Proceed. Fourth PL Breed. onf. Egypt. J. Plant Breed 9(1): 65-75
March 5, 2005 (Ismailia) Special Issue (2605)

HETEROSIS AND COMBINING ABILITY IN YELLOW
MAIZE (Zea mays 1..) OVER TWO LOCATIONS
(SAKHA AND NUBARIA)
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Maize Research Scction, FCRI, ARC
ABSTRACT

Hualf diallel cross among eight inbred lines were made at Sakho
Research Station during the growing season 2002, The eight parents i.e. (L-121,
Gm-1004, SK-6241, SK-7266, SK-8249, SK-9074, SK-9108 and SK-9115) and
their F; crosses were evaluated at Sakha and Nubarie Agricultural Research
Stations in 2003 growing season. Data were collected ox sitking date (days),
piant and ear height (cm), grain yield (ardifed }, 2ar length (cm), ear diameter
{cm), No. of rowssear, No. of kernels/row and weight of 100-kernels (gm). The
data were genetically analyzed by using Griffing (1955) method-2 model I.

Location mean squares were highly significant for all studied traits and
genotypes exhibited kighly significant differerces. The variances associated with
general and specific combinipg abilities (GCA and SCA) were highly significant
Jor all traits. High ratio of GCA/SCA mean square was detected for number of
rows/ear and weight of 100-kernelv/row indicating that the largest part of the
total genetic variability associated with the tw: traits was a result of additive and
additive by additive type of gene action, while, low -atio for the remaining traits
were detected suggesting non-cdditive types of gene action. The interaction
between locations and both types of combining abilities were highly significant
for all traits except silking date.

The inbred line L1:1 could be considered as the best combiner for grain
vield (ard/fed) and the inbred Lne SK7266 is the best combiner for earliness.
The highest desirabl: SCA effects were detected in the crosses; (LI121 x
GM1004) followed by (SK7266 x SK8249) fur g-in yield, (L121 x SK9G74) for
weight of 100-kernels, (GM 1004 x SK9108) for number of kernels/row, (L1211 x
SK9074) for numther of rows/ear and ear diameter and (Gm 1004 x SK 6241) for
ear length. These crosses could be used as superior and promising hybrids in
maize breeding program.

Percentage of heterosis for grain yield in F, hybrids relative to the check
varieties 8.C. 155 and 8.C. 3080 and to the mecn of all crosses ranged from (-
39.32 to 31.24) ,(-26.51 to 32.84) and (-30.47 to 25.74), respectively. The crosy
(L121 x Gm 1004) surpassed by (31.24, 32.84 and 25,74) percentage relative to
the three checks; 8.C. 155, SC 3080 and mean of all crosses (over two locations).
Seven crosses out yielded the high check variety S.C. [53.
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INTRODUCTION

Diallel crosses have been used in genetic research to determine the
inheritance of important traits among a set of genotypes and to identify
superior parents for hybrid or cultivar development. Conventional diallel
analysis is limited tc partitioning the total variation of the data into general
combining ability (GCA) of each genotype and specific combining ability
(SCA) of each cross. In this context, Sprague and Tatum (1942) defined
general combining ability as the average performance of a line in hybrid
combination, and it's considered as a measure of additive type of gene action,
while, specific combining ability is a measure of non-additive type of gene
action. Odemah (1973), Nawar et af (1980), Sedhom (1992), El-Shamarka
(1995) and El-Shenawy et a (2002) found that the non additive effects were
important in the inheritance of grain yield, ear length, ear diameter, number
of kernels/row, plant and ear heights. But El-Shamarka et al (1994), Mosa
(1996), Ibrahim (2001) reported that the additive effects were more
important in the inheritance of number of rows/ear and weight of 100
kernels. Heterosis was also studied for different yield components of hybrid
maize plants El-Hosary (1989), Ibrahim (2001} and Mosa (2001).

The aim of this investigation was 1: to study the relative importance
of general and specific combining ability and their interactions with
environments for certain quantitative characters in a diailel crossas of maize,
2) to determine the magnitude of heterosis in single crosses for grain yield
over two locations, and 3) to ident:fy superior parental lines and their
prospective crosses to be used in hybrids maize breeding programs.

