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ASTRACT

Water deficit is an important factor limiting crop production worldwide. Drought stress can be managed
by improving the availability of soil moisture conserved and selecting drought tolerant genotypes. In order to
evaluate water deficit effects on morphological and agronomical traits in rapeseed cultivars, an experiment was
conducted at research farm of the Seed and Plant Improvement Institute, Karaj, Iran (35°59´N, 50°75E and 151
m altitude) over two successive years (2007-2009). The experiments were arranged in a split-plot on basis of
randomized completely block design (RCBD) (water limitation treatments as a main plots and cultivars as a
sub-plot) with three replications. The result of this experiment showed that rapeseed cultivars and water stress
significantly affected on all traits except oil content, 1000-seed weight and harvest index. The least reduction
of seed yield in water deficit conditions has produced in Zarfam cultivar. Also, this cultivar had lower
decreasing of oil yield in stress conditions and it has the best adaptation in water deficit conditions. These
results may be due to the reduction of photosynthesis and chlorophyll content. 
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Introduction

Drought stress, which has a great impact on
agricultural and forestry production and often causes
yield reduction, is one of the most important
agricultural research topics [36]. Environmental stress
such as water limitation and developed plants can
affect subsequent seed quality during growth [35].
The effect of drought stress is a function of
genotype, intensity, stress duration, weather
conditions, growth and developmental stages of rape
seed [27]. The effects of water stress depend on
timing, duration, and magnitude of water deficiency
[23]. The occurrence time is more important than the
water stress intensity [15].

Oilseed rape is one of the most important oil
crops in the world now. Most oilseed rape crops
grown in Iran are established in autumn and drought

is usually an important limiting factor. In certain
tolerant-adaptable crop plants such as rapeseed,
morphological and metabolic changes occur in
response to drought, which contribute in adapting
towards such unavoidable environmental constraints
[5,31,32]. 

Breeding for drought resistance is complicated by
the lack of fast, reproducible screening techniques
and the inability to routinely create defined and
repeatable water stress conditions when a large
amount of genotypes can be evaluated efficiently
[25]. Achieving a genetic increase in yield has been
recognized to be a difficult challenge for plant
breeders under these environments while progress in
yield grain has been much higher in favorable
environments [26]. 

Water limitation during seed development usually
interrupts development and results in small seed size
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[8]. The reduction in seed size is due primarily to a
shortening of the filling period rather than an
inhibition of seed growth rate [33]. Drought reduces
biomass and seed yield, harvest index, number of
silique and seeds, seed weight, and maturity days
[1,21,22]. Moreover, drought increases cooking time
and seed protein content on dry weight basis [11].
According to investigation of Mir Mousavi et al.,
[19] seed yield in plant has most positive direct
effect on oil yield and next oil content. Harvest
index had great positive correlation with oil yield.
Great positive correlation was due to its indirect
effect through seed yield in each plant. Pazouki, [24]
showed that shortening interval irrigation increases
1000-seed weight. furthermore, it is observed that
1000-seed weight achieves to uttermost with
increasing water to 80 % evaporation from class “A”
pan, and 1000-seed weight decreases significantly.
with increasing period of irrigation, In experiment
with nine summer rapeseed, Chango and McVetty,
[6] observed that total dry matter and harvest index
had a significant correlation with grain yield. Under
field conditions, [12,16,34] found that early drought
(occurring at green bud stage) could lead to seeds
containing less oil compared with the control,
implying that allocation of assimilates to the ovule
could be related to the final oil concentration. at the
early stage of the megaspore One of the main aspects
of plant tolerance is the ability of plant cells to
survey under severe water content lose without
suffering sharp damages. While cell dries, vacuole
crumples usually results in tearing protoplasm more
than cell wall so,. It seems that such damages are the
main reasons for cell death which has no tolerance
mechanism [17]. [13]  found that under low
evaporative demands (2-4 mm day-1) oil and seed
yield were not influenced by soil drying. Under high
evaporative demands (4-5 mm day-1) oil and seed
yields were significantly decreased. Thus, it is very
important to determine critical stages of oilseed rape
crops against drought stress. 

