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Table 1 - Mean of the studied traits in 20 hulless barley genotypes

Kby gk g2 G585 Y0 55 ey 3500 Olhe :Rile -V g

Jsb Jsb S 059 sl slass s Shes
(i) Jb sl
s S, S, o aseli o3 4&ls o aldas
SEFS Spoo JSIy o
Pl A A el e s s el Ay
(cm) (cm) 2954
(cm) (cm) (cm) (gr) e e (gr)
1 67.42  19.25 9.03 9.79 0.619 1.506 23.70 24.51 0.98 391 2.20
2 66.24  21.83 7.24 9.99 0.839 2.122 16.91 38.34 1.42 2.50 1.39
3 60.52  19.10 6.84 10.44 0.960 1.179 15.82 35.79 1.34 2.59 1.69
4 62.82  21.23 7.51 9.48 0.773 1.495 18.27 28.77 1.07 2.06 1.54
5 61.75  20.60 6.51 11.48 0.864 2.063 16.58 34.65 1.35 1.91 1.15
6 58.47  19.99 6.20 9.84 0.969 1.598 14.95 33.90 1.21 1.89 1.24
7 60.41  19.45 6.21 10.18 0.814 1.839 15.23 34.45 1.15 2.50 1.34
8 61.01  22.21 5.82 8.81 0.875 1.330 14.36 27.38 1.02 2.06 1.30
9 63.51 20.54 6.40 8.89 0.806 1.777 16.18 33.84 133 248 1.89
10 58.85  22.63 7.04 10.27 0.943 1.604 16.3 24.95 0.97 1.56 1.00
11 71.23  21.55 6.71 12.84 0.913 2.069 16.61 33.35 1.40 2.82 1.63
12 62.23  20.08 6.58 9.74 0.853 1.582 14.82 27.70 1.02 2.16 1.22
13 64.74  21.51 6.35 9.98 0.790 1.738 15.00 28.67 1.18 3.11 1.67
14 63.03  19.22 6.07 9.71 0.765 1.604 14.47 30.69 1.09 2.57 1.42
15 61.78  19.68 6.19 9.48 0.739 1.773 14.97 30.23 1.09 2.22 1.52
16 67.26  21.76 6.17 10.88 0.911 1.892 13.90 30.25 1.17 2.64 1.67
17 59.38  18.49 6.77 9.16 0.721 1.830 16.61 26.49 0.97 3.26 1.81
18 59.78  16.41 6.18 10.18 0.976 1.872 15.52 30.91 1.14 2.07 1.23
19 60.39  18.71 6.33 9.92 0.851 1.694 16.15 33.24 1.17 2.62 1.59
20 61.63  21.41 6.21 10.86 0.768 1.904 14.39 29.27 1.08 2.86 1.60
Sl
62.62  20.28 6.62 10.10 0.837 1.744 16.04 30.86 1.16 2.49 1.51
Mean
LSD 5 % 5.648 1.155  0.9644 1.175 2.064 0.4060 2.66 7.34 0.288 0.108  0.567

Yo
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Table 1 - Mean of the studied traits in 20 hulless barley genotypes (continued)

