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ABSTRACT

A half dialle{ 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
grainfrow, 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 scemed 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 PixPz had the highest values for both SCA and heterotic effects
followed by crosses PyxP)o, PaxPs, PsxPy and PsxPyo 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 simularity (0.333) was obtained between the two inbred lines P
and Py, while, the highest genctic similarity (0.81} was scored between the two
inbred lines Py, and P,. 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 P, and P;} and main cluster 2 (inbred lines P;, Py, Pand 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 Py (sub cluster 1)
and inbred line Py (main cluster 2). Also crossing between inbred line P, (sub
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cluster 1) and inbred line P;, (main cluster 2) ranked the third for grain yield,
specific combining ability and heterosis. While the crosses PoxPs and PexPyo
derived from inbred line Ps (sub-sub cluster 2) and Py and P;, (main cluster 2) had
the fourth rank for grain yield and heterosis, The results indicated that RAPD
markercanbeusedasatoolfordetermmmgtheextentofgeneﬂcdwermy
among maize inbred lines and classiting genotypes into different groups. This
study showed that GD can be nsed to precisely predict the yield performance and
heterosis value for F; hybrids.

Key words: Combining ability, diatlel analysis, heterosis, RAPD markers,
genetic distance

INTRODUCTION

The amount of heterosis expressed in F; hybrid is mainly affected by the
genetic diversity (Griffing and Lindstrom 1954; Moll ef al,, 1965 and Hallaver ef i,
1988). Previous studies have shown a positive relationship between genetic distance,
as measured by geographical distance and F; grain yield and grain yield heterosis in
maize. East (1936), Hayes and Johnson (1939) and Moll et al., (1962) stated that
heterosis in maize appeared to increase with genetic divergence of the parents.
Genetic diversity can be obtained from pedigree and heterosis data, from
morphological traits or wsing molecular marker which detect vaniation at the DNA
sequence level (Smith and smith 1992). In particular, DNA-based polymorphism: is 2
powerful tool in the assessment of the genetic similarity between breeding stocks (Lee
1995). Molecular techniques are now a valuable tool for advances in genome research
generating considerable interest in predicting hybrid performance. Molecular markers
are of great value in genetic research and partial breeding programs since they reflect
the genetic variation among individuals. Various PCR-based marker techniques have
recently been successfully introduced in the fingerprinting of plant genomes (Kesseli
et af, 1994) and in genetic diversity studies (Tinker ef ol., 1993 and Lanze et a/.,
1997). Among them random amplified polymorphic DNA (RAPD) analysis which is
relatively simple rapid and cost effective. Our objectives were (1) to establish the
magnitude of both general combining ability GCA and specific combining ability
SCA effects and their interaction with the two sowing dates. (2) To determine bybrid
mean performance and heterosis for the ten selected inbred lines. (3) To determine the
genetic similarity among ten selected inbred lines by using RAPD marker. (4) To
obtain 2 RAPD fingerprint for each line. (5) To determine the relationship between
the RAPD-based distances of these inbred lines and mean performance of their single
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 study.
Moshtohor B; (1012), P; (106), P; (103), P, (100}, Ps {161), Ps (120B), P; (1006),
Pg (L56), Py (313A), P;o (500) were obtained by Prof. Dr. A.A M. El-Hosary at
the Department of Agronomy, Faculty of Agric. at Moshtohor, Benha Univ.. In
the first season (sumamer 2005) the ten inbred lines were sown in 13th May, 28th
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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 kerneis per hil! 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 o'd germinated
scedlings. Equal quantitics of leaf tissue from 10 seedlings of each line were bulked,
lyophilized, and ground with a mortar. Genomic DNA was isolated and extracted
wsing 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 et af,, (1990), with miner modifications, using 25 ng of DNA,
Controls were made by replacing DNA with water. Reaction mixares (25 pl)
contained 0.2 yM of primer, 2.0 units of Taq DNA polymerase, 2.5 pi of 10 x
supplied buffer, 0.2 mM of each dNTP, and 2.5 mM of MgC12. 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.
""he obtained data of RAPD analysis was entered in & computer fil as binary matrices
where 0 stands for the absence of a band and 1 stands for the presence of a band in
¢ach individual sample, Sirnilarity 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 thos:
in late sowing for ail 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, yicld and its components of corn plant;
therefore, the first sowing date seemed to be non-stress cavironment.

