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Table 1. The evaluated oilseed rape genotypes and their origins
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Table 2. The used tolerance indices in this study and their calculation methods
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1- Yp: Yield potential 2-Ys: Yield stability 3-Tol: Tolerance Index 4- MP: Mean productivity
5- GMP: Geometric mean productivity 6- HM: Harmonic mean:  7- STI: Stress tolerance index

8- YSI: Yield Stability Index 9- SSI: Stress Susceptibility Index 10- YR: Yield Reduction (percentage)
11- K1STI: Modified stress tolerance index for non-stressed ~ 12- K2STI: Modified stress tolerance index for stressed

13- RDI: Relative drought index


http://dx.doi.org/10.52547/jcb.14.41.75
http://jcb.sanru.ac.ir/article-1-1314-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-17 ]

[ DOI: 10.52547/jch.14.41.75 ]

YA

ke Spen 5 03l5le plins o U dljee 03l pmel joy0e

0 yaalo > WE )'l sl b ,_iuo & oo Lgl)‘.lf dl‘z’w}’) LfLuLw.'

Sl ey dy50 o A liylE 45 o ol RDI
o (Siunod YSI b L K2STI g KISTI L (448
K2STI | cozo (Siwsed S (mizmed 9 YR 4 SSI L
4 bayw cli)lS jeaadpn wbs ol o ols
(YY) bl oo ailinsy ST (Sl 4 Jooo gl adls
W pelely Lol sleadie 4 a0 w@dlls pl 5o
byl cov dSles Claw ¢ (Sis @ Jooo adls
oS cpl A ploxl IS sy YAy (sl (A5 g Jloy
Iy Wl g 03505 Lasuin 1) laewy) Glasuine Ll o
Sl lome 0S5 51 (Sid 4 Joou sladadli wloly
IS 100 A0/5F (gl (sadlie 95 aS oy L pls (YY)
AMsh oplpls im0 olaisl 24 1) Gl
Joda ¥ JS5) del camsas gl adlge 93 olelp (gdmgo
A 0dly idey Jgl adlie bawgy Ol duoys FOINE (5
TOL L &w  Suwed LI RDI 4 K2STI YSI STI
Slgy o adlio pl ad ()AL Sis 4 Jood g 3 Slas
g Aitwd Joxie (SuiS ii bliey & ‘_g:lmwy)
plete SuG 5H o)ls (g)bgre Lials Wl 5 Slee
Ay Golaidl sgsay Iy @l s ao oYF/VA (pgd adlho .uled
YR 4 SSI TOL K2STI Yp L uie (Suwes o
cledy Ll wad o plis 1y Wb Jbp kylys coo
Co olul Gl e (S G 4 bl Canles
Cod ped 09,5yl plo (bl deng (SuiS i basly
Ml a3 (gL Ll 3 ySlas Jouily adlie lgis
Mg jloged sl oads ooy L Y S5 ) addlie oy
S J (Sis a Jaos Blod 31 IS sl
Slodds zBly Cuwly Cuow &S Glacig) ke o jleso
G0 A Mitwd (S 4 Jeotie 5 )5 ke slacwiss;
Sly slacass (Jilioy A8)S H18 T 09,5 3 5 S
5 (Vb G o) YU 0 Slos sy 5 a8 o Caoms
OB 4l lion 5008 (Oml G Cew) b
Y 09)S 0 3y wiod o &S Miwe e SWis
Suid yu bl b ot 09,8 pl g3 3,Sles 5 i8S )8
€ cwl eh Wb GBS g2y B sba
G25 4 G8 (G13 Lo jbrses (oYU o Cuows slaaiss]
Srpadls jeas b bl wily gpie 3)Sles Joily
L 585l g 5 ez WyS o )8 Cuaws cpl pd oS
G23 G33 wwdMsb Mo 35 s o b ocoplplo
bowyl mpdeie 5 nylub G105 G6 G18
sbewisl g9y p b Gldllas il o (Sis blaoyd
&S ol s 0 Lol slaadie 4 4ol eolatwll 131
Wlodly iy |y Ol puss 1o pd> A0 1 io &S Jol adlie 9o
Slogeisss | (Kb & Joxia slaciys plos 4 8
Sl ot o adllas (pl 55 {AVYY) Wloogs (Sid & ol
2oy b ol Lidg Jgl addie 90 lawg Ol duopd A0
plosl @3l oslizal b lagaisss SSE bl ()

