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ABSTRACT

The six generation model is considered the best model to estimate additivity of
genes and deviation from additivity including epistasis. Thus the present study was
carried out at Sids Agricultural Research Station, Wheat Research Department during
the three growing seasons 2017/2018, 2018/2019 and 2019/2020. The objectives of this
investigation were to estimate the mean performances, gene action, heterosis, inbreeding
depression and water deficit stress index under normal and water deficit stress conditions
for grain yield and yield components. Six populations (P1, P2, F1, F2, BC1 and BC>) were
produced from the two crosses Bani Suef 6 x Bani Suef 3 and Bani Suef 5 x Sohag 4. Six
parameters were estimated, namely means (m), additive (a), dominance (d), additive x
additive (aa), additive x dominance (ad) and dominance x dominance (dd). The mean
effects are highly significant for all studied characters in the two crosses, indicating that
these traits are quantitatively inherited. Heritability values in the broad and narrow sense
were high and moderate in the two crosses under the normal and the water deficit stress
conditions. Meanwhile, inbreeding depression was positive and highly significant for all
characters under normal and water deficit stress conditions. In the two crosses,
regarding average degree of dominance values, they were more than unity for all
characters under study, except for number of spikes plant? in the second cross. The
results indicated that the two parents involved in the second cross had low sensitivity to
water deficit stress, so that most of the generations from the second cross had low values
for both tolerance index(TOL) and yield reduction ratio (YR).
Key words: Triticum durum, Heterosis, Inbreeding depression, Gene action, water stress

tolerance.

INTRODUCTION

Wheat is the most important food in the world (Hossain et al 2021).
Wheat trade exemplifies a significant component of the trade balance of
economy. Wheat is utilized and processed for many products, reflecting its
importance for large quantities produced by humankind of social groups and
diverse cultures (Faridi and Faubion 1995). It is important to provide food
for the all peoples in the developing and developed countries, and wheat is
known as the king cereal crop in the world. Globally, durum wheat
(Triticum durum) crop is considered as essential cereal crop.

Egypt's climate and cultivation conditions are already affected by
climate changes. Drought tolerance is the ability of a plant to live, grow,
and reproduce with limited water supply or under the periodical conditions
of water deficit stress conditions (Turner 1979). Crop plants must not only
have the ability to survive under water deficit stress conditions, but also
have the ability to produce an economical crop.
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Durum wheat breeders are concerned with estimating the relative
magnitude of the genetic variance and type of gene action involved in the
expression of characters. So, they need detailed information about gene
effects, heterosis, average degree of dominance and inbreeding depression,
for yield and its components. Many investigators studied the type of gene
action in durum wheat and mentioned that dominance effect was relatively
more important than additive one for grain yield, while, additive genetic
effect was predominated in the expression of plant height and days to
heading (Hendawy 2003 and Moussa 2010).

Breeding strategy depends on the gene action. i.e. dominance,
additive, and epistasis (none-allelic interaction). Generation mean analysis is
a tool for designing the most proper breeding approach to develop crop
cultivars with required characters and commonly used in understanding
inheritance of quantitative characters. Knowledge of the degree of heterosis
and inbreeding depression play a decisive role towards the choice of
breeding methodology (Novoselovic et al 2004 and Zaazaa et al 2012).

Recently Many scientists have investigated drought issue (Sharma et
al 2022, Ahmad et al 2022, Sallam et al 2019, and Pufang et al 2021).

The objectives of this investigation were a) identifying the tolerant
and susceptible genotypes of durum wheat under water deficit conditions
and b) studying gene action, heritability, genetic advance, average degree of
dominance, heterosis and inbreeding depression for grain yield and its
components in two durum wheat crosses via generation mean analysis of six
populations, i.e, P1, P2, F1, F2, BC1 and BCo..

MATERIALS AND METHODS
The present study was carried out in Sids Agricultural Research
Station, Wheat Research Department, Agricultural Research Center (ARC)
during the three growing seasons 2017/2018, 2018/2019 and 2019/2020.
Four Durum wheat genotypes were used as parental lines. The commercial
names and pedigree of these parents are presented in Table (1).
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Table 1. The commercial names and pedigree of the four parents of
durum wheat cultivars.

