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ABSTRACT

The present investigation aimed to evaluate some maize inbred lines for their
combining ability and its behavior over different environmental conditions with respect
to the important traits. Therefore, possible combinations in a half diallel fashion were
made among five inbred lines. The parenta! lines and their crosses were evaluated in
two years, 2001 and 2002 at Farm of Sakha Agricultural R esearch Station for the
following traits: days to 50% silking, ptant height, ear height, no. of kernels/row, no. of
rows/ear, ear length, ear diameter and grain yield per plant. The obtained results
could be summarized in the following: The variances among genotypes and their
partitions; inbreds, crosses and inbreds versus crosses were highly significantly
different for ali the studied traits in the two years and combined, indicating that the
parental lines are different in their genetic constitutions. However, years and their
interactions with genotypes and their partitions mean squares were significant for
most of studied traits. Both general (GCA) and specific {SCA) combining ability mean
squares were highly significant for all the studied traits in the two years and combined,
indicating the contribution of additive and non-additive gene action in the genetic
expression of these traits, Furthermore, the SCA mean squares were larger in
magnitude than the corresponding values of GCA mean squares, which were verified
by GCA/SCA ratio with values less than unity for all the studied traits except no. of
rows/ear. This suggested the predominance of non-additive (dominance} genetic
vanance in the inheritance of the studied traits except for no. of rows/ear, which was
mainly controlled by additive genetic variance. The inbred line L-7041 proved to be
the best general combiner among the inbred lines in breeding toward developing early
and increasing of number of rows/ear. While, the inbred lines Sd-7 and Sd-34 were
the best general combiners for producing high yielding genotypes. Also, the results
revealed that it is not necessary that parents having high general combining ability
effects would also contribute to high SCA effects. Thus, the crosses (Gz-628 x L-
8084), (Sd-7 x L-7041) and (L-7041 x L-8084) were defined as superior combinations,
which showed the highest SCA and heterotic effects in most of studied traits,

In conclusion, judging by heterotic values general and specific combining ability as
well as genetic variance components, the production of com hybrids is the best
breeding program for the improvement of these traits.
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INTRODUCTION

Combining ability analysis supply the breeders useful information
regarding choice of parents for developing superior hybrids and/or determine
the most effective breeding methods and supply the breeding program with
important information concerning the inheritance of grain yield and other
desirable traits. Hallauer and Miranda (1981) which stated that both general
and specific combining ability effects should be taken into consideration when
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planning the maize into breeding program to produce and release new
inbreds and crosses. Spaner et al. (1996), Abd El-Maksoud (1997), Paul and
Dehanth (1999), Venkatesh et al. (2001) and El-Shenawy et al. (2003)
estimated general and specific combining ability and their role in the
inheritance of grain yield and other economical traits. They found that both
GCA and SCA effects were important in the inheritance of the studied traits.
On the other hand, Ochieng and Compton (1994), Abd El-Maksoud (1997),
Desai and Singh (2000), Galal et al. (2002) reported that non-additive
(dominance) genetic variances play the major role in the genetic expression
in most of studied traits. The present investigation was carried out to evaluate
some maize inbred lines for their combining ability in order to determine the
most suitable breeding program for handling these materials to improve
maize production.

MATERIALS AND METHODS
Genetic materials:
The genetic materials used in this investigation included five genetically
divers inbred lines. The name, pedigree and origin of these lines are shown in
Table 1. These inbred lines were provided by Maize Research Section,
Sakha Agricultural Research Station. All possible combinations between
these lines without reciprocal were made in 2000 season to obtain ten single
crosses. '
Table 1: The name, pedigree and origin of the parental inbred lines

inbred Name . .

{ (designation) _ Pedigree Onguq
Sids -7 (Sd-7) Derived from American Early Dent U.S.A. |
Sids - 34 (Sd-34) Derived from American Eary Dent U.S.A, |

iza — 628 {Gz-628) Derived from Tepalcingo No.5 (Tep-5) Mexico

L - 7041/6-6 {L-7041) Derived from S.C. 36 x 132 Egypt

L-8084/3.1.1.2.2.1 (L-8084) Derived from S.C. 58 x 93 Egypt

Experimenta! procedure:

During 2001 and 2002 seasons, the five inbred lines and their ten
F1,s were evaluated at farm of Sakha Agricultural Research Station using a
Randomized Complets Block Design with four replications. Plot size was one
row, each row were six m. long, 80 cm apart with spacing 25 ¢m between
hills to obtain population density of 21000 plants per feddan. All cultural
practices were applied as a recommended for maize cultivation. Data
recorded on 50% silking date (days), plant height (cm), ear height {cm), no. of
kernels/row, no. of rows/ear, ear length (cm), ear diameter {¢m) and grain
yield per plant (gram).

