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ABSTRACT

In order to study of genetic diversity and classify barley cultivars under optimal and limited irrigation
conditions, an experiment was conducted on 138 barley cultivars using alpha-latis design with two
replications at University of Tehran research field. Result of variance analysis showed that there were
highly significant differences among cultivars in studied traits which reveal high genetic variation among
the cultivars. According to stepwise regression and path analysis, seed number per plant and biological
yield under optimal irrigation condition, and biological yield and harvest index under limited irrigation
condition were the most important traits affecting grain yield. Factor analysis showed four factors were
selected that in both optimal and limited irrigation conditions, which explained 80.33 and 79.93% of the
changes, respectively. In both cases, the first factor was named as the performance factor explained the
most data changes. According to the biplot diagram, 54, 57, 37, 103, 31, 30, 2 and 29 cultivars in optimal
condition, and 130, 127, 124, 97, 122, 99, 29 and 55 cultivars in limited irrigation, which were at the high
level in terms of the first and second factors, were selected as superior cultivars. Cluster analysis under
optimal and limited irrigation conditions grouped cultivars into four and five clusters, respectively and the
results of cluster analysis confirmed grouping cultivars based on biplot diagram.

Keywords: Cluster analysis, genetic diversity, path analysis, regression analysis, yield components.
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Table 1. Variance analysis of the investigated traits of barley cultivars under optimal irrigation condition.

M.S

S.0v Df Number of Grain Thousand biological ~ Harvest Number of Number of seed  Plant height Peduncle Spike Days to Days to

seed per plant yield grain weight yield Index Spikes per plant per spike length length Flowering Maturity
Replication(R) 1 16784.13™ 75.45™ 476.42™ 11.56" 0.14™ 0.88™ 1082.57 3497.76™ 37.52™ 74.94™ 120.12™ 31.16™
R.(Block) 26 1694.36 3.16 13.66 19.57" 0.002 159" 28.40 284.88™ 8.10™ 0.59 12.89™ 3.32
Cultivar 137 6135.20™ 5.82™ 61.34 22.34" 0.003™ 212" 307.04™ 107.84™ 15.63™ 1.25" 42.89™ 14.63™
Error 111 1647.86 2.64 14.03 12.08 0.001 0.78 23.43 34.95 3.23 0.55 4.29 2.20
CcV 19.42 20.34 9.57 17.72 10.88 15.67 12.54 5.74 6.93 9.24 1.18 0.69

** g% g

S, S g g Jles ] e (o o g g s S o Sy
", "and ™: non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 2. Variance analysis of the investigated traits of barley cultivars under limited irrigation condition.

S.0.v Df  Number of seed Grain Thousand biological Harvest Number of Spikes per ~ Number of seed Plant Peduncle Spike Days to Days to
per plant yield grain weight yield Index plant per spike height length length Flowering Maturity
Replication(R) 1 16784.13™ 75.45™ 476.427 11.56" 0.14™ 0.88™ 1082.57 3497.76™ 37.52™ 74.94™ 120.12™ 31.16™
R.(Block) 26 1694.36 3.16 13.66 19.57" 0.002 159" 28.40 284.88™ 8.10™ 0.59 12.89™ 3.32
Cultivar 137 6135.20™ 5.82™ 61.34 22.34” 0.003™ 212" 307.04™ 107.84™ 15.63™ 1257 42.89" 14.63™
Error 111 1647.86 2.64 14.03 12.08 0.001 0.78 23.43 34.95 3.23 0.55 4.29 2.20
(AY 19.42 20.34 9.57 17.72 10.88 15.67 12.54 5.74 6.93 9.24 1.18 0.69

** g% s

-M)Q&—:{j@-;kjl&-bléaw)o)lo . 3)“) . )A-Cw);dg
", " and **: non-significant and significant at 5% and 1% of probability levels, respectively. > S
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Table3. Descriptive statistics parameters of investigated traits of barley cultivars under optimal and
limited irrigation conditions.

