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Comprehensive abstract

Introduction

Drought is one of the most destructive stresses affecting the growth and development of plants. The
increase in global population and wheat demand as well as drought period has increased the
importance of breeding for drought tolerance in bread wheat. The use of selection indices for drought
tolerance is an effective strategy to screen and identify wheat tolerant genotypes in wheat breeding
programs. The objective of the current study was to investigate the relationships between tolerance
indices, to determine the efficiency of indices in separating genotypes, and finally to select drought
tolerant genotypes in bread wheat cultivars and landraces.

Materials and methods

To investigate the effect of drought stress on grain yield of bread wheat, an experiment was
conducted in a simple alpha lattice design under normal irrigation and drought stress conditions in the
research field of Dryland Agricultural Research Institute, Maragheh, Iran, in two consecutive years,
2017-2018 and 2018-2019. The plant materials were 300 bread wheat genotypes, including 210
landraces and 90 commercial cultivars (15 dryland and 75 irrigated cultivars; 64 spring, 15 winter, and
11 facultative cultivars). To evaluate sensitivity or tolerance of genotypes to drought stress and identify
drought-tolerant genotypes, various indices such as tolerance index (TOL), mean productivity (MP),
stress sensitivity index (SSI), stress tolerance index (STI), geometric mean productivity (GMP),
harmonic mean (HM), drought tolerance index (DI), abiotic tolerance index (ATI), and modified stress
tolerance index (MSTI) were calculated using grain yield under normal and stress conditions for all
genotypes. Also, to increase the selection efficiency and screen drought tolerant genotypes, the SIIG
index was calculated based on the integration of 12 studied indices. The analysis of variance was
performed using Agricolae package, heirarchical clustering of bread wheat genotypes using heatmap3,
RColorBrewer, dendextend, gplots and colorspace packages, bi-plot diagrams using factoextra
package, and heatmap diagram of correlation among grain yield under normal irrigation and drought
stress conditions and stress tolerance indices using corrplot package in R4.2.2 software.

Research findings

The results of analysis of variance for grain yield showed that the environment, genotype, and
genotypexenvironment interaction effects were significant (P<0.001). The significance of the effect of
genotype indicates the appropriate diversity among the genotypes, and the significance of the
interaction between genotype and environment indicates different responses of genotypes to changes
in environmental conditions. Cluster analysis based on the data of each year and the average of two
years classified the genotypes into three clusters. The results of principal component analysis (PCA)

(SMOM ;




showed that cultivars Shanghai, Naz, Falat, Bam and landraces 626358, 623109 and 621908 in the
first year, as well as cultivars Shanghai, Koohdasht, Karim, Pishgam, and landraces 628189, 627460,
and 627616 in the second year were drought tolerant genotypes, while based on the average data of
two years, cultivars Koohdasht, Karim, Pishgam, Adl, Naz, and landraces 628189, 627460, 624944,
and 627299 were identified as drought tolerant genotypes. The estimation of correlation coefficients
showed that grain yield had a negative and significant correlation with SSI and TOL indices and a
positive and significant correlation with other indices, especially MP, GMP, HM, STI and K,STI.

Conclusion

The results of drought tolerance indices as well as the SIIG index, the old spring and irrigated
cultivars Adl, Naz, and Shanghai and the new spring and dryland cultivars Karim and Koohdasht, as
well as the landraces 626358 (originating from Isfahan) and 621908 (originating from Arak) were
drought tolerant and high performance under two normal and drought stress conditions. The results
obtained from this study provided valuable information on the selection of drought tolerant genotypes,
which can be used to produce new cultivars with high yield potential in wheat breeding programs. The
tolerant genotypes identified in this experiment can also be used as parents for genetic analysis, gene
mapping, and improvement of drought stress tolerance in wheat.
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o g (Dietz et al., 2021) el Sis o @ o))
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(Shehzad, 2021; Rabieyan et al., 2022
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Table 1. Analysis of variance of 298 bread wheat genotypes for grain yield

