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ROUGHT stress is the primary restricting factor of crop productivity in Egypt. The

development of drought-tolerant lines is urgent. However, drought tolerance is a complex
trait. So, this work aimed to reveal the genetic background and gene effects controlling of
yield parameters and to discover the epistasis in two bread wheat crosses; Sakha 93 x pureline
5 and Gemmeiza 10 x pureline 42 under irrigated and drought conditions, utilizing seven
generations viz. P1, P2, F1, BC1, BC2, F2 and F3.

Genetic analysis revealed that additive and dominance effects are involved in the genetics
for most traits in both crosses and conditions. Both additive x additive and additive x
dominance effects were significant in most cases, supporting the presence of duplicate type of
epistasis. Therefore, early generation selection would have failed.

F1 hybrids (Drought susceptibility indexes were 0.278 in cross I and 0.295 in cross II),
were less affected by drought stress conditions, displaying the presence of heterobeltiosis for
drought tolerance. Broad-sense and narrow-sense heritabilities and genetic advance ranged
from moderate to high for most of the studied traits and these two crosses could be selected to
produce high yielding lines under drought conditions.

Keywords: Drought stress, Gene effects, Genetic advance, Seven populations, Triticum

aestivum.

Introduction

Wheat is considered the important cereal crop in
Egypt. Great efforts by wheat breeders must be
continued to increase wheat productivity to meet
the demands of a growing Egyptian population,
specially with the increased incidences of severe
drought and high temperature and as water
resources become more limiting. Developing
drought-tolerance cultivars is the ultimate goal
of plant breeders to comprehend the mode of
inheritance, the magnitude of gene impacts and
their mode of action. Among the environmental
stress’s, drought is the second contributor to yield
decrease after disease losses (Farshadfar et at.,
2001, 2003, 2008a; Milad et al., 2016).

Yield is a quantitative trait and is affected
by many genetic and non-genetic variables. To

increase yield, it is important to improve agronomic
characteristics which influence grain yield by
understanding the inheritance pattern of these traits
(Singh et al., 1986). Breeders need information
about nature of gene action, heterosis, inbreeding
depression, heritability and predicted genetic gain
from selection for grain yield and its contributing
traits. Therefore, the type of gene effect plays a key
role in selection of the breeding method for a given
trait.

The scaling tests (A, B, C and D) were applied
to identify the presence of epistasis as indicated by
Mather & Jinks (1982). Generation mean analysis
was applied to estimate genetic parameters of
mean, additive effects, dominance deviations and
effects attributed to non-allelic genetic interactions
(epistatic effects) for each trait, utilizing the joint
scaling test according to Mather & Jinks (1982).
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Since genetic information got from multi generation
are dependable compared with those based on one
generation. Therefore, six populations (P1, P2, F1,
F2, BC1 and BC2) are considered the one which
might be give detailed genetic information for the
utilized genotypes.

Heterosis and inbreeding depression are
essential approaches for genetic parameter’s
interpretation in most crops, including wheat.
The nature and degree of heterosis and inbreeding
depression may potentially assume an essential
role in choosing the appropriate breeding methods.
Genetic parameters, like genotypic coefficient of
variation (GCV) is helpful in detecting the amount
of variability present in the germplasm. In addition,
information on heritability is basic for selection
as it indicates the extent of transmissibility of a
character into next generations and the quality of
phenotype data in multilocation trials (Sabesan et
al., 2009). High heritability estimates reveal the
high genetic advance of traits and offers a better
scope for genotype selection for early segregating
generations (Singh and Chatrath, 1992 and Memon
et al., 2005). Therefore, heritability estimates play
an important role for planning the suitable breeding
strategy.

This study aims to determine the gene action-
type controlling grain yield and its contributing
traits and discovery of epistasis in the two bread
wheat crosses under normal irrigation and drought
stress conditions, using seven generations model.
This information is essential for the improvement
of drought tolerant wheat varieties.

Materlals and Methods

Seven generations (P, P, F , BC,, BC,, F, and
F,) were made from two crosses, the first cross
(cross I) was done between two Egyptian cultivars,
Sakha 93 and Gemmeiza 10 which demonstrated
high yield. Whereas the second cross (cross II) was
implemented between two pure lines F, (RL 5 and
42) which were characterized as drought tolerant

in a previous study by Said et al. (2015) (Table 1).

The experiments were conducted at the
experimental field of the Agronomy department,
faculty of agriculture, Sohag university, Egypt
during four growing seasons 2015/2016,
2016/2017, 2017/2018 and 2018/2019. The two
crosses were produced in 2015/2016 season. The F,
crosses and four parents were grown in 2016/2017
season to produce F,, Bc, and Bc, and more grains
of F. In the third season 2017/2018 produced
F3 and more grains of Bc, and Bc,. In the fourth
season of 2018/2019 the obtained grains of seven
populations (P, P,, F, BC, BC,, F, and F,) of
the two crosses were evaluated using randomized
complete blocks design with two replicates.

