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Abstract:

In an attempt to determine the genetic behavior governing inheritance of yield and its component
traits, this investigation was conducted throughout the four growing seasons 2018/19 to 2021/22 under
normal and nitrogen stress conditions. The parents and their five populations (P1, P2, F1, F2 and F3) of
two crosses were layout in a randomized complete block design with three replications. Scaling test
illustrated the existence of non-allelic interactions (epistasis) for most studied characters in the two
crosses. Results demonstrated that additive and non-additive gene effects were significant and govern
the inheritance of yield and its component traits while, dominance gene effects were higher in magnitude
than additive effect under normal and nitrogen stress conditions. Significant positive heterotic estimates
relative to mid and better parents were obtained for most studied characters under normal and nitrogen
stress conditions. Regarding potence ratio, over and partial dominance was observed for all the studied
characters in both crosses at normal and nitrogen stress conditions. broad sense heritability estimates
ranged from 73 % to 98 % under normal condition and from 65 % to 97 % under nitrogen stress condi-
tion. Moreover, Narrow sense heritability estimates ranged from 29 % to 96 % under normal condition
and from 17 % to 89 % under nitrogen stress condition. The most accurate predictions of expected ge-
netic advance (GA%) and narrow sense heritability (h2) revealed selection efficiency for the no. of
spikes per plant, no. of kernels spike, and grain yield in these studied populations under normal and
nitrogen stress conditions.

1. Introduction

Wheat is the most important cereal crop in Egypt,
and worldwide. In Egypt increasing grain yield of cereal
crops is considered one of the important national goals to
face the growing needs of the populations. Therefore, it
has become necessary to develop genotypes which are
consistent by showing superior performance.

The plant breeder in their estimation of gene effects
in order to formulate the most advantageous breeding
procedures for improving his breeding program. There-
fore, breeders need information about the nature of gene
action, heterosis, inbreeding depression, heritability and
predicted genetic gain from selection for yield and its
component characters. Sence decision making about ef-
fective breeding system to be used in mainly dictated by
type of gene action controlling the genetic variation, such
information is helpful  for the breeders to predict in
early generations the effective breeding program. The
potential of new recombination lines that could be delved
of a lowing series of selfing generations. Science genetic
information obtained from multi population (P1, Py, F1,
F, and Fs3) are considered the one which may be give de-
tailed genetic information of the employed genotypes.

Nitrogen (N) is an essential element for plants and is
considered the most important mineral nutrient. It plays
a key role in many aspects of plant metabolism as a con-
stituent of cell components such as proteins, phytohor-
mones, co-enzymes, chlorophyll, and nucleic acids

(Hawkesford et al., 2012). Evaluation of genotype per-
formance under different nitrogen levels is important in
plant breeding. The differential response of genotype
when subjected to different nitrogen levels possesses a
major problem of relating phenotypic performance to ge-
netic constitution and makes it difficult to decide which
genotype should be selected. It is important to fully un-
derstand the nature of genotype x nitrogen interaction to
make testing and selection of genotype more efficient.

Heterosis is a complex genetical phenomenon,
which depends on the balance of different combinations
of gene effects as well as on the distribution of plus and
minus alleles in the parents of mating. Generation mean
analysis is a useful technique in plant breeding for esti-
mating main gene effects (additive and dominance) and
their digenic (additive x additive, additive x dominance,
and dominance x dominance) interactions responsible for
inheritance of quantitative traits. It helps us in under-
standing the performance of the parents used in crosses
and potential of crosses to be used either for heterotic ex-
ploitation or pedigree selection (Sareen et al., 2018;
Sharma et al., 2003).

The current study aimed to investigate the influence
of low nitrogen stress compared to hormal condition on
the genetic behavior controlling the inheritance of yield
and its components using five parameters method in two
bread wheat crosses cultivated under normal and
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nitrogen stress conditions; Practicing selection between
and within genotypes to select the best one from either
homogenous or segregated genotypes; and determining
the best line , which can be used as useful genetic source
in wheat breeding programs and as sustainable produc-
tion.

