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Table 1. The evaluated oilseed rape genotypes and their origins

oyd L d) ojlosd S e d) ojlosd
SundayxGeronimo WRL-95-20 B GA096xZarfam WRL-95-01 )
OkapixGA096 WRL-95-21 v\ ModenaxGA096 WRL-95-02 Y
OrientxModena WRL-95-22 Yy SundayxGeronimo WRL-95-03 Y
OkapixSW0756 WRL-95-23 Yy ModenaxOkapi WRL-95-04 ¥
OkapixSW0756 WRL-95-24 Y¥ SundayxGeronimo WRL-95-05 o
GeronimoxSunday WRL-95-25 Yo OkapixGA096 WRL-95-06 5
SundayxModena WRL-95-26 \td OrientxModena WRL-95-07 A4
OkapixModena WRL-95-27 v OkapixSW0756 WRL-95-08 A
GeronimoxSunday WRL-95-28 YA OkapixSWO0756 WRL-95-09 a
GeronimoxSunday WRL-95-29 ya GeronimoxSunday WRL-95-10 Ve
OkapixModena WRL-95-30 Y. SundayxModena WRL-95-11 AN
OkapixModena WRL-95-31 ¥y OkapixModena WRL-95-12 A\
OkapixModena WRL-95-32 Y GeronimoxSunday WRL-95-13 \\a
OkapixModena WRL-95-33 Yy GeronimoxSunday WRL-95-14 A3
OkapixSW0756 WRL-95-34 ¥ OkapixModena WRL-95-15 VO
RGS003*Okapi WRL-95-35 Yo OkapixModena WRL-95-16 \&
RGS003*SLMO046 WRL-95-36 \rg OkapixModena WRL-95-17 \\%
Okapi*Modena (A2ls) log o8, YY OkapixModena WRL-95-18 A
Geronimo * SW0756 (wlis) (gronl 8, YA SundayxModena WRL-95-19 Va
buwgio (sy90 500 Lol )+ ¥Y) 2g 0 YU 3 Sae sl &bl Jualo

Sl o (V) b i SSE @8 el
seglie by Sigols bwgie jabld (Sley
w2l ) sl ol (e polhe oS Sgdie e
& pre i Jaod (a3l liey Il (YY) a2l
3 Sles g (S 4 b Caoglis b slacuie; bl
ofles shul omsls (1) s ke ol
5 Cuol (S IS 4 (Se55 Cuoglde yliee odimd L
3fdas Bl padls cpl I yide polie b i} doxssy
bl (V) wsl awsly Jlop g (i lause 93 oy oYL
byl i 4 Comolus (asls eSS polie slie p
@ ol A5 Canidg ) i S 3)Sdes 52l Olis
Cwl gy ol yide lul e g Jly Cundy
&ly oS Jeoo oMCM.\o] ol i polie .(\\)
bulpd lp G35 Joow ardgp Mol (el (i s Ll
Pl Cagliio 0dimd L G5 (s (St jadld g 5

() sl o Sid a

9P p g oS Slio ded b 35 )

M oslly wps dyse (SS9 Jbp Ly
ooy 3es xSojlul g cnl oM i3S
el sy by klyd cod ey 390
o3 V) Tdeow pails bl (SiS a Joos
Sin bgie 5000 pa3LE (TY) Tisys0 e bawgie
YOS Jao asls (YF) T Sige b jasls gt (V1)
@ Comlun (a3l () Mok dhunl pa3ls V1)
oddz Mol [aslis (F) 1o,Slee ials doyd (W) P s
sadgdol (adls (A) 1 Siyd kulyd (ol (5 Jeos
S pasls (V) Tkl Gl g5 Jess
sl » ol .(Y J9,\>) B Al (\\) Wu_..m;
eBedy] (AR 4 e (oo jadld yieS polie
bie 4 Cond 5 hapee 3 Wl 3Sles &5 3980
Y) B)b aSles wls 5 awih (g8 Sl Jby
5 oo bawgie (adld Jule plie luey Sl
b ebows) Qbal 4 oo win bwgie (g)50 0

sl dsloe 39y 5 axllae oyl y3 o3kl 3)90 Joou (slayasls =V Jgi>
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
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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

9 £9d 49.]§A l.» [GTVEY oS BYAPY) wl.uo LSL‘“S; ‘L>5‘“‘>
s ¥ 0gS ol sl cilas PCA gl
095 Jyict; G33 5 G23 G18 (G10 G (clousiy’s
5 Joyg kulys cov Wl o Sles 5 0dg (Sid Jldeyd

5 (5 5 Ao
2 (AP I Gl &8 ol (Ui 3udod ol @l
Sl quigs YA (Sis 4 e sbadls
9 kol bradse 4w s )l 352y adlaes)ee
i1 kol 09,5 dw 350wl ) K00, s a0

4 Joos 9 ))S.L,.c LS)‘J"L bld jl Pow 9 J9| dhoﬁ)f

&l

1. Anwar, J., G.M. Subhani, M. Hussain, J. Ahmad, M. Hussain and M. Munir. 2011. Drought tolerance
indices and their correlation with yield in exotic wheat genotypes. Pakistan Journal of Botany, 43(3):
1527-1530.

