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under Controlled and Field Conditions
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Table 1. Name, pedigree and origin of barley genotypes examined in laboratory

and field conditions

S5 ekt o i/ gl <l
Genotype no. Name/Pedigree Origin
1 Yousef (Check) Iran
2 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//Alanda-01/6/Nik Iran
3 Nosrat/5/Ciru/3/Agave/Sumbard400//Marco/4/Petunial Iran
4 Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S"/3/Alm/Una80/4/ Nik Iran
5 Dasht//EBC(a)/Badia/3/Sahra Iran
6 Comino/Yousef Iran
7 Puebla/Cardo//Tocte/5/Nosrat/4/Rhodes'S'//Tb/Chzo/3/Gloria'S' Iran
8 Karoon/Kavir*'//Sadik-10 Iran
9 L.131/Cerbel//Alger-Ceres/3/Gloria"S"/Copal"S"/4/Sahra/5/ Nik/6/Goharan Iran
10 LB.Iran/Una 8271//Gloria"S"/Come"s"-11M/3/Kavir/4/ Sadik-10 Iran
11 Nosrat/Goharan Iran
12 Zarza'S'/Agave'S'//Cardo/3/79W40762/Puebleda/4/ Nik Iran
13 CM67/IPA265//Gustoe/IPA7/3/ Goharan Iran
14 L.131/Cerbel/Alger-Ceres/3/Gloria"S"/Copal"S"//4/Rhn-03 /5/ Deir Alla 106/Hem/Bc/3/Rihane"S"/4/Nik Iran
15 Nosrat2"/Sadik-10 Iran
16 Nosrat /6/Sadik-10/5/Rihane//Aths/Bc/4/ L.131/Cerbel//Alger-Ceres/3/Gloria"S"/Copal"S"  Iran
17 L.131/Cerbel//Alger-Ceres/3/Gloria"S"/Copal"S"/4/Sahra/5/ Nik/6/Goharan Iran
18 Nosrat 2°/3/Gloria'S/Copal'S'//As46/Aths Iran
19 26216/4/Arar/3/Mari/Aths*2/M-Att-73-337-1/5/Barjouj ICARDA
20 MB-93-16 (SLB44-56/Lignee131) ICARDA
21 Goharan Iran
22 Rihane03 ICARDA
23 Nosrat Iran
24 Armaghan Iran
25 Ataco/Comino//Aleli/3/Bichy2000/4/Arupo/K8755//Mora ICARDA

B gy YUY Gl 55 L ol a5 b)) 55 s ks ) ARELST b3l s (G855 Y0 b (s 4l
All 25 genotypes were tested in laboratony, but only genotypes 1-20 test in the field.
\AF-AY 5 \Y¥A0-47 el sladle 53 35 (65,3LiS Sladss atfz.,.i\ olidl g Sl -Y J g
Table 2. Meteorological information of agricultural research station of Yazd during

2016-17 and 2017-18 cropping seasons

Parameter ol Oct. Nov.  Dec. Jan. Feb. Mar.  Apr. May Jun.
2016-17
Min. RH (%) () i ooy i 10 13 21 26 25 18 16 14 5
Max. RH (%) () i gy Sl 25 33 51 63 70 59 47 45 13
Rainfall (mm) Gio ko) Sk 0.0 0.0 19 15 9 13 1.7 11.6 0
Min. temp. (°C) GF o) i o) ey 167 10.7 36 22 2.8 6.6 13.5 188 240
Max. temp. (°C) GIF ) Sl= Sf s 310 253 161 159 15.1 19.8 27.1 322 391
Evaporation (mm) (o) s 2577 1672 900 554 0.0 1103 259.7 3350 4809
2017-18
Min. RH (%) () g Loy Jim 9.0 11.0 170 140 220 17.0 16.0 19.0 9.0
Max. RH (%) (1) i gy Sl 260 280 400 410 57.0 51.0 46.0 580 260
Rainfall (mm) Gio ko) Sk 0.0 0.0 04 12 74 13 11.1 14.5 0.2
Min. temp. (°C) GF o) - o) ey 156 10.6 33 37 49 9.6 134 16.1 242
Max. temp. (°C) G sl Sl o ey 307 254 169 179 17.1 225 27.1 284 374
Evaporation (mm) (e o) s 2620 1608 659 0.0 0.0 130.7 2465 2830 4160
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Table 3. Analysis of variance for different traits of barley genotypes under