Two irrigation treatments were applied: the first
treatment was under full irrigated (irrigation at all
stages of plant growth) and the second treatment
was under drought stress during grain filling
period (water stress was started after anthesis till
maturity). Homogenous generations (P,, P, and
F,) were grown in two rows and heterogeneous
generations (Bc,, Bc,) in four rows and (F,, F,), in
six rows, with 10 and 30 cm intra and inter row
spacings. The cultural practices were carried out as
recommended for wheat production.

Ten competitive individual plants for
homogenous generations (P, P, and F,) and 40
plants for B¢, and Bc,, while 60 plants for F, and
F, were phenotyped and the following traits were
measured: (i) No. of spikes/plant, (ii) 100-grain
weight (gm), (iii) Grain yield/plant (gm), (iv)
Biological yield/plant (gm), (v) Relative water
content (%) was determined according to Bars and
Weatherly (1962), (vi) Chlorophyll concentration
(mg cm?) was determined as chlorophyll index
using Chlorophyll Meter (SPAD-502), and (vii)
Harvest index = (Grain yield)/(Grain + straw
yield). Average of meteorological data were
computed using ETo Calculator V3.2. FAO
2018 (Table 2).

TABLE 1. Pedigree and origin of the genotypes used in bread wheat crosses

Crosses Parental name Pedigree Origin
c | Sakha 93 (P1) Sakha 92/TR 810328 Egypt
ross
Pure line 5 (P2) May’S’/Mon’S’/CMH74A.592/3/Giza 157*2// Tokwie Egypt//South Africa
Gemmeiza 10 (P1) Maya74“s”/On//1160-147/3/Bb/4/ Chat”s”/5/Ctow Egypt
Cross 11 Q> Qs . "
Pure line 42 (P2) May’S’/Mon’S’/CMH74A.592/3/Gizal57*2//Kasyon/ Egypt/ICARDA

glennson-81
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TABLE 2. Average of meteorological data of the growing season 2018/2019

2018 /2019
Measurement Nov. Dec. Jan. Feb. Mar. Apr. Mean
Max. Temp. (C°) 28.7 24.1 22.5 24.7 29.1 34 27.18
Min. Temp. (C°) 134 8.4 6.7 8.3 11.6 16.4 10.80
RH (%) 48 52 50 56 30 28 44.00
WS (m/sec.) 1.7 1.5 1.3 1.6 1.8 1.9 1.63
DS (hours/days) 9.4 9.2 9 9.8 10 10.6 9.67
Statistical analysis F=V.. - Vin

Analysis of variance and mean comparison
of the characters was done using SAS Software.
Generation mean analysis was performed
using Mather & Jinks (1982). To estimate the
parameters and to select the most suitable model,
we used the least squares method and the joint
scaling test.

Potence ratio (P), was estimated by using the
formula of Smith (1952):

P=(F, - MP) /1/2 (P, - P) where: MP: the mid-
parent values = 1/2(P + P,).

Drought susceptibility index (DSI) values for
grain yield was computed as described by Fisher
& Maurer (1978). Heterosis (mid parent (MP)
and best parent (BP)), inbreeding depression (%)
(I.D.%) and genetic coefficient of variation (%)
(G.C.V. %) were estimated according to Mather
& Jinks (1982).

Broad-sense (H,?) and narrow-sense (H *)
heritability were estimated by Warner (1952).

Hb2: [VFZ - (VP1+VP2+VF1)/ 3]/ sz

Hn2: [2VF2' (V +VBC2)] / VFZ

BC1

Expected genetic advance (G, ) from selection
was calculated by Johanson et. al. (1955) using
5% selection intensity :

G, =iHV,,

The components of F, variation were
calculated by the formula of Farshadfar (1998):

D=4V, -2(V,, T V,o)

Bel

H=4(V,,-12V, -V,)

E=1/3(V,+V,+V,)

where, V is the variance.

Results

The results of the ANOVA and LSD means
comparison test revealed significant or highly
significant differences between parents and
among the other generations for all studied traits
in the two crosses under two irrigation treatments.
However, the interaction between genotypes and
environments was also significant (Table 3).