Statistical Analysis:

The analyses of variances were done separately for each season as
well as the combined data over both seasons according to Steel and Torrie
(1980). The sum of squares among 15 genotypes (five inbred lines and ten
single crosses) were partitioned into three sources; Inbreds (1), crosses (C)
and inbred versus crosses (I vs. C). The genetic analyses for the diallel
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crosses were computed according to Griffing {1956) method-ll, model-l as
described by Singh and Chaudhary (1985).

RESULTS AND DISCUSSIONS

Analysis of variances for combining ability of the five inbred lines and
their 10 single crosses for all studied traits in 2001, 2002 and their combined
are presented in Table 2. Mean squares of genotypes and their partitions into
inbreds (1), crosses {C) and inbred versus crosses (| vs. C) were significant
for grain yield/plant (gram), silking date (days), plant height (cm), ear height
{cm), number of kernels/row, no. of rows/ear, ear length (cm) and ear
diameter (cm) trails in the two years and their combined with exception
crosses in the case of silking date in the growing season 2002. Therefore, the
comparison between the means of these genotypes and their partitions of this
genotypic variance to its components are valid. However, years and their
interactions with genotypes and their partitions (I, C and | vs. C) were
significant for all the studied traits, except for lines x years for silking date,
plant height, ear height and grain yield/plant, | vs. C x Y for no. of
kemels/row, no. of rows/ear and ear length and C x Y for ear height and ear
diameter. These results indicated that the genotypes and their partitions were
differed in their performances in different environmental conditions for most
studied traits. These results were in a close agreement with those of Ho et a/.
(1994), Abd El-Maksoud (1997), Galal et al. (2002) and Mosa (2003). The
GCA and SCA mean squares were highly significant for all the studied traits
in the two years and their combined, indicating the contribution of additive
and non-additive gene action in the genetic expression of the previous traits.
These results agree with those of Abd El-Maksoud (1997), Paul and Dehanth
{1999), Zelleke {(2000), Venkatesh et al. (2001) and El-Shenawy et af. {2003).

The obtained results revealed that the SCA mean squares were
larger in magnitude than the comresponding values of GCA mean squares,
which were verified by GCA/SCA ralio with values less than unity for all the
studied traits with e xception no. of rows/ear. T his finding indicated that the
non-additive genetic variances play the major role in the inheritance of all the
studied traits except no. of rows/ear. In this respect, Ochieng and Compton
{1994), Spaner et al. (1996) Abd El-Maksoud (1997), Desai and Singh
{2000), Galal et al. (2002) and El-Shenawy et al. (2003) observed the same
direction for m ost of yield component traits. Meanwhile, the GCA and SCA
interacted significantly with years for all the studied traits except for SCA x Y
for plant height and ear height and GCA x Y for grain yield per plant. Similar
results were obtained by several investigators, among them Jay and Hallauer
(1997), Zelleke {2000) and Galal et af. {2002).

The estimates of general combining ability effects of the five inbred
lines for the studied traits in 2001, 2002 and their combined data are shown
in Table 3. High positive values would b e favorable e xcept for silking d ate
and ear height, where high negative effects would be useful from breeders
point of view.
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Comparison of the GCA effects of individual parental lines revealed that, L-
7041 express significant desirable negative effects toward earliness for
sitking date, and this line followed by L-8084 were the best general combiners
toward increasing no. of rows/ear, which have the highest positive significant
GCA effect values. Also, the resuits showed that the GCA effects were
negative and significant toward shorter for the inbred L-8084 followed by Gz-
628 in plant height and ear height. Meanwhile, the inbred lines Sd-7 and Sd-
34 were the best general combiners for grain yield/plant and the inbred lines
Sd-7 followed by Gz-628 for ear diameter. Generally, the inbred line L-7041
proved to be the best combiner among these inbreds in breeding programs
toward developing early genotypes. While, the lines Sd-7 and Sd-34 proved
to be the best combiners for grain yield and most of its components. These
results confirmed the data obtained by Ei-Shenawy (1995) and Metawi (1996)
for the inbred lines Sd-7 and Sd-34.

