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Extended Abstract

Introduction and Objective: In semi-arid areas such as a large part of Iran, due to rainfall
unfavorable distribution and temperature sudden increase in time of grain filling, soil moisture
decrease is considered as one of the most important factors in the reduction of wheat growth and
development, Therefore, by evaluating the effects of drought stress on the studied cultivars, it is
possible to identify the most favorable cultivars and use them for future breeding purposes.
Therefore, the purpose of this research was to identify drought tolerant cultivars and their
characteristics with the help of drought tolerant indices that cause higher yield in dry climatic
conditions.

Material and Methods: The present experiment was designed and implemented in the
educational-research farm of Payame Noor University, Asadabad center, in the form of a
randomized complete block design with three replications in two conditions of moisture
treatment in the crop year 2015-2016. Moisture treatment was carried out in the conditions of
drought stress in the form of interruption of irrigation after flowering and in conditions without
drought stress. Were used in this research number 14 cultivar of old and new varieties of bread
wheat. Drought tolerance indices were used in this research.

Results: The results of mean comparing of this experiment showed that the highest mean yield
in the conditions without drought stress and drought stress condition was cultivar No. 10 and 2,
respectively. Cultivar No, 10, 2 and 6 had the highest Stress Tolerance Index, Mean
Productivity, Geometric Mean Productivity, Harmonic Index, Abiotic-Stress Tolerance Index,
Modified Stress Tolerance index in without Drought Stress, Modified Stress Tolerance Index in
Drought Stress and Stress Tolerance Score Indices. The results of the correlation analysis
between the indices and the mean yield in the non-drought stress conditions and drought stress
condition showed that the most suitable indices for screening cultivars in two environmental
conditions were STI, ATI, K1STI, K2STI, STS, MP, HAM and GMP.

Also, Principal Components Analysis showed that 69.3% of the changes of the examined
variables in the of non-drought stress conditions and drought stress conditions can be explained
by the first component and 99.4% of the said changes can be explained by the first and second
components.

Conclusion: In this study, STI, ATI, K1STI, K2STI, STS, MP, HAM and GMP indexes were
found to be favorable. Therefore, these indices were able to identify drought tolerant cultivars
with optimal performance in both environmental conditions under investigation (non-drought
stress conditions and drought stress conditions). The cultivars that were able to be selected in
both environmental conditions by the mentioned indices included cultivars No. 10, 2 and 6,
respectively.
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Table 1. List of bread wheat varieties used
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Growth Type Cultivar Name No. Growth Type Cultivar Name No.
Winter Navid 8 Winter Besostaya 1
Winter Winter Roshan Backcross 9 Winter Peshgam 2
Winter Zare 10 Winter Saysoon 3
Winter Sorkh tokhm 11 Winter Gaskogen 4
Winter Shahreyar 12 Winter Shahpasand 5

Winter-Spring Toos 13 Winter Mehan 6
Winter-Spring Alvand 14 Winter Omid 7

Table 2. Name of studied drought tolerant indices

1—-(Y./Y - s
SSI = y OB & Cgmlus (jadls (1)
1— (YS /YP ) Stress Susceptibility Index (SSI)
TOL =Yp - Ys =3l @)
Stress Tolerance (TOL)
Y5+ Y, S0 (e el
_ S 2 O 3
MP = 2 Mean Productivity (MP) ®
STI = Yix\z(p s Jooo ua>Lu') )
Yp Stress Tolerance Index (STI)
GMP = /(¥s x Yp) 1900 din (ke jab L )
Geometric mean productivity (GMP)
HMp = 2YpxYs Sigeyln u:i;ha ol ®)
\‘({WYS Harmonic Index
s
Yl == L
% 2Slee aild @
yield index (YI)
O bl Cod Al s Qi 4 oo jadli
() ¢
K;STI = 55 X STI . . o ®)
(Yp) Modified Stress Tolerance index in without
drought stress
()2 Oi bl cod Al pesd (5 4 Jeod asld
K,STl = == x STI Modified Stress Tolerance index in drought )
(Ys) stress
Ys
B (Tp) S b Gl L);»Lf: (10)
DI'=Ys x Ys Drought resistance index
Yp— Y5 e a L asls
ATI = (/=) x GMP U L (an
X_ (Abiotic-stress tolerance Index (ATI))
YSI=E ] 3 Sles d)balg sl (12)
Yp Yield Stability Index (Y SI)

