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ABSTRACT 

Rapeseed is one of the most valuable plants in the world which is highly regarded in terms of oil and 
protein. Plant growth and yield have been limited by several biotic and abiotic environmental stresses in 

many parts of the world. Drought stress is one of the main obstacles to the successful production of crops. 

To investigate the effects of water stress on yield and oil of rapeseed varieties, a split plot experiment was 

carried out in a randomized complete block design with three replications. Irrigation was considered as 
the main plot in the four levels of normal irrigation (I-0), cut irrigation after stem elongation stage (I-1), 

cut irrigation after the flowering stage (I-2), and cut irrigation after the podding development (I-3). The 

sub plot was rapeseed cultivars included 6 cultivars (KR4, HW113, HW118, L5, SW101, and HW101). 
Approaching to physiological maturity, some traits were measured including; plant height, stem diameter, 

number of branches per plant, number of pods per plant, pod length, number of seeds per pod, 1000-grain 

weight, grain yield, biological yield, harvest index, seed oil content, oil yield, the glucosinolate, the erucic 
acid and the oleic acid content. According to the results obtained in this experiment, cut irrigation at 

flowering decreased the number of pods per plant. Drought stress at flowering stage resulted to decrease 

in plant flowering potential and so number of pods and the total number of grains per plant and finally 

leaded to reduction in grain yield and oil yield. Also, the stress during the stem elongation stage reduced 
dry matter production and its storage in vegetative organs and the ultimate yield declined due to this 

deficiency. The results revealed that the HW101 cultivar could be used as a suitable cultivar at regions 

with moisture limitation especially in stem elongation stage and the KR4 could be utilized as a proper 
cultivar at regions with drought stress in flowering stage and the L5 could be used in areas where may 

face the drought stress at the end of the planting season, so, rapeseed cultivation could be extended in the 

dry areas. 
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INTRODUCTION 
Rapeseed is a valuable oil plant that has attracted many attentions in recent years. Rapeseed is rich in 

protein and oil and the Rapeseed grains have about 40 to 42% oil. Edible rapeseed grain containing 43.6% 

of protein and amino acids, lysine, methionine and cysteine. Commercial rapeseed or canola has lower 
amount of glucosinolate and erucic acid than common rapeseed (Iqbal et al., 2008). Worldwide, the area 

under cultivation of rapeseed was changed from 7 million hectares in 1965 to 27 million hectares in 2005. 

It showed that almost every 20 years, the area under cultivation has been doubled. In 2005, China had the 

largest area under cultivation of rapeseed and followed by India, Canada, Europe and Australia in their 
next orders. Rapeseed supply approximately 12% of the protein of the world's food (Berry and Spink, 

2006). Rapeseed cultivation in Iran was began in 1998 with substantial delay and 8,000 hectares area 

under cultivation and grain yield 0f 750 kg. It was welcomed by farmers and technical and commercial 
supporting, the cultivation of this crop was increased in a short time and its cultivation area reached to 73 

thousand hectares with more than 155 kg/ha yield in 2003 (Anonymous, 2004). Plant growth and 

performance are limited by several biotic and abiotic environmental stresses in many parts of the world. 
In fact, the environmental stresses are the most important factors in reducing agricultural products in the 

world. If the environmental stresses would not have happened, the actual performance should be equal to 
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the potential yield of plants while the average yield of crops is about 10 to 20 percent less than their true 

potential and the stressors have a negative impact on agricultural production (Kafy and Mahdavy, 2007). 

Drought is the major obstacle to successful produce of agricultural crops. A combination of factors has 
led to a variety of drought and this variety can cause different mechanisms in living organizations 

(Monteneveus and Belhasken, 1996). The main reason of water stress in plants is the increase in the rate 

of water loss or insufficient water absorption or a combination of both that would cause to surpass the rate 
of water loss due to transpiration to water uptake by roots and continuing this conditions, the stress level 

increases (Hajeby and Heidary, 2005). Drought stress in plants causes delay in germination, reduction in 

rate and percentage of germination and seedling growth and the seeds that can have a proper rate and 

percentage of germination and good growth in radicle and plumule at drought stress condition, would 
have a better establishment and so more grain yield (Allen et al., 1985). Extension of cell wall synthesis 

and protein synthesis in the fast-growing tissues is the most critical process in relation to water scarcity 

(Sadras and Milroy, 1995). 
Desclauxe et al., (2000), observed that the effect of drought stress and planting date on soybean. They 

stated that the plant height and yield components such as the total number of pods, the number of filled 

pods and seed weight decreased significantly and the average of plant height in vegetative and flowering 
stages was the most sensitive trait.  

The different studies showed that there were a high correlation between yield and yield components of the 

irrigation and water consumption (Chay and Thurling, 1989). Drought stress affects the phenology of 

plants and thereby effects on yield and yield components (Desclauxe and Roumet, 1996). When the soil 
moisture reached to less than 50% of its available water during flowering to green ripening, the decrease 

in the grain yield occurred (Bernardo et al., 1984). Flowering stage and the early stages of pods 

development were considered critical stages, i.e. the time of determining the number of pods and seeds of 
rapeseed plants in terms of need to water (Rao and Mendham, 1991). More than two irrigations were not 

suitable for rapeseed; meanwhile, this crop had a good response to irrigation at start of flowering (Soper, 

1971). The yield components often measured at harvest time in order to determine the most important role 

in relation to difference between genotypes and treatments. In early and winter cultivation of rapeseed, a 
large number of pods was produced that the competition between them was high. In these cultivations, 

usually the chances of survive was more for seeds and pods in the upper part of the main stem, which was 

due to a better distribution of solar radiation 
In the study of Pasban et al., (1999) the water stress significantly decreased the number of pods per 

bushes within the yield components. The number of pods was affected by environmental factors more 

than seed weight and showed that the irrigation before flowering had no effect on harvest index. Jenses et 
al., (1966) showed that soil drying in an environment with low evaporation power, had no significant 

effect on canola oil percentage but drought stress in sandy soil decreased the oil amount. The positive 

effect of irrigation on yield of spring rapeseed so that in control treatment (without irrigation) the yield 

was about 1 t/ha while in irrigated plots the yield reached to 2.5 t/ha. Kajedy (1992), have studied the 
changes of oil percentage and oil yield and the relation between the oil percentage and protein in 21 

cultivars under irrigation and no-irrigation condition and showed that the average of grain yield and oil 

yield increased in irrigation condition. Among different environmental factors that effect on the amount 
of oil, irrigation could increase the amount of oil (Krogman and Hobbs, 1975). The quality characteristics 

of oil like protein and fat influenced by the water intervals (Chylinska, 1996). Functional or physiological 

efficiency and ability of a crop plant to total convert biomass (dry matter) to yield is known as harvest 
index (Suna et al., 2003). The researches revealed that different cultivars of rapeseed had a significant 

difference in terms of harvest index and it depended on the environmental and genetic factors (Kolte et 

al., 2000; Munir and Mc Neilly 1992). 

