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Selection of tolerant barley (Hordeum vulgare L.) genotypes to terminal drought stress
based on grain yield, yield stability and stress tolerance indices
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Selection of tolerant barley (Hordeum vulgare L.) genotypes to terminal drought
stress based on grain yield, yield stability and stress tolerance indices

Barati, A.l, E. Arazmjoo?, S. A. Tabatabaei® and M. Taheri Mazandrani*

ABSTRACT

Barati, A., E. Arazmjoo, S. A. Tabatabaei and M. Taheri Mazandrani. 2023. Selection of tolerant barley (Hordeum vulgare
L.) genotypes to terminal drought stress based on grain yield, yield stability and stress tolerance indices. Iranian Journal of
Crop Sciences. 25(3): 258-274. (In Persian).

Introduction: Among the cereal crops, barley is known as the fourth most important crop on a global scale and provides
about 50% of the calories needed in the world. This plant can even make up to 70% of calories in less developed
countries, especially in Africa and Asia. Terminal drought stress, as one of the consequences of climate change, has
significant negative effects on the crop plants’ growth and production. Considering the importance of barley as livestock
feed and its role in food industry, development and introduction of drought stress tolerant barley cultivars is very
important. To increase the levle of terminal drough tolerance, breeders should combine the improvement of grain yield
along with high level of terminal drought tolerance. To reach this goal first step in this way is to select potential
germplasm that have genotypic variation for drought tolerance.

Materials and Methods: Eighteen barley promising genotypes were evaluated for adaptation, grain yield and yield
stability under none-stress and terminal drought stress condtions (withholding irrigation from the 50% spike
emergence stage) using randomized complete blocks design with three replications in three research field stations;
Varamin, Birjand and Yazd, Iran, in two cropping seasons (2020-21 and 2021-22). None-stress and stress experiments
were carried out separately. In non-stress conditions, full irrigation was applied, and in terminal drough stress
conditions, irrigation was withheld at the 50% spike emergence stage. The barley promising genotypes were selected
from the advance barley grain yield comparison trial genotypes in the temperate zone stations of the country in the
previous cropping season. After determining the grain yield in two conditions of none stress and drought stress, the
stress indices including; MP, GMP, TOL, HARM, STI, YI, YSI, RSI and SSI as well as their correlation with grain
yield were calculated using the iPASTIC program and the three-dimensional distribution diagram of genotypes in A,
B, C and D ranges was drawn using Grapher software. Combined analysis of variance was performed to study
genotypic variation and genotype X year interaction effect. Least significant difference (LSD) test was employed for
mean comparison at the 5% propbabilty level. Different stability statistics as well as their relationships were calculated
using Pearson correlation using STABILITYSOFT program.

Results: The results showed that Y1, HM, GMP, STI and MP indices can be used to select barley genotypes adapted
and suitable for areas that are prone to terminal drought season stress. In non-stress areas MP, STI, GMP, HM, TOL
and SSI indices can be used for selection of suitable and adapted cultivars. According to the biplot diagram, genotypes
2, 3,11, 12 and 15 had higher grain yield and terminal drough tolerant. Considering mean grain yield, yield stability
statistics, and standard deviation of the rank of each of these statistics, genotypes 11, 8, 3, 6 and 15 had higher grain
yield stability.

Conclusion:Considering mean grain vield, all stability statistics and stress indices, genotype no. 11 with pedigree of
GS679.82/SHYRI/LAUREL/4/CERISE/SHYRY/.... /SMALOUH//Aths/ Lignee686/6/Nik, genotype no. 8 with pedigree of
Anoidium/Alanda/Hamra-01/3/Lignee527/NK1272//JLB70-63/4/Nik, genotype no. 3 with pedigree of 82S:510/3/Arinar/Aths//DS
29/4/Sahra, genotype no. 6 with pedigree of Bgs/Dajia//L.1242/3/(L.B.IRAN/UNa827L//Gloria'S/3/Alm/Una80l/....)/4/Sahra and
genotype no. 15 with pedigree of Ashar/Beecher/5/Lignee 527/Chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//DI71/Strain 205 as superior
genotypes that are suitable for cultivation in none-stress as well as terminal drought stress conditions in temperate agro-climate zone.
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Table 1. Pedigrees of promising barley genotypes used in the experiment