2. Bagheri, H. and S. Jamaati-e-Somarin. 2011. Study of drought stress on agronomic traits of winter
canola (Brassica napus L.). Scientific Research and Essays, 6(25): 5285-5289.

3. Bouslama, M. and W. Schapaugh Jr. 1984. Stress tolerance in soybeans. I. Evaluation of three
screening techniques for heat and drought tolerance 1. Crop Science, 24(5): 933-937.

4. Choukan, R., T. Taherkhani, M. Ghanadha and M. Khodarahmi. 2006. Evaluation of drought

tolerance in grain maize inbred lines using drought tolerance indices. Iranian Journal of Crop

Sciences, 8: 79-89 (In Persian).

Clarke, J.M., R.M. DePauw and T.F. Townley-Smith. 1992. Evaluation of methods for quantification

of drought tolerance in wheat. Crop Science, 32(3): 723-728.

Din, J., S. Khan, I. Ali and A. Gurmani. 2011. Physiological and agronomic response of canola

varieties to drought stress. Journal of Animal and Plant Science, 21(1): 78-82.

FAO. 2018. Food and Agriculture Organization of the United Nations, Food and Agricultural

Commodities Production. Available online: http://www.fao.org/statistics/en

Faraji, A., N. Latifi, A. Soltani and A.H.S. Rad. 2009. Seed yield and water use efficiency of canola

(Brassica napus L.) as affected by high temperature stress and supplemental irrigation. Agricultural

Water Management, 96(1): 132-140.

9. Farshadfar, E. and J. Sutka. 2002. Screening drought tolerance criteria in maize. Acta Agronomica
Hungarica, 50(4): 411-416.

10. Fernandez, G.C. 1993. Effective selection criteria for assessing plant stress tolerance. In Proceeding of
the International Symposium on Adaptation of VVegetables and other Food Crops in Temperature and
Water Stress, Shanhua, Taiwan, pp: 257-270.

11.Fischer, R. and R. Maurer. 1978. Drought resistance in spring wheat cultivars. I. Grain yield
responses. Australian Journal of Agricultural Research, 29(5): 897-912.

© N o O


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

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.14.41.75 ]

ke dex g 03jle plig (S Sljag 3Nl o
AY Vo Sl /Y oyles /ema)lon o /issly; oolS oMol asliingsy

12.Haq, T., A. Ali, S. Nadeem, M.M. Magbool and M. Ibrahim. 2014. Performance of canola cultivars
under drought stress induced by withholding irrigation at different growth stages. Soil and
Environment, 33(1): 43-50.

13.Khalaj, H., S.S. Noori, A.S. Rad, G.A. Akbari, E.A. Dadi and M. Labbafi. 2007. The assessment of
appling drought stress on different canola (Brassica napus L.) cultivars. in The 12th International
Rapeseed Congress.

14. Khalili, M., A.P. Aboughadareh, M.R. Naghavi and S. Talebzadeh. 2012. Response of spring canola
(Brassica napus L.) genotypes to water deficit stress. International Journal of Agricultural Crop
Science, 4: 1579-1586.

15. Lobell, D.B. and S.M. Gourdji. 2012. The influence of climate change on global crop productivity.
Plant Physiology, 160(4): 1686-1697.

16. Majidi, M., F. Rashidi and Y. Sharafi. 2015. Physiological traits related to drought tolerance in
Brassica. International Journal of Plant Production, 9(4).

17. Malekshahi, F., H. Dehghani, and B. Alizadeh. 2009. Study of drought tolerance indices in some
spring rapeseed cultivars (Brassica napus L). Journal of Sciences and Technology of Agriculture and
Natural Resources, 48: 77-89.

18. Mirzaei, A., R. Naseiri, A. Moghadam and M. Esmailpour-Jahromi. 2013. The effects of drought
stress on seed yield and some agronomic traits of canola cultivars at different growth stages. Bulletin
Environmental Pharmacology Life Science, 2: 115-121.

