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ABSTRACT

The present investigation was conduced during 2002, 2003 and 2004 to
determine the nature and magnitude of gene action controlling the inheritance of grain
yield and its components in three yellow maize crosses: Cross 1 (TL97B-6969-28 x
TL99A-1226-4), Cross 2 (TL76B-6969-32 x TL99A-1226-4) and Cross 3 (TL99A-1225-39
x TL974-1133-81) via generation mean analysis (P,, P, F;, F:, BC; and BC;) under
favorable (20° May, D} and late (20" June, Dy) sowing dases. Significant and positive
heterotic effects over both mid- and better parents were found for most studied traits
including grain yield plant’ in the three crosses under both enviromments. Also,
s:gmf Gicant and positive inbreeding depression values were observed for all stud:ed traits
in the three crosses under both environments, except for number of rows ear” in the 2
cross at D, In general, most estimates of inbreeding depression were higher under
Javorable than under late sowing date. In the tkree crosses, most studied traits under
both environments, especially grain yield planf’ exhibited over dominance. High to
moderate heritability estimates in broad-sense were found for most studied traits in both
environments. Meanwhile, moderate fo low narrow sense heritability values were
detected. The results of scaling test (A, B and C) indicated the presence of non-allelic
gene interactions for all studied traits except number of rows ear’ in Cross 2 ai D, Both
additive and dominance gene effects were significant for most of the studied traits under
both environments. Among digenic interactions, additive x additive (i), additive x
dominance (j) and dominance x dominance () were significant for most of the studied
traits in all crosses under both environments. Gene action was found fo be duplicate for
most of the studied traits including grain yield/plant in the three studied crosses under
both environments, suggesting that reciprocal recurrent selection can be a viable
breeding strategy in such situation. The results also indicated that the gene effects for a
certain trait should be identified from the particular cross used and the targeted sowing
date for the success of the breeding program.
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INTRODUCTION

Yellow maize (Zea mays L.) is recently receiving a special attention
from maize breeders in Egypt as an important feed for poultry and domestic
animals. About six million tons of yellow maize are imported annually to
meet increasing animal consumption. Increasing yellow maize production is
possible vig vertical extension through the production of high yielding
hybrids. To achieve this goal, basic information about combining ability,
different types of gene action ... ete. in different crosses are needed for
conducting a successful breeding program. The breeding strategy should,



therefore, be based on the gene action involved in a particular cross to get a
desirable genotype.

' Generation mean analysis {GMA) is an important tool to determine
the gene action controlling grain yield and its contributing traits in order to
develop an appropriate breeding procedure. Several models have been
developed for analysis of generation means (Anderson and Kempthorne
1954; Hayman 1958, Van der Veen 1959 and Gardner and Eberhart 1966).
The magnitude of genetic variation and the relative importance of additive
and non-additive types of gene action would assist yield improvement. The
maximum progress in improving a particular character would be expected in
a selection program, when the additive gene action is the main component
of the genetic variance. Whereas, the presence of non-additive gene action
might suggest the use of cross breeding (Robertson and Reeve 1995). In this
respect, Pferr and Lamkey (1992) mentioned that dominance component
was important for ear height, number of kernels row”, 100-kernel weight
and grain yield plant”’, Moreover, Malver ef al (1996) found that dominance
variance was large for grain yield plant”, ear length and ear and plant
heights. They also obtained large dominance gene effects and small additive
gene effects for grain vield, indicating that an inter-population selection
method would be effective.

The genotype x environment interaction plays a major role for the
breeding program, since the environmental factors are usually in continuous
state of changing (El-Absawy 2000 and Nawar et al 2003)

Therefore, the main objectives of this research were to study
heterosis, inbreeding depression, potence ratio, heritability and the types of
gene action controlling in the inheritance of grain yield and its contributors
in three yellow maize crosses under favorable and late planting dates.

MATERIALS AND METHODS

The present study was conducted at the Agricultural Research
Station of Ain Shams University, Shalakan, Kalubia Governorate, Egypt,
during the three successive growing seasons of 2002, 2003 and 2004. Five
exotic yellow maize inbred lines introduced from CIMMYT namely
TL99A-1225-39 (P,), TL97B-6969-28 (P,), TL76B-6969-32 (P3), TL97A-
1133-81 (P4) and TL99A-1226-4 (Ps) were used in the present work. The
experimental material was generated from three crosses among these
parents. These crosses were P; x Ps (Cross 1), P3 x Ps (Cross 2} and Py x Py
(Cross 3). Six basic generations, viz., two parents, F) and F; and first
backcross generation with both parents (BC; and BC;), where BC; was the
cross between F; x female parent and BC, was from the cross Fy x male
parent. These six populations for each of the three crosses were evaluated in
a randomized complete blocks design with three replicates in two parallel
experiments, one sown on the 20" of May (favorable sowing date) and other
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sown on the 20" of June (late sowing date) in the same cropping season.
Each replicate was divided into three compact blocks. The crosses, each
consisting of six populations, were randomly allotted to the blocks. All the
six generations were then randomly allotted to six plots within a block. The
plots of various generations contained different number of ridges, i.e. plots
of each parent and F) consisted of three ridges, those of each backcross
generation contained eight ridges, and those of each F; contained 12 ridges.
Each ridge was 3.5 m long accommodating 12 plants spaced 25 cm apart
and the ridge to ridge distance was 70 cm. Border ridges were provided in
each block. Normal agricultural practices of maize were followed during the
growing seasons. Observations and measurements on plant height (¢cm), ear
height (cm), ear length (cm), ear diameter (cm), number of rows ear’,
number of kernels row", 100-kernel weight (g) and grain yield plant'l (g
were recorded on 20 random plants in each parent and F,, 60 plants in each
backcross generation and 80 plants in each F, generation in each replicate
and under each environment.

