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ABSTRACT

The study was undertaken to estimate heterosis and combining ability of new maize inbred
lines in F, combinations for some agronomie traits under two sowing dates for developing superior
hybrids. Also this investigation studied the possibility of predicting heterosis and combining ability
in maize inbred lines via protein electrophoresis. A half diallel set of crosses involving eight maize
inbred lines were evaluated under two different sowing dates and the inbred lines were used for
protein electrophoresis study. The obtained data revealed highly significant differences between
sowing dates for all studied traits except number of rows per ear. The mean squares due to General
Combining Ability (GCA) and Specific Combining Ability (5CA) were significant for all studied
traits under both planting dates except 100 kernel weight under late planting date for SCA.
GCA/SCA ratios were less than unity for plant height, days to 50% silking, 100 kernel weight and
grain yield per plant under normal sowing date and ear height, plant height, number of kernel per
row, 100 kernel weight and grain yield per plant under late sowing date and the other traits were
more than unity. The hybrids P xP,, P, xP,, P xP,, P.xP,, P.xP,, P.xP,, P.xP,, P.xF. and P.xP. under
normal sowing date and P.xP,, P.xP,, P xP, and P,xP, under late sowing date out yielded the check
hybrid. The parental lines F,, P, and P, seemed to be the best combiners for grain yield per plant
and most of the studied traits under normal and late planting dates. Twenty one out of the twenty
eight crosses showed desirable significant SCA effects under normal and late sowing dates for grain
yield per plant and most of the other studied traits. The electropheresis patterns could be useful
tools for the identification and characterization of these inbred lines and could be used as
biochemical genetic markers associated with hybrid vigor and SCA in maize.

Key words: Diallel cross, maize, sowing dates, heterosis, combining ability, electrophoretic
patterns

INTRODUCTION

One of the most important cultural practices 1s sowing date. It has an active role effect on the
growth and development of maize plants. Delay or early planting was reported to affect the growth
and yield of maize significantly (Lauer ef al., 1999; Nielson et al., 2002; Beiragi ef al., 2011). The
suitable date for maize sowing mainly depends on many factors such as weather conditions
{(sunshine, temperature and humidity). Either early planting or late planting can result in lower
yield because the probability exists that unfavorable climatic conditions can occcur after planting
or during the growing season. In Egypt maize is planted successfully under irrigation from mid
April to mid August, although most of the area is planted between mid May to mid June as
optimum period for high or good production, whereas grain yield decreases after this date. The
maize breeder 1s concerned with estimating genetic parameters and their interaction under
different environmental conditions to choose the most effective breeding program for his materials.
The parents of the best potentiality to transmit desirable traits to their progenies are those
exhibiting the highest value for general combining ability effects, whereas combinations of highest,
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specific combining ability effects demonstrate exploitation of heterosis concept. Therefore, many
research workers studied heterosis and combining ability under different sowing dates and the
interaction between them (Sedhom, 1994; Al-Ahmad et «l., 2004; El-Shouny et al, 2008,
Younis et al., 2010).

The electrophoretic patterns (SDS-PAGE) for water soluble proteins has been used as
biochemical genetic makers associated with heterosis and combining ability. Several investigators
(Abdel-Tawab et al., 1989; Abdel-Sattar and Ahmed, 2004; Hosni et «l., 2006; El-Shouny et al.,
2011) tried to identify and characterize the parental lines of maize using proteins electrophoresis.
The present investigation aimed to; (1) evaluate eight maize inbred lines and their 28 F, hybrids
in half diallel cross for heterosis and combining ability under normal and late sowing dates to
identify the high GCA lines that could be used as parental lines in breeding program for specific
traits and to identify promising hybrids with high SCA that could be used commercially under
different sowing dates and (2) study the possibility of predicting hetercsis and combining ability in
maize via protein electrophoresis.

