; How & Young, 1983; Hashim et al.,
1993; Dwivedi et al., 1996; Hassan et al., 2005; Isleib et al.,
2008; Hassan & Ahmed, 2012; Chaiyadee et al., 2013).
The actual impact of seed maturity is dependent on genotype,
climatic conditions, and genotype/climate interactions. Lower
temperature during the seed development normally is
associated with more unsaturated oil due to the increased
activity of oleatedesaturase, which promotes the synthesis of
linoleic acid. The increase in oleic acid concentration with
increasing seed maturity is normally accompanied by a
decrease in palmitic, linoleic, arachidic, eicosenic, behenic and
lignoceric acid. Bovi (1982) and Holaday & Pearson (1974)
found that higher temperatures during the last 4 weeks before
harvest resulted in higher oil and oleic acid content and
correspondingly higher O/L ratios.
Oil content and fatty acid composition of peanut have been
studied in different cultivars and under different environmental
condition and it has been reported that the oil content of peanut
cultivars varied between 37.9-56.3%, oleic acid 37.7-82.2%,
linoleic acid 2.9-41.5, palmitic acid 9.6-13.2%, stearic acid
1.6-3.7%, arachidic acid 1.2-1.7%, behenic acid 1.2-3.5% and
iodine value varied between 88.6 to 105.4 (Dwivedi et al.,
1996; Özcan & Seven, 2003; Yav et al., 2008; Önemli, 2012;
Hassan & Ahmed, 2012; Chaiyadee et al., 2013; Mzimbiri et
al., 2014; Chowdhury et al., 2015; Escobedo et al., 2015).

Table 1 Peanut variety and their some characteristics.
Varieties
Halisbey
Sultan
Osmaniye-2005
NC-7
Batem-5025
Brantley
Wilson
Flower-22
Flower-32
Flower-36
Georgia Green
Florispan
*Oleic acid content

Market type
Virginia
Virginia
Virginia
Virginia
Virginia
Virginia
Virginia
Virginia
Virginia
Virginia
Runner
Spanish

Origin
Turkey
Turkey
Turkey
USA
Turkey
USA
USA
Chine
Chine
Chine
USA
USA
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Kernel size
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Small
Small

Type*
Normal
Normal
Normal
Normal
Normal
High
Normal
Normal
Normal
Normal
Normal
Normal

Growing period
Semi-spreading
Semi-spreading
Semi-spreading
Spreading
Semi-spreading
Spreading
Semi-spreading
Semi-spreading
Semi-spreading
Semi-spreading
Spreading
Erect
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Table 2 Average monthly temperature, monthly precipitation and relative humidity during the 2013, 2014 and long term (1950-2015)
growing seasons in Adana,Turkey (Anonymous, 2014).
Months
April
May
June
July
August
September
October

Average temperature (oC)
2013
2014
LT*
18.1
18.3
17.5
22.7
21.3
21.7
25.3
24.8
25.6
28.2
28.2
28.1
28.6
29.1
28.5
25.3
25.9
25.9
19.5
21.0
21.3

2013
43.2
57.4
0.3
0.0
0.0
15.0
16.5

Precipitation (mm)
2014
18.6
22.4
1.7
0.3
0.3
80.4
67.8

LT
54.7
47.6
19.8
7.0
5.3
17.6
40.6

2013
72.0
72.3
65.7
65.2
69.0
63.1
47.9

Relative humidity (%)
2014
LT
69.2
67.3
70.4
66.9
70.5
68.0
72.6
71.6
70.3
71.0
64.1
65.4
62.9
61.6

*LT: Long term
Keeping in mind the above point of view, Peanut has been
grown as a main and double cropped after a small grain harvest
in the Cukurova region in Turkey. The objective of the study
was to determine oil content and fatty acids composition of
some peanut cultivars grown at different growing seasons.
2 Materials and Methods
2.1 Plant material and culture conditions
Two field experiments were conducted at the experimental
area of the Department of Field Crops, Faculty of Agriculture,
Cukurova University, Adana, Turkey as a main and double
cropped in 2013 and 2014 years. Three different peanut
varieties were used as a plant material in this research. Some
characteristics of peanut varieties used in this research are
given in Table 1.The texture of the soil was clay loam. The
tests of soil in both seasons showed a pH of 7.7 with high
value of K2O and low value of P2O5. In addition, the soil was
very low in organic matter and nitrogen content. The lime
content was 22.3 % in the upper layers with high rate in lower
layers. In the Adana province of Turkey, winters are mild and
rainy, whereas summers are dry and warm, which is a typical

of a Mediterranean climate. The monthly average air
temperature during the research period (April-October) was
19.5 to 28.6oC in 2013 and 21.0 to 29.1oC in 2014.The total
rainfall was 89.2 mm and 172.9 mm during the growing
periods (main cropped and double cropped) in 2013 and 2014,
respectively. The relative humidity average was ranged from
47.9 to 72.3% in 2013 and 62.9 to 72.6% in 2014. The
differences between the years and long term for the climatic
data were not significant (Table 2).
2.2 Experimental design and Cultural Management Practices
The experiments were designed at Randomized Complete
Block design with three replicate in main cropped and double
cropped separately. Fertilizers were applied before planting,
250 kg ha-1 of DAP (45 kg ha-1 N, 115 kg ha-1 P2O5) in both
growing seasons. Ammonium nitrate (33%N) at the rate of 200
kg ha-1 was applied as a two times before first and second
irrigation. The crop was shown on April 10 and harvested on
October 5 in main cropped growing season, and sown on June
15 was and harvested on November 10 in double cropped
growing season in both years.

Table 3 The oil content, unsaturated fatty acids composition, oleic acid/linoleic acid ratio and iodine value of some peanut varieties
grown as a main cropped (two years average)*
Varieties
Halisbey
Sultan
Osmaniye-2005
NC-7
Batem-5025
Brantley
Wilson
Flower-22
Flower-32
Flower-36
G. Green
Florispan
Average
LSD (%5)

Oil content (%)

Oleic acid (%)

Linoleic acid (%)

O /L** ratio

Iodine value

48.94
48.62
50.28
47.55
50.14
48.70
48.54
46.96
49.26
51.02
51.55
48.45
49.16
N.S.

52.62d
54.46c
52.49d
63.41b
62.88b
81.13a
63.73b
50.20e
46.83f
45.60g
49.96e
39.80h
55.26
0.362

26.19e
24.35f
26.58e
16.78h
17.07gh
1.73i
17.50g
27.33d
31.00b
31.21b
28.38c
36.38a
23.71
0.675

2.01
2.24
1.97
3.78
3.68
46.90
3.64
1.84
1.51
1.46
1.76
1.09
-

91.42
89.92
91.94
84.49
84.35
73.58
85.92
91.42
94.68
93.98
92.84
98.24
-

*Same letters in a column are not significantly different; **Oleic acid / Linoleic acid (O/L)
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Table 4 The oil content, unsaturated fatty acids composition, oleic acid/linoleic acid ratio and iodine value of some peanut varieties
grown as a double cropped (two years average)*
Varieties
Halisbey
Sultan
Osmaniye-2005
NC-7
Batem-5025
Brantley
Wilson
Flower-22
Flower-32
Flower-36
G. Green
Florispan
Average
LSD (%5)

Oil content (%)
46.22de
46.33d
49.61ab
43.71f
46.07e
48.61abc
46.31cd
44.01ef
47.01cd
46.86cd
50.48a
47.93bcd
46.93
2.250

Oleic acid (%)
52.16e
53.23d
48.81g
57.40b
57.29b
81.51a
55.67c
51.60f
48.06h
43.59i
48.07h
39.42j
53.07
0.116

Linoleic acid (%)
27.24e
25.82f
31.09c
23.48h
23.18h
2.66j
24.28g
25.67f
30.19d
33.36b
20.25i
37.72a
25.41
0.415

O/L** ratio
1.91
2.06
1.57
2.44
2.47
30.64
2.29
2.01
1.59
1.31
2.37
1.05
-

Iodine value
92.94
91.30
96.53
90.94
90.33
75.52
90.73
89.75
94.54
95.98
75.55
99.93
-

*Same letters in a column are not significantly different; **Oleic acid/Linoleic acid (O/L)
2.3 Data collected and measurements
The plants harvested by hand when the 60% of the pods are
matured in both growing seasons. Total oil in the seed was
determined in a Soxhlet extractor, using petroleum ether as
solvent. Fatty acids composition, were determined by using
Fatty acid methyl esters were prepared according to AOCS
(1989). Iodine values (IV) of the peanut oils were calculated
using the equation given by Hashim et al. (1993) and
Chowdhury et al. (2015).
2.4 Statistics Analyses
Data were analyzed by using JUMP 8.1.0 package program
with Randomized Complete Block Design. The Least
Significant Differences (LSD) test was used to compare the
treatments at 0.05level.
3 Results
3.1 Oil Content
The two-year average data belonging to oil content, fatty acids
composition, oleic acid to linoleic acid ratio (O/L ratio) and
iodine value (IV) of peanut varieties at different growing
seasons has been presented in (Table 3, 4, 5 and 6). As it can
be seen from (Table 3), the oil content among peanut varieties
was insignificant in main cropped growing season. The oil
content of peanut varieties varied between 46.96-51.55% on
based of dry weight and the highest oil content (51.55%) was
reported in Georgia Green and the lowest (46.96%) was in
Flower-22 varieties.
On the other hand, the oil content values of peanut varieties
ranged from 43.71% to 50.48% in double cropped growing
season. The highest oil content (50.48%) was found in Georgia
Green while NC-7 accumulated the lowest oil content
(43.71%) in this season (Table 4).The average oil percentage
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of peanut varieties was 49.16% in main cropped and 46.93% in
double cropped growing season (Table 3 and 4).
3.2 Saturated Fatty Acids Composition
The differences among the peanut varieties were statistically
significant for saturated fatty acids (palmitic, stearic,arachidic,
behenic and lignoceric acids) in main and double cropped
growing season in a two-year average. The ranges of fatty
acids varied 5.85-12.80% of palmitic acid, 2.36-4.80% of
stearic acid, 1.17-1.93% of arachidic acid, 2.11-3.11% of
behenic acid and 1.01-1.88% of lignoceric acid in main
cropped growing season (Table 5). In double cropped growing
season, the palmitic acid percentage ranged from 5.86% to
12.25%, stearic acid from 2.28% to 4.16%, arachidic acid from
1.35% to 1.78%, behenic acid from 2.40% to 3.46% and
lignoceric acid ranged from 1.17% to 1.83% in a two-year
average (Table 6). The palmitic acid percentage of the peanut
varieties was found the highest among the saturated fatty acids
in a both growing season. The mean saturated fatty acids
percentages of peanut varieties were found 10.24, 3.53, 1.67,
2.76 and 1.42 of palmitic acid, stearic acid, arachidic acid,
behenic acid and lignoceric acid, respectively in main cropped
growing season. While, the values were 10.01, 3.10, 1.61, 2.90
and 1.47%, respectively in double cropped growing season.
The mean values of saturated fatty acids percentages of peanut
varieties were found almost similar in both (main and double
cropped) growing season.
3.3 Oleic and Linoleic Acid Content
Statistically significant differences were found among peanut
varieties for oleic acid percentage in both growing seasons.
According to two-year average, the oleic acid percentage
ranged from 39.80 to 81.13% in main cropped growing season
and 39.42 to 81.51% in doubled cropped growing season
(Table 3 and 4).
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Table 5 The saturated fatty acids composition of some peanut varieties grown as a main cropped (two years average)*.
Varieties
Halisbey
Sultan
Osmaniye-2005
Nc-7
Batem-5025
Brantley
Wilson
Flower-22
Flower-32
Flower-36
G. Green
Florispan
Average
LSD (%5)

Palmitic acid (%)
10.40d
10.02d
10.44cd
8.78e
8.49e
5.85f
8.51e
12.03b
12.04b
12.57a
10.90c
12.80a
10.24
0.502

Stearic acid (%)
3.19g
3.43e
3.02h
3.65d
3.71d
3.94c
3.22g
3.67d
4.03b
4.80a
2.36i
3.33f
3.53
0.079

Arachidic acid (%)
1.17h
1.82b
1.60f
1.80bc
1.93a
1.82b
1.62ef
1.68de
1.74bc
1.77bc
1.42g
1.66ef
1.67
0.066

Behenic acid (%)
2.82d
3.11b
2.81d
2.91c
2.96c
2.66e
2.66e
2.24g
2.40f
2.11h
3.25a
3.23a
2.76
0.077

Lignoceric acid (%)
1.62b
1.61b
1.57c
1.30ef
1.33e
1.26f
1.32e
1.32e
1.27f
1.01g
1.88a
1.51d
1.42
0.042

*Same letters in a column are not significantly different
In a two-year mean, the highest oleic acid percentage was
recorded in Brantley (81.13 and 81.51%) and the lowest in
Florispan (39.80 and 39.42%) in main and double cropped
growing season, respectively. Brantley was a high oleic type
genotype and for this reason, its oleic acid percentage was
found high. The others varieties are normal oleic type. The
differences between the varieties were statistically significant
for linoleic acid percentage in main and double cropped
growing season (two-year average). The linoleic acid
percentage of peanut varieties varied between 1.73-36.38% in
main cropped and between 2.66-37.72% in double cropped
growing season. The highest linoleic acid percentage was
found in Florispan (36.38 and 37.72%) and the lowest was in
Brantley (1.73 and 2.66%) in main and doubled cropped
growing season, respectively. It was observed, huge variation
between the peanut varieties for oleic acid and linoleic acid
content (Table 3 and 4). The average oleic and linoleic acid
percentage of peanut varieties was 55.26 and 23.71% in main
cropped and 53.07 and 25.41% in double cropped growing
season, respectively. The oleic acid percentage was found
higher in main cropped growing season and lower in double
cropped growing season. The linoleic acid percentage in

double cropped growing season was higher when compared to
main cropped growing season (Table 3 and 4).
3.4 Oleic Acid to Linoleic Acit Ratio (O/L) and Iodine Value
(IV)
The O/L ratio of peanut varieties (excluded Brantley genotype)
varied between 1.09-3.78 and 1.05-2.47 in main and double
cropped growing season, respectively (Table 3 and 4). The O/L
ratio was higher in NC-7, Batem-5025 and Wilson varieties
and was lower in Florispan and Flower-36 varieties in both
growing season. The O/L ratio was found very high in Brantley
(28.38 and 30.64) in main and double cropped growing season,
respectively. The means O/L ratio of peanut varieties was
found 2.27 and 1.92 in main and double cropped growing
season, respectively. The O/L ratio was higher in main cropped
than in double cropped growing season due to higher oleic acid
percentage in main cropped growing season. The iodine value
of peanut varieties ranged from 73.58 to 98.24 in main cropped
and from 75.41 to 99.93 in double cropped growing seasons.
The highest iodine value was found in Florispan and the lowest
in Brantley in both growing seasons.