sl s 7 slhad s
Barley ot Barley ot

genotypes Pedigree genotypes Pedigree
1 Michailo/Dobrinya//Yousef 10 Yousef/3/Dasht//EBC(a)/Badia/4/Nik
2 26216/4/Arar/3/Mari/Aths*2//M-Att-73-337-1/5/Nosrat 11 CANELA/3/HEGE GS679.82/SHYRI//LAUREL/4/CERISE/SHYRI//... /5/MALOUH//Aths/Lignee686/6/Nik
3 82S:510/3/Arinar/Aths//DS 29/4/Sahra 12 Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Sahra
4 82S:510/3/Arinar/Aths//DS 29/4/Sahra 13 ZBL-2640/Nosrat
5 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Sahra 14 Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Y ousef
6 Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Sahra 15 Ashar/Beecher/5/Lignee 527/Chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//DI71/Strain 205
7 Anoidium//Alanda/Hamra-01/3/Lignee527/NK1272//JLB70-63/4/Nik 16 Ashar/Beecher/3/Lignee527/NK1272//JLB70-63
8 Anoidium//Alanda/Hamra-01/3/Lignee527/NK1272//JLB70-63/4/Nik 17 BREA/DL70//TOCTE/3/BREA/DL70//CABUYA/4/TRADITION
9 Arbayan/NK1272/4/Arar/3/Mari/Aths*2//M-Att-73-337-1/5/Y ousef 18 Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Sahra
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Table 2. Mean grain yield and parametric and non-parametric stability statistics of promising barley genotypes

Ol 5 kel ol lao,laT 3031 L (slao T Bpe e oLols § e
s mlg:;f:-‘ Nassar and Huehn'’s stability Thennarasu’s stability statistics Y15 ST bl Ls Osm S5 b Ol ok FRes P oSl g gz Ol
Barley yield 5 Mai el e S Jol sl sk Lo byl S b, e
genotypes  (kg.ha™) sw @ s® §®  NPW  NP®@ NP® NP Wi o s2d; b CVi 0 0; KR AR SD
1 4705 2.93 9.87 18.50 4,75 4.33 4.56 1.85 1.10 1.10 0.23 0.14 111 30.83 0.30 0.27 26 121 5.8
2 5735 6.07 28.97 1047 1.69 4.17 0.28 0.36 0.44 1.40 0.30 0.16 0.81 19.50 0.30 0.31 16 7.0 4.0
3 5775 460 14.17 5.52 1.48 3.67 0.41 0.37 0.36 0.99 0.20 0.14 0.98 22.52 0.30 0.26 9 54 2.7
4 5355 5.67 2457 12.49 2.75 5.67 0.45 0.58 0.58 1.00 0.21 0.13 0.89 22.14 0.30 0.26 14 8.6 3.0
5 5330 6.60 28.30 16.65 2.94 4.83 0.52 0.66 0.78 1.17 0.24 0.17 0.96 24.23 0.30 0.28 18 111 2.2
6 5270 433 12.70 7.47 2.00 2.83 0.33 0.40 0.51 0.59 0.11 0.08 1.01 24.73 0.31 0.22 16 6.1 3.8
7 5345 6.80 30.27 15.66 2.69 4.50 0.41 0.56 0.70 1.27 0.27 0.16 0.85 21.60 0.30 0.29 18 9.9 25
8 5270 3.40 7.90 5.27 1.73 2.33 0.35 0.42 0.45 0.41 0.07 0.04 111 26.60 0.31 0.20 14 54 4.8
9 5220 6.13 32.80 2343 3.43 3.83 0.70 0.77 0.88 1.86 0.40 0.26 1.06 27.73 0.29 0.35 32 14.4 41
10 5490 6.80 32.67 16.90 3.10 6.33 0.48 0.66 0.70 1.75 0.37 0.24 1.07 26.38 0.29 0.34 20 129 3.3
11 5790 2.93 5.87 2.15 0.88 2.67 0.28 0.23 0.21 0.23 0.03 0.02 0.92 19.95 0.31 0.18 3 2.4 4.2
12 5685 6.53 31.07 13.71 241 5.50 0.36 0.53 0.58 1.76 0.38 0.25 1.01 24.36 0.29 0.34 20 10.8 41
13 5265 7.53 37.90 18.05 2.76 5.33 0.43 0.58 0.72 4.21 0.93 0.49 0.69 22.67 0.26 0.60 32 13.8 4.8
14 5225 480 20.27 12.16 2.08 1.83 0.40 0.39 0.58 0.63 0.12 0.09 1.05 25.82 0.31 0.22 19 74 4.0
15 5930 3.67 10.17 3.59 1.08 4.50 0.55 0.38 0.26 1.35 0.28 0.15 1.19 26.18 0.30 0.30 12 6.9 4.6
16 5280 7.40 37.37 26.07 4.05 6.00 0.83 0.89 1.03 2.88 0.63 0.24 1.39 34.61 0.28 0.46 27 154 41
17 5270 480 15.87 10.35 2.61 4.33 0.39 0.66 0.63 0.84 0.17 0.11 111 27.19 0.30 0.25 16 8.3 34
18 5170 6.67 29.60 18.50 3.00 4.00 0.55 0.64 0.83 1.73 0.37 0.20 0.80 21.75 0.29 0.34 30 124 3.6
LSDsg, 524

