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Evaluation of variability of agronomic and morphological traits in

doubled haploid wheat lines using multivariate statistical methods
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Table 1. The analysis of variance for agronomic and morphological traits in check cultivares
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S.0.V. df Number  Number Spike Grain Grain Thousand  Grain Plant Days to Days to
of of grains  length  density  weight kernel yield height 50 % of maturity
spikelet  per spike per per spike weight flowering
per spike spike
oS o 4 0.60™ 448" 0.99" 0.39™ 0.17" 4.85™ 0.6 29.71™ 0.3™ 0.47™
Block
Ll 5 18.637  631.017 3957 5117 0827 275.067  6.67° 1082.83"  138.627  66.46"
Check
o 20 1.68 29.78 0.56 0.23 0.09 3.68 0.55 33.82 0.82 1.96
Error

ok *

.\;b.\.OLrnv_mr\&buu_urw.:ﬁquervﬁﬁ..or(.}m\ﬂ?. 9 tng
ns,* and **: non significant and significant at 5% and 1% of probability levels, respectively.
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Table 2. Evaluation of descriptive statistics of different agronomic and morphological traites in wheat doubled haploid lines and cheek cultivars

b 6 o SiLs

Means of check cultivars
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]
Coefficient of  Standard Hybrid
Traits Mean Min Max Parsi Mihan Ghods MV17 Bolani
variation (%) deviation Bersee
4ls > Slas(t/ha) 4.63 27.28 1.26 103 796 609 514 59 357 295 499
Grain yield (t/ha)
s fom oy
ol ol 03Aen) 36.07 15.10 5.43 2238 5046 4331 4254 2937 3376 3485  49.64
Thousand kernel weight (gr)
Al > aselow Sl
T 93 4 S 20.96 9.78 2.05 16.20 26.67 2026 1942 2034 21.3 21.58 16.25
Number of spikelet per spike
a5 als slaws
. 57.98 16.33 9.47 26.76 95.59 5292 5924 64.68 6226 48.12 34.34
Number of grains per
spike
A 52 412 035 2.30 17.73 0.408 1.11 3.38 2.7 277 224 246 1.81 1.88
Grain weight per spike
i 52 4l (S5 5.24 20.99 1.1 1.83 8.67 5 6.09 533  6.08 4.42 3.47
Grain density per spike
4 J5b(cm) 11.14 11.31 1.26 7.53 14.53 10.58 9.7 12.16 10.3 10.89 9.87
Spike length (cm)
oS ¢lis,i(cm) 90.25 11.35 10.24 60.73 126.57 84 70.4 99.4 78.8 105 105
Plant height (cm)
0 5 5eB 6 s 181 16.56 3.02 176 196 178 180 181 182 192 178
Days to %50 of flowering
S5 S U5 223 1.58 3.51 213 235 222 223 222 223 230 219
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Table 3. Correlation coefficients of agronomic and morphological traits in doubled haploid wheat lines

53 4ok sl Al Jsb 53 &l sl &l 05 ls (S5 A b b 3sy Sy bs, LWNEL_ 4ls 058 0)5 41> 3 Slas
i i i ki )3 SSPn s
Number of Spike Number of Grain Grain Days to %50 Days to Plant height Thousand Grain
spikelet per length grains per weight per density of flowering maturity kernel weight yield
spike spike spike per spike
Al s amlin sl 1
Number of spikelet
per spike
A Jsb 537 1
Spike length
Al ys awls sl 293 %* 269%* 1
Number of grains
per spike
aliw j3 4l 08 .026 .146 661 ** 1
Grain  weight per
spike
i s 4l (S5 .008 -.204%% .836%* 558%* 1
Grain density per
spike
Al 5 54b G 3, ST78%* 174* .196* -.110 .101 1
Days to %50 of
flowering
S5 s58 Sy b 35 566%* 266%* 287 .003 135 156%* 1
Days to maturity
o5 &3l 261%* 321%* -.142 -.157 -316%* 174% .022 1
Plant height
413 58 055 -241%* -.134 -201% A22%%* -127 -.329%* -303** .110 1
Thousand kernel
weight
6ls 3 Sles -197* .086 -.066 135 -.126 -.293%* -.246%* 112 329%* 1
Grain yield