2. Materials and Methods

The present study was carried out in Sakha Agricul-
tural Research Station, Kafr El-Sheikh Governorate,
Wheat Research Department, Agricultural Research
Center (ARC) during the four growing seasons 2018/19
to 2021/22. Four bread wheat genotypes were used as pa-
rental lines. The commercial names and pedigree of these
parents are presented in Table (1).

In the first season of 2018/19, two crosses were crossed
among the parents to produce F, hybrid grains for the two
crosses; cross 1 (Giza 171 X Misr 3) and cross 2 (Sakha
95 X Sids 14). In the second season, 2019/20, the hybrid
seeds of the two crosses were sown to give the F1 plants.
These plants were selfed to produce F» seeds. Moreover,
the same parents were crossed again to produce F1 seeds.
The new hybrid seeds and part of the seeds obtained from
F1 selfed plants (F. seeds) were kept in refrigerator to the
final experiment. In the third season 2020/21, seeds from
the parents, F1 and F, were sown to produce enough Fi,
F.and F3 seeds.

In the fourth season 2021/22, the five population Py, Py,
Fi, F2 and F3 of the two crosses were evaluated under
normal nitrogen condition (with 75 kg nitrogen/ fad.) and
nitrogen stress condition (with 25 kg nitrogen/ fad.) as
single plants using a randomized complete block design
with three replications. Each row included 25 plants
spaced 20 cm apart within row and 25 cm apart between
the rows. At both experiments, normal and nitrogen
stress for each plot consisted of 26 rows, two rows were
devoted for each parent and F; progenies and ten rows
for each of F, population and Fs families for each cross.
Data were scored on 40 individual plants selected ran-
domly from each parent and F; generation and 250 plants
from F, population and 200 plants from Fs families to
measure the studied traits; plant height (cm), number of
spikes/plant, number of kernels / spike, 100-kernel
weight and grain yield / plant for the two crosses under
normal and nitrogen stress conditions. All recommended
agriculture practices, except nitrogen fertilization, for
wheat production were applied at the proper time. Phys-
ical and chemical properties of the soil samples before
wheat planting 2021/2022 illustrated in Table (2). Data
in Table (2) illustrated the soil characterization assisted
with the selection of a suitable site for the subsequent ex-
periments performed, mainly to avoid potentially con-
founding soil factors (mineral toxicities and soil nutri-
tional deficiencies) that might have impacted on the gen-
otypic performance under the different nitrogen condi-
tions. In general, the selected site showed a slightly alka-
line pH at both depths (averaged 7.87). No salinity prob-
lems were detected and electrical conductivity levels
were low (averaged, 1.25 dSm™).

Biometrical and genetical methods

T-test was used to estimate the significance of parent dif-
ferences. Furthermore, various biometrical parameters,
in this investigation, were only calculated in the F, ge-
netic variance that was found to be significant. The Re-
duction Index (RI) was used to measure the reduction in
grain yield under nitrogen stress condition. Rl was cal-
culated for each genotype according to the modified for-
mula of (Fisher and Maurer, 1978): Rl = (1 - Yns/ Yoc)
/ D, Where. Rl = an index of nitrogen stress reduction,
Yns = yield from nitrogen stress experiment for each
genotype, Yoc = yield from optimum (normal) condition
experiment for each genotype and D = nitrogen stress in-
tensity = 1 — (mean of Yns for all genotypes/ mean of
Y oc for all genotypes).

Scaling test

Concerning scaling test, the test of adequacy of scales is
important because in most cases, the estimation of addi-
tive and dominance components of variances are made
assuming the absence of gene interaction. The scaling
test was estimated according to Mather (1949) and (Hay-
man and Mather, 1955).

Type of gene action

Type of gene action effects were estimated according to
Hayman model in 1958 as described by (Singh and
Chaudhary, 1985).

Estimates of heritability in broad and narrow sense, het-
erosis relative to mid and best parent, potence ratio, and
inbreeding depression (%) were calculated according to
(Mather and Jinks, 1982). Moreover, the expected ge-
netic advance from selection (Ag) was computed accord-
ing to (Johnson et al., 1955). The t-test was used to de-
termine the significance of these parameters where the
standard error (SE) was calculated.