Traits Maximum Minimum Mean \(/:;?gigfn Sg%?ggg% Skewness Kurtosis
Number of seed per plant non-stress 508.40 90 234.30 34,52 80.88 0.68 0.18
stress 492 96.60 208.93 31.04 64.86 0.69 0.44
Grain yield non-stress 22.78 4.49 11.01 29.95 3.30 0.64 0.38
stress 14.58 3.13 7.99 27.27 2.18 047 0.17
Thousand grain weight non-stress 62.88 26.19 48.03 11.81 5.67 -0.15 0.33
stress 58.24 21.45 39.14 16.64 6.51 0.03 -0.10
biological yield non-stress 46 10 25.31 26.19 6.63 0.57 0.37
stress 32.40 10.40 19.61 22.11 4.34 041 0.11
Harvest Index non-stress 0.60 0.19 0.43 12.92 0.06 0.22 0.68
stress 0.60 0.16 0.41 14.19 0.06 -0.30 1.39
Number of Spikes per plant non-stress 13 3 5.69 25.42 1.45 1.07 223
stress 10.40 3 5.64 22.56 1.27 0.95 1.33
Number of seed per spike non-stress 86.81 19.57 43.26 38.23 16.74 0.26 -1.03
stress 69.64 15 38.60 35.24 13.60 0.28 -1.35
Plant height non-stress 147.20 64.04 105.94 10.33 10.94 -0.26 1.63
stress 142.10 70.26 102.95 11.19 11.52 -0.04 0.19
Peduncle length non-stress 41.80 20.80 29.65 12.35 3.66 0.59 0.50
stress 41 17.80 25.92 12.54 3.25 0.75 2.08
Spike length non-stress 13 4.72 8.07 11.60 0.94 0.74 3.80
stress 12 4.96 8.07 13.54 1.09 0.53 0.47
Days to Flowering LSS 184 157 172.95 2.96 5.12 -0.59 011
stress 187 157 174.31 3.05 5.32 -0.67 0.26
Days to Maturity non-stress 233 218 224.45 1.33 2.98 0.06 -0.61
stress 225 208 215.16 1.47 3.17 0.15 -0.05
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Table 4. Path analysis for grain yield of barley cultivars under optimal irrigation condition.

Trait Correlation Coff. Direct effect Indirect effect via R2 adj
1 2 3 4 5 6
Number of seed per plant 0.932 0.759 - -0.177 -0.002 0.261 0.092 -0.005 0.859
Thousand grain weight -0.281 0.294 -0.456 - -0.004 -0.073 -0.043  -0.001 0.975
Days to Flowering 0.05 -0.031 0.03 0.032 - 0.047 -0.026  -0.005 0.976
biological yield 0.899 0.313 0.634 -0.068 -0.005 - 0.033  -0.006 0.979
Harvest index 0.589 0.158 0.441 -0.08 0.004 0.065 - -0.001 0.993
Peduncle length 0.189 -0.023 0.136 0.005 -0.006 0.072  0.003 - 0.993

g adle adils o, Slae (69, |y o 5 oo
als o Slae 0gug gz Slao ol bl 5 i3S

(Dadashi et al., 2010) 54 sals> 5o
Solel bl s e crde an o mls bl
Sy Slos o 45 0l s s (B guz) Sgazme
O, Slos 1o |y VYY) paiiacs 31 o YL ¢ s
3Gl sl s e 5l g Slilo aigs o alls
Choo ol 5l 5 09 ezl Slio b 5ok
potions e SECIEYY) cadls J18 ciloy ezl
e GV (G 0y Shos Gyl 5l Cdo (]
Cude &l 12 59 9 Ay 4o dils slass Slae 5 ,b

O wzlsg

18§ yeS sldamw! @i o als slaws ial38 b
o=l 9 098 0 Oyl Wy yo aily e slass b anglas
o=l alpls 09h e als 5 09 a5 Cucly ol
Shalidl g ols Galidl s L g el |y b 9
o g ol e el Jlis 4 als o Slae

DS 0 Dy
o 8 g5 ) (Snred ol @l 4 4295 b
oolaiwl aS 0gd oo blwl iz code 4550 g o8
S ey 9y Nlos g aTg 0 ails slawy las
o olbas sl Ll 5o als 3,Shoe il
= ke (=Y Gy 2 S5 5 dle Soeal
039 9,k dziy olass Dlae a5 ol el s s

| UL SUIPEY PR | R KPS g W R U

Sgaze 6kl Ll o g Al o wig yo wils 0, Sles (gl Code ol ps i -0 Joo
Table 5. Path analysis for grain yield of barley cultivars under limited irrigation condition.

Trait Correlation Coff. Direct effect Indirect effect via R adj
1 2 3 4

biological yield 0.879 0.731 0.063 0.092 -0.008 0.772

Harvest index 0.589 0.422 0.109 - 0.051 0.007 0.988

Number of seed per plant 0.819 0.121 0.555 0.177 - -0.035 0.988

Thousand grain weight -0.051 0.058 -0.088 0.05 -0.072 - 0.989
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Table 6. Factor analysis using varimax rotation of barley cultivars under optimal and limited irrigation

