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Extended Abstract

Introduction and Objective: The impact of drought stress on crops is devastating annually,
resulting in yield losses of 17%. Research seems, therefore, necessary to improve crop tolerance
to drought stress and minimize water losses in agriculture. This study aimed to investigate the
relationships between yield and yield components with physiological traits and use these
relationships to select high-yielding cultivars under normal irrigation and drought stress
conditions at the flowering stage.

Materials and Methods: To explore the effect of drought stress at the flowering stage, four
genotypes were investigated as factor A by factorial experiment based on the randomized
complete block design (RCBD) with three replications under the normal and drought stress
conditions at the flowering stage as factor B in the research greenhouse of Azerbaijan Shahid
Madani University during the 2016-2017 crop season. The relationship between yield and yield
components with physiological traits and the relative importance of traits affecting yield were
investigated using an analysis of variance, mean comparison, and canonical correlation analysis
after measuring the traits of the studied genotypes.

Results: Analysis of variance results revealed significant differences between genotypes for most
traits studied. Under normal irrigation conditions and drought stress, the Arum genotype was the
best in terms of biological yield, awn length, grain number per spike, and grain number in spikelet
traits and the Mihan genotype outperformed others concerning plant dry weight, number of grains
per spike, days to spike formation, root dry weight, root volume, and number of grains per spikelet
traits. The results of this canonical correlation analysis showed a significant correlation between
the canonical variables of yield and yield components with the canonical variables of
physiological traits under both normal and stress conditions. To increase grain yield and 1000-
grain weight under normal irrigation conditions in the greenhouse, traits of malondialdehyde
concentrations, hydrogen peroxide content, proline content, peroxide, and catalase content, and
chlorophyll a and total chlorophyll concentrations may be appropriate selection criteria. The
results of canonical correlation analysis, under stress conditions in the greenhouse, revealed that
to increase 1000-grain weight, number of grains per spike, and grain yield, traits such as
malondialdehyde, chlorophyll b concentration, protein content, peroxidase, proline content,
chlorophyll a concentration, and catalase are important and influential factors.

Conclusion: According to canonical correlation analysis, it can be argued that under normal
irrigation and drought stress conditions in the greenhouse, traits of malondialdehyde
concentration, peroxidase content, and chlorophyll a concentration are appropriate selection
criteria to increase grain yield.

Keywords: Canonical correlation analysis, Photosynthetic pigments, Water deficit, Yield
components
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Table 2. Results of analyses of greenhouse soil before experimental conducting
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Table 3. Variance analysis of different traits under the influence of genotypes and different levels of stress in the

evaluated genotypes in the greenhouse
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Go9)
17.270 11.587 0.862 0.0226 23.531 0.1456 51.494 3.524 0.0003 0.00015 14 E&fr
CV(%)
30.98 29.63 19.24 12.19 10.11 23.72 29.85 12.84 9.36 11.37 Oy
(32p)

din AV g 2V 70 Jlein] pdaws (3 )l xe g )b re pé i 4

***5**‘*‘115

ns, *, ** and *** are Non significant, significant at 5%, 1% and 10% probability level, respectively.
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Table 4. Mean Comparison

VEY 5l IFY olads /e b Jlo / 2lyj alS Mol doliiang sy

55 5 3 Sl s €0 ol 35 i ¥ by Sl (S i F Jyi2

of traits related to 4 bread wheat genotypes under normal and drought strees

conditions
. d seed
G(rarm yrlesld nifrfber n:fneber 1000 seed awn Root Root dry Plant dry Dsayﬁ(to
}%la];ets) per per weight(gr)  length(cm)  volume(ml) mf?n%ter weight(gr) weight(gr) emerr)geice genotypes
1 )l > Slas Sﬁﬁkjﬁt jll)nii 43\:()\,‘;)059 (&«J)is)'o ulw)‘(t:j VRN i;::s ( );) f? 5 g5 olaos s
(598 15 i i i i i e I e
4.70™® 1.46°  20.33° 32.00° 5417° 6.583° 8.0™ 4.62° 1.48™® 116.167° C-93-4
3.81° 0.94¢ 13.50° 32.82° 5.83° 11.083* 8.5% 5.61° 0.91¢ 130.500*  C-93-11
5.02° 203 3133 2373 5967 9.750° 8.8 5320 192 122:667°  Mihan
577 2.01° 31.00° 27.18* 6.817° 5.458° 5.7° 4.34° 1.35% 123.167° Eroum

