Egypt. J. Agric. Res., 97 (2), 2019 589

GENERATION MEAN ANALYSIS OF TWO BREAD
WHEAT CROSSES UNDER NORMAL AND LATE
SOWING DATE CONDITIONS

YASSER SAYED IBRAHIM KOUBISY

Wheat Res. Dep., Field Crops Res. Inst., ARC, Giza, Egypt.

(Manuscript received 31 March 2019)

Abstract

arents (P:&P;), F;, F, and first generation of backcrosses

(BC1&BC,) of two bread wheat crosses i.e., Sids 12 x Gemmeiza

11 (C;) and Misr 2 x Sids 1 (C;), were grown in two experiments

{normal sowing date 20t Nov. (N) and late sowing date 20% Dec.
(L)}. This study was conducted at the Experimental Farm of Shandaweel
Agric. Res. Station, ARC during 2015/2016, 2016/2017 and 2017/2018
seasons. The study aimed to estimate non-allelic interaction, scaling tests
(A,B,C and D), coupled with three and six types of gene action and to
determine the adequacy of genetic model controlling the genetic system
of the inheritance for seven economic traits of bread wheat. Scaling test
showed the presence of non-allelic interactions for all studied taits, except
number of spikes/plant in cross 1 under late sowing. The relative
importance of dominance and additive effects differ for traits and crosses
under normal and late sowing conditions. Dominance effects were
generally more important than additive for all studied traits in both crosses
under the two sowing dates, except for days to heading in cross 2 under
late sowing, number of spikes/plant in cross 1 under late sowing and
biological yield in cross 1 under normal sowing. This explains that
dominant genes play a major role in the inheritance of these traits beside
the additive one. Dominance x dominance gene interaction was higher in

magnitude than additive x dominance and additive x additive in most

traits, indicating that these traits are greatly affected by dominance and
non-allelic interactions. Therefore, it is advisable to delay selection to late
segregating generations with increased homozygosity. Positive highly
significant heterosis over better parent values was observed for all studied
traits in both crosses under the two sowing dates, except for plant height
in cross 1 under late sowing and cross 2 under normal sowing, number of
kernels/spike in cross 1 under both sowing dates and grain yield/plant in
cross 1 under normal sowing. Broad and narrow sense heritabilities and
genetic advance ranged from moderate to high in most cases. These
results indicated that selection in segregating generations could be
effective to develop early maturing lines that have high yielding ability
under heat stress conditions (late sowing date).

Keywords: Triticum aestivum, six parameters model, gene action,
heritability, heterosis.

INTRODUCTION
In Egypt, wheat is considered the most important cereal crop. Great efforts
have been mode by wheat breeders and geneticists to increase it is productivity

decrease the gap between production and consumption. Heat stress is one of the
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major limitations facing wheat productivity in arid, semiarid, tropical and subtropical
regions (Fischer, 1986). Many studies had confirmed the damaging effect of heat on
wheat. El-Gizawy (2009), Seleiman et al. ( 2011), Hamam (2014), EL-Maghraby et al.
(2016) and Abd El-Rady (2018) reported that late sowing reduced days to heading,
plant height, number of spikes/m?, number of kernels/spike, 1000-kernel weight,
biological yield and final grain yield. Genetic variability for heat tolerance has been
found to exist among wheat cultivars and lines. Therefore, wheat breeders and
geneticists must continue to develop high yielding cultivars over a wide range of
environments with desirable genetic makeup. A detailed understanding of the genetic
factors controlling agronomic characteristics is a primary step for breeding programs.
Generation mean analysis is a simple estimate but it is one of the most important
techniques for estimating main gene effects (dominance and additive) along with their
interactions (dominance X dominance, additive x additive and additive x dominance)
provided the pattern inheritance of yield and other associated characters. Since,
genetic information obtained from multi generations are reliable compared with those
based on one generation, therefore, six populations of P1, P2, Fi, F2, BC: and BC; are
considered the one which may give detailed genetic information for the employed
genotypes. Additive dominance model was adequate to explain the type of gene
action of grain yield and its components (Bayoumi et al., 2008). Amin (2013) reported
that additive dominance model was invalid to explain the inheritance of most studied
traits under normal and heat stress conditions. Hamam (2014) and Abd El-Rady
(2018) showed that narrow sense heritability estimates in F> were relatively moderate
to high under favorable and heat stress conditions for yield and its components. The
objectives of this study were to 1) determine the nature of gene action controlling
yield and its components in two bread wheat crosses under normal and heat stress
conditions, 2) estimate heterosis, inbreeding depression, potence ratio, broad and
narrow sense heritability and expected genetic advance from selection.
MATERIALS AND METHODS

This study was carried out at the Experimental Farm of Shandaweel Agric. Res.
Station, ARC., Egypt, during 2015/2016, 2016/2017 and 2017/2018 seasons. Four
bread wheat (Triticum aestivum ) cultivars representing a wide range of diversity for
several agronomic traits were used as parents to obtain the following two crosses;
Cross 1= Sids 12 x Gemmeiza 11 and Cross 2= Misr 2 x Sids 1 (Table 1).
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Table 1. Pedigree and selection history of cultivars used in the two bread
wheat crosses.

Cross Parent Pedigree and selection history
BUC//7C/ALD/5/MAYA74/0ON//1160-
P1 Sids 12 147/3/BBGLL/4/HAT"S"/6/MAYA/VUL//CMH74A.630/4*SX.SD7096-
Cross 1 4SD-1SD-1SD-0SD

BOW"S"/KVZ"S"//7C/SERI-82/3/GIZA 168/SAKHA 61
GM7892-2GM-1GM-2GM-1GM-0GM

SKAUZ/BAV92.
CMss96M03611S-1M-0105Y-33M-0Y-0S

HD2172 / PAVON "S" // 1158.57/ MAYA74"S"
SD46-4SD-2SD-1SD-0SD

P2 Gemmeiza 11

P1 | Misr2

Cross 2
P2 | Sids 1

Table 2. Mean maximum and minimum air temperatures (°C) during
2015/2016, 2016/2017 and 2017/2018 growing seasons.