Sources of variation df Mean square
Environment 3 118.8520641"
Replication / Environment 4 0.0110137
Genotype 297 0.5435181™
Environment x Genotype 891 0.0682458""
Error 1188

" Significant at 0.1% probability level.
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Table 2. Comparison of means of different stress indices in each experimental year

Wheat Year Yp Ys TOL MP GMP STI ATI SSI DI HM KiSTLK1S K,STI
First year 1.624 0.889 0.735 1.257 1.194 0.508 1.645 0.976 0.549 1.136 0.944 0.963

Landrace Second year 1.632 0.889 0.743 1.261 1.197 0.512 1.667 0.985 0.545 1.138 0.956 0.963
Average two years 1.628 0.889 0.739 1.259 1.196 0.510 1.656 0.983 0.544 1.138 0.948 0.961

First year 1.901 1.036 0.865 1.469 1.396 0.688 2.241 0.989 0.632 1.328 1.279 1.295

Cultivar Second year 1.879 1.038 0.842 1.458 1.388 0.680 2.162 0.971 0.643 1.322 1.251 1.295
Average of 2 years 1.890 1.037 0.853 1.464 1.393 0.684 2.201 0.983 0.634 1.327 1.262 1.291

First year 1.894 1.088 0.806 1.491 1.427 0.723 2.064 0.947 0.700 1.367 1.251 1.459

Dryland Second year 1.888 1.084 0.804 1.486 1.424 0.722 2.098 0.942 0.691 1.365 1.257 1.433
Average two years 1.891 1.086 0.805 1.488 1.427 0.723 2.080 0.948 0.691 1.368 1.251 1.443

First year 1.903 1.026 0.877 1.464 1.390 0.682 22717 0.997 0.618 1.320 1.285 1.262

Wateriness Second year 1.877 1.028 0.849 1.453 1.381 0.672 2.175 0.977 0.634 1.314 1.249 1.267
Average two years 1.890 1.027 0.863 1.459 1.386 0.677 2.225 0.990 0.623 1.318 1.264 1.261

First year 1.913 1.052 0.861 1.483 1.412 0.705 2.268 0.977 0.646 1.345 1.300 1.335

Spring Second year 1.888 1.061 0.827 1.474 1.407 0.701 2172 0.946 0.668 1.344 1.269 1.351
Average two years 1.901 1.057 0.844 1.479 1.411 0.703 2.220 0.965 0.653 1.347 1.282 1.339

First year 1.869 1.046 0.823 1.458 1.389 0.675 2.088 0.953 0.661 1.326 1.222 1.312

Facultative Second year 1.807 1.014 0.793 1.410 1.343 0.630 1.911 0.952 0.649 1.280 1.136 1.242
Average two years 1.838 1.030 0.808 1.434 1.367 0.652 1.995 0.954 0.653 1.304 1.176 1.274

First year 1.874 0.960 0.914 1.417 1.334 0.626 2.239 1.067 0.551 1.257 1.234 1.114

Winter Second year 1.894 0.954 0.940 1.424 1.338 0.629 2.305 1.093 0.534 1.259 1.255 1.091
Average two years 1.884 0.957 0.927 1.421 1.336 0.627 2.271 1.081 0.541 1.259 1.242 1.099

Yp, grain yield under normal conditions; Ys, grain yield under drought stress conditions; TOL, tolerance index; MP, mean productivity; GMP, geometric mean
productivity; STI, stress tolerance index; ATI, abiotic tolerance index; SSI, stress susceptibility index; DI, drought response index; HM, harmonic mean; KiSTI.K1S and
K,STI, modified stress tolerance index.
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Figure 2. Cluster analysis of wheat genotypes based on grian yield in normal and drought stress conditions and stress
tolerance indices in the first year (2017-18)
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Figure 3. Cluster analysis of wheat genotypes based on grian yield in normal and drought stress conditions and stress
tolerance indices in the second year (2018-19)
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Figure 4. Cluster analysis of wheat genotypes based on grian yield in normal and drought stress conditions and
stress tolerance indices using average two years
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Figure 5. Principal component analysis based on grain yield under normal irrigation and drought stress
conditions and stress indices in the first (A and B), second (C and D), and average two years (E and F)
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Figure 6. Correlation between grain yieldand stress tolerance indices under normal irrigation and drought stress
conditions in the first (A), second (B), and average two years (C)
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Table 2. Ideal genotype selection index (SIIG) and ranking 10% of the best bread wheat genotypes based on