* and **: significant at 5% and 1% of probability levels, respectively
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Figure 1. Changes in Eigenvalues based on factors
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Table 4. Matrix of rotated factors (varimax rotation)
i b ol gl 5l ST 23005 Jl ble pss e o il
Trait Comrnunaht_les after Factor1  Factor2  Factor 3
extraction
a5 amlin sl
, . 748 155 464 713
Number of spikelet per spike
e d
o s~ .682 .067 -.006 .822
Spike length
i ys &l sl
' . , 912 927 179 146
Number of grains per spike
i H &ls O
o _ 868 847 -371 110
Grain weight per spike
s jo als (ST 5
- V%" , 894 871 192 -314
Grain density per spike
o 50 )
04 5 30 , 705 085 721 422
Days to %50 of flowering
. R G
S3A T 5 686 205 680 427
Days to maturity
ol:f tu.?_)l
) 524 -.297 -.150 .643
Plant height
s i
e _ 566 066 747 060
Thousand kernel weight
1 > Slas
e 470 004 -658 193
Grain yield
Gyls 3 8 sty esls Ol 1 (s Moghadam ez al.,) Lus «b 8 L s s
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Table 5. Equations of estimation of grain yield mean based on stepwise regression

al> 0 Aslaa odds JodaS ni g 0
48
Standardized coefficient
Step Equation R
of determination
1 GYT = 0.077TEW + 1.823 0.329 0.103
2 GY = —0.088DHE + 0.061TEW + 18.280 0.383 0.135
3 GY = 0.1665L— 0.098DHE+ 0.064TKW+ 18.138 0.415 0.159

-\..i:l;@Al.....wJ}b_}M)}@.]&U)})QAAL\)‘JAQ)}AM:QL&J;_‘:]_;MSL}DHEcTKW

TKW, DHE and SL represent thousand kernel weight, days to %50 of flowering and spike length, respectively
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Table 6. The decomposition of correlation coefficients into direct and indirect effects for grain yield in
doubled haploid lines of wheat

S (roin ] Gl 3l i 31 615 Slas b (Koo <y o
Trait Direct Indirect effect through Coefficients of correlation
effect X, X, X5 with grain yield
Xi=als 558 055 0.275 - - - 0329
X;=Thousand kernel weight
Xo=di 55655 55, 0231 1.109 - - -0.293"
X,=Days to %50 of flowering
Xy=dow Job 0.163 -0.121 - - 0.086™

X;= Spike length
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Figure 2. Path analysis of grain yield in wheat doubled haploid lines
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Table 7. Evaluation of descriptive statistics of agronomic and morphological traits in superior wheat doubled haploid lines and check cultivars

DH-26 < nesr DH-27 Conar DH-28 cocr
oS
Slaw DH-26 Population DH-27 Population DH-28 Population Ltals
oS oSl oSl
DH-26- DH-26- DH- DH- DH- DH-  DH- DH- Means
8 25 DH-26-43 276 27-14 2725 28-9 2811  28-30 of check
Traits Average h - - Average B - - Average cultivars
(t/ha) «ls » %rb
o 7543 7360 7.493 4.885 6315  6.092 6268 4394 5957 6778 6487 4417 4.773
Grain yield (t/ha)
(&) 4> i3 055
Thousand kernel 3712 38.00 32.28 34.59 4133 3779 3781 37.25 39.60 4224 4292 38.21 38.91
weight (gr)
cm) ol i
. 87 93 88 90 90 100 100 94 85 85 80 85 90
Plant height (cm)
A 700 5 54b 6 5y,
Days o %30 of 182 181 177 181 181 181 181 181 179 179 181 180 182
flowering
S5 i S U555
224 222 220 222 220 223 223 223 21 22 222 223 223
Days to maturity
Sy s
U8 ofan e 12.6 132 12.6 13 129 127 134 13 129 129 127 13 13
Grain protein%
i
SR 53 55 54 54 52 53 55 53 54 57 53 53 54