Season Month | November | December | January | February | March | April | May
Max. 27 21 19 25 28 36 38
2015/2016 -
Min. 15 9 7 10 15 19 23
2016/2017 Max. 28 21 20 21 26 33 38
Min. 15 8 7 7 12 18 22
Max. 26 21 15 22 29 32 36
2017/2018 -
Min. 14 13 11 13 19 21 23

In the first growing season (2015/2016), two crosses were performed using
the four wheat cultivars to produce F: hybrid seed. In the second growing season
(2016/2017), the F1 of each cross was crossed to its respective parents to produce
BC: (F1 % P1) and BCz (F1 x P2). At the same time, the other F: plants were selfed to
produce F. seed. In the third growing season (2017/2018), the six populations, i.e.,
Pi, P2, Fi, F2, BC: and BC; of the two wheat crosses were sown under two sowing
dates in two separate field experiments in a randomized complete block design with
three replications. The first sowing date was 20™" Nov., recommended, and the second
one was 20" Dec., (heat stress). Each replicate consisted of 12 rows, one row for
each of P1, P2 and F1, 5 rows for F> and 2 rows for each of BCiand BC: for each cross
with total of 24 rows as well as two border rows. Each row was 2.0 m long and 30 cm
apart with 10 cm plant spacing. All other Agricultural practices were applied as
recommended for wheat planting. Data were recorded on 10 individual guarded plants
for each Pi, P> and F1; 75 plants of F2 and 20 plants of BCiand BC; in each replicate.
The studied traits were: 1- days to 50% heading, 2- plant height (cm), 3- number of
spikes/plant, 4- number of kernels/spike, 5- 100-kernel weight (g) 6- biological
yield/plant (g) and 7- grain yield/plant (g).
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Statistical and genetic analysis:
Analysis of variance and character mean comparisons were performed using
M-STAT statistical program. The scaling test was applied to detect the presence or

absence of non-allelic interactions and their types as outlined by Mather (1949).

A=2BCi—-P1-F1 V(A) = 4V (BC1) + V(P1) + V(F1)
B=2BC—P:—F1 V(B) = 4V(BC2) + V(P2) + V(F1)

C = 4F2— 2F1 — P, - P, V(C) = 16V(F2) + 4V(F1) + V (P1) + V (P2)
D = 2F, —BCi— BC, V(D) = 4VF; + VBC1 + VBC:

The standard error (SE) of A, B, C and D was achieved by taking the square
root of their respective variances. T-test was calculated by dividing the calculated
values of A, B, C and D on their respective standard error. The significance of any one
of these scales is taken to indicate the presence of epistasis. In the presence of
epistasis various gene effects were estimated using six parameters genetic model of
Jinks and Jones (1958) and Hayman (1958).

m = mean effect="F>»

d = additive effect = BC_l— Ez

h = dominance effect = F1-4F2-0.5P1-0.5P2+2BC:+2BC;

i= Additive x Additive gene interaction = 2BC1+2BCo-4F2

j = Additive x Dominance gene interaction :_363.55 - B_g + OE_P L
| = Dominance x Dominance gene action = P1 + P> +2F:1 + 4F> — 4 BC1 — 4BC:
The variance values in this concern were obtained as follows:

Vm =V(F2)

Va = V(BG:) + V(BC:) .
Vi=V(F1)+16V(F2)+0.25V(P1)+0.25V(P2)+4V(BC1)+ 4V(BC2)

Vi = 4V(BC1)+4V(BC2)+16F> -

Vi = V(BC1)+ 0.25V(P1) + V(BC2) + 0.25V(P2)

Vi = V(BC:)+ 025V(Py) + V(BC) + 0.25V(P)

Vi = V(P1)+V(P2)+4V(F1)+16V(F2)+16V(BC1)+16V(BC2)

The significance of the genetic components were tested using the t test, where + t =
effect/ (variance effect )¥/2

Inbreeding depression was estimated as the average percentage decrease of

the F. from the F: as follows:
(LD %) = (F1-F2/ F1) x 100

Potence ratio (P), was estimated by using the following equation:

P = (Fi- MP) / 1/2 (P2 — P1) where: Fi: first generation mean, Pi: the mean of
the lower parent, P2: the mean of the higher parent, and MP: the mid-parent values =

1/2(P1+ P2).
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Stress tolerance index (STI) for grain yield was computed according to
Farshadfar, et al. (2001), as follow: STI = Yp x Ys /(Yp)? X 100

where, Yp grain yield under normal conditions, Ys grain yield under stress
conditions.

The genetic components of variance were calculated by the formulas of F2
variance were obtained according to Mather and Jinks (1982) as:
E (environmental variance) = 1/3 (Vr1 + Vp2 + VF1)
D (additive variance) = 4 Vr2 — 2 (Vact + Vae2)
H (dominance variance) = 4 (Vr2 — 1/2Vp - VE)

Broad-sense (h%.) and narrow-sense (h?ns) heritability were estimated using
Warner (1952) formulas:
h?b.s = [Ve2 = (Vp1 + Vp2 + F1)/3]/Ve2
h?n.s = [2Vr2 — (Vec1 + Vec2)]/Ve2

Genetic advance was computed according to Johnson et al (1955) with
selection intensity of K = 5% (2.06) for all characters as follows:
G.S = K x (0%F2)2 x h%,. and (G.S %) = (G.S/F2) x 100