laboratory conditions

MS) i Slas o Sole

Sl A Gl e JmASdb ealn ) kel
s3lTerys  Germination  Germination — Coleoptile Radicle Seed vigor

i e df percentage rate length weight index
&S g 2 1210.3** 423.50** 2.612%* 0.551%* 60865.6%*
5 24 343.1* 51.04%* 0.666** 0.034%* 5558.3%*
Osmotic potential (P) Simd Jomity 1 10888.5%** 1282.40%** 19.98** 0.0773**  515879.5**
S Jolty X 555 24 458.5%* 13.75* 0.407** 0.025%* 9224.1%*

olzsl 98 210.3 8.38 0.065 0.008 25304

[ AR 17.28 18.62 7.397 27.74 17.13

sk ok

.Mﬁ&:)@d\.&:-lda»ﬁ)\:@\r;jy: )

*and **: Significant at the 5% and 1% probability levels, respectively.
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Table 4. Mean of different germination related traits of barley genotypes at two

osmotic potential levels under laboratory conditions

Sl Jomiley S8l e Jrusis b el O35

(ISl K Sl o) (i) (ol 5 o4y el
Osmotic potential ~ Germination  Germination Rate  Coleoptile length Radicle weight Seed vigor

(MPa) (%) (day) (cm) (g) index

0 92.40 18.47 3.83 0.285 352.10

-5 75.36 12.61 3.10 0.239 234.80

LSD 5% 4.67 0.94 0.08 0.030 16.30

LSD 1% 6.22 1.24 0.11 0.039 21.58
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Table 5. Mean of different germination related traits in barley genotypes

under laboratory conditions

S8l e J 8 b Y]
Sl Loy Gay) (ol (59)
sieled Germination ~ Germination rate  Coleoptile length  Radicle weight ohas asls
Genotype no. (%) (day) (cm) (g) Seed vigor index

1 82 17.28 3.141 0.252 2724
2 87 15.11 3.248 0.223 284.2
3 87 15.12 4.173 0.307 361.9
4 73 12.08 3.811 0.272 277.0
5 71 12.23 3.705 0.194 271.3
6 80 14.49 3.758 0.258 303.4
7 96 18.71 2.748 0.260 261.6
8 80 13.22 3.830 0.204 307.9
9 82 18.02 3.395 0.280 286.9
10 87 16.42 3.711 0.262 329.8
11 91 17.43 3.151 0.231 294.9
12 82 13.15 3.571 0.144 292.3
13 85 14.87 3.621 0.239 309.7
14 73 12.68 3.548 0.222 266.4
15 81 14.09 3.650 0.286 300.3
16 92 16.05 3.583 0.526 3284
17 82 16.11 3.423 0.166 281.2
18 93 17.86 3.368 0.273 315.8
19 72 10.90 3.013 0.154 223.6
20 83 15.78 2.881 0.303 248.5
21 88 17.42 3.811 0.251 3394
22 83 13.22 3.430 0.275 286.3
23 75 12.58 3.565 0.266 2674
24 94 19.71 3.116 0.345 304.1
25 98 23.99 3.271 0.358 321.8
LSD 5% 16.62 3.32 0.293 0.104 57.6
LSD 1% 21.99 4.39 0.388 0.133 76.3
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Table 6. Mean of osmotic potential x genotype interaction effect on different