3. Results and discussion

Generations Mean

Data in Table (3) showed the mean performance, vari-
ance and standard error of the studied characters in the
two crosses at normal and nitrogen stress conditions. The
validity of parental differences and the existence of ge-
netic variance within F, and F3 populations in normal and
nitrogen stress conditions were examined. Generally, the
differences between each of the two parents were found
to be highly significant. Concerning parents, Sakha 95
recorded the highest estimates for plant height and num-
ber of spikes / plant at normal and nitrogen stress condi-
tions and 100-kernel weight at normal condition. More-
over, Giza 171 scored the highest estimates for number
of kernels per spike and grain yield/plant at normal and
nitrogen stress conditions.
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Table 1: Cross name, Pedigree and Origin of the four parental bread wheat genotypes.

Crosses parents Pedigree and Selection hestory Origin

(P1) SAKHA 93/GEMMEIZA 9
GIZA 171 (S.6-1GZ-4GZ-1GZ-2GZ-0S)

EGYPT

1 *2) ATTILA*2/PBW65*2/KACHU
MISR 3 CMSS06Y00582T-099TOPM-099Y-099ZTM-099Y-099M- | CIMMYT
10WGY-0B-0EGY
PASTOR // SITE/ MO /3/ CHEN / AEGILOPS
(P1) SQUARROSA (TAUS) // BCN /4/ WBLL1.
CIMMYT
SAKHA 95 CMAO01Y00158S-040POY -040M -030ZTM-040SY -26M-
2 0Y-0SY-0S.
P2) Bow"'s"/Vee'"s"/[Bow's'/Tsi/3/BANI SUEF1
EGYPT
SIDS 14 SD293-1SD-2SD-4SD-0SD

Table 2: Physical and chemical properties of the soil samples before wheat planting 2021/22.

Soil Particle size distributi Available N, P, K
article size distribution
class (ds/m) % %

(cm) | sand% | Silt% | Clay % N P K
0 26.65 23.42 50.75 clayey 1.56 1.62 3.81 28.60 | 6.30 | 292.7
30 28.27 25.86 46.65 clayey 0.94 1.20 3.68 | 1350 | 4.65 | 2453

Soil Anions (megL™?) Cations (megL™)

depth CoO HCO CL Ca** | Mg* Na* K* PH

N ) ; - a a
0 - 3.13 12.50 993 503 | 555 | 1515 | 0.18 7.82
30 - 2.82 11.04 366 197 | 1.83 | 1366 | 0.06 7.92
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Table (3): Mean (X"), variance (S?) and standard error (Sx-) of Py, P2, F1, F2 and F3 populations for the studied characters
of the five crosses under normal (N) and nitrogen stress (S) conditions.