Data of means of seven generations (Table 4)
showed that mean of values of the F1 hybrid in
grain yield/plant was more than the mid-parents
in the cross I under drought stress conditions.
Meanwhile, in cross II, mean of values of the F1
hybrid showed a significant difference between
the mid-parents and best-parent under two
treatments. Therefore, the F1 hybrids were higher
than mid-parent and or best parent in 100-kernel
weight in two crosses under two conditions,
biological yield/plant in cross I under two
treatments, relative water content under normal
for two crosses and under drought in cross II and
chlorophyll concentration under drought for two
crosses and under normal in cross II. The values
of potence ratio presented in Table 4, ranged from
0.22 for grain yield to 2.76 for 100 kernel weight
under drought stress in the cross I. Meanwhile,
potence ratio ranged from 0.02 for relative water
content to 6.75 for grain yield under drought
conditions in the cross II.

The wvariation of drought susceptibility
indexes (DSI,) (Table 4) for cross I ranges
from 0.278 to 0.596 and for cross II, from 0.295
to 0.503. F1 hybrids (DSI=0.278 in cross 1 and
0.295 in cross 2), were less affected by drought
stress conditions. The percentage of heterosis
with regard to high Parent (HP) and Mid-Parent
(MP), Inbreeding Depression (ID) and genotypic
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coefficient of variations (GCV) (Fig. 1, 2) exhibited
that mid-parent heterosis were positive for all
studied traits in two crosses under full irrigated and
drought stress, except the number of spikes/plant
under irrigated in cross II. Grain yield/plant under
full irrigated in cross I and harvest index under two
crosses and environments were negative compared
with mid-parent. Meanwhile, high-parent heterosis
were positive for all studied traits in two crosses
under full irrigated and drought stress, except the
number of spikes/plant and the harvest index under
both crosses and environments, biological yield/
plant and grain yield/plant under two conditions in
cross I and relative water content under drought in
cross II were negative compared with high-parent.
Inbreeding depression was positive for all studied
characters in two crosses under full irrigated and
drought stress conditions. The highest values of
genotypic coefficient of variations were obtained
for most studied traits in both crosses in two
environments.

The results of scaling test for all studied traits
in the two crosses under both conditions (Table 5)
were significant. The dominance-additive model
was suitable and fitted for all the studied traits in
two crosses under full irrigated and drought stress
conditions. All the genetic components of the
mean (m), additive (a), dominance (d), additive x
additive (aa) and additive x dominance (ad) gene
effects were significant or highly significant for
all the characters investigated under two crosses
and environments. This indicates that besides

TABLE 3. Analysis of variance for all studied traits

additive and dominance gene effects, epistasis gene
effects is also involved in the inheritance of these
characters except number of spikes/plant under
drought stress in two crosses was under the control
of additive type of gene action and epistasis.

Additive gene effect (d) was highly significant
for biological yield/plant, relative water content
and chlorophyll concentration under full irrigated
in cross I and relative water content under drought
condition in cross II. Meanwhile, the assessment
of dominance gene action (h) was significant for
the rest traits in two crosses and environments. The
additive and dominance gene effects in two crosses
under both environments (Table 6) were important
in the inheritance of all studied traits except for the
number of spikes/plants under drought stress was
under the control of additive type of gene action.
But dominant component was more effective than
the additive one in cross II under two conditions.
Meanwhile, additive variance was more effective
than the dominance in cross I for the most traits
under drought condition. Both additive x additive
(aa) and additive x dominance (ad) effects (Table
5) were significant for all studied characters in
two crosses under two environments, supporting
the presence of duplicate type of epistasis except
number of spikes/plant under drought stress in
cross I. However, dominance x dominance (dd)
gene effects were also significant for most of the
studied traits in cross I, meanwhile in cross II
were of minor importance in general for most of
the studied traits.

Mean square

SOV ()lil;::zz: y 100 kernel  Biological ~ Grain  Harvest  Relative  Chlorophyll
plant weight yield/plant yield/plant index water content concentration
Cross I
Environments (A) 1 17.36%* 7.07%* 26810.71%* 1271.33*%*% 16.79%*  4014.75%* 620.70%*
A (rep.) 4 4.36 0.27 15.12 12.06 3.47 12.84 7.05
Generations (B) 6 5.47%* 0.29%%* 834.83**  B2.17**  96.31**  222.38** 103.27%*
AxB 6 0.80%* 0.34%* 266.97*%*%  64.16%¥*  15.67** 98.03** 22.48%*
Error 24 0.22 0.01 2.17 0.59 242 1.37 2.11
Cross 11
Environments (A) 1 3.43* 4.91** 5268.82%*%  916.58** 21.80**  1535.61** 269.04**
A (rep.) 4 2.66 0.20 14.77 4.69 9.69 6.15 5.88
Generations (B) 6 13.35%* 0.59** 246.58%*%  36.87**  80.03** 32.39%* 95.82%*
AxB 6 1.68%* 0.19%* 27.78%* 7.57*%  40.08%* 5.12%%* 17.08%*
Error 24 0.74 0.02 1.54 1.72 2.80 1.85 3.63

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
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The estimates of genetics of variation in
grain yield and its contributing traits are given
in Table 6, which show that the estimate of
dominance (h/d) for all studied traits was less
than one in both crosses under irrigated and
drought stress conditions except relative water
content under drought in cross II. Meanwhile,
for relative water content under drought in cross

IT under control of the over dominance type of
gene action. Degree of dominance and variance
components are presented in Table 5, Ew, D and
H are environmental, additive and dominance
components, respectively. The ratio of \VH/D for
all studied characters in two crosses under both
environments showed partial dominance except
relative water content under stress in cross II.

