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Abstract

Introduction: Simplifying the selection procedure to improve yield of new genotypes of wheat is
necessary. Performance is a complex trait that is influenced by many factors, and usually due to its
low heritability, direct selection for performance is not very effective, so it is better to use indirect
selection to improve yield. By using some statistical methods, it is possible to obtain the relative share
of each of the yield components in the yield amount.

Materials and Methods: In this study, in order to investigate traits relationship using multivariate
analysis, 11 varieties and lines of durum wheat: Shotordandan, IDSN-2, IDYN-20, IDYN-35, IDYN-
19, Karkheh, Behrang, Dena, Aria, Shabarang and Hana along with three varieties of bread wheat:
Sirvan, Chamran 2 and Mehregan in two conditions of full irrigation and no irrigation after the
pollination stage as factorial experiment in the form of randomized complete blocks design in four
replications for two crop years 2016-2017 and 2017-2018 in the research farm of Islamic Azad
University Ahvaz branch were evaluated. After data collection, the assumptions of variance analysis
were established, including normality of errors using the Shapiro-Wilk test, independence of errors
using the Durbin-Watson test, and uniformity of variance within treatments using the Bartlett test.
After the composite analysis, separate variance analysis was performed for each year under full
irrigation and end-of-season drought stress conditions separately for the traits using SAS ver 9.4 and
META-R ver 3.4.1 software. Correlation coefficients between traits, stepwise regression analysis, path
analysis and factor analysis of relationships between traits were examined and the genotypes were
grouped using cluster analysis using the WARD method using standard data and Euclidean distance
using SPSS ver 20 software.

Results and Discussion: Based on the results of composite analysis, the interaction effect of genotype
and year was significant only for spike length trait. Results of the Pearson correlation coefficients
between the studied traits under full irrigation conditions showed that economic yield had a positive
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and significant correlation with the number of spikes per plant and harvest index, and in stress
conditions, the correlation of grain yield with the number of spikes per plant, harvest index and 1000
seed weight was positive and significant. Based on the results of stepwise regression analysis for
economic yield in full irrigation condition, plant height entered the model as the only effective variable
and explained 69.7% of the grain yield changes. In stress condition, three variables, the number of
grain.spike, the number of plants and the 1000 grain weight were entered into the model respectively
and explained 98.4% of the changes in economic yield. Factor analysis using principal component
analysis showed that in full irrigation and stressful conditions, the first four factors were able to explain
88.2 and 88.7 percent of the data changes, respectively. The results of cluster analysis for grouping
different genotypes in full irrigation and stress conditions created 3 groups. Under full irrigation
conditions, the genotypes IDSN_2, IDYN20, IDYN35, IDYN19 and the varieties Karkheh, Behrang,
Dena, Aria, Shebrang, Hana and Sirvan were in the first group and the varieties Chamran2 and
Mehregan were in the second group. Under stress conditions, the genotype IDYN35 and the varieties
Karkheh, Sirvan, Chamran2 and Mehregan were in the first group and the genotypes IDSN_2,
IDYN20, IDYN19 and the cultivars Behrang, Dena, Aria, Shebrang and Hana were in the second
group. In both conditions, the variety Sherdandan was alone in the third group.

Conclusion: According to the research conducted, the IDYN-19 line had a high yield in both full
irrigation and stress conditions, and the IDYN-35 line also had a high tolerance to drought stress. It is
suggested to use these lines in the breeding program, compatibility and stability of these lines should
be investigated in the relevant tests.
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Table 1- Composite variance analysis of mean squares of different traits of durum wheat genotypes under full irrigation and
terminal drought stress conditions in two crop years

