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ABSTRACT

Arazmjoo, E., Barati, A., Tabatabaei, S. A. and Mahlooji, M. 2025. Assessment of response to salinity stress and genotype
x environment interaction of barley (Hordeum vulgare L.) promising genotypes in temperate climate of Iran. Iranian Journal
of Crop Sciences. 27(3): 265-284. (In Persian).

Introduction: Soil and water salinity is one of the major abiotic constraints limiting sustainable crop production
in arid and semi-arid regions. Barley (Hordeum vulgare L.) is relatively tolerant to salinity stress and is therefore
an important crop for marginal and salt-affected areas. Evaluation of germplasm across contrasting environments
is required to identify promising genotypes with high grain yield potential under salinity stress conditions. Stress
tolerance indices provide quantitative criteria for comparing genotypes under non-stress and salinity stress
conditions. Because individual indices describe different aspects of stress response, their combined use with
multivariate analyses can provide a more comprehensive approach to genotype selection. The present study was
conducted to evaluate grain yield variation, salinity stress tolerance, and adaptation of promising barley genotypes
across multiple environments and to identify the most informative stress indices for genotype selection.
Materials and Methods: Seventeen barley promising genotypes were evaluated using a randomized complete
block design with three replications. Field experiments were conducted at three research stations in Birjand, Yazd,
and Isfahan, Iran, during two consecutive cropping seasons, 2023-24 and 2024-25. At each location, normal and
salinity stress conditions were established simultaneously in separate experimental fields. Under non-stres
conditions, experiments were conducted on non-saline soils using irrigation water with an electrical conductivity
(EC) of approximately 2-4 dS.m. Under salinity stress conditions, irrigation water had an EC of 8-12 dS.m™ and
soil EC ranged from 10 to 14 dS.m™. Experiments were sown during the first half of November using a
Wintersteiger seed planter. Combined analyses of variance were performed separately for non-stress and salinity
stress conditions to determine the effects of year, location, genotype, and their interactions. Stress-related indices,
including yield reduction percentage (RC), tolerance index (TOL), mean productivity (MP), geometric mean
productivity (GMP), harmonic mean (HM), stress susceptibility index (SSI), stress tolerance index (STI), yield
index (Y1), yield stability index (YSI), and relative stress index (RSI), were calculated using grain yield under
non-stress and salinity stress conditions. A three-dimensional scatter plot based on grain yield under non-stress
and salinity stress conditions and STI was used to classify genotypes. Principal component analysis (PCA) was
also performed to examine the multi-traits relationships among genotypes, grain yield, and stress indices.
Results: Salinity stress significantly reduced grain yield in all barley genotypes, although the magnitude of grain
yield reduction differed among genotypes and environments. Under non-stress conditions, the highest yields were

recorded particularly in Isfahan during the first cropping season. Genotypes; G2, G13, and G6 reached 10365,
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8443, and 8257 kg.ha't, respectively. The grain yield of G15 in the most severe saline condition was only 1450
kg.ha. Genotype G1 exhibited a reasonable response across non-stress and saline stress conditions, maintaining
relatively high grain yield and showing the lowest yield reduction among the leading genotypes. Genotype G8 also
showed a relatively low yield reduction. Based on grain yield reduction and TOL, G1, G8, and G4 showed
reasonable responses across the two conditions, whereas G14, G16, and G17 exhibited the greatest yield
reductions, respectively. The stress tolerance indices differentiated barley genotypes according to their grain yield
potential and responses to salinity stress conditions. Genotype G2 had the highest MP, while G1 showed a
particularly reasonable GMP. Genotype G6 and G13 also showed reasonable values for productivity-based indices.
The check cv. Armaghan exhibited a desirable combination of grain yield under both conditions. SSI values below
one were observed for G1, G8, G4, and G3, indicating lower-than-average sensitivity, whereas G14, G16, and G17
showed greater sensitivity. YSI and RSI also identified G1, G8, and G4 as genotypes capable of maintaining a
relatively greater proportion of their yield under salinity stress conditions. STl and Y1 identified G1, G2, G6, G13,
G7, and G17 as promising genotypes based on their grain yield under non-stress and saline conditions. Correlation
analysis showed significant positive relationships between grain yield under non-stress conditions and MP, GMP,
STI, and HM. Under salinity stress conditions, grain yield was strongly and positively correlated with YI, HM,
STI, and GMP.