MATERIALS AND METHODS

Genetic materials: New eight white maize (Zea mays L) inbred lines (P, P, P, P, P, P;, P> and
F.), representing a wide range of diversity for several agronomic characters. These inbred lines in
the S8 generation were developed from different sources (P, P,, P, and P, from G.2 variety) and
(Py, Py, Pg and P, from D.C. 215 variety) by Prof. Dr. K.A. Kl-Shouny through a breeding program
at Agronomy Department, Fac. of Agric., Ain Shams Univ. In 2010 season, all possible cross
combinations excluding reciprocals were made among the eight inbred lines giving a total of 28 F,
crosses.

Field trials: In 2011 growing season, the seeds of the eight inbred lines, their twenty eight F,
crosses and the check variety Single Cross 10 (S.C.10) were sown at two planting dates, i.e. 21st
of May (normal or recommended planting) and 1st of July (late planting) at the Agric. Res. Stat.
Fac. of Agric., Ain Shams Univ., Shalakan, Kalubia Governorate, Egvpt. A field experiment laid
out in a randomized complete block design with three replications was devoted for each planting
date. Each experimental plot included one row of four meters long and 70 cm wide. Planting was
in hills spaced at 25 em apart and hills were thinned at one plant per hill. The common agricultural
practices of growing maize were applied properly as recommended in the district. Data were
recorded on 10 guarded plants for ear height (cm), plant height {em), days to 50% anthesis, days
to 50% silking, number of kernelsfrow, number of rowsfear, 100 kernel weight (g) and grain yield
per plant (g).

Laboratory trials: Two leaves of eight maize inbred lines were used for SDS-protein analysis.
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed on water
soluble protein fractions (albumin and globulin} according to the methed of Laemmli (1970) as
modified by Studier {1973). The 8DS-protein gel was scanned and analyzed using Gel Doc 2000
Bio-Rad System.

Statistical analysis: An ordinary analysis of variance (p<(.01) for each sowing date and the
combined analysis over the two sowing dates was performed according to Snedecor and
Cochran (1981) General and specific combining ability variances and effects were obtained by
employing (Griffing, 1956) diallel cross analysis method 2 model I at each Planting date
(SAS program). Percentage of heterosis over the check variety was estimated according to
Wynne ef al. (1970).
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RESULTS AND DISCUSSION

Analysis of variance: Mean square estimates for all studied traits under normal and late sowing
dates are presented in Table 1. Highly significant differences (p<0.01) between sowing dates were
found for all studied traits except number of rows per ear, indicating that the genotypes
performance differed under the two sowing dates.

Mean squares for genotypes, parents and crosses showed significant differences for all recorded
traits under both sowing dates except 100 kernel weight and days to 50% silking for parents under
normal and late sowing dates, respectively. This indicates that variability exists among these
populations may increase the chance of good new recombination that can be isolated in the
succeeding generations. Parents vs. crosses mean squares as an indication for average heterosis
over all crosses were significant for all studied traits under normal and late sowing dates. The
interaction of genotypes, parents and crosses with both sowing dates were highly significant for all
studied traits except days to 50% silking for parentsxknv., indicating inconsistent responses of
these populations from normal to late sowing date. Moreover, mean square for Parents vs
crossesxXknv, was significant for all recorded traits except ear height and grain yield per plant.

Mean performance and heterosis over check variety: Mean performance for all studied traits
under normal and late sowing dates is presented in Table 2. Mean values for these traits exhibited

Table 1: Mean squares estimates for studied traits in 8<8 white maize diallel crosses under normal (D1) and late (D2) sowing dates

Ear Plant Days to Days to No. of No. of 100- kernel Grain

SOV Env. df height height 50% anthesis 50% silking kernel/row rows/ear weight yield/plant
Sowing dates (D) Comb. 1 20356.43**% 146073.21** 1796.89** 2467.13%* 270.75%* 0.08 671.20%%  41246.29**
Repi D1 2 5261 19.87 0.48 0.36 0.001 0.031 0.08 42.32