&3l 4z ys &g lis | b dlas alo s &lo 133 )39 > > el
o o DT dgelass TFET CTOR e eolal  culoy
Source of variance Degree of No. plant Plant i e i 1000 grain '“) ’
freedom -p height Spike Spikletspike? Gr_aln. weight Blol_oglcal Econ_omocal Hawest
length spike? yield yield index
Lw
;‘ 1 1.7 905™  0.004™ 0.14™ 249™ 17.8™ 0.022™ 0.06™ 0.24™
ear
SL:w 1 250™ 729® 0.27™ 45™ 2298 6256™ 2988626117 303766.36™ 755"
ress
“;‘;:XJL» ns 03 ns ns ns ns ns ns ns
v Stress 1 22 15 0.09 0.61 0.31 0.08 0.32 0.04 0.22
earx
(i x JLw) 155
Replication 8 518 625 004 0985 081 045 5472 48 053
(YearxStress)
e " " " " s . " " "
Genoty 13 31492 939 229 58.02 121’ 60. 2841525 1120351 605
enotype
Jlw x i gi
G tyb v 13 115™ 84™ 0.009™ 0.08™ 0.54™ 0.08™ 2199™ 381™ 0.34™
enotypexYear
G“’“ tyx “‘;:’ ) 13 781 31 0096 008" 485™ 24" 2831375~ 1115785"  36”
enotypexStress
Ge“"“ xJ YX *"‘;” >3 5% 29° 006  011° 053® 007" 2101° 381" 042
notypexYearxStress
alojl gllas
510 12.7 0.07 0.30 0.77 12 3434 501 044
Experimental error
i e 2
T Ry 74 43 38 335 22 33 14 17 19
Coefficient of variation
S aos Jsb Job e sovmo st 15 SRB U 59, b 39, b 39,
e glo ‘sDe;ree';f Iy oo als Wl gk suzme J Re'transm.‘s':';n ' SLadlos S (S,
N . N 1SS
Source of variance freedom Peduncle Internode G_rain Grain length Retransmit efficiency Day_to D_aytg Dayt_o
length  length  width heading pollination  maturity
L
;’ 1 0.2 0.06™ 0.01™ 0.00001"™ 104™ 6.7™ 424" 372" 301™
ear
SW 1 7.4™ 15™ 721" 0.16™ 20026.4™ 27828™ 3.7 34" 3411"
tress
1 0.17™ 0.002™ 0.0002®  0.00002™ 35 39 1™ 5™ 2"
YearxStress
(i x JLw) 155
Replication 8 17 75 007 0001 03 002 17 195 17
(YearxStress)
3] - - - - - o . - -
G 13 330 21 0.006 0.05 535 36.3 1555 283.7 505
enotype
Jlox g
G B v 13 0.02® 0.005™ 0.33® 0.00003™ 0.02® 0.01™ 2% 14 2.3®
enotypexYear
G"‘“’ X*’*;” ) 13 012°  0024® 009"  0002” 435" 208" 86" 85" 133"
enotypexStress
Ge"‘“xJ YX ““";" >3 021  004° 00003° 000008  002% 001" 147 297 18"
notypexYearxStress
iolosl las
S 104 07 18 003 00003 03 019 37 21 38
Experimental error
ks o 2
S 0 23 95 87 27 23 24 19 14 15
Coefficient of variation

R PRy Y V2N e POV N PR K PONOV-SD J Y VR

ns, * and ** Not significant and significant at 0.05 and 0.01 probability levels, respectively

* % ns
¢
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Table 2- Coefficients of correlation of of different traits in durum wheat genotypes in full irrigation (bottom diameter) and terminal
drought stress (above diameter) conditions

