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ABSTRACT

A half diallel cross between 10 inbred lines of maize (Zea mays L.) was
evaluated under two different sowing dates for ten quantitative characters.
Sowing date, genotypes, parents and hybrids mean squares were significant for all
traits under study. Significant genotypes x sowing date mean squares were
obtained for all traits except ear height, ear husk and no. of rows/ear. Significant
interaction between hybrids and sowing dates mean squares were obtained for all
traits except ear height, ear husk and no. of rows/ ear. General and specific
combing ability mean squares were significant for all traits. The magnitudes of
the ratios of GCA/SCA revealed that the additive and additive x additive types of
gene action were the most important expressions for ear husk, maturity date, no.
of rows/ear, tasseling date and silking date. Plant height, ear height, no. of
grain/row, 100-kernel weight and grain yield/plant showed GCA/SCA ratios less
than unity. The mean squares of interaction between sowing dates and both types
of combining ability were significant for tasseling date, silking date, plant height,
no. of grains/row and grain yield/plant. The ratio for GCA x D/GCA was higher
than ratio of SCA x D/SCA for tasseling date, plant height, no. of grains/row, and
grain yield/ plant. The parental inbred line no. 4 seemed to be good combiner for;
plant height, ear height, no. of grains/row, 100-kernel weight and grain
yield/plant. The parental inbred line no. 10 appeared to be one of the good
combiner for; ear husk, no. of rows/ ear, no. of grains/row and grain yield/plant.
The cross PyxPg had the highest values for both SCA and heterotic effects
followed by crosses P;xPjo, P4xPg, PsxPg and PgxPyo for grain yield. The five
RAPD primers generated 143 scorable bands across 10 inbred lines. These
primers produced a total of 32 reproducible fragments, from which 26 (73.06)
were polymorphic. The mean of polymorphic bands per primer was 5.2. The
lowest genetic similarity (0.333) was obtained between the two inbred lines P,
and Py, while, the highest genetic similarity (0.81) was scored between the two
inbred lines Py and Po. The estimated value for correlation coefficient between
genetic diversity (GD), and each of mean performance and heterosis relative to
both checks varietes and SCA for grain yield/ plant were significant (r = 0.315,
0.332, 0.334, 0.401), respectively. The correlation coefficient between sub
clusterl (inbred lines Py and P,) and main cluster 2 (inbred lines P;, Pg, Poand Py ()
was higher (r = 0.56). In the same time the highest values of grain yield and
heterosis were obtained from the crossing between inbred line P, (sub cluster 1)
and inbred line Pg (main cluster 2). Also crossing between inbred line P, (sub
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and inbred line Pg (main cluster 2). Also crossing between inbred line P, (3
cluster 1) and inbred line Pio (main cluster 2) ranked the third for grain yiel
specific combining ability and heterosis. While the crosses PsxPg and PexF
derived from inbred line Ps (sub-sub cluster 2) and Pg and Py, (main cluster 2) hi
the fourth rank for grain yield and heterosis, The results indicated that RAF
marker can be used as a tool for determining the extent of genetic diversi
among maize inbred lines and classiting genotypes into different groups. Tt
study showed that GD can be used to precisely predict the yield performance a
heterosis value for F, hybrids.

Key words: Combining ability, diallel analysis, heterosis, RAPD marke
genetic distance

INTRODUCTION

The amount of heterosis expressed in F hybrid is mainly affected by

genetic diversity (Griffing and Lindstrom 1954; Moll et al., 1965 and Hallauer et
1988). Previous studies have shown a positive relationship between genetic distar
as measured by geographical distance and F, grain yield and grain yield heterosit
maize. Fast (1936), Hayes and Johnson (1939) and Moll et al., (1962) stated {
heterosis in maize appeared to increase with genetic divergence of the pare
Genetic diversity can be obtained from pedigree and heterosis data, fi
morphological traits or using molecular marker which detect variation at the D
sequence level (Smith and smith 1992). In particular, DNA-based polymorphism
powerful tool in the assessment of the genetic similarity between breeding stocks (
1995). Molecular techniques are now a valuable tool for advances in genome rese
generating considerable interest in predicting hybrid performance. Molecular marl
are of great value in genetic research and partial breeding programs since they rel
the genetic variation among individuals. Various PCR-based marker techniques !
recently been successfully introduced in the fingerprinting of plant genomes (Ke!
et al., 1994) and in genetic diversity studies (Tinker ef al., 1993 and Lanze ef
1997). Among them random amplified polymorphic DNA (RAPD) analysis whic
relatively simple rapid and cost effective. Our objectives were (1) to establish
magnitude of both general combining ability GCA and specific combining at
SCA effects and their interaction with the two sowing dates. (2) To determine hy
mean performance and heterosis for the ten selected inbred lines. (3) To determin
genetic similarity among ten selected inbred lines by using RAPD marker. (4
obtain a RAPD fingerprint for each line. (5) To determine the relationship bety
the RAPD-based distances of these inbred lines and mean performance of their si
cross hybrids, SCA effects and heterosis for grain yield performance.

