GENETIC ANALYSIS FOR SOME TOP
CROSSES OF MAIZE (Zea mays, L.)

BY
Mohammed Reda Mahmoud A6d E- Naby Ismail

B.Sc. Agric. (Agronomy), Zagazig University— Benha Branch, 2004
THESIS
Submitted in Partial Fulfillinent of
the Requirement for the Degree of
Master of Science
IN
Agricultural Science

Agronomy (Crop Breeding)

Department of Agronomy
Faculty of Agriculture

Benha University

2008

www.manaraa.com



www.manaraa.com




GENETIC ANALYSIS FOR SOME TOP
CROSSES OF MAIZE ( Zea mays, L.)

BY
Mohammed Reda Mahmoud 464 EL- Naby Ismail

B.Sc. Agric. (Ag/'onomy), Zagazig University- Benha Branch, 2004

This thesis for M.Sc. degree
in Agriculture (Crop Breeding)
Under The Supervision of:

Prof. Dr. Ali Abd EI-Maksoud El-Hosary.../%..../..f)...:...ﬁ.s_}f.../f‘_’?..“VJ

Prof. of Agronomy
Faculty of Agriculture
Benha University

Dr. Mahmoud El-Zaabalawy El-Badawy /{, .éz,g C&m

Associated Prof. of Agronomy
Faculty of Agriculture
Benha University

Prof. Dr. Assad Ahmed Hamada @\HO\MM&

Head Research in field crops Res. Inst.
Agric. Res. Cent. Giza

www.manaraa.com



www.manaraa.com




Approval Sheet

GENETIC ANALYSIS FOR SOME TOP
CROSSES OF MAIZE (Zea mays, 1..)
BY

Mohammed Reda Mahmoud Abd EL- Naby Ismail
B.Sc. Agric. (Agfonomy), Zagazig University— Benha Branch, 2004
This thesis for M.Sc. degree

in Agriculture (Crop Breeding) has been

Approved by:

Prof. Dr. Mohamed Yasien ........ /}/n/d/(/ef\ .........
A f RS

Prof. of Agronomy
Faculty of Agriculture
Ain Shams University

Prof. Dr. Sedhom Asaad Sedhom..... S /t)( . A/7"

Prof. and Head of Agronomy Department
Faculty of Agriculture
Benha University

14
Prof. Dr. Ali Abd El-Maksoud El-Hosary... 4 4., £]- Hesa
Prof. of Agronomy
Faculty of Agriculture
Benha University

Dr. Mahmoud El-Zaabalawy El-Badawy ﬁ{c@@@@é{ %/y

Associated Prof. of Agronomy
Faculty of Agriculture
Benha University

Prof. Dr. Assad Ahmed Hamada ;4~/714w@ag/m\

Head Research in field crops Res. Inst.
Agric. Res. Cent. Giza

Date of Examination: 13/4 /2008

www.manaraa.com



www.manaraa.com




ACKNOWLEDGEMENT

Tirst all ultimate thanks are due to "ALLAH who without fis
aid, the present work could not fiave been done.

It gives me immense pleasure to express my decp sense of gratitude and
appreciation to Prof. Dr. Ali A6d EL Maksoud Ff Hosary Professor of
Agronomy, Fac. of Agric, Benka Univ. for suggesting the problem, their
supcrvision and Rindly help and encouragement during the course of the
study and unlimited help during preparing and writing the manuscript.
Their sincere  contribution is cvery well appreciated  and  will  be

sentimentally menmorable,

Stncere appreciation is also due to Or. Makmoud Ef-Zaabalawy Ef-Badawy
Associated Prof- of Agronomy Fac. of Agric., Benka Univ. for suggesting the problem,
valuable scientific supervision advice, continuous help and for the revision of the
Hanuscript.,

Stucere thanks to Prof-Dr. Assad Afimed Hamada Head Research tn field crops Res.
Inst. Agric. Res. Cent. Giza. for suggesting the problem, valuable advice, supervision
and continuous help throughiout the experimental work, and the preparation of the
manuscript.

L didn't deny the grect felp and facilitics offered” from Mr. Ahmed A4 EL-
Hosary Ass.Lecturer of Agronomy Fac. of Agric., Benha Univ. Jfor continuous help
throughout this study.

Ididn’t deny the greet hielp and facifities offered from all staff members of
Experiment and Research Station of Moshtohor, Benlha University, Qulyubiya
Governorate, EGYPT.

At the end and at the beginuing grat efulness and thanks are due to
nry father, mother, brothers and sister

www.manaraa.com



www.manaraa.com




CONTENTS
Page
1. INTRODUCTION ....ocooooiiiiiiiiiiiieeeeeeee 1
2. REVIEW OF LITURATURE ......................... 3
2.1. Nature and number of testers...................... 3
2.2. combining ability ... 7
2.3. Genotype x environment interaction......... e 13
2.4, HEterosiS. .. vvvie i 18

3. MATERIALS AND METHODS ......................... 23

4. RESULTS AND DISCUSSION .......ccceoeeeevneee... 33

4.1. Analysis of variance ...........................o..... 33
4.2. Mean performance .............................ooii.l. 40
4.3. Analysis of variance for combining ability ......... 52
4.3.1. General Combining ability effect.................. 54
4.3.2. Specific combining ability effects................. 66
4.4. Heterosis..................oooooiiiiiii 86
S. SUMMARY ..ot .91
6. LITERATURE CITED ............coocoovviviae . 99
7. ARABIC SUMMARY...........cocooviiiiiiin, -

www.manaraa.com




www.manaraa.com




%\7\\\\% l
\\\\\%\\ 4
7 2 B

www.manaraa.com



www.manaraa.com




1. INTRODUCTION

Maize (Zea mays L.) is one of the most important cereals in
Egypt due to its vast grown area, total production and cash
value. It is essential for human consumption and livestock.
Moreover, it is also used for industrial purposes such as
manufacturing starch and cooking oils. Many efforts are
devoted nowadays to increase its productivity through genetical
improveinent.

The ultimate goal of most breeding programs is the
production of improved hybrids for commercial use through the
evaluation of line genotypes for high yielding ability.

Evaluating inbred lines is of prime importance for hybrid
production. Therefore, nature and number of tester parents to be
used for evaluating inbred lines is still an important step. The
top crosses test with abroad and narrow base testers is the most
common procedure for the evaluating process. The top cross
method of maize breeging has been used to evaluate inbred lines
for general combining ability (GCA) and specific combining
ability (SCA). Davis (1927), Jinkins (1935) and sqargue
(1939) suggested the method of early testing that greatly
effected by the nature and number of testers needed for efficient
evaluation of inbred lines. Sprague and Tatum (1942) was the
first to partition the total combining ability effects of the lines
into GCA and SCA. The choice of suitable tester is important to

maximize information on evaluating inbred lines for combining
ability
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The main objectives of the present work were:
1) To evaluate some inbred lines of maize.

2) Provide information of suitable testers for testing of
inbred lines.

3) To estimate general and specific combining ability for
several traits of maize.

4) To estimate heterosis percentage for grain yield relative

to S.C. G.155, Pioneer 3080 and T.W.C. G. 352 as
checks.

Introduction 2

www.manaraa.com




REVIEW OF
LITERATURE

www.manaraa.com



www.manaraa.com




2. REVIEW OF LITERATURE

The available literature concerning this study can be

reviewed under the following headings:
2.1. Nature and number of testers.
2.2. Combining ability effects.
2.3. Genotypes x environmental interaction.
2.4. Heterosis.

2.1. Nature and number of testers.

The problem confronting breeders is the number of testers
required for efficient evaluation of lines for GCA. Selecting
suitable testers is the first and important step in evaluating inbred
lines in maize breeding program. Review on the nature of testers
is presented as follows:

Davis (1927) was the first to suggest the use of inbred, open
pollinated varieties as a method for evaluating maize inbred
lines.

Al-Naggar er al. (1997) studied effectiveness of different
testers; narrow, medium and broad genetic base in evaluating
combining ability of inbred lines of maize. They concluded that
inbred tester sd.7 was the most powerful tester for the
maximization of mean grain yield of the test crosses. The single
cross tester S.C. 10 was the best based on the ability to reduce
the magnitude of interaction variance of test cross x
environment and provide of favorable SCA effects. They
suggested that narrow or medium base testers are useful for
evaluation of GCA of lines.

Review of Literature 3
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Abdel-Sattar (1998) top crossed twenty-four inbred lines
were divided into two groups. First group (Consisted of 12
inbred lines) to each of Giza-2, T.W.C.310 and D.C 215 giving
a total of 36 top crosses. Second group was top crossed to each
of Giza-2, D.C. 204 and S.C. 10 giving a total 36 top crosses.
They found that the testers D.C. 215 and T.W.C. 310 in the first
set gave highest positive GCA effects for grain yield and
number of kernels/ row. However the tester S.C.10 was the best

general combiner for grain yield/ plant and its components in the
second set.

Soliman and Sadek (1998) top crossed ten white maize
inbred lines with three line testers and they found that the tester
inbred line Gm.30 showed the highest significant GCA estimate
for grain yield.

Sultan (1998) top crossed fourteen yellow maize inbred
lines with two line testers, i.e. Gm-1002 and Gm-1004 and
considered the two testers as best testers in classification inbred
lines into high vrs low yielding ability.

Sadek et al. (2000) top crossed twenty white maize inbred
lines to each of two line testers, i.e. Sd-7 and Sd-63 and they
found that the tester line Sd-7 was the best combiner for grain
yield while the tester inbred line Sd-63 showed desirable GCA
effects for earliness and shortness.

Soliman er al. (2001) top crossed fourteen S; yellow maize
inbred lines derived from the wide genetic base population
Giza-45 (Ev-3) to each of three yellow maize inbred testers, i.e.
Gz-638, Gm-1002 and Gm-1021. They found that inbred tester
Gm-1021 manifested highest average performance of grain yield
compared to test crosses of Gz-638 or Gm-1002.

Venkatesh ef al. (2001) carried out line x tester analysis to
determine the combining ability of modified single cross hybrids
through their crosses and they inferred that among the sister line
crosses used as female parents, (A1 X AY), (A7 X A7), (Agx A
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8), (Ao X ATjp) and (A, x A"};) are the best general combiners.
Among the exotic testers that were used CML 290 had to be the
best combiner. The indigenous tester CM111 widely used in the
Indian maize program also showed its potential as a good tester.

Dodiya and Joshi (2002) mated twenty diverse advanced
stage lines of maize with three inbred lines (testers) in Line x
tester design and they found that T, had desired significant GCA
effects for 100-grain  weight and harvest index but best
combiner for ear size and Stover yield. T; had desired
significant GCA effects for grain yield and Stover yield.

Amer et al. (2003) crossed new seven yellow inbred lines of
maize with four testers i.e. The inbred line L-121, two
promising single crosses (Sk-21 and Sk-22) and one three way
cross (T.W.C. 351) and they found that the inbred tester L-121
showed the best desirable GCA effect for grain yield and ear
length. Moreover, the testers, S.C. Sk-21 and S.C. SK-22
were the best general combiners for ear height and ear diameter.

Abdel-Sattar (2004) crossed five inbred lines of maize in
three levels of inbreeding (S;, S, and Ss) to each of three
different testers, i.e. S.C 122, T.W.C 310 and T.3057. He
reported that the best parental tester for different traits were the
broad genetic tester T.W.C.310.

Aly (2004) crossed thirty nine yellow and white inbred lines
(Ss) of maize to each of the two testers, i.e. D.C. Dahab and
synthetic variety Giza-2. He found that Dahab had desirable
GCA effects for most of studied traits and this may be attributed
to it had a narrower genetic base than Giza-2.

Amer (2004) top crossed eighteen new white inbred lines of
maize to the three testers, i.e. Line Sk-7001/8, S.C. Sk-17 and
Giza-2. He reported that the tester inbred line Sk-7001/8 had
desirable significant GCA effects for short plant and ear
position. While, the tester S.C. Sk-17 had desirable significant
GCA effects for earliness, short plant, grain yield, ear length and
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ear diameter. Giza-2 as a tester had downer favorable genes for
no. of rows/ ear and 100- kernel weight (g.).

Ibrahim and Motawei (2004) top crossed fourteen inbred
lines of maize to the three testers, i.e. Sk-7001/8, S.C.Sk-17 and
Gz-2. They found the inbred tester Sk-7001/8 showed the best
desirable GCA effects for number of rows/ ear. Moreover, the
tester S.C. SK-17 was the best combiner for grain yield and
number of kernels/ row. While the tester Gz-2 was the best
general combiner for earliness and short plants.

Mosa (2004) top crossed new white twenty seven inbred
lines of maize to the two testers. i.e. homozygous inbred line
GM-4 and heterozygous promising single cross sakha-1. the
studied traits were silking date, plant and ear heights, grain
yield, ear length, ear diameter, number of rows/ ear, number of
kernels/ row and 100 kernel weight. He found that top crosses
involving heterozygous S.C. Sk-1 as a common tester showed
the heighest means for all traits and the widest range for all traits
except plant height compared with top crosses involving
homozygous inbred line Gm-4 as a common  tester.
Consequently, the heterozygous S.C. Sk-1 was the best tester for
evaluating the inbred lines in top crosses. The heterozygous S.C.
SK-1 as tester was the best general combiner for grain yield, ear
length, number of rows/ ear, number of kernels/ row and 100-
kernel weight. While the homozygous inbred line Gm-4 as tester

was the best combiner for silking date, plant and ear heights and
ear diameter.

Mosa et al. (2004) top crossed nine inbred lines of yellow
maize to the three testers i.e. L-121, S.C. Sk-52 and composite -
21 and they found that the parental testers that exhibited better
general combining ability were L-121 for grain yield/ plant. S.C,
Sk-52 for number of rows/ ear and ear position and composite-
21 for number of kernels/ row.

