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ABSTRACT

A diallel cross among eight selected yellow maize (Zea mays L) inbred lines was made in 2002, The resulted 28
single crosses, in addition to two recommended commercial single crosses, were evaluated in 2003 and 2004 seasons at the
Experimental Farm of Egaseed Company, Minia, Egypt. Four agronomic characters and grain yield and its components
were recorded on len competitive plants with each plot for four replications for each year. Combined analysis of variance
was calculated and the variation among single crosses were partitioned into GCA and SCA, using Griffing’s method 4 model
1 (fixed), while the year effect was assumed remdom. The GCA effects were significant for all characters and the SCA effects
also, were, significant, except for number of days to mid-silking. The interactions between GCA and years were significant
Jor eight out of the ten characters under study, while SCA x year interaction was significant only for six characters.
Calculating the relative contribution of general and specific combining abilities and the environmental interaction with years
showed that both interactions of GCA and SCA with years had a small source of variation among single crosses. Both the
GCA and SCA were important components, with the GCA as a major component and SCA as a minor component for the
studied characters, except for grain yield and number of kernels/row, where both types of combining ability were important.

Six new single crasses were identified and they were recommended for extensive evaluation.
Keywords: Diallel crosses, genetic x year interaction, general and specific combining abilities.

INTRODUCTION

aize is onc of the major cereal crops for

providing raw materials for the food industry

and animal feed. The production area of maize, in
Egypt, has been greatly increased, thus, the need for
newly developed hybrids is needed to meet the
demand of maize growers. '
: Information about the relative importance of
- general and specific combining abilities is playing an
important role in maize improvement and in the
development of commercial maize hybrids. Combining
ability of inbred lines is the ultimate factor in
determining the inbred lines suitable for developing
commercial hybrids.

Heterosis has been used in maize breeding
since Shull (1909) who described the concept of
single~cross hybrids. The development of new bybrids
depends on the combining ability of the lines involved

in the production of these hybrids. Hence,ﬁncethe_

introduction of double crosses for maize hybrid
production (Jones, 1918), the evaluation of inbred
lines to be used in crosses has been an important task
in hybrid breeding programs.

The assessment of gemuc ‘variation of lines,
propq@ by Griffing (1956), is based on the concepts
of general (GCA) and specific (SCA) combining
abilities, established by Sprague and Tatum (1942),
who presented detailed methods for analyzing fixed
sets of lines or varieties in dialle] crosses. Gardner and
Eberhart (1966) suggested a model for analyses of
fixed variety sets, in which the mean of an inter-

_varietal hybrid is determined by the value of the
varieties per se and by heterosis and its componenis.

Sughroue and Hallauer {1997) concluded that
the diallel mating design should only be used to
estimate genetic parameters when the parents of the
dialle] have been randomly selected from a population
in linkage equilibrium. However, when sets of lines or
genotypes were available, the partial diallel cross
(Geraldi and Miranda, 1988) has been suggested and
crosses were made only among sets. The mating

‘scheme is structurally similar to Design-II (Comstock

and Robinson, 1948) and was designated “two-factor
design" by Cockerham (1963). Although Design-II has
been primarily suggested for estimating parameters in
random samples from one reference population, it has,
also, been used for the evaluation of combining ability
of fixed or random sets of inbred lines (Hoegemeyer
and Hallauer, 1976; Stangland et al., 1983; Lamkey
and Hallauer, 1986).

: Significant GCA and SCA effects were
estimated by El-Hosary and Sedhom (1990) for grain
yield and some agronomic traits amd that the
magnitude of their ratio indicated the importance of
additive and additive x additive effects. Interaction
was higher for GCA than SCA in most traits, Mathur
and Bhatnagar (1995) indicated that combining ability
analysis played a major role for additive gene effects
for number of days to tasseling and silking. On the
other hand, Dehghanpour ef al. (1996), estimated GCA
and SCA means squares and were found to be
significant for all studied characters. This indicates
that additive and non-additive gene actions were
involved in the genetic variability of the chamacters
examined. However, non-additive (dominance) effects
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appeared to be more imponant in the expression of
these traits.

The main objective of this work was to use
diallel cross mating, without reciprocals, to estimate
the general and specific combining abilities and their
interactions with year for newly developed inbred lines
of yellow maize. These data might be used to design
and develop single crosses of yellow maize.