Conclusion: The results of the present research demonstrated significant variation among barley promising
genotypes in grain yield response to salinity stress conditions. Genotype G1 was identified as the most promising
genotype based on its relatively high grain yield, low yield reduction, and reasonabl stress-response characteristics.
Genotype G2 and G6 also combined high grain yield potential with reasonable grain yield under salinity stress
conditions, while G7, G13, and G17 showed reasonable values for STI and YI. The identified promising genotypes
will be considered for further evaluation and use as genetic resources in the national barley breeding program
targeting salt-affected areas in temperate regions of Iran.

Key words: Barley, Correlation coefficient, Grain yield, Multi-environment trials and Salinity stress
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Table 1. Geographical information and physical and chemical properties of the soil at the experiment sites

@Bl e Ul dsb gl ST ST s Sl 6558

Location oK. Year Ju Latitude Longitude Altitude (m ASL) ECuwater (dS.m™1) ECeil (dS.m™1) Soil texture S sl
Birjand L, 2023-2024 VPey-rfeev 32°52°N 58°59'E 1491 21 3.9 Loam s
Yazd s 2023-2024 yPeyreev 31°54°N 54°16'E 1237 3.2 4.6 Silty loam N
Isfahan olisl  2023-2024 VFY-Fey 32°99°N 51°17'E 1545 15 22 Clay loam s o
Birjand L ,s 2024-2025 VFroveef 32°52°N 58°59'E 1491 21 4.3 Loam s
Yazd sy 2024-2025 VFr-vfef 31°54°N 54°16'E 1237 3.2 4.3 Silty loam I
Isfahan Olaol  2024-2025 yPevorer 32°30°N 51°16'E 1541 4.2 4.8 Sandy clay )
Birjand L, 2023-2024 VPey-yeer 32°52°N 58°59'E 1491 8.0 10.8 Loam Py
Yazd s;  2023-2024 yPey-reev 31°54°N 54°16'E 1237 8.4 11.6 Sandy loam -
Isfahan Okas!  2023-2024 yFeyeer 32°30°N 51°16'E 1541 7.0 10.0 Sandy clay .
Birjand >, 2024-2025 VFarrrer 32°52°N 58°59'E 1491 8.1 13.9 Loam s
Yazd s 2024-2025 VFoyovfef 31°54°N 54°16'E 1237 8.4 11.6 Sandy loam JES I
Isfahan Olaol  2024-2025 yPev-reer 32°30°N 51°16'E 1541 10 12.0 Sandy clay ) S
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Table 2. Characteristics of barley genotypes used in the experiment

Barley genotypes > slacs 5 Pedigree « -z
Gl Armaghan (Check)
G2 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Rhn-03//L.527/NK1272
G3 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/LB.IRAN/Una8271//Gloria"S"/Com"S"/6/Nik
G4 Yousef/Goharan-16
G5 Yousef/Goharan-39
G6 Yousef/Goharan-79
G7 Yousef/Goharan-82
G8 Yousef/Fajr30-28
G9 Yousef/Fajr30-61
G10 Yousef/Fajr30-65
G11 Yousef/Fajr30-77
G12 Yousef/Fajr30-82
G13 Yousef/Fajr30-83
Gl14 Yousef/Fajr30-85
G15 Yousef/Fajr30-105
G16 Yousef/Fajr30-118
G17 MB-00-8 (Lignee 527/Chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//DI171/Strain 205/5/Rihane-03)
VA
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Table 3. Drought tolerance and susceptibility indices used for evaluation of the barley genotypes