Generally, harvest index was significantly reduced by water shortages in both vegetative growth and 
flowering stage and also in grain filling stage (Jensen et al., 1996). Drought stress at flowering stage 

reduced plant height, dry weight, leaf relative water content, and pods number and length in spring 

varieties of rapeseed (Sheikh et al., 2005). 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm 
2015 Vol.5 (S1), pp. 4256-4269/Vahid et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  4258 

 

Accordingly, this study was aimed to determine the impact of irrigation interruption at different stages of 

growth in rapeseed plant varieties on the properties and components of yield, and the amount and quality 

of rapeseed oil. 

 

MATERIALS AND METHODS 

This experiment was carried out in Karaj region, Alborz province, Iran with latitude of 35° and 59ʹ N and 
longitude of 50° and 75ʹ E and altitude of 1313 meters above sea level and its long-term average rainfall 

of 244 mm. In order to implement this study, an experiment was conducted in a split plot in a randomized 

complete block design with three replications. Irrigation as the main factor included four levels of 

irrigation; common irrigation (I-0), cut irrigation at stem elongation stage (I-1), cut irrigation at flowering 
stage (I-2), and cut irrigation at pod development (I-3). The sub plot was the rapeseed cultivars in 6 levels 

such as; HW113, KR4, HW101, SW101, L5, HW118. The trial was carried out in 72 experimental plots 

that each plot consisted of 6 line with 5 meter long and 30 cm spacing of and 5 cm between plants on 
lines. Approached the plant physiological maturity, some traits were measured such as; plant height, stem 

diameter, number of stems per plant, number of pods per plant, pod length, number of seeds per pod, 

1000-grain weight, grain yield, biologic yield, harvest index, oil seed content, oil yield, the glucosinolate, 
the erucic acid and the oleic acid content. According to the analysis of soil (Table 1) and fertilizer 

recommendations, preceded to fertilization (a part of nitrogen fertilizer and all of phosphorus and 

potassium requirements) and broadcasted uniformly Treflan herbicide (Trifluralin) at a rate of 2.5 liters 

per hectare in the farm and the fertilizer and herbicide were mixed to soil by light disk tillage. To efficient 
use of nitrogen, the rest of the nitrogen fertilizer was added top-dressing at the beginning of stem 

elongation and the emergence of the first flower buds.  

 

Table 1: The analysis of soil of the farm 

Parameter Level  

pH 7.74 

Organic Carbon (%) 0.64 
EC (dS/m) 1.70 

Nitrogen (%) 0.06 

Soluble Phosphorus (mg/kg) 10.3 

Soluble potassium (mg/kg) 275 
Soil texture Loamy clay 

 

The planting operation was done by hand and the thinning operation was carried out at 2-6 leaf stage in 
order to achieve the proper plant density and remove weeds.  

10 plants from each plot were randomly chosen to determine the traits such as plant height, number of 

seeds per pod, number of pods per plant and measurement was done based on the samples. At maturity, 

the plants were cut and exposed to the air in two separate categories within the plot were for 4 days in 
order to decrease the moisture up to 12%, then they were weighted by a precision scale and the biological 

yield of each plot were calculated in terms of kilograms per hectare. 

To separate the seeds from the pods, the plants of each plot were put into the thresher then the seeds were 
weighted by a precision scale and the grain yield was estimated in terms of kilograms per hectare. To 

measure thousand seed weight, four samples of thousand seeds were randomly selected from each plot 

and were weighted and their average was recorded as the 1000-grain weight in terms of gram. 
Harvest index is the function of grain yield to the total weight of crop. This attribute was determined, by 

dividing the grain yield to the total weight of the biomass (biologic yield) and recorded in terms of 

percentage.  

The canola oil content was measured by NMR device that worked based on the magnetic induction of 
hydrogen nuclei and was a spectrum method. The advantage of this method is being nondestructive, and 

measures the oil content of the seeds the fast and accurately. The product of grain yield (kg/ha) to the 
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grain oil content (%), the grain oil yield was determined in kilograms per hectare. From the seeds of each 

plot, the amount of 150 g was transferred to the laboratory and the oleic acid, erucic acid and 

glucosinolate was measured using HPLC, and was recorded.  
The analysis of the data was performed by using of statistical models in split plot design on a randomized 

complete block design and to compare the means the Duncan test was used and all of the statistical 

analysis was done using MSTATC software. 

 

RESULTS AND DISCUSSION 

According to the analysis of variance there were significant differences between different irrigation 

regimes for all traits in the probability level of 1% i.e. the different treatments of moisture content were 
effective on the measured traits. The effect of different cultivars was significant on all of the traits except; 

the plant height, stem diameter, and the number of branches per plant. The interaction between cultivar 

and irrigation regimes was significant on the stem diameter and the number of pods per plant (p ≤ 0.01) 
and the plant height, the number of branches per plant, and the number of seeds per pods (p ≤ 0.05) 

(Table 2). 

Plant Height 
The treatment of cut irrigation after stem elongation stage (I-2) had significantly the least plant height 

compared to other treatments. The results showed that the cutting irrigation in the primary stages of the 

growth had a large effect on plant height and resulted to plant height reduction due to less number of 

nodes and shorter internode distance (Table 3). Ghobady et al., also reported the plant height reduction 
resulted by the drought stress. 

Accordingly, it could be estimated that the autumn rapeseed could use the proper moisture of the fall, 

winter and spring to have a suitable vegetative growth while the most of rainfall in the country occurred 
in these seasons (Alyary et al., 2000). 

Stem Diameter 

The ANOVA revealed that there was a significant difference between the irrigation regimes and the 

interaction between irrigation regimes and the cultivar for the stem diameter in probability level of 1% 
while the cultivar treatment had no significant effect (Table 2). According to the table 3, the mean 

comparison showed that the most average of stem diameter was related to L5 cultivar (18.6 mm) in 

control treatment (I-0) and the least was occurred in L5 (10.1) in the treatment of cut irrigation after stem 
elongation (I-1). The differences might relate to the genetic potential of the cultivar. 

The Number of Branches per Plant 

The effect if irrigation regimes and the interactions between irrigation and cultivar were significant on the 
number of branches per plant at the probability level of 1% and 5%, respectively (Table 2).  

The mean comparison showed that for the number of branches per plant the most branches were occurred 

in SW101 with average of 8.3 and the least was occurred in L5 with average of 3.1 (Table 3). 

The Number of Pods per Plant 
The effect of irrigation regimes, cultivars, and the interaction between them were significant on the 

number of pods per plant at probability levels of 1% (Table 2). The mean comparison of this trait showed 

that the most number of pods per plant was in SW101 (157.5) at I-0 condition and the least one was in L5 
(36) at I-1 condition. Mainly the water at flowering stage stress resulted to loss of flowers and developing 

pods due to less supply of photosynthesis materials under the stress during this period. These results were 

in line with the researches of Singh and Kumar (1998). 