Abd El-Moula (2005) Top crossed twenty yellow maize
inbred lines (S;) to each of three testers, 1.e. Gz-45 (base
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population) and two elite inbred lines (Gm-1001 and Gm-1004).
He found that the tester lines Gm-1001 was the best combiner
for grain yield and no. of ears/ 100 plants. While, the tester Gm-
1004 showed desirable GCA for shortness and tester pop-45 for
earliness and shortness.

Ibrahim and Osman (2005) top crossed new fifteen white
inbred line of maize with the two tester lines, i.e. Sids-63 and
Sakha-9195. They indicated that the tester line Sk-9195 had
desirable significant GCA effects for earliness, ear length,
number of rows/ ear, 100-kernel weight and grain yield

(ard/fed). While, the second tester (Sd-63) had favorable genes
for ear diameter.

Motawei et al. (2005) crossed twenty-nine inbred lines of
yellow maize derived from Ss generation with two genetically
diverse inbred testers. The top-crosses were divided into two
different sets: set-I included 28 top-crosses and set-II included
30 top crosses. They found that the tester Gm-1001 was a good
general combiner for ear position, no. of rows/ear and ear
diameter in the two sets of top crosses and for grain yield in set
II. While tester line sk-6241 had favorable alleles for days to
50% silking, no. of ears/100 plants and no. of kernels/ row.

2.2 Combining ability:

Combining ability of inbred lines in the ultimate factor
determining future usefulness of the lines for hybrids.
combining ability initially was general concept considered

collectively for classifying an inbred line relative to its cross
performance.

Al-Naggar ef al. (1997) found that the inbred testers Sd-7,
Sd-86 and S.C. 10 gave the highest GCA effects for grain yield.
The range between low and high estimates of SCA effects for
grain yield was widest for Sd-7 followed by S.C.10.

Abdel-sattar (1998) top crossed twenty-four inbred lines
were divided into two groups. First group, (consisted of 12
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inbred lines) to each of Giza-2, T.W.C. 310 and D.C. 215.
Second group was top crossed to each of Giza-2, D.C. 204 and
S.C. 10. The studied traits were grain yield/ plant, plant height,
ear height, ear length, ear diameter, number of rows/ ear and
number of kernels/ row. He found that the variance associated
with SCA was more important than o2 GCA for all traits in two
sets revealed that the non-additive component of gene action
had the major role in the inheritance of all traits.

Sultan (1998) top crossed fourteen yellow maize inbred
lines with two line testers, i.e. Gm-1002 and Gm-1004 to
estimate GCA and SCA for days to 50 % silking, plant height,
ear position (%), number of ears/ 100 plants, ear length and
diameter, number of rows/ ear, number of kernels/ row, 100-
kernel weight and grain yield were calculated. He found that
variance magnitude due to GCA was higher than that due to
SCA. This indicated that additive genetic variance was the
major source of variation responsible for the inheritance of grain
yield and other agronomic traits.

El-Zeir (1999) mated ten maize inbred lines to four testers
and found that additive genetic effects among lines were the
major source of genetic variance responsible for all studied traits
except ear height and ear length.

El-Zeir et al. (2000) top crossed seventeen inbred lines of
maize to two testers. They found that non-additive genetic
variance play an important role in the inheritance for grain yield,
ear length, number of kernels/ row and weight of 100-kernel.
While the additive genetic variance played an important role in

the inheritance for silking date, plant height, ear height and
number of rows/ ear.

Gado (2000) crossed seventeen yellow maize inbred lines
with two testers, i.e. Gm-2 and Gm-9. He estimated GCA and
SCA for days to 50 % silking, plant height, ear height, ear
length, ear diameter, number of rows/ ear, number of grains/
row, 100-grain weight and grain yield (ard./fed.). He indicated
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that the additive genetic variance was the major source of
variation responsible for the inheritance of these traits.

Sadek ef al. (2000) top crossed twenty white maize inbred
lines to each of two line testers, i.e. Sd-7 and Sd-63. They
estimated GCA and SCA for grain yield, days to 50% silking,
no. of ears/ 100 plant and plant and ear heights. They found that
variance magnitude due to SCA was higher than that due to
GCA. This indicated that non-additive genetic variance was the
major source of genetic variation responsible for the inheritance
of grain yield and other traits.

Soliman (2000) top crossed sixteen yellow maize inbred
lines to each of three different testers. i.e. Gz-45 and two elite
inbred lines, Gm-1001 and Gm-1021. He estimated GCA and
SCA for grain yield, number of days to mid silking, plant height,
ear position and number of ears/ 100 plants. He found that the
magnitude of o®SCA among lines for grain yield was larger
than that of o GCA. On the contrary o> GCA was greetar than
o’ SCA for the other traits.

Barakat(2001) top crossed sixteen white maize inbred lines
to each of the two line testers, i.e. Sd-7 and Sd-63 to estimate
GCA and SCA for days to 50% silking, plant height, ear height,
number of ears/ 100 plants, grain yield / plant and per feddan,
ear length and diameter, number of rows/ ear and 100-kernel
weight were calculated. He found that variance magnitude due
to GCA was higher than that due to SCA. This indicated that
additive genetic variance was the major source of variation

responsible for the inheritance of grain yield and other
agronomic traits.

Dubey et al. (2001) crossed fifteen diverse early maturing
white seeded inbred lines of maize with three testers. The data
were recorded on grain yield and maturity traits. They reported
that the ratio of o*SCA/o? GCA was greater than one for all
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characters. This indicated the preponderance of non-additive
variance in the expression of traits under study.

Mahmoud ez al. (2001) crossed nineteen white maize lines
to each of two elite inbred tester lines Sd-7 and Sd-34 to
estimate combining ability effects for grain yield/fed., days to
mid silking, plant height and ear placement (%). They reported
that non-additive was more important than additive gene action
in the inheritance of grain yield, whereas additive gene action
was comprised most of the genetic variance of other studied
traits.

Soliman et al. (2001) top crossed fourteen S; yellow maize
inbred lines to each of three yellow maize inbred testers. The
studied traits were grain yield, silking date, plant height and ear
position. They found that the magnitude of the ratio of general
to specific combining ability variance (0’ GCA/0*SCA)
revealed that the additive Component of gene action had the
major role in the inheritance of all traits.

Soliman ef al. (2001) top crossed eighteen yellow maize
inbred lines to each of three broad genetic base testers namely
pop.-59E, pop. 21 and pop.-Fat-3 to estimate the combining
ability effects and determine the type of gene action for grain
yield. They indicated that the magnitude of dominance (o’ D)

gene effects was more important than additive (o A) genetic
effects in controlling that trait.

Amer et al. (2002) reported that non additive genetic
variances played an important role in the inheritance for grain
yield and number of kernels/row. While the additive genetic
variance played an important role in the inheritance for silking
date, plant and ear height, ear length, ear diameter, number of
rows/ ear and weight of 100-kernel.

Dodiya and Joshi (2002) mated twenty diverse advanced
stage inbred lines of maize with three inbred lines (testers) in
line x tester design. The studied traits were grain yield/plant,
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plant height, days to 50% brown husk, ear size, 100 grain
weight, stover yield and harvest index. They found that higher
values of o* SCA than o> GCA (pooled) for all characters in all
environments indicated the importance of non-additive
variances in control of all the characters studied.

Joshi er al. (2002) crossed fifteen diverse early maturing
white seed colour inbred lines of maize with three testers in line
X tester design. The data were recorded on yield and yield
contributing fraits. They indicated that the expression of both
GCA and SCA were influenced by the environmental
fluctuation for these traits, A higher proportion of o®SCA
between o’ SCA and GCA also indicated that the additive x
non-additive and non-additive interaction were significantly

higher among the hybrids which would be important in the
hybrids.

Amer et al. (2003) crossed seven new yellow inbred lines of
maize with four testers and they found that additive was more
important than non-additive genetic variance for all traits.

El-Shenawy ef al. (2003) indicated that the o> GCA played
a greater portion in the inheritance of ear length, number of
rows/ear, silking date, plant height and ear height. While,

o*SCA played the major role in the inheritance of grain yield
and number of kernels/ row.

Abdel-sattar (2004) indicated that the ratios of GCA/SCA
through all self generations showed the greatest role of
dominance variance (o’p) than of additive variance (o2 A).
Lines contributed much more than the testers to the total genetic
variation.

Aly (2004) crossed thirty nine yellow and white inbred lines
of maize to each of two testers D.C. Dahab and synthetic variety

Giza-2. He reported that the magnitude of o SCA was larger
than that of o> GCA for all studied traits at both locations and

Review of Literature 11

www.manaraa.com



combined data indicated the non-additive was found to be more
important than additive gene effect for all studied traits.

Amer (2004) top crossed eighteen new white inbred lines of
maize to three testers, i.e. line, S.C. Sk-17 and Giza-2 to
estimate combining ability for silking date, plant height, ear
position, grain yield (ard./ fed.), ear length, ear diameter,
number of rows/ear, number of kernels/row and 100-kernel
weight. He mentioned that the additive type of gene action was
more important than non-additive type of gene action in
inheritance of all studied traits except ear position and ear
diameter.

Ibrahim and Motawei (2004) mentioned that the additive
genetic variance was more important for grain yield, weight of
100 grain, plant height and ear height. While, non-additive
genetic variance was an important for number of kernels/row,
ear diameter and silking date.

Mahmoud and Abd El-Azeem (2004) top crossed twenty
three yellow inbred lines of maize to two testers, i.e. Gm-1004
and Gm-1021. GCA and SCA as well as genetic parameters
estimated for days to 50% silking, plant height, ear height and
grain yield traits were calculated. They found that the magnitude
of o*GCA (additive genetic variance) for all traits was larger
than that of o* SCA (non-additive genetic variance).

Mosa (2004) reported that the non-additive type of gene
action were important in controlling the behavior of silking date,
plant height, grain yield, ear length, number of kernels/row and
100 kernel weight. While the additive type of gene action played

the major contribution in the inheritance of ear height, ear
diameter and number of rows/ear.

Mosa ef al. (2004) top crossed nine inbred lines of yellow
maize to the three testers. The data were recorded for grain yield
/plant, number of rows/ ear, number of kernels/row and ear
position (%). They reported that additive genetic variance
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(GCA) was predominating than non-additive genetic variance
(SCA) in the inheritance of all traits.

Abd El-Moula (2005) top crossed twenty yellow maize
inbred lines (S;) to each of three testers, i1.e. Gz-45 (base
population) and two elite inbred lines, Gm-1001 and Gm-1004.
The studied traits were grain yield, days to 50% silking, plant
and ear heights and no. of ears/ 100 plants. He reported that
variance magnitude due to SCA was higher than that due to
GCA. This indicated that non-additive genetic variance was the
major source of genetic variation for the inheritance of grain
yield and other traits.

Ibrahim and Osman (2005) top crossed new fifteen white
inbred lines of maize with two tester line. The data collected
were days to 50% silking, plant height, ear height, ear length,
ear diameter, number of rows/ ear, number of kernels/ row, 100-
kernel weight and grain yield. They indicated that additive gene
action was more important than non-additive one in the
inheritance for all of the studied traits.

Motawei et al. (2005) reported that the additive genetic
variance (o® GCA) played an important role in the inheritance
of ear position%, no. of rows/ ear and ear diameter in the two
sets and days to 50% silking, no. of ears/ 100 plants and 100
kernel weight within set-I. Mean while, non-additive genetic
variance was more important in the expression of grain yield,
no. of kernels/ row and ear length in the two sets.

2.3. Genotype x environment interaction:

El-Hosary (1988) studied 20 new inbred lines by top cross
method in maize. He found that the interaction between years

and both types of combining ability were highly significant for
all traits except plant height.

Sedhom (1992) studied thirty two inbred lines by top cross
method. He found that the interaction between specific
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combining ability and environment was much higher than those
of general combining ability for most studied traits.

Sedhom (1994) evaluated seven inbred lines using ten
different testers and found that specific combining ability x
years interaction was higher than that of general combining
ability x years interaction for all traits except silking date,
revealing that non additive gene effects seemed to be more
affected by environment rather than additive ones.

Shehata et al. (1997) crossed five inbred maize lines with
five narrow base elite inbred testers. They found that the
interaction between entries (genotypes) by locations and its
components, i.e. parent x location, crosses x location and parent

vs. crosses X location were highly significant differences for all
studied traits.

Sultan (1998) top crossed fourteen yellow maize inbred
lines with two line testers. He found that both inbreds and testers
significantly interacted with environments in case of grain yield
and some other traits and indicated that the interaction of GCA

by location was markedly higher and positive for grain yield and
other traits.

El-Zeir (1999) mated ten maize inbred lines to four testers

and found that the interaction between genotypes x locations for
most attributes were significant,

El-Zeir et al. (2000) crossed seventeen inbred lines of maize
with two testers. They found that additive type of gene action
was found to be more affected by environment than non-
additive type of gene action in most cases.

Gado (2000) evaluated seventeen yellow maize inbred lines
using two testers and found that the interaction of inbreds with
environment was significant in case of ear length and grain
yield. Also significant interaction of testers with environment
was also detected for number of days to 50% silking, plant
height, ear height and ear diameter. The interaction of GCA by
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locations was higher and positive for grain yield and other traits
except silking date, ear length and number of grain/ row.

Sadek ef al. (2000) evaluated white maize inbred lines with
two line tester. They found that both inbreds and testers
significantly interacted with environments for most traits. Also,
the interaction of SCA by location was higher than that of GCA
ones for all studied traits.

Soliman (2000) crossed sixteen yellow maize inbred lines
with three different testers. He found that the interaction of both
lines and testers with locations were highly significant for grain
yield, days to mid silking. Also, mean squares due to tester x
location interaction was significant for plant height.

Barakat (2001) evaluated sixteen white maize inbred lines
with two line testers. He found that both inbreds and testers
significantly interacted with environments in all traits except
plant height, ear height and number of ears / plant. However, the
interaction of environments x lines x testers was significant for
only grain yield/ plant and /feddan and ear length. Also, the
interaction of GCA by locations was markedly higher and
positive for grain yield and other traits.

