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Abstract:

The present investigation was conducted at Shandaweel Agricultural Re-
search Station — Field Crops Research Institute (FCRI), Agricultural Research
Center (ARC) through three successive winter seasons from 2015/16 to 2017/18.
The experimental material included six populations i.e. P, P,, Fy, F,, BC,, and
BC, for two bread wheat crosses viz Shandaweel 1 % Sids 1 and Line 1 x Sids 12.
Six parameters model was applied for studying inheritance of seven agronomic
traits; days to heading (DH), no. of spikes/plant (S/P), plant height (PLH), bio-
logical yield / plant (BY), grain yield/plant (GY),100-grain weight (100-KW),
and no. of kernels/spike (K/S) under normal irrigation (5 irrigations) and water
stress conditions (3 irrigations). The results showed significant or highly signifi-
cant differences among the included materials. Mean performance of F, genera-
tion in cross 1 and cross 2 override mid-parents or/and best parent for most of the
reviewed traits under investigation except plant height in cross 2 under stress
conditions. The results of scaling tests indicated that at least one of these scales is
significant and additive-dominance model is inadequate, consequently six pa-
rameters model is applicable. The results indicated that gene main effect was
highly significant for all the studied traits. Additive gene effect was significant
for most of the traits in combinations of the crosses and environments. The re-
sults showed that non-allelic interactions were significant or highly significant
with positive sign for some traits and with negative sign for the others. The re-
sults indicated that duplicate epistasis was predominant while complementary
epistasis was found only in one case. The average degree of dominance indicated
presence of partial, complete, and over dominance. Broad, narrow sense herita-
bility and genetic advance values were moderate to high. The results of the cur-
rent investigation revealed that the included material can be used for producing
high yielding lines under stress water conditions deploying selection in early
generation for some traits and in advanced generation in the others.

Keywords: Quantitative traits, gene action, dominance, additive, epistasis.

Introduction:

Wheat is one of the most impor-
tant crops across the globe since it is
the major source for protein and en-
ergy for both developed and develop-
ing countries. It provides approxi-
mately 20% of the protein for more
than half of the world population. The

world total wheat planted area is
214.29 million hectares produced
734.05 million metric tons in 2018
(FAOSTAT 2018). In Egypt, wheat
cultivated area in 2018 was 1.32 mil-
lion hectares (equal to 3.20 million
feddan; fed. = 2.38 hectares) produc-
ing 8.80 million tons (FAOSTAT
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2018). Wheat takes big consideration
because of the gap between produc-
tion and consumption which cost
government a huge amount of hard
currency for wheat imports. There-
fore increasing wheat production both
horizontally or vertically, is the key
to reduce this gape and consequently
save hard currency.

Under scarcity of water re-
sources and climate change impacts,
improving high yielding genotypes
and tolerant to limited water re-
sources and high temperature is a
mandatory objective for breeding
programs. To achieve this goal, un-
derstanding the genetic control of
yield and tolerance related traits un-
der limited water must be fully un-
derstood. Yield and tolerance to wa-
ter stress associated traits are quanti-
tative traits controlled by complex
genetic basis. Dissection the genetic
basis of high yield and water stress
related traits pave the way for breeder
to unlock the genotypes high potenti-
ality under these conditions.

Breeding strategy mainly de-
pends on the different gene effects
i.e. dominance, additive, and none-
allelic interaction. Generation mean
analysis is a tool for designing the
most appropriate breeding approaches
to develop crop varieties with desired
traits and commonly used in studying
inheritance of quantitative traits. Ap-
plication of generation mean analysis
procedure is based on the hypothesis
that the studied generations must
arise from a cross involving two con-
trasting genotypes. This model is free
from the limitations of other models
and can estimate the genetic markers
needed for each trait (Mather and
Jinks 1971). In this way, in addition
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to estimates of additive and domi-
nance gene effects, the effects of
epistasis can also be estimated using
the scaling test. Considerable studies
in this concern were conducted by
many investigators e.g. Kearsey and
Pooni (1996), Farshadfar et al.
(2001), Novoselovic et al. (2004),
Erkul et al. (2010), Farshadfar ef al.
(2013), Ljubicic et al. (2016a) and
Ljubicic et al. (2016b).