The Number of Seeds per Pod 

The number of seeds per canola pod has a capacity of close to 30 ovules at flowering stage, but the final 

number is always less than the mentioned amount. Researchers reported the supply constraints of 

photosynthetic materials and other environmental factors were effective on the number of seeds per pod 
(Mendham & Salisbury, 1995). 

The ANOVA showed that the effect of irrigation regimes was significant on the number of seeds per pod 

at probability level of 1% while the effect of cultivars was not significant and the effect of interaction of 
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cultivar and irrigation regimes was significant at probability level of 5% (Table 2). The mean comparison 

showed that the average of most number of seeds per pods was 25.2 in SW101 at I-0 and the least was 

occurred at I-1 condition for L5 with the average of 11.5 (Table 3).  
It seems that the water shortage reduced the absorption of photosynthetic materials and this caused a loss 

in the number of seeds per pod. Other reports were provided about the negative impacts of drought stress 

on the seed number per pod (Sinaki et al., 2007). 
 

Table 2: Analysis of variance for plant height, stem diameter, number of branches per plant, 

number of pods per plant and number of seeds per pod for different cultivars of rapeseed 

Variables df Mean of squares 

Plant 

height 

Stem 

diameter 

Number of 

branches per 

plant 

Number of 

pods per plant 

Number of 

seeds per 

pod 

Replication 2 77/37
 ns

 63/1
 ns

 791/0
 ns

 538/84
 ns

 882/1
 ns

 

Irrigation regime 3 195/19966
**

 681/176
**

 603/62
**

 936/31004
**

 984/325
**

 

error 6 127/58  539/1  187/0  427/33  173/1  

cultivar 5 195/176
 ns

 628/0
 ns

 171/0
 ns

 304/168
 **

 051/2
 ns

 

Irrigation*cultivar 15 633/289
 *
 192/2

 **
 93/0

 *
 612/388

 **
 094/6

 *
 

error 40 603/115  599/0  404/0  274/17  48/2  

CV (%) - 65/12 44/10 25/11 72/12 73/8 

ns: non-significant, *: significant at the 5%, ** significant at the probability level of 1%. 

 

Thousand Seeds Weight 
Final grain weight is a function of the growth rate and duration of grain filling (Ney & Turc, 1994). The 

amount of thousand seeds weight represents the seed development and is an important factor determining 

the yield potential of rapeseed (Sadaqat et al., 2003). Analysis of variance for 1000-seed weight indicated 
that a significant difference was observed in 5% probability level between the repetitions. As shown in 

Table 4, there was a significant difference between different irrigation regimes for all traits at probability 

level of 1%. Also the effect of interaction between irrigation regimes and cultivars was significant on the 
1000-seed weight at probability level of 5% (Table 4). 

The results of the mean comparison indicated that the most 1000-seed weight was observed in I-0 

treatment related to SW101 cultivar (4.9 g) and the least was belonged to I-2 treatment for HW113 

cultivar with the average of 2.1 g (Table 5). 
The decrease in 1000-seed weight following the cessation of irrigation was possibly due to reduce in 

production and transportation of the photosynthesis materials into the grain. It seemed that the plant could 

not even compensate the decrease in the assimilation due to drought stress by retranslocation of its 
accumulated reserves. Daneshmand et al., (2006) also reported the same results in this case. 

Grain Yield  

Between different regimes of moisture and grain yield a significant difference was observed in the 

probability of level 1%. There was no significant difference in grain yield between varieties and the effect 
of interaction between cultivar and irrigation regimes was significant on the grain yield at probability 

level of 5% (Table 4). 

The most average of grain yield was observed in SW101 cultivar (5315 kg/ha) at I-0 and the least was in 
L5 cultivar (1897 kg/ha) at I-1 (Table 5). 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm 
2015 Vol.5 (S1), pp. 4256-4269/Vahid et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  4261 

 

Table 3: The mean comparison of plant height, stem diameter, number of branches per plant, 

number of pods per plant and the number of seed per pod for cultivars of rapeseed 

Irrigation Cultivar Average 

plant 

height 

(cm) 

stem 

diameter 

(mm) 

number of 

branches per 

plant 

number of 

pods per 

plant 

number of 

seed per 

pod 

Common irrigation 
(Control, I-0) 

HW113 8/161
abc 

2/18
abc 

9/7
abc 

3/146
b 

5/23
abc 

KR4 7/146
b-f 

1/17
cde 

4/7
a-d 

2/122
d 

5/21
b-e 

HW101 7/158
a-d 

7/17
a-d 

7/7
abc 

4/140
b 

1/23
abc 

SW101 6/171
a 

9/18
a 

3/8
a 

5/157
a 

2/25
a 

L5 3/165
ab 

6/18
ab 

1/8
ab 

4/54
a 

8/23
ab 

HW118 3/152
a-e 

3/17
b-e 

6/7
abc 

5/130
a 

22
bcd 

cut irrigation after 

stem elongation stage 
(I-1)  

 

HW113 2/91
klm 

1/11
m-p 

8/3
l-o 

8/50
no 

1/14
m-q 

KR4 9/75
mn 

5/10
op 

5/3
no 

9/44
op 

9/12
opq 

HW101 6/99
jkl 

4/11
m-p 

9/3
l-o 

6/54
mn 

7/14
l-p 

SW101 7/83
lmn 

8/10
nop 

7/3
mno 

47
o 

3/13
n-p 

L5 8/64
n 

1/10
p 

1/3
o 

36
q 

5/11
q 

HW118 4/70
n 

3/10
op 

3/3
o 

6/38
pq 

4/12
pq 

cut irrigation after 

the flowering stage 

(I-2) 
 

HW113 2/118
hij 

5/12
klm 

8/4
i-m 

6/67
l 

2/16
i-n 

KR4 7/127
f-j 

2/14
hil 

5/5
g-j 

1/80
ij 

4/17
g-k 

HW101 3/125
ghi 

7/13
ijk 

1/5
h-k 

8/75
jk 

17
h-m 

SW101 4/112
ij 

2/12
lmn 

5/4
j-n 

5/60
m 

7/15
j-o 

L5 7/108
ijk 

7/11
mno 

1/4
k-o 

5/56
mn 

4/15
k-o 

HW118 6/120
hi 

1/13
jkl 

9/4
i-l 

4/71
kl 

8/16
i-m 

cut irrigation after 

the podding 

development stage 
(I-3) 

HW113 3/135
e-h 

8/14
ghi 

3/6
d-g 

6/92
g 

19
e-i 

KR4 4/141
d-g 

5/15
fgh 

4/6
d-g 

6/94
g 

8/19
d-h 

HW101 9/128
f-i 

5/14
hi 

7/5
f-i 

4/83
hi 

18
f-k 

SW101 8/143
c-g 

1/16
efg 

8/6
c-f 

106
f 

2/20
d-g 

L5 2/145
c-g 

6/16
def 

1/7
b-e 

113
e 

6/20
c-f 

HW118 8/132
e-h 

6/14
hi 

1/6
e-h 

8/87
gh 

4/18
f-j 

In each column, means with different letters are significantly different, according to ANOVA and the 
Duncan's test in probability level of 5%. 