Mahmoud et al. (2001) evaluated nineteen white maize lines
with two elite inbred tester lines. They reported that non-
additive gene action was affected more by environmental
conditions than additive gene action for all studied traits.

Soliman et al. (2001) top crossed fourteen S; yellow maize
inbred lines to each of three yellow maize inbred testers. They
found that the magnitude of the interactions between o2 SCA x

location was generally higher than o> GCA x location for the
studied traits except grain yield.

Amer et al. (2002) evaluated eight inbred lines of maize to
four testers. They found that additive type of gene action was
more affected by environment than non-additive type of gene
action for all studied traits except ear length and ear diameter.
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Dodiya and Joshi (2002) they found that environments
played important role in the expression of GCA and SCA
variance. The performance of the parents and their GCA effects
varied in different environments which may be attributed to
genotype X environment interaction.

Amer et al. (2003) evaluated seven new yellow inbred lines
of maize to four testers. They found that additive more
interacted by location than non-additive variance for grain yield,
ear length, no. of rows/ear and no. of kernels/ row traits. While
non-additive more influenced by location than additive variance

for days to mid-silk, plant height, ear height and ear diameter
traits. :

EL-Shenawy ef al. (2003) top crossed eight maize inbred
lines to four testers. They found that the interactions were
significant for most studied traits and the interaction between
o’GCA x location was greater than o>SCA x location
interaction for all studied traits except number of rows/ear.

Aly (2004) crossed thirty nine yellow and white inbred
maize lines to two testers. They found that the variance
interaction of o>GCA x location were larger than those of
o? GCAr x location for studied traits indicated that the o> GCA
for inbred lines was more affected by environments than for
testers. Also, the combined data revealed that variance of
o? GCA x location interaction was either negative or smaller
than variance of o*SCA x Location interaction for all traits
under study. these results indicated that non-additive type of

gene action is more affected by environmental conditions than
variance due to additive effects.

Ibrahim and Motawei (2004) top crossed fourteen inbred
lines of maize to three testers. They reported that non- additive
genetic variance was more affected interacted by locations than

additive genetic variance for all studied traits except number of
kernels/ row and ear diameter.

Review of Literature 16

www.manaraa.com



Mahmoud and Abdel-Azeem (2004) top crossed twenty
three yellow inbred lines of maize to two testers. They found
that the interaction of lines x location was highly significant for
grain yield and significant for ear height. Tester x locations
interaction was highly significant for ear height. Also, the
interaction of lines x testers x locations was highly significant
for grain yield.

Mosa (2004) crossed twenty seven inbred lines of maize to
two testers. He found that a line x locations interaction was
significant for all traits except number of rows/ear and 100-
kernel weight. While testers x locations and line x testers x
location interaction were not significant for most traits. The non-
additive types of gene action were more sensitive to
environmental differences than additive types of gene action for
most traits.

Mosa ef al. (2004) evaluated nine inbred lines of yellow
maize to three testers. They reported that the non-additive
genetic variance showed obvious interaction with locations for

grain yield / plant, number of rows/ear and number of
kernels/row.

Abd El-Moula (2005) top crossed twenty yellow maize
inbred lines to each three testers. He found that the interaction of
SCA with location was markedly higher than that of GCA ones
for all studied traits.

Ibrahim and Osman (2005) evaluated new fifteen white
inbred lines of maize to two tester lines. They reported that
Genotypes x location interaction was significant for some traits
i.e. grain yield, 100-kernel weight and ear height.

Motawei et al. (2005) crossed twenty-nine inbred lines of
yellow maize with two genetically diverse inbred testers. They
found that the magnitude of o?SCA was more affected by
location in most studied traits and o> GCA was more sensitive
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to locations than &’SCA in the inheritance of days to 50%
silking within two sets.

Seiam (2007) top crossed ten maize inbred lines to three
inbred tester. He found that variation due to lines x locations
interaction was highly significant for all studied traits. The
variation due to tester x locations interaction was also
significant for yield and plant height. The variation due to
interaction of line x tester x location was highly significant for
all studied traits.

2.4, Heterosis:

Shehata ef al. (1997) crossed five maize inbred lines with
five narrow base elite inbred testers. They found that one single
cross (Gm-2 x Sd-35) gave the highest mean value and out
yielded the recommended check single cross 10 by 4% while
four hybrids (Gm-1 x Sd-7), (Gm-1 x Sd-35), (Gm-2 x Sd-34)
and (Gm-5 x Sd-7) gave insignificant mean values grain yield/
plant or feddan relative to S.C. 10. The five single crosses
surpassed and out yielded the two check hybrids S.C.9 and S.C.
103 by 15%. The highest value of heterotic effects relative to
mid and better parent were obtained from the crosses, i.e. (Gm-1
X 8d-7), (Gm-1 x Sd-35), (Gm-2 x Sd-35), (Gm-3 x Sd-35),
(Gm-3 x 8d-62), (Gm-3 x Sd-63), Gm-5 x Sd-7), (Gm-5 x Sd-
35)and (Gm-5 x Sd-63) for grain yield and its components,

significant negative heterotic effect for earliness were observed
for the previous single crosses.

Soliman and Sadek (1998) top crossed ten white inbred
maize lines with three inbred testers. They found that top cross
(Gm-26 x Gm-30) out yielded the check hybrid Giza 10 by 7.9,

33 and 59 % at Sakha, Sids and their combined data
respectively.

bl

El-Zeir (1999) mated ten maize inbred lines to four testers.
He found that four single crosses (P4 x Sd-7), (P9 x Sd-62),
(P10 x Sd-62) and (P7 x Sd-63) gave the highest mean values
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for yield and yield components in addition to earliness and

shorter plants with low ear placement than the check hybrid S.C
10.

El-Zeir et al. (2000) top crossed seventeen inbred lines of
maize to two testers. They found that top crosses Sk-7005/10 x
Sd-7 and Sk-7005/11 x Sd-7 gave the higher mean values for
yield and yield components. In addition to earliness, shorter
plant and ear height than the check hybrid single cross-10.

Sadek ef al. (2000) top crossed twenty white maize inbred
lines to each of two line testers. They found that eleven out of
40 top crosses exhibited significantly positive SCA effects for
grain yield. Further more, six out of those eleven top crosses, i.e.
(Gm-4 x Sd-7), (8d-1011 x Sd-7), (Gm-12A x Sd-7), (Sd-1006 x
§d-63), (Sd-1007 x Sd-63) and (Sd-98-9 x Sd-63) out yielded
the commercial check S.C.10 (Best check) by 23.5, 19.8, 15.1,
11.7,9.1 and 8.1 %.

Soliman (2000) top crossed sixteen yellow maize inbred
lines to each of three different testers, i.e. Gz-45 and two elite
inbred lines. He showed that 12 out of 48 top crosses surpassed
significantly positive SCA effects. Five of them L-14,L-4,1-3
and L-7 crossed with inbred line Gm-1021 and (L-14 x Gm-
1002) manifested highly significant over yielded the commercial
hybrid S.C. 161 (30.27 ard./ fed.) by 28.9, 27.1, 19.3, 18.8 and
16.3%.

Mahmoud et al. (2001) crossed nineteen white maize inbred
lines to each of two elite inbred tester lines. They indicated that
the most superior cross (L-14 x Sd-34) possessed highly
significant and positive SCA effects and manifested
significantly out yielded (36.77 ard./ fed. ) the best commercial
hybrid S.C. 10 (34.51 ard./ fed.) by 6.5%. Also, this cross was
insignificantly different from S.C. 10 for the other studied traits.

Soliman ef al. (2001) top crossed fourteen yellow maize
inbred lines to each of three yellow maize inbred testers. They
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found that Gm-1021 crossed to inbreds L-10, 1-2 and L-7
produced the best single crosses which significantly out yielded
the yellow commercial check hybrid S.C.161 (30.60 ard./fed.)
by 22.9, 18.3 and 16.7 %.

Amer et al. (2002) mated eight inbred lines of maize to four
testers, i.c. Sd-34, S.C.Sk-1, S.C.122 and T.W.C. 322. They
reported that one top cross (Gm-4 x S.C. Sk1) produced yield of
31.51 ard/ fed. and surpassed these of commercial hybrids
S.C.122 (27.69) and T.W.C. 322 (27.23) ard./ fed. Mean while
nine top crosses (Sd-63 x Sd-34), (Sk-8202 x Sd-34), (Sk-8375
X Sd-34), (Sk-8375 x (T.W.C 322), (Gm-4 x S.C. 122), (Sd-63 x
Sk-1), (Sk-8375 x S.C. Sk-1), (Sk-8375 x S.C. 122) and (Gm-4
x T.W.C 322) were not significant compared to S.C. 122 and
T.W.C 322 for grain yield and most desirable traits.

Amer (2004) top crossed eighteen white inbred lines of
maize to three testers, i.e. line Sk-7001/8, S.C. Sk-17 and Giza-
2. He found that two single crosses i.e. Sk-7/15 x Sk-7001/8
(37.62 ard./ fed.) and Sk-7/28 x Sk-7001/8 (36.22 ard./ fed)
were significantly superior than the commercial S.C. 10 (33.40
ard./fed.) for grain yield and most agronomic traits. Also, three
T.W.C. ie. S.C. Sk-17 x Sk 712 (37.41 ard./ fed.), S.C. Sk-17 x
Sk- 7/15 (37.07 ard./fed.) and S.C. Sk-17 x Sk-7/28 (35.26
ard./fed. ) were significantly superior than the commercial
T.W.C. 310 (3230 ard/ fed.) for grain yield and most
agronomic traits.

Ibrahim and Motawei (2004) top crossed fourteen inbred
lines of maize to three testers i.e. Sk-7001/8, S.C. Sk-17 and Gz-
2. They found that two top crosses Sk-63-32 x S.C. Sk-17 and
Sk-63-32 x Sk-7001/8 did not differ significantly from the check
variety S.C. 10. Moreover, fourteen top crosses exhibited
significant differences than check variety T.W.C. 310.

Mosa (2004) top crossed white twenty-seven inbred lines of
maize to two testers, i.e. inbred line Gm-4 and single cross Sk-1.
He indicated that four single crosses i.e Sk-5015/7 x Gm-4
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ard./fed)., Sk-5017/19 x Gm-4 (34.75 ard./ fed)., Sk-5015/4 x
Gm-4 (32.98 ard./ fed) and Sk-5016/14 x Gm-4 (32.82 ard./

fed). Were superior for grain yield compared to S.C. 10 (32.68
ard./fed).

Mosa ef al. (2004) top crossed nine inbred lines of yellow
maize to three testers i.e. L-121, S.C. Sk-52 and composite-21.
They found that the desirable heterotic effects for grain yield /
plant relative to the check S.C. 155 were recorded for top cross
Sk-7070 x L-121 (24.65%). Whereas, the highest heterosis
values relative to the check T.W.C. 352 were detected for the
top crosses Sk-7070 x L21 (28.82%) and Sk-7078/2 x L121
(17.73%).

Abd El-Moula (2005) top crossed twenty yellow maize
inbred lines to each of three testers, i.e. Gz-45 and two elite
inbred lines. He found that crosses L-2, L-10, L-11, L-13, L-15
and L-18 x Gm-1001 were the most superior and promising
single crosses, since they outyielded the commercial check S.C.
155 by 40, 15.2, 26, 29.3, 30.8 and 20.7 %.

Ibrahim and Osman (2005) top crossed fifteen white inbred
lines of maize with two tester line. They found that two single
crosses i.e. Sk. 9195 x Sk-5027/6 (32.16 ard./ fed.) and Sk-9195
X 5037/15 (31.44 ard./ fed.) did not differ significantly than the
commercial hybrid S.C. 10 (31.39 ard./ fed.) for grain yield and
some agronomic traits.

Motawei ef al. (2005) crossed twenty-nine inbred lines of
yellow maize with two inbred testers. They found that one top
cross (Sk-5001/11 x Sk6241) out yielded the best check S.C.
155. Meanwhile, in set-1I one top cross (Sk-5001/26 x Gm-
1001) was superior than the two checks and two crosses (Sk-
5001/17 x Sk-6241) and (Sk-5001/18 x Gm-1001) were superior
than the check Pioneer 3080 of grain yield.

Seiam (2007) top crossed ten white maize inbred lines to
three inbred testers. He found that crosses of lines no. 1, 3, 6 and
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8 across testers ranged from 27.98 to 31.35 ard./ fed. and
significantly out yielded the highest yielding check S.C. 10
(26.77 ard./ fed.) by 5.7, 17.1, 6.35 and 4.5 % , respectively .
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3. MATERIALS AND METHODS

The experimental work of this study was carried out at the
Experiment Research Station of Moshtohor, Benha University,

Qalyubiya Governorate, Egypt during the two successive seasons
2006 and 2007.

Plant materials

1- A total of twenty (Zea mays L.) yellow inbred lines were
developed by Prof. Dr. Ali Abd El-Maksoud El-Hosary Prof.
of Agronomy, Fac. of Agric., Moshtohor, Benha Univ. and
were used to establish the experiment materials for several
characters among inbred lines under study. These lines were
selected on bases of yielding ability and other desirable plant
aspects. The plant materials were selected with a wide range
of diversity for several traits.

[\
1

Three testers of yellow maize were used in this investigation
to make all possible line x tester crosses. The three testers
used in this study were chosen to represent wide difference in
relation to the tested lines. i.e. (Gem. Pop.) representing
broad genetic base, single cross (ElI-Hosary 101) representing
approximately narrow genetic base and the inbred line 100
representing narrow genetic base. The code number, names

and origin of these inbred lines and testers are present in
(Table 1).

3- Three check varieties were used in this investigation their
names are single cross Giza 155, S. C. Pioneer 3080 and
three way cross Giza 352.
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Table (1): The code number, name and origin of the studied
twenty inbred lines and the three testers.

