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Extended Abstract

Background: Wheat (Triticum aestivum L.) is one of the most important crops in the world,
playing a key role in human nutrition and global food security. The function of genes and the
heritability of traits can change due to environmental changes, which is related to the complex
interaction between the genotype and the environment. Analyzing means and variances across
generations is essential in genetic and breeding studies as it helps plant breeders to evaluate the
genetic responses of crops under different environmental conditions, such as normal, saline, and
drought stress. By performing generational mean analysis, researchers can estimate the additive
and dominance effects and their interactions. This information is crucial for selecting optimal
parents to use in crosses, aiming to enhance heterosis and improve breeding efficiency. This study
aims to investigate and analyze the genetic parameters that influence key agronomic traits through
the analysis of means and variances across generations derived from the crosses between Ehsan
and Kavir cultivars, specifically under normal and saline stress conditions during the reproductive
stage.

Methods: The parental lines and various generations from the Ehsan x Kavir cross were studied
to evaluate the genetic control of key agronomic traits in bread wheat. In this study, the Ehsan
cultivar as the maternal line and the Kavir cultivar as the paternal line played a role in producing
the F1 generation. The experiment was set up as a split-plot arrangement within a randomized
complete block design (RCBD), with three replications at the Gorgan Agricultural Research
Station, during the 2022-2023 growing season. Two distinct irrigation conditions were applied:
full irrigation and saline stress. Saline stress (10 dS m™') was introduced at two key growth stages:
full spike emergence (Zadoks code 73) and early milk development (Zadoks code 60). Trait
measurements were taken on 10 plants from the parent lines and the F1 generation, 30 plants for
the F2 generation, and 15 plants from the backcross generations. After maturity, various
agronomic traits, such as plant height, spike length, peduncle length, number of spikes per plant,
number of spikelets per spike, number of grains per spike, thousand-kernel weight, and grain yield
per plant, were assessed across all individuals. SAS9.4 software was used to perform the analysis
of variance, compare means, and estimate genetic effects. Heritability and heterosis were
calculated using Excel software.

Results: Variance analysis revealed that both the effects of stress and the stress X generation
interaction had a significant impact on traits such as thousand-kernel weight and grain yield per
plant. As a result, genetic analyses were performed separately for these traits under normal and
saline stress conditions. The generation mean analysis revealed that the genetic models
influencing thousand-kernel weight and grain yield differed under normal and saline stress
conditions. For other traits, where stress effects and stress X generation interactions were not
significant, the data were combined and analyzed together, making the results applicable to both
environmental scenarios. Differences among generations were statistically significant for all
studied traits. The chi-square test indicated that peduncle length, plant height, and spike length
showed no significant differences. On the other hand, the chi-square test revealed significant
differences for the other traits, highlighting the inadequacy of the simple additive-dominance
model and suggesting the involvement of epistatic effects, genetic linkage, and maternal
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influences in controlling these traits. The generation means analysis demonstrated that non-
additive genetic effects played a more crucial role than additive effects in controlling the majority
of traits, including spike length, the number of grains per spike, the number of spikelets per spike,
the number of spikes per plant, thousand-kernel weight, and grain yield per plant, under both
normal and saline stress conditions. Epistatic effects were particularly significant for most traits,
and these traits exhibited low narrow-sense heritability. The variance analysis of generations
revealed that traits, such as spike length, the number of grains per spike, the number of spikelets
per spike, the number of spikes per plant, and grain yield per plant, were predominantly influenced
by overdominance. In contrast, for plant height and peduncle length, additive genetic effects were
more influential than non-additive effects, and no epistatic effects were detected. Moreover,
relatively high narrow-sense heritability was observed for plant height and peduncle length.
Conclusion: The results of this study showed that the genetic models effective on thousand-kernel
weight and grain yield were different under normal and saline stress conditions. Additionally,
under both environmental conditions, genetic improvement can be effectively achieved in plant
height and peduncle length during the initial generations. However, for the other traits, including
grain yield and its components, selection should be delayed until more advanced generations to
achieve more reliable gains. The offspring of the cross between Ehsan and Kavir cultivars are
being selected and tracked in the bread wheat breeding program in the northern warm and humid
agro-climatic zone (Iran) to integrate desirable alleles.
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Table 1. Analysis of the weighted variance of the studied traits in different generations of Ehsan x Kavir under
normal and salinity stress conditions
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*** and ns: Significance at 5% and 1% probability levels and nonsignificance, respectively. TKW (Thousand-kernel weight), GYP (Grain yield per
plant), PDL (Peduncle length), SPL (Spike length), PLH (Plant height), NGS (Number of grains per spike), NSS (Number of spikelets per spike),
NSP (Number of spikes per plant).
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Table 2. Mean comparisons of the studied traits in different bread wheat generations obtained from Ehsan x Kavir
under normal and salinity stress conditions
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Means in each row followed by different letters are significantly different (LSD 0.05). TKW (Thousand-kernel weight), GYP (Grain yield per plant),
PDL (Peduncle length), SPL (Spike length), PLH (Plant height), NGS (Number of grains per spike), NSS (Number of spikelets per spike), NSP
(Number of spikes per plant).
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Table 3. Genetic parameters (+SE) for the studied traits in different generations of Ehsan x Kavir under normal and

