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Table 1. Percentage of grain yield changes in two conditions of no stress and water stress for different genotypes
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Table 2 . Combined analysis of variance of grain yield
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Table 3. Analysis of variance of grain yield by test conditions (normal and drought stress)
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Table 4 . Comparison of average grain yield under non-stress and stress conditions
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Figure 1. Three-dimensional chart Determination of drought stress tolerant genotypes using indices of SSI
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Figure 2. Three-dimensional chart Determination of drought stress tolerant genotypes using indices of TOL
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Figure 3. Three-dimensional chart Determination of drought stress tolerant genotypes using indices of STI
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Figure?7. Biplot diagram of 14 bread wheat genotypes with 9 drought tolerance indices
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Table 6. Numerical values of indices and their ranking by studied genotypes
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Table 7. Values of the first two components for drought tolerance and grain yield indices under non-stress and stress conditions
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Table 8. Mean groups, mean deviation of each group from the total average and standard deviation of the mean for the tested indices in bread wheat genotypes
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Figure 8. Dendrogram obtained from cluster analysis by Ward method in bread wheat genotypes based on drought
tolerance indices


http://dx.doi.org/10.52547/jcb.13.38.193
https://jcb.sanru.ac.ir/article-1-1220-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.193 |

Y.y Ve sl /YA oyless [ pd s b / 2ly5 LS e Mol dsliing sy

10.

11.

12.

13.

14.
15.
16.
17.
18.
19.
20.

21.

22,

23.

24,

&l

. Ali, M.B. and N.S. Ashraf. 2016. Evaluation of drought tolerance indices for wheat (Triticum

aestivum L.) under irrigated and rainfed conditions. Communications in Biometry and Crop Science,
11(1) 77-89.

. Ahmadizadeh, M., M. Valizadeh, H. Shahbazi and A. Nouri. 2012. Behavior of durum wheat

genotypes under normal irrigation and drought stress conditions in the greenhouse. African Journal
of Biotechnology, 11(8): 1912-1923.

. Asghari, A., S. Tadili, R. Karimizadeh, O. Sofalion and H. Mohammaddoust Chamanabad. 2020.

Evaluation of stress tolerance in durum wheat lines based on stress tolerance indices. Journal of
Crop Breeding, 12(34): 185-198 (In Persian).

. Askari, H., S.K. Kazemitabar, H. Najafi Zarrini and M.H. Saberi. 2020. Multivariate Assesment of

Salt Tolerance (NaCl) in Barley (Hordeum Volgare L.) Genotypes Journal of Crop Breeding,
12(36): 1-8 (In Persian).

. Bihamta, M.R., M. Shirkavand, J. Hasanpour and A. Afzalifar. 2018. Evaluation of durum wheat

genotypes under normal irrigation and drought stress condition. Journal of Crop Breeding, 9(24):
119-136 (In Persian).

. Briggle, L.W. and B.C. Curtis. 1987. Wheat and wheat Improvement. Agronomy Journal, 13, 4-13.
. Choghan, R., Taherkhani, T., Gannadha, M.R. Khodarahmi, M. 2006. Evaluation of drought tolerance

in maize corn lines using drought tolerance indices. Iranian Journal of Crop Sciences, 8 (1): 79-89.

. 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: 723-728.

. Dixit, P., T. Eria, A.N. Al Khatib and S.F. Allouzi. 2018. Decadal analysis of impact of future climate

on wheat production in dry Mediterranean environment. A case of Journal Science of the Total
Environment, 610: 219-233.

Fernandez, G.C.J. 1992. Effective selection criteria for assessing plant stress tolerance. In Kuo CG,
(Ed), Proceeding of an International Symposium on Adaptation of Food Crops to Temperature and
Water Stress. Asian Vegetable Research and Development Center, Shanhua Taiwan, Publ. No 93-
410, 257-270.

Fischer, R.A. and R. Maurer. 1978. Drought resistance in spring wheat .. grain yield responses.
Australian Journal of Agriculture Research, 29: 897-912.

Gautam, A., S.V. Sai Prasad, A. Jajoo and D. Ambati. 2015. Canopy temperature as a selection
parameter for grain yield and its components in durum wheat under terminal heat stress in late sown
conditions. Agricultural Research, 4: 238-244.

