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Evaluation of Salinity Stress Tolerance of Cultivated Barley (Hordeum vulgare L.)
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Table 1. Fifty cultivated barley genotypes evaluated for salinity tolerance

o ke S5 S g0 0 plas olads 55 KBS 4 g0 0 slads
No. Accession/Genotype no.  Province okel  City &+ No. Accession/Genotype no.  Province Ol City )
1 KC70233 Esfahan Olgael  Unknown wslab 26 TN3490 Khorasan o= Nishabour gl
2  KC70343 Khorasan o= Bojnourd sygae 21 TN3643 Fars 6 Unknown PRACSTH
3 KC70344 Khorasan o= Bojnourd syg2w 28 TN3646 Fars 6 Unknown il
4 TNO0222 Yazd s Yazd sp 29 TN3748 Fars 6 Unknown il
5 TN0224 Yazd s Yazd s 30 TN3947 Fars 6 Unknown PRACSTH
6  TNO0258 Yazd s Yazd sp 31 TN4006 Fars 6 Unknown il
7 TNO0586 Yazd s Yazd sy 32 TN4104 Fars 6 Unknown il
8  TNO0601 Kerman abks Kerman sLs 33 TN4247 Fars 6 Unknown sl
9  TNO0605 Kerman abks Kerman sLs 34 TN4332 Fars 6 Unknown ws sk
10  TN3243 Yazd s, Bafgh s 35 TN4333 Fars 6 Unknown as sl
11 TN3244 Yazd 53 UnKnown kst 36 TN4337 Fars o6 Unknown bl
12 TN3245 Yazd s Bafgh B 37 TN4354 Fars 6 Unknown aslial
13 TN3247 Yazd sp  Mehriz e 38 TN4357 Fars 6 Unknown ws sl
14 TN3285 Yazd sp  Yazd s 39 TN4461 Yazd 53 Mehriz e
15 KC20019 Yazd s Ardakan o8s, 40 TN4596 Zanjan oks;  Khodabandeh PRTNES
16 KC20037 Boushehr 45y Boshehr by 41 TN4847 Kurdestan Okws s Ghorveh 03
17 TN6135 Unknown «=at  Unknown wsbal 42 TN4891 Lorestan sk Khorramabad a7, =
18  KC20418 Yazd sp  Yazd s 43 TN4902 Boushehr 455 Dashtestan Olazis
19  KC20966 Khuzestan Ok Shoshtar - TN4904 Boushehr 455 Dashtestan R
20 KC70443 Lorestan ok  Khorramabad a7, » 45 TN4905 Boushehr &4y Dashtestan R
21  TN3454 Lorestan ok.)  Borujerd sps, 46 TN4910 Bouushehr 455 Dashtestan R
22 TN3456 West Azarbaijan & obwl,3T  Salmas ok 47 TN4911 Boshehr &4y Dashtestan Olzis
23 TN3470 Kerman oks Jiroft o, 48 TN4923 Boushehr by Dashti s
24 TN3474 Kerman oks Jiroft o, 49 TN4928 Boshehr by Dashti s
25  TN3477 Kerman ks Jiroft cs,> 90 TN5008 West Azarbaijan & obel,37  Miandoab T sble
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Table 2. Combined analysis of variance for traits in barley genotypes in two growing seasons under normal and salt stress conditions

33T 4o A, S5 58 (S esb50) oS plis) wls s Shes als,lza 055
S.0.V. Ol kS ase d.f. Days to flowering Days to physiological maturity ~ Plant height ~ Grain yield 1000-kernel weight

Year (Y) Ju 1 1774.50 1052.50 644.29 24295.31 19.52
Salt stress (S) Cosh i1 470.00 7.93 40362.00 65977.60 43.38**
Y xS soxdl 1 2585.00** 9115.50** 8657.3** 76514.10** 0.03
Y xS (Rep) G tox e 8 16.71 2.26 34.53 2058.20 0.27**
Rep (Block) (SIS 21 16.08 8.08 31.05 2180.45™ 0.09
YXS (Rep(Block)) (575 ) iswdle 84 22.47** 10.89** 48.69** 2289.43** 0.09**
Genotype (G) «ss; 5b 402.20** 117.75** 236.86** 9314.40 1.03**
GxY Juxsgs 59 32.37* 7.54 76.88 7722.60** 0.15
GxS Ssxoss; 55 23.25 15.42 113.68* 6965.90* 0.15
Y xSxG s $x ioxl 55 17.77** 29.58** 80.02** 4055.01** 0.14**
Error L= 356 6.72 4.62 19.79 1051.04 0.49