TABLE 4. Mean comparison of the traits studied under full irrigated (FI) and drought stress (DS) and drought

susceptibility index (DSI)

Characters  Number of spikes/ 100 kernel weight ~ Relative water content Chiorophyll
plant concentration
Generations FI DS FI DS FI DS FI DS
Cross 1
P, 14.67+0.29 13.67+0.50 5.70+0.09 4.86+0.12 72.97+1.13 59.70+0.64 49.80+1.01 41.33+£0.96
P 12.33+£0.28 11.67+0.51 4.99+0.07 4.61£0.13  66.25+0.89 41.67+0.71 43.97+0.75 35.30+0.18
F, 14.33+£0.25 13.33+0.58 5.92+0.06 5.07+0.11 76.48+1.15 64.984+0.62 52.30+1.09 45.37+0.63
F, 12.67+0.29 11.67+0.50 5.01+0.11  4.59+0.10 67.33+0.59 46.13+0.79 43.07+1.06 40.73+0.43
F, 13.33+£0.28 12.33+0.58 5.23+0.07 4.70£0.11 67.65+1.10 50.30+0.70 46.90+0.55 43.71+0.81
BC, 12.67+0.58 12.67+0.50 5.75+0.06  4.52+0.09 68.30+0.79 49.31+0.97 59.11+1.30 44.60+0.53
BC, 13.00+£0.29 11.33+0.55 5.30+0.11  4.41£0.13  66.05+1.06 42.08+0.68 50.00+0.61 42.30+1.08
LSD, 0.92 0.73 0.21 0.89 2.48 1.58 2.32 1.52
Potence ratio 0.71 0.67 1.63 2.76 2.04 1.58 1.86 2.34
Cross 11
P, 15.8340.44 13.83+£0.43 5.10+0.07 4.34+0.08 72.104+0.36 60.29+0.49 47.20+0.45 38.80+0.38
P, 10.83+0.43 9.83+0.43 5.89+0.08  4.88+0.07 76.13+0.80 64.87+0.45 51.50+0.51 47.00+0.21
F, 13.00+0.34 12.83+0.44 6.02+0.07 4.97+0.07 78.36+0.34 62.61+0.16 52.83+0.28 47.43+0.27
F, 11.16+1.09 11.67+1.33 4.8440.31 4.67+0.17 70.04+1.29 58.15+1.45 42.67+1.87 40.07+2.06
F, 12.00+0.73 12.67+0.67 5.06+0.11  4.84+0.11 71.92+0.95 61.85+0.78 46.50+0.95 43.67+1.46
BC, 14.1740.73 13.00+£0.72 5.51+£0.10  4.83+0.10 72.734+0.69 61.84+1.41 44.40+0.64 33.83+1.39
BC, 12.1740.88 11.17+1.09 5.80+0.13  4.91+0.11 75.04+0.79 62.06+1.35 45.80+1.46 44.67+1.37
LSD, 1.44 1.61 0.36 0.15 1.87 2.86 2.38 2.40
Potence ratio 0.13 0.50 1.32 1.33 2.11 0.02 1.62 1.11
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TABLE 4. Cont.

Characters Biological yield/plant Harvest index Grain yield/plant DSI

Generations FI DS FI DS FI DS
Cross 1
P, 113.9740.75 74.60+1.30 36.84+0.38 41.014£0.39 41.99+0.93 30.59+0.73  0.376
P, 74.72+0.87 52.95+0.80 46.58+0.98 49.97+0.34 34.30+0.61 26.46+0.88  0.296
F, 103.04+1.28 69.79+0.84 38.46+0.72 41.12+0.55 37.03+0.58 28.98+0.68 0.278
F, 91.57+0.91 63.07+0.99 38.82+1.90 39.79+1.60 35.54+0.67 25.10£0.62 0.416
F, 93.48+0.75 64.99+0.97 33.43+0.78 42.48+0.40 36.75+0.58 25.55+0.67 0.438
BC, 95.63+1.42 75.13+1.07 39.31£1.79 39.32+£1.78 39.77+0.70 24.92+1.09  0.596
BC, 85.30+0.89 53.80+0.93 41.59+1.80 33.17+1.74 29.914+0.74 22.85+0.86 0.309
LSD, 3.15 1.95 2.87 2.47 1.30 1.44
Potence ratio 0.44 0.56 0.67 0.97 0.29 0.22
Cross 11