D2 2 30.48* 1.16 5.19* 14.90 0.26 0.01 1.78 4.26
Genotypes D1 35 1455.36*%* 3688.88% 46.00%* 51.92%* 47.13%* 6.94%* 380.60%* 15067.80**
((&)] D2 35 1280.86** 4275.98%* 59.30%* 68.84** 54.10%* 5.41%* 382.30%* 13705.70**
Parents D1 7 B39.87** 492 10%* 32.61*%* 18.04** 103.66%* B.14** 37.77 924 . 50%*
(P D2 7 365.5G** 482.33%* 19.81** 17.71 51.54%* 3.44%* G7.65%* 490.40%*
Crosses D1 27 716.73** 1892.48** 11.11%* 15.78%* 22,13** 3.61%* 161.50%* 6588.00%*
() D2 27 H0O2.30%* 1915.73** H0.82%* 41 .51** 23.38** 3.76%* 126.10%* 4650 80%*
PvsC D1 1 27106.88*%* T74568.08%* 1081.90** 1265.01** 326.40%* 88.38** 0010.8%* 34207.60**

D2 1 28709.21*%*% 04558.37** HB4.6T** 1164.64%* 901.20%* B3.78%%  9500.0*%*  35045.10%*
GxD Comb 35 80.82%* 436.86** 14.40%* 13.50% 15.66%* 1.41%* 26,72 1022.60%*
PxD Comb 7 50.95%* 201.85** 7.95%* 18.14 35.78%* 1.82%* 44, 73** 468.40**
CxD Comb 27 01.13** 492.01** 15.06%* 12.76%* B8.38%* 1.31** 22.92%* 1203 50**
P s CxD Comb 1 11.50 5O2 TI** 41.68%* 43.96* T1.43%* 1.00%* 3.23%* 20.15
GCA D1 7 1822.25%* 2987.19%* 50.83%* 47 B5E** 104.20%* 16.02*%*%  217.70%* 11818.10**

D2 7 1124 .56%* 3934.11** 105.00%* 84.72%* 50.33** 12.92*%*%  151.60** BB1T.20**
SCA D1 28 1363.64%* 3864.31** 44 O** 53.02%* 32.86%* 4.G7** 432.60%%  15879.40%*

D2 28 1319.94** 4361 .45%* 47 BT** B4 BTH* 55.04%* 3.53%* 439.93 15752.80**
GCAxD Comb 7 130.70** 1026.14** 13.72%* 10.95 30.21** 1.81%* 31.62%* 1642.20%*
SCAxD Comb 28 68.35%* 289.54**% 14.57%* 14.14* 12.02%* 1.30%* 25.49%* 867.70%*
Error D1 70 24.71 19.14 0.90 0.35 0.27 0.05 0.09 21.23

D2 70 6.31 9.56 1.84 15.70 012 0.02 0.96 8.67

Comb 140 1551 14.35 1.37 8.03 0.20 0.04 0.53 14.95
GCA/SCA D1 1.34 0.77 1.14 0.90 3.17 3.43 0.50 0.74

D2 0.85 0.90 219 1.31 0.91 3.66 0.35 0.35

**kSienificance at 0.05 and 0.01 probability level, respectively
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Table 2: Mean performance of the eight maize inbred lines and their crosses under normal D1) and late (D2) sowing dates and heterosis