Table 6 The saturated fatty acids composition of some peanut varieties grown as a double cropped (two years average)*.
Varieties
Halisbey
Sultan
Osmaniye-2005
Nc-7
Batem-5025
Brantley
Wilson
Flower-22
Flower-32
Flower-36
G. Green
Florispan
Average
LSD (%5)

Palmitic acid (%)
9.86e
9.69f
9.76f
8.95i
9.19h
5.86j
9.37g
11.58c
11.52c
12.25a
10.43d
11.70b
10.01
0.084

Stearic acid (%)
2.86h
3.42d
2.51i
2.28e
3.39d
2.36j
3.09f
4.03b
3.74c
4.16a
2.28e
3.04f
3.10
0.044

*Same letters in a column are not significantly different
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Arachidic acid (%)
1.57c
1.78a
1.47d
1.64b
1.72a
1.35e
1.63bc
1.78a
1.63bc
1.77a
1.36e
1.60bc
1.61
0.061

Behenic acid (%)
2.96d
3.09c
3.01d
2.78e
2.96d
2.65f
2.98d
2.64f
2.40h
2.52g
3.32b
3.46a
2.90
0.064

Lignoceric acid (%)
1.68b
1.52d
1.67b
1.17i
1.29g
1.49de
1.47e
1.40f
1.26h
1.23h
1.83a
1.62c
1.47
0.036
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The coefficient of linoleic acid was higher (1.7321) than oleic
acid (0.8601). The highest linoleic acid percentage was found
in Florispan in both growing seasons. For this reason, the
iodine value of Florispan was calculated as a high.
The average iodine value of peanut varieties was found 98.40
and 90.83 in main and double cropped growing season,
respectively. The mean oleic acid percentage was found 55.26
and 53.07% in peanut oil and linoleic acid was 23.71 and
25.41% in main and double cropped growing season,
respectively. The iodine values were different in different
growing seasons due to the variation of oleic and linoleic acids
in different in growing seasons.
4 Discussions
In the present study, it was observed that, the oil content
among peanut varieties was insignificant in main cropped
growing season. Under investigation, the air temperature at the
pod filling period was higher in main cropped growing season
than in double cropped growing season in both years. For this
reason, the average oil content of peanut varieties was found
higher in main cropped than in double cropped growing
season. In different studies by Holaday & Pearson (1974),
Brown et al. (1975), Raheja et al. (1987), Hassan et al. (2005),
Yav et al. (2008) and Isleib et al. (2008) were reported that the
oil percentage of peanut kernel varies between 35 to 56%
depending on genotype and growing conditions, and the oil
content of peanut varieties influence by genotype, seed
maturity, climatic conditions, geographical location, growing
season and growing conditions. Similar results were reported
by various researchers (Özcan & Seven, 2003; Yav et al.,
2008; Hassan & Ahmed, 2012; Önemli, 2012; Chowdhury et
al., 2015. Dwivedi et al. (1993), Isleib et al. (2008) and Önemli
(2012) reported that the peanut oil content is influenced by
climatic factors at the pod filling period. High temperature
during the growing season was correlated with high oil
content. Holaday & Pearson (1974) found that higher
temperatures during the last 4 weeks before harvest resulted in
higher oil and oleic acid content and correspondingly higher
O/L ratios.
Statistically significant differences among peanut varieties
were observed for saturated fatty acids in main and double
cropped growing season in a two-year average. The saturated
fatty acids content in peanut oil were strongly influenced by
genotype (Isleib et al., 2008). Similar results were supported
by the findings by How & Young (1983); Hassan & Ahmed
(2012); Önemli (2012); Mzimbiri et al. (2014) and Escobedo et
al. (2015). These results showed that the saturated fatty acids
content were not influenced by the environmental conditions.
Hassan et al. (2005) reported that significant differences for
saturated fatty acids among peanut cultivars were attributed
due variation of the genotypes.
In this study, a huge variation between the peanut varieties was
observed for oleic acid and linoleic acid content. Andersen &
Gorbet (2002) reported that oleic acid content in peanut
_________________________________________________________
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genotypes varied from 21 to 85% and linoleic acid from 2 to
43%. Escobedo et al. (2015) reported that the peanut oil is rich
in oleic and linoleic acids. Peanut oil composition is influenced
by several groups of factors including environmental factors,
genetic factors and interaction between environmental and
genetic factors (Andersen & Gorbet, 2002; Isleib et al., 2008
and Chaiyadee et al., 2013). These findings supported by How
& Young (1983), Dwivedi et al. (1993), Özcan & Seven
(2003), Hassan et al. (2005), Hassan & Ahmed (2012), Önemli
(2012), Mzimbiri et al. (2014), Escobedo et al. (2015) and
Chowdhury et al. (2015) .
These results showed that the oleic and linoleic acid content of
peanut varieties was affected by the environmental factors at
the growing seasons. It might be the reason of the higher mean
oleic acid percentage of peanut varieties in main cropped than
in double cropped growing season, and higher linoleic acid
percentage in double cropped than in main cropped growing
season . Holaday & Pearson (1974) found that higher
temperature during the last 4 weeks before harvest resulted in
higher oleic acid and lower linoleic acid content. Bovi (1982),
Raheja et al. (1987) and Önemli (2012) observed that the
correlation between oleic acid and linoleic acid percentages
was negative in peanut oil. Several factors affect the fatty acid
content in peanut oil, including variety, seasonal variation,
genotype, location, air and soil temperature, planting date, soil
nutrient, moisture availability, growing conditions and
maturity (Young & Worthington, 1974; Brown et al., 1975;
How & Young, 1983; Hashim et al., 1993; Hassan et al., 2005;
Hassan & Ahmed, 2012; Chaiyadee et al., 2013). Similar
results were reported by Holaday & Pearson (1974), Brown et
al. (1975), Dwivedi et al. (1996), Andersen & Gorbet (2002),
Hassan et al. (2005) and Isleib et al. (2008).
The ratio of Oleic acid to Linoleic acid(O/L) was higher in
main cropped than in double cropped growing season due to
higher oleic acid percentage in main cropped growing season.
In different studies, Brown et al. (1975), Yav et al. (2008) and
Chaiyadee et al. (2013) reported that the ratios of oleic acid to
linoleic acid (O/L ratio) and iodine value are determine the
quality, storability and shelf-life of peanut oil and its products.
In addition, iodine value (IV) was used to determine the degree
of unsaturated fatty acid and the stability of peanut oil. Higholeic peanut has longer self-life than low-oleic peanut and it
has better flavor quality or stability than low-oleic peanut.
Escobedo et al. (2015) reported that O/L ratio and iodine value
varied between 1.8-2.1 and 88.6-105.4, respectively in peanut
varieties grown in Mexico. Holaday & Pearson (1974) found
that higher temperatures during the last 4 weeks before harvest
resulted in higher oil and oleic acid content and
correspondingly higher O/L ratios. The authors postulated that
this temperature-O/L relationship may provide at least partial
explanation for observed problems with oxidative stability in
peanuts grown in colder climates or with colder temperatures
during the later weeks of the growing season. These findings
were supported by some other researchers (Young &
Worthington, 1974; How & Young, 1983; Dwivedi et al.,
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1993; Hashim et al., 1993; Andersen & Gorbet, 2002;
Chaiyadee et al., 2013).

AOCS (1989) Official and recommended methods. American
oil Chemists’ Society Press. Champaing, IL, USA.

The differences between the varieties for the iodine value may
be caused by the genetic factors. Similar types of result were
reported by some others researchers (How & Young, 1983;
Raheja et al., 1987; Hashim et al., 1993; Dwivedi et al., 1993;
Özcan & Seven, 2003; Chaiyadee et al., 2013; Chowdhury et
al., 2015. Escobedo et al. (2015) found that iodine value varied
from 88.60 to 105.40 in various peanut varieties grown in
Mexico. Similarly, Chowdhury et al. (2015) reported that
iodine value of peanut varieties varies between 98.83 to
105.3.The iodine values were different in different growing
seasons due to the variation of oleic and linoleic acids in
different in growing seasons and the lowest iodine value was
reported from the main crop than the double cropped growing
season. This was due to lower oleic acid percentage obtained in
double crop growing season.

Arioglu HH (2014) The Oil Seed Crops Growing and
Breeding. The Publication of University of Cukurova, Faculty
of Agriculture, Adana-Turkey. No: A-70, pp. 204.

Conclusions
The oil content and oil composition of peanut varieties were
affected by the environmental conditions during the growing
seasons. The fatty acids percentages among the varieties were
statistically significant in main and double cropped growing
seasons. Oleic acid percentage was higher in main cropped
growing season but Linoleic acid percentage was higher in
double cropped growing season. The average oil percentage of
peanut varieties was higher in main cropped growing season
(49.16%) than in double cropped growing season (46.93%).
The O/L ratio and iodine values of peanut varieties were found
differed in both growing seasons. Nutritional quality of the
peanut kernel is strongly influenced by environmental
conditions and cultivar characteristics (genotype).
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ABSTRACT

Potassium

Effective management strategies for nitrogen (N) and potassium (K) fertilizer are important to ensure
optimum yield and fiber quality of cotton production. The aim of this research was to study the
influence of nitrogen and potassium application on yield and fiber quality of cotton. Study was
conducted in a randomized blocks in a factorial design with three replicates. The nitrogen treatments (0,
60, 120, 180, 240 kg ha-1) and five K2O rates (0, 50, 100, 150, and 200 kg ha-1) are used in this study.
Among the various tested combinations, the best combinations are 180 kg N ha -1 along with 150 kg K
ha-1 and it produced the greatest seed cotton yieldand gin turnout. After 120 days of plantation 72%
reduction in the dry weight was reported in the nitrogen deficient treatment and these plants produced
only 17 bolls per plant and it was significantly different (25 bolls) than the plant treated by 180 kg N ha 1
. Significant and negative correlations were reported between boll number per plant and micronaire and
total dry matter yield were found at K fertilization treatments. Positive and significant correlations were
determined between gin turnout and micronaire and between fiber strength and total biomass production
at N fertilization. The highest fiber strength was recorded in the plant treated by the combination of 240
kg ha-1 nitrogen and 50 kg ha-1 potassium. For fiber length and fiber strength, no significant differences
were reported among the various treatments of potassium. From the results of this study it can be
concluded that combination of 180 kg ha-1 nitrogen and 100 kg ha-1 potassium are suitable for the
production of cotton crop.

Gossypium hirsutum
Cotton Seed yield
Interaction of N X K
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1 Introduction
Availability of nitrogen affect the indeterminate growth of
Cotton’s (Gossypium sps.), regular supply of nitrogen are the
basic need of for the cotton production. Since cotton
production covers a wide range of environments and economic
circumstances, hence yields and nutritional requirements of
this vary greatly. Depending on the varietal differences
agronomic practices and input requirements are also varies.
Nitrogen has to be applied under all set of growing conditions
because nitrogen requirements of cotton plant are different at
various stages of development. A wide variety of experiments
on the effect of fertility on cotton crop have been conducted
worldwide under various soils conditions and fertilizer sources
and with different rates and varieties (Fritschi et al., 2003;
Reddy et al., 2004; Read et al., 2006). Like nitrogen fertilizer,
continues removal of potassium fertilizer was also reported
and a reduction in cotton productivity was reported because
cotton crop appears to be more sensitive to K deficiencies
(Cope, 1981).
Remarkable improvements in cotton yield and quality resulting
from potassium input were reported by Mullins & Burmester
(1991) and Pettigrew et al. (2005). While the N and K
requirements are quite well disseminated to growers and
among these two, K received less attention. To manage the
efficacy of nitrogen fertilizer adequate supply of potassium is
required because a strong interaction between nitrogen and
potassium was reported by Johnston & Milford (2012). By
understanding how nutrients work together, a better strategy
can be developed for improving the productivity and deciding
wiser farm investments. This will also help in minimizing the
negative impacts of fertilizer. Knowledge of interactions
among major plant nutrients is important in formulating
balanced supply of fertilizers to crop plants. Studies with
cotton have shown N and K to be sensitive nutrients and their
potential interaction effects for profitable cotton production
(Pettigrew et al., 2005; Kumar et al., 2011). Objective of this
study was to determine the effect of nitrogen and potassium
fertilizers on yield and quality parameters of cotton crop under
Mediterranean environmental conditions.
2 Materials and Methods
The experiment was carried out at the Research Farm,
Cukurova University, Adana, the Eastern Mediterranean region
of Turkey. Study area was located between 37° 00' 02" N
latitude and 35° 18' 00" E longitude at 33 m altitude. Study
was conducted for two successive growing seasons of 2010
and 2011, using the cotton cultivar SG-125 (Gossypium
hirsutum L.). The soil of the experimental plots is classified as
a Vertisol (chromoxeret) and has relatively high clay content
with the predominant clay minerals smectite and kaolinite. The
climate of the experimental site is typically Mediterranean with
May-October growth season. Annual rainfall was reported

_________________________________________________________

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

Gormus et

between 50.3 mm (2010) to 88.1 mm (2011) and mean
monthly temperatures ranging between 27.6°C and 36.1°C and
between 26.7°C and 34.71°C in 2010 and 2011, respectively
(data not shown). Composite soil samples were taken from trial
site at depths 0-30 cm in both seasons. The soil was clay loam
in texture, nonsaline, slighly alkaline in reaction, and highly
calcerous. Soil properties of the experimental site are given in
Table 1.
Table 1 Soil characteristics of the experimental site.
Soil analysis

2010

2011

Organic matter (%)
CaCO3 (%)
Sand (%)
Clay (%)
Loam (%)
Texture
pH
Available nitrogen (mg kg-1)
Available phosphorus (mg kg-1)
Available potassium (mg kg-1)
Total sulfur (mg kg-1)

2.05
24.3
12.9
48.2
33.0
Clay loam
7.5
34
13.4
178
23.0

2.12
24.5
14.3
54.1
34.5
Clay loam
7.6
22
11.8
192
21.0

The experimental design consisted of randomized blocks in a
factorial arrangement with three replicates. Different fields
were used every year and new randomization was carried out
every year and the same plots were not used next year. Five
level of nitrogen viz. 0, 60, 120, 180 and 240 kg ha -1,
corresponding to N0, N60, N120, N180 and N240 kg N ha -1)
and K i.e. 0, 50, 100, 150 and 200 kg ha -1 corresponding to
K0, K50, K100, K150 and K 200 kg K ha-1) were used in this
study. The rate of N and K were established taking into
account the results of previous studies conducted in Turkey’s
cotton regions (Colakoğlu, 1980; Tozan, 1990; Gormus &
Yucel, 2002). The N and K were applied as ammonium nitrate
and potassium sulfate in three equal splits viz. 1/3 at time of
planting, 1/3 at early square and 1/3 at early bloom.
A buffer zone of 2 rows spacing was provided between each
plot. Plants were planted on 10 May 2010 and 28 April in
2011. Plots have 4 rows of 10 m length with a 0.7 m distance.
All plots received 70 kg triple superphosphate per hectare as a
basal rate. Standard cultural practices such as pest
management, weeding and irrigation were carried out as
recommended for the study area. After 120 days of planting
(DAP) plant dry matter (biomass) was measured. Five plants
were selected from the inner two rows of each plot and were
sampled; all the selected samples were partitioned into
vegetative and reproductive organs. All samples were dried at
70°C for 48 h, all the dried samples were weighed and dry
matter were estimated on the basis of per-unit-land-area. Ten
plants were selected from each plot to record the number of
open bolls at harvest. Seed cotton yield was determined from
the two inside rows from a 4 row plots.
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Table 2 Mean squares according to analysis of variance of yield, yield components and fiber traits.
S.O.V

df

Total dry
matter at
120 DAP

Open
bolls
plant-1

Replicate
2
1573.74
133.9
Year (Y)
1
22841.3**
5928.**
N rate(N)
4
541112. **
466.5**
YXN
4
17265.8**
66.04*
K rate (K)
4
21803.0**
66.58*
YXK
4
518.65**
24.77
NXK
16
1432.318**
28.36
YXNXK
16
1092.49**
42.55*
Error
98
210.15
20.72
* Significant at P<0.05 ; **Significant at P<0.01

Boll
weight
0.899
23.537**
9.239**
2.462*
3.698**
1.373
1.909**
1.874**
0.778

At harvesting stage, 20 ready to harvest bolls from the two
central rows were collected from each plot to determine boll
weight, gin turnout and fiber properties. Average boll weight
was calculated by dividing the total plant seed cotton yield
with respected to number of bolls per plant. Fiber analysis was
conducted by using High Volume Instrumentation (HVI)
method. Data were analyzed by analysis of variance and
regression analysis was performed. Means were compared
using LSD at 5% significance level. Appropriate regression
model was selected on the basis of R2. The combined data
showed interactions with year, thus, all the data are presented
separately for each year.
3 Results and Discussion
Mean squares analysis of variance for yield, yield components
and fiber traits are presented in Table 2. Significant effects
were observed for total biomass, number of open bolls per
plant, boll weight, gin turnout, cotton seed yield, fiber strength
and micronaire. The main effects associated with N and K rate
were significant for total biomass, number of open bolls per
plant, boll weight, gin turnout, seed cotton yield and
micronaire. Interactions between N X K have significant effect
on the boll weight, gin turnout, seed cotton yield, fiber strength
and micronaire. Further, interaction between Year X N was
also showing a significant effect on total biomass, number of

Gin
turnout
1.053
4.824*
29.13**
4.082**
3.185**
0.370
4.535**
1.870**
0.799

Seed
cotton
yield
9235.3
8939.**
13856**
3015.**
8015.**
813.1
1790.**
996.1
798.6

Fiber
length
0.038
52.819
3.953*
2.110
1.622
0.247
2.015
0.382
1.179

Fiber
strength

Micronaire

1.851
100.8**
8.460*
1.171
0.106
0.337
5.087*
0.361
2.541

0.183
2.089*
1.650**
0.106
0.451**
0.023
0.323**
0.052
0.074

bolls per plant, boll weight, gin turnout and seed cotton yield.
Like nitrogen, interaction of Year X K also has significant
effect on total biomass. Combination of all three factors (Year
X N X K rate) were found significant for total biomass,
number of open bolls per plant, boll weight and gin turnout.
3.1 Effect of fertilization of Total dry matter
Production of total dry matter (TDM) was significantly
increased with increasing N fertilizer up to N180 and afterward
a remarkable reduction was reported up to N240 in both years.
Improvement of TDM was always higher in 2011 as compared
to 2010 for all treatments (Table 3). Incase in the rate of K
fertilizer application caused significant improvement in the
value of TDM and the highest value in 2010 was observed at
K200. Similarly, improvement in TDM was also recorded in
2011 at K200 but it was not statistically different from the
K150 (Table3). Similar results were also reported by Yang et
al. (2016), who reported that 150 kg K ha -1 was the best
application strategy for maximum aerial biomass of cotton.
Significantly positive linear relationships existed between N
and K rates and total biomass accumulations in both years
(Figure. 2b) and also reported a correlations between total
biomass accumulation and seed cotton yield (r=0.980**).
These results are consistent with the findings of Makhdum et
al. (2007) and Clement et al. (2013).

