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Gene function and trait heritability can vary with environmental changes,
refelecting the complex interaction between genotype and environment. This
study aimed to assess the genetic parameters affecting phenological and
agronomic traits of bread wheat through mean and variance analysis of six
basic generations derived from the Arman x Kalateh crosses under normal and
water-deficit stress conditions, during the 2020-2021 cropping season. The
results confirmed the presence of considerable genetic variation among the
progenies of Arman and Kalateh, providing a suitable foundation for
identifying and utilizing favorable alleles to improve agronomic and
physiological traits. Analysis of genetic control models showed that key traits
such as grain filling duration, 100-kernel weight, and grain yield displayed
different inheritance patterns under normal and water deficit conditions,
highlighting the complex role of genotype x environment interaction. Under
both environmental conditions, generation mean and variance analyses
indicated that, for most traits including number of spikelets per spike, number
of grains per spike, number of spikes per plant, days to anthesis, grain filling
duration, 100-kernel weight, and grain yield, non-additive genetic effects,
particularly dominance and epistasis, were more prominent than additive
effects. Moreover, the low narrow-sense heritability of these traits emphasized
the necessity of selection in later generations. Accordingly, breeding strategies
based on post-segregation selection, such as pedigree or bulk-pedigree
methods, can be effective in improving these traits. In contrast, plant height
and peduncle length were mainly controlled by additive gene effects, with no
evidence of epistasis, and exhibited relatively high narrow-sense heritability,
under both environmental conditions. These characteristics allow for early
selection and rapid genetic improvement in initial generations. The findings
highlight the importance of genotype x environment interactions and provide
valuable genetic diversity for improving agronomic traits of bread wheat in
the climatic conditions of northern Iran.
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Introduction

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 genes’ function and the heritability of
traits can change due to environmental changes, which is related to the complex interaction
between genotype and 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 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 superior
parents to use in crosses, aiming to enhance heterosis and improve breeding efficiency. This
study aimed to investigate the genetic parameters affecting phenological and agronomic traits
of bread wheat through mean and variance analysis of six basic generations derived from the
Arman x Kalateh cross under normal and water-deficit stress conditions.

Material and Methods

To evaluate the genetic control of key phenological and agronomic traits in bread wheat, the
parental lines and various generations from the Arman % Kalateh cross were studied. In this
study, served as the maternal line and the Kalateh cultivar as the paternal line, 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 2020-2021 cropping season. Two distinct irrigation conditions were applied:
full irrigation and water-deficit stress. To impose water deficit stress, irrigation was withheld at
the full spike emergence stage (Zadoks 60), whereas in the normal treatment, irrigation was
applied twice, at the full spike emergence stage (Zadoks 60) and early milk development stage
(Zadoks 73). Trait measurements were recorded on 10 plants from the parent lines and the F
generation, 30 plants for the F> generation, and 15 plants from the backcross generations.
Phenological traits (days to anthesis, grain filling duration) and agronomic traits (plant height,
peduncle length, yield components, and grain yield per plant) were assessed. SAS9.4 software
was used to perform analysis of variance, comparing means, and estimating the genetic effects.
Also, heritability and heterosis parameters were calculated using Excel software.

Results and Discussion

The results of this study confirmed the presence of considerable genetic variation among the
progenies of ArmanxKalateh, providing a basic foundation for identifying and utilizing favorable
alleles to improve agronomic and physiological traits. Analysis of genetic control models showed
that key traits such as grain filling duration, 100-kernel weight, and grain yield displayed different
inheritance patterns under normal and water deficit conditions, highlighting the complex role of
genotype x environment interaction. Generation means and variance analyses indicated that, for
most traits including number of spikelets per spike, number of grains per spike, number of spikes
per plant, days to anthesis, grain filling duration, 100-kermel weight, and grain yield, non-additive
genetic effects, particularly dominance and epistasis, were more prominent than additive effects,
under both environmental conditions. Moreover, the low narrow-sense heritability of these traits
emphasized the necessity of selection in later generations. In contrast, plant height and peduncle
length were mainly controlled by additive gene effects, with no evidence of epistasis, and exhibited
relatively high narrow-sense heritability, under both environmental conditions. These
characteristics allow for early selection and rapid genetic improvement in initial generations.
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Conclusion