relative to check variety 8.C.10 for grain yield per plant

Ear height. (cm) Plant height {cm) Days to 50% anthesis Daxs to 50% silking
Genotypes D1 D2 D1 D2 D1 D2 D1 D2
Parental lines
P, 95.27 72.53 215.67 163.80 67.00 72.33 68.67 75.33
P, 89.43 68.83 216.07 163.77 67.67 71.67 67.67 74.67
P; 96.60 72.23 234.67 168.90 67.67 69.67 68.67 74.76
P, 86.27 76.23 221.90 165.30 66.67 69.67 69.67 T4.687
P 95.90 76.33 233.80 195.10 65.33 67.33 66.67 70.33
Ps 89.97 69.33 245.37 166.90 66.67 73.67 68.67 76.67
P, 132.40 103.13 249.53 189.17 72.33 74.33 73.67 75.687
P; 93.17 78.03 224.57 162.97 60.33 68.00 65.33 90.00
Mean 97.38 77.10 230.20 171.99 66.71 70.83 68.33 75.13
LSD 5% 5.63 4.76 6.55 3.61 1.64 1.5 1.06 1.46
Crosses
PxPy 140.50 126.93 290.10 266.10 58.33 62.33 59.33 62.67
PxPs 103.77 85.20 245.60 187.60 62.33 68.33 64.33 70.67
PxP, 106.43 87.63 239.90 195.10 60.33 66.00 62.33 71.67
P.xP; 108.53 101.37 271.83 227.40 57.00 61.67 £58.00 63.67
P.xP; 132.87 117.80 315.27 246.73 61.33 64.67 61.33 78.33
P.xP; 143.73 118.43 290.63 226.63 62.00 66.67 62.33 69.33
PxPs 14557 124.30 318.13 256.00 59.67 62.67 60.00 67.33
PoxPs 144.97 130.03 320.83 261.03 57.33 65.33 57.33 64.67
P.xP; 146.33 129.13 285.67 267.83 57.67 61.00 60.33 64.67
P.xP; 152.20 124.90 330.03 287.50 57.00 61.33 57.33 63.67
P.xP; 139.43 122.67 313.67 263.70 57.00 61.33 £58.00 64.33
PxP; 152.53 133.80 301.33 255.30 58.67 58.67 60.33 63.00
PoxPs 141.07 132.30 305.00 266.37 56.33 59.33 57.33 62.67
P:xP, 103.70 93.73 255.63 195.63 60.67 66.67 65.00 71.33
P.<Pg 120.77 111.20 267.43 250.43 58.33 68.33 59.00 68.00
P:xPs 144.60 111.20 289.93 219.17 60.33 64.67 60.00 69.00
P.xPr 149.93 114.47 292.53 221.63 61.67 72.67 61.67 72.00
P.xPy 145.90 117.07 307.80 244,37 58.33 67.67 60.33 67.33
PxPs 117.43 96.57 237.60 220.83 56.67 61.67 56.33 65.33
PxPs 130.70 113.13 307.60 233.37 59.33 68.67 61.33 69.33
PxP; 14253 119.47 285.70 230.20 60.00 72.67 62.67 69.67
PxP; 136.97 122.97 306.67 239.13 58.67 68.67 60.33 65.67
PsxP; 119.50 115.70 310.47 275.83 56.33 62.33 £58.00 65.33
P.xP; 154.57 130.80 306.70 260.53 59.67 64.67 £59.33 67.67
PsxPs 14213 118.07 317.10 269.40 56.33 61.00 60.33 61.67
PexPr 14557 114.73 318.73 236.30 61.67 69.67 64.67 70.33
PxP; 139.70 120.23 291.63 241.60 60.33 62.33 62.33 65.33
P.xP; 141.57 122.93 291.67 263.77 61.33 75.33 61.33 67.67
Mean 135.48 116.31 293.40 243.16 59.10 65.33 60.39 67.23
LSD 5% 8.77 4.02 7.19 5.47 146 2.40 0.97 5.33
Check 168.30 133.73 346.23 271.47 65.67 71.67 61.33 70.00
Grand LSD 5% 8.01 4.05 7.19 4.97 1.56 219 0.97 6.39
Reduction% 14.15 17.12 10.46 10.17
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No. of kernel/row No. of rows/ear 100-kernel weight (2)  Grain yield/Plant (g) H% relative Check
Genotypes D1 D2 D1 D2 D1 D2 D1 D2 D1 D2
