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Table 1. Pedigree of barley lines evaluated in this experiment

No. Pedigree No. Pedigree

1 Goharan 11 Lignee 527/NK1272//JLB 70-63/3/Y ousef*2
(Saltd)LB Tran/Una $271//Gloria”S"/Come”s"- Cr115/Por//Bc/3/Api/CM67/4/Gizal 20/5/H27

> 11M/3/Kavir/4/Lignee 527/NK1272//JLB 70-63 12 2/Bgs/3/Mzg/Gall... Alanda-

01/6/Sahra/7/(D10)Rhn-03//L.527/NK1272

5 CLN-B/80.5138/GLORIA- 13 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D1
BAR/COPAL/3/ALISO/4/CABUY A/5/Yousef 0%2

,  (D-13)Bgs/Dajia/L.1242/3/(L.B.IRAN/Unag271 4 (DIORAN-03//L.527/NK1272/ /(D-16)Bda/Rhn-
//Gloria’S'/3/Alm/Una80//....)/4/Y ousef 03//ICB-107766

5 (D-16)Bda/Rhn-03//ICB-107766/3/Kavir 15 (D-16)Bda/Rhn-03/ICB-107766/3/Yousef

6  (D-16)Bda/Rhn-03//ICB-107766/3/Nosrat 16 (D-16)Bda/Rhn-03/ICB-107766/3/Nosrat

7 ﬁiﬁ%&ﬁigjﬂ; ;é g;léU/ 3 17 Dz-38-2/3 (D10)Rhn-03//L.527/NK1272

. DI0¥2/5/CLN-B/80.5138/GLORIA- s LIGNEES27/GERBEL/3/BOY-
BAR/COPAL/3/ALISO/4/CABUYA B*2/SURBY/...

9 Lignee 527/NK1272//JLB 70-63/3/Zarjou/4/Yousef 19  CANELA//E.ACACIA/DEFRA

10 Lignee 527/NK1272//JLB 70-63/3/Karoon/4/Rhn03 20  MB-96-10(Ashar/Victoria/CWB117-5-9-

5/3/Lignee 527/NK1272//JLB 70-63)
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Figure 1. Monthly precipitation and average temperature during 2019 - 2021
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Table 2. Physico-chemical characteristics of the experimental field soil
Year Sand (%) Silt (%) Clay (%) Soil texture pH EC (ds.m)
2020 40.5 36 23.5 Loam 7.82 4.27
2021 44.4 31.4 24.2 Loam 8.22 4.15
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TOL= Ypi - Ysi

STI= (Ypi xYsi)/(Yp)?

MP= (Ypi + Ysi)/2
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HARM= (2x(Ypi x Ysi))/(Ypi + Ysi)

YSI=Ysi/ Ypi
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Table 3. Analysis of variance for agronomic traits of barley promising lines under normal and drought stress
conditions during two cropping years (2019-2021)

Mean squares

Source of variation  df Days to heading Days to maturity Grain filling period
2019-20 2020-21 1* year 2M year 1* year 2™ year
Stress 1 9.07™ 12.67™ 1050.2" 48.13™ 1254.5™ 11.41™
Replication/(Stress) 4 5.97 50.67 33.53 27.42 12.13 24.26
Line 19 48.36™ 6.65™ 9.00™ 6.40™ 26.45™ 15.16"
Linex Stress 19 7.85™ 4.66 ™ 3.52m 2.36™ 6.87™ 2.86™
Error 76 2.56 2.85 3.43 4.09 4.15 2.34
CV (%) - 1.76 1.96 1.36 1.63 4.52 4.04
s, " and *: Not-significant and significant at 5% and 1% probability levels, respectively.
Table 3. Continued aalsl =Y Jgam
Mean squares
Source of variation ~ df Plant height 1000 grain weight Grain yield
2019-20 2020-21 1% year 21 year 1% year 20 year
Stress 1 529.20™ 106.41™ 360.53" 63.66™ 217 75.60™
Replication/(Stress) 4 762.79 19.01 4.97 233.92 2.42 13.22
Line 19 160.79" 13271 50.11™ 49.20™ 2.38" 0.96™
Linex Stress 19 18.76™ 31.71™ 6.80° 431™ 0.62™ 0.56™
Error 76 28.64 32.61 3.32 4.83 0.39 0.78
CV (%) - 5.74 8.07 4.57 5.78 8.37 16.96

s, " and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 4. Mean comparison for agronomic traits of barley promising lines under drought stress and normal
condition in two years

