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Evaluation of the Effects of Terminal Drought Stress on yield and Some
Traits of Winter Oilseed Rape Genotypes
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Table 1. Combined analysis of variance for some of the studied traits in rapeseed cultivars

fﬁ_ﬁu&QFn 4>y &?ub&h M sl oo als sliss oﬂmrw& a Jos 5 _u(TwuL.W A4 g,8 e ool
Source of variation 3157 Grain § gys e Plant  Chlorophyll O:_oﬂ%ﬁ_ Carotenoids T . s IS
: : . T o '
D.F. AW%_WMJ Pods per  Seeds per Jnoﬂmwﬁ (mg/g.fw) (mg/g.fw) (mg/g.fw) Relative SPAD
g plant pod water
content
(W s sk sk s ns - ns s ns
J | 2684" 3044117 230499 9558.11" 1066 0.381 2.151 3718° 10529
Year
o 1 4059"  71811.89" 1822.8° 18057.5° 1202 2.847 0.027 103777 90428
Stress
dle X s 1 0148 0.736™ 9.01™ 50.47™ 0.07 0.00035 0.111 0.003™ 2336
YearxStress
e ¢ -
NI L) 8 0625 189973 4334 28551 0323 0.015 0.005 2734 07.07
(Replication)YearxStress
S 15 2003 466056 11647™ 111787 133 0.056 0244 4403 22873
Genotype
I X 5 15 0076™ 924713™ 47.195" 218.09™ Ol 0.01 0.044 25177 83.69
Yearx Genotype
Falite 15 01517  41682™  22.70° 25386 019 0.008 0.055 2916 10643
Stress x Genotype
Yearx Stress X Genotype
m}a_ 120 0.194 152.74 477 4754 0029 0.004 0.004 7782 10107
ITOr

L3 & 5t s gty dlail b 53 513 e s (e pde 5 5 4k 5 % IS
™ "and : not-significant and significant at 5% and 1% probability levels, respectively
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Table 2. Mean and percent change in the traits of rapeseed genotypes under stress and normal conditions

Sl 415 5 Slas O sl M s ails sldes or,wmmi Sl sl plisl sy doys oy 3 Shas AW OLL G s,
Treatment Grain %WE &gy Seeds per pod Plant height ol Oil . Oil yield q Umv.\m to .
(kg-ha™) Pods per plant (cm) Height of the ~ Percentage(%o) owerng en
first branch
Jl 3601.4 91.83 26.00 130.01 16.55 39.20 1419.64 227.36
Normal
Sas i 2681.8 53.16 19.84 110.61 12.26 36.24 976.77 227.54
Stress
CH I W 25.53 42.11 23.69 14.92 25.92 7.55 31.19 0.08
Variation (%)
Sl A oy b Sy 335 a Jby k5 b Jss i bats 5558 Jos 5 s le T (o (85 als,l38 055
Treatment Duration of Days to Chlorophylla  Chlorophyllb  Carotenoids SPAD Relative 1000-seed
flowering maturity (mg/g.fw) (mg/g.fw) (mg/g.fw) water weight (gr)
content (%)
Jbe s 36.67 247.64 1.6124 0.47636 0.55888 45.72 0.74699 4.53
Normal
S i 37.44 240.20 1.1119 0.23282 0.53509 59.89 0.59995 3.86
Stress
Ol i Ao s 2.1 2.9 31 48.87 4.26 31 19.68 14.79

Variation (%)
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Table 3. Factor analysis for traits in rapeseed under normal and stress conditions