Parental lines
P, 32.19 31.96 10.35 10.20 30.20 26.20 11044 83.46
P 28.13 2119 1261 12.80 28.00 17.40  100.52 47.23
P; 28.28 2735 1043 10.61 28.60 21.30 91.49 65.54
P, 31.66 29.33 8.80 10.40 23.70 20.70 70.90 64.77
P 42.07 2733 10.80 12.44 25.80 2500 12014 88.22
Ps 22.27 2231 14.07 12.20 35.80 2480 11528 61.19
P, 26.17 2130 1047 10.60 28.10 32.93 77.89 68.29
P 27.10 2208 12.20 12.20 27.40 27.40 92.64 70.35
Mean 29.73 2534  11.22 11.43 28.45 24.47 97.41 68.63
LSD 5% 1.12 0.3 0.23 0.14 214 0.52 6.65 2.00
Crosses
P.xP, 36.40 38.83 14.30 12.20 51.97 4943 27449 236.40 8.17** -3.40**
PxPs 29.45 27.83 1237 12.44 32.95 3230 12014 114.21 -52.66%* -53.33**
P.xP, 32.53 2028 10.78 10.81 33.97 30,70 121.51 98.74 52, 12%* -59.76%*
PxPs 33.00 33.08 14.66 12.27 53.33 48.23 25896 202.87 2.05 17.05%*
P.xP; 34.93 30.79  14.53 14.64 55.40 47.27  280.67 216.27 10.60** -11.63**
PxPy; 33.03 3277 1241 1212 50.60 4933  209.68 199.63 -17.64%* -18.43**
P.xP; 34.50 3275 14.43 12.41 53.27 48.57  264.16 202.81 4.09%* -17.13**
PoxPs 37.00 3488 1265 12.64 50.13 4630  238.65 208.81 -5.96%* -16.68**
P.xP, 39.86 4044 12.93 12.73 48.50 4960  248.96 257.78 -1.90 5.33**
PoxPs 41.33 3546 14.13 14.25 4567 4830  268.69 250.38 5.88** 2.31**
P.xP; 35.71 30.95 1441 14.91 55.40 50.07  287.53 230.32 13.30%* -5.89**
PoxPy 34.22 3218 1262 12.91 52.23 4797 23430 202.29 -T.6T** -17.34**
P.xP; 34.18 3134 1275 14.45 55.87 50.07  247.80 22992 -2.35 -6.05%*
P:xP, 32.98 33.07 1241 12.55 20.27 3047  122.20 127.91 -51.85%* -47.73%*
P.xP; 34.10 3436 12.80 12.97 54.30 48.23 23220 213.96 -8.50%* -12.57**
P.xP; 32.04 30.12 14.27 12.62 57.27 54.27 264.05 200.46 4.05%* -14.41%*
PaxPy 32.12 3192 1233 12.85 51.27 4437  206.65 185.40 -18.57** -24.24**
P:xPs 33.30 3245 12.73 12.75 53.40 53.07 22791 223.73 -10.19%* -8.58*%*
PxP; 34.13 3279 1260 12.27 50.03 53.30 21832 229.96 -13.97** -6.04%**
PxPs 32.29 33.10 1269 14.34 56.13 5257  235.73 252.87 -7.11%* 3.37**
PxP; 33.68 31.50 1247 12.59 5230 41.60 22258 158.07 -12.29%* -35.10%*
PxPs 32.37 33.11 12.24 12.81 56.13 49.20 22548 212,61 -11.15** -13.13**
PsxP; 34.35 3043 14.76 14.84 58.10 58.10  296.63 255.15 16.89%* 4.26%*
PsxPy 37.44 31.11 1464 14.41 48.30 4747  269.79 215.10 6.31** -12.12%*
PsxP; 32.50 2913 14.27 14.67 47.10 47.20 22040 203.82 -13.15%* -16.72%*
PexPr 32.75 27.80 14.67 14.70 59.13 4507 28516 187.42 12.37** -23.42%*
P:xP; 20.25 31.92 14.77 14.74 47.53 4513  209.38 218.06 -17.50%* -10.90**
PxPs 30.16 30.75  14.33 14.14 52.33 4857 23092 214.26 -9.00%* -12.45%*
Mean 33.92 3220 13.39 13.23 50.42 47.03 23296 205.65
LSD 5% 0.8 0.62 0.39 0.28 0.57 1.8 7.93 5.39
Check 34.99 3737 1411 12.60 51.13 51.07  253.77 244.73
Grand LSD 5% 0.85 0.55 0.35 0.25 0.49 1.57 7.47 4.74
Reduction% 4.81 1.02 6.72 11.72