Cross Parent Pedigree and selection history
P: Boomer-21/Busca-3.
Cross | Bani Suef 6 CDSS95Y001185-8Y-0M-0Y-0B-1Y-0B-0SD
P2 Corm”S”/Rufo”S”
Bani Suef 3 CD4893-10y-1M-1Y-0M
P3 Dipperz/bushen3
Bani Suef 5 CDSS92B128-1M-0Y-0M-0Y-3B-0Y-0SD
Cross 11 P. Ajaia-16//Hora/Jro/3/Gan/4/Zar/5/Suok-
Sohag 4 7/6/Stot//Altar84/Ald CDSS99B00778S -OTOPY- OM-
0Y-129Y-0M-0Y-1B-0SH

In the first growing season of 2017/2018, two crosses were made
among the parents to produce F1 hybrid grains. The two crosses were P1xP»
(cross 1) and P3 x P4 (Cross 2). In 2018/2019 season, some of F1 plants for
each cross were backcrossed to produce the back crosses (BC1 and BCy). At
the same time, some other F1 plants were selfed to produce F. seeds and
crosses between parents were again made to produce sufficient quantity of
F1 seed. In 2019/2020, the six population seeds, i.e. P1, P2, F1, F2, BC1 and
BC. of the two crosses were sown using factorial experiment in strip-plot
design with three replications. Each plot consisted of 30 rows, i.e., eight
rows for F> seeds, two rows for each of P1, P2 and F1 and eight rows for BC:
or BC». The rows were 1.5m long, 30cm apart and seeds were spaced 10 cm
within rows.

Data were recorded on 20 individual guarded plants for P1, P> or Fy
and 60 plants for each of BC1 or BCz and 60 plants for F2 in each replicate
for the studied characters, i.e., number of spikes plant™, number of grains
spike?, 100-kernel weight(g) and grain yield plant*(g). All recommended
field practices for durum wheat production were applied in all growing
seasons.

Recommended fertilization was applied as 65 kg P2Os ha during
preparation and 170 kg Nitrogen ha! as Ammonia injection in soil after
final land preparation and before sowing. Six irrigations were applied for
normal watering at 20 days intervals and one irrigation only after planting
for water deficit conditions.
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Broad leaf weeds were controlled by spraying of the herbicide Derby 175%
SC after 30 days from planting.
Statistical and genetic analysis

Scaling tests (A, B and C) as outlined by Mather (1949) and Hayman
and Mather (1955) were applied to test the presence of nonallelic
interactions as follows:
A=2BC1-P1-F1VA=4V (BCl)+V (P1) +V (F1)
B=2BC2-P2-F1VB =4V (BC2) +V (P2) +V (F1)
C=4F2 —2F1 -P1- P2 VC = 16V (F2) +4V (F1) + V (P1) +V (P2)

Hayman (1958) and Jinks and Jones (1958) gave six-Parameter
model for estimation of various genetic components, using formula of
Gamble (1962) as follows;

m:|52

a= B_Cl — B_Cz

d= |E1 -4 |52 +ZBC1+ZBC2-%F;1-%F;2

aa= -4 |52 +2 B_Cl +2 B_Cz

ad= -%I51+%I52+ B_cll- Bcs

dd= p,+ p,+2 Fi+4 F,-4Bc:-4Bc

Where:

m = mean effect

a = additive gene effect

d =dominance gene effect.

aa = additive x additive type of gene interaction.

ad = additive x dominance type of gene interaction.
dd = dominance x dominance type of gene interaction.
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P1 and P2 were considered herein as the larger and smaller parent,
respectively, also, BC1 and BC, were considered as Pi1x Fi and P2x Fy,
respectively.

The following variance formulae were used.
vm=V F;

Va=VBc: +VBc;

Vd=V Fi +16V F; +4VE;C11+4VB_CZ+%VI51+%VF52

Vaa =16V |Ez +4V Bﬁ +4\/ §Cz

Vad = lVF_>1+£VF52 +V Bey +V Be,
4 4

Vdd =V p,+V p,+4V F1+16V F,+16V Bcy+16 Bc;

Heterosis was expressed as the deviation of first generation from the
mid-parents or better parent according to Fonseca and Patterson (1968).
Inbreeding depression (I.D %) was estimated as the average percentage
decrease of the F» from the F1 according to equation of Falconer (1989).
Heritability in broad and narrow sense was calculated according to Mather
(1949). The predicted genetic advance under selection (Ag) was computed
according to Johnson et al (1955). The expected gain represented as a
percentage of F» mean (Ag %) was estimated according to Miller et al
(1958). Potence ratio (PR%) was estimated by the formula obtained by
Griffing (1950).