Sl=1-(Ys /Yp) (Fischer and Maurer, 1978) GMP= (Ypi xYsi)?5 (Fernandez, 1992)
SSI= (1 — (Ysi /Ypi))/ Sl (Fischer and Maurer, 1978) HM= (2x(Ypi x Ysi))/(Ypi + Ysi)  (Bidinger et al., 1987)
TOL= Ypi - Ysi (Rosielle and Hamblin, 1981)  YI=Ysi/Ys (Gavuzzi et al., 1997)
STI= (Ypi xYsi)/(Yp)? (Fernandez, 1992)  YSI=Ysi/ Ypi (Bouslama and Schapaugh, 1984)

MP= (Ypi + Ysi)/2 (Rosielle and Hamblin, 1981)

RSI= (Ysi/ Ypi)/ (Ys/Yp)

(Fischer and Wood, 1979)
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Table 4. Mean comparison of grain yield (kg.ha™) of barley genotypes in interaction of year x location x salinity stress

Normal

Salinity stress

S5 D9k ot M
VR Y-V FY IO VR Y-VFeY VR F-VFF
2023-2024 2024-2025 2023-2024 2024-2025
7 eled s Lo 25 Olgas! o e 25 Olges! o e 23 Olgael o 25 Olgael
Barley genotypes | Birjand Yazd Isfahan Birjand Yazd Isfahan | Birjand Yazd Isfahan Birjand Yazd Isfahan
Gl 8172 4575 6930 6061 4583 6663 6444 3381 7401 5222 2081 5322
G2 8383 3931 10365 6217 4803 6368 6083 3139 7328 5444 1861 5103
G3 7433 3819 8980 5417 4486 5729 6083 2539 7781 4606 1739 4825
G4 7739 4225 6411 5167 3925 5823 5986 3083 6583 3350 2081 5328
G5 6856 3778 5391 6200 5283 5899 4972 2433 7171 4178 1853 4314
G6 8461 4711 8257 6344 4606 7451 5444 3108 7025 4133 2086 5725
G7 8078 4825 7032 5961 5250 6441 5958 3108 5636 4400 2611 4781
G8 6967 3772 5753 4606 4933 4674 4333 2208 7427 3328 2147 5308
G9 7028 3482 5585 3833 4908 6462 4583 1858 6089 3578 2369 4306
G10 6489 4300 6414 4178 5311 5875 4986 2269 5362 3011 2089 4569
G11 7867 4675 6824 5944 4363 6472 5931 3042 6133 4556 2119 4575
G12 7817 4300 5654 6133 5858 6042 6167 2606 5099 4256 2528 4239
G13 8478 4536 8443 6394 5614 5302 6819 2469 6049 4183 1894 4417
G14 7050 4464 6692 5050 4967 7872 5000 1847 5428 3622 2092 4939
G15 7344 2808 3823 5611 4814 6948 5500 2361 5932 3439 1450 4719
G16 8178 4642 6104 5206 4642 7368 5125 2622 4638 3572 2158 5056
G17 7956 4578 8052 6217 5467 6417 5889 3525 5428 4222 1956 4667
LSDsw% 1095.6 1004.8
YVF
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Table 5. Mean of grain yield of barley genotypes under normal (Yp) and salinity stress (Ys) and stress tolerance indices