Code number name Origin
L1 M 319 Egypt
L2 M 103 Egypt
L3 M 202-A Egypt
L4 M 210-B Egypt
L5 M 202-D Egypt
L6 M L-156 Egypt
L7 M 210-B-4 Egypt
L8 M 210-1 Egypt
L9 M 1012 Egypt
L10 M 106 Egypt
Lil M 101 Egypt
L12 M 1006 Egypt
L13 M 161 Egypt
L14 M 318-J Egypt
L15 M 304-2 Egypt
L16 M311-4 Egypt
L17 M 302-f Egypt
L18 M 210-2 Egypt
L19 M 1006-B Egypt
L20 M120-A Egypt
T1 (Gem. Pop.) Egypt
T2 S.C. (El-Hosary 101) Egypt
T3 Inbred line (100) Egypt
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Field experiments

In the first summer season 2006 seeds of the twenty
inbred lines and three testers were split sown on 25" May, 30"
May and 8" June to avoid differences in flowering time and to
secure enough hybrid seed. All possible top crosses
combinations were made between the twenty inbred lines and
three testers by hand method giving a total of 60 top crosses.

Each top cross was constituted by collecting pollen from
40-50 protected tassels, representing the tester, then top crossing

into protected silks of 15 plants, representing the inbred lines by
hand pollinating.

In the second summer, season 2007 two ad[iacent
experiments were conducted on two sowing dates. i.e. 15" June
and 4" July. In each experiment the twenty inbred lines, three
testers and their 60 top crosses as well as the three check hybrids
(S.C. G.155 and S.C. Pioneer 3080 and T.W.C. G.352) were
grown in a randomized complete block design with three
replications. Each plot consisted of two ridges of 5 m length and
70 cm width. Each hill was spaced 25 cm apart with two kernels
planted per hill and later thinned to one plant per hill. The plots
were irrigated after sowing. The second irrigation was given
after 21 days from sowing. The plants were then irrigated at
intervals of 10-15 days. The plots were informally fertilized at
the rate of 120 kg of nitrogen per faddan given before the first
and second irrigations. The other cultural practices of maize
growing were properly practiced.

Characters studied

Data for the following traits were recorded on ten
individual guarded plants chosen at random from each plot,
except for days to 50% pollen shedding, days to 50% silking
and maturity dates where the plot mean basis were used.

Materials & Methods 25

www.manaraa.com



A. Agronomic characters

1- Days to 50% pollen shedding (tasseling date) was recorded as
the number of days from sowing to the day when 50 percent
of the plants tasseled.

2- Days to 50% silking (silking date) was recorded as the
number of days from sowing to the day when 50 percent of
the plants silked.

3- Plant height (cm) was measured from soil surface to the top of
tassel.

4- Ear height (cm) was measured to the nearest centimeter from
soil surface to the top ear node.

5- Leaf area of upper ear (cm®) was computed according to the
formula; farther ear leaf length x farther ear leaf width x 0.75.

6- Ear husk degree was measured before harvest by using 1-9
Scale; where scores of 1, 2, 3, and 4 was given when the
kernels of top ear were appeared about 4, 3, 2 and lcm,
respectively. Score 5 was given when the kernels of top ear
don’t shown and the husk longer equal to zero. Scores 6, 7, 8

and 9 were given when the husk was longer than the top of the
ear 1, 2, 3 and 4 cm, respectively.

7- Maturity date was recorded as the number of days from
sowing to the day when all husks of ears turned brown.

B. Yield and vield components

1- Ear length (cm).

2- Ear diameter (cm).

3- Number of rows/ear.

4- Number of Kernel/ row.
5- Weight of 100-kernel (g).
6- Ear weight/plant.
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7- Grain yield per plant (g) adjusted at 15.5 % moisture content.
8- Shelling percentage was computed as 100 x (grain weight /ear
weight). '

Analysis of data in the experiment

Statistical analysis.

An ordinary analysis of variance was firstly performed for
all traits in each sowing date to test the significant of all
genotypes. Homogeneity of error variance was tested for each
trait. This test revealed the validity of combined analysis of both
sowing date for all studied traits. When differences among top
crosses were found significant, line x tester analysis according to
Kempthorne (1957) was done for each sowing date and
combined over them (Table 2 and 3).

Table (2): Source of variation and degree of freedom for top
crosses to each three testers at each sowing date.

S. O. V. d.f
Replications r- 1
Crosses fm- 1
Lines f- 1
Testers m- |

Lines x testers (f-1)(m-1)
Error (r-1)(fm-1)
Total rfm-1

Where: r = Number of replications, m = Number of testers and f
= Number of lines
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Estimation of general and specific combining ability effects:

The model used to estimate general and specific combining

ability effects of the ijk th observation was:
Xk =R+ g+ &+ S+ e
Where:
n =overall population mean
g = GCA effect of the 1 th male parent (tester).
g; = GCA effect of the j th female parent (inbred).
§;j = SCA effect of ij th cross combination.
¢ijk = the error associated with the Xijk observation.
I = number of male parent (tester) =1, 2, ...m.
I = number of female parent (inbred) =1, 2, ...
K = number or replication=1,2, ... r
The individual effects were estimated as follows:

a) GCA for inbred lines:

5= XX

& Iy Itr

Where:

Xi... = total of all i th female (inbred) parent over all male

parents (testers) and replications.

X... = total of all females (inbreds) over all males (testers) and

replications.
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b) GCA for testers:

1 i
” A ' A

lr Yir
Where:
Xt... = total of the t th male (tester) parent over all females

(inbreds) and replications.

I = number of Lines

t = number of testers, r = number of replication
¢) Specific combining ability effects:

.~ Xl XI /_\’l X...
r v Ir Ir

Xit = total of the it th hybrid combination over all replications.

Stander error for combining ability effects:

S.E. (GCA for inbred lines) = [(Me/r1D)
S.E. (GCA for testers) [(Me/rID)

J(Me/rD)

S.E. (§-8) inbred = J@aMe/rD)
S.E. (&-8) tester = JoMerwe)
S.E. (3 —8) = JMe/rD)

Where:

S.E. (SCA effects)

D = number of sowing dates.

Me = error variance.
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Estimation of variance components:

The following variance components were estimated based

on the expectations of the mean squares of combined analysis
(Table 3).

i) 02;f= Ml-M3-M4+ M6
: ; rimD

i) o? e M2-M3-M5+M6

D
i) o2 fin = M3-M6
rD
. M4-M6
iv) o’fD = _—M
Fi
9 /) - 1\/[
v) o'mD = M5 - M6
rf
vi) o> fmD = M6-M7
-
Where:
o’f = Variance due to inbreds.
o’m = Variance due to testers.
o*fm = Variance due to inbred x tester interaction.
o’fD = Variance due to inbred x Sowing date.
o’mD = Variance due to tester x Sowing date.
o’fmD = Variance due to inbred x tester x Sowing date.
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The covariance of half-sibs (H.S.) and the covariance of full-sibs
(F.S.) were estimated as follows:
mao’f+ fo’m

m+ f

Covariance H.S. =

o’ fm =( Cov. F.S. -2 Cov. H.S).
Covariance F.S. = ¢? fm + 2 Cov. H.S.

6’ GCA=Cov.HS.=ma’f+ fo'm
m+ f
o’ SCA=(Cov.F.S.-2Cov.H.S.)=0¢" fim

. . m oD 4+ ot
o GCM x sowing date = = -

=S 4

o’ SCA x Sowing date = & fmD

Heterosis:

Heterosis for each trait was calculated for each individual
top cross as the percent deviation of F; mean performance from
either S.C. G. 155, Pioneer 3080 and T.W.C. G. 352 average

values for each experiment as well as the combined data as
follows:

The check variety heterosis (heterobeltosis) = F1-Check variety

X100
Check variety

Appropriate L.S.D values were computed according to the

following formulae to test the significance of these heterotic
effects.

2MSe

Iz

L.S.D. for heterosis relative to check variety = t x

Where:

t: is the tabulated t value at a stated level of probability for the

experimental error degree of freedom and r: is the number of replications.
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4. RESULTS AND DISCUSSION

4.1. Analysis of variance:

Analysis of variance for the studied traits in separate planting
dates as well as the combined analysis is presented in (Table 4).
Test of homogeneity revealed the validity of the combined
analysis over both sowing dates. Sowing dates mean squares
were significant for all traits except number of rows/ ear, number
of kernels/ row and shelling percentage, indicating over all
differences between the two sowing dates, with mean values in
early sowing being higher than those in late sowing for all traits
except ear husk (Table 5). The increase in these traits at early
sowing date may be due to the prevailing of favorable
temperature and day length leading to greater vegetative growth,
yield and its components of corn plants. Therefore, the first
sowing date seemed to be non-stress environments. These results
are in harmony with those obtained by Nawar et al. (1998), El-

Hosary and El-Badawy (2005), El-Hosary et al. (2006) and
Sedhom ez al. (2007).

Crosses mean squares were significant for all the studied
traits at both sowing dates as well as the combined analysis
except ear diameter at early sowing date, indicating the wide
diversity between the parental materials used in the present
study. Significant crosses x sowing date mean squares were
obtained for all traits except ear height, ear husk, and ear
diameter, revealing that the tested crosses varied from each other
and ranked differently from sowing date to another.

Lines mean squares were significant for all traits at early and
late sowing dates as well as the combined over them, indicating
the wide diversity among those inbred lines. Significant lines x
sowing date mean squares were detected for all traits except
tasseling date, ear height, ear husk, ear diameter and shelling%.
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These finding indicate that parental inbred lines differ in their
mean performance in most traits.

Significant mean squares due to testers were obtained for all
traits in both sowing date as well as the combined analysis
except maturity dates at both sowing date as well as the
combined analysis, tasseling date, silking date, leaf area, ear
diameter, number of kernels/ row at early sowing, and ear length
at early sowing date and the combined analysis. Such results
indicated a wide range of variability among parental testers. In
addition, lines mean squares were much higher than those of
testers for most studied traits. Such results revealed that lines
contributed much more to the total variation as compared to
testers. Therefore, the total GCA variance was due to inbred
lines for most traits. Also, the interaction between tester x
sowing date mean squares were significant for silking date, leaf
area, ear length, ear diameter, no. of kernels/ row, ear weight/
plant, 100-kernel weight and grain yield/ plant. This indicated

that the testers behaved somewhat differently from one sowing
date to another.

Significant line x tester mean squares were obtained for all
traits except ear diameter at both sowing dates as well as the
combined analysis, ear husk, number of rows/ ear and number of
kernels/ row at late sowing date and shelling percentage at early
sowing date. Significant interaction between line x tester x
sowing date mean squares were obtained for tasseling and
silking dates, plant height, leaf area, no. of rows/ ear, 100-kernel

weight, shelling percentage, ear weight/ plant and grain yield/
plant.
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4.2. Mean performance

Mean values of top crosses along with three hybrid checks
(T.W. G 352, S.C. Pioneer 3080 and S.C. G 155) for all the
studied traits in both sowing dates as well as their combined data
are presented in (Table 3).

Results in (Table 5) showed that the mean performance of
tasseling date was significantly lower than the best earlier check
variety by one. twenty four and eighteen top crosses at early, late
sowing dates as well as the combined analysis, respectively. The
top cross T xL; at early sowing date had earlier than the best
check variety S.C. Pioneer 3080. While, the top crosses TsxL 4,
TixL; and T;xL;¢ gave the lowest mean values compared with
other genotypes at late sowing date. The top crosses T xL,.
TixLy3 and TsxL 4 gave the lowest mean values for tasseling date
at the combined data.

For silking date, zero, twenty six and fifteen top crosses
exhibited significantly earliness than the earlier check variety at
early, late sowing dates as well as the combined, respectively.
The top crosses TyxL,, TyxLj;, ToxL;, and TsixL,, gave the
lowest mean values for this trait at the combined data.

Regarding maturity date, fourty six, thirteen, fourty seven
top crosses expressed significantly earliest than the earlier check
variety. From breeder point of view, the previous mentioned top
crosses seemed to be of prime importance since earliness in
maize hybrids is a must avoid destructive pests. The top crosses
TixLy, TixLe, ToxLg, ToxLe, ToxLyg, ToxLyg, TyxLe, TsxL and
L;xL), expressed the lowest significant values of maturity date

and it were the earliest among the studied top crosses at the
combined analysis.

Regarding plant height, twenty one, fiveteen and twenty
top crosses expressed significant lowest values as compared with
the best check variety T.W. G 352 at early, late sowing date as
well as the combined analysis, respectively. The top crosses
TixLyo, T\xLy,, TixLg, TyxLe and ToxLys in the early sowing
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date, ToxLo, T \xT,5 and T xL s at late sowing date and T;xL .
TixLys. TyxLg. TaxLe, ToxL,s and TixL,s at the combined
analysis were the best among the studied crosses since they
expressed the lowest significant values of this trait (Table 5).

As for ear height, eight, zero and nine top crosses showed
significant lowest values as compared to best check variety
(G155) from the three check hybrids at early, late sowing dates
as well as the combined analysis, respectively (Table 5).

The three top crosses T1xLg, TixLg, ToxLe and ToxLs at
the combined analysis which had the best values for plant height
showed also the most desirable values for ear height. Therefore,
these top crosses are prospective in maize breeding program.

For leaf area, fourteen, six and sixteen top crosses were
significantly superior to the best check variety at early, late
sowing dates and the combined analysis, respectively. Moreover,
the seven top crosses TyxL¢, TixLy, ToxL,, ToxLy, T3xLy, TsxLo
T3xL,s and T;3xL ¢ were the best among all studied crosses since
they expressed the highest significant values of this trait in the
combined analysis over both sowing dates (Table 5).

Regarding ear husk, none of the top crosses surpassed
significant compared to the best check variety in both sowing
dates and the combined data. However, the most top crosses
exhibited insignificant values of ear husk compared with the best
check variety (Table 5).

