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ABSTRACT

This work was undertaken during three successive seasons to evaluate
combining ability and heterosis for 8 inbred lines of maize. A half diallel crosses
among 8 new developed inbred lines of maize (Zea mays L.) were evaluated for
nine quantitative characters. Year mean squares were significant for all traits
except for ear length. Hybrid mean squares were significant for all traits in the
two growing seasons as well as the combined data. Significant hybrids by years
mean squares were detected for all studied characters except for no. of
kernels/row and shelling %. Mean squares associated with general and specific
combining ability in combined data were significant for all traits. Also, high
G.C.A./S.C.A ratios which largely exceeded the unity were obtained for ear
length, ear diameter, no. of rows/ear, 100-kernel weight and grain yield/plant in
combined analysis. Significant interactions mean square between years and
general combining ability was detected for all traits except for ear height, ear
diameter and grain yield/plant. Whereas, significant interaction mean squares
between years and S.C.A. were obtained for plant and ear heights, ear diameter,
no. of rows/ear and grain yicld/plant. The best combiners parental lines were: P;
for 100-kermel weight, P, for no. of rows/ear and grain yield/plant, Ps for ear
diameter and no. of rows/ear and P6 for plant height, ear length, no. of
kemels/row and grain yield/plant. The most desirable S.C. A effects were detected
for the crosses: P, xP¢ for plant height; P;xP, for ear height, ear length and no. of
kemels/ row; P,xP; for ear diameter and P;xP, for shelling %, 100 kernel weight
and grain yield/ plant. The highest mean values for grain yicld/plant were
detected in the crosses P.xP,, P;xP, and P4xP;s in the combined analysis. Three
crosses, namely, P,xP., P;xP, and P.xPs expressed highly significant and positive
heterotic effects for grain yield over both seasons being 16.68, 17.24 and 19.72,
respectively. >
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INTRODUCTION

Maize (Zea mays L.) is considered one of the most important cereal
crops in the world. It ranks the third after wheat and rice of the world production.
This crop is used for human consumption as well as animal feeding. It also used
in industrial purposes such as manufacturing starch and coking oils. Therefore
increasing the productivity of such crop is the main target of corn breeders. To
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achieve this target more information is needed for the successful breeding
programs such as the relative amount of genetic variance components and their
interaction with environment for yield and its components. The diallel cross is of
common usage in this respect for its power and versatility. With this method the
resulting total genetic variation is partitioned into the effects of general and
specific combining ability (G.C.A. and S.C.A). The magnitude of genetic
components for a certain character would depend mainly upon the environmental
conditions under which the genetic materials will be evaluated. Therefore, many
efforts have been devoted by maize breeders to study the interaction between
environment and the genetic components. Matiznger ef al. (1959) concluded that
the additive genetic variance was more affected by genotype X environment
interaction than the non-additive variance for grain yield per plant. The same
conclusion was reached by Abdel- Sattar (1986), Galal e al. (1987) and El-
Hosary and Sedhom (1990). On the contrary, Nawer (1985) and Sedhom (1992)
reported that the non-additive effects were more biased by interaction with
environment than additive effects.

The objective of the present investigation was to estimate general and
specific combining ability and their interaction with growing year and to
determine the relative increase of grain yield in 28 single crosses over to the
check vanety S.C.10.

MATERIALS AND METHODS

Eight inbred lines i.e. Moshtohor 1, M, (P,), M, (P2), M; (P3), M, (PJ),
M; (Ps), M; (Ps), Mg (P7) and My (Pg) which were developed at the Department of
Agronomy, Faculty of Agric. at Moshtohor, Benha Univ. were used in this study.
(These parental inbred lines were isolated from different genetic resources and
were at Sg stage of inbreeding. Also, theses materials represented a wide range of
variability for yield and most of its components). A half diallel set of crosses was
carried out in 2002 season. The eight inbred lines were split planted in May 15",
25" and June 5™ to avoid differences in flowering time and to sccure enough
hybrid seeds. The resultant 28 crosses along with a check (S.C.10) were planted
in a randomized complete block design with three replications in the two
successive seasons of 2003 and 2004 at the Agricultural Research and
Experimental Station of the Fac. of Agric., Moshtohor. The planting dates for
2003 and 2004 scasons were May 30th and June Sth, respectively. In both
seasons, each plot consisted of two ridges of six meters length and 70 cm width.
Hills were spaced at 30 cm with three kernels per hill on one side of the ridge.
The seedlings were later thinned to one plant per hill. The cultural practices were
followed as usual for ordinary maize field in the area. Random sample of 20
guarded plants in each plot were taken to evaluate plant height (cin), ear height
(cm), car length (cm) ear diameter (cm), no. of kernels/row, no. of rows/ear,
shelling %, 100-kernel weight and grain yield/plant which was adjusted for 15.5%
moisture. The obtained data was statistically analyzed for analysis of variance
using computer statistical program MSTAT-C. General and specific combining
ability estimates were estimated according to Griffing's (1956) diallel cross
analysis designated as method 4 model 1 for each experiment. The combined
analysis of the two experiments was carried out whenever homogeneity of