Indicis of water deficit stress tolerance

1) Tolerance index (TOL): Estimation of the difference in yield
between water deficit stress (Ys) and normal (YP) treatment was calculated
according to the formula proposed by Rosielle and Hambling (1981). TOL =
(Yp-Ys5s).

2) Yield reduction ratio (Yr): The vyield reduction ratio was
calculated according to the following formula suggested by Golestani and
Assad (1998) Yr = 1-(Ys/Yp).
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RESULTS AND DISCUSSION

Mean performance

Means of the six populations of the two durum wheat crosses under
normal and water deficit conditions for yield and yield component are
presented in Table 2. The results revealed significant differences among all
six populations, indicating the presence of genetic variability for these
characters in the studied materials. In the first cross, the F1 mean value
surpassed the mid values of the two parental means for grain yield per plant
and yield components comparing with the two parents under normal
irrigation and water deficit conditions.

Table 2. Mean performance of the six generations for all studied
characters in the two studied crosses under normal irrigation
(N) and water deficit (S) conditions.

. No. of spikes No. of grains 100-kernel Grain yield
Trait e S s -
Cross
Generation N S N S N S N S

P1 26.60 19.90 | 63.25 |66.62 | 5.05 5.07 48.46 | 28.96
P2 2343 16.30 | 62.75 |59.27 | 4.87 4.65 4455 | 27.90
Cross 1 F1 28.57 23.05 73.22 | 70.72 | 5.62 5.20 48.68 | 31.70
F2 21.68 14.45 58.28 | 62.24 | 4.66 3.85 3254 | 21.36
BC1 19.96 18.52 63.27 | 64.38 | 4.42 4.47 34.30 | 23.99
BC2 17.52 16.83 56.00 | 54.00 | 4.66 4.41 32.04 | 21.92
LSDo.0s 4.33 3.18 6.22 6.12 0.44 0.51 8.38 4.38
LSDo.ox 6.79 4.99 9.75 | 9.60 | 0.69 0.81 13.15 6.87
P1 18.87 14.78 61.25 | 64.68 | 4.79 4.26 43.61 | 29.46
P2 21.85 16.53 59.63 |59.27 | 4.44 3.83 36.66 | 20.84
Cross I F1 23.77 19.99 | 69.05 |70.03| 5.10 4.55 55.98 | 32.20
F2 17.06 11.25 58.18 |59.58 | 4.51 4.01 29.53 | 20.55
BC1 16.33 10.12 70.75 | 66.55| 4.40 4.08 28.06 | 21.21
BC2 13.74 15.60 | 64.18 |62.24| 4.31 3.97 23.57 | 20.00
LSDo.0s 3.88 3.78 5.38 4.40 0.31 0.27 12.56 5.61
LSDo.ox 6.09 5.94 8.44 | 690 | 0.48 0.42 19.71 8.79
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In the second cross, the F1 mean values exceeded the mid values of
the two parental means for grain yield plant* and its components comparing
with the two parents under normal and water deficit stress conditions,
except BC1 which gave the highest number of grains spike™ (70.75) under
normal irrigation. The present results are in agreement with those obtained
by Abd El-Hamid and Ghareeb. (2018), Abdallah et al (2019), Thanaa
(2019), Shehab-Eldeen et al (2020) and Mohamed et al (2021).

Gene Effects and scaling test
I.  Normal irrigation conditions

The six parameters model was used to estimate the nature of gene
action. The estimated six parameters are presented in Table 3. The mean (m)
effects were highly significant for all studied characters in the two crosses,
indicating that these characters are quantitatively inherited. The additive
gene effect was quite small in magnitude relative to the dominance gene
effects. The additive gene effects were positive and significant or highly
significant for number of spikes plant* and number of grains spike™ for the
two crosses, while, grain yield plant® was significantly positive in the
second cross. These results indicated that the possibility of improving the
performance of these characters by using the pedigree selection program,
(Hendawy 2003, Khaled M. A. I. 2013, Al-Bakry et al 2017, Abd EI-Hamid
and Ghareeb. 2018, Shehab-Eldeen et al 2020 and Mohamed. M. Mohamed
et al 2021).

