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Extended abstract

Introduction

Wheat performance is always affected by climate change and environmental stresses such as drought
stress. Development of high-yielding cultivars requires genetic diversity. Awareness about heritability
of traits can be helpful in determining the appropriate breeding strategy for any environmental
conditions. By progeny trial after a diallel crossing, the function of genes and inheritance of quantitative
traits can be estimated. This increases the ability to select parental lines, to participate in crosses, and
determines the management of generations in the segregating populations.

Materials and methods

In order to understand the genetic structure of grain yield and some morphological traits of bread wheat
under normal and drought stress conditions, eight bread wheat cultivars including Star; Tirgan; Ehsan;
Shirodi; Bam; Tajan, Yang and Akbari were planted in the crossing block and direct crosses were
performed among the eight cultivars to produce F1 generation. This research carries out in Gorgan
agricultural research station in 2020-2021 cropping season, under normal and drought stress
conditions. The progenies of the crosses with their parents were evaluated based on a randomized
complete block design (RCBD) with three replications. Imposing stress by terminating irrigation was
initiated at the Zadoks 60 (full heading emergence) stage.

Results and discussion

Combined analysis of variance under normal and drought stress conditions showed that the simple
effects of genotype and environment were statistically significant in all traits. Also, the interaction effects
of genotypexenvironment was statistically significant for grain yield, biological yield and 100-kernel
weight. In fact, for these traits the response of genotypes was different under normal and stress
conditions. Analysis of variance of Griffing's diallel method showed a statistically significant difference
between genotypes in all studied traits. Therefore, among the progenies of the crosses it is possible to
select superior genotypes. In biological yield and grain yield under both normal and drought stress
conditions, Tirgan cultivar had the highest general combining ability, while Star cultivar showed the

*Corresponding author: Saeed Bagherikia; E-Mail: s.bagherikia@areeo.ac.ir

® © 2024, The Author(s). Published by University of Birjand. This is an open-access article
distributed under the terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0).




VEY Gle; V8 Al ool pole o e sl i VY F-

lowest general combining ability. Tirgan cultivar can be used to increase grain yield and biological yield
under both conditions. In plant height, peduncle length and harvest index, TajanxYang, EhsanxShirodi
and BamxYang crosses had the maximum specific combining ability, respectively. In other traits, in each
condition, an individual cross had the highest specific combining ability. Under normal conditions,
TajanxAkbari cross had the highest specific combining ability in grain yield. Under drought stress
conditions, BamxAkbari cross had the highest specific combining ability in biological yield and grain
yield, it simultaneously had a high specific combinability in 100-grain weight, harvest index and number
of grains per spike. Therefore, BamxAkbari cross was determined as the best cross in genetic
improvement of desirable agronomic traits with high specific combining ability in yield and yield
components, under drought stress conditions. The ratio of additive variance from genetic variance for
plant height and peduncle length was greater than dominance variance. Subsequently, the highest
narrow-sense heritability in both normal and drought stress conditions was related to plant height and
peduncle length. In both normal and drought stress conditions, the highest degree of dominance was
related to harvest index traits and number of grains per spike, respectively. Therefore, in these traits the
lowest narrow-sense heritability, the lowest Baker's genetic ratio and the highest ratio of dominance
variance from genetic variance were observed in both normal and drought stress conditions. In grain
yield, a high ratio of dominance variance from genetic variance was assigned under normal (84%) and
drought stress (88%) conditions, hence low narrow-sense heritability was observed under normal (8%)
and drought stress (5%) conditions. In general, in grain yield, biological yield and 100-kernel weight,
narrow-sense heritability was lower under drought stress conditions, compared to normal conditions,
which indicates a greater ratio of non-additive effects under drought stress conditions.

Conclusion

The results of this study showed that under both conditions, Tirgan cultivar had the highest general
combining ability in grain yield and biological yield. TajanxAkbari and BamxAkbari crosses were
determined as the best cross in genetic improvement of desirable agronomic traits with high specific
combining ability in yield and yield components, under normal and drought stress conditions,
respectively. In grain yield, biological yield and 100-kernel weight, narrow-sense heritability was lower
under drought stress conditions, compared to normal conditions. Based our results under both
conditions in the progenies of the crosses, genetic improvement can be done in plant height and
peduncle length in the initial generations, but for other traits including grain yield and its components,
selection should be postponed to more advanced generations.
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Table 1. Mean comparison of traits in bread wheat under normal and drought stress conditions
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Means in each column followed by different letter are significantly different (LSD = 0.01). BY (Biological yield), GY (Grain
yield), HI (Harvest index), NGS (Number of grains per spike), HKW (Hundred kernel weight), PLH (Plant height), PDL