Statistical P1 P1 P2 P2 F1 F1 F2 F2 F3 F3
Characters Crosses
Parameter N S N S N S N S N S
X 107.05 98.90 | 99.95 85.80 | 110.70 101.90 | 108.95 96.51 | 104.76 90.95
1 S? 6.92 594 | 1472 427 | 14.16 7.89 79.40 7374 | 7271 5229
Sx~ 0.42 0.39 0.61 0.33 0.60 0.44 0.56 0.54 0.60 0.65
Plant Height —
X 118.65 99.05 | 10490 96.23 | 105.25 99.40 | 99.16 94.94 | 103.53 94.03
2 S? 9.72 12.87 | 7.27 9.77 7.27 8.91 105.31 100.94 | 121.41 96.31
Sx~ 0.49 0.57 0.43 0.49 0.43 0.47 0.65 0.64 0.78 0.69
X 2096 1488 | 2532 19.29 | 30.35 19.00 | 2257 18.00 | 21.33 17.78
1 S? 3.26 2.94 3.10 3.69 3.93 164 | 161.45 85.20 | 131.70 73.44
No of Spikes Sx~ 0.29 0.27 0.28 0.30 0.31 0.20 0.80 0.58 0.81 0.61
per plant X 2865 2285 | 1990 1596 | 25.05 16,50 | 20.77 17.18 19.52 16.42
2 S? 2.90 1.87 9.32 1.19 4.05 241 141.04 47.24 | 120.04 49.93
Sx~ 0.27 0.22 0.48 0.17 0.32 0.25 0.75 0.43 0.77 0.50
X 83.85 7058 | 79.65 64.75 | 85.08 7420 | 72.03 6452 | 74.04 67.60
1 S? 52.39 2338 | 2146 4635 | 76.89 26.22 | 272.12 28294 | 249.11 266.17
No of Ker-
Sx- 1.14 0.76 0.73 1.08 1.39 0.81 1.04 1.06 1.12 1.15
nels per —
Spik X 7263 59.68 | 6460 5490 | 6488 5350 | 63.02 58.02 | 62.27 56.26
pike
2 S? 16.80 33.66 | 23.73 26.66 | 3591 36.36 | 189.63 239.90 | 248.22 269.64
Sx~ 0.65 0.92 0.77 0.82 0.95 0.95 0.87 0.98 111 1.16
X 6.73 6.41 6.56 6.26 7.29 6.60 6.48 6.08 6.51 6.40
1 S? 0.26 0.26 0.36 0.20 0.24 0.17 1.07 0.88 0.89 0.45
100-Kernels Sx~ 0.08 0.08 0.10 0.07 0.08 0.06 0.07 0.06 0.07 0.05
Weight X 7.07 6.38 6.52 5.73 7.23 6.03 6.62 6.12 6.91 6.15
2 S? 0.17 0.07 0.26 0.18 0.18 0.26 0.83 0.48 112 0.53
Sx- 0.07 0.04 0.08 0.07 0.07 0.08 0.06 0.04 0.07 0.05
X 6158 3440 | 5598 32.13 | 68.30 3158 | 5460 3521 | 5438 30.61
1 S? 480 2261 6.92 6.83 8.68 439 | 40281 139.96 | 395.72 128.65
Sx~ 0.35 0.75 0.42 0.41 0.47 0.33 1.27 0.75 141 0.80
Grain Yield
X 50.12 29.88 | 41.00 2438 | 49.90 22.83 | 4794 2350 | 4825 20.62
2 S? 3.73 5.57 5.54 498 | 11.22 2.60 | 338.14 109.29 | 290.42 62.07
Sx~ 0.31 0.37 0.37 0.35 0.53 0.25 1.16 0.50 1.21 0.74

Cross 1 (Giza 171 x Misr 3) and Cross 2 (Sakha 95 x Sids 14).
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and 100-kernel weight at nitrogen stress condition.
Meanwhile, the opposite trend was showed by Sids 14
for 100-kernel weight and grain yield/plant at normal and
nitrogen stress conditions and number of spikes per plant
at normal condition, Misr 3 for plant height at normal and
nitrogen stress conditions and Giza 171 for number of
spikes per plant at nitrogen stress condition. Regarding
Fi; F; and F3 data revealed that, the first cross (Giza
171 X Misr 3) was the superior one at normal and nitro-
gen stress conditions for all the studied characters. except
for 100-kernel weight in F2 and plant height at nitrogen
stress and 100-kernel weight at normal condition in F3
families.

Generally, it’s worthy to note that the means of both
crosses and generations within crosses decreased signif-
icantly under the nitrogen stress condition for all studied
characters in compared to normal condition.

Reduction index (RI) for grain yield of the five popula-
tions in the two crosses is illustrated in Table (4) The (RI)
was used as a parameter to provide a measure of nitrogen
stress tolerance based on minimization of yield losses un-
der nitrogen stress compared to relatively optimum con-
dition. Low Reduction index (RI < 1) was recorded for
P1, P2, F2 and Fs populations in the first cross (Giza 171
X Misr 3), also P; and P in the second cross (Sakha 95
X Sids 14), indicating that these genotypes had tolerance
to nitrogen stress condition.