*and **: Significant at the 5% and 1% probability level, respectively.
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Table 3. .Descriptive statistics for quantitative traits of cultivated barley genotypes under optimum (Yazd) and salinity stress (Ardakan)
conditions in 2019-2020 and 2020-2021 cropping seasons

Optimum <.,

Salinity stress ¢, i

Blam Shae Kl s,lubal glos Slui

Plam Slus oSl s,lnbal gt Ol 8y o

Min Max Mean SE C.V. Min Max Mean SE C.V.
2019-2020
Days to flowering S5, 110 148 126.52 0.58 6.02 119 151 1243 0.62 6.47
Days to physiological maturity 54456 S, 35, 160 184 169.33 0.49 3.79 151 170 161.7 0.24 1.93
Plant height(cm) (esl) ol s, 68 110 88.98 0.56 8.21 40 94 66.30  0.62 12.15
Grain yield (g m?) (pyoyo 3 p,5) s s Shee 71,4 449.0 215.83 5.83 35.06 78 290 1747 3.69 27.39
1000-kernel weight (g) ) alsylpposs 242 473 414 0.03 11.02 21.3 430 323 0.04 14.94
2020-2021
Days to flowering 265, 111 146 1315 0.63 6.22 111 140 12538 0.45 4.637
Days to maturity Sidess Saw,b s, 159 182 171.6 0.38 291 158 173 1645 0.23 1.81
Plant hight (cm) el oS sl 57 112 79.94 0.74 11.98 55 88 7152  0.53 9.70
Grain yield (g m?) (payosays p ) ails s Shee 143 399 2719 4.01 21.94 90 340 184.2 3.97 28.1
1000-kernel weight (g) ) alsylposs  29.3 504 40.83 0.03 10.22 221 440 332 0.04 13.94

Min.: Minimum, Max.: Maximum, SE: Standrad error, C.V.: Cofficient of variation,

\i4d
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Table 4. Correlation coefficients between evaluated traits under optimum (N) and salinity stress (S) conditions and stress indices in
cultivated barley genotypes in 2019-2020 cropping season (df = 54)

PG5, Sidais ShesUiss oSl wlss Shee wlajla 055 MU 5, (SSPnib (S b 5ay oS gl als s Shee als)lia 055 ol Sl ein S
() () () () () (L) (L) () () (L2) sSle fess 5 Slos
DF (N) DM (N) PH(N) GY(N) TKW (N) DF(S) DM (S) PH(S) GY(S) TKW(S) MP TOL GMP
DF (N) 1
DM (N) 0.91™ 1
PH (N) -0.19 -0.13 1
GY (N) -0.28" -0.27" 0.65™ 1
TKW (N)  -0.18 -0.10 0.38™ 0.38™ 1
DF (S) 0.86™ 0.87" -0.01 -0.18 -0.15 1
DM (S) 0.65™ 0.64™ -0.26 -0.13 -0.05 0.66™ 1
PH(S) 0.02 -0.03 -0.15 0.15 0.13 -0.11 0.33" 1
GY (S) -0.37" -0.34" 0.08 0.44™ 0.31" -0.43" 0.06 0.44™ 1
KW (S) -0.35™ -0.38™ -0.09 0.20 0.46™ -0.38™ 0.15 0.44™ 056™ 1
MP -0.37 -0.35™ 0.49™ 0.91™ 0.42™ -0.33" -0.06 0.32" 078" 0417 1
TOL -0.03 -0.05 0.64™ 0.76™ 0.18 0.12 -0.18 -0.16 -0.25 -0.19 041" 1
GMP -0.38™ -0.35™ 0.45™ 0.86™ 0.40™ -0.35™ -0.05 0.34" 0.83™ 0.44™ 0.99™ 031" 1
STI -0.36™ -0.32" 0.47™ 0.85™ 0.41™ -0.34" -0.05 0.34" 0.82™ 043" 0.98™ 031" 0.99™
* and **: Significant at the 5% and 1% probability levels, respectively. 53 8 5 do s gy Sl o )3 13 e 5 4 e

