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ABSTRACT 

The nature of gene action for yield and its components was sludied in four 
populations of while maize (Zea mays L). Six populations (PI, P2, FI , F2, BC I and 
Be,) 01 four promising crosses among five inbred lines for each cross were evaluated 
for silking date, plant height, ear height, number of kernels/row, number of rows/ear, 
ear length, ear diameter and grain yield/plant through tINO successive seasons. These 
crosses were Sd·7)( Sd·34, Sd·7)( l·7041, Gz·628 x L·8084 and L·7041 x L·8084 . 
The results obtained revealed the presence of highly signIficant differences among 
crosses as well as poputations within-- each cross with respect 10 all ttle studied traits. 
Furthermore, crosses and populations ' within crosses interacted signiflcantly with 
years for all the stvdied traits. This finding .detected that these crosses and their 
populations gave different performances in different years fOf the sludied traits. In 
addition, the results showed that the non·additive genetic variance including 
dominance play the major role in the genetic expression of lhese traits. Also, the 
results indicated that most of the studied traIts were signifICantly influenced by one or 
mote types of epistatic gene effect, which included additive x addilive (aa), dominance 
x dominance (dd) and additive )( dominance (ad) gene effects as appeared in the lour 
crosses for yield and other trails, indicating the role of non-allelic interaction in the 
genetic expression or studied traits. From the previous results, it could be concluded 
that the production of hybrids Is the best breeding program for the improvement 01 
maize with respect to the studied traits. 

INTRODUCTION 

Information about the relative importance of additive and non-additive 
gene action would help in selecting suitable breeding program. Selection 
program leads to maximum progress in improving a trait when the additive 
gene action is the main component. Heterosis effects in F I hybrids may 
exploited by choosing parental lines in which the non·additive (dominance 
and epistasis) effects are more important in the inheritance of the characters. 
Also, where both additive and non-additive gene action are important, it is 
advisable to adapt recurrent selecllon for handling such population . In this 
respect, Reddy and Agrawal (1992), Ochieng and Compton (1994), Abd EI· 
Maksoud (1997). Arner et al. (1997), Gatat 8t al. (2002) and Arner et af. 
(2003) reported that non-additive genetic variance plays the majOf role in the 
inheritance of most studied tralts. While, Choukan (1999) and EI·Shouny €It 
al. (2003), reported that both additive and non-additive genetic variances 
involved in Ihe inheritance of silking date, plant height, ear height, ear length, 
no. of kernelsJrow and grain yield per plant. On the other hand, Oaune and 
Hanauer (1997) indicated thaI the €;listatic gene effects (additive x additive, 



Abd EI·Maksoud, ",. M . • t a/. 

dominance x dominance and additive x dominance) gene effects contributed 
in the genetic expression of plant height, ear height, silking date, no. of 
kernels/row, ear length and ear diameter. Thus, this study was conducted to 
oblain further information r elated 10 the nature of gene action for yield and 
some olher traits in maize. 

MATERIALS AND METHODS 

The genetic materials used in this inveshgation included five 
genetically divergent inbred lines namely Sids-7 , Sids-34, Giza-628, inbred 
line-7041/6-6 and inbred line-80B4. These inbred lines were provided by 
Maize Research Section, Sakha Agric. Res. Slation. During the season of 
1998, these llnes were sown and all possible combination excluded reciprocal 
were made by hand crossing among them to obtain ten F, hybrids. During the 
season of 1999, the parental lines and their F, hybrids were split sown al the 
Farm of Sakha Agricultural Research Station for preliminary evaluation . Four 
crosseS were chosen aocording to their behavior in some vegetalive and 
earliness traits. These chosen crosses were as follows : 
Sd·7 x Sd·34. Sd7 x L·7041. Gz·628 x L·8084 and L·7041x L-8084. 

