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Table 1- Mean of minimum, maximum and total air temperature and sum of precipitation of Khosrowshah Agricultural
Research Station in 2015 and 2016 growing seasons
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Year Month of year o o o precipitation
temperature (°C) temperature (°C) temperature (°C) (mm)
2015 April 4.3 16.2 10.3 37.6
May 8.0 21.9 14.9 50.6
June 14.2 30.0 22.1 35
July 19.7 35.2 27.4 0.0
2016 April 4.8 135 9.1 50.7
May 9.1 231 16.1 375
June 12.7 275 20.1 17.2
July 18.4 33.0 26.0 10.8
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Table 2- Some of physicochemical traits of experimental soil
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H EC Organic Nitrogen  Phosphorus  Potassium Clay Silt Sand
P (dSm*)  carbon (%) (%) (mg kg™ (%) (%) (%) (%)
8.2 6.2 0.26 0.03 16 218 33 28 39
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Table 4- Mean of measured traits on spring genotype of rapeseed under different drought stress levels

P Oyt Al
S S Sy led &g il 552 &g Oy ey
Drought stress level Leaf temperature (°C) Pod number 1000 grains weight (g)  Oil percent
per plant
o o9k 227 63.4 3.2 417
Non-stressed
é I
(28 ey Sl 25 27.7 47.0 256 39.3
Stress from flowering
R0t e Sl 270 533 2.7 402
Stress from pod formation
LSD 5% 1.123 3.246 0.059 0.824

YYR0 IYAL (oly5 Jlw 95 (b 155 0,0 sGaiglj 45 andllae 390 Clio (1a5lwe —0 Jgu>
Table 5- Mean of measured traits on spring genotypes of rapeseed during 2015 and 2016

Jlw yrag ‘o
Year 2015 2016
b a5 (W9
=% pasoos P djg PO o8B G003 Z);’a djg pey o LD
Genotype Zafar : Zarfam  Dalgan i Zarfam Dalgan 5%
Sarigol r Sarigol
@b e ojs
1000 grains 2.9 2.7 2.7 3.1 2.9 2.9 2.7 2.8 2.8 2.8 0.153
weight (g)
Swis G dliSeo el )3 135 0,k Seisi (59, axdllas 3590 Slaw (1Sile - Joua
Table 6- Mean of measured traits on spring genotypes of rapeseed under different drought stress levels
S S L] S O o o ajgy Calar Sy Judy IS sl
Drought stress level Genotype Relative water content Stomatal conductance Leaf chlorophyll index
(cm.s?)
GRS 9 RGS003 0.797 0.723 37.67
Non-stressed Zafar ,ab 0.792 0.672 34.33
Sarigol 5 )l 0.785 0.660 36.50
Zarfam pb,; 0.767 0.707 36.00
Dalgan 5> 0.785 0.670 28.50
S A e 3l i RGS003 0.695 0.643 24.33
Stress from flowering Zafar ,ab 0.605 0.590 19.17
Sarigol 5 )l 0.613 0.562 24.33
Zarfam pls,; 0.695 0.608 18.17
Dalgan .5 0.643 0.592 19.17
By Als yo 5l i RGS003 0.737 0.668 26.83
S“?SS from pod Zafar i 0.693 0.652 2450
ormation
Sarigol 5 )l 0.655 0.612 26.17
Zarfam pb,; 0.710 0.633 25.33
Dalgan 5> 0.687 0.618 22.67

LSD 5% - 0.036 0.020 1.698
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Table 7- Mean of measured traits on spring genotypes of rapeseed under different drought stress levels during 2015 and 2016

o s e B ol e S o

Year Drought stress level Genotype Grain number per Grain y_|1eld Oil y"ﬂd

pod (kg h™) (kg h™)
V¥ U gk RGS003 255 1120 466
2015 Non-stressed Zafar b 26.1 1051 430
Sarigol 5 )l 24.1 1102 454
Zarfam pb,; 26.2 1069 449
Dalgan s 25.9 1078 452

S s yo jl i RGS003 215 764 312 f-
Stress from flowering Zafar b 25.3 588 234
Sarigol 5 )l 237 579 238
Zarfam pb,; 243 745 302
Dalgan s 23.2 403 157
Iy Al yo 5l 15 RGS003 25.8 954 396
Stress from pod formation Zafar ,ab 25.2 778 316
Sarigol 5 )l 27.0 533 217
Zarfam pb,; 26.0 745 300
Dalgan &> 26.4 741 295
R O gk RGS003 22.3 1153 481
2016 Non-stressed Zafar ,ab 28.0 808 337
Sarigol 5 )l 21.7 803 334
Zarfam sl ; 24.7 910 386
Dalgan s 27.3 1099 469
23S Als pe 3l i RGS003 20.0 671 274
Stress from flowering Zafar ,abs 19.3 694 262
Sarigol 5 )l 22.3 498 193
Zarfam b ; 21.3 542 204
Dalgan s 20.7 567 215
B3y g Als yo 5l i RGS003 21.7 700 290
Stress from pod formation Zafar ,ab 25.7 696 274
Sarigol 5 )l 18.7 526 207
Zarfam pb,; 23.7 633 249
Dalgan s 27.0 744 293
LSD 5% - 3.878 124.4 57.39
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Table 8- Correlation coefficients among studied traits on spring genotypes of rapeseed (mean 2015 and 2016)

