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Extended Abstract

Introduction and Objective: Due to the droughts of the last few years, the low need of barley
crop to water and rich soil, the need of the country in the supply of Community Food and the
importance of barley in the food industry, therefore, it is necessary to introduce high-yielding and
drought-resistant genotypes.

Material and Methods: The research was conducted at the Ilam Agricultural Research Station
in 2020-2021. Identification of tolerant and sensitive genotypes was based on grain yield and
drought tolerance indices. Accordingly, 16 barley genotypes were implemented in the form of
random complete blocks with four repetitions in two conditions: dim and supplementary
irrigation. After harvesting, grain yield was measured and stress tolerance indices were calculated.
Results: The results of correlation between drought tolerance indices and grain yield in rainfed
and irrigated conditions showed that tolerance index (STI), mean productivity (MP), harmonic
mean (HM) and geometric mean productivity (GMP) were positively correlated, and had
significance with grain yield traits in both environmental conditions. So, they were suitable
indicators for selecting high yielding genotypes in both rainfed and irrigated environments. Based
on SIIG index, genotypes 11 and 9 show the highest values, while genotypes 3 and 4 had the
lowest values. Also, factor analysis based on principle component analysis showed that the first
two factors explain 98.5% ((the first factor 68.7% and the second factor 29.8%) of the total
diversity.

Conclusion: Based on the obtained results, genotypes No. 9 and 11 have the highest resistance
to drought stress and yield, which are suitable for cultivation in areas under moisture stress, and
genotypes No. 3 and 13 are suitable for planting in areas without moisture stress.

Keywords: Barley, Cluster analysis, Drought tolerance indices, Principal component analysis,
Selection index of ideal genotype (SIIG)
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1- Yield Stability Index

2- Selection Index of Ideal Genotype
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Table 1. Pedigree of studied promising Barley lines

(pedigree) o>

(number) o,lo.s

Khorram as check 1

Behdan as check 2

VMorales/6/M104/7/GLORIA-BAR/COPAL CB06M00193T-C-9M-0AP-0AP-0AP 3

BREA/DL70//3*TOCTE/3/TOCTE CBSS07Y00696S-0AP-0AP 4

SCARLETT//ND16680/ND13111 CBSS05M00256S-2M-0Y-0M-0AP-0TR 5

VMORALESP.STO/3/LBIRAN/UNAB80//LIGNEE640/4/BLLU/S/PETUNIA1 CBSS97M00850T-G-2M-1Y-2M-0Y 6

6B95.2482/PUILOTOA CBSS06Y00079S-29Y-0M-0AP-0TR 7

WI2291/4/7028/2759/3/69-82//Ds/Apro ICB86-0512-1AP-0TR-4AP-0TR-0AP 8

ArabiAbiad/Arar//H.spont.415/Tadmor/3/ArabiAbiad/Arar//H.spont.41-5/Tadmor 1CB05-0498-5AP-0AP 9

Rihane03/3/As46/Aths*2//Aths/Lignee686/7/Arbayan/NK1272/6/C101021/4/CM67/U.Sask.1800//Pro/CM67/3/DL70/5/Nacha2 10

ICB05-0421-0AP-6AP-0AP

AwBlack/Aths//Arar/3/9Cr27907/Roho/6/Alanda01/5/C101021/4/CM67/U.Sask.1800//Pro/CM67/3/DL70 ICB95-0204-0AP- 11
16AP-0AP-4AP-0AP-9AP-0AP

LBIRAN/UNABSO//LIGNEE640/6/Vmorales 12

LA MOLINA96/6/ Vmorales CBSS05Y00158S- 25Y-0M-0Y-0M-4AP 13

FORRAJERAKLEIN/CANTUA/4/EGYPT4/TERANT78//P.STO/3/QUINA CBSW01WMO00107T-0TOPY-6Y-1M-2Y-1M-0Y 14

VMORALESP.STO/3/LBIRAN/UNAS8O//LIGNEE640/4/BLLU/S/PETUNIA_1 CBSS97M00850T-G-2M- 15

Rum/4/AwBIlack/aths//rhn08/3/malouh 1CB08-0124- OAP - OG-OG-0G- 5G 16

Table 2. drought tolerance indices
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Reference P

