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Table 1- Physical and chemical soil test results

b of Specific old
Depth o EC N p K _ weight Fielc Wilting
sampleing o lad e s D s o Sand Silt Clay 339 capacity int
S =) pH Q39 B o Wy o - o 2 . Cagd b p pom‘q,j,
. S da B do i QPP 3,05 aasi
Efopigs ST S ol b ol 2 el
0
(cm) (ds m) (%) (mgkg™)  (mgkg™) (%) (g cm™) () (%)
0- 40 3.88 7.8 0.014 5.02 107.9 64.2 10.8 25 1.39 16.7 4.1
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Table 2- Mean squares from analysis of variance (ANOVA) for SPAD and RWC of rapeseed cultivars under irrigation

regimes at 7, 12 and 26 days after withheld irrigation

CEJES P . Ol o Sl Mean square
R s34 3
Source of variation df SPAD »sus o Cugby o > RWC
(Days after withheld irrigation) (Days after withheld irrigation)
Y 93 ALe Y s WY ¥ALe
7 Days 12 Days 26 Days 7 Days 12 Days 26 Days
11,55 Replication
2 10.24™ 1.85™ 10.80"™ 0.92™ 2.71™ 2.72™
s Drought stress
- 1 733.72%* 0.51"™ 463.76 ** 583.12** 390.02** 672.04**
<
ol a3 Error A 2 28.24 48.17 1.46 11.53 14.74 12.68
#B,/Cultivar 128.32™ 126.39™ 91.72* 29.71** 33.89** 21.95**
Cultivarx Drought
. - 3 23.32"™ 79.4™ 40.38™ 9.6™ 1.96™ 12.71*
syl Sas
=% s Error B 10 67.92 62.31 15.83 3.35 2.35 3.05
(%) &l yasss oy CV 19.12 16.53 8.18 2.35 1.97 2.24

o pe NS 5 80> B g ) o ;3 )b dze s Sy #
#% and «: significant at 1 and 5 percent, ns: no significant
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Table 3- Mean squares from analysis of variance (ANOVA) for stomata conductance of rapeseed cultivars under irrigation

regimes at 7, 12 and 26 days after withheld irrigation

Ol o Sile Mean square

(sl G55 31 o 39,) slaijey colan
Stomata conductance

Sou:j:ie”g:vi:tion ‘5"); ;?)3 (Days after withheld irrigation)
9, Y 39\ 39,V
7 days 12 days 26 days
), Replication
2 1641.50** 2396.45™ 442.44™
Sas i Drought stress 1 24512.04** 46358.46** 35597.10**
kol slas Error A 2 92.16 2606.13 60577.78
~5, Cultivars 3 350.26* 6328.70* 586.92*
Cultivarsx Drought 3 361.15* 7221.81* 792.92**
=8 slks Error B 10 80.33 1583.29 118.12
(%) & pss o CV 4.26 27.02 11.54
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#% and =: significant at 1 and 5 percent, ns: no significant
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Table 4- Mean comparisons of RWC, SPAD, prolin, carbohydrate content and MDA of rapeseeds cultivars under irrigation
regimes at 7, 12 and 26 days after withheld irrigation

O Jlosl 51 my 39, dlas Caghy oy glona (slasis 0
O g i osae o9 w1 63 glle
Sia T 1 g5
. Stress (mmol.g"FW) . MDA
Days after withheld levels RWC SPAD Proline (Mgg'FW)  (umol gFw)
irrigation (7) Carbohydrate
55V i Stress 74.13 48.63 30.87 51.8 0.409
7 days 1als Control 86.81 37.57 11.79 65.12 0.505
LSD(0.05) 6.71 5.3 3.7 4.45 0.06
595 )Y ks Stress 75.6 47.8 36.66 69.05 0.45
12 days Jwls Control 88.5 47.6 8.4 57.19 0.516
LSD (0.05) 3.61 1.43 2.1 4.97 0.04
59, V5 i Stress 75.76 53.08 23.48 63.97 0.559
26 days 1als Control 87.25 44.21 4.28 50.4 0.512
LSD (0.05) 2.71 2.12 1.34 5.5 0.11
100 -
80 =
X 6 |
(o_) 60 O Control
E 40 A B Drought Stress
o
20 4
0 L] 1
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Figure 1- Means of comparison of RWC from interaction between irrigation regime and cultivars26 days after withheld
irrigation
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Figure 2- Means of comparison of stomata conductance from interaction between irrigation regime and cultivars26 days after
withheld irrigation
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Table 5- Mean squares from analysis of variance (ANOVA) for prolin and carbohydrate content of rapeseed cultivars under
irrigation regimes at 7, 12 and 26 days after withheld irrigation