23l e 0 Jloss] pdaw 3 I3 xe B3] Sl gt ya > ciglite gy
Different letters in each column indicate a significant difference at the 5% probability level.
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Table 5. Mean Comparison of traits related to the levels of drought stress in bread wheat genotypes C-93-4, C-93-

11, Mihan and Eroum
: . Grain
Biological straw -
yielczlg(gr yield(gr (ylrel(ér harvest fertil Seed i1
per > per> g 5p index of e_{(tllel weight per 1000 seed Ferﬁ N awn Root Root dry Plant dry
plants) plants) plants) spike(%) Spixe’e spikelet(gr)  weight(gr) Spike length(cm)  volume(ml)  weight(gr)  weight(gr) Stress
>Slae sl PRV Tl welghien T, gy VESMED) T L LT enes iy Ko bt
e;;)ﬁw ﬁbf,s‘:aw s M;ZL s Sk (¢5) (o) (055 (= (pS)aes (¢5)sn 7
>l 2l dusly s (el ) )
(59 (592 (s
td
20.53* 12.97* 7.56* 67.83* 0.268* 0.815* 30.43* 3.83° 6.29° 6.82° 3.57° 1.69* n(j'gal
6.30° 4210 2.09° 28.09° 0.118° 0.033% 27.32% 1.73° 5.350 9.62° 6.37° 1.14° stl;ifs

G S b Jol @b lp aep S Sl
Bl S 5l (Sielg b (sl yite (s (510 re (Sharod

b oo 0 Jlen] o )3 5 gxe BMS] Sl gy 5> Cglite gy
Different letters in each column indicate a significant difference at the 5% probability level.
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Table 6. Correlation values between canonical variables of 4 bread wheat genotypes under normal and strees conditions

Canonical correlation

P Value F Value coefficient Accumulative Proportion Stress Level
F &b V| F polis c . 5 Cod

Soligne Jloi o » Sl Staunads iy e S O e

0.000 4788 0.995 0.973

0.324 1.179 0.772 0.986 normal

0.431 1.068 0.734 0.997 Jby

0.709 0.650 0.509 1.000

0.000 3.865 0.987 0.902

0.128 1.515 0.846 0.962 stress

0.396 1.114 0.740 0.991 oS

0.677 0.693 0.521 1.000

Vi=0.220Y,+0.222Y, -0.243Y;

W= 0.130X; +0.410X; +0.529X;3 +0.040X4 -
0.068X5-0.017Xs +0.025X7 -0.041X5 +0.096 X0

+0.076X19

5 (Wi) (Seidsnsed sloyiio 5l Jgl b gl (Jas S5
culpd b olyen ddlllas 3)90 (Vi) 3,Sdas (slial 5 5Sdas
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Table 7. Standardized canonical coefficient for canonical functions related to physiological variables of 4 bread wheat
genotypes under normal and strees conditions

Stress conditions Normal conditions
o5 Lulys Joy lalys
Vi Va2 Vi W3 W2 Wi Tiaéfi
0.133 -0.556 0.622 0.611 0.740 0.130 ) sl 5 o ﬂﬁﬁgﬁ
0.074 0.584 0222 1.415 -0.630 0.410 CE Ij;%:i’j?{
1.260 0.168 -0.259 1.147 -1.969 0.529 (Cr)":ﬂ::z}:;
0.490 -1.193 0.481 0.089 0.369 0.040 n fﬂ;ﬁ?‘ﬁ
1.122 -0.486 0.008 0319 0.333 -0.068 ) fﬁ:ﬁ;‘“ﬁ
-0.528 0.319 0.079 -0.002 0.650 -0.017 (503?15291)? i

Carotenoid content
0.878 -0.521 0.098 -0.436 0.223 0.025 (d) 555 S il

protein content

-0.796 1303 -0.158 0.715 0034 0041 () Joo S o
0.716 -0.350 0.025 -0.354 3.122 0.096 P‘E:;’;ffjf:?fﬁ
-1.457 1.081 -0.675 -1.473 -0.973 0.076 Cf;fi?f;?fi

mgr/gr FW:d ; pmol/gr FW:¢ .nmol/gr FW:b . pmol H,0, decomposited min™' mgr 'proteina : a

