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Table 1. Soil analysis in research field under normal (Karaj) and salinity stress (Yazd) condition

S Ges S S s lua ST oS b ol K K" Na* Mg™ Ca™  SOs~ Cr HCOs»  SAR
Soil depth (cm)  EC(dS.m™) pH OC) P(mgkg!) K(mgkg!)  Texture (meq.I'h)
(@) = Oﬂi. 0-30 1.26 8.5 0.47 5.29 228 C.L 0.03 34 33 6.3 3.6 5.3 3.7 1.55
Normal (Karaj)
(5) o5t A2 0-30 15.24 7.43 0.35 15.05 134 S.C.L 0.85 107.96 26.8 21.6 18.71 135.5 3 21.95

Salinity stress (Yazd)

(332) s S5 5 (2 8) 25 0s Ll 5 s o 55 5o P Slio 4 by e o5 Glao,lT - s

Table2. Descriptive statistics parameters for plant characteristics of barley accessions in normal (Karaj) and salinity stress (Yazd) condition

Facsss ol el S ek oSk skl gl S 1! s
Plant characteristics & ol No. of accessions Range Min. Max. Mean Standard Error Standard Deviation Variance

Days to spike emergence aliw ;b b 35, 1053 30 151 181 1575 0.17 5.44 29.57

Days to flowering AU 3, 1053 31 160 191  166.04 0.19 6.27 39.33

(7,5) 25 03 Days to maturity Sy G 3y 1053 18 196 214 205.54 0.2 6.51 42.36

Normal (Karaj)  Plant height(cm) 55 55| 1053 70 35 105  66.48 0.36 11.94 142.48

100 Grain weight(g) Gl Ao 0 1040 3.63 245 6.08 436 0.02 0.6 0.36

Grain yield(g.plot™) 4l 5 Shes 1040 37823 75 4532 144.71 2.34 75.6 5716.5

Days to spike emergence aliw ;b b 35, 1053 61 79 140 106.23 0.33 10.87 118.17

Days to flowering AU 5, 1014 76 90 166  125.36 0.54 14.94 223.28

(53) G55 A5 Days to maturity Sdy G 3y 1014 72 104 176  153.85 0.44 9.18 84.26

Salinity stress (Yazd) Plant height(cm) 5 $lis 1014 88 10 98  56.43 0.29 9.52 90.76
100 Grain weight(g) $ls 4o 0 996 29 1.7 46 28 0.015 0.486 0.236

Grain yield(g.plot™) 4l 5 Shes 996 200 0 200 45.51 0.96 30.49 930.03

Stress Tolerance Index 5 Joss jesls 996 365 0 3.65 0.31 0.01 0.34 0.11

* Genotypes with missing traits were exclu Bl Cod Do 38y S 31 s w5 e 55 51 golums™

Yyy
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Table3. Correlation coefficients between plant characteristics and STI in barley accessions under normal (Karaj) and salinity stress (Yazd) condition

(5 A5 0s (332) Gops A5
Normal (Karaj) Salinity stress (Yazd)
) )
S Z S
—_ o = Q
E y g = 3 & ot |2, £ g2 S 8
3 < e B £ n t g . < o =}
S % 3%, 2, 9. 2, zt ¢ SV o5 F S S6, B, 9. 2.
2. gk &t gy Er &F fv EF E¥ |fy zhH s ze Ef &S
&% S 5 < @ = b = o T (I sf 22 3y © b=
g 2¢ 5T 28 8¢ ® g ®@% 2t |§= . 270 =TI 8o @
By &Y EY g7 &f g :b B s [Ey &Y ¥ g% gv g
e v = 5 =] E 1) I =3 é-, 0 © =% 5 g E s
<} aQ ~ o o 3 @ aQ ~ () o
g ~ ~ " g ~ ~
[¢] [¢]
) L“:”‘ - L‘: sk ok sk * %k * %k *k ok sk sk *k * %k %k
o o -0.31 -0.27 -0.16 0.24 0.23 0.58 -0.12%*  0.17**  0.16%¥* | -0.30™ -0.24" -0.18 0.28 0.23 0.76

STI

*and**: Significant at 5% and 1% probability levels, respectively

Yve

w,:e&;gd»lc}b,:)l:@%;q:**,
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Table4. Mean of plant characteristics of barley accessions in cluster analysis grouping under normal

(Karaj) and salinity stress (Yazd) condition

Plant characteristics

Groups ey 5

SLE i 1 2 3 4

Days to spike emergence

Days to flowering

Days to maturity
(75 5 05k

diw ebbss, 155 158 158 154

S5, 163 166 167 163
Sae)3,,209 206 206 202

: Plant height(cm) sepls, 86 64 72 66
Normal (Karaj) ) )
100 Grain weight(g) o0y 4.6 4.3 4.4 4.5
Grain yield(g.plot™) 4ls 5 Slee 373.2 85.7 2243 1524
Spike length dewdsb 7 6 7 6
No. of spikelet.spike!  aliw ;5 emlow slas 18 16 17 17
Days to spike emergence  aliw b b5, 78 85 89 81
Days to flowering AU L5,, 118 127 131 118
CR 605 Days to maturity S, 152155 158 151
Salinity stress (Yazd) )
Plant height(cm) S, 67 56 55 59
100 Grain weight(g) 4o 0jy 2.6 2.7 2.7 3
Grain yield(g.plot™) als s Shee 117 36 36 77
STI 5 e el 2.02 0.14 04 0.57