The six parameters technique
(Mather and Jinks, 1982) was used, in
this study, to evaluate wheat crosses
and to estimate the components of
genetic variance, gene action and
generation means. With the develop-
ment of the six parameters analysis as
a technique for quantitative inheri-
tance it is possible to investigate the
direct genetic control of the charac-
ters in such random sample of bread
wheat genotypes.

The purpose of this study is es-
timation the types of gene effects
controlling yield and yield compo-
nents in two wheat crosses in order to
enable wheat breeders choosing the
suitable breeding approaches.
Material and methods:

The present investigation was
conducted at Shandaweel Agric. Res.
Stat., Field Crops Research Institute
(FCRI), Agricultural Research Center
(ARC). The study was carried out
during three winter growing seasons
from 2015/2016 to 2017/2018. Two
bread wheat crosses i.e. Shandaweel
1 x Sids 1 and Line 1 x Sids 12 were
included in this study. The descrip-
tion of the two crosses is presented in
Table 1. The hybrid seeds, for each
cross separately, were produced in
2015/2016 season. Some of the hy-
brid seeds, for each cross, were
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planted to produce F; plants. Back-
cross for the first parent (BC,) and for
the second parent (BC,) were devel-
oped by crossing the F; plants with
each respective parents. The rest of F,
plants were left for selfing to produce
F, seeds. By the end of the second

season, six populations were avail-
able viz F,, BC,, and BC, seeds were
developed this season along with F,
seeds (kept from last season) and ob-
viously there was sufficient P, and P,
seeds.

Table 1. Brief description, pedigree, history, and source of the four genotypes used

in the present investigation.

Cross|Genotype Pedigree and selection history Origin| Description
Shan- Site / Mo / 4/ Nac / Th. Ac //3* Pvn /3/ Mirlo / Buc High vield:
CMSS93 B00S 67S - 72Y - 010M - 010Y - 010M — 3Y—0M — Egypt | & Yi€ding
daweel 1 cultivar
Cross 1 0THY - 0SH
Sids| |HD2172/PAVON "S"// 1158.57/ MAYAT4'S" . Adapted for
1as SD46-4SD-2SD-1SD-0SD gypL | stress condl
QUAIU/5/FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//... No.25 | b
Line 1 |CMSS06 B00109S - 0Y - 099ZTM - 099NJ - 099NJ — 13WYG — |IBWSN| _ dganfe 4 1in§
Cross 2 0B — OSH 2012
BUC//7C/ALD/5/MAY A74/ON//1160.147/3/BBGLL/4/HAT"S"/ Adapted to a
Sids 12 |6/MAYA/VUL//CMH74A.630/4*SX Egypt | wide range of
SD7096- 4 SD-1 SD- 1 SD-0 SD environments

In 2017/2018 season, the six
populations were grown in RCBD
design with three replications under
normal irrigation (N) with five irriga-
tions as well as water stress condi-
tions (S) with three irrigations. Each
replication consists of 12 rows with 2
m long separated by 40 cm between
rows and 10 cm between plants. Each
of P;, P,, and F, were sown in one
row while, B¢, and Bc, were sown in
two rows and F, were sown in five
rows of 20 plants in each row. Data
for each replication were recorded on
10 guarded plants for each P, P, and
F,, 75 plants of F,, and 20 plants of
BC, and BC, The studied traits in-
cluded the following traits; days to
heading (DH), no. of spikes/plant
(S/P), plant height (PLH) in cm, bio-
logical yield / plant (BY) in g, grain
yield/plant (GY) in g,100-grain
weight (100-KW) in g, and no. of
kernels/spike (K/S).
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Statistical and genetic analysis:
Statistical as well as genetic
analysis was performed using SAS
v9.3 (2011) software package. Analy-
sis of variances performed for each
experiment separately. The A, B, C,
and D scaling test (Mather 1949 and
Hayman and Mather 1955) were used
to test non-allelic interaction. In-
breeding depression (I.D %) was es-
timate as the average percentage de-
crease of the F, from the F, according
to eqation of Falconer (1989). Po-
tence ratio (PR %) was estimated by
the formula obtained by Griffmg
(1950). Stress tolerance index (STI)
for grain yield was computed by the
formula used by Farshadfar et al
(2001). The genetic components of
variance were calculated according to
Mather and Jinks (1982). Genetic ad-
vance was computed according to
Johnson et al. (1955) with selection
intensity of K =5%; (2.06) for all
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characters. Heterosis was expressed
as the deviation of F; generation from
the mid-parents or better parent aver-
age values according to Fonseca and
Patterson (1968).