Olaw
. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Traits

- 0683" -0403 07227 0033 0342 -002 0845" 0799 -0672" -0346 -052 -0801" 0214 0096 -0.713" 0690 -0.699™
0635" - 0785”7 0935”7 -0.199 0635 0.138 -0.790" -0.824™ 0.844™ 0.727" 0614~ 0827 0234 -0271 0.739™ 0826 0.735”
0358 080" - 07897 -0212 -078 0154 0625 -0679" 0513 0774 0268 0485 -0507 0468 0408 0622° 0351
06927 0935™ 0784" - 015 0606 0094 -0.786" -0.795" 0.870” 0.740™ -0.719™ 0825~ -0.237 -0.202 0.820™ 0.871" 0.760”
0007 -0157 -0019 0102 - -0042 0197 045 0335 -0204 0259 -0308 -0287 -0076 -0064 0115 -0.0% -0.021
0098 0227 0492 0276 0450 - 022 0547 038l -0496 -0688" -0075 -0415 0619" 0.798™ -0452 0693 -0473
0229 0046 0063 -0017 0241 0131 - 0181 0379 0177 0112 0171 -0163 -0061 0152 0232 0313 -0.358
0699™ -0.849™ -0.80" -0839™ 0137 0428 0309 - 084 077 -0610" -0556" 0.865™ 0305 0289 -0628" -0.765" -0.692"
0576" -0.844™ -0.858™ -0.854™ 0021 0346 -0.255 0.84™ - 0630% 0521 -0444 0729” 0293 0163 -0466 -0545" -0453
0.719” 0818™ 0520 0.891™ 0.184 0009 -0.183 -0651" -0572° - 0635 082" 0891" -01 -0165 0892" 0.879™ 0921"
0321 07197 0.749™ 0.732" 0118 -03% 0241 -0672" 0557 0623 - 0387 0493 0185 -0251 0495 0693" 0476
07777 0.754" 0510 0.768™ 0.090 -0.157 -0.260 -0.706™ -0566" 0.823" 0.445 - 0744" 0172 0226 0805" 0697" 0790
0.716™ 0.773" 0555" 0.844™ 0252 0116 -0.145 -0608" -0558" 0915~ 0555° 0719" - 0031 -0083 0825 0843™ 0868~
0192 0250 -0333 -0262 -02550.776™ 0185 0293 0188 -0053 0339 -0199 0015 - 0853" -0014 -0209 -0046
0210 0229 -0249 -0213 -0197 0678 0118 0224 0150 -0009 0286 -0160 0048 0970 - 0058 029 014
0.762" -0658" 0256 0.750” -0.157 0145 -0206 0526 -0432 0920™ 0316 0761 0849” 0062 0100 - 0058 -029
0.739™ 0892" 0633" 0935™ 0226 -0.141 0258 -082" -0.704" 0922™ 0626° 0797 0885~ 0212 -0145 0860~ -  0924”
0.767" 0818™ 0453 0.826™ -0.224 -0.026 0408 -0.732" -0527 0906~ 0564° 0808~ 0841~ -0.135 -0083 0876~ 0957" -

-
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*and ** significant at 0.05 and 0.01 probability levels, respectively
alw 5o &l olaws =0 Spiklet.spike™ aliw s axbaw slaws =F Spike lenght alow Jsb =Y Plant height w4 glis,l =Y No. plant g slax =)

cslsy asls =4 Economical yield olazsl s Slee =A Biological yield G505 o,Slae =Y 1000 grain weight «ls,l;a ;5 =5 Grain.spike™
=\f Grain lenght «ls Jsb =\Y Grain width «ls e =\Y JInternode lenght o ,Sile Jsbo =)V [Peduncle lenght JSils, Jsb =) - Harvest index
Day t0 lzdls,5 5 35, =\V « Day to heading 4l ,sl U 35, =)# . Retransmission efficiency sase Jlsl ol 5 =)0 Retransmit soze !

Day to maturity Sa.w, b 59,=\A pollination

o g ol (gl Ll 10 pE4plS g 155 Jto (bl 31 03390 S Sloedpi§ (golasdl o ;Shas 1 50 Sl (ygmm ) ol pd - Jour
Juab sl S
Table 3- Regression coefficients of traits affecting the economic yield of durum wheat genotypes based on the stepwise regression
model in full irrigation and terminal drought stress conditions

5 . O Sy b Gl g0 (i g g SRS (S 0
Ll s B ol . ooy &yl b Stepwise Cumulative
» . Regression L L
Condition Variable L. Standardized determination determination
coefficient L. -
regression coefficient coefficient coefficient
_ Gg gl )|
Job5 55t ) -0.080 0.849** 0.697 0.697
Plant height
Full i g
S 32,
irrigation 11.135
Intercept
alw jo als slass
Grain. Spikel 0.069 0.446** 0.85 0.85
fs aen rain. Spike
S g 5o slass
4494 Oldss
Jad byl 0.009 0.722** 0.09 0.94
i No. plant
T Sl 03 0.098 0.319** 0.044 0.984
drought 1000 grain weight ' ’ ’ :
stress : .
lae 5l o250
-5.334
Intercept

LY il ma jo e pae ®F
**: Significant at 0.01 probability level
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Table 4- Results of path analysis of economical yield of durum wheat genotypes with traits entered to model based stepwise
regression at the terminal drought stress conditions

J ilo wilivo oo i1 178l iane st Lassl & ,Shos b Koo
o yO o - % 3 slazdl o . .
2 = : 7 Indirect effect through ¢ ’ S e
Traits remaining in the Direct 0 4l olass Slows 58 039 Correlation coeffic.ient with economical
model effect g il yield
alcew j0 dilo olawy
) ) 0.446** - 0.024 -0.013 0.456**
Grain. Spike!
a5 g oy
0.722** 0.015 0.109 0.845**
No. plant
ails 52 (339
- 0.319%* -0.019 0.247 - 0.547%%
1000 grain weight