3 S 3 Shes ool 3 S ol gl I 059 &b
&ls sldas JS sl > Shes ol 5 Sles SS9 &b
ey S als S S ols dls cdls &ls e
S PS] 4y 3 oS Js «ls Js &ls podiw
290k s S s G S i (gr) 3
2904 (gr/m’) (gr/m’) (gr/m’) (%) (day)
(gn) (gr) (gn) (gr) (%) (%) (day)
1 3241 1.240 2.231 7.069 4.837 33.0 1485.45 445.31 1040.14 29.98 31.894 8.663 43.50 52.625
2 34.47 1.196 2.616 7.379 4.763 40.0 1470.09 322.26 1174.40 21.92 32.341 9.613 47.25 56.625
3 39.67 1.370 2.712 7.811 5.099 38.2 1024.69 403.53 621.16 39.38 33.388 9.450 45.75 55.875
4 28.00 0.940 2.009 6.261 4.252 33.8 976.68 281.92 694.76 28.87 32.015 10.110 48.00 59.750
5 28.01 0.966 2.314 7.011 4.698 33.6 1344.81 425.36 919.45 31.63 33.381 9.038 44.75 56.625
6 30.81 0.982 2.185 5.469 3.284 41.3 1386.10 472.27 913.83 34.07 31.361 9.488 45.63 56.125
7 31.26 0.948 2.099 6.657 4.558 31.8 1456.48 345.67 1110.81 23.73 31.366 8.813 44.13 55.000
8 18.04 0.569 1.592 5.510 3.918 32.9 1140.22 232.85 907.36 20.42 30.353 9.938 44.75 54.375
9 42.94 1.532 2.865 7.145 4.280 42.4 1398.26 320.31 1077.95 22.91 33.636 8.413 44.63 54.125
10 14.66 0.519 1.488 5.165 3.677 33.2 1119.59 341.01 778.59 30.46 33.124 9.338 45.25 54.375
11 32.32 1.230 2.685 7.831 5.146 34.3 1173.30 281.78 891.52 24.02 32.821 8.863 45.50 55.375
12 22.74 0.804 1.821 5.956 4.135 30.9 1277.65 311.32 966.34 24.37 32.494 9.175 45.25 57.125
13 30.99 1.120 2.299 6.532 4.234 34.0 1415.87 347.76 1068.11 24.56 33.326 9.000 44.50 54.750
14 27.22 0.800 1.897 5.712 3.815 371 1557.23 347.54 1209.70 22.32 30.604 8.638 45.75 55.250
15 28.31 0.921 2.016 6.949 4.933 30.6 1405.87 361.29 1044.59 25.70 32.129 8.525 46.50 56.375
16 30.00 1.108 2.276 7.186 4.909 323 1102.37 272.30 830.07 24.70 32.428 9.200 45.88 57.500
17 27.95 1.027 2.000 6.993 4.994 29.1 958.80 271.45 687.34 28.31 32.326 9.538 46.38 56.750
18 23.84 0.821 1.958 7.210 5.252 304 1254.40 293.29 961.11 23.38 32.371 9.350 44.25 54.875
19 35.77 1.085 2.255 5.902 3.647 38.3 1337.92 343.41 994.51 25.67 30.405 9.450 45.00 53.875
20 26.15 0.798 1.879 6.293 4.414 32.8 1311.30 279.45 1031.85 21.31 32.988 9.150 43.63 53.500
oSl
29.27 1.001 2.160 6.602 4.442 34.5 1279.85 335 944.85 26.38 32.238 9.188 45.313 55.544
Mean
LSD 5
13.64 0.496 0.666 1.297 1.402 7.67 25.87 50.79 22.74 8.8 1.787 0.825 0.921 0.831

AN
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Table 2 - Path analysis of grain yield per plant with other agronomic traits in hulless barley genotypes

oot g2 5| et
Indirect Effect L d{:....a.a
33 &ls sl ‘..,E:....A Sl s S
Sl i Job c B4
ol Ao 290b 4oy slaas als i O Direct Correlation
Trait ! Rk
No. of Grain  No. of Effective 1000 Grain Effect coefficient
Main Spike Heading
in Main Tiller Weight with grain
Length Date
Spike yield
ol Ao Jgb
- 0.064964 0.218842 0.001256 -0.1259 0.103 0.259
Main Spike Length
ol diw s ls sl
No. of Grain in Main 0.011227 - 0.072618 0.005652 -0.041958 0.596 0.644"
Spike
290k 4oy slAas
0.045629 0.087612 - -0.025748 -0.04403 0.494 0.558"
No. of Effective Tiller
s 5lm 059
0.000824 0.021456 -0.081016 - 0.0001259 0.157 0.1
1000 Grain Weight
@:d,.:..« @ Y
0.0515 0.096552 0.08398 -0.000785 - -0.259 -0.028
Heading Date

* - Significant at the 5% level of probability
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Fig. 1. Cluster analysis of 20 hulless barley genotypes based on Ward method
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Table 3 - Mean and deviation percent of three clusters obtained from cluster analysis for the studied traits in 20

