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Evaluation of Morpho-physiological and Root-Related Traits of Some Bread and
Durum Wheat Genotypes as Affected by Moisture Stress in Grain Filling Stage in
Glasshouse Conditions
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Table 1. A summary of information of studied bread and durum wheat genotypes

S E
Genotype code  Genotype Name s #5e6  Wheat type 048 ¢ 5 Agro-climatic zone S|
Gl Mahlouji s> Bread Wheat ot ex8  Temperate Jkns
G2 Afrouz 59,4 Bread Wheat oL puf  Temperate Jkeas
G3 M-99-15 M-99-15  Bread Wheat ot ex8  Temperate otz
G4 Amin - Bread Wheat ot ex8  Temperate Jkns
G5 Mahan ol Durumwheat 5,55 .08 Temperate Jkeas
G6 D-400-14 D-400-14 Durum whea ;5,55 p28 Temperate Jdire
G7 D-400-18 D-400-18 Durum whea ;5,55 p& Temperate Jdire
G8 Weebil#1 \# |.., Bread Wheat ot exf  S. Warm and Dry g S g 8
G9 Barat o, Bread Wheat ot exf  S. Warm and Dry g S g 8
G10 Raj -1, Bread Wheat ot xS S. Warm and Dry g S gp 8
G11 Khalil = Bread Wheat ot xS S. Warm and Dry g S gp 8
G12 Araz 51,7 Bread Wheat ot eaS  N.Warmand Humid  Jus osb 0 5p 8
G13 Tirgan o€ s Bread Wheat ot eaS  N.Warmand Humid — Jus osb 0 5p 8
G14 Taktaz 5 Bread Wheat ot et N. Warm and Humid Juiysh o505
G15 N-94-8 N-94-8 Bread Wheat ot xS N. Warm and Humid Juiysh o505
G16 Mihan e Bread Wheat ot eas  Cold S g
G17 C-96-10 C-96-10  Bread Wheat ot eas Cold S g
G18 C-96-8 C-96-8 Bread Wheat oL eas  Cold S g
G19 C-97-4 C-97-4 Bread Wheat oL eas  Cold S g
G20 C-98-7 C-98-7 Bread Wheat oL es  Cold >

S. Southern, N. Northern
<! (Jalal Kamali et al., 2012) of,1San 5 JUS I (solgriug oy olol 2 5t ool 4 Logs o SDLI -
- Agro-climatic zoning information is based on Jalal Kamali et al., 2012.
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Fig. 1. Emergence stage and chilling system for satisfying cold requirements of the

studied bread and durum wheat genotypes
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Table 2. Physico-chemical properties of the soil used in the experimental pots

A ol o LB ety o JB i
R gt it (53 oy (SAS 5208 o) (SAS 5208 o)
() 155 b b Electrical conductivity gLt S el STl IS 055, deopo Avaialble potassium  Availabl phosphorous
Soil texture ' s, Field capasity (%) (dS m-1) pH of saturated paste  O.C. (%) Total Nitrogen (%) (mg kgt (mg kgt
Silty-loam - 11.71 2.47 7.66 0.23 0.02 107 3.4
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Fig. 2. Growth and development stages of the studied bread and durum wheat genotypes

under non-stress and moisture stress in glasshouse
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Fig. 3. A photo of root washing process for studied bread and durum wheat genotypes
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Table 3. Analysis of variance for morpho-physiological and roots related traits of bread and durum wheat genotypes, means and changes
(%) as affected by moisture stress in grain filling satge

63157 a3 Mean squares Sla o Sile
S.0.V. JREC df DH DPM SDW NS NG Yield PH RL RV
Replication kY 2 1231 0.66 29.67 4.93 5.06 5.99 120.10 1575.33 7.94
Moisture conditions (MC) sk, Ll 1 0.83 11224  296.42°  11.41° 52.01 55.84*  18.41 29109.67+ 33.29%
Genotype (G) wig; 19 83.47+ 40.3+ 20.31*  0.85 155.61° 353"  143.83*  2632.20* 2.45%
GxMC by X o 5 19 10.90 10.5%* 10.63* 1.58 64.99 2.13 19.86 749.99+ 3.03*
Error Lo 78 2.86 2.7 5.73 2.04 42.83 1.91 29.94 279.46 0.60
Non Stress A e 85.38 116.62 12.50 4.32 33.15 4.69 69.08 73.95 1.45
Moisture Stress sk, A 85.55 110.50 9.36 3.70 31.83 3.33 69.86 105.10 2.50
Percentage change PN 0.2 -5.54 -33.55 -16.76 -4.15 -40.84 -1.12 29.64 42.00
Table 3. Continued. Y- Jgd> aals
635T a5 Mean squares Sl o KL