In self-pollinating crops, as durum wheat, the wheat breeder is
usually aiming to isolate parental combinations that are likely to produce
desirable homozygous segregates. The interest of attempts in identifying
such pure lines is facilitated by prevails of additive genetic effects in
autogamous crops (Joshi and Dhawan 1966).

The estimates of dominance (d) effects were significantly negative
for number of spikes plant® in the first cross. Also, the estimates of
dominance were positive and highly significant for number of grains spike™
in the second cross, indicating the role of the dominance gene effects in the
inheritance of these characters and the selection could be practiced in late
segregating generations. These results are in line with those obtained by
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Novoselovic et al (2004), Zaazaa et al (2012), El-Areed et al (2018) and
Abd El-Kareem (2019).

Table 3. Scaling test and gene effects for studied characters in the two
crosses under normal irrigation conditions.

Six parameters
. Add.

. . Main - . Add. Dom. x

Trait | Cross Scaling test effect AdditiveDominance xAdd. | % Dom.
Dom.
A B c (m) (@) (d) (@a) | (ad) | (dd)

N‘?kOf I [15.24%*-16.96**|-20.45**|21.68**| 2.44* -8.19* 11 7'4** 0.86 | 43.94**
spikes :
plant®| 1 | -9.97**|-18.14%*-20.03**|17.05**| 2.60** -4.67 -8.08* | 4.09 | 36.20**
No.of | -9.932 |-23.97**|-39.30**|58.28**| 7.27* 15.62 54 |7.02 |2850**
grains
spike®| 11 [11.20%*| -0.32 |-26.25**|58.18**| 6.57** | 45.74** |37.13%*| 5,76 | -48.02**
klOO-I | -1.83**| -1.16**| -2.53**| 4.66** | -0.25 0.19 -0.47 |-0.34| 3.47**
erne
W‘vzi%ht Il | -1.08**| -0.92**| -1.38**| 4.51** | 0.09 -0.13 -0.61 |-0.08| 2.61**

9
Grain
yield I |-28.55**|-29.14**|-60.23**|32.54**| 2.25 471 253 | 0.3 |55.16**
lant?!
p(g) Il |-43.47*%*|-45.50**|-74.13**|29.52**| 4.49* 1 -14.85 | 1.01 |103.82**

On the other hand, significance of additive and dominance
components indicated that both dominance and additive gene effects were
important in the heritability of these characters. Also, selecting desirable
characters may be practiced in the early generations but will be more
effective in later generations. Similar results were reported by Hendawy
(2003), Moussa (2010), Khaled (2013), El-Areed et al (2018) and Abdallah
et al (2019).

Estimates of epistatic gene effects are presented in Table (3).
Significant estimates of epistatic gene effects for one or more of these three
types of epistatic gene effects in the two crosses for all studied characters
were detected. Additive x additive (aa) gene effects were positive and highly
significant in number of grains spike™ for the second cross. Early generation
selection for these characters might be effective for breeding program.
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Meanwhile, aa was negative and highly significant in case of number of
spikes plant™ in the first cross and significant in second cross. These results
are in harmony with the findings of Thanaa (2019) and Elmassry et al
(2020).

The data of epistatic gene effects, additive x dominance (ad)
revealed non-significant in the two crosses. The dominance x dominance
(dd) gene effects differed among crosses and characters. Positive and highly
significant dd estimates existed in the two crosses for all characters under
study, except number of grains spike which was negative and highly
significant in the second cross. The study further revealed that epistatic gene
effects were as important as additive and dominance gene effects for most of
the characters. Thus, the system of inbreeding employed in utilization of any
character relies on the gene action involved in its expression for predicted
gain in selection progress (Khaled 2013 and Yasser 2019).

1. Water deficit stress condition

In Table 4, the mean effects were highly significant for all studied
characters in the two crosses; these findings indicate that the studied
characters are quantitatively inherited and show the important role of non-
allelic interaction. Similar results are obtained by Salmi et al (2019), Thanaa
(2019) and Elmassry et al (2020).