germination related traits of barley genotypes under laboratory conditions

Sl Ay Gay) Giler e Gesl) S db (S )eran; 05
<S5 Germination  Germinationrate  Coleoptile length ~ Radicle weight Ay jesls
Genotype (%) (day) (cm) (g) Seed vigor index
Osmotic potential (0 MPa) (IS K i) (ol il
Gl 100 22.17 4.02 0.303 402.0
G2 94 19.37 3.58 0.222 333.4
G3 92 17.26 4.51 0.301 409.5
G4 56 11.11 4.05 0.242 230.0
G5 92 14.47 4.11 0.182 378.5
G6 88 17.97 4.25 0.251 370.2
G7 94 20.16 2.89 0.249 270.4
G8 96 17.50 3.95 0.237 377.4
G9 92 21.34 4.11 0.324 377.9
G10 100 20.54 3.99 0.292 399.0
Gl1 96 18.19 4.15 0.274 396.5
G12 84 14.39 3.40 0.038 284.7
G13 92 16.84 3.89 0.248 354.6
G14 100 18.90 3.80 0.244 381.0
Gl15 86 16.09 4.00 0.310 341.6
Gl6 94 19.20 3.82 0.773 3574
G17 92 19.30 3.65 0.105 3322
GI18 100 21.17 3.78 0.323 377.0
G19 94 15.64 3.17 0.132 297.2
G20 92 19.26 3.37 0.360 310.1
G21 100 20.67 4.16 0.222 415.0
G22 96 16.94 3.71 0.291 3552
G23 80 14.54 3.84 0.347 303.4
G24 100 21.46 3.99 0.442 400.0
G25 100 27.21 3.48 0.424 349.0
Osmotic potential (-5 MPa) (UKl =0) (g saml  filyy
Gl 64 12.41 2.26 0.203 142.9
G2 80 10.86 2.92 0.224 2352
G3 82 12.98 3.83 0.315 314.4
G4 90 13.06 3.57 0.304 324.0
G5 50 10.00 3.30 0.207 164.1
G6 72 11.03 3.27 0.265 236.6
G7 98 17.27 2.61 0.273 252.8
G8 64 8.87 3.71 0.172 238.5
G9 72 14.72 2.68 0.238 196.0
G10 74 12.31 3.43 0.234 260.6
Gl1 86 16.69 2.16 0.190 193.3
G12 80 11.91 3.74 0.251 299.9
G13 78 12.90 3.35 0.232 264.8
G14 46 6.46 3.30 0.201 151.8
Gl15 76 12.10 3.30 0.264 259.0
Gl6 90 1291 3.35 0.280 299.5
G17 72 12.94 3.19 0.228 230.2
GI18 86 14.55 2.95 0.225 254.7
G19 50 6.16 2.86 0.178 150.2
G20 74 12.31 2.40 0.246 187.0
G21 76 14.18 3.47 0.281 263.8
G22 70 9.51 3.15 0.260 2174
G23 70 10.62 3.29 0.187 2314
G24 88 17.97 2.25 0.249 208.2
G25 96 20.78 3.07 0.294 294.6
LSD%5 23.444 4.68 0.41 0.145 81.3
LSD%1 31.022 6.19 0.54 0.191 107.6
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Table 7. Correlation coefficients between germination related traits of barley

genotype under laboratory conditions

S8l Aoy Sl s J S dsb arady; O
Germination  Germination rate  Coleoptile length  Radicle weight
Germination rate Sl 0.828™
Length of coleoptile e S J b -0.118 -0.372
Radicle weight wrais; 053 0.640™ 0.487" 0.278
Seed vigor index Shan el 0.710™ 0.390 0.601"" 0.740™

*and **: Significant at the 5% and 1% levels, respectively.

slac s 5 s ;5 (Geravandi et al., 2010)
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Table 8. Combined analysis of variance for grain yield of barley genotypes under

non-stress and stress under field conditions

U5 0 Jal s s wils s Slas
Grain yield under

R P FN S Y
Grain yield under

T s
S.0.V. Qe d.f non-stress conditions stress conditions
Year (Y) Jl 1 34.40%* 32.62%*
Errorl Y ol 4 0.428 0.012
Genotype (G) 55 19 0.897 1.193
Y xG 55 % 19 0.643%* 0.826**
Error2 Y olzal 76 0.043 0.017
C.V. (%) Dok s o Aoy 5.74 5.49

**: Significant at the 1% probability level.
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Table9. Mean grain yield, drought tolerant indices, rank, sum of rank, mean of rank and standard deviation of rank for each indices for

barley genotypes in non-stress and stress under field conditions

<555

Genotype Yp Ys TOL SSI MP GMP STI YI YSI HM RSI SR AR SDR

1 2.778(20)  2.262(12) 0.515(1)  0.557(1)  2.520(20) 2.507(18) 0.478(18) 0.936(12) 0.814(1)  2.494(18) 1.222(1) 122 11.091 8.432

