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Effect of drought stress on morphological and biochemical root characteristics and
grain yield of bread wheat (Triticum aestivum L.) cultivars and promising lines

Ezzati, R.%, Toorchi, M.2, Moghaddam Vahed, M.? and Roostaei, M.*
ABSTRACT

Ezzati, R., Toorchi, M., Moghaddam Vahed, M. and Roostaei, M. 2025. Effect of drought stress on morphological and
biochemical root characteristics and grain yield of bread wheat (Triticum aestivum L.) cultivars and promising lines. Iranian
Journal of Crop Sciences. 26(2): 129-147. (In Persian).

Introduction: Plants are constantly exposed to biotic and abiotic stresses. Among these stresses, water-deficit stress is
considered one of the most important adverse factors for the growth and performance of plants and a serious threat to the
sustainable production of crops under changing climate conditions (Lambers et al., 2008). Human food security heavily
depends on cereals, especially wheat. However, the production of these crops is affected by water-deficit stress.

Materials and Methods: The current experiment was conducted at Tabriz University, Iran in 2021-22 growing season.
Plant materials included 25 winter wheat cultivars and promising lines, which were evaluated under two irrigation
conditions (30 mm evaporation from the class A pan (non stress) and 100 mm evaporation from the class A pan (drought
stress). The experiment was conducted as a split-plot design in a randomized complete block design five replications.
Two levels of irrigation were assigned to main plots and 25 winter wheat genotypes were randomized in sub-plots. Root
traits such as root fresh and dry weight, root length, root area, root volume, root diameter, root density, grain yield per
plant and biochemical attributes such as proline and malondialdehyde contents, for 16 selected genotypes were measured
in two replications.

Results: Analysis of variance showed that there was significant differences among the wheat wheat cultivars and
promising lines for all studied traits. There were significant difference between two irrigation conditions for all traits,
except root density. On the other hand, the interaction effect of stress and genotype was significant for all traits.
Analysis of variance for biochemical attributes for 16 selected wheat genotypes, in two replications, showed that there
was significant difference among the studied genotypes for proline and malondialdehyde contents. There was
significant difference between two irrigation levels. The interaction of stress and genotype was significant for proline
and malondialdehyde contents. Correlation analysis between grain yield and root area (r = 0.467%*), root diameter (r =
0.559**), root fresh weight (r = 0.478%), root length (r = 0.495%*), root volume (r = 0.397*), malondialdehyde content
(r = 0.649**) and proline content (r = 0.507*) were positive and significant under drought stress conditions. The
cluster analysis of 25 wheat genotypes based on all studied traits, grouped them in two clusters for two irrigation
conditions. Also, cluster analysis for proline and malondialdehyde contents, in two irrigation conditions, grouped 16
selected genotypes in two clusters. According to the results of this experiment, under stress conditions, cv. Sardari, cv.
Azar2, cv. Takab, cv. Ivan, cv. Rasad, cv. Homa, DARI-12 promising line, cv. Owhadi, DARI-11 promising line, cv.
Parav, cv. Sadra, and DARI-13, DARI-16 and DARI-19 promising lines can be considered for better root traits such as
root length, root area, root volume, root diameter, root density, root fresh and dry weight, a higher mean and high
performance. Also, cv. Saeen, cv. Kamal, cv. Takab, DARI-19 promising line for having higher proline content. Cv.
Azar2, cv. lvan, DARI-16 and DARI-14 promising lines, cv. Sadra, cv. Hashtrood, cv. Rijav, cv. Parav, cv. Varan,
DARI-12 promising line, cv. Homa, cv. Sardari had the lowest malondialdehyde content.

Conclusion: The results of this experiment showed that wheat genotypes under drought stress conditions, responded by
decreasing or increasing of root traits to improve grain yield. These responses prevented the reduction of grain yield under
drought stress conditions. Tolerant cultivars and promising lines had optimal grain yield under drought stress conditions.
Grain yield had positive and significant correlation with root area, root diameter, root fresh weight, root length, root volume,
proline cntent, and malondialdehyde content. Cultivars and promising lines with higher root length, root volume, root weight,
root diameter, root area, proline and malondialdehyde contents showed higher tolerant to drought stress conditions. The
results of cluster analysis of morphological root traits of 25 winter wheat cultivars and promising lines under two irrigation
conditions, showed that cv. Sardari, cv. Azar2, cv. Takab, cv. Ivan, cv. Rasad, cv. Homa, DARI-12 promising line, cv.
Owhadi, DARI-11 promising line, cv. Parav, cv. Sadra, and DARI-13, DARI-16 and DARI-19 lines had better
morphological root traits with mean root area of 129.5 cm?, root density of 0.32 g.cm, root diameter of 0.14 mm, root dry
weight of 2.36 g, root fresh weight of 8.48 g, root length of 75.5 cm, root volume of 12.6 cm® and mean of grain yield of
3.05 g.plant™. Also, cv. Saeen, cv. Kamal, cv. Takab, and DARI-19 line, had the highest mean of proline content (0.31 pmol
g*FW) and cv. Azar2, cv. Ivan, DARI-16 and DARI-14, cv. Sadra, cv. Hashtrood, cv. Rijav, cv. Parav, cv. Varan, DARI-12
line, cv. Homa, cv. Sardari had the lowest mean of malondialdehyde content (0.18 pmol.g* FW). In general, based on the
results of this experiment, cv. Sardari, cv. Azar2, cv. Takab, cv. lvan, cv. Rasad, cv. Homa, DARI-12 line, cv. Owhadi,
DARI-11 line, cv. Parav, cv. Sadra, and DARI-13, DARI-16 and DARI-19 promising lines that had better morphological
and biochemical traits and grain yield were identified as superior drought tolerant cultivars and promising lines.