eSS
Barley genotypes  Yp (kg.ha?) Ys(kg.hal) RC(%) TOL (kg.ha'l) MP (kg.ha!) GMP (kg.ha') HM (kg.hal) SSI  STI YI YSlI RSl AR SD
Gl 6164 4975 19.2 1189 5570 5538 5506 0.68 087 117 081 112 209 151
G2 6678 4826 21.7 1852 5752 5677 5603 098 092 113 072 1.01 436 4.37
G3 5977 4596 23.1 1381 5287 5241 5196 082 078 1.08 0.77 1.07 527 220
G4 5548 4402 20.6 1146 4975 4942 4909 073 070 104 079 111 6.82 3.76
G5 5568 4154 254 1414 4861 4809 4758 090 066 098 0.75 1.04 945 288
G6 6638 4587 30.9 2051 5613 5518 5425 109 087 1.08 069 0.96 6.36 4.72
G7 6265 4416 29.5 1849 5341 5260 5180 104 079 104 070 0.98 7.00 261
G8 5118 4125 194 993 4622 4595 4568 069 060 097 081 112 945 6.25
G9 5216 3797 27.2 1419 4507 4450 4395 096 056 089 073 1.01 1336 448
G10 5428 3714 315 1714 4571 4490 4410 112 057 087 068 095 1445 238
G1l1 6024 4393 27.0 1631 5209 5144 5081 096 075 1.03 073 1.02 745 052
G12 5967 4149 304 1818 5058 4976 4895 108 070 098 070 097 1027 0.90
G13 6461 4305 333 2156 5383 5274 5167 118 079 101 0.67 0.93 845 468
Gl4 6016 3821 36.4 2195 4919 4794 4674 129 065 090 064 089 1436 262
G15 5225 3900 25.3 1325 4563 4514 4466 090 058 092 075 104 1100 5.04
G16 6023 3862 35.8 2161 4943 4823 4706 127 066 091 064 089 13.09 266
G17 6448 4281 33.6 2167 5365 5254 5146 119 079 101 066 0.93 9.73 4.63

(A5 4 Gl a3 1SS Syl o Kle tHM (050 140 ontin 5:85ke BMP (550,18 :Ks IMP ¢ o a5 TOL 5 Slee 288" a5 RC (o558 (25 25 Ll 5 55 6ls 3 Shes 1YS ¢ 5 05 jlas 5 il 5, Ses YD

el IS 53 o) 4 sl Lol ol $SD s e s S 53 55 455 :S0be AR (i 25 el RSH o Slee Sl Lot li 1YSH oo Sl Jas b Y (25 & Jass a3 :STI
Yp: Grain yield (normal); Ys: Grain yield (salinity stress stress); RC: Yield Reduction Percentage; 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

Yv#


http://agrobreedjournal.ir/article-1-1449-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

VP ol o osled pmin 5 ol 010 ol p sl "

ol 058l 3 Shas I (g ola, 55 posdle oSl
330 gh o b 55 g)ed A5 Ll s o T s Sles
333 Shes b g jans Lo, TOL astli ¢ filis
)ngjsaﬂlwlidi:s@}é)}_iuiﬁ)w
o) Caalo bamss ) .() ) il 55 O
Slme s Lag I TOL Lol 115 eoyls Calas aslos
LS 55 53 Sl S 5 S SVL wils 5 Shas
o5 da) i s (g i s 2alS ST g
@b ‘C"w DL .\_&L; a_sls &YLL )\-\lﬂﬁ.—\.&)‘b
STI 3HM GMP (gla jasLs & sl 0Lis  Sinen
33 2 53 &l 5 Sas b Ol ) sbas ) LI oy iy
6‘}@‘}“)444‘36))4&)@”0)*)@
Froelin g0 el SR Glas 55 oLl
5 YSI(TOL SSI il sla s Li ¢ filie y5 A
Josin 5 ol Sl 55 S (51 RS
5 Slas odins Ol Ll 5 i (ol Lol el Lk

sl il sVl

@
)

Sy §) L as bl (dils (600 25 Hles )
5 ST 3l YL ,5lie G17 5 G7 (G13 (G6 (G2 Gl
T Slls edias DL a5 (O Jydar) 05V
ol il 55 Ll 3 VU b s Shes pela i
ele G 55 (g lelid gl e sa et LS
5 Shes 15 cdipls Coatl 25 Coond (gladases (5l
sy 5 s lekie 25 Ll 55 s
5 YSI YU sl gl ls G4 5 G8 Gl slacws 55
,;\,6;‘5;}&&9@\.\“@&_&6&;&RS|
0 Jgde) sy (658 i35 sl
Wl s Sae b 25 gla ot ls (Sean ol 5
(YP) 5 O sless 43 ails 3 Shas aS sls OL_i5
GMP (MP (sla_ya5La b (613 g 5 oo Suras
S das e Ol Lailyy opl () S8 Csls HM ST
3 8les b B L (S5 bl ed ol sla e L
G Sos— S Hla 53 (Sl IS O slad o
LoVl s ot S an (Ys) s 5 See