salinity stress conditions using generation mean analysis
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Table 4. Estimations of broad-sense heritability, narrow-sense heritability, and heterosis of the traits studied under
normal and salinity stress conditions
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0.47%  1584% 021 0.4 0.38 044 049 017 060 058 (Jer) &bl o
TKW (Normal)
9.07* 13.85%* 0.13 0.42 0.41 0.42 0.42 0.41 0.42 0.42 (i) &b Sl
TKW (Stress)
277 1681% 008 0.46 0.39 047 050 017 062 06  (Jep) oS
GYP (Normal)
17720 2105% 006 0.39 0.35 039 041 024 048 046 () eb oSl
GYP (Stress)
2.94 8.85% 0.54 0.70 0.65 071 074 050 081 08I J%JSLJ%'Q
539 9.67 0.24 0.52 0.53 050 0535 060 048 046 “1432, 8959
423 9.09% 0.57 0.65 0.64 065 065 061 0.67 067 “ L&:J)'
ILIS™  IS11% 0.06 037 036 037 037 034 03 o3 epebbs
3.19 5.80% 0.16 033 0.30 031 0.36 0.28 039 03 )’I\‘I*g«dsw s
428 1240% 026 0.49 0.48 049 050 045 052 051 % )’N“;*‘; s

Ak (o908 (6 i)y duolre (alisie gy b odiad i £ LY dlasl
it 2oyd Y 9 0 Jlain] galaw )3l pze G gy FE X

i My & Cand ujoim Ao pd Hyi fplly 1Silo 4 Cams s jo i Ao pd tHMP £ poguas (6 pdacdlygth?ns ¢ ogee (6 33dlys thBs
# The numbers 1 to 6 represent six different methods for calculating broad-sense heritability (h%ss)
* and**: Significant at 5% and 1% probability levels, respectively.
h’ss = Broad-sense heritability; h’xs = Narrow-sense heritability; Hwe = Mid parent heterosis; Hpi= Heterobeltiosis (better parents heterosis)
TKW (Thousand-kernel weight), GYP (Grain yield per plant), PDL (Peduncle length), SPL (Spike length), PLH (Plant height), NGS (Number of
grains per spike), NSS (Number of spikelets per spike), NSP (Number of spikes per plant).
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Table 5. The estimation of genetic variance components for the studied traits under normal and salinity stress

conditions
e bl Codle 42,0 S H gD Stuad i pibjly I ibhy s bl
Dominance Degree of F 55 eln 8o ales H D EW
deviations dominance ) SBGPe P
&bl )
-0.25 1.28 032 5.66 3.44 522 (Jlesi)
TKW (Normal)
0.47 2.12 0.9 9.05 2.02 4.62 (0t5) & Sl
TKW (Stress)
20.18 272 0.50 7.40 1.00 3.65 (Jle) &b 2,Slae
GYP (Normal)
-0.52 3.24 -1.70 5.88 0.56 3.4 (t5) 4> 3)Slas
GYP (Stress)
0.99 0.66 0.65 4.90 11.30 3.63 Sy Job
PDL
1.23 1.58 1.94 4.70 1.88 1.89 dlies Jsbo
SPL
1.68 0.51 0.86 18.96 72.52 23.00 S ¢l
PLH
0.82 3.06 2.50 28.16 3.00 14.96 alis 3 by 2l
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5 o Dl
143 135 1,94 3.44 1.88 420 AL
NSS
gy 40 aliw dliwy
-0. 1.32 -0. 2.1 1.2 1.2 P00
0.53 3 0.70 0 0 3 e

* and**: Significant at 5% and 1% probability levels, respectively.
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TKW (Thousand-kernel weight), GYP (Grain yield per plant), PDL (Peduncle length), SPL (Spike length), PLH (Plant height), NGS (Number of
grains per spike), NSS (Number of spikelets per spike), NSP (Number of spikes per plant).
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