MATERIALS AND METHODS

Eight yellow maize inbred linesi.e. £-121, Gm 1004, SK-6241, SK-
7266, SK-8249, SL-9074, SK-9108 and SK-9115 were used to establish the
experimental materials for this study.

These inbred lines were obtained by maize research programs and had
high combining ability. All possible cross combinations were made without
reciprocals among the eight inbred lines in 2002 growing season at Sakha
Research Station, The eight parents, 28 crosses and two check varieties, S.C.
155 and S.C 3080 were evaluated at two locations i.e. Sakha and Nubaria
Agricultural Research Stations. Randomized complete block design
experiments with four replications was used. Plot size was one row, 6 m long
and 80cm width and hills were spaced at 25 cm. All cultural practices were
applied as recommended. Data were recorded for silking date, plant height,
ear height, grain yield {ard/fed.) adjusted to 15.5% moisture content, ear
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length, ear diameter, nuinber of rows/ear, number of kernels/row and weight
of 100-kernels.

General and specific combining ability estimates were obtained by
using Griffing's (1956) diallel cross analysis designated as method 2 Model I
for each location. The combined analysis of the two locations was carried out
whenever homogeneity of variance was detected. Heterosis expressed as the
percentage deviation of F; mean performance from the check varieties (S.C.
155, S.C. 3080) and the mean of all crosses (combined data) for grain yield.

RESULTS AND DISCUSSION

The analysis of variance for combining ability combined over the two
locations (Sakha and Nubaria) for the nine studied traits are presented in
Table (1). Mean squares of locations were highly significant for all studied
traits, silking date, plart height, ear height, ear length, ear diameter, number
of rowsfear, No. of kernels/row, weight of 100 grains and grain yield
(ard./fed.). Genotypes and genotypes x locations mean squares exhibited
highly significant differences for all traits except silking date, indicating that
the performance of genotypes differed from location to another. These result
are in agreement with those nbtained by El-Hosary (1988) and Amer (2002).
The variance associated with general and specific combining ability was
highly significant in all traits, indicating that both additive and non additive
types of gene action were involved in determining the performance of single
cross progeny and to reveal the nature of genetic variance which had the
greater role. GCA/SCA ratios were compuied for number of rows/ear and
weight of 100 grains, were high and largely exceed the unity revealing the
importance of additive and additive gene action types that represent the great
part of the tota! genetic variability. These results are in agreement with those
obtained by Ogunbodede et al/ (2000), Katna ef al (2002) and Wu et al
(2003).

For the remainder traits GCA/SCA rados indicate that the non
additive gene action types played importani role in the inheritance of these
iraits. The reenite are similar with Talleel and Kochalisarael {1003} Gastha

and Jayadraman (2000) and San e a/ (2001).

The interaction between location and both general and specific
combining ability were highly significant for most traits, ndicting that the
magnitude of all types of gene action differ from location to other. The
magmitude of the interaction for GCA x location was higher than SCA x
location for most studied traits. This means that SCA x loc. was more stable
than GCA x loc. for most traits. Also, this indicates that locations had major
effect on the behaviour of all genotypes. These results are in harmony with
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Table 1. Analysis of variance for the studied traits over two locations {Sakha and Nubaria)

[s-o.v. af Silking date Plant Ear Ear Ear Na. of No. of 100-grains Grain
(day) height (cm) height {em) | length (cm) |dismeter (cm)| rows/ear kernels/row weight yield ard./fed. |

Location (foc.) 1 138.24%* 1046222.20%* | 474790.12** 200.89** 35.18** 166.83%* 1323.06** 1092.51** 18144.4544*
Rep./floc. 3 57.745 2088.75 935.60 1.606 038 0,93 9.39 20.80 19.733
Genotypes () 35 6L 784>+ 8179.61* 3594.76** 23.908%* 094+ 14.09** 238.833%~ 2499~ 37983+
SCA T 57.00** T155.96*+ 2352.46** T.469* 0.81* 54,324+ 128806« 48,71 145.231*+
SCA 18 64.23* B435.52+ 3905.33** 28.02+ 0974 4.03* 266.34** 19.06* 438.521%*
G 5 loc. 35 7.723 1590.672%* 837.25%* 3.898* 0,44 2071+ 20,027+ 20.60** 51.103*~
GCA x loc. 7 8885+ 1781.36** 1125.59** 2.7R4* 0.68** 1.654* 16.517*" 11.6** 19.571*~
SCA 1 loc. 8 7.432 1543.0%* 765174+ 41T 0.38* 2.175%~ 20.995*+ 20.1* 56.786*~
Error 213 4.391 236.19 116.193 1,230 0.161 0,727 5.640 7.850 10.10
GCASCA 0.887 0.350 0.602 0.266 0.831 13.49 0.484 2.56 0.331
GCAxL/SCA L 1.1%6 1.154 0.602 0.266 0,831 0.163 0.790 1.124 0.524
X 61.18 189.43 101.34 18.26 4.53 14.58 392 34.93 18.91
CN.% 3.41 B.11 10.6 6.1 8.86 .85 7.0 8.0 16.81