() JK8) i3 GMP 5 STIHM (Y1 gl el

0# o
@

sTI | o8
- Correlation
[N 0 100 | 100
- H 1.0
. . HM 085 | 085 ey 0.5
0.0
. . 0.98 100 | 089 L los
. M,
0.96 099 | 085
. ToL | 034 0.95 085 | 085
. s 085 | 089 | 085 | 0 089 | 100 | 0 0
vp | 084 | 083 | 092 | 090 | 083 | 040 | 080 | 084 | 040 | 040

O3 lasled 53 25 4 Sl Jomed (sla ot i 5 g (slacd 55 813 5 Shas o (Stron al o -) IS

(Ys) ysé a5 5 (Yp) i

Fig. 1. Correlation coefficients between grain yield of barley genotypes and stress tolerance/susceptibility indices

under normal (Yp) and salinity stress (Y's) treatments
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Fig. 2. 3D graph of grain yield of barley genotypes under normal (Yp), salinity stress (Ys) treatments and ST index
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Fig. 3. Biplot of barley genotypes based on stress tolerance/susceptibility indices and grain yield under normal

(Yp) and salinity stress (Ys) treatments based on the first and second principal components

YSI SSI TOL sla jastls b 5l g obls |y 3 Shes
26l o) )l «bls (mlis Feuly SRSI
s Lo 53 Sloe oS 5 e LT
Glaas 55 . bls |y (558 A0 Lol b 55 s Shee
Sl e le 55 Slas s 2S5 51 5564 4G8
3o o o Azbls gl el (A5 4 Sl
G2 slacgis o Bl sl Foml WOT lae
JoB s Sles sV ki s Shas s 4 buas G6
el G 55 e s A5 e 5o Jsd
I,HM sGMP (MP slis o 2o G2 5 335 . g
5 Ses s b esls ol ki 5l 5566 G g 9 Csls
YL 4, 55 o sh AT 5 A5 Oab e 93 53 4l
SSI 55 ,Shes 2alS oys b I b e 5 415
Vi > Sles o8 das o OLES G o 55 5o YL b

el (G g S 4 Jeod Al Ol gea ol LS

YA+

S 5 dom

w3 3 Shoe fuly 313 DL o o) ol

T N PE O P N T IL Py
iSan p O ls gre 3,03 13 OG5 Jle S 5
23 0K 5 dlmw 5 G585 034 5 O 5 Jw
S sy DL ()5 AT 5 A Oal slayles
Calibes (sladamms 55 g Sl s) ils 3 Sas
slee gl i ol Jaomadir SL5Hl gesss b
Sosh A el (S35 0 9 Ghle e S5
Ll b s sl oS 5 Ses JfalS” sl
B Gl sl s Loyn VY 51 Shes 2alS Ol e
LGl 55509 e Gld LS55 45 o d VF/F
Sl 3 LS s c;}l’:{ PAPE o g 5 Shos
A5 ol s HLSa s (‘Jfﬁl—{ FAVD 5 A5 09
o A2 2 508 lie 3 Slas o dle (5554


http://agrobreedjournal.ir/article-1-1449-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

VP ol o osled pmin 5 ol 010 ol p sl "