Scaling test

The purpose of sealing tests C and D Table (5) was to
determine how additive-dominance model is adequate
for studying types of gene action in the inheritance of
different traits. When the scale test is adequate the values
of C and D should be zero within the limits of their re-
spective standard errors. The significance of any one of
these scales indicates the presence of non-allelic interac-
tion. The mean performance and variance of mean of five
populations (P1, P2, F1, F2 and F3) were used to calculate
the two scaling tests. C and D values which showed sig-
nificant or highly significant for most traits in the two
crosses at normal and nitrogen stress conditions, suggest-
ing that additive-dominance model is inadequate for
these traits and indicating the role of non-allelic interac-
tion in governing these traits more particularly domi-
nance x dominance type of non-allelic interaction (epi-
stasis). These results are in harmony with those obtained
by (Abd-Allah and Amin, 2013; EI-Hawary et al., 2022;
Gebrel et al., 2020; Mohamed et al., 2021; Sharshar et
al., 2020; Shehab-Eldeen et al., 2020; Zaazaa, 2017)
Nature of gene action and types of epistasis:

Gene action refers to the behavior or mode of expression
of genes in a genetic population. Knowledge of nature of
gene action helps to select parents for the hybridization
programs also, in the choice of appropriate breeding pro-
cedure for the genetic improvement of various quantita-
tive traits. Hence, insight into the nature of gene action
involved in the expression of various quantitative traits
is essential to plant breeders for starting a judicious
breeding program (Singh and Naraynan, 2000). Types of
gene effects for the studied characters in the two crosses

at normal and nitrogen stress conditions are shown in Ta-
ble (6), The mean effect of parameter (m) that reflects the
contribution due to the over-all mean plays the locus ef-
fect and interactions of the fixed loci was found to be
highly significant for all characters in all crosses at nor-
mal and nitrogen stress conditions. Initially, it is clear
that all the studied traits were quantitatively inherited.
Concerning additive gene effects (d*), highly significant
additive gene effects were found for all characters in the
two crosses at normal and nitrogen stress conditions. ex-
cept for 100 kernel weight for the first cross (Giza 171 X
Misr 3) at normal and nitrogen stress conditions, indicat-
ing that the additive gene effects played a major role in
the inheritance of these traits and the potential for obtain-
ing further improvements of these characters.

With respect to dominance gene effects (h), highly sig-
nificant or significant dominance gene effects were at-
tained for all characters in both crosses at normal and ni-
trogen stress conditions. except for the following cases:
no. of kernels spike for the two crosses at normal and
nitrogen stress conditions, no. of spikes per plant for the
two crosses at nitrogen stress condition, 100 kernels
weight for the second cross (Sakha 95 X Sids 14) at nor-
mal and nitrogen stress conditions and grain yield for the
second cross at normal condition, revealing the im-
portance of dominance gene effects in the inheritance of
these traits.

Regarding additive x additive (i) epistatic effect, highly
significant additive x additive gene effects were found
for all characters in all crosses at normal and nitrogen
stress conditions. except for the following cases: 100 ker-
nel weight and grain yield for the two crosses at both
condition, no. of kernels spike for the first cross (Giza
171 X Misr 3) at both condition and no. of spikes per
plant for the first cross (Giza 171 X Misr 3) at normal
condition

In relation to dominance x dominance (L) epistatic ef-
fect, highly significant or significant dominance x dom-
inance type of gene action was scored for most characters
in the two crosses at normal and nitrogen stress condi-
tions, except for, no. of spikes per plant for the two
crosses at both conditions, no. of kernels per spike and
grain yield for the second cross (Sakha 95 X Sids 14) at
normal condition and 100 kernels weight for the same
cross at nitrogen stress condition. Generally, it may be
deduced that, additive and non-additive gene effects
were significant and govern the inheritance of yield and
its component traits, while the non-additive gene effects
were higher in magnitude than additive gene effects, in-
dicating that selection index and phenotypic trait selec-
tion based on the accumulation of additive effects were
successful in improving of the characters under investi-
gation. However, to maximize selection advance, proce-
dures known to be effective in shifting gene frequency
viz., recurrent selection when both additive and non-ad-
ditive genetic variations are involved would be preferred.
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Table (4): Reduction index (RI) for grain yield of five populations in the two studied crosses.

