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Extended abstract

Introduction

The analysis of means and variances across generations is a crucial tool in genetic and breeding studies.
It enables plant breeders to precisely evaluate genetic responses under diverse environmental
conditions, including normal, saline, and drought stresses. Generation mean analysis allows the
estimation of additive and dominance effects, as well as their interactions. This information is crucial
for selecting optimal parents to achieve higher heterosis, thereby improving breeding efficiency. The
objective of this study was to estimate genetic parameters controlling key agronomic traits using
generation mean and variance analyses in populations derived from crosses between Morvarid and
Sistan cultivars under normal and saline stress conditions during the reproductive stage.

Materials and methods

To investigate the genetic control of key agronomic traits in bread wheat, parents and their derived
generations from the Morvarid x Sistan cross were evaluated. The experiment was conducted as a split-
plot arrangement based on a randomized complete block design (RCBD) with three replications at the
Gorgan Agricultural Research Station. Two irrigation regimes, including full irrigation and saline stress,
were evaluated during the 2022-2023 growing season. Saline stress was imposed at full spike
emergence (Zadoks code 73) and early milk development (Zadoks code 60). Measurements of each trait
were taken from 10 plants in the parental and F1 generations, 30 plants in the F2 generation, and 15
plants in each backcross generation. After maturity, 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 recorded. Statistical analyses were performed using appropriate methods
and statistical software.

Results and discussion

Analysis of variance revealed that the effects of stress and the stress x generation interaction were
significant for thousand-kernel weight and grain yield per plant. Therefore, genetic analyses for these
traits were performed separately under normal and saline stress conditions. For the remaining traits,
due to non-significant effects of stress and the stress x generation interaction, data from both conditions
were pooled and analyzed jointly. Accordingly, the results are applicable to both environmental
conditions. Significant differences among generations were observed for most of the studied traits. The
chi-square test indicated that peduncle length, plant height, and yield were not significantly affected
under saline stress conditions. In contrast, the chi-square test was significant for other traits, indicating
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that the simple additive-dominance model is insufficient and suggesting that epistatic effects, genetic
linkage, and maternal effects may influence these traits. Generation mean analysis indicated that non-
additive genetic effects were more influential than additive effects in controlling most studied traits,
including number of grains per spike, number of spikelets per spike, number of spikes per plant,
thousand-kernel weight, and grain yield per plant, under both normal and saline stress conditions.
Additionally, most traits were strongly influenced by epistatic effects and showed low narrow-sense
heritability. Analysis of generation variances revealed that traits such as number of grains per spike,
number of spikelets per spike, number of spikes per plant, and grain yield per plant were primarily
influenced by overdominance. In contrast, for plant height and peduncle length, additive genetic effects
were more significant than non-additive effects and no epistatic effects were detected. Furthermore,
relatively high narrow-sense heritability was observed for plant height and peduncle length.

Conclusion

Based on our results under both conditions, genetic improvement can be achieved 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. Continued aldl Y Jgus
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*** and ns: Significant at 5% and 1% probability level and no significant, respectively. PDL (Peduncle length), SPL (Spike
length), PLH (Plant height), NGS (Number of grains per spike), NSS (Number of spikelets per spike), TKW (Thousand-kernel
weight), NSP (Number of spikes per plant), GYP (Grain yield per plant)
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Table 2. Mean of comparison of studied traits in different bread wheat generations obtained from Morvarid x Sistan

under normal and salinity stress conditions

Traits ole  pp F1 F2 BCl1.1 BCl2 LSDogs
PDL JSilay Jeb 4525 40.11 4642  43.89  44.93 4299  2.33
SPL alow Job 1324 1449 1463 1344 1418 1419 142
PLH ggels,l 993 9156 107.96 10359 106.34 97.01  4.03
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GYP (Stress) (Uid) s yoailo0,Shoe 1582 913 1854 2128 2064 12.09  0.63

PDL (Peduncle length), SPL (Spike length), PLH (Plant height), NGS (Number of grains per spike), NSS (Number of spikelets
per spike), TKW (Thousand-kernel weight), NSP (Number of spike per plant), GYP (Grain yield per plant)
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Table 3. Genetic parameters (+SE) for the studied traits in different generations of Morvarid x Sistan under normal

and salinity stress conditions using generation mean analysis

Traits Sl m d h [ i [ 1
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* and**: Significant at 5% and 1% probability level, respectively.

-: parameters that are not entered in the model.

PDL (Peduncle length), PLH (Plant height), NGS (Number of grains per spike), NSS (Number of spikelets per spike), TKW
(Thousand-kernel weight), NSP (Number of spike per plant), GYP (Grain yield per plant).
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Table 4. Estimation of broad sense heritability, narrow sense heritability and heterosis of studied under normal and
salinity stress conditions

h2gs

_ whe 2 3 4 5 6 % e Hp;
Trait Mean
oL JOwdsb g1 081 051 074 071 066 071 054 876% 259
", “neWl 569 069 082 074 073 075 074 065 1313% B872*
NGS‘“““" Sl g0 040 032 037 037 036 037 004 12977 6.15*
N““‘“Sé’ papliwsas 536 043 017 036 030 027 031 013 016  -1.23
NSP“’"*”“‘“‘“~' W 054 055 044 052 051 049 051 000 -116  -2.84

WP abol2ois 971 071 029 061 057 050 056 048 24.85% 18.76%*
TKW (Normal)

(A &l 08 047 048 001 035 032 024 031 030 1491%* 6.29%
TKW (Stress)

W aloo,lee n26 076 024 065 059 050 058 012 51.34%% 1578%*
GYP (Normal)

() &l o5 0.67 0.67 0.28 0.57 054 047 053 0.11 54.84** 17.19**
GYP (Stress)
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* and**: Significant at 5% and 1% probability level, respectively.
h2%ss = Broad-sense heritability; h®xs = Narrow sense heritability; Hue = Mid parent heterosis; Hpi= Heterobeltiosis (better
parents heterosis)

PDL (Peduncle length), PLH (Plant height), NGS (Number of grains per spike), NSS (Number of spikelets per spike), TKW
(Thousand-kernel weight), NSP (Number of spike per plant), GYP (Grain yield per plant)
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Table 5. The estimation of genetic variance components for the studied traits under normal and salinity stress conditions
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EW D H F Dominance Dominance
Sl dsb 45 11.20 4.80 1.01 0.65 1.53
PDL
ol
. e el 65 86.92 28.16 4.06 0.57 7.13
NG:,...,).a FHERYRY 15.46 2.00 30.16 -3.00 3.88 -0.77
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* and**: Significant at 5% and 1% probability level, respectively.
-: parameters that are not entered in the model.

PDL (Peduncle length), PLH (Plant height), NGS (Number of grains per spike), NSS (Number of spikelets per spike), TKW
(Thousand-kernel weight), NSP (Number of spike per plant), GYP (Grain yield per plant). EW (Environmental variance), D
(Additive variance), H (Dominance variance), F (Correlation between D and H over all loci).
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