Figure 1 Interaction effects of N and K (over 2 years) on: a) cotton seed yield; b) gin turnout; c) boll weight; d) fiber strength and e)
micronaire
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Table 3 Effects of N and K on total dry matter and yield components.
Total dry matter accum.
(g m−2)

Open bolls plant-1

N rate (kgha-1)
2010
2011
2010
2011
0
475e
464e
10.7d
22.1d
60
578d
557d
11.2d
23.8cd
120
641c
709c
14.1c
27.7bc
a
a
a
180
810
816
21.3
30.2a
240
687b
767b
17.7b
29.0b
LSD(5%)
2.55
14.30
1.16
3.93
K rate (kgha-1)
0
605e
625c
13.3c
24.5
50
622d
646b
14.1bc
26.2
100
640c
657b
15.2ab
28.8
150
653b
692a
15.4a
27.0
a
a
a
200
671
693
15.9
29.4
LSD(5%)
2.55
14.30
1.16
ns
Means followed by the same letter are not significantly different at P = 0.05
These results may be reported because of adequate supplies of
N and K which has significant effect on plant dry matter
production. Plants with low supply of these nutrients show
lower dry matter production, which impacts the production and
allocation of photosynthates to the reproductive organs. The
way cotton plant allocate photosynthates between vegetative
and fruit growth in response to K nutrition critically affect the
cotton yield potential. Significant reductions in total dry matter
production with nitrogen deficiency were reported by
Lokhande & Reddy (2015) and Fritschi et al. (2003). In this
concern, another study revealed a significant effects of
nitrogen sources and rates on dry matter in different crops and
environments (EL Sabagh et al., 2016). Contradictory findings
were reported by Pettigrew & Meredith (1997) those who
reported that total plant dry matter was not altered by N and K
fertilization.
3.2 Number of open bolls per plant
Number of open bolls per plant increased significantly with
increasing the rates of N application but this increment was
reported only up to N 180 kg/ha and thereafter sudden
reduction was reported for both the years. The treatment
containing N180 had statistically higher number of open bolls
per plant (21.2 and 30.3) for both years, respectively (Table 3).
Although number of bolls increased significantly with
increasing rates of K fertilizer in 2010 but this improvement
was not significantly different from 2011 (Table 3). A
significant difference was reported between K150 and K200
treatments in case of open bolls per plant. Highest N rate
reduced the number of open bolls; possibly because of high N
levels in soil can cause excessive vegetative growth, which
generally is detrimental to lint quality, and yield (McConnell et
al., 1995). Boll number is closely connected with the formation
of fruiting sites and nitrogen application could promote boll
production, as evident from the significant relationship
between the boll number per plant and N and K applications
(Figure. 2c). No significant differences through K application
were reported by Mert et al. (1999) and Karademir et al.
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Boll weight
(g)

Gin turnout
(%)

2010
6.5b
7.1ab
7.3a
7.2a
5.5c
0.56

2011
7.2b
8.0a
8.1a
7.5ab
6.8b
0.73

2010
42.8b
42.2bc
44.2a
44.2a
41.6c
0.67

2011
42.4c
43.7b
43.4b
44.7a
42.6c
0.65

6.4
7.0
7.0
6.6
6.4
ns

6.6b
7.7a
7.7a
7.8a
7.7a
0.73

43.5
42.8
42.7
43.3
42.7
ns

43.8
43.2
43.3
43.4
43.0
ns

(2006). Zhao et al (2001) reported that declining trends under
K deficient conditions for boll number and biomass similar to
results of present study.
3.3 Boll weight
Statistically highest boll weights were reported in the plots
receiving 60, 120 and 180 kg Nha-1. Boll weights were found
to increase by 9.2 to 11.1% with increasing N from 0 to 60 kg
ha-1 in 2010 and 2011, respectively. Lowest boll weight was
reported from the treatment containing N240 in both years but
in 2011 no significant difference was reported between the
treatment N0 and N240 (Table 3). Total boll weight was
declined in N-deficient and N240 treatments because of less
number of bolls produced and retained. K applications did not
significantly affect boll weight in 2010, whereas it increased
significantly in response to all K fertilizer applications over the
K0 treatment in 2011 but no statistical differences were
observed with the increment of K from K50 to K200
treatments. Nitrogen availability influenced biomass
remobilization to the boll and affected boll growth. Decrease in
boll weight in treatment containing K0 treatment was due to
early abscission of leaves and carbohydrates accumulated in
main stem leaves, so late formed bolls developed incompletely.
Adding K increased maximum boll filling compared to
treatments without K fertilizer, displaying the essential role of
K in metabolism of carbohydrates, which is directly related to
the fiber components and in remobilizing assimilates to the
bolls. The increase in boll weight is correlated positively with
the increase in K fertilization rate (Kumar et al., 2011).
3.4 Gin turnout
Result of gin turnout showed a significant improvement on the
application of nitrogen. Among various tested N application
rate highest gin turnout was reported from the treatment
containing N120 and N180 and these two are significantly than
the other N treatments and N240 which produced the lowest
gin turnout.
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Table 4 Effects of N and K on yield and fiber quality traits.
Seed cotton yield (kg ha-1)

Fiber length (mm)

-1

N rate (kg ha )
2010
2011
2010
2011
0
1611e
1796e
29.5
27.7b
60
2603d
2345d
30.3
28.9a
b
b
120
3119
2988
29.4
28.9a
180
3674a
3373a
29.6
28.7a
c
c
240
2840
2573
29.7
28.2ab
LSD(5%)
145.5
186.2
ns
0.88
K rate (kg ha-1)
0
2497c
2439c
29.5
28.2
c
50
2640
2563bc
29.7
28.3
100
2797b
2611abc
29.5
28.4
150
2942ab
2810a
29.9
28.6
200
2971a
2653ab
29.8
28.9
LSD(5%)
14.55
186.2
ns
ns
Means followed by the same letter are not significantly different at P = 0.05
A similar trend was reported in 2011 also and the highest gin
turnout was reported from the treatment N180 while lowest gin
turnouts were reported from the N0 and N240 plots (Table 3).
No significant effect of potassium fertilizer was reported on
gin turnout at both years. In this respect, findings of present
study are contradictory to the findings of Cassman et al. (1990)
and Pettigrew (1999) those who reported a significant
improvement in gin turnout on the application of potassium
fertilizer.
3.5 Seed cotton yield
Like other treatments, here also highest seed cotton yield was
reported on the application of nitrogen fertilizer @ 180 kg N
ha-1 and this was significantly different from the all other
nitrogen treatments while the lowest seed cotton yield was
reported from the fertilizer rate 240 kg N ha−1. These results
are in agreement with the findings of Berberoğlu & Karaltın
(2001) and Karademir et al. (2006) those who reported a
reduction in the seed cotton yield on the higher nitrogen
fertilizer application. On the application of potassium, a
significant improvement was reported in cotton seed yields and
this improvement was reported maximum in the plots treated
with 150 to 200 kg K ha-1 as compared to the control, 50 and
100 kg ha-1 treatments in 2010. In 2011, the trends are slightly
different and all the tested level are almost at par to each other
and no significant difference was reported among them (Table
4).
The higher seed cotton yield at N180 may be due to the
cumulative effect of higher number of bolls per plant and
continued availability of nutrients. Nutrient deficiency or
insufficient supply of fertilizers might provide insufficient
assimilates and this lead to the formation of square or small
boll abortion and reduced number of boll per plant. According
to Wu et al. (1998) nitrogen is an essential nutrient in
producing plant dry matter, thus influencing boll development,
increasing the number of bolls and weight. Production of
photosynthates required for achieving higher yields becomes
inefficient under K deficit conditions.
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Fiber strength (g tex-1)

Micronaire

2010
29.5b
30.6a
30.5a
30.8a
31.2a
0.82

2011
28.1
28.9
29.4
29.0
29.0
ns

2010
5.44b
5.43b
5.70a
5.74a
5.30b
0.22

2011
5.04b
5.18b
5.64a
5.53a
5.03b
0.18

30.6
30.7
30.6
30.4
30.4
ns

29.0
28.8
28.8
28.8
29.1
ns

5.35ab
5.41a
5.38a
5.10c
5.19bc
0.18

5.63
5.61
5.57
5.41
5.38
Ns

3.6 Fiber quality
With the exception of micronaire in 2010, fiber quality
parameters was unaffected by the application of potassium,
while fiber length and strength values were reported similar in
both the studied years, respectively (Table 4). Results (except
for micronaire) of present study were generally inconsistent
with previous reports (Cassman et al., 1990; Pettigrew, 1999)
those who reported a significant effect of K fertilization on lint
quality. Fiber length and strength were significantly lower for
the plots without nitrogen application as compared to the plots
treated with nitrogen. Plot treated with N60 produced 1.2 mm
longer fibers. Results of nitrogen application show similarly
with the findings of Wang et al. (2012) those who suggested
that both N deficiency and excess N can reduce the
accumulation of nutrients in fiber cells which caused reduction
in the fiber length. Similarly, Fritschi et al. (2003) reported
increased fiber length with increasing N applications.
According to Zhao et al. (2010) increase in the level of
nitrogen can boost the fiber grade in terms of length and
strength of cotton fiber.
Higher micronaire values were associated with the N120 and
N180 while the lower values were reported from the treatment
containing N60, N240 and N0. Higher K rates (150-200 kg ha1
) resulted in reduction in micronaire values while the
micronaire values of K0, K50 and K100 are not statistically
different in 2010 (Table 4). Fiber length response to fertilizer
N at the experiment site supports results of previous research
which suggest N applications have positive impact on fiber
length (Bauer & Roof, 2004; Read et al., 2006). In present
study application of lower N given higher fiber length, it is
possibly due to lower biomass production. Keller (1997)
reported that the low micronaire was offset by a relatively high
number of bolls per plant. Further, it was reported that fiber
quality of was low for the plants grown under low N
concentrations while it was reported higher on the optimum
supply of nitrogen. Reason behind this may be a positive
correlation between the nitrogen application and carbohydrate
supply during boll development (Tewolde & Fernandez, 2003).
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Figure 2 Relationships between K rates and (a) cotton seed yield; (b) biomass production; (c) boll number per plant and (e) micronaire; N
rates and (b) biomass production; (c) boll number per plant; and (d) fiber strength during t2010 and 2011 years.
Cotton which is over-fertilized with N often has lower
micronaire because it creates a condition of low carbohydrate
in relation to boll demand. Bauer & Roof (2004) and Read et
al. (2006) reported that N-deficient can reduced fiber length,
strength and micronaire values in cotton plant. Potassium is
directly involved in the physiology of fiber elongation and
thickening, thus K deficiency reduces micronaire, strength and
length. The effect of potassium on fiber quality has been
reported inconsistent across the study period. Pettigrew (2003)
found that plants grown at 0 kg K ha-1 produced lint with low
micronaire and no fiber strength differences among different K
treatments. Pettigrew et al. (1996) reported a drastic reduction
in the length and micronaire quality on K deficiency.
3.7 Effect of N and K interaction on cotton
A significant interaction effects were reported for seed cotton
yield, gin turnout, boll weight, boll numbers per plant, fiber
strength and micronaire. This N*K effects was also supported
by significant linear regression coefficients. Significantly
higher yield was reported in the treatment containing 60 kg N
ha-1 without K and it shows superiority over the nitrogen and
potassium control (Table 2, Figure. 1a). It was observed cotton
seed yields were significantly increased with the application of
180 kg N combined with either 100 or 150 kg K ha-1. The
highest N application (240 kg ha-1) tended to decrease yields.
Potassium applications increased yields with N in both years.
The linear K regression coefficient for seed cotton yield was
_________________________________________________________
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significant in 2010 but not in 2011 (Figure. 2a). Among
various tested combinations, the interaction between N180 and
K0 had the greatest gin turnout while the lowest gin turnout
was related to the interaction of N240 and K150 treatments
(Figure. 1b). Maximum boll weights were obtained from N120
along with K50 to K200 treatments and also N180 along with
K50 to K100 treatments. Further, Minimum boll weight was
recorded at combination of N60 and K200 treatment (Figure.
1c). Maximum fiber strength values were related to the
interaction between N60 and K200 treatments, and also the
interaction between N240 and K0 treatments (Figure. 1d).
Similarly, highest micronaire value was recorded at N120 and
N180 together with K100 treatments while the lowest
micronaire value was obtained at the highest N and K rate
treatments (Figure. 1e).
3.8 Correlation Coefficients at N and K Fertilization
Treatments
Positive relationships were found between total dry matter and
fiber strength (r=0.947*) and boll number per plant (r=0.908*)
in 2010 and 2011, respectively. A positive correlation was
reported between gin turnout and micronaire (r=0.984**) in
2010 at nitrogen fertilization treatments while a negative
relationships were found between micronaire and seed cotton
yield(r= -0.935*), total dry matter (r= -0.942), fiber length (r= 0.910*) and boll number per plant (r= -0.886*). Vegetative
growth and plant biomass were decreased under K deficient
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conditions (Kerby & Adams, 1985), because potassium plays
an important role in photosynthesis, accumulation and
allocation of carbohydrates (Reddy & Zhao, 2005). Micronaire
is linearly related to the sufficient amount of carbohydrate
supply for developing bolls provided by canopy photosynthesis
(Bauer et al., 2000).
Similarly, a positive correlation was reported between total dry
matter and seed cotton yield(r=0.980**).
Positive
relationships were found between boll number per plant and
seed cotton yield(r=0.963**) and total dry matter (r=0.990**)
in 2010. Makhdum et al. (2007) reported positive significant
correlations between seed cotton yield and total dry weight
under the addition of K fertilizers in this manner results of
present study are in agreement with the findings of these
researchers. Negative relationships were found between
micronaire and total dry matter (r= -0.882*) and boll number
per plant (r= -0.986**) at K fertilization treatments in 2011.
Higher boll loads or large number of bolls, create a greater
demand for assimilates of each boll and increased competition
may decrease the amount of cellulose available for each fibre
and consequently lower the fibre micronaire (Kelly et al.,
2008).
In 2011, significant correlation was found between total
biomass production and seed cotton yield(r=0.900*); between
fiber length and total biomass production (r=0.928*).
Significant and negative correlations were reported between
micronaire and total biomass production (r= -0.882*), boll
number per plant and micronaire (r= -0.986**) at K
fertilization treatments. Findings of this study are contradictory
to the findings of Clement et al. (2013), those who reported
that there was no significant relationship between total biomass
and fiber-quality parameters. The supply of potassium rates
according to the linear regression model, increased seed cotton
yield which varies from 2640 to 2971 kg ha -1 and showing an
increase of 10.2% with the higher potassium rate compared to
the lowest rate in 2010 (Figure. 2a). Fritschi et al. (2003)
described a quadratic relationship between micronaire and N
treatment at one site and linear functions at the other site.
Cotton biomass production response to N rates is linear which
indicating that application of highest N rate did not maximize
the biomass (Figure. 2b) under the conditions of this
experiment. A linear relationship between total dry matter
accumulation and K rate was observed in 2010 and 2011.These
strong relationships indicated a trend toward greater dry matter
accumulation and partitioning into developing bolls with
increasing N and K applications. As evident from this study
showed overall lower plant assimilates levels caused lower
total biomass which would help in the explaining the lower
yields and poorer fiber quality in K plots.
The number of bolls per plant varied with the nitrogen and
potassium rates, as in the linear regression model, increasing
with the nitrogen and potassium supply from 60 to 180 kg N
ha-1 and from 50 to 150 kg K ha-1, respectively (Figure. 2c).
Different K rates varied as regards the mike values, as in the
linear regression model (Figure. 2e), the micronaire values
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decreased (from 5.4 to 5.1) as the potassium rates increased
from 50 to 150 kg ha-1 in 2010. N rates also resulted in a linear
response of fiber strength (Figure. 2d), which is in accord with
Fritschi et al. (2003), who reported a significant effect of N on
fiber strength. Fiber micronaire also revealed a linear reduction
with increase the K levels (r2 = 0.92, Figure. 2e), indicating
negative association with K treatments.
Conclusions
Overall evaluation of the findings indicates that the best
combination is 180 kg N along with 100 kg K ha -1appeared
most appropriate and suitable for achieving higher yield and
yield attributes in cotton. Positive yield responses to K
applications suggested the importance of K application to the
cotton crop in clay loam soil for optimum growth and high
yield in the present study conditions, where conventional
management practices have usually applied excessive amounts
of N while not considering K fertilization because it is thought
that the soils of Turkey are rich in K and no need application of
K fertilizer. Consequently, it can be suggested that N180 and
K100 or K150 kg ha-1 can be suitable fertilizer management
practice for cotton production in experimental and similar
environments.
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ABSTRACT
To evaluate the mechanism and levels of herbicide resistance in Sinapis arvensis, a series of
experiments were performed. Sequencing of ALS gene in S. arvensis sub-populations was carried out
and ALS-based resistance (substitution of Asp by Glu) was detected at position 376 in this weed
species. Further, it was reported that combined application of herbicide mesosulfuron + iodosulfuron
can cause up to 50% reduction in dry weight (GR50) of heterozygous resistant (FHR3), homozygous
resistant (FHR2) and homozygous susceptible (MHS1) sub-populations and it was reported 2409, 603
and 289 g ha-1, respectively. Further, resistance indices (RI) were reported 8.3 and 2 for FHR 3 and FHR2
sub-populations, respectively. Based on LD50, RI values were 8.5 and 4.5 for FHR3 and FHR2,
respectively. Growth reduction occurred in the resistant homozygous when compared with the
heterozygous sub-population in the presence of mesosulfuron + iodosulfuron.
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1 Introduction

2 Materials and Methods

From the ancestral time, farmers and researchers have made
various efforts to control weeds. From last few decades use of
herbicides increased drastically, however, despite the higher
application of herbicides, sometime very limited success has
been achieved in weed control (Mcgillion & Storrie, 2006;
Gherekhloo et al., 2016). Further, continuous excess use of
herbicide caused herbicides resistance in the crop weeds.
According to Heap (2016) till today, total 471 weed species
have developed resistance to herbicides. Globally, now in these
days, among the herbicides which are currently used in agroecosystems, acetolactate synthase (ALS) inhibitor herbicides
have been most widely used by farmers and researchers
(Mallory –Smith et al., 1990).