R.I.

Cross P: P2 Fi F, Fs
1 0.99 0.96 121 0.80 0.98
2 0.83 0.83 111 1.04 117

Table (5): Scaling test for the studied characters of the two crosses under normal (N) and nitrogen stress (S) conditions.

] . No of Spike per No of kernels per 100-kernels o
scaling Plant height . . Grain yield/plant
Cross rest plant spike weight
es
N S N S N S N S N S
) C 7.41%* -2.45 -16.71**  -0.17 -4554**  -25.63** | -1.94** -153** [ -35.74** 11.17**
D -5.88*  -13.94** -6.12 0.95 -11.42* 6.03 -0.23 0.76** -9.24 -14.51**
C -37.43**  -14.3** | -1558**  -3.07 -14.9*%* 10.52* | -1.58** 0.31 0.84 -5.92**
2
D -7.76* -9.06** | -12.01** -7.5** | -14.19** -5.6 0.82* 0.24 6 -18.76**
Cross 1 (Giza 171 x Misr 3) and Cross 2 (Sakha 95 x Sids 14). (*) and (**) significant at 0.05 and 0.01
Table (6): Gene action for the studied characters of the two crosses under normal (N) and nitrogen stress (S) conditions.
m d* h L i
Character | Cross
N S N S N S N S N S
Plant Heiah 1 108.95** 96.51** 3.55** 6.55** 12.36** 18.44** -17.72** -15.32** 12.26**  21.99**
ant Height
J 2 99.16** 94.94** 6.88** 1.41** -7.59** 5.42* 39.55** 6.98 12.69** 6.48**
No. of 1 22.57** 18** -2.18** -2.2** 8.5%* 1.25 14.12 1.49 -3.07 -5.07**
Spikes per
Plant 2 20.77** 17.18** 4.38** 3.45** 6.18* 1.58 4.76 -5.9 14.16**  11.38**
an
No of Ker- 1 72.03** 64.52** 2.1** 2.91** 3.35 -1.75 45.5%* 42.21** 4.22 -2.46
nels Spike 2 63.02** 58.02** 4.01** 2.39** 3.24 1.7 0.94 -21.5% 15** 10.26**
100-Kenels 1 6.48** 6.08** 0.08 0.08 0.48* -0.5%* 2.27** 3.04** 0.001 -0.6**
Weight 2 6.62** 6.12** 0.28** 0.33** -0.37 -0.13 3.19** -0.09 -0.25 0.54**
1 54.6** 35.21** 2.8** 1.14** 9.73* 9.84** 35.33** -34.23** 5.81 13.81**
Grain Yield
2 47.94** 23.5** 4.56** 2.75** 0.48 7.22%* 6.88 -17.12%* 5.26 17.02**

Cross 1 (Giza 171 x Misr 3) and Cross 2 (Sakha 95 x Sids 14). (*) and (**) significant at 0.05 and 0.01
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Respecting types of gene action and epistasis for yield
and its component characters in the present investigation,
the results and conclusions are in harmony with those ob-
tained (Abd-Allah and Amin, 2013; El-Hawary et al.,
2022; Gebrel et al., 2020; Mohamed et al., 2021; Shar-
shar et al., 2020; Shehab-Eldeen et al., 2020; Zaazaa,
2017).