In the present study, six rapeseed genotypes were
subjected to water stress by withholding irrigation
from three different stages. At harvest, various
parameters related to seed biochemical and nutritional
composition were firstly determined by the aim of
investigating reaction of rapeseed cultivars to stress
during water deficit, secondly, evaluating the degree
of coupling between seed quality and vegetative and
thirdly, introduction of high yield cultivars and
resistance to water stress of winter rapeseed for
advising to farmers. 

Materials and methods

Experimental Treatments and Field Design:

This study was carried out at the experimental
farm of Seed and Plant Improvement Institute, Karaj,

Iran (latitude 35°55' N, longitude 50°54' E, elevation
1313 m above mean sea level) during 2007-2009.
This region has a semi-arid climate (354 mm annual
rainfall). The soil of the experimental site is a clay
loam, with montmorillionite clay mineral, low in
nitrogen (0.06-0.07%), and organic matter (0.56-
0.60%), and alkaline in reaction, with a pH of 7.9
and Ec= 0.66 dS m-1. The soil texture is sandy loam,
with 10% of neutralizing substances.

The experimental design was split plot on the
basis of randomized block design (RCBD) with 3
replications. Four irrigation levels consist of irrigation
after 80 mm evaporation from class “A” pan as
control, stopping the irrigation from stem elongation
stage, flowering stage, podding stage until  end of
the growth stage were applied in main plots and
subplots which consisted of split application of
winter rapeseed cultivars at six levels (Licord,
SLMO46, Okapi, Orient, Zarfam and Opera) based
on their reputed differences in yield performance
under irrigated and non-irrigated conditions.

Growth Experiment:

Individual plot consist of 6 rows, 6 m long and
spaced 30 cm apart using a seeding rate of 7 kg ha-1.
The experimental fields were mould-board ploughed
and seedbed preparation consisted of two passes with
a tandem disk. Seeds were planted 1 to 1.5 cm deep
at a rate of 100 seeds m-2 on 10 October 2007 and
2008. For all treatments, N:P:K fertilizers applied at
a rates of 150:60:50 kg, respectively. All of P, K
fertilizer and one-third of N fertilizer were
incorporated and added to soil at presowing stage.
Other two-third of N fertilizer was split equally at
the beginning of the stem elongation and the
flowering stages. Weeds were controlled by
application of haloxyfop- R-methyl ester (Gallant
Super. 10% EC) at 0.6 L ha-1. Broadleaf weeds were
also hand weeded during the season. Final harvests
were carried out at the 16 June 2008 and 28 June
2009.

Estimation of Traits:

Data collected included achene yield determined
after drying at 70°C for at least 48 h (obtained by
combining the six center rows at each experimental
unit), dry matter was in an air oven. The following
measurements were carried out: biological
(aboveground) and seed yields, harvest index (seed
yield divided by biological yield), number of pods in
plant (with at least on seed), number of seed per
pod, 1000-seed weight, oil content and oil yield. Oil
content was determined by the Nuclear Magnetic
Resonance (NMR). The numbers of pods per plant
and seeds per plant were counted from 40 randomly
selected pods after hand threshing. Main stem length
was measured as the plant height.
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Statistical Analysis:

The experimental data were statistically analyzed
by using of SAS system (SAS Institute Inc., 1988).
Mean separation was obtained using a Duncan's New
Multiple Range Test at the 0.05 probability level.

Results and discussions

The final results showed that rapeseed cultivars
and water stress significantly affected on all traits
except oil content, 1000-seed weight and harvest
index (Table 1).