P, 80.77+0.34 55.90+0.61 43.53+0.18 43.15£0.39 35.16+0.38 24.12+0.42  0.463
P, 64.52+0.36 50.82+0.34 51.99+0.66 51.74+0.72 33.54+0.50 25.30+0.63  0.326
F, 85.32+0.41 60.79+0.38 43.51+0.14 45.52+0.55 37.12+0.49 28.67+0.38  0.295
F, 67.43+1.84 48.50+1.73 43.24+1.50 4538+1.91 29.16+1.44 22.11+1.35 0.319
F, 77.16x1.12 54.16+0.67 45.33+0.78 53.32+0.42 33.61+0.67 23.61+£0.38 0.424
BC, 84.99+1.12 59.08+0.73 43.56+0.84 43.60+1.43 34.62+0.91 23.03+0.97  0.503
BC, 73.26+1.36 47.37+1.09 40.73+0.84 38.98+0.65 33.21+1.02 25.26+1.17 0.315
LSD, 2.29 2.12 2.47 3.04 2.15 2.50
Potence ratio 1.56 2.92 1.00 0.45 3.43 6.75

The broad-sense heritability estimates were
high for all studied characters in the cross II
under both conditions and ranged between
81.74% for 100 kernel weight to 97.94% for
chlorophyll concentration under drought (Table
6). Meanwhile, in cross I, broad-sense heritability
values were varied from a low 34.04% for
chlorophyll concentration under full irrigated to
moderate 49.87% for relative water content under
drought, while it was high 82.87% for harvest
index under well-watered. High narrow-sense
heritability (greater than 50%) was demonstrated
for all studied traits in two crosses under irrigated
and drought conditions except grain yield and
harvest index under drought, relative water

Egypt. J. Agron. 43, No. 1 (2021)

content and chlorophyll concentration under
two conditions in cross I. Meanwhile, in cross
II indicated moderate narrow-sense heritability
values (20-50%) for number of spikes and relative
water content under well-watered, grain yield
under well-watered and drought, harvest index
under drought conditions. The expected genetic
advance (Table 6) ranged from low (4.36) for
chlorophyll concentration under drought to high
(53.76) for number of spike/plant under drought
in the first cross and from low (8.35) for relative
water content under well-watered to high (47.85)
for number of spike/plant under drought in the
second cross. Meanwhile, grain yield/plant was
moderate in two crosses under both conditions.
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Fig. 1. Heterosis, inbreeding depression (I.D%) and genetic coefficient of variation (G.C.V%) in cross I under

normal irrigation and drought stress for all characters investigated
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Fig. 2. Heterosis, inbreeding depression (I.D%) and genetic coefficient of variation (G.C.V%) in cross II under

normal irrigation and drought stress for all characters investigated
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TABLE 5. Estimates of scaling test and types of gene action using generation means for all studied traits in two
crosses under full irrigated (FI) and drought stress (DS) conditions based on six parameters model

Scaling test Genetic parameters
Characters
A B C D m [a] [d] [aa] [ad] [dd]
Cross I
Number of FI  -1.67%* -0.67** -5.00%* -1.33%*% 13.42%* (0.67** 3.50* 2.67*% -0.50** 0.33

spikes/plant  pg _j gerx 2330k _533%% Q.67 2338%* 133%* 200 133  033*F 267
100 kernel FI  -0.12%  -0.32%% 2.52%% _1.04%* 541%% (.45%% 2.65%% 2.08%* (.10%* -1.64%*
weight DS -0.90%* -0.87%* -1.27%% 0.25%  4.68%* (.11%* -0.16%* -0.50%* -0.01%* 2.27%*
Biological FI  -15.76%% -17.17%% -48.51%% -7.79%% 98.82%* () 33%* 34.28%* 1558%*% (.70%* [7.35%*
yield/plant DS 5.88%% _15.15%* _14.84%% _279%% (4.90%* 2134%% 1.59%% 557** 10.51%* 370
Grain yield/ FI 0.53% -11.51%% -8.19%*% 6.24%% 3554%% 98E** _3.92%% 2.92%* 280%* 1379
plant DS -9.73%%  9.74%% _14.62%% 4.24%% 2510%% 2.07%F -438% -4.84%% (.01%* 24.30%*
FI  7.88%% _-18.19%* -508%* 4.61%* 38.82%* §16%* -847+% _523%% [303%* 1553
Harvest index
DS -15.79%% -6.14%% -14.06%*  2.04% 39.79%% .93]%%_]223%% 7 Q7**k _483%* 29 g(**
Relative water F1  -13.85%% -12.64%*% -26.86%* -0.19% 69.65%* 2.75%* 923%* 037+ -0.61** 26.12%*
content DS -26.04%% 22 47%% _46.79%%  (.86%* 50.59%% 7.23%* 12.55%% -] 72%* _].78%*F 5023%*
Chlorophyll FI  12.90%*%  5.13%% 26.37%* -22.20%*% 49.16%* 6.80%* 49.82%* 44.40%* 3.88%% -62.43%%*