Standard statistical procedures were used to obtain means and
variances for each generation and each environment separately (Snedecor
and Cochran, 1980). The genetic variance in F» population was firstly
calculated. If it was significant, various genetic parameters were then
estimated. The studied genetic parameters were; heterosis expressed as the
percentage increase or decrease of the F; over the mid-parent (M.P) and
better parent (B.P) values, inbreeding depression (1.D.%) estimated as the
decrease in F; mean compared with F; mean, potence ratio (P) calculated
according to Smith (1952) and heritability in broad- and narrow-sense
computed according to Warner (1952). The significance of additive,
dominance and the three digenic epistasis effects were determined by
generation mean analysis (GMA) using the method of Hayman (1958).
Gene effects were based on a six parameters model. The population means
were calculated from the individual plant data (on a single plant basis). The
variance of the population means was used in estimating the variance of the
estimated parameters. The significance of the estimate was tested by the
standard error of each of the six parameters.

RESULTS AND DISCUSSION

The significance of mean squares for eight agronomic and yield
traits of six populations in three yellow maize crosses under two sowing
dates is presented in Table (1). The results revealed that in each cross, the
differences among the various populations were found to be highly
significant for all studied traits, indicating that the populations within each
cross were genetically different from each other for all studied traits. Also,
mean squares due to sowing date and to generations x sowing dates
interactions for all studied traits in each cross were significant, indicating
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Table 1, Mean squares for eight agronomic traits of six populations in three yellow maize crosses evaluated
at two sowing dates. '

Ear | Voo | Noof 100- Grain
8.0.v. d.f. | Plant height | Ear height | Ear length diameter rows kernel.s row kernel ield plant”
ear’ weight ¥ P
Cross 1
Replications 2 11.7 9.42 0.07 0.003 0.28 0.58 0.85 0.55
Sowing dates (D) ; 1 { 20330.48** { 8128.22** | 40.90** 0.04** 1.30** 58.75%+ 11.57** | 1896.02**
Generations (G) 5 | 6226.54** [ 1070.16** | 18.40** 0.34*%% | 697** 134.12%* 83.49%* | 5720.01**
GxD 5 660.21** 162.99** 2.844+ 0.05** 1.3]1%* 18.58%* 0.87 637.07%*
Cross 2
Replications 2 41.13 31.28 0.48 0.003 0.12 0.16 1.69 15.29
Sowing dates (D) | 1 | 34122.00** | 6479.98** | 67 13%* 0.09%* | 18.52*%% | 458.32%* 10.87** | 8415.31**
Generations (G) 5 | 3603,99** | 1418.85** 6.38** 0.94** | (.77** 107.58** 110.76*% 8250.63%*
GxD 5 239.19** 620.69** 2.73%* 0.02** | 2.99** 10.12%* 6.35%* 464.09%*
Cross
Replications 2 88.76 25.79 141 0.01 0.34%* 3.30 0.59 46.47
Sowing dates(D) | 1 ] 23317.80%* | 6714.98** | 28.09** 0.86** | 13.26** 147.26** 13.81%% | 17212.13%*
Generations (G) 5 5808.59*%* | 1761.55*% [ 34.60** 1.20%* 1.11%* 391.53*%% | 65.63*%* | 9738.50%*
GxD 5 185.34** 62.26%* 3.98%* 0.14** | 6.04** 27.71%* 14.46%* [ 943.07**

%, ** denote significant at 0.05 and 0.01 levels of probability, respectively.
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that the performance of the generations depended on the specific
environmental conditions. The means of ail generations with their standard
errors for all studied traits in the three crosses under favorable and late
sowing dates are given in Table (2). The validity of parental differences and
the existence of genetic variance within F» populations were examined.
Significant genetic variance was detected for all studied traits in the three
crosses under both environments and therefore genetic parameters were
estimated.