grain yield
First year (2017-18) Second year (2018-19) Average two years
Grain Yield Grain Yield Grain Yield
Genotype SIIG yield rank Genotype SIIG vield rank Genotype SIIG vield rank
Naz 0.63256 1965 3 Karim  0.73687 2.092 1 Karim 0.73687  2.01 1
Adl 0.62958 1.955 Adl 0.69257 1907 8 Adl 0.69257 1.931

Naz 0.69093
Shanghai  0.67460

626358  0.62723 1.935
Shanghai  0.62687 2.005
Karim 0.62166 1.927 626358  0.66995
621908  0.61942 1.970 Chamran2 0.66690
Chamran2 0.61084 1.862 10 Koohdasht 0.66248
Bam 0.60491 1.867 9 628189  0.65628
Koohdasht  0.60258 1.827 12 627460  0.65496
623109  0.60164 1.842 11 Bam 0.64393
Falat 0.60141 1.880 7 621908  0.64043
Panjamo62 0.59920 1.802 15 624944  0.63289
623417  0.59907 1.805 14 Bayat 0.62361
627460  0.59590 1.800 16 623417  0.62263
Parsi 0.58950 1.880 8 Sabalan  0.61907
628189  0.58936 1.772 18 Dez 0.61621
Bayat 0.58738 1.760 19 Panjamo62 0.61393
Sistan 0.58358 1.825 13 Sistan 0.61220
Azar2 0.57756 1720 21 Zagros  0.61090
624944  0.57482 1.710 22 628012  0.61050
623344 0.56594 1.707 23 Azar2 0.59298
Rayhani ~ 0.56590 1.795 17 627356  0.57988
627299  0.56436 1.700 24 Parsi 0.57957
627356  0.56194 1.670 25 623109  0.57777
626978  0.56073 1.657 26 Falat 0.57453
Zagros 0.55931 1.650 28 623008  0.57150
Dez 0.55778 1.652 27 627299  0.56223
Sabalan ~ 0.55750 1.642 29  Pishgam 0.56006
Khazarl ~ 0.55701 1.730 20 621706  0.55845
Pishgam  0.55551 1.710 30 Karajl ~ 0.55414

N N = B

5
1.780 14 Naz 0.69093 1.872 9

1932 6 Shanghai  0.67460 1.969 3

1940 5 626358  0.66995 1.937 4

1.765 15 Chamran2 0.66690 1.814 11
1.830 10 Koohdasht 0.66248 1.829 10
1.832 9 628189  0.65628 1.802 13
1.785 13 627460  0.65496 1.792 14
1.942 4 Bam 0.64393  1.905

2032 2 621908  0.64043 2.001

1.745 17 624944  0.63290 1.727 20
1.702 19 Bayat 0.62361 1.731 18
1.815 11 623417  0.62263 1.810 12
1.740 18 Sabalan  0.61907 1.691 22
1.662 23 Dez 0.61621 1.657 26
1.680 20 Panjamo62 0.61393 1.741 17
1982 3 Sistan 0.61220 1.904 7

1.650 25 Zagros 0.61089 1.650 27
1.762 16 628012  0.61050 1.666 25
1.647 26 Azar2 0.59298 1.684 23
1.787 12 627356 057988 1.729 19
1.922 7 Parsi 0.579568 1.901 8

1.675 21 623109 057777 1759 15
1.625 27 Falat 0.57453 1.752 16
1.487 29 623008  0.57150 1.534 29
1.660 24 627299 056223 1.680 24
1.675 22 Pishgam 0.56006 1.692 21
1.560 28 621706  0.55845 1.535 28
1412 30 Karajl 0.55414 1497 30
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Figure 7. Three dimentional diagram of SIIG index and grain yield of the studied genotypes in the first (2017-
18), second (2018-19) and average two years