concentration  pg 2.50%  3.93%F  443%k 543%E 4] 91%% 2 30%% 17.92%% 10.87%F -0.72%% -17.30%*

Cross 11

Numberof ~ FI  -0.50%%  0.50%*% -8.00%* -0.67%* 11.16** 2.00%* 2.00% 4.00%* -0.50%* -7.33

spikes/plant  pg 033%  _033*% 2.67%% -1.00%*% 11.67%* 2.00%* 3.00 2.00% 0.01**  -133
100 kernel FI  -0.09% -031%% -3.67%% _0.75%% 4.84%F _020%* 379%x 327%% (]]** )86+
weight DS 0.35%F  -0.04% -047%F -039%% 4.67%% _0.07F% 1.14%% 078%% 0.19%%  -1.09
Biological FI  3.88%% .332%% _4623%% D3.40%*% 67.43%*F 11.73%* 59.46%* 46.79%% 3.60%* -47.36%
yield/plant DS 1.47%% -16.87%* -34.30%% -9.45%% 4850%* [1.71%* 26.33%* 18.90%* 9.17%*  _350
Graimyield/ I -305%* 424 2632%% 820%% 20.16%* 141% 21.79%% 19.03** 0.60%* -11.75
plant DS -6.73%% S3.46%% _18.72%% D 14%% D2D.01%F 2.22%% 12.49%* 854%* ] 64%*  1.64
FI  -7.19%%  _620%% -12.59%% (0.40% 44.00%*% -4.77%% 2.67%% -0.81%* -049%* 1420
Harvest index
DS -11.21%%  9.12%% _410%* -10.90%* 46.59%* -14.58%* 1.82%% 2.10%* -10.21%* -0.11
Relative water FI  -4-99%% -441%F 24.77%F _768%%F 70.04%% 2.30%* 19.61%* [536%* -0.29%* 596
content DS -0.78%*% -338%% _]7.79%% _7.60%* 58.15%* -0.21%* 1523%* 1520%* 2.08**  -12.59
Chlorophyll ~ FI  -11.23%% -12.73%% -33.70%% _4.87%% 42.67%% -1.40% 1322%% 0.73* 0.75%*  14.23

concentration g g 57k 5 10%* -20.40%* 1.63%% 40.07* 10.83%* 127 327k _673%*  26.93%

- m, [a], [d], [aa], [ad] and [dd] denote: Mean, additive, dominance effects, additive x additive, additive x dominance and dominance x
dominance, respectively.
- %, ** Significant at 5% and 1% levels of probability, respectively.
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TABLE 6. Genetic parameters and components of variation for all studied characters in the two crosses under
full irrigated (FI) and drought stress (DS) conditions

enetic parameters Genetic variance VH/D FAH*D h/d  Heritabilites G.S

D H F E H H

b n
Characters

Cross 1

FI.  9.10 -393 -0.60 142 -0.65 1412 -043 7848 69.11 36.59
Number of spikes/plant
DS 10.85 -480 035 153 -0.67 1587 -044 79.78 71.53 53.76

FI 650 -248 -049 135 0.62 29.19  -0.32 9376 69.33 3641
100 kernel weight
DS 701 -201 -0.10 134 -0.54 28.73  -0.36 93.06 7230 40.58

FI 1091 -3.06 1.60 256 -0.53 3.42 -0.28 7540 5241 12.85

Biological yield/plant
DS 19.78 -629 255 501 -0.57 2.76 -0.32 7293 5346 3245

FI. 749 -320 022 249 0.66 4.28 -0.43  63.28 55.18 20.26
Grain yield/plant
DS 333 -0.87 -1.84 3.06 051 3.05 -0.30 6820 48.74 2893

FI 1528 -464 -0.57 220 0.15 4.14 -0.30 82.87 59.52 3897
Harvest index
DS 698 0.16 145 1.61 0.44 2.27 0.16 8276 3577 17.09

FI 357 -134 205 3.07 0.62 1.30 -0.38 42.03 33.71 5.42
Relative water content
DS 256 -0.84 -0.70 1.73 0.57 2.08 -0.33 49.87 37.03 538