MATERIALS AND METHODS

Field experiments
Ten yellow inbred lines (Zea mays L.) were used as parents in this sl

Moshtohor P, (1012), P; (106), P3 (103), P4 (100), Ps (161), Ps (120B), P; (X
Ps (L56), Py (313A), Pro (500) were obtained by Prof. Dr. A.AM. El-Hosa
the Department of Agronomy, Faculty of Agric. at Moshtohor, Benha Uniy
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the first season (summer 2005) the ten inbred lines were sown in 18th May, 28th
May and 8th June to avoid differences in flowering time and to secure enough
hybrid seed. All possible combinations without reciprocals were made between
the ten inbred lines by hand method giving a total of 45 crosses. In the second
season (summer 2006), two adjacent experiments were conducted at the two
sowing dates: 28th May and 14th June. In each experiment the ten inbred lines
and their 45 hybrids as well as two check hybrids (S.C. G.155 and S.C. Pioneer
3062) 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. Hills were
spaced by 25 cm with two kernels per hill and later thinned to one plant per hill.
The dry method of sowing was used. The first irrigation was given after about 21
days from sowing. The cultural practices were followed as usual for ordinary
maize field in the area. Random sample of 10 guarded plants in each plot were
taken to evaluate silking and tasseling dates (days) in 50% of the plant silked or
tasseled, plant height (cm), ear height (cm), maturity date (days) in phisyologacal
matured, ear husk, no. of kernels/row, no. of rows/ear, 100-kernel weight and
grain yield/plant which was adjusted for 15.5% moisture.

DNA extraction

Leaf tissue from each genotype was collected from 5-7 days old germinated
seedlings. Equal quantities of leaf tissue from 10 seedlings of each line were bulked,
lyophilized, and ground with a mortar. Genomic DNA was isolated and extracted
using the mi-Plant Genomic DNA Isolation Kit.

RAPD-PCR analysis

Amplifications were conducted with 10-mer primers from Operon
Technologies Inc. (Alameda, Calif, USA). All PCR reactions were performed as
reported by Williams ef al., (1990), with minor modifications, using 25 ng of DNA.
Controls were made by replacing DNA with water. Reaction mixtures @25 wy
contained 0.2 pM of primer, 2.0 units of Taq DNA polymerase, 2.5 ul of 10 x
supplied buffer, 0.2 mM of each dNTP, and 2.5 mM of MgCI2. The amplifications
were carried out a PTC 200 DNA Thermal Cycler. DNA denaturation was done at
94°c for 4 min., followed by 36-cycle amplification (94°c, 30sec.; 36°c, 1 min.; 72°c, 2
min.) and by a final extension step at 72°c for 10 min. amplification products were
separated by electrophoresis on 1.2% agarose gels, stained with ethidium bromide,
and photographed under uv light.

Data analysis

The obtained data were statistically analyzed for analysis of variance by
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 2 model I for each experiment. The combined analysis of the
two experiments was carried out whenever homogeneity of variance was detected
(Gomez and Gomez, 1984). Heterosis expressed as the percentage deviation of the F1
mean performance from each of S.C. G.155 and S.C. Pioneer 3062 was determined.
The obtained data of RAPD analysis was entered in a computer file as binary matrices
where 0 stands for the absence of a band and 1 stands for the presence of a band in
each individual sample. Similarity coefficients between a pair of inbred lines were
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produced for the RAPD data using Nei and LI's formula (1979). A dendrogram tree
was constructed by the UPGMA clustering algorithm from the SAHN option of
NTSYS-PC version 2.1 (Rohlf, 2000).

RESULTS AND DISCUSSION

The analysis of variance for ordinary analysis over the two experiments
for all traits is given in Table (1). Sowing date mean squares for all traits under
study were significant, with mean values in early sowing being higher than those
in late sowing for all traits except ear husk. 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 environment.

Genotypes mean squares were significant for all traits (Table 1). This
indicates wide diversity between the parental materials used in the present study.
Significant genotypes X sowing date mean squares were obtained for all traits
except ear height, ear husk and no. of rows/ear., revealing that the performance of
genotypes differed from sowing date to another.

Significant parent's mean squares were obtained in all cases Table (1).
Insignificant interaction mean squares between parental inbred lines and sowing
dates were detected in all traits studied except tasseling date, silking dates and
plant height. This result may reveal the high repeatability of the parental inbred
lines under different sowing dates. For the exceptional traits on the contrarily,
significant interaction was obtained revealing that the parental inbred lines varied
in their response to sowing dates.