1 s dlaxs )
,’..u.o ‘ " :..w. Sl u‘ﬁ ;)S,Lo;, ;)SJ,o.c
P P TC EL a ot MR b aep '
olae Leaf Sy Stomatal SR IES wg . & Grain oy o9
Traits temperature Relative conductance Leaf Pod o9 1000 yield oil Oil
(1) water ©) chlorophyll - number ~ Grain — grains  (8)  percent(g) Y€l
content index (4) per number  \yeight (10)
er
2 plant (5) pO% ®) Q)
2 -0.89"
3 -0.80" 0.90"™
4 -0.91" 0.81" 0.80™
5 -0.87" 0.76™ 0.72" 0.88"
6 -0.64" 0.63" 0.46 0.53" 0.67"
7 -0.88™ 0.86™ 0.78" 0.74™ 0.78" 0.54"
8 -0.91™ 0.91™ 0.90" 0.80™ 0.77" 0.61" 0.88™
9 -0.83" 0.87" 0.85" 0.82" 0.71" 0.51 078" 087"
10 -0.91™ 0.92™ 0.90" 0.81™ 0.77" 0.60" 0.89™ 0.99” 0.89™

*and **, Significant at the 5% and 1% probability levels, respectively.
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Introduction: Among the different environmental stresses, drought is a major limitation in reducing crop
yields. Rapeseed is a plant adaptable to areas with limited rainfall during winter and spring and dry air at
flowering, grain filling and maturity stages. Water deficit stress during pod filling stage in rapeseed reduces the
number of grains per m?, oil percent and grain yield. Positive and significant correlations were reported among
grain yield with pod numbers per plant and grain number in a pod in winter genotypes of canola, under normal
and drought stress conditions. Strong negative relationship between grain yield and canopy temperature during
reproductive stage of Brassica napus L. genotypes have been reported. The results of studying rapeseed
genotypes under drought stress indicated that the chlorophyll a and b content of all genotypes declined due to
drought stress at flowering and grain filling stages, but greater reduction in grain yield was observed when stress
was imposed at flowering stage. The objectives of this study were to recognize some of the physiological and
agronomic characteristics related to drought tolerance in spring genotypes of rapeseed and to study the grain and
oil yields and yield components relations under normal and water deficit stress conditions.

Materials and Methods: The experiment was carried out in the East Azarbaijan Agriculture and Natural
Resources Research and Education Center (46°2'E, 37°58'N, 1347 m a.s.l.) with semi-arid and cold climate
according to Koppen climatic classification system, during 2015 and 2016 cropping seasons. The experiment
was conducted as split plot based on a randomized complete blocks design with three replications. The
experimental factors were drought stress with three levels: non-stressed and drought stress from flowering and
pod formation stages and genotype in 5 levels: RGS003, Zafar, Sarigol, Zarfam and Dalgan. Each plot consisted
of 6 rows in 5 meters. Plants were harvested on the 5" and 17" of July during the first and second years of
experiment respectively. During harvest time, in order to control boarder effects, plants from the sides of each
plot were removed. Measured traits were leaf temperature, relative water content, stomatal conductance, leaf
chlorophyll index, pod number per plant, grain number per pod, 1000- grains weight, grain yield and grain oil
percent. Ten plants in each plot were used to determine grain yield components. Moreover, seed oil content was
determined by NMR (nuclear magnetic resonance) method.

Results and Discussion: Occurring drought around flowering and pod formation stages led to a significant
increase in leaf temperature and significant decrease in leaf relative water content, stomatal conductance, leaf
chlorophyll index, pod number per plant, grain number per pod, 1000 grains weight, oil percent, grain and oil
yields. But the effects of drought from flowering stage were too hard. Therefore, in case of water resources
limitation, irrigation during flowering stage will be more important than pod formation stage. RGS003 genotype
with higher relative water content, stomatal conductance and leaf chlorophyll index and lower leaf temperature,
indicated the highest grain and oil yields. The highest grain and oil yields with 1120 and 466 Kg h™ respectively
were obtained from RGS003 under non-stress condition. Also RGS03 in all water conditions indicated higher
yields and could be used to cultivate in areas with normal and limited irrigation water resources. The significant
correlations among leaf temperatures, relative water content, stomatal conductance and leaf chlorophyll index
with each other and grain and oil yields and yield components were seen. It seems that these traits can be used to
select drought tolerant spring genotypes of rapeseed.

Conclusions: It can be concluded that spring rapeseed is more sensitive to occurring drought stress from
flowering than from pod formation stage. Thus, water supply at flowering stage could be more effective in
rapeseed yield production. Leaf temperatures, relative water content, stomatal conductance and leaf chlorophyll
index can be used to screen high yielding spring genotypes of rapeseed for late season water deficit condition.

Keywords: Grain yield, Leaf chlorophyll index, Leaf temperatures, Relative water content, Stomatal
conductance
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