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Comprehensive abstract  

Introduction 

Barley (Hordeum vulgare L.) is one of the world’s most important cereal crops adapted to a range 
of abiotic stresses, particularly drought, salinity, and cold. Because barley varieties are widley 
cultivated under arid and semi-arid regions, the selection and introduction of superior high-yielding 
drought-tolerant barley cultivars under these stressful conditions is important. The aim of this study 
was to investigate and compare promising barley genotypes based on morpho-phenological traits 
under non-stress and terminal drought stress conditions and select high-yielding drought-tolerant 
genotypes. 

Materials and methods 
In this study, 17 promising barley genotypes and four control genotypes (Including varieties of 

Auxin, Golchin and Norooz and promising line WB-99-10) were evaluated under two irrigation 
regimes (non-stress and terminal drought stress conditions) in a randomized complete block design 
with three replications over two cropping seasons (2002-2024) at the Darab Agricultural Research 
Station. Drought stress was applied by stopping irrigation at the spike emergence stage. The measured 
traits included of grain yield, number of spikes per square meter, number of grains per spike, grain 
weight per spike, thousand grains weight, length of grain filling period, spike length, awn length, plant 
height, number of days to heading, number of days to maturity, grain filling rate, the number of rows 
of spikes, type of awn, spike harvest index and spike fertility index. Principal component analysis 
(PCA) and cluster analysis were used to grouping of genotypes, and the silhouette index was used to 
evaluate the optimal number of groups. 

Research findings 
Analysis of variance revealed significant differences among genotypes for all studied traits in both 

conditions, indicating substantial genetic diversity. Under non-stress conditions, genotypes 4, 21, and 
20 yielded the highest grain yields (6406, 6343, and 6310 kg.ha-1, respectively), whereas under 
drought stress, genotypes 4, 20, and 16 led with 5122, 4849, and 4717 kg.ha-1. Drought stress caused 
the greatest relative declines in grain yield (24.6%), grain filling rate (22.6%), thousand grain weight 
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(13.7%) grain weight per spike (13.5%), and spike weight (12.5%). Correlation analysis showed 
positive, significant associations between grain yield and days to maturity, grain-filling rate, spike 
harvest index and spike fertility index under both irrigation regimes, identifying them as reliable 
selection indices for drought tolerance. PCA grouped genotypes into three main clusters in each 
environment. However, silhouette index diagram classified all genotypes into two and four groups 
under non-stress and stress conditions, respectively. Based on cluster analysis under non-stress 
conditions, genotypes 9, 12, 13, 17, 18 and 19 were placed in group one and the other genotypes in 
group two, while under drought stress conditions, genotypes 12, 13 and 19 were placed in group one, 
genotypes 9, 17 and 18 in group two, genotypes 11 and 21 in group three and the other genotypes in 
group four. 

Conclusion 
In summary, PCA results were similar in the two irrigation regimes and most of the superior 

genotypes were in group two. PCA identified traits of days to maturity, grain-filling rate, grain yield, 
spike harvest index and spike fertility index as robust selection criteria under both stress and non-stress 
conditions. Based on cluster analysis under stress conditions, genotypes in group four were among the 
superior genotypes and had higher values than the total mean in terms of grain yield, grain filling rate, 
grain filling period, days to maturity, number of grains per spike and spike fertility index. Comparison 
of the selected genotypes in both cluster analysis and PCA methods showed strong agreement in 
grouping the studied genotypes. Overall, based on the results of this experiment, genotype number 4 
can be recommended as a superior candidate for developing drought-tolerant genotypes in barley 
breeding programs. 
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Table 1. Pedigree of the studied barley genotypes in this experiment 
Genotype Pedigree of genotypes 

G1 Oxin (Check) 
G2 Golchin (Check) 
G3 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S" 
G4 Yousef/3/Legia//Rhn/Lignee 527 
G5 Anoidium/Arbayan-01/3/Lignee527/NK1272//JLB70-63/4/MBD-82-9(D10) 