Heterosis was expressed as the deviation of Fi generation from the mid-
parents or better parent average values as follows:
Heterosis over mid-parent % (M.P) = (Fl'MF)/I\H) x 100
Heterosis over the better-parent % (BP) = (F_l— B_P) /IiD x 100

RESULTS AND DISCUSSION

Mean performance:

Average of the seven characters for the six populations P1, P2, Fi, F2, BC1 and
BC: in the two bread wheat crosses under the two sowing dates are given in Table 3.
Significant differences were found among the six generations for all the studied traits
under the two environmental conditions, indicating the existence of genetic variation
for these traits in the studied materials. The F1 mean values surpassed the mid values
of the two parental means for all studied traits in the two crosses under both
recommended and late sowings, except days to heading in cross 2 under normal
sowing and 100-kernel weight in cross 1 under late sowing conditions, indicating the
prevalence of heterotic and dominance effects controlling these traits. The F1 means
exceeded the better parent for all studied traits in the two crosses under both sowing
environments except, days to heading in cross 1 under both sowing dates and in cross
2 under normal sowing date, 100-kernel weight in cross 1 under late sowing
conditions and in cross 2 under both sowing dates, plant height in cross 2 under both
sowing dates, and number of kernels/spike in cross 2 under late sowing, indicating the

presence of over dominance. The F2 population mean performance values were less
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than F; for all the studied traits in two crosses under both environments, except plant
height in cross 1 under normal conditions, showing the importance of non-additive
components of genetic variance for these characters. However, average value of BC1
and BCx progenies of the two crosses varied under normal and late sowing dates
conditions and each tended toward the mean of its recurrent parent. These results
agreed with those reported by Tammam (2005), El-Aref et al. (2011), Amin (2013),
Hamam (2014), Said (2014), Kumar et al. (2017) and Abd EIl-Rady (2018).

Stress tolerance index (STI) (Table 3) showed that the BC; had the highest
value of heat tolerance (96.35%) followed by F, Fi, P:;, P> and BC: which had
95.24%, 93.14%, 90.55%, 89.92% and 78.36%, respectively in cross 1. While in
cross 2, the F1 hybrid had the highest value of STI (84.69%) followed by P: (80.37%),
F. population (76.54), P> (76.34%), BC. (74.69%) and BCi (60.81%).These results
indicated that selection in the segregating populations for grain yield development
under late sowing conditions could be effective to develop high yielding lines that
have tolerance to heat stress. Similar results were obtained by Amin (2013) and Abd
El-Rady (2018).

Gene effects:

The results of A, B, C, and D scaling tests for the two bread wheat crosses under the
two environmental conditions (Table 4) revealed the significance of any of these tests
in the two crosses under both environments, except for number of spikes/plant in
cross 1 at late sowing conditions. These findings indicated that the presences of non
allelic gene interaction and dominance-additive model are inadequate for explaining
the inheritance of these traits. Meanwhile, the scaling test estimates for number of
spikes/plant in cross 1 under late sowing was insignificant indicated the absence of
non-allelic interactions and the adequacy of the additive-dominance model to explain
the type of gene action for these traits. These results are in accordance with those
reported by Tammam (2005), Moussa (2010), El-Aref et al. (2011), Zaazaa et al.
(2012), Amin (2013), Abd EI-Rahman (2013), Hamam (2014), El-Hawary (2016),
Kumar et al. (2017) and Abd EI-Rady (2018).

Data in Table 5 show the six parameters of gene effects for two wheat
crosses under two environments. The mean effect (m) which reflects the contribution
due the overall mean plus the locus effects and interactions of the fixed loci were
highly significant for all studied characters in the two crosses under normal and late
sowings, indicating that these characters are quantitatively inherited. The same
results were obtained by Moussa (2010), Amin (2013), Hamam (2014), Bilgin et al.
(2016), El-Hawary (2016) and Abd El-Rady (2018).
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Table 3. Mean performance * standard error of P1, P2, F1, F2, BC1 and BC: populations of two bread wheat crosses for the
studied traits under normal (N) and late sowing (L) conditions.