2 3.944(5)  2.115(16) 1.829(19) 1.392(18) 3.029(10) 2.888(12) 0.634(12) 0.875(16) 0.536(18) 2.753(12) 0.805(18) 156 14.182 4.355

3 3.805(7)  2.582(5) 1.223(12)  0.965(10) 3.193(5)  3.134(5)  0.747(5) 1.068(5)  0.679(10)  3.076(5) 1.018(10) 79 7.182 2750

4 4.018(4)  3.082(3)  0.936(6)  0.699(4)  3.550(3)  3.519(3)  0.942(3) 1.2753)  0.767(4)  3.488(3) 1.151(4) 40 3.636  0.924

5 3.566(12) 2.663(4)  0.902(4)  0.760(5)  3.115(6)  3.082(6)  0.722(6) 1.102(4)  0.747(5)  3.049(6) 1.121(5) 63 5727 2240

6 3.565(13)  1.735(19) 1.831(20) 1.542(19) 2.650(17) 2.487(19) 0.470(19) 0.718(19) 0.487(19) 2.334(19) 0.730(19) 202 18364 1.912

7 3.411(16) 2.453(9)  0.958(7)  0.843(8)  2.932(12) 2.892(11) 0.636(11) 1.015(9)  0.719(8)  2.853(10) 1.079(8) 109 9909  2.548

8 3.212(17)  2.227(14) 0.985(8)  0.921(9)  2.720(16) 2.675(16) 0.544(16) 0.921(14) 0.693(9)  2.63(16) 1.040(9) 144 13.091 3.562

9 3.442(15) 1.634(20) 1.807(18) 1.577(20) 2.538(19) 2.372(20) 0.428(20) 0.676(20) 0.475(20) 2.216(20) 0.712(20) 212 19.273 1.555

10 3.579(11)  2.088(17)  1.490(15) 1.251(16) 2.833(14) 2.734(15) 0.568(15) 0.864(17) 0.584(16) 2.637(15) 0.875(16) 167 15.182 1.662

11 4.036(3)  3.165(2)  0.871(3)  0.648(2) 3.601(2) 3.574(2)  0.972(2) 1.310(2)  0.784(2)  3.548(2) 1.177(2) 24 2182  0.405

12 3.190(18) 2.349(11) 0.841(2)  0.792(7)  2.769(15) 2.737(14) 0.570(14) 0.972(11) 0.736(7) ~ 2.705(14) 1.105(7) 120 10.909 4.700

13 3.170(19) 2.080(18) 1.090(10) 1.032(13) 2.625(18) 2.568(17) 0.501(17) 0.861(18) 0.656(13) 2.512(17) 0.985(13) 173 15.727 2.936

14 3.598(10)  2.193(15) 1.405(14) 1.173(15) 2.895(13) 2.809(13) 0.600(13) 0.907(15) 0.610(15) 2.725(13) 0.915(15) 151 13.727 1.555

15 3.885(6)  2.253(13) 1.632(17) 1.262(17) 3.069(8)  2.958(10) 0.666(10) 0.932(13) 0.580(17) 2.852(11) 0.870(17) 139 12.636 3.982

16 4.479(1)  3.466(1) 1.012(9)  0.679(3)  3.972(1)  3.940(1) 1.181(1) 1.434(1)  0.774(3)  3.908(1) 1.161(3) 25 2273 2412

17 3.449(14) 2.546(6)  0.902(4)  0.786(6)  2.997(11) 2.963(9)  0.668(9) 1.053(6)  0.738(6)  2.929(8) 1.108(6) 85 7.727 2867

18 3.628(9)  2.453(9) 1.175(11)  0.973(11) 3.040(9)  2.983(8)  0.677(8) 1.015(9)  0.676(11) 2.927(9) 1.015(11) 105 9.545 1.214

19 3.730(8)  2.465(8) 1.266(13)  1.019(12) 3.098(7)  3.032(7)  0.699(7) 1.020(8)  0.661(12) 2.968(7)  0.992(12) 101 9.182  2.483