G6 
GOB/ALELI//CANELA/3/ARUPO*2/JET/4/ARUPO/K8755//MORA/5/Rojo/3/LB.IRAN/Una8271//Gl
oria"S"/Com"S" 

G7 Kavir/Badia/3/Torsh/9cr.279-07//Bgs/4/Karoon/Kavir/5/Nik/6/ojo/3/LB.IRAN/Una8271//Gloria"S"/ Com"S" 
G8 ICNB-105960/Torkman//Nosrat/3/Bda/Rhn-03//ICB-107766 
G9 Legia//Rhn/Lignee 527/3/Rhn03/4/Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S" 
G10 M104/PFC 88210//DOÑA JOSEFA 
G11 WABAR2242//LIMON/BICHY2000 
G12 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Nosrat 
G13 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Nosrat 
G14  Beecher/Kavir 
G15 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Comp 89-9Cr-79- 
G16 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45 
G17 Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//..../4/Kavir  
G18 Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//..../4/Kavir  
G19 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Bereke-54 
G20 WB-99-10 (Check) 
G21 Norooz (Check) 
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Table 2. Meteorological information of the experimental site during two cropping years 2022-2024 

Year Month 
Temperature (ºC)  Air humidity (%) Precipitation 

(mm) Minimum Maximum Mean Dew point  Minimum Maximum 
1401 7 15.63 29.37 23.33 2.97  8.77 29.27 0 
1401 8 11.10 22.17 16.97 5.80  24.03 56.97 33 
1401 9 5.40 16.23 11.50 2.07  27.63 60.77 8 
1401 10 1.50 10.73 6.77 2.33  42.03 78.33 120 
1401 11 3.50 12.70 8.63 3.30  40.77 76.07 68 
1401 12 8.31 20.00 14.55 2.69  22.66 62.17 14 
1402 1 9.77 22.35 16.84 2.81  16.94 56.23 0 
1402 2 15.61 29.06 23.19 2.00  10.68 34.97 0 
1402 3 21.61 35.26 29.48 7.97  8.90 31.58 0 
1402 4 24.68 38.23 32.35 13.55  7.87 29.06 0 
1402 5 23.00 36.16 30.45 14.71  8.90 33.87 1 
1402 6 22.52 35.32 29.61 15.45  10.16 28.23 0 
1402 7 16.93 30.17 24.30 7.17  11.30 32.67 0 
1402 8 10.87 21.40 16.87 6.17  25.53 60.13 23 
1402 9 5.03 16.53 11.37 0.60  25.00 59.07 7 
1402 10 4.43 15.27 10.50 -1.20  25.10 59.63 0 
1402 11 4.30 14.77 10.03 0.63  28.53 65.80 40 
1402 12 5.10 16.59 11.45 0.55  25.86 67.83 72 
1403 1 9.68 20.06 15.35 8.52  31.84 73.48 133 
1403 2 13.61 24.84 20.00 11.10  26.16 64.52 47 
1403 3 21.29 35.19 29.39 5.84  7.42 26.45 0 
1403 4 25.42 38.16 32.52 17.19  10.71 31.87 1 
1403 5 25.68 37.65 31.81 23.26  14.74 46.35 19 
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Table 3. The studied morpho-phenological traits and their measurement method in barley genotypes 

Method of measuring traits Symbol Trait 
Days from Dec. 15 to 50% spike emergence stage DHE Days to spike emergency 

Days from Dec. 15 to 50% maturity stage DMA Days to maturity 
The distance from the crown to end of the spike without the awn PLH Plant height (cm) 
Scoring as 3, 5 and 7 for soft, medium and rough, respectively AT Type of awn 

Days from spike emergence to maturity GFP Grain filling period (day) 
Grain weight of each plot in 6 m2 after removing the border YLD Grain yield (kg/ha) 

Average of ten random plants NSP Number of spikes 
Average of ten random spikes NGS Number of grains per spike 
Average of ten random spikes SPW Grain weight per spike (g) 

The weight of 1000 random grains TGW Thousand grain weight (g) 
Average of ten random plants SL Spike length (cm) 
Average of ten random plants AL Awn length (cm) 

