[ Downloaded from agrobreedjournal .ir on 2026-06-10 ]

[ DOR: 20.1001.1.15625540.1396.19.4.4.6 ]

"O‘).’.'gsg'))'fjl':d’.“‘"
IFAT Oliwo € o lod u D)o N>

Ol gl o9 (Hordeum vulgare L.) g auwdls £33 38 (S50 4 Joodi (S dinbo 9 udoxd 9 4 305
Analysis and classification of salt tolerance in native barley (Hordeum vulgare L.)

germplasm of Iran

" Lelewly o 4o NN dew ¢ 3 anls LSS
- D8 el 9 ol e ¢ (S et L

oS>

Adxo .0l o (Hordeum vulgare L.) g = 00355 G 4 Jad gty il 5 o 54 o uslowl sy P 9 (UL L& L e (S oL
FI-FPY(ER .01 0! (o) pole

200 p!l (09 (£) 95 o PI Ve Srgh S & (Hordeum vulgare L.) g2 ols™ piS1g Judodi 9 4 155 Hokaio 4
So9=0 T 9 (E55-20 9 J& 4@ 9 ool Dlniod duwgo (Jliod 4o 30) i 09 Lo 93 53 1FAT-AE (ol Jlo
STl 30 CninST b CIB 30 ialodT .o & 518 b3l 390 (33 Ol rmb cobe § (5529Lis” Slidss 35 40)
0w (L-527 ¥) (olus aolo 035 dw (S50 (92 SB35 31 Cabl” L 1oy (o0 33 9 Wb plomil CalS” fas- 0+ ol
0 Sl Olao Sl (B ddy Jab Job 0 il bl (Jake yab 4 (Sgd 4 (Sl nd)) oo § (& pa o83) Jomin
4 oo S gi) (ol § (G097 sokuo 4. Al (5 pF 0 Il o 90 B 30 9> S Wi 9S (105 9T Igled 90
9 85— i Ll ph 50 4ild 5 hos g 09l 45 315 Ol WS .o Pl (Gldbgs 4 o5 9 ol (Sldvadlgn 4 4 125 (Sy90
& 2B PIAT AL blodwl 9 WIS (Sygh Joo b (6118 Sxe BLIH 38 (S U395 9 (ST U 395 Oldo (i G
o oot oL 319 009 i Tl gl 10 (S gy O kot (1510 (Aidgr F w093 § ol BT 5395 T 58 sl wdyos9
29 GV 410 3 yhos 9 415 o 39 SIS 43598 S W eif 45 318 VLS Gaiod (pl Zuld . Wiy 41885 ¢ (6 FVL (SHgd
o9 (F10) 97 ] 33 &7 318 Ol G cnl AT @S L ALIS S5V i S el 9 03gr S0 i Tl
(b ouls” dg9use olgs b (6 gl (S5 3k Jlod! (SIS ¢ iy 490 ELI19 (w3395 ST 329 SIS Swisi5 Ol »!
Al 0 S o I

Jo el 9 95 ((Sagh S (SlAbgS 4 R L sl (Svoilg

Al P YAV gl b (63551 g 5 3T Sl Ol Gligies 03 ) g i Allie ol WA INAY G b WSO/ A I 50 6
(08" 43180) (65,5158 g9 5 5 50T i Olojln 5 5 Jlgi 48 5 Dol Dl s o 53l =)

(shakibashahmoradi@ gmail.com :¢55 5 <31 o)

338 s 5 sl (Dl Olejlo oy b e 5 (555518 Dlados S e il

sj)jhif@}jjh;j}aTaQU:MOhjbt}-&)dl@iﬂ:@i}cﬁ&\aﬁ:ﬁWf)liél;w\—\'

4


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.4.6
http://agrobreedjournal.ir/article-1-821-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-06-10 ]

[ DOR: 20.1001.1.15625540.1396.19.4.4.6 ]