DF: Days to flowering, DM: Days to physiological maturity, PH: Plant height, GY: Grain yield, TKW: 1000-kernel weight, MP: Mean productivity, TOL: Tolerance, GMP:
Geometric mean productivity, STI: Stress tolerance index.
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Table 5. Correlation coefficients between evaluated traits under optimum (N) and salinity stress (S) conditions and stress
indices in cultivated barley genotypes in 2020-2021 cropping season (d.f. = 54)

PG 5s, (Sidais Shes Uiy oS gyl alss Shee wlsylpa s AL s, Sidais S Uiss o gl dlss Shee wlayla0js gl oKk ot ks (Sl

VE) Ol o oyles A s "0y § g dloxe”

() () () () () (L) (L) () () (L) 5 Shos Jass 5 Shee
DF (N) DM (N) PH(N) GY(N) TKW (N) DF(S) DM (S) PH(S) GY(S) TKW(S) MP TOL GMP
DF (N) 1
DM (N) 0.82™ 1
PH (N) -0.24 -0.20 1
GY (N) -0.29" -0.26" 0.64™ 1
TKW (N) -0.11 0.07 0.47™ 0.16 1
DF (S) 0.88™ 0.81™ -0.23 -0.20 0.01 1
DM (S) 0.78™ 0.75™ -0.12 -0.21 0.11 0.81™ 1
PH(S) -0.49™ -0.37™ 0.17 0.21 -0.13 -0.42™ -0.46™ 1
GY (S) 0.15 0.22 -0.06 0.24 -0.24 0.16 0.37™ 0.22 1
KW (S) -0.21 -0.19 0.00 0.05 0.29" -0.16 -0.39™ 0.19 -0.427 1
MP -0.08 -0.02 0.36™ 0.78™  -0.05 -0.02 0.11 0.27" 0.79™ -0.24 1
TOL -0.36™ -0.39™ 0.56™ 0.59™ 0.32" -0.29" -0.47 -0.01 -0.63™  0.39™ -0.04 1
GMP -0.08 -0.03 0.34" 077"  -0.08 -0.03 0.10 0.27" 0.81" -0.25 0.99™ -0.05 1
STI -0.05 0.01 0.34" 0.76™  -0.08 -0.01 0.13 0.26 0.81" -0.26 0.99™ -0.06 0.99™
* and **: Significant at the 5% and 1% probability levels, respectively. 53 6 5 ho s ey sl o )3 Sl dme 5 4 e s 8

DF: Days to flowering, DM: Days to physiological maturity, PH: Plant height, GY: Grain yield, TKW: 1000-kernel weight, MP: Mean productivity, TOL: Tolerance, GMP:
Geometric mean productivity, STI: Stress tolerance index.
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Table 6. Stress indices for cultivated barley genotypes in 2019-2020 and 2020-2021 cropping seasons