hulless barley genotypes

Jsb dsb S, dsb P i 0y adieslas ab sl s Shee &l slaw
&g t\.LIJI _ e azey sldas
s o S . . . .
JSJI.H * T 2 el o FIKIITY ol s 4y 53
(cm) axy 290k
(cm) el (cm) PR @) ol ot @) 2954
oSNk
62.36 19.93 6.61 10.06 0.81 1.73 16.03 30.04 1.16 2.55 1.50 28.28
Mean
EJTIN
-0.4183 -1.78 -0.061 -0.369 -3.08 -0.79 -0.034 -2.74 -3.81 241 0.25 -3.52
Deviation %
oSNk
64.38 20.34 6.71 10.42 0.88 1.89 16.34 34.91 1.33 2.60 1.64 37.04
Mean
Ol el ey
2.73 0.3260 1.28 3.08 4.18 7.76 1.82 11.59 13.14 4.28 8.07 20.95
Deviation %
oSNk
59.94 22.42 6.43 9.54 0.91 1.47 15.33 26.09 0.99 1.81 1.15 16.35
Mean
Ol el ey
-4.49 9.54 -2.92 -5.88 7.86 -18.92 -4.62 -18.27 -16.29 -37.45 -30.89 -79.08
Deviation %
s Shos s s Shes o) . -l - " S -
sl s &ls 5 Shes 3 Shes BTYY) S p [« @)L
Sy &ls s by S S ols odls oS U s S ols odls ols s SN ik
80k < (@) R Cp S (gr/m?) (gr/m?) (gr/m?) g (gr) (%) o (day)
oSl
0.95 2.07 6.56 4.48 0.33 1302.50 342.50 960 0.26 32.21 9.13 45.24 55.86
Mean
Sl il Ao s
-4.34 -4.052 -0.62 0.97 -4.15 1.75 2.24 1.56 0.4965 -0.097 -0.632 -0.159 0.575
Deviation %
oSNk
1.29 2.63 7.22 4.58 0.38 1280.85 334.25 946.6 0.2653 32.52 9.157 45.62 55.17
Mean
Ol el ey
22.54 17.77 8.48 3.16 10.74 0.078 -0.22 0.184 1.16 0.86 -0.328 0.685 -0.668
Deviation %
oSNk
0.54 1.54 5.33 3.80 0.33 1129.90 286.93 842.95 0.246 31.74 9.637 45 54.37
Mean
Ol el ey
-40.26 -40.26 -16.97 -16.98 -4.39 -13.27 -16.76 -12.085 -6.59 -1.57 4.67 -0.69 -2.15

Deviation %
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Table 4 - Principal components and their eigenvalues in 20 hulless barley lines for 25 traits

ad 5 o5 yldde W BH I IRV
Component Eigenvalue Percent Cumulative

1 6.958 27.832 27.832

2 4.278 17.113 44.946

3 3.651 14.606 59.551

4 2.685 10.740 70.292

5 2.054 8.216 78.507

6 1.581 6.324 84.831

7 1.222 4.889 89.720

SDls (H/AYA) =S oLS 5, Shas 5 (=+/AL0)
(0 Jgr) o S el

e 53 3l ol U s i (shunins
Wl 1 sl g el sues S (ol
2 Slad a5l ol ey, S s 55 S
S glaanas s 50 ol laadljo a5 4 28
(Y JSa) i S 515 e
SHpear

s s Sl amlis s S5 b
Shls pys el a5 ol QLA gla b
Slage¥ Sl orlnbe Ak e cslls sla S5
Sl Ol e (Il laaal s 3 33 05 8
ol G 3 S el 4l s Shes 3 g
s sl OF @l b ails 3 Shae ol 4 320
3ol gloaasy sliss 5 ol aew s
S LA g s 5 Shes il (n e
Sla s 55 Sl s Slas opl 5015
Comdisy Osdm g 25— 53 G 8 Jls o
38 eslizal

Y\

b S 55 51 Ao YATY sl il o
o 5 po> Slaadl s gl p Hlds (pl 5 S e
PN WS ¥ 7 U WP A7A R RS oY
(G /AEY) S S adils 5, Shae Sliw Jyl
53 s sl (/YY) 5L slaasy 5 Slas
Sy SOl s (V/AN0) sl slaa =y
O3 (VF) ol a5, Slas (F/AYY)
/T s, amy sl (8 ol i
5 (/00) Aoy slss (/) as s f L5 )
ol s lls (1700Y) a5 ST els 5, s
e Do s adlie 5o iy Shn e
ol a5 als sl ((+/AYA) = S
SHG708A) ol i s, Slae 5 (/1Y)
oy sl Sl 5 S i ol s
sl 5 (=0/AY4) 550 4y slaas (=+/100)
i sl s 3l (=0 /0VE) ol ali 53 anlin
il je 53 e sy sy s e B LB
o2 S (4/07E) &5 ST oS 5 Ko o s
S5 JS plese Slis e B
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Table 5 - Coefficients of the studied traits in obtained components from PCA in hulless barley genotypes