YA



VF.¥ )Lef/JBI O)Lou:a /MO)LQ) 0,99 [odle uLa...a:u QL ﬁ.\.j 9% 6'.@0&955 !613)1 )Q‘;.w> u..u.t ébJ.o.‘)u L_‘?’L))‘

& Sl G S e

550 Gl iz ps> o lasaclas 5l alawy (o slaed) (m 2YL gs oS ol plis aslllas cpl guls
S5 Giales] ol (g sl 52 Sdamme Lo Al Late b ol pasS gon slaosss 5 (25
g g0 (S0,a8 g Sl (yuoren . Zuild 0g2 g  SiS S A Jeoo
JJsas KoSTI 4 DI HM STI .GMP MP
&l SL&S e Ll g0 a o ails o Shae b Vb _Siacan
TN - =t o el (K23 4 Joile paS Glacaisiy GinS sl
Bl olas Glore @ wilg o o b g )l Ly, 455 0 505 GialasT ol o 00t axlllae (sl oif dumlio idgs
Sl o plol 09 o 05l 5, Naz 5 Adl Shanghai o)l claes, <5 ols olis
. s oYL 5 ;) Koohdasht 4 Karim o gloqd
S 38 B e » @b Jed 9 S SRS,

oialeil szl Jlo g0 2 o (S 1 b oallie
A.LQ.? )l Adl 9 Naz °)L€r.' Lglibw.é) ..).309.5 )‘0)9.7.-)3
g 00l (Byxe 550 L laJls jo a5 sl olags,
JLs 5l asy 5.5 Koohdasht g Karim g0 cl)5 o8, g0

i cpl 5, 0 a5 aiS o 2l GBagss
ld, sgu ¢ 0l G alox 51 i IS5 JalS gl
Ol e 3los ST (g il gn Jliiil g Wosls o
25t 098U 5 009 Jeol (Slinios )5 SG Jol> allie
9 ol sbea b 4y e 09 Sb) a4 U
3o L)T )Lw.».)‘ LS‘)" ).u GA‘AB‘ =29 Sl oS Joweoy
8 aalys g 48N Ljpe oiulen b 4,0 me

Ol pasS was Bl 5l g Wiloads B pxe (gdo Yoo e
Slrosgs )0 (pimed Wigh oo Cgmite HgdS J=ls

FYFYOA og 0055 5w Lyimlosl opl 40 oo sy (o092
STy e LEYVA A og 0055 5 ylodial oLl Lato b

o il o> oo Shoe hls 5 (Sas ay Joite glaosgs olgiea
b s Sygots dlis ol ole b GFaieys @loled (Gialesl Jlo 93 58 )3 9 (awme Lalyd g0 5

L Jsoz dyime 5| ool i alS 5 03,5 Cadlse 2 silgee audsy oal egponl 5l wiad Sl

S o STy 56 4 1) 0 g Loy g o JSC 2SS G 4 Jeod sl ean] soliiar slaadiy
AyS L8 oolatul g ax g5 0,90 U S

References

Abou-Elwafa, S. F., & Shehzad, T. (2021). Genetic diversity, GWAS and prediction for drought and
terminal heat stress tolerance in bread wheat (Triticum aestivum L.). Genetic Resources & Crop
Evolution, 68, 711-728. doi: 10.1007/s10722-020-01018-y.

Afzal, F.,, Ali, A., Ullah, Z., Sher, H., Gul, A., Mujeeb-Kazi, A., & Arshad, M. (2018). Terminal
drought stress adaptability in synthetic derived bread wheat is explained by alleles of major
adaptability genes and superior phenology. International Journal of Agriculture & Biology, 20,
1623-1631. doi: 10.17957/1JAB/15.0680.