Treatment Days to heading Days to maturity Grain filling period (day)
2019-20 2020-21 2019-20 2020-21 2019-20 2020-21
Environment
Normal 90.6* 86.4° 1389 124.5% 48.3¢ 38.1%
Drought stress 91.2* 85.7% 133.0° 123.2* 41.8° 37.5°%
Barley line

1 94.5 87.0% 137.5%® 123.5 ¢ 43.0 °f 36.5 <&

2 92.8 4 86.8° 136.7 +¢ 123.0 % 43.8 4 36.2

3 92.84 86.0 ° 137.3 % 124.5 ¢ 44.5¢¢ 38.55¢

4 93.7 ¢ 86.7 b 137.7* 123.3 ¢ 44.0 %¢ 36.7 <&

5 89.8 & 84.8 b 136.8 *¢ 124.0 ¢ 47.0% 39.2 bed

6 91.7¢# 86.2 ¢ 137.5® 126.0¢ 45.8 < 39.8°

7 90.0 & 87.0® 1342 °¢ 123.2%¢ 44,2 e 36.2 1

8 92.5 bed 86.3 ¢ 136.3 ¢ 123.5 abe 43.8 4 37.24¢

9 90.2 feh 86.5 b 134.5 <t 124.0 ¢ 44.3¢¢ 37.59¢

10 92.2f 84.3°¢ 136.5 ¢ 126.0¢ 44.3 ¢ 41.7%

11 90.3 ¢h 85.5% 136.3 ¢ 124.3 abe 46.0 < 38.8 bed

12 94.8¢ 89.0* 137.0 ¢ 124.7 #be 42.2% 35.7¢

13 92.3 cde 86.3 ¢ 136.2 ¢ 124.0 e 43.8 4 37.7¢¢

14 85.31 84.7%¢ 1342°¢ 123.8 e 48.8 39.2 bed

15 88.7h 85.5% 134.3 123.5 abe 45.7 cde 38.0°f

16 91.0 ¢¢ 85.0%¢ 136.2 ¢ 123.3 abe 452 <* 38.3 b

17 91.8¢# 85.3%¢ 135.5 *¢ 122.7 % 43.74¢ 37.34¢

18 84.37 86.3 % 134.2 ¢ 122.0¢ 49.8° 35.7¢

19 92.3 cde 86.2 b 135.0 °° 1227 % 4271 36.5 <&

20 86.71 85.3 b 1353 *¢ 1250 48.7® 39.7 b

Means followed by similar letter in each column are not significantly different at 5% probability level by Duncan Test.

Table 4. Continued dalsl -F Jgux
Treatment Plant height 1000 grain weight Grain yield
2019-20 2020-21 2019-20 2020-21 2019-20 2020-21
Environment
Normal 91.1* 71.7*% 41.6° 38.7% 8.05% 6.00*
Drought stress 95.3° 69.8 ¢ 38.1° 37.3° 6.86° 4.42%
Barley line
1 93.3 4 65.5 <t 41.4 cde 39.6*° 7.31¢f 5.43®
2 97.0% 76.3 % 40.3 def 39.205¢ 7.60 ¢ 4.82%
3 92.8 *d 74.5% 41,1 e 40.1 % 6.63 % 4.68°
4 98.8 ¢ 71.5 e 40.7 <t 39.0%¢ 8.06 ¢ 5.33®
5 94,7 *4 69.8 *4 44.6 42.2° 8.08 ¢ 4.60°
6 90.8 b4 65.3 <t 36.3 N 34.8¢ 7.51°5¢ 541%
7 84.0¢ 62.5% 3531 313" 7.35¢f 4.92®
8 93.8 *¢ 70.3 e 36.7 M 356" 7.91 % 5.56 %
9 89.2 cde 68.7 > 38.5 feh 36.7 <& 7.31 ¢t 5.18%
10 96.8 ® 76.2 ® 37.4 & 345¢ 7.46 <de 5.19
11 96.5 ®° 71.3 ¢ 43.1% 41.4 e 8.33® 5.35%
12 97.0 71.0 ¢ 39.3 °fe 39.5 % 7.13 9f 4.83 ®
13 95.7 4 74.2 % 35.71 35.4 % 7.28 «f 5.03 ®
14 93.5%d 77.7% 42.0 385 7.95 ad 5.64 ®
15 95.3 *¢ 70.8 ¢ 42,8 39.3 «de 7.66 ¢ 4.98 ®
16 98.3% 77.0* 39.9 df 38.6*° 7.53 b 5.55%
17 96.2 4 74.8 ® 453% 41.8 <t 7.08 <f 5.96 ¢
18 77.3f 62.0 ¢ 36.9 hi 345¢ 6.22¢ 4.85®
19 93.2 >4 69.0 ¢ 40.3 df 40.1 %4 6.13¢ 4.91®
20 89.0 ¢ 66.3 39.6 4¢ 38.1 df 8.54* 5.99*