Sl du; S
Treatment Normal Drought stress
Sliw Factor loading  Juls )l Sliw Factor loading ek
Traits Jg! £33 e Traits Jg £33 .
First ~ Second Third  Forth First  Second Thi1
s s Shas 0.858 0.294 -0.238 - Gl s Shas 0.898 0.216 0.0Z
Grain yield (tkg.ha™) 0.224 Grain yield (tha™)
s Shes 0.867 0.269 -0.268 - a3 Shes 0.915 0.276 0.0¢
Oil yield (kg.ha™) 0.199 Oil yield (kg.ha™)
G 393 SN sl 0.856 0.376 -0.051 - & 3 SN sl 0.881 0.299 0.24
Pods per plant 0.112 Pods per plant
SN 3 4l sl 0.872 0.090 -0.339  0.114 O 3 4l sldas 0.407  -0.121 0.7¢
Seeds per pod Seeds per pod
oS plis ) 0.675 0.515 -0.125  0.010 &lsyl58 0 0.004 0.188 0.91
Plant height (cm) 1000-seed weight (gr)
b Sl sl gl 0.699  -0.254 -0.082  0.548 oS plis ) 0.638 0.143 0.65
Height of the first branch Plant height (cm)
AL s, -0.292  -0.206 0.879 - AL s, -0.671  -0.002 -0.1C
Days to flowering end 0.047 Days to flowering end
A e y53 b -0.171 -0.021 0.953  0.061 Sy b5, -0.916  -0.206 -0.12
Duration of flowering Days to maturity
a oy k5 0.223 0.620 -0.293 - a oy k5 0.271 0.900 0.17
Chlorophyll a (mg/g.fw) 0.058 Chlorophyll a (mg/g.fw)
LNCT 0203 0900 0021 0.105 b s 0.101 0905 021
Chlorophyll b (mg/g.fw) Chlorophyll b (mg/g.fw)
A g5 ,8 -0.154 0.909 -0.066  0.124 45 455,8 0.285 0.845 -0.24
Carotenoids (mg/g.fw) Carotenoids (mg/g.fw)
Jbs 8 asls -0.183 0.227 0.036  0.900 s JS jesls -0.817  -0.128 -0.2¢
SPAD SPAD
_ _ - - - O (s 8l s 0.831 0.244 0.1¢
Relative water content (%)
o3y polia 5.804 1.893 1322 1.222 o3y polia 7.21 1.99 1.5
Eigen Values Eigen Values
b a5 bl Loy 34.90 22.93 17.01 10.51 b a5 bl Loy 44.65 21.05 16.¢
Percentage of explained Percentage of explained
variance variance
34.90 57.83 74.84 85.35 44.65 65.70 82.5

s mlls Ay
Percentage of cumulative
variance

s bl A ys
Percentage of cumulative
variance
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Table 4. Stress tolerance indices and grain yield of rapeseed genotypes under stress and non-stress
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Genotype Yield under Yield under Mean Geometric Sagela Yield index  Stress tolerance Tolerance S
soi.:.m_ &oc.m.E productivity mean Harmonic index index Stress
QMM mm__w: oﬁmwmw_ﬁ.__ws productivity mean susceptibility
index
1-Okapi 3.30822 2.70983 3.00903 2.99411 2.97928 1.01044 0.69119 0.59838 0.70840
2-SLM-046 3.69595 2.79917 3.24756 3.21645 3.18565 1.04375 0.79766 0.89678 0.95029
3-Ahmadi 3.21835 2.75033 2.98434 297515 2.96599 1.02554 0.68246 0.46801 0.56954
4- SW102 3.35177 2.62033 2.98605 2.96357 2.94126 0.97707 0.67716 0.73143 0.85466
5-172 4.33767 3.22717 3.78242 3.74144 3.70091 1.20334 1.07929 1.11050 1.00267
6- HL3721 3.98650 3.27000 3.62825 3.61052 3.59288 1.21932 1.00508 0.71650 0.70391
7- HL2012 3.96252 3.10683 3.53467 3.50869 3.48289 1.15847 0.94918 0.85568 0.84574
8- Expower 3.45005 2.16200 2.80603 273112 2.65821 0.80617 0.57509 1.28805 1.46218
9- Extorm 3.08500 1.94300 2.51400 2.44829 2.38431 0.72450 0.46216 1.14200 1.44979
10- Excalibur 3.25850 2.14550 2.70200 2.64407 2.58738 0.80001 0.53902 1.11300 1.33774
11- Natalie 3.59983 2.62400 3.11192 3.07343 3.03542 0.97843 0.72829 0.97583 1.06166
12- Danube 3.44883 2.37550 291217 2.86229 2.81327 0.88578 0.63167 1.07333 1.21887
13- Artist 3.83420 2.84350 3.33885 3.30190 3.26536 1.06028 0.84060 0.99070 1.01196
14- Vesuvio 4.17440 3.22717 3.70078 3.67035 3.64017 1.20334 1.03867 0.94723 0.88870
15- Medea 4.04108 2.94800 3.49454 3.45154 3.40906 1.09925 0.91852 1.09308 1.05937
16- Harnus 2.86927 2.15700 2.51313 2.48777 2.46267 0.82325 0.47718 0.71227 0.91105
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Table 5. Correlation coefficient between drought tolerance indices and grain yield of rapeseed genotypes