*, ** Significant at 0.05 and 0.01 levels of probability, respectively.
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those previously reached by Matzinger ef al (1959), El-Hosary (1989) and
El-Zeir ef al (1999).

Mean performance of genotypes for nine studied traits as an average
over two locations are shown in Table {2) there are higher differences
between the parents and Fy's for grain yield trait. The mean values for parents
ranged from 4.88 (ard/fed.) for inbred SK 7266 to 11.06 (ard/fed.), for SK
9074, while the mean values for crosses ranged from 14.74 (ard/fed.) for
cross SK 7266 x SK 9115 to 29.87 (ard/fed.) for cross L121 x Gm 1004,
The highest averages for grain yield were obtained from the crosses, L121 x
Gm 1004 29.87, 1121 x SK9074 27.10, Gm 10.04 x SK6241 26.61, L121 x
SK9S108 26.00, SK 8249 x SK 9108 25.25, SK9074 xSK9108 24.28, SK Gm
1004 x SK 6241 23.88 and 1.121 x SK 9115 23.84. These crosses surpassed
significantly the high check vanety S.C. 155 for grain yield and some yield
components.

Table 2. Means performance of maize genotypes over two locations (Sakha and Nubaria.).

Genotypes Silking | Plant Ear Ear Esr No.of | No.of 100- Grain
dst height. height | length | dismeter | rows/ear | kernels/ | grains yizld