The e stimates of s pecific ¢ ombining ability effects of the ten single
crosses for yield and other ftraits in the two years 2001, 2002 and their
combined are presented in Table 4. The results revealed that all studied
single crosses exhibited desirable negative significant SCA effects for silking
date and exhibited desirable positive significant SCA effects for plant height,
no. of kernels/row, ear diameter and grain yield per plant in both years and
combined. However, eight and nine out of ten crosses showed positive and
significant SCA effects for no. of rows/ear and ear length. Generally, the best
combinations in earliness trait resulted from crossing poor x poor {Gz-628 x
L-8084) general combiners. In addition, the best combinations for no. of
kernels/row, ear length and grain yield per plant resulted from cressing goed
X p cor g eneral combiners { Sd-7 x L-7041), while in the case of number of
rows/ear, the best combinations resuited from crossing good x good general
combiners (L-7041 x L-8084 and Gz-628 x L-8084) and for ear diameter
resulted from crossing poor x poor general combiners (L-7041 x L-8084 and
Gz-628 x L-8084). So, it could be suggested that it is not necessary that
parents having high general combining ability effect would also contribute to
high s pecific c ombining a bility e ffects. T hese resulls are in agreement with
those reported by Abd El-Makscud (1997} and Mosa {2001).

The results presented in Table 5 showed that the heterotic relative to
mid-parents and high parent were desirable negative and significant for ten
crosses in both years and combined for silking date. This results indicated
that such crosses were earlier than their mid-parents as well as the earlier
parent. The values of heterosis relative to mid-parents and high parent
ranged from (-6.32 to -10.26) and (-4.57 to —9.59) in the 10" cross and in the
2™ cross for silkking date, respectively. Similar results obtained by Mohamed
(1984) and Amer ef al. (1997). Heterosis values relative to mid-parents and
high parent were highly significant in the two years and their combined in ten
crosses for Plant helght ear height and yield as well as its components
except for 1%, 2™ and 3™ crosses when compared to high parent for no. of
rows/ear, which showed positive but insignificant values. These results are in
agreement with those oblained by severai authors, among them El-Shenawy
{1995), El-Zeir and Totba (1999} and Mosa (2003).
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Table 5: Heterosis relative to mid-parents and high parent (H, M.P.% and
H, H.P.%), for yield and other traits in 2001, 2002 and

combined
Silking date Plant height l Ear height No of
Crosses| Years kernelsirow
H,MP. [ H AP, [H,WMP. [ A, P | MP. |H HP | H MP, | H HP.
% % Y, % % Y% % %

2001 ) -8.12* | -5.98™ | 34.49"" | 25.24*" | 45.61** | 41.64" | 48.23*" | 40.00**
2002 | -8.18" | -7.68"" | 54.49"" | 37.47*" | 72.30** | 61.23"* | 59.87*" | 54.23""
Comb,| -8.16* | -6.77** | 11.92*" | 18.36™ ) 54.07"" | 47.96"" | 52.60™ | 49.39"" |
2001 | -9.86** | -8.87"" | 50.54*" | 44.02*" | 54.12™ | 48.77* | 55.46™ | 46.28""
2002 |-10.58"* | -10.30** | 77.23** | 70.44** | 84.53** | 69.35" | 60.40"" | 54.14™
Comb.|-10.26*" | -9.59*" | 34.10** | 17.49" | 60.61*" | 53.81** | 66.17** | 48.03"
2001 | -6.78" | 4.12*" | 66.49" | 56.50" | 76.66"" | 61.03"" | 65.57*" | 42.26""
2002 1-10,18**] -8.70"" |108.15'"| 84.67** |120.26™{ 84.77*" | 93.04" | 55.07*"
Comb.| -8.51*" | -6.39" | 7.33* | 9.69"" | 87.36" | 67.08" | 72.45™ | 46.12"
2001 ) -7.65™ | -6.60" | 58.82" | 42.90" | 61.84"* | 45.33"" | 51.80** | 28.09""
2002 {-10.79*"; -10.28*" | 88.34"" | 63.62* | 99.69** | 64.66™" | 68.69"" | 43.12"
Comb.| -9.17** | -8,78* | 28.67"" | 28.93** | 71.42** | 49.95" | 56.67™" | 33.04™
2001 | -8.85* | -5.72** | 37.72*" | 23.11* | 52.63"" | 43.45™" | 54.68"" | 54.07""
2002 | -8.42™ | -8.21"* | 56,44 | 34.53" | 80.62" | 56.07** | 43.83" | 33.53" |
Comb.| -7.61"" | -6.91*" | 20.75" | 28.17"* | 59.31** | 46.78™ | 49.25" | 44.41**
2001 | -5.01* | 4.52*" | 48.98"" | 31.02** | 70.36" | 51.47** | 66.96"" | 50.96""
2002 | -B.A1™ | -7.41™ | 75.91*" | 41.06™ |111.28"| 68.04" | 74.65" | 36.56""
Comb.| -6.67*" | -5.95** | 40.69"* | 24.90™* | 81.68"* | 56.37** | 67.15"* | 44.18""
2001 | -7.75" | -6.58'" | 42.46* | 20.35" | 57.70"* | 38.18"* | 54.18"" | 36.71"*
2002 | -9.32" | -8.30"" | 69.35" | 33.37*" | 99.77** | 56.40" | 43.57** | 1 8.251
Comb.| -8.41* | .7.43"" | 38.50"" | 45.65" | 70.37"" | 43.97"* | 48.23"* | 28.15™
2001 | -5.24*  -3.60*" | 55.17*" | 62.33** | 67.09"* | 57.45" | 68.53" | 52.90"
2002 ) -7.78* | -6.57* | 81.79* | 67.12"" | 108.85*"| 89.14™* | 65.55"* | 37.24™"
Comb.| -6.50"* | -5.06" | 46.03"* | 17.78" | 74.17** { 61.63** | 63.40*" | 45.06"
2001 | -8.317" | -8.27* | 41.96°" | 33.11*" | 41.90"" | 31.64* | 57.31™ | 39.97"" |
2002 | -11.47*' | 10.67" | 73.07™ | 655.65" | 91.57*" | 70.22*" | 43.28" | 25.80™"
Comb. -9.81" | -9.51* | 19.46™ | 18.89"" | 53.48"" | 39.57* | 49.32"" | 32.86*
2001 | -3.04™ | -1.42" | 57.92" | 50.70** | 68.67"* | 65.89" | 50.80™ | 47 .58*;
2002 | -9.78™ | -7.77* {102.32"*| 97.50** | 138.75"*(133.72"*| 118.53"*|104.37**
Comb.| -6.32*% | -4.57** | 41.29** | 10.43"* | 85.74** | B1.71" | 72.50" | 72.05*"
0.74 0.87 6.90 8.08 5.50 6.40 240 3.90