. Sowing Generation LS.D
Trait Cross date P P, Fi F) BC: BC, 0.05
C N 87.00+0.26 94.00+0.25 92.00+0.21 91.00+0.13 91.00+0.23 89.50+0.23 5.91
Days to 50% L 85.00+0.26 88.00+0. 26 86.50+0. 26 83.00+0.14 86.00+0.21 86.60+0.25 3.21
heading . N 97.00+0.26 94.00+0.26 93.00+0.26 91.13+0.21 98.00+0.29 90.5+0.35 2.34
L 87.00+0.25 84.00+0.27 89.00+0.28 83.13+0.16 83.00+0.26 80.50+0.27 3.35
G N 90.40+0.74 100.40+0.63 102.93+0.81 102.47+0.48 92.00+0.92 99.01+0.81 6.41
Plant height, L 86.00+0.64 90.53+0.66 91.53+0.84 85.00+0.41 84.00+0.73 89.11+0.75 3.06
cm. G N 101.53+0.69 106.60+0.56 105.07+0.78 99.36+0.39 100.80+0.72 99.77+0.72 2.80
L 91.03+0.71 98.21+0.91 95.53+0.91 91.42+0.63 94.03+0.20 92.10£0.21 3.63
C N 6.69+0.36 6.00+0.24 7.30+0.30 6.11+0.17 7.13+0.31 6.40+0.24 1.33
Number of L 6.20+0.25 5.77+0.13 6.25+0.17 5.80+0.12 5.83+21 5.90+0.17 0.48
spikes /plant G N 8.27+0.34 7.79+0.32 8.80+0.37 6.48+0.15 8.11+0.27 7.1740.27 1.21
L 7.73+0.31 6.40+0.21 8.13+0.18 6.60+0.12 7.70£0.20 7.77+0.21 2.01
C N 30.22+0.87 35.61+1.09 36.57+1.12 29.1940.63 29.20+1.01 33.75+1.08 4.76
Number of L 28.65+1.08 30.44+1.33 31.47+1.87 28.00+0.64 29.22+1.09 31.18+1.20 2.46
Kernels / spike G N 35.86+1.06 39.56+1.22 41.54+1.49 34.10+0.77 33.13+1.33 35.15+1.26 2.34
L 30.93+1.52 36.63+1.47 35.03+1.42 29.94+0.76 30.52+1.32 28.67+1.26 1.55
C N 5.43+0.06 5.00+0.04 5.50+0.08 4.85+0.05 5.11+0.08 4.90+0.08 0.70
100-kernel L 4.70£0.07 4.11+0.07 4.31+0.06 3.95+0.03 4.40£0.06 4.00+0.06 0.65
weight, g. G N 4.25+0.05 4.89+0.06 4.76+0.06 3.90+0.03 4.28+0.05 4.73+0.04 0.78
L 4,20+0.05 3.75+0.06 4.01+0.05 3.60+0.04 3.97+0.06 3.96+0.06 0.49
C N 40.33+1.94 42.27+1.82 45.87+1.84 39.33+1.20 37.2042.03 39.20+1.77 2.41
Biological yield L 39.87+0.66 41.60+1.46 44.60+0.93 38.35+0.97 40.53+1.45 41.53+1.51 1.64
/plant, g. G N 42.27+0.83 54.60+0.89 56.27+0.78 40.70+0.60 38.30+1.00 48.47+0.92 2.28
L 34.73+1.42 38.60+1.46 49.93+1.53 30.79+0.76 32.33+1.33 35.53+1.26 2.39
C N 11.43+0.50 12.57+0.55 12.74+0.64 10.65+0.41 11.60+0.76 10.79+0.66 1.10
Grain yield/ L 10.35+0.45 11.30+0.36 11.87+0.57 10.57+0.25 9.09+0.47 10.40+0.41 2.07
plant, g. . N 11.97+0.68 14.85+0.72 17.41£0.82 11.93+0.48 15.7740.80 13.8740.72 1.35
L 9.62+0.42 11.33+0.53 14.74+0.68 9.13+0.27 9.59+0.50 10.36+0.44 1.30
STI% G 90.55 89.92 93.14 95.24 78.36 96.35
STI% G 80.37 76.34 84.69 76.54 60.81 74.69

STI= Stress tolerance index for grain yield/plant, Cross 1= (Sids 12 x Gemmeiza 11), Cross 2 = (Misr 2 x Sids 1)
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Table 4. Scaling test parameters A, B, C and D of two bread wheat crosses
for all studied traits under normal (N) and late sowing (L)

conditions.
Cross S?j‘;'ti:g - | _ Scaling|test - _
Days to heading
N 3.00%*£0.57 -7.00%*+0.57 -5.21%*+0.76 -0.61+0.42
G L -2.00%*£0.57 -3.80*%*+0.62 -19.00**£0.85 -6.60**+0.43
N 6.00%*+0.70 -6.00**+0.79 -12.47**+1.05 -6.23**+0,62
G L -10**£0.64 -12.00%*+0.65 -16.48**+0.91 2.76%%£0.49
Plant height
N -9.33*%*+2.14 -5.33*%*+1.91 13.22%*42.69 13.94**£1.55
G L -9.53**+1.80 -4,07*%+1.83 -19.60**+2.54 -3.00%+1.33
N -5.00**+1.78 -12.13**+1.73 -20.81**+2,39 -1.84+1.28
G L 1.50£2.39 -9.54*%*+2.31 -14.64**+3.32 -3.30+1.89
Number of spikes/plant
N 0.28+0.78 -0.50£0.62 -2.85**+1.00 -1.31*+0.52
G L -0.79£0.52 -0.224+0.41 --1.27+0.65 -0.13+0.36
N -0.85+£0.73 -2.25%*%£0.73 -7.74¥*+1.05 -2.32**+0.48
G L -0.46+0.54 1.00*+0.50 -4,01*%*+0.71 -2.28*%*+0.38
Number of kernels/spike
N -8.41**+2.46 -4.67*%+2.67 -22.21**+3,95 -4.56*£1.95
G L -1.68+3.07 0.45£3.32 -10.03%44.85 |  -4.40%%2.06
N -11.14%%+3.22 -10.80**+3.18 -22.12**+4.57 -0.09+£2.39
G L -11.74**+3.37 -14.32**%+3,25 -17.86**+6.67 4.10+2.38
100-kernel weight
N -0.71*¥*+0.19 -0.70**£0.19 -2.03**+0.28 -0.31*+0.15
G L -0.21£0.15 -0.42**+0.16 -1.62**+0.22 -0.50*%*+0.11
N -0.45**%£0.13 -0.20+0.12 -3.05**%£0.18 -1.20**£0.08
c L -0.27£015 0.16+0.13 -1.58**+0.19 -0.74**+0.11
Biological yield/plant
c N -11.80*+4.86 -9,73*+4.39 -17.02*16.61 2.26+3.61
L -3.414£3.12 -3.1443.48 -17.27%*+4.59 -5.36*+2.85
N -21.93*%*+2.31 -13.93**+£2.18 | -46.60**+3.11 | -5.37**+1.81
C L -20.01*¥*+3.38 -17.47**+3.29 | -50.04**+4.77 | -6.28**+2.38
Grain yield/plant
N -0.97£1.73 -3..72%+1.57 -6.88**+2.22 -1.09+1.31
¢ L -4.04**+1,18 -2.37*+1.06 -3.11+1.61 1.65*+0.79
N 2.16+£1.93 -4,52*+1.80 -13.92%*%£2.70 | -5.78**+1.44
c L -5.19%*+1.28 -5.36%*+1.23 -13.92**+1.86 -1.69*+0.86