(dzy) § _(em) ('_J_H)J__(,ﬂ_fﬁ___([:g) Tow weight | ard./fed
L1121 65.% 155.9 e 14.45 33 124 1 31 8.94
Gm 1004 67.% 1349 66.8 13.79 44 179 218 26.8 614
SK 6241 65.0 15290 75.4 15.73 kX 123 26.6 292 83z
SK 7266 159 112.6 55.5 14.73 42 14.4 273 24.9 4.E3
SK 8249 66.0 1008 48.9 16.50 43 i49 26.6 0.7 617
SK 9074 63.0 138.0 61.5 15.90 a9 143 1.7 320 1L.06
SK 9108 67.9 134.4 65.7 16.68 42 125 245 263 5.08
SK 9115 515 118.3 54.6 16,35 4.0 13.4 29.6 21.% 6,13
L1 % Gm 1004 59.6 218.5 1259 19.25 48 16.2 33 34.9 29.87
x 8K 8241 60.4 2239 117.%8 19258 4.7 13.9 312 422 2114
SK 7266 593 12230 1199 19,30 4.9 14.6 36.8 358 21.53
XSK 8249 £8.8 2116 1076 18.95 48 145 kK rid 40.2 22.98
x SK 9074 59.4 2220 1244 18.58 50 161 318 44.0 2710
x SK9108 62.9 224.0 1288 20.10 4.7 131 335 423 26,04
1 SK 9115 %93 2126 1248 190.40 49 146 362 40.5 23.84
Gm 1004 x SK 6241 610 L] 1170 2025 50 16.4 1.1 47 1388
5 5K 7266 60.8 212.3 114.5 19.85 4.9 1158 199 29.3 18.73
x SK 8249 63.6 198.4 1088 19.03 4.3 161 369 345 20.44
TSKMN74 598 2048 122.1 19.43 49 16.5 L] 358 22.70
x SK 2108 62.6 2118 172.% 19,28 4.9 14.7 39.6 351 26.61
1 SK 9115 60.6 154.5 116.5 18.78 4.7 158 363 27 I1.2¢
SK 6241 x SK 7264 58.0 2053 wiy 18.7 4.7 152 3.5 312 18.50
s 8K 8245 58.0 193.6 99.3 16.75 4.5 13.5 8.6 ¥z 23357
ISK 2074 58.0 200.4 1093 18.35 39 151 314 371 2217
1 SK 9108 50.9 2113 118 19,85 4.6 13.1 386 318 22.69
xSK 9118 58.9 1804 98.6 13.68 45 133 33 2.3 18.84
SHTAL Lsnsis 577 i FE e Feibi a3 iso S6.3 ek 3.5
x SK 9074 581 1046 103.1 18.93 47 14.6 353 368 18.83
x SK 9108 £0.0 2191 113.6 19.93 4.6 13.6 ke N2 18.94
xSK 9115 58.0 187.0 95.4 19.15 4.6 146 368 337 14,74
SK 8249 t SK9074 500 194.4 106.0 17.78 47 147 340 Ky 4 12.53
x SK 9108 806 204.6 1118 18.58 4.6 131 T 387 2528
8K 9115 400 163.0 9.3 18.70 45 141 LR 339 1945
SK 974 L SK 9108 61.0 204.0 109.6 20,00 4.6 14.5 319 387 24.28
x SK 9118 60.6 183.6 97.0 17.18 4.3 14.7 3.4 34.5 18.23
| SK 9108 xSK 9115 650.8 198.6 109.0 19.83 4.6 14.5 35.0 368 23.29
i G118 189.43 10134 18.26 453 14.58 3392 34.93 14.01
S.C. 155 59.9 1133 1221 18.08 48 13.9 327 448 20.54
S.C. 3080 59.0 204.4 1224 1828 ES) 18.7 313 40.2 20.06
0,05 87 15821 10.67 110 0.40 0.84 2.3 M 315
1.58.0. 0.01 ﬂ 19.83 13.91 1.43 fLSEE 1.18 3.06 3.61 4.10
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Estimates of GCA effects for the parental inbred lines in each studied
traits are presented in Table (3). Inbred line L 121 showed highly significant
positive and GCA effect considered the best combiner for grain yield, inbred
line SK 9074 showed highly significant positive estimates of GCA effect for
weight of 100-grains. Highly significant positive estimates of GCA effects
were shown by the inbred line SK-6241 for kernels number, by the inbred
fine Gm1004 for number of rows/ear and by the inbred line SK9108 for ear
length. The two inbred lines SK9074 and SK-9115 exhibited negative
desirable GCA effects for silking date and plant and ear heights towards
earliness and shortness, respectively.

Table 3. Estimates of general combining ability effects for studied traits over two
locations {Sakha and Nubaria).

Genotypes | Siking | Plant Ear Ear Ear No.of | No.of 100- Grain
date helghi height | length | diameter | rows/ear | kernels/ | grains yield
(day) fom) i {em) {em) {em) row weight | ard./fed.

L 121 -0.022 | 12.969+*; 8.041** | _G.050 0.042 { -0.350** | -0.898** | .5.623** | 2.016**

Gm 1004 | 1L.241** | -1.156 | 4.866** | 0120 | 0.178%* | 1.750%* | 0158 | -1.903*+] 0.554
SK 6241 | -0.659** ) 4.219* 0.028 D088 | -0,132** | -0.628** | 1.562** | -0.323 -0.287
SK 7266 | -.922=" (1 11.394*%, -0.639 -0.050 0.045 0.225* | 09327~ | 2.173** | -2.032**
SK 8249 0.128* | -9.906%* | -8.959** | .0.232 0.032 -0.680 a.470 0.358 0.012
SK 9074 | 0847* | 4531* [ -1.789**} -0.220 0092 | 03357 | -2.612%* | 1L.348* | 0.774
SK 9108 1.091%+ | 4531 { 3.253** | 0.722** | O.015 |-0.960%* | 0.130 10.468 0.704
SK 9115 -0.109 j-8.458** | 4.811** ¢ 0.038 -6.088 | -0.295*~| 0.258 | -2.616%¢ | -1.741*~

= ** Significant at 0.035 and 0.01 levels of probability, respectively.