20 4.041(2)  2.521(7) 1.520(16)  1.130(14) 3.281(4)  3.192(4)  0.775(4) 1.043(7)  0.624(14) 3.105(4)  0.936(14) 90 8.182 5231
LSD 5%  0.969 1.099
LSD 1%  1.325 1.502

Mean again yield under stress conditions (Ys) 55 b y3 (g3 4l 5 Shee il Mean grain yield under non-stress conditions (Yp) A5 O Jasee 53 (i g3 4l 5 Shes Sl

Tolerance Index (TOL) Jess el Stress Susceptibility Index (SSI) St 4 ol gla et ls

Geometric Mean Productivity (GMP) ots 5L Mean Productivity (MP) 30,8 ke

Harmonic Mean (HM) igoyla :SLe  Stress Tolerance Index (STI) S 4 s asls

Yield Stability Index (YSI) s Slese gyt sesla Yield Index (YT) 3 Sles asls

Sum of Rank (SR) b esls J§ 5 Cig) s 45, pseme  Relative Drought Index (RSI) R GRS T

Standard Devesion of Rank (SDR) b esls S 53 Cigs a5, Jee Sl =il 5 Average of Rank (AR) ey S 55 (585 8 45, p5oke

*Numbers in prantheses represents rank of genotypes. s o O ) b i g5 4, Bl S slel il 5
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Table 10. Correlation coefficients between drought tolerance indices using two-years’ averages

YP YS TOL MP GMP HM SSI STI YI YSI

YS 0.599™

TOL 0321 -0.566"

MP 0.878" 0.909" -0.172

GMP  0.821™ 0.949" -0.277 0.994"

HM 0.764™ 0.973" -0.365 0.979" 0.996"

SSI 0.055 -0.763" 0.960™ -0.428 -0.523" -0.599"

STI 0.820™ 0.946™ -0.276 0.992" 0.997"  0.991" -0.518"

YI 0.598™ 1.000™ -0.567"" 0.909™ 0.948™  0.973" -0.764" 0.946™

YSI  -0.054 0.764™ -0.960" 0.428 0.524"  0.600™ -1.000" 0.518" 0.764™

RSI  -0.055 0.763" -0.960" 0.427 0.523°  0.599" -1.000"" 0.517° 0.764™ 1.000"

oo y3 & gy leiml o )3 Sl gme K 5

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

Mean grain yield under stress conditions (Ys) 25 Lasws 53 <y 6l 3 Ses Kl

Tolerance Index (TOL) Joos e ls
Geometric Mean Productivity (GMP) et 5Kl
Harmonic Mean (HM) Sl o Sole
Yield Stabiliy Index (YSI) 5 Sl 4l asls

Mean grain yield under non-stress conditions (Yp) 25 05 lases )3 wgs 4l 3 Sas - Sbe

Stress Susceptibility Index (SSI) it 4 Gl gla e ls
Mean Productivity (MP) S350 e
Stress Tolerance Index (STI) it 4 Jas asls
Yield Index (YT) 5 S jasls

Relative Drought Index (RSI) i i s
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Fig. 1. Biplot of 20 barley genotypes using eight drought tolerance indices and grain

yield in non-stress and stress under field condihions based on first and second main

components

ey p 93 (Shs RS Ol S Ll 8
5STLGMP MP (sla o Ls 45 sls oL
55 3l s Slae b1y Sowar o 2t HM
sl el Ol e g cpl ol dindls Lyl 2

A sl O glae

Slaarld plul o lacdsis o))

\VA

stds\:oudﬂjhﬁlﬁu

2 LT 53 1253 (g 35 50 S 55
o Ll 5 5l a5 ot La
aS Sls 39 (S)ls gae DslE gy 380
Ol 4o A}C}_ﬁsub Ol ol ol

2 lacss) gl bl e lac s s



gy 5y Sas Jems 2L

S 3! b
7S 2 OS5 oy e 51 0B,
Okl reb wlie (555LS 55015 Dlaios
wlosams (sl as 50 Slisle3T gl ol 5 &S 55
j\&"_:gr_a.u.{@ﬁsbs;d)\_{w
s 30 O Ol LS Syl
Ol 48" L 5 JLg a5 Ol Sl
ot la3T 55 g I e (5| ]
SN Salew 35T @l 3 1) 2w 0T (655 59