Hardest Index
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Figure 3. Classification of evaluated traits using Ward’s method of cluster analysis
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Introduction

To date, wheat counts as one of the most important cereal grains, feeding the
increasing world population (Feldmann, 2001). Evaluation of the genetic diversity
of wheat genotypes will provide a great opportunity to improve its yield quality
and increase its grain output. The results of previous studies on wheat have shown
correlations among grain yield and its components such as number of tillers,
spike length, grain number per spike, thousand-kernel weight and harvest index.
However, because of complex relations among different traits and their interactions
with grain yield of wheat, simple correlations of these traits can not be directly and
unequivocally used to clarify those relationships. Therefore, different statistical
techniques can be employed in modeling the crop yield, including correlation,
regression, path analysis, factor analysis, factor components, and cluster analysis
(Leilah & Al-Khateeb 2005). The goal of this study was to identify variability in

grain yield and some agronomic and morphological traits and their relationship
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among 150 doubled haploid wheat lines.

Materials and Methods

In this study, morphological and phenotypic traits of 150 doubled haploid
wheat lines derived from three different crosses: 1) DH-26: Ghods*3/MV17, 2)
DH-27: Flanders/3*Ghods, 3) DH-28: Hybrid Bersee/*3Ghods, which consisted
of 75, 45 and 30 individuals, respectively, were evaluated. The experiment was
conducted using an augmented design with six check cultivars including Parsi,
Mihan, Bolani, Ghods, Hybrid Bersee and MV 17, which were repeated over five
blocks. Some agronomic traits such as days to %50 of flowering, days to maturity,
spike length, number of spikelets per spike, number of grains per spike, grain
weight per spike, thousand kernel weight, plant height, grain density per spike and
grain yield of DH lines as well as check cultivars were evaluated. DH lines were
classified with hierarchical cluster analysis using Ward method as well as using
multivariate statistical methods such as factor analysis, stepwise regression and
path analysis. Statistical procedures were carried out using SAS 9.0 and SPSS 16
software packages.

Results and Conclusion

The analysis of variance showed that there were significant differences for days
to %50 of flowering, days to maturity, spike length, number of spikelets per spike,
number of grains per spike, grain weight per spike, thousand kernel weight, plant
height, grain density per spike and grain yield. The determination of coefficients
of variations for phenotypic and physiological traits of all three DH populations
indicated that most of the studied traits had a high genetic variability. Evaluation
of grain yield among different population showed that DH-26 population with
an average grain yield of 4.885 T/ha had higher grain yield compared to other
two populations, although within each population several lines with higher yields
and superior agronomic and morphological traits than their parents and control
cultivars were identified. The coefficients of correlations among yield components
showed that grain yield had a positive and significant correlation with grain weight
per spike and thousand-kernel weight while its correlation with days to 50% of

flowering, days to maturity and number of spikelets per spike was negative and
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significant. The results of factor analysis indicated that three major factors effective
on earliness, spike and plant height explained %68.47 of the total variation. The
results of stepwise regression analysis showed that thousands kernel weight had the
most important effect on grain yield and explained 8.8% of the variation. The path
analysis of data indicated that, number of spikelets per spike and thousand-kernel
weight had the highest direct effects on grain yield. The current genetic variability
of DH lines, which are derived from parents with good agronomic traits, especially
yellow rust resistance (Bakhtiar et al., 2015), can be employed for the selection of
the superior genotypes that possess all beneficial characteristics.

Keywords: Doubled Haploid Population, Grain Yield, Path Analysis and Wheat.
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