The estimates of specific combining ability effects for the F, crosses
in this study for nine traits are shown in Table (4). Significant desirable SCA
effects were detected for, sitking date (fourteen crosses), ear length
(seventeen crosses), number of rows/row (seven crosses), number of
kernels/row (eighteen crosses), weight of 100 grains (fourteen crosses) and
grain yield ard/fed. (sixteen crosses). The highest desirable SCA effects were
obtained in the crosses, (L121 x Gm 1004) for grain vield (ard/fed)), (L121 x
SK 9074) for weight of 100-grains, (Gm 1004 x SK 6241} for number of
kernels/row, (L121 x SK 9074) for number of rows/ear and (L121 x Gm
1004) for silking date towards earliness. These crosses can be of practical
importance in maize breeding programs.

Heterosis percentage relative to S.C. 155, SC 3080 and mean of all
crosses from combined data are shown in Table (5). Most crosses showed
highly significant positive heterotic effects over the two checks and mean of
all crosses. The values of heterosis percentage ranged from -39.32 to 31.24
for the check variety 5.C. 155 and seven crosses, (L121 x Gm 1004), L121 x
SK 9074, L121 x SK 9108, Gm 1004 x SK 6241, Gm 1004 x SK 9108, SK
8249 x SK 9074 and SK 9074 SK 9108 surpassed the same check variety
(S.C. 155). Nine crosses out yielded the second check (S.C. 3080 while five
crosses surpassed the general mean of crosses over the two locations for
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Table 4. Estimates of specific combining ability effects for 28 crosses over two

locations (Sakha and Nuburia.)
Sifiing | Plant Ear Ear | Far —f Noug | No-of T 100 T Grain
Genotypes date height | height | length |dismeter rowslear kernels/ | grains vield
{day) (cm) (cm) (cm) {cm) row welght | ayd. fled.
L1 1 Gm 1004 §-2.771%%1 14202 | 11.625% | 1.162+* | 0.034 0172 | 4118~ ] -2.50 |B.394%+
1 5K 6241 0121 (16.892*+| B.088 | 1129~} 0.281 0.297 | 2613+ | 4.80" 0.505
SK 7266 -0983 | 13.617" ) 11156 | 1.242** | 0.241 0.057 | 2.868~ 1,40 2.636*
x SK 8249 1-2.533*+122079++ 72066 | 0974+ 0.217 0302  4.055+~ | 1.80"" 2.044
x SK 9074 -0.933 119729+ 16.750% | 0.587 | 0.491%» L 487+ [ 2363~ | £.60%* | 54042+
1 SK9108 0346 11650416113 | 1.169** | 0.859 0068 | 2.9264 1 490" | 4366~
s SK OIS | -1796%* |21.404°% |20.1754%§ 1.154+= | 0.361* | 0.667* | 2868+« | 3.10%* | 4.653%+
Gm 1084 1 SK 6241 -0.758 | 14.192% | 10.763* | 2.174% | 0395~ | 0,697+ | 5.408+**] 200 | 4.7024n
1 SK 7166 -0.746 | 15,792+« | 8950 ] 0.962 0,130 | 0.897*= | 4863+ | -3.40* 1.269
1 SK 8149 1079 JIL754%=| 11500 | 1.119°* | 0.056 0,198 |2.375*+] 1.8+ 0.966
xSK 9074 | -1.821* | 154047 | 17675 1 1.507"~ | 0230 | 0213 | 0783 | 2.80%* | 2.467
x 5K 9108 -0.983 {17.479++(13.038**| L.114*< | 0.185 0.8 | 54150 2.40 64420
1 5K 9118 -1.683* | 16.204* 115,100 0.599 0950 0233 | 1913~ | S.00+* [ 3.480"~
SK 6241  xSK 7266 -1.596+ | 7.017 1.163 8579 0253 | 0972+ | 1.458 0213 2.011
xSK 8249 |-2.646°*] 15229+ | 6838 |.1.188*+{ 0,166 D423 § 264540 | 477+ [ 4.7604
1 SK 9074 -1671* | 9254 | 9.637 6.399 1-06.437" | 0,812 | 455327 ] 4.672 { 2,725
x S 010% -L.833* | 14779 113,500~ 0.957* 0.220 6.107 | 3.010* | 487 [ 3361+
1 SK 9115 -1.658* | 10304 | 2.063 0.667 -0.135 | -1.488 1.558 -0.13 1.968
SK 7166 x 3K 8248 0.508 | 14.579* | 8400 | 1.249** 1 6111 0.027 0.950 0.69 | 7.019%»
x BK H74 -12863 | 11104 | 4.200 | 0.937 0.163 -0.538 | 2,908 | 369+ 1.181
x 8K 9108 -1.871* |20.379++| 9.688% | 0.994 | 0.030 -0.243 | 2.740"* | 4.09*" 1.359
$ SK 9115 3-2.146%=| 4.520 -0.500 | 0.994% | 0.145 0.042 1.688 0.59 -0.393
SK 8249  x SKOOT4 -1.458 [20.692+~| 15375~ { -0.031 0.239 -8.133 2.140 0,57 2838
x SK 9108 -1LE7I% 125717 1611322 0173 003 0,438 (3203~ 2.07 5629
1 5K 71158 -1.196 0.367 3675 0.637 0.021 -0.103 1125 173 2174
SK 9974 xSK9108 Q521 | 12367 | 6788 | 1.239*+| 0,168 0.497 1.43% 202 ) 3.894*
x SK 9115 0.404 8.267 2225 0.801 | -0.03¢ 082 0.217 -2.18 0.292
SK 9168 xSK911% -1.508 [18.042%* 9213 0.807 0137 § L117*" | 0.640 : 3.56** | 5414+
L.8.D.sij 0.05 133 12.6% 9.56 0.80% 0.288 0.599 1.764 L1778 2.54
0.01 113 16.53 12.46 1.054 0.376 0.780 2.298 2582 an
L.5Dsijsk 0085 1.97 1877 1415 1.197 0.427 0.885 2.609 334 376
0.01 2.69 14.46 18.43 1.559 0.586 0.154 J.400 4.384 4.99
LSDsijsk 005 1.86 17.80 13.34 1.128 0,402 0.535 2.460 3.204 3.55
0.01 142 23.06 17.38 1.470 0.524 1.083 3206 4.174 4.62
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Table 5. Perccatage of heterosis for crosses relative to the two checks and mean of all
crosses for grain yield over two locations (Sakha and Nubaria).