S.0.V. R e df RDW SRL RTD RTS SPAD Fo Fv/Fm Fv/Fo

Replication BKS 2 0.05 14301.7 3.34 0.001 38.21 334471 0.16 11.27

Moisture conditions (MC) by bl 2 1 234+  1525733.0*  31.45* 0.036** 242191+ 1032679+ 0.71= 121.61*

Genotype (G) S5} 19 0.10% 50860.1°  2.20**  0.0005* 32.81% 5769 0.012  2.96

G x MC b, Ll A X il 19 0.05* 42494.1 1.53**  0.0004° 13.79* 10206 0.009  3.34

Error o 78 0.03 25094.06 0.70 0.0002 6.76 15758 0.012 3.47

Non Stress RS pde 0.19 489.60 0.37 0.02 50.11 371.20 0.82 4.97

Moisture Stress by AT 0.47 264.08 139  0.05 41.12 556.70  0.66 2.96

Percentage change S i Ao s 59.57 -85.40 73.38  60.00 -21.86 3332 -2424  -68.13

* and **: Significant at the 5% and 1% probability levels, respectively. Ao 53885 5 do 3 ety Jlaz| pelans 53 s e 5 T gk

kg glss,lPH 0l 55 als 3 Shae 1Yield calin s 613 51w NG LS 5 aliw slaxs NS 15 slaplul &SCas 055 SDW (5405 5 S dey b 55 310x DPM el 545 6 55, slaw :DH
(b IS il gl Jola>FO ¢ J o5 S el :SPAD ‘@wrw\@@)w:RTS cade; 3L oS5 IRTD cas s 035 Jsb ISRL cay, St 055 IRDW caty ) oo 1RV sy, U IRL

S s b b IFVIFO 5155 5 Sas :Fv/IFm
DH: Day to heading, DPM: Day to physiological maturity, SDW: Shoot dry weight, NS: Spike no. plant?, NG: Grain no. spike, Yield: Grain yield plant?,
PH: Plant height, RL: Root length, RV: Root volume, RDW: Root dry weight, SRL: Specific root length, RTD: Root tissue density, RTS: Root: shoot ratio,
SPAD: Chlorophyll index, Fo: Initial fluorescence, Fv/Fm: Quantum yield, Fv/Fo: Photosynthesis capacity.
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Table 3. Mean comparison for morpho-physiological and root related traits of bread and durum wheat genotypes in non-stress and moisture
stress condions in grain filling stage