Investigating the degree of heterosis is important to determine
deciding the direction of a further breeding program. As presented in Table
(3), the percentages of heterosis as a deviation from both mid- and better-
parent values were significant and positive for grain yield and its attributes
in all studied crosses under both environments, with a few exceptions. As
for Cross 1, heterosis values ranged from 7.71 and 6.55% for number of
rows/ear to 98.10 and 166.05% for grain yield plant” relative to mid-parent,
while they varied from -1.41% and -4.56% for number of rows ear' to
84.18% and 141.07% relative to the better-parent under favorable and late
sowing dates, respectively. Regarding Cross 2, the heterotic effects ranged
from 2.01 and 0.64% for number of rows ear”’ to 144.79 and 120.43% for
grain yield plant” over the mid-parent, while they varied from -4.96 and -
5.69% for number of rows ear’! to 122.74 and 110.49% relative to better-
parent under the two sowing dates, respectively. Concerning Cross 3,
heterosis values ranged from 7.07 and 3.38% for number of rows ear’ to
153.58 and 97.55% relative to mid-parent, while they ranged from -1.25 and
-8.06% for number of rows ear' to 126.34 for grain yield plant”’ and
87.62% for ear height relative to the better-parent in favorable and late
sowing dates, respectively. The highest heterosis estimate was observed for
grain yield plant™ in Cross | in the late sowing date, while the lowest one
was detected for number of rows ear” in Cross 2 in late sowing date. It is
worthy to note that heterotic effect for grain yield plant! was larger in
magnitude than that for any of its major components. Also, the results
indicated that number of kernels row™ was the main contributing factor for
increasing heterosis in grain yield plant”, followed by 100-kernel weight
and number of rows ear’’ in these crosses under both favorable and late
sowing dates.

From the previous results, it can be indicated that significant positive
heterotic effects were found for most studied traits in the three crosses under
the two studied environments, suggesting that the presence of heterosis in
the studied traits might be due to significant estimates of non-additive gene
effects. Similar findings were obtained by Nawar et a/ (1998 and 2003), EI-
Shamarka (1999), Khalil (1999) and El-Absawy (2000). The significant
heterotic effects in the three crosses for most studied traits suggest that these
crosses may be valuable in breeding programs for that these crosses may
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Table 2. Mean * standard error of the six populations for eight traits in three yellow maize crosses at two sowing
dates (D, and D).

. . Cross 1 Cross 2 Cross 3
Trait Population D, D, D, D, D, D,

P, 90.05+2.87 66.37:3.01 73.8322,37 60.38+2.69 §7.03:3.10 68.4622.78

P, 77.39£2.83 53.9143.19 90.0542.61 66.3742,70 68.3342.88 51.51:2.87
Grain yield plant” (2) F, 165.85:3.08 | 160.00+320 | 200.58+2.99 139.70£2.74 196.98:2.98 | 118.5043.05
F, 116.84£2.14 115.99+2.13 139.8241.77 | 109242186 | 134.65:2.01 | 100.012.29

BC, 132.45£2.74 85.4542.54 154306234 | 117214215 | 151112249 86.35:2.49
BC, 113.282.80 )  101.43£2.41 124.3422.09 | 106.46+1.96 141.35:2.54 | 103.2442.48

P, 15.07:0.19 11.8240.22 13.59:0.15 9.5620.15 13.3820.14 9.0920.15

P, 13.1320.17 12.9340.19 15.0720.17 11.82£0.19 11.3120.12 10.43£0,15

Ear length (cm) F, 19.04£0.17 16.56£0.22 17.65:0.15 14.91:0.19 17.8240.15 17.06+0.18
e Fx 16.2420.13 15.5920.14 15.5010.12 13.35£0.14 15.6740.12 14.63:0.13

BC, 17.45:0.16 13.9840.14 14.5320.12 13.4620.15 15.9920.15 12.9140.15

BC, 16.7120.15 14.3940.16 17.1840.15 10.57£0.16 15.75+0.12 14.20+0.14

P, 3.96:0.03 3.7320.04 3.7620.03 3.53+0.03 4.0920.03 3.27:0.02

P; 3.78+0.03 3.93:0.03 3.96+0.03 3.73+0.04 3.76+0.02 3.624+0.03

Ear diameter (cm) Fi 4.51:0.03 4.4540.04 4.96+0.02 4.69:0.03 4.9620.02 4.72+0.03
F 4.1420.02 4.2640.02 4.53:0.02 4.4720.02 4.5120.02 4.33:0.02

BC, 4.26+0.03 3.98+0.03 4.65+0.03 4.55:0.03 4.6220.03 4.16+0.03

BC, 4.19:0.03 4.110.03 3.97:0.02 4.3620.02 4.6040.03 4.40+0.03

P, 13.59+0.16 1335:0.21 15.7420.15 11.670.13 14.1820.15 16.1420.19

P, 16.360.18 16.87:0.18 13.5920.12 13.3520.18 16.7940.13 12.5740.14

¢ 1 F, 16.13+0.17 16.1040.18 14.96£0.16 12.5940.18 16.5810.17 14.8410.15

No. of rows ear F; 15.5320.11 15.2540.12 13.4520.09 12.4320.12 15.4620.13 15.1740.14
BC, 15.1120.13 14.0920.15 12.8820.11 12.61£0.13 15.8920.16 15.46:0.16

BC, 16.29+0.15 15.0720.14 13.82:40.10 12.1840.11 16.27:0.14 14.71:0.13
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Table 2. Cont.