STS=GMPstd+STIstd+HMPstd+MPstd-

TOLstd-SSIstd-bstd

St Jozs  pdjlael (adli

(Stress Tolerance Score (STS)) (13)
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Yp and Y are respectively the grain yield in the conditions without drought stress and drought stress, and Yp and Ys are the average yield in the

conditions without drought stress and drought stress, respectively
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Table 3. Analysis of variance of yield under drought
tolerance indices for the cultivars in this study

stress and non-drought stress conditions and drought

Mean of Squarescile yo ,:S5ke AESH CHVIE PN
GMP MP ssI TOL STI YsS YP Degree of Source of
freedom variation
180432.202 218071.238 0.208 1822852.571 0.010 290066.667 105702.095 2 )‘)SJ
Replication
1711030.796 %% 1777797.203 %% 0.053"8 990471.304" 0.088* 1220362.088* 2830467.971* 13 Soss
Treatment
709545.233 757871.61 0.042 551141.238 0.038 539984.615 1251329.223 26 alzdd
Error
STS K2STI DI YSI KISTI ATI YI HAM
145666.8264 0.016 0.22 0.027 0.099 2.363 0.015 181894.244 2 A
Replication
4934132.116%% 0.393" 0.026™ 0.007™ 0a00®E  2705%% 0.062%% 1663061 %% 13 oS
) Treatment
2179097.179 0.225 0.025 0.005 0.171 1.069 0.027 677613.202 26 alzdd
Error

2oyd ) g a0y 0 Jlein] maw y3 )b iae g 55 gxe pé cuipa ¥F g S

ns, *and**, Non-significant and significant at the probability level of 5% and 1%, respectively.
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Grain yield and drought tolerance indices of the studied wheat cultivars under drought stress and .Table 4

conditions non- drought stress
STS KISTI ATI YI HMP GMP MP TOL STI YS YP plilolad

Cultivar Number
9950.18  0.95 9351947.64  1.14 599525 611099  6229.16  2391.66 0.788  5033.33 7425 1
10646.5  1.13 1004695382 121  6366.37  6479.54 6595 2430 0.878 5380 7810 2
9877.59  0.91 9057506.82  1.13  5941.08 605592  6173.33 235333 0.775  4996.66 7350 3
8666.82  0.48 6592661.37 099 5161.63 5260.40  5361.66  1956.66 0.576  4385.33 6340 4
8828.81 095  1208758.934 1.02 567591 5880.10  6092.50 3145 0.727 4520 7665 5
9921.79 120  1192906.635 1.13  6168.17 6330.19  6496.66  2906.66  0.85 5043.33 7950 6
913595  0.72 743227124  1.04 5436.44 5526.66  5619.16  2011.66  0.661  4613.33 6625 7
607043 023 618221320 0.7 394541  4101.62 4265 2996.66 0353  3116.66  5416.33 8
895536  0.72 9210922.07  1.03 552490  5660.67 5800 2506.66  0.671  4546.66  7053.33 9
9364.36 147  1676772.667 1.09 624431 653391  6837.50 400833  0.893  4833.33  8841.66 10
745722 0.34 6216661.14  0.86  4580.97 4688.72  4799.16  2031.66 0463  3783.33 5815 11
784123 035 5445961.99  0.89 467545 4772.54  4872.50 1805 0.484 3970 5775 12
6900.05  0.46 8833715.04  0.81  4484.89  4701.28 493533 373733 0472  3566.66 6304 13
8594.04  0.67 8008198.83  0.98  5240.11  5357.72  5478.33 224333  0.622  4356.66 6600 14

ool ol ¥ ojled Jgdo 3 (Suid b b je sla (adli elul 038 JS5

The extended form of the names of indicators related to drought is given in table No. 2.
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Table 5. Principle component analysis for drought tolerant indices

ooy kg e alye
Variance  eigenvalue  component
YSI  STS ATl DI K2STI _KISTI __YI __HOMP __GMP __MP ___SSI __TOL _ SII
0017 0284 0251 0225 0298 0303 0289 0306 0309 031 0015 018 031  0.693 10.394 !
0481 o188 0271 g3pg 0L 0089 5449 007 g036  goo1 0469 0371 gy 0994 4513 2
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The extended form of the names of indicators related to drought is given in table No. 2.
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Table 6. Correlation coefficients between drought tolerant indices and grain yield in stress (Ys) and non-stress (Yp)