* & ** Significant and high Significant at 0.05 & 0.01 level of probabilities, respectively.
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Trait Cross Sowing Gene effect o

date Mean (m) Additive (d) Dominance (h) Additive x Additive x Dominancex | "'
c1 N 89.95**+0.13 1.50*%*+0.33 2.71%%£0.88 1.21+0.84 5.00**£0.37 2.79+1.51 C
Days to L 83.00*%*+0.14 -0.60£0.33 15.70%*+£0.92 13.20%*+0.86 0.90*+0.38 -7.40**+1.56 D
heading ) N 91.13*%*+0.21 7.50%*+0.46 7.97%*+1.27 12.47%*%+1.23 6.00**+0.49 -12.47*%£2.11 | D
L 83.13**£0.16 2.50%*£0.37 -2.02+1.03 -5.52*%*+0.98 1.00*%+0.42 27.52%*£1.75 D
c1 N 102.47**+0.48 -7.00%*+1.22 -20.35%*43.25 -27.88**43.11 -2.00+1.32 42.54**£5.58 D
Plant height, L 85.00**+0.41 -5.00%*+1.04 9.27**+2.83 6.00*%+2.66 -2.73*+1.14 7.60+4.87 C
cm. ) N 99.36**+0.39 1.03£1.02 4.68+2.72 3.68+2.57 3.57%*41.11 13.45%*%+4.72 C
L 91.42**+0.63 1.93+1.41 7.514£3.94 6.60+3.79 5.52*%*+1.53 1.44+6.56 C
c1 N 6.11%*+0.17 0.73+0.40 3.58**+1.10 2.63*+1.04 0.3940.45 -2.40+1.87 D
Number of L 5.8040.12 -0.7+0.27 0.52+0.76 0.26+0.72 -0.29+0.31 0.75+1.27 C
spikes /plant Q2 N 6.48**+0.15 0.94*+0.38 5.41**£1.06 6.64*¥*+0.97 0.70+0.45 -1.54+1.86 D
L 6.60**+0.12 -.0.07£0.29 5.62**£0.80 4.55%*+0.76 -0.73*£0.35 -5.09%*+1.36 D
Number of c1 N 29.19%*%£0.63 -4.56*%*+1.48 12.78**+4.11 9.12*+3.89 -1.87£1.63 3.96+6.95 C
kernels / L 28.00**£0.64 -1.96£1.62 10.73*+4.61 8.80*%+4.12 -1.07£1.83 -7.57+8.09 D
spike Q2 N 34.10%*£0.77 -2.02+1.83 4.0145.07 0.18+4.78 -0.17+2.00 21.76%+8.64 C
L 29.94%*£0.76 -1.56+1.83 -6.95+5.08 -8.20+4.76 1.29+2,11 34.26%*+8.68 D
c1 N 4.85+0.05 0.21**40.11 0.90*£0.32 0.62+0.31 -0.01+0.12 0.80+0.53 C
100-kernel L 3.95%*+0.03 0.40**+0.08 0.90**+0.23 1.00%*£0.21 0.1140.10 -0.4£0.40 D
weight, g. ) N 3.90**+0.03 -0.45**+0.06 2.59%*+0.18 2.40%*£0.17 -0.13£0.08 -1.8%*£0.31 D
L 3.60**+0.04 0.01+0.09 1.51%%£0.23 1.47*%*£0.23 -0.22*+0.09 -1.4%*£0.39 D
Biological c1 N 39.33**£1.20 -2.00+2.70 0.05+7.58 -4.52+7.23 -1.03+3.01 26.10%+12.65 C
yield /plant L 38.35%*+0.97 -1.00+2.09 14.59%45.83 10.72+5.70 -0.13+2.24 -4.249.55 D
g ! Q2 N 40.70**£0.60 -10.17**+1.36 18.57%*+3.76 10.73**+3.63 -4.00%*+1.49 25.10%*+6.27 C
) L 30.79**£0.76 -3.20+1.83 25.83**£5.10 12.56**+4.76 -1.27+2.09 24.90%*£8.73 C
c1 N 10.65**+0.41 0.81+1.01 2.93£2.71 2.19+2.61 1.38+1.07 2.5144.61 C
Grain yield/ L 10.57**£0.25 -1.31*40.62 -2.26+1.71 -3.30*%£1.59 -0.84+0.69 9.70%*42.97 D
plant, g. Q2 N 11.93*¥*+0.48 1.90£1.08 15.56**+3.03 11.57%*+2.87 3.34**£1.18 -9.2145.08 D
L 9.13%*40.27 -0.77+0.66 7.64%*+1.87 3.38*+1.71 0.09+0.75 7.16%+3.24 C

*p < 0.05, **p <0.01. C = Complementary D = Duplicate
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Additive gene effect (d) was positive and significant or highly significant for
days to heading in cross 1 under normal sowing and cross 2 under the two sowing
dates, number of spikes/plant in cross 2 under normal conditions, 100-kernel weight
in cross 1 under normal and late sowings, indicating the significant contribution of
additive gene effect in the inheritance of these traits and the potential for obtaining
further improvement of these traits by selection using pedigree method. On the other
hand, negative and significant or highly significant values were found for plant height
in cross 1 under the two sowing dates, 100-kernel weight in cross 2 under normal
sowing conditions, number of kernels/spike in cross 1 under normal conditions,
biological yield/plant in cross 2 under normal conditions and grain yield/plant in cross
1 under late sowing conditions. Similar results were reported by El-Aref et al. (2011),
Amin (2013), Hamam (2014), El-Hawary (2016) and Abd El-Rady (2018). Kumar et al.
(2017) observed that the additive gene effect was significantly negative for 1000-
kernel weight.