conditions.
Traits First factor Second factor Third facto Forth factor

non-stress stress non-stress stress non-stress stress non-stress stress
Number of seed per plant 0.943 0.926 -0.186 0.131 0.243 -0.250 0.002 0.109
Grain yield 0.859 0.900 -0.138 -0.222 0.316 0.074 0.109 0.310
Thousand grain weight -0.518 -0.367 0.301 -0.589 0.024 0.353 0.249 0.264
biological yield 0.791 0.840 0.096 0.006 0.481 0.194 0.226 0.358
Harvest Index 0.596 0.450 -0.492 -0.472 -0.204 -0.496 -0.204 0.045
Number of Spikes per plant -0.411 -0.262 -0.102 -0.547 0.765 -0.210 0.198 0.446
Number of seed per spike 0.941 0.868 -0.126 0.407 -0.203 -0.118 -0.122 -0.139
Plant height 0.380 0.352 0.579 0.106 -0.278 0.815 0.488 -0.024
Peduncle length 0.344 0.399 0.412 -0.256 -0.333 0.647 0.608 -0.021
Spike length -0.069 -0.320 0.445 0.105 0.594 0.025 -0.029 0.772
Days to Flowering 0.196 -0.263 0.836 0.838 0.002 0.015 -0.411 0.290
Days to Maturity 0.325 -0.119 0.781 0.909 0.025 -0.015 -0.453 0.223
Eigen values 4.40 3.40 243 2.72 1.60 1.62 1.20 1026
Cumulative of variance (%) 36.69 33.33 20.27 22.64 13.34 13.48 10.03 10.48

o)l (Kws ae 5 (S ga—i aels 4y b»
.(Dehlholm et al., 2012)
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Figure 1. Distribution of barley cultivars on the basis of the first and the second principal components
under optimal irrigation condition.
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Figure 2. Distribution of barley cultivars on the basis of the first and the second principal components
under limited irrigation condition.
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Figure 3. Dendrogram of barley cultivars cluster analysis under optimal irrigation condition.
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Table 7. Cluster analysis of barley cultivars under optimal irrigation condition.

Traits First cluster Second cluster Third cluster Forth cluster
60 13 22 43
Number of seed per plant 275.68 b+7.31 33.347at 5.47 184.45 c+6.05 166.58 c+5.62
Grain yield 12.59 b+1.53 1453 a+1.11 8.90c+1.17 8.75c+1.26
Thousand grain weight 45.85c+2.18 42.16 d+1.93 48.36 b+2.08 52.73 a+2.05
biological yield 27.13b+2.24 33.03a+1.87 22.78c+2.21 21.62 c+1.78
Harvest Index 0.46 a+0.21 0.44. b+0.20 0.39 ¢+0.16 0.40c+0.20
Number of Spikes per plant 4.85d+0.88 5.64c+1.02 7.12a+1.03 6.12 b+0.97
Number of seed per spike 57.04 b+2.61 61.93a+1.42 25.93 c+2.38 27.22 c+2.68
Plant height 107.17b+2.91 112.79a+3.25 98.30 c+2.35 106.05b+2.99
Peduncle length 29.87b+1.80 32.06a+1.45 26.73 c+1.80 30.12b+1.76
Spike length 7.71 b+0.84 8.48a+0.81 8.08 a+0.91 8.44 a+0.73
Days to Flowering 171.99b+2.13 177.92a+2.06 166.63 c+1.73 176.01 a+1.69
Days to Maturity 22412 c+1.63 228.26 a+1.17 221.01d+1.33 225.47b+1.48
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“Means with the same letters in the same row are not significantly different according to Duncan’s multiple range taste (5%).
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Figure 4. Dendrogram of barley cultivars cluster analysis under limited irrigation condition.
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Table 8. Cluster analysis of barley cultivars under limited irrigation condition.

Traits First cluster Second cluster Third cluster Forth cluster Fifth cluster
Number of seed per plant 280.84 a+7.38 232.67 b+6.29 242.18b+5.87 168.23 c+5.22 156.51c+4.34
Grain yield 10.43 a+1.30 9.14b+1.45 8.31c+1.10 7.18d+1.13 6.65 d+0.93
Thousand grain weight 37.78 b+2.11 39.38 b+2.61 34.48 c+2.04 42.76 a+2.11 42.52 a+2.12
biological yield 22.91a+1.76 23.35a+2.08 20.66b+1.58 17.45 c£1.56 17.19 c£1.51
Harvest Index 0.46 a+0.16 0.39¢+0.17 0.40bc£0.20 0.41b+0.19 0.39c+0.18
Number of Spikes per plant 5.86b+0.92 5.25 ¢+0.77 4.74d+0.71 6.85a+1.06 5.90 b+0.88
Number of seed per spike 48.60 a+3.01 44.61b+2.45 51.22 a+2.34 24.67 c+1.39 26.76¢c+1.82
Plant height 102.62bc+2.34 116.88a+2.98 103.33 b+2.80 97.75c+2.66 101.99 bc+2.91
Peduncle length 27.83 b£1.52 30.16a+1.83 24.88c+1.45 25.44 c+1.22 25.19¢+1.73
Spike length 7.78 b+0.88 7.15 ¢+0.77 7.87b+0.85 8.13 b+0.74 8.63 a+0.80
Days to Flowering 168.90 c+2.02 173.32 b£1.88 176.56a+1.75 169.69 c+2.17 177.64 a+1.64
Days to Maturity 212.48 c+1.35 214.91b+1.33 217.05a+1.51 211.90 c+1.35 216.54 a+1.46
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“Means with the same letters in the same row are not significantly different according to Duncan’s multiple range taste (5%).
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