Afzal, F, Li, H., Gul, A., Subhani, A., Ali, A., Mujeeb-Kazi, A., Ogbonnaya, F., Trethowan, R., Xia,
X., & He, Z. (2019). Genome-wide analyses reveal footprints of divergent selection and drought
adaptive traits in synthetic-derived wheats. G3 Genes, Genomes, Genetics, 9(6), 1957-1973. doi:
10.1534/¢3.119.400010.

Aktas, H. (2016). Drought tolerance indices of selected landraces and bread wheat (Triticum aestivum
L.) genotypes derived from synthetic wheats. Applied Ecology & Environmental Research, 14(4),
177-189. doi: 10.15666/aeer/1404 177189.

Ali, I, Khan, A., Ali, A., Ullah, Z., Dai, D. Q., Khan, N., Khan, A., Al-Tawaha, A. R., & Sher, H.
(2022). Iron and zinc micronutrients and soil inoculation of Trichoderma harzianum enhance
wheat grain quality and yield. Frontiers in Plant Science, 13, 960948. doi:
10.3389/fpls.2022.960948.

Alipour, H., Abdi, H., Rahimi, Y., & Bihamta, M. R. (2019). Investigating grain yield and yield
stability of wheat cultivars introduced in Iran over the last half century. Cereal Research, 9(2),
157-167. doi: 10.22124/C.2019.13311.1492.

va



VET Sle gl o)l o3 lozr 090 0Me liios OhlSes 5 3blg n sg e

Alipour, H., Abdi, H., Rahimi, Y., & Bihamta, M. R. (2021). Dissection of the genetic basis of
genotype-by-environment interactions for grain yield and main agronomic traits in Iranian bread
wheat landraces and cultivars. Scientific Reports, 11(1), 17742. doi: 10.1038/s41598-021-96576-1.

Amanuel, M., Gebre, D., & Debele, T. (2018). Performance of bread wheat genotypes under different
environment in lowland irrigated areas of Afar region Ethiopia. African Journal of Agricultural
Research, 13(17), 927-933. doi: 10.5897/AJAR2017.12669.

Amiri, R., Minhas, N. M., Farrakh, A. G., Farrakh, S., Ali, A., Bux, H., & Kazi, M. (2014). Phenotypic
and genotypic characterization of wheat landraces of Pakistan. Emirates Journal of Food &
Agriculture, 26(2), 157-163. doi: 10.9755/ejfa.v26i2.17008.

Anwaar, H. A., Perveen, R., Mansha, M. Z., Abid, M., Sarwar, Z. M., Aatif, H. M., Umar, U. U, Sajid,
M., Aslam, H. M. U., Alam, M. M., & Rizwan, M. (2020). Assessment of grain yield indices in
response to drought stress in wheat (Triticum aestivum L.). Saudi Journal of Biological
Sciences, 27(7), 1818-1823. doi: 10.1016/].sjbs.2019.12.009.

Bahraini Vijuyeh, V., Dadashi, M. R., & Nazeri, S. M. (2019). Assessment of tolerance to drought
stress at reproductive phase in some wheat genotypes (Triticum aestivum L.) using drought
tolerance and susceptibility indices. Iranian Journal of Field Crops Research, 17(1), 111-121. [In
Persian]. doi: 10.22067/GSC.V1711.69690.

Ballesta, P., Mora, F., & Del Pozo, A. (2020). Association mapping of drought tolerance indices in
wheat: QTL-rich regions on chromosome 4A. Scientia Agricola, 77(2), e20180153. doi:
10.1590/1678-992X-2018-0153.

Bektas, H., Hohn, C. E., & Waines, J. G. (2016). Root and shoot traits of bread wheat (Triticum
aestivum L.) landraces and cultivars. Euphytica, 212, 297-311. doi: 10.1007/s10681-016-1770-7.

Blum, A. (1988). Plant Breeding for Stress Environment. CRC Press, Boca Raton, FL. pp. 38-78. doi:
10.1201/9781351075718.