Key words: Bread wheat, Cluster analysis, Discriminant analysis, Proline content, Malondialdehyde content
and Root volume
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Table 1. Characteristics of bread wheat cultivars and promising lines used in the experiment

Wheat cultivars PR Characteristics Sl

Sardari 1> Early maturity, Drought tolerant Sist 4 Jamete 335
Takab o High yielding, Cold and drought tolerant Szt sl Jamze YU s Shes
Saeen sl High yielding, Cold and drought tolerant Szt sl Jamte YU s Shes
Azar? v,3T Cold and drought tolerant, Early maturity 2335 ¢S 5 L 4y Janze
Rahmat ~=>, High yielding, Early maturity, Drought tolerant Sast as Jaste o uyn sy Vb s Slhes
Mehr  Highyielding, Cold and drought tolerant b 5 (Sist 4 Jomze Vb3 Shes
Shalan oY High yielding, Drought stress tolerant Szt Jamze YU s Shes
Varan olyls High yielding, Early maturity 03353 5 Shes
Baran oLt Grain yield stability, Early maturity, Cold and drought tolerant it ot Jamete ¢ y3 95 05, Ses (gl
Hoor 45 High yielding under high rainfall, Resistant to lodging s pslie Ol e Gble 53 YL s Sles
Parav s, High yielding under high rainfall, Cold tolerant Loy 5 Jazeze Ok s s 3blin 53 YU 5 Shes
Kamal Jus  Grain yield stability, Cold and drought tolerant it gl s Jameze 03 Shes (55luL
Hashtrood 5 2:a Grain yield stability, Early maturity, Cold and drought tolerant s gl t Jomze ¢ wy3 g5 03 Shas glbl
Owhadi 4= Early maturity, Cold and drought tolerant -SRI WIS
Sadra 1,4 High yielding, Resistant to lodging, Drought tolerant Lo 5 (Sis 4 Jommto oy 4 pslie YU 5 Slhes
Rasad 1., Grain yield stability, Cold and drought tolerant Lo 5 (St 4 Jameze 03 Shes (6500
Rijav 515, Drought tolerant s 4 Jasee
Ivan ol Early maturity, Cold and drought tolerant St 5l s Jemmza o e y35)
Homa L= Early maturity, Cold and drought tolerant Szt 5l Jaste ¢ wy3s)
Dari-11 W\,l» Drought tolerant - CE VR
Dari-12 \Ye,ls Drought tolerant - CE VR
Dari-13 \¥,l> Drought tolerant St 4 Jame
Dari-14 \f,l> Drought tolerant S 4 Jame
Dari-16 \$,ls Drought tolerant S 4 Jasze
Dari-19 Va¢ s Drought tolerant Sist 4 Jomte
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Table 2. Mean comparison of plant traits of wheat cultivars and promising lines in full irrigation (normal) and drought stress treatments

als s

. o vy 50 aty ) oS 0 JEN ) Sl [P Ak b atsy J& o
Wheat cultivars »u8 6, lrrigation treatments LT sk les  Root fresh weight (9)  Root dray weight (g)  Root length (cm) ~ Rootarea (cm?  Root volume (cm®)  Root diameter (mm)  Root density (g.cm®)  Grain yield (g.plant™)
29

Sardari | Full irrigation S LT 9.26a-f .95a-g 82.2a-9 137.3ab 14.6abc 0.182b-i 0.456a-f 3.91ad

<22 "Drought stress S i 8.37a-h 3.41a-b 74.4d-h 114.0ab 14.0abc 0.136f 0.264h-n 3.08a-j

Azar2 v T Full irrigation S s,lT 9.53a-d 2.78a-9 84.6a-d 1463 a 16.4a 0.160c-j 0.456a-f 3.66a-g

> Drought stress Ses a5 8.8la-h 3.11a-f 78.6d-h 119.7ab 15.0abc 0.136 f+j 0.298e-n 2.42a-j

Owhadi . Full irrigation S LT 8.79a-h 2.02b-g 78.2a-h 115.4ab 14.4abc 0.212a-g 0.444a-g 3.92a-d

<% "Drought stress S i 7.92a-h 1.97cg 70.4d-h 132.5ab 12.2abc 0.158¢-j 0.286f-n 2.87a-j