19. Moradshahi, A., E.A.B. Salehi and B.B. Khold. 2004. Some physiological responses of canola
(Brassica napus L.) To water deficit stress under laboratory conditions. Iranian Journal Of Science
And Technology Transaction A- Science, 28: p. 43-50.

20. Nazemi, G. and A. Alhani. 2014. The effects of water deficit stress on seed yield and quantitative
traits of Canola cultivars. International Journal of Farming and Allied Sciences, 3: 819-822.

21.Resketo, P. and L. Szabo. 1992. The effect of drought on development and yield components of
soybean. International Journal of Tropical Agriculture, 8: 347-354.

22.Richards, R. 1978. Genetic analysis of drought stress response in rapeseed (Brassica campestris and
B. napus). I. Assessment of environments for maximum selection response in grain yield. Euphytica,
27(2): 609-615.

23.Rosielle, A. and J. Hamblin. 1981. Theoretical aspects of selection for yield in stress and non-stress
environment 1. Crop Science, 21(6): 943-946.

24.Schneider, K.A., R. Rosales-Serna, F. Ibarra-Perez, B. Cazares-Enriquez, J.A. Acosta-Gallegos, P.
Ramirez-Vallejo, N. Wassimi and J.D. Kelly. 1997. Improving common bean performance under
drought stress. Crop Science, 37(1): 43-50.

25. Sepehri, A. and A.R. Golparvar. 2011. The effect of drought stress on water relations, chlorophyll
content and leaf area in canola cultivars (Brassica napus L.). Electronic Journal of Biology, 7(3): 49-
53.

26. Shahverdikandi, M.A., A. Tobeh, S.J. Godehkahriz and Z. Rastegar. 2011. The study of germination
index of canola cultivars for drought resistance. International Journal of Agronomy and Plant
Production, 2: 89-95.

27.Simane, B., P. Struik, M. Nachit and J. Peacock. 1993. Ontogenetic analysis of yield components and
yield stability of durum wheat in water-limited environments. Euphytica, 71(3): 211-2109.

28. Tabari, H., H. Abghari and P. Hosseinzadeh Talaee. 2012. Temporal trends and spatial characteristics
of drought and rainfall in arid and semiarid regions of Iran. Hydrological Processes, 26(22): 3351-
3361.

29. Warwick, S., A. Francis and I. Al-Shehbaz. 2006. Brassicaceae: species checklist and database on
CD-Rom. Plant Systematics and Evolution, 259(2-4): 249-258.

30.Wu, W., B.L. Ma and J.K. Whalen. 2018. Enhancing rapeseed tolerance to heat and drought stresses
in a changing climate: perspectives for stress adaptation from root system architecture, in Advances in
Agronomy. Elsevier, 87-157.

31.Yarnia, M., N. Arabifard, F.R. Khoei and P. Zandi. 2011. Evaluation of drought tolerance indices
among some winter rapeseed cultivars. African Journal of Biotechnology, 10(53): 10914-10922.

32.Yousefi, A. 2017. Evaluation of drought tolerance indices in three canola species (Brassica spp.)
Under irrigation restriction conditions. Environmental Stresses in Crop Sciences, 10(2): 257-267.

33. Zahravi, M. 2009. Evaluation of genotypes of wild barley (Hordeum spontaneum) based on drought
tolerance indices. Seed and Plant Improvement Journal, 4: 533-Pe549

34.Zali, H., T. Hasanloo, O. Sofalian, A. Asgharii and M. Enayati Shariatpanahi. 2019. ldentifying
drought Tolerant Canola Genotypes using Selection Index of Ideal Genotype. Journal of Crop
Breeding, 11(29): 117-126.

35.Zarei, G., H. Shamsi, and S.M. dehghani. 2010. The effect of drought stress on vyield, yield
components and seed oil content of three autumnal rapeseed cultivars (Brassica napus L.). Journal Of
Research In Agricultural Science, 6(1): 29-36.


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

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.14.41.75 ]

Journal of Crop Breeding VoI. 14, NO 41, SPriNG 2022 ...........iieeieeeeeeieitrieteeestete e e e e eee e ee e e atenene s estn e aessesnennenesnenesnees OB

Identification of Drought Tolerant gils?eq Rape Genotypes using Multivariate
nalysis

Behroz Aminzadeh?, Behzad Sanit, Bahram Alizadeh!? and Hamid Mozaffari!

1- Department of Agronomy, Shahr -e- Qods Branch, Islamic Azad University, Tehran, Iran
2- Associate Professor, Seed and Plant Improvement Institute, Agricultural Research,
Education and Extension Organization (AREEO), Karaj, Iran, (Corresponding author: alizadeh.oilseed@gmail.com)
Received: 17 October, 2021 Accepted: 18 January, 2022

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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