Joo clayadls aen (lp uib)ly WUl 5 Lduogi Ll
by o ab s Slee Juwly cpicred g S 4
Jedods e oplpoaMe .0l pldl (YS) (Sis o YP) oy
4 4355 eomed g WARD o, 51 eslawl b d‘u?
ool g Joie slacuisy ololid sl (Lol glaadle
szl 5 il daosly o jslateay b eolatwl (Siis o
o3zl VY aseus XLSTAT 4 V¥ asws SPSS &bl

CoU 0w u.’l.»))l LS°§ Slaw den dl)) u“"L’)‘Q 4 355

(¥ Jo2) 2 plol (K5 (5 Lulyd 5 Jlog L 53
dl.b:wy) cowlio &9 oduSaol as ab uLw) )
oobly 350 eomen  idgy dalllas oyl 50 edlaiwly)ge
el e db plidess gbesls el p
Suid 4 Jooo slaasls alS bbdjl eas b))
YA oo slodyiS g eyl pls Wbl oo (g0 dze OS]
9 b 2y (Suis @ Fwb bl 29 i
I boss) i Wlyie oad 43,5 Ka (laasls
(F i) anles Time S0 1 ((Siis 4 Jooo bl
@ g rp Joob Glapadld jlae Blodl g (0L
Sy oyl Cp il Sl oad BLIO Jo 5 0
K2ST1 5 YR SSI 4 TOL slaasls (dlp cwig)
9 T(?L o adlis gy i olie s 00,5 saalie
&bl slajialyly anle (V) W2 )5 ssaline pas 4> SSI
Eo oS Wy L (Sis 4 Joou sl yadls (gly ool
Ol el 3yl 3929 048 b5 e o (sl
blioy IS bl Mol glaadbyy 3 lye |y go5
5,Slee (1wl M by B edlanlyyge (Siid i
Slleos 5 (Y8) (Suid (i balyd o by den
slcwg; o L &5 o e 5 Y 9 (YD)
By awlie ,Sles ¢ S i bl cod ol yee
Ji) (Sid a Jood gl et s e (Siwed 4500
5 YD (o b gxe Cute (Sumed S odmdlis ()
5 KISTI 4 YR SSI STI HM GMP MP .TOL
Y a3l e RDI 5 YSI YD (s sine site (Siunsod
STI HM GMP MP |y s ixe o  Strad Sy
Siarad Oyimen Y8 0 sl RDI 5 K2STI YSI
» b i 5 YR 9 SSITOL L (gl bze 0
odalie YS § YP o sl Siusod gud gy i dalllas
by lime (IS Gogad > (S LIS oo cul &8 0
Cudld e g Cuto (Siumod iy 4 YS 5 YP L TOL
Sliwnj G5l pB)l 35050 0ad ylie SIS L oS
e MB &S (6,55 o)l L s (WY auihy il
O M = ‘L)"‘ )J-DBM—C (\N\c) _\.wl.»L;c ).sl.uo c.\.:b)f
10,55 odnlie o)lps IS sladily ;3 Ys 4 Yp L TOL
YR 45 SSI L e (Suwen 35 TOL Lol (YY)
9 YSI L (458 Lt (Ster & Jbipll ol ol


http://dx.doi.org/10.52547/jcb.14.41.75
http://jcb.sanru.ac.ir/article-1-1314-en.html

[ Downloaded from jch.sanru.ac.ir on 2025-10-17 ]

[ DOI: 10.52547/jcb.14.41.75]