 

Biological Yield 
The ANOVA for the biologic yield indicated that significant difference was observed between the 

different regimes of water (p ≤ 0.01) and the interaction between cultivars and irrigation regimes (p ≤ 

0.05) ,while there was no significant difference between cultivars (Table 4). 

The SW101 cultivar with the average biological yield of 19150 kg/ha at I-0 treatment and the L5 cultivar 
with the average of 8146 kg/ha at I-1 treatment had the most and the least biological yield according to 

mean comparison (Table 5). 

Harvest Index 
There were several studies on the significant effects of the drought stress on harvest index for different 

crops such as; sunflower (Saffary, 2006) and safflower (Nadery et al., 2005). However, only the 

interaction between the cultivar and irrigation regimes was significant (p ≤0.05) (Table 4). 

The most harvest index, according to mean comparison, was occurred in HW101 at I-0 treatment with the 
average of 29.14% and the least was in L5 at I-2 treatment (Table 5). Cut irrigation in the early stages of 

plant growth could lead to less vegetative and reproductive growth and so reduced plant height, number 

of pods and number of seeds per pod. Drought stress at flowering and pods development stages of the 
plant growth had fewer effects on yield because the plant had almost completed its vegetative growth and 

metabolic reduction reduced the yield components and biological yield.  
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Table 4: Analysis of variance of 1000-seed weight, biological yield, grain yield and harvest index for 

different cultivars of Rapeseed 

Variables df Mean of squares 

1000-seed 

weight (g) 

Biological yield 

(kg/ha) 

Grain yield 

(kg/ha) 

Harvest index 

(%) 

Replication 2 08/1
 *
 375/6204470

 ns
 292/21938

 ns
 44/34

 ns
 

Irrigation regime 3 75/14
**

 125/265359837
**

 333/25634794
**

 734/32
 ns

 
error 6 147/0  819/2754144  625/168621  508/30  

cultivar 5 101/0
 ns

 825/729224
 ns

 3/146432
 ns

 45/6
 ns

 

Irrigation*cultivar 15 967/0
 *
 425/5777176

 *
 233/721934

 *
 195/45

 *
 

error 40 648/0  908/2104988  942/257179  493/21  
CV (%) - 16/12  48/10  92/13  66/17  

ns: non-significant, *: significant at the 5%, ** significant at the probability level of 1%. 

 

Table 5: Comparison of mean 1000-seed weight, biological yield, grain yield and harvest index for 

Cultivars of rapeseed plant 

Irrigation Cultivar Average 

1000-seed 

weight (g) 

Biological 

yield (kg/ha) 

Grain yield 

(kg/ha) 

Harvest 

index (%) 

Common irrigation (Control, 

I-0) 

HW113 7/4
abc 

18260
ab 

5243
a 

81/28
a 

KR4 4/4
a-e 

17130
a-d 

4514
abc 

28/26
ab 

HW101 6/4
a-d 

17940
abc 

5242
a 

14/29
a 

SW101 9/4
a 

19150
a 

5315
a 

9/27
a 

L5 8/4
ab 

18880
a 

5303
a 

13/28
a 

HW118 5/4
a-d 

17640
abc 

4798
ab 

34/27
a 

cut irrigation after stem 

elongation stage (I-1)  

 

HW113 1/2
i 

10130
lmn 

2351
hi 

27/24
b 

KR4 6/2
ghi 

8642
n 

2282
hi 

37/26
ab 

HW101 9/2
e-i 

10800
k-n 

2731
f-i 

98/24
b 

SW101 7/2
f-i 

9085
mn 

2291
hi 

09/25
b 

L5 4/2
hi 

8146
n 

1897
i 

4/23
b 

HW118 5/2
hi 

8458
n 

2240
hi 

61/26
ab 

cut irrigation after the 
flowering stage (I-2) 

 

HW113 3/3
b-i 

12480
i-l 

3203
e-h 

53/26
ab 

KR4 6/3
a-i 

13640
f-j 

3656
c-f 

37/27
a 

HW101 5/3
a-i 

13160
g-k 

3362
d-g 

68/25
b 

SW101 2/3
c-i 

11760
jkl 

2786
f-i 

79/23
b 

L5 1/3
d-i 

11650
j-m 

2521
ghi 

93/21
c 

HW118 4/3
a-i 

12730
h-l 

3300
d-g 

96/25
ab 

cut irrigation after the 

podding development stage 
(I-3) 

HW113 9/3
a-h 

15260
c-h 

3985
b-e 

14/26
ab 

KR4 1/4
a-g 

15750
b-g 

3996
b-e 

79/25
ab 

HW101 7/3
a-h 

14130
e-j 

3949
b-e 

12/28
a 

SW101 2/4
a-f 

16120
b-f 

4201
bcd 

33/27
a 

L5 3/4
a-e 

16450
a-e 

4262
bcd 

19/26
ab 

HW118 8/3
a-h 

14760
d-i 

3984
b-e 

04/27
a 

In each column, means with different letters are significantly different, according to ANOVA and the 

Duncan's test in probability level of 5%. 

 

Seed Oil Percentage 

The analysis of variance showed that significant differences were observed in the probability level of 1% 

for the trait of the seed oil percentage between different moisture regimes and interaction between 
cultivars and different irrigation regimes (Table 6).  
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The results of mean comparison showed that the highest and lowest percentage of oil were observed at the 

control of the SW101 (25/45%) and I-1 of L5 (41.37%), respectively (Table 7). Slight differences in the 

percentage of oil were likely due to genetic varieties between cultivars. 

The Seed Oil Yield 

The seed oil yield depends on two factors of the grain yield and the seed oil percentage, decrease or 

increase in any of these factors will cause changes in oil yield. The ANOVA for the seed oil yield trait 
revealed that the effects of irrigation regimes (p ≤0.01), cultivars (p ≤0.05), and the interaction between 

them (p ≤0.01) were significant (Table 6).  

As it is shown in table 7, the most oil yield was in SW101 cultivar with the average of 2407 kg/ha at 

control treatment and the least was in L5 cultivar with the average of 784 kg/ha at I-2 treatment. Given 
that the amount of oil and the grain yield reduced under drought stress, so the oil yield also declined. 

Ghobady et al., (2006) reported the effects of water deficit stress on reduction of seed oil yield. 

The Glucosinolate Content 
According to the analysis of variance the difference between irrigation regimes was significant at 

probability level of 1% for the glucosinolate trait. There was no significant difference between the 

cultivars for the glucosinolate content i.e. the glucosinolate content had no dramatic differences between 
cultivars. The effect of interaction between cultivars and irrigation regimes was significant on 

glucosinolate content at the probability level of 5% (Table 6). 