Ui 4 Comlus a3 L (Stress Susceptibility Index) SSI = 1-(YS/YP)/SI

DS A (Selection Intensity) SI = 1-(Y S/Y P)
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(Fernandez, 1992)
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In all the above equations, Ys, Yp, Ys and Yp are respectively the average yield of each genotype in rainfed conditions and supplementary irrigation and the yield

in rainy conditions and supplementary irrigation for all genotypes
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Table 3. Analysis of variance for seed yield of Barley genotypes under rainfed (Ys) and suplementry irrigation (Yp)
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&
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*and **: Significant at the 4% and \% probability levels, respectively
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Stress Susceptibility Index: SSI,Tolerance Index: TOL, Mean Productivity: MP, Stress Tolerance Index: STI, Geometric Mean Productivity: GMP, Yield Index: Y1,

Yield Stability Index: YSI, Reduction Percent: RP, Harmonic Mean: HM.
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Table 4. Tolerance and susceptibility indices for grain yield in Barley genotypes

RP Yl YSI HM STI TOL SSI GMP MP Yp YS Genotype iy
24.489+1.62 1.019+0.05 0.76%+0.03 3370.61%+42.4 0.65+0.04 959°+68.8 0.89+0.04 3403.89°9+370.9 3437.5¢+51.9 3916.75¢19+131.8 2958+170.5 Gl
27.159+0.38 0.93%1+0.01 0.73%+0.03 3133.27%+155.2 0.57¢+0.01 1009°49.3 0k+0 3172.64%9+154.2 3212.5¢+88.4 37179+163.6 2708%9£179 G2
61.31°+4.64 0.64"+0.05 0.391+0.01 2673.6'+61.9 0.59+0.01 2938°+79.8 2:40.09 2980.67"+105.1 3230°+134.3 4792%+133.7 1853.75"+95.1 G3
52.96°+1.55 0.73%+0.07 0.47'+0.02 2879.4e+143.5 0.5419+0.01 2383"+180.2 1.72°+0.04 3086.59"+171.4 3308.75°+92 4500.25"+136.6 2117.25"+43.7 G4

23.9%1.1 19+0.01 0.76%+0.03 3312.85%+132.4 0.63%+0.02 916°+31.5 0.789+0.09 3343.78°7+102.9 3375d°+127 383319+146.7 2917%+139.7 G5
25.619+1.62 0.87¢+0.01 0.74°0.01 2915.26°+62.8 0.499+0.02 875¢19+10.4 0.839£0.05 2974.2"+94.3 2979.59+126.7 3416.75"+139.1 254219+113.6 G6
23.689+1.77 0.839+0.04 0.76%+0.01 2741.63'+74 0.43'+0.03 7509"+23.6 0.779+0.02 2766.7'+57.6 2792.25%+122.2 3167'+68 24179+60.3 G7
31.521+2.16 0.9%+0.05 0.68¢+0.03 3116.2%+172.3 0.57¢+0.04 12089+28.1 1.03+0.02 3172.1f9"+179.3 3228.75¢+112.5 3833M9+118 2625.25%9+76.4 G8
17.14"+0.72 1.332£0.16 0.83%+0.04 4252.332+£202.8 1.03%+0.03 8041"+12.8 0.56"+0.02 4271.12°+96.5 4290%+270.1 4692.25%+246.9 3888°+351 G9
19.46"+1.48 1.3%+0,07 0.81°+0.06 4200.64°£323.7 1.012+0.05 916¢+50.5 0.63"+0.03 4225.25%+353.1 4249.75°+131.3 4708%+283.8 3792.25%+172.6 G10
11.81+0.75 1.39°+0.01 0.88?+0.03 4295.53°+188.4 1.042+0.03 541'+15.7 0.38/+0.01 4304.1%+112.9 4312.75°£161.5 4583.25%+157.9 4042°4231.1 G11
15.831+0.62 1.21%2+0.03 0.840+0.03 3846.38°+172.9 0.84°+0.03 666"+49.2 0.52'+0.02 3860.67°9+106.3 3875.25"+169.6 4208%+216.7 3542%+68.5 G12
47.04°+1.53 0.89%+0.03 0.53"+0.02 3404.83%+187.3 0.72°+0.03 2313°+108.1 1.53°40.07 3578.25%%+174.4 3760.5%+181.6 4916.75+160.2 2604%19+109.7 G13
39.9%+1.35 0.85¢+0.06 0.69+0.03 3096.87%+190.2 0.58°+0.01 1646°+97.2 1.3%+0.06 3197.79%M+137.3 3302¢+102 4125%1+124.7 24799+136.6 G14
25.879+1.07 1.15%+0.03 0.74%+0.04 3867.22°+88.5 0.86°+0.04 11759%+75.9 0.849+0.04 3910.62"°+260.9 3954.25P+146.5 4542%¢+155 5 3366.75+109 G15
35.86°+0.77 0.97%+0.03 0.6479+0.01 3451.96+120.4 0.71°¢0.01 1584°+86 1.17°40.06 3537.42%1+188.8 3624.75%9+225.8 4416.75>9£324.7 2833%1+18.1 G16