**xSienificance at 0.05 and 0.01 probability levels, respectively
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the parental diversity and the hybrid differential response from normal to late sowing date. The
inbred hne P, ranked the first as the best values under normal and late sowing dates for grain yield
per plant (120.14 and 88.22 g, respectively) and most of the studied traits. The inbred line P,
ranked the second under nermal sowing date for grain yield per plant (115.28 g) and most of the
studied traits. The inbred line P, ranked the third under normal (110.44 g) and the second under
late sowing dates for grain yield per plant (83.46 g) and some of the other studied traits.

The inbred line P, was the best under both conditions for ear (132.40 and 103.13 cm,
respectively) and plant {(249.55 and 189.17 em, respectively) heights. The inbred line P, was the
best under normal sowing date for days to 50% anthesis (60.33 days) and silking (65.23 days).

The studied traits exhibited the best performance at early planting date and then began to
decrease with delay in planting date. Reduction on late planting was as much as in plant height
which reached 17.12% relative to early planting date. Ear height, grain yield per plant, days to
H50% anthesis and days to B0% silking were most affected by delaying planting recording 14.15%,
11.72%, 10.46% and 10.17% reduction, respectively. The least affected by delaying of planting were
100 kernel weight recording 6.72% reduction followed by no. of kernel per row (4.81% reduction)
and no. of rows per ear (1.02% reduction), suggesting that these traits are less sensitive to delay
in planting date. The hybrid P,xF,; was the best in grain yield per plant and most of the studied
traits under both conditions. The hybrids P xFP,, P xF, PxP, PxP, PXxP, PxP, P.xP, P.xF. and
FPxF; under normal sowing date and the hybrids P,xP,, PxP, P xP;and P ,xP, under late sowing
date exceeded the check variety 5.C.10 for grain yield per plant. The hybrids P,xF,, P ,xP;and PxP,
under normal conditions and the hybrids PxP,, P.xP; and P, xP, under late sowing date exceeded
the check variety 5.C.10 for 100 kernel weight. The hybrids P,xP,, P.xP, and P.xP, for days to 50%
anthesis, P,xP,, P.xP,, PP, and P xP; for days to B0% silking, P,xP,, P,xF, and PxF, for number
of kernel per row and P xP,, P.xF; and PxF, for number of rows per ear under normal conditions
exceeded the check variety 5.C.10. The hybrids PxF; and P,xF, for days to B0% anthesis, P, xP,,
P, xP,and P.xP, for days to 50% silking, P, %P, and P,xP, for number of kernels per row and P, xP,,
P.xP,, PxP, and P,xP, for number of rows per ear under late sowing date exceeded the check
variety 5.C.10 (Table 2).

Heterosis expressed as the percentage deviation of ¥, mean performance from check varisty
5.C.10 values for grain yield per plant are presented in Table 2. Concerning grain yield per plant,
the hybrids P xP,, P xP,, P xP, PxP, P xP,; PxP, P.xPg, F.xP, and PyxP, under normal sowing date
and the hybrids P.xP,, P.xP,, P, xP, and PP, under late sowing date out yielded the check hybrid
5.C.10. 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., Shafey et al. (2003),
Soliman et al. (2005), Kl-Hosary ef al. (20068) and Aliu ef al. (2008).

Combining ability: The analysis of variance for combining ability under normal and late sowing
dates for all the studied traits is presented in Table 1. The variance of general (GCA) combining
abihty includes the additive and additivexadditive genetic portion, while specific (SCA) combining
ability represents the non-additive genetic portion of the total variance arising largely from
dominance and epistatic deviation. The mean squares due to GCA and SCA were significant for all
the studied traits under both planting dates except 100 kernel weight under late planting date for
SCA. Indicating that both additive and non-additive genetic effects were involved in the
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inheritance of these traits under both planting dates. When both general and specific combining
ability mean squares are significant, one may ask which type and or types of gene action are
important in determrmning 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
combining ability mean squares which were highly significant. Hence, GCA/SCA ratic was used
as measure to reveal the nature of genetic variance involved. For days to 50% anthesis and no. of
rows per ear under both environments, ear height and number of kernel per row under normal
planting date and days to 50% silking under late planting date, high ratios which largely exceeded
the unity were obtained, indicating that a large part of the total genetic variability associated with
these traits was a result of additive and additive by additive gene action. Al-Ahmad et al. (2004),
Soliman et al. (2005) and El-Shouny et al. (2011) came to the same coneclusion. Plant height, days
to B0% silking, 100 kernel weight and grain yield per plant under normal sowing date and ear
height, plant height, number of kernel per row, 100 kernel weight and grain yield per plant under
late sowing date exhibited 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 genetic variance was previously reported by Abdel-SGattar and Ahmed (2004), El-Hasary et al.
(2006), El-Shouny et al. (2008) and Younis et al. (2010),

The mean squares of interaction between planting dates and both types of combining
ability were significant for all studied traits except days to B0% silking for GCAxD
indicating that both additive and non-additive gene effects were influenced by seasonal

changes.