As for ear length one, ten and six top crosses exhibited
significant higher than the best check variety at early, late
sowing dates as well as the combined data, respectively. The top
Crosses T[XLM, TzXLl szLll, T3XL|1 and T}XL]g at the
combined analysis exhibited significantly higher mean values as
compared to the best check hybrid S.C. Pioneer 3080.

For ear diameter, none of the top crosses significantly
surpassed the best check hybrid at early, late sowing date and the
combined analysis. However, the check hybrid S.C. Pioneer
3080 gave the highest value for this trait but without superiority

Results & Discussion 41

www.manaraa.com



than most top crosses in both sowing dates as well as the
combined data.

For number of rows/ ear, the top crosses T,xLs at early
sowing date; ToxLy, TsxLs and TsxLg4 at late sowing date; and
TixLy3, ToxLs ,T3xLs and Ts;xLg at the combined analysis,
exhibited significant higher than the best check hybrid.

For number of Kkernels/row. with the exception of

crossesT xLs. Taoxl.;; ToxLa TsxLye, TixLoe and TsxLy, at late
sowing date, none of top crosses surpassed the best check
hybrids in early, late sowing date as well as the combined
analysis. Also, the best check variety S.C. Pioneer 3080 recorded
the highest no. of kernels/ row but without superiority over that
recorded by most top crosses for this trait in both sowing dates as
well as the combined over them.

Regarding 100-kernel weight, the top crosses TxL;
TixLs, T\xLyy, TsxLs and TsxLy, at early sowing date; T\xLy,
ToxLs, ToxLys, TsxLs, T5XLy5 and T3xLy at late sowing date and
TIXL]. TixL-, TxL, ToxLs, Toxlys. TsxLsy and T3xLy¢ at the
combined analysis exhibited significantly higher than the best
check hybrid S.C. G 135.

For ear weight, one, thirty three and five top crosses out
yielded the best check hybrid. Also, it is clear that the most
desirable top crosses were obtained from the crossing between
T and each of inbred lines L3 and 1.}, and T, and each of inbred
lines Ls, Ly and L, at the combined data.

As for shelling percentage, none of the studied top crosses
significantly exceeded that of the best of check hybrid. However,
the most top crosses did not significantly from the best check
hybrid.

Regarding grain yield/ plant, the highest mean values
were recorded by S.C. Pioneer 3080 at early sowing date, but
without significant superiority over those of hybrids T,xL,s,
TixL 7, ToxLs, ToxLyg, ToxLs and ToxL,. While, twenty six and
three top crosses exhibited significantly higher than the best
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check hybrid S.C. Pioneer 3080 at late sowing date and the
combined analysis,respectively.

The best top crosses were TixL3, T{xL;7 and T,xL,, at
the combined data. Also, eight top crosses at combined analysis
did not differ significantly than the best check hybrid.

From such results it could be concluded that the previous
top crosses could be efficient and prospective in maize breeding
programs since they expressed significant desirable effects for
grain yield and for one or more of yield components.

The fluctuations of hybrid performance from sowing date
to another were detected for most traits. These results would be
due to significance of the interaction between hybrids and
sowing date.
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4.3. Analysis of variance for combining ability:

The estimation of variance due to general combining
ability (> GCA) and specific combining ability (6> SCA) along
with their interaction with sowing dates are presented in (Table
4) Results indicated that 6> SCA was more important than o’
GCA for all studied traits in both sowing dates as well as the
combined analysis except tasseling date and number of rows/ ear
in the combined analysis, ear diameter at early sowing date and
ear husk at late sowing date 6> GCA= ¢* SCA revealing that
additive and non additive gene effects was similar for controling
this trait . These results indicated that the largest part of the total
genetic variability associated with those traits was the result of
non — additive type of gene action. The importance of non-
additive gene action in controlling such traits was reported by
El-Hosary ( 1989 ) for ear length, ear diameter, number of rows/
ear, number of kernels/ row and grain yield/ plant, Sedhom (
1994 ) for ear length and ear diameter; Soliman (2000) and
Mahmoud ef al. (2001) for grain yield ; Amer ef al. (2002) for
grain yield and number of kernels / row ; El-Shenawy e al.
(2003) for grain yield and number of rows / ear; Mosa (2004)
for silking date , plant height , grain yield , ear length , number
of kernels / row and 100-kernel weight ; Abd El-Moula (2005)
for grain yield , 50% silking , plant height and ear height ;
Motawei ef al. (2005) for grain yield , number of kernels / row
and ear length.

The magnitude of the interaction between specific
combining ability and sowing dates was much higher than that of
general combining and sowing dates for all traits except ear
height, ear husk and number of rows/ ear. These results led to the
conclusion that non-additive gene action was more biased by the
interaction with environments than the additive effects. Such
results are in agreement with those reported by El-Hosary
(1985), Sedhom (1992 and 1994), Al-Naggar et al. (1997),
Soliman (2000), Sadek er al.(2000); Mahmoud ef al.(2001);
Soliman et al.(2001);Amer et al.(2003); Aly (2004); Mosa
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(2004) ; Ibrahim and Motawei (2004) ; Mosa et al. (2004)
;Abd El-Moula (2005).

For the exceptional traits, the magnitude of ¢ GCA x
sowing date interaction was higher than that of 6> SCA x sowing
date revealing that additive and additive x additive gene action
interacted more with the environment than the non additive
component. Similar results were reported by El-Hosary (1989),
Sedhom (1994), Sultan (1998), El-Zeir et al. (2000), Gado

(2000), Barakat (2001), Amer ef al. (2002), El-Shenawy et al
(2003).
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4.3.1 General Combining ability effect:

The general combining ability effects (§;) of testers and
parental inbred lines for all traits in both sowing dates as well as
the combined analysis is presented in (Table 6).

From the breeder’s point of view, high negative values for
tasseling, silking and maturity dates as well as plant and ear
heights along with high positive values for yield and its
components would be useful for maize breeding program.
Testers:

Results in (Table 6) indicated that the tester T, (L,g)
exhibited significant desirable (g;) effects for plant and ear
heights and 100-Kernel weight at early, late sowing dates, as
well as the combined data, ear diameter, ear weight / plant and
grain yield / plant at late sowing date and the combined data; and
ear length at late sowing date. Also, it gave significant
undesirable or insignificant (g;) effects for other cases.

The parental tester S.C. (El-Hosary 101) expressed
significant positive (&) effects for leaf area and shelling
percentage at late sowing date and the combined data and ear
husk at early sowing date and the combined data: ear weight,
grain yield/ plant and 100-Kernel weight at early sowing date,
Also, it gave significant positive (undesirable) (g;) effects at late
sowing date and the combined data for tasseling date and late

sowing date for silking date. However, it gave insignificant (g;)
effects for other cases.

Parental tester (Gem. Pop.) expressed significant desirable
(&) effects for number of rows/ ear in both sowing dates and the
combined data; leaf area at late sowing date; tasseling date and
silking date at late sowing date and the combined data. Also, it

gave significant undesirable or insignificant (8;) effects for other
cases.
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Inbred lines:

six, four and four inbred lines expressed significant and
negative (g&;) effects for tasseling date at early, late sowing dates
as well as the combined analysis, respectively.

For silking date seven, four and six inbred lines gave
significant negative (g;) effects at early, late sowing dates and the
combined over them, respectively. The parental inbred lines L,
and L5 exhibited the highest (g;) effects for tasseling and silking
dates in both sowing dates as well as the combined data.
Moreover, both inbred lines L.; and L3 were the best combiners
for both traits together.

Consequently, they could be utilized in developing new
hybrids characterized by earliness in flowering.

For maturity date, the parental inbred lines Lg and L
seemed to be the best combiners for earliness in both sowing
dates as well as the combined analysis .Consequently, they could
be utilized in developing new hybrids characterized by earliness
in maturity.

Regarding plant height, seven, five and seven inbred lines
gave significant negative (g;) effects at early, late sowing dates
as well as the combined data, respectively. The best inbreds in
general (g;) effects were L, Lo, Lo, Ljs and Lg in both sowing
dates and the combined analysis.

On the other hand, Lg, Ly, Ly and Ls gave significant
positive (§;) effects for plant height in both sowing dates and the
combined data. Therefore, they could be of great value in
breeding programs for developing new hybrids with highest
plant stature for forage crops..

For ear height, six, two and four inbred lines exhibited
significant negative (&;) effects at early, late sowing dates as well
as the combined data, respectively. The inbred lines Lo and L ;s
were the best combiners for both traits (plant and ear heights).
Therefore, they could be of great value in breeding programs for
developing new hybrids with short plant stature.

Results & Discussion 55

www.manaraa.com



For leaf area, six, eight and nine inbred lines exhibited
significant positive (g;) effects at early, late sowing dates and the
combined analysis, respectively. From these lines, the three
inbred lines L}, L, Ljjand L;¢ were good combiners for this trait
in both sowing dates and the combined analysis. Therefore, they
could be of great value in breeding programs for developing
hybrids with highest leaf area of upper ear increased forage crops
and grain yield.

The inbred lines L,, Ly and L;; expressed significant
positive ear husk in both sowing dates as well as the combined
analysis.

Regarding ear length, the best general combiners which
had significant positive (§;) effects was Ly, in both sowing dates
as well as the combined analysis. While, L,y exhibited
significant positive (g;) effects in both sowing dates as well as
the combined data for ear diameter.

Results in (Table 6) showed that the best general
combiners which had significant and positive (&) effects for
number of rows/ ear was the inbred Ls, L¢and L5 in both sowing
dates as well as the combined data.

For no. of Kernels/ row, the best general combiners which
had significant and positive (g;) effects were the parental inbred
lines L;; and Ly, in both sowing dates and the combined over
them.

Regarding 100-kernel weight, seven , five and seven
parental inbred lines exhibited significant positive (§;) effects at
early, late sowing dates and the combined analysis, respectively
However , the most desirable (g;) effects for this trait were
detected for the parental inbred lines L; followed by L9 in both
sowing dates and the combined data.

For shelling percentage, four, two and five parental inbred
lines exhibited significant and positive (g;) effects at early, late
sowing dates as well as the combined analysis, respectively.
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Moreover, the most desirable combiner for this trait was L5 in
both sowing and the combined analysis.

Seven. ten and nine parental inbred lines for ear weight /
plant; six, eight and seven parental inbred lines for grain yield/
plant exhibited significant positive (§;) effects at early, late
sowing dates as well as the combined analysis, respectively.
Moreover, the most desirable combiners for ear and grain yield/

plant were the inbred lines Ls and L5 in both sowing dates and
the combined analysis.

From the previous results it could be concluded that the
parental inbred lines Ls and L5 should be of great values in
breeding programs for improving grain yield and its components
and earliness (L;3). Also, it is clear that the parental inbred line
which exhibited significant desirable (g;) effects for grain yield/
plant might express the same effects for one or more of traits
contributing grain yield. For example, parental inbred line L5
expressed significant desirable (g;) effects for grain yield/ plant,
ear weight/ plant, number of rows/ ear, plant height, tasseling
and silking dates. While, Ls gave significant positive (&) effects
for grain yield/ plant, ear weight/ plant, no. of rows/ ear and
plant and ear heights (grain or fodder yield).
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Table (6): General combining ability effects of testers and inbred lines for ali the studied traits.

Tasseling date (Dayes to 50% shed)

Traits Sikking date (Dayes to 50% silk)
Farent Early sowing [Late sowing |Comb. Early sowindLate sowing  {Comb.
Testers .
1} 0.18 0.02 0.10 0.12 -0.03 0.04
2| 0.06 035 ~ 021 -~ -0.02 032 * 0.15
3] -0.24 -0.37 ¢ -0.30 * -0.10 -0.29 * -0.20 *
L.S.D. (gi) 5% 0.27 0.30 0.20 0.20 0.25 0.16
1%| 0.36 0.40 0.27 0.27 0.33 0.21
L.S.D. (gi-gj) 5% 0.38 0.43 0.29 0.29 0.35 0.23
1%| 0.50 0.56 0.38 0.38 0.47 0.30
Lines
1] -163 * *| 180 * *| 172 * -081 * *{ 180 * *| 131 *
2] 081 * 0.64 0.73 * 097 * *{ 087 * *| 092 *
31 070 * 087 * 078 * 086 * *| 131 * *| 108 *
4] 092 * *} 131 * *{ 112 * 0.52 120 * 1 086 *
S| 159 * *f 142 * *| 1581 -~ 141 © '] 131 *1 136 *
6] 070 ~ 0.31 0.51 0.19 -0.02 0.08
7] -0.52 -0.36 -0.44 -0.48 -0.80 * -0.64 *
8f 103 * *] 176 * *| 139 * 074 * *| 131 * *| 103 *
9l 070 - 0.42 0.56 * 0.19 0.09 0.14
10| -0.41 -0.36 -0.38 -0.569 * -0.58 -0.58 *
11} 0.37 -0.24 0.06 0.41 -0.36 0.03
12{ 097 * *| 102 - -0.89 - 0.08 -0.13 -0.03
13 -141 % *| 169 * *| 155 = S1.37 1213 0t ) o175 ¢
14| -0.41 -0.02 -0.22 -0.37 0.09 -0.14
18] -0.74 * 0.20 -0.27 -0.59 * 0.53 -0.03
16] -0.41 -0.58 -0.49 -0.81 * *| -069 * -0.75 *
17 103 * *[ 053 078 * 097 * *I 053 075 *
18| -0.74 * -0.69 072 * -0.81 * *j -0.58 -0.69
19] 074 ~ 0.20 -0.27 -0.70 * *| 0.09 -0.31
20{ 0.14 -0.91 - -0.38 0.19 -0.24 -0.03
L.S.D. (gi) 5% 0.70 0.78 0.52 0.53 0.65 0.42
1% 0.92 1.03 0.69 0.69 0.85 055
L.S.D. (gi-gj) 5% 0.99 1.1 0.74 0.75 0.92 0.59
1% 1.30 1.45 0.97 0.98 1.20 0.78

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Cont.