Hybrids mean squares were significant for all traits. Significant interaction
between hybrids sowing dates mean squares were obtained for all traits except ear
height, ear husk and no. of rows/ear Table (1). Such results indicate that, these hybrids
behaved some what differently from sowing date to another. For the exceptional traits,
insignificant interaction was obtained, reflecting that the hybrids were suspected to
environmental changes by nearly similar magnitudes.

Mean performances of parental inbred lines and their F; hybrids, S.C.
G.155 and S.C. pioneer 3062 are presented in Table (2). For tasseling date, the
inbred lines no. 6, 7, 8 and 2 gave the earliest ones. Also, the inbred lines no. 6,7,
1 and 2 exhibited significant earliest for silking date. As for maturity date, the
inbred line no. 2, 5, 6, 8 and 10 behaved as the earliest inbred lines. The parental
inbred lines no.1, 4 and 7 gave the lowest mean values for ear and plant heights.
The parental inbred lines no. 3 and 9 had the highest mean values for ear husk.
The parental inbred line no. 5 gave the highest number of rows/ear. The parental
inbred lines no. 4, 7 and 5 gave the highest no. of kernels/row. The inbred line no.
4 recorded heavier 100-kernel weight but without superiority than those of no. 1,
3,5, 6,7 and 9. These inbred lines exhibited high mean values for two or more of
traits contributing grain yield.
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Table (2): Mean performance
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of the genotype for all the studied traits over the

two sowing dates and heterosis relative to both checks varieties for

rain yield/ plant.

Ge Tasseling | Silking plant Ear Maturity Ear
notype|  gate date height | height date husk
P1 61.17EG 63.67CD 1587Z 7050Z 1003 UZ 6.833 EH
P2 6133 EF 62.83 DE 1965 X 92.50 WX 98.007Z 5500 LP
P3 63.00C 67.67 A 1845Y 97.17 VW 101.2 PW 8333 A
P4 65.83 A 67.50 A 160.7Z 81.00Y 102.51Q 5.500LP
P5 62.83 CD 66.17B 2180 W 1105U 99.83 WZ 5.167 NP
P6 60.83 EH 63.00 CE 2150W 1032V 99.00YZ 6.000 M
P7. 6133 EF 62.50 EF 1665Z 91.00 WX 103.8 DJ 5.500LP
P8 61.83 DE 64.00C 170.0Z 86.17 XY 97.677Z 7.167 DG
P9 63.00C 65.83B 1875Y 88.67 X 104.7CE 8500 A
P10 64.50 B 66.67 AB 1942 X 99.50V 98.83Z 6.667 F1
I3 62.57 64.98 185.15 92.02 100.58 6.52
1x2 55.00 W 56.83V 2468U 1240T 101.8 MU 5.000 OP
1x3 57.17QU 5833 RU 259.5ST 1302 NT 103.8 DJ 7.167 DG
1x4 5933 1L 60.67 HM 260.5RT 125.7RT 1043 DG 6.833 EH
1x5 5650 TV 58.00 TU 2673 MR 137.7GN 99.17 XZ 5.833 N