2.1 Plant materials

ALS enzyme has catalytic effect on the branched chain amino
acids, such as valine, leucine and isoleucine (Xu et al., 2010;
Cui et al., 2011). ALS enzyme is the target-site of different
chemical families such as sulfonylureas, imidazolinones,
triazolopyrimidines,
pyrimidinylthiobenzoates
and
sulfonylaminocarbonyl-triazolinones (Cruz-Hipolito et al.,
2013). In case of target site based herbicide resistance,
herbicide cannot bind to the enzyme catalytic site (Pang et al.,
2002; Duran-Prado et al., 2004; Duggleby et al., 2008; Powles
& Yu, 2010; Jian et al., 2011). Common amino acid
substitutions in the ALS gene that confirmed target site
resistance and provide protection against herbicide damage are
Ala-122, Pro-197, Ala-205, Asp-376, Arg-377, Trp-574, Ser653 and Gly-654 (Yu & Powles, 2014; Cross et al., 2015).
Consequently, substitution of certain amino acids within the
herbicide binding area can cause resistance to some herbicides,
but not all of them (Yu et al., 2012).
Assessment of herbicide resistance are often carried out using
based on the comparison of growth and survival of the plants
suspected to be resistant or susceptible to different range of
herbicide doses. Moreover, recently, uses of molecular
methods also facilitate the detection of herbicide resistance
mechanism (Kaundun & Windass, 2006; Delye et al., 2013).
Herbicide resistance mechanisms divided in two groups of
target-site and non-target-site resistance. The vast majority of
the resistance cases to ALS inhibitors reported in the literature
are target-site resistance (Tranel et al., 2011; Wiersma, 2012).
Identifying target-site resistance mechanism is vital for
understanding, diagnosing and managing herbicide resistance.
So, molecular approaches include sequencing (Corbett &
Tardif, 2006), enable deciphering the genetic basis of resistant
(Duran-Prado et al., 2004; Duggleby et al., 2008; Breccia et al.,
2013; Ochogavia et al., 2014; Tranel et al., 2014). Therefore, in
this study, it was investigated that whether target-site mutation
confers resistance to ALS inhibitor herbicide with two active
ingredient (mesosulfuron + iodosulfuron) in wild mustard (S.
arvensis) or not, and, if so, the resistance levels for each
homozygous/heterozygous mutation were also determined.
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Two resistant and one susceptible sub-population of S.
arevensis were used in this experiment. Seeds of mesosulfuron
+ iodosulfuron resistant S. arvensis plants collected from
different wheat fields in Firoozabad, Fars Province, Iran. The
seeds were separately planted in pots already filled with peat.
At the 3-4 leaf stage, seedlings from FHR3, FHR2 and MHS1
sub-populations were treated with mesosulfuron-methyl (10
g/L) + iodosulfuron-methyl-sodium (2 g/L) at commercial
rates of 0, 187, 375, 750, 1500 and 3000 mg ha1 (Atlantis, 40
OD, Bayer, Crop Science, Germany), utilizing a moving-boom
with 8004 Tee-Jet nozzles sprayer delivering herbicide at a rate
of 400-L water ha-1 at a pressure of 200 kPa. The pots were
kept outside in growing season. Survival rate and dry weight
were assessed 4 weeks after treatment.
2.2 ALS gene sequencing
ALS sequencing was obtained for each sub-population of
FHR3, FHR2 and MHS1. Total genomic DNA was extracted
from each plant of sub-populations by utilizing genomic DNA
isolation kit (Denazist, Mashhad, Iran). Fragments of the ALS
gene that included the regions of domains A, B, C, D and E
were amplified. Changes in these domains can cause target-site
resistance to ALS inhibitor herbicides. ALS primers were
designated from S. arvensis (Accession numbers: FJ861277.1
and FJ655877.1). The specific primers used were, SAR1F-5’CTA TGT CCT ACG TTA TGA GCC-3’- and SAR1R-5’TCG AGC TTT CCC GTG ACA CG-3’-, SAR2F-5’-GTA
ACG ACG AGT TGT CTC TGC-3’- and SAR2R-5’-TCC
AAC AGG TAT GGT CCT GG-3’-. These primers were used
to detect any amino acid changes in the ALS gene and related
to ALS resistance to S. arvensis. Sequencing of the purified
genomic DNA was performed in the Medical University,
Shiraz, Iran.
2.3 Statistical analysis
All data presented here are mean values of four replicates. For
herbicide dose-response assay, the dose required to kill 50% of
the population (LD50) or cause 50% dry weight reduction
(GR50) was calculated by non-linear regression using a threeparameter log-logistic model which fitted better than the other
models (Xu et al.,2010; Cui et al., 2011).
y = a/ [ 1+ (x/ xo)b ]
Where, a is the upper limit, b is the slope of the curve, x is
x
a constant and 0 represent to herbicide dose that reduces
survival and dry matter by 50 percent. Resistance index (RI) of
S. arvensis to mesosulfuron + iodosulfuron was computed as
IR50 (FHR2 or FHR3)/IR50 (MHS3). LD50 and GR50 indices
were analyzed based on sigmaplot 12.0.
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Table 1 The resistance level of different S. arvensis sub-populations from Iran, to Mesosulfuron + iodosulfuron by dose-response
experiment.
Sub-populations
LD50 (g ha-1)
a
b
R2
RI
FHR3
3160
98.83
5.42
0.99
8.5
FHR2
1664
96.69
5.59
0.99
4.5
MHS1
371
98.02
5.17
0.99
Sub-populations
GR50 (g ha-1)
a
b
R2
RI
FHR3
2409
100.21
3.53
0.99
8.3
FHR2
603
103.23
2.25
0.99
2
MHS1
289
99.36
3.18
0.99
LD50 and GR50 effective dose of Mesosulfuron + iodosulfuron causing 50% reduction in survival and dry weight respectively; RI, ratio of
LD50 or GR50 values relative to the susceptible sub-population. RR is homozygous Glu-376 resistant sub-population, RS is heterozygous
(Asp/Glu-376) resistant sub-population and SS is homozygous (Asp-376) susceptible sub-population
3 Results and Discussion
3.1 Plant dose-response assays
The plant dose-response assay study revealed the GR50 values
for FHR3, FHR2 and MHS1 sub-populations and it was
reported 2409, 603 and 289 g ha-1 for mesosulfuron +
iodosulfuron application respectively (Table 1). Further, RI
values were reported 8.3 and 2 for FHR3 and FHR2 subpopulations respectively (Table 1 and Figure. 1). Based on
GR50 and RI values, it can be concluded that FHR3 and FHR2
sub-populations have low to moderate resistant against
mesosulfuron + iodosulfuron, respectively (Figure. 3).
Moreover, no MHS1 sub-population growth at the
recommended dose of mesosulfuron + iodosulfuron was
identified (Figure. 1).

The similar trend was reported for the LD50 values and it was
reported 3160, 1664 and 371 g ha-1 for the FHR3, FHR2 and
MHS1 sub-populations respectively on the application of
mesosulfuron + iodosulfuron (Table 1 and Figure. 2). RI
values were 8.5 and 4.5 for FHR3 and FHR2, respectively.
Growth of the FHR2 sub-population was reduced (Figure. 1)
and resulting in 1.3 fold higher LD50 than the GR50 values
(Figure. 1, Figure. 2 and Table 1).
Moreover, based on LD50 homozygous Raphanus
raphanistrum for Asp-376-Glu were highly resistant to
sulfonylurea herbicide chlorsulfuron (Duhoux et al., 2015). In
addition, some studies emphasis that the homozygous Asp376-Glu resistant plants treated with ALS herbicides are
weaker than 122-Tyr, 197-Ser and 574-Leu in different
resistant weeds (Warwick et al., 2005; Whaley et al., 2007;
Ashigh et al., 2009; Duhoux et al., 2015).

Figure 1 Effect of Mesosulfuron + iodosulfuron on dry weight of the homozygous resistant (Glu-376) FHR4 (dot line), heterozygous
resistant (Asp/Glu-376) FHR3 (solid line), and homozygous (Asp-376) susceptible MHS3 (dash line) S. arvensis sub-populations from
Froozabad, Iran. Error bars represent standard error of three to four replicates.
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Table 2 ALS sequence data. Substitution at position 376 resulted in amino acid changes in resistant S. arvensis sub-populations; and all
other substitutions are neutral.
Nucleotide Polymorphisms
Amino acid
Ser
Amino acid no.
133
codon
TCT
population
MHS1
C
FHR2
C
FHR3
C
Arabidopsis
T

Thr
167
ACT

Leu
175
CTC

Gly
178
GGA

Asp
181
GAT

Pro
188
CCT

Thr
193
ACA

Pro
197
CCT

Val
212
GTT

Gly
248
GGA

Leu
251
TTG

Glu
290
GAG

G
G
G
T

T*
C
C
C

C*
T
T
A

T*
C
C
T

C
C
C
T

A
A
A
A

C
C
C
C

C*
T
T
T

G*
A
A
A

G
G
G
G

G
G
G
G

Nucleotide Polymorphisms
Amino acid
Glu
Glu
Ala
Val
Asp
Thr
Asn
Thr
Trp
Arg
ThR
Thr
Amino acid no.
290
290
329
361
376
379
428
475
574
577
586
616
codon
GAG
GAG GCG GTG
GAC
ACG
AAC
ACT TGG GGG
ACA
ACA
population
MHS1
G
T
G
G
C
G
C
G
G
G
G
G
FHR2
G
T
G
G
A
G
C
G
G
G
G
G
FHR3
G
T
G
G
A
G
C
G
G
G
G
G
Arabidopsis
A
G
G
G
C
G
C
T
G
G
A
A
Amino acid positions are indicated by ALS gene from Arabidopsis thaliana (sathasivan et al. 1990). Nucleotide base are indicated by
A=adenine, C=cytosine, G=guanine, T=thymine. Domain C: amino acids 115 to 133; Domain A: amino acids 191 to 203; Domain D:
amino acids 205 to 210; Domain B: amino acids 573 to 576; Domain E: amino acids 651 to 655.

Figure 2 Effect of Mesosulfuron + iodosulfuron on survival of the homozygous resistant (Glu-376) FHR2 (dot line), heterozygous
resistant (Asp/Glu-376) FHR3 (solid line), and homozygous (Asp-376) susceptible MHS1 (dash line) S. arvensis sub-populations from
Froozabad, Iran. Error bars represent standard error of three to four replicates.
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Figure 3 ALS genes sequencing results showing (a) the GAC codon for Asp-376 in homozygous susceptible (MHS1) sub-population, (b)
the GAC/GAA codons for Asp/Glu-376 in heterozygous resistant (FHR3) sub-population and (c) the GAA codon for Glu-376 in
homozygous resistant (FHR2) sub-population.
Unfortunately, the mechanism of this pathway in ALS
homozygous Glu-376 is not clear (Duhoux et al., 2015).
Therefore, as stated above, homo/heterozygous Asp-376-Glu
mutation in two resistant sub-populations (FHR2 and FHR3)
represents a complex situation for resistance to mesosulfuron +
iodosulfuron or even other sulfonylurea herbicides.
3.2 ALS gene sequencing
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Sequences 1601 and 1572 bp obtained from ALS gene
sequencing were compared with the sequences in the genbank
using Blast software (Blast http://www.ncbi.org). Fragments
sequenced have the highest percentage of similarity (99%)
with ALS genes, and this is the reason for the accurate
sequencing of S. arvensis (Table 2). Finally, specific primer
pairs of SAR1F/SAR1R, and SAR2F/SAR2R were isolated.
After the blast of resistant and susceptible genes of S. arvensis,
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point mutation at site 376 resulted in the substitution of
aspartate by glutamate (Table 2).
Sequences isolated from ALS gene in different sub-populations
of S. arvensis and Arabidopsis are shown in Table 2. All
sequences were based on the Arabidopsis sequence (Table 2).
At sites 175, 178 181, 212 and 248, nucleotide changes
occurred at susceptible (MHS1) and homozygous resistant
(FHR2) sub-populations of S. arvensis, but did not changed the
amino acid (synonymous substitution). Consequently, they
cannot be a factor of herbicide resistance. In another
experiment, comparison of 18 resistant and susceptible
populations of S. arvensis collected from Canada,
demonstrated mutations unrelated to change of amino acid
(Warwick et al., 2005).
Even though the RHR4 and FHR3 sub-populations have the
same mutation and identical ALS sequences. Furthermore,
these changes were observed only at the beginning of the ALS
gene. When the PCR fragments between R and S samples were
compared, 2 homozygous susceptible (Figure. 3a), 5
heterozygous resistant (Figure. 3b), and 5 homozygous
resistant individuals were revealed (Figure. 3c). The results
obtained demonstrate that ALS-based mutation (Asp-376-Glu)
confers resistance in S. arvensis sub-populations (FHR2 and
FHR3) and are in line with the results reported in the literature
(Whaley et al., 2007; Zhang et al., 2011; Duhoux et al., 2015).
Evolved ALS target-site resistance is most common in six
positions (Ala-122, Pro-197, Ala-205, Asp-376, Trp-574 and
Ser-653), although other target positions have been reported in
rare cases (McCourt et al., 2006).
Conclusion
Tribenuron-methyl resistance in S. arvensis sub-populations of
Iran wheat fields can be attributed to ALS target-site (Asp-376Glu) mutation resulting in homo/heterozygous subpopulations. Nevertheless, in the presence of herbicide,
unknown factors other than target-site resistance mechanism
can mediate the response of homozygous resistant subpopulation (FHR2) to decrease growth rate. This is a
problematic issue that has the potential to cause shift in our
understanding and management of weed resistance. Finally,
with regards to the point of evolutionary-based of herbicide
resistance, we have to consider both molecular and biological
aspects.
Acknowledgement
The authors are grateful to the Biotechnology Research Center,
College of Shiraz Agriculture, Shiraz University. They would
like to thank Dr. Ali Niazi for his assistance with gene
expression experiments.
Conflict of interest
Authors would hereby like to declare that there is no conflict of
interests that could possibly arise.
_________________________________________________________

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

Bahmani Fathabadi et al

Reference
Ashigh J, Corbett CAL, Smith PJ, Laplante J, Tardif FJ (2009)
Characterization and diagnostic tests of resistance to
acetohydroxyacid synthase inhibitors due to an Asp376Glu
substitution in Amaranthus powellii. Pesticide Biochemistry
and
Physiology
95:38–46.
DOI:
org/10.1016/j.pestbp.2009.06.002.
Breccia G, Vega T, Felitti SA, Picardi L, Nestares G (2013)
Differential expression of acetohydroxyacid synthase genes in
sunflower plantlets and its response to imazapyr herbicide.
Plant
Science
208
:
28-33.
DOI:
10.1016/j.plantsci.2013.03.008.
Corbett CA, Tardif FJ (2006) Detection of resistance to
acetolactate synthase inhibitors in weeds with emphasis on
DNA-based techniques. Pest Management Science 62 : 584597. DOI:10.1002/ps.1219.
Cross RB, McCarty LB, McElroy JS, Tharayil N, Bridges WC
(2015) Comparison of enzyme and growth characteristics in
ALS-inhibitor susceptible and resistant annual bluegrass (Poa
annua) poulations. Weed Science 63:220-228. DOI:
http://dx.doi.org/10.1614/WS-D-14-00091.1.
Cruz-Hipolito H, Rosario J, Ioli G, Osana MD, Smeda RJ,
Gonzalez-Torralva F, De Prado R (2013) Resistance
mechanism to-tribenuron-methyl in white mustard (Sinapis
alba) from southern spain. Weed Science 61 : 341-347. DOI:
http://dx.doi.org/10.1614/WS-D-12-00146.1.
Cui HL, Zhang CX, Wei SH, Zhang HJ, Li ZX, Zhang YQ,
Wang GQ (2011) Acetolactate synthase gene proline (197)
mutations confer tribenuron-methyl resistance in Fix weed
(Descurainia Sophia) populations from China. Weed science
59:376-379. DOI: http://dx.doi.org/10.1614/WS-D-10-00099.1
Delye C, Jasieniuk M, Le Corre V (2013) Deciphering the
evolution of herbicide resistance in weeds. Trends in Genetics
29:649-658. DOI: 10.1016/j.tig.2013.06.001.
Duggleby RG, McCourt JA, Guddat LW (2008) Structure and
mechanism of inhibition of plant acetohydroxy acid synthase.
Plant
physiology
and
Biochemistry
46:309-324.
DOI:10.1016/j.plaphy.2007.12.004.
Duhoux A, Carrere S, Gouzy J, Bonin L, Delye C (2015)
RNA-Seq analysis of rye-grass transcriptomic response to an
herbicide inhibiting acetolactate-synthase identifies transcripts
linked to non-target-site-based resistance. Plant Molecular
Biology 87:473–487. DOI: 10.1007/s11103-015-0292-3.
Duran-Prado M, Osuna MD, De-Prado R, Franco AR (2004)
Molecular basis of resistance to sulfonylureas in Papaver
rhoeas. Pesticide Biochemistry and Physiology 79:10–17. DOI:
org/10.1016/j.pestbp.2004.01.003.