The additive gene effects were positive and significant or highly
significant for number of grains spike™ in the two crosses. For number of
spikes plant™ they were negative and highly significant in the second cross.
These results indicated the potentiality of improving these traits using the
pedigree selection program as reported by Hendawy (2003), Khaled (2013),
Al-Bakry et al (2017), Abd El-Hamid and Ghareeb (2018) and Shehab-
Eldeen et al (2020).

The estimates of dominance (d) effects were positive and highly
significant for number of spikes plant® in the two crosses. Also, the
estimates of dominance effects were positive and highly significant for 100-
kernel weight in the first cross and number of grains spike™ in the second
cross. The dominance gene effects were higher than the effects of additive
for most studied characters in the two crosses, indicating predominant role
of dominance component in the inheritance of these characters. Therefore,
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the selection for these characters should be delayed to the later generation.
Similar results were obtained by Zaazaa et al (2012), EI-Areed et al (2018)
and Elmassry et al (2020).

Table 4. Scaling test and gene effects for studied characters in the two
crosses under water deficit stress conditions.

Scaling test and gene action six parameters (Gamble procedure)
. Add.
. . Main . . Add. x Dom. x
Trait |Cross Scaling test effect Additive|Dominance Add. X Dorm.
Dom.
A B c (m) (@) (d) (aa) | (ad) | (dd)
le- I [-5.91** | -5.69** |-24.50**| 14.45** | 1.69 17.84** |12.89**|-0.11| -1.28
spikes
p?ant-l Il |-14.54** -532* |26.29%*|11.25** | -5.49**| 10.76** | 6.43 |-4.61|13.43**
No. I | -8.58* -21.98**| -18.35 |62.24**|10.38** | -4.44 -12.21 | 6.7 |42.77**
grains -
spike'l 1 -1.62 | -4.82 |-25.68**|59.58** | 4.31* | 27.30** |19.24*| 1.6 12.80%*
100- I | -1.33%*| -1.02**| -4.72**| 3.85** | 0.06 2.71** | 2.37**|-0.16 | -0.03
kernel
Wi'ﬁ;ht Il | -0.64**| -045 | -1.17* | 4.01** | 0.12 0.58 0.08 |-0.09 | 1.07**
g
Grain
yield I |12.68**|-15.76**|-34.82**| 21.36** | 2.07 9.65 6.39 | 1.54 |22.04**
lant?!
p(g) Il [-19.24**-13.04**|-32.48**| 20.55** | 1.21 7.25 0.2 | -3.1 [32.07**

On the other hand, significance of dominance and additive
components indicated that both additive and dominance gene effects were
important in the inheritance of these characters. Also, selecting desirable
characters may be practiced in the early generations but will be more
effective in later generations. Similar results were reported by Hendawy
(2003), Moussa (2010), Khaled (2013) and El-Areed et al (2018).

Estimates of epistatic gene effects, (aa), (ad) and (dd) are presented
in Table 4. Significant estimates of epistatic gene effects for one or more of
these three types of epistatic gene effects in the two crosses for all studied
characters were detected. Additive x additive (aa) gene effects were positive
and highly significant in number of spikes plant™ and 100 kernels weight for
the first cross, also positive and significant in number of grains spike™ in the
second cross.
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Concerning the epistatic gene effects, additive x dominance (ad)
revealed non-significant in two crosses.

Concerning the epistatic gene effects, dominance x dominance (dd)
revealed positive and highly significant estimates in grain yield plant™ in the
two crosses, number of spikes plant™ and 100 kernels weight for the second
crosses, also number of grains spike™ in the first cross. Meanwhile, dd was
negative and highly significant in number of grains spike™ in the second
Cross.

Results revealed that epistatic gene effects were as important as
additive and dominance gene effects for most of the characters. Thus, the
system of inbreeding employed in utilization any character depends on the
gene action involved in its expression for predicted gain in selection
progress (Khaled 2013 and Sharshar and Genedy 2020).

Heterosis

In self-pollinated crops, such as durum wheat, the possibility of
developing hybrid cultivars for plant breeders was examined. Therefore, the
exploitation of heterosis in various crops in the world has extremely
increased the production either for human food or livestock feed. Heterosis
iIs a complex phenomenon that relies on the balance between different
combinations of genetic influence as well as the distribution of plus and
minus alleles in the two parents.