MATERIALS AND METHODS
The present investigation was undertaken
during the summer of 2002, 2003 and 2004 seasons at
Maghagha Agricultural Research Station, Egaseed
Company, Minia, Egypt. Bight yellow inbred lines of
maize were tised in a diallel cross mating without
reciprocals. The parental inbred lines were developed
by the maize breeding program at Egasced Company
through self pollination for at least ten generations.
. The pedigree and origin of these parental lines are
presented in Table 1. -
In e 2002 summer season, diallel cross was
made producing 28 F1 single crosses. The 28 Fl in
.addition to two coimmercial yellow varietics as checks
(8.C. 3062 and S.C. 155) were evaluated in two
consecutive seasons, (summer of 2003 and 2004
seasons). The experimental design was a randomized
complete block (RCBD), with four replications. The
plotsxzemeachexpenmentoonmstedoftwoguarded
rows, 6 m long and 0.70 m apart.
.. The foliowing characters were recorded on
plants chosen at random from each plot:
1- Number of days to 50 % pollen shedding measured
as the number of days from sowing to the day when 50
% of plants shed their pollen.
2-Number of days to 50 % silking measured as the
number of days from sowing to the day on which 50 %
of the plants showed up visible silks,
3-Plant height (cm) determined as the distance from
the soil surface to the base of the flag leaf,
4-Ear height (cm), was determined as the distance
between soil surfaoeandthebaseofupper—mostear
5- Ear length (cm),
6~ Ear diameter (cm),
7- Number of rows/ear,
8- Number of kernels /row,
9- 1000-kernel weight (g),
10- Grain yield, (kg/plot).
The percentage of the various components to
the variance among single crosses also, was,
- calculated. The analysis of variance was performed
for the F, diallel crosses for each year, separately, as
well as for the combined. The effects of both blocks
and years were assumed to be random, while the line
effect was fixed (Hallauer and Miranda, 1981).
Estimates of general and specific combining
ability effects were calculated, as given by Griffing
(1956), using method 4 Model L. The estimates of
variance cotnponents and constants were calculated,
according fo the EMS given in Table 2.

The variance among the 28 single crosses was
calculated as;
Gf8+ 0y 12+ 2+ KL +KY,
Where o’,= estimates of expenmen:al erTor variance,
o’ = SCA x year variance components,
cs2 =GCAx ¥ea: variance components,
and K’ and K% = constant components of EMS
for GCA and SCA mMEAns squares,

RESULTS AND DISCUSSION

Combined analysis of variance for the diallel
crosses for agronomic characters is given in Table 2,
Difference between the two years was not significant
for the two flowering characters, number of days to 50
% pollen shedding and mid-silking, indicating that the
two flowering characters were stable with respect to
the environmental conditions. On the other hand, the

. difference between the two years was significant for

plant and ear heights. The genetic differences, among
the 28 single crosses, were partitioned into GCA and
SCA cffects and their interaction with years. The two
components were highly significant for the four
agronomic characters under study. Also, the GCA x
years was highly significant for the flowering
characters only. The SCA x yeas interaction was not
significant for either plant or ear heights.

The combined ANOVA for grain yield and its
components is given in Table 3. Significant
differences, due 10 years, were detected for grain yield,
ear length, no, of rows/ear and number of kernels/row, -
while it was not significant for ear width and 1000-
kemel weight. Both. the GCA and SCA were
significant for the six characters, except for SCA for
1000-kernel weight. Both year interactions with GCA
and SCA were significant for grain yield, ear width
and number of rows/ear.

GCA x year interaction was significant for ear
length, and SCA was significant for 1000-kernel
weight. Both types of interaction with years was not
significant for number of kernels/row, indicating that

- both GCA and SCA effects were consistent across the

two years. Hallaver and Mirinda (1981) summarized
the results from different diallel crosses and showed
that the magnitude of GCA and SCA would depend on
the lines wunder evaluatiori, as well as the
environmental conditions of the experiments.

The relative imporiance of GCA and SCA
varied from one study to another. Sprague and Tatum
(1942) showed that GCA was more important for non-
selected lines, while the reverse was true for selected
lines, as shown by Matzinger ef al,, (1959), However,
this conclusion is not consistently true. In general, the
amount of GCA and SCA would depend upon the line
under evaluation. ]

Estimates of GCA effects, for the eight lines
under study, are given in Table 4, Estimates of GCA
for both characters of flowering were almost similar.
The early group consisted of lines, 5, 6 and 7, while’
the late group included 2 and 4 lines, Similarly, both

102



Alex. J. Agric. Res. 51 (2), 2006

plant and ear heights had similar effects, The tallest
combiners were 1 and 3 lines and the shortest
combiners were 5, 6 and 7. The rest of lines were
inconsistent. The longest ear lengths were these of 1
and 3 lines, while the shortest were those 5, 6 and 8
lines.