Results and Discussion:
Analysis of variance, as a prereq-
uisite for estimating generation mean

analysis, is presented in Table 2. Analy-
sis of variance showed significant or
highly significant differences between
environments. In the meanwhile, it
showed significant or highly significant
differences between populations for all
the measured traits.

Table 2. Analysis of variance for P1, P2, F1, F2, Bc,, and Bc, for the two bread wheat crosses

S.0.V Mean squares

ps | PH | s’p | PLH | K/S [100-KW] BY | GY
Cross 1
Environments (Env) | 1 [351.25%*|23.06** | 1212.09** [217.61** | 3.69** | 761.76%* | 81.99**
Env*Rep 2 0.98 0.31 0.83 2.77 0.04 46.78** 6.92
Populations (Pop) 5 4.28* | 1.98*%* | 113.65%* | 59.10** | 0.43** | 144.68** | 16.11*
Env*Pop 5 | 10.86*%* | 1.08*% | 34.85** | 18.87™ | 0.01™ 21.40* 220"
Error 20 1.11 0.40 6.49 8.68 0.01 761.76 5.39
C.V 1.05 6.79 2.42 8.23 2.55 7.69 14.63
Cross 2
Environments 1 |513.55%*|25.37** | 1151.47**|459.67** | 2.28** |1583.11%*| 233.58**
Env*Rep 2 0.29 0.67 0.85 18.79 0.062 19.67 1.12
Populations 5 | 23.75%*% | 8.17** | 103.86** | 19.13* 0.061 | 396.02%* | 75.90%*
Env*Pop 5 3.40*% | 0.76™ | 10.90* | 3.434™ | 0.067™ | 31.76™ 6.27"
Error 20 1.25 0.50 2.94 6.51 0.03 12.22 2.95
C.V 1.14 6.97 1.69 6.95 3.81 6.70 9.11

Where: ns, *, and ** are insignificant, significant, and highly significant, respectively. Days to heading
(DH), no. of spikes/plant (S/P), Plant height (PLH), Biological yield /plant (BY), Grain yield/plant
(GY), 100-grain weight (100-KW), and no. of kernels/spike (K/S).

Regarding the interaction be-
tween environments and populations,
it was significant or highly significant
for days to heading and plant height
in both crosses, while, it was non-
significant for no. of kernels/spike,
100-kernels weight, and grain yield in
both crosses. For no. of spikes/plant
and biological yield interactions were
significant and insignificant in cross 1
and cross 2, respectively. These re-
sults reveal the presence of genetic
variation among the included materi-
als. The significance among the six
populations made it possible to go
further for generation mean analysis.
Same results were obtained by Ataei
et al. (2017).
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Performance, potence ratio, and
stress tolerance index:

Mean and stander error of the
six populations (P, P,, F,, F,, BC,,
and BC,) under normal irrigation (N)
and stress water (S) conditions for the
two crosses are presented in Table 3.
Mean performance values show that
F, generation means was higher than
mid-parents or best parent for days to
heading, plant height, 100-kernels
weight, biological yield, and grain
yield under both environments in
cross 1. In the contrary, no. of ker-
nels/spike did not reach the mid-
parents value under both environ-
ments. But in case of no. of
spikes/plant, it exceeded the mid-
parents only under normal conditions
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but did not under stress. Regarding
cross 2, performance mean of F,
override mid-parents or high parent
for days to heading, no. of ker-
nels/spike, 100-kernels weight, bio-
logical yield, and grain yield under
both environments. On the other
hand, plant height did not reach the
mid-parents value under both envi-
ronments, the same situation for no.
of spikes/plant was found but only
under normal conditions. The results
reveal that heterotic effect controlling
the measured traits and increasing al-
leles are more frequent than the de-
creasing one, except in case of plant
height and number of spikes/plant.
These results are in well agreement
with those obtained by Ataei et al
(2017), Abdallah et al. (2019),
Koubisy (2019) and Salmi et al.
(2019).

The Potence ration (PR %) val-
ues are present in Table 3. Potence
ratio was used as an indicator for de-
termining the various degree of
dominance. Degree of dominance
categories were reported as follow;
over dominance (PR > £1), complete
dominance (PR = +1), partial domi-
nance (-1 < PR <+1), and absence of
dominance (PR = zero). From data
presented in Table 3, both complete
dominance and absence of dominance
categories were not expressed in both
crosses. Over dominance were found
in both crosses as well. In cross 1,
days to heading (N), plant height (N
and S), 100-kernels weight (S), and
biological yield (S) were controlled
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by over dominance. The same was
found in cross 2; number of
spikes/plant (N and S), no. of ker-
nels/spike (N and S), 100-kernels
weight (S), and biological yield (S).
Regarding Partial dominance, it was
represented in both crosses but more
frequently in cross 1 than cross 2. In
the first cross, it was reported in days
to heading (S), plant height (N), no.
of spikes/plant (N and S), 100-kernels
weight (N), biological yield (N), and
grain yield (N and S). The scenario
was different in cross 2, it was infre-
quently where it found only in cases
i.e. days to heading ((N and S), plant
height (N and S), and 100-kernels
weight (N). These findings are in
harmony with those obtained by
Soliman (2018) and Koubisy (2019).

Stress tolerance index (STI)
values for grain yield (Table 3). It
ranged from 77.05% (22.95% reduc-
tion) for P; up to 84.16% (15.84 %
reduction) for F; in cross 1, while it
ranged from 61.19% (38.81% reduc-
tion) for P, to 82.47% (18.53 % re-
duction) F,. Similar results were ob-
tained by Ataei et al. (2017) where
they found reduction in grain yield
reached 40% under drought condi-
tions compared to normal irrigation.
The high stress tolerance value for F,
in both crosses indicates the effec-
tiveness of selection in segregation
generation under water stress condi-
tion. These findings are in accordance
with those obtained by Said (2014)
and Ljubicic ef al. (2016b).
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more of these scales indicates that
additive-dominance model i1s inade-
quate for describing the inheritance of
the studied trait. Results of the scal-
ing test are presented in Table 4 for

Adequacy of Additive-Dominance
Model:

The scaling test i.e. A, B, C, and
D were performed to determine the
efficacy of additive-dominance model
for the inheritance of the studied the two crosses under normal irriga-
traits. The significance of one or tion and water stress conditions.
Table 4. Scaling test parameters A, B, C and D scales for all studied traits under