According to mean comparison, the highest amount of glucosinolate was occurred in L5 cultivar at I-1 

treatment (29.25 mg/g meal dry weight) and the lowest was observed in SW101 cultivar at I-0 treatment 
(20.17 mg/g meal dry weight) (Table 7).  

The Erucic Acid Content 

The ANOVA indicated that there was a significant difference between irrigation regimes for the erucic 
acid content at probability level of 1% but the effect of cultivars was not significant. The effect of 

interaction between irrigation regimes and cultivar was significant (p ≤0.05) for the erucic acid content 

(Table 6). 

The highest and the lowest amount of the erucic acid content were in L5 cultivar at I-1 treatment 
(0.1998%) and SW101 cultivar at I-0 treatment (0.1456%), respectively (Table 7). 

The Oleic Acid Content 
The effect of different irrigation regimes was significant on the percentage of oleic acid at probability 
level of 1%. There was no significant difference between different cultivars for the oleic acid content 

while the interaction between cultivars and irrigation regimes was significant at probability level of 5% 

(Table 6). The results of mean comparison showed that the highest amount of oleic acid content was 
occurred in L5 at I-0 treatment with the average of 63.85% and the lowest amount was in L5 cultivar at I-

1 treatment with the average of 61.12% (Table 7). 

 

Table 6: Analysis of variance of the seed oil percentage, seed oil yield, erucic acid, oleic acid and 

glucosinolate for cultivars of rapeseed 

Variables df Mean of squares 

seed oil 

percentage 

seed oil yield  Erucic 

acid  

Oleic 

acid  

Glucosinolate  

Replication 2 098/0
 ns

 847/5969
 ns

 275/0
 ns

 501/0
 ns

 899/2
 **

 

Irrigation regime 3 756/26
**

 162/5648566
**

 153/48
**

 887/14
**

 844/193
**

 

error 6 048/0  106/31859  151/1  162/0  097/0  

cultivar 5 313/0
 *
 114/25209

 ns
 512/0

 ns
 169/0

 ns
 516/1

 ns
 

Irrigation*cultivar 15 422/0
 **

 529/92452
 *
 768/4

 *
 634/0

 *
 499/2

 *
 

error 40 125/0  258/50741  312/2  185/0  822/0  

CV (%)  82/4  27/14  11/9  69/4  48/3  

ns: non-significant, *: significant at the 5%, ** significant at the probability level of 1%. 
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Table 7: The mean comparison of the seed oil percentage, seed oil yield, erucic acid content, oleic 

acid and glucosinolate content for different rapeseed cultivars 

Irrigation Cultivar Average 

seed oil 

percentage 

seed oil 

yield 

(kg/ha) 

Erucic 

acid (%) 

Oleic 

acid (%) 

Glucosinolate 

(mg/g meal dry 

weight) 

Common irrigation 

(Control, I-0) 

HW113 72/44
ab 

2344
ab 

1487/0
de 

62/63
abc 

78/21
kl 

KR4 96/43
cd 

1986
bcd 

1543/0
def 

99/62
c-f 

25/23
ijk 

HW101 31/44
bc 

2323
ab 

1521/0
def 

35/63
bcd 

33/22
k 

SW101 25/45
a 

2407
a 

1456/0
f 

13/64
a 

17/20
m 

L5 16/45
a 

2395
ab 

1482/0
ef 

85/63
ab 

42/20
lm 

HW118 12/44
bc 

2118
abc 

1535/0
def 

18/63
b-e 

77/22
jk 

cut irrigation after 

stem elongation 

stage (I-1) 

 

HW113 78/41
jkl 

981
jk 

1821/0
a-d 

48/61
kl 

99/28
ab 

KR4 66/41
kl 

951
jk 

1897/0
ab 

38/61
kl 

11/29
ab 

HW101 22/42
ijk 

1155
h-k 

1785/0
a-e 

77/61
jkl 

97/28
ab 

SW101 73/41
jkl 

957
jk 

1872/0
abc 

44/61
kl 

99/28
ab 

L5 37/41
l 

784
k 

1998/0
a 

12/61
l 

25/29
a 

HW118 52/41
l 

930
jk 

1912/0
ab 

22/61
l 

12/29
ab 

cut irrigation after 

the flowering stage 

(I-2) 

 

HW113 43/42
i 

1359
g-j 

1717/0
a-f 

88/61
i-l 

34/28
abc 

KR4 71/42
ghi 

1562
d-h 

1636/0
b-f 

13/62
g-k 

15/27
cde 

HW101 66/42
ghi 

1434
e-i 

1685/0
b-f 

11/62
g-k 

46/27
b-e 

SW101 37/42
ij 

1181
h-k 

1728/0
a-f 

86/61
i-l 

83/28
ab 

L5 31/42
ij 

1067
ijk 

1762/0
a-e 

82/61
i-l 

95/28
ab 

HW118 55/42
hi 

1404
f-i 

1695/0
b-f 

91/61
h-l 

12/28
a-d 

cut irrigation after 
the podding 

development stage 

(I-3) 

HW113 11/43
e-h 

1718
c-g 

1586/0
c-f 

55/62
d-j 

25/25
fgh 

KR4 22/43
efg 

1727
c-g 

1572/0
def 

62/62
d-i 

88/24
ghi 

HW101 82/42
ghi 

1691
c-g 

1622/0
b-f 

34/62
f-j 

56/26
def 

SW101 48/43
def 

1827
c-f 

1561/0
def 

72/62
d-h 

51/24
hi 

L5 72/43
cde 

1863
cde 

1555/0
def 

89/62
c-g 

15/24
hij 

HW118 87/42
f-i 

1708
c-g 

1618/0
b-f 

47/62
e-j 

14/26
efg 

In each column, means with different letters are significantly different, according to ANOVA and the 

Duncan's test in probability level of 5%. 
 

Conclusion 

The overall results of the research indicated that some traits like the high number of seeds per pods and 

high 1000-seed weight could have an effective role on the suitable grain yield in shortage of water. 
According to the results obtained in this research, the most sensitive stages of plant growth were the stem 

elongation, flowering and first of pods development stages at drought stress condition. Cut irrigation at 

flowering stage decreased the number of pods per plant due to fail and fall of flowers. At the stem 
elongation stage that the meristem reproductive organs were formed, if the plant exposed to water deficit 

stress the flower would decrease the production potential and so the number of pods and total seed 

number and ultimately, the grain yield and seed oil yield would decrease. In terms of physiologic, the 
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drought stress decreased dry matter production and storage in the vegetative organs during stem 

elongation stage then on retranslocation it to the reproductive organs would reduce the final yield. 

The results indicated that the that the HW101 cultivar could be used as a suitable cultivar at regions with 
moisture limitation especially in stem elongation stage and the KR4 could be utilized as a proper cultivar 

at regions with drought stress in flowering stage and the L5 could be used in areas where might face the 

drought stress at the end of the planting season, so, rapeseed cultivation could be extended in the dry 
areas. 