Cappelli, A., & Cini, E. (2021). Challenges and opportunities in wheat flour, pasta, bread, and bakery
product production chains: A systematic review of innovations and improvement strategies to
increase sustainability, productivity, and product quality. Sustainability, 13(5), 2608. doi:
10.3390/5u13052608.

Chen, D., Neumann, K., Friedel, S., Kilian, B., Chen, M., Altmann, T., & Klukas, C. (2014). Dissecting
the phenotypic components of crop plant growth and drought responses based on high-throughput
image analysis. The Plant Cell, 26(12), 4636-4655. doi: 10.1105/tpc.114.129601.

Chowdhury, M. K., Hasan, M. A., Bahadur, M. M., Islam, M. R., Hakim, M. A., Igbal, M. A., Javed,
T., Raza, A., Shabbir, R., Sorour, S., & Elsanafawy, N. E. (2021). Evaluation of drought tolerance
of some wheat (Triticum aestivum L.) genotypes through phenology, growth, and physiological
indices. Agronomy, 11(9), 1792. doi: 10.3390/agronomy11091792.

Dietz, K. J., Zorb, C., & Geilfus, C. M. (2021). Drought and crop yield. Plant Biology, 23(6), 881-893.
doi: 10.1111/plb.13304.

Dorostkar, S., Dadkhodaie, A., & Heidari, B. (2015). Evaluation of grain yield indices in hexaploid
wheat genotypes in response to drought stress. Archives of Agronomy & Soil Science, 61(3),
397-413. doi: 10.1080/03650340.2014.936855.

Eftekhari, A., Baghizadeh, A., Abdoshahi, R., & Yaghoubi, M. M. (2020). Evaluation of grain yield,
agronomical traits and drought tolerance indices in some bread wheat cultivars. Journal of Crop
Breeding, 11(32), 11-21. [In Persian]. doi: 10.29252/jcb.11.32.11.

Eivazi, A., Abdollahi, S., Salekdeh, G. H., Majidi, 1., Mohamadi, A., & Pirayeshfar, B. (2006). Effect
of drought and salinity stress on quality related traits in wheat (Triticum aestivum L.) varieties.
Iranian Journal of  Crop Science, 7(3), 252-267. [In Persian]. dor:
20.1001.1.15625540.1384.7.3.6.2.

Eslami, P., Bernousi, L., Aharizad, S., & Jafarzadeh, J. (2021). Evaluation of drought stress tolerance in
barley lines using tolerance indices. Journal of Crop Breeding, 13(38), 71-83. [In Persian]. doi:
10.52547/jcb.13.38.71.

FAO. (2022). FAO Statistical Databases. Food & Agriculture Organization of the United Nations.
Retrieved 3 March 2023, from http://www.fao.org/faostat.

Farshadfar, E., & Sutka, J. (2002). Screening drought tolerance criteria in maize. Acta Agronomica
Hungarica, 50(4), 411-416. doi: 10.1556/AAgr.50.2002.4.3.




VF.¥ )Lef/JBI O)Louf) /MO)LQ) 0,99 [odle uLa...a:u QL ﬁ.\.j 9% 6&0&953 !BU)I )Q‘;.w> u..u.t ébJ.o.‘)u L_‘?’L))‘

Farshadfar, E., Poursiahbidi, M. M., & Safavi, S. M. (2013). Assessment of drought tolerance in land
races of bread wheat based on resistance/tolerance indices. International Journal of Advanced
Biological & Biomedical Research, 1(2), 143-158.

Fernandez, G. C. J. (1992). Effective selection criteria for assessing stress tolerance. Proceedings of
the International Symposium on Adaptation of Vegetables and Other Food Crops in Temperature
and Water Stress. Aug. 13-18, Taiwan. pp. 257-270. doi: 10.22001/wvc.72511.

Fischer, R. A., & Maurer, R. (1978). Drought resistance in spring wheat cultivars. I: Grain yield
response. Australian Journal of Agricultural Research, 29(5), 897-912. doi: 10.1071/AR9780897.