Genetical Analysis Of Diallel Crosses In Maize Over Two....913

variance was detected (Gomez and Gomez, 1984). Means were compared by
Multiple Range Test (Duncan, 1955). Heterosis expressed as the percentage
deviation of the F, mean performance from S.C.10 was determined for grain
yield/ plant.

RESULTS AND DISCUSSION

Analyses of variances for all traits in each season as well as the
combined analysis are presented in Table (1). Test of homogeneity revealed that
the error variance for the two seasons were homogenous, therefore combined
analysis was processed. Year's mean squares were significant for all the studied
traits except for ear length. Moreover, mean values of the first season were
relatively higher than those of the second one for most traits (data not included).
Falconer (1960) suggested that a character measures in two different
environments could be regarded not as one character but as two. The
physiological mechanisms are to some extent different and consequently the
genes required for high productivity are also different.

Results in Table (1) showed that crosses mean squares were significant
for all traits in the two growing seasons as well as the combined data. The
interactions between crosses and year mean squares were significant for 21l of the
studied characters except for no. of kernels/row and shelling %. Such results
indicated that these crosses behaved in different way from one seasons to another,
consequently they ranked differently in the two growing secasons. For the
exceptional cases, the studied crosses responded similarly for environmental
fluctuations.

Variances associated with general and specific combining abilities
(G.C.A. and S.C.A) for all traits in both seasons as well as the combined analysis
are also presented in Table (1). Significant general combining ability mean
squares were detected for all characters in both seasons and the combined data
except ear height in the second season. Also, significant specific combining
ability variances were obtained for all traits in both seasons and the combined
data. It is clear that, the significant S.C.A. mean squares were accompanied by
significant G.C.A. variances in most traits. This indicates that both additive and
non-additive types of gene action are important in controlling the traits under
study. To clarify the relative magnitude of each genetic component, the
G.C.A/8.C.A. ratio was calculated. High ratios which largely exceeded the unity
were obtained for ear length, ear diameter, no. of rows/ear and 100-kernel weight
in both seasons and the combined data, for plant height in the first season; for no.
of kernels/row in both seasons; for shelling % in the second season and for grain
yield/plant in the second season and combined analysis. Such results indicated
that the additive and additive X additive types of gene action were more
important than non-additive effects in the expression of these traits. The
importance of additive genetic variance on controlling such traits were reported
by Galal er al. (1987), Nawar et al. (1988), EL-Hosary and Sedhom (1990),
Abdel-Sattar (1992), Sedhom (1994), Gohar (2004), and EL-Hosary and EL-
Badawy (2005).
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Table (1): Con
oy 4 o St e i
' S | Comb. | s1! 2 Comb. S1 2 Comb. S1 $2 Comb, )| v) Comb.
Yean 1 24737 8845 181.047 1134.12°
 Blecks/Y 2 46225 5.93 409 | 1.7 6.03 8.9 6475 12.74 38.74 56.49 150.86 103.68
- Bybrid 27 27 55237 | 5433" 83747 | 4777 | 55237 96367 | 89017 55997 | 116697 | 1958407 | 1929.50 | 3381.66~
Hybrid1Y 27 2581 13.64 28.31° 50624
Error 54 108 }2100 | 172 1936 | 1555 | 14.59 15.07 149N 16.56 15.74 257.38 268.61 263.00
G.CA 7 7121157 | 18.44” 21287 | 1266" | 30.337 3727 | 34487 40357 | 57807 435387 | 877167 | 1170447
SCA 20 20 | 17457 | 1797 30237 | 2027 | 14247 32267 22997 1107 32287 7289071 561277 | 111209
G.CAxY 7 18307 1128 1703 142,10
SCAxY 20 521 2.19 6.78 178.07
Ervor 54 108 | 7.00 5.91 6.45 518 486 5.02 497 5.52 525 85.79 89.54 87167
G.C.AS.CA 121 1.0 0.70 0.63 213 0.98 123 3.64 179 0.60 1.56 1.05
G.CAIY/G.CA 0.85 0.3 029 0.12
SCAxYS.CA 0.17 0.07 0.12 0.15