DH (day) DPM (day) SDW (mg) NG Yield (g plant?) PH (cm)
! <S5 SR O o o O o S5O o o O o o O o B Os o=
Agro-climatic zone Genotype  Nonstress  Stress  Nonstress  Stress  Nonstress  Stress  Nonstress  Stress  Nonstress  Stress  Non stress  Stress
Bread wheat o pu8
Gl 85.3 83.0 114.3 109.0 10.2 9.9 33.7 26.7 4.6 341 69.0 68.3
Juse G2 84.3 85.3 117.7 108.0 11.9 7.2 29.0 26.0 3.6 2.08 66.7 65.7
Temperate G3 84.0 84.3 117.7 109.7 15.5 9.1 457 317 5.8 2.93 68.3 70.0
G4 83.0 85.3 115.0 113.7 11.9 7.1 28.3 29.0 3.8 3.11 68.3 70.0
G8 83.0 86.7 116.7 107.0 10.4 10.3 36.7 373 3.4 3.43 71.7 80.0
oSt 5 8G9 84.0 84.3 116.3 108.3 12.0 10.0 333 317 4.6 3.63 71.7 74.3
S. warm and dry G10 82.7 83.3 115.0 1133 8.1 8.5 29.7 24.6 3.3 2.70 66.7 61.7
G11 85.7 85.3 116.3 112.7 14.5 7.2 29.3 38.0 4.6 2.57 66.7 68.3
G12 82.0 82.3 113.7 108.0 14.8 11.2 333 28.7 4.6 4.18 78.3 80.0
i ogbesp 8 GI3 81.7 85.0 113.7 109.0 14.3 10.9 32.0 34.0 6.6 4.36 76.7 78.3
N. warm and humid Gl4 82.7 84.3 113.0 109.1 14.7 10.3 42.0 39.0 6.8 3.97 73.3 73.3
G15 83.6 81.3 114.7 109.3 10.2 11.2 34.7 3r.7 3.0 3.95 65.0 70.0
G16 86.3 88.7 115.3 113.0 11.6 11.9 347 313 43 4.22 62.3 60.0
G17 93.3 89.3 121.3 113.0 16.6 9.2 323 36.7 6.9 2.99 70.0 65.0
Cold > G18 94.0 94.0 122.7 116.0 16.7 11.4 323 327 6.0 3.28 72.3 717
G19 87.3 88.7 118.3 111.7 10.8 9.2 43.0 36.7 4.3 2.83 70.0 66.7
G20 94.3 94.3 123.0 116.3 15.4 9.3 31.0 26.0 5.4 3.73 61.7 58.3
Durum wheat 5,53 g8
G5 84.0 81.0 115.3 108.7 8.5 4.4 24.3 26.0 3.7 2.04 66.3 68.3
Temperate - G6 85.0 79.3 115.7 107.0 9.5 8.7 27.0 32.0 44 3.05 68.3 717
G7 81.3 86.0 116.7 106.7 12.4 10.0 20.7 31.0 4.1 4.08 68.3 75.7
LSD5% 3.64 3.54 5.16 14.10 2.23 11.8
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Table 4. Continued. =¥ Jyd aalsl
RL (cm) RV (cm?®) RDW (mg) SRL (cm mg?) RTD (cm® mg) RTS
okl ) =RV RY N =RV RY IS == AVEEY IS = AVRY IS =RV EY IS =RV EY S

Agro-climatic zone Genotype Nonstress  Stress Nonstress Stress  Non stress  Stress  Non stress  Stress  Non stress  Stress  Non stress ~ Stress
Bread wheat ot puS

Gl 49.3 90.0 0.8 1.50 0.11 0.20 549 455 0.10 0.31 0.011 0.021
Jime G2 51.7 49.3 1.2 1.00 0.11 0.21 467 233 0.13 0.24 0.010 0.029
Temperate G3 85.0 109.0 1.7 2.90 0.22 0.47 485 244 0.43 1.45 0.013 0.052
G4 94.3 101.3 1.7 2.67 0.23 0.41 445 252 0.41 1.17 0.021 0.057
G8 59.3 131.0 0.8 4.16 0.13 0.76 424 174 0.11 3.10 0.012 0.070
Oy S rjf G9 51.7 122.0 1.3 1.50 0.21 0.45 457 276 0.28 0.72 0.019 0.046
S. Warm and Dry G10 85.0 55.3 0.8 1.67 0.10 0.23 600 240 0.09 0.44 0.011 0.027
G11 94.3 99.7 0.8 2.17 0.15 0.35 578 294 0.12 0.81 0.010 0.048
G12 90.7 120.6 2.3 3.17 0.31 0.73 343 178 0.74 2.60 0.021 0.064
Js sk ey e 8 GI13 49.3 118.3 0.8 2.17 0.08 0.38 684 312 0.06 0.81 0.006 0.035
N. Warm and Humid G14 73.3 105.0 1.3 3.00 0.20 0.49 396 249 0.22 1.93 0.013 0.046
G15 58.7 116.3 1.0 2.33 0.15 0.45 427 276 0.15 1.07 0.015 0.040
G16 93.3 120.7 2.0 2.16 0.24 0.66 470 234 0.53 1.66 0.024 0.055
G17 95.3 129.3 3.3 2.17 0.36 0.50 305 277 1.33 1.10 0.022 0.054
Cold 7 G18 109.3 128.7 3.2 3.17 0.42 0.71 284 170 151 2.25 0.026 0.062
G19 72.0 97.7 1.0 2.67 0.13 0.37 574 267 0.15 0.98 0.013 0.040
G20 92.7 102.3 1.8 3.33 0.35 0.31 290 344 0.69 1.17 0.024 0.032
Durum wheat  a5,5 ptS