A5 S Cao 5 1y 5 Sas 3
3 G5 fmalie GL (355 o pozme 3
5 et s s Sas B 3 Shae oS 5
G2 Slacs 85 5 (o Jood Sla L 5 () 55
))JP&G}JQ&F}YMJ)QA.&J:J)Q}:;GGJ
Sl sl Glac—s 95 o5 AU e
Magre a5 b s (or o guome Gudn Gla 25
S e 5 O 5 Jlw 5 55 S 2 035
L sileT ol 2 Ll G5 2 B sl
ladsls )J}jb}f_«f el 5 Al i
M@uwuiﬁ.sﬁrwlgjﬁﬂqh&u
2 52 Nes ol s Ol jon Sl Sl
4 Cod 3 S Lad Oljn (55 5 25 Loyl
(oS la oL I (514 gomme 5 15 09y Jayl
o idudeel Glacs 55 glilis gl lie 3 al

D D s b Slalass (ol

S 3! il
oyl SLidsd 055, slaesls I adlie -l
i e §o o gnn =2 Fr P PAL Y V54
USRIV [P 4 C\j;;_w\ ERVIPNS | PP C)&_p\
Sl glaolinl O Sdelae 3l abawsp s
3 S Sl lT 6l ok Olehsl 5 25 iz

Db o S15,48

References

35 28 513355 LGLT 5 GI3 Glacs g .00
& i 3 Shes 288 VU ks Y1 5 STI (51,0505 8
Olsea i ool plo 5 L2dls ()58 AT sled 53 1)
bss 4 s ol oS 53 Shas l)ls glacs 55
duduupu@uwo}:‘w‘;w
o el o sl STI sHM GMP & sls ol
L ol 5 Shes & Win g slacs s ool ol
03 B3 (6 b RS 5 A5 O sl 93,8 )3
SAeMLIRSI 5 YSI TOL SSI sla osLs o5 Il
3 Sdas B 5 2alS Ol 05Lps (eSS
Sln o Lt s e 5 ot Soman tin S ol
O3 sl 95 58 55 43 5 Shee LSTI 3 HM GMP
S A ) e pl 55 (6os8 A 5 S
slagals p s s Jos b ulal
5G13 G7 G6 G2 Gl slacs 55 STl 5Ys Yp
S5 Sl oS 55 Shee hyls 05 5 53G17
S 315 Ol ol la Lol b aus lie Lol (s S
4 ey (g Jao 0ok DL Ll 5ot 5 !
Gt b P el Glaad fe o (500 A5
(e adl o 95 g S Ol i 51 s ;5 44/
Sl ls 53 Shas o Laly o itz Sl Lo
HM s GMP MP (Yp (5.5 ¢S5 5 .als OLis |y 25
Goso e 35, Nhes b la ol ol b5l edias ol
5 Sl iy 250 TOL 5SSI &S Jl> 5 009 JS

oolaiul 350 @b

Abdelghany, A.M., Lamlom, S.F. and Naser, M., 2024. Dissecting the resilience of barley genotypes under multiple

adverse environmental conditions. BMC Plant Biology, 24: 16. https://doi.org/10.1186/s12870-023-04704-y

Alsamadany, H., Abdulbaki, A.S. and Alzahrani, Y., 2024. Unravelling drought and salinity stress responses in barley

genotypes: physiological, biochemical, and molecular insights. Frontiers in Plant Science, 15: 1417021.

https://doi.org/10.3389/fpls.2024.1417021

Anonymous. 2025. Agricultural Statistics of 2023-2024 Cropping Season. Ministry of Agriculture-Jahad, Vol. 1. [In

Persian].

Barati, A., Tabatabaei, S.A., Mahlooji. M. and Saberi, M.H., 2018. Assessment of grain yield stability of barley


https://doi.org/10.1186/s12870-023-04704-y
https://doi.org/10.3389/fpls.2024.1417021
http://agrobreedjournal.ir/article-1-1449-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

"YEO-YAF N OLSer 5 e Tt Sl 55 b "

(Hordeum vulgare L.) promising lines under salinity stress using non-parametric and AMMI analysis methods.
Iranian Journal of Crop Sciences, 20(3), pp.209-221. [In Persian]. URL: http://agrobreedjournal.ir/article-1-941-
fa.html