Yield difference and degree of the effect of
drought stress on yield obviously existed among
different genotype rapeseed. The effect of drought
stress on yield and its components is shown in Table
2. Seed yield and yield components were reduced
significantly by drought stress imposed during
vegetative and reproductive growth stage of rapeseed.
Compared with the control treatment, each rapeseed
under drought treatment had a yield reduction of
420.7 to 1298 kg ha-1, with an average value of
842.6 kg ha-1. Water stress treatments significantly
decreased plant height, number of pods per plant and
number of seeds per pod leading to lower seed yield
(Table 2). The reduction was 29.09, 22.31 and 17.55
% due to water deficit from stem elongation,
flowering and podding stages, respectively, as
compared to well watered plants. Number of pods
per plant was the most sensitive yield components to
water stress during reproductive growth in both year
as shown by [10]. It seems that water stress caused
yield reduction probably by inducing pod abortion
via limiting photosynthesis. Under drought stress,
stomata’s blocked or half-blocked and this leads to a
decrease in absorbing Co2 and on the other hand, the
plants consume a lot of energy to absorb water, these
cause a reduction in producing photosynthetic matters
[20]. It appears that water stress hampered flowering
and reduced the probability of developing flower to
pod and its occurrence during flowering and pod
formation resulted in pod abortion [14]. [18] reported
that competition for assimilates among new branches
and extra pod formation at the time when seed
numbers are set was responsible for decreasing in
seeds per pod as well. [7] suggested that increased
number of pods per plant in irrigation treatment were
primarily due to lengthening of the flowering period.
Compared with the control, plant height, number of
pods per plant and number of seeds per pod of each
rapeseed under drought treatment were reduced to
different extents (Table 2) which led to the yield
decline of different genotypes of rapeseed. Reduction
of plant height could be due to the reduction in the
area of photosynthesis, droping in producing
chlorophyll, riseing of the energy consumed by the
plant in order to take in water and to increase the

density of the protoplasm and to change respiratory
paths and the activation of the path of phosphate
pentose, or the reduction of the root deploy, etc.
[20]. The lower harvest index due to drought at
different stages indicates less partitioning of dry
matter towards the grain. [16] indicated that both
leaves and pods are important in photosynthesis and
seed yield increases with adequate soil moisture.
Seed yield of rapeseed depended on density, number
of pod per plant, number of seed per pod and seed
weight [3]. Great reduction in the length and width
of the leaf and accordingly reduction in the leaf area,
reduction in the plant height and tiller number, all
contribute to the reduction of plant’s evaporation area
and consequently reduction in the produced dry
matter is the final result of the reduction in the
plant’s photosynthesis which in turn, is the result of
drought stress [20]. The oil yield’s rapeseed cultivars
are decreased, the interaction between the amounts of
the oil and grain yield, as two components of the oil
yield, is significant. As it can be seen in Table 2, the
amount of the oil was dropped by exerting stress.

In both seasons, Okapi cultivar produced highest
seed yield in common conditions. But in stress
conditions, Zarfam cultivar has least percentage of
yield reduction (Table 2). [9] suggested that at water
stressed conditions, those rapeseed cultivars had
higher seed yield, which were able to maintain their
relative water content at high levels.

The results of correlation coefficient amongst the
traits studied are shown in Table 3. The data show
that all the characters were positively correlated with
seed yield, except oil content and 1000-seed weight
Oil yield indicated the highest correlation value of
seed yield with comparing the others (r=0.99***).
[28] found that seed yield had significant positive
correlations with plant height, pods per plant and
branches per plant under drought conditions. Also,
the results showed that among yield components,
number of seed per pod, plant height and number of
pods per plant had greatest influence on seed yield.
Our results were similar to the findings of [2,4,30].

As it was shown in the results of this study,
drought stress had a negative effect on most of the
morphological features under study, this shows that
for resisting drought stress, the plant uses different
ways. Therefore, the selection of cultivars can
increase quantity and quality yields of rapeseed under
drought stress, which perform well over a wide range
of environments. Consequently, our findings may
give applicable advice to farmers and agricultural
researchers for management and proper use of
irrigation in farming of rapeseed under drought
regions. This study showed the general difference
between cultivars as well as the genetic diversity in
the six ones. Zarfam cultivar had higher ability of
soil moisture capture on the whole. Genetic diversity
is an important resource for crop breeding.
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Table 1: Variance analysis of determined characteristics in winter rapeseed cultivars over two successive years (2007-2009).
SOV df Plant height number of pods number of seeds 1000-seed Seed yield Biological Harvest Oil content Oil yield