Traits Maturity date Plant height
=ns Early sowing |Late sowing Comb. Early sowing jLate sowing Comb.
Testers
1} -0.17 -0.04 -0.10 470 * *} -553 * | 511 y
2] 0.03 -0.02 0.01 0.68 0.14 0.414
3{ 013 0.06 0.10 403 * * 5.38 o 4.70 N
L.S.D. (gi) 5% 0.46 0.40 0.31 1.86 1.55 1.21
1%]| 0.61 0.53 0.40 2.44 2.04 1.59
L.S.D. (gi-gj) 5% | 0.65 057 0.43 2.63 2.19 1.714
1%] 0.86 0.74 0.57 3.46 2.88 2.25
Lines
11 -1.30 * 0.01 -0.64 -0.54 2.52 0.99
2| -0.30 -0.43 -0.37 -5.09 * 569  * *| 534 *
3] 148 * 0.46 0.97 -0.76 5.30 - 227
41 226 * -~ 0.90 1.68 1291 * ¢ 5.41 v 9.16 "
5] 226 * * 0.34 1.30 1880 * *f 1074 * * 9.77 *
6[-219 * *| -166 * *| -1.92 11643 * *| 1241t | 1377 ‘
70-230 * *| -0.10 -1.20 "1 -3.20 -2.93 -3.06
8f 1.14 -0.21 0.47 735 * ¢ 1.41 4.38 *
9] 0.92 -1.21 N -0.14 -10.31 *~ *] 1526  * *{ -1279 -
10{ -319 * *} -210 * *| -264 *1-19.98 * *| 1793 * *| -1895
11 -230 * * 0.12 -1.09 1 658 * ¢ 0.96 3.77 *
12| -0.63 -0.21 -0.42 -531 * 1.74 -1.79
13 -0586 0.46 -0.20 -4.87 * -2.87 -3.87 *
14{ 0.26 -0.21 0.02 -4.42 -2.93 -3.68 *
15 0.48 0.46 0.47 642 * *| -1370 * *} -10.06 *
16 1.14 0.46 0.80 -3.54 4.52 * 0.49
171 181 * 1.79 ot 1.80 *1 569 ¢ 1.52 3.60 *
18] -0.52 -0.66 -0.59 870 * *| -548 * *| -7.09 "
19 -0.97 0.68 -0.14 558 * 1830 * 1 1194 *
20{ 281 * * 1.12 ‘ 1.97 11143 % 1.85 6.49 *
L.S.D. (gi) 5% 1.19 1.03 0.78 4.80 4.00 3.12
1% 157 1.36 1.04 6.31 5.26 4.11
L.S.D. (gi-gj) 5% 1.68 1.46 1.12 6.79 5.65 4.42
1% 2.24 1.92 1.47 8.92 7.43 5.81

*and ** significant at 0.05 and 0.01 levels of probabiiity, respectively.
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Cont.

Traits Ear height Leaf area of upper ear
Fasens Early sowing Late sowing  [Comb. Early sowing |Late sowing Comb.
Testers
11 -243 276 * *[-259 * -3.27 -22.10 -1269 "
2] 023 0.41 0.32 1.85 12.79 732 *
3| 220 * 235 * 227 1.42 9.31 5.36
L.S.D. (gi) 5% 1.55 2.08 1.30 8.12 8.42 5.85
1%| 2.04 273 1.70 10.67 11.06 7.68
L.S.D. (gi-gj) 5% 219 2.94 1.83 11.48 11.90 8.27
1%| 2.88 3.86 2.41 15.08 15.64 10.87
Lines
1 -2.03 3.70 0.83 7115 * *| 5850 6482 *
2] -0.81 -1.19 -1.00 46.33 * *| 46.00 4617 *
3| -048 -4.41 -2.45 -24.38 * 15.77 -4.30
4] 930 * 3.25 628 * 4584 * *| 2502 3543 * ~
5| 1297 - 870 * *110.83 * -10.44 3.13 -3.65
6] 819 3 792 * *1 805 * 81.97 * *| 21.10 5153 * ~
7 1.85 4.92 333 * -36.58 * *| -1.34 -18.96 *
8] 052 -1.86 -0.67 -31.33 * *| -40.19 -35.76 *
9| -6.15 * 897 * *|-756 * 38.05 * *| -557 16.24 *
10{ -10.37 * -3.41 689 * *}-57.52 * *| .61.43 -5947 * *
11 3.19 0.36 1.78 -4536 * *| -43.50 -44 .43 * *
12| -159 1.14 -0.22 -1.76 39.63 18.94 -
13 1.52 1.64 1.58 -66.84 * *| -48.17 -57.61 * -
14f 459 1.92 -1.34 7.64 43.70 2567 * *
15 415 * 6.41 -5.28 * -18.94 3024 -~ 5.65
16]  0.08 -0.97 -0.45 9262 * *} 2793 * 60.28 * *
17[  -0.03 -3.19 -1.61 -5.38 -43.51 -24.45 * *
18} 512 -4.75 -4.94 -60.53 * *| -77.44 -68.98 * *
19| -459 2.25 -1.17 1.62 5587 2875 * *
20 230 -0.64 0.83 -26.18 * -45.75 -3587 *
L.S.D (gi) 5% 4.00 5.36 3.34 20.95 21.73 15.09
1% 5.26 7.05 4.40 27.54 28.56 19.84
L.5.D. (gi-gj) 5% 5.66 7.58 4.73 29.63 30.73 21.35
1% 7.43 9.97 6.22 38.95 40.39 28.05

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Cont.

Traits Ear husk Ear length
Farns Early sowingdlLate sowing  |{Comb. Early sowinglLate sowing  |Comb.
Testers
1]-024 * *| 018 * *}-021 * *[-0.07 041 * *] 017
21024 * *| 013 019 * *}-0.07 -0.25 -0.16
3| 0.01 0.05 0.03 0.13 -0.16 -0.01
L.S.D. (gi) 5% 0118 0.17 0.12 0.30 0.32 022
1% 0.23 0.22 0.16 0.40 0.42 0.29
L.S.D. (gi-gj) 5% | 0.25 0.24 0.17 0.43 0.45 0.31
1%] 0.33 0.31 0.23 0.56 0.59 0.41
Lines
1/-085 * *{ -082 * *1-0.89 * *[0.01 0.37 0.19
21049 * 073 * *] 061 * *{-0.14 127 % 1071
3]-0.84 * *| -060 * *|-072 * *]-0.14 0.62 0.24
41-0.17 -0.04 -0.11 -0.49 -0.54 -0.51
5/ 0.056 0.07 0.06 -1.38 * | -0.01 -0.69
61-0.28 -0.49 -0.39 0.37 0.41 0.39
71-0.28 -0.04 -0.16 0.35 -0.91 -~ -0.28
8{-0.06 -0.27 -0.16 0.41 -0.31 0.05
9/083 * *f 107 * *1 095 * *|-113 * *} .0.17 -0.65
10{-0.51 * -0.38 -044 * *1-0.13 -0.63 -0.38
11]-0.28 -060 * *| -044 * *|086 * 174 * ] 130
121 0.05 0.07 0.06 0.41 0.81 0.61
13/-062 * *| -0.38 -0.50 * *]-0.10 -0.26 -0.18
141-062 * *| -0.04 -033 " 148 * *| -087 * 0.30
15{ 0.16 -0.16 0.00 0.21 -0.10 0.06
161094 * *{ 040 067 * *l-1141 * *} 171 * *| 141
171094 * *| 096 * *]1 095 * *|[-064 0.13 -0.26
18} 0.16 -0.16 0.00 -0.05 091 * 0.43
19/ 061 * *| 0.40 050 * *|049 0.23 0.36
20) 0.38 0.28 034 ° 0.71 157 "1 144
L.S5.D. (gi) 5% 0.45 0.43 0.31 0.78 0.82 0.57
1% 0.59 0.57 0.41 1.03 1.07 0.74
LS D. (gi-gj) 5% | 0.64 0.61 0.44 1.11 1.15 0.80
1%} 0.84 0.80 0.58 1.45 1.52 1.05

* and ** significant at 0.05 and 0.01 levels of probability

, respectively.
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Cont

Ear diameter

Traits Number of rows/ ear
Farens Early sowindlLate sowing  |Comb. Early sowindLate sowing Comb.
Testers
11 0.00 009 * *[ 005 -048 * *{ -062 * *| -055 * *
2/ 0.02 -0.10 * *| -0.04 -0.02 0.08 0.03
31-0.03 0.01 -0.01 0.50 | 054 * *| 052 **
L.S.D. (gi) 5% 0.06 0.07 0.05 0.20 0.17 0.13
1% 0.08 0.09 0.06 0.26 0.22 0.17
L.S.D. (gi-gj) 5% | 0.09 0.10 0.07 0.28 0.24 0.18
1%{ 0.14 0.13 0.09 0.37 0.31 0.24
Lines
110.08 020 * 014 * 0.14 0.35 0.24
21 0.10 -024 * *}-007 -0.33 0.20 -0.06
31-017 * -0.09 -0.13 -1.04 o < e
41-0.10 0.03 -0.04 0.03 077 * *| 040 *
5/ 0.03 0.13 0.08 1.85 | 144 vt 164 0t
6]0.19 * 0.00 0.09 1.13 ‘] 066 * *| 089 * *
7]-0.13 -0.18 -0.16 * -0.55 -0.35 -045 *
8] 0.00 -0.18 -0.09 -1.21 i I e I T P 0
9/ 0.03 025 * *| 014 * -0.95 1 0.1 -063 *
10{-0.25 * *| -0.05 -0.15 * -0.74 | 084 * *| 079 *
111-0.15 -033  * *1-024 * -0.14 096 * *{ 085 * *
12{-0.01 -0.12 -0.06 0.06 0.00 0.03
13/ 0.12 0.18 * 015 * 175 ] 180 * *] 178 * -
14{-0.01 -0.17 -0.09 -0.44 0.05 -0.19
15| 0.00 0.09 0.05 0.54 -0.05 0.24
161-0.02 0.08 0.03 -0.14 0.33 0.09
171 0.08 0.15 0.11 0.22 0.04 0.13
18/ 0.10 0.07 0.09 0.60 -0.39 0.11
191 0.19 ~ 022 - 020 * *[-0.67 -0.49 -0.68 * *
20{-0.06 -0.04 -0.05 -0.14 -0.09 -0.11
L.S.D. (gi) 5% 0.16 0.18 0.12 0.51 0.43 0.34
1%| 0.21 0.24 0.16 0.68 0.57 0.44
L.S.D. (gi-gj) 5% | 0.22 0.25 0.17 0.73 0.61 0.48
1%} 0.29 0.33 0.22 0.96 0.80 0.62

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Cont.

Number of kernels/ row

Traits 100-kernel weight
Farznts Early sowing |Late sowing  {Comb. Early sowing Late sowing  |{Comb.
Testers
1] -0.25 077 * 0.26 0.88 {107 * *] 098
2] -0.31 -0.62 -0.47 0.51 ‘| -046 * 0.03
3} 0.56 -0.15 0.20 -1.39 1 081 * 1 -1.00
L.S.D. (gi) 5% 0.73 0.68 0.50 0.37 0.44 0.29
1%| 0.96 0.89 0.66 0.48 0.58 0.38
L.S.D. (gi-gj) 5% | 1.04 0.96 0.71 0.52 0.62 0.40
1%]| 1.36 1.26 0.93 0.68 0.81 0.53
Lines
| -0.48 1.01 0.26 0.89 132 * 111
2/ 123 -0.98 0.12 -3.33 S| 157t ] -245
3| -0.22 245 * * 1.12 4.33 ] 732 * "] 583
| 4] 196 * | 045 1.21 -2.33 +| -1.01 -1.67
5] -1.48 -0.69 -1.09 -2.22 ‘1 201 % ] -212
6] -1.82 0.61 -0.60 -0.22 -280 * *f -156
7{ 1.00 -0.67 0.16 -0.22 -0.46 -0.34
8! 0.46 -0.13 0.17 1.33 ‘| 054 0.94
9] -1.43 1.27 -0.08 0.11 246t 4 117
10] -2.12 * 0.35 -0.88 3.78 “1 032 2.05
i1} 2.06 * 284 * 2.45 -6.11 f-212 0 7 ] 412
12} 348 * *| 254 * * 3.01 2.00 *| 066 1.33
13] 0.31 -2.07 -0.88 011 132 * 0.72
14| -0.16 -296 ¢ -1.56 2.22 | -0.79 0.72
15] 1.43 -0.71 0.36 0.56 321 * *| 188
16] -4.43 * *| -250 * *[ -3.32 1.67 | 201t ] -017
17{ -0.57 -0.26 -0.42 -0.78 -0.12 -0.45
18] -0.47 227 ¢ -1.37 -2.67 ] -3.01 * ] -284
19] 1.45 -0.02 0.72 4.00 1 332 * *] 366
20} -0.50 1.74 0.62 -3.11 *| 0.43 -1.34
L.S.D. (gi) 5% 1.89 1.76 1.29 0.95 1.13 0.74
1% 2.48 2.31 1.69 1.25 1.49 0.97
L.S.D. (gi-gj) 5% 2.67 2.48 1.82 1.34 1.60 1.04
1%|  3.51 3.26 2.40 177 2.10 1.37

“and ** significant at 0.05 and 0.01 levels of probability, respectively
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Cont.