WA Oliae oF o)l ;rn:j}}_\l?ﬁ'{_;ljil ) r}lr—é\l?u"

ol 2,0 5 o105 0L (S5 g5 S5 ot
Slag—s5 58 5 #wl L (Ladeiro, 2012)
ol 03 ey Ol sS e 06555 4 Jomee 5,8 5L
(Munns and Tester, ) jus 5 5 g0 315 4z 5 | bl
(IS gn el 5315 (555 JoosS (slaI8 5 5Le 2008
30303 51,5 (s 3550 oS ST 5l S
il o 53 53 OLALE sai 5 Uiy 45 W ped 15
Al oSG iy o Ol S |5 (658 AT 4 o
S5 s Ol a8 a5 S (smml e
Sy e Sl 4 g LS o o S 5 S s
S5 4 OLLE (5B 5l bl pl p 3sd e S,
S Jram (el S8 B 6w sl 5055
Sl Jooos 5 S 5 b Lol gy B (650l
Joo25 5 Sl Joo 052 93 (il e A o
e s s ) ol Wiy aalsl oUlg g3 8 5L
Rl 35l (e sadie (5 L s e O
A 5 aalsl s S Uts il L (6 jeml Jams
L b o Sl 53 el ol o i (slaS
el B i S 55l 55 1
Coolas glols 45 Cal oo oo1y5 oLE
AL e (b A ) ario 5 gl sle oIS
Jsmamn A5 5 goi 5 485 (U5 51 0lS ol Connl
b cé..’la’- o sl Glacsls Byl s oT
Van Oosterom et al., 1993; ) 555 oo 35U (5,95
anls j3 &S &bl s> .(Maas and Hoffman, 1997
Cosd AT 4 G OT Jaod 5 ails (s Jaes
s s s (Harlan, 1966) C—wl O a1 i
S5 LB 5l o155 DY pames A5 6l B
Cﬁ\xLch\dj}Jnglj)\ sloul oS
S5 7ol 3B e (508 Jeo LIS 55l S
Olsie & g (Zahra et al., 2014) ol el,; OLE
FEYTPE-Jce PUYCII JUrIPS P gVgt ) EE
5 S5e e Sldllas 53 sl b a4 (YE 63l gl
Ll 4 8 51,5 aallan 35 g0 (6) 8 Jamd (SS55

YY.

4020

Gbla )3 Jaoms Gla 55 o S S (S5 )54
O 5 gdoue Eel 457 Conl Ol it aes 5 S
N Goss An f1s 5 o0 (6555US Y gamee A 5
Sk a g sy Ol bl e 55 Al 1531 G b
OT eliis oS Col ol S  obow slaasY
S oslinal (Sl okins LSC85 (g pole (slacKen &
Sl (oo ly) mmlial o e Ls 58 glaT
& (6,58 i3 (Szabolces, 1989 5 FAO, 2008)
b (K5I 8050 ¢ S50 5 slaair 4o
(Gorai and Neffati, ) :)\.lfu_n 56 elE &S50
OLalS s ()b i 5l (=5 Sl 2007
ool (8 ol 2 (Zhu, 2001) G gy s Jals
(SIplae gbanT 3 s x (gl ole dole
55181 525 g (Shabala, 2003) juw g ialS
el a S sl . (Hasegawa er al, 2000)
a5 UE i L LT
Sosb A5 Jooss (sl ST a8 55l 51 S
L 5 oS s 0l Jilts a colals s
sSze et al., 2002) b o La S5 4 oS JUas]
(Munns and Tester, 2008

5 gl s edlal Cde 4 05yl
A5 53 bl Glag 5SS 6, S o
ST L adaly 53 o an «gisliS SV pams
S509iST Sla e Sl s 55 1B 2w 0T
axrlpe Gosd edod L oSS bl
4> .(Koocheki and Nasiri Mahalati, 1994) L wa
3 o3 V) o ashST58 YD 33 3 0
S ayls 105 syt U Cou (488 Colus S
Jols by o7 iS5 sl 5 A3 O 350
4S ) oo B4 ol L ((Pazira, 1999) 555 o
Ol =t 53 DL (65,5LaS” 6l s g uss
5 esliwl glaoly 51 S .(Siadat, 1998) il

cdj))u{ QYWJ_:S}? 6‘j_) )}_& u—"‘)‘


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.4.6
http://agrobreedjournal.ir/article-1-821-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-06-10 ]

[ DOR: 20.1001.1.15625540.1396.19.4.4.6 ]

e (s aib 5 oy 4 s "

& b e Ui 5 a5y gL cails 3 Shae )
it e (ke 4 2l o3zl b L s alis
mmﬁ)ﬁm;\gdm,“,uuuspou‘p
Bl s e o S s £ S
S5 5 e Loyl 53 5 bt )5 ampli sl ¢ 55
s s s 5 Shes S0 e o e o4l
PVVY Lol b Mano et al., 1996) 01,8 5 sl
Lyl 53 S S505 Y YPA 5 s (5 55
S WUsls 5,138 (5 Ol dl e 45 g9 A
o e o YL Glls 0 S 5 e (o GG 55
33 o=l ) e 50050 () Sl ade e 55 (6, 0
oz ST oz o G55 s S
Sl 5 sy 1o, 55 1 YL Jom 5101l
ay Jod Ol 0 2eS SL1s ol 5 4S5 (o5
(Join Hlow Glacs 55 51 (F o g e Gy
il 5Ly Oy ) 4l CukB
S JSta sy b)) Al a5 L

