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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

Yy-


http://agrobreedjournal.ir/article-1-1321-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

\F"'}il.;gr'a)knigrqd;ﬁ}%dl?g"Q\_}i‘gb)'rjk—A{fii"

e eSS Gla o le3T 55 Ol g oo |y Ll Jukzna
PN B i R PR CIIC FE P
LaoT (Sist oo ool Jods 0 5L sla Y
Lignee527/NK1272/LBT0- o ot b <S55 03 ol
J@|)ﬁ§d&n&\):ﬁ@brl§ﬂj\é63
S S e OT slaaainta 0 i o
55 A 5 V) Slae 55 3 et e b sles]
S8 eslial 5y Lacs Y cplo s 53 0bss (¢5)
3L gl mY (Sis o Jass LY 5 S s §
oﬁ;ﬂ,;.g;_w\ujaﬁh;);&gvs,sﬁjuu
=5 Anoidium V_Sﬂei_g 555 mode A Y
2 3o ol sl 5o 08y 0l &2l

3,8 o o esliul 3y g0 Siist Jas il (gl

Sl Rl
e Ly Ui 05,y 31 4l
Cldos d 30 O gme = Yo FATF-AN N F
o 5 ks Dol 0 ] Sl s 5 U 4 5 2D
oty liies laoKm! Ol Kas Sl

.J}ﬁ@@b)ﬁjﬁijbﬁ}&ﬁ

References

C ™
;\;ou;;\_xujduﬁg,;w,jo_ilgu
OVA+ DA Lics o 5 V) 0 claciss«S
V Slac 55 5 o it LS8 53 p 8 LS OVAS
2 p S SOV SFVV L e VA
b cpman il 1 415 5 Shas o 28 s
540ty 5 Shes (gl Loyl iS5, §
o L) o i) i o)l gl e s
GS679.82/SHYRI/LAUREL/4/CERISE/SHYRU//. .
LA o—35 5 J5/MALOUH//Aths/Lignee686/6/Nik
Anoidium//Alanda/Hamra- o = S

Y 5 s 01/3/Lignee527/NK1272//JLBT70-63/4/Nik
825:510/3/Arinar/Aths//DS  29/4/Sahra s i Lo

So | 7S 5 55
Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/
o5 L VO 5 55 9 3/AIM/Una80//....)/4/Sahra
Ashar/Beecher/5/Lignee 527/Chn-01//Gustoe/4/Rhn-
Olgea 08/3/Deir  Alla  106//DI71/Strain 205
23 Cetly; Sl gmlin 8 5l & 5 S 55

o8l s Jod slgl (S A5 5 5 O ) 5

oolalwl 3590 b

Ahakpaz, F., Bernosi, ., Abdollahi, B., Golkari, S., Jafarzadeh, J. and Udupa, S. 2020. Evaluation of barley
genotypes based on morpho-physiological traits and drought tolerance indices under rainfed and
supplementary irrigation conditions. Iranian Dryland Agronomy Journal, 8(2), pp.153-176. [In Persian].
https://doi.org/10.22092/idaj.2019.126360.257

Amini, A., Vahabzadeh, M., Majidi, I., Afyouni, D., Tabatabaei, S. M. T., Saberi, M. H., Lotfi, A. and
Ravari, S. Z. A. 2010. Grain yield stability and adaptability of bread wheat genotypes using different
stability indices under salinity stress conditions. Seed and Plant Improvment Journal, 26(3), pp.397-411. [In
Persian]. https://doi.org/10.22092/spij.2017.111032

Anonymous. 2023. Agricultural Statistics of 2021-2022 Cropping Season. Ministry of Agriculture-Jahad, Vol.
1. [In Persian]. https:www.maj.ir

Arazmjoo, E. and Nikkhah Chamanabad, H. 2022. Selecting tolerant barley genotypes to terminal drought

stress based on grain yield stability and stress tolerance indices. Cereal Research, 11(4), pp.325-341. [In

\A4


http://agrobreedjournal.ir/article-1-1321-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

"YOA-YVE AP Y (O 5 1 e Si 4 Jeme (HOrdeum vulgare L) g slocsgs i S "

Persian]. https://doi.org/10.22124/cr.2022.21573.1710

Baenziger, P. S. 2016. Wheat Breeding and Genetics. Reference Module in Food Science. University of
Nebraska-Lincoln, Lincoln, NE, USA. https://dx.doi.org/10.1016/B978-0-08-100596-5.03001-8