o adl 50
Trait Component
1 2 3 4 5 6 7
Plant Height & 5 & ! 0.611 -0.223 0.125 -0.368 0.200 0.486 0.028
Peduncle Length sla J b -0.108 0.169 0.117 -0.207 0.210 0.824 -0.147
Main Spike Length Jol diw J4b 0.310 -0.499 0.433 0.395 -0.166 0.381 0.226
Flag Leaf Length 4> » S, deb 0.397 0.338 0.107 -0.338 -0.563 0.286 -0.006
Flag Leaf Width ¢ S5 oo -0.149 0.828 -0.032 -0.008 -0.217 -0.021 -0.291
Main Spike Weight Lol dlow 03 0.646 0.438 -0.101 -0.473 -0.216 0.026 0.156
No. of Spikelet in Main Spike _Jo! diw ;3 axbins sluw 0.344 -0.574 0.304 0.406 -0.178 0.266 0.220
No. of Grain in Main Spike _lo! diw ;3 4ls slaas 0.567 0.667 -0.331 0.066 0.141 -0.131 0.157
Main Spike Yield Lol w5 Shos 0.739 0.598 -0.197 -0.034 0.072 0.107 -0.009
No. of Tiller 4sey sldas 0.564 -0.655 0.154 -0.091 0.113 -0.138  -0.194
No. of Effective Tiller 3,b a5y sldas 0.603 -0.629 0.210 0.126 0.245 -0.086  -0.284
No. of Grain in Effective Tiller 5, slaazy 3 4> sldas 0.865 0.051 -0.126 0.296 0.257 -0.199  -0.119
Effective Tiller Yield 5, slaazy 5 Shes 0.932 -0.017 0.071 0.206 0.180 -0.079  -0.170
Grain Yield per Plant & 5 &S &ls 5 Shes 0.940 0.225 -0.029 0.130 0.154 -0.011 -0.122
Biomass per Plant & 5 &G wbo g 0.813 0.011 0.383 -0.285 -0.030 -0.249 0.115
Stalk Yield per Plant & 5 S olS' 5 Shos 0.551 -0.127 0.524 -0.462 -0.192 -0.295 0.195
Harvest Index per Plant & 5 S cls 5 jasld 0.380 0.353 -0.450 0.561 0.320 0.241 -0.180
Biomass & S S e g 0.268 -0.231 -0.845 -0.033 -0.049 0.066 0.355
Grain Yield &fs S > Shes 0.291 0.010 -0.253 0.669 -0.494 0.022 0.284
Stalk Yield S oS’ s Slos 0.165 -0.288 -0.828 -0.275 0.133 0.085 0.286
Harvest Index |S' <lls p jas-ls 0.131 0.358 0.319 0.662 -0.467 -0.044 0.026
1000 Grain Weight «ls ,l3a 35 0.446 0.197 0.305 -0.183 -0.395 0.183 -0.217
Grain Protein 41> 259 » -0.451 0.357 0.478 0.216 0.266 0.027 -0.061
Booting Date s> 5M& é,b’ -0.028 0.395 0.481 0.136 0.567 0.077 0.408
Heading Date _asaliw &b -0.062 0.472 0.582 -0.025 0.331 -0.061 0.449

Y
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Fig. 2 . Two dimensional plot of hulless barley lines based on the first and second components of the principal

components analysis
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Genetic Diversity of Hulless Barley Lines and Path Analysis by Grain Yield and

other Agronomic Traits
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Abstract

20 hulless barley lines were assessed by grain yield and other agronomic traits in 2006 and 2007 in
the Research Station of the University of Tabriz, Iran. The experiments in each year were carried out as
randomized complete block design with four replications. The genotypes were significantly different for
most of the studied traits. This indicated the existence of large genetic variation in the population of
hulless barley lines. Genotypes 6, 1 and 5 had the highest grain yield. Cluster analysis classified lines into
three groups. Furthermore, principal components analysis confirmed the results of the cluster analysis.
The second cluster which included five genotypes, had higher grain yield per plant, per effective tillers
and per main spike, no. of grains per spike and effective tillers, harvest index per plant, biomass per
plant, no. of effective tillers and weight of main spike. Thus the genotypes of this cluster could be used to
improve the grain yield of hulless barley in breeding programs. Path analysis showed that the direct effect
of 1000 grain weight on grain yield per plant was small. Number of grains per spike and number of
Effective tillers had the largest direct effect on grain yield and were regarded as the most important
components of grain yield per plant in hulless barley which could be used for selection of better genotypes
in segregating generations.
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