Cross # 10/Cross #9 {Cross #8 [Cross#7 [Cross #8 {Cross#5 [Cross#4 Cross#3 [Cross#2 (Cross# 1
70418084 {628 XBOB4) (B287X7041 (I4XBOB4) K34XT041) (34 X 828) (7 X 8064) |7 X 7041} (7 X 828) |7 X 34}

2001} o | 114 | 930 | 1074 | 730 | 850 | 33 | 530
oo 2002 | 170 | 190 1080 | 1260 | 9.70 | 11.20 | 250 | 2.80
230 | 260 | 1450 | 16:80 | 12.90 | 14.90 | 330 | 3.80

Comb] 130 | 1.50 [ 910 [ 1050 | 7.86 | 9.00 | 240 | 280

1.70 2.00 1205 | 13.90 10.3 11.80 32 | 370

Generally, from the combined data, the heterosis relative to mid-parents
ranged from 7.33 to 46.03 for plant height, 53.48 to 87.36 for ear height,
48.23 to 72.50 for no. of kernels/row, 8.96 to 25.52 for no. of rows/ear, 17.19
to 42.58 for ear length, 18.08 to 30.44 for ear diameter and from 110.23 to
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163.96 for grain yield per plant. White, the heterosis over high parent ranged
from 9.69 to 45.65, 39.57 to 81.71, 28.15 to 72.05, 0.50 to 24.55, 12.97 to
40.56, 15.07 to 29.11 and ranged from 108.30 to 168.54 for the previous
traits, respectively. Similar results were obtained by Amer et al. (1997).

Table 5. Continued:

No of rows/ear Ear tength €ar diameter Grain y::i:lp lant

Crosses Years | i 5 TH, 0P, | B, M.p. | H,H.P. |H,MP.| H,AP. | H,M.P. | A, P,
0/' o/o % ./Il n/ﬂ % n/ﬂ L nfﬂ

~ | 2001 898" | 059 |2243" 1954|2303 | 18.22" [124.77*%| 11207

23 2002 | 9.39" | 051 | 2603 | 2045™ [21.05 | 12.84" |139.64"[107.14")

3% [Comb] 906 050 | 2357 23.10"* | 22.09" | 15.67** [126.17[108.30"]

o 2001 (12.29"*] 4.30 | 35.35* | 20.12~ | 32.93"* [ 31.86** [118.71** | 115.67"*

2 2002 [10.20"] 1.73 | 34.31* [ 18.19" | 27.57"* | 22,08"* |193.04"*| 186.32"