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

! S1, S2 and Comb. refers to first scason, seoond season and combined data, respectively.
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Significant interaction mean squares between years and general
combining ability were detected for all traits except for ear height, ear diameter
and grain yield/plant. Whereas, significant interaction mean squares between
years and specific combining ability were obtained for plant and ear heights, ear
diameter, no. of rows/ear and grain yield/plant. However, the ratio between
S.C.A. X years/S.C A. was relatively higher than that of G.C.A. X years/G.C.A.
for plant height, ear height, ear diameter, no. of rows/ear and grain yield/plant.
Such results indicated that non-additive gene effects were more sensitive for
different growing seasons. On the other hand, the ratio of G.C.A. X years/G.C.A.
was higher than of S.C.A. X years/S.C.A. for ear length, no. of kernels/row,
shelling % and 100-kernel weight reveling that additive and additive X additive
effects were more biased by environment more than no-additive gene action for
such trait. These results are in the same line with those reported by Matzinger et
al. (1959), EL-Hosary and Sedhom (1990) and Sedhom (1994).

Estimates of general combining ability effects (£ for individual inbred
lines over the two experiments are presented in Table (2). High positive values
would be of interest for all traits in question except, plant and ear heights, where
high negative ones would be useful from the breeder point of view. The parental
inbred line P; behaved as the best combiner for plant and ear heights; meanwhile
it was on the average in the rest traits. The parental inbred lines P; and Py were
poor combiners for most studied traits.

Table (2): General combining ability effects for all studied traits over the two

ears.
Taid & | 5 |8 | 5|2 |oB| 2|2z 5
2| % | Seligey|sn| 2| 55 |52
s | % |28HE8s8|s8| £ |2¢ 53
[nbred li é 3 8 || g 3| & g 2
1 080 [513° | 059 |009[-057 |028] 039|329 | 811
829 |-587 | 044 [015[082 064|073 | 017 | 925
3 072 [ 103 | 042 [008] 002 [-1.97| 069 | 240" | 3.07
4 198 [ 038 022 [ 002 0427 [ 170 | 002 023 | 11.69
240 [ 027 ] 019 [0.137[ 0337 [ 004 | 082 | 026 | 097
6 468 | -2.16 [ 068 [ 007 [040 [216 | 156 | 0.41 | 9.20
058 | 273 | 001 [ 005 [0.71 | 0.50 [-3.75 | -2.55 | -9.01
649 | 0.76 |-083 | 005 [ 030 [ 050 041 [-3.22" |-14.78
Dvelg) | 436 | 353 | 051 | 08 | 033 (193170 ] 1.74 | 711
1% | 578 | 469 | 067 |0.10 | 044 [ 256 (226 | 231 | 943
volgigd | 659 [ 534 076 | 011 ]| 050 [ 292257 | 263 | 1075
vighed | 874 | 708 | 101 | 0.15 | 066 | 3.87 | 341 | 349 | 1426

and  significant at 0.05 and 0.01 levels of probability, respectively.
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The inbred line P, appeared to be good combiner for 100-kernel weight
and grain yield/plant. The parental inbred line P, seemed to be good combiner for
100-kernel weight. On the contrarily, it expressed either significantly negative or
non appreciable positive g; effects for the rest traits. The parental line P4
expressed the best combining effect for no. of rows/ear and grain yield/plant. The
inbred line Ps appeared to be good combiner for ear diameter and no. of rows/ear.
The parental inbred line Pg gave the most desirable g; effects for plant height, ear
length, no. of kernels/row and grain yield/plant. These results indicated that these
parental inbred lines possess favorable genes and that improvement in yield may
be attained if they are used in hybridization program.