Dominance gene action (h) was positive and significant or highly significant
for days to heading in the two crosses under normal sowing and cross 1 under late
sowing conditions, plant height in cross 1 under late sowing conditions, number of
spikes/plant in the two crosses under normal condition and cross 2 under late sowing
date conditions, number of kernels/spike in cross 1 under the two sowing dates,100-
kernel weight in the two crosses under both environments, biological yield/plant in the
two crosses under late sowing conditions and cross 2 under normal and grain
yield/plant in cross 2 under the two sowings (Table 5). Meanwhile, negative and
highly significant effects were recorded for plant height in cross 1 under normal
sowing conditions. These results show the great importance of the dominance gene
effects in the inheritance of these characters. The negative sign for dominance effects
indicates that the alleles responsible of less value for these traits were dominant over
the alleles controlling high value. Amin (2013) and Abd El-Rady (2018) reported a
negative sign for dominance for 100-kernel weight under late sowing date. On the
other hand, significant dominance and additive gene effects were important in the
inheritance of days to heading in the two crosses under normal sowing, plant height
in cross 1 under the two sowing dates, number of spikes/plant in cross 2 under
normal sowing, number of kernels/spike in cross 1 under normal sowing, 100-kernel
weight in the two crosses under normal sowing and cross 1 under late sowing
conditions and biological yield/plant in cross 2 under normal sowing. The dominance
gene effects were higher than additive ones, indicating that both dominance and
additive gene effects were important in inheritance of those traits. Also, selecting for
desirable characters may be practiced in early generations but it would be effective in
the late ones when dominant effect diminished. These results agreed with those
obtained by El-Aref et al. (2011), Zaazaa et al. (2012), Abd El Rahman (2013), Amin
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(2013), Hamam (2014), El-Hawary (2016), Kumar et al. (2017) and Abd El-Rady
(2018).

The additive x additive (i) (Table 5) type of epistatic gene effects were
positive and significant or highly significant for days to heading in cross 2 under
normal sowing and cross 1 under late sowing, plant height in cross 1 under late
sowing, number of spikes/plant in the two crosses under normal sowing and cross 2
under late sowing date, number of kernels/spike in cross 1 under the two sowing
dates, 100-kernel weight in the two crosses under late sowing and cross 2 under
normal sowing, biological yield/plant and grain yield/plant in cross 2 under the two
sowing dates, reporting that these traits have increasing genes and selection for
improvement could be effective. These results are in accordance with the findings of
Moussa (2010), El-Aref et al (2011), Koumber and El-Gammaal (2012), Hamam
(2014), Kumar et al (2017) and Abd El-Rady (2018). However, negative and
significant or highly significant values of additive x additive gene effects were

reported for days to heading in cross 2 under late sowing date, plant height in cross 1
under normal sowing date and grain yield/plant in cross 1 under late sowing date.
These results the showed dispersion of alleles in parents. Therefore, selection is of no
use in early segregating generations because there is no additive genetic effect to be
fixed in these traits. Similar results were obtained by Amin (2013) and Hamam (2014)
and Abd El-Rady (2018). Negative additive X additive gene effects were recorded for

plant height, number of spikes/plant, biomass and grain yield/plant (Akhtar and
Chowdhry, 2006).

Data concerning the epistatic gene effects, additive x dominance ( j ), in Table
5, had different values and were positive and significant and/or highly significant for
days to heading in the two crosses under the two sowing dates, plant height in cross
2 under the two environments and grain yield/plant in cross 2 under normal sowing
conditions. As additive x dominance epistasis tends to segregate in next generations,

it would be better to delay selection to later generations with increased homozygosity,
where additive and additivexadditive variances are prevailing. These results are in
harmony with those obtained by Amin (2013), Hamam (2014), Kumar et al. (2017)
and Abd El-Rady (2018). Negative and significant or highly significant values were
reported for plant height in cross 1 under late sowing date, number of spikes/plant in
cross 2 under late sowing date, 100-kernel weight in cross 2 under late sowing date
and biological yield/plant in cross 2 under normal sowing date. These results showed
that the inheritance of these characters were effective by duplication effect of
epistatic gene.

The dominance x dominance () gene interactions (Table 5) were significant

or highly significant and positive for days to heading in cross 2 under late sowing,
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plant height in cross 1 and cross 2 under normal sowing, number of kernels/spike in
cross 2 under the two sowing dates, biological yield/plant in cross 1 under normal
sowing date and in cross 2 under both sowing dates and grain yield/plant in the two
crosses under late sowing date conditions. These results confirmed that importance of
dominance x dominance gene action in the genetic system controlling these traits and

selection should be effective in late generations. Significant or highly significant and
negative dominance x dominance (l) gene interactions were obtained for days to

heading in cross 1 under late sowing date and cross 2 under normal sowing date,
number of spikes/plant in cross 2 under late sowing date and 100-kernel weight in
cross 2 under the two environments, indicating their reducing effect in the expression
of these traits and there is no breeding importance in proceeding generations. These
results are in accordance with those reported by Akhtar and Chowdhry (2006), El-Aref
et al. (2011), Koumber and El-Gammaal (2012), Amin (2013), Hamam (2014), Kumar
et al. (2017) and Abd El-Rady (2018).