Grando, S. and S. Ceccarelli. 1995. Seminal root morphology and 15oleoptiles length in wild
(Hordeum vulgare ssp). (Spontaneum) and cultivated (Hordeum vulgare ssp. Vulgare) barley.
Euphytica, 73-85.

llker, E,. O. Tatar, F. Aykut Tonk and M. Tosun. 2011. Determination of tolerance level of some
wheat genotypes to post-anthesis drought. Turkish Journal of Field Crops, 16(1): 59-63.

Kamrani, M., A. Mehraban and M. Shiri. 2019. Identification of drought tolerant genotypes in dryland
wheat using drought tolerance indices. Journal of Crop Breeding, 10(28): 13-26 (In Persian).

Karami, A., M.R. Gannadha, M.R. Nagvi and M. Mardi. 2006. Identification of drought tolerant
cultivars in barley. Iranian Journal of Agricultural Sciences, 37(2): 371-379.

Khaksar, N., E. Farshadfar and R. Mohammadi. 2013. Evaluation of durum wheat advanced
genotypes based on drought tolerance indices. Cereal Research, 3(4): 267-279.

Kordavani, P. 2012. Arid regions: Climatic characteristics, causes of drought, water issues, etc.
University of Tehran Press, 350 pp.

Majidi, M., V. Tavakoli, A. Mirlohi and M.R. Sabzalian. 2011. Aust Journal of Crop Sciences, 5:
1055-1063.

Magsood, M., M.A. Shehzad, S. Ahmad and S. Mushtaq. 2012. Performance of wheat (Triticum
aestivum L.) genotyoes associated with agronomiacal traits under water stress conditions. Asian
Journal of Pharmaceutical and Biological Research, 2: 45-50.

Mohammadi, A., M.R. Bi Hemta, M. Seluki and H.R. Dorri. 2008. Quantitative and qualitative traits
of white bean genotypes and their relationship with yield under optimal and limited irrigation
conditions. Iranian Journal of Crop Sciences, 10(3): 231-243.

Mohammadi, M., R. Karimizadeh and M. Abdipour. 2011. Evaluation of drought tolerance in bread
wheat genotypes under dryland and supplemental irrigation conditions. Australian Journal of Crop
Science, 5: 487-493.

Mohammadnia, S., A. Asghari, O. Sofalian, H.R. Mohammaddoust ChamanAbad, R. Karimzadeh and
A.A. Shokouhian. 2016. Evaluation of durum wheat lines using drought stress indices. Journal of
Crop Breeding, 8(20): 11-23 (In Persian).

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


http://dx.doi.org/10.52547/jcb.13.38.193
https://jcb.sanru.ac.ir/article-1-1220-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.193 |

Y-A ol pAS by slagpY g pB)l o (SiS 5 4 Jeos b))

25. Motamedi, M. and P. Safari. 2019. Evaluation of water Deficient Stress Tolerance in some Wheat
Cultivars and Their Hybrids using Canonical Discriminant Analysis and Genotype by Trait Biplot
Journal of Crop Breeding. 11(29): 104-116 (In Persian).

26. Naghavi, M.R., M. Moghaddam, M. Toorechi and M.R. Sakiba. 2016. Evaluation of spring wheat
Cultivars for Physiological, Morphological and Agronomic Traits under Drought Stress. Journal of
Crop Breeding, 8: 64-77 (In Persian).

27. Normand Moayed, F. 1997. Investigation of quantitative traits and their relationships with bread
wheat yield in rainfed and irrigated conditions and determining the best drought resistance index.
Master Thesis, Faculty of Agriculture, University of Tehran.

28. Rajaram, S., R.L. Villareal and A. Mujeeb-Kazi. 1990. The global impact of 1B/1R spring wheat. In:
Agronomy abstracts. ASA, Madison, WI, 105 pp.

29. Rathjen A.J. 1994. The biological basis of genotype — environment interaction: its definition and
management. Proceedings of the Seventh Assembly of the Wheat Breeding Society of Australia,
Adelaide, Australia.