Table 3. Combined ANOVA for 38 oilseed rape genotypes under two conditions of normal and drought stress
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Table 4. Analysis of variance for drought tolerance quantitative indices in oilseed rape genotypes
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Table 5. Descriptive statistics and genotypic coefficient of variability (GCV%) of drought tolerance indices in 38 oilseed rapes genotypes
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~ Figure 1. Pearson correlation coefficients between Yp, Ys and stress tolerance indices under drought stress and
irrigation conditions for 38 oilseed rapes genotypes, Yp: Yield potential; Ys: Yield stability, TOL: Tolerance index;
MP: Mean productivity; GMP: Geometric mean productivity; HM: Harmonic mean; STI: Stress Tolerance index;

YSI: Yield stability index; SSI: Stress susceptibility index; YR: Yield reduction(percentage); K1STI: Modified stress
tolerance index for non-stressed; K2STI: Modified stress tolerance index for stressed; RDI: Relative drought index.
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Figure 2. a) cluster analysis of 38 oilseed rape genotypes evaluated based on drought tolerant indices using WARD
method. b) Biplot graph using principal component analysis for38 oilseed rape genotypes based on two principal
components and vectors of drought tolerance indices. Yp: Yield potential; Ys: Yield stability; TOL: Tolerance index;
MP: Mean productivity; GMP: Geometric mean productivity; HM: Harmonic mean; STI: Stress Tolerance index;

YSI: Yield stability index; SSI: Stress susceptibility index; YR: Yield reductlon(percentage) K1STI: Modified stress
tolerance index for non-stressed; K2STI: Modified stress tolerance index for stressed; RDI: Relative drought index
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Figure 3. Comparison of three classes of cluster analysis for oilseed rape drought tolerance indices. Yp: Yield
E'otentlal; Ys: Yield stability; TOL: Tolerance index; MP: Mean productivity; GMP: Geometric mean productivity;
M: Harmonic mean; STI: Stress Tolerance index; YSI: Yield stability index; SSI: Stress susceptibility index; YR:

Yield reduction (percentage); K1STI: Modified stress tolerance index for non-stressed; K2STI: Modified stress
tolerance index for stressed; RDI: Relative drought index
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Extended Abstract

Introduction and Objective: Drought stress as one of the most important abiotic stress is the
main limiting factor of oilseed rape cultivation in arid and semi-arid climates. Therefore, the
identification of drought tolerant genotypes is the essential programs in these regions. One of
the appropriate methods to identity drought tolerant genotypes is the use of stress tolerance
indices. To this end, the present study was designed to detect drought tolerant among 38 winter
genotypes using drought tolerance indices. ] )
Material and Methods: The experiment was based on randomized complete block design
(RCBD) with three replications under both normal and drought conditions during 2016 to 2017
cropping season. In the well-watered experiment, irrigation was performed in five stages, while
in drought treatment, irrigation was stopped before flower initiation. The yield of genotypes
under normal and drought conditions using drought tolerant indices, including; TOL, MP, GMP,
HM, STI, YSI, SSI, YR, K1STI, K2STI and RDI were investigated to identify drought tolerant
and susceptible genotypes. o )

Results: Analysis of variance showed a significant difference among evaluated genotypes for
all drought tolerance indices. The highest coefficient of genotype variability was observed for
TOL and SSI, YR and K2ST1 indices. Correlation analysis showed a significant positive
correlation between Yp and TOL, SSI and YR, while a negative correlation was observed for
Ys. The principal component analysis showed that the two first components covered 99.64% of
all data variations. 65.36 and 34.28% of the variation were covered by the first and second
components, respectively. The first component detected tolerant genotypes, but the second
component identified drought sensitive genotypes. Cluster analysis, while confirming the results
of principal component analﬁs_ls, classified genotypes into three categories. Cluster analysis
confirmed the PCA results, which separated drought tolerant genotypes %Class 3) from sensitive
genotypes (Class 1?. ) ) ) ) )

Conclusion: Finally, this research detected five superior genotypes, including; G6, G10, G18,
G23 and G33, which were the most drought tolerant genotypes and their yields were not
significantly changed under normal and drought stress conditions.
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