1x6 59.17 M 60.67 HM 2582 T 124.7ST 1005 TY 6.667 F1
1x7 56.67SV 58.83 PT 2633 PT 144.2 CG 102.2KS 8.167 AB
1x8 5583 VW 58.17SU 2693 LP 132.2LS 101.2 PW 7.833 AD
1x9 5833 LQ 59.83 LQ 286.7CD 147.0 CF 1023 JR 7.833 AD
1x10 59.67 HK 61.17 HK 2740 GM 142.8 C1 104.0 DI 8.000 AC
23 56.17 UW 58.67 QT 2640 PT 126.5RT 1005 TY 6333 HK
2x4 5650 TV 58.00 TU 2613 QT 125.8 RT 101.0QW 3.833R
2x5 57.83 NS 5933 NR 273.5 HN 143.5CH 102.2KS 3.833R
2x6 59.17 M 61.17 HK 273.8GM 139.7 FL 1003 UZ 4.167 QR
2x7 55.83 VW 5733 UV 2323V 113.8U 99.83 WZ 3.500R
2x8 55.17W 5683V 269.5LP 135.8 HP 1002VZ 4.000R
2x9 58.17LQ 60.00 KP 2842 CE 134.7)Q 101.5NV 6.167 HL
2x10 56.83 RV 60.17JO 279.0 EK 1370GN 1020LT 6.500 GJ
3x4 59.00 JN 60.00 KP 283.2CE 1413 EJ 102.2KS 6.833 EH
3x5 58.171LQ 59.50 MQ 296.8 A 1545 AB 104.5 DF 6.833 EH
3x6 58.171LQ 60.50 HN 269.5LP 1285 PT 103.8 DJ 6.500 GJ
3x7 58.171LQ 59.831.Q 245.7U 128.7 PT 103.0 FN 7.167 DG
3x8 59.17 M 603310 2725 K0 129.20T 103.0 FN 7.167 DG
3x9 60.00 GJ 6133GJ 272.2K0 1333 KR 103.5 DL 7.167 DG
3x10 59.00 JN 60.67 HM 2613 QT 132.8 KR 103.7 DK 7.500 BE
4x5 58.171LQ 60.00 KP 275.7FL 1442 CG 103.5 DL 4833
4x6 60.67 EH 62.50 EF 266.0 OS 127.8QT 100.8 RW 6.167 HL
4x7 58.17LQ 60.17JO 288.5 BC 149.7BC 101.8 MU 4.833
4x8 58.00 MR 59.83 LQ 280.5 DG 132.7KR 1013 0OW 6.167 HL
4x9 58.83JO 61.17 HK 2713 L0 1383 GM 102.8 GO 6.833 EH
4x10 58331LQ 60.83 HL 286.7 CD 131.5MT 1033 EM 5833 N
5x6 58.17 LQ 603310 2733 IN 138.2GM 1003 UZ 4.833
5x7 56.83 RV 59.170S 2833 CE 1463 CF 102.8 GO 4.167 QR
5x8 58.83JO 603310 266.7 NR 134.8)Q 104.2 DH 6.833 EH
5x9 59.00 JN 61.17HK 272.710 134.8)JQ 101.0QW 5.167 NP
5x10 59.00 JN 60.83 HL 281.8CF 134.7]JQ 103.0 FN 5.500LP
6x7 58.83J0O 60.67 HM 264.2 PT 13531Q 102.7 HP 5.167TNP
6x8 5850 KP 60.00 KP 285.0CE 131.5MT 1033 EM 6333 HK
6x9 59.83 HJ 61.67 FH 288.5 BC 131.0 MT 1013 0OW 5.667 KO
6x10 5833 LQ 61.50 F1 288.7 BC 137.7GN 104.8 CE 5333 MP
Tx8 5733 PU 58.83 PT 2803 DH 148.8 BD 1013 0W 5.833JN
9 57.83 NS 59.67 L.Q 267.5 MQ 1413 EJ 100.7 SX 7333CF
Tx10 58.171LQ 59.671L.Q 268.0 MQ 140.0 FK 105.0 BD 6.000 M
8x9 58.171LQ 59.83 LQ 2795 EJ 147.8 BE 99.00YZ 5.167 NP
8x10 60.00 GJ 6233 EG 284.7CE 140.2 FK 104.5 DF 6.167 HL
9x10 58.83J0O 61.50 F1 278.8 EK 1415DJ 106.0 BC 6.833 EH
G155 57.670T - 5933 NR 294.0 AB 1578 A 107.7A 6.667 F1
3062 60.50 FI 6233 EG 279.7 DI 136.5 GO 1063 AB 6.167 HL
Pl 58.11 59.96 27236 136.04 10231 6.04
D% 5892 60.87 256.50 128.03 102.00 6.13
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Table (2): Cont.