The results of this study revealed that the genetic models effective on grain filling duration 100-
kernel weight and grain yield were different under normal and water-deficit stress conditions.
Additionally, under both environmental conditions, genetic improvement can be effectively
achieved in plant height and peduncle length during the initial generations. However, such as
days to anthesis, grain filling duration, grain yield and its components, selection should be
postponed to more advanced generations to ensure more reliable genetic gains. Furthermore,
the findings of this study highlight the importance of genotype x environment interactions and
provide valuable genetic diversity for improving phenological and agronomic traits of bread
wheat. The progenies of Arman x Kalateh cross are being selected and monitored within the
bread wheat breeding programs of Iran’s northern warm and humid agro-climatic zone to
incorporate desirable alleles.
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(GYP) 5 3 415 3 Ko (HKW)

* %% and ™: Significant at 5% and 1% probability levels and non-significant, respectively
DA: Days to anthesis, GFD: Grain filling duration, PDL: Peduncle length, PLH: Plant height, NSS: Number of spikelets per spike, NGS: Number of grains per
spike, NSP: Number of spikes per plant, HKW: Hundred-kemel weight, GYP: Grain yield per plant
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Table 2. Mean traits comparison across different bread wheat generations from Arman x kalateh under
normal and drought stress conditions

OJuij_!a)jb Q)} &ls J,}\Jw&/

JMJ/_,U\) Jg"'\i J)Jo tl.cﬂ)\ AQJM Sldas Als sldas Al.w.u Sl )j)/ (jj_)) s (r;) Slsdo ((‘J§> 43);. Iy
ParentGen ) (R s diw s i s Wy s aASE GFD(day)  HKW(x)  GYP(g)

PDL (cm) PLH (cm) NSS NGS NSP DA (day) Jey; =50 Jlys A by A

Normal Stress Normal Stress Normal Stress

P 39.31 94.25 19.92 55.12 8.87 13447 4650 3930 466 392 1323 934

) 3542 87.11 20.61 60.67 793 127.83 4340 4133 441 428 12.73 9.99

Fi 40.01 101.49 21.12 65.39 9.13 13520 47773 4063 484 436 1623 11.76

F2 3522 99.44 19.33 56.88 7.75 13050 4567 39.57 4.18 3.65 14.87 10.79

BCui 38.13 101.10 20.82 60.80 6.82 13323 4690 4007 464 402 16.53 10.39

BCi2 3444 93.97 20.69 55.87 742 13230 4497 4120 434 416 1277 11.56

LSD 0.05 2.01 4.57 1.21 549 1.52 0.98 .12 1.04 024 026 114 127

$ldo 035 (GFD) 0 5 0555 J b (DA) AdS 6 555 dNSP) £ 35 55 alis ka3 (INGS) a5 s slkss (NSS) b 53 aehices a5 (PLH) CUJ)\ (PDL) S5y J b
(GYP) & 5 53 alls 3 Shas (HKW)

PDL: Peduncle length, PLH: Plant height, NSS: Number of spikelets per spike, NGS: Number of grains per spike, NSP: Number of spikes per plant, DA: Days
to anthesis, GFD: Grain filling duration, HKW: Hundred-kemel weight, GYP: Grain yield per plant

a5 () Jsor) Joud 53 G55 bl 31 035 5l e Jedsa:
O3 s OAS 5 oy Ik Slio gl p (S35 W
Lol s g3 53 Ao b 4 4 o &l s Shes 5 i
DAE 0553 Jgb Do 53 A plndl oS 55 5 Je
ol 55 Jde o g ey Jal 1 53 lsds 035 5 4l
5l ol A GSibe Juls 8 sy bl lex
Ui Ll s a8 Jl 3 alix il gkl
ot S L 5 e S g e S s
A Jde 3l e x il (bl SIS S S0
3 ol B D s 5 a s &S epl s L (T Jsd)
3 B i e g s gl e Cl
(oS 5 Tl s 6 o O a5 B a5 (Y J )
Ol il S e 0a 5 e oS L Ol
5o bl o Kle 420 b lad e Sl L 55 il
e slaasil b alie (S 5 bl 5 co oS
A 050 Slio 3 8 il ald B8 ol
Dorrani-Nejad et al., ) ool o581 351 iy cuJle
oS (i kl,i 4 .(2014; Molaei er al, 2016
MG & Gl Lo Bl 5 Sl sl
oy J1a) (g3xte (Slo s 55k s (US55 e
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Table 3. Genetic parameters (£SE) for the studied traits across different generations of Arman x Kalateh under
normal and drought stress conditions using generation mean analysis