normal (N) and water stress (S) conditions for the two bread wheat crosses

Cross Treatment A | B Scalm|g test C | D
Days to heading
Cross 1 N 2.57*%+0.86 -1.00+0.91 0.75+1.14 -0.414+0.73
S -5.03**+0.67 9.03**+0.76 -1.56+1.00 -2.78%*+0.52
Cross 2 N -0.90+1.01 -1.13+1.01 1.27+1.38 1.65%+0.83
S 0.60+0.95 1.60=1.09 11.87*%*%£1.42 4.83**+0.86
Plant height
Cross 1 N -3.13+1.67 1.10£1.52 13.32%*+2.21 7.68**+1.30
S -16.07**+1.89 -4.43*+1.91 -18.37%*£2.57 1.07+1.44
Cross 2 N 6.97**+2.16 21.83*%*+2.04 27.85%*+£2.93 -0.48+1.67
S 4.63%%+2.42 11.90%*+£2.21 35.60**+3.38 9.53**+1.88
No. of spikes/plant
Cross 1 N -1.37+0.72 -2.67**+0.75 -0.58+1.06 1.72**+0.55
S -1.60+0.84 0.30+0.82 -2.41%+1.22 -0.55+0.71
Cross 2 N 6.63%*+1.27 3.70%*+1.18 14.95%*+1.67 2.31*+0.96
S -0.13+1.28 4.73%%+1.32 8.68**+1.82 2.04*+0.97
No. of kernels/spike
Cross 1 N -7.74**£1 .93 -0.3642.23 9.14%%4+2.92 8.62**+].58
S -5.68+3.08 16.85%*£2.68 28.35**+4.16 8.59**+2 .13
Cross 2 N 4.32+3.60 -1.46+3.38 13.67**+4.37 5.40+2.94
S -0.8244.13 3.15%+1.58 4.56+5.64 1.11£3.22
100-kernel weight
Cross 1 N -0.32**+0.08 -0.59*%*%+0.12 -1.48**+0.14 -0.28**+0.08
S -0.55*%*%+0.18 -0.30+0.20 -1.43*%*+0.29 -0.28*+0.14
Cross 2 N -0.33+0.20 0.65**+0.20 -0.85%*%+0.27 -0.30*+0.15
S -0.13+0.21 -0.02+0.19 -0.60*+0.29 -0.01+0.16
Biological yield/plant
Cross 1 N 1.78£3.25 14.52**+3.05 38.83*%*%+4.53 | 11.27**+2.69
S -11.80%*+4.47 24.00+4.18 20.13**+5 88 3.96+3.23
Cross 2 N -9.23*+3.88 8.00+4.15 49.57**£5.75 | 25.40%*+3.33
S -0.67+3.44 15.37**%£3.42 66.39%*%+4.53 | 25.84%*+2.93
Grain yield/plant
Cross 1 N -0.32+1.52 -4.89%*+1.74 12.31**+2.34 8.76%*+1.29
S -1.24+1.14 -1.144+2.20 6.25%+3.14 4.32%%+]1.56
Cross 2 N 4.58+2.74 9.08**+2.47 20.73**+3.65 3.53+2.05
S 7.09%*4+2.3999 | 14.63**+2.53 10.27**£3.28 | -5.73**+£2.02

Where: * & ** Significant and high Significant at 0.05 & 0.01 level of probability, respectively.

The results showed that at least

epistasis. In this case, the type of
gene action can be well explained us-
ing six parameters model or digenic
model. The six parameters i.e. mean

one of the four scales is significant
for all the studied traits, revealing the
presence of none-allelic interaction or
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(m), additive (d), dominance (h), ad-
ditive x additive (i), additive x domi-
nance (j), and dominance *x domi-
nance (l) effects were estimated to
give clear vision for the type of gene
effects which control the studied
traits. These findings are in line with
those reported by Ataei et al. (2017),
Soliman (2018), Abdallah et al.
(2019), and Koubisy (2019).

Type of gene action:

The results of six parameters
model for all the studied traits in the
two crosses under normal and stress
conditions are present in Table 5. The
estimated values for the six parame-
ters showed that gene main effect (m)
was highly significant for all meas-
ured traits. These findings indicate
that the reviewed traits are quantita-
tively inherited and show the impor-
tant of non-allelic interactions. These
results are in harmony with earlier
results reported by Patel er al. (2018)
and Salmi et al. (2019).

Additive effect (d) was signifi-
cant (Table 5) for days to heading,
100-kernels weight, and biological
yield under both environments and in
both crosses. Moreover, it was sig-
nificant for plant height, no. of
spikes/plant, and no. of kernels/spike
under both environments in cross 1
and the same was found only under
normal conditions in cross 2. These
results reveal that additive gene effect
is important in selection for these
traits in advanced generations. Simi-
lar results were obtained by Ataei et
al. (2017), Patel et al. (2018), Mah-
para et al. (2018), and Soliman
(2018).

