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Cultivar  No. KC No. KC No. KC No. KC No. KC No.
Nosrat 51 20079 41 19262 31 18723 21 18514 11 70233 1
Yusef 52 20123 42 19360 32 18725 22 18515 12 70343 2

Nimrooz 53 20134 43 19503 33 18739 23 18517 13 70344 3

Goharan 54 20136 44 19588 34 18743 24 18555 14 18040 4
Mehr 55 20137 45 19589 35 18746 25 20019 15 18042 5

Khatam 56 20142 46 19593 36 18759 26 20037 16 18074 6

20143 47 19610 37 18910 27 20367 17 18396 7
20155 48 19613 38 18913 28 20418 18 18410 8
20160 49 19717 39 19013 29 20966 19 18414 9
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KC: The identification code of accesions in the National Plant Gene Bank of Iran
Table 1- Barley genotypes and 6 cultivars evaluated in the experiment
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Figure 1-Changes in temperature and precipitation in different months of the 2019-2020, 2020-2021 cropping
seasons in Yazd (a) and Zehak. (b)
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Table 2. Combined analysis of variance for traits in barley genotypes in two cropping seasons and drought stress
and normal conditions in Yazd station



Mean Square

S.0.V! DF Daysto Daysto Plant hight 1000 Grain Grain yield
flowering maturity weight

Year 1 1295.3 1 328.7m 2089.7 1 2111 7783.9
Drought 1 2476 1281.5 505.7m 4,78 1311370.2
Year*Drought 1 722.9 #* 1880.0%* 6138.3%* 0.17 s 115125.5%*
Rep (Year*Drought) 8 5.79 6.35 47.25 0.06 1033.6
Genotype 55 489.2%* 192.7%* 484.32 ** 1.30™ 17843.1%*
Genotype™*Y ear 55 14.26 ™ 1111 85.23m 0.10 37714
Genotype*Drought 55 40.82 ** 22.76™ 105.39 0.12 7 4064.7™
Year*Drought*Genotype 55 15.86 ** 14.67 ** 82.01 ** 0.13 ** 4371.1 **
Error 440 2.132 2.500 16.615 0.03 524.765

**and * significant at P<0.01 and P<0.05
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Table 3. The triple interaction effect of year, stress, and genotype on the characteristics of the crop genotypes
under normal conditions and drought stress at the Yazd Research Station in 2019-20 and 2020-21.
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Plant height(cm) Kernel weight(g) Grain yield (gm?)
2019-20 2020-21 2019-20 2020-21 2019-20 2020-21
Genotype  Normal  Stress Normal  Stress Normal  Stress Normal  Stress Normal  Stress Normal  Stress
1 86.7 80 68.4 72.5 3.8 3.7 4.1 42 342 169 341 112
2 92.1 88 76.3 68.1 3.3 32 4.1 3.8 141 84.5 296 131
3 85.1 76 68.8 72.4 39 32 4.1 3.8 216 50.2 268 150
4 83.7 72 74.8 743 3.6 34 45 42 302 106 231 128
5 85.9 73 71.1 73.4 4.2 3.7 43 3.9 231 84.3 249 195
6 90.9 76 74.5 79.2 3.8 3.2 42 3.7 374 72 186 147
7 82.1 70 72.1 76.1 3.9 3.5 4.1 3.9 267 62 226 117
8 91.7 82 69.4 78.1 34 33 3.6 33 470 187 251 139
9 83.1 80 72.7 87.2 34 3.2 3.6 33 251 69 254 198
10 82 67 63.7 80.1 3.7 3.9 44 4.1 167 161 325 150
11 83.9 78 68.2 74.7 3.9 3.8 4.5 4 278 172 238 186
12 78.6 65 76.8 78.2 3.8 3.6 42 42 273 60.8 291 150
13 83.5 67 74.7 82.4 3.7 3.6 42 3.8 270 79.5 209 191
14 74.6 74 69.2 72.8 3.9 4.1 4.6 43 189 132 212 175
15 82 74 65.4 75.7 3.9 3.8 3.9 4 175 84 166 126
16 85.3 94 84.3 81.7 3.9 33 4.1 4.1 318 187 297 228
17 88.7 81 74.6 85.8 3.5 3.6 3.9 3.7 353 148 352 256
18 91.3 73 71.5 80.8 4 3.8 42 4.1 214 103 293 132
19 87.6 83 92.9 101 3.1 29 33 3.7 283 104 306 222
20 80.8 76 71.6 81.7 3.8 3.6 3.8 4.1 315 160 248 173
21 89.8 87 71.9 87.1 42 3.5 42 42 288 186 229 236
22 83 84 75.4 80.8 4.1 3.9 4.1 42 324 193 337 130
23 93.6 84 87.5 92.9 3.5 3.1 3.8 34 445 169 380 177
24 86.3 83 82.6 93.9 3.6 3.5 3.8 39 325 174 358 211
25 96.7 84 82.5 88.4 34 3.3 3.6 34 281 209 365 278
26 87.6 77 79.9 82.7 3.8 3.7 4.1 4 259 93.2 332 188
27 92.9 90 99.7 99.6 43 3.8 43 4 415 206 421 208
28 91.3 87 81.8 86.6 3.6 3.7 4.1 43 440 326 321 230
29 98.1 80 79.8 95.1 3 3.7 42 4 352 144 387 225
30 85.9 87 86.1 85.9 4 4 4.7 42 296 201 255 208
31 93.5 99 89.8 83.4 3.1 3.2 43 42 348 194 419 204
32 913 78 80.8 81.2 34 3.6 3.9 3.8 335 210 345 230
33 88.9 90 81.8 84.6 4.4 43 4.7 4.6 450 252 299 231
34 90.9 78 83.9 90.9 4.1 3.8 4.5 4.6 435 178 283 231
35 98.9 72 81.4 83.7 4.1 4 43 43 630 109 329 181
36 88.7 92 87.6 80.9 4.1 4 43 44 422 194 374 192
37 913 82 87.5 91.9 3.4 4 4.5 4.1 302 198 299 147