Khan, A., Ali, A, Ullah, Z., Ali, 1., Kaushik, P., Alyemeni, M. N., Rasheed, A., & Sher, H. (2022).
Exploiting the drought tolerance of wild Elymus species for bread wheat improvement. Frontiers
in Plant Science, 13, 982844. doi: 10.3389/fpls.2022.982844.

Lambers, H., Chapin, F. S., & Pons, T. L. (2008). Plant Physiological Ecology. 2" Ed. Springer. doi:
10.2307/176572.

Lan, J. (1998). Comparison of evaluating methods for agronomic drought resistance in crops. Acta
Agriculturae Boreali-Occidentalis Sinica, 7, 85-87.

Mir, R. A., Sharma, A., & Mahajan, R. (2020). Crop Landraces: Present Threats and Opportunities for
Conservation. In: Salgotra, R., & Zargar, S. (Eds.). Rediscovery of Genetic and Genomic
Resources for Future Food Security. Springer. pp. 335-349. doi: 10.1007/978-981-15-0156-2 13.

Moosavi, S. S., Yazdi Samadi, B., Naghavi, M. R., Zali, A. A., Dashti, H., & Pourshahbazi, A. (2008).
Introduction of new indices to identify relative drought tolerance and resistance in wheat
genotypes. Desert, 12(2), 165-178. doi: 10.22059/JDESERT.2008.27115.

Naghavi, M. R., Moghaddam, M., Toorchi, M., & Shakiba, M. R. (2016). Evaluation of spring wheat
cultivars based on drought resistance indices. Journal of Crop Breeding, 8(17), 197-207. [In
Persian]. doi: 10.18869/acadpub.jcb.8.17.207.

Nehe, A., Akin, B., Sanal, T., Evlice, A. K., Unsal, R., Dinger, N., Demir, L., Geren, H., Sevim, 1., &
Orhan, S. (2019). Genotype x environment interaction and genetic gain for grain yield and grain
quality traits in Turkish spring wheat released between 1964 and 2010. Plos One, 14, €0219432.
doi: 10.1371/journal.pone.0219432.

Rabieyan, E., Bihamta, M. R., Esmaeilzadeh Moghaddam, M., Mohammadi, V., & Alipour, H. (2022).
Genome-wide association mapping and genomic prediction of agronomical traits and breeding
values in Iranian wheat under rain-fed and well-watered conditions. BMC Genomics, 23(1), 1-25.
doi: 10.1186/512864-022-08968-w.

Rabieyan, E., Bihamta, M. R., Esmaeilzadeh Moghaddam, M., Alipour, H., Mohammadi, V., Azizyan,
K., & Javid, S. (2023). Analysis of genetic diversity and genome-wide association study for
drought tolerance related traits in Iranian bread wheat. BMC Plant Biology, 23(1), 431. doi:
10.1186/512870-023-04416-3.

Rahimi, Y., Bihamta, M. R., Taleei, A., Alipour, H., & Ingvarsson, P. K. (2019). Applying an artificial
neural network approach for drought tolerance screening among Iranian wheat landraces and
cultivars grown under well-watered and rain-fed conditions. Acta Physiologiae Plantarum, 41, 156.
doi: 10.1007/s11738-019-2946-2.

Rahmati, H., Nakhzari Moghadam, A., Rahemi Karizaki, A., & Evarsaji, Z. (2020). Evaluation of
drought tolerance in durum wheat genotypes using drought tolerance indices. Journal of Crop
Breeding, 12(33), 174-183. [In Persian]. doi: 10.29252/jcb.12.33.174.

Rauf, S., Teixeira-da-Silva, J. A., Khan, A. A., & Naveed, A. (2010). Consequences of plant breeding
on genetic diversity. International Journal of Plant Breeding, 4(1), 1-21.

Rosielle, A. A., & Hamblin, J. (1981). Theoretical aspects of selection for yield in stress and non-stress
environments. Crop Science, 21(6), 943-946. doi: 10.2135/cropscil981.0011183X002100060033x.