iyt pibio . Olrs po (5l Mean square
Source of variation &9 2 oo IS Jsloro (slonid
df Proline Soluble carbohydrate
(Days after withheld irrigation) (Days after withheld irrigation)
sV s WY i%\le sV s WY S\
7 days 12 days 26 days 7 days 12 days 26 days
), Replication
2 0.084™ 1.303"™ 0.05% 62.81* 5.02™ 6.76"™
s Drought stress
. 1 6.709** 575.16** 785.69** 157.07** 442 .2** 387.6**
S
ol slks Error A 2 0.066 0.51 0.31 1.56 12.35 18.52
5, Cultivars 3 0.515** 72.17** 41.33** 161.97** 97.78* 76.39**
Cultivarsx Drought 3 0.402* 28.906** 49.82** 17.81™ 14.49™ 4235.45**
e st ErrOr B 10 0.073 0.38 0.53 90.09 20.85 37.18
(%) &lyess oy CV 14.48 7.84 9.12 10.22 9.56 10.33
D Gropme NS 5 0oy 0 9V paww )0 ) Sixe o gy s g i
=+ and «: significant at 1 and 5 percent, ns: no significant
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Table 6- Mean squares from analysis of variance (ANOVA) for MDA of rapeseed cultivars under irrigation regimes at 7, 12
and 26 days after withheld irrigation

©layo aS5ke
Source of variation KRS Mean square
S 4 i
Oy golie df 22l oglle
MDA
(Days after withheld irrigation)
9V 39, Y 59,71
7 days 12 days 26 days
1,55 Replication
2 0.016* 0.005"™ 0.016™
s s Drought stress 0.212* 0.103" 0.041°
ol slkes Error A 0.002 0.01 0.016
o5, Cultivars 0.063" 0.022 0.049™
Cultivarsx Drought 3 0.015™ 0.005"™ 0.001"™
=55 sles Error B 10 0.002 0.005 0.007
() &l 5 <o y2CV 5.18 9.48 10.37

Do pe NS 5 80> B g ) maw 3 )b dze cug iy # g
= and «: significant at 1 and 5 percent, ns: no significant
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Figure 3- Means of comparison of total carbohydrate from interaction between irrigation regime (stress and control) and
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Table 7- Means of comparison of prolin and MDA from leaf of rapeseeds cultivarsunder irrigation regimes at 7, 12 and 26
days after withheld irrigation

oA Jlosl 51 my 39, Sl oG ooy 25T 63 o9l
i Cultivars Proli_rl1e MD'lA
Days after withheld irrigation (mmol.g™.FW) (umol.g™.FW)
Oise 1.56 0.8
nV Triangle 2.19 0.813
7 Days Karun 1.7 0.919
SLMO046 2.03 0.69
LSD (0.05) 0.33 0.11
Oise 5.63 0.88
i \Y Triangle 5.83 0.77
12 Days Karun 7.03 0.803
SLMO046 12.99 0.695
LSD (0.05) 0.93 0.109
Oise 6.01 1.15
9V Triangle 6.4 0.77
26 Days Karun 7.96 0.95
SLMO046 11.76 1.03
LSD (0.05) 1.26 0.14

oo peiged S ,U p3 okl (sbjloi )3 135 o8 15 ol sljaT 9 5 Shos (il 4325 —A Jgo
Table 8 - Mean squares from analysis of variance (ANOVA) for Yield and yield components of rapeseed cultivars under
irrigation regimes at 7, 12 and 26 days after withheld irrigation

©layo a5ke
Mean square
Oyt 2alio 35T s s 5 BYE sluxs &3, 43 ‘|
Sourcﬁviiaﬂon y )df ” I 53 il sl ’ 5 ’ ’f °7 >
Number of grains NS ('?’s) Yield
per pod Number of pod Weight of (kg ha')
per plant 1000 grain
), Replication 2 1.89™ 312.54™ 0.001™ 10038.53™
S5 i Drought stress 1 216" 4902.04™ 0.01™ 12664929.31"
bl slkas Error A 2 0.11 464.04 0.08 49024.41
8, Cultivars 3 50.82" 9507.93™ 0.317 215317.10™
Cultivarsx Drought 3 8.68™ 2002.37 ™ 0.36 ** 331762.12 **
e b s Error B 10 258 920.6 0.01 27375.36
() &5 g 55CV - 6.8 11.67 3.04 7.05