38 96.6 95 87.3 95.9 4.2 4.2 4.6 4.5 455 260 300 236
39 958 84 731 80.3 3.3 3.8 3.9 3.7 207 221 303 146
40 888 78 737 76.1 3.8 33 3.9 3.8 446 170 200 152
41 923 76 814 T34 3.9 32 37 37 466 124 189 153
42 94.9 74 74.3 78.9 3.6 2.6 34 2.9 359 113 215 84.5
43 89 97 81.2 85.7 4.1 3.5 4.2 4.2 413 239 282 231
44 87.6 96 82.5 90.6 3.5 3 3.6 3.7 299 146 299 216
45 92.9 91 92.5 90.4 4 3.5 4.1 4.2 341 200 323 215
46 93.2 93 90.4 84.6 4 3.6 4.2 43 360 202 309 191
47 91.5 85 80.9 89.1 3.1 33 34 33 512 174 305 204
48 83.1 91 83.7 83.9 3.1 27 33 34 407 155 357 221
49 843 82 851 95.9 3.3 3.1 3.5 3.7 389 199 334 203
50 107 93 106 104 43 43 47 44 541 351 602 276
Nosrat 964 82 954 983 41 3.6 41 3.7 638 355 420 484
Yusef 969 100 769  93.1 3.9 3.7 43 43 516 259 233 333
Nimrooz 913 80 744 889 44 42 46 43 473 286 363 324
Goharan 99.1 84 94.2 88.2 4.1 3.8 4.6 43 485 199 308 245
Mehr 96.5 73 74.6 79.7 3.6 32 32 3.6 479 140 326 253
Khatam 88.2 65 78.4 77.4 3.9 3.5 3.7 3.8 538 103 374 232
LSD 23 0.1 13.4

400 o)led gy Jloy lulyd jo a8 sls Glas pgs 5 Jol Jlo jo alids slacaso) o 655 el f8do (Sl (o2
O Lyl o g aleT aall o8l o g iy ple Sl ity (g)losime jab d yieriloV 0 1Y (iSibo b s
Vo g eIl 00 s 50 ped Jlo )0 9 hw g 03, 55 fenBle Ve g el il G VL ol JLo o (S22
9o pdy g O IV TV o)led slacessiy )0 Jlos Laulyd po alsylie ()59 o jo (oSl (0 YL 05 ovalis jieiile
il 1) 5 Sbee YL 00 g Y'Y o led Codgl (St i Lal 1 p0 g ol cdwline
5 g il 1) (5 SKlheo cp YL Syal 08, 5 O (YO o)leds slacaigidle,y Ll b e dls o Slae cio Jol Jlo o
Jbo 3 asls lacaisiy plo dr o SVL alo o Shoe (0lee &y 03, 5 00 YA o)l slacusss) il (i Ll
6ol 0ol L) el (VL miye e 50 )8 P10V eSile b B0 o)led gy Jlog Lulpdys ails o Sles cho pg0
b dr Cand YL Al 5 Shes myeite )5 0,5 FAY (180l b &jpai o, A5 Lalyd o (g ol plaisl g5
(Y Jgaz)cisls s
laosls (pSlaaiulul  ghol laadlye 4 a5 (V Jgo2) (bl 4525 Jguar 5o Jlo Sl ol Jlogne 4 az g b
plil Al8las jobb a4y 05 oSyl 0 VWWAANFe e el )5 Jlo g0 0 Jboy g (S s Sialesl sl 5l soel w0 @
Jol Jbe 3 cslond &LIV-b g Y-a JS& slajlogas ;o (el)y Jlo 99 cnl sln pgo 5 Jol 4dlge 99 sl b g w2
9o a8 ols i el); 92 lacadsis,s ol oyee Slan o Lol slaadlge 45z (VYAAIYAR ely5 Jlo) Giolej]
VE oS Jol adlge 50 (V-aJSd) wo)S auzrgi |) (o y 2 9590 Slbo 10 39290 (il JS 51,0 7R ggame )0 Jol adlge
b (Sas a5 bld 5o (Soiglam o Slas g ails o Slos iy lis )] Dlao g ools olaisl ogs 4]y uilylg 5las o
Wy uillg 5l ds oV a5 pgo addse ;o .08, slool |y il s yiiin stie Cadle b (550908 Dlae g Cude Cadle

