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Table 1. Pedigree of the studied cultivars in this experiment

Genotype' Pedigree Genotype Pedigree
CD-1 Zareh C-93-7 Bow/Crow/3Rsh//Kal/Bb/3/Gun91
CD-2 Ald"s"/Snb"s"//Zrn*2/3/Yaco/Parus//Parus C-93-8 Ji5418/Maras//Shark/F4105W2.1
CD-3 Bow/Crow/3Rsh//Kal/Bb/3/Gun91 C-93-9 Bluegil-2/BucuR//Sirena
CD-4 Nwaul5/Attila//Shark/F4105W2.1 C-93-10  Ajvina
CD-5 Ji5418/Maras//Shark/F4105W2.1 C-93-11  Gul96/Shark-1
CD-6 Ji5418/Maras//Shark/F4105W2.1 C-94-3 WON-IR-4257/5/Ymh/Hys//Hys/Tur3055/3/Dga/4/Vpm/Mos
CD-7 WON-IR-4257/5/Y mh/Hys//Hys/Tur3055/3/Dga/4/Vpm/Mos C-94-4 Ga961565-27-6/La95283Ca-78-1-2
CD-8 4WON-IR-257/5/Y mh/Hys//Hys/Tur3055/3/Dga/4/Vpm/Mos C-94-6 Charger/OWL 85224*-3H-*O-*HOH//Alvd
CD-9 Eryt 1554.90/MV17 C-94-7 Shark-1/3/Agri/Bjy//Vee/4/Shark/FA105W2.1
CD-10 Gul96/Shark-1 C-94-8 Bluegil-2/Bucur//Sirena
CD-11 Spn/Mcd//Cama/3/Nzr/4/Ald"s"/Snb"s"*2/5/Opata*2/Wulp C-94-9 0Or2071681
C-93-3 Shark-1/3/Agri/Bjy//Vee/4/Shark/F4105W2.1 MV 17 Mv-17
C-93-4  Nwaul5/Attila//Shark/F4105W2.1 Heydari  Ghk"s"/Bow"s"//90Zhong87// Shiroodi cultivar
C-93-5 Eryt 1554.90/MV17 Mihan 87Zhong-90/Bkt
C-93-6 Spn/Mcd//Cama/3/Nzr/4/Ald"s"/Snb"s"*2/5/Opata*2/Wulp Eroum Her/Alvand//NS732

¥ Codes CD-1 to CD-11 are related to the test genotypes of 2015 and codes C-93 to C-94 are related to the genotypes of the uniformity tests of 2014 and 2015, respectively.
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Table 2. Correlation coefficients between canonical variables of 30 wheat genotypes under field conditions

Canonical correlation Square of canonical Accumulative
.. F-value P-value . .. .
coefficient correlation coefficient proportion
0.912" 1.824 0.031 0.832 0.546
0.873 1.332 0.215 0.762 0.898
0.648 0.658 0.805 0.420 0.978
0.409 0.374 0.902 0.167 1.000

*: Significant at 5% probability level.
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Table 3. Standardized canonical coefficients for canonical functions derived from phonological traits of 30 wheat
genotypes under field conditions

Trait Wi W» W3 W4
Days to 50% flowering 0.490 1.189 1.103 -0.039
Grain filling period -0.336 -0.348 3.009 -3.690
Grain filling rate 0.253 -1.664 2.013 -4.564
Vegetative growth rate 0.222 0.432 -1.591 4.304
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Table 4. Standardized canonical coefficients for canonical functions derived from physiological traits of 30
wheat genotypes under field conditions

Trait Vi V» V3 Va4
MDA content -0.193 -0.011 -0.488 -0.620
H,0; content -0.947 0.699 -0.022 1.136
Proline content 0.659 0.156 0.373 2.258
Chlorophyll-a content 0.753 -0.381 -0.964 0.848
Chlorophyll-b content -0.324 0.175 0.130 0.921
Carotenoid content -0.161 0.368 0.247 -0.954
Total chlorophyll content -0.604 0.087 1.161 -0.861
Protein content -0.783 0.748 0.299 0.491
Peroxidase content 0.868 -2.392 -0.972 -1.501
Catalase content -0.501 2.469 0.477 -0.982
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Table 5. Structural correlation between phonological traits and canonical functions under field conditions
Trait Wi W, W3 Wy

Days to flowering 0.915™ 0.391" 0.076 -0.059

Grain filling period -0.782™ -0.171 0.541" 0.258

Grain filling rate 0.891™ -0.445" 0.085 0.030
Vegetative growth rate 0.282 -0.615" 0.555" 0.485"