This type of epistasis was constructed as complementary when dominance (h)
and dominance x dominance (l) gene effects have same sign and duplicate epistasis

when the sign was different. The results in (Table 5) showed that duplicate epistasis
was prevailing for all studied characters in the two crosses and both environments,
except for days to heading in cross 1 under normal sowing, plant height in the two
crosses under late sowing and cross 2 under normal sowing, number of spikes/plant in
cross 1 under late sowing, number of kernels/spike in the two crosses under normal
sowing, 100-kernel weight in cross 1 under normal sowing date, biological yield/plant
in the two crosses under normal sowing and cross 2 under late sowing and grain
yield/plant in cross 2 under late sowing and in cross 1 under the normal sowing,
where complementary epistasis prevailed, indicating that duplicate epistasis was
greater in importance than complementary epistasis for most traits. As non-additive
effects were higher than additive effects in most of the studied traits, intensive
selection through later generations is recommended to improve these traits. Also, the
possibility of obtaining desirable segregates through inter-mating in early segregations
require breaking undesirable linkage adopting recurrent selection for handling the
above crosses for rapid improvement .These results are in accordance with those
reported by Saint Pierre et al. (2010), Yadav and Singh (2011), Amin (2013), Hamam
(2014) and El-Hawary (2016).
Inbreeding depression, heterosis and potence ratio:

Percentages of inbreeding depression, heterosis over mid-parents and better
parent and potence ratio are presented in Table 6. Positive significant or highly
significant heterosis over .
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Table 6. Heterosis, inbreeding depression (I1.D%), potence ratio (P.R%), components of variation, heritability percentage in
broad (h?b) and narrow (h2n) senses and expected genetic advance (G.S) of two bread wheat crosses for seven
studied traits under normal (N) and late sowing (L) conditions.

. Sowing Heterosis (%) P.R Components of variation 12 Heritabbility
Trait Cross date M.P B.P 1.D % % H D E H/DY hb hn G.S%
c N 1.10%* 5.75%* 2.23% | 0.29 2.93 2.94 1.73 1.00 5595 | 37.34 | 1.70
Days to 1 L 2.89%* 4.71%% 6.74% 1.67 0.10 451 2.06 0.15 5241 | 51.83 | 2.68
heading c N -0.62%x -1.06% 2.01% 1.66 3.2 15.30 2.05 0.49 7850 | 7013 | 4.9
2 L 4.09%* 5.95%* 6.60%* 2.33 2.25 6.22 2.07 060 | 6396 | 5417 | 3.2
c N 7.89% 2.52% 0.45 1.51 89.33 26.13 16.05 1.85 | 68.80 | 2539 | 3.66
Plant 1 L 3.70%* 1.10 7.14%% 1.44 43.45 24.35 15.51 134 | 59.76 | 3158 | 2.75
height c N 0.9 -1.44 543% | 0.40 54.03 13.74 14.08 1.98 59.15 | 19.94 | 2.43
2 L 0.97 .73 431%% | 0.25 36.63 11628 | 2177 0.56 7556 | 6527 | 13.88
Numberof | G N 15.26%* 9.12%* 1630 | 2.80 1.79 5.98 2.78 0.55 5529 | 48.09 | 40.44
spikes) L 4 .43%% 0.81%* 7.20%% 1.23 0.29 4.07 1.11 027 | 6550 | 63.22 | 40.27
lant c N 9.59%* 6.41%% 2636%% | 3.1 1.86 1.74 3.51 1.03 27.60 | 18.00 | 12.59
P 2 L 4.09%* 5.20%% 18917 | 1.61 0.23 2.96 1.74 028 | 4698 | 4521 | 2556
Number of | Cy N 11.11%% 2.70 20.18%% | 1.36 36.19 99.02 31.79 060 | 6481 | 54.80 | 36.76
Kernels/ L 6.52%* 3.38 11.03** | 2.15 1.42 53.93 64.64 0.16 2971 | 2932 | 20.69
spike c N 10.15%* 4.99%* 17.90%x | 2.07 82.28 12656 | 48.43 0.81 63.39 | 47.84 | 33.24
2 L 3.70% -4.37% 18917 | 0.44 20.48 121.14 | 6491 0.41 5030 | 46.38 | 36.47
c N 5.44% 1.04%* 11.82%% | 1.31 0.14 0.88 0.12 0.40 7928 | 7333 | 24.13
100-kernel ! L -2.26% -8.40% 8.25% | -0.34 0.09 0.12 0.16 0.88 3472 | 2500 | 6.39
weight c N 4.12%% 2.67% 18.02** | 0.59 0.01 0.12 0.10 0.16 3950 | 39.03 | 8.18
2 L 0.90%* -4 48%x 1027 | 0.16 0.27 0.32 0.07 0.92 7588 | 53.33 | 16.72
Biological c N 11.06%* 8.52%* 1425 | a7n 24.22 43036 | 105.44 | 024 | 6791 | 66.05 | 62.44
! I% ; 1 L 9.49%* 7.21% 1400 | 4.46 70.10 317.83 | 3446 047 | 83.66 | 7535 | 57.78
V'Ie ot c N 16.17%* 3.05% 27.67%% | 1.27 36.87 101.62 | 20.87 0.60 7420 | 62.81 | 2859
pia 2 L 36.18% 29.36%* | 3834** | 6.86 22.62 11934 | 64.87 044 | 5017 | 45.83 | 34.99
] c N 6.19%* 1.38 1614 | 1.31 50.61 3271 9.66 124 | 75.02 | 4230 | 50.88
G."‘I‘:I“ 1 L 9.62%* 5.01% 10.93** | 2.19 12.27 7.96 6.57 1.24 5173 | 7535 | 58.78
V'I‘:mt/ c N 29.81% 1724 | 3148% | 278 8.49 64.40 16.54 036 | 6748 | 6331 | 77.97
P 2 L 40,69%* 30.07%% | 38.07** | 4.98 3.33 12.67 9.22 0.51 4375 | 38.67 | 3531

*p < 0.05, **p < 0.01. M.P= Heterosis over mid parents

B.P= Heterosis over better parent
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mid-parent and better parent values were observed for all studied characters in the
two crosses under both conditions, except over mid-parents for days to heading in
cross 2 under normal sowing, plant height in cross 2 under the two sowing dates and
100- kernel weight in cross 1 under late sowing and over better parent for days to
heading in cross 2 under normal sowing, plant height in cross 1 under late sowing and
cross 2 under both sowing dates, number of kernels/spike in cross 1 under both
sowing dates and cross 2 under late sowing, 100-kernel weight in cross 1 under late
sowing and in cross 2 under both sowing dates and grain yield/plant in cross 1 under
normal sowing. These results are in accordance with those found by Abd El-Rahman
(2013), Hamam (2014), Abd El-Hamid and El-Hawary (2015), El-Hawary (2016) and
Abd El-Rady (2018). Better parent heterosis values for grain yield/plant were highly
significant and positive in the two crosses, indicating that they could be considered
promising crosses in the wheat breeding program to produce hybrid wheat.