 

REFERENCES 

Adequate M and Mahdavi Damghani AS (2007). Mechanisms of resistance of plants to environmental 
stresses. University of Mashhad. 

Ahmadi M (1999). Rapeseed Cultivation in Iran is Developing. Olive, Dvrh 141 21-28. 

Ahmadi MF and Javadifar F (2000). Drought resistance assessment and modification of the genus 
Brassica oilseed Drgvnh translation nshr. Agricultural Education, Karaj 141. 

Alishah AS, AhmadianYazdi Tehrani C, M. Unique C and Misbah M (2006). Evaluation of crosses 

between species and embryo rescue and regeneration ability of some species of cotton of Agricultural 
Sciences. Agriculture, Breeding and Agricultural Biotechnology 1 59-67. 

Arraudeau MA (1989). Breeding strategies for drought resistance. Food and Agriculture Organization 

of United Nations.  

Aspinall D and Paleg LG (1981). Proline accumulation: physiological aspects. Food and Agriculture 
Organization of United Nations 205-241. 

Azizi M and Falahal AS (2010). Effects of sowing date on yield and yield components of winter 

rapeseed in Mashhad. Trade Research and Technology. 
Banting DW (1986). Epidemiology of Root Caries. Erodontology 5(1) 5–11. 

Bernardo LM, Clarka RB and Maranville JW (1984). Nitrate/ammonium ratio effects on nutrient 

solution pH, dry matter yield, and nitrogen uptake of sorghum. Journal of Plant Nutrition 7(10). 

Berry PM and Spink JH (2006). A physiological analysis of oilseed rape yields: Past and future. The 
Journal of Agricultural Science 144(05) 381-392. 

Binam (2009). Publication of the Office of Statistics and Information Technology Ministry of Agriculture 

136. 
Boonjung H and Fukai S (1996). Effects of soil water deficit at different growth stages on rice growth 

and yield under upland conditions 1, Growth during drought. Field Crops Research 48(1) 37–45. 

Boonjung H and Fukai S (1996). Effects of soil water deficit at different growth stages on rice growth 
and yield under upland conditions 2, Phenology, biomass production and yield. Field Crops Research 

48(1) 47–55. 

Boyer JS (1970). Differing sensitivity of photosynthesis to low leaf water potentials in corn and soybean. 

Plant Physiology 46(2) 236-239. 
Boyer JS and McPherson HG (1975). Physiology of Water Deficits in Cereal Crops. Advances in 

Agronomy 271–23. 
Cannell RQ and Belford RK (1980). Effects of waterlogging at different stages of development on the 
growth and yield of winter oilseed rape (Brassica napus L.). Journal of the Science of Food and 

Agriculture 31(9) 963-965. 

Chay P and Thurling N (1989). Identification of Genes Controlling Pod Length in Spring Rapeseed, 
Brassica napus L. and their Utilization for Yield Improvement. Plant Breeding 103(1) 54–62. 

Chylinska E (1996). Influence of irrigation and fertilization on yield of seed, fat and protein of winter 

rape, Zeszyty Naukowe Akademii Rolniczej we Wroclawiu. Melioracja (Poland). 

Clark JM and Simpson GM (1978). Growth analysis of Brassica napus. Canadian Journal of Plant 
Science 58 587-595.  

Cole PJ and Alston AM (1974). Effect of transient dehydration on absorption of chloride by wheat roots. 

Plant and Soil 40(1) 243-247. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm 
2015 Vol.5 (S1), pp. 4256-4269/Vahid et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  4266 

 

Dağdelen N, Yılmaz E, Sezgin F and Gürbüz T (2006). Water-yield relation and water use efficiency of 

cotton (< i> Gossypium hirsutum</i> L.) and second crop corn (< i> Zea mays</i> L.). Western 

Turkey Agricultural Water Management 82(1) 63-85. 
Dakhma WS, Zarrouk M and Cherif A (1995). Effects of drought-stress on lipids in rape 

leaves. Phytochemistry 40(5) 1383-1386. 

Daneshian C, Shirani Rad S, Nur BC and Zarei BC (No Date). The effect of water stress and different 
amounts of nitrogen fertilizer on grain yield, yield components, nitrogen and water use efficiency and 

nitrogen in two canola. Journal of Crop Science 8(4) 323 -342. 

DeFreitas J and Germida J (1990). A root tissue culture system to study winter wheat-rhizobacteria 

interactions. Applied Microbiology and Biotechnology 33(5) 589-595. 
Desclaux D and Roumet P (1996). Impact of drought stress on the phenology of two soybean (Glycine 

max L. Merr) cultivars. Field Crops Research 46(1–3) 61–70. 

Desclaux D, Huynhb T and Roumet P (2000). Identification of Soybean Plant Characteristics That 
Indicate the Timing of Drought Stress. Crop Science 40(3) 716-722.  

Ekbom B (1995). Brassica Oilseeds: Production and Utilization. Insect Pests 141-152. 

FAO (2007). FAOSTAT data. Accessed 16th April 2007. Last updated 3rd February 2007, http:// faostat. 
Fao.org/fastat / collection? Version=ext & hasbulk=0 & subset= agriculture. 

Farooq S and Azam F (2006). The use of cell membrane stability (CMS) technique to screen for salt 

tolerant wheat varieties. Journal of Plant Physiology 163(6) 629-637. 

Farshadfar ASD and Imam AS (2001). Selection for drought tolerance in chickpea lines. Agricultural 
Sciences 32(1) 65-77. 

Fernandez MR, Clarke JM and Depauw RM (1996). Comparison of durum and common wheat 

cultivars for reaction to leaf spotting fungi in the field. Plant Disease 793-797. 
Finch-Savage WE and Elston J (No Date). The effect of temperature and water stress on the timing of 

leaf death in Vicia faba. Annals of Applied Biology 100(3) 567–579. 

Foltz RC (2002). Iran's water crisis: cultural, political, and ethical dimensions. Journal of Agricultural 

and Environmental Ethics (Springer). 
Francois LE and Clark RA (1979). Accumulation of sodium and chloride in leaves of sprinkler-

irrigated grapes [Cultivars]. Journal American Society for Horticultural Science. 

Ghosh RK, Bandyopadhyay P and Mukhopadhyay N (1994). Performance of Rapeseed‐mustard 
Cultivars under Various Moisture Regimes on the Gangetic Alluvial Plain of West Bengal. Journal of 

Agronomy and Crop Science 173(1) 5-10.  

Glick BJ, Karaturovic DM and Newell PC (1995). A novel procedure for rapid isolation of plant 
growth promoting pseudomonads. Canadian Journal of Microbialogy 41. 

Gunasekera CP, Martin LD, French RJ, Siddigue KHM and Walton GH (2003). Effects of water 

stress on water relations and yield of Indian mustard (Brassica juncea L.) and canola (Brassica napus L.). 