Homa " Full irrigation S LT 8.22a-h 2.63a-g 73.2a-h 122.9ab 13.4abc 0.212b-i 0.414a-k 3.63a-g

Drought stress Ses a5 7.14a-h 2.71a-g 63.6d-h 113.6ab 10.2abc 0.170b+j 0.254j-n 3.58a-g

Takab e Full irrigation S LT 9.35a-e 2.56a-g 83.2a-e 150.8a 15.6ab 0‘184a—g 0.466a-e 3.57a-h

- Drought stress S i 8.95a-g 2.8la-g 80.0a-g 143.3a 14.0abc 0.156¢-j 0.352a-n 3.56a-h

Rasad - Full irrigation S LT 10.00abc 3.17ad 890abc 144.0a 17.0a 0.212a-i 0.482ab 3.88a-d

> Drought stress ] 8.33a-h 2.96a-g9 74.0a-h 123.4ab 14.6abc 0.186a-i 0.302d-n 3.12a-

Baran i Full irrigation S s,lT 8.83a-h 2.34a-9 78.6a-h 131.5ab 15.6ab O.204a_—i 0.420a-j 4.35a .

“2* _ Drought stress S p 6.18c-h 2.13a-g 55.0c-h 111.8ab 9.0abc 0.15¢c+ 0.220mn 2.86a-j

Saeen " Full irrigation S T 8.04a-h 1.15h 71.6a-h 114.1ab 12.8abc 0.192a-i 0.410a-k 3.50a-h
= Drought stress Ses a5 6.90a-h 2.83a-9 61.0a-h 109.0ab 11.0abc 0.146¢-j 0.204n 1.67f

Hashtrood o Full irrigation S s,lT 9.25a-g 3.17ad 82.4a-f 131.6ab 14.6abc 0.186a-g 0.476abc 3.76a-e

57> " Drought stress S p 6.64a-h 2.94a-g 59.0a-h 105.4ab 10.2abc 0.16¢- 0.268h-n 2.48a-j

Rijav . Full irrigation S LT 9.86abc 2.89%a-g 87.6abc 138.5ab 15.6ab 0.210a-f 0.472a-d 3.57a-h
222 Drought stress Ses a5 5.42fgh 2.64a-g9 48.2fgh 102.2ab 9.6abc 0.146¢-j 0.232Imn 1.18]j

Parav | Full irrigation S s,lT 9.12a-g 2.70a-g 81.0a-g 134.3ab 15.6ab 0.218a-d 0.428a-i 3.88a-d

2% Drought stress S i 8.13a-h 2.38a-g 72.4a-h 128.1ab 10.4abc 0.124hij 0.318b-n 1.81e-j

Ivan ol Full irrigation S s,lT 8.68a-h 3.1la-e 77.2a-h 137.7ab 16.4a 0.224a-g 0.424a-j 3.2%-i

*_ Drought stress ] 7.96a-h 2.98a-g 70.8a-h 136.6ab 12.2abc 0.162c-j 0.288f-n 1.98d-j

Sadra - Full irrigation S LT 851a-h 3.33ab 75.8a-h 135.5ab 13.4abc 0.214a-h 0.432a-h 3.73a-e

7 Drought stress S p 8.56a-h 2.77a-g 76.2a-h 135.5ab 13.2abc 0.120ij 0.310c-n 2.03c+j

Varan o Full irrigation S T 9.29a-f 2.94a-g 83.0a-e 130.2ab 15.2abc 0.208a-h 0.444a-g 3.68a-f

“ "Drought stress Ses 25 5.59%-h 2.06b-g 49.8e-h 107.0ab 10.0abc 0.132g-j 0.224Imn 2.26b-j

Kamal s Full irrigation S LT 9.14a-g 2.67a-g 8l.4a-g 135.5ab 14.4abc 0.210a-g 0.444a-9 3.59%:-g

Drought stress Ses s 5.35gh 2.30a-g 47.6gh 106.2ab 8.0bc 0.124hij 0.208n 2.42a

Shallan " Full irrigation S LT 8.06a-h 3.08a-f 71.8a-h 130.7ab 12.4abc 0.218a-f 0.406a-k 3.25a-i

e Drought stress Ses 25 6.38a-h 2.21a-g 56.8a-h 103.8ab 10.2abc 0.140d-j 0.248k-n 2.37a-

Rahmat B Full irrigation S LT 8.45a-h 3.28abc 75.2a-h 125.1ab 13.4abc 0.222a—_e 0.408a-k 4.l7ap

=72 Drought stress S g 6.69a-h 1.80efy 59.6a-h 111.8ab 10.8abc 0.136f-j 0.272h-n 2.88a-

Mehr Full irrigation S T 8.45a-h 3.04a-f 75.2a-h 143.9a 15.2abc 0.248ab_ 0.462a-e 435

¢ " Drought stress R 5.00h 2.71a-g 44.6h 98.0ab 7.4c 0.138e-j 0.208n 2.09¢-j

Dari-12 Woels Full irrigation S LT 10.24a 3.89 91.2a 151.9a 16.8a 0.224a-d 0.492a 3.91ad