. . Cross 1 Cross 2 Cross 3
Trait Population D, D, D, D, D, D,
Py 28.79+0.53 24.30+0.66 26.37+0.48 21.95+0.48 23.08+0.57 21.96+0.45
P, 25.33£0.64 19.5440.72 28.79+0.50 24.30+0.59 18.90+0.44 17.53£0.39
No. of kernels row F, 42.42+0.67 37.23+0.69 41.79+0.44 34.15+0.59 42.85+0.52 38.50+0.48
F, 33.37+0.38 31.69+0.41 34.13+0.29 27.44+0.39 36.10+0.35 31.09+£0.37
BC, 34.21+0.46 30.19+0.44 36.3420.33 28.50+0.38 37.19+0.42 28.59+0.38
BC, 31.44+0.47 29.28%0.50 34,32+0.35 24.92+0.43 36.49+0.39 31.43+0.40
P, 25.96+0.25 24,79+0.32 22.57+0.24 26.73x0.27 22.6920.28 16.31+0.18
P 18.49+0.19 17.98+0.29 25.96+0.23 24.79+0.25 24.38+0.24 25.534£0.25
100-kernel weight F, 28.85+0.21 27.57+0.27 34.99+0.30 36.69x0.32 29.1620.22 29.60+0.22
(® F» 25.51+0.25 25.03+0.29 30.30+£0.25 33.35+0.26 24.21+0.20 24.39+0.20
BC, 26.41+0.31 26.59+0.33 31.72+0.30 30.69+0.33 26.46+0.22 22.69+0.21
BC, 22.72+0.26 20.18+0.27 28.45+0.26 31.93+0.28 26.68+0.24 27.63+0,25
P, 220.15%1.36 | 168.55+1.53 | 214.01%1.18 | 150.02+£1.32 ( 216.75¢1.17 | 172.59+0.99
Py 208.58+1.73 | 201.13+2.26 | 220.15+1.23 | 168.55£1.37 | 201.90+093 | 146.91+1.23
Plant height (cm) Fy 310.71£1.51 | 246.1322.12 | 288.38+1.43 | 216.51+1.92 | 291.58+1.16 | 226.73£1.89
Fa 277.65+1.35 | 234.23x1.43 | 253.01£1.03 | 200.68x1.19 | 261.59+1.09 | 208.59+1.24
BC, 281.49+1.56 | 223.76x£1.55 | 251.12+1.25 | 197.16+1.31 | 265.65%£1.27 | 215.12+1.36
BC, 272.08+1.60 | 211.68+£1.77 | 258.21%1.39 | 185.84+1.45 | 254.60+1.41 ) 206.73+1.28
P, 87.60x1.46 62.08+1.34 101.95+1.03 58.21%1.15 90.78+1.16 65.19+1.08
P, 82.25+1.59 66.88+1.65 87.60+1.32 62.08+1.21 81.62+1.26 49.77+0.71
Ear helght (cm) F, 125.10+£1.49 | 90.19+1.11 133.47+1.42 | 104.72+1.24 | 131.52%1.38 | 93.38+1.49
. F 113.68+1.14 82.95+1.06 118.9520.74 | 93.14+0.72 111.35+£0.90 | 87.87+1.01
BC, 118.41+1.21 71.77£1.07 103.97+0.95 | 98.83+0.81 112.28+098 | 91.28+1.07
BC, 108.25+1.42 | 81.11+1.26 130.37+0.91 76.10+0.75 106, 70+1.09 | 82.88+1.19
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be valuable in breeding programs for improving grain yield and its
components. It is of interest to note that the magnitudes of heterosis were
found to be different under favorable and late sowing dates. Therefore, the
test of potential of parents for the expression of heterosis would be
necessary conduced over a number of environments. Hence, the genetic
diversity alone would not guarantee the expression of heterosis, but the
suitability of the environmental conditions would be required.

Information on inbreeding depression is useful to test potentiality of
F» seeds. The heterotic expression should be reduced in the F; generation as
the dominance or dominance x dominance interaction effects dissipate due
to reduced heterozygosity resulting from inbreeding (Falconer 1960).
Significant inbreeding depression values were detected for most studied
traits in the three crosses under the two sowing dates (Table 3). This result
indicates that both heterosis and inbreeding depression are coincident to the
same particular phenomenon; hence it is logic to anticipate that heterosis in
the F; will be followed by an appreciable reduction in the F; performance.
Similar trend was reported by Nawar et @/ (2003), El-Shamarka (1999),
Khalil (1999) and El-Absawy (2000).