In Proceedings of the 22th Australian Agronomy conference, Geelong. 
Hajebi AS and Heidari Sharifabad H (2005). Effect of drought on growth and nodulation of three 

species of clover. Research and Builders 18(1) 13-22. 

Harper FR and Berkenkamp B (1975). Revised growth-stage key for Brassica campestris and B. napus. 
Canadian Journal of Plant Science 55 657-658. 

Hassanzadeh SR, Abbasi A and Ismail-Zadeh Zeinali A (2013). Effects of drought and salinity on 

germination of canola varieties. National Conference of Passive Defense in the Agricultural Sector. 

Hoogenboom G, Huck MG and Peterson CM (1987). Root Growth Rate of Soybean as Affected by 
Drought Stress. Agronomy Journal 79(4) 607-614. 

Hurd EA (1968). Growth of Roots of Seven Varieties of Spring Wheat at High and Low Moisture 

Levels. Agronomy Journal 60(2) 201-205. 
Iqbal M,  Akhtar N,  Zafar S and  Ali I (2008). Genotypic responses for yield and seed oil quality of 

two Brassica species under semi-arid environmental conditions. South African Journal of Botany 74(4) 

567–571. 

http://www.sciencedirect.com/science/article/pii/S0254629908001890
http://www.sciencedirect.com/science/article/pii/S0254629908001890
http://www.sciencedirect.com/science/article/pii/S0254629908001890
http://www.sciencedirect.com/science/article/pii/S0254629908001890


Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm 
2015 Vol.5 (S1), pp. 4256-4269/Vahid et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  4267 

 

Jafariyeh Yazdi AP, Fallaliah R, Majd P and Barnard Javydfr F (2006). Effect of drought stress and 

exogenous abscisic acid reproductive meristem structure, pollen, morphology, yield, and canola (Brassica 

napus L). Biology 19(2) 125-135. 

Jensen CR, Mogensen VO, Mortensen G, Fieldsend JK, Milford GFJ, Andersen MN and Thage JH 

(1996). Seed glucosinolate, oil and protein contents of field-grown rape (< i> Brassica napus</i> L.) 

affected by soil drying and evaporative demand. Field Crops Research 47(2) 93-105. 
Jiang Y and Huang B (2001). Drought and heat stress injury to two cool-season turfgrasses in relation to 

antioxidant metabolism and lipid peroxidation. Crop Science 41(2) 436-442. 

Khan MAM, Ulrichs C and Mewis I (2010). Influence of water stress on the glucosinolate profile of 

Brassica oleracea var. italica and the performance of Brevicoryne brassicae and Myzus persicae. 
Entomologia Experimentalis et Applicata 137(3) 229-236. 

Kloepper JW, Schroth MN and Miller TD (1980). Effects of rhizosphere colonization by plant growth-

promoting rhizobacteria on potato plant development and yield. Phytopathology 70 1078-1083.  
Kolte SJ and Awasthi RP (2000). Divya mustard: a useful source to create Alternaria black spot tolerant 

dwarf varieties of oilseed brassicas. Plant Varieties and Seeds 13(2) 107-111. 

Krogman KK and Hobbs EH (1975). Yield and morphological response of rape (Brassica campestris L. 
cv. Span) to irrigation and fertilizer treatments. Canadian Journal of Plant Science 55(4) 903-909.  

Kumar A, Singh DP and Singh P (1994). Influence of water stress on photosynthesis, transpiration, 

water-use efficiency and yield of Brassica juncea L. Field Crops Research 37(2) 95-101. 

Kumar R (1984). Metabolism of 1,25-dihydroxyvitamin D3. Journal of the American Physiological 
Society 64(2) 478-504. 

Kummerow J (1980). Adaptation of roots in water-stressed native vegetation. Adaptation of Plants to 

Water and High Temperature Stress, edited by Turner NC and Kramer PJ 57-73. 
Levitt J (1980). Responses of Plants to Environmental Stresses. Water, radiation, salt, and other stresses 

II 607, ISBN 0-12-445502-6. 

Lucy M, Reed E and Glick BR (2004). Applications of free living plant growth-promoting 

rhizobacteria. Antonie van Leeuwenhoek 86(1) 1-25. 
Maggio A, De Pascale S, Ruggiero C and Barbieri G (2005). Physiological response of field-grown 

cabbage to salinity and drought stress. European Journal of Agronomy 23(1) 57-67.  

Mailer RJ and Cornish PS (1987). Effects of water stress on glucosinolate and oil concentrations in the 
seeds of rape (Brassica napus L.) and turnip rape (Brassica rapa L. var. silvestris [Lam.] Briggs). 

Australian Journal of Experimental Agriculture 27(5) 707 – 711. 

Mailer RJ and Wratten N (1985). Comparison and estimation of glucosinolate levels in Australian 
rapeseed cultivars. Australian Journal of Experimental Agriculture 25(4) 932 - 938. 

McCree KJ and Davis SD (1974). Effect of Water Stress and Temperature on Leaf Size and on Size and 

Number of Epidermal Cells in Grain Sorghum. Crop Science 14(5) 751-755. 

Mendham NJ and Salisbury PA (1995). Physiology: Crop Development, Growth and Yield. 
Morinaga T (1934). Interspecific Hybridization in Brassica. Cytologia 6(1) 62-67.  

Morrison NA, Shine J, Fragonas JC, Verkest V, McMenemy ML and Eisman JA (1989). 1,25-

Dihydroxyvitamin D-Responsive Element and Glucocorticoid Repression in the Osteocalcin Gene. 
Science 246 (4934) 1158-1161. 

Muchow RC and Sinclair TR (1986). Water and nitrogen limitations in soybean grain production II. 

Field and model analyses. Field Crops Research 15(2) 143–156. 
Munir M and Mc Neilly T (1992). Comparison of variation in yield and yield components in forage and 

winter oilseed rape. Pakistan Journal of Agricultural Research 13(3) 289-292. 

Nagarajan S and Bansal KC (1991). Growth and Distribution of Dry Matter in a Drought Tolerant and a 

Susceptible Potato Cultivar under Normal and Water Deficit Condition. Journal of Agronomy and Crop 
Science 167(2) 112–118. 

Naik GR, Somashekhar R and Hiremeth SM (1993). Effect of water stress on growth and stomatal 

characteristics in sugarcane cultivars. Indian Sugar 43(8) 645-649. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm 
2015 Vol.5 (S1), pp. 4256-4269/Vahid et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  4268 

 

Nielsen DC and Nelson NO (1998). Black Bean Sensitivity to Water Stress at Various Growth Stages. 

Crop Science 38(2) 422-427. 

Niknam SR and Turner DW (1999). A single drought event, at different stages of development, has 

different effects on the final yield of Brassica napus cv. Monty and B. juncea line 397-23-2-3-3. Oilseed 
Crop Updates 14-15. 

Norris IB (1982). Soil moisture and growth of contrasting varieties of Lolium, Dactylis and Festuca 

species. Grass and Forage Science 37(4) 273–283. 