& Drought stress S g 7.50a-h 2.65a-g 67.0a-h 109.7ab 10.8abc 0.142d-j 0.256j-n 3.14aj

Dari-13 _— Full irrigation S T 9.32a-e 2.90a-g 83.0a-e 128.2ab 15.6ab 0.210a-g 0.448a-g 3.88a-d

<> "Drought stress Sas g 7.40a-h 2.85a-g 66.0a-h 117.9ab 11.6abc 0.124hij 0.260i-n 2.68a-j

Hoor Full irrigation S LT 5.90d-h 1.11h 52.4d-h 87.5b 9.8abc 0.230abc 0.386a-m 2.43a

°** " Drought stress Ses s 6.52b-h 1.86d-g 55.6b-h 105.7ab 10.8abc 0.120ij 0.220mn 1.62g+

Dari-11 Wl Full irrigation S T 8.13a-h 3.04a-f 72.2d-h 132.9ab 12.6abc 0.212a-g 0.420aj 3.45a-h

<> "Drought stress Ses 25 7.67a-h 1.78fg 68.2a-h 125.0ab 11.8abc 0.140d-j 0.284g-n 1.52h-

Dari-14 — Full irrigation S LT 8.25a-h 2.67a-g 73.4d-h 129.1ab 13.0abc 0.222a-e 0.424a-j 3.50a-h
<> "Drought stress i A 6.91a-h 2.12a-g 61.2a-h 120.1ab 10.4abc 0.120ij 0.278g-n 1.34ij

Dari-16 - Full irrigation S T 8.8%9a-h 2.78a-g 79.2d-h 138.4ab 14.0abc 0.270a 0.420aj 3.76a-¢

<> "Drought stress Ses 25 10.13ab 2.23a-9 90.2ab 141.3ab 10.6abc 0.136f 0.340a-n 2.38a-j

Dari-19 el Full irrigation S LT 6.39a-h 2.8la-g 57.0d-h 119.4ab 10.4abc 0.222a-e 0.392a-1 4.05a-c

<> "Drought stress Ses i 7.66a-h 1.66g 68.0a-h 121.4ab 9.8abc 0.096j 0.414a-k 2.45a
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Table 3. Mean comparison of Proline and Malondialdehyde content of root of wheat cultivars and promising lines in full irrigation (normal) and drought stress treatments

oo LT o5l
Wheat cultivars .. 5,1 Irrigation treatments LT s ls  Proline (umol.g FW) Malondialdehyde (umol.g™* FW)
Homa " Full irrigation S8 o, LT 0.22i 0.137e
Drought stress S i 0.265d-h 0.174a-e
Rijav . Full irrigation S8 LT 0.245hi 0.145de
=~ Drought stress g 0.295b-e 0.185a-d
Sacen L Full irrigation S8 LT 0.283b-g 0.178a-e
<™ Drought stress Ses i 0.336a 0.205a
Full irrigation S8 e, LT 0.294b-f 0.169a-e
Hashtrood 7% Drought stress Sas s 0.285b-g 0.185a-d
Dari-14 N Full irrigation el LT 0.262e-h 0.168a-e
Drought stress S i 0.282b-g 0.178a-e
vVaran sty Full irrigation S8 LT 0.281b-g 0.167a-e
Drought stress S s 0.281b-g 0.182a-d
Full irrigation S8 LT 0.258gh 0.166a-e
Kamal s Drought stress S s 0.307ab 0.191abc
Dari-19 Vs, Is Full irrigation el LT 0.302abc 0.178a-e
Drought stress i i 0.298bcd 0.197ab
Dari-12 Vos s Full irrigation S8 LT 0.265d-h 0.149cde
Drought stress R 0.282b-g 0.188abc
Parav s Full irrigation S8 LT 0.280b-g 0.167a-e
*  Drought stress Sas i 0.284b-g 0.179a-e
Ivan S Full irrigation S8 LT 0.267d-h 0.161b-e
*' Drought stress Ses i 0.284b-g 0.184a-d
Azar? . Full irrigation S8 LT 0.274b-h 0.159b-e
°> Drought stress Ses i3 0.284b-g 0.179a-e
. Full irrigation S8 LT 0.276b-h 0.170a-e
Sardari S T
Drought stress R 0.283b-g 0.178a-e
Dari-16 Vs la Full irrigation S8 LT 0.260fgh 0.162b-e
°~  Drought stress S s 0.222i 0.153cde
Full irrigation S8 oL T 0.268c-h 0.171a-e
Sadra Y Drought stress Ses i 0.284b-g 0.179a-e
Takab e Full irrigation S8 LT 0.266d-h 0.170a-e
j Drought stress S g 0.296b-e 0.196ab
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test
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Table 4. Correlation coefficients between plant traits of wheat cultivars and promising lines in full irrigation (normal) (above diameter) and drought stress (below