Two or six rows RT Number of rows per spike 
Ratio of grain weight to spike dry weight SHI Spike harvest index 

Number of grains per unit dry weight of spikelet stalk SFIM Spike fertility index 
Ratio of grain yield to grain filling period GFR Grain filling rate 
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Table 4. Combined analysis of variance of the measured traits in barley genotypes under non-stress conditions 

Source of 
variation 

df 
Mean square 

† 
DHE DMA PLH TGW YLD SWD AL 

Year (Y) 1 3944.64** 6514.57** 3866.7٠
** 1606.07** 168543869.6** 1.90** 95.7** 

Replication / Y 4 1.17 3.33 70.73 5.56 144080.4 0.22 2.85 
Genotype (G) 20 33** 44.35** 83684** 84.34** 4647786** 1.91** 26.09** 

G × Y 20 8.19** 7.99** 104.12* 16.32** 1721852.2** 0.13 ns 3.31 ns 
Error 80 1.70 1.77 39.41 3.87 454612.8 0.11 2.17 

CV (%)  1.36 0.99 6.28 4.26 13.11 12.98 8.52 

  
Mean square 

† 
SL NGS SPW GFR SHI SFIM GFP 

Year (Y) 1 0.70 ns 274.87* 2.45** 71520.51** 0.0147** 74500.4** 320.64** 
Replication / Y 4 0.59 89.53 0.205 102.74 0.0009 6160.39 4.76 
Genotype (G) 20 7.27** 557.65** 1.51** 2072.44** 0.0017** 20383.37** 22.84** 

G × Y 20 0.50 ns 23.20 ns 0.096 ns 895.45* 0.0005 ns 4527.55 ns 10.16** 
Error 80 0.40 34.53 0.08 341.05 0.0005 3705.52 2.97 

CV (%)  10.46 12.64 12.56 14.10 2.39 24.75 4.33 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
† DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, 
grain yield (kg.ha-1); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains 
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day-1); SHI, spike harvest index; SFIM, spike 
fertility index; GFP, grain filling period (day). 
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Table 5. Combined analysis of variance of the measured traits in barley genotypes under drought conditions 

Source of 
variation 

df 
Mean square 

DHE DMA PLH TGW YLD SWD AL 
Year (Y) 1 5693.72** 4915.63** 3509.72** 832.42** 172968346.2** 5.02** 162.99** 

Replication / Y 4 2.58 2.22 26.54 0.634 395236.3 0.129 2.66 
Genotype (G) 20 20.32** 48.08** 424.92** 83.72** 3136850.6** 1.28** 20.09** 

G × Y 20 3.29ns 4.68ns 118.56ns 8.01ns 1378028** 0.364** 5.83ns 
Error 80 1.26 2.38 46.25 4.13 411390.5 0.104 2.03 

CV (%)  1.18 1.15 6.48 5.1 16.39 14.79 8.15 

  
Mean square 

SL NGS SPW GFR SHI SFIM GFP 
Year (Y) 1 22.13** 6817.13** 4.85** 125300.85** 0.0035** 91816.20** 28.57** 

Replication / Y 4 0.58 30.88 0.074 176.27 0.0014 8730.35 1.95 
Genotype (G) 20 6.02** 471.68** 0.99** 1529.22** 0.0014** 9562.32** 23.43** 

G × Y 20 0.93ns 112.75** 0.29** 912.14* 0.00095** 5844.57** 5.65 ns 
Error 80 0.346 34.09 0.082 254.88 0.0003 2142.17 2.61 

CV (%)  9.84 13.05 14.86 15.65 1.91 19.82 4.20 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
† DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, 
grain yield (kg.ha-1); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains 
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day-1); SHI, spike harvest index; SFIM, spike 
fertility index; GFP, grain filling period (day). 
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Table 6. Comparison of means of the studied traits in barley genotypes under non-stress (N) and drought stress 

(S) conditions  
AL (cm) SWD (g) YLD (kg.ha-1) TGW (g) PLH (cm) DMA (day) DHE (day) 