2019-2020 2020-2021

Dbt S SE skt Gl oSl e edia Sl 5 e el sl Y SES skl gl oS e e oSl 55 Je el

No.  Accession/Genotype no. MP TOL GMP STI No.  Accession/Genotype no. MP TOL GMP STI
1 70233 161.30 71.26 157.31 0.53 1 70233 291.08 18.83 290.90 1.12
2 70343 96.38 -37.23 94.56 0.19 2 70343 264.41 1216  264.30 0.93
3 70344 132.10 3.53 132.08 0.37 3 70344 216.83 50.33  215.36 0.61
4 18040 164.23 41.13 162.94 0.56 4 18040 206.25 1250  206.15 0.56
5 18042 125.48 26.96 124.75 0.33 5 18042 232.08 -19.16  231.88 0.71
6 18074 183.33 80.66 178.84 0.68 6 18074 18950 -51.00 187.77 0.47
7 18396 171.71 -23.23 171.32 0.63 7 18396 18750 25.00 187.08 0.46
8 18410 225.90 105.8 219.61 1.03 8 18410 226.25 1250  226.16 0.68
9 18414 139.38 12.10 139.25 0.41 9 18414 199.33  65.33  196.63 0.51
10 18513 107.90 -32.86 106.64 0.24 10 18513 24733 12133  239.77 0.76
11 18514 157.68 16.70 157.46 0.53 11 18514 176.00 82.00 171.15 0.39
12 18515 170.95 -4.10 170.93 0.62 12 18515 209.83 86.33  205.34 0.56
13 18517 160.45 6.90 160.41 0.55 13 18517 17816  19.66  177.89 0.42
14 18555 140.38 -52.56 137.90 0.40 14 18555 216.16 -433  216.15 0.62
15 20019 139.95 -81.43 133.89 0.38 15 20019 169.83 -53.66  167.70 0.37
16 20037 178.01 31.36 177.32 0.67 16 20037 205.00 100.00 198.80 0.52
17 6135 226.35 -22.63 226.06 1.09 17 6135 259.66 62.66 257.76 0.88
18 20418 131.65 -8.70 131.57 0.37 18 20418 236.66 56.66 234.96 0.73
19 20966 200.65 -63.36 198.13 0.84 19 20966 220.25 11050  213.20 0.61
20 70443 170.56 14.46 170.41 0.62 20 70443 19558 57.83  193.43 0.49
21 3454 184.48 -1.70 184.48 0.73 21 3454 186.50 43.00 185.25 0.45
22 3456 204.35 -21.30 204.07 0.89 22 3456 24791 109.16 241.83 0.78
23 3470 213.75 98.16 208.03 0.92 23 3470 280.33 117.33 274.12 1.00
24 3474 185.51 27.70 184.99 0.73 24 3474 293.58 83.83 290.57 1.12
25 3477 180.46 -42.40 179.21 0.68 25 3477 260.33 127.33 252.42 0.85
26 3490 167.20 -21.60 166.85 0.59 26 3490 233.66 120.66  225.74 0.68
27 3643 213.23 45.80 212.01 0.96 27 3643 298.33 133.33  290.78 1.12
28 3646 207.86 116.40 199.55 0.85 28 3646 221.75 1435 209.82 0.58
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Table 6. Continued —# J gl aalsl
2019-2020 2020-2021
Dbt A SE ket Gl oSl Jemd s oKl 0 e el old S S s eled gl o8l et e oSl a5 Je el
No.  Accession/Genotype no. MP TOL GMP STI No.  Accession/Genotype no. MP TOL GMP STI
29 3748 190.45 7756 186.45 0.74 29 3748 278.08 24283  250.17 0.83
30 3947 155.55 95.10 148.10 0.47 30 3947 181.91 107.16 173.84 0.40
31 4006 199.400 15.46  199.25 0.85 31 4006 262.00 254.00 229.16 0.70
32 4104 154.01 125.36  140.68 0.42 32 4104 200.83  178.33  179.95 0.43
33 4247 264.13 25.60 263.82 1.49 33 4247 196.500 153.00  180.99 0.43
34 4332 230.83 53.66 229.26 1.12 34 4332 208.500 117.00  200.12 0.53
35 4333 242.46 275.60 199.50 0.85 35 4333 21225 1445 199.57 0.53
36 4337 230.90 57.13 229.12 1.12 36 4337 258.91 151.16 247.63 0.81
37 4354 209.33 -46.00 208.06 0.92 37 4354 23225  84.50 228.37 0.69
38 4357 256.38 48.76  255.22 1.39 38 4357 202.25 10450  195.38 0.50
39 4461 160.83 -73.00 156.63 0.52 39 4461 25450  39.00 253.75 0.85
40 4596 217.93 10453 211.57 0.96 40 4596 17233  31.33 171.61 0.39
41 4847 246.11 88.23 242.13 1.25 41 4847 181.16 -24.33 180.75 0.43
42 4891 174.00 97.33 167.05 0.59 42 4891 17575  61.50 173.03 0.39
43 4902 223.20 27.73 22276 1.06 43 4902 219.83 56.33 218.02 0.63
44 4904 191.55 13.76  191.42 0.78 44 4904 207.16 117.66 198.63 0.52
45 4905 182.31 41,96 181.10 0.70 45 4905 201.25 162.5 184.11 0.45
46 4910 174.18 37.03 173.19 0.64 46 4910 192.41 174.16 171.58 0.39
47 4911 250.76 82.86 247.32 131 47 4911 222.41 48.16 221.10 0.65
48 4923 204.95 89.23  200.03 0.85 48 4923 277.00 124.00  269.97 0.97
49 4928 187.38 70.10 184.07 0.72 49 4928 221.00 122.00 212.41 0.60
50 5008 253.86 1004  248.85 1.32 50 5008 295.63  207.93  276.74 1.02
51 Nosrat 322.03 134.73  314.90 2.12 51 Nosrat 276.16 195.66 258.25 0.89
52 Yousef 267.61 85.90 264.14 1.49 52 Yousef 181.58 59.83 179.10 0.42
53 Nimrooz 229.43 107.53 223.04 1.06 53 Nimrooz 248.33 153.33 236.20 0.74
54 Goharan 269.25 37.83 268.58 1.54 54 Goharan 23241 98.16 227.17 0.68
55 Mehr 251.46 106.26  245.78 1.29 55 Mehr 300.00  40.00 299.33 1.19
56 Khatam 252.81 138.30 243.17 1.26 56 Khatam 323.00  76.00 320.75 1.37