Do pe NS § 8o 0 9 ) mhaw )0 I me oy s g s
#% and «: significant at 1 and 5 percent, ns: no significant
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Table 9- Means of comparison of yield and yield component of rapeseeds cultivars
under irrigation regimes

95 A3 alaey NS ohaas als 4152 o 59
o5 e $25 (o) 255kos
Cultivars Number of Nu(r)lzjbegrOf Weight of YieI(Ei1
grains per pod pplaﬁt 1000 grain (kg ha™)
Oise 19.75 230.67 3.44 2190.25
Triangle 26.75 261.17 3.76 2456.22
Karun 23.55 2315 3.99 2177.78
SLM 046 24.41 3155 3.79 2553.28
LSD (0.05) 2.05 476 0.18 260.7
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Figure 5- Means of comparison of seed yield of rapeseeds cultivarsunder irrigation regimes
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Introduction

Rapeseed (Brassica napus L.) is one of the major crops cultivated mainly for oil, human consumption and
renewable fuel all over the world. Drought stress is one of the most important abiotic factors which adversely
affect growth, metabolism and yield of crops in semiarid and arid area. Drought stress during any particular
growth stage of crops causes yield reduction. In order to evaluate the effect of drought stress on vyield,
physiological, morphological and biochemical characteristics of rapeseed in flowering stage, this field
experiment was carried out in Yazd agricultural research institute during 2011-2012.

Materials and Methods

The experiment was conducted in split-plot design based on randomized complete blocks with three
replications imposed. Irrigation was considered as the main plot at two levels including control (irrigation after
80 mm evaporation from class A pan) and stress in the anthesis stage (irrigation after 160 mm evaporation from
class A pan) and cultivars (Oise, Triangle, Karun and SLMO046) were considered as sub plots. Sampling was
carried out 7, 12 and 26 days after drought stress imposed. In each plot, 7, 12 and 26 days after stop irrigation
from flowering stage (drought stress treatment), 4-5 expanded leaves from above of canopy were harvested.
Relative water content of leaves and stomatal conductance were recorded. Soluble carbohydrate and proline
content were measured. The lipid peroxidation level of the leaves was determined by measuring the content of
malondealdehyde. Yield and yield components (number of grains per pod, humber of pod per plant and weight
of 1000 grains) were recorded at maturity.

Results and Discussion

The results showed that drought and cultivar interaction on SPAD value was not significant after stress. The
interaction of the drought on leaf relative water content was significant at 26 days after the stress. The results
revealed that, drought stress led to a significant decrease in relative water content of leaves and stomata
conductance in all cultivars. However, soluble carbohydrates and proline were increased after stress application.
The interaction of drought on soluble carbohydrate was significant at 26 days after the stress.

Interaction of treatments on leaf proline content in each sampling period was significant. The highest content
of proline was observed in SLMO046 (11.76 mM g™ fresh weight) and the lowest proline content was observed in
Oise cultivar (6.01 mM g* fresh weight). MDA content was increased in stress conditions. The highest MDA
content was observed in Oise cultivar (1.15 uM g™ fresh weight) 26 days after the stress and the lowest MDA
observed in SLMO046 cultivar (0.695 uM g™ fresh weight) 7days after the stress. Analysis of variance for yield
and yield components under irrigation regimes showed that, interaction of treatments on grain yield and weight
of 1000 grains was significant. Triangle and SLMO046 cultivars had higher grain yield in compare to the other
cultivars. SLMO046 exhibited the highest stress tolerance and also contained the highest yield, grain weight,
number of pod per plant, relative water content and stomata conductance among all the cultivars. In addition, the
highest and the lowest yield were observed in cultivars SLM046 and Karun (2553and 2178 kg ha™,
respectively), following stress application. Water deficit stress on canola decreased the number of pods per plant
and the number of grains per pod.
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Conclusions

Occurrence of drought stress during flowering reduced the number of grains per pod and canola yield. The
results showed that, there was significant difference between cultivars for crop yield, weight of thousands grains,
relative water content, stomata conductance, proline and carbohydrate content. Increased carbohydrate and
proline content as osmolites caused lower cell water potential. The cultivars had different response to drought
stress and the the highest yield and RWC were observed in SLMO046 cultivar. Sugar and proline in the cell, the
cell water potential decreased. The drought tolerance of SLMO046 was better than other cultivars and had the
highest yield and Relative water content.

Keywords: MDA, Proline, RWC, Soluble carbohydrate, Yield