Lyl yd cod puS Guigi ¥ 0 8kes lipl g 3 Slas (slajiio @ bgrje SiglS @l (sl 00d 3kl Sgls s A Jga>

ot g Jloy
Table 8. Standardized canonical coefficient for canonical functions related to yield and yield components of 30 wheat
genotypes under normal and strees conditions

Stress conditions Normal conditions
5 Ll oy bl ‘
W W Wi Vs Va Vi defi
seed number per spike
1.204 0.926 -0.255 0.745 20.124 0.220 s b oo
1000 seed weight(gr)
0.297 1.592 0.684 0.155 0.661 0.222 o (5r5) b 5o s
0.279 1.783 0.136 1.875 2.118 -0.243 Grain yield (gr per 5 plants)

(€552 0 35y 1 p,5) aily 3, Shos

Jidg IS Cale lis g 0l s (W) abgre Sigll Sy o0d (6, S0)l (slopuito y (5)l5los Stausod

ot gl (=2 /72¥) IS Jdg I clale g (= /7+F)a Ve 5 Jghe ) 09,5 plen 4 bgrje Sl @l Log)S
3,8 slinl 5 0,8 lae (slopusiio oy 5 W04 YU 5 ke Slgze ( Sigleid slbpaie o 40 ol ol 53)91
S5 L (o ATA) ol 3)Skas (o Yl 5 e (Siren Al (IVA-) Sy gy e (-1AOY) il
(+1YVE) &l 3 59 Lol s otmlito (V1) dbgiye Sigls 5 (+VVY) lamsSly cslgize (-/VYY) sdlles oolle
W39y b (Siason (ghyld (=4 /- FY) alis > &l olaw 2L oY g Cute (Siuwod (+/VYY) YLK (o

O g Jley bl yd cow dbgiye SglS w5 (Suigln s sl jite o) le (Stusar A o>
Table 9. Structural correlation between physiological variables and related canonical functions under normal and strees

conditions
Stress conditions Normal conditions Traits
5 Ll Jloy bl i
Vs Va Vi W3 W Wi
MDA
-0.081 -0.155 0.915 0.275 0.138 0.722 (b) ] @ '9]15 R
- [}

0.261 0.274 0.789 0.306 0.013 0.780 H20- content
: - - ) - ' (c) 39148 JuSy slyime
Proline content

0.271 -0.245 -0.801 -0.170 -0.052 0.853 (c) oo o
Chl'a content
-0.150 -0.506 -0.485 -0.292 -0.441 -0.606 (d) a J.as).lf A
C"hl b content
0.275 0.457 0.609 -0.126 -0.368 -0.103 (d) b J.ﬁg)lf e
0.080 0.182 0.085 0.302 0.381 0.604 Total Chlcontent
- o o o o o (1) J5 Josys clat
Carotenoid content
0.207 0.130 0.210 0.108 -0.176 0.193 (d) .\»‘9;59)\5 e
0.264 0.681 0.508 0.170 0.435 0.186 protein content
- - : : : o (0) Jg i Sl
Peroxidase content

-0.365 -0.385 0.309 -0.276 0.253 0.777 (a) }‘ ﬂ)J o
Ca{alase’ content
-0.565 -0.447 -0.478 -0.560 -0.013 0.722 (a) )'Yl‘ilf d‘}b“’

mgr/gr FW:d , umol/gr FW:c .nmol/gr FW:b .umol H,O, decomposited min™ mgr'proteina : a
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Table 10. Structural correlation between yield and yield components and related canonical functions under normal and

strees conditions

Stress conditions

Normal conditions

a5 Lals Jboy byl Traits
Slas
W3 W2 Wi Vs V2 Vi

seed number per spike
0.641 0.174 0.652 0.861 -0.354 -0.043 s 3 &5 Sl
0.334 0.074 0.928 0.346 0.794 0214 1000 seed weighi(gr)
- - : : : - (05) <5 3 o
Grain yield (gr per 5 plants)