Residual effect 0.012  sailo.dl il

**: significant at 0.01 probability level

aloglia y5g cails olaas (ioldl L 1y 0 oot S50 SS
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(Heidarinezhad et al.,2018)
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Table 5- Results of factor analysis for different traits of durum wheat genotypes in full irrigation and terminal drought stress
conditions
Lyl | ol Jol5 kel o Sl (S i
Traits/condition Full irrigation Terminal drought stress
Joldele  pgddole  pow Jole pilox Jole gl Jole pgo Jole pou Jole o e Jole
First factor Second factor Third Fourth  First factor Second  Third Fourth factor
factor factor factor factor
aigs glay 0.942 -0.08 0.159 -0.105 0.908 -0.208 0.227 -0.105
Plant height
aloww Job 0.744 -0.375 0.391 -0.246 0.615 -0.581 0.272 -0.246
Spike length
Sl Jgb 0.916 0.244 -0.082 0.071 0.948 0.009  -0.128 0.071
Peduncle length
0 S5l Job 0.718 -0.292 0.007 -0.349 0.657 -0.351  -0.027 -0.349
Internode length
ails Jgb 0.868 0.312 -0.016 -0.017 0.939 0.091 -0.040 -0.017
Grain length
Wl by 0.848 0.057 -0.134 0.351 0.804 0.398 -0.150 0.351
Grain length
alow jo0b UG 39, 0.796 0.421 -0.182 0.238 0.913 0.094 -0.196 0.238
Day to heading
SLadled 56 39, 0.971 0.094 -0.102 -0.019 0.928 -0.184  -0.239 -0.019
Day to pollination
Sy U 39, 0.909 0.210 -0.283 0.046 0.908 0.061 -0.318 0.046
Day to maturity
LEPYRINEY) -0.766 -0.377 -0.006 -0.319 -0.812 -0.010  -0.210 -0.319
No. plant
alidow 59 ageliaw slass 0.973 -0.063 0.160 -0015 0.942 -0.157  0.188 -0.015
Spiklet.spike®
aliiow jo alo olass 0.136 -0.422 0.192 0.812 -0.189 -0.106 0.085 0.812
Grain.spike™
ailsl52 39 -0.233 0.888 0.033 -0.113 -0.523 0.802 0.155 -0.113
1000 grain weight
SO 590 gm 0 Slos -0.211 -0.022 0.860 0.147 -0.106 0.042 0.955 0.147
Biological yield
Cbld yy Ll -0.788 0.193 -0.523 0.060 -0.751 0.133 0.552 0.060
Harvest index
Sazmo JLi! -0.237 0.874 0.313 -0.042 -0.113 0.858 -0.128 -0.042
Retransmit
dazme JUss! oI, -0.181 0.837 0.300 -0.020 -0.124 0.924 0.134 -0.020
Retransmission efficiency
©obaidl o Slos -0.884 0.191 -0.034 0.123 -0.856 0.189 0.028 0.123
Economical yield
0319 ylado 9.811 3.275 1.593 1.197 9.774 3.041 1.727 1.197
Eigen value
ol ylg sy 54.506 18.193 8.849 6.651 54.301 16.892 9.594 6.651
Variance%
o5 (il ylg duo o 54.506 72.699 81.548 88.199 54.301 71.193  80.787 88.199

Cumulative variance%

Kaiser-Meyer-Olkin (KMO) = 3/76, Bartletts test = 15/1075**
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Figure 1- Dendrogram obtained from cluster analysis of durum and bread wheat genotypes based on different traits under full
irrigation and terminal drought stress conditions (1.Shotordandan, 2.IDSN-2, 3.IDYN-20, 4.IDYN-35, 5.IDYN-19, 6.Karkheh,
7.Behrang, 8.Dena, 9.Aria, 10.Shabarang, 11.Hana, 12.Sirvan, 13.Chamran 2 and 14.Mehregan)
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Table 6- Mean and percentage deviation from the total mean of each group of durum wheat genotypes in cluster analysis in full
irrigation and terminal drought stress conditions
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