Heterosis for grain vield (ard./fed.) relative to
Crosses $.C. 155 5.C. 3080 Mean of all
Crosses
L 121 X Gm 1004 31.24% 32,84 25.74**
x SK 6241 2.85 5.12 1.04
SK 7266 4.59 6.82 -3.05
x SK 8249 10.62 12,71 3.46
x SK 9074 24,224 26.00%* 18.15+
x SK9108 20,984+ 22.83%+ 14.66*
1 SK 9115 13.83 15.85 4.18
Gm1004  xSK 6241 2100 22.50%* 1427+
x SK 7266 9.67 11 -18.45
x SK 8249 .49 1.86 853
x SK 9074 9.53 11.64 2,29
x SK 9108 22,804 24,61 16,63
x SK 9115 312 5.38 4.64
SK6241  xSK 7266 -10.42 -7.84 -19.26
x SK 8249 12,20 14.25% 5.17
x SK 9074 7.36 0,52 -5.86
x SK 9108 9.47 11.58 222
x SK 9115 -9.02 5.47 1774
SK 7266  x SK 8248 14.10 16,09* 7.21
x SK 9074 910 653 17.81
x SK 9108 845 5.92 17.13
x SK 9115 -39.32 2651 -50.47
SK8249 3 SK9074 8.84 10.97 1.54
x SK 9108 18.68%* 20,58%* 12.47
1 SK 9115 5,61 -3.14 -14.06
SK9074  xSK9108 15.40* 17.38% 8.63
x SK 9115 -12.65 -10.02 21,67
SK9108  xSK9118 11.79 13.85 4.73
0.05 14.14 1414 14.13
LSD. o1 18.43 18.43 18.43

*, ** Significant at 0.05 and 0.01 levels of prebability, respectively.

grain yield (ard/fed.). The desirable heterotic effects relative to the check
variety S.C. 155 ranged from 15.40 to 31.24%. High heterotic effects were
detected n the cross (L 121 x Gm 1004) iriiowed by cross (L 121 x SK
9074). Many investigators reported high heterosis for yield of maize, i.e. El-
Rouby and Galal (1972), Mohamed (1984), Abdel-Sattar et al (1999),
Geetha (2001), Ibrahim (2001) and others.
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