Data presented in Tables 5 and 6 showed the heterotic effects which
were calculated as percentage related to mid parents and better parent for
studied characters in the two crosses. In the first cross, highly significant
and positive heterotic effect was found for 100 kernel weight and number of
grains per spike under normal conditions, as well as number of spikes per
plant in drought conditions and significant positive heterotic effects were
found for number of grains per spike under drought conditions.

In the second cross for mid parent heterosis, significant and highly
significant positive heterotic effects were found for all characters in the
study under normal and drought conditions. Also, for better parent heterosis,
significant and highly significant and positive heterotic effect was found for
all traits in the study under normal and drought conditions, except for
number of spikes per plant under normal conditions and grain yield per
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plant under drought conditions. Sharshar and Genedy (2020) reported that
positive significant heterosis relative to mid and better parent was obtained
for grain yield and yield components.
Inbreeding depression

Inbreeding depression (ID) could be defined as the reduction of values
of characters from Fi to F. generations. This reduction may be due to the
change of genetic constitution and decrease of heterozygosity due to
inbreeding. The results of inbreeding depression are presented in Tables 5 and
6. Positive and highly significant I.D. existed for all characters under normal
and water deficit stress conditions. Similar results were reported by EI-Areed
et al (2018).

Table 5. Heterosis, inbreeding depression (1.D.), heritability, genetic
advance and potance ratio of the mean for the studied
characters in the first cross.

NO. of NO. of 100-kernel Grain
Parameter spikes plant* grains spike? weight (g) yield plant (g)
N S N S N S N S
Heterosis BP% | 7.39 | 15.83** | 15.76** | 6.15* | 11.37** 2.43 0.45 9.45
Heterosis MP% | 14.19 | 27.35** | 16.22** | 12.35* | 13.41** 6.90 4.67 11.49
24.11*
1.D N 37.31** | 20.39** | 11.98** | 17.15*%* | 25.95** | 33.16** | 32.62**
h?b 21.26| 37.66 71.28 78.74 60.59 56.30 79.27 92.52
h?n 13.81| 10.37 17.29 62.40 21.28 47.20 63.20 75.14
Ag 1.63 1.04 6.28 23.28 0.35 0.71 14.52 23.70
Ag% 7.54 7.18 10.78 37.40 7.47 18.38 44.62 110.98
P. Ratio 2.24 2.75 40.88 212 7.32 1.58 111 6.19
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Table 6. Heterosis, inbreeding depression (1.D.), heritability, genetic
advance and potance ratio of the mean for the studied
characters in the second cross.

NO. of spikes NO. of grains | 100-kernel weight Grain yield
Parameter plant! spike?! (9) plant? (g)
N S N S N S N S
Heterosis BP%| 8.77 | 20,90** | 12.73** | 8.28* | 6.54* | 6.94** | 28.36** | 9.30
Hﬁ/tlgg}:is 16.74* | 27.66** | 14.24** | 13.00** | 10.51** | 12.53** | 39.47** | 28.03**
1.D 28.24%* | 43.71** | 15.74** | 14.92** | 11.54** | 11.99** | 47.26** | 36.17**
h%b 57.11 62.44 71.56 72.35 75.71 75.59 64.93 82.15
h?n 37.04 23.91 50.35 53.75 40.94 64.92 46.73 62.35
Ag 4.18 2.87 12.61 14.06 0.75 1.07 12.63 17.85
Ag% 24.52 2548 | 2168 | 23.60 | 16.68 | 26.80 42.76 86.83
P. Ratio -2.28 -4.95 10.64 2.97 2.82 2.39 4.56 1.64
Heritability

Assessment of heritability for different traits is helpful to the plant
breeder to estimate the response to selection in segregating generations. The
heritability was categorized into three groups; high (>60%), moderate (30—
60%), and low heritability (0-30%) according to Robinson et al (1949).The
heritability values in broad sense were high and ranged from 21.26 to
92.52% for all traits in the two crosses revealing that most of the phenotypic
variability was due to genetic effects (Tables 5 and 6). The heritability
values in narrow sense were high and moderate and ranged from 10.37 to
75.14% for all traits in all studied crosses, except number of spikes per
plant, which was low in the two crosses under water deficit stress conditions
and normal irrigation in the first cross. Heritability in narrow-sense results
were similar to those obtained by Khattab et al (2010), Feltaous (2020) and
Waleed (2020) for number of spikes per plant and grain yield per plant.