Jle s s Shee S5 s Slas sl Sl s Sl Sl ke oarle Joss patls s jaxls O 4 b als
Yield Yield under Mean Geometric Harmonic 5 Shes S Tolerance Stress susceptibility index
under drought productivity mean mean Yield index Stress
normal condition productivity tolerance
condition (kg.ha™) index
(kg.ha™")
Jb i 5 Shes
Yield under normal 1
condition
(kg.ha™)
S uuWrrv
Yield under drought 0.860™" 1
condition
(kg.ha™)
M b Soka . -
can s o 0.964 0.965 1
productivity
e ke
Geometric mean 0.952" 0.975" 0.999” 1
productivity
Sogasle ke ok ok o x
7 (x% 0.940 0.983 0.997 0.999 1
Harmonic mean
Shes axls o - o - -
’ . .&nv 0.854 1.000 0.962 0.972 0.980 1
Yield index
= 5 els o o o o o o
- 0.956 0.969 0.998 0.998 0.997 0.967 1
Stress tolerance index
5 -
e 0.248™ -0.281™ -0.018™ -0.059™ -0.098™ -0.291™ -0.042™ 1
Tolerance
Stress susceptibility -0.187™ -0.660 -0.440™ -0.447™ -0.510 -0.669" -0.460™ 0.901" 1
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,“and ™": not significant and significant at 5% and 1% probability levels, respectively.
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Figure 1. Biplot display for drought resistance indices in genotypes of
rapeseed based on first two components.
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Figure 2. Dendrogram of cluster analysis of genotypes based on drought tolerance indices using Ward’s methc
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Introduction:

Rapeseed is a main oilseed crop in the world. Water deficiency during drought
stress is a major cause of yield decline in crops. The highest yield reduction
in rapeseed was observed when water deficit occurred at flowering and pod
developmental stages (Kahrizi & Allahvarand, 2012). In order for breeding
programs to become successful, it is important to develop an understanding of
what traits affect grain yield, and how these traits can be improved, which may
result in increasing grain yield. Factor analysis of multivariate statistical methods
is for a deeper understanding of the relationships between traits and is an effective
statistical method in reducing data volume (Cooper, 1983). The aim of this study
was to study the effect of late-season drought stress on some traits affecting the
yield of studied rapeseed genotypes and to identify genotypes that are adaptable to
normal and drought stress conditions through using some stress tolerance indices.

Material & Methods:

This experiment was carried out at the research field of Seed and Plant
Email address of the corresponding author: elahe shadan96@yahoo.com
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Improvement Institute, Karaj, Iran, during the 2016-2018 growing season
under full irrigation conditions and late-season drought stress (applied from the
beginning of pod setting stage) on new winter rapeseed genotypes in a randomized
complete block design with three replications. Some morphological, physiological,
phenological traits, yield and yield components were measured. Factor analysis
was performed to determine the most influential variables. To identify drought
tolerant genotypes, drought tolerance indices such as tolerance index (TOL), stress
susceptibility index (SSI), mean productivity (MP), geometric mean productivity
(GMP), harmonic mean (HMP), stress tolerance index (STI) and yield stability
index (YSI) were used.

Results & Discussion:

The combined analysis of variance showed that the effect of drought stress on
all evaluated traits was significant except for height of the first branch, days to end
of flowering, flowering period and oil percentage. The results of factor analysis
identified four factors in normal conditions and three factors in drought stress
conditions, which explained 85.35% and 82.51% of the variation, respectively.
These factors in normal conditions were named as “yield, sink and height”, “plant
pigment”, “phenological traits” and chlorophyll index (SPAD), respectively,
and in stress conditions were named as “ phenological, physiological traits and
productivity”, “plant pigment” and ““ height and sink”, respectively. It seems possible
to use these traits as selection criteria in breeding programs to improve the grain
yield of the winter rapeseed genotypes. The results showed that GMP, MP, HMP
and STI indices were positively correlated with grain yield under both stress and
non-stress conditions. Therefore, they can be exploited not only to screen drought
tolerance but also to identify superior genotypes for both stress and non-stress field
conditions (Fernandez, 1992). The principal component analysis using grain yield
under both conditions and drought tolerance indices showed that the genotypes 5,
14, 15, 6 and 7 were the most tolerant genotypes to drought conditions, while the
genotypes 9, 10, 12 and 8 were the most sensitive genotypes. With cluster analysis
using WARD procedure based on drought tolerance, the studied genotypes were

grouped in 3 separate clusters. The first group consisted of genotypes that gave
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high yield and were drought tolerant and had appropriate and reliable values of
indices such as STI, MP, GMP, HMP. Therefore, this group (genotypes 6, 5, 14, 7,
15) are drought tolerant group. The second group had genotypes with low values of
STI, MP, GMP, HMP as well as Ys and Yp and higher values of SSI. Therefore, the
genotypes 12, 10, 8, 16 and 9 with low yield and drought sensitivity were placed
in this cluster. The next group (1, 3, 4, 11, 2, 13), which produced an average yield
in both non-stress and stress conditions, and with less sensitivity to drought stress
condition, were stable in yield, and therefore considered as semi-resistant cultivars.

Keywords: Bi-plot, Cluster analysis, Factor analysis, Principal component
analysis, Stress tolerance indices
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