General combining ability effects: Estimates of General Combining Ability (GCA) effects for
each parental inbred line for each trait are illustrated in Table 3. High positive GCA values would
be of interest in all studied traits except days to 50% anthesis and silking where high negative
values would be useful from the breeder’s point of view. The parental lines P, P, and P, seemed to
be the best combiners for grain yield per plant (17.59, 17.97 and 26.42 under normal and 13.386,
17.09 and 11.51 under late sowing dates, respectively) and most of the studied traits under normal
and late planting dates. The inbred line P, is proposed to be the best combiner for all studied traits
under both conditions except no. of kernel per row and grain yield per plant under normal sowing
date and days to 50% silking and no. of kernel per row under late sowing dates. Indicating that
these inbred lines could be considered as good combiners for developing early maturity and high
yielding genotypes.

The inbred lines P, P, and F, seemed to be poor combiners for all studied traits under normal
and late planting dates except number of kernel per row.

It 1s worth noting that the inbred line which possessed high GCA 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 GCA effects was mostly differed from sowing date to another. This finding ceincides with

that reached above where significant GCA by planting date mean squares were detected

(Table 1).

Specific combining ability effects: Specific combining ability effects for all studied traits under

normal and late planting dates are presented in Table 4.
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Table 3: Kstimates of general combining ability effects for eight maize inbred lines evaluated under normal (1) and late (D2) sowing

dates
Inbred Ear Plant Days to50% Days to50% No. of No. of 100-kernel Grain yield/
lines Dates height height anthesis silking kernelrow rows/ear weight plant
Py D1 -T2k -11.14%* 0.79** 0.50%* 0.14 -0.20%* -1.80%* -7.51%*
D2 BN i -11.29%* -0.20 1.35* 1.25** -0.85%* -1.99%* -13.90%*
Py D1 £.28%* 6. 46%* -0).94%* -1.47x* 1.81** (). 20%* 0.59%* 17.59**
D2 5.91%* 14.83%* -2.35%* -2 5% 0.98** 0).30%* -0.16 13.36**
Py D1 -3.63%* -B.H1** 0.73%* 0.50%* -0).93%* -0.58%* -2.41%* -23.08%*
D2 -5 0%* -12.84%* 1.40%* 1.15 0.26%* -0.60%* -2.65%* -16.23%*
Py D1 -B.BE** -15.16%* -0.04 0.77%* 0.43%* -1.25%* -3.61%* -28.90%*
Dz -5.31** -13.34** 0.57* 0.62 1.50** -0.69** -2.03%* -10.93**
P: D1 -3.R2%* -0.54 -1.51** -1.83** 3.41** 0).33%* -0.14%* 17.97**
D2 BN 13.60%* -2.35%* -2 A8** 0.43%* 0.45%* 2.27%% 17.09**
Py D1 -1.08 12.38*%* 0.26 0.30%* -2.10%* 1.21%* £.07%* 26.42%*
D2 -1.43%* 0.44 0.2 1.45*% -1.70%* 0.94%* 2.40%* 11.51**
P D1 15.21%* T.22%* 2 26%* 1.97** -1.11%* -0.18%* 1.24%* -1.07
D2 9.25%* 2 66%* 3.30%* 1.02 -1.61%* -0.09%* 1.21%* -7.81%*
Py D1 3.61** T.30%* -1.54%* -0.73*%* -1.64%* 0).38%* 1.05%* -1.42
D2 4 56%* 5.95** -0.60* -0.52 -1.11%* 0.45%* 1.85%* 6.9]1**
LSD (gi-gi)
0.05 D1 2.54 2.24 0.50 0.30 0.28 0.12 0.16 2.36
D2 1.29 1.58 0.69 2.02 0.18 0.08 0.50 1.51
0.01 D1 3.35 2.95 0.65 0.39 0.37 0.16 0.21 3.11
D2 1.70 2.09 0.91 2.66 0.24 0.10 0.65 1.98