diameter) treatments
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alyy Sl yy J& Ay adyy s 05 sy 5000 adyy dsb alyy o ls 5 Slas
Plant traits A Slis Rootarea  Rootdensity  Root diameter  Root dry weight ~ Root fresh weight ~ Root length  Root volume  Grain yield
Root area aycele 1 0.714™ -0.139 0.224 0.787" 0.787" 0.769™ 0.473"
Root density a, J&  0.742 1 -0.304 0.140 0.851"" 0.851" 0.792™ 0.343
Root diameter as, ks 0.088 -0.174 1 0.229 -0.292 -0.289 -0.241 0.015
Root dry weight aby,y oS 03y 0.042 -0.098 0.433" 1 0.032 0.032 0.037 -0.071
Root fresh weight a, g0 0.8497 0.741™ 0.095 0.246 1 1.000™ 0.916™ 0.419"
Root length a,Jdb 0852 0.745™ 0.104 0.258 0.999" 1 0.915™ 0.421"
Root volume iy e 05727 0.432" 0.291 0.466" 0.743" 0.740™ 1 0.437"
Grain yield gl s Slee 0.467" 0.366 0.559" 0.272 0.478" 0.495" 0.397" 1
*, **: significant at 5% and 1% probability levels, respectively 1055 685 5 gty Jlal s )3 s gme 5 5 4
YA
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Table 5. Correlation coefficients grain yield, Proline and Malondialdehyde content of root of wheat cultivars and

promising lines in full irrigation (normal) (above diameter) and drought stress (below diameter) treatments

s .J.._J.\.\Té: Ol 4l :JSLJ-
Plant traits 25 Clis Proline  Malondialdehyde Grain yield
Proline odsn 1 0.819™ 0.405
Malondialdehyde wuTgsogd  0.819™ 1 0.164
Grain yield sl s Se 0507 0.649" 1
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Fig. 1. Dendrogram o

(L2 Os) Jol8
f cluster analysis for plant traits of wheat cultivars and promising lines in full irrigation

(normal) treatment
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Table 6. Mean and de

(55 O9) Jol8
viation for plant traits of wheat cultivars and promising lines groups in in full irrigation

(normal) treatment

Yoy S Yo 8
Group 1 Group 2
oSl S0l 31 i oSl eSoba 31 ol
Plant traits A Sl Mean Mean deviation (%) Mean Mean deviation (%)
Root area iy ol 136.3 3.50 124.8 -5.24
Root density i, J& 045 3.24 0.42 -4.86
Root diameter ay ki 021 -0.18 0.21 0.26
Root dry weight a0y 2.83 0.76 2.78 -1.14
Root fresh weight iy a3y 9.24 6.03 7.93 -9.04
Root length as,dsb 822 6.02 70.5 -9.03
Root volum e sy e 154 7.67 12.6 -11.50
Grain yield als s Slee  3.83 3.22 3.53 -4.82
¢
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Fig. 2. Dendrogram of cluster analysis for plant traits of wheat cultivars and promising lines in drought stress

treatment

Sagi 530S il Gla Y 5 5l slaes S s ALE Sliw SSbke 3 Gl il sy 5 5Kk -V gl

Table 7. Mean and deviation for plant traits of wheat cultivars and promising lines groups in drought stress

treatment
Voy S Yoy S
Group 1 Group 2

Sk RECREIE LR RSB

Plant traits A8 Sliv Mean Mean deviation (%) Mean Mean deviation (%)
Root area aiyy o>l 1295 10.07 109.8 -6.72
Root density w, & 032 16.48 0.24 -10.99
Root diameter am, ks 0.14 0.77 0.14 -0.51
Root dry weight an, eSas 05y 2.63 6.17 2.38 -4.12
Root fresh weight a, o3y 848 16.44 6.49 -10.96
Root length 4y dsb 755 16.64 57.5 -11.09
Root volume e 126 13.39 10.1 -8.93
Grain yield s s Skee 3.05 19.26 2.23 -12.84
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Fig. 3. Dendrogram of cluster analysis for Proline and Malondialdehyde content of root of wheat cultivars and

promising lines in full irrigation (normal) treatment
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Table 8. Mean and deviation for Proline and Malondialdehyde content of root of wheat cultivars and

promising lines in full irrigation (normal) treatment

Voy 8 Yo 8

Group 1

Group 2

oSl eSoba 31 ol oSl R Ol
Plant traits A& s, Mean  Mean deviation (%) Mean  Mean deviation(.)
Malondialdehyde — wwTgs ol 0.17 2.0 0.14 -14
Proline odsn 027 1.9 0.23 -13.6
Grain yield 4lss See 3,70 0.3 3.60 -2.4
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Fig. 4. Dendrogram of cluster analysis for Proline and Malondialdehyde content of root of wheat cultivars and

promising lines in drought stress treatment
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Table 9. Mean and deviation for Proline and Malondialdehyde content of root of wheat cultivars and promising

lines in drought stress treatment

Voy 8 Yos S

Group 1 Group 2
oSl Al SOl Sl oS 51 ol
Plant traits A& s, Mean  Mean deviation (%) Mean  Mean deviation(.)