Means followed by similar letter in each column are not significantly different at 5% probability level by Duncan Test.
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Table 5. Average grain yield of 20 elite barley genotypes and tolerance and susceptibility indices and their ranking
Barley line Yp R Ys R TOL R MP R GMP R HM R SSI R STI R YI R YSI R RDI R SR AR SD

1 669 17 604 5 064 2 637 9 636 9 635 9 049 2 082 9 107 5 09 2 113 2 71 6.45 470
2 690 14 552 12 138 10 621 14 617 13 613 13 101 10 077 13 098 12 080 10 1.00 10 131 1191 1.64
3 654 18 476 20 178 16 565 18 558 18 551 19 138 18 0.63 18 0.84 20 073 18 091 18 201 1827 1.10
4 774 2 565 10 209 18 670 5 661 5 653 5 137 17 089 5 100 10 073 17 091 17 111 10.09 6.12
5 695 13 573 9 122 8 634 10 631 10 628 10 08 8 081 10 102 9 082 & 103 8 103 936 1.50
6 718 10 574 8 144 11 646 8 642 8 638 8 102 11 084 8§ 102 8 080 11 1.00 11 102 927 149
7 731 7 49 19 235 20 613 16 602 16 591 16 163 20 073 16 088 19 068 20 085 20 189 17.18 3.84
8 750 3 596 6 154 14 673 4 669 4 664 4 104 13 091 4 106 6 079 13 099 13 &4 7.64 454
9 734 5 514 17 220 19 624 13 615 14 605 15 152 19 077 14 091 17 070 19 087 19 171 1555 4.18
10 722 9 544 14 178 16 633 11 626 12 620 12 125 16 080 12 096 14 075 16 094 16 148 1345 242
11 732 6 636 2 09 5 68 2 682 2 680 2 067 5 094 2 113 2 087 5 108 5 38 345  1.69
12 675 16 521 16 153 13 598 17 593 17 588 17 115 15 071 17 092 16 077 15 09 15 174 1582 1.25
13 682 15 549 13 133 9 615 15 612 15 608 14 099 9 076 15 097 13 08 9 100 9 136 1236 2.77
14 734 4 624 3 111 7 679 3 677 3 675 3 076 6 093 3 111 3 08 6 106 6 47 427 1.62
15 7.10 11 554 11 157 15 632 12 627 11 622 11 112 14 080 11 098 11 078 14 097 14 135 1227 1.62
16 698 12 610 4 08 3 654 6 652 6 651 6 064 3 086 6 108 4 087 3 109 3 56 509 2.66
17 726 8 577 7 149 12 652 7 647 7 643 7 104 12 08 7 102 7 079 12 099 12 98 891 247
18 578 20 529 15 049 1 553 19 553 19 552 18 043 1 062 19 094 15 092 1 114 1 129  11.73 8.65
19 599 19 505 18 094 4 552 20 550 20 548 20 080 7 061 20 09 18 084 7 105 7 160 1455 6.67
20 778 1 676 1 101 6 7.27 1 725 1 723 1 066 4 107 1 120 1 087 4 108 4 25 227 1.85
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Figure 3. Cluster analysis of 20 studied barley lines
and cultivars
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Figure 4. Correlation coefficients between stress tolerance and sensitivity indices with grain yield under normal and
stress conditions