Concerning the average degree of dominance (Table 4), it was
greater than unity for all studied traits in the three crosses in the two sowing
environments with few exceptions, suggesting that over-dominance was
involved in the control of these traits. Consequently, over-dominance effects
were responsible for heterotic effects of those traits in the three studied
crosses. Similar results were mentioned by Nawar et af (2003) and Younis
et al (1994) for grain yield plant”. Moreover, El-Shamarka (1999), Khalil
(1999) and El-Absawy (2000) found over dominance for grain yield and its
attributes. On the contrary, Nawar et o/ (1996) found partial dominance for
grain yield plant™.

As shown in Table (4), the scaling test (A, B and C) for eight studied
traits revealed that at least one of the non-allelic interactions was significant
for all the studied traits in the three crosses under both environments, except
for number of rows/ ear in the 2" cross under late sowing.

These results indicated that the additive-dominance model is not
enough to explain the genetic variation of all studied traits in these crosses
under such conditions. Therefore, the six genetic parameters model have to
be used in order to assess the digenic epistatic effects, which control the
traits under study.

The choice of the most efficient breeding procedures depends to a
large extent on the knowledge of the genetic system controlling the
characters to be selected. Therefore, nature of gene action was estimated for
all studied traits in both environments according to Hayman (1958).
Estimates of the various types of gene effects, i.e. mean (m), additive (d),
dominance (h), additive x additive (i), additive x dominance (j) and
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Table 3. Heterosis, inbreeding depression and potency ratio for eight traits in three yellow maize crosses at two
sowing dates (D; and D,).

Heterosis %

. Lo .
Trait Cross Mid-parent Better-parent Inbreeding depression % Potence ratio
D, D; D, D; D; D, D D,
98.10** ( 166.05** | 84.18** | 141.07** | 29.55** 27.51%* 12,58 16.03
Grain yield/plant (g) 144.79%* | 120.43** | 122,74%* | 110.49** |  30.29** 21.80** 14.63 25.48
153.58** | 97.55** | 126.34** | 73.09** 31.64** 15.60** 12.76 6.90
35.04%* | 33.82* | 26.34** | 28.07** 14.71** 5.86** 5.09 7.54
Ear length (cm) 23.17** | 39.48%* | 17.02** | 26.14** 12.18** 10.46*%* 4.49 3.74
44.35** | 74.80** | 33.18** | 63.52** 12.07%* 14,24** 5.29 10.90
16.54** | 16.19** | 13.89** | 13.23%* 8.20*~ 4,27%* 7.11 6.20
Ear diameter (cm) 28.50%* | 29.20%* | 25.25** | 25.74** 8.67* 4.69** 11.00 10.60
26.37** | 37.01** [ 21.27** | 30.39** 9.07** 8.26** 6.27 7.29
T.T1** 6.55%* -1.41 -4.56** 6.72%+ §,28%* 0.33 0.56
No. of rows ear’ 2.01 0.64 -4.96** | .569** 10.09** 1.27 -0.65 0.10
707** 3.38 -1.25 -8.06** 6.76** -2.22 0.84 0.27

56.76** | 69.85** | 47.34*% | 53.21** 21.33%* 14.88** 8.88 6.43
51.52%* | 47.68** | 45.16%* | 40.54** 18.33%* 19.65** 11.74 9.38
104.15*%* | 94,99** | BS.66%* | 75.32%* 15.75%* 19,25** 10.46 8.47

No. of kernels row”

Wi b v Pl B el D i (G D b ) b b (G D e (G b o L D e

29.81** [ 28.92** | 11.13** | 11.21** 11.58%* 9.21%* 1.77 1.82
100-kernel weight (g) 44.20%* | 42.43** | 34.78*% | 37.26** 13.40** 9,10** 6.33 11,27
23.90** | 41.49** | 19.61** | 15.94** 16.98** 17.60** 6.66 1.88
44.94%* | 33.16** | 48.96"* | 46.03** 10.64** 4.84* 16.65 3.76
Plant height (cm) 32.85%% [ 35.93*% | 34.75% | 4.2 12.27%* T3+ 23.23 6.18
36.05%* | 41.93** | 37.60** | 8333+ 10.29** 8.00** 31.B6 5.22
47.31** | 39.87** | 52.10*% | 45.28** 9.13%* 8.03** 15.02 10.71
Ear height (cm) 40.83%* [ 74.11** | 52.36** | 79.90** 10.88** 11.06** 539 23.04
52.58** | 62.46** | 61.14** | 87.62** 15344+ 5.90** 9.90 4.66

*, **denote significant at 0.05 and 0.01 levels of probability, respectively.
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Table 4. Estimates of gene effecis for eight studied traits in three yellow maize crosses at two sowing dates (D and D;).