Chlorophyll FI. 283 -129 -329 299 0.67 1.69 -0.46 81.13 56.53  6.18
concentration DS 165 -072 144 179 0.66 1.30 -0.43 80.28 50.77 436
Cross 11

FI. 325 -0.17 075 050 -0.22 4.43 -0.05 86.05 4535 29.92
Number of spikes/plant

DS 550 -0.75 2.00 0.58 0.93 1144  -0.14 89.06 51.56 47.85

FI 048 -0.22 0.02 0.01 -0.61 34.27 -0.37 86.37 68.79 34.27
100 kernel weight

DS 0.10 -0.03 0.01 0.02 -0.55 29.66  -0.30 81.74 58.15 29.66

FI 4642 -11.10 -2.66 1.63 -0.49 5.57 -0.24 9396 49.03 40.29

Biological yield/plant
DS 2345 -474 -488 191 -040 3.82 -0.20 90.74 56.86  49.70

FI 582 -023 1.66 0.64 -0.20 4.42 -0.04 89.76 46.76  20.94
Grain yield/plant
DS 396 099 125 047 0.50 4.20 025 9129 3644 2893

FI 1946 -1.67 0.11 1.62 -0.30 3.14 -0.09 91.63 50.11 22.29
Harvest index

DS 441 243 -2.07 0.6 0.74 1.62 0.55 9239 29.77 9.78

FI 6.60 -2.54 047 0.89 -0.62 4.20 -0.38 82.02 66.68 8.35
Relative water content

DS 1.17 465 -049 045 1.99 2.46 399 9276 49.14 10.89
Chlorophyll FI 11.60 -1.70 345 0.55 -0.39 3.03 -0.15 94.75 5552 13.75

concentration DS 1388 -149 -0.10 0.26 -0.33 2.40 -0.11  97.94 5485 1932

h/d, Hb, Hn, G.S, D, H, E and F denote: The degree of dominance, broad-sense, narrow sense heritabilities, genetic advance, additive,
dominance, environmental components and an indicator of correlation between D and H over all loci, respectively.
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Discussion

Developing new cultivars that tolerate
drought stress is a key objective for wheat
breeders in Egypt to increase the cultivated area
of wheat in the new reclaimed lands, where
drought stress is the main obstacle. But, the
Egyptian wheat cultivars have narrow genetic
variability under water limitation. So, the
selection within these cultivars to improve wheat
yield potential under such conditions would not
be effective. Therefore, hybridization between
the Egyptian wheat cultivars which showed high
yielding and the drought tolerant pure lines was
carried out to increase genetic variation, which
empowered us to reveal the genetic architecture
of yield components and the relationships among
breeding materials which is essential to plant
breeders for improving this crop under drought
stress conditions (Abdel-Nour, 2011; Abd El-
Rahman, 2013).

Post-anthesis drought stress is the most
important problem influencing wheat production
in dryland regions and the effect of water stress
on grain filling period is to select stress tolerant
genotypes (Wahid et al., 2007; ElI-Nakhlawy et al.,
2015; Milad et al., 2016). The existence of genetic
variability for these traits in the studied materials
showed that selection possibly successful for
the improvement of drought tolerance (Manette
et al., 1988; Farshadfar et al., 2001; Tammam,
2005; Farshadfar et al., 2008a; Amin, 2013).
Therefore, the advancement of any plant breeding
program is reliant upon the presence of genetic
variability. Whereas, the efficiency of selection
and expression of heterosis likewise depend on
the magnitude of genetic variability in the plant
population (Singh & Narayanan, 1993; Singh &
Chaudhary, 1999; Farshadfar et al., 2001, 2008a,
b; Amin, 2013; Abd El-Rady, 2018).

Potence ratio refers to over dominance,
where its values exceeded the unity. Meanwhile,
potence ratio which less than unity, indicates
partial dominance in genetic system controlling
the characters. Similar findings were obtained
by Yadav & Singh (2011), Amin (2013), Hamam
(2014) and Kumar et al. (2017). The quantitative
traits in wheat are highly influenced by
environment conditions, especially wheat yield.
So, the improvement of wheat yield is dependent
upon a better understanding of the genetic
coefficients of variation, heritability estimates
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and type of gene action. Variation is partitioned
into heritable and non heritable components
order to estimate suitable genetic parameters.