e ol 5o Fp slacessis g Jloy lulid )0 (Siglen o Sles Cdo 4 g pe i)l (n i ol olazsl g



YA (wg) OF (& pai) B) B+ o)leds slacuisl Jold (( So5glam o Shae g ails o Shoe oy (o035 50 jloged Jgl o)
239750 ol S 51,0 Y ggemme ;o Jol adlge 50 OVARN T el )5 JLo) po Lo ;o axdlise Gy peed) OY 5
Slao wgodls plaizlogs aly bl 5las 10 FY a5 Jol addge ;0 (Y-bUSE) Wis S amgi |y cw y 0 9,90 Olao
e Cade b Jloyi g i bl 0 (Sojalend wla o g Cate Cdle b (So5edsm o Shoe g ails o Shoe iy glas)|
@ bgre ul)ly rtdm ol (pla Sl g3 4l bl 5l 0T e aS pgs adlge 0008 sl 1) (wibly G i
500 ojlad glaceisy Slalesl Jlo 90 58 50 g ate Cudle b ails Jlie (55 5 Cute Cudle b (Sojslsm o Shas Cdo
9 4ls 0 Shoe (n i 9 W8S 13 (Sofelen 3, Nhes g ails o Shee slals (o055 50 sloges sl gy ) (&—ai) B)

ISR S5l em o, Sles

55 F T T T T T_]

(1]
is | 40 35 sor
ST BY §
. 419 PHGy 7
42 . DMS s : 4
| *4 6|:| 3 o 2BYS
DF ]
Component 2-125%) TS, 34p32 33 B8y
[ s I0F 3

54 F T T T T ]

1V
- 51 [
SI:| 5
3.1 " 23 BYpysg -
) : 50
[ m\%s oo 47 127°2 dyg ) GV
L1 9 89 30’ 272 pys 4

b)

Component 1 (42%)



s @NTAANYAR el 5 Jlw o (ol 52 Glaaisy 5o b)) 9y Sline (:Sle sl (ol adlge 93 ML Jloges ¥ S
25 G 59, DF s 100l U 59, :DS gy gl )| PH « S5g)am 5,8kas :BY ailos Shoe :GY) 0 oK) ,0 (b) VF- -1 YA
Figure 2 .Bi-plot of first two principal components for characters in cultivated barley genotypes in cropping
seasons2019-20 (a) and 2020-21 (b) in yazd station. (GY: grain yield, BY: biological yield, PH: plant height, DS: days
to spike emergence, DF: days to flowering, DM: days to maturity, KW: kernel weight, S: stands for stress condition.)
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Table 4. Combined analysis.of variance for traits in barley genotypes in two cropping seasons and drought stress
and normal conditions in Zehak station

Mean Square

S.0.V DF ﬂ]())‘;‘vy:rfl‘:g nll)a‘gfrft"y Plant hight lovge?grlfti“ Grain yield
Year 1 7681.5"m 338.5m™ 65291.7m 1.49%* 10136.8 ™
Drought 1 3584.3" 8881.3™ 45479.3 ™ 156.8%* 1757263.4 ™
Year*Drought 1 1597.1 ** 478.4%* 7472.6 ** 0.06™ 75189.7%*
Rep(Year *Drought) 8 4.22 0.426 12.33 0.08 583.1
Genotype 55 154.2%%* 10.33 ™ 49.75™ 0.21"s 7968.9%**
Genotype*Year 55 17.8 8.88 ™ 42.88™ 0.10* 5414.5%*
Genotype*Drought 55 75.05 ** 13.33m 88.08 0.24 ** 2204.5ms
Year*Drought*Genotype 55 25.7 ** 8.26 ** 61.42 ** 0.06 ** 2773.7 **
Error 440 3.390 4.094 12.001 0.031 217.214
**and * significant at P<0.01 and P<0.05 10 97 Jlexl mhaw 13 Jls (me cud 5 dy c o g
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Table 5. The triple interaction effect of year, stress, and genotype on the characteristics of the crop genotypes
under normal conditions and drought stress at the Zehak Research Station in 2019-20 and 2020-21.