m d h i 1 2
Traits ! *
Sl Jsb 33.11° 1.95% 154" 1.86™
PDL +1.38 +£0.58 +£0.37 '
<y el 98.30" 3.57" 1.19*
PLCH +4.02 £1.19 +0.33 2.93
liw )3 amlin slass 14.56" -0.35* 121.51* 3.03™
NSS +1.13 +0.17 +2.91 '
i 5 s sl 52.07" -2.78" 591" 5.82™ 1541 741" 773
NGS +£135 +0.65 +1.69 £2.19 +3.78 £2.74 :
G555 s 3l 10.90 0.47" -10.85™ -2.50" -2.14 9.08" 13.68°
NSP £0.58 +0.19 +1.12 +0.93 +0.81 +0.1.57 :
PESICATEPS 122.08™ 3.32™ 20.55™ 9.07" 477" 743 g g
DA +0.1.78 +0.44 +0.46 £0.24 +0.37 £0.41 :
(o) 415 03 50593 43.88" 1.55" 3.28™ 107" 15.48"
GFD (Normal) +0.61 +0.79 +1.23 +0.40 :
(U59) €3 OAS 3 o)s0 36.05" -1.027 9.48"™ 4.26™ 490" o g
GFD (Stress) +0.54 +0.52 +2.29 +0.64 +1.03 :
(b ) wlsaws 055 328" 0.13™ 2.02" 125 8.74%
HKW (Normal) +0.24 +0.04 +0.32 +0.24 '
(L3) &lsdo O35 2.34™ -0.18" 3.22" 1.76™ 120" g e
HKW (Stress) +0.21 +0.06 +0.33 +0.26 +0.11 :
(U ) &5 53 ails 5 Shas 13.85™ 0.25 1.68° 7.03™ 16.68"
GYP (Normal) +1.27 +0.14 +0.71 £1.12 :
(U9) 69 53 4l > Shae 8.92 0.33 4.63" 0.74"" -0.23" 490" o
+1.09 +0.21 +1.44 £0.28 +0.11 £0.65 :

GYP (Stress)

*

sl Ao ys ) 50 JL“"*’"C]‘“)’)“@”%*H"}“%MJ
e Juke 3,15 45 sla sl
e x e Bl 3l (odle x il i 3§ ol x il i f i weudle 3 h il d o Sike :m
$ldo 035 (GFD) 0 5 6555 J b (DA) AdS 6 555 dNSP) £ 35 55 alis ka3 (NGS) a5 s slkss (NSS) b 53 azehices a5 (PLH) ¢lé) (PDL) Sy J b
(GYP) & 5 s als 5 Shas (HKW)

* and **: Significant at 5% and 1% probability level, respectively
-: Parameters that are not entered in the model
PDL: Peduncle length, PLH: Plant height, NSS: Number of spikelets per spike, NGS: Number of grains per spike, NSP: Number of spikes per plant, DA: Days
to anthesis, GFD: Grain filling duration, HKW: Hundred-kemel weight, GYP: Grain yield per plant

A3 adsl s e 53 i S glra o8 s bl
Spdie P ol G685 5 db s Bl s
iy oS Lleols Ol 35 ety (S Slllas s
ot (a.,\f); Gl 59 5 Als DS 5 oy90 sk Slaw
Sl 5 Sl (RIS ) oS 5 e
Frozanfar et al., 2009; Sultan et al., 2011; ) s ,l> ;1 3

.(Dorrani-Nejad et al., 2014; Taheri et al., 2022
O popast 5 gasas 5 pdlilys 35l 5l ol b
Loyl i 53 dilsds O3 5 als OAS 0505 Jsb Slaws 45 50
dxdls by Bl 5 a4 Sl ol pslie oS A

03 S Sl o iS50 ey Slalllae s (8 Jsd)

A

035 ko 53 Silm) Bl oS 25 Ll o
Sl cdle Jleade |5 op sl & 3l dlsas
R Gl e s ol x ol L
S s S ki el Jads) amdls
codle i gs 8 eSSl (Kearsey and Pooni, 1996)
Ll andly Hpas Jde ps cdle x cdle Bl JI
Sy e 3 S sbay ol el LB kgl &
oo 03 5 eSS g s Sl o) Do s oa
Sy dalet caclae & 3 k) D35 el
oo g 5 L IS gbay (Al-Naggar et al,, 2021)
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Table 4. Estimation of broad sense heritability, narrow sense heritability and heterosis of different triats under
normal and drought stress conditions

s
- Z.