-0.075 0.491 0.835 0.228 0.249 -0.938

(6550 35y 3 p,3) &ils 5 Slas

(V1) &b i olg 0 odel Cawd & = @ gl
€Sy frtemsaSly o g Slsiee ) Sl iy
¢)‘\/U1§ ‘5]9;‘.7.4: ¢)'|.\3.m§]),; 619:-’“’ g.\,,m.\lldb Q9Jl.o clale
b (W) @b el aadl oo JS J:39)18 9@ Lid)lS clale
a0 &b e ie g Jol dsy jo aib 5 Shee y3U cod
Oy 9 4l 2 Sdas Rl (Julpd oz )3 9 pgd
Mae weadl o e clale clis Wb e
Ty Slye odgn lpome Sy 09 endeSy
Slyiee JS JedgylS g a Jdg)ls clale YUK (lyme
S5 B8 5 3 ki 8 S (slo e lsies

L og)S o odd (5 ySojlul slajpiie (i (Niwsen

ol 005 03)91 W VY Jghis 5,555 09,5 Sogls molgs
Mo +JAYR) (g (Slge o Seiolgn b sl yite (x5
(1Y) SlaSTy slaiome (#IYVY) 5 pauminSTy
(+IVN) YL clgime ¢ (+/VN) madliien oglle clale
908 & bgye Sigls @l b (VL 5 Cute (St
(—e/5+¥) a Lo kS clale Jg sl (Vi) 5,8kes g3
g e (Sisan (sl (-+/541) JS Jdg)lS clalé
9 site (Stren 3)Slos (lial g5 Soe glajuite G 5
4 by SSgls pb b (—+/AF) b 5 Sas o YU

ab e oy Ll gy (Wh) (Sojlonsed liw
Sy sl g (dhie (Ko gl (=+/YIY)

s 5 g Jloy blpd cod s Slee (lial 93, Sos gl jiie | Jols Sigls @b b (Sojolgn o (sl jeiito (Saan VY Joio
Table 11. Correlation of physiological variables with canonical function of yield and yield components variables under
normal and drought strees conditions

Stress conditions Normal conditions
oSS L’-'l)*:’ J]-ﬂ)' L’-'I)-J’ Traits
Slas
W3 W Wi V3 Va2 Vi
MDA
-0.060 -0.131 0.903 0.202 0.107 0.719 (b) ] &5 oo clalé
> .
H20: content
0.193 -0.232 -0.778 0.224 -0.010 0.777 (€) oried duuSy (lyina
Q9B S0 1)
Proline content
0.201 -0.207 -0.791 -0.125 -0.040 0.849 (0) ooy cslyme
Chla content
-0.259 -0.428 -0.479 -0.215 -0.341 -0.603 (d)a Jubo,ls clake
Cill b content
0.203 0.387 0.601 -0.093 -0.284 -0.102 (d) b Jubs,ls clake
Total“ChI content
0.059 -0.154 -0.084 -0.222 -0.294 -0.601 (d) JS b, clale
Carotenoid content
0.153 0.110 0.207 0.079 -0.136 0.193 (d) igs S clake
p“rotein content
0.195 0.576 0.501 0.125 0.336 -0.186 (d) Jslowe s slgime
]’erox{dasé content
-0.270 -0.326 0.305 -0.203 0.196 0.773 (a) JsSTys (glyine
Czﬁalasé content
-0.418 -0.378 -0.472 -0.411 -0.010 0.719 (a) B gl

mgr/gr FW:d , pmol/gr FW:¢ .nmol/gr FW:b . umol H,0, decomposited min™' mgr™'proteina : a

Table 12. Correlation of yield and yield components variables with canonical functions of physiological variables
under normal and drought strees conditions

Stress conditions Normal conditions
ol Lolys Jley J’J‘)“’ Traits
Slas
Vs V2 Vi W3 W2 Wi

seed number per spike
0.474 0.147 0.644 0.632 -0.274 -0.043 s 3> 3l Sl
1000 seed weight(gr)

0.247 -0.063 0.916 -0.254 0.613 -0.213

(ps5) &> 5 0339
Grain yield (gr per 5 plants)

(€520 35y 13 p,5) &by 5 ,Slas

-0.056 0.415 0.824 0.167 0.193 -0.934
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