Plant height(cm) Kernel weight(g) Grain yield (gm?)
2019-20 2020-21 2019-20 2020-21 2019-20 2020-21
Genotype  Normal  Stress Normal Stress Normal Stress Normal  Stress Normal Stress Normal Stress
1 743 63.1 99.7 81.3 3.5 2.8 38 3 185 133.5 200.2 423
2 74.7 55.2 101.3 79.8 3.9 3.1 39 2.9 80 85 229.2 33.8
3 73.5 64.8 92.6 81.2 3.6 2.9 38 3 142 127.3 240.2 30.7
4 72.9 66.1 99.5 78.1 43 3.6 39 3 237.5 208.8 180.7 67.5
5 74.4 55.8 93.7 78.9 42 35 4.1 33 182 121.8 241.3 62.2
6 74.8 62.8 103.4 76.8 42 3.4 4 2.6 91.8 140.5 167.2 40
7 67.1 56 100.5 75.9 4 2.6 4.2 2.6 145.8 145.8 140 36.5
8 74.7 63.9 98.9 80.9 43 3.6 3.8 2.9 192.5 177.7 228.3 91.3
9 78.1 72.3 98.6 81.9 44 33 3.7 33 211.3 66 202.5 73.7
10 67.9 57.5 104.4 83.8 3.6 2.9 39 35 242 132.5 281.8 45.7
11 69.4 66 102.1 77.5 4.5 3.4 3.6 32 226.5 166.3 257 61
12 69.5 62.4 99.7 59.5 4.2 3.1 39 2.7 211.2 225 228.8 447
13 70.2 60.3 103.7 75.2 4.1 32 39 2.7 146.2 159 263.3 55.3
14 70.1 59.6 111.8 70.1 3.7 2.7 3.7 2.6 178.2 218 207 90
15 72.5 59.2 97.9 78.2 4.1 3 4 2.6 246.5 122.5 228.8 62.5
16 74.7 63.6 100.9 76.2 3.9 3 38 3 264.3 107.5 206.2 151.8
17 80.2 70.1 100.2 81.3 42 3.6 4 2.9 209.3 1323 231.2 65.8
18 71.1 67.2 94.6 81.2 4.6 32 38 2.9 184.7 138.8 316.2 59.2
19 72.7 585 101.5 88.1 4.2 3 3.8 2.8 287.5 108.8 259.8 51.5
20 68.5 64.7 106.8 83.5 3.9 2.9 39 2.7 162.5 94.2 224 114
21 78.4 584 101.8 71.6 43 3.6 3.7 2.8 2142 204.5 231.2 82.2
22 74.6 66.6 96.2 80.2 4 2.9 4 2.9 288.3 107.8 333.8 54.8
23 752 68.1 102.9 81.6 4.1 32 3.7 2.9 211.7 175.2 356.3 111.8
24 95.1 70.3 79.3 78 43 33 3.8 2.7 188.3 143.7 332.5 81.7
25 71.7 68.6 93.3 80.8 3.8 2.9 4.2 33 224.2 157.7 338.2 67.3
26 74.4 65.8 103.8 74 3.7 2.8 3.7 2.8 230.7 179.5 298 83.8
27 74.4 66.7 98.4 82.2 4 2.7 39 2.7 287.3 172.7 327.5 43
28 74.8 61.1 105.9 82.3 43 35 3.7 2.9 248.8 184.8 278.7 87.3
29 72 62.8 95.5 79.2 43 3.1 38 2.8 400.7 137.3 291.3 46
30 74.2 713 102.1 77.8 4 3 4 3.1 500 191.7 389 90.8
31 73 66 104.2 80.9 4 3 3.8 2.6 223.5 129.5 275.8 106.2
32 73.8 64.9 102.5 80.7 4 2.9 3.8 2.7 343.7 248.3 307.3 72.2
33 74.5 67.7 98.5 75.2 3.9 2.9 4.1 2.9 376.3 250.3 361.5 64.5
34 75.9 64.9 108.2 75.3 4 2.6 4.2 2.7 350.3 220.8 385.3 86.7
35 72.6 63.3 100.4 74.2 4 2.9 39 3 311.7 268.8 389.3 40.8
36 743 60.2 101 74.4 4 3 39 2.8 338.5 105 264.2 78.8
37 72 61.8 1044 82.3 3.5 2.9 3.8 2.9 3432 111.7 292 81.8
38 77 68.8 98.9 74 3.6 2.6 39 3 293.2 1213 367.5 73.5