S(-9 Nassar and Huehn’s stability statistics; NP®*, Thennarasu’s stability statistics; W2, Wricke’s ecovalence; 62, Shukla’s stability variance; bi, Eberhart and Russell regression coefficient; S2d, deviation from regression; CV,

coefficient of variance; 6(i), GE variance component; 6;, mean variance component, Plaisted and Peterson; KR, Kang’s sum of ranks; SR, Sum of ranks; ASR, Average of sum of ranks, and SD and Standard deviation
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Table 3. Correlation coefficients between grain yield and parametric and non-parametric stability statistics in the promising barley genotypes

Ola 5 5kas (oMl slao, LT 3031 L (slao T Ry oSl L 5l ol il KPS SR —e oSl ool €
als s Shee Nassar and Huehn’s stability statistics Thennarasu’s stability statistics &y W 5 golul Oge S 5 Jeoly ol s Sl s Low 5 LS55 s b yls K a3,
Grainyield S®@ s@ s® S® NP®@ NP®@ NP® NP Wy % s2d; b; CVi O 6i KR
@) @ ©) 4) ®) Q) @) ®) ©) (10) (11 12 (13) (14) (15) (16) a7
1) 1
2 -0.04 ™ 1
®3) -0.11m™ 0.98™ 1
4 -0.59" 0.71™ 0.79™ 1
(5) -0.79" 0.39™ 0.48™  0.88™ 1
(6) 0.04"™ 0.65™ 0.65™ 0.54" 0.49" 1
@ -0.62™ -0.34™  -0.23™  0.30™ 0.64™ 0.08™ 1
8) -0.74™ -0.04 "™ 0.07™  0.59™ 0.87" 0.31™ 0.92™ 1
9) -0.80™ 0.45™ 0.53" 0.92™ 0.98™ 0.42m™ 0.57" 0.81™ 1
(10) -0.11m™ 0.73™ 0.77" 0.65™ 0.42™ 0.63™ -001™ 0.20™ 0.46"™ 1
(11) -0.11m™ 0.73™ 0.77" 0.65™ 0.42™  0.63™ -001™ 0.20™ 0.46"™ 1.00™ 1
(12) -0.10™ 0.73™ 0.77" 0.62™ 0.41™ 0.62™ -001™ 0.19™ 0.43™ 0.96™ 0.96™ 1
(13) -0.07"™ -0.26™ -0.22™  0.10™ 0.23™ 0.05™ 0.24™ 0.29™ 0.19™ -0.15™ -0.15™ -0.27™ 1
(14) -0.48™ -0.04 "™ 0.04™  0.49 0.63™ 0.21™ 0.48" 0.62™ 0.60™ 0.19m 0.19m 0.09™ 0.86™ 1
(15) 0.11m™ -0.73" 0777 -0.65™ -0.42™ -0.63" 0.01™ -0.20™ -0.46" -1.00™ -1.00™ -0.96™ 0.15"™ -0.19™ 1
(16) -0.11m 0.73™ 0.77" 0.65™ 0.42™  0.63™ -001™ 0.20™ 0.46™ 1.00™ 1.00™ 0.96™ -0.15™ 0.19" -1.00™ 1
(17) -0.64" 0.59™ 0.68" 0.88™ 0.76™ 0.35™ 0.30™ 0.54" 0.83™ 0.72" 0.72" 0.73" -0.05™ 0.41" -0.72" 0.72" 1

GY, Grain yield; S(1- 6), Nassar and Huehn’s and Huehn’s stability statistics; NP(1—4), Thennarasu’s stability statistics; W%, Wricke’s ecovalence; 62, Shukla’s stability variance; bi, Eberhart and Russell regression coefficient;

S2d;, deviation from regression; CV, coefficient of variance; (i), GE variance component; 0, mean variance component, Plaisted and Peterson and KR, Kang’s sum of ranks
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Fig. 1. Correlation coefficient between grain yield of promising barley genotypes and stress indices under normal