Evaluation of Resistance to Acetolactate Synthase Inhibiting Herbicide in Wild Mustard (Sinapis arvensis L.)

Gherekhloo J, Oveisi M, Zand E, De Prado R (2016) A review
of herbicide resistance in Iran. Weed Science 64:1-11. DOI:
10.1614/WS-D-15-00139.1.
Heap I (2016) The International Survey of Herbicide
Resistance Weeds. Available on www.weedscience.org access
on April, 2016.
Jian S, Jin-xin W, Hong-jun Z, Jun-liang L, Sheng-nan B
(2011) Study on mutations in ALS for resistance to tribenuronmethyl in Galium aparine L. Agricultural Sciences in China
10:86–91. DOI:10.1016/S1671-2927(11)60310-6.
Kaundun SS, Windass JD (2006) Derived cleaved amplified
polymorphic, a simple method to detect a key point mutation
conferring acethyl CoA carboxylase inhibitor herbicide
resistance in grass weeds. Weed Research 46:34-39. DOI:
10.1111/j.1365-3180.2006.00487.x.
Mallory-Smith CA, Thill DC, Dial MJ (1990) Identification of
sulfonylurea herbicide- resistant prickly lettuce (Lactuca
serriola). Weed Technology 4: 163-168.
McCourt JA, Pang SS, King-Scott J, Guddat LW, Duggleby
RG (2006) Herbicide-binding sites revealed in the structure of
plant acetohydroxyacid synthase. Proceedings of the National
Academy of Sciences of the United States of America,
103:569–573. DOI: 10.1073/pnas.0508701103.
Mcgillion T, Storrie A (2006) Integrated weed management in
Australian cropping system- A training resource for farm
advisors. CRC for Australian Weed Management Pp. 274.
Ochogavia AC, Breccia G, Vega T, Felitti SA, Picardi LA,
Nestares G (2014) Acetohydroxyacid synthase activity and
transcripts profiling reveal tissue specific regulation of ahas
genes in sunflower. Plant Science 224:144-150. DOI:
10.1016/j.plantsci.2014.04.018.
Pang SS, Duggleby RG, Guddat LW (2002) Crystal structure
of yeast acetohydroxyacid synthase: a target for herbicidal
inhibitors. Journal of Molecular Biology 317: 249-262.
DOI:10.1006/jmbi.2001.5419.
Powles SB, Yu Q (2010) Evolution in action: Plants resistant
to herbicides. Annual Review of Plant Biology 61:317 – 347.
DOI:10.1146/annurev-arplant-042809-112119.
Sathasivan K, Haughn GW, Murai N (1990) Nucleotide
sequence of a mutant acetolactate synthase gene from an

_________________________________________________________

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

587

imidazolinone-resistant Arabidopsis thaliana var. Columbia.
Nucleic Acids Research 18 : 2188.
Tranel PJ, Riggins CW, Bell MS, Hager AG (2011) Herbicide
resistances in Amaranthus tuberculatus: a call for new options.
Journal of Agriculture and Food Chemistry 59:5808–5812.
DOI: 10.1021/jf103797n
Tranel PJ, Wright TR, Heap I (2014) Mutations in herbicide
resistant weeds to ALS inhibitors. Available on
http://www.weedscience.com access on April, 2016.
Warwick SI, Sauder C, Beckie H (2005) Resistance in
Canadian poulations of wild mustard (Sinapis arvensis) to
acetolactate synthase inhibiting herbicides. Weed Science
53:631–639. DOI: http://dx.doi.org/10.1614/WS-05-003R1.1.
Whaley CM, Wilson HP, Westwood JH (2007) A new
mutation in plant ALS confers resistance to five classes of
ALS-inhibiting herbicides. Weed Science 55:83–90. DOI:
http://dx.doi.org/10.1614/WS-06-082.1.
Wiersma A (2012) Regional whole plant and molecular
response of Kochia scoparia to glyphosate. MS thesis
submitted to the Department of Bioagricultural Sciences and
Pest Management, Colorado State University, Fort Collins,
CO.
Xu X, Wang GQ, Chen SL, Fan CQ, Li BH (2010)
Confirmation of Flixweed (Descurainia sophia) Resistance to
Tribenuron-Methyl Using Three Different Assay Methods.
Weed Science 58 : 56-60. DOI: http://dx.doi.org/10.1614/WS09-034.1
Yu Q, Han H, Li M, Purba E, Walsh MJ, Powles SB (2012)
Resistance evaluation for herbicide resistance–endowing
acetolactate synthase (ALS) gene mutation using Raphanus
raphanistrum populations homozygous for specific ALS
mutations. Weed Research 52:178-186. DOI: 10.1111/j.13653180.2012.00902.x.
Yu Q, Powles SB (2014) Resistance to AHAS inhibitor
herbicides: current understanding. Pest Management Science
70:1340-1350. DOI: 10.1002/ps.3710.
Zhang D, Kruger GR, Singh S, Davis V, Tranel PJ, Weller SC,
Johnson WG (2011) Cross-resistance of horseweed (Conyza
canadensis) populations with three different ALS mutations.
Pest
Management
Science
67:1486–1492.
DOI:
10.1002/ps.2190.

Journal of Experimental Biology and Agricultural Sciences, October - 2016; Volume – 4(V-Suppl.)

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

ISSN No. 2320 – 8694

A COMPARATIVE STUDY OF FATTY ACID EXTRACTION METHODS OF
SESAME (Sesamum indicum L.) VARIETIES GROWN UNDER MEDITERRANEAN
ENVIRONMENT
C. Kurt1,*, H. Arioglu1, T. Erdem2, M.R. Akkaya3, A. El Sabagh4 and M.S. Islam5
1

Cukurova University Dept. of Field Crops in Adana, 01330 Balcali, Turkey
Cukurova University Dept. of Agricultural Machinery in Adana, 01330 Balcali, Turkey
Adana Science and Technology University, Turkey
4
Department of Agronomy, Faculty of Agriculture, Kafrelsheikh University, Egypt
5
Department of Agronomy, Hajee Mohammad Danesh Science and Technology University, Bangladesh
2
3

Received – September 05, 2016; Revision – September 29, 2016; Accepted – October 06, 2016
Available Online – October 07, 2016
DOI: http://dx.doi.org/10.18006/2016.4(5S).588.593

KEYWORDS
Turkish Sesame Oil
Cold Press
Soxhlet Extraction
Fatty Acid

ABSTRACT
Present study was carried out to determine the effects of two oil extraction methods on the composition
of oil fatty acid in sesame of some Turkish genotypes.Two oil extraction techniques viz.Cold pressing
(CP) and Soxhlet extraction (SE), were compared for the fatty acid composition of 25 Turkish sesame
genotype. Higher averaged sesame seed oil yield (54.7%) was obtained in the SE method than the CP
method (31.1%). The oil compositions of sesame genotypes were compared and the presence of five
main dominated sesame fatty acid components namely palmitic, stearic, arachidic, oleic and linoleic
acid was reported. Among these five fatty acid, palmitic (9.38-10.56%) and stearic acids (4.73-5.12%)
were reported predominant saturated fatty acids while arachidic acid was reported in minimum
concentration in sesame oil ranging of 0.52 to 0.59 %. Oleic and linoleic acids are the major fatty acids
of sesame oil and are reported in large amounts in the oils of all genotypes.The percentage of oleic acid
ranged from 37.15 to 41.67, while this percentage was reported between 42.22 to 45.54 for Linoleic
acid. From the results of this study, it can be concluded that the fatty acid profile of the sesame oil was
not significantly influenced by oil extraction method.
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1 Introduction

2 Materials and Methods

Sesame (Sesamum indicum L.), one of the oldest and very
important oil seed crops known, is widely grownin tropical and
subtropical areas of the World. Sesame is under cultivation for
about 6000 years (Namiki, 1995). Sesame is an excellent
source of oil (50%) and protein (20%) and is wiedly used as
vegetable oil. In sesame, oleic and linoleic acids are the
predominant fatty acids and constitutes more than 80% of the
total oil.The high levels of monounsaturated and
polyunsaturated fatty acids (MUPA & PUFA) increase the
quality of the oil for human consumption. Moreover, high
levels of linoleic acid, MUPA & PUFA reduce blood
cholesterol and play an important role in preventing atheros
clerosis (Ghafoorunissa, 1994). Oils with a high content of
unsaturated fatty acids are generally more susceptible to
oxidation, undergoing rapid degradation and polymerization by
free radical mechanisms (Guillen & Goicoechea, 2008). But,
sesame oil has a privilege characteristic such as the presence of
the natural antioxidants sesamol, sesamolin, and gammatocopherol, which gives it high oxidative stability (Corso et al.,
2010).

The experiment was conducted at Adana province of Turkey
(35o18ʹ E latitude, 37o 01ʹ N longitude, and 23 m above sea
level) in 2012. Seeds of 25 sesame genotypes viz. 1)
Cumhuriyet-99, 2) Tan-99, 3) Kepsut-99, 4) Baydar-2001, 5)
Muganlı-57, 6) Orhangazi-99, 7) Gölmarmara, 8) Osmanlı-99,
9)
Şanlıurfa-Siverek,
10)
Diyarbakır-Merkez,
11)
Kahramanmaras, 12) Diyarbakır-Lice, 13) Adana-Kozan-2, 14)
Manisa-Salihli, 15) Manisa-Alaşehir, 16) Adana-Ceyhan, 17)
Antalya-Kumluca, 18) Adana-Yumurtalık, 19) OsmaniyeKadirli, 20) Muğla-Fethiye, 21) Adana-Karataş, 22) AdanaSarıçam, 23) Balıkesir-Ayvalık, 24) Aydın-Merkez and 25)
Adana-Merkez were sown in the second week of June, 2012.
The accessions were grown in four row plots of 5 m row length
with a row spacing of 70 cm and intra-row spacing of 15 cm.
Thinning was carried out after 25 days of sowing to secure one
plant at 15 cm. Sprinkler irrigation was established
immediately after sowing and thereafter used when necessary
based on soil and plant conditions. Nitrogen, phosphorus and
potassium were applied at a rate of 60 kg per hectare at sowing
as a complete fertilizer. Weedings were carried out by hand
weeding and no herbicides were applied during the growing
seasons. All the plants were harvested in the last week of
September, 2012.

Martin & Leonard (1964) reported that sesame is mostly used
for edible purposes such as oil and confectionery. It is also
used for various other purposes i.e. manufacture of margarine,
soap, paint, perfumes, cosmetics, pharmaceutical products,
paints and insecticides and cookies (AlamSarkar et al., 2007).
Further, Weiss (2000) suggested that sesame seed contains
essential amino and fatty acids specially linoleic acid. It is a
good source of vitamins such as vitamin E and minerals such
as calcium and phosphorous and the seed cake is also an
important nutritious livestock feed. Sesame seed also contain a
group of compounds called lignans which have many health
promoting effects (Pathak et al., 2014).
At industrial level, oil extraction is mainly carried out by two
methods, viz. cold pressing and solvent extraction (Soxhlet
method). Soxhlet method involving the use of n-hexane or
petroleum ether as extraction solvent, although gives higher oil
yield but higher temperature employed in this method may
cause some undesirable effects on the quality of oil (Nadeem et
al., 2015). Although, cold pressing method of oil extraction
gave lower oil yield but mild operational temperature
conditions maintain the safety of product quality (Bavec et al.,
2007). Cold pressed oils generally exceed refined oils in their
nutritional value.
It maintain natural beneficial ingredients of sesame oil such as
tocopherols, sterols, carotenoids, and phospholipids which are
partially removed as a result of oil refining (Gogolewski et
al.,2000; Koski et al., 2003). Considering of the growing
concern and demand about the functional and nutritional
properties of oils, the present work was therefore designed to
evaluate and compare the fatty acid composition of oil
extraction methods of some Turkish sesame genotypes.
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2.1. Extraction of sesame seed oil
Sesame seeds were pressed by screw press with a nozzle
diameter of 6.8 mm and a rotational speed of 47 rpm. Three
replications were performed for each sample, and oil yield was
calculated as percentage in weight basis. Sesame seeds were
also extracted by soxhlet apparatus to assess the total oil
yield.The data were calculated as a mean of three replications.
Then the two methods were compared upon the oil yield and
oil composition.
2.2. Gas chromatography (GC) Analyses
An oil sample of 500 mg was dissolved in 2 ml isooctane
followed by 1.5 ml of 0.5 M methanolicNaOH. The tube was
then vortexed and held in boiled water for 7 min and left to
cool. Then 2 ml of BF3 (Boron trifluoride) was added,
vortexed, and held in boiling water for 5 min and left to cool.
After adding 5 ml NaCl the tube was vortexed. After
centrifugation at 4,000 rpm for 10 min, the top layer was
gathered for GC analyses (AOAC, 1984; Ozogul et al., 2011).
The fatty acid (FA) composition was analyzed by GC Clarus
500 with auto sampler (Perkin Elmer, USA) equipped with a
flame ionization detector and a fused silica capillary SGE
column (30 m • 0.32 mm, ID • 0.25 lm, BP20 0.25 UM, USA).
The oven temperature was brought to 140°C for 5 minutes,
then raised to 200°C at a rate of 4°C/min and to 220°C at a rate
of 1°C/min, while the injector and the detector temperatures
were set at 220°C and 280°C, respectively.
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Table 1 Comparison of oil content (%) of Soxhlet extracted and Cold pressed in Turkish sesame genotypes
Genotypes
Cumhuriyet-99
Tan-99
Kepsut-99
Baydar-2001
Muganlı-57
Orhangazi-99
Gölmarmara
Osmanlı-99
Şanlıurfa-Siverek
Diyarbakır-Merkez
Kahramanmaraş
Diyarbakır-Lice
Adana-Kozan-2
Manisa-Salihli
Manisa-Alaşehir
Adana-Ceyhan
Antalya-Kumluca
Adana-Yumurtalık
Osmaniye-Kadirli
Muğla-Fethiye
Adana-Karataş
Adana-Sarıçam
Balıkesir-Ayvalık
Aydın-Merkez
Adana- Merkez

Soxhlet
47.9
53.8
48.3
49
51.3
53.3
53.4
52.5
52.4
53.1
53
53.9
52.9
52
52.4
53.7
52.8
50.9
52.4
51.2
52.7
53.6
52.4
54.7
51.4

The sample size was 2 µl, and the carrier gas was controlled at
16 psi. The split used was 1:100. FAs were identified by
comparing the retention times of FAME with a standard 37
component FAME mixture (Supelco). Three replicate GC
analyses were performed, and the results were expressed in GC
area percentage as a mean value.Statistical analysis was
performed using SPSS by One-Way ANOVA method.
3 Results and Discussion
The results about the oil components of studied sesame
genotypes revealed its dependency on the oil extraction
method (Table 1). The observed variability of the seed oil
content, expectedly, the averaged oil content of sesame seeds
from 25 sesame genotypes was higher (average 52.2%) with
Soxhlet method compared with cold pressing (average 37.8%).
Oil contents of sesame varieties ranged from 47.9-54.7% in
Soxhlet method and from 31.1-42.8% in cold press method. In
this manner, results of this study are similar to the findings of
Uzun et al. (2008) who reported oil content of 103 Turkish
sesame landraces ranged from 41.2-62.7%. Similar results
were reported by Asghar & Majeed (2013) and Nzikou et al.
(2009). It was also reported that oil content of different sesame
cultivars ranged from 50 to 69.03%, with an average of 59.5%
(Abdullahi et al., 1991).
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Cold Press
36.4
38.9
40.2
33.6
38.2
39.3
40.3
37.1
31.1
37.5
38.7
36.1
42.8
34.9
39.6
33.7
38.4
36.5
40.7
39.3
41.7
40.6
34.7
37.2
37.5

Differrences
11.6
14.8
8.1
15.3
13.1
14
13.2
15.4
21.3
15.6
14.3
17.8
10.2
17
12.9
20
14.3
14.4
11.8
12
11
13
17.7
17.6
14

In Soxhlet method, the highest and the lowest oil percentages
(54.7%, 47.9%) were obtained from Aydın-Merkez and
Cumhuriyet-99 genotypes, respectively. Baydar et al. (1999)
observed higher average oil content (63.25%) in Turkish
sesame cultivars. Variation in oil content can be attributed
either to varietal factor, environmental factor, or interaction of
both factors. It is reported that Moroccan sesame cultivars
contained high oil percentages (over 50%) which is a desirable
trait for breeding programs to improve sesame cultivars (EL
Harfi et al., 2015). Water (Alpaslan et al., 2001) and
temperature also influenced the oil content of sesame
(Rondanini et al., 2003). Another studies revealed that oil
content was influenced under diferent conditions in diferent
crops (EL Sabagh et al., 2015, EL Sabagh et al., 2016;
Gulluoglu et al., 2016).
In the cold press extraction method, variety Adana-Kozan-2
was one with highest oil content among the studied genotypes.
It was found that petroleum ether is a better extraction solvent
(Lu et al., 2007), could be due to contributed increasing the
solubilization of compounds with oxidant principles. The
oxidative stability of the oil was high; it could be attributed to
the presence of tocopherols, which inhibit lipid peroxidation,
and of endogenous antioxidants such as sesamin and
sesamolin, better known as lignans (Hemalatha, 2007).