Traits Ear weight /plant Shelling %
Farens Early sowing Late sowing  |Comb. Early sowing |Late sowing Comb.
Testers
1 -1.09 rb1119 o 5.05 * -0.34 -1.26 * -0.80 **
2 2.80 Yot <749 v ¢ -2.35 * 0.26 1.40 * 083 *
3 -1.71 ] -369 * ¢ -2.70 i 0.09 -0.14 -0.03
L.S.D. (gi) 5% 0.76 0.81 0.56 0.80 1.05 0.66
1% 1.00 1.07 0.73 1.05 1.38 0.87
L.S.D. (gi-gj) 5% 1.08 1.15 0.79 1.13 1.49 0.94
1% 1.42 1.51 1.04 1.49 1.96 1.23
Lines
1 -1527 ~ *1 1207 * * -1.60 * 311 1.42 226 * ¢
2 -9.90 *t1-2362 * *| 1876 * -1.75 0.11 -0.82
3 -2580 * *| 2148 * * -2.16 * -1.88 -1.88 -1.88 *
4 3.88 ot 161 1.14 245 * 2.44 244
5 6.17 "] 888 * * 7.52 * -0.40 -1.38 -0.89
6 2.10 i 238 * 2.24 * -0.81 -1.25 -1.03
7 1.83 -10.71 ¢ -4.44 * 277 ¢ 2.31 254 **
8| 12.46 1029 6.37 * -4.59 * 0.24 217 *
9/ -8.88 ot 293 ¢ -5.90 * -1.09 -2.82 * -1.96 *
10] 31.89 810 *ot 1190 * -0.61 -0.28 -0.44
1] -1461 * *| 957 =+ -2.52 * 0.81 -0.76 0.02
121 -067 9.96 * * 4.65 * 0.38 0.62 0.50
13 8.86 1912 v 8.99 * 1.78 4.43 * 341
4] 3165 ot -1810 ¢ 6.77 * -1.12 -0.46 -0.79
15 -11.07  * | 1102 * +* -0.03 -0.80 -1.53 -1.22
16| -4.22 ') -1155 o+ -7.89 * -0.38 -0.46 -0.42
17 0.81 562 * ~ 3.16 * -0.19 -1.74 -0.96
18] -3.65 | -2427 | 1396 O+ 2.18 * 5.39 * 378 **
19] -3.68 11184 v 4.08 * 1.07 -2.04 -0.49
20{ -1.90 -1.24 -1.57 * -0.81 -2.36 -1.58
L.S.D. (gi) 5% 1.97 2.10 1.44 2.07 272 1.71
1% 2.58 2.76 1.89 2.72 3.57 224
L.S.D. (gi-gj) 5% 2.78 2.97 2.03 2.92 3.85 2.42
1% 3.66 3.90 2.67 3.84 5.05 3.7

*and ** significant at 0.05 and 0.01

levels of probability, respectively.
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Cont.

Traits Grain yield
Far=nt Early sowing |Late sowing Comb.
Testers
1 -1.41 7.79 3.19
2 2.71 -4.64 -0.97
3] -1.29 -3.15 -2.22
L.S.D. (gi) 5% 1.50 1.58 1.09
1%| 1.97 2.08 1.43
L.S.D. (gi-gj) 5% 2.12 2.24 1.54
1%| 2.79 2.94 2.03
Lines
1] -7.79 12.25 2.23
2] -10.97 -19.08 -15.03
3] -24.04 14.99 -4.52
4 7.61 2.23 4.92
5 4.15 5.49 4.82
6] 0.24 0.72 0.48
7] 6.19 -5.84 0.18
8] 1.81 0.84 1.32
9] -9.12 -7.75 -8.43
10| 25.11 -6.63 Q.24
111 -10.77 7.04 -1.87
12| 0.59 9.43 5.01
13} 10.51 13.37 11.94
14| 23.94 -15.14 4.40
151 -10.24 7.16 -1.54
16| -4.26 -9.86 -7.06
171 0.684 2.47 1.56
18| 0.44 -14.80 -7.18
19| -1.18 7.08 2.95
20| -2.84 -3.97 -3.41
L.S.D. (gi) 5% 3.88 4.08 2.82
1% 510 5.37 3.70
L.S.D. (gi-gj) 5% 5.49 5.78 3.98
1% 7.21 7.59 523

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
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4.3.2 Specific combining ability effects:

Specific combining ability effects of the top crosses for
all traits in both sowing dates as well as the combined analysis
are presented in (Table 7).

Significant and negative SCA effects for tasseling date in
top crosses; TixL,, Tox L5 and ToxL)y at early sowing date;
T}XL'], TlXng. T’_)XL3, TzXL|2, T3XL2, T}XL](), T;XLH and T;XLK,
at late sowing date ., and T,xL,, T,xL;. T>xL,o. TsxL,y and
TsxLyy at The combined analysis. The most desirable SCA
effects for this trait were detected for the top cross ToxL,
followed by the crosses T3;xL4 and T,xL,e. This means that the
immediate use of line 3 and 19 as aparent of three way Cross
with S.C (S.C El-Hosary 101) could be recommended.

Also. in (Table 7) showed that the tester (Gem. Pop).
expressed the highest number of significantly negative SCA
effects especially at late sowing date and the combined analysis
in their crosses and showed the highest negative SCA effects for
tasseling date at late sowing and the combined analysis. Also,
exhibited the widest range of SCA effects ~2.41 to 2.70 at late
sowing date and —1.31 to 1.75 in the combined analysis.

Regarding to silking date, three, two and zero top crosses
exhibited significant and negative SCA effects were obtained for
the tester T, (L,g), T> (S.C El-Hosary 101) and T (Gem.pop.),
respectively at early sowing date ;Three, three and three top
crosses at late sowing gave significant negative SCA effects in
the same order. While, one, three and three top crosses gave
significant negative SCA effects in the same order at the
combined analysis. Moreover, the most desirable SCA effects for
this trait were obtained for the top cosses T)xL; at early sowing
date; ToxL; and T,xL,, at late sowing date and the combined
analysis. Meanwhile, the tester T, (S.C El-Hosary 101) gave the
best SCA effects for this trait. While, T5 (Gem. pop.) had the
widest range of SCA effects for this trait at late sowing and the
combined analysis. However, Ty (Ljgo) expressed the widest
range of SCA effects for this trait at early sowing date. It could
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be concluded that the tester T, (S.C El-Hosary 101) was the best
among all tester for silking date since it exhibited the largest
number of significantly negative SCA effects over both sowing
dates and the combined analysis. Also, the tester T5 (Gem. pop.)

expressed the widest range of SCA effects at late sowing date
and the combined analysis.

Regarding to maturity date. one, zero and one at early
sowing date; two, zero and two at late sowing date and one, two
and three top crosses at the combined analysis exhibited
significant negative SCA effects for tester T, T, and Tj,
respectively. Also, the cross T xL, at early ,late sowing date and
the combined analysis, TsxL s at early sowing date and the top
cross TsxLy7 at late sowing date and the combined analysis had
the most desirable gi_i effects for this trait.

For plant height, five, five and four top crosses at early
sowing date; six, three and three top crosses at late sowing date
and five, four and four top crosses at the combined analysis
expressed significant negative S;j effects for the tester T, (L;q0).
T, (S.C El-Hosary 101) and T;(Gem. pop.). respectively. The
highest desirable Si_i cffects to short plants were detected by cross
TixLs and T xLo in both sowing dates as well as the combined
analysis. In addition this tester expressed the largest number of
significantly negative Sij effects and had the widest range of Sij
effects for this trait. In this respect, Zambezi et al. (1986)
pointed out that inbred testers are preferred over broad base
testers and mentioned two practical reasons for preferring inbred
line (narrow base) testers to broad — base testers. First, sampling
errors are likely to occur with heterogeneous testers. Second, use
of an inbred line or (single cross) tester may permit quicker
utilization of new lines in commercial hybrids, especially if the
tester is already in commercial use.

For ear height, the top crosses T xL,, ToxLs ,Tox Lg .
TyxLy7, TsxLs, TsxL4 and TsxLjs at early sowing date; T{xL,,
TyxLys, TsxLi, T3xL4 at late sowing date and TxLyy, T1XLys,
ToxLg, ToxLys, ToxLje, ToxLi;, T3xL3 and TsxL,4 at the
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combined analysis, expressed 31gn1ﬁcant negative Sll effects.
However, the most desirable SU effects were detected for the top
crosses ToxLyg, T3xLs and TsxLy at early, late sowing dates as
well as the combined analysis, respectively. The T, (S.C El-
Hosary 101) exhibited the largest number of desirable Sll effects
(4 crosses). While, the T; (Gem. pop.) expressed the widest
range between SlJ effects at both sowing dates as well as the
combined analysis. This may suggest the immediate use of T,
(S.C El-Hosary 101) as parents in the development or three way
crosses to improve ear height.

Leaf area of upper ear, the cross T xLg, TixLo, TixLsg,
ToxLLy, TyxLy ToxLyy, TsxLys and TsxLg at early sowing date; T,
and each of L; and Lg; T, w1th each of Ly, L)y and L}»; and T;
with each of Ly, Ljs. L7 and Lg at late sowing date and T, with
each of L, Lg and Lyg; T, and each of L,, Ly, Ly and LH, T5 and
each of Ly L;s, Lig and Ly, gave significant positive Sll effects.
However, the other top crosses exhibited either significant
negative or insignificant S effects.

The top cross T1XL9 at early sowing date and the
combined analysis and T,xL;s and T,xL,s at the combined
analysis gave significantly positive S| effects for ear husk.
However, the other top crosses gave either significant negative
or insignificant SlJ effects for this trait.

For ear length, the top crosses T,xL,,, ToxLs, ToxLs and
TsxLyo at early sowing date; T xLo, T,xL; and TyxL,q at late
sowing date; TixLy, ToxL;, TsxL,o and TsxL,¢ at the combined
analysis expressed significant positive Sll effects. However, the
most desirable S,, effects were detected for the top cross Ty at
both sowing dates as well as the combined analysis.

For ear diameter, the top cross T,xL, at the combined
analysis gave significant positive S;j effects. However, the other

top crosses gave either significant negative or insignificant S
effects for this trait.

For number of rows/ ear, the top crosses TixLy;, T\xLy4,
TyxLe and T5xL g at early sowing date; T)xL 3, Tox L, and T3xLg
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at late sowing date and TxL 3. ToxLy, ToxL, TsxL; and T; XLy
at the combined analysis, exhibited significantly positive Sl,
effects. While, the other top crosses gave either significant
negative or insignificant S effects. The most desirable S effects
were obtained from top cross Tsx Lyg, ToxLy and TxL ;5 at early,
late sowing dates as well as the combined analysis, respectively.

Regarding number of kernels/ row. the top crosses T,xL ¢
and TsxLe at early sowing; T xLg, ToxL,s and ToxL,o at late
sowing date; and T;xLs, T;xL;, ToxL,s and szLzo at the
combined analysis exhibited significantly positive S,J effects for
this trait. The rest top crosses showed either significant negative
or insignificant S,l effects.

Five, three and five top crosses at early sowing date;
seven, four and five at late sowing date; seven, three and seven at
the combined analysis expressed significant positive S1J effects
for 100-kernel weight for the Tl, T, and Tj, respectively.
Moreover, the most desirable S,J effects for this trait were
obtained for the top crosses T,xL,, T\xL,, and TixL,; at early,
late sowing dates as well as the combined analysis, respectively.

[t could be concluded that the tester Lo, was the best
among all testers for this trait since it exhibited the largest
number of significant positive SlJ effects, in addition this tester
T expressed the best S,, effect over all crosses and had the
widest range of SIl effect. In this respect, Zambezi et al. (1986)
pointed out that inbred testers are preferred over broad base
testers and mentioned two practical reasons for preferring inbred
line (narrow base) testers to broad-base testers. First, sampling
errors are likely to occur with heterogeneous testers. Second, use
of an inbred line or (smgle cross) tester may permit quicker
utilization of new lines in commercial hybrids especially if the
tester is already in commercial use.

Concerning ear weight, seven, eight and nine top crosses
at early sowing date; eight, seven and seven at late sowing date;
eight, seven and nine top crosses at the combined analysis
expressed significant positive S,, effects for T, T, and T;,
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respectively. The most desirable Si.i effects were recorded for the
top crosses T)xL;; and ToxLs at early sowing date; T,xLs,
ToxLy; and TsxLy at late sowing date; and T,xL,5 and ToxL,, at
the combined analysis.

Regarding shelling percentage, the top crosses ToxL,o at
early sowing; TxL;, ToxLy, ToxL,4 and TsxLy; at late sowing
date; TyxL 3. ToxLg ToxL g, and T5xL,; at the combined analysis
exhibited significant positive gij effects. The other top crosses
exhibited either significant negative or insignificant Sij effects
for this trait.

For grain yield/ plant, five, seven and six top crosses at
early sowing date; six, six and six top crosses at late sowing
date; seven. six and eight top crosses at the combined analysis
for testers T}, T, and Tj;, respectively. The best Sij effects were
obtained from top crosses T\xLys, TyxLs, ToxL;, and TsxL,s at
early sowing date;T;xL 4, T,xL, and TsxLs at late sowing date;
ToxLy, and T;xL;; at the combined analysis. Furthermore, the
tester T, (S.C El-Hosary 101) exhibited the widest range
between SU effects for this trait at the combined analysis.
Therefore, the immediate use of lines L4, Ls, Lip and L, as
parents in the development of three way crosses with T, (S.C El-
Hosary 101). Also, the immediate use of lines L;, Ly and L;; as
parents in development of single crosses with T (L 100).
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4.4. Heterosis:

Heterosis for grain yield/ plant was computed for
individual top crosses as the percentage increase of hybrid
performance relative to T.W. G 352, S.C. Pioneer 3080 and S.C.
G 155 at early, late sowing date and the combined over them
(Table8).

Eight, fourty one and twenty top crosses expressed
significant and positive heterotic effects in early, late sowing
dates as well as the combined analysis relative to T'W. G 352.
However, most desirable heterotic effects were detected for the
tOp crosses T]XL|3, T]XL]7, T2XL5, TgXL]O, TgXL]g and T3XL10 at
both sowing dates and the combined analysis. The useful
heterotic effects relative to T.W. G 352 ranged from -31.8 to
17.42,-11.63 10 65.32 and -17.12 t0 30.62% at early, late sowing
dates and the combined over them, respectively.