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 perfermance 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, 5.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-kerne! 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 mor¢ of
traits contributing grain yield.



Table (1): Observed mean squares from ordina

analysis and combining ability for the studied traits over the two sowing dates,

S.0V. af Tasseling | Silking Pla.mt E‘:ar maturity | Ear No of Klemm(:l " kleor?;el .Grain
date date height height date | husk | rows/ear oW weight yield/plant
Sowing dates | 1 [3221.09 (306678 | 493387 {7593.60 |1597.20  [20.38 | 571 | 6548 [ 98.18 [ 1212121
Rep/D 4 0.97 1.55 60.63 4232 155 {106 | 146 6.07 939 193.93
Genotypes 541 28927 | 3554 | 813904 | 221327 | 2195 | 883" | 992" | 35075 | 13491 | 16724.51
parent 9 | 15607 | 23.94 | 2709.57 | 78635 | 3508 | 865 | 268 | 14978 | 4834 | 173478
Cross 441710117 | 1056 | 94917 | 39345 | 1642 | 882 | 590 | 7257 | 3715 | 243150
Par.vs.cr. 1 {97617 {1239.12° [373358.70 [95128.02 | 147.18 | 11.127 | 251.89 |[14399.17 |5215.55 |7805243%1 [§
G/D 54 5227 784 8547 37.92 211 | 0.14 1.01 1224 | 1591 | 46075
par./D 9 | 1296 | 20.16 59.38 5275 0.16 0.08 1.19 10.41 16.33 137.69
Cr./D 4] 375 | 548 | 92727 354 236 | 0.15 0.95 12.84 | 1563 | 476.53
Par.vs.or.VaD | 1 042 0.76 1.00 15.05 898" 100002 161 2.39 2457 | 2674.08"
Error 216 0.58 0.75 25.49 30.72 1.17 034 0.79 7.98 9.05 104.61
GCA 9 | 11.53° | 1525 | 951.11 | 26989 { 1262 |11.60 | 505 56.87 | 2090 | 1077.65
SCA 451 926 | 1117 | 306539 | 83133 | 626 | 121 | 296 | 12892° | 4979 | 6474.27
GCAxD 9 | 244 3.03° 2220 11.76 0.29 0.04 0.23 518 3.7 134.00°
SCAxD 451 160 253 2975 12.82 079 | 005 0.36 3.86 562 15750
Error 216 0.19 0.25 85 10.24 0.39 0.11 0.26 2.66 3.02 34.87
GCA/SCA 1.24 137 031 0.32 202 | 956 1.71 0.44 042 0.17
GCA x D/GCA 0.21 v2 0.02 0.04 0.02 0 0.05 0.09 0.18 0.12
SCA x D/SCA 0.17 0.23 001 0.02 0.13 0.04 0.12 0.03 0.11 0.02

“and

significant at 0.05 and 0.01 levels of probability, respectively.
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Table {2): Mean performance of the genotype for all the studied traits over the
two sowing dates and heterosis relative to both checks varieties for

height
1587 Z
1965 X
1845 Y
160.7Z
2130W
2150 W
1665 Z
17002
1875 Y
1942 X
185.15
2468U
2595 ST
7605 RT
7673 MR
7582 T
2633 PT
2693 LP
286.7CD
5740 GM
264.0 PT
2613 QT
2735 HN
T3 GM
2323V
26035 LP
284.2 CE
2779.0EK
2832CE
2068 A
269.5 LP
24570
IS KO
2722 K0
261307
2757 FL
266008
7885 BC
3805 DG
271310
286.7CD
73 IN
283.3CE
266.7 NR
272.710
7818 CF
2643 PT
285.0CE
3885 BC
288.7 BC
2803 DH
2675 MQ
268.0MQ
2793 BJ
284.7CE
2788 EK
3940 AB
2797 D1
27236
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Table (2): Cont.