591

Kurt et al

Table 2 Comparison of fatty acid composition (g/100g) of soxhlet extracted and cold pressed in sesame genotypes
Palmitic
Acid

Genotypes
Cumhuriyet-99
Tan-99
Kepsut-99
Baydar-2001
Muganlı-57
Orhangazi-99
Gölmarmara
Osmanlı-99
Şanlıurfa-Siverek
Diyarbakır-Merkez
Kahramanmaraş
Diyarbakır-Lice
Adana-Kozan-2
Manisa-Salihli
Manisa-Alaşehir
Adana-Ceyhan
Antalya-Kumluca
Adana-Yumurtalık
Osmaniye-Kadirli
Muğla-Fethiye
Adana-Karataş
Adana-Sarıçam
Balıkesir-Ayvalık
Aydın-Merkez
Adana- Merkez

Soxhlet
9.816
9.633
9.399
9.660
9.722
9.554
9.493
9.554
9.504
9.379
9.589
9.622
9.847
9.529
9.697
9.669
9.713
9.548
9.910
9.670
9.467
9.763
9.848
9.950
9.648

CP
10.152
10.076
9.603
10.160
10.087
9.746
9.849
9.746
9.894
9.726
9.917
9.200
9.980
9.109
10.097
10.088
10.096
9.964
10.053
10.258
9.699
10.010
10.189
10.559
10.021

Stearic
Acid
Soxhlet
4.948
4.945
5.128
4.816
4.882
4.755
5.044
4.755
5.120
4.978
4.864
4.873
4.990
4.745
4.728
4.926
4.839
4.822
4.889
4.976
5.078
4.834
5.119
4.806
4.800

CP
4.885
4.847
5.073
4.692
4.805
4.703
4.949
4.703
5.042
4.843
4.791
4.751
4.957
4.613
4.679
4.753
4.876
4.754
4.088
4.858
5.018
4.859
4.870
4.699
4.696

The oil compositions of sesame varieties were compared in
five main dominated sesame fatty acid components namely
palmitic, stearic, arachidic, oleic and linoleic acid (Table 2).
The content of major fatty acids showed significant variation

Arachidic
Acid
Soxhlet
0.577
0.584
0.591
0.523
0.555
0.551
0.586
0.551
0.606
0.584
0.570
0.564
0.573
0.580
0.580
0.578
0.560
0.531
0.589
0.597
0.551
0.601
0.590
0.564
0.567

Oleic
Acid

CP
0.553
0.550
0.572
0.521
0.548
0.538
0.580
0.538
0.594
0.571
0.524
0.549
0.541
0.557
0.571
0.563
0.541
0.554
0.571
0.562
0.583
0.569
0.539
0.535
0.552

Soxhlet
39.021
39.183
40.053
37.847
38.376
39.043
38.794
39.043
39.317
39.403
38.167
39.640
39.359
41.236
37.154
37.728
38.332
38.185
37.631
40.752
40.232
39.224
38.100
37.487
37.545

Linoleic
Acid

CP
39.202
39.456
40.223
37.936
38.821
39.287
38.919
39.287
39.622
39.293
38.099
39.881
39.249
41.674
37.513
38.035
38.142
38.165
37.767
41.184
40.623
39.086
41.348
37.526
37.348

Soxhlet
43.819
43.762
43.033
45.295
44.635
44.225
44.244
44.225
43.597
43.807
44.827
43.428
43.317
43.118
45.082
45.211
44.541
45.080
45.063
42.129
42.837
43.629
44.630
45.254
45.538

CP
43.414
43.203
42.765
44.811
43.919
43.872
43.862
43.872
43.057
43.722
44.740
42.932
43.407
42.233
45.226
44.660
44.454
44.718
44.897
41.899
42.224
43.632
43.964
45.012
45.467

according to extraction methods (Table 3). Indeed, palmitic
and oleic acids were higher in the extracted by cold press.
Conversely, stearic, arachidic and linoleic acids were higher in
the extracted by soxhlet.

Table 3 Statical analysis of effect of extraction methods on fatty acid composition sesame genotypes
Characters
Palmitic acid

Stearic acid

Arachidic acid

Oleic acid

Linoleic acid

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

Sum of Squares
6.453
5.174
11.627
2.840
1.347
4.187
.043
.023
.066
172.385
18.113
190.497
125.207
6.691
131.898
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df
24
125
149
24
125
149
24
125
149
24
125
149
24
125
149

ANOVA
Mean Square
.269
.041

F
6.496

Sig.
.000

.118
.011

10.986

.000

.002
.000

9.935

.000

7.183
.145

49.570

.000

5.217
.054

97.467

.000
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Among various reported saturated fatty acids, palmitic and
stearic acids were the predominant saturated fatty acids of
sesame oil with a range of 9.38-10.56 and 4.73-5.12%,
respectively (Table 2).
Arachidic acid was a minor constituent of sesame oil with a
range of 0.52-0.59%. Oleic and linoleicacids are the major
fatty acids of sesame oil (Arslan et al., 2007; Uzun et al.,
2008), and they are found to be present in large proportion in
the oils of all genotypes. Oleic acid content of sesame oil
ranged from 37.15 to 41.67%. While, the highest oleic acid
content was determined in the oil of Manisa-Salihli genotype,
the lowest content was determined in the oil of genotype
Manisa-Alaşehir. Linoleic acid varied between 41.9 to 45.54%
(Muğla-Fethiye, Adana-Merkez, respectively). Thus, linoleic
acid content of sesame oil was found to be higher than that of
oleic acid. The oleic and linoleic acids were the main fatty
acids. The high amount of unsaturated fatty acid with a value
of 80% of total fatty acids increases the quality of sesame oil
(Chung et al., 1995). In present study all the varieties have an
amount of oleic and lineloic acid with the value of over 80%.
Bozan & Temelli (2002), the conventional extraction method
using organic solvents giving a higher extraction yield.
Conclusions
Based on the results of this study, the fatty acid composition of
sesame oil varied among Turkish sesame genotypes and there
were significant differences observed among the Turkish
sesame genotypes for fatty acid composition of oil obtained by
two extraction methods.
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ABSTRACT
The intra- and inter populational geographic variation of eight distant populations of Juniperus
phoenicea L. originating from Tunisia was examined biometrically on the basis of morphological-key
characters of branches and cones. Seven and eight qualitative and quantitative (measured) traits of each
branches and cones were studied on 45 and 29 vouchers, respectively. The principal component analysis
(PCA) and hierarchical cluster analysis (HCA) of euclidean distances were performed to verify the
hypothesis of geographic differentiation and for the existence of two J. phoenicea L. subspecies. The
sampled populations differed significantly from one another, while the intra-populational variation was
lower. Two major groups emerged on the PCA and HCA results, separating the continental populations
from the coastal ones. Compared to the morphological traits of J. phoenicea subspecies in the literature
and the basic flora, we confirm the existence of two J. phoenicea taxa: J. phoenicea ssp. turbinata was
the reported from the coastal sites and J. phoenicea ssp. phoenicea located in the continental ones.
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1 Introduction
Plants form a fundamental part of our life by providing us with
breathable oxygen, food, fuel, medicine and more besides.
Plants also help to regulate climate, provide habitats and food
for insects and other animals and provide a natural way to
regulate flooding. A good understanding of plants is necessary
to improve agricultural productivity and sustainability, to
discover new pharmaceuticals to plan for and mitigate the
worst effects of climate changes, and to come to a better
understanding of life (James et al., 2012).
With a growing human population and a changing climate,
there is an increasing threat to many ecosystems. It is therefore
becoming necessary to identify new or rare species and to
measure their geographical extent as part of wider biodiversity
projects. Preservation of isolated populations and defining the
geographic range of species is widely demanded in
conservation biology (Rojas, 1992; Sutherland, 2000; Scott et
al., 2001). The traditional approach to identify species and
their relation-ships is to train taxonomists who can examine
specimens and assign taxonomic labels to them based on the
morphometric characters (variables) of the species. Leaf and
fruit morphology is central to plant taxonomy and systematics
and it has mostly been studied using morphometrics
characterization. Hence, studies on geographic variation in
phenotype provide insight into the mechanism of evolution and
have long contributed to a better understanding of
diversification within and among species (Gould & Jhonso,
1972; Thompson, 1994; Julietta et al., 2011). Thus,
differentiation among populations of a species may be result of
adaptative or non adaptative variations (Anderson & Jhonson,
2008; Perez-Barrales et al., 2009). Some other factors such as
divergent natural selection (Herrera et al., 2006) or isolation by
distance (Gould & Jhonso, 1972; Futuyma, 1998; Julieta et al.,
2011) may also contributed in the species differentiation.
Juniperus phoenicea L. (Family Cupressaceae) is a
monoecious or dioecious tree native to the coastal sites of the
Mediterranean basin and extends to the mountains of western
Arabia. It grows in various types in Mediterranean forests and
sometimes forms pure stands (Quezel & Barrero, 1980, Quezel
& Barrero, 1981; Quezel et al., 1992). Normally it gain the
height of 6-8m but sometimes it grows like a shrub, with sally
leaves and brown cones. It widely occurred in southern
Europe, south-west Asia and northern Africa, but most
frequently in the western part of the Mediterranean region
(Quezel et al., 1992).

Various studies were conducted on essential oil composition,
phenolic composition and biological activities of J. phoenicea
(Medini et al., 2013a; Medini et al., 2013b; Keskes et al.,
2014), but till now no morphometric study was conducted on
the leaves and cones of Tunisian J. phoenicea despite their
large morphological variability. Previously, the biochemical
polymorphism based on the essential oil chemical composition
of J. phoenicea leaves collected from various localities in
Tunisia was studied and existence of two clusters (the
continental localities are clearly separated from the coastal
ones) was deduced. That leads us to think for the hypothesis of
the existence of two subspecies of Tunisian J. phoenicea
(Medini et al., 2009; Medini et al., 2013a), contrarily to what
was found in „flora of Tunisia‟ by Pottier Alapetite & Labbe
(1954) which mentioned the existence of J. phoenicea L.
without précising the subspecies. In the light of these findings
we studied the biometric variability of J. phoenicea branches
and cones.
2 Materials and methods
Morphological study was carried on the fresh samples of small
twigs and cones of J. phoenicea (Schulz et al., 2003; Klimko et
al., 2007; Guetet et al., 2009). Plant materials were collected in
December 2011 from four coastal sites (Rimel, Laazib,
Tabarka and Korbous) and four continental sites (Makther,
Mallegue, J. Mansour and Dkhila) (Table 1). The samples were
gathered separately from a variable number of individuals from
every considered site. For each source, a voucher specimen
was preserved in the laboratory of pharmacognosy in the
Faculty of Pharmacy of Monastir.
2.1. Twig related variables
From each tree twigs (R1) with 30 cm in length and 1 cm in
diameter were collected. For each branch twigs R2 was
counted and it was followed by the observation and count of 5
twigs R2 and this was on which we repeated the same work.
We counted the twigs R3 then the twigs R4 existing on R3.
Total five parameters were measured for morphometric study
while two qualitative parameters related to the color and the
twig aspect were considered for the data collection. The
leaning twig is noted (1) and the adjusted one is noted (2). The
light color of the twig is noted (3) and the darker one is noted
(4) (Table 2).
2.2. Cone related variables

J. phoenicea L. belongs to the section Sabina of the genus
Juniperus. It is a variable species characterized by a great
morphological and biochemical differentiation, which was the
reason for distinguishing three subspecies viz. J. phoenicea
subsp. turbinata (Guss.); J. phoenicea subsp. Phoenicea; J.
phoenicea subsp. mediterranea (Lebreton & Thievend, 1981)
(the most probably identical with subsp. turbinata).
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This study was carried out on 10 cones per tree gathered in
every population. Then, eight parameters related to cone
dimensions and quality were chosen, measured and
characterized (Table 2).
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Table 1 Geographical coordinates of the collection sites of Juniperus phoenicea.
Sites

Code

Longitude (E)

Latitude (N)

Altitude (m)

Mallegue (North-west)
Laazib (coast)
Tabarka (North-west)
Rimel (coast)
Korbous (coast)
Dkhila (North-west)
Makthar (North-west)
J. Mansour (North-east)

(Mal)
(La)
(Tab)
(R)
(Ko)
(Dk)
(Mak)
(JM)

8°25‟
9°51‟
8°45‟
9°35‟
10°35‟
9°26‟
9°17‟
9°50‟

36°18‟
36°50‟
36°57‟
37°14‟
36°50‟
36°11‟
35°49‟
36°15‟

693
45
22
19
180
502
785
360

Number of individuals
(
Branch morphology
Cone
morphol
5
7
ogy
5
4
4
6
8
6
8
6
5
10

Table 2 J. phoenicea twig and cone variables.
Organ
Branch (twig)

Code
NR2/R1
LR2
NR3/R2
LR3
NR4/R3
(1)
(2)
(3)
(4)

Variables
Number of branches (R2) on branch (R1)
Branch (R2) length
Number of branch (R3) on branch (R2)
Branch (3) length
Number of branch (R4) on branch (R3)
Leaning branch
Drawn branch
Branch color : light green
Branch : dark green

Cones

(5)
(6)
H
Da
Db
(7)
(8)
NE
NG

Smooth aspect of the cone
Rough aspect of the cone
Cone height
Diameter 1
Diameter 2 (perpendicular to diameter 2)
Proeminent tip
Not proeminent tip
Scales number
Number of seeds per cone

Seeds

2.3. Data analysis
Simple statistics (such as means and coefficient of variation)
were used in order to compare variation between the studied
populations. On each parameter a correlation analysis was used
to estimate the relationship between the studied variables. The
populations were clustered based on phenotypic treats. The
general divergence among accessions was estimated using
principal component analysis (PCA) and hierarchical cluster
analysis (HCA). (All calculations were made using the SPS
software (SPS 12.0) (SPSS Inc. Chicago, IL, USA).
3 Results
3.1 Morphological variability of J. phoenicea twigs
The analysis of the morphometric traits revealed that among
seven J. phoenicea studied populations, four of them showed a
highly significant variation with a large phenotypic
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heterogeneity (Table 3). Generally, correlations between
various features were statistically insignificant except some
significant correlations including the length of branches R2
(LR2) which is positively correlated with the number of
branches R3 (NR3) (0.5), the qualitative character „color of
branches‟ noted (4)/(5) is positively correlated with the
character (1)/(2) (leaning branch/drawn branch) (1.0) and
negatively correlated with the character „number of branches
R4 on branches R3 (NR4/NR3). Both qualitative characters
(color of branches and leaning branch/drawn branch) are
negatively correlated (-0.5) (Table 4).
In order to determine and verify the variations between
populations and individuals, data were analyzed by principal
component analysis (PCA) and Hierarchical cluster analysis
(HCA). A graphic representation of the variable projection
onto the first principal components is given in figure 1. The
horizontal axis explained 38.5% of the total variance while the
vertical axis a further 21.61%, generating two major groups.
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Table 3 Mean ±SD Results for seven descriptors of J. phoenicea twigs.
Site
J.Mansour

