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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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(pedigree) o i (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 CBSW01WM00107T-0TOPY-6Y-1M-2Y-1M-0Y 14
VMORALESP.STO/3/LBIRAN/UNAS8O//LIGNEE640/4/BLLU/S/PETUNIA_1 CBSS97M00850T-G-2M- 15
Rum/4/AwBlack/aths//rhn08/3/malouh 1CB08-0124- OAP - OG-OG-0G- 5G 16

Table 2. drought tolerance indices
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Table 3. Analysis of variance for seed yield of Barley genotypes under rainfed (Ys) and suplementry irrigation (Yp)

conditions
T IS p SOA
&
RP I ysl HM STI ToL ssl GMP MP Yp Ys o
0.201% 000058™  000162°  84289.2°  00001L™  2067.99®  000167° 65712  126782" 49330.1™ 272975 3 S Block
771.3%* 019104+  007672%  1148615% g pgyqgex 1949003 g ggioges  g77am2er 885114%* 1075451+ 16414646 15 Ge”itﬁi
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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

2 iy b dSlas gy 5 4 Cuwlus g Joo glajadls —F Jouo

RP Yl YSI HM STI TOL SSI GMP MP Yp YS Genotype g
24.489+1.62 1.01%+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°9+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°+9.3 0k+0 3172.64%+154.2 3212.5¢+88.4 37179+163.6 2708%9+179 G2
61.31°+4.64 0.64"+0.05 0.39/+0.01 2673.6'+61.9 0.59+0.01 2938%+79.8 22+0.09 2980.67"+105.1 3230%+134.3 4792+133.7 1853.75M+95.1 G3
52.96°+1.55 0.739"+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 1+0.01 0.76%+0.03 3312.85%+132.4 0.63%+0.02 916¢+31.5 0.78%+£0.09 3343.78°+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 8759+10.4 0.83%+0.05 2974.2M+94.3 2979.519+126.7 3416.75"+139.1 254219+113.6 G6
23.689+1.77 0.831+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
31.52'+2.16 0.9%1+0.05 0.68%+0.03 3116.2%+172.3 0.57¢+0.04 1208%+28.1 1.03"+0.02 3172.1f"+179.3 3228.75°+112.5 38331+118 2625.25%9+76.4 G8
17.14M+0.72 1.33°+0.16 0.83%+0.04 4252.332£202.8 1.032+0.03 8041+12.8 0.56"+0.02 4271.12%+96.5 4290°+£270.1 4692.250+246.9 38887+351 G9
19.46M+1.48 1.3%+0.07 0.81°2+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 1.392£0.01 0.88°+0.03 4295.53°+188.4 1.04*+0.03 541+15.7 0.381+0.01 4304.1*£112.9 4312.75°+161.5 4583.25+157.9 4042°£231.1 Gl1
15.83'+0.62 1.217+0.03 0.84%+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%4¢+216.7 3542%+68.5 G12
47.04°+1.53 0.89%+0.03 0.53"+0.02 3404.839+187.3 0.72°+0.03 2313°+108.1 1.53+0.07 3578.25%4+174.4 3760.5>+181.6 4916.75+160.2 2604¢9+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 1.39+0.06 3197.79%+137.3 3302°+102 4125%+124.7 2479%+136.6 Gl4
25.879+1.07 1.15°0.03 0.74°0.04 3867.22°+88.5 0.86°+0.04 1175%75.9 0.849+0.04 3910.62+260.9 3954.25°+146.5 4542%°+155.5 3366.75°+109 G15
35.86°+0.77 0.97%+0.03 0.649+0.01 3451.96°¢120.4 0.71°+0.01 1584°+86 1.17°+0.06 3537.42%1+188.8 3624.75%9+225.8 4416.75>9+324.7 2833%f+18.1 G16

Columns that have at least one letter in common are not significantly different in terms of Duncan's test
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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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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
under rainfed and suplementry irrigation conditions
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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 4dlge ,9516 Factors
-0.608 0.793 YS
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-0.124 0.992 MP
-0.272 0.962 GMP
0.926 0.172 SSi
0.988 0.126 TOL
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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
dly )8 aile g3 cul il gyt Camdg 2 V0 o1) & 55 d

The (i 4 Joia (lacyl plyes wlge
Dlie )3 Waodld jloges dugd b boodly ;3 dg3g0 (yuily)lg
bewigy JulS sl o8 Obe) ol ade 5> ()l

..)9.3 AA|9>
Jb e 2 g clhe Ll kulyd s Y o Slee)
col g BB JE (Ol eS @ ol Coulis
&S ol i i & Cawlus 5 Jood oS5 slajasls g
Jools oS b aoecs (pl S8 5 )15 atod ¥ > iy
S cdllas (V JS3) ol sladdlie 4 50 jlages
O idms Oleed ¥ oo)led i@l g iy Olpew
A a5 lged ) Easge (pl &5 HAd Wl ey
Ded e 03 Fadgd (V JSB) My gl g Lol slaadso