no of

T

No of rows / 100- kernel | Grain yield
Genotype ear K:x;::ls/ weight /plm):t
Pi 1200QT | 1787V | 2400MN | 3653% HZ’&?‘;'S‘" “;/ ('1";';‘6“2"‘
P2 11.43 ST 24.23U 18330 47.39 XY
P3 1113 7T 1747V 2733 LM 50.68 X
P4 11.93 RT 28.12 RT 28.00 KM 82.61V
P5 13.4510 2490 TU 25.50 MN 7873V
P6 12.38 NS 23.08U 26.33 MN 64.69 W
P7 12.23 0T 26.32 SU 26.33 MN 73.82 VW
P8 11.33 ST 1775V 23.00N 40.83 XY
P9 11.90 RT 1445V 2433 MN | 45.57 XY
P10 12.08 PT 14.67 V 22.50 N 43.13 XY
; 11.99 20.89 24.57 56.40
1x2 14.33EK 29.50QS [ 36.00 BG 157.6 RT -27.17 -25.17
1x3 13.27JP 34.13LP 34.83CJ 1527 TU -32.13 -30.13
1x4 13.02 LR 34.53KP | 35.50 BH 1569 RT -27.92 -25.92
1x5 14.60DI | 42.00AD | 32.83FJ 196.2 EG 11.40 13.40
1x6 14.60DI 38.50DJ 3533 BI 1953 EH 10.53 12.53
1x7 13.4710 40.03CH 3533 BI 186.1GK 1.33 3.33
1x8 1522 AF | 40.83BG | 38.67AC 231.0A 46.23 48.23
1x9 1550 AE | 36.57HN | 34.00DJ 2013 DF 16.47 18.47
1x10 15.67AD | 4430AB | 31.50 HK | 218.0 BC 33.23 35.23
2x3 12250T | 36.77HN | 37.00 BF 159.5 QT -25.33 -23.33
2x4 13.53 IN 4047CH | 38.00AD | 1949 EH 10.06 12.06
2x5 13.73 IM 37.87EL 34.67CJ 182.0 GM -2.76 -0.76
2x6 13.4710 39.50CT 34.17DJ 172.8 KQ -12.00 -10.00
2x7 13.30 JP 31.05PR 35.33 BI 143.7U0 -41.13 -39.13
2x8 14.53DJ 33.77MP | 36.67 BF 188.8 FJ 3.99 5.99
2x9 15.33 AE 39.37CI 37.17BF | 203.5 DE 18.67 20.67
2x10 13.93GL | 41.07AG | 3633 BF 1945 EH 9.70 11.70
3x4 1297 LR 40.03CH 33.00 FJ 1714 LQ -13.40 -11.40
3x5 13.4710 38.60CJ 33.17EJ 166.0 OS -18.78 -16.78
3x6 13.25]p 41.82AF 36.83 BF 1829 GL -1.87 0.13
3x7 12.33NS 37.60FM 3533 BI 153.6 SU -31.23 -29.23
3x8 14.52DJ 37.17GN_| 3583BH 179.8 IN -5.05 -3.05
3x9 13.97FL 32.450Q 33.33EJ 1502 TU -34.63 -32.63
3x10 14.50DJ 4.3 A 31.83GK | 1945 EH 9.67 11.67
4x5 14.00FL 41.50 AF | 34.17DJ 192.0 EI 7.20 9.20
4x6 13.98FL 41.15AG | 34.17DJ 184.7 GL -0.07 1.93
4x7 12.93LR | 3830DK | 35.50BH | 181.5 HM -3.32 -1.32
4x8 15.02BH 39.32CI 41.67 A 2235 AB 38.66 40.66
4x9 15.12AG 37.68FL 35.33 BI 190.7 EI 5.88 7.88
4x10 13.17KQ 40.07CH | 36.00BG | 1850 GK 1.06 3.06
5x6 1443DK | 41.93AD | 33.50R) 201.4 DF 16.65 18.65
5x7 12.53M8S 35.28J0 | 3933 AB 162.5 PT -22.27 -20.27
5x8 15.88AC 35.15]0 34.83CJ 1879 FJ 3.14 5.14
5x9 15.07AH | 33.57NP | 33.83DJ 175.9]P -8.94 -6.94
5x10 14.492DK | 38.12DK 34.50CJ 184.9GL 0.15 2.15
6x7 13.97FL 40.20CH | 31.83GK 1783 10 -6.54 -4.54
6x8 14.62D1 39.38CI | 3933AB | 2099CD 25.04 27.04
6x9 1627 A 36.67HN | 31.001L 189.7 EJ 4.87 6.87
6x10 15.12AG | 42.58AC | 31.83GK | 209.8CD 25.00 27.00
7x8 13.80HL | 33.62NP | 3933 AB 173.8 KP -11.03 -9.03
7x9 15.20AG | 3527J0 | 31.67GK | 168.5 MR -16.33 -14.33
7x10 1440DK | 4037CH | 34.00DJ 188.9 FJ 4.07 6.07
8x9 14.70CI | 32.000Q | 31.50HK | 1492 TU -35.63 -33.63
8x10 1433 EK | 36.73HN 32.83 FJ 167.8 NR -17.05 -15.05
9x10 16.13AB | 39.00CJ 30.50JL 1725 KQ -12.27 -10.27
G155 14.38 EK 357710 | 37.50BE 184.8 GL - -
3062 13.83 HL 38.68 CJ 36.50 BF 182.8 GL E -
& 14.21 38.01 34.87 182.49 - -
X 13.67 34.90 33.00 159.57 - -
and  significant at 0.05 and 0.01 levels of probability, respectively.
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It is favorable if the single crosses were carlier in flowering than parents
to develop early maturity hybrids to avoid damage by borers or other
environmental adverse conditions. The parental combinations that incorporated
carliness in silking and tasseling dates are plants of those F; hybrids 1x2, 1x8,
2x7, and 2x8. The cross 2x7 gave the lowest mean values of plant and ear heights.
The three crosses 8x9, 1x5 and 2x7 had earliness in maturity date.

The cross 1x7 gave the highest mean value of ear husk, but without
superiority than those of hybrids 1x8, 1x9 and 1x10. The higher value for ear
husk is the most important trait for insect resistance in maize. The cross 6x9 gave
" the highest mean value for no. of rows/ear. Nine hybrids gave significant highest
number of kernels/row. The cross 3x10 recorded the highest number of
kernels/row, but without significantly differed from the hybrids 1x5, 1x10,
2x10,3x6, 4x5, 4x6, 5x6 and 6x10. Six Cross; 4x8, 1x8, 2x4, 5x7, 6x8 and 7x8
gave the highest mean values for 100-kernel weight. In addition, grain yield/plant,
eight crosses 1x8, 1x9, 1x10, 2x9, 4x8, 5x6, 6x8 and 6x10 had significant
superiority over the best check hybrids. These hybrids exhibited significant
increased of two or more of traits contributing grain yield.