D, H, E and F denote (Table 6); additive,
dominance, environmental components and an
indicator of correlation between D and H over
all loci, respectively. If the ratio of F/N'DxH
is equal to one or close one affirms that the
magnitude and sign of dominance for all the
genes controlling trait is equal, therefore, the
ratio VH/D is a suitable estimator of dominance.
If F/ADxH is equal to zero or near to zero, the
magnitude and sign of the genes monitoring trait
is not equal and hence \VH/D explains average
dominance. The h/d ratio estimates the degree of
dominance (Singh & Chaudhary, 1999; Kearsey
& Pooni, 2004; Farshadfar et al., 2001, 2008b).
The ratio of VH/D showed partial dominance for
all studied characters in two crosses under both
environments (Table 6) except RWC under stress
in cross 2, indicating over dominance.

According to Mather & Jinks (1982)
significant results of the scaling test indicates
that the additive-dominance model is inadequate
to interpret gene effects. To determine the
genetic parameters, one of the best methods is
the generations mean analysis (Singh & Singh,
1992; Kearsey & Pooni, 1998), Generation
mean analysis is a simple and useful technique
in plant breeding for estimating the dominance
and additive gene effects and their digenic
interactions is helpful in deciding breeding
procedures to be adopted for the improvement of
quantitative characters like yield.

The dominance and additive gene effects and
their digenic (additive x additive and additive
x dominance) interactions responsible for
inheritance of quantitative characters in both
crosses except number of spikes/plant under
drought stress was only under the control of
additive type of gene action and epistasis (Table
4), regarding the existence of additive and non-
additive effects in controlling studied traits, the
recurrent selection followed by pedigree breeding
can prove useful in improving drought tolerance
in bread wheat. It helps us in understanding the
performance of the parents used in crosses and
potential of crosses to be used either for heterosis
exploitation or pedigree selection (Sharma &
Sain, 2004).
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The importance of both additive and
dominance gene action in the inheritance of seed
yield per hectare has reported by Mote et al.
(2007), Romanus et al. (2008), Uperati (2011)
and Pallavi et al. (2019). Patel et. al. (2018)
revealed that traits are reflecting via both additive
and dominance gene action from one generation
to others may be because coupling or repulsion
linkage. This can be helpful to accumulate
desirable genes and facilitate breaking of unwanted
linkage in wheat crop. The dominant effect was
more effective than the additive one in the second
cross under two environments, demonstrating the
improvement of the characters needs intensive
selection through later generations in cross 2.
Meanwhile, additive variance was more effective
than the dominance in the first cross for most
traits under drought condition, it’s advised that
selection in early segregating generations would
be successful in cross 1, similar results were
reported by El-Hosary et al. (1997), Tammam
(2005), Amin (2013).

The proposed drought susceptibility index
(DSI) of genotypes by Fischer & Maurer (1978)
was calculated by determining the changes in
grain yield (GY) under irrigated and drought
stress. Knowledge of the degree of heterosis
and inbreeding depression together provide
information about type of gene action involved in
the expression of different quantitative characters.
F1 hybrids (DSI= 0.278 in cross 1 and 0.295 in
cross 2), were less affected by drought stress
conditions (Table 4), displaying the presesnce of
heterobeltiosis for drought resistance in the F1
hybrid.

The selection efficiency is related to the
magnitude of heritability and genetic advance
(Johnson et al., 1955; Singh & Narayanan, 1993).
Whereas heritability estimates along with genetic
advance are important selection parameters and
normally more helpful in predicting the gain
under selection than heritability estimates alone.
However, heritability estimates are impacted with
the type of genetic material, sample size, technique
of sampling, conduct of experiment, method of
calculation and effect of linkage. Genetic advance
which refers to the improvement in the mean
genotypic value of selected individuals over the
parental population is affected with the genetic
variability, heritability and selection intensity
(Alza & Martinez, 1997; Sharma, 2003).

This integral interaction increases the
variation between the generation and in the
segregating population. Where, the crosses, which
demonstrated high heritability values coupled with
high genetic advance, also indicated highest means
in the two conditions, opportunity to discover
stress tolerant breeding material in segregating
populations of these crosses are promising.

Conclusion

The investigated traits in the present study have
shown complex genetic behaviour. Additive,
dominance and epistatic effects seemed to have
played roles in the inheritance of all studied traits
in both crosses. Whereas, in the cross combination
Sakha 93/ RL 5, additive variance was more
effective than the dominance for most traits
under drought condition, it is suggested that the
selection in early segregating generations could be
significant for the improvement of these traits.
Meanwhile, in the cross combination Gemmeiza
10/ RL 42, the dominant effect was more effective
than the additive one under full irrigated and
drought stress, the improvement of the characters
needs intensive selection through advanced
generations. The epistasis has been expressed
through influencing traits and it is recommended
that breeders should be aware of this as a source
of variation that may influence predicted gain in
a selection program. The information on genetics
of various contributing traits would help wheat
breeders in the selection of breeding programs
which can exploit additive as well as non-additive
gene effects for improving these traits.
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