(cm) per plant per pod weight (g) (kg ha-1) yield (kgha1) index (%) (kg ha-1)
Year 1 8821.9*** 1048.14** 583.6*** 26.89*** 119772412*** 1125962073*** 323.6** 98.43*** 20762737***
Rep. )Year( 4 162.6 321.94 10.01 0.7 344776.7 18355223 21.5 4.66 69174.1
Irrigation 3 2883.3*** 7943.89*** 42.7*** 0.08 ns 3442479.1*** 41892940*** 74.74ns 3.42ns 742948.1***
Irrigation×Year 3 365.1*** 1143.4*** 62.58*** 0.14 ns 165269.6 ns 10968383** 44.21ns 3.9ns 51454.1ns
Error 12 18.1 82.8 2.17 0.26 153797.6 8189131 74.96 3.12 28038.1
Variety 5 95.1* 470.8** 10.8** 0.17 ns 495652.8** 9990732** 40.89ns 3.88ns 94214.3**
Variety×Year 5 280.7*** 367.2** 3.21ns 0.4* 485164.5** 16322050*** 25.48ns 1.93ns 94499.3**
Variety×Irrigation 15 123*** 418.05*** 6.09** 0.13 ns 432337.9** 4283155ns 57.21* 1.55ns 76665.5**
Variety×Irrigation×Year 15 97.32** 801.7*** 8.22*** 0.12 ns 257859.8* 5074480* 41.37ns 3.33ns 42091.4ns
Error 80 29.26 87.1 2.16 0.14ns 122565.1 2412738 30.1 2.13 27242.5
CV % 4.74 11.79 6.65 8.89 11.03 11.66 22.68 3.27 11.74
ns, * , ** and ***: nonsignificant, significant at the 5%, 1% and 0.1 % levels of probability, respectively.

Table 2: Effects of irrigation regimes (IR) and genotype (V) on yield components and seed yield of canola  over two successive years
(2007-2009).

Treatment Plant number of number of 1000-seed Seed yield Biological Harvest Oil content Oil yield
height(cm) pods per plant seeds per pod weight (g) (kg ha-1) yield (kgha1) index (%) (kg ha-1)