The estimates of specific combining ability effects (S;) for all the
studied traits combined over two growing seasons are presented in (Table 3). The
most desirable inter-and intra-allelic interactions were presented by the
combinations; P, xPg, P.xP;, P3xPs and P,xPs for plant height; P, xPs, P\ xP;, P,xPs,
P,xP., P.xP; and P,xPy for ear height, P,xPs, P,xP; and P,xP, for ear length;
P, xP;s for ear diameter; P;xPg for no. of rows/ear; P,xPs, P,xP, and P,xP, for no.
ofkemels/row; Ples, PoxPy, szps, P3XP7 and P4XP6 for shelling %; P]XP‘, P, xPs,
P:xP; and PsxPg for 100-kernel weight and P,xP,, P3xP;, PxPs and PexPy for
grain yield/plant. However, the most desirable S.C.A effects were detected for the
crosses: Py xPs for plant height; P,xP, for ear height, ear length and no. of kernels/
row; P\xP;s for car diameter;, P;xP; for shelling %, 100 kernel weight and grain
yield/ plant.

From the previous results, it could be concluded that the most desirable
single cross was P;xP, followed by the cross P, x P, since they expressed the
highest significant and positive S.C.A effects for grain yield/ plant and at least
two of its components. Therefore, these crosses would be prospective in maize
breeding program.

The mean performances of the F; hybrids and S.C.10 for all of the
studied traits in the combined analysis of the two growing seasons are presented
in Table (4). Results indicated that the highest mean values for grain yield/plant
were detected in the crosses (P;xP,, PsxP; and P,xP¢) in the combined analysis.
Also the crosses P,xPs, P,xP4, P;xP; and P,xP; gave the highest values for
shelling %. Whereas, the crosses P,xP,, PxPs and P;xP; produced the highest
means performances for 100-kernel weight. The crosses P,xP, and P,xPs had the
best mean values for no. of kernels/row. Which the crosses P3xP,;, P4xP; and
P;xPg produced the highest mean values for no. of rows/ear. Also, the crosses
P\ xP¢, P\ xP; and P,xP, produced the best mean performances for car diameter.
Whereas, the crosses P;xPs, PsxPg and P;xP, were the highest mean values for ear
length. The single crosses P,xP, and P,xP¢ were the best combination for dwarf-
ness since it expressed the lowest value for ear height and plant height,
respectively. Such variability among maize crosses were reported by several
investigators. Among these are El- Hosary (1989), El- Hosary and Sedhom
(1990), Sedhom (1994), Abde El- Azeem (2000), Gado ef al. (2000) and
Hammouda (2002).
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Table (3): Specific combining ability effects for all studied traits over the two