No of rows/ ]:‘"'., 100- kernel | Grain yteld :
ear row weight /plant '
P1 TZ00QT | 1787V | TAGOMN | 36337 | Wgercings| Hue reintthel
72 14387 | 248U | 18330 | 4739 XY ' ‘
3 ILI2T | 1747V | 2133LM | 50.68X
Pa TL93RT | 28.12RT | Z8.00KM | 8261V
73 34510 | 2490TU | 25.50MN | 783V
%5 1238NS | 23080 [ 2633 MN | 6460 W
2 122307 | 263250 | 2633MN | 1382 VW
P8 35T | 1115V | 300N | 40.8 XY
P 1LO0RT | 1443V | 2433 MN | 4557 XY
PIO 1208 PT | 1467V [ 2250N | 43.13 XY
: 11.99 20.89 32457 56.40
e 1433EK | 295008 | 36.00BG | 1576RT | -29.07 517
13 3270F | 34.3LP | 34801 | 152710 | 32.13 3043
1x4 13.02LR_ | 34.53KF | 35.50BH | 1569RT | -27.62
1x5 14.60D1_| 4200AD | 3283 F1 | 1962EG 11.40
1x6 14.60D1_|_38.50D1 | 3533 Bl | 1953 EH 10.53
ix7 134710 | _40.05CH | 3533 B | 186.1GK 133 333
1x8 1522 AF | 40.83BG | 384TAC | DIOA | 4653 8.0
1x0 1550 AE | 3657HN | 34.00D) | 2013DF | 1647 18.47
1x10 1567AD | 4430AB | 3150HK | 2180BC | 33.53 55
0 122507 | 36.77THN | 37.00BF | I1595QT | -25.33 133
2x4 13.530N | 40.47CH | 3IB.00AD | 1945 EH 16.06 12.06
2x5 13BIM | 37.87EL | 34.67C) | 1820GM | -2.76 .76
2x6 134710_| 30.50C1 | 34.17D1 | 1728KQ | __-12.00 10,00
x7 13300P_| 31.05PR_| 3533Bl | 14370 | _<L13 39.13
28 14.53D7 | 33.77MP | 36.67BF | 1388F] 359 595
25 ISBAE | _3937C1 | 37.17BF | 2035DE | 1847 20,67
10 1393 GL_| 41.07AG_| 3633 BF | 1945 EH 9.70 11.70
1297IR | 40.05CH | 33.00F_ | ITLALY | -13.40 1140
13.4710 _|_38.60C1 | 33.17E1 | 166005 | -1878 1678
13251 | _4182AE | 3683 BF | 1820GL | _-1.87 0.3
37 123385 ] 3760FM | 353381 | 153650 | 3Lz ET¥E
3x8 14.52D] | 37.07GN | 3583 BH | 1798 N 5.05 3.05
30 1OTFL | 324500 | 33E | 150270 |_34.63 32.63
3x16 14500] | 4BA | 3ILBGK | ASER 9.67 11.67
x5 400FL | 41S0AF | 3417DJ | 1920EI 7.20 9.30
a6 IO8FL | 41.15AG | 3417D) | 1847GL | 007 1.93
1293LR_| 3830DK_| 35.50BH | 1S15HM | 332 -132
150280 | 39321 | a1.61A | 2235AB | 38.46 30.66
1512AG | 37.68FL | 353 B | 1507 E 588 7.88
xio 13170 | 40.07CH | 36.00BG | 1859 GK 106 3.06
5x6 12.43DK_| 4193AD | 33.50E] | J0LADF | _ 16.65 18.65
57 1253MS_| 352810 | 3933 AB | 1625PT | 2237 ~3027
58 15.38AC_ | 351500 | 3483C1_| 1879 F) 314 5.14
59 15.07AH | 33.57NP | 33.33D] | 17590P -394 ~5.94
510 T4.42DK_| 38.12DK | 3450C7 | 1845GL 0.15 7.15
7 13.97FL | 40.20CH_| 31.83GK_| 178310 5.34 454
o8 14.62D1_| _3938Ct | 3933 AB | 2095CD | _25.04 77.04
9 1627A | 3667HAN | 3L00I | 1897 E) 587 5.87
6x10__| 15.12A0 | 4258AC | 31.83GK | 3088CD | 25.00 77.00
T8 13.80HL | 33.62NF | 39.33AB | 1T38KP | -11.03 503
79 1520AG | 35.27J0 | 31.67GK | 1685MR | 1633 1433
7x10__| 1440DK | 4037CH | 3400DI | 1889 F 4.07 5.07
B0 1470C1 | 320000 ] 3150 HK | 1492 TU | 35.63 33.63
8xi0 1433EX_| 36.BHN | 3283 F | 1678NR | -17.08 “15.08
9xi0 16.13AB | 390007 | 3050JL | 1725KQ | -12.27 51027
G155 | 1438EX | 357710 | 3750BE | 1843GL - -
3062 I3 HL | 38.68CJ | 3650BF | 189.8GL - -
5 14.21 38.01 34.87 15249 . -
13.67
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- It is favorable if the single crosses were earlier in flowering than parents
to develop early maturity hybrids to avoid damage by borers or other
environmental adverse conditions. The parental combinations that incorporated
earliness 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 8§x9, 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 3x1G 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 vaiues 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 Fy mean performance
from each of §.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
t0 §.C. G.155 ranged from 26.39 to 8.91 and S.C. Pioneer 3062 ranged from 25 to
6.60%. Also, thirty one and thirty two hybrids had insignificant heterotic effects
relative to 8.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.c. El-Bagoury ef
al., (2004), Nawar ef al., (2002), Shafey er al., (2003), Singh ef 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 thata
large part of the total genetic vanability 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
vield/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 ef al.,
2003) and grain yield/ plant by (Amer 2003; Mosa 2003; Shafey et a/., 2003; EL-
Hosary and EL-Badawy 2005 and El-Hosary et 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 et 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 influoenced 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 et al., 2006). For silking date, the ratio of SCA x D/SCA was
higher than GCA x D/GCA. This resuit 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 19538).