‘))ﬂ‘o& Ql)u.v Ao )d (owyy )| J..ol> C.»Lu ‘_)»L.u‘ 2

ly Glyess Lo p3jlade o yieS L WY 9 V) cudgi 9 )l oo
ot L LT 9 Y qligf 93 9 ol o8 LT 4 Jeoie
rlo g U5 4l glisd Olpnd Aoy ik
D90 (o I8pL Jaztodes 1y Liulejl 3y50 slacuies
LA ad s ewisl) cppesdie cuipa VY g Y. A
b o 4 Jood lagadld (Shwea (sluger @l
ol Limedy cpl )0 Liulosl 5550 baslyds g3 30 wily 5, Sae
oYL HM gMP, GMP, STI (gla jadls &S sas o
g o bl o Al 0 Sles U ) cute  Siwod a0
Cae badld cpye domd d WSbe L i pae
O P S IS 4 Jeote Bl g appY in S
calisee L;Lmua;;l.i} U»L»I)g ..\.w:buo 9> dl.mo.).\.f
olsd e Wog Ve & ojled ey
;§.w>"" oS fooes Ql)‘,,a ua);\fb L;I)lb ‘_;LmOg.Y
b g ool laddlie 4 450 ol 4 ds g b Lbud aslid
Jol addie 90 lwg JS Gl Joyd A0 d9d> 3 M
Slcs) (o) dy9e Slacie) o jl g d9d 0 4

&l

Ahakpaz, F., Bernosi, I., Abdollahi, B., Golkari, S., Jafarzadeh, J., & Udupa, S. (2020). Evaluation of barley
genotypes based on morpho-physiological traits and drought tolerance indices under rainfed and
supplementary irrigation conditions. Iranian Dryland Agronomy Journal, 8(2), 153-176.

Ajay, B. C., Bera, S. K., Singh, A. L., Kumar, N., Gangadhar, K., & Kona, P. (2020). Evaluation of genotypex
environment interaction and vield stability analysis in peanut under phosphorus stress condition using
stability parameters of AMMI model. Agricultural Research, 9, 477-486.


http://dx.doi.org/10.61186/jcb.15.48.189
http://jcb.sanru.ac.ir/article-1-1459-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.15.48.189 |

haely oy 5 (ol bl es3m iij

v 5> abpie glacnY g pB)l aineg)S sl (SuiS 4 Jood glaasls 38

Asghari, A., Hassanpanah, D., & Karimizadeh, R. (2022). Application of Principal Coordinates Analysis to
Evaluate Yield Stability of Potato Hybrids (Solanum tubersum L.). Journal of Crop Breeding, 14(43), 11-20.

Bouslama, M., & Schapaugh Jr, W. T. (1984). Stress tolerance in soybeans. |. Evaluation of three screening
techniques for heat and drought tolerance 1. Crop science, 24(5), 933-937.

Creissen, H. E., Jorgensen, T. H., & Brown, J. K. (2016). Increased yield stability of field-grown winter barley
(Hordeum vulaare L.) varietal mixtures through ecoloaical processes. Crop Protection, 85, 1-8.

El Sherbiny, H. A., El-Hashash, E. F., Abou EI-Enin, M. M., Nofal, R. S., Abd EIl-Mageed, T. A., Bleih, E. M.,
... & Shaaban, A. (2022). Exogenously applied salicylic acid boosts morpho-physioloaical traits, yield, and
water productivity of lowland rice under normal and deficit irrigation. Agronomy, 12(8), 1860.

FAO, F. (2022). FAOSTAT statistical database. Rome: Food and Agriculture Organisation of the United
Nations.

Fernandez, G. C. (1992). Effective selection criteria for assessina plant stress tolerance. In Proceeding of the
International Symposium on Adaptation of Vegetables and other Food Crops in Temperature and Water
Stress, Aug. 13-16, Shanhua, Taiwan, 1992 (pp. 257-270).

Ferreira, J. R., Pereira, J. F., Turchetto, C., Minella, E., Consoli, L., & Delatorre, C. A. (2016). Assessment of
aenetic diversity in Brazilian barley usina SSR markers. Genetics and molecular bioloay, 39, 86-96.

Fischer, R. A., & Maurer, R. (1978). Drought resistance in spring wheat cultivars. 1. Grain yield
responses. Australian Journal of Agricultural Research, 29(5), 897-912.