Barati, A., Zali, H., Lakzedeh, 1., Koohkan, Sh., Jafary, J., Jabari, M., Hosseinpour, A., Marzoghiyan, A.,
Gholipour, A., Poodineh, O. and Kheirgo, M. 2021. Path analysis of genotypex environment interaction
and evaluation of grain yield stability of barley promising lines in warm zones. Journal of Crop Breeding,
13(38), pp.179-192. [In Persian]. https://dx.doi.org/10.52547/jch.13.38.179

Bidinger, F. R., Mahalakshmi, V. and Rao, G. D. 1987. Assessment of drought resistance in pearl millet
(Pennisetum americanum L. Leeke). Il. Estimation of genotype response to stress. Australian Journal of
Agricultural Research, 38, pp.49-59. https://doi.org/10.1071/AR9870049

Bornare, S. S., Prasad, L. C., Prasad, R. and Lal, J. P. 2012. Perspective of barley drought tolerance; methods
and mechanisms comparable to other cereals. Journal of Progressive Agriculture, 3, pp.68-70.

Bouslama, M. and Schapaugh, W. T. 1984. Stress tolerance in soybean. Part 1: evaluation of three screening
techniques for heat and drought  tolerance. Crop Science, 24, pp.933-937.
https://doi.org/10.2135/cropsci1984.0011183X002400050026x

Eberhart, S. A. T. and Russell, W. A. 1966. Stability parameters for comparing varieties. Crop Science, 6 (1),
pp.36-40. https://doi.org/10.2135/cropscil966.0011183X000600010011x

Eslami, P., Bernousi, 1., Aharizad, S. and Jafarzadeh, J. 2021. Evaluation of drought stress tolerance in
barley lines using tolerance indices. Journal of Crop Breeding, 13(38), pp.71-83. [In Persian].
http://dx.doi.org/10.52547/jch.13.38.71

Fernandez, G. C. J. 1992. Effective selection criteria for assessing stress tolerance. In: Kuo, C.G. (Ed.),
Proceedings of the International Symposium on Adaptation of Vegetables and Other Food Crops in
Temperature and Water Stress, Publication. Tainan, Taiwan. https://doi.org/10.22001/wvc.72511

Finlay, K. W. and Wilkinson, G. N. 1963. Adaptation in a plant breeding programme. Australian Journal of
Agricultural Research, 14: 742-754. https://dx.doi.org/10.1071/AR9630742

Fischer, R. A. and Maurer, R. 1978. Drought resistance in spring wheat cultivars. |. Grain yield responses.
Australian Journal of Agricultural Research, 29, pp.897-912. https://dx.doi.org/10.1071/AR9780897

Fischer, R. A. and Wood, T. 1979. Drought resistance in spring wheat cultivars III. Yield association with
morphological  traits.  Australian  Journal of Agricultural Research, 30, pp.1001-1020.
https://doi.org/10.1071/AR9791001

Food and Agriculture Organization. 2020. Statistics: FAOSTAT Agriculture. Retrieved June 15, 2020.
http://fao.org/crop/statistics.

Francis, T. R. and Kannenberg, L. W. 1978. Yield stability studies in short-season maize: I. A descriptive

method for grouping genotypes. Canadian Journal of Plant Science, 58, pp.1029-1034.

Yyy


http://agrobreedjournal.ir/article-1-1321-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

\F"'}il.;gr'a)knigrqd;ﬁ}%dl?g"Q\_}i‘gb)'rjk—A{fii"

https://doi.org/10.4141/cjps78-157

Gavuzzi, P., Rizza, F., Palumbo, M., Campaline, R.G. Ricciardi, G.L. and Borghi, B. 1997. Evaluation of
field and laboratory predictors of drought and heat tolerance in winter cereals. Canadian Journal of Plant
Science, 77, pp.523-531. https://doi.org/10.4141/P96-130

Kang, M. S. 1988. A rank-sum method for selecting high-yielding, stable corn genotypes. Cereal Research
Communications, 16, pp.113-115. https://doi.org/23782771

Kearney, J. 2010. Food consumption trends and drivers. Philosophical Transactions of the Royal Society B,
365, pp.2793-2807. https://doi.org/10.1098/rsth.2010.0149

Kebede, A., Kang, M. S. and Bekele, E. 2019. Advances in Mechanisms of Drought Tolerance in Crops, with
Emphasis on Barley. pp.265-314. In: Sparks, D. L. (Eds.) Advances in Agronomy, Salt Lake City: Academic
Press. https://doi.org/10.1016/bs.agron.2019.01.008

Mosaddek Ahmed, I., Aktari Nadira, U., Zhang, G. and Wu, F. 2016. Exploration and utilization of drought-
tolerant barley germplasm. pp.115-152. In: Li, G. and Za. C. (Eds.) Exploration, ldentification and
Utilization of Barley Germplasm. Elsevier. https://doi.org/10.1016/B978-0-12-802922-0.00005-4