Malondialdehyde  uTss>o.  0.20 7.1 0.18 -2.4

Proline ods, 031 8.3 0.28 -2.8

Grain yield alss e 2.53 6.9 2.31 -2.3

dsbeais) ;5 055 cad) s cals ) Colua b &l S 5 Aoy

AT Ol 5 ds (Sl a5 o v
S ol 55 s (b e 5 ke (St
Al gk cals ) 5 05y cady s e il sk ol
6> Oslle 5 i g Slsme 4y ) Sl
S T A e d sy S 5T
bl o mals als 5, Shes L5 51 (g zéw 3

ails :J,_Q».c—ﬁ 4.5:»“)(5\.&‘;}1) 6‘“}“‘.)’.5@5

1eY

Lo 5 pbyl 5o o 315 0L rasy cpl s

S Ll b s gl 3 e 0L el tbu
L alS oo b il oles Sus jhalS ( Sias
Cslyan S o aty; gla S hy 2l
Lo 55 5 adls 3 Shes 2alS 51 6,8 ol
Lol 534S Jamite o 95 53 558 o0 Joonie

s,ﬁks«c.\i;ﬁé}egbgg e &yl gkw


https://agrobreedjournal.ir/article-1-1342-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-12 ]

MIYASVEY AV O 5 e sl g 5 ol o S i S i 1"

5 olki iy gla S5y 4 45 LI, Dari-19 416
Olsie 4 Olg e VL il 5 Slas 5 4y olosdise
o 8 ks Sis AU 4 Jesis lacs 5
Sl ey ollas G F 55 L Sl 55 ann 5
Qg5 o |y Liad T Cusgdoms (5115 a8 bl
LS Sl 6,8 sl sla LSl 5l S 0l e

.3;>M¢g):43\>.sj§w

S Tl
0558 023 §53LS Dlaiond s g 5l a5
S Sl (oS L5 i s 55 Dol 1
rolige il 5 (G055 S5 ST Ol lasd o
Gl ol Slrrl 4 48T add elige 5 Slede
Db e S0l 5 S s ST eSS

References

oLl (St s jlas o 6*‘-’56‘-‘”%4?5
Dari- Y cles el Ol gl eSS (¥ 3T ()l m
oo sy pL5 ) Dari-1l oY sl 055 (12
S f—ios s 3Laa Dari-19 y Dari-16 Dari-13 s Y
ails 5, Shoe o Sloe 5 4ty sl S35 4l i 51
e S P3NV o 3 s Sl 6 il
il o35 5 Dari-19 1Y (OIS (LS bl oS
AT O Ie (sl a5 515 e o s 35
pL5| Dari-14 Dari-16 sla Y 0l ¥ ,3T b
el Dari-12 Y Olylg ol 5 ol o i dyde
ol 3 s 1y o SSke o 28”1 5 Laa
(oSS (¥ 3T (gyls Pl sl iola3T s
=Y sl o8, Dari-2 Y e s Ol 5
Dari- Dari-13 gla Y o oyl 5 tlsj\ Dari-11

ooliiwl 350 b

Abdulshahi, R., A. Talei, A., Omidi, M. and Yazdi Samadi, B. 2019. Study of physiological and

morphological traits related to drought tolerance in bread wheat. Iranian Journal of Field Crop Sciences, 2,

pp.247-258 [In Persian]. doi: dorl.net/dor/20.1001.1.20084811.1389.41.2.5.6

Adda, A., Sahnoune, M., Kaid-Harch, M. and Merah, O. 2005. Impact of water deficit intensity on durum

wheat seminal roots. Comptes Rendus Biologies, 328, pp.918-927. https://doi.org/10.1016/j.crvi.2005.08.002

Alizadeh, A. 2012. Water, Soil, and plant relationship. Imam Reza University Press. [In Persian].

Awasthi, J.P., Saha, B., B. Chowardhara, Devi, S.S., Borgohain, P. and Panda, S.K. 2018. Qualitative

analysis of lipid peroxidation in plants under multiple stress through Schiff’s reagent: a histochemical

approach. Bio-Protocol, 8(8), pp.2807-2807. https://doi.org/10.21769/BioProtoc.2807

Bates, L.S., Waldern, R.P. and Teave, I.D. 1973. Rapid determination of free proline for water stress studies.

Plant and Soil, 39, pp.205-207. https://doi.org/10.1007/BF00018060

Bohm, W. 2012. Methods of Studying
https://doi.org/10.1007/978-3-642-67282-8

Systems.  Springer, Germany. 33: 1-188.

Colombi, T. and Walter, A. 2017. Genetic diversity under soil compaction in wheat: root number as a

promising trait for early plant vigor.

https://doi.org/10.3389/fpls.2017.00420

Frontiers in Plant Science, 420(8), pp.1-14.