Dominance effect (h) was found
significant and negative (Table 5) for
days to heading in cross 2 under
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stress conditions; plant height under
normal conditions in cross 1 and
stress conditions in cross 2; no. of
spikes/plant under normal conditions
in both crosses; no. of kernels/spike
under both environments in cross 1;
biological yield under normal condi-
tions in cross 1 and both environ-
ments in cross 2; grain yield under
both environments in cross 1. Signifi-
cant and positive dominance effect
was found for days to heading under
stress conditions in cross 1; plant
height under normal in cross 1 and
stress conditions in cross 2; 100-
kernels weight under both environ-
ments in cross 1 and normal in cross
2; grain yield under stress conditions
in cross 2. The present results indi-
cate that both additive and dominance
have important contribution in inheri-
tance of the measured traits, suggest-
ing that selection for desirable traits
might be effective in early genera-
tions. These results are in agreement
with those obtained by Ljubicic ef al.
(2016b) and Koubisy (2019).
Additive x additive interaction
(1) was found significant with positive
values (Table 5) in days to heading
under stress conditions in cross 1 and
both environments in cross 2; 100
kernels weight under both environ-
ments in cross 1 and normal condi-
tions in cross 2; grain yield under
stress conditions in cross 2. A nega-
tive Significance was found in days
to heading under stress conditions in
cross 2; plant height under normal
conditions in cross 1 and stress condi-
tions cross 2; no. of spikes/plant un-
der normal conditions in cross 1 and
both environments in cross 2; no. of
kernels/spike under both environ-
ments in cross 1 and normal in cross
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2; biological yield under normal con-
ditions in cross 1 and both environ-
ments in cross 2; grain yield under
both environment in cross 1. The
findings are in agreement with previ-
ous results obtained by Koubisy
(2019) and Raikwar (2019).

Additive x dominance interac-
tion (j) was found significant and
negative (Table 5) in days to heading
under stress conditions in cross 1;
plant height under both environments
in both crosses; no. of spikes/plant
under stress conditions in cross 2; no.
of kernels/spike under both environ-
ments in cross 1 and stress conditions
in cross 2; 100-kernels weight under
normal conditions in cross 2; biologi-
cal yield under normal conditions in
cross 1 and both environments in
cross 2; grain yield under stress con-
ditions in cross 2. The positive sig-
nificance was found in days to head-
ing under normal conditions in cross
1; 100-kernels weight under normal
conditions in cross 1; biological yield
under stress conditions in cross 1;
grain yield under normal conditions
in cross 1. As additive x dominance
interaction tends to segregate in the
later generations it is preferred to de-
lay selection to later segregations.
These results are in harmony with
Patel et al. (2018), Soliman (2018)
and Koubisy (2019).

The present results reveal that
non-allelic interactions i.e. additive x
additive, additive x dominance, and
dominance x dominance are impor-
tant in determining the inheritance of
all studied traits. Similar results were
obtained by Ataei et al. (2017), where
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they reported that all non-allelic in-
teractions are important factors in
controlling the expression of plant
height, 100-grain weight, and grain
yield/plant.

Dominance x dominance inter-
action (I) was found significant or
highly significant with negative val-
ues (Table 5) in days to heading un-
der stress conditions in cross 1; plant
height under normal conditions cross
1; 100-kernels weight under stress
conditions in cross 2; grain yield un-
der both environments in cross 2.
Moreover, negative significance was
found in days to heading under stress
conditions in cross 2; plant height
under both environments in cross 1;
no. of spikes/plant under normal con-
ditions in cross 1; 100-kernels weight
under normal conditions in cross 2;
biological yield under both environ-
ments in cross 2; grain yield under
normal conditions in cross 1.