. . Scaling test I . . \

Trait Cross | Sowing date ”™,"T T C m d h i i I Type of epistasis
1 D, T 1 [ 1684t | 1907 [ 106.23%% | 24.10° | 1284 | -1642 D
D, oo | o | ¢ | 115.99% | -1598* | 966 |-9020%% | -22219% | 156.72¢¢ c
_ ] ) o | o | o | 13982+ | 2996+ | 11664% | 200 | 2185+ | 976 c
Grain yield plant’ (@) | D, oo | o | e | 109244 | 1075% | se71es | 1038 | 776 | -51.57% D
3 D, se | on | o | 13465%x | 976%% | 165.62% | 4632% | 041 | -81.92¢+ D
D, o | oo ) s ] 100.01% | -16.89%% | 37.66% | -20.86% | -2537%% | -1.35 D
1 D, v | % | 1624% | 074% [ 830% | 336°F | 023 | -5.40% D
Ear leagth (cm) D, |- | e ] 1ss9ee | oars | craas | se2es | 0as | 675w D
2 D, or | w | wn | 15500 | g5en | a7ave | 142 | -339% | 088 D
D, o | ae | e | 13350 | 289ee | 112 | -534%% | L6 | B4ges D
3 D, e 4o | o | 1567% | 024 | 628* | 080 | -080 | -3.95% D
D, S| e | ee | o1ag3ee | 129% | 300 | 430% | 062 | 3.72% c
i D, T T e | 414%™ | 007 | 098 | 034* | 002 | -048* D
D, er | o | ae | 4260 | w0130 | 024 | -086* | -003 | 124%e D
Ear diameter (cm) 2 D, oo | oo | we | 4530 | ogger | 022 | -088%e | o0s8es | 128+ C
D, oo | o | oo | aazer | 0n9se | 100 | 006 | 009 | -Lizee D
3 D, o bon | o | asiee | 002 | ra4v | 040% | 015 | -107e D
D, e | we | se ] q33e¢ | 024e | ros+ | 020 | 007 | -059%e D
1 D, - | - 1445 | 004 | -0.11 | 040 | 014 | 625 D
D, er | e | o | 1525%% | po8es | _169% | -2.68% | 078 | 6.78% D
No. of rows car 2 D, oo | s | w0 | 13458+ | 0ogs | 100 | 040 | o013 | 423+ D
- D, | - | 126 | o | 082 | — - —— .
3 D, oo | o« e | 154600 | 038 | 358+ | 248+ | 093+ | -267* D
D, S| ae | e | asaree | 075 | 0as | 034 | -roar | 161¢ c
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Table 4. Cont.

. . Scaling test 1 . . o

Trait Cross | Sowing date AlB|C m D h i ] 1 Type of epistasis
1 D, = Dww [a Taagper | 2.77%+ | 1308 | 2,18 104 9.84%+ c
D, - | - ] L 3eery | 091 7.49% | 7824 | -147 7.18% C
-1 2 D, e | - ] 34034 | 2025 | 19.01* | 4.80** | 0.8] 7.38%* D
No. of kernels row D, S e | e (27440 388+ [ 8114 292|241 10.63+* c
3 D, ax | ww | oww | 36000 | 070 24.82+* | 2.96 -1.39 22644+ C
D, wr | oww | L] 31,094 | 2.84%% | 14.44%% | 432* | -5.06** | 0.77 C
1 D, w+ Dwa b T 2551%% | 3.69* [2.85 |[-3.78+ |-005 7.67+* C
D, -] - 1 2503% | 641*+ | 040 [ 658 | 3.01%* | 10.95** D
. 2 D, ok - » | 39.30%% | 3,27%* 987+ | .0.86 1.58 097 D
100-kernel weight (g) D, -] - ] %% 3335 | cL24% | 277 a6+ 1027 7.82%+ C
3 Dy - e | 2421 | 022 15.07+* | 9.44** | 0.63 -10.33++ D
D, = | wv |+ [ 2439% | 4.94%+ | 14.76** | 3.08% | -3.33%+ | B8+ D
1 D, #e [ [ 2o 277.65%% | 9.41%* | 92.89** | -3.46 3.63 53.53% D
D, av [ ww | aw | 2342300 | 12.08%% | 475 | -66.04%* | 2837+ | 57,10+ D
; 2 D, - b | - | 253.01% | 2709+ | 77.92** | 6.62 -10.16%* | -14.36 D
Plant height (cm) D, so |1 oae ] 20068 | 1132 | 20.51%* | -36.72%* | 20.59%+ | 22.31* C
k] D, #a | xw [ wa | 36) Sgwn | [].05%* | 76.40%* | _5.86 3.63 3283+ D
D, ke | wn | 4w ) 208.50%% | 8.3g%* | 76.32** | 9.34 -4.45 -80.08** D
1 B s [Tax [ ae 1113.68% | 10.16** | 38.78** | -1.40 7.49 3181%* D
D, er | L | 4w | g205ex | B934k | 033 | -2604** | -6.94 29.62%+ D
Ear height (cm) 2 D, s | wh || {18.95%% | 26,40%% | 31.58% | _T.12 -19.23** | .5.07 D
D, we [ oww | oan | g3 gque | 22.73%% | 21.88%% | -22.70%* | 20.80** | 2.57 D
3 D, =] - | % 110.35%+ | 5.58%x | 3T8RA | 744 1.00 4.92 D
D, s | wx | wx | grgyee | S0+ | 32.74% | -3.16 0.69 -43.44** D