Gavuzzi, P., Delogu, G., Boggini, G., Di Fonzo, N., & Borghi, B. (1993). Identification of bread wheat, durum
wheat and barley cultivars adapted to dry areas of Southern Italy. Euphvtica, 68, 131-145.

Karimizadeh, R., Azar, M. Y., & Mohammadi, M. (2013). Evaluation of Durum Wheat Genotypes in Rainfed
and Supplemental Irrigation Conditions in Gachsaran Region of Iran. Seed and Plant Production
Journal, 29(4), 505-522.

Kazemitabar, S. K., & Saberi, M. H. (2020). Multivariate Assessment of Salt Tolerance (NaCl) in Barley
(Hordeum Volgar L.) Genotypes. Journal of Crop Breeding, 12(36), 1-8.

Martinez-L6pez, J. A., Lopez-Urrea, R., Martinez-Romero, A., Pardo, J. J., Montero, J., & Dominguez, A.
(2022). Sustainable Production of Barley in a Water-Scarce Mediterranean Agroecosystem. Agronomy,
12(6), 1358.

Mohammadnia, S., Asahari, A., Sofalian, O., Mohammaddoust, H., & Karimizadeh, R. (2017). Evaluation of
Durum Wheat Lines using Seed Yild based Indices in Drought Condition and relation between these
Indices. Journal of Crop Breeding, 8(20), 23-11.

Mousavi, S. S., YAZDI, S. B., Naghavi, M. R., Zali, A. A., Dashti, H., & Pourshahbazi, A. (2008). Introduction
of new indices to identify relative drought tolerance and resistance in wheat genotypes.

Naderi, A., Moghaddam, H. A., & Mahmoodi, K. (2013). Evaluation of bread wheat genotypes for terminal
drought stress tolerance in South-Warm Regions of Iran. Seed and Plant Improvement Journal, 29(3).

Nouri, A., Etminan, A., Teixeira da Silva, J. A., & Mohammadi, R. (2011). Assessment of yield, yield-related
traits and drought tolerance of durum wheat genotypes (Triticum turjidum var. durum Desf.). Australian
Journal of Crop Science, 5(1), 8-16.

Rabieyan, E., Bihamta, M. R., Moghaddam, M. E., Alipour, H., Mohammadi, V., Azizyan, K., & Javid, S. (2023).
Analysis of genetic diversity and genome-wide association study for drought tolerance related traits in Iranian
bread wheat. BMC Plant Biology, 23(1), 431.

Rabieyan, E., Bihamta, M. R., Moghaddam, M. E., Mohammadi, V., & Alipour, H. (2022a). Genome-wide
association mapping and genomic prediction of agronomical traits and breeding values in Iranian wheat under
rain-fed and well-watered conditions. BMC genomics, 23(1), 1-25.

Rabieyan, E., Bihamta, M. R., Moghaddam, M. E., Mohammadi, V., Alipour, H., & Cammarano, D. (2022b).
Imaging-based screening of wheat seed characteristics towards distinguishing drought-responsive Iranian
landraces and cultivars. Crop and Pasture Science, 73(4), 337-355.

Rosielle, A. A., & Hamblin, J. (1981). Theoretical aspects of selection for yield in stress and non-stress
environment 1. Crop science, 21(6), 943-946.

Tahmasebi, S., Dastfal, M., Zali, H., & Rajaie, M. (2018). Drought tolerance evaluation of bread wheat cultivars
and promising lines in warm and dry climate of the south. Cereal Research, 8(2), 209-225.

Zali, H., & Barati, A. (2020). Evaluation of selection index of ideal genotype (SIIG) in other to selection of barley
promising lines with high vield and desirable agronomy traits. Journal of Crop Breeding, 12(34), 93-104.
Zali, H., Barati, A., Pour-Aboughadareh, A., Gholipour, A., Koohkan, S., Marzoghivan, A., ... & Nowosad, K.
(2023). lIdentification of Superior Barley Genotypes Using Selection Index of Ideal Genotype

(SIIG). Plants, 12(9), 1843.

Zali, H., Hassanloo, T., Sofalian, O., Asghari, A., & Zeinalabedini, M. (2017). Appropriate strategies for
selection of drought tolerant genotypes in canola. Journal of Crop Breeding, 8(20), 90-77.

Zali, H., Sofalian, O., Hasanloo, T., Asgharii, A., & Hoseini, S. M. (2015, July). Appraising of drought tolerance
relving on stability analysis indices in canola genotypes simultaneously, using selection index of ideal
genotype (SIIG) technique: Introduction of new method. In Biological Forum (Vol. 7, No. 2, p. 703).
Research Trend.


http://dx.doi.org/10.61186/jcb.15.48.189
http://jcb.sanru.ac.ir/article-1-1459-fa.html
http://www.tcpdf.org