**kSienificance at 0.05 and 0.01 probability levels, respectively

Twenty one out of the twenty eight crosses showed desirable significant specific combining
ability effects under normal and late sowing dates for grain yield per plant and most of the other
studied traits. Two hybrids (P.xP,and P.<P,) under late sowing date exhibited desirable significant,
specific combining ability effects for grain yield per plant and most of the other studied traits. All
these crosses are considered to be promising in breeding programs either towards hybrid maize
production or synthetic varieties composed of hybrids which involved the good combiners for the
traits in view. The remaining crosses (P,xP;, P,xP, and P;xP,) under both conditions, P.xP, and
PxF, under normal sowing date and P,xF; under late planting date) exhibited insignificant specific

combining ability effects for grain yield per plant and some of the other studied traits (Table 4).

Protein electrophoresis: The electrophoretic patterns for water soluble proteins (albumin and
globulin) of the eight maize inbred lines are illustrated in Fig. 1 and Table 5. From the SDS
PAGE (Sodium dodecyl sulphate-polyacrylamide gel electrophoresis) analysis, fifty bands were
observed with different Molecular Weights (MW) and Relative Mohilities (RM). Three universal
bands were commonly present in all eight inbred lines of MW 272.2, 246.3 and 58.8 kDa.
Substantial differences among the studied inbred lines in their moelecular weights and relative
mobility were recorded. These parental lines were discriminated from each other by some unique
bands, where the parental lines P, P, and P ,showed one unique band for each parent at MW
198.9, 144.1 and 140.8 kDa, respectively. Three unique bands characterized the parental lines P,
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Days Daxys No. of
Ear Plant to 50% to 50% kernel/ No. ofrows/  100-kernel Grain yield/
Crosses Dates height height anthesis silking Tow ear weight plant
P.xP, D1 15.33** 15.43%* -2.30%* -1.92** 1.47%* 1.31** 7.63%* 61.57**
D2 18.60%* 35.32%* -1.69* -5.08*% 5.86%* -0.20* 9.57** 61.74**
P.xP; D1 -12.50%* -16.11** 0.03 1.11** -2, 74** 0.24* -8.38** -52.11**
D2 -10.13** -15.61%* 0.58 -0.82 -4.43*%* 1.02%* -5.07** -30.87**
P.xP, D1 -4.81 -13.15** -1.20* -1.15*%* -1.02%* -0.68*%* -B.17%* -44 93*%*
D2 -8.50** -7.61** -0.92 0.72 -4 22%* -0.51** -6.40** -51.63%*
PxPs D1 W74 4.16 -3.07** -2.89%* -3.53*%* 1.62%* 9.73** 45.65%*
D2 1.65 -2.25 -2.36%* -1.18* 0.65** -0.20* 5.94** 24.48%*
P.xP; D1 14.05%* 34.67** -0.50 -1.69** 3.91** 0.61** 6.59** 58.92%*
D2 17.79%* 30.24%* -1.89** B.55%* 0.49** 1.69** 4.85** 43 .46%*
P.xP; D1 8.63** 15.20%* -1.84** -2.36%* 1.03** -0.12 5.62%* 15.41**
D2 7.75%* 7.92%* -2.99%* -2.02 2.38%* 0.19* 8.10** 46.13%*
P.xP; D1 22.06%* 42.62%* -0.37 -1.99** 3.02%* 1.34** 8.48** T0.25%*
D2 18.31** 34.00%* -3.09%* -2.48 1.86%* -0.06 6.69%* 34.60%*
P.xP; D1 16.30%* 41.53%* -3.24%* -3.92%* 3.14** 0.04 6.41** 41.30%*
D2 21.63** 31.71%* -0.29 -2.88 2.90%* -0.