MP: Mean productivity, TOL: Tolerance, GMP: Geometric mean productivity, STI: Stress tolerance index.
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Fig. 1. Bi-plot of first two principal components for evaluated traits and salt stress
indices in cultivated barley genotypes in 2019-2020 cropping season STI: stress
tolerance index, GMP: geometric mean productivity, TOL:Tolerance, MP: Mean
productivity, GYn: optimum-grain yield, PHn: optimum- plant height, KWn: optimum-
1000 kernel weight, DFn: optimum- days to flowering, DMn: optimum- days to
physiological maturity, GYs: stress -grain yield, PHs: stress -plant height, KWs: stress-
1000 kernel weight, DFs: stress- days to flowering, DMs: stress-days to physiological
maturity, PHs: stress- plant height
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Fig. 2. Bi-plot of first two principal components for evaluated traits and salt stress
indices in cultivated barley genotypes in 2020-2021 cropping season STI: stress
tolerance index, GMP: geometric mean productivity, TOL:Tolerance, MP: Mean
productivity, GYn: optimum-grain yield, PHn: optimum- plant height, KWy: optimum-
1000 kernel weight, DFn: optimum- days to flowering, DMn: optimum- days to
physiological maturity, GYs: stress -grain yield, PHs: stress -plant height, KWs: stress-
1000 kernel weight, DFs: stress- days to flowering, DMs: stress-days to physiological
maturity, PHs: stress- plant height
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ABSTRACT

Shahmoradi, Sh., and Tabatabaie, S. A. 2022. Evaluation of salinity stress tolerance of cultivated barley
(Hordeum vulgare L.) genotypes. Seed and Plant Journal 38: 259-281 (in Persian).

To identify salinity tolerant cultivated genotypes, 50 barley genotypes originated
from Iran were evaluated in a field experiment during 2019-2020 and 2020-2021
cropping seasons in Yazd; Optimum experiment at Yazd central field station, and stress
experiment in Ardakan field station, Iran. Six improved barley cultivars; Mehr and
Khatam (Salinity tolerant), Nosrat, Nimrooz, Yousef and Gohran were also included in
the experiments. The experiments were carried out using 8x7 rectangular lattice design
with three replications. Phenological traits, grain yield and 1000-kernel weight were
measured in all genotypes under optimum and salinity stress conditions. The electrical
conductivity of soil and irrigation water in optimum condition was 3.4 and 3.6 dS m?,
and in the salinity condition, it was 14 and 10 dS m™, respectively. The stress intensity
index (SI) was 0.21 and 0.32 in 2019-20 and 2020-21 cropping seasons, repectively,
which indicated higher stress intensity in the second year in the stress experiment. The
mean grain yield under optimum and salt stress conditions in 2019-20 was 215 and 174
g m?, respectively. In 2020-21 cropping season, mean grain yiled under optimum stress
conditions were 271.9 and 184 g m, respectively. Combined analysis of traits showed
that the of year x salinity stress x genotype interaction effect was significant on
evaluated traits. Based on the results of principle component analysis and stress indices
in 2019-20 cropping season, genotypes no. 50 (TN5008), 33 (TN4247) and 38
(TN4357) were superior genotypes. While in 2020-21 cropping season genotypes no. 24
(TN3474) and 27 (TN3643) together with salinity tolerant barley cultivars; Khatam and
Mehr had higher grain yield. The collecting site of these two genotypes is Kerman
province and Fars province, respectively. Based on the results of this research, tolerant
cultivated barley genotypes were identified for further studies.
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