(Peduncle length).
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Table 2. Combined analysis of variance in different traits of bread wheat under normal and drought stress conditions
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Table 3. Analysis of variance for some agronomic traits of bread wheat derived from the 8x8 diallel crosses

under normal and drought stress conditions
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* ** and ns: Significant at 5% and 1% probability level and no significant, respectively. BY (Biological yield), GY
(Grain yield), HI (Harvest index), NGS (Number of grains per spike), HKW (Hundred kernel weight), PLH (Plant
height), PDL (Peduncle length). N, S and M: Normal conditions, drought stress conditions and mean of two

environments, respectively.
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Table 4. General combining ability for evaluated traits in eight parents of bread wheat under

normal and drought stress conditions
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5| Akbari 1.73%  0.04™ 0.36™ 0.38™ 0.08™ 0.11"
Table 4. Continued wld.f Jous
il p pilh Al Al slaw  aig glisl ISslay Jsb
HI NGS PLH PDL
Slg Parent  buzo 99 (0l bumo 99 (0l bumo 99 (el Lo 93 (niSilse
M M M
kel Star 0.46"s 237" -0.49 0 -1.93*
o6 Tirgan 248" 1.57" 0.19 0.13™
Ryey Ehsan -0.71m 0.27"s 2.01™ 1.01™
&99,% Shirodi -1.32™ -0.1m 0.43m 0.44"
™ Bam -0.84 1 0.25" -0.98™ .31
o Tajan -1.20 1.130 -3.21 -1.45"
&b Yang 0.85" -0.337 1.89™ 0.23
&5!  Akbari 0.28"s -0.421s 0.16™ 0.25m
Sl ()5 s pas g oy ) 50 Jloiml mlaws 1o o e cudgayns o FFF

s

* and ns: Significant at 5% and 1% probability level and no significant, respectively. BY (Biological

yield), GY (Grain yield), HI (Harvest index), NGS (Number of grains per spike), HKW (Hundred kernel
weight), PLH (Plant height), PDL (Peduncle length). N, S and M: Normal conditions, drought stress
conditions and mean of two environments, respectively.
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Table 5. Specific combining ability of crosses for the evaluated traits under normal and drought stress conditions