39 74.3 67.6 100.9 70.5 39 29 3.7 2.6 152.5 125.8 2793 113.7

40 80.3 68.6 100.5 81.9 3.6 2.8 3.7 3 96 64.3 196.3 32
41 73.2 66.9 98.2 80.3 3.9 29 39 3 151.3 79.2 176.7 31.7
42 74.5 61.3 103.6 77.2 3.9 3 39 29 68 58.7 131.5 79.2
43 73.1 64.9 101 73.2 4 29 39 3 2373 98.2 267.3 70.8
44 72.9 66.9 103 83.9 3.9 29 43 3.1 191.7 96.7 295.2 136.7
45 74.5 65.8 94.6 75.4 3.7 29 39 3 229 105 298.3 96.5
46 74.6 66.3 110.2 71 3.8 2.8 3.7 2.8 173.2 110.8  261.8 713
47 74 64.8 99.9 69.2 3.7 2.7 38 32 302.7 197 416 66.2
48 72.2 583 103.4 74 4 2.8 39 2.8 118 74.3 200.8 168.7
49 70.1 60.3 97.7 77.3 3.8 2.7 39 3 1453 120 180.5 82.8
50 78.6 64.4 99.4 74.3 3.5 3.1 39 3 250.8  200.5 295 67.2
Nosrat 79.7 67.2 100.2 71.3 4 3 4 33 428.8 1048 3583 109.5
Yusef 70 59.5 97.4 74.7 3.5 2.8 3.8 2.8 276 101.2  390.2 110.8
Nimrooz 75.8 70.2 106 77.9 3.5 29 3.8 2.8 293.2 192.3 264.7 77
Goharan 75.3 71.8 97.9 71.5 3.9 3 3.7 2.9 213.8 161.3 271.5 119.7
Mehr 733 63.6 99.3 71 3.7 29 4 2.8 249.7 219 424.8 533
Khatam 68.2 66.8 104.9 77.3 3.7 2.8 39 2.6 233.7 191.5 276.8 65.8
LSD 2 0.101 113
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Figure 3. Bi-plot of first two principal components for characters in cultivated barley genotypes in cropping
seasons2019-20 (a) and 2020-21 (b) in Zehak station. (GY: grain yield, BY: biological yield, PH: plant height,
DS: days to spike emergence, DF: days to flowering, DM: days to maturity, KW: kernel weight, S: stands for
stress condition.)
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Figure 4. AMMII1 biplot based on mean seed yield and PC1(a), and AMMI2 based on the first two PCs(b) in
barley genotypes,in two conditions of drough stress and normal, and two research stations of yazd and

Sistan(Zehak) provinces in two years.
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Investigating the reaction of barley germplasm from the desert climate to late season drought stress

abstract

This research was.carried out with the aim of evaluating the genetic resources of barley germplasm of the National
Plant Gene Bank of Iran under drought stress conditions and identifying tolerant genotypes. Therefore, 50
genotypes of the barley collection from the hot and dry climate of Iran were evaluated under drought stress
conditions. Genotypes were evaluated in two consecutive crop years along with 6 commercial varieties of barley
including Nimroz, Yusof, Goharan, Mehr and Khatam. The statistical design used was complete randomized block
with three replications in two conditions of normal irrigation and drought stress in Yazd research station and
Zehak research station in Sistan province. In drought stress conditions, irrigation was stopped after stem
elongation in 50% of the genotypes. Based on the results of compound analysis of traits, the triple interaction
effect of genotype in drought stress in year was significant for all traits. Components analysis under normal and
drought stress conditions in Yazd in both years had almost similar results and showed that based on mean yield

genotype number 50 and Nosrat cultivar were superior to other genotypes. Components analysis at the Zehak
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station in two crop years shows the different response of genotypes in different years. It seems that the different
results in the second year compared to the first year are due to the higher intensity of stress in this year. In this

situation, the stability of genotypes is very important, based on AMMI stability statistics, genotypes number 27,

23 and 34 were identified as more stable genotypes in this experiment.
Keywords:

Hot and dry climate, tolerance, drought stress, barley, genetic resources.

VY