(Yp) and terminal drought stress (Ys) conditions
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Fig. 2. 3D graph of grain yield of promising barley genotypes under normal (Yp), terminal drought stress (Ys)
and STI index (2020-2021 and 2021-2022)
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Fig. 3. Biplot of promising barley genotypes in stress indices and grain yield under normal (Yp) and terminal

drought stress (Ys) conditions based on the first and second main components (2020-2021 and 2021-2022)
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Table 5. Mean of grain yield (kg.ha) of promising barley genotypes under normal (Yp) and terminal drought stress (Ys) conditions and tolerance and susceptibility

indices and their ranking (2020-2021 and 2021-2022)

4ls :J§LJ— «ls :ﬁl‘.& dos e u:il:a u:il:a ol Joos el

455 ke O3l
A5 s o5 als ke sl S Sopls el S o=l o el s S 5 s
Shosss Grain Grain yield > Sl oo sl s Geometric Sosoe Stress Stress s Shes s Sles o 5 astls JRETIN bl
: yield in in drought Yield Tolerance Mean mean Harmonic  susceptibility ~ tolerance Yield Yield Relative bl S Standard
Barley Non-stress stress reduction index productivity  productivity mean index index index stability index stress index Average deviation
genotypes  Yp R Ys R. (%) TOL R MP R. GMP R HM R. SSI R. STI R. Yl R. YSI R. RSI R. of rank of rank
1 5300 18 4110 18 2245 119 9 471 18 467 18 463 18 110 12 060 18 086 18 078 12 097 12 15.55 3.50
2 6510 3 4960 7 23.81 155 14 574 4 568 4 5.63 4 117 15 0.90 4 1.04 7 076 15 096 15 8.36 5.22
3 6580 2 4970 6 24.47 161 17 5.78 3 572 3 5.66 3 120 16 0.91 3 1.04 6 0.76 16 095 16 8.27 6.45
4 5710 14 5000 3 12.43 071 2 5.36 7 534 7 5.33 7 0.61 2 0.79 7 1.05 3 0.88 2 1.10 2 5.09 3.75
5 5850 11 4810 9 17.78 104 6 533 9 530 8 528 8 087 6 078 8 101 9 082 6 103 6 7.82 1.66
6 6050 9 4490 16 25.79 156 15 527 11 521 13 515 15 127 17 075 13 0.94 16 074 17 093 17 14.45 2.66
7 6060 8 4630 14 23.60 143 13 535 8 530 9 525 10 116 14 078 9 097 14 076 14 096 14 11.55 2.70
8 6110 7 4430 17 27.50 168 18 527 11 520 15 514 16 135 18 075 15 0.93 17 073 18 091 18 15.45 3.50
9 5700 15 4740 12 16.84 096 5 522 16 520 16 518 14 083 5 075 16 099 12 083 5 104 5 11.00 4.96
10 6150 6 4830 8 21.46 132 11 549 6 545 6 541 6 106 10 082 6 101 8 079 10 099 10 791 202
11 6380 5 5200 1 18.50 118 8 5.79 2 576 2 5.73 2 0.91 7 0.92 2 1.09 1 0.82 7 1.02 7 4.00 2.79
12 6390 4 4980 5 22.07 141 12 5.69 5 564 5 5.60 5 109 11 0.88 5 1.04 5 078 11 098 11 7.18 3.25
13 5540 17 4990 4 9.93 055 1 527 14 526 10 525 9 0.49 1 077 10 1.04 4 0.90 1 113 1 6.55 5.75
14 5690 16 4760 1 16.34 093 3 523 15 520 14 518 13 080 3 075 14 099 11 084 3 105 3 9.64 5.46
15 6710 1 5150 2 23.25 15 15 5.93 1 588 1 5.83 1 114 13 0.96 1 1.08 2 0.77 13 096 13 5.73 6.20
16 5880 10 4680 13 2041 120 10 528 10 525 12 521 12 100 9 076 12 098 13 080 9 100 9 10.82 1.60
17 5740 13 4800 10 16.38 094 4 527 11 525 11 523 11 0.81 4 076 11 1.00 10 0.84 4 1.05 4 8.45 3.62
18 5750 12 4590 15 20.17 116 7 517 17 514 17 510 17 0.99 8 073 17 0.96 15 0.80 8 1.00 8 12.82 429
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Yp: Grain yield (normal), Ys: Grain yield (stress), TOL: Tolerance index, MP: Mean productivity, GMP: Geometric mean productivity, HM: Harmonic mean, SSI: Stress susceptibility index, STI: Stress tolerance index,
YI: Yield index, YSI: Yield stability index, RSI: Relative stress index, AR: Average of rank, SD: Standard Deviation of Rank and R: Rank
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