Heterosis:

Mean squares for parents Vs. hybrids as an indication to average
heterosis over all crosses, was significant for all traits Table (1). Insignificant
interaction between mean Squares parent VS. Crosses and sowing date were
obtained revealing that grand means of parental inbred lines and their F; hybrids
not differed from sowing date to another.

Heterosis expressed as the percentage deviation of F; mean performance
from each of S.C. G.155 and S.C. Pioneer 3062 values for grain yield/plant are
presented in Table (2). Concerning grain yield/plant the cross 1x8, 4x8, 1x10, 6x8
and 6x10, out yielded the two checks hybrids. The useful heterotic effects relative
to S.C. G.155 ranged from 25.0 to 46.23 and S.C. Pioneer 3062 ranged from 27 to
48.23%. Also, thirty one and thirty two hybrids had insignificant heterotic effects
relative to S.C. G.155 and S.C. Pioneer 3062, respectively. Hence, it could be
concluded that these crosses offer possibility for improving grain yield in maize.
Many investigators reported high heterosis for yield of maize; i.e. El-Bagoury et
al., (2004), Nawar ef al., (2002), Shafey ef al., (2003), Singh et al., (2004) and El-
Hosary et al., (2006).

Combining ability

The analysis of variance for combining ability at the combined analysis
for all the studied traits is presented in Table (1). The variance of general
combining ability includes the additive and additive X additive genetic portion
while specific combining ability represents the non additive genetic portion of the
total variance arising largely from dominance and epistatic deviations. The mean

squares due to general and specific combing ability were significant for all the
studied traits.
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If both general and specific combining ability mean squares are
significant, one may ask which type and or types of gene action are important in
determining the performance of single- cross progeny. To overcome such
situation the size of mean squares can be used to assume the relative importance
of general and specific combing ability mean squares which were highly
significant. Hence, GCA/SCA ratio was used as measure to reveal the nature of
genetic variance involved ;

For ear husk, maturity date, no. of rows/ear, tasseling date and silking
date, high ratios which largely exceeded the unity were obtained, indicating that a
large part of the total genetic variability associated with theses traits was a result
of additive and additive by additive gene action.

Plant height, ear height, no. of grains/row, 100-kernel weight and grain
yield/plant, showed GCA/SCA ratios less than unity. Therefore, it could be
concluded that the large portion of the total genetic variability for these traits was
due to non-additive gene action. The largest heterotic magnitude expressed in the
previous traits as the deviation of particular F, mean performance from both
checks (S.C. G155 and S.C. pioneer 3062), may strengthened the conclusion
about the importance of non-additive gene effects in the inheritance of these
traits. The genetic variance was previously reported to be mostly due to non-
additive for Plant, ear height, no. of grains/row by (Amer 2003 and Shafey et al.,
2003) and grain yield/ plant by (Amer 2003; Mosa 2003; Shafey et al., 2003; EL-
Hosary and EL-Badawy 2005 and El-Hosary ef al., 2006). On the other hand, the
additive genetic variance was previously reported to be most prevalent for
earliness and no. of rows/ear by (Amer, 2003; Mosa, 2003; EL-Hosary and EL-
Badawy 2005); ear husk by (EL-Hosary and EL-Badawy 2005) and 100-kernel
weight by (Dubey ef al., 2001; Shafey et al., 2003; EL-Hosary and EL-Badawy
2005).

The mean squares of interaction between sowing dates and both types of
combining ability were significant for tasseling date, silking date, plant height,
no. of grains/row and grain yield/plant. Such results showed that the magnitude of
all types of gene action varied from sowing date to another. It is fairly evident
that the ratio for GCA x D/GCA was higher than ratio of SCA x D/SCA for
tasseling date, plant height, no. of grains/row, and grain yield/ plant. This result
indicated that additive effects were more influenced by the environmental
conditions than non- additive genetic effects of these traits. Such results indicated
that non-additive effects are influenced by seasonal changes (Mosa and Motawei
2005 and El-Hosary ef al., 2006). For silking date, the ratio of SCA x D/SCA was
higher than GCA x D/GCA. This result indicated that non- additive effects were
more influenced by sowing date than additive genetic effects of this trait. This
conclusion is in well agreement with those reported by (Gilbert 1958).

For maturity date and 100-kernel weight, the mean squares of interaction
between sowing date and SCA was significant. However, insignificant GCA by
sowing date mean squares was detected. Such results indicated that non-additive
effects were more influenced by sowing date than additive genetic one.
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On the other hand, insignificant mean squares of interaction between sowing
date and both combining abilities were obtained for ear height, ear husk and no. of
rows/ ear revealing that all types of gene action were not appreciably fluctuated in
magnitude from sowing date to another. This finding confirms those obtained above
from the ordinary analysis of variance. Such results indicated that additive effects are
influenced by environmental changes (Amer 2005 and El-Hosary ef al., 2006).