0,85 (5 gime BT ob b Sl yg0il blod 1 st S e B S Jolus gl> &7 ol g
Columns that have at least one letter in common are not significantly different in terms of Duncan's test
HM. 1S90yl :Kke RP 2 jialS 3o )3 YSI i Slos (6)luly (adls Yo Sles 42 ls GMP 3 (gyg0 00 (wdids Sl sl ST i & oo (adls MP :gy90 00 (:Ske (sl TOL 3 15 Joos adls SSI il & Cuplus (a3 ls
Stress Susceptibility Index: SSI,Tolerance Index: TOL, Mean Productivity: MP, Stress Tolerance Index: STI, Geometric Mean Productivity: GMP, Yield Index: Y1, Yield Stability Index: YSI, Reduction Percent: RP, Harmonic Mean: HM.
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Figurel. Biplot diagram of Barley genotypes with drought tolerance indices
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Figure 2. Correlation coefficients between tolerance and susceptibility indices and seed yield of barley genotypes
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Table 5. Values of the first two components for drought tolerance indices and Barley grain yield under rainfed and
supplementary irrigation conditions

pod adlge  PC2 Jol addge  PC1 ,951 Factors
-0.608 0.793 YS
0.579 0.811 Yp
-0.124 0.992 MP
-0.272 0.962 GMP
0.926 0.172 SSi
0.988 0.126 TOL
-0.281 0.959 STI
-0.400 0.915 HM
-0.945 0.318 YSI
-0.606 0.794 YI
0.947 -0.310 RC
2.999 7.850 o5y e
Eigen values
3bylg Lo >
by L)
29.78 68.72 Variance),
e bl
98.50 68.72 Cumulativey,
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Figure 5. Dendrogram obtained from cluster analysis Barley Genotypes based on tolerance indices and yield in
rainfed and supplementary irrigation conditions.
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Table 6. Selection index of ideal barley genotype based on all tolerance and susceptibility indices and distance from
ideal genotype (d+), non — ideal genotype (d-) and seed yield
SIG d-

Rank d+ genotype
6 0.6644 0.55271723 0.2792 1
8 0.6020 0.51438202 0.0340 2
16 0.2512 0.26822563 0.7996 3
15 0.2838 0.26328413 0.6643 4
7 0.6625 0.55764192 0.2841 5
9 0.5927 0.53214611 0.3657 6
10 0.5906 0.55707912 0.3862 7
11 0.5475 0.46220476 0.3820 8
2 0.8974 0.70767200 0.0809 9
3 0.8527 0.67433546 0.1165 10
1 0.9753 0.77718301 0.0197 11
4 0.8447 0.68596047 0.1261 12
14 0.3655 0.32310306 0.5609 13
13 0.4355 0.36750963 0.4763 14
5 0.7119 0.56626482 0.2292 15
12 0.5169 0.42333368 0.3956 16
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