G5 49.3 51.7 1.0 1.50 0.09 0.25 462 275 0.09 0.44 0.011 0.057
Temperate S G6 56.3 112.7 0.7 2.67 0.07 0.47 803 234 0.05 1.29 0.009 0.062
G7 82.0 125.6 1.3 3.17 0.14 0.77 619 213 0.21 2.96 0.012 0.076

LSD5% 36.0 1.67 0.37 256 1.80 0.030

3 Shes 2Yield cabicw s a5ls 51w ING a5 g s abocw sluns INS a(r;é:a)al:?): $\ﬁdu¢|xl&uoj,:SDW WSS ;UL.:“)UJ'}J slaws :DPM caliws 5 56b b 55, sl :DH
o Sl at; S3b oS5 IRTD (Grasle) w035 Jsb ISRL o(p 8 (o) a6t 055 IRDW caty ;o RV (0 ) 4ty I b RL ezl oS plis )l IPH (0 8) oS s il

cslsp ol s, S IRTS (08 s 2 e
DH: Day to heading, DPM: Day to physiological maturity, SDW: Shoot dry weight plant?, NS: Spike no. plant?, NG: Grain no. spike?, Yield: Grain
yield plant?, PH: Plant height, RL: Root length, RV: Root volume, RDW: Root dry weight, SRL: Specific root length, RTD: Root tissue density, RTS:
Root: shoot ratio.
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Fig. 4. Factor-loading coefficients for extracted PCs using the measured traits for bread

and durum wheat genotypes under moisture stress conditions in grainfilling stage
0l 5 aliw slas NS ¢ 1 ys ol oS 035 SDW w5505 58 Sty b 55, 5005 DPM et 545 6 55, slaws :DH

LW)&Q)}RDWM_&{JV»
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o517 IRTD cazy ;03,5 b :SRL
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DH: Day to heading, DPM: Day to physiological maturity, SDW: Shoot dry weight, NS: Spike no. plant?,
NG: Grain no. spike?, Yield: Grain yield plant?, PH: Plant height, RL: Root length, RV: Root volume,
RDW: Root dry weight, SRL: Specific root length, RTD: Root tissue density, RTS: Root: shoot ratio,
SPAD: Chlorophyll index, Fo: Initial fluorescence, Fv/Fm: Quantum yield, Fv/Fo: Photosynthesis capacity.
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Fig. 5. The biplot based on PC1 and PC2 using the measured traits for bread and

durum wheat genotypes under moisture stress conditions in grainfilling stage
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DH: Day to heading, DPM: Day to physiological maturity, SDW: Shoot dry weight, NS: Spike no. plant?,

NG: Grain no. spike?, Yield: Grain yield plant?, PH: Plant height, RL: Root length, RV: Root volume,

RDW: Root dry weight, SRL: Specific root length, RTD: Root tissue density, RTS: Root: shoot ratio,
SPAD: Chlorophyll index, Fo: Initial fluorescence, Fv/Fm: Quantum yield, Fv/Fo: Photosynthesis capacity.
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ABSTRACT
Sanjani, S., Esmaeilzadeh Moghaddam, M., Najafi Mirak, T., Pour-Aboughadareh, A. and Danyali
Takhtgahi, Sh. 2025. Evaluation of morpho-physiological and root-related traits of some bread and
durum wheat genotypes as affected by moisture stress in grain filling stage in glasshouse conditions. Seed
and Plant, 41, pp.115-141 (in Persian).

This research was carried out to evaluate morpho-physiological and root-related
traits of 20 bread and durum wheat genotypes of southern warm and dry, northern warm
and humid, temperate, and cold agro-climatic zones in Iran, under non-stress and
moisture stress conditions in grain filling stage. The experiment was conducted using
factorial arrangements in randomized complete block design with three replicationsin
glasshouses of Cereal Research Department, Seed and Plant Improvement Institute,
Karaj, Iran, in 2023-24. The results showed significant differences among genotypes for
all measured traits. The highest reductions in traits due to moisture stress were related to
specific root length (SRA), grain yield plant?, shoot dry weight plant! (SDW), and
photosynthetic capacity (Fv/Fo). The highest increases due to moisture stress were
observed to root volume density (RTD), root: top ratio (RTS), root dry weight plant?
(RDW) and root volume (RV). Using PCA-based biplot, genotypes G9 (Barat), G17
(CD-96-10), G18 (C-96-10), G12 (Araz), G14 (Taktaz) and G7 (D-400-18) were
identified as moisture stress tolerant with desirable morpho-physiological and
root-related traits. These bread and durum wheat genotypes can be using in the national
wheat breeding programs for development of moisture stress tolerance in grain filling
stage of new cultivars.