During the summer season of 2000, seeds of these crosses and their 
parental lines were split sown. At the flowering time, 8ach F, plants were 
back crossed t a I heir respective parents to produce the first (BC,) and the 
second (BCll backcrosses. In the same time, the crosses bet'ween these 
lines were done again in the same manner 10 produce more F, seeds. Also, 
the ,..., plants and their parental lines were self pollinated to produce F 2 

~o;'I('ef3 tlon seeds and increasing seeds from each line. 
During 2001 and 2002 summer seasons, the obtained seeds of six 

generations (P" P2, Flo F2, BC, and BC2) for four crosses were evalualed 
using a split plot design with four replicatk>ns. Each block/replicate conSisted 
of four main p lOIS which I ncluded the four crosses . Each maIn plot divided 
into six sub-plols, which included sIx generalioos of each cross . The sub-plot 
size was three rows for each parental line as well as each F I hybrids, four 
rows for each backcross and six rows for each F, generation. All rows were 
six m. long, 80 em apart with spacing 25 cm bet'ween hills to obtain 
populallon density of 21 .000 plants per feddan . All cultural practices were 
applied as recommended for maize cultivation . Data were recorded on 
guarded ind;viduat plants for following traits: sllking date (days), plant height 
(em), ear height (em), no. of kernelsJrow, no. of rows/ear, ear length (em), ear 
diameter (em) and grain yield/plant (gram). 

Analysis of variance according to split plOI design for the studied 
traits was made to detect the significance of the observed difference among 
and within crosses (Singh and Narayanan, 2000). The scaling test which 
includes the three parameters (A. B and C) were determined according 10 the 
formulae ouUined by (Mather and Jinks, 1982) for lesting deviations of 
segregation from the additive and dominance model of gene effects . Then, 
the standard errors of A. Band C was worked out by taking the square rool of 
corresponding variances and -r values were calculated by dividing the effects 
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of A, Band C by their respective standard error, The calculated -r values of 
these three tests were compared against tabulated values of "t" at 5% and 
1% levels of significance. The significance of anyone of these scales is taken 
to indicate the presence of non-allelic interaction. Therefore, the six 
parameters model is used to estimate various types of gene effects . White, if 
the t - test is insignificant differed from zero, the additive-dominance gene 
effect is adequate to interpret the nature of gene action. Six parameter 
models are m, a, d, aa, ad and dd, these stand for mean effects, additive, 
dominance, additive x additive, additive x dominance and dominance x 
dominance gene effects, respectively. These genetic components, variance, 
standard error and calculated -r values were estimated according to Gamble 
(1962). In the absence of non-aHelic interaction, the additive-dominance 
model is adequate. Thus, m, a and d were estimated aCCOfding 10 Jinks and 
Jones (1958). Significance of the genetic effects is tested in a similar manner 
as done in case of scaling test. 

RESULTS AND DISCUSSION 

The results of the analysis of variance and the mean squares of yield 
and other traits of crosses and their populations in 2001 , 2002 and their 
combined data are presented in Table 1. The obtained results indicated the 
presence of highly significant differences among crosses for all the studied 
traits in the two years and their combined. Also, the results revealed that the 
populations within each cross exhibited highly significant differences for the 
studied four crosses. This Significant variation suggested the existence of 
some sort of genetic variabilities between the used parental lines which might 
reflect their difference in the genetic background. Therefore. the comparisons 
between genotypic means are valid and the partition of this genotypiC 
variance to Its components could be made. On the other hand, the crosses 
and populations within crosses interacted significantly with years f or a \I the 
studied traits . Also , populations within each CfOSS interacted significantly with 
years in the cases of t"', 3<d and 4111 crosses for silking date; 3/'t1 and 41l'1 
crosses for plant height and ear height; four crosses for no. of kernels/row 
and ear length; 2nd

. and 4111 crosses for no, of rows/ear; 3td cross for ear 
diameter and ,'t, 3rc1 and 4th crosses for grain yield/plant. These results 
refered that these crosses and their populallons behaved differently in 
different environmental conditions. Numerous authers reported that the 
genotypes and their partitions (lines and crosses) differed in their 
perrormance from one year or location to another, among them, Jay and 
Hallauer (1997) for grain yield; and Arner (2002) fOf' silking date, plant height, 
ear height and grain yield; Galar at a/. (2002) for sllking date, plant height and 
ear height and Amer at al. (2003) and Mosa (2003) for grain yietd, no. of 
kemels/row, no, of rows/ear and ear diameter. 
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The six populations means and their standard error of the studied crosses for 
yield and other traits were calculated and the obtained results are shown in 
Table 2. The means showed that the inbred line Sd-7 was the highest parent 
for no. of kernels/row (27.76), while, this inbred was the lowest parent for no. 
of rows/ear (10.51). The parental line L-7041 was the earliest parent for 
silking date (69.46 days) and it was highest parent for no. of rows/ear (13.04). 
The inbred line Sd-34 was the highest parent for plant height (212.13 cm). 
ear height (110.58 cm), ear length (15.44 cm). ear diameler (3.98 cm) and 
grain yield/plant (87.02 gram), but the inbred line L-8084 appeared to be the 
shorter parent for plant height (138.32 cm) and ear helght"(76.31 cm). All F\ 
hybrids appeared to be earlier than their earliest parent in the two years and 
combined. Also, all F\ hybrids showed superiority over their highest parent 
for plant height, ear height, no. of kernels/row, no. of rows/ear, ear length, 
ear diameter and grain yield/plant in the two years and their combined 
data. Generally, the results showed that the 3nJ cross was the earliest 
hybrid (64.78 days) while, the 41h cross was the latest hybrid (66.28 days). 
On the other hand, the 2nd, 2nd , 151