GCA of ear width ranged from -0.28 to 0.26.
The thinned group included lines, 5 and 8, while the
thickest lines were 2 and 3 lines. GCA effects of
number of rows/cars ranged from -0.91 t0 0.94, with 2
and 3 lines that were the highest and 4 and 7 lines the
lowest in number of rows. For number of kernels/row,
tthCAeﬂ'eﬁsmngedﬁmn-llltoamammumd

1.18, LmZmﬂxehxgbestinbothnumbetofmws
and number of kernels/row.

_ The GCA effects for 1000-kerne! weight ranged
from ~42.9 t0 36.3. The heaviest GCA was recorded
for line 1 and 7, while the lightest GCA was recorded
for line 5 and 8. For grain yield, GCA effect ranged
from -0.43 o0 0.28, Lines 4, 6 and 7 had a significant
negative cffect, while lines 1, 2, 3 and 8 had a
. significant positive effect.

Summary of the SCA effects for the 28 hybrids,
grown for two years are presented in Table 8. The
magnitude of SCA was comparable to GCA. The
numberofsigmﬁmmSCAmngedﬁ'om6toa
maximum of 12 (42.9%), indicating that SCA was less
important than GCA.

Theesumatesufvanwsvanancecomponents
- and constants of the environmental and genetic
parameters are given in Table 5. The main
components of the variation, among the 28 hybrids
under test, were due to GCA effects (K%, ) for number
ofdaystopouen-shaddmg,mxd-mlkmg,plantandm
heights, ear width and 1000-kernel weight. For ear
length and number of kernelsrow, both the
environmental and GCA components had the major
share. The environmental components of number of
kernels/row and grain yicld were the highest, followed
by SCA and GCA effects.

To compare the importance of environmental,
genotypic and genotypic x year interaction of the 28
single crosses, the relative contribution of previous
components were calculated as advised by Baker
- (1987), and they are given in Table 6. The portion of
the environmental variation was less than 5% for ail
studied characters except for car length, grain yield,
and number of kemnels/ear, where the effect of
environment ranged from 5.8 (car length) to 11.9
(number of kernels/ear). The interaction between SCA
“and year was less than 5% for all characters, except for
1000-kernel weight (8.2%) and grain yield (6.4%). On
the other hand, the GCA x year interaction ranged
from 0 (for number of kernels/ear and 1000-kernel

weight) to a maximum of 3.3 for grain yield. Both
GCA and SCA accounted for about 90% of the
variation among single crosses. However, GCA had a
major share and SCA had a minor portion, except for
grain yvield and number of kernels/ear and they were
both the main sources of variation. The respective
portions of GCA and SCA were 54.7 and 33.4% (for
number of kernels/ear) and 31.9 and 52.1% for grain
yield.

In summary, it could be concluded that,
although the variation due to the interaction between
GCA and SCA were significant, they played a minor
role in the inheritance of the ten characters under
study. GCA was the major source of variation for nine
characters, while SCA was the major contributor for
number of kernels/ear.

Combining ability of inbred lines is the main
factor, determining fiture usefulness of the lines for
hybrids. Sprague and Tatum (1942) emphasized that
GCA and SCA were relative te and dependent on the
set of inbred lines under evaluation. They found that
GCA was more important than SCA for unselected
lines and the reverse was tnue for previously selected
lines. However, Hallauer and Miranda (1981)
indicated that the relative importance of GCA and
SCA depended on types of genetic materials used,
methods used and traits studied. They indicated that
GCA was the function of the additive genetic variance,
while the SCA was due to dominance variance in the
absence of epistasis.

The highest yielding ten single crosses among
the 28 single crosses under evaluation and their
characters are given in Table 7. As shown in Table 3,
the highest value for GCA was recorded for lines 1, 3
and 8. These lines were one of the parents of 5, 4 and 3
of the top yielding single crosses, respectively. None
of the top yielding single crosses outyielded the
Pioneer check hybrid, SC 3062. However, seven
hybrids surpassed the recommended hybrid, G 8.C.
155. The top yielding hybrid, L1 x L3, was similar to
SC 3062 in plant height. It was later in silking by 4.4
days; however, its ear diameter and length were
higher. At the same time, 1000-kernel weight for L1 x
Lisingle cross was lighter than the two check
cultivars. The top yielding six single crosses were not
significant from the best check hybrid. These hybrids
(L1 x1.3, L1 x L8, L5 x L8, L1 xL.5 and L1 xL2) are
recommended for further evaluation across more
locations.
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Table (1): Pedigree and origin of the parental inbred lines used in the study.