General combining ability effects:
Estimations of GCA effects ( g,) for individual parental inbred lines for
\ each trait in the combined analysis are presented in Table (3) General combining
ability effects estimated herein differ significantly from zero. High positive values
would be of interest under all traits in question except silking, tassling and
maturity dates as well as plant and ear heights where high negative effects would
be useful from the breeder's point of view.

The parental inbred line no. 1 exhibited significant negative (g, ) effects
for; tasseling, silking dates, plant and ear heights, indicating that this inbred line could
be considered as good combiner for developing early and short genotypes. Also, it
gave significant (g, ) effects for ear husk. Earliness is required for early maturing
season to escape corn pests. The parental inbred line no. 2 showed significant negative
(&,) effects for tasseling, silking and maturity dates and plant and ear heights,

indicating that this line could be considered as good combiner for developing early
and short genotypes. Shortest plant and ear heights are required for lodging resistance.
The parental inbred line no. 3 was poor combiner for tassling, silking, maturity dates,
1o. of rows/ear and grain yield/ plant. The parental inbred line no. 4 seemed to be
good combiner for; plant height, ear height, no. of grains/row, 100-kernel weight and
grain yield/plant. The parental inbred line no. 5 ranked the third for grain yield/plant.
However, it gave undesirable ( &, ) effects for other traits. The parental inbred line no.

6 seemed to be good combiner for maturity date, no. of grains/ear, and grain
yield/plant. The parental inbred line no. 7 seemed to be best combiner for;, tasseling
and silking dates and plant height. It seemed to be poor combiner for other traits. The
parental inbred line no. 8 seemed to be best combiner for; tasseling, silking and
maturity dates, ear husk, no. of rows/ear and 100-kernel weight. The parental inbred
line no. 9 behaved as the best combiner for ear husk and no. of rows/ear. The parental
inbred line no. 10 seemed to be good combiner for; ear husk, no. of rows/ear, no. of
grains/row and grain yield/plant. It seemed to be poor combiner for tasseling, silking,
maturity date plant height and100-kernel weight.

It is worth noting that the inbred line which possessed high ( g,. ) effects
for grain yield per plant might show the same for one or more of the traits
contributing grain yield. In most traits, the values of (gi) effects was mostly

differed from sowing date to another. This finding coincided with that reached
above where significant GCA by sowing date mean squares were detected Table

(D.
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Specific combining ability:

Estimation of SCA effects in 45 crosses for the studied traits over the
two sowing date are presented in Table (4). The most desirable inter and intra
allelic interactions were presented by P,xP; for ear height P\xP;, PixPg, PyxPo,
P,xPo PxPe, PsxPg and P7XP9, for ear hUSk, with the exception of P]XP2, P‘XP 9
P]XP4, PzXPs, P2XP7, P3XP9_ P4XP5' PsXP’/, PsXPg and PgXP]o all hYbl'ldS exhibited

significant positive sj effects for grain yield/plant and one or more of yield
components. However, the most desirable SCA effects for grain yield/plant were
detected for the crosses P;xPg P,xPs and P,xP;, being 67.22, 54.41 and 53.40,
respectively. These crosses may be prime importance in breeding programmes
cither towards hybrid maize production or synthetic varieties composed of
hybrids which involved the good combiners for the traits in view.

RAPD-PCR marker

In this investigation the genetic variability among ten maize inbred lines was
studied using RAPD marker Fig (1-5). Twenty random primers were tested. Five
primers gave polymorphic amplification products. The five RAPD primers generated
143 scorable bands across 10 inbred lines (Table 5). These primers produced a total of
32 reproducible fragments, from which 26 (73.06%) were polymorphic. The mean of
polymorphic bands per primer was 5.2. The size of fragments ranged from 144.72 bp
to 16778.08 bp (Table 5). The least number of polymorphic bands was detected for
primer B12 (1 out of 3 amplified bands), while the largest number of polymorphic
bands was detected for primers A13 and B3 (8 out of 9 amplified bands) (Table 5).

Genetic similarity

The genetic similarity matrix was produced for the RABD data using
Nei and LI's formula (1979) Genetic similarity coefficient presented in (Table 6).
The lowest genetic similarity (0.333) was obtained between the two inbred lines
P, and P, while, the highest genetic similarity (0.81) was scored between the two
inbred lines P, and Ps. The overall mean for genetic similarity among all inbred
lines under study was (0.522)

Cluster analysis

The dendrogram constructed from cluster analysis based an RAPD data is
represented in Fig. (6). The data collectively distinguished two main clusters. The first
main cluster consist of six inbred lines Pj, P;, Ps, Ps, Ps and P4 and this cluster
separated into two sub clusters: the first sub cluster was contained two inbred lines Py
and P,. Meanwhile, the second sub cluster contained the other four inbred lines i.e. P,
Ps, P and P,. In addition, the second sub cluster divided to sub-sub cluster the first
sub-sub cluster was contained P,. While, the inbred lines Ps, Ps and Ps were belonging
to the second sub- sub cluster as well as inbred lines 3 and 5 were closely related.