Inbreeding depression measured as reduction in performance of F> generation
relative to F: is presented in (Table 6). Results showed significant or highly significant
positive inbreeding depression values for all studied characters under both normal and
late sowing dates, except for plant height in cross 1 under normal sowing. These
results are expected because the expression of heterosis in Fi will be reduced in F.
generation due to selfing and starting homozygosity. These results are in close
agreements with those of Yadav and Singh (2011), Hamam (2014), Said (2014) and
El-Hawary (2016).

Potence ratio (Table 6) refers to over dominance in the two crosses at both
sowing dates for most studied traits, where its values exceeded unity. Meanwhile,
potence ratio values for days to heading in cross 1 under normal sowing, plant height
in cross 2 under both sowing dates, number of kernels/spike in cross 2 under late
sowing and 100-kernel weight in the two crosses under late sowing and in cross 2
under normal sowing were less than unity, indicating partial dominance for these
characters. Similar findings were obtained by Yadav and Singh (2011), Amin (2013),
Hamam (2014), Kumar et al. (2017) and Abd El-Rady (2018).

Genetic components of variance:

The components of genetic variance, additive (D) and dominance (H) gene
effects in Tables (6 ), revealed that dominance variance component was higher than
the additive one for plant height in the two crosses under normal and cross 1 under
late sowing, number of spikes/plant in cross 2 under normal sowing and grain
yield/plant in cross 1 under both sowing dates, indicating that dominance gene effect
play an important role in inheritance of these characters and selection may be

effective in later segregating generations. On the other hand, additive gene effects
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were more important in the genetic system controlling the remaining traits,
suggesting the effectiveness of selection in early segregating generations to isolate
lines characterized with high grain yield under late sowing, indicating heat stress
tolerance. Similar results were obtained by El-Aref et al. (2011), Amin (2013), Hamam
(2014), El-Hawary (2016) and Abd El-Rady (2018).

The average degree of dominance (H/D)%® given in (Table 6) was less than
unity in most traits, except days to heading in cross 1 under normal sowing, plant
height in the two crosses under normal sowing and cross 1 under late sowing, number
of spikes/plant in cross 2 under normal sowing and grain yield/plant in cross 1 under
both sowing dates. These results confirm the role of partial dominance gene effects in
controlling these characters and selection for these traits might be more effective in
early generations. Meanwhile, the remaining traits which had degree of dominance
more than unity, indicate that over dominance gene effects are controlling such traits
and selection should be delayed to later generations for improving these traits. These
results indicated that the genetic systems of these characters under the two
conditions are controlled by additive and non-additive gene effects. These results are
in accordance with those reported by Farshadfar et al. (2008), Khattab (2009), El-Aref
et al. (2011), Amin (2013), Hamam (2014), El-Hawary (2016) and Abd El-Rady
(2018).

Heritability in broad and narrow-senses and genetic advance:

Heritability estimates in broad and narrow-senses and genetic advance are
presented in (Table 6). The heritability values in broad sense were moderate to high
for all studied traits in the two crosses under both sowing dates, except number of
spikes/plant in cross 2 under normal sowing and number of kernels/ spike in cross 1
under late sowing. They ranged from 34.72 % for 100-kernel weight in cross 1 under
late sowing to 83.66% for biological yield/plant in cross 1 under late sowing,
indicating that most of the phenotypic variability was due to genetic effects and
possibility these traits could be improve through selection. The difference between h?b
and h?n indicated that the dominance was found in the genetic of these traits.
Heritability values are categorized as high (60% and above), moderate (30-60%) and
low (0-30%) as stated by Robinson et al. (1949). Narrow sense heritability values
were moderate to high in most traits, except for plant height in the two crosses under
both sowing dates, number of spikes /plant in cross 2 under normal sowing, number
of kernels/spike in cross 1 under late sowing and 100-kernel weight in cross 1 under
late sowing, indicating that these traits were greatly affected by additive and non
additive effects and there is appreciable amount of heritable variation. Meanwhile,

selection for the remaining traits which had low narrow sense heritability estimates
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will be difficult because of problem-causing environmental influence. These results are

in accordance with those reported by El-Sayed and El-Shaawawy (2006), El-Aref et al.

(2011), Amin (2013), El- Hawary (2016) and Abd El-Rady (2018).

Genetic advance as percent of mean is classified as high (>20%), moderate
(10-20%) and low (<10%) as stated by Johnson et al. (1955). Based on this, the
expected genetic advance (G.S) as percent of F> average (Table 6) was moderate to
high in the two crosses under both sowing dates, except for days to heading in the
two crosses under both sowing dates, plant height in the two crosses under normal
sowing and in cross 1 under late sowing and 100-kernel weight in cross 1 under late
sowing and cross 2 under normal sowing. This indicates the possibility of doing
selection in early generations to enhance achieving high vyielding genotypes.
Meanwhile, the remaining traits, which showed low values of expected genetic
advance, suggest the role of environmental factors and dominance gene action in
inheritance system of these traits. Similar results were reported by El-Aref et al.
(2011), Amin (2013), Hamam (2014), El-Hawary (2016) and Abd El-Rady (2018).
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