conditions
K2STI KISTI ATI STS SST DI MP HMP YI STI YST GMP TOL Ys Yp

1 YP

1 0.762%* YS

1 0.165 0.765%* TOL

1 0.484%* 0.942%%* 0.934%* GMP

1 0.008 -0.85%* 0.337* -0.34%* YSI

1 0.019 0.995%* — 0.471*%  0.941%*  0.935%* STI

1 0.942%* 0.337* 0.942%* 0.165 1** 0.762%* YI

1 0.967**  (.993%* 0.090 0.996**  0.407**  0.967**  0.899** HMP

1 0.984%%  (,909%* 0.99%* -0.077 0.996**  0.561**  0.909%*  0.962%* MP

1 0.077 0.091 -0.337* -0.020 0.71%* -0.008 0.853%* 0.337* 0.34* DI

1 1** 0.077 0.09 -0.337* -0.019 -]E* -0.008 0.854%%* 0.337* 0.341%* SSI
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Figure 1. Selection of drought tolerant genotypes using Stress Tolerance Index (STI) and Geometric Mean
Productivity (GMP)
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Figure 2. Bi-plot diagram of the first two components of principal component analysis of drought tolerant indices in
bread wheat cultivars.
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Figure 3. Dendrogram resulting from cluster analysis for all indices by WARD method for bread wheat cultivars.

b puS Pyl addllas 550 (slayadli ulul y (s09)S i pareds &b 4o @l -V Joue
Table 7. Discriminant analysis in order to grouping of bread wheat cultivars based on the studied indices

Predicted groupsodd i yis sloog)S

2575 3 Job slboss

Total J§

3

6 0

4 0

4 4

100% 0

100% 0
100% 100%

[

ogoo-lso

2

()

lass
1 Groups resulting from

cluster analysis
1

—_

OO%OO@
S

AW



http://dx.doi.org/10.61186/jcb.15.46.189
http://jcb.sanru.ac.ir/article-1-1418-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-19 ]

[ DOI: 10.61186/jcb.15.46.189 ]

ELLgTE
W B Ay | ey (SiS 15 @ Jodie (6 paS i g 8 )] Gl

19,88 9 Sl L : ‘;5‘_;,5 "

xS USS 3 o Sl gded 5,5 ply oKl ] sl (oymitodiz g 0dlw) (glol slaa o ol bl 5
i A -, Wb 4555 (ol sladdlye & 4550 (gladgs 40
e o o Sy wih glKen ey A e
ol Sln gy pde el 455 BT Clis (plSen O GRS 5 T A oled Bl gy oy 20
R N T
e 9 imgh cpl yd adlllae 3590 o8] A )d 0)9lie Sutld rizen Lyl ujﬂ. ? G’L»Lw Q,Uai
S e b o oum 3 KISTLGMP HAM STI s (S35 & Joos
PSS ST R ) 5 4 Lo a5 311y plyl (S5 4y 2B soyd & ATI
Ldgy Suis

&l

1. Abdemishani, S. and J. Jafari Shabestri. 1989. Evaluation of wheat cultivars for drought resistance.
Iranian Journal of Agricultural Sciences, 19(1): 28-43 (In Persian).

2. Abdolshahi, R., A. Safarian, M. Nazari, S. Pourseyedi and G. Mohamadi-Nejad. 2013. Screening
drought-tolerant genotypes in bread wheat (Triticum aestivum L.) using different multivariate
methods. Archives Agronomy Soil Science, 59: 685-704.

3. Arain, SM., M.A. Sial, K.D. Jamali and K.A. Laghari. 2018. Grain yield performance, correlation, and

cluster analysis in elite bread wheat (Triticum aestivum L.) lines. Acta Agrobot, 71(4): 1747.

4. Blum, A. 1988. Plant breeding for stress environments. CRC. Press. Boca Raton, Fl. 38-78. 5. pp.
Bouslama, M. and W.T. Schapaugh. 1984. Stress tolerance in soybean. Part 1: evaluation of three
screening techniques for heat and drought tolerance. Crop Science, 24: 933-937.

6. Davlati-pashm, Kh., A.A. Akbarpour and H.R. Isvand. 2017. Investigating drought stress tolerance
indices in bread wheat cultivars using the bootstrap method. Journal of Cereal Research, 8(4): 455-469
(In Persian).

7. Derara, N.F., D.R. Marshal and L.N. Balaam. 1969. Genetic variability in root development in relation

to drought tolerance in spring wheats. Experimental Agriculture, 5: 327-337.

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

9. Fernandez, G.C.J. 1992. Effective selection criteria for assessing plant stress tolerance. In: Proceedings
of on the Symposium Taiwan, August 13-18. 25: 257-270.

10. Fischer, R.A. and R. Maurer. 1978. Drought Resistance in Spring Wheat Cultivars. 1. Grain Yield
Responses. Australian Journal of Agricultural Research, 29: 897-912.