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 inferaction 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 ottained above
from the ordinary anatysis of variance, Such results indicated that additive effects are
influenced by environmental changes (Amer 2005 and El-Hosary et al., 2006).

General combining ability effects:

Estimations of GCA effects ( £, ) 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 cxcept 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 (£, ) 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,
no. of rows/ear and grain yiekl/ plant. The parental inbred line no. 4 seemed to be
good combiner for; plant height, ear height, no. of grains/row, 100-kernei weight and
grain yield/plant. The parental inbred line no. 5 rankex 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 maturty date, no. of graingfear, 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-kemnel 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 vield/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 oa¢ or more of the traits
contributing grain yield. In most traits, the values of ( g",.) 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

().



Table (3): General combining ability effects for all the studied traits over the two sowing date.

No.of no of 1

Prnt ) Ve | Tt | v | v | i | o | Rowy | Keaw | Kemdk | i,
P1 068 | 081" | -988° | 4927 £0.17 0.80 0.15 -0.65 -0.08 1.09
P2 -1.23° | -1.307 | -3.67 | -3.54 | -1.39° | -1.09" | 038" -0.50 -0.08 527
P3 0.24° 041 2327 -0.75 0.69 0.99" 076" -0.47 0.24 -1195
P4 0.88" 071" 2210 | 245 0.35 035" 036 2127 1.36 161
PS5 0.01 0.12 8.80° 6.18" 0.14 077 0.26 0.83 0.10 427
P6 037 | 045" 6.307 -0.64 0.50° | -0.38" 0.22 200 0.19 8.25
P7 063" | 087 | -7.95 1.827 0.42 0,35 | 046 0.04 0.61 -5.90
P8 -0.29" 0437 | 0.54 -0.25 0.72" 0.207 0.28 -1.76™ 1.14 3.16
P9 0.58" 0.69 457" 1.57 0.46 0.65 071" 2700 | 133 | -5.247
P10 0.76 .03 582" 2.407 1.00° 0.30 033 1.03 -1.56 3.98
L.S.D(0.05) gi 0.24 0.27 1.56 1.72 0.34 0.18 0.28 0.88 0.93 3.17
L.S.D(0.01) gi 0.31 0.35 2,05 2.25 0.44 0.24 0.36 1.15 1.22 4.16
L.S.D(0.05) gi-gj 0.35 0.40 2.33 2.56 0.50 0.27 0.41 1.30 1.39 473
L.5.D(0.01) gi-gj 0.46 6.52 3.06 3.36 0.66 0.35 0.54 1.71 1.82 6.20