CArs.
S
Trait % § §, £ E S E N i
5 1} g Els g g E % 28
. ] 3 5 ,_ s e 3 E P 3.
ybrid 5 = ﬁ 2 2- —
P1xP2 [1441 | 878 [ 034 004 [ 013 [ 345 -1.19 | 109 | 521
P1xP3 | 190 | -195 [-056] 010 ] 042 [ 276 | 153 | -3.01 | 288
PLxP4 | 2031 | 2462 | 027 015] 040 | 339 | 011 | 619 | 841
PixPS | 411 | 197 | 039]025 | 065 | -3.66 | 480 | 508 | 13.57
P1xP6 |-1819 | 976 |162 | 014 ] 059 | 498 | -144 | 268 | 360
PLxP7 | 563 | -799 [ 146 | 002|025 238 | 028 | 221 | 131
P1xP8 | 870 [-1567 |-154 | 008 | 004 | 036 | -330 | 446 [-24.55 "
P2xP3 | 199 | -1.12 | 052 | 004 | 004 | -158 | 386 | 034 | -11.38
P2xP4 | 927 [-1571 |205 | 008 | 023 [904" | 586 | -0.56 |43.44
P2xPS | 064 | -236 | 079 | 003 | 061 | 445 | 257 | 2.55 | -1437
P2xP6 | -144 | 493 [-079] 005 [ 038 | 236 [ 030 | -127 | -13.18
P2xP7 [-13.04 | 501 | 008 | 004 | 048 | 523 [ 257 | 421" | -5.76
P2xP8 | 672 | 1033 | 047 | 005] 038 | 244 | 404 | 274 | 646
P3xP4 | 778 | 473 | 021 [ 004 | 039 385 073 | 052 [-2349"
P3xPS | 247 | 343 | 057 [ 004 [ 028 [ 183 | 234 | 438 | 856
P3xP6 | 424 | 411 [ 070 ] 001 | 047 -1.05 | 428 | -185 |-24.82"
P3xP7 [21287 | 878 | 056 |0.003 | 047 | -1.23 ] 942" [ 1026 | 52.82"
P3xP8 [-1563 | 290 | 044 | 009 | 027 312 | 026 [ 0.17 | 1255
P4xPS | 038 | 035 | 042 006 | 002 | 088 | 102 | -1.83 | -1.88
P4xP6 |1346 |11.75 | 032 | 010 | 068 | 086 | 463 | 317 | 3048
PdxP7 | 322 [-1489 | 085 | 005 | 003 | 095 | 614" | -349 [-2839
P4xP8 [-1388 |-10.15 | 041 | 001 | 017 | 260 | 453" | -2.95 [-2857"
PSxP6 | 199 | -1.73 | 012 | 006 ]| 070 | 047 | 0.14 | -1.65 | 031
PSxP7 | 889 | 071 | 031 |024 | 065] 208 | 076 | 057 | 083
PSxP8 | 753 | 519 [ 083 [ 009] 039285 | 029 [ 079 [ 1240
P6xP7 | 301 | 198 | 066 009 | 011 456 | -141 | 023 [-1832
P6xP8 | 1144 | 680 [ 096 | 005 058 166 | 207 | 405 [2255
P7xP8 | 1251 | 640 | 075 | 0.16 [099 | 295 | 1.75 | 001 | 083
"iﬂf;/’ 965 | 782 | 112 [ 017 | 073 | 427 | 377 | 385 | 1574
I‘iﬁj‘)" * | 1280 | 1037 | 148 | 022 [ 097 | 566 | 500 | 511 | 2087
[ﬁm'/)' [ 1474 | 1194 | 171 | 026 | 112 | 652 | 575 | s88 | 2404
LSD1%
m 1955 | 1584 | 227 | 034 | 149 | 865 | 763 | 780 [ 31.89
( ]

Gijid) 13.18 | 1068 | 1.53 | 023 | 100 | 583 | 515 | 526 | 21.50
LSD1% | 1948 | 1417 | 203 | 030 | 133 | 774 | 683 | 698 | 2852

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




Table (4): Mesn

of the crosses and S.C. 10 for all studied traits and heterosis relative to S.C. 10 for