The second main cluster contained four inbred lines P7, Ps, Po and P,
except inbred 7 all remain inbred lines belonging to sub cluster as well as inbred 9
and 10 were closely related. Lanza et al 1997 and Zhang et al. 1998 indicated that
RAPD technique can be used as a tool for determining the extent of genetic
diversity among maize inbred lines, for allocating genotypes into different groups
and are successful in confirming hypothesized relationship.
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Table (4): Specific combining ability effects for all the studied traits and heterosis relative to S. C.
G155 and S. C. Pioneer 3062 over the two sowing date.

100 -
Kernel
weight

3.17

1.68

122

0.01

2.61

1.81
4.61

2.42

0.14

3.85

3.72

1.85

1.44

1.81

2.61
5.58
4.97
-1.60

0.03
3.79

1.49

1.46

1.43

0.15
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M 12 345678910

Fig. (1): RAPD patfern obtained by primer Ad.

12345678910

M. 1:2 3 4°5 6 7 8:9 10

Fig. (3): RAPD pattern obtained by primer B3.

M1234567 8910

Fig. (4): RAPD pattern obtained by primer B12.

M 1234567 8910

(5): RAPD pattern obtained by primer B9.

Fig. (2): RAPD pattern obtained by primer A13.
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Fig. (6): Dendrogram of the genetic distance
among the ten maize inbred lines
based on RAPD analysis.
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Table (6): Genetic similarity based on Nei and LI's coefficient for ten inbred
lines in maize revealed by RAPD.

I';:::d Pt |[p2 |p3 [pe |ps |pe |[P7 |pe [P |Pr0
P1_| 1.000
P2 | 0.611 | 1.000
P3| 0471 | 0.500 | 1000 v
P4 | 0.600 | 0.526 | 0.563 | 1.000
PS5 | 0.600 | 0.526 | 0.786 | 0.714 | 1.000
P6 | 0.500 | 0.450 | 0.786 | 0.500 | 0.714 | 1.000
P7_ | 0.412 | 0.450 | 0.563 | 0.412 | 0.500 | 0.600 | 1.000
P8 | 0.421 | 0.455 | 0.556 | 0.421 | 0.500 | 0.588 | 0.500 | 1.000
P9 | 0348 | 0333 | 0.455 | 0.348 | 0.409 | 0.476 | 0550 | 0.700 | 0.100
P10 | 0348 | 0.440 | 0.455 | 0.348 | 0.409 | 0.476 | 0.550 | 0.789 | 0.810 | 1.000

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

The correlation between genetic distance and each of mean performance,
SCA and heterosis for grain yield/plant.

The correlation of GD and each of SCA and heterosis for grain yield
which computed for 45 hybrids combination studied are estimated. The estimate
value of correlation coefficient between GD, and each of mean performance and
heterosis relative to both checks variety and SCA for grain yield/plant found
highly significant (r = 0.315, 0.332, 0.334, 0.401), respectively. Therefore, this
specified tendency could be predicted about the relationship of GD and heterosis
for grain yield/plant in this study. A similar finding was obtained by Lanza ef al.,
(1997). The correlation coefficient between sup clusterl (P, and P,) and main
cluster 2 (P, Pg, Po and P,,) was higher (r = 0.56). In the same time, the highest
values of grain yield and heterosis produced from the cross between P; (sub
cluster 1) and Pg (main cluster 2). Also the cross between P, (sub cluster 1) and
Py (main cluster 2) was the best third each of grain yield, specific combining
ability and heterosis. While the crosses PgxPg and PgxP;, derived from Pg (sub-
sub cluster 2) and Pg and Py, (main cluster 2) had the fourth rank for grain yield
and heterosis. On the other hand, most crosses had derived from inbred lines in
the same (within) cluster group (low genetic distances) lower grain yield and
heterosis Table (2). Melchinger (1999) showed that the correlation between
marker-estimated genetic distance and heterosis in general is low or not high
enough to be of predictive value. Parentoni ef al., (2001) and Salama ef al.,
(2001) found that the correlation between marker genetic distance for each pair
parents and SCA for the F, was moderate, low and positive. The higher
correlation between marker distance, mean performance and heterosis has been
reported by Lee ef al., (1989) and Melchinger (1993). The results indicated that
RAPD marker can be used as a tool for determining the extent of genetic diversity
among maize inbred lines and for genotypes into different groups. This study
showed that GD can be used to precisely predict the yield performance and
heterosis value for F1 hybrids.
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