- appaatop wssnsag drysuoyvpy P sy IO
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Specific combining ability:

Estimation of SCA effects in 45 crosses for the studied traits over the
two sowing date are preseated in Table (4). The most desirable inter and intra
allelic interactions were presented by P,xP; for ear height P,xP; P,xP; P:xPq,
PyxPy PyxPs, PsxP; and P;xPs, for ear hllSk, with the exception of Plez, P xPs,
P;XP4, PgXPs, szp-,r, P3XP9, P4XP6. PsXP'], PgXPg and ngPmall hybnds exhibited

significant positive S 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 PyxPg P;xP; and P, xP,, being 67.22, 54.41 and 53 .40,
respectively. These crosses may be prime importance in breeding programmes
either towards hybrid maize production or synthetic varicties 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 genctic similarity matrix was produced for the RABD data using
Nei and LI's formula (1979) Genetic similarity coefficient presented in (Tabie 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 coliectively distingnished two main clusters. The first
main cluster consist of six inbred lines Py, P;, Ps;, Ps, Ps and P, and this cluster
separated into two sub clusters: the first sub cluster was contained two inbred lines P,
and P,. Meanwhile, the second sub cluster contained the other four inbred lines i.e. P,
P, P; and P4, In addition, the second sub cluster divided to sub-sub cluster the first
sub-sub cluster was contained P,. While, the inbred lines P, Ps and P 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, Pg, P and P,
except inbred 7 all remain inbred lines belonging to sub cluster as well as inbred 9
and 10 were closely related. Lanza ef af 1997 and Zhang ef a/, 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 sindied traits and heterosis relative to S. C.
GlSSandS.C.Ploanloverﬂnhvoso
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M12345678910 Fig. (6): Dendrogram of the genetic distance
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Fig. (4): RAPD pattern obtained by primer B12.
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Fig (5} RAFD pattern obtained by primer B19,



Table (5): Name of primers, the nucleotides sequences of the applied primers, motecular weigh for RAPD loci found and total
fragments detected by each primer and sumber of polymorphic fragments in ten maize inbred lines.

Molecular
weigh (bp)
1678.08
720.81
528.76

R R 472.42
A4 5'AATCGGGCTG3 387 88
292.66
220.82
144.72
1038.24
679,27
511.92
414 .07
A1l | 5CAGCACCCACS 404.43
351.09
342.92
290.76
246,53
1358.14
1202.93
888.14
546.6
B3 S'CATCCCCCTGY 499.04
484.13
391.5
326,34
240.94
703.21
B12 5 CCTTGACGCA3 27772
177.81
1353.17
B19 5'ACCCCCGAAGY 1030.51
' 633.58

Primer Sequence
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P10 | TSB | TF | NPF | PPF

30 g 7 | 87.50

45 9 8 | 8889

29 9 8 | 8889

23 3 1 133

16 3 2 | 6667
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Total 143 {32 | 26
Mean 286 {64 52 |73.06

TSE = Total number of scorble bands, TF = Total number of fragments, NPF = Nunber of polymorphic fragiments. And PPF =
fragments percentage.
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Table (6): Genetic similarity based on Nei and LI's coefficient for ten inbred

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 et a/.,
(1997). The correlation coefficient between sup clusterl (P) and P;) and main
cluster 2 (P;, Pg, Py and Py} was higher (r = 0.56). In the same time, the highest
values of grain yield and hetercsis produced from the cross between P; (sub
cluster 1) and Pz (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 PexPsz and PgxP), derived from Ps (sub-
sub cluster 2) and P; and P;o (main cluster 2) had the fourth rank for grain yietd
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 te be of predictive value. Parentomi ef al., (2001} and Salama et 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
correiation between marker distance, mean performance and heterosis has been
reported by Lee er 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 vaiue for F1 hybrids.
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