S

References

S sl Olis Sis o Cuulas 5 Jass
Sl 5SS $55F 5N O sS85
Obs Sl kil oo (N5 Oy 5 A5l 15 o
35 G50 Al e 43 0dd (¢, S 03I Sl
5 Cte Koon araly) 05 g5 oKy LT
5STLGMP MP (sla s La U (5 5l5_—an
o U5 e o o ol sls 0L HM
Sl S8l o e 53 e ls &S Ol e
St o Jamie glacs 55 05,5 L E

5,8 15 i

Abiri R., Zebarjadi A. R., Ghobadi M., and Kafashi, A. K. 2016. Investigation of

drought tolerance of barley genotypes during germination stage using polyethylene

glycol. Journal of Plant Research (Iranian Journal of Biology) 29 (2): 395-406

(in Persian).

Abou-Elwafa, S. F. 2016. Association mapping for yield and yield-contributing traits in

barley under drought conditions with genome-based SSR markers. Comptes Rendus

Biologies 339 (5):153-162.

Ahmed, I. M., Nadira, U. A., Zang, G., and Wu, F. 2016. Exploration, Identification

and utilization of drought-tolerant barley germplasm. pp. 115-152. In: Zang, G., and

Li, C. (eds.) exploration, identification and utilization of barley germplasm. Zhejiang

University Press Co. Ltd. Published by Elsevier Inc.

Agrawal, R. L. 2003. Seed technology. Oxford and IBH Publishing Co. Pvt. Ltd., New

Delhi., India. 848 pp.

Almansouri, M., Kinet, J. M., and Lutts, S. 2001. Effect of salt and osmotic stresses

on germination in durum wheat (7riticum durum Desf.). Plant and Soil 231: 243-254.

Bouslama, M., and Schapaugh, W. T. 1984. Stress tolerance in soybeans. 1. evaluation

of three screening technique for heat and drought tolerance. Crop Science 24: 933-937.



WA Jle oY o led OFF Al " 5 9 Jlgh dlome”

Cavusoglu, K., and Kabar, K. 2010. Effects of hydrogen peroxide on the germination
and early seedling growth of barley under NaCl and high temperature stresses.
EurAsian Journal of BioSciences 4: 70-79.

Chaghakaboodi, Z., Zebarjadi, A. R., and Kahrizi, D. 2012. Evaluation of drought
tolerance of rapeseed (Brassica napus L.) genotypes in laboratory and field
conditions. Seed and Plant Improvement Journal 28 (1): 17-38 (in Persian).

Daryanto, S., Wang, L., and Jacinthe, P. A. 2016. Global synthesis of drought
effects on maize and wheat production. PLoS ONE 11: e0156362. doi:
10.1371/journal.pone.0156362.

FAO 2016. FAOSTAT database collections. Food and Agriculture Organization of the
United Nations. Available online at: http:/faostat3.fao.org/ (Accessed February 18, 2016).

Farokhi, A., Galeshi, S. A., Zeinali, E., and Abdoulzadeh, A. 2004. Evaluation of
drought tolerance genotypes of soybean (Glycine Max. L Merril) in germination stage.
Journal of Agricultural Sciences and Natural Resource 11 (2): 137-150 (in Persian).

Fernandez, G. C. J. 1992. Effective selection criteria for assessing stress tolerance. pp.
257-270. In: Kuo, C. G. (ed.) proceedings of the international symposium on
adaptation of vegetables and other food crops in temperature and water Stress.
AVRDC Publication, Taiwan.

Fischer, R., and Maurer, R. 1987. Drought resistant in spring wheat cultivars. I: grain
yield response. Australian Journal of Agricultural Research 29: 895-97.

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: 1001-1020.

Geravandi, M., Farshadfar, E., and Kahrizi, D. 2010. Evaluation of drought
tolerance in bread wheat advanced genotypes in field and laboratory conditions. Seed
and Plant Improvement Journal. 26 (2): 233-252 (in Persian).