Ggenotype 
N S N S N S N S N S N S N S 

18.7 18.3 2.3 1.9 5335 4217 45.5 39.5 102.5 100.5 135.3 134.0 95.2 93.5 G1 
18.3 17.8 2.6 2.2 5908 4216 40.6 34.7 104.3 107.0 136.7 133.7 95.7 94.5 G2 
17.4 18.0 2.1 1.8 6065 4070 45.9 37.7 91.7 100.0 136.3 135.8 96.5 96.0 G3 
17.9 18.7 2.6 2.3 6406 5122 47.8 40.6 99.7 104.8 139.3 137.3 98.0 97.7 G4 
14.8 14.2 2.2 1.9 5672 3802 46.8 38.7 95.3 103.2 137.3 135.3 97.2 96.0 G5 
15.2 16.0 2.2 2.1 5733 4432 40.7 34.5 90.0 104.3 135.0 134.3 95.2 95.0 G6 
17.1 16.9 2.2 1.9 5189 3752 41.1 35.9 95.3 98.8 136.3 132.8 96.3 93.8 G7 
16.2 17.1 2.6 2.2 4921 4182 46.4 40.9 95.2 102.7 130.5 130.8 91.2 92.3 G8 
19.3 19.2 3.1 2.7 5322 4169 55.3 48.9 110.5 115.8 135.8 134.5 96.8 97.0 G9 
14.3 15.7 2.3 2.1 4913 3997 44.6 39.2 97.3 101.2 132.7 132.7 92.8 93.0 G10 
20.5 19.8 1.5 1.2 4093 3011 47.8 42.2 74.7 91.2 135.0 133.3 98.0 96.8 G11 
16.8 18.6 3.3 2.9 3410 2320 50.0 40.1 109.5 112.0 132.3 132.7 96.3 95.2 G12 
17.8 17.2 3.6 2.9 3715 2875 48.9 43.2 105.3 105.8 132.7 133.8 95.7 96.0 G13 
13.2 13.3 2.3 2.1 5379 4433 42.9 35.6 79.0 89.8 133.5 132.7 92.7 93.5 G14 
19.9 19.0 2.2 2.1 5517 4123 45.3 39.4 99.0 102.5 135.7 134.8 97.2 96.2 G15 
17.3 16.0 2.8 2.1 5844 4717 46.3 39.6 106.0 104.5 134.3 132.8 93.2 93.2 G16 
19.6 21.1 3.2 2.7 4413 3079 48.3 44.8 124.7 121.7 130.2 128.7 94.5 94.7 G17 
20.1 18.0 2.9 2.4 4588 3426 49.4 43.4 116.3 120.0 130.3 127.7 93.7 94.0 G18 
18.8 18.0 2.7 2.5 4028 2980 40.1 34.7 112.7 112.0 132.2 133.0 97.0 96.8 G19 
15.1 16.3 2.6 2.5 6310 4848 45.1 38.6 101.5 110.8 137.0 135.7 96.5 95.7 G20 
15.2 17.2 1.2 1.1 6343 4428 50.3 44.1 88.5 93.8 139.5 141.3 102.0 100.0 G21 
1.69 1.64 0.38 0.37 775 737 2.26 2.33 7.21 7.81 1.53 1.77 1.50 1.29 LSD0.05 

  

4��O 6 -                                                                                                                         I
���Table 6. Continued  