R wSle Riys Hwme Hpi

Trait 1 2 3 4 > 6 Lli/lfan ’

S8l Ik 072 072 047 066 064 059 063 053 7.08 1.77
PDL

“‘J}’; LCI:"J' 065 066 068 066 066 067 066 060 1192 7.68

i J’ﬁ‘%‘é’-‘“ MS0s1 052 032 046 045 042 045 0.19 4.25 2.50

i 53 4l sl 037 037 036 037 037 036 037 010 1294 7.77
NGS

$ 32 2 abis sl 052 052 040 049 048 046 048  0.14 8.71 2.95
NSP

AL 5 067 067 050 062 061 059 061  0.09 3.09 0.55
DA

(el odin e 59 059 055 057 057 057 057 031 619 2.65

GFD (Normal)

() €l 0ddpesss 047 047 067 055 053 057 054 013 0.79 .
GFD (Stress)
(JLA,':) Slsds O
HKW (Normal)

(55) dlads 055 0.38 0.38 0.25 0.34 0.34 0.32 0.34 0.06 6.30 1.79
HKW (Stress)

() s 0.69 0.69 0.11 0.56 0.50 0.40 0.49 0.22 25.03 22.67
GYP (Normal)

(3) ails 3 Shas 057 057 0.7 046 044 037 043 004 2168 17.72
GYP (Stress)

0.55 0.56 0.30 0.49 0.47 0.43 0.47 0.20 6.84 3.93

Wl 508 (S A5 Al il By i ekias DL L slael F
.wlw;;\}odwlc@yﬂ;&u%;q** *
Sl e 3 Ao Hpi (s 0 SKle 4 Lo i 2 doys THp £ oo sant (6 i st §pn pes 6 pdy il s thps
alsds 035 (GFD) i 5 0595 Jsb (DA) AAS 6 555 ANSP) & 55 55 alis slta3 (NGS) alies 3 4l sliss (NSS) s s el slis (PLH) ¢l (PDL) Sy J b
(GYP) © 5 5 «ls > Shos (HKW)

# The numbers 1 to 6 represent six different methods for calculatm% broad sense heritability (4%ss)
* and**: Significant at 5% and 1% probability level, respectively.
h’ss = Broad-sense heritability; h’ys = Narrow sense heritability; Hyp = Mid parent heter0s1s Hp= Heterobeltiosis (better parents heterosis)
PDL: Peduncle length, PLH: Plant height, NSS: Number of spikelets per spike, NGS: Number of grains per spike, NSP: Number of spikes per plant, DA: Days
to anthesis, GFD: Grain filling duration, HKW: Hundred-kernel weight, GYP: Grain yield per plant
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Table 5. Estimation of genetic variance components for the studied traits under normal and water-
deficit stress conditions

. ks ks ol G H LD (Seer L e e Sl
Trait e ol e & Lol ples Degree of ~ Dominance
EW D H F dominance deviations
Sl
SR J5b 4.09 10.72 2.55 0.72 0.49 1.48
PDL
5y ol
cR 21.57 77.34 17.04 -6.55 0.47 -13.95
PLH
s 3 i sluss
: i 427 2.86 6.55 0.97 1.51 -0.64
NSS
alow 53 &l sluws
: 15.22 4.92 25.15 0.36 2.26 0.16
NGS
G gy akiw slis
T 1.48 0.78 3.50 -0.85 2.12 -0.40
NSP
WG
<t R 6.42 2.90 30.52 111 3.04 0.34
DA
Lo ) ls OLS 5 s
R R 1.04 178 022 131 0.17
GFD (Normal)
23) als OAs e
()b oo o) 0.50 326 -0.19 255 -0.07
GFD (Stress)
L ,3) dlsds O3
() wlads 05 492 3.40 7.91 0.50 153 0.33
HKW (Normal)
(55) Slsas O
o i 5.48 1.04 8.06 -1.10 278 -0.40
HKW (Stress)
(AL ) «ls s S
7 3.82 276 4.79 0.10 132 0.08
GYP (Normal)
P H
() s 3.99 0.56 8.20 -0.40 3.83 -0.10

GYP (Stress)

Slsos 033 (GFD) 042 65 I3 (DA (a8 6 555 (NSP) 5 33 dhice 3155 (NGS) i 3> s 3115 (NSS) i 3 ki shiss (PLH) ¢l (PDL) Sl J o

(GYP) « 5 55 4ils 5 Shas (HKW)

PDL (Peduncle length), PLH (Plant height), NSS (Number of spikelets per spike), NGS (Number of grains per spike), NSP (Number of spikes per plant), DA
(Days to anthesis), GFD (Grain filling duration), HKW (Hundred-kemel weight), GYP (Grain yield per plant)
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