Golabadi, M., Arzani A., and Mirmohammadi Maibody, S. M. 2006. Assessment of
drought tolerance in segregation population in durum wheat. African Journal of

Agricultural Research 1: 162-171.

A



gy 5y Sas Jems 2L

Jafar, M. Z., Farooq, M. Cheema, M. A., Afzal, 1., Basra, S. M. A., Wahid, M. A.
Aziz, T., and Shahid, M. 2011. Improving the performance of wheat by seed
priming under saline conditions. Journal of Agronomy and Crop Science 14: 1-8.

Lima G. S. D., Gheyi, H. R., Nobre, R. G., Xavier, D. A., and Soares, L. A. D. 2016.
Castor bean production and chemical attributes of soil irrigated with water with
various cationic composition. Revista Caatinga 29 (1): 54-65.

Mesgaran, M., Madani, K., Hashemi, H., and Azadi, P. 2016. Evaluation of land and
precipitation for agriculture in Iran. Working Paper 2, Stanford Iran 2040 Project.
Stanford University, December 2016. 28 pp.

Michel, B. E., and Kaufman, M. R. 1973. The osmotic potential of polyethylene
glycol 6000. Plant Physiology 5: 914-916.

Mrizova, K., Holaskova, E., Oz, M. T., Jiskrova, E., Frebort, 1., and Galuszka, P.
2016. Transgenic barley: a prospective tool for biotechnology and agriculture.
Biotechnology Advances 32: 137-157.

Nazari, L., and H. Pakniyat. 2010. Assessment of drought tolerance in barley
genotypes. Journal of Applied Science 10: 151- 156.

Ozdemir, E., and Sade, B. 2015. Alternative approach for drought tolerance: seed
priming and physiology. pp.: 73-78. In: proceedings of international conference on
chemical, agricultural and biological sciences. Istanbul, Turkey.

Patade, V. Y., Bhargava, S., and Suprasanna, P. 2009. Halopriming imparts
tolerance to salt and PEG induced drought stress in sugarcane. Agriculture,
Ecosystems and Environment 134: 24-28.

Pour-Aboughadareh, A., Yousefian, M., Moradkhani, H., Moghaddam Vahed, M.,
Poczai, P., and Siddique, K. H. M. 2019. iPASTIC: an online toolkit to estimate
plant abiotic stress indices. Applications in Plant Sciences 7 (7): ell278.
doi:10.1002/aps3.11278.

Rosielle, A. A., and Hamblin, J. 1981. Theoretical aspects of selection for yield in
stress and non-stress environments. Crop Science 21: 943-946.

Pan, X. Y., Wang, Y. F., Wang, G. X., Cao, Q. D., and Wang, J. 2002. Relationship

AN



WA Jle oY o led OFF Al " 5 9 Jlgh dlome”

between growth redundancy and size inequality in spring wheat populations mulched
with clear plastic film. Acta Phytoecology Sinica 26: 177-184.

Scott, S. J., Jones, R. A., and Willams, W. A. 1984. Review of data analysis methods
for seed germination. Crop Science 24: 1192-1199.

Shafazade, M., Yazdansepas, A., Amini, A., and Ganadha, M. R. 2005. Evaluation
of drought tolerance in promising winter and facultative wheat genotypes using
stress susceptibility and tolerance indices. Seed and Plant Juarnal 20 (1): 57- 71
(in Persian).

Soltani, A., Galeshi, S., Zeinali, E., and Latifi, N. 2002. Germination, seed reserve
utilization and seedling growth of chickpea as affected by salinity and seed size.
Seed Science and Technology 30: 51— 60.

Soltani, A., Gholipoor, M., and Zeinali, M. E. 2006. Seed reserve utilization and
seedling growth of wheat as affected by drought and salinity. Environmental and
Experimental Botany 55: 195-200.

Tardieu, F. 2012. Any trait or trait-related allele can confer drought tolerance: just
design the right drought scenario. Journal of Experimental Botany 63 (1): 25-31.

Zebarjadi, A. R., TavakoliShadpey, S., Etminan, A. R., and Mohammadi, R. 2013.
Evaluation of drought stress tolerance in durum wheat genotypes using drought

tolerance indices. Seed and Plant Improvement Journal. 29 (1): 1-12. (in Persian ).

\AY