FAY Gl 5o pols ow, o (Russell, 1966
S S5 g Rl g ) b et VY 5 Y
S LT B) G9anS ) pd ;503 S)le 4 5 Wog
sl 55 (%) o)l s 5l cuslas G5l 6l e
sy b 5 Blasl e CpyieS VA g £ Y Y
(7 Jgo2) axtes jll 0¥ cnl g)enl 5l g Wag Llo |,
e S s (Amini ef al, 2021) o Sen 5 sl
59 @bl ;o ()b pasS lacadgis ails o ,Slae (5 lly
Jyaan Glacais; g oolitul (Sgew S ) 5l ol
cys ool olul 1 1, G12 5 G10 G2 b s
wlolid %) (g 5, b 5l Blil 5 (0) (S
a5 ol olis ol g Jlas o lul slaolel (cw,yp 58,8
58?5 SU oo Lol ,Las 51 VY g A X 8 .Y slacpY
5 SP lao,lel olal 5 VY g VF A & Y GlacnY
aba>de a5 jgbylen og b slacnY olgeas SO
boo,lel Ly 5220 VY g A Y+ slacyY 09 oo
F Jgaz) wad ools Laseis b ST e g s
bl a8 sls ol s g5l s kb slee bl gl
L o VF AT Y Glagny NPO ¢ sl LU L
Slae 2 A g \Y O e & GlayY NPO Lo 4y 4>
e e 29 A g Ve A AY Glacn¥ NP s
LY ool olsea VF g A & Yo sla,Y NP®

(O Jgoz) st gloled

YYo

(65l sloo, Lol
ooy ase ylyl g0y wls o Slee Kl
s> bepy 0 cad ‘;b)ﬂ Sl L;Lbo)Lo—‘ polis
ol el oals wl)l F Jaa o dslllae 550
S F g A AT MY oY s ails o Sles
Pk g LS jo 5 FIYe 5 FIVY FIYA FIAT VIYY
Wi b sloo ol Lolul 5 09 lacpY plo
9 A& AY AY L;Lbuay ‘(WZ) u_ig) U’“""yb;‘ 9 (0'2)
wog Isye3 p lacnY ple b awlie )3 6505 b
Sk S5 W il ly a5 Ll 51 ez
oo, Lol (sl bl o oY (soas ) (il co (wi¥lggST
3 oe ol geose (nl A5 cwl SLSG 5l lyle
L (Vaezi et al., 2018) | Kaa o lacly .Cans U]
Pyl bl o gl s slals, (o
Mo gliolol 457 00,8 (3155 92 Sl 5 Jseamo
b g o Sleey o)l i3S crge So) VlssST
s )l dl)?ul 9 (b) U?”"“f) w).ao )l oolazwl ..\.:5..»(5&
P RS b pleyen bt Vsens %) Gy,
Sl aS g 9bas wigd oo oolanul jlagly slopn¥ ololis
b sl Glyzil  56S slils Bkl asla S



VF.. QL.M..A)/r:)LQ} a)w/wbé}lg_ o)jo/elf)l.é uLL.a;o obiuo al55z.iz.359;.u)‘)—|

52 Uidudsal (Y Ve (6l 6l bL g 6l slao el 5 (LS 58 o) wlo o Slae (il —F Jgor
Table 6. Mean grain yield and parametric and non-parametric stability statistics of the 20 elite barley lines