Noureldin NA, El-Habbal MS, Hamada MA and Hamed MA (1993). Yield response of two rapeseed 
cultivars to irrigation intervals and nitrogen fertilizer under sandy soil conditions. Food and Agriculture 

Organization of United Nations 38(2). 

Omae H, Kumar A, Egawa Y, Kashiwaba K and Shono M (2005). Midday drop of leaf water content 

related to drought tolerance in snap bean (Phaseolus vulgaris L.). Plant Production Science 8(4) 465-467. 

Osvald J and Osvald M (1991). Consequences due to water stress for the development and yield of 
maize, sorghum, cabbage and tomato plants. Biološki Vestnik 39(1-2) 129-135. 

Passioura JB (1988). Root Signals Control Leaf Expansion in Wheat Seedlings Growing in Drying Soil. 

Australian Journal of Plant Physiology 15(5) 687 – 693. 

Pheloung P and Barlow EWR (1981). Respiration and carbohydrate accumulation in the water-stressed 
wheat apex. Journal of Experimental Botany 32(5) 921-931. 

Pirouzbakht M (1999). How can we looked upward trend of imports of vegetable oil? Olive, Dvrh 235 

82-84. 

Pouzet A (1995). Agronomy. Brassica oilseeds, Production and utilization, Cab International, 

Wallingford, UK, 65-64. 

Rafiee F, Kashani S, Mamaghani R and Golchin A (2005). Effect of irrigation and nitrogen application 

on yield and some morphological characteristics of hybrid sunflower Glshyd. Journal of Crop Science 

7(1) 44-54. 

Rao MSS and Mendhama NJ (1991). Comparison of chinoli (Brassica campestris subsp. oleifera × 
subsp. chinensis) and B. napus oilseed rape using different growth regulators, plant population densities 

and irrigation treatments. The Journal of Agricultural Science 117(02) 177-187. 

Rawson HM (1979). Vertical Wilting and Photosynthesis, Transpiration, and Water Use Efficiency of 

Sunflower Leaves. Australian Journal of Plant Physiology 6(1) 109 – 120. 

Richards FM (1974). The interpretation of protein structures: Total volume, group volume distributions 
and packing density. Journal of Molecular Biology 82(1) 1–14. 

Richards RA and Thurling N (1978). Variation between and within species of rapeseed (Brassica 

campestris and B. napus) in response to drought stress. I. Sensitivity at different stages of development. 
Australian Journal of Experimental Agriculture 29(3) 469 - 477. 

Rockstrrom J (2003). Resilience building and water demand management for drought mitigation. 

Physics and Chemistry of the Earth, Parts A/B/C 28(20–27) 869–877. 

Sadras VO and Milroy SP (1996). Soil-water thresholds for the responses of leaf expansion and gas 

exchange: A review. Field Crops Research 47(2–3) 253–266. 

Saran G and Giri G (1987). Influence of dates of sowing on Brassica species under semi-arid rainfed 
conditions of north-west India. The Journal of Agricultural Science 108(03) 561-566. 

Sarwar M and Kremer RJ (1995). Determination of bacterially derived auxins using a microplate 

method. Letters in Applied Microbiology 20(5) 282–285. 

Shahidi F (1994). Canola and Rapeseed Published by in the Van Nostrand Reinhold) New York. 

Sheoran IS, Gupta VK, Laura JS and Singh R (1991). Photosynthetic carbon fixation, translocation 
and metabolite levels in pigeonpea (Cajanus cajan L.) leaves exposed to excess cadmium. Indian Journal 

of Experimental Biology 29(9) 857-861.  

Shirani Rad A and Dehshir AS (2002). Guide rapeseed (planting, harvesting). Dissemination of 

Agricultural Education. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm 
2015 Vol.5 (S1), pp. 4256-4269/Vahid et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  4269 

 

Shrestha R, Turner NC, Siddique KHM, Turner DW and Speijers J (2006). A water deficit during 

pod development in lentils reduces flower and pod numbers but not seed size. Crop and Pasture Science 

57(4) 427-438. 
Sims H (1993). Economic imperatives, political risks, and modes of action: Agricultural policy 

implementation in India and Pakistan. The Journal of Developing Areas 145-162. 

Sinclair TR and Ludlow MM (1985). Who Taught Plants Thermodynamics? The Unfulfilled Potential 
of Plant Water Potential. Australian Journal of Plant Physiology 12(3) 213–217. 

Singh U and Saxena MSL (1991). Anxiety during pregnancy and after child birth. Psychological 

Studies-University of Calicut 36 108-108. 

Smith T (2000). Membrane heredity and early chloroplast evolution. Trends in Plant Science 5(4) 174–
182. 

Soper RJ (1991). Soil Tests as a Means of Predicting Response of Rape to Added N, P, and K. Agronomy 

Journal 63(4) 564-566. 
Stalfelt MG (1955). The stomata as a hydrophotic regulator of the water deficit of the plant. Physiologia 

Plantarum 8(3) 572-593. 

Sylvester-Bradley R and Makepeace RJ (1984). Code for stages of development in oilseed rape 
(Brassica napus L.). Conference on Agronomy, Physiology, Plant Breeding and Crop Protection of 

Oilseed Rape, Mar 26-28, 1984, Cambridge, England. 

Taylor HM and Klepper B (1975). Water uptake by cotton root systems: an examination of assumptions 

in the single root model. Soil Science 120(1) 57-67. 
Tesfaye K and Walker S (2004). Matching of crop and environment for optimal water use: the case of 

Ethiopia. Physics and Chemistry of the Earth, Parts A/B/C 29(15–18) 1061–1067. 

Tezara W, Mitchell V, Driscoll SP and Lawlor DW (2002). Effects of water deficit and its interaction 
with CO2 supply on the biochemistry and physiology of photosynthesis in sunflower. Journal of 

Experimental Botany 53(375) 1781-1791. 

Turner R (1974). Ethnomethodology: selected readings. Penguin Education. 

Verasan V and Phillips RE (1978). Effects of soil water stress on growth and nutrient accumulation in 
corn. Agronomy Journal 70(4) 613-618. 

Vessey J (2003). Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil 255(2) 571-586. 

Woods DL, Capcara JJ and Downey RK (1991). The potential of mustard (Brassica juncea (L.) Coss) 
as an edible oil crop on the Canadian Prairies. Canadian Journal of Plant Science 71(1) 195-198. 

Wright STC (1977). The relationship between leaf water potential ψ leaf and the levels of abscisic acid 

and ethylene in excised wheat leaves. Planta 134(2) 183-189. 
Yadav RS and Bhushan C (2001). Effect of moisture stress on growth and yield in rice 

genotypes. Indian Journal of Agricultural Research 35(2) 104-107.  

Zahir ZA, Khalid A and Arshad M (2004). Screening plant growth-promoting rhizobacteria for 

improving growth and yield of wheat. Journal of Applied Microbiology 96(3) 473–480. 
 