IR1 123.9 a 95.9 a 23.6 a 4.32 a 3615.6 a 14326.3 a 25.71 a 44.81 a 1610.4 a
IR2 102.4 d 60.9 d 21.1 b 4.21 a 2895.7 b 11841.8 b 24.45 a 44.22 a 1275.7 b
IR3 113.2 c 74.9 c 21.8 b 4.24 a 3086.2 b 13221.2ab 24.33 a 44.35 a 1359.9 b
IR4 116.4 b 84.7 b 21.8 b 4.28 a 3092.3 b 13852.9ab 22.23 a 44.81 a 1374 b
Lincord (V1) 115.5ab 81.2 ab 23.2 a 4.17 a 3214.3 a 14048.6ab 23.01 a 44.69ab 1427.4 a
SLM046 (V2) 116.5 a 76.3 bc 22.4 ab 4.22 a 3259 a 12895.2bc 25.56 a 44.68ab 1450.4 a
Okapi (V3) 114.3ab 80.7 abc 21.5 b 4.37 a 3279.5 a 14203.1 a 23.51 a 44.45ab 1448.4 a
Orient (V4) 111.8 b 76.9 bc 22.3 ab 4.22 a 3179 a 13092.7abc 24.33 a 44.96 a 1418.7 a
Zarfam (V5) 114.1 ab 73.6 c 21.9 b 4.37 a 2888.3 b 12917.8bc 22.81 a 44.72ab 1282.6 b
Opera (V6) 111.5 b 86.1 a 21.4 b 4.24 a 3214.7 a 12705.8 c 25.88 a 43.79b 1402.7 ab
Interaction (I irrigation × V variety)
IR1 * V1 132.8 a 91.1 a 24.6 a 4.89 a 3936 a 15407 a 26.18 b 45.17 a 1759.3 ab
IR1 * V2 118.7 c 97.9 a 24.3 a 4.63 a 3572.4 b 14042 a 24.82 c 45.26 a 1557.3 b
IR1 * V3 125.5 b 88.5 a 23.2 a 5.27 a 3948.5 a 15086 a 29.83 a 45.07 a 1775.6 a
IR1 * V4 123.8 b 99.7 a 24.3 a 4.78 a 3540.2 b 14801 a 23.34 c 45.24 a 1578.9 b
IR1 * V5 124.3 b 86.4 a 23.8 a 5.12 a 3115.8 c 13741 a 24.67 c 44.75 a 1394.6 c
IR1 * V6 118.4 c 111.9 a 21.6 b 4.92 a 3687.5 ab 14653 a 25.39bc 43.4 a 1597 b
IR2 * V1 98.9 b 69.8 ab 21.3 a 4.16 a 2712.7 a 11759 a 23.24 b 44.57 a 1207.5 a
IR2 * V2 103.4 ab 49.8 b 19.5 b 4.28 a 2961.9 a 10949 a 27.22 a 44.76 a 1323 a
IR2 * V3 98.7 b 60.1 ab 19.9 b 4.5 a 2650.5 a 13236 a 19.46 c 44.04 a 1158.7 a
IR2 * V4 102 ab 56.1 ab 21.2 a 4.7 a 2886.5 a 12144 a 22.06 b 44.86 a 1296.9 a
IR2 * V5 104.7 a 54.7 ab 21.2 a 4.7 a 2695.1 a 11357 a 26.58 a 43.96 a 1302 a
IR2 * V6 106.2 a 75 a 21.4 a 4.47 a 2838.1 a 11190 a 28.16 a 43.12 a 1366.2 a
IR3 * V1 110.9 b 72.2 a 23.1 a 4.63 a 2885 ab 14153 a 21.12 c 44.41 a 1276.2 b
IR3 * V2 120.8 a 68.3 a 23 a 4.33 a 3035.9 a 13000 a 28.13 a 43.89 a 1567.4 a
IR3 * V3 116.8 a 77.2 a 21.4 ab 4.53 a 3149 a 13847 a 21.22 c 44.16 a 1365.3 ab
IR3 * V4 108.6 b 74.7 a 21 ab 4.69 a 2974.6 a 12560 a 29.28 a 44.17 a 1465.1 a
IR3 * V5 112.9 ab 74.4 a 21.3 ab 4.89 a 2757.8 b 13546 a 21.13 c 44.73 a 1219.6 b
IR3 * V6 109.3 b 82.9 a 20.8 b 4.5 a 3155 a 11398 a 26.74 b 44.74 a 1266.2 b
IR4 * V1 119.4 ab 91.6 ab 23.6 a 4.7 a 3323.4 a 14875 a 21.47 a 44.63 a 1466.7 a
IR4 * V2 123 a 89.3 ab 23 a 4.4 a 3466 a 13590 a 22.07 a 44.83 a 1354.1 a
IR4 * V3 116 b 96.8 a 21.5 b 5.27 a 3369.9 a 14643 a 23.53 a 44.5 a 1494.1 a
IR4 * V4 112.9 b 77 b 22.6 ab 4.76 a 3315 a 12866 a 22.63 a 45.55 a 1333.8 a
IR4 * V5 114.7 b 79 b 21.3 b 5.02 a 2985 b 13028 a 20.48 a 45.41 a 1214.1 b
IR4 * V6 111.9 b 74.5 b 21.5 b 4.54 a 3178 a 13583 a 23.21 a 43.93 a 1381.4 a
Control (IR1), stopping the irrigation from stem elongation stage (IR2), stopping the irrigation from flowering stage (IR3) and stopping the
irrigation from podding stage (IR4)
Mean followed by the same letter(s) in each column (between to horizontal lines) are not significantly different (Duncan 5%).

Table 3: Correlation Coefficients between characters calculated from six rapeseed cultivars over two successive years (2007-2009).
Characters Plant number of number of 1000-seed Seed yield Biological Harvest Oil content

height(cm) pods per plant seeds per pod weight (g) (kg ha-1) yield (kgha1) index (%)
number of pods per plant 0.503*** 1
number of seeds per pod -0.079 ns 0.13 ns 1
1000-seed weight 0.18 ns 0.18* -0.26** 1
Seed yield 0.29** 0.29** 0.3** 0.08ns 1
Biological yield 0.26* 0.22* 0.36** 0.21ns 0.24* 1
Harvest index 0.05ns 0.054 ns -0.13ns 0.15ns 0.46*** -0.19* 1
Oil content 0.1ns -0.1 ns 0.06ns 0.04ns -0.04ns -0.14ns -0.02ns 1
Oil yield 0.3** 0.29** 0.31** -0.09ns 0.99*** 0.29* 0.46*** 0.08ns
ns, * , ** and ***: nonsignificant, significant at the 5%, 1% and 0.1 % levels of probability, respectively.
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