Emam, Y., Ranjbari, A.M. and Bahrani, M.J. 2007. Evaluation of yield and yield components in wheat

genotypes under post-anthesis drought stress. Water and Soil Science (Journal of Science and Technology of


https://www.sciencedirect.com/journal/comptes-rendus-biologies
https://doi.org/10.21769%2FBioProtoc.2807
https://doi.org/10.3389%2Ffpls.2017.00420
https://agrobreedjournal.ir/article-1-1342-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-12 ]

VT Ol Y ojlad ot 5 o Ml 0150 (215 p sl 4 15"

Agriculture and Natural Resources), 11(2), pp.317-327. [In Persian]. dor:
20.1001.1.24763594.1386.11.1.24.6

Faghani, E., Gharechahi, J., Komatsu, S., Mirzaei, M., Khavarinejad, R.A., Najafi, F., Farsad, L.K. and
Hosseini Salekdeh, Gh. 2015. Comparative physiology and proteomic analysis of two wheat genotypes
contrasting in drought tolerance. Journal of Proteomics, 114, pp.1-15.
https://doi.org/10.1016/j.jprot.2014.10.018

Faisal, S., Mujtaba, S.M., Khan, M.A. and Mahboob. W.A.J.I1.D. 2017. Morpho-physiological assessment of
wheat (Triticum aestivum L.) genotypes for drought stress tolerance at the seedling stage. Pakistan Journal of
Botany, 49(2) : 445-452. http://mww.pakbs.org/pjbot/PDFs/49(2)/08.pdf

Ganjeali, A., Kafi, M. and Sabet Teimouri, M. 2010. Variations of root and shoot physiological indices in
chickpea (Cicer arietinum 1.) in response to drought stress. Environmental Stresses in Crop Sciences, 3(1),
35-45. [In Persian]. doi: 10.22077/escs.2010.81

Gheysari, M., Majidi, M.M., Mirlatifi, S.M., Zareian, M.J., Amiri, S. and Banifatemeh, S.M. 2015. The
effects of two different deficit irrigation managements on the root length of maize. Journal of Water and Soil,
28(5), pp.890-898. [In Persian]. doi: 10.22067/JSW.V010.27891

Gill, S.S. and Tuteja, N. 2010. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry, 48(12), pp.909-930.
https://doi.org/10.1016/j.plaphy.2010.08.016

Hasan, U.W., Roy, C., Chattopadhyay, T., Ranjan, D. and De, N. 2021. Effects of heat and drought stress on
yield and physiological traits in wheat (Triticum aestivum L.). Journal of Crop and Weed, 17(1), pp.203-210.
https://doi.org/10.22271/09746315.2021.v17.i1.1425

Heath, R.L. and Packer, |. 1968. Photoperoxidation in isolated chloroplasts: I. Kinetics and stoichiometry of
fatty acid peroxidation. Archives of Biochemistry and Biophysics, 125(1), PP.189-198.
https://doi.org/ 10.1016/0003-9861(68)90654-1

Hosseinalipour, B., Rahnama, A. and Farrokhian Firouzi, A. 2020. Effect of drought stress on wheat root
growth and architecture at the vegetative growth stage. Iranian Journal of Field Crop Sciences, 51(1), pp.63-
75. [In Persian]. doi: 10.22059/ijfcs.2019.266586.654531

Johari-Pireivatlou, M. 2010. Effect of soil water stress on yield and proline content of four wheat lines. African
Journal of Biotechnology, 9(1), pp.36-40. https://doi.org/10.5897/AJB09.521

Lambers, H., Chapin, F.S. and Pons, T.L. 2008. Plant physiological ecology. Springer Science & Business
Media, 2(1), pp.11-99. https://doi.org/10.1007/978-0-387-78341-3

Li, H., Wang, Z., Ke, Q., Ji, C.Y., Jeong, J.C,, Lee, H.S,, Lim, Y.P., Xu, B., Deng, X.P. and Kwak, S.S.
2014. Overexpression of the code A gene confers enhanced tolerance to abiotic stresses in alfalfa. Plant

Physiology and Biochemistry, 85, pp.31-40. https://doi.org/10.1016/j.plaphy.2014.10.010

\¢0


https://sid.ir/Paper/14882/En
https://sid.ir/Paper/14882/En
https://doi.org/10.1016/j.jprot.2014.10.018
http://www.pakbs.org/pjbot/PDFs/49\(2\)/08.pdf
https://doi.org/10.22077/escs.2010.81
https://doi.org/10.22067/jsw.v0i0.27891
https://doi.org/10.1016/j.plaphy.2010.08.016
https://doi.org/10.1016/0003-9861\(68\)90654-1
https://doi.org/10.1016/j.plaphy.2014.10.010
https://agrobreedjournal.ir/article-1-1342-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-12 ]

MIYASVEY AV O 5 e sl g 5 ol o S i S i 1"

Li, X., Ingvordsen, C.H., Weiss, M., Rebetzke, G.J., Condon, A.G., James, R.A. and Richards, R.A. 2019.
Deeper roots are associated with cooler canopies, a higher normalized difference vegetation index, and
greater yield in three wheat populations grown on stored soil water. Journal of Experimental Botany, 70(18),
pp.4963-4974. https://doi.org/10.1093/jxb/erz232