Bouhraoua, S., Ferioun, M., Boussakouran, A., Belahcen, D., Hammani, K. and Louahlia, S., 2025.
Comprehensive screening and evaluation of diverse Mediterranean barley genotypes for salt tolerance using multiple
agro-morphological and tolerance indices criteria. Reproduction and Breeding 5(4), pp.171-179.
https://doi.org/10.1016/j.repbre.2025.09.002

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/cropscil984.0011183X002400050026x

Dehghani, H., Ebadi, A. and Yousefi, A., 2006. Biplot analysis of genotype by environment interaction for barley yield
in Iran. Agronomy Journal, 98(2), pp.388-393. https://doi.org/10.2134/agronj2004.0310

Elakhdar, A., EI-Naggar, A.A., EI-Wakeell, S. and Ahmed, A.H., 2025. Integrating univariate and multivariate
stability indices for breeding climate-resilient barley cultivars. BMC PLANT BIOLOGY, 25, 76.
https://doi.org/10.1186/s12870-024-05530-6

FAO. 2023. Global map of salt-affected soils. Food and Agriculture Organization of the United Nations. Available at:
https://imww.fao.org

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. Tainan, Taiwan.
https://doi.org/10.22001/wvc.72511

Fischer, R.A. and Maurer, R., 1978. Drought resistance in spring wheat cultivars. I. Grain yield responses.
AUSTRALIAN JOURNAL OF AGRICULTURAL RESEARCH, 29, pp.897-912.
https://doi.org/10.1071/AR9780897

Fischer, R.A. and Wood, T., 1979. Drought resistance in spring wheat cultivars Ill. Yield association with
morphological traits. AUSTRALIAN JOURNAL OF AGRICULTURAL RESEARCH, 30, pp.1001-1020.
https://doi.org/10.1071/AR9791001

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

Gharaghanipor, N., Arzani, A., Rahimmalek, M. and Ravash, R., 2022. Physiological and transcriptome indicators
of salt tolerance in wild and cultivated barley. Frontiers in Plant Science, 13: 819282.
https://doi.org/10.3389/fpls.2022.819282

Ghonaim, M.M., Attya, A.M., Aly, H.G. Mohamed, H. and Omran, A.A.A., 2023. Agro-morphological,

YAY


http://agrobreedjournal.ir/article-1-941-fa.html
http://agrobreedjournal.ir/article-1-941-fa.html
https://doi.org/10.1016/j.repbre.2025.09.002
https://doi.org/10.2135/cropsci1984.0011183X002400050026x
https://doi.org/10.2134/agronj2004.0310
https://doi.org/10.1186/s12870-024-05530-6
https://www.fao.org/
https://doi.org/10.22001/wvc.72511
https://doi.org/10.1071/AR9780897
https://doi.org/10.1071/AR9791001
https://doi.org/10.4141/P96-130
https://doi.org/10.3389/fpls.2022.819282
http://agrobreedjournal.ir/article-1-1449-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

VP ol o osled pmin 5 ol 010 ol p sl "

biochemical, and molecular markers of barley genotypes grown under salinity stress conditions. BMC PLANT
BIOLOGY, 23, 526. https://doi.org/10.1186/s12870-023-04550-y

Hammami, Z., Jallouli, S., Ayadi, S. and Trifa, Y., 2025. Impact of soil and climate on barley (HORDEUM
VULGARE L.) salinity tolerance in diverse arid and saline conditions. SCIENTIFIC REPORTS, 16(1), 869.
https://doi.org/10.1038/541598-025-30584-3

Hammami, Z., Jallouli, S., Ayadi, S. and Trifa, Y., 2026. Impact of soil and climate on barley (Hordeum vulgare L.)
salinity tolerance in diverse arid and saline conditions. Scientific Reports, 16, 869. https://doi.org/10.1038/s41598-
025-30584-3