(el 0l 03 e SIS O 5den YO L 015150
s 4555 (5l ) 51 6 250 S
(S mn i3 53 S Gl oo b AS o Sl
Slaclad a8 8 &y o (5555 4y Jomeie o5
Pl e ol sl CG)\ S35 4 ae) )5 65 S
Sla s, 5l enlizul o S5 gle sz esdle 358 pla]
OS5l 5 8l e 5l 5 LSl o
5l s g Oda L Gl () 358 (0 0 geies
30l o o e ipos Gosh a4 Je sy adb
Coda U Jamie slac i 55 gla S iy olobs
Slacs 55 a8 bas Ol 4 6T 5l 6)ls 5 06
A el b Lol b e

b 95 9 Slge
N5 s a5 85V Peaimy ol 0o
3353 0Ll (o (ALE 05 &STL ety )5 05 SIS
Ol dnn g (Sl s o) )9l b Lol 0

¥y

s 3 o Bl s 5 ol (S5 gl
Eobsn o= 530 25 s LT (i s plly 5 s
5 Sl 55 4 (o 3 5 (63135 a0 DLl
KON PR P S W w28 ) sosh A5 4
O G Jeos 5 51 ()l me SgLis 4 S
3513 55y ALS Ll slags 55 5 Laas S
as Jo>s (65155 4 .(Munns and Tester, 2008)
355 2Ll bl o olS )3 ass (gl 23
Hordeum vulgare subsp  ¢l,; s= u—§:35 g5
Hordeum vulgare subsp T (>3 4> 9 vulgare
(Robinson et al., 2000) »,!s LS:..; spontaneum
ST L LT aS Cul osls Ol Siladss @l:;'
oI el S e 5 ke DT 5
2L LS o 2l 3 s S ) e
SIS s e s5 TS Ll 5,8 s
O S 5 e (Ahmet ef al,, 2003) wl ;i
Jeme Gl 65 (2 me oda L (Ali et al,, 2007)
9 A G s DI s e So50 4
Ul 53 15 s ey 25 AN 3 Shes 5 45 o
T Y01 i S S b L g5
SW G 55 O S 508 (SLLl S e (o
B N R L R S S AR PR SY S
YY e 3T 0l Obe 5l i gy (65 5% 4 Jooeie 2
Lo 35 S 5,8 5 5sh Gbla 3 4 el
e (SRR U W S W N g e
03 Ay dldad L odalin S g5 4w o als :JSL«;«
Uj;,c@):u\::\ul_g&:?in@uﬁ
3417@):4_3‘::|A_33.¢..2\:45\::j§w3§u\?~)
AJ\::)_{L;\%@;ALS:M;“\:MJU})):\M
Gos A5 g Y STy bl ss sl
« (Dadashi et al., 2007) o) Sen 5 &lsls Low 5
Vet a5k
Sl ST A8 sdaline Slaw STl 6yl sae


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.4.6
http://agrobreedjournal.ir/article-1-821-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-10 ]

[ DOR: 20.1001.1.15625540.1396.19.4.4.6 ]

WA Oliae oF o)l grmj,s.u?d';;lxl ) r}k—é\l?u"

(332) s A5 5 (7 8) 25 O (Sl a5 o 53 &S 4o gl =V J gl

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

(75 45 05k
Normal (Karaj)

(532) o5 S5
Salinity stress (Yazd)

g z g

< = Q o < = Q
5 g g = 8 £ o 2f |5, & g, 2 & &

© =] £ gt S . < =
%f zh 2N 2, g)e_ < e %f =3 N %? z G ERL- N %i o &
=. O o a S xt =S [=H o © < g‘ f T, v S, o o a s xt =6 IS =T
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gy &Y EY g7 &Y 3 iy B 5y |g¥ ¥ EY¥ g7 v s
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B ~ N @, =3 ~ N
(e) - (e)

@ @

o - -0.31" -0.27" -0.16™  0.24™ 023" 0.58"  -0.12%* 0.17** 0.16%* | -0.30"™ -0.24™ -0.18" 028" 023" 0.76"

STI

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

yya
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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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