The type of epistasis can be de-
termined only when dominance (h)
and dominance x dominance (I) gene
effects were significant consequently
type of epistasis can be determined as
concluded by Kearsey and Pooni
(1996). When these effects have the
same sign, epistasis is of complemen-
tary type. The duplicate epistasis de-
termined when the sign was different.
The results, present in Table 35,
showed the majority of the studied
traits were controlled by duplicate
epistasis. The complementary epista-
sis was observed only in plant height
under stress conditions in cross 1.
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While, the duplicate epistasis
was found in days to heading under
stress conditions in both crosses;
plant height under normal conditions
in cross 1; no. of spikes/plant under
normal conditions in cross 1; no. of
kernels/spike under normal condi-
tions in cross 1; 100-kernels weight
under normal conditions in cross 2;
biological yield under both environ-
ments in cross 2; grain yield under
normal conditions in cross 1 and
normal conditions in cross 2. The
presence of duplicate dominant epis-
tasis in the expression of a trait would
limit the range of variability (Kearsey
and Pooni 1996). This type of epista-
sis limits the efficacy of selection in
early generations therefore; delaying
the selection to advanced generations
will be a good decision to exploit the
transgressive segregations. Various
investigators stated similar results re-
ported by Ljubicic et al. (2016b) and
Abdallah et al. (2019), Raikwar
(2019) and Salmi ef al. (2019).
Components of genetic variance:

The additive genetic variance
(D), (Table 6), predominantly was
controlling days to heading under
stress conditions in cross 1, both en-
vironments in cross 2; plant height
under both environments in cross 1,
normal conditions in cross 2; no. of
spikes/plant under both environments
in both crosses; no. of kernels/spike
under normal conditions in cross 1,
both environments in cross 2; 100-
kernels weight under normal condi-
tions in cross 1, both environments in
cross 2; biological yield under both
environments in both crosses; grain
yield under both environments in
cross 1, normal in cross 2. On the
other side, dominance genetic vari-
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ance (H) was controlling some cases
i.e. days to heading; no. of ker-
nels/spike and 100-kernels weight
under stress conditions in cross 1;
plant height under stress conditions in
cross 2. In case of grain yield under
stress conditions in cross 2, it was
controlled equally by additive and
dominance variances.

The average degree of domi-
nance (H/D'?), present in Table 6,
ranged from 0.29 — 1.45. Majority of
the traits have values less than unity
(0.29 - 0.98) while three cases have
values greater than unity (1.02 -
1.45) but only two cases have values
equal to unity. Most of the traits have
values ranged from 0.29 in case of
grain yield under stress conditions in
cross 1 up to 0.98 for plant height un-
der stress conditions in cross 1. The
values higher than one are 100-
kernels weight under normal condi-
tions in cross 2, no. of kernels/spike
under stress conditions in cross 1, and
days to heading under normal condi-
tions in cross 1 with values 1.02,
1.11, and 1.45, respectively.

A separate division with values equal
to unity consist of biological yield
and grain yield under stress condi-
tions in cross 2. The above findings
reveal that additive effects (H/D'? <
1) were more important, in majority
of the traits, than dominance effects
(H/D'? >1). Similar results were re-
ported by Ataei et al. (2017), Soliman
(2018) and Koubisy (2019).
Heritability and genetic advance:

Estimating heritability, either in
broad sense or in narrow sense, en-
able plant breeders to choose the right
breeding strategy. The broad sense
heritability determines the heritable
portion of the total variation; while
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the narrow sense heritability deter-
mines the portion of additive effect.
The heritability categorised into three
groups; high (>60), moderate (30 —
60), and low heritability (0 — 30) as
concluded by Robinson et al. (1949).
The present results (Table 6) indicate
that the broad sense heritability falls
between moderate to high for most of
the studied traits.

The broad sense heritability, in
cross 1, ranged from 43.30 for grain
yield under stress conditions up to
84.42 for biological yield under nor-
mal conditions. Moreover, it ranged
in cross 2 from 56.94 for 100-kernels
weight under normal irrigation condi-
tions up to 86.11 for biological yield
under stress conditions. The present
results revealed that high portion of
the phenotypic variation can be at-
tributed to the genetic variation. On
the other side, the narrow sense
heritability in cross 1 ranged from
39.00 for days to heading up to 76.92
for number of spikes/plant under
stress conditions. In the meantime, it
ranged in cross 2 from 37.5 for 100-
kernels weight under normal irriga-
tion up to 75.94 for biological yield
under normal conditions. The values
of narrow sense heritability implies
that the additive effect have higher
role than dominance effect in control-
ling the above mentioned studied
traits. The present results indicate that
selection process will be effective,
which will result in higher response.
These results are supported by those
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obtained previously by Farshadfar et
al. (2013), Abd El-Hamid and
Ghareeb (2018) and Koubisy (2019).