Munns, R. and Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology, 59,
pp.651-681. https://doi.org/10.1146/annurev.arplant.59.032607.092911

Najafi Mirak, T., Moayedi, A. A., Sasani, S. and Ghandi, A. 2019. Evaluation of adaptation and grain yield
stability of durum wheat (Triticum turgidum L.) genotypes in temperate agro-climate zone of Iran. lranian
Journal of Crop Sciences, 21(2), pp.127-138. [In Persian]. https://dx.doi.org/10.29252/abj.21.2.127

Nakhaei, A., Arazmjoo, E. and Abbasi, M. R. 2019. Evaluation of yield and agronomical traits of foxtail
millet (Setaria italica L. Beauv.) genotypes under salinity stress andintroducingthe best tolerance index to
salinity. Environmental Stresses in Crop Sciences, 14(3), pp.933-948. [In Persian].
https://doi.org/10.22077/escs.2019.1569.1355

Nassar, R. and Huhn, M. 1987. Studies on estimation of phenotypic stability: tests of significance for
nonparametric measures of phenotypic stability. Biometrics, 43, pp.45-53. https://doi.org/10.2307/2531947

Nikkhah, H. R., Tajali, H., Tabatabaie, S. A. and Taheri, M. 2022. Evaluation of yield stability and drought
tolerance of barley genotypes in temperate regions of the Iran. Journal of Crop Breeding, 14(44), pp.1-17. [In
Persian]. https://dx.doi.org/10.52547/jcb.14.44.1

Plaisted, R. I. and Peterson. L. C. 1959. A technique for evaluating the ability of selection to yield consistently
in  different  locations or  seasons.  American Potato  Journal, 36, pp.381-385.
https://doi.org/10.1007/BF02852735

Plaisted, R. L. 1960. A shorter method for evaluating the ability of selections to yield consistently over
locations. American Potato Journal, 37, pp.166-172. https://doi.org/10.1007/BF02855271

Pour-Aboughadareh, A., Yousefian, M., Moradkhani, H., Moghaddam Vahed, M., Poczai, P. and

ryy


http://agrobreedjournal.ir/article-1-1321-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

"YOA-YVE AP Y (O 5 1 e Si 4 Jeme (HOrdeum vulgare L) g slocsgs i S "

Siddique, K. H. M. 2019a. iPASTIC: An online toolkit to estimate plant abiotic stress indices.
Applications in Plant Sciences, 7(7), e11278. https://doi.org/10.1002/aps3.11278

Pour-Aboughadareh, A., Yousefian, M., Moradkhani, H., Poczai, P. and Siddique, K. H. M. 2019b.
STABILITYSOFT: A new online program to calculate parametric and non-parametric stability statistics for
crop traits. Applications in Plant Sciences, 7(1), e1211. https://doi.org/10.1002/aps3.1211

Rosielle, A. A. and Hambling, J. 1981. Theoretical aspects of selection for yield in stress and non-stress
environments. Crop Science, 21, pp.943-946. https://doi.org/10.2135/cropsci1981.0011183X002100060033x

Sallam, A., Alqudah, A. M., Dawood, M. F. A., Baenziger, P. S. and Boérner, A. 2019. Drought stress
tolerance in wheat and barley: Advances in Physiology, Breeding and Genetics Research. International
Journal of Molecular Sciences, 27; 20 (13), pp.3137. https://doi.org/10.3390/ijms20133137

Shukla, G. K. 1972. Some statistical aspects of partitioning genotype-environmental components of variability.
Heredity, 29, pp.237-245. https://doi.org/10.1038/hdy.1972.87

Tester, M. and Langridge, P. 2010. Breeding technologies to increase crop production in a changing world.
Science, 327, pp.818-822. https://doi.org/10.1126/science.1183700

Thennarasu, K. 1995. On certain non-parametric procedures for studying genotype-environment interactions
and yield stability. PhD Dissertation, PJ School, IARI, New Delhi, India.

Wiegmann, M., Thomas, W. T., Bull, H. J., Flavell, A. J., Zeyner, A., Peiter, E., Pillen, K. and Maurer, A.
2019. Wild barley serves as a source for biofortification of barley grains. Plant Science, 283, pp.83-
94. https://doi.org/10.1016/j.plantsci.2018.12.030

Wricke, G. 1962. Ubereine Methode zur Erfassung der 6kologischen Streubreite in Feldversuchen. Zeitschrift

fur Pflanzenzlchtung, 47, pp.92-96.

YyYy


http://agrobreedjournal.ir/article-1-1321-en.html
http://www.tcpdf.org