30. Rosielle, A.A. and J. Hamblin. 1981. Theoretical aspects of selection for yield in stress and non-stress
environments. Crop Sciences, 21: 943-946.

31. Sadeghzadeh Ahri, D. 2006. Evaluation of Drought Stress Tolerance in Promising Durum and
Dryland Wheat Genotypes. Iranian Journal of Crop Sciences, 8(1): 30-45.

32. Shiri, M., M. Valizadeh, E. Magjidi, A. Sanjari and A. Gharib-Eshghi. 2010. Evaluation of wheat
tolerance indices to moisture stress condition. Electronic Journal of Crop Production, 3: 153-171 (In
Persian).

33. Zebarjadi, A.R., S. Tavakoli Shadpey, A.R. Etminan and R. Mohammadi. 2013. Evaluation of
Drought Stress Tolerance in Durum Wheat Genotypes Using Drought Tolerance Indices. Seed and
Plant Imrovment Journal, 29(1): 1-12.


http://dx.doi.org/10.52547/jcb.13.38.193
https://jcb.sanru.ac.ir/article-1-1220-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.193 |

Journal of Crop Breeding Vol. 13, No 38, Summer 2021 ......c..iniuiiniii et 209

Evaluation of Drought Tolerance in Advance Lines and Cultivars of Winter Wheat

Alireza Khanizadeh?', Varahram Rashidi?, Ali Reza Eivazi®, Ebrahim Khalilvand
Behroziar* and Mehrdad Yarnia®

1- PhD Student in Plant Breeding, Department of Agriculture and Plant Breeding, Tabriz Branch, Islamic Azad
University, Tabriz, Iran
2- Associate Professor, Department of Agriculture and Plant Breeding, Tabriz Branch, Islamic Azad University,
Tabriz, Iran (Corresponding author: rashidi.varahram@gmail.com)
3- Assistant Professor Seed and Plant Improvement Research Department, West Azerbaijan Agricultural and Natural
Resources Research and Education Center, AREEO, Urmia, Iran
4- Assistant Professor, Department of Agriculture and Plant Breeding, Tabriz Branch, Islamic Azad University,

Tabriz, Iran
5- Professor, Department of Agriculture and Plant Breeding, Tabriz Branch, Islamic Azad University, Tabriz, Iran
Received: February 21, 2021 Accepted: June 17, 2021

Abstract

In order to evaluate the effect of drought stress on cultivars and advanced lines of autumn
wheat that were in the final stages of release as bread wheat varieties in the Research Center of
West Azerbaijan Province and to determine their relative tolerance using the selection efficiency
of drought resistance indices (SSI, STI, TOIl, MP, GMP, HARM,). Two separate experiments in
a randomized complete block design with three replications under two conditions of stress and
no drought stress in the research farm of Islamic Azad University, Tabriz Branch during the
2016-2017. The results of combined analysis of variance showed that drought stress
significantly reduces grain yield. In the absence of drought stress, genotypes 4, 12 and 13 had
the highest grain yield, but in drought stress conditions, no significant difference was observed
between the studied genotypes in terms of grain yield. The results of correlation analysis
between stress tolerance indices and grain yield showed that grain yield under stress (Y s) with
STI, HARM and GMP indices have a positive and very significant correlation and these indices
can be a good criterion for the drought tolerant lines. Also, the results of principal component
analysis showed that these four indicators were the best indicators for identifying stress tolerant
cultivars. In fact, these indices distinguished Fernandez Group A genotypes better than other
indices. In cluster analysis, the studied genotypes were divided into 3 groups based on all
indices of drought tolerance in both non-stress and stress conditions. Genotypes 4, 11 and 12,
which were introduced as the most tolerant genotypes in this experiment, along with several
other genotypes, were in the second group, and this group had a higher average than the total
average in terms of most drought tolerance indices. The percentage of deviation was lower than
the average of this group compared to the other two groups and confirmed the results of other
methods used in this study. Considering the results of the numerical value of the indices and
also their correlation with grain yield in the absence of stress and drought stress, STI, MP, GMP
and HARM indices are the best stress tolerance indices and genotypes No. 4, 11 and 12 were
identified as the most tolerant genotypes under study.
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