Heterosis, inbreeding depression and potence ratio
Heterosis or hybrid vigor, refers to the superiority of the
F1 hybrid over its parent. Heterosis can result from partial,
complete dominance, over dominance, epistasis, and a
combination of these factors. High positive significant
values of heterosis would be interest for all investigated
traits. Heterosis percentage relative to mid parent (MP)
and better parents or heterobeltiosis (BP), inbreeding de-
pression and potence ratio for the studied characters in
the two crosses under normal and nitrogen stress condi-
tions are illustrated in Table (7). At the level of heterosis
over mid parents, highly significant positive heterotic ef-
fects were recorded for all traits in the two crosses at nor-
mal and nitrogen stress conditions, except for plant
height and no. of kernels spike in the second cross
(Sakha 95 X Sids 14) at normal and nitrogen stress con-
ditions, no. of spikes per plant and 100 kernel weight in
the second cross at nitrogen stress condition and grain
yield in the two crosses at nitrogen stress condition.
Concerning heterosis over better parent, significant pos-
itive heterotic effects were observed for, plant height for
the first cross (Giza 171 X Misr 3) at normal and nitro-
gen stress conditions, no. of spikes per plant and grain
yield for the first cross (Giza 171 X Misr 3) at normal
condition, 100 kernel weight for the first cross (Giza
171 X Misr 3) at normal and nitrogen stress conditions
and for the second cross (Sakha 95 X Sids 14) at nor-
mal condition and no. of kernels spike for the  first cross
(Giza 171 X Misr 3) at nitrogen stress condition, while
the rest of cases were either non-significant or significant
in negative direction.

Referring to inbreeding depression, results revealed that
under normal condition highly significant positive esti-
mates were obtained for all traits, except for plant height
in the first cross (Giza 171 X Misr 3). Moreover, under
nitrogen stress condition, highly significant positive esti-
mates were recorded for plant height in the two crosses
and for no. of spikes per plant, no. of kernels spike and
100 kernel weight in the first cross (Giza 171 X Misr 3).
On the other side, negative significant values were ob-
tained for no. of spikes per plant, no. of kernels per spike
and 100 kernel weight in the second cross (Sakha 95 X
Sids 14) and for Grain yield in the two crosses under ni-
trogen stress condition.

Regarding potence ratio, results revealed that over dom-
inance controlling the inheritance of all the studied char-
acters in the two crosses at normal and nitrogen stress
conditions where the values exceeded unity, except for
no. of spikes per plant, no. of kernels per spike, 100 ker-
nel weight and GYP in the second cross (Sakha 95 X Sids
14) under normal condition. Furthermore, no. of spikes
per plant in the two crosses and 100 kernels weight in the

second cross (Sakha 95 X Sids 14) under nitrogen stress
condition where partial dominance was existed. These
results confirmed by those obtained by (Abd-Allah and
Amin, 2013; ElI-Hawary et al., 2022; Gebrel et al., 2020;
Mohamed et al., 2021; Sharshar et al., 2020; Shehab-
Eldeen et al., 2020; Zaazaa, 2017).

Heritability and Genetic advance

The heritability for different traits is helpful to the plant
breeders to estimate the response to selection in segrega-
tion generations. The heritability was categorized into
three groups: high (>= 60%), moderate (30-60 %) and
low (0 — 30) according to (Robinson et al., 1949). The
exhibited narrow sense heritability values were lower
than broad sense heritability ones, then variances be-
tween H and h? demonstrate the contribution of domi-
nance effect in the genetic components of the studied
traits as shown in Table (8). The heritability values in
broad sense were high and detected and ranged from 65 %
to 98 % for all traits in the two crosses at normal and
nitrogen stress conditions.

Heritability values in narrow sense were moderate to
high and ranged from 38% to 89 % for all traits except
for 100-kernel weight in the two crosses under normal
and nitrogen stress conditions. heritability in narrow
sense results were confirmed with those obtained by
(Abd-Allah and Amin, 2013; EI-Hawary et al., 2022; Ge-
brel et al., 2020; Mohamed et al., 2021; Sharshar et al.,
2020; Shehab-Eldeen et al., 2020)

Revealing that additive variance played a predominant
role in the inheritance of most studied traits. Therefore,
selection plants for these traits could be implemented in
the early generation.