GFP (day) SFIM SHI GFR (kg.day-1) SPW (g) NGS SL (cm) 
Ggenotype 

N S N S N S N S N S N S N S 
40.2 40.5 288.8 242.3 0.93 0.90 128.7 103.7 2.2 1.7 43.1 39.1 6.1 5.9 G1 
41.0 39.2 241.4 190.4 0.91 0.88 144.0 107.6 2.3 1.9 55.8 50.9 7.5 7.1 G2 
39.8 39.8 314.9 290.2 0.93 0.93 149.9 100.8 2.0 1.7 40.3 37.9 4.3 4.3 G3 
41.3 39.7 276.6 238.5 0.93 0.91 152.3 129.8 2.4 2.1 47.8 48.7 4.8 5.1 G4 
40.2 39.3 274.3 269.8 0.93 0.92 139.9 98.1 2.1 1.8 42.0 41.5 4.6 4.7 G5 
39.8 39.3 269.3 257.8 0.92 0.91 142.5 112.5 2.0 1.9 50.0 49.8 5.5 5.5 G6 
40.0 39.0 280.7 258.3 0.92 0.91 128.2 95.3 2.1 1.8 43.8 43.3 4.7 4.5 G7 
39.3 38.5 247.6 242.5 0.92 0.91 125.4 109.1 2.3 2.0 47.7 45.6 4.7 4.6 G8 
39.0 37.5 245.9 230.5 0.93 0.93 135.5 111.1 2.9 2.5 48.1 45.4 6.3 6.1 G9 
39.8 39.7 330.0 271.6 0.94 0.92 121.5 101.5 2.1 2.0 45.5 46.4 6.4 6.5 G10 
37.0 36.5 163.3 175.9 0.89 0.89 109.4 83.3 1.3 1.1 24.6 23.6 7.8 7.6 G11 
36.0 37.5 155.2 161.1 0.89 0.88 94.2 62.1 2.9 2.6 53.9 52.1 5.7 7.1 G12 
37.0 37.8 199.4 157.1 0.92 0.88 100.0 76.3 3.3 2.6 63.1 55.2 6.6 6.0 G13 
40.8 39.2 354.9 313.2 0.94 0.92 131.6 114.1 2.1 1.9 49.1 47.5 4.6 4.7 G14 
38.5 38.7 232.0 247.9 0.91 0.91 142.7 107.6 2.0 1.9 41.6 41.8 5.7 6.1 G15 
41.2 39.7 234.3 236.6 0.92 0.91 143.1 121.7 2.6 1.9 52.1 44.0 6.9 6.4 G16 
35.7 34.0 170.3 201.6 0.90 0.90 123.7 92.6 2.8 2.4 53.0 48.1 7.8 7.3 G17 
36.7 33.7 143.2 230.2 0.87 0.91 119.8 104.7 2.5 2.2 48.4 45.5 7.1 6.2 G18 
35.2 36.2 208.8 211.9 0.90 0.89 114.2 83.2 2.5 2.2 55.2 55.8 6.7 6.6 G19 
40.5 40.0 304.5 246.2 0.93 0.91 155.3 120.6 2.4 2.3 50.3 55.3 5.9 6.4 G20 
37.5 41.3 230.3 229.4 0.92 0.91 169.3 107.6 1.1 1.0 20.6 21.9 6.5 6.9 G21 

1.98 1.86 69.94 53.18 0.025 0.02 21.22 18.34 0.33 0.33 6.75 6.71 0.72 0.68 LSD0.05 
DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, 
grain yield (kg.ha-1); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains 
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day-1); SHI, spike harvest index; SFIM, spike 
fertility index; GFP, grain filling period (day).  
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Table 7. Comparison of means of barley genotypes in 2022-2023 (Y1) and 2023-2024 (Y2) cropping years under 

non-stress conditions  

Genotype 
DHE (day) DMA (day) PLH (cm) TGW (g) YLD (kg.ha-1) GFR (kg.day-1) GFP (day) 
Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