Mahdavi, Z., Rashidi, V., Yarnia, M., Aharizad, S. and Rostaei, M. 2022. Grouping of advanced spring
wheat genotypes based on morphological, physiological and yield components under drought stress. Journal
of Crop Breeding, 14(42), pp.9-21. [In Persian]. doi: 10.52547/jch.14.42.9

Manschadi, A.M., Hammer, G.L., Christopher, J.T. and Devoil, P. 2008. Genotypic variation in seedling
root architectural traits and implications for drought adaptation in wheat (Triticum aestivum L.). Plant and
Soil, 303, pp.115-129. https://doi.org/10.1007/s11104-007-9492-1

Nazari, H., Aharizad, S., Moghaddam Vahed, M. and Toorchi, M. 2017. Identify traits affecting grain yield
in bread wheat recombinant inbred lines under drought stress. Journal of Crop Ecophysiology (Agriculture
Science), [In Persian]. 2(42), pp.303-314.

Nezhadahmadi, A., Z.H. Prodhan, Z.H. and Faruq, G. 2013. Drought tolerance in wheat. The Scientific
World Journal, Hindawi Publishing Corporation. pp.1-12. https://doi.org/10.1155/2013/610721

Prasad, P.V.V., Pisipati, S.R., Mom¢ilovié, I. and Ristic, Z. 2011. Independent and combined effects of high
temperature and drought stress during grain filling on plant yield and chloroplast EF-Tu expression in spring
wheat. Journal of Agronomy and Crop Science, 197(6), pp.430-441. https://doi.org/10.1111/j.1439-
037X.2011.00477.x

Rahnama, A., Hosseinalipour, B., Farrokhian Firouzi, A., Tom Harrison, M. and Ghorbanpour, M. 2024.
Root architecture traits and genotypic responses of wheat at seedling stage to water-deficit stress. Cereal
Research Communications, pp.1-12. https://doi.org/10.1007/s42976-023-00481-4

Rahnama, A., Munns, R., Poustini, K. and Watt, M. 2011. A screening method to identify genetic variation in
root growth response to a salinity gradient. Journal of Experimental Botany, 62(1), pp.69-77.
https://doi.org/10.1093/jxb/erq359

Rhodes, D. and Hanson, A.D. 1993. Quaternary ammonium and tertiary sulfonium compounds in higher
plants. Annual Review of Plant Biology, 44(1), pp.357-384.
https://doi.org/10.1146/annurev.pp.44.060193.002041

Vendruscolo, E.C.G., Schuster, 1., Pileggi, M., Scapim, C.A., Molinari, H.B.C., Marur, C.J. and Vieira,
L.G.E. 2007. Stress-induced synthesis of proline confers tolerance to water deficit in transgenic
wheat. Journal of Plant Physiology, 164(10), pp.1367-1376. https://doi.org/10.1016/j.jplph.2007.05.001

Wang, L., Wang, S., Chen, W., Li, H. and Deng, X. 2017. Physiological mechanisms contributing to increased
water-use efficiency in winter wheat under organic fertilization. Plos One, 12(6), €0180205.

https://doi.org/10.1371/journal.pone.0180205

1¢1


https://doi.org/10.1093%2Fjxb%2Ferz232
http://dx.doi.org/10.52547/jcb.14.42.9
http://dx.doi.org/10.1007/s11104-007-9492-1
https://doi.org/10.1155/2013/610721
https://doi.org/10.1111/j.1439-037X.2011.00477.x
https://doi.org/10.1111/j.1439-037X.2011.00477.x
http://dx.doi.org/10.1007/s42976-023-00481-4
https://doi.org/10.1093/jxb/erq359
https://doi.org/10.1146/annurev.pp.44.060193.002041
https://doi.org/10.1146/annurev.pp.44.060193.002041
https://agrobreedjournal.ir/article-1-1342-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-12 ]

VT Ol Y ojlad ot 5 o Ml 0150 (215 p sl 4 15"

Wasson, A.P., Richards, R.A., Chatrath, R., Misra, S.C., Prasad, S.S., Rebetzke, G.J., Kirkegaard, J.A.,
Christopher, J. and Watt, M. 2012. Traits and selection strategies to improve root systems and water
uptake in water-limited wheat crops. Journal of Experimental Botany. 63(9), pp.3485-3498.
https://doi.org/10.1093/jxb/ers111

Xue, Q., Zhu, Z., Musick, J.T., Stewart, B.A. and Dusek, D.A. 2003. Root growth and water uptake in winter
wheat under deficit irrigation. Plant and Soil, 257, pp.151-161. https://doi.org/10.1023/A:1026230527597

Zadoks, J.C., Chang, T.T. and Konzak, C.F. 1974. A decimal code for the growth stages of cereals. Weed
Research, 14(6), pp.415-421. http://dx.doi.org/10.1111/j.1365-3180.1974.th01084.x

1LY


https://agrobreedjournal.ir/article-1-1342-en.html
http://www.tcpdf.org