2 Comb.|11.21**| 3.07 | 3412 | 18.35* | 20.99** | 27.26" |140.07**|140.60"

c

7 X 8084) (7 X 7041) (7 X 628)

2001 |12.78**| 0.37 | 32.65" | 18.18" | 30.60™ | 27.60*" | 158.12*| 136.72"
2002 118.53"| 10.87** | 47.26"* | 20.12** | 35.61*" | 33.26"" | 205.43"*| 189.06""
Comb.|14.12**| 3.06 | 35.41*"| 16.02"* | 30.44™ | 28.40** | 163.96"" | 168.54""
2001 |18.86""| 9.59* | 12.81** | 11.45" | 25.94** | 23.11** |102.50"* | 85.48**
2002 |11.02™| 202 |29.79" | 17.00* 19.89'j 16.00** [ 150.80*" | 126.41*"
Comb.|14.97**| 579" | 17.19** | 12.97** | 22.03*" | 18.43" | 110.23™" 111.18‘j
2001 [15.01*| 14,22** | 40.31** | 27.22** | 30.55"" | 25.50"" [116.35"" 106.96’j
2002 | 8.89"* | 8.34* | 2275 | 3.90 | 24.32'" | 20.95" | 145.04" 107.70‘j
Comb.|12.12**| 11.43" | 32,18 | 16,25 | 27.52" | 23.20*" [125.66""|128.47""
2001 [10.83*| 6.51*" | 33.07** | 21.14** | 28.21** | 25.10™* |135.84*" | 105.16""
2002 |12.15**] 10.02** | 41.29** | 11.30*" | 33.51*" | 22.47** | 175,38 | 127.27**
Comb.|10.37**| 7.95* | 34.11"" | 16.51" | 206.68"" | 23.66™" |143.74" | 151.57*"
2001 | 9.87*" | 9.75™ | 24.19** | 22.73" | 22.76™ | 19.73" [113.66"" | 84.80""
2002 | 8.23*" | 8.22* | 1747" | 1.72 | 14,08 | 978" [133.74""| 85.47*
Comb.| 8.96™ | 8.78" | 19.20"* | 14.49" | 18.08"" | 15.07** | 114.40"" | 117.33""
2001 [14.86"| 9.65” | 40.09" | 39.47** | 30.30** | 28.32** [133.33"* 111,18
2002 (26.29**| 24.52** | 54.44" | 41.37"" | 33.43"" | 25.57"" | 153.47*"| 145.33""
Comb.|18.88*( 15.58™ | 42.58"* | 40.56** | 29.83"" | 29.11"* [134.78"" | 136.75""
2001 |125.33**| 24.32** | 29.10"" | 15.82** | 33.38" | 31.41** [131,77"*,108.51"*
2002 |26.15*| 25.52** | 32.97*" | 29.42** | 28.04"" | 26.60" |171.41*" 150.ZBE|
Comb.|25.62**| 24.55** | 27.83"" | 16.59"* | 30.07** | 28.91"* | 138.46"" | 141.42**

ICross #4 Cross#3

(

—

20 XB0B4) (62877041 |(34X8084) [(34X7041) (34 X 628)

L’:ross #10 fross #9 Kross#g [Cross#7 u:ross #6 [Cross#5
6

g | 2001|2272 18067 | 21827 | 971" | 26467 | 2640 12586~ 12444~

% [2002 |20.14| 17.87" | 5014 | 34.10" | 36.08" | 2045~ |202.25~ | 187.47"

Z  [Comb |2028"| 17.83" | 2743 | 14.74" | 29.70" | 27.85" |138.32"" | 130.02"
001 | 074 | 085 | 102 | 120 | 095 | 018 | 1252 | 1450
098 | 113 | 140 | 160 | 021 | 024 | 1660 | 19.20
048 | 056 | 110 | 130 | 0.6 | 019 | 1670 | 19.40

S0 2002 | oeq | o074 | 150 | 170 | 022 | 025 | 223 T25.30 ‘
comp| 082 | Q71| 106 | 123 | 016 | 018 | 1465 | 1652
| o081 | oos | 141 | 183 | 021 | 024 | 1939 | 2239

*** significant at 0.05 and 0.01 levels of probability, respectively
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In conclusion, judging by heterotic values general and specific
combining ability as well as genetic variance components, the production of
corn hybrids is the best breeding program for the improvement of these
traits.
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