G1 99.7 90.7 142.7 128.0 112.0 93.0 50.1 41.0 8017 2653 186.4 70.9 43.0 37.3 
G2 101.3 90.0 143.3 130.0 115.3 93.3 41.2 40.0 6658 5158 158.5 129.5 42.0 40.0 
G3 101.0 92.0 143.3 129.3 97.3 86.0 49.3 42.4 7922 4208 187.1 112.6 42.3 37.3 
G4 102.0 94.0 145.7 133.0 106.3 93.0 50.3 45.3 8075 4736 185.1 119.5 43.7 39.0 
G5 102.0 92.3 145.0 129.7 102.0 88.7 52.0 41.7 6819 4525 158.6 121.1 43.0 37.3 
G6 100.7 89.7 144.0 126.0 95.0 85.0 43.4 38.1 6956 4511 160.2 124.7 43.3 36.3 
G7 101.3 91.3 144.3 128.3 109.3 81.3 44.3 37.8 6708 3670 156.1 100.2 43.0 37.0 
G8 99.3 83.0 138.3 122.7 100.7 89.7 49.4 43.4 6192 3650 158.8 92.1 39.0 39.7 
G9 102.0 91.7 144.0 127.7 116.7 104.3 61.8 48.8 6308 4336 150.2 120.8 42.0 36.0 
G10 99.3 86.3 141.0 124.3 100.0 94.7 47.0 42.3 6528 3297 156.6 86.3 41.7 38.0 
G11 103.7 92.3 144.0 126.0 76.7 72.7 50.7 44.9 4994 3192 123.9 94.8 40.3 33.7 
G12 100.7 92.0 137.7 127.0 116.0 103.0 55.2 44.8 4186 2633 113.1 75.2 37.0 35.0 
G13 100.3 91.0 137.7 127.7 104.3 106.3 53.4 44.4 4275 3156 114.3 85.7 37.3 36.7 
G14 99.3 86.0 141.7 125.3 79.3 78.7 45.7 40.1 5997 4761 142.1 121.2 42.3 39.3 
G15 101.7 92.7 142.0 129.3 102.0 96.0 49.6 41.0 7089 3945 175.7 109.6 40.3 36.7 
G16 100.3 86.0 140.3 128.3 110.3 101.7 50.9 41.6 7311 4378 182.6 103.7 40.0 42.3 
G17 101.3 87.7 137.7 122.7 137.3 112.0 54.8 41.8 5364 3461 147.6 99.9 36.3 35.0 
G18 101.3 86.0 138.7 122.0 127.0 105.7 54.7 44.2 5395 3782 134.4 105.2 37.3 36.0 
G19 102.0 92.0 139.0 125.3 115.0 110.3 41.2 39.1 4711 3345 127.8 100.7 37.0 33.3 
G20 101.7 91.3 143.3 130.7 101.3 101.7 47.0 43.2 6992 5628 167.8 142.9 41.7 39.3 
G21 108.0 96.0 145.3 133.7 91.3 85.7 52.2 48.3 6894 5792 184.6 154.0 37.3 37.7 

LSD0.05 2.1 2.2 10.2 3.2 2450 30.0 2.8 
DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, 
grain yield (kg.ha-1); GFR, grain filling rate (kg.day-1); GFP, grain filling period (day). 
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Table 8. Comparison of means of barley genotypes in 2022-2023 (Y1) and 2023-2024 (Y2) cropping years under 
drought stress conditions 