Genotype GY S S@ NG S© NP® NP® NP® NP® w2 6% s2d; bi CVi 06) 0 KR
1 6.37 7.83 37.58 10.02 1.69 5.50 0.45 0.54 0.70 0.80 0.28 0.04 0.73 18.06 0.24 0.27 23
2 6.21 7.17 32.92 11.29 1.94 4.25 0.45 0.65 0.82 0.77 0.27 0.09 1.15  29.20 0.24 0.26 26
3 5.65 1.50 1.58 1.73 1.27 3.75 3.42 1.88 0.55 0.32 0.10 0.04 098 26.96 0.25 0.18 26
4 6.70 5.67 20.33 421 0.83 5.75 0.48 0.45 0.39 0.77 0.27 0.03 1.29  29.65 024 0.26 18
5 6.34 9.33 57.67 18.21 2.74 8.00 0.68 0.85 0.98 1.56 0.56 0.09 1.36 33.64 023 0.40 29
6 6.46 1.17 0.92 0.23 0.26 2.75 0.07 0.28 0.10 0.05 0.00 0.01 096 2279 025 0.14 11
7 6.13 8.83 47.58 17.30 2.55 6.25 0.83 0.82 1.07 1.16 0.42 0.10 1.26 3238 023 0.33 32
8 6.73 2.00 2.67 0.53 0.27 3.00 0.40 0.22 0.13 0.12 0.03 0.01 1.06 24.10 025 0.15 8
9 6.24 8.83 50.92 16.51 2.11 4.50 0.59 0.70 0.95 1.10 0.39 0.14 1.14 2939 023 0.32 28
10 6.33 3.00 6.00 1.80 0.80 4.25 0.19 0.43 0.30 0.16 0.04 0.01 1.09 2643 025 0.16 17
11 6.84 5.17 20.92 3.98 0.86 6.25 0.34 0.43 0.33 0.76 0.27 0.09 1.15 2641 024 0.26 13
12 5.98 2.67 4.33 2.36 1.09 1.00 0.73 0.20 0.48 0.05 0.00 0.00 1.04  26.65 025 0.14 19
13 6.15 2.17 292 1.00 0.57 1.75 0.21 0.28 0.25 0.01 -0.01 0.00 099 2463 026 0.13 16
14 6.79 2.50 4.25 0.81 0.35 2.50 0.45 0.21 0.16 0.14 0.04 0.02 097 22.09 025 0.15 8
15 6.32 5.67 20.33 5.81 1.14 4.75 0.36 0.51 0.54 0.47 0.16 0.04 1.16 28.55 025 0.21 21
16 6.54 6.00 29.33 7.33 1.33 4.25 0.23 0.46 0.50 0.51 0.17 0.04 0.83 19.97 025 0.22 16
17 6.52 10.00 66.67 16.67 2.33 8.00 0.58 0.67 0.83 1.28 0.46 0.07 0.66 16.63 0.23 0.35 25
18 5.53 2.50 6.25 3.95 1.58 4.25 2.04 1.49 0.53 2.32 0.85 0.14 0.57 18.80 0.21 0.54 39
19 5.52 4.17 14.92 10.53 2.71 7.50 2.20 1.78 0.98 1.25 0.45 0.01 059 1632 023 0.35 37
20 7.27 1.17 0.92 0.14 0.16 3.75 0.47 0.22 0.06 0.24 0.08 0.03 1.02 21.81 025 0.17 8

GY, grain yield; S~ ®, Nassar and Huehn’s and Huehn’s stability statistics; NP, Thennarasu’s stability statistics; W2, Wricke’s ecovalence; 6%, Shukla’s stability variance; b;,
regression coefficient; S?d;, deviation from regression; CV, coefficient of variance; 0, GE variance component; 6;, mean variance component; KR, Kang’s sum of ranks; SD, standard
deviation.
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Figure 5. Correlation coefficients between grain yield with parametric and non-parametric stability statistics in 20
studied barley lines
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Abstract

To overcome the increasing requirement of agricultural production in the future climate scenarios,
the most effective and economic approach is to breed cultivars with high drought tolerance. To select
drought tolerant lines in barley, 19 promising barley lines along with a check variety, Goharan, were
evaluated under two environmental conditions, normal and terminal drought stress. The experiment
was conducted in a randomized complete block design with three replications at the South Khorasan
Agricultural and Natural Resources Research and Education Centre, during two cropping years, 2019-
2021. Comparison of the environmental means showed that days to maturity, grain filling period,
1000-grain weight and grain yield of the studied lines in the first year were significantly reduced by
drought stress. The results of the drought sensitivity and tolerane indices indicated that YI, HM, STI
and GMP indices can be used to select barley cultivars and lines in the areas that are exposed to
terminal drought stress, but in other areas, MP, STI, GMP and HM indices are suggested. Based on
this result, lines number 20, 11 and 14 were respectively determined as the most tolerant lines to
terminal drought stress in this experiment. Evaluation of stability indices and estimation of their
correlation with grain yield of the studied lines also showed that grain yield had a positive and
significant correlation with the variance of genotype and environment interaction () and regression
coefficient (b) and a negative and significant correlation with the Kang (KR) and Thennarasu (NP*?)
statistics. In total, the results of most stability statistics investigated in this experiment showed that
lines number 20, 14 and 8 were high-yielding and stable lines for cultivation under both normal and
terminal drought stress conditions.
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