Salam, A., Ali, A., Afridi, M. S., Ali, S., & Ullah, Z. (2022). Agrobiodiversity: Effect of drought stress
on the eco-physiology and morphology of wheat. In: Oztiirk, M., Khan, S. M., Altay, V., Efe, R,
Egamberdieva, D., & Khassanov, F. O. (Eds.). Biodiversity, Conservation and Sustainability in
Asia. Springer, Cham, Switzerland. pp. 597-618. doi: 10.1007/978-3-030-73943-0_33.

Schneider, K. A., Rosales-Serna, R., Ibarra-Perez, F., Cazares-Enriquez, B., Acosta-Gallegos, J. A.,
Ramirez-Vallejo, P., Wassimi, N., & Kelly, J. D. (1997). Improving common bean performance under
drought stress. Crop Science, 37(1), 43-50. doi: 10.2135/cropsci1997.0011183X003700010007x.

AN



VET Lo [l oyl [amo oz 0590 [D ligio Ol Sen 5 bl 51

Seki, M., Kameiy, A., Yamaguchi-Shinozaki, K., & Shinozaki, K. (2003). Molecular responses to
drought, salinity and frost: Common and different paths for plant protection. Current Opinion in
Biotechnology, 14(2), 194-199. doi: 10.1016/s0958-1669(03)00030-2.

Shabannejad, M., Bihamta, M. R., Majidi-Hervan, E., Alipour, H., & Ebrahimi, A. (2022). Assessment
of genetic diversity of some Iran bread wheat (Triticum aestivum L.) landraces using multivariate
statistical analysis. Environmental Stresses in Crop Sciences, 15(1), 1-17. [In Persian]. doi:
10.22077/escs.2020.3713.1893.

Shibani Rad, A., Farshadfar, E., & Najajfi, A. (2018). Evaluation of drought tolerance in some bread
wheat genotypes using drought resistance. Journal of Plant Ecophysiology, 9(31), 1-14. [In
Persian].

Sio-Se Mardeh, A., Ahmadi, A., Poustini, K., & Mohammadi, V. (2006). Evaluation of drought
resistance indices under various environmental conditions. Field Crops Research, 98(2-3),
222-229. doi: 10.1016/].fcr.2006.02.001.

Tahmasebi, S., Dastfal, M., Zali, H., & Rajaei, M. (2018). Drought tolerance evaluation of bread heat
cultivars and promising lines in warm and dry climate of the south. Cereal Research, 8(2),
209-225. doi: 10.22124/C.2018.10434.1398.

Ullah, M. 1., Mahpara, S., Bibi, R., Shah, R. U., Ullah, R., Abbas, S., Ullah, M. 1., Hassan, A. M., El-
Shehawi, A. M., Brestic, M., & Zivcak, M. (2021). Grain yield and correlated traits of bread wheat
lines: Implications for yield improvement. Saudi Journal of Biological Sciences, 28(10),
5714-5719. doi: 10.1016/].sjbs.2021.06.006.

Zali, H., Sofalian, O., Hasanloo, T., Asghari, A., & Hoseini, S. M. (2015). Appraising of drought
tolerance relying on stability analysis indices in canola genotypes simultaneously, using selection
index of ideal genotype (SIIG) technique: Introduction of new method. doi:
10.2135/cropsci1984.0011183X002400050026x.

Zali, H., Hasanloo, T., Sofalian, O., Asghari, A., & Zeinalabedini, M. (2017). Appropriate strategies
for selection of drought tolerant genotypes in canola. Journal of Crop Breeding, 8(20), 77-90. [In
Persian]. doi: https://doi.org/20.1001.1.22286128.1395.8.20.7 4.

Zhang, P., Dreisigacker, S., Buerkert, A., Alkhanjari, S., Melchinger, A. E., & Warburton, M. L.
(2006). Genetic diversity and relationships of wheat landraces from Oman investigated with SSR
markers. Genetic Resources & Crop Evolution, 53(7), 1351-1360. doi: 10.1007/s10722-005-4675-1.

AY