in yield gver the two

1 . Heterosis

Phant Ear ool Er | Noor |Neofkemeld Shelling % | 100-Kernel m for grain Q

height beight (cm) diameter (cm) { rows/ear weight plant(g) ’m@ﬂ' '! : §
P1xP2 | 20.5BG 156.0 BE 4,567 HI 17.17 El 13.23 Hi 31.67 GH 81.27 CH 37.08 BC 158.9FJ -1221 &.
Pi1xP3 2670DH | 152.2BG 4.700 DI 16.97 El 14.37 CG 36.55 CH 83.95 AE 3522 CE 1794 CF .88 k
PlxP4 2867 A 1713 A 4550 H1 17.90 BF 13.95 DH 34,07 DH 81.60 BH 4178 AB 193.5BC 6..91 2
P1xPS 262.7 F1 155.3 BE 5050 A 17.75 CF 14.90 BD 32.13GH 8735 A 40.65 AB 187.9C 3.81 .S.
PixP§ M415L 141.2 GJ 4,600 Gl 2025 A 12.93 H1 4290 AB 81.85BG 33.55 CG 186.2 CD 2.87 a_
PixP? 259.3 GJ 1478 DI 4,700 DI 19.42 AB 14.38 CG 37.63 BG 7770 GI 31.07DJ 165.7 DH 845
P1xP8 262.2 F1 136.7 K 4.650 El 15.581 1427 CG 35.62 CH 78.02 F1 28.15GJ 134.1K 25917 Q
P2xP3 2580 GJ 1420 FJ 4,500 1 15.97G1 13.67F1 31.85 GH 78.90 El 34771 CE 147.7HK -18.40°
P2xP4 248.0 JL 126.0K 4717Cl 19.18 AD 14.33 CG 46.13 A 87.92 A 3192 CH 2112 AB 16.68 E
P2xPS 2583 GJ 140.0 HJ 4.717C1 16.32 F1 13.40 G 30.98H 80.32 CI 35.00 CE 1426 K 221227 -
P2xPé 2492 1L 135.0 JK 4.733 Bl 16.80 EI 13.67 F1 35.20 CH 83.93 AE 31.85 CH 152.1 HK 1597 a-
P2xP7 | 2428KL 149.8 CH 4620 F1 16.83 El 13.92 DH 40.12 BD 7551 25.95]) 1413 JK 2193 ®)
P2xP8 | 268.5 DH 151.7 BH 4617F1 16.55 El 1437 CG 32.45FH 85.70 AC 3223 CG 1477 HK -18.40° g
P3xP4 258.5GJ 1533 BF 4,667 DI 17.37 EH 14.55 CF 31.92 GH 81.28 CH 3418 CF 156.6 G -13.48
PIxPS 269.2 CH 1458 D) 4.850 AF 17.70 DF 15.13 BC 35.93 CH 80.52 Cl1 30.30 EJ 160.8 EJ -11.16 a
PIxP6 | 2554 HK 142.7F] 4,767 BH 16.92 El 13.65 F1 35.18 CH 79.32D1 33.50 CG 1528 HK -15.58° ;"
P3xP? 2862 A 160.5 BC 4.733 Bl 17.50 EG 15.70 AB 3233 GH 87.70 A 4265A 2122 AB 17.24 i
P3IsP8 | 255.2HK 1453 D) 4,650 El 16.55 El 14.55 CF 36.68 CH 81.83 BG 31.55D1 166.1 DH -3.23 e
P4xPS | 268.3DH 147.5DI 4.850 AF 17.35 EH 15.27 BC 38.65 BE 83.17 AF 30.22E) 176.1 CG -2.71 R'
P4 x P6 274.3 AF 157.2BD | 4.950 AC 17.93 BF 15.20 BC 40,75 BC 8752 A 35.88CD 216.7A 19.72°
PixP? 2629 F1 1354 JK 4.883 AE 16.73 El 1567 AB 36.28 CH 71.43] 26271 1396 K 2287 §
P4{xP8 2582 GJ 136.7 1K 4,850 AF 16.33 FI 15.05 BC 34,63 DH 76.38 H1 26.13) 1336K <2619
PSxP6 2633 E1 1443 EJ 4.900 AD 18.10 BE 15.13 BC 3370 BE 83.87 AE 31.03D) 1751 CG -3.26
PSxP? 257.7GJ 151.7 BH 4,700 DI 17.87 CF 14.88 BD 37.65BG 77.65 Gl 29.17F) 156.4 GJ -13.59 ?
PSx P8 280.0 AD 152.7 BG 5033 A 17.55 EG 1473 BE 38.42 BF 81.47 BH 29.85EJ 163.9 El 9.45 R
PssP7 256.5GJ 150.5 BH 4.967AB 1738 EH 14.70 BF 33.13EH 715K 30.63 DJ 147.2 BK 1867 :G
P6 x P8 2768 AE 151.8BH | 4.833 AG 18.17 BE 13.82El [ 3935BD 84.57 AD 33.78 CF 1823 CE 0.72 pt
P7xP8 283.2 AB 156.3 BD S017A 15,78 HI 16.50 A 32.08 GH 78.93 El 26.77HJ 140.7 JK 027 A
S.C.10 2822 AC 162.3B 4,650 E] 19.28 AC 12871 35.98 CH 86.68 AB 33.45CG 181.0 CE

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

1 LSD for heterosis values were 18.42, 24.37 at 5% and 1%, respectively.
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Heterosis values for grain yield/plant relative to S.C. 10 are presented in
Table (4). Results indicated that the three cross combinations P,xP,, P,xP; and
P,xP expressed highly significant and positive heterotic effects for grain yield
over both seasons being 16.68, 17.24 and 19.72, respectively. Hence it could be
concluded that these crosses offer good possibility for improving grain yield of
maize. Also, the most considerable heterosis was generally detected from
combinations involving parental inbred lines that are very diverse in origin and
widely different in their mean performance (Table 4). Also, the crosses P,xP,,
P|XP4, P|XP5, P|XP5, P|XP',', PgXPa, P4XP5, Psng, PsxPx and P6XP3 had insigniﬁcant
useful heterotic effects for grain yield/ plant revealing that a hybrid program
based in these materials may be useful for testing under different locations. Many
investigators reported high heterosis for yield of maize, Nawar et al. (1988),
Sedhom (1994) and El-Hosary and EL-Badawy (2005).
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