*and ™: Significant at 5% and 1% probability levels, respectively.
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Table 6. Structural correlation between physiological traits and canonical functions under field conditions
Trait Vi V. V3 Va4
MDA content -0.489" 0.336 -0.721™ 0.028
H>0: content -0.476" 0.431" -0.656" 0.109
Proline content 0.426" 0.693" -0.298 0.190
Chlorophyll-a content 0.382" -0.281 0.587" 0.161
Chlorophyll-b content -0.038 0.272 0.683™ 0.252
Carotenoid content -0.155 0.366" 0.249 0.128
Total chlorophyll content 0.090 -0.192 0.763™ 0.022
Protein content 0.280 -0.162 0.101 0.043
Peroxidase content 0.457" 0.579" -0.340 -0.06
Catalase content 0.545" 0.740™ -0.181 -0.127

*
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and *": Significant at 5% and 1% probability levels, respectively.
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Table 7. Correlation between phonological traits and canonical functions from physiological traits under field
conditions
Trait Vi Vo V3 Va

Days to flowering 0.835™ 0.342 0.049 -0.024

Grain filling period -0.714™ -0.149 0.350" 0.105

Grain filling rate 0.813" -0.389" 0.055 0.012

Vegetative growth rate 0.258 -0.537" 0.359" 0.198

“and ™: Significant at 5% and 1% probability levels, respectively.

aeyre bl pd 0 Sjelsnd Slas I Jol> Sl @i b Sojele b Sl (Khaed A Jou

Table 8. Correlation between physiological traits and canonical functions derived from phonological traits under
field conditions

Trait Wi W, W3 Wy
MDA content -0.447" 0.293 -0.467" 0.012
H,0; content -0.434" 0.376" -0.425" 0.045
Proline content 0.388" 0.605" -0.193 0.078
Chlorophyll-a content 0.349 -0.245 0.380" 0.066
Chlorophyll-b content -0.035 0.237 0.442" 0.103
Carotenoid content -0.141 0.319 0.161 0.052
Total chlorophyll content 0.082 -0.168 0.494" 0.009
Protein content 0.256 -0.141 0.065 0.018
Peroxidase content 0.417" 0.505" -0.220 -0.025
Catalase content 0.497" 0.646" -0.117 -0.052

*: Significant at 5% probability level.
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Table 9. Correlation between canonical variables in 30 studied wheat genotypes under greenhouse conditions

Canonical correlation Square of canonical Accumulative
- F-value P-value . - .
coefficient correlation coefficient proportion
0.995™ 6.766 0.0001 0.990 0.984
0.733 1.049 0.449 0.537 0.995
0.568 0.775 0.632 0.323 1.000

*%: Significant at 1% probability level.

Wl Lyl 5 5 poiS s Ve Sydslen b Slao 5l Lol SisilS adlsi (sl onis luilin] Sigils culys -1+ Jsox

Table 10. Standardized canonical coefficients for canonical functions derived from physiological traits of 30
wheat genotypes in greenhouse conditions

Trait Wi W, W3
MDA content 0.150 1.252 -0.935
H>0O; content 0.467 -0.969 0.953
Proline content 0.593 1.040 -1.555
Chlorophyll-a content 0.213 1.712 0.119
Chlorophyll-b content 0.005 0.756 -0.337
Carotenoid content -0.003 -0.566 0.523
Total chlorophyll content -0.206 -1.558 0.455
Protein content 0.017 0.237 0.217
Peroxidase content -0.096 -1.235 0.431
Catalase content 0.140 0.261 1.662

G Loyl o paiS Cudeiy Yo po aly; Slas l ol Sigils ailsi (gl oadio jlasbinl Sl culpo VY Jgoe
Table 11. Standardized canonical coefficients for canonical functions derived from root traits of 30 wheat
genotypes in greenhouse conditions

Trait Vi Vs Vs
Number of root -0.039 -0.509 1.015
Root dry weight 1.302 -0.506 0.105

Root volume -0.581 1.420 -0.081
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Table 12. Structural correlation between physiological traits and canonical functions under greenhouse conditions