Specimens code NR2
LR2 (mm) NR3
LR3 (mm) NR4/R3
(1)/(2)
(4)/(5)
JM1
11±0.07
13.2±5.52
13.0.00
4.2±0.89
34.5±1.5
1±0.00
4±0.00
JM2
14±0.50
9.2±1.22
5.7±1.80
4.2±1.21
23.6±2.3
1±0.00
4±0.00
JM3
11±1.01
12.8±2.01
10.6±2.56
4.7±0.94
33.5±2.53
1±0.00
4±0.00
JM4
9±0.4
12.6±1.92
8.3±0.83
3.9±0.59
27.7±1.45
1±0.00
4±0.00
JM5
9±0.00
10.7±0.83
11.4±1.46
4.2±0.59
33.0±4.89
1±0.00
4±0.00
Mallegue
Mal1
16±1,54
13.9±2
22.7±3.18
3.0±0.74
17.3±3.21
1±0.00
4±0.00
Mal2
14±1.32
14.4±3.09
27.3±4.31
2.9±0.63
18.8±3.45
1±0.00
4±0.00
Mal3
14±1.47
12.2±2.92
18.2±4.88
4.3±0.75
32.8±1.41
1±0.00
4±0.00
Mal4
13±2.03
13.6±0.80
13.9±1.01
3.6±0.82
23.4±0.89
1±0.00
4±0.00
Mal5
15±2.90
12.8±1.2
11.4±1.14
3.5±1.19
20.1±1.78
1±0.00
4±0.00
Laazib
La1
18±1.78
14.4±4.83
27.5±8.90
4.5±0.88
6.9±3.45
2±0.00
5±0.00
La2
13±0.38
15.0±2.29
26.5±2.97
4.0±0.68
6.5±4.07
2±0.00
5±0.00
La3
13±0.00
15.3±3.91
26.3±2.24
4.3±0.87
7.7±2.45
2±0.00
5±0.00
La4
11±3.29
19.4±3.51
26.0±8.16
4.7±0.71
7.7±2.32
2±0.00
5±0.00
La5
17±0.67
15.3±3.85
22.0±3.79
4.1±1.12
10.4±1.89
2±0.00
5±0.00
Tabarka
Tab1
17±1.74
12.4±1.31
16.0±0.73
3.5±0.54
9.6±4.02
1±0.00
4±0.00
Tab2
12±1.99
13.8±2.74
15.8±4.16
3.6±0.68
8.7±1.87
1±0.00
4±0.00
Tab3
14±2.09
11.9±0.79
16.3±1.84
3.5±0.48
9.2±2.93
1±0.00
4±0.00
Tab4
17±1.63
13.2±1.48
16.0±1.93
3.5±0.60
9.4±2.35
1±0.00
4±0.00
Makthar
Mak1
19±0.07
14.6±5.14
22.8±1.53
3.2±0.43
16.6±4.7
1±0.00
4±0.00
Mak2
21±0.00
14.7±4.72
22.5±2.97
3.3±0.40
20.6±1.23
1±0.00
4±0.00
Mak3
23±0.98
11.4±1.05
19.5±4.03
3.5±0.66
20.4±5.01
1±0.00
4±0.00
Mak4
20±0.56
14.0±0.84
19.5±4.87
3.8±0.48
24.0±3.65
1±0.00
4±0.00
Mak5
16±1.07
13.4±2.32
24.0±1.63
3.5±0.57
18.4±4.52
1±0.00
4±0.00
Mak6
22±1,59
11.7±0.99
18.3±2.24
3.1±0.55
15.9±1.78
1±0.00
4±0.00
Mak7
18±1.45
12.8±0.56
14.0±1.26
3.2±0.55
20.1±1.36
1±0.00
4±0.00
Mak8
14±1.39
12.8±1.00
15.8±2.35
3.3±0.52
16.3±2.56
1±0.00
4±0.00
Dkhila
Dk1
15±0.45
12.9±1.04
14.3±0.86
3.1±0.68
15.4±1.23
1±0.00
4±0.00
Dk2
12±2.54
13.9±1.33
15.0±3.18
3.9±0.97
29.8±4.78
1±0.00
4±0.00
Dk3
16±2.67
12.6±1.09
17.3±5.29
3.4±0.43
21.4±3.59
1±0.00
4±0.00
Dk4
15±3.09
12.4±3.08
15.0±2.83
3.4±0.65
23.8±2.86
1±0.00
4±0.00
Dk5
11±3.76
12.2±1.12
13.8±2.35
3.4±0.69
30.6±0.48
1±0.00
4±0.00
Dk6
13±2.40
13.7±0.97
14.8±2.77
3.4±0.60
31.8±0.95
1±0.00
4±0.00
R1
13±3.02
16.8±1.46
19.3±2.11
3.6±0.47
10.3±1.02
2±0.00
5±0.00
Rimel
R2
10±1.65
18.2±3.30
14.0±1.63
4.2±0.97
9.3±3.05
2±0.00
5±0.00
R3
12±0.00
14.2±3.54
15.3±2.57
4.0±0.67
8.4±3.59
2±0.00
5±0.00
R4
12±0.53
16.9±1.96
20.8±4.09
4.6±0.89
5.7±2.58
2±0.00
5±0.00
Ko1
12±0.53
14.1±2.15
13.2±1.57
3.6±0.60
6.3±2.73
2±0.00
5±0.00
Ko2
15±2.89
13.2±1.94
12.8±1.69
4.0±0.34
7.8±3.59
2±0.00
5±0.00
Korbous
Ko3
18±1.39
13.5±3.72
10.0±1.26
4.1±1.06
6.6±0.79
2±0.00
5±0.00
Ko4
19±2.05
15.5±2.07
15.0±2.63
4.5±1.10
8.0±1.37
2±0.00
5±0.00
Ko5
16±0.78
11.1±3.92
11.5±3.06
4.0±0.98
6.4±1.98
2±0.00
5±0.00
Ko6
16±0.00
15.1±2.51
12.3±2.46
3.7±0.64
6.8±2.07
2±0.00
5±0.00
Ko7
16±0.34
15.1±1.31
16.5±1.55
4.1±0.94
7.7±4.03
2±0.00
5±0.00
Ko8
16±0.00
14.0±0.81
13.0±1.26
4.2±0.46
8.2±3.08
2±0.00
5±0.00
NR2 : Number of branches (R2) on Branch (R1), LR2 : Branch (R2) length, NR3 : Number of branches (R3) on branch (R2), LR3 :
Branch (R3) length, NR4 : Number of branches (R4) on branch (R3), (1) leaning branch/ (2) Drawn branch, (4) light green branch/ (5)
Dark green branch.
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Figure 1 Principal component analysis (PCA) of the twig morphometric variables of 45 J. phoenicea individuals [La : laazib, Ko,
Korbous, R : Rimel, JM : J. Mansour, Dk : Dkhila, Tab : Tabarka, Mal : Mallegue, Dk : Dkhila, Jpp : J. phoenicea ssp . phoenicea, Jpt :
J. phoenicea ssp. Turbinate]

Specimens from the populations of Makther, Dkhila, Mallegue
and Tabarka generated a distinct group (G1) which is
negatively correlated with the first axis. These populations are
characterized by a similar morohological qualitative features
(leaning character and light color of branches) and relatively
low values of the branch lengths (LR2). Two subgroups were
distinguished as Subgroup G1a: represented by the population
of Makther (8 individuals), 4 individuals from the population
of Tabarka, 4 individuals from Mallegue and 3 individuals
from Dkhila. Specimens are characterized by a relatively high
average of the parameter „number of branchs R2 (15 < NR2 <
22) and the length of branches R3 (12.2mm <LR3 < 14.7mm).
While subgroup G1b included one specimen from Mallegue
and 3 specimens from Dkhila. They presented a relatively low
averages of the parameter number of branches R2 (11 < NR2 <
14) and the branch length R2 (9.2mm < LR2 < 13.7mm), a
relatively high values of the character length of branches R3
(3.4mm < LR3 < 4.7mm) and the number of branches R4 (29.8
< NR4 < 34.5mm).
The second group G2 is positively correlated with the first
axis. It is formed by the populations of Rimel, Laazib and
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Korbous. They presented the same qualitative morphological
characters (drawn and dark branches). Also, theses specimens
presented the highest levels of the branch lengths R2 (11.1mm
< LR2 < 14.7mm) and R3 (3.6mm < LR3 < 4.7mm). However,
they are characterized by a relatively low mean values of the
parameter number of branches R4 (6.6 < NR4 < 10.3).
The second group is also divided into two subgroups. The first
one consists of 10 specimens from Korbous, one specimen
from Rimel and one specimen from Laazib. They are
characterized by the highest branch number (R2) mean (12 <
NR2 < 18) and the lowest branch number (R3) mean (10 <NR3
< 15.3) except the specimen of Laazib which presented a
relatively high mean of the same character (NR3 = 22).
The second subgroup is formed by four specimens from Laazib
and three specimens from Rimel. They presented the highest
values of the character branch length (R2) (14.2mm < LR2 <
19.4mm) and branch number (R3) (14 < NR3 < 27.5). The
results of PCA are in agreement with what is found in HCA
analysis (Figure 2).
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Figure 2 Dendrogram obtained by hierarchical cluster analysis (HCA) based on the Euclidean distances between twig morphometric
variables of 45 J. phoenicea individuals. [La : laazib, Ko, Korbous, R : Rimel, JM : J. Mansour, Dk : Dkhila, Tab : Tabarka, Mal :
Mallegue, Dk : Dkhila, Jpp : J. phoenicea ssp . phoenicea, Jpt : J. phoenicea ssp. Turbinata]
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Figure 3 Principal component analysis (PCA) of the cone morphometric variables of 29 individuals de J. phoenicea individuals.

3.2. Morphological variability of J. phoenicea cones
Similarly to twigs variability, cone variables also vary from
one individual to another. The correlation between six
parameters from eight studied is statistically significant at a
level (p < 0.05) which leads us to conclude the existence of a
large phenotypic heterogeneity between populations.
Specimens of Makther population showed the highest averages
of the feature „number of cones per branch‟ (16 < NC < 22)
followed by J. Mansour, then Mallegue and Rimel. Specimens
collected from Mallegue are distinguished by the highest level
of the cone diameter (8.5 < D <11.5), followed by specimens
collected from Makther. On the other hand, specimens
collected from J. Mansour presents relatively lowest means of
the cone height (8.9mm < H < 9.9mm) (Table 5).
However, it is possible to define many homogeneous classes
presenting overlaps between each other, for the parameters
NC, NE, NG, H and diameter for all specimens. Some
characters in one population are strongly correlated. While,
within other populations the correlations are slight and
insignificant. It indicates that differentiation of specimens is
heterogeneous within each sampled population. However, the
qualitative parameter (appearance of the cone: smooth or rough
cone (5)/(6)) is inversely correlated to the parameter „aspect of
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the tip‟ (proeminent tip/ not proeminent tip (7)/(8)) (-0.85).
The most correlated features are cones height (H) and cone
diameter (D) (0.6) (Table 6).
A graphical representation by using principal component
analysis (PCA) of the projection of different variables and
specimens values on to the first principal components is given
in figure 3. The horizontal axis (axis 1) represents 28.95% of
the total variations and it is positively loaded with the various
parameters such as cone number per branch (NC), scales
number per cone (NE), seeds number (NG) and the cone
diameter (Da). It is negatively correlated by only one character
„cone aspect‟ (smooth or rough cone (5)/(6)). The second axis
absorbs 19.7% of the total inertia. It is defined positively by
the parameter „cone height‟ (H) and negatively correlated with
the parameter cone diameter (Da).
The scores and loading plots in the principal component axis 1
and axis 2 spaces (PCA) (Figure 3), and the hierarchical cluster
analysis (HCA) (Fig.4) showed two groups. The first group is
composed by specimens from the majority of populations
(Makther, Mallegue and J. Mansour). It is characterized by
similar qualitative parameters: rough appearance cone with a
prominent tip.
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Figure 4 Dendrogram obtained by hierarchical cluster analysis (HCA) based on the Euclidean distances between cone morphometric
variables of 29 J. phoenicea individuals.
This group is divided into two subgroups, the first subgroup
(G1a) being composed by Makther specimens, seven
specimens from J. Mansour and four specimens from
Mallegue. It is characterized by the most important seeds
number (4 < NG < 6) and the highest diameter values (8.2mm
< D < 10.8mm). One specimen collected from Makther and

two specimens collected from Mallegue formed the second
subgroup (G1b). These specimens are characterized by the
lowest levels of the seeds number (35 < NG < 4) and cone
diameter (6.9mm < D < 9mm). However, the population of
Rimel stands out clearly, forming a separate group in PCA
(Fig.3) and a deep dichotomy in cluster analysis (Figure 4).

Table 4 Correlations coefficients between & considered characters of J. phoenicea twigs from all populations sampled.

NR2
LR2
NR3
LR3
NR4
(1)/(2)
(4)/(5)

NR2

LR2

NR3

LR3

NR4

(1)/(2)

(4)/(5)

1.0
-0.1
0.2
-0.2
-0.2
-0.1
-0.1

1.0
0.5
0.2
-0.1
0.3
0.3

1.0
0.0
-0.2
0.1
0.1

1.0
0.3
0.3
0.3

1.0
-0.5
-0.5

1.0
1.0

1.0
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Table 5 Results of evaluated eight descriptors of J. phoenicea cones (Mean ±SD).
Sites
J. Mansour

Specimens
NC
(5) / (6)
NE
JM1
11±3.5
6±0.00
6±0.0
JM2
17±0.9
6±0.00
6±0.0
JM3
17±1.3
6±0.00
6±0.0
JM4
14±1.7
6±0.00
6±0.0
JM5
11±2.8
6±0.00
6±0.0
JM6
8±3.1
6±0.00
6±0.0
JM7
17±0.4
6±0.00
7±0.4
JM8
25±3.6
6±0.00
6±0.0
JM9
9±2.9
6±0.00
6±0.0
JM10
9±2.6
6±0.00
6±0.0
Mallegue
Mal1
16±1.9
6±0.00
7±0.0
Mal2
25±2.0
6±0.00
7±0.0
Mal3
14±1.6
6±0.00
7±0.0
Mal4
14±1.9
6±0.00
6±0.8
Mal5
13±3.1
6±0.00
7±0.4
Mal6
15±0.8
6±0.00
8±0.3
Mal7
14±2.4
6±0.00
6±0.1
Makthar
Mak1
19±2.9
6±0.00
6±0.0
Mak2
21±1.3
6±0.00
6±0.0
Mak3
20±3.5
6±0.00
6±0.0
Mak4
16±1.4
6±0.00
6±0.0
Mak5
22±2.9
6±0.00
6±0.0
Mak6
18±2.2
6±0.00
6±0.0
Rimel
R1
10±2.8
5±0.00
6±0.0
R2
13±1.9
5±0.00
6±0.0
R3
11±1.4
5±0.00
6±0.0
R4
20±2.7
5±0.00
6±0.0
R5
10±3.6
5±0.00
6±0.0
R6
12±2.2
5±0.00
6±0.0
NC : Cone number/branch, (5)/(6) : Smooth cone/rough cone, NE :
Db :Diameter b, (7)/(8) : Proeminent tip/ not proeminent tip.
This group (G2) was characterized by the lowest number of
scales (5 scales per cone) and the highest levels of the cone
height (10mm < H <11mm) and the cone diameters (8.6mm <
D <11.5mm).
4 Discussion and conclusion
A morphometric analysis of 45 specimens for the branch
analysis and 29 specimens for the cone analysis, of 7 and 4 J.
phoenicea populations, respectively, gathered from the
northern Tunisia, showed significant taxonomic distances
between two population groups. Analysis based on 5 measured
parameters (quantitative parameters) and two observed
parameters (qualitative parameters) of branches highlighted
two population groups. A high variation within and among
origins was observed for the majority of the measured treats.
Established structures present no overlap between individuals
of the two groups. This segregation may result from genotypic
variations confirming the individualization of each
morphotypes. Patterns of inherited genetic variations of
morphometric traits in tree species reflect evolutionary
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NG
H (mm)
5±0.0
9.2±0.1
5±0.0
9.6±0.8
4±0.3
9.2±1.2
4±0.1
96±0.3
4±0.0
9.6±1.0
5±0.1
9.6±1.5
5±0.0
9.9±1.6
4±0.3
8.9±0.9
5±0.0
9.9±0.9
5±0.0
9.6±1.3
5±0.0
9.3±1.9
3±0.9
10.0±2.1
5±0.1
11.2±1.8
3±1.2
10.2±0.5
5±0.0
9,6±0.5
4±0.1
9.6±0.7
6±0.5
10.6±0.6
6±0.7
9.9±0.9
5±0.0
11.4±2.5
5±0.2
11.1±1.7
5±0.0
10.7±0.8
6±1.4
10.4±2.3
5±0.0
10.3±1.4
5±0.0
10.0±1.0
5±0.0
11.8±3.7
5±0.0
10.9±2.1
5±0.0
12.5±2.8
5±0.0
10.0±1.5
5±0.0
10.0±0.6
Scales nuber , NG : Seeds

Da (mm)
Db (mm)
(7) / (8)
8.6±0.1
8.6±1.2
7±±0.0
9.4±0.5
9.6±1.7
7±±0.0
8.7±1.2
9.0±2.3
7±±0.0
9.3±0.8
8.2±2.5
7±±0.0
8.6±1.9
8.9±1.6
7±±0.0
9.1±1.1
9.4±0.9
7±±0.0
8.4±0.5
9.6±0.8
7±±0.0
8.2±2.5
9.0±1.1
7±±0.0
9.0±1.4
8.4±2.0
7±±0.0
9.2±0.4
8.3±1.7
7±±0.0
8.5±1.2
8.4±0.6
7±±0.0
7.1±2.3
7.0±0.6
7±±0.0
8.6±1.4
8.1±1.4
7±±0.0
7.1±2.9
6.9±1.6
7±±0.0
8.9±2.7
8.5±1.1
7±±0.0
8.7±0.8
8.7±1
7±±0.0
9.3±0.5
8.9±2
7±±0.0
9.0±0.6
8.8±2 .4
7±±0.0
11.2±1.7
10.8±2.3
7±±0.0
10.5±2.0
10.2±2.1
7±±0.0
10.5±1.1
10.1±1.9
7±±0.0
9.8±0.9
9.5±1.2
7±±0.0
9.7±0.9
9.5±0.8
7±±0.0
8.9±0.5
8.6±0.1
8±±0.0
9.4±0.4
9.3±0.6
8±±0.0
11.5±1.5
11.4±1.3
8±±0.0
11.0±2.1
10.8±1.7
8±±0.0
10.7±1.2
9.5±2.5
8±±0.0
9.1±0.8
8.5±2.0
8±±0.0
number, H : Height, Da : Diameter a,

responses to environmental races on varieties. Furthermore, we
noted the emergence of a new phytogeographic structure.
Indeed, populations collected from coastal sites are grouped
into one group (Korbous, Laazib and Rimel) which is
characterized by similar qualitative parameters (long dark
branch with straightened ends and a relatively high branch
number). The second group is composed by the continental
populations (Makther, J. Mansour, Mallegue and Dkhila) in
addition to Tabarka (coastal region with mountain features).
This group is characterized by a relatively shorter and light
colored twigs, leaning branches and lower ramification
number. Likewise, the polymorphism analysis of J. phoenicea
cones based on six measured parameters and two observed
parameters showed the existence of two different geographical
structures. The first group is formed by three continental
populations (Makther, Mallegue and J. Mansour). Specimens
are characterized by similar qualitative parameters (rough
appearance with prominent tips) and by a relatively moderate
length, height and diameter measurements.
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Table 6 Correlations coefficients between & considered characters of J. phoenicea cones from all populations sampled.