Ne. Ega line No, Pedigree Origin

L1 4339 Antigua G2ZXAE.D CIMMYTMexico)
L2 5129 ACROSS 8645 CIMMY T(Mexico)
L3 4850 POOL 31(TA) CIMMYT (Mexico)
14 4967 ACROSS 8624 CIMMYT(Mexico)
LS 5082 ACROSS 8536 CIMMYT (Mexico)
L6 5744 K.Y 4174 US.A _
L7 4627 POP 45Y CIMMYT(Mexico)
L3 5032 ACROSS 8528 CIMMYT(Mexico)

Tahle 2. Combined ANOVA for 8 x 8 maize diallel cross growa over two years for four agronomic

chamcters.
_ . MS
Number | Number of Plant Ear
of days to days to height height
SOV 50% silking (em) (cm) DF EMS
pollen- )
shedding :
Years (Y) 0.02 579 19388** [ 17395%* 1
Rep/Y 3.10 3.06 246 53 6
Gea 183.44%* | 157.60%* 4082%* 5472%% 7 o, + 2407, + 48 K2,
Sca 7.28%+ 7.59%+ 218%% 234%% 20 o, +402 +8K2,
axyY 4,08+ 2.64%+ 211%* 165+* 7 e + 2402
'fcca xY 1.05%+ 0.63% 26 72 20 & +40y
Combined error 0.33 0.33 55 42 162 o,
Mean 56.4 55.5 262 148
CV 1.0 L0 28 4.4

* % iddimte significance at the 0.05 and 0.01 levels of probability, mspéctively.
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Table 3. Combined ANOVA for 8 x 8 maize diallel cross grown at two yearé for grain yield and its

9002 ‘(2) 15 3y ‘Sady °p xory

components.
MS
Grain yield Ear length Ear width 1000 kernel Number Number
(kg/plot) (cm) {em) weight (g) rows/ ear Kernels/ row

Year (Y) 6.8285++* 29.87¢ 0.0457 : 17_32 6.18+ 601.60**
Rep/Y 0.5768 0.74 0.143 1746 0.65 23.85
GCA 3.5640% 34,84 1.2126%* 27420+ 27.73%* 25.10%*
SCA 0.8712%* 3.41%+ 0.1112%= 1470 2.84* 16.00**
GCAxY 0.5086%* 1.95% 0.0402* 218 1.71* 1.06
SCAxY 0.2488* 0.53 0.0288* 1084** 1.09%* 2,68
Combined error 0.1229 0.89 0.0150 213 0.55 291
Mean 494 221 5.03 322 17.3 45.3
CV% 7.1 3.5 24 4.5 43 3.8

*, ** Indicate significance at the 0.05 and 0.01 levels of probability, respectively.
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Table 4. Estimates of the GCA effects for the eight lines calculated from the 8 x 8 maize diallel grown at the two years
for characters under study. '

Characters GCA effect

- gl g2 g3 - g5 g6 g7 g8
Number of days to pollen- 0.02 1.69* | 0.90* 2.50* -1.04* -2.44* | -2.83* 1.25*
shedding B : . ' '
Number of days to mid | -0.19* 1.19* 1.08* 2.60* -0.88* -2.06% | -2.75% 1.00*
silking e _
Plant height (cm) ‘ 16.7* 04 11.2¢* -4.5* -10.6* -3.6* «6.1* -2.7*
Ear height (cm) . 20.1 v 1.8+ 26* 6.9* -10.3* -13.3* -1.3* 0.4
Ear length (cm) 1.77* . 0.04 0.61* -0.16 -0.65* -0.53* -0.48* -0.69*
Ear width (cm) -0.04+* 0.26* 0.16* 0.01 -0.28* 0.09* -0.03+ .11+
No of rows ear” . -0.62¢* 6.94* G.81* -0.91* 0.65* 0.20 -0.90* -0.17
No of kemels éar" 0.64* 1.18* 0.15 0.74* 0.17 0.08 -0.23 -1.11*
1000 kemel weight (g) 36.3* 0.08 8.2+ -1.3 -42.9* 6.1+ 21.7* -16.1*
Grain yield kg (plot™) 0.28* 0.13* 0.28* -043* -0.05 -0.26* -£.18* 0.24*

* ** indicate significance at the 0.05 and 0.01 levels of probability, respectively.
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Table 5. Estimates of genotypic, environmental and genotypic X environmental parameters derived from 8x8

maize diallel grown over two years for different characters.