Genetic advance (GS %) break
down into three groups Johnson ef al.
(1955) i.e. low (less than 10%), mod-
erate (between 10% and 20%), and
high (more than 20%). The present
results in Table 6 showed that genetic
advance values were high for all the
reviewed traits except few cases.
Days to heading in both crosses under
both environments belonged to mod-
erate category, while the low cate-
gory included plant height in cross 2
under stress conditions and 100-
kernels weight in both crosses under
normal conditions. The high genetic
advance values indicate that the direct
selection is effective, while the low
values reveal that indirect selection
can be applied for these traits with
correlated high heritability traits.
These results are with accordance
with those reported previously by
Farshadfar et al. (2013), Said (2014),
Ninghot et al. (2016).
Heterosis and inbreeding depres-
sion:

The F, deviation performance of
F, generation performance as per-
centage value refers to inbreeding de-
pression. Inbreeding depression re-
sults are due to fixation of unfavour-
able recessive genes in F2. In the
most of traits negative inbreeding de-
pression is desirable except some
cases e.g. days to heading.
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The results of inbreeding de-
pression are presented in Table 6
showed negative significant or highly
significant depression for days to
heading in cross 2 under stress condi-
tions, plant height in cross 2 under
both  environments, number of
spikes/plant in cross 1 under normal
conditions, no. of kernels/spike in
cross 1 under both environments, no.
of kernels/spike in cross 2 under
normal conditions, biological yield in
cross 1 under normal conditions, bio-
logical yield in both crosses under
both environments, Grain yield in
cross 1 under both environments, and
grain yield in cross 2 under normal
conditions. These results supported
by results stated by Kumar et al.
(2017) and Kumar et al. (2018). In
the contrast, significant or highly sig-
nificant positive inbreeding depres-
sion was exhibited in plant height in
cross 1 under stress conditions, no. of
spikes/plant in cross 1 under stress
conditions, 100-kernels weight in
both crosses under both environ-
ments, and grain yield in cross 2 un-
der stress conditions, similar results
was reported by Jaiswal ef al. (2018).

Heterosis calculated over mid-
parents and best parent as a percent
for all the studied traits (Table 6). In
contrast of inbreeding depression, in
heterosis the unfavourable recessive
genes of one line or parent are
masked by favourable dominant
genes of other parent. Positive het-
erosis is preferable for most of traits
except for few traits as in case of
days to heading, where negative het-
erosis is preferable. Positive highly
significant heterosis over mid-parents
and best parent exhibited for Plant
height in cross 1 under both condi-
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tions, no. of spike/plant in cross 2 un-
der stress conditions, no. of ker-
nels/spike in cross 2 under stress
conditions, 100-kernels weight under
stress conditions in both crosses, bio-
logical yield in cross 2 under stress
conditions, grain yield in cross 1 un-
der stress conditions, and grain yield
in cross 2 under both environments.
Positive significant or highly signifi-
cant heterosis only over mid-parents
was found for plant height as well as
for no. of kernels/spike in cross 2 un-
der normal conditions, 100-kernels
weight in cross 1 under normal condi-
tions, and biological yield in both
crosses under normal conditions. In
the other hand, positive significant or
highly significant heterosis over the
best parent was found for days to
heading in cross 1 under normal con-
ditions, in cross 2 under stress condi-
tions, and grain yield in cross 1 under
normal conditions. These results ex-
hibit the important of inbreeding de-
pression and heterosis jointly in posi-
tive selection process. These results
are in well agreement with those ob-

tained by Kumar et al (2017),

Jaiswal ef al. (2018) and Kumar ef al.

(2018).
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