Results showed considerable differences between broad and narrow-
sense heritability in the crosses. Inspiring the responsibility of the
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dominance gene effect for the inheritance of most characters in the studied
crosses and delayed selection may be more effective for improving
characters of these genotypes. Similar results were obtained by El-Areed et
al (2018 and Waleed (2020)
Genetic advance

The findings of the present study revealed that the expected genetic
gain (A g) ranged from 1.04 to 4.18 for number of spikes plant™, 6.28 to
23.28 for number of kernels spike™, 0.35 to 1.07 for 100-kernel weight and
from 12.63 to 23.70 for grain yield plant® (Tables 5 and 6). The highest
expected genetic gain was found to be correlated with high heritability in
narrow sense in all studied characters. The characters with high predicted
genetic improvement and high heritability could be basically considered that
these characters are mainly affected by the major effects of additive gene
action. Meanwhile, Dixit et al (1970) noted that, high genetic gain is often
not correlated with high heritability, but high genetic advance 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 genetic yield advancement.
Potence ratio

In two crosses, potance ratio values were more than unity for all
characters under study, except for number of spike plant™® in the second
cross. When the potence ratio values were more than unity this indicating
that over dominance was important in the inheritance of these characters.
But when the potance ratio value was less than unity, it indicates that partial
dominance is controlling this character. The results are completely
consistent with those obtained by Mann and Sharma (1995), Al-Kaddoussi
(1996), Hagras (1999), Awaad (2002) and Sharshar and Genedy (2020).
Tolerance index

The larger value of tolerance index (TOL) according to Rosielle and
Hambling (1981) and yield reduction ratio (YR) according to Golestani and
Assad (1998) represents relatively more sensitive to water deficit stress, thus
a smaller value of both TOL and YR was favored.

Selection based on TOL and YR favors genotypes with low yield
potential under normal conditions and high yield under stress conditions.
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The results in Table 7 indicated that P1 in the second cross had the lowest
both TOL and YR for parents as 14.15 and 0.32 respectively, while the
highest parent of both TOL and YR was Pz in the first cross as 19.50 and
0.40 respectively However, for F1 the lowest one appeared in the first cross
as 16.99 and 0.35 respectively. On the other hand, the highest F1 appeared in
the second cross as 23.78 and 0.42 for TOL and YR, respectively. The
results indicated that the best F, were in the second cross which had low
values for both TOL and YR. However, F; at the first cross had the highest
values as 11.18 and 0.34 for TOL and YR, respectively. The results
indicated that the BC: had the lowest values for TOL and YR showed at the
second cross. However, the highest BC1 were showed in the first cross. For
BC: the results showed that the second cross was the lowest one at both
TOL and YR. On the other hand, the first cross had high values for both
TOL and YR. Generally, the results indicated that the two parents involved
in the second cross were low sensitivity to water deficit stress, so that most
of the generations at the second cross had low values of both TOL and YR.
These results are in line with those found by Sharshar and Genedy (2020).

Table 7. Tolerance index (TOL) and yield reduction ratio (YR) of grain
yield for the studied generations at the two crosses under
normal (N) and water deficit stress (S) treatments.

Gener\]ratlo Stress Indicators Cross 1 cross 2
o TOL 19.50 14.15
! YR 0.40 0.32

o TOL 16.65 15.82
2 YR 0.37 0.43

- TOL 16.99 23.78
! YR 0.35 0.42

- TOL 11.18 8.97
2 YR 0.34 0.30
TOL 10.31 6.85

BC1 YR 0.30 0.24
TOL 10.12 3.57

BC2 YR 0.32 0.15
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CONCLUSIONS

We can conclude that, the selection for yield and yield component
should be delayed to the later segregating generation when the dominant
influence wanes. In self-pollinating crops, as durum wheat, the wheat
breeder is usually aiming to isolate parental combinations that are likely to
produce desirable homozygous segregates. The interest of attempts in
identifying such pure lines is facilitated by prevailing of additive genetic
effects in autogamous crops.
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