weSls dls slowy Jeb
SO el g © Slos 41 5 Slos als o (39 Clldy Al o Wil  SSlay
BY HKW HI NGS PLH PDL
SN O ©ole e ©ole o bumegd lumogs  lumegs  lumego
Cross <N S N S N S M M M M
1x2#  3.42m™ 478" 1.44" 2.79™ 0.14" 031" 1.93m -1.55" 417" 1.53"
1x3 1.01™ 3.72m -1.48" -0.19™ 0.42™ 0.56" -3.30" -0.09" -0.67  -2.16™
1x4  -2.04" -5.80" 0.70m -0.34™ -0.05™ 0.12m 3.41" -3.05™ 0.81™ -1.26"
1%5 4.98™ 1.14m -0.79%  -1.06™  -0.13  -0.03 -4.02" 2.93"s -1.21m 1.99*"
1x6  -0.07  -4.61" 22,73 2,64 0.17" -0.15™  -5.40™ 0.38" -4.52™ 0.74"
1x7 298 -7.73* -1.62" -431™ -0.07  -041™ -4.18" 3.01m -1.47" 0.25m
1x8  -8.07" -7.58" 0.48" 247 -0.22" -0.41™ 0.00™ 0.93ns 4777 -0.86™
2x3  -3.83s  _1.67 -3.10% 0.32m -0.44™  -0.51™ 1.50" 23,19 3517 0.51ns
2x4  -5.08" -2.79 0.38"s -1.03%  -0.08™ 0.05ns -2.13m8 2.35ms -5.26™ 321"
2x5 4.95m -5.72" 1.54* 0.05™ -0.55"  -0.33™ 1.56™ 2.33m 0.45m™ -0.54ns
2%x6 3.66" -0.9ns 1.86™ -1.73* 0.11m -0.08™  -1.59m™ 1.61" 0.41"s 2.10"
2x7 2.89m 1.48" 4.03™ 2.83™ 0.41™ 0.32"™ 3.71° =742 -1.43" 0.40"
2x8  -4.58™  -7.90™  -4.09"" -1.49" 0.49™ 0.05" 0.49" 4.83" 3.40™ -1.35"
3x4  -10.6™ -0.95™  -4.15" -1.38=  -0.57"  -0.43" -3.00" -2.52m -1.14" 4.55™
3x5  -5.69 981" 3.52" -2.86"™  -0.54™  -0.44™  -0.40™ -1.87™  -6.81" -1.25"
3x6  -104" -3.66™ -037 -3.88" 0.02"s -0.06™  -5.72" 0.91m™ -1.43™  -0.76™
3x7  11.54™  5.02° 247" 2.15" -0.31™ -0.19" 1.27m 7.38™ -1.83" 1.89™
3x8  -2.59%  -1.06™ 1.50" 0.43" 0.14" 0.17" 2.41m™ -2.87 0.45" 247"
4x5 6.76" 9.97* 472" 1.12" -0.31™ -0.19" -0.95" 5.16" -2.68" 1.00"
4x6 897" -0.72  -1.83" 1.03"¢ -0.12m -0.01™ 0.71" -0.72" 2.73" 0.40m
4x7 0.69™  -3.00" 4.55™ -1.80" -0.09™ 0.10m™ -2.91" 1.58m 575" 1.43"
4x8 6.76" 3.2208 1.80™ -0.46" 0.36™ 0.39™ 0.97"s 1.83"s -0.94ns 1.67"
5x6 -8.17"  -5.48" -5.42™  -0.82" 0.24" 0.28™ 1.52m 1.60" -3.01"  -1.81™
5x7 1.55"  -0.23™  -2.13" 2.51™ 0.01" -0.01™ 7.15™ -4.27" -1.54» 284"
5x8 8.65" 1049 242" 5.86™ 0.39™ 0.41™ 6.17" 5.15" 1.00™ -0.24"
6x7 3.53m 3.18" 5.03" 0.83" 0.17" 0.30™ 0.12" 4.01™ 7.26™ 0.96™
6x8  -1.07™ 247" 6.28" 2.34™ -0.32™ 0.00m™ 4.22* -3.57™ 1.00m 0.01ms
7x8 8.32™ 5.09" 3.58" 3217 0.02m 027" 3.17" 2.40m 1.13m 1.20"
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,"" and ns: Significant at 5% and 1% probability level and no significant, respectively. BY (Biological yield), GY (Grain yield),
g p! y gl P! y

HI (Harvest index), NGS (Number of grains per spike), HKW (Hundred kernel weight), PLH (Plant height), PDL (Peduncle
length). N and S: Normal and drought stress conditions, respectively. # 1: Star; 2: Tirgan; 3: Ehsan;4: Shirodi;6: Bam;6: Tajan;
7: Yang & 8: Akbari. N, S and M: Normal conditions, drought stress conditions and mean of two environments, respectively.
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Table 6. Estimates of phenotypic and genotypic variance and heritability for agronomic traits of bread wheat under

normal and drought stress conditions

> L 518 Slowy L,
Soiglom oyShas 4o 8,Shos 410 W 339 "“" LR & Jf
BY GY HKW  SEln dde s dg o Sl
HI NGS PLH PDL
'S 'S 'S
Syl ST U CTE 0 OO O s humess bemess bwmess
Genetic parameters N S N S N S M M M M
@opE SANeeS S Wl 055y 901 088 028 005 007 099 070 1435 297
Variances of GCA(cg?)
wopa> SrNesSF odbly 1909 7606 963 398 016 073 2162 1517 1651 1.74
Variances of SCA (os?)
P ebls 5105 1801 177 056 009 014 199 140 2870 595
Additive variance(ca?)
o ,lg 31 (]38 iy lg e
) Suiy 23 19 16 12 37 16 8 8 63 77
o264+ op?
e lols 1709 7696 9.63 398 0.6 073 2162 1517 1651 174
Dominance variance
ol ylg 31 Cadle Wil ylg e
o) Sy 77 81 84 88 63 84 92 92 37 23
onZ/6a%+ on*
cedliazs h 59 202 330 378 186 326 467 4.66 1.07 0.77
Degree of dominance
B oy 3563 1815 179 270 003 003 979 3840 1159  2.84
Error
Pl asa6 1130 132 725 028 090 3339 5497 5679  10.53
Phenotypic variance
oo $28hs (07 084 086 063 088 096 0.71 0.30 0.80 0.73
Broad-sense heritability
woras sxns 050 016 013 008 032 015 0.06 0.03 0.51 0.56
Narrow-sense heritability
A 653 019 016 012 037 016 008 008 063 077

Baker's genetic ratio
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