NC
(5)/(6)
NE
NG
H
Da
Db
(7)/(8)

NC
1.0
0.16
0.05
-0.08
0.16
0.00
0.08
-0.1

(5)/(6)

NE

NG

H

Da

Db

(7)/(8)

1.0
0.11
-0.12
-0.13
-0.25
0.02
-0.86

1.0
-0.06
0.05
-0.13
-0.02
-0.13

1.0
0.23
0.43
0.02
0.05

1.0
0.6
0.08
0.19

1.0
0.09
0.23

1.0
-0.01

1.0

The second group is formed by one coastal region (Rimel).
Specimens are characterized by smooth cones, non prominent
peaks and the highest averages of height and diameter
measurements. Moreover, variability within the same group
and between individuals of different populations was observed.
This could be the result of an overlap of specimens of different
populations which are characterized by similar morphological
characteristics.
Our study on the genetic variation in Tunisian J. phoenicea
gives information to guide conservation strategy. The used
morphological treats allowed a high differentiation among
coastal and continental populations indicating a low level of
gene flow among them due probably to a low hybridization
level, geographical isolation and limited seed exchange. Within
geographical regions, the highest level of variation was
observed within and among continental sites (J. Mansour,
Makther, Dkhila and Mallegue) and the lowest within the
coastal ones (Laazib, Rimel and Korbous). Thus, the
conservation in-situ and ex-situ allowing the maintenance of
interaction between populations should be considered.
However, according to these results, we can‟t exclude the
hypothesis of the existence of two morphotypes differentiated
by their morphological features and occupying two different
geographical territories. Thus, based on the Grandoger collects
in 1907 near to Hammamet and Nabeul (coastal regions) and
Van Slageren collects in Matmata, Farajon, (2005) in his book
“Monograph of Cupressaceae and Sciadopitis” reported the
presence of two taxa belonging to the species of J. phoenicea:
J. phoenicea ssp. phoenicea in Matmata and J. phoenicea ssp.
turbinata (Guss.) Pal. in Hammamet. We conclude the
existence of two subspecies of J. phoenicea. The first one J.
phoenicea ssp. turbinata, located in the coastal sites, is
characterized by long, dark and drawn branches and relatively
bulky cones. The second one, J. phoenicea ssp. phoenicea
occupied the continental regions in the western side of Tunisia,
is characterized by a short leaning and light colored branches
and a rough appearance cones with a prominent tips. This new
finding allows the update of the flora of Tunisia already
realized by Pottier Alapetite & Labbe, (1954) who didn‟t
mentioned the existence of these two subspecies.
Our findings are in agreement with what was reported by
Mazur et al., 2015, who on the basis of the morphometric
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analysis of six J. phoenicea populations from the
Mediterranean region showed the existence of two J.
phoenicea subspecies: J. phoenicea ssp. phoenicea and J.
phoenicea ssp. turbinata. The latter, has a restricted west
Mediterranean distribution. In particular, it is present on the
mountains and hills of Spain, France and also Italy in west
Liguria, also in Tuscany on the Apuane Alps (Arrigoni, 2012).
While J. phoenicea ssp. turbinata is more abundant in southern
Sicily coasts (Mazur et al., 2015).
These results confirm the genetic differentiation of the taxons
(Lewandovski et al., 2000) and also the biochemical and
morphological division of them (Lebreton & Thievend, 1981;
Lebreton & Thievend, 1989). Nevertheless, the distances
between each population are so great that they more resemble
the distances between species than subspecies (Mazur et al.,
2003).
It is noteworthy that the two species do not interbreed even
when they are in close proximity. In fact J. phoenicea ssp.
phoenicea sheds pollen in the spring and J. phoenicea ssp
turbinata in the autumn (Mazur et al., 2015). Indeed, such
hypothesis should be confirmed by a molecular markers study
to deepen the assessment of the genetic variation and to
suggest appropriate conservation strategy.
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ABSTRACT
Sheep and goat undergoes various stresses throughout their life cycle, among various causes of these
stresses pregnancy and diseases are the most common one which widely affected these two ruminants.
The aim of this study was to investigate the effect of pregnancy and disease stress on antioxidative
capacity of the sheep and goat, which in turn screens the total health status of the animal under study.
Forty goat and sheep females (20 each) in two groups viz 15 diseased & pregnant and 5 healthy females
without pregnancy and diseases (control) were investigated for variations in the antioxidative capacity.
Result of study revealed that acw value (the water soluble antioxidative capacity) was reported lowest in
pregnant sheep (5.75mg/l), whereas this value was reported highest in the control group (7.08 mg/l)
which concluded that stress caused by pregnancy or disease reduced the antioxidative capacity of goat
and sheep as compared the control group. Similar trends were reported in the goat also.
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1 Introduction
Reactive oxygen species (ROS) are highly reactive chemical
species which containing oxygen molecules such as hydroxyl
radical, superoxide, peroxide and singlet oxygen (Kohen &
Gati, 2000; Hayyan et al., 2016). Biologically these molecules
are continuously generated inside the animal body as a
byproduct of the normal metabolism of oxygen but some time
consequence of exposure to exogenous environmental
chemicals such as UV, heat or by some endogenous metabolic
processes such as involving redox enzymes or by some natural
bio-energetic electrontransfer rate of ROS synthesis increased
dramatically, which may caused severe losses or destruction to
the cell structure (Devasagayam et al., 2004; Sreelatha &
Padma, 2009). Under normal circumstances, this generated
ROS can be detoxified by the antioxidants present in animal
body and there is equilibrium between the ROS generated and
the antioxidants present. However, overproduction of ROS
and/or inadequate antioxidant defence may hamper this
equilibrium which favoring the ROS upsurge that culminates
in oxidative stress (Kohen & Gati, 2000; Kamiluglu et al.,
2006). Oxidative damage is associated with formation of free
radical; this overproduction of free radical or ROS may caused
various health issues such as damage to cell membrane,
damage to DNA, cardiovascular diseases, heart attack and
some time it may cause cancer too (Conner et al., 2002; Rada
& Leto, 2008; Giannenas et al., 2009; Brooker, 2011).
According to Puppel et al. (2013) storage of free radicals have
a crucial role in the development of over 100 diseases affecting
all major organs. Tightly controlled ROS generation appears to
be one of the central elements in the mechanisms involved in
cell function, growth, differentiation and death (Valko et al.,
2007). Maintaining a physiological equilibrium between
intracellular antioxidants levels and production of reactive
oxygen species (ROS) is crucial for the survival of the
organisms (Garrel et al., 2010).
Animal body has various mechanisms to counteract oxidative
stress, production of antioxidants are most common one. Antioxidants are the substances that inhibit the damaging effect of
oxidation caused by free radicals. These antioxidants create a
barrier against free radial damage that results in decaying
process of oxidation. These antioxidant substances either
produced naturally (endogenous antioxidants), or externally
supplied through foods (exogenous antioxidants). These
endogenous and exogenous antioxidants work as “free radical
scavengers” by preventing and repairing damages caused by
ROS and RNS, and therefore can enhance the immune defense
and lower the risk of cancer and degenerative diseases.
Superoxide dismutase, Catalase, Glutathione systems,
butylated hydroxytoluene and butylated hydroxyanisole are the
some common synthetic exogenous antioxidatant substances
which reduced the level of ROS damage. While, Vitamin E (αtocopherol), Vitamin C (Ascorbic acid), Beta-carotene,
Lycopene, Selenium, Glutathione, Melatonin, Flavonoids, Uric
acid, Omega-3 and omega-6 fatty acids are the some
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Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

hayajneh et al

endogenous which are recently used as supplements for the
prevention or treatment of some chronic and degenerative
diseases (Frei, 1997; Parthasarathy et al., 1999; Valko et al.,
2005; Pham-Huy et al., 2008; Lobo et al., 2010; Sarma et al.,
2010; Fiedor & Burda, 2014).
Lipid peroxidation is a well-established mechanism of cellular
injury, and is used as an indicator of oxidative stress in cell and
tissues. Lipid peroxides derived from polyunsaturated fatty
acids are unstable and can decompose to form a complex series
of compounds which included reactive carbonyl compound
such as malondialdehyde (MDA). Measurement of
malondialdehyde is widely used as an indicator of lipid
peroxidation, high levels of lipid peroxidation have been
associated with a variety of chronic diseases in both human
and animals (Romero et al., 1998). Further, Simsek et al.
(2006) reported higher level of malondialdehyde in sheep
infected with Dicrocoelium dendriticum. Moreover Sivakumar
et al. (2010) also suggested that animals supplemented by
antioxidants reduced the level of malondialdehyde in goat’s
serium which shows oxidative stress.
Pregnancy is mostly associated with metabolic rate which
favor the developed of oxidative stress. According to
Casanueva & Viteri (2003) these oxidative stresses reached to
the peaks by the second trimester of pregnancy and it may
cause the death of fetus in the absence of antioxidant. Further,
Fialová et al. (2006) reported higher level AOPPs (advanced
oxidation protein products), CRP (C-reactive protein) and
ACA (anticardiolipin antibodies) and IgG in the 1st and 2nd
trimesters which reflect a maternal response to inflammatory
and oxidative stress in pregnant women. Similarly Toescu et al.
(2002) reported that last trimester of pregnancy was associated
with the formation of susceptible, oxidisable particles (high
LDL score) and an increase in oxidative damage and this may
increase risk of cardiovascular disease. During pregnancy or
diseased condition level of ROS increased and it can be
prevent by the application of vitamin A and beta carotene
(Kamiluglu et al., 2006). Most of the studies related to the
effect of pregnancy and disease stress on antioxidant level are
conducted on lower animals such as mice or rabbit and on
human cells but information regarding the effect of these
studies on ruminants are not much available, therefore, present
study have been carried out to investigate the effect of
pregnancy and disease stress on the level of antioxidant in goat
and sheep.
2 Materials and methods
Study was conducted at the research laboratory of department
of animal production, faculty of agriculture, Jordan University.
Awassi breed of sheep and local breed of goat were used as
experimental animal and author strictly followed ethical
guideline proposed by university of Jordan which was based on
the Helsinki Declaration of 1975. Forty goat and sheep has
been selected (20 each) and divided in two groups viz 15
diseased and pregnant and 5 healthy (Control). Animals were

Effects of Pregnancy and disease stress on the antioxidative capacity of sheep and goat

diagnosed for clinical symptoms in clinic located at ministry of
agriculture division and blood samples were taken from
pregnant & disease and healthy animals. Age of sheep and goat
was determined by oral herd records and dentition patterns. All
the animals were fed on the recommend standard diet.

607

of Hayajneh (2015) those who reported lower antioxidant
activity in pregnant sheep blood samples.

Blood samples were collected from jugular vein into sterile
vials containing anti-coagulant heparin with the help of the
trend veterinarian. Collected blood samples were marked
properly and were taken in to the laboratory for rest study.
These blood samples were centrifuged at 5000rpm for 5
minutes and kept under -20Cº until the testing time according
to the analytical procedure.
Total water soluble antioxidant content was estimated
spectrophotometrically by using a kit developed by cell biolabs
(Cell Biolabs OxiSelect TAC Assay Kit) and following the
method described by Hayajneh, (2015). Samples were
compared with a known concentration of uric acid as a
standard solution. MDA-reactive products were estimated by
the using thiobarbituric acid method as described by Placer et
al. (1966) and Nawito et al. (2016). Reaction of Thiobarbituric
acid (TBA) and MDA form a Schiff base adduct under high
temperature & acidic conditions which is a chromogenic/
fluorescent product that can be easily measured by
spectrophotometer. The statistical analyses of obtained results
were performed by assessing of the mean values and standard
deviations (SD) for each monitored group of sheep and goat.
The significant differences among the mean values of studied
parameters were carried out by one way analysis of variance
(ANOVA).
3 Results and Discussion
Results shown in the table 1 indicated the effect of stress on
the level of antioxidant, and pregnant and diseased animals
show lower antioxidant (5.75 and 5.13 mg/l) level as compared
to healthy control (7.06 and 6.18) for sheep and goat
respectively.
Further, higher level of Malondialdehyde (0.53 & 0.52 µmol/l)
was reported from the blood level of diseased and pregnant
sheep and goat respectively as compared to healthy one.
Results of present study are in the agreement with the findings

Similar type of study was conducted by Nawito et al. (2016)
and reported a significantly higher malondialdehyde (MDA)
values in the blood of pregnant animals as compared to healthy
non pregnant one. Further they reported a significant reduction
in the activity of SOD. In this manner result of present study
are in agreement with the findings of Nawito et al. (2016).
Although they have reported some higher value of
malondialdehyde and SOD as compared to the present study
but this difference may be attribute to the difference in
experimental conditions and diet composition. Further,
Sordillo et al. (2007) established relationship between the
physiological changes and the loss in the overall antioxidant
potential in dairy cows during parturition.
Similarly, Konvičná et al. (2016) reported higher oxidative
stress and lower antioxidant level in dairy cow just after the
parturition. In this study these researchers reported significant
changes between MDA and indicators of oxidative stress
(SOD, GSH-Px, vitamin E) during parturition in dairy cows.
Results of above said studies are in agreement with the
findings of present study where improvement in MDM value
and reduction in antioxidant potential was reported in the blood
of pregnant goat and sheep.
Abdel Fattah et al. (2011) reported significantly higher
malondialdehyde level and lower superoxide dismutase
activity in alopecia areata compared to healthy control. Further
they suggested higher lipid peroxidation and defective
superoxide dismutase (SOD) activity in patient suffering from
alopecia areata. Similarly, Adiga et al. (2007) measured the
level of total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), atherogenic index (AI), malondialdehyde
(MDA) were measured in 25 women with preeclampsia and 25
pregnant women and reported significantly higher level of
MDA, TC and Al in preeclamptic patients as compared to the
control group while the level of HDL-C was reduced in
preeclamptic patients. Result of this study suggested that
hypercholesterolemia leads to excessive lipid peroxidation.
Coexistent diminution in antioxidant activity leads to an
imbalance between prooxidants and antioxidants, resulting in
oxidative stress.

Table 1 Effect of pregnancy and diseased stress on the concentration of water soluble antioxidant and malondialdehyde levels in the
blood of sheep and goat.
Animals

Nature

Sheep

Pregnant and Diseased

Goat

Number
15

Concentration of water soluble
antioxidant (mg/l)*
5.75±0.709

Concentration of Malondialdehyde
(µmol/l)*
0.53±0.032

Healthy (Control)

05

7.08±0.454

0.45±0.022

Pregnant and Diseased

15

5.13±0.540

0.52±0.047

Healthy (Control)

05

6.26±0.779

0.45±0.059

* Mean of selected animals; Value after ± represents Standard Deviation
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