Keywords: Wheat, physiological traits, specific root length, root dry weight, root
volume, grain yield plant™.
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Introduction

Wheat is the world’s most important cereal, which has the largest cultivated area and
plays a central role in global food supply and security (OECD/FAQ, 2020). The world's
wheat cultivated area was 220 million hectares, and the total production was about 805
million tons in 2023. Iran, with a cultivated area of 6.2 million hectares and a total
production of 13.5 million tons, ranked 13" among other major wheat producer
countries (FAO, 2023).

Drought is one of the limiting factors for wheat production worldwide, and is a
serious threat to food security. About one-third of the world's cultivated land is in arid
and semi-arid regions (Blum, 2011). It seems that in improving new wheat cultivars, it
is necessary to study the characteristics of the root system because the roots play key
role in water and nutrients uptakes from the soil. In fact, the root structure determines
the plant's ability to absorb resources from the soil (Pirnajmedin et al., 2015).

The present study, therefore, aimed to evaluate the morpho-physiological and root
related traits of bread and durum wheat genotypes under non-stress and moisture stress
conditions in graing filling stage.

Materials and Methods

This research was conducted in the glasshouses of the Seed and Plant Improving
Institute as factorial arrangements in randomized complete block design with three
replications in 2023-24. The main factor was: non- stress (optimal irrigation based on
soil field capacity) and moisture stress (irrigation was ceased from the flowering stage),
and the second factor included 20 bread and durum wheat genotypes developed by the
national wheat breeding programs for temperate, southern warm and dry, northern warm
and humid, and cold agro-climatic zones in Iran.

After seed germination, the seedlings were sown in small plastic pots and were
transferred to freezer and kept at 4°C for two weeks, to statisfy their low temperature
requirements. Then the seedlings were transferred to the glasshouse and grown in
plastic tubes (130 cm high and 12 cm in diameter) containing soil and sand (3:1 ratio).

The traits measured in this experiment were day to heading (DH), day to
physiological maturity (DM), plant height (PH), spike number plant®(NS), grain
number spike? (NG), grain yield plant? (Yield) and shoot dry weight plant® (SDW),
chlorophyll index (SPAD), chlorophyll fluorescence parameters, root length (RL), root
volume (RV), root dry weight plant™ (RDW), specific root length (SRL), root volume
density (RTD: root volume multiply by root dry biomass), and root: top ratio (RTS).

Analysis of variance was performed using SPSS software. Principal component
analysis (PCA) was performed using XLSTAT software to interpret the relationships
between measured traits.
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Results and Discussion

The results revealed significant differences among genotypes for all measured traits.
Also, the effect of moisture stress on all measured traits, except plant height, was
significant. The results showed significant changes in the morpho-physiological and
root related traits, which can be attributed to the differences in the genetic backgrounds
of the studied bread and durum wheat genotypes. This result was confirmed by
comparing responses of wheat genotypes of different agro-climatic zones to moisture
stress in grain filling stage.

The greatest effect of moisture stress in grain filling stage was on specific root
length, root volume density, root: top ratio, root and shoot dry weight plant™ as well as
grain yield plant, which led to increases or decreases in these traits compared to non-
stress conditions. This finding is in accordance with the results reported by other
researchers (Pirnajmedin et al., 2015)

In general, the results of PCA-based biplot showed that wheat genotypes; G9 (cv.
Barat), G17 (CD-96-10), G18 (C-96-10), G12 (cv. Araz), G14 (cv. Taktaz) and G7 (D-
400-18) were tolerant genotypes to moisture stress in grain filling stage with a more
desirable morpho-physiological and root-realted traits. These genotypes can be used as
parental genotypes in the national wheat breeding programs to develop and improve
moisture stress tolerance in graing filling stage in new cultivars.
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