Characters Estimate of variance components or constant
o, &, X7 & K,

Number of days to pollen-shedding 0.33 0.18% 0.16*+ .78+ 3,744
Number of days to mid silking . 0.33 0.08* (.10** - 0.87 3.234*
Plant height (cm) 55.06 0.00 6.48%* 23,94+ BO.66**
Ear height (cm) 41.81 7.54* 5.14%* 20.27% 110.56**
Ear length (cm) 0.89 0.00 0.04* 0.36** 0.69+*
Ear width (cm) 0.0150 0.0034+ 0.0011* 0.0103*+ 0.0244+*
No of rows ear” 0.55 0.14* 0.05* 0.22 0.54%*
No of kemels ear” 291 6.00 0.00 1.67+* 0.51**
1000 kemel weight (g) 213 218%+ 0.20 55.2%+ 567+

| Grain yield kg plot . 0.1229 0.0315%+* 0.0160** 0.0778%+ 0.0636**

*, ** indicate significance at the 0.05 and 0.01 levels of probability, respectively.

900Z “(2) Is 53y LBy T Tory
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Table 6. Relative contribution of environmental, general combining ability (GCA) and specific
combining ability (SCA) and their interaction with year (Y) to the variation among the 28 single crosses

means grown over two years.

Ahmed L. Abdel-Mawgood, ef al.

Relative contribution (%)

Characters
Environmental | SCA*Yly GCA*Yly SCA GCA
o, Iry ‘

Number of days to pollen shedding 0.8 1.0 0.9 9.1 88.2
Number of days to mid silking 0.6 0.5 0.7 1.7 86.5
Plant height 35 0.0 1.7 12.3 82.5
Ear height 2.1 1.5 1.0 8.0 874
Ear length 58 0.0 : 1.1 19.3 73.8
Ear width 3.0 27 - 09 16.3 77.1
No of rows ear” 5.0 47 i.6 15.0 737
No of kemels ear” 11.9 0.0 09 547 334
1000 kemnel weight 20 382 0.0 4.2 85.6
Grain yield plot” 6.3 6.4 33 31.9 52.1
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Table 7. Mean performance of the ten top yielding singie crosses and the two check hybrids averaged over the two years.

Singte Grain yield No. of Plant Ear Ear No. of No. of 1000-kernel
cross (kg plot™) days to height length width rows kernels weight
mid ~ (em) (cm) (cm) (ear’)y row” ©
silking : .
L2xL3 5.99 59.9 282 221 | 5.63 203 4.9 328
L1xL8 - 5.87 519 275 234 4.90 16.7 43.8 347
L5xL8 5.50 56.4 251 20.8 4.70 17.7 42.5 273
L3xL8B 549 59.3 278 233 493 - 17.3 47.7 311
L1xL5 5.39 53.9 266 233 4.70 17.4 466 308
LixL2 5.38 58.6 280 246 5.15 16.8 46.3 383
L2x15 5.33 56.0 247 214 5.05 19.0 47.3 280
L3xL6 5.12 54.5 262 222 5.20 17.9 45.5 335
L3xL7 5.04 53.7 268 22.1 498 16.8 439 353
LixL7 5.02 53.7 277 22.8 5.00 16.7 42.7 267
SC 3062 5.74 55.5 283 21.0 5.20 14.8 46.2 405
SC 155 4.88 53.5 297 8.1 5.10 15.1 382 404
LSD( 5%) . 0.36 0.7 8 0.8 0.13 0.8 1.9 15

‘3 iy ' XY

900Z (7} 1S




Ahmed L. Abdel-Mawgood, ef al.

Table 8. Summary of SCA effects of the 28 single cros_ﬁes grown over two years.

—

Grain yield | No. daysto] No. of Plant Ear Ear No. of Ne.
Statistic (kg plot™) pollen days to height height length rowsear | kerne
shedding mid- (cm) (cm) (cm) ! row”
sitking
Max. 0.62 276 272 9.4 1.2 1.16 1.29 2.91
. Min -0.61 -1.72 -1.49 9.6 -11.2 -1.22 -0.65 -3.51
No. of significant 6 7 6 3 6 5 5 3
positive SCA K )
No. of significant 3 10 6 4 5 7 5 3
negative SCA :
Percent of significant 321 . 607 429 250 393 429 35.7 214
SCA '
Hybrids with Ix8 Ix5 1x5 2x4 Ix3 1x2 1x7. 3x8
significant desirable 2x3 2x5 x5 . 2x8 1x8 " 2x7 2x3 5x7
.8CA 2x5 2x6 2x6 3x6 2x5 3x8 2x8 6x7
: 4x7 3x35 Ix5 7x8 3x6 4x6 4x5
5x8 3x7 3x? : 6x7 5x7 6x7
6x7 4x8 6x8
5x8
6x7
6x8
7x 8

General And Specific Combining Abilities ...,
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