* and ** denote significance at 0.05 and 0.01 levels of probability, respectively.
Where: m=the mean of F, generation, d=Additive effect, h=Dominance effect, i=Additive x additive, j= Additive x dominance and
I= Dominance x dominance type of gene interaction. C=Complementary and D= Duplicate
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dominance x dominance (1) from generation mean analysis for the studied
traits in all crosses under the two sowing dates are presented in Table (4).
The results showed that additive gene effects appeared to be important in the
inheritance of ear diameter, number of kernels row" and grain yield plant"
in the 2™ cross, 100-kernel weight and plant height in the 1% cross and for
plant and ear heights in the 3" cross in both sowing dates. This result
indicates that the traits which exhibited significant estimates of additive
gene effects would give the potential for obtaining further improvement via
selection. Significant positive dominance effects were detected for all
studied traits except for number of rows ear”' in the 1™ and 2™ crosses in
both sowing dates and in 3% cross at D,, plant and ear heights, ear length,
ear diameter, 100-kenel weight and grain yield plant™ in the 1* cross at D;,
ear length and 100-kernel weight in the 2% cross at D; and ear diameter in
the 1* cross at D) where insignificant or significant negative effects were
obtained. This suggests that dominance gene effects had a significant
contribution to the inheritance of these traits in all the studied crosses under
such environmental conditions. With regard to the types of digenic epistatic
effects, the significant positive additive x additive gene effects (i) were
exhibited for grain yield plant™ and ear diameter in the 1* and 3™ crosses at
Dy, 100-kernel weight in the 3™ cross in both environments and for ear
length in the 1% cross, number of rows ear” in the 3" cross and number of
kernels row” in the 2™ cross at D;. Significant positive additive x
dominance gene effects (j) were obtained for plant height in the 1* and 2™
crosses and <¢ar height and ear length in 2™ cross at D, ear diameter and
grain yield plant” in the 2™ ¢ross and 100-kernel weight in the 1% cross at
Ds.

Significant positive dominance x dominance type of epistatic effect
(1) was detected for all studied traits in the 1¥ cross and plant height in the
2™ cross at D, ear length in the 2™ and 3™ crosses at Dy, ear diameter in the
2" cross and number of rows ear”’ in the 1% and 2" crosses at D, number of
kernels row! in the 1* and 3" crosses at D; and in the 1* cross at D; as well
as 100-kernel weight in the 1% cross at D, and in the 2™ cross at D;.

In the present study, both additive and dominance components were
significant for most of the traits studied but dominance was greater in
magnitude for most of the cases in the three crosses under both sowing
dates, indicating preponderance of dominance gene effects in the expression
of these traits under such environmental conditions. Similar results in maize
have been reported by Gamble (1962), Kalla et al (2001), Atanaw ef al
(2003) and El-Shouny ef al (2005). It is thus quite obvious that cross
breeding can be a better strategy for maize improvement. Recurrent
selection can also be useful in the sense that it will exploit both additive and
non-additive components for bringing about improvement of grain yield and
its attributes. Such strategy will help in increasing the frequency of
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favorable alleles, while maintaining the genetic variation in breeding
populations (Doerksen et al 2003).

Epistatic effects detected for all traits in both environments have
considered as a result of unique combinations of genes in specific crosses,
which may contribute to increased heterosis in elite single crosses (Lamkey
et al 1995). This result partially agreed with those obtained by Nawar er al
(1992) who mentioned that the dominance and epistasis (additive x additive)
gene effects were more important in the inheritance of grain yield plant™.
The present results suggest that the inheritance of grain yicld and its
attributes did not differ in favorable and late sowing dates. Obviously, there
are detrimenta] effects of the late sowing environment, mainly for grain
yield, which cause the estimates of the genetic effects to be lower in late
than in favorable sowing date.

From the abovementioned results it could be concluded that the
dominance and/or epistasis are responsible for heterosis in the three studied
crosses under both environments. Similar results were obtained by Gamble
(1962), Galal er al (1987), Nawar et al (1998) and Khalil (1999).
Furthermore, the magnitude and signs of genetic effects also differed
depending on the sowing date.

In general, the relative magnitude of any significant gene effect
determines its importance in the inheritance of a certain trait. The perusal of
data indicated that the dominance gene effects were much more important
followed by additive gene effects and then the three digenic epistatic effects
for most of the studied traits in the two sowing dates. Non-additive gene
effects were more important in the inheritance of some traits than the
additive ones and the observed heterosis was mainly due to dominance and
dominance X dominance types of gene action. Similar results were obtained
by Abd El-Sattar et af (1999), El-Shamarka (1999), El-Absawy (2000),
Nawar et al (2002 and 2003) and Amer and Mosa (2004). It is noteworthy
that the opposite sign of (h) and (1) for most studied traits in the three
crosses in both sowing dates suggested duplicate type of epistasis, which
would limit the range of variability as thus slow down the pace of progress
via selection. Therefore, cross breeding (hybrids) would be advantageous.
Furthermore, it is of interest to mention that the estimation of different types
of gene action would be significant under a certain sowing date for a certain
trait in the same cross. These observations would indicate that the
evaluation of different types of gene action should be conducted over a
number of environmental conditions, because of the fluctuation in
estimation of different types of gene action from sowing date to another,
Moreover, the results indicated that the magnitude and sign of genetic
effects also differed depending on the trait, the cross and the sowing date.