Genotype 
YLD (kg.ha-1) SWD (g) NGS SPW (g) GFR (kg.day-1) SHI SFIM 

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 
G1 6306 2129 2.29 1.46 49.6 28.5 2.11 1.29 154.4 52.9 0.919 0.890 267.9 216.7 
G2 5314 3118 2.52 1.90 62.8 39.1 2.21 1.66 136.1 79.2 0.879 0.877 208.1 172.6 
G3 5883 2257 1.94 1.67 43.8 32.0 1.81 1.53 144.1 57.5 0.936 0.915 355.0 225.4 
G4 5928 4317 2.77 1.86 62.5 34.9 2.54 1.67 144.6 114.9 0.919 0.897 289.3 187.8 
G5 5317 2287 2.14 1.73 48.2 34.7 1.97 1.59 139.9 56.3 0.921 0.919 285.8 253.8 
G6 5197 3667 2.35 1.84 60.9 38.6 2.15 1.66 131.0 94.1 0.914 0.902 300.8 214.8 
G7 5703 1802 2.20 1.69 51.9 34.7 2.02 1.53 143.8 46.8 0.919 0.907 293.1 223.4 
G8 5261 3103 2.49 1.97 53.4 37.8 2.31 1.76 137.3 80.9 0.928 0.894 302.7 182.3 
G9 5161 3178 2.86 2.53 49.6 41.2 2.65 2.35 137.0 85.2 0.924 0.929 229.0 232.0 
G10 5192 2802 2.63 1.62 59.5 33.3 2.42 1.49 133.1 69.8 0.920 0.915 298.0 245.1 
G11 3897 2125 1.38 1.08 28.2 19.0 1.22 0.96 110.3 56.3 0.884 0.892 179.2 172.6 
G12 2822 1818 2.26 3.55 46.3 57.9 2.01 3.10 76.4 47.8 0.888 0.875 189.7 132.5 
G13 3542 2208 3.27 2.60 63.6 46.8 2.87 2.26 95.5 57.1 0.879 0.872 164.7 149.6 
G14 4881 3985 2.04 2.17 50.1 44.9 1.86 2.03 130.6 97.5 0.911 0.930 298.5 327.8 
G15 5667 2580 2.05 2.12 45.1 38.5 1.90 1.89 150.4 64.8 0.930 0.894 319.3 176.4 
G16 6549 2885 2.52 1.73 52.7 35.3 2.30 1.57 173.8 69.6 0.910 0.909 240.3 232.8 
G17 3989 2169 2.84 2.56 55.0 41.1 2.65 2.20 124.2 61.0 0.932 0.861 284.0 119.1 
G18 4919 1932 2.80 1.91 55.3 35.8 2.60 1.71 151.6 55.2 0.928 0.891 286.0 174.4 
G19 3983 1977 2.58 2.44 62.1 49.5 2.32 2.13 111.9 54.5 0.902 0.872 255.1 168.8 
G20 6117 3579 2.78 2.25 65.9 44.8 2.48 2.07 149.1 92.1 0.893 0.924 223.6 268.8 
G21 5178 3678 1.33 0.95 27.3 16.4 1.19 0.88 129.2 86.1 0.896 0.933 199.6 259.3 

LSD0.05 1042 0.52 9.5 0.47 25.9 0.03 75.2 
YLD, grain yield (kg.ha-1); SWD, spike dry weight (g); NGS, number of grains per spike; SPW, grain weight per spike 
(g); GFR, grain filling rate (kg.day-1); SHI, spike harvest index; SFIM, spike fertility index. 

 

962  



_����� ?�,;�-bD �R9 	��R ?�� Z,��T Q$� �O ���                           S��;��B �!�� /:M< :�#�#$�/  �!�[T>�
/ ;�,�B 1404 

 

B  A  
 -�T1-  U�* +�
��B 	%�2'[� g,�y 	�!��] !���[� :�aN� ����_����� !� ��T �����O ��� ���� U�%���
 C�
� �*�� ��� 4�
:  

A ( Z,��T+��* ?�� �B( 	��R ?��.  
Figure 1. Heatmap of Pearson’s correlation coefficient among the measured traits in barley genotypes based on 
the average two years data: A) Non-stress conditions, B) Drought stress. DHE, days to spike emergency; DMA, 
days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, grain yield (kg.ha-1); SWD, spike 

dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains per spike; SPW, grain 
weight per spike (g); GFR, grain filling rate (kg.day-1); SHI, spike harvest index; SFIM, spike fertility index; 

GFP, grain filling period (day). 
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Figure 2. Biplot of principal component analysis in order to group the studied barley genotypes: A) Non-stress 
conditions, B) Drought stress conditions. DHE, days to spike; DMA, days to maturity; PLH, plant height (cm); 
TGW, 1000-grain weight (g); YLD, grain yield (kg.ha-1); SWD, spike dry weight (g); AL, awn length (cm); SL, 

spike length (cm); NGS, number of grains per spike; SPW, grain weight per spike (g); GFR, grain filling rate 
(kg.day-1); SHI, spike harvest index; SFIM, spike fertility index; GFP, grain filling period (day). 
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Figure 3. Determining the optimal number of clusters: A) Non-stress conditions, B) Drought stress conditions. 
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Figure 4. Heatmap resulting from cluster analysis to group barley genotypes and studied traits based on the 

average of two years data (2022-2024): A) Non-stress conditions, B) Drought stress conditions. DHE, days to 
spike emegency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, grain 

yield (kg.ha-1); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains 
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day-1); SHI, spike harvest index; SFIM, 

spike fertility index; GFP, grain filling period (day). 
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