Hussain, M.1., Al-Dakheel, A.J., Chaudhry, U.K., Khan, M.l., ALHaithloul, H.A.S., Alghanem, S.M. and
Alaklabi, A., 2022. Morpho-physiological response of barley to assess genotypic differences of salinity tolerance
under hyper arid climate. Agricultural Water Management, 272, 107832.
https://doi.org/10.1016/j.agwat.2022.107832

Kumar, Y., Devi, S., Phougat, D., Chaurasia, H. and Choudhary, S., 2024. Assessment of barley genotypes for
salinity tolerance based on various indices under field condition. Current Agriculture Research Journal, 12(2),
pp.395-408. htp://dx.doi.org/10.12944/CARJ.12.2.08

Mansour, E., Moustafa, E.S.A., Abdul-Hamid, M.LE., Ash-shormillesy, S.M.A.l., Merwad, A.R.M.A., Wafa,
H.A. and lgartua, E., 2021. Field responses of barley genotypes across a salinity gradient in an arid Mediterranean
environment. Agricultural Water Management, 258: 107206. https://doi.org/10.1016/j.agwat.2021.107206

Pour-Aboughadareh, A., Sanjani, S., Nikkhah-Chamanabad, H., Mehrvar, M.R., Asadi, A. and Amini A., 2021.
Identification of salt-tolerant barley genotypes using multiple-traits index and yield performance at the early growth
and maturity stages. BULLETIN OF THE NATIONAL RESEARCH CENTRE, 45, 117.
https://doi.org/10.1186/s42269-021-00576-0

Pour-Aboughadareh, A., Yousefian, M., Moradkhani, H., Moghaddam Vahed, M., Poczai, P. and Siddique,
K.H.M., 2019. iPASTIC: An online toolKkit to estimate plant abiotic stress indices. APPLICATIONS IN PLANT
SCIENCES, 7(7), e11278. https://doi.org/10.1002/aps3.11278

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

Roy, S.J., Negréo, S. and Tester, M., 2014. Salt resistant crop plants. CURRENT OPINION IN BIOTECHNOLOGY,
26, pp.115-124. https://doi.org/10.1016/j.copbio.2013.12.004

Rukhsar, A., Urien, E.Z., Kanbar, O., Mahmoudi, H., Yousfi, S., Araus, J.L. and Serret, M.D., 2026. Salt-tolerant
barley ideotypes for hot arid zones: Genotypic versus salinity effects on yield, grain quality and physiological traits.
Agricultural Water Management, 332, 110469. https://doi.org/10.1016/j.agwat.2026.110469

Vaezi, B., Pour-Aboughadareh, A., Mohammadi, R., Armion, M., Mehraban, A., Hossein-Pour, T. and Dorii,

M., 2017. GGE biplot and AMMI analysis of barley yield performance in Iran. Cereal Research Communications,

YAV


https://doi.org/10.1186/s12870-023-04550-y
https://doi.org/10.1016/j.agwat.2022.107832
http://dx.doi.org/10.12944/CARJ.12.2.08
https://doi.org/10.1016/j.agwat.2021.107206
https://doi.org/10.1186/s42269-021-00576-0
https://doi.org/10.1002/aps3.11278
https://doi.org/10.2135/cropsci1981.0011183X002100060033x
https://doi.org/10.1016/j.copbio.2013.12.004
http://agrobreedjournal.ir/article-1-1449-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

"YEO-YAF N OLSer 5 e Tt Sl 55 b "

45, pp.500-511. https://doi.org/10.1556/0806.45.2017.019
Yan, W. and Kang, M.S., 2003. GGE BIPLOT ANALYSIS: A GRAPHICAL TOOL FOR BREEDERS,
GENETICISTS AND AGRONOMISTS. CRC Press, Boca Raton, USA. https://doi.org/10.1201/9781420040371

YA¥


https://doi.org/10.1556/0806.45.2017.019
https://doi.org/10.1201/9781420040371
http://agrobreedjournal.ir/article-1-1449-fa.html
http://www.tcpdf.org