Heritability estimates in the broad- and narrow-sense for the studied
traits in the three crosses in the two sowing dates are given in Table (5). The
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Table 5. Heritability estimates (%) in broad- and narrow-sense for eight traits
of three yellow maize crosses at two sowing dates (D, and D;).

Heritability
Trait Broad-sense Narrow-sense
D, | D, D, | D,

Cross 1
1. Grain yield plant'l (g) 70.71 62.67 31.18 39.05
2. Ear length (cm) 74,24 58.33 62.46 56.77
3. Ear diameter (cm) 73.32 62.03 2726 31.87
4. No. of rows ear’ 62.81 59.65 40.15 27.97
5, No. of kernels row™ 57.41 51.84 50.24 42.99
6. 100-kernel weight (g) 88.51 83.15 64.47 70.64
7. Plant height (cm) 80.26 65.37 62.17 38.08
8. Ear height (cm) 73.50 73.40 66.37 35.94

Cross 2
1. Grain yield plant” (g) 70.68 63.71 43.01 33.79
2, Ear length (cm) 7834 69.98 68.71 27.77
3. Ear diameter (cm) 78.95 67.20 34.95 41.78
4, No. of rows ear” 68.04 63.27 66.84 51.90
5. No. of kernels row™ 67.16 66.14 61.89 55.83
6. 100-kernel weight (g) 85.77 83.16 71.95 59.44
7. Plant height (cm) 80.03 67.71 37.81 42,93
8. Ear height (cm) 62.68 52.32 42,79 41.71

Cross 3
1. Grain yield plant" (g) 68.54 70.34 37.20 42.05
2. Ear length (cm) 80.89 72.01 72.53 39.15
3. Ear diameter (cm) §2.66 71.38 5177 24.17
4. No. of rows ear’. 80.12 76.81 65.43 54.84
5. No. of kernels row-1 68.35 73.43 60.72 54.07
6. 100-kernel weight (g) 80.11 87.48 61.40 55.29
7. Plant height (cm) 85.24 72.16 42.55 46.32
8. Ear height (cm) 70.20 73.43 61.84 30.67

results indicated that the differences in magnitude of both broad- and
narrow-sense heritability estimates were found for most of the studied traits
in the three crosses in both environments. This would ascertain the
important role of both additive and non-additive genetic variances in the
inheritance of these traits in both environments. As for Cross 1, moderate to
high heritability estimates in the broad-sense were found for all studied
traits which ranged from 57.41 and 51.84% for number of kernels row’' to
88.51 and 83.15% for 100-kernel weight in favorable and late sowing dates,
respectively. With regard to Cross 2, the broad-sense heritability values
varied from 62.68 and 52.32% for ear height to 85.77 and 83.16% for 100-
kernel weight under the two sowing dates, respectively. With regard to
Cross 3, the heritability values in the broad-sense ranged from 68.35% for
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number of kernels row™ to 85.24% for plant height at D, and from 70.34%
for grain yield plant’! to 87.48% for 100-kernel weight at D;. Moreover, low
to moderate heritability estimates in the narrow-sense were detected for the
three crosses in both sowing dates. These estimates for Cross 1 ranged from
27.26% for ear diameter to 66.37% for ear height at Dy and from 27.97% for
number of rows ear”! to 70.64% for 100-kernel weight at D,.

Concemning Cross 2, the values varied from 34.95% for ear diameter
to 71.95% for 100-kernel weight at D, and from 27.77% for ear length to
59.44% for 100-kernel weight at D,. Reparding Cross 3, the heritability
estimates ranged from 37.20% for grain yield plant' to 72.53% for ear
length at Dy and from 34.17% for ear diameter to 55.29% for 100-kernel
weight at D,. It is worthy to mention that the magnitude of heritability
percentages appeared to be affected by the nature of the measurement, the
cross and the magnitude of the environmental variation. These findings
confirm more or less those previously reported by Nawar ef af (1992),
Younis et al (1994), El-Shamarka (1999), Khalil (1999) and El-Shouny et a/
(2005). From a breeder's point of view, the heritability estimates from both
sowing dates showed that Cross 2 and Cross 3 have the greatest chance of
genetic improvement in ear length, ear diameter, number of rows ear’,
number of kernels row! and plant height, while Cross 1 has the greatest
chance of increase in 100-kernel weight, ear height and grain yield plant™.
These results showed the importance of gene effects for the improvement of
a certain trait was dependent upon the particular cross and sowing date.
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