Number of accessions "

flacs g sl 10 455 291 226

*Genotypes with missing traits were excluded
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TableS5. Eigen values, relative variance and coefficients of variables in five principle components

of barley accessions under normal (Karaj) and salinity stress (Yazd) condition

Plant characteristics

Components ol glaadl 4o

LS i 1 2 3 4 5

Days to flowering (Normal)

Days to flowering (Salinity stress)
Days to maturity (Normal)

Days to maturity (Salinity stress)
Days to spike emergence (Normal)

(5 0sh) #2655, 034 017 008 -0.19  0.13
(st i) 2655, 039 011 001 -0.04 -0.13
(5 05 Sy b33, 029 003 022 -0.14 -0.02

(st i5) Sy b5, 037 015 001 -0.15 -0.16
(L5 0s) di,s4b 655, 036 0.16  0.08 -0.11  0.09

Days to spike emergence (Salinity stress) — (g,ss 25) abiw 4565655, 034 008  0.09 0.15 -0.23

100 Grain weight (Normal)

100 Grain weight (Salinity stress)
Number of spikelet.spike™!

Plant height (Normal)

Plant Height (Salinity stress)

No. of rows

Spike length

STI

Grain yield (Normal)

Grain yield (Salinity stress)

(o) asasos 013 022 011 -0.15 -0.61
(Gost i) alsam o)y -0.18 025  0.18 -047 -0.25
diw s eliasias -0.04 043 027 016 028
(sos)eysliy 012 026 -032 017 0.8
(Gost i) Gyl <003 0.18 -028 -0.54 027
Ao psals Cusyslas 021 024 041  -0.03  0.07
dedb 004 041 028 015 034

S Jass Lasli <02 032 042 0.10 -0.09

(U35 00 sl s See 0.01 0.33  -0.30 044 -0.30
(o35 2)abbs Se 028 0.19  -029 -0.21 0.07

Eigen value
Relative variance (%)
Cumulative variance (%)

by slie 474 265 199 126 12

s ibols 29.63 16,55 1243 7.86  7.44
rem bols 29.63 4618 58.62  66.48 73.92
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Fig 1. Bi-plot of first two principal components for characteristics and stress indices in barley accessions under

normal (N) and salinity stress (S) condition; (STI: Stress Tolerance Index, DF: Days to flowering, DS: Days to

spike emergence, DM: Days to maturity, NR: Number of rows, PH: Plant height, SPL: Spike length, Y: Grain

yield, NSG: Number of spikelet.spike™! and KW: 100 Grain weight)
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Table 6. Step wise regression for stress tolerance index and plant characteristics of barley accessions under normal and

salinity stress condition

S S5 okl Jiuled et o 2

Regression equation Adjusted R Square
Step 1 STI=-0.06+0.009 (Ys) 0.98
Step 2 STI=-0.36+0.008 (Ys) + 0.02(Yx) 0.57
Step 3 STI=-0.41+0.008 (Ys)+0.02(Yy) + 0.01(PHy) 0.58
Step 4 STI=-0.13+0.008 (Ys) + 0.02(Yx) + 0.01(PHy) - 0.002(DFx) 0.58
Step 5 STI=-0.36+0.008 (Ys) + 0.02(Yy) + 0.01(PHy) - 0.003(DFy) + 0.002(DMy) 0.59

STI: Stress Tolerance Index PHy Plant Heightxormal

DFx: Days to Floweringnoma ~ DMn: Days to Maturitynormal
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Analysis and classification of salt tolerance in native barley (Hordeum vulgare L.)

germplasm of Iran

Shahmoradi, Sh.!, S. A. Tabatabaie > and M. Pouresmaeil®

ABSTRACT

Shahmoradi, SH., S. A. Tabatabaie and M. Pouresmaeil. 2018. Analysis and classification of salt tolerance in native barley

(Hordeum vulgare L.) germplasm of Iran. Iranian Journal of Crop Sciences. 19(4): 319-333. (In Persian).

To evaluate and analysis of salt-tolerance in barley (Hordeum vulgare) germplasm, 1000 barley accessions
originated from Iran were evaluated in normal conditions (experimental field of Seed and Plant Improvement
Institute, Karaj, Iran) and saline conditions (Salinity Research Center, Yazd, Iran) in 2014-15 growing season.
The genotypes were planted in an augmented design with three control -cultivars; susceptible
(Line L-527), moderately-tolerant (Nosrat) and tolerant (Afzal), repeated after each 10 accessions. Agronomic,
morphological and phenological characteristics were measured in accessions in both conditions. To classify and
identify the salt tolerant accessions and related traits, component analysis and cluster analysis were performed.
Results indicated that in addition to importance of grain yield under stress and normal conditions, phenological
traits including days to flowering and days to maturity were significantly correlated with salinity tolerance in
barley accessions. It can be concluded that, early maturing accessions had higher stress tolerance index and were
more tolerant to salinity stress. Also results of this study indicated that two-rowed barley accessions had higher
100 grain weight, grain yield and salt stress tolerance index. In general results of this study indicated that
accessions with early maturity and taller plant height in Iranian native barley germplasm are more likely to be

adapted to salt stress.

Key words: Barley, Cluster analysis, Salinity stress and Tolerance index
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