11. Ghasemi, M. and E. Farshadfar. 2015. Screening drought tolerant genotypes in wheat using
multivariate and stress tolerance score methods. International Journal of Biosciences, 6(1): 326-333.

12. Hashemi-Nasab, H., M.T. Assad, A. Ali Akbari and S.R. Sahhafi. 2012. Evaluation of some
physiological traits associated with improved drought tolerance in Iranian wheat. Annals of Biological
Research, 3: 1719-1725.

13. Jabari, M., A. Golparvar, B. Sorkhilalehloo, and M. Shams. 2022. Investigation of Diversity of
Different Agronomic and Morphological Traits in Wild Wheat Relatives, Journal of Crop Breeding 14
(41): 29-41 (In Persian).

14. Lin, C.S., M.R. Binns and L.P. Lefkovitch. 1986. Stability analysis: where do we stand? Crop
Science. 26: 894-900.

15. Malek, M.M., M. Glovi; M. Ramrodi and A. Nakhzari Moghadam. 2018. Evaluation of drought
tolerance of wheat cultivars under water deficit stress after flowering. Crop Production Journal, 12 (2):
123-136 (In Persian).

16. Moosavi, S.S., B. Yazdi Samadi, M.R. Naghavi, A.A. Zali, H. Dashti and A. Pourshahbazi. 2008.
Introduction of new indices to identify relative drought tolerance and resistance in wheat genotypes.
Desert Journal, 12: 165-178.

17. Mahdavi, Z., V. Rashidi, M. Yarnia, S. Aharizad and M. Rostaei. 2022. Grouping of Advanced Spring
Wheat Genotypes based on Morphological, Physiological and Yield Components under Drought
Stress, Journal of Crop Breeding, 14 (42): 9-21 (In Persian).

18. Omrani, S., A. Arzani, M.E. Moghaddam and T.N. Mirak. 2022. Evaluation of Grain-Quality Related
Traits of F5 Lines of Wheat under Terminal, Drought Stress Conditions, Journal of Crop Breeding 14
(43): 117-125 (In Persian).

19. Poudel, A., D. Bahadur Thapa and M. Sapkota. 2017. Cluster Analysis of Wheat (Triticum aestivum
L.) Genotypes Based Upon Response to Terminal Heat Stress. International Journal of Applied
Science and Biotechnology, 5(2): 188-193.

20. Rosielle, A.A. and H. Hamblin. 1981. Theoretical aspects of selection for yield in stress and non-
stress environment. Crop Science, 21: 943-946.

21. Sardouie-Nasab, S., Gh. Mohammadi-Nejad and B. Nakhoda. 2014. Field screening of salinity
tolerance in Iranian Bread Wheat Lines. Crop Science, 54: 1489-1496.


http://dx.doi.org/10.61186/jcb.15.46.189
http://jcb.sanru.ac.ir/article-1-1418-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-19 ]

[ DOI: 10.61186/jcb.15.46.189 ]

B e
\av VEY il /55 ol sy JLo fel; alS ool asbiingss

22. Shabani, A., A. Zebarjadi, A. Mustafaei, M. Saidi and S.S. Pourdad. 2017. Evaluation of tolerance to
drought stress of promising chickpea lines (Cicer arietinum L.) using drought resistance indices.
Journal of Environmental Stresses in Agricultural Sciences, 11(2): 289-299 (In Persian).

23. Soltani, A. and B. Torabi. 2019. Analysis Plan of Agricultural Experiments (with SAS programs):
Jahad University of Mashhad Publication, 434 pp (In Persian).

24. Soughi, H., S. Bagherikia and M. Khodarahmi. 2022. Diallel Analysis of Grain Yield and Some
Important Agronomic Traits in Bread Wheat, Journal of Crop Breeding, 14(43): 21-28 (In Persian).
25. Saremi, Z., M. Shabazi, M. Zinalabdini, E.M. Haravan and R. Azizinezhad. 2022. Evaluation of
Drought Tolerance in Barley Genotypes (Hordeum vulgare L.) using Drought Tolerance Indices,

Journal of Crop Breeding, 14(41): 10-18 (In Persian).

26. Yarahmadi, S., Gh. Nematzadehe, H. Sabouri and H. Najafi Zarini. 2020. Relationships between
drought stress tolerance indices and their see in wheat screeing program, Journal of Crop Breeding, 12
(33): 29-41 (In Persian).


http://dx.doi.org/10.61186/jcb.15.46.189
http://jcb.sanru.ac.ir/article-1-1418-en.html
http://www.tcpdf.org