Trait Wi W, W3
MDA content 0.721™ -0.216 -0.450"
H,O; content 0.780™ -0.323 -0.345
Proline content 0.851" 0.161 0.292
Chlorophyll-a content -0.577" 0.578" 0.364"
Chlorophyll-b content -0.091 0.189 0.284
Carotenoid content 0.215 -0.062 0.120
Total chlorophyll content -0.605" 0.264 0.353"
Protein content -0.184 0.171 0.069
Peroxidase content 0.757" 0.023 0.380"
Catalase content 0.702" 0.128 0.608"
*and *": Significant at 5% and 1% probability levels, respectively.
SIS Ll SeiglS g 5 e lio i 55 (Kinan VY i
Table 13. Structural correlation between root traits and canonical functions in greenhouse conditions
Trait \4! V2 V3
Number of root -0.069 0.028 0.997"
Root dry weight 0.897" 0.380" 0.225
Root volume 0.295 0.850™ 0.437"

*and ™: Significant at 5% and 1% probability levels, respectively.
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Table 14. Correlation between physiological traits and canonical functions derived from root traits in greenhouse

conditions

Trait Vi V, V3
MDA content 0.717" -0.158 -0.256
H,0, content 0.777" 0.237 -0.196
Proline content 0.847" 0.118 0.166
Chlorophyll-a content -0.574* 0.424° 0.207
Chlorophyll-b content -0.091 0.138 0.162
Carotenoid content 0.214 -0.046 0.068
Total chlorophyll content -0.602" 0.194 0.201
Protein content -0.183 0.125 0.040
Peroxidase content 0.753" 0.024 0.216
Catalase content 0.699™ 0.094 0.346

*

and ™": Significant at 5% and 1% probability levels, respectively.
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Table 15. Correlation between root traits and canonical functions derived from physiological traits under
greenhouse conditions

Trait W, W, W3
Number of root -0.069 0.021 0.567*
Root dry weight 0.893™ 0.278 0.128

Root volume 0.293 0.623* 0.248

*

Pl 0055 leie po (o5 wiilyi oo it gl adlge
oue e 4y ax g5 9,00 5l g 08 2 sl Koo
lo 5 (g Sole iy e 1) baddse o Olao
Siwaad 4325 L (Alavi Siney and Saba, 2014)
S g S5 e dw paiS o ol)) Slas SSglS
ol IVE g AT Y s | SelS s
L G5 e opdgl a5 Wio S pdlel udione ol ais S
Ao, Slas b sly) b pitn g4 5l oo )0 VIV 4y
w‘b).) UDL‘“ 9 éLO.:J “5).3 4 i oolo uoLa.o‘
50wy cude alayly £l Dlas 4l b g e alal,
S5 e 3l ey V) 4z gi b pge (S5 pite a5 Jl>
Job el |l alow § S S oole woyo wlas |
ologm 9 SOy ogare (s (Sl Jsb o Seta
Ao OO 4z g b paw Sl piie g Code (Ko
(S S ool woyo e Glas e b S g5
e (Smed 5 ,Slas g wlog ils e 59 cslas )]
asJlas ;o (Alavi Siney and Saba, 2014) cusls
4325 L (Saba et al,, 2018) Ko 5 Lo 5,50
5 Saislghise Seigsid Slio sl (San
a5 wis S o)li8 als o Slee glizl Glan b SG3slgsd

\Y#

and ™: Significant at 5% and 1% probability levels, respectively.
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Abstract

To estimate the relationships and correlations among different traits in wheat, 30 bread wheat
genotypes were studied in two separate experiments in greenhouse and field under two conditions (non-
stress and drought stress at the beginning of flowering stage). The experimental design in both
greenhouse and field conditions was a split plot design in which drought stress and wheat genotype were
considered as the main- and sub-factor, respectively, but the basic design in the greenhouse was
completely randomized design and in the field was randomized complete block design both with three
replications. The results of canonical correlation analysis showed that there was a significant correlation
under both non-stress and drought stress conditions between pairs of canonical variables resulting from
physiological traits with root and phenological traits, so that in the field conditions, the first canonical
function for physiological traits (V) was most affected by number of days to 50% flowering and grain
filling rate, but for phonological traits (W1) by catalase (CAT), peroxidase (POX), malondialdehyde
(MDA), leaf H>O» and proline contents. In contrast under greenhouse conditions, the first canonical
function for root traits (V) was more affected by proline, leaf H.O,, MDA, POX, CAT, total chlorophyll
and chlorophyll-a contents, while for physiological traits (W) by root dry weight. The results of this
experiment showed that to select drought tolerant cultivars under both non-stress and drought stress
conditions, increasing root dry weight by increasing MDA concentration, leaf H,O; content, proline
content, POX and CAT and decreasing total chlorophyll and chlorophyll-a under greenhouse conditions
and increasing grain filling rate by increasing CAT, POX and proline and decreasing MDA and H,O»
under field conditions can be considered as appropriate selection criteria.
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