Regarding useful heterotic effects relative to S.C G 155,
zero, fifty eight and nineteen top crosses exhibited significant
and positive values for grain yield/ plant at early, late sowing
dates as well as the combined analysis, respectively. Eight top
crosses at early sowing dates did not differ significant compared
S.C. G 155. However, the best heterotic effects were obtained for
the top crosses T\xL,, T\xL,3, TixLy7, ToxLy, TyxLs, ToxL;, and
TyxLy, in the combined data. The useful heterotic effects relative
to S.C. G 155 ranged from -39.37 t0 4.38, -11.29 to 106.82, and -
17.49 to 30.03% at carly, late sowing dates and the combined
analysis, respectively.

Regarding useful heterotic effects relative to S.C. Pioneer
3080 Zero, twenty six and three top crosses exhibited significant
and positive values for grain yield/ plant at carly, late sowing
date as well as the combined analysis, respectively. Also, five,
twelve and eight top crosses did not differ significant compared
S.C. Pioneer 3080 in the same order. Insignificant useful
heterotic effects in these top crosses revealed that a hybrid
program based on these materials may be useful for testing under
different location and years. However, the best useful heterotic
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effects were obtained for the top crosses TxL,;, T\xL,; and
ToxL), in the combined data. The heterotic effects relative to
S.C. Pioneer 3080 ranged from -41.09 to 1.42, -39.22 to 41.69 %
and -28.62 to 12.49% at early, late sowing dates as well as the
combined analysis. Hence. it could be concluded that the
previous top crosses offer possibility for improving grain yield in
maize. Many investigates reported useful heterosis for yield in
maize Shehata et al. (1997), Mahmoud ef al. (2001), Amer et
al. (2002), Mosa et al. (2004) and Abd El-Moula (2005).
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SUMMARY

The main objectives of the present work were to
evaluate inbred lines of maize through Line x tester analysis.

The experimental work of this study was carried out at the
Experiment Research Station of Moshtohor, Benha University,

Qalyubiya Governorate, Egypt during the two successive seasons
2006 and 2007.

A total of twenty (Zea mays L.) yellow inbred lines were
used to establish the experiment materials for several characters
among inbred lines under study. These lines were selected on
bases of yielding ability and other desirable plant aspects. The
plant materials were selected with a wide range of diversity for
several traits. Three testers of yellow maize were used in this
investigation to make all possible line x tester crosses. The three
testers used in this study were chosen to represent wide
difference in relation to the tested lines. i.e. (Gem. Pop.)
representing broad genetic base, single cross (Elhosary 101)
representing approximately narrow genetic base and the inbred
line 100 representing narrow genetic base. Three check varieties
were used in this investigation their names are single cross Giza
155, S. C. Pioneer 3080 and three way cross Giza 352.

In the first summer season 2006 seeds of the twenty
inbred lines and three testers were split sown on 25" May, 30"
May and 8" June to avoid differences in flowering time and to
secure enough hybrid seed. All possible top crosses
combinations were made between the twenty inbred lines and
three testers by hand method giving a total of 60 top crosses.

Each top cross was constituted by collecting pollen from
40-50 protected tassels, representing the tester, then top crossing

into protected silks of 15 plants, representing the inbred lines by
hand pollinating. '
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In the second summer, season 2007 two adjacent
experiments were conducted on two sowing dates. i.e. 15" June
and 4" July. In each experiment the 60 top crosses as well as the
three check hybrids (S.C. G.155,S.C Pioneer 3080 and T.W.C,
(G.352) were grown in a randomized complete block design with
three replications.

Recorded data were days to 50% tasseling (tasseling
date), days to 50% silking (silking date), maturity date, plant
height (cm), ear height (cm), leaf area of upper ear (cmz), ear
husk, ear length (cm), ear diameter (cm), number of rows/ear,
number of kernel/row, weight of 100-kernel (g), ear weight/
plant, grain yield per plant (g) adjusted at 15.5 % moisture
content and shelling percentage was computed as 100 x (grain
weight /ear weight). Line x tester analysis was used according to
kempthorne (1957).

The results of the present study could be summarized as follows:
A) Analysis of variance

Sowing dates mean squares were significant for all traits
except number of rows/ ear, number of kernels/ row and shelling
percentage.

Crosses mean squares were significant for all the studied
traits at both sowing dates as well as the combined analysis
except ear diameter at early sowing date.Significant crosses x

sowing date mean squares were obtained for all traits except ear
height, ear husk, and ear diameter.

Lines mean squares were significant for all traits at early
and late sowing dates as well as the combined over
them.Significant lines x sowing date mean squares were detected

for all traits except tasseling date, ear height, ear husk, ear
diameter and shelling%. ‘

Significant mean squares due to testers were obtained for all
traits in both sowing dates as well as the combined analysis
€Xcept maturity date at both sowing dates as well as the
combined analysis; tasseling date, silking date, leaf area of upper
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ear, ear diameter, number of kernels/ row at early sowing, and
ear length at early sowing date and the combined analysis. In
addition, lines mean squares were much higher than those of
testers for most studied traits. Such results revealed that lines
contributed much more to the total variation as compared to
testers. Therefore, the total GCA variance was due to inbred
lines(GCA variance) for most traits.

The interaction between tester x sowing date mean squares
were significant for silking date, leaf area of upper ear, ear
length, ear diameter, no. of kernels/ row, ear weight/ plant, 100-
kernel weight and grain yield/ plant.

Significant line x tester mean squares were detected for all
traits except ear diameter at both sowing dates as well as the
combined analysis; ear husk, number of rows/ ear and number of
kernels/ row at late sowing date and shelling percentage at early
sowing date. Significant interaction between line x tester x
sowing date mean squares were obtained for tasseling and
silking dates, plant height, leaf area of upper ear, no. of rows/
car, 100-kernel weight, shelling percentage, ear weight/ plant
and grain yield/ plant.

B) Mean performance:

The top cross T)xL; at early sowing date had earlier than the
best check variety S.C. Pioneer 3080. While, the top crosses
TsxLy4, TixL; and T3xL 4 gave the lowest mean values compared
with other genotypes at late sowing date. The top crosses T xL;,
TxL,3; and T3xL4 gave the lowest mean values for tasseling date
at the combined data.

For silking date, the top crosses T;xL;, T,xL3, ToxL,, and
T5xLyo gave the lowest mean values for this trait at the combined
data.

, Regarding maturity date, the top crosses TixL;, T,xL,

ToxLs, ToxLg, ToxLig, TyxLig, TixLe, TsxLyp and LaxLy,
expressed the lowest significant values of maturity date and it
were the earliest among the studied top crosses at the combined
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analysis. For number of rows/ ear, the top crosses ToxLs at early
sowing date; TxL,, T5xLs and TsxLg at late sowing date; T|xL,;,
TyxLs and T3xLs at the combined analysis exhibited significant
higher than the best check hybrid. For number of kernels/row,
with the exception of crosses TyxLs, ToxLyy, ToxLyg, T3xLg T3xLyg
and TsxL,, at late sowing dates, none of top crosses surpassed
the best check hybrids in early, late sowing dates as well as the
combined analysis. For 100-kernel weight, the top crosses T|xL,
TixL3, TyxLj,, T3xLs and TsxLyg at early sowing date, TixLy,,
ToxLs, TyxLys, T3xLs, TsxLys and T3xLyg at late sowing date and
T]XLI,T1XL7, TIXL12, TzXL3, TzXL]j’ T3XL3 and T3XL|9 at the
combined analysis exhibited significantly higher than the best
check hybrid S.C. G 155. For shelling percentage, none of the
studied top crosses significantly exceeded that of the best of
check hybrid. For grain yield/ plant, the highest mean values
were recorded by S.C. Pioneer 3080 at early sowing date but
without significant superiority over those of hybrids TixLy3,
T\xLy7, ToxLs, ToxLyy, ToxL,, and TyxL4. While, twenty six and
three top crosses exhibited significantly higher than the best
check hybrid S.C. Pioneer 3080 at Jate sowing date and the
combined analysis, respectively. However, the best top crosses
were T1xL,;, T\xL;; and T,xL |, at the combined data.

C) Combining ability:

Results indicated that 6> SCA was more important than ¢°
GCA for all studied traits in both sowing dates as well as the
combined analysis except tasseling date and number of rows/ ear
in the combined analysis and ear diameter at early sowing date
and ear husk at late sowing date 6> GCA=6? SCA revealing that

additive and non additive gene effects was similar for controling
this trait .

The magnitude of the interaction between specific
combining ability and sowing dates was much higher than that of
interaction between general combining and sowing dates for all
traits except ear height, ear husk and number of rows/ ear.
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C) 1. General Combining ability effect
Testers:

The tester T, (L 100) exhibited significant desirable (g;)
effects for plant and ear heights and 100-Kernel weight at early
and late sowing dates as well as the combined data; ear diameter,
ear weight/plant and grain yield/plant at late sowing date and the
combined data, and ear length at late sowing date.

The parental tester S.C. (Ethosary 101) expressed
significant positive (g;) effects for leaf area of upper ear and
shelling percentage at late sowing date and the combined data
and ear husk at early sowing date and the combined data; ear
weight, grain yield/ plant and 100-Kernel weight at early sowing
date, Also, it gave significant positive (undesirable) (&) effects at
late sowing date and the combined data for tasseling date and
late sowing date for silking date. However, it gave insignificant
(&) effects for other cases.

Parental tester (Gem. pop.) expressed significant desirable
(&) effects for number of rows/ ear in both sowing dates and the
combined data; and leaf area of upper ear at late sowing date;
tasseling date and silking date at late sowing date and the
combined data. Also, it gave significant undesirable or
insignificant (§;) effects for other cases.

Inbred lines:

The parental inbred lines L, and L5 exhibited the highest
(8) effects for tasseling and silking dates in both sowing dates as
well as the combined data. Moreover, both inbred lines L, and
L3 were the best combiners for both traits together. For maturity
date, the parental inbred lines Ly and L, seemed to be the best
combiners for earliness in both sowing dates as well as the
combined analysis. For number of rows/ ear the lines Ls, L, and
Li; were the best combiners inbred lines in both sowing dates as
well as the combined data.

For no. of Kernels/ row, the best general combiners which
had significant and positive (g;) effects were the parental inbred
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lines L), and L, in both sowing dates and the combined over
them. The most desirable (&) effects for 100-kernel weight this
trait were detected for the parental inbred lines L; followed by
Lig in both sowing dates and the combined data. The most
desirable combiners for ear and grain yields/ plant were the
inbred lines Ls and L5 in both sowing dates and the combined
analysis.

C) 2. Specific combining ability effects:

For tasseling date the most desirable SCA effects were
obtained for the top crosses T)xL;,ToxL;s and T,xL,o at early
sowing date; TIXL';, T]Xng, TQXL3, TzXLu, T3XL2, T3XL10,
TsxL,y and TixL,¢ at late sowing date , and T,xL,, ToxL;,
ToxLyg, TsxL g and TsxL, at The combined analysis. Regarding
to silking date, the most desirable SCA effects for this trait were
obtained for the top crosses T\xL, at early sowing date; T,xL,
and TpxL,, at late sowing date and the combined analysis. For
maturity date, the top crosses TyxL, at early,late sowing date and
the combined analysis; TsxLys at early sowing date and the top
cross TsxLy; at late sowing date and the combined analysis had
the most desirable S effects for this trait. For number of rows/
ear, the top crosses T,xL s, TixLyy, ToxLg and TsxLy, at early
sowing date; T xL3;, T,x L, and TsxLg at late sowing date and
T]XL13, TQXL4, T2XL6, T3XL3 and T3XL10 at the combined analysis
had the most desirable Sj effects for this trait. Regarding number
of kernels/ row. the top crosses T)xL,s and TsxL,s at early
sowing; TxLs, TyxL,s and ToxLy at late sowing date; and
T\xLys, ToxL,s and TyxL,, at the combined analysis exhibited
significantly positive §ij effects for this trait.The most desirable
Si; effects for 100-kernel weight were obtaind for the top crosses
TixL,, T\xL,, and TixL,, at early, late sowing dates as well as
the combined data, respectively. Concerning ear weight, the
most desirable Sij effects were recorded for the top crosses
T]XL]7 and TQXL_; at early sowing date; T]XL]g, TzXL]g and
T3xLg at late sowing date; T xL; and TyxLj, at the combined
analysis. For grain yield/ plant, the best Sij effects were obtained
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from top crosses TixLy;, TpxLs, ToxL;, and T;xL;s at early
sowing date;T|xL3,T,xL;, and T3xLg at late sowing date; To,xL 1,
and TxL,; at the combined analysis.

D) Useful heterosis:

Regarding useful heterotic effects relative to S.C G 155,
zero, fifty eight and nineteen top crosses exhibited significant
and positive values for grain yield/ plant at early, late sowing
dates as well as the combined analysis, respectively. The eight
top crosses at early sowing dates did not differ significant
compared S.C. G 155. However, the best heterotic effects were
obtained for the top crosses T XL, T XLi3, T;XLy7, ToXL4, ToXLs,
TyxLyp and T,xL;, in the combined data.The useful heterotic
effects relative to S.C. G 155 ranged from -39.37 to 4.38, -11.29
to 106.82, and -17.49 to 30.03% at early, late sowing date and
the combined analysis, respectively.

Regarding useful heterotic effects relative to S.C. Pioneer
3080 Zero, twenty six and three top crosses exhibited significant
and positive values for grain yield/ plant at early, late sowing
date as well as the combined analysis, respectively. However, the
best useful heterotic effects were obtained for the top crosses
TxLis, T\xLy; and TyxL,, in the combined data. The heterotic
effects relative to S.C. Pioneer 3080 ranged from -41.09 to 1.42,
-39.22t0 41.69% and -28.62 to 12.49% at early, late sowing date
as well as the combined analysis.
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