, 3'd, 1S1
, 3'd and (1 S1 and 2nd ) crosses 

were the highest crosses for plant height, ear height, no. of kernels/row, 
no. of rows/ear, ear length, ear diameter and grain yield/plant. The results 
also showed that the F2 generations of the four crosses in the two years and 
their combined appeared to be later than their Fl hybrids for silking date. 
Furthermore, the F2 generation of the four crosses in the two years and 
combined were less than the corresponding values of F \ hybrids for the 
remain traits. These results reflect the presence of heterotic effect and the 
non-additive genetic variance plays the major role in the inheritance of these 
traits with respect to these crosses. The obtained results revealed that the 
backcrosses means of most studied crosses strongly tended to be toward the 
respective recurrent parents in most of the studied traits, reflecting the role of 
additive and epistatic gene effects. 

The results of scaling tests (A, B and C) for yield and other traits in 
each year in addition to their combined data are presented in Table 3. The 
values of scaling tests insignificantly differed from zero for the 1 Sl cross for 
ear length in each year and their combined and 3m cross for plant height in 
the growing season 2001. Thus, the additive-dominance model is adequate 
to interpret gene effects in these crosses. While, the six parameter model is 
valid to explain the nature of gene action for the other crosses with respect to 
these traits. Therefore, the gene effects using the populations means of the 
four crosses for yield and othe. traits in the two years as well as their 
combined are presented in Table 4. The results showed that the estimates of 
mean effects parameter (m), which reflects the contribution due to the overall 
mean (additive) plus the locus effects (dominance) fOL!nd to be highly 
significant for aU the studied traits in both years and their combined. In 
general, the crosses exhibited different magnitude and sign 0 f gene a clion 
types with different years. Therefore, it could be more accurate, concentrating 
on the results obtained from the combined data over all both years. The 
results showed that the estimates of additive gene effects (a) values were 
negatively or positively significant for most of the studied crosses. 
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Table 2: Mean performances and standard errors of populations w ithin each cross for y ield a nd 0 ther traits I n 
2001.2002 and their combined data 
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While. the dominance gene effects (d) were highly signifK;anl and larger in 
magnitude than the corresponding values of a ddilive effects (a) In the four 
Closses. This suggests thai the major role of dominance gene aclion in the 
inheritance of these traits With respect to the four crosses and the higher 
frequency of dominance genes in the parental lines, wh ich involved in these 
crosses for these traits. This facl may explain the presence of helerobililosis 
in these crosses and reduction of Fl generations than their Fl hybrids mean 
in these crosses with respect to these traits. These results are in accordance 
with what reported by Nawar (1985) and Reddy and Agrawal (1992), who 
found that the non·additive induding dominance genetic effects had an 
important role in the inheritance of silking date; Ochieng and Compton (1994) 
and MaNar at ai. (1996) for grain yietd; Mousa (1997) for no. of grains/row; 
Geetha and Jayaraman (2000) and EI.shouny at al. (2003) for no. of 
kerneVrow. no. of rows/ear and grain y1efd. However, at least one type of 
epistatic gene actiOn which invotved additive x additive (aa), dominance x 
domjnance (dd) and additive x dominance (ad) was significant in each cross 
for these traits, indicating the importance of non· allelic In teractions 
(epistaSiS) in the Inheritance of these traits . These results could be confirmed ' 
by Daune and Hallauer (1997), EI-Kady et aI. (2002) and Mosa (2003). In 
general, it could be concluded that the production of Fl hybrids is the best 
breeding program for improvement of maize production. 
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