The expected genetic advance from selection as percent
of F; mean (Ag%) scored high estimates (more than
20%) for no. of spikes per plant, no. of kernels per spike
and grain yield in the two crosses at normal and nitrogen
stress conditions and moderate estimates (10 - 20 %) for
plant height in the two crosses at both conditions and 100
kernel weight in the first cross (Giza 171 X Misr 3) at
normal and the second cross (Sakha 95 X Sids 14) at ni-
trogen stress. consequently, revealing the effectiveness
of selection for these traits in early generations. While,
low expected genetic advance percent estimates (less
than 10 %) were detected for 100 kernels weight in the
first cross (Giza 171 X Misr 3) at nitrogen stress and the
second cross (Sakha 95 X Sids 14) at normal condition.
These results agree with those obtained by (Abd-Allah
and Amin, 2013; El-Hawary et al., 2022; Gebrel et al.,
2020; Mohamed et al., 2021; Sharshar et al., 2020;
Shehab-Eldeen et al., 2020; Zaazaa, 2017). Meanwhile,
Ditix et al. (1970) noted that high genetic gain is often is
not connected with high heritability, but high genetic ad-
vance should be correlated with high heritability to allow
efficient selection. Therefore, it could be noted that such
crosses are important to wheat breeding program for ge-
netic yield advancement.
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Table (7): Heterosis relative to mid (MP) and better (BP) parent, inbreeding depression (ID %) and potence ratio for the

studied characters of the two crosses under normal (N) and nitrogen stress (S) conditions.

Heterosis % over M.P. Heterosis % over B.P. Potence ratio Inbreeding depression
Character Cross
N S N S N S N S
1 6.96™* 10.34** 10.76** 3.03** 2.03 1.46 1.58 5.29**
Plant Height
2 -5.84** 1.81 0.33 0.35 -1 1.25 5.79** 4.48**
No. of Spikes per 1 31.16** 11.22** 19.87** -1.48 -3.3 -0.9 25.64** 5.26**
Plant 2 3.19** -14.97** -12.57** -27.79** 0.18 -0.8 17.09** -4.15**
No of Kernels 1 4.07** 9.66** 1.46 5.14** 158 224 15.34** 13.04**
Spike 2 -5.45** -6.61** -10.67** -10.35** -0.9 -1.6 2.86™ -8.46**
100-Kenels 1 9.69** 4.1%* 8.31** 2.83** 762 333 11.06** 7.75%*
Weight 2 6.4%* -0.39 2.24* -5.46** 1.57 -0.1 8.46** -1.48**
1 16.2** -5.07** 10.91** -8.21** 3.4 -15 20.05** -11.51**
Grain Yield
2 9.53** -15.85** -0.44 -23.6** 0.95 -1.6 3.93** -2.94**

Cross 1 (Giza 171 x Misr 3) and Cross 2 (Sakha 95 x Sids 14). (*) and (**) significant at 0.05 and 0.01 levels of probability, respec-

tively

Table (8). Estimate of heritability in broad and narrow sense and expected genetic advance from selection (Ag) for the

studied characters of the two crosses under normal (N) and nitrogen stress (S) conditions.

Heritability Expected Genetic advance
Traits Cross h? gA %gA
N S N S N S N S
1 0.85 0.92 0.74 0.72 13.53 12.76 12.42 13.22
Plant Height
2 0.92 0.90 0.72 0.83 15.21 17.27 15.34 18.19
) 1 0.98 0.97 0.73 0.78 19.19 14.90 85.02 82.77
No. of Spikes per Plant
2 0.96 0.96 0.76 0.89 18.67 12.53 89.88 72.93
1 0.82 0.89 0.70 0.81 23.88 28.00 33.15 43.39
No of Kernels per Spike
2 0.87 0.87 0.45 0.70 12.87 22.35 20.42 38.52
1 0.73 0.76 0.50 0.17 1.07 0.32 16.51 5.31
100-Kernel Weight
2 0.75 0.65 0.29 0.53 0.54 0.76 8.14 12.39
1 0.98 0.92 0.86 0.81 39.68 19.78 72.66 56.18
Grain Yield
2 0.98 0.96 0.79 0.38 29.99 8.27 62.55 35.18

Cross 1 (Giza 171 x Misr 3) and Cross 2 (Sakha 95 x Sids 14).
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4. Conclusions

It could be recommended to use the cross Giza 171 X
Misr 3 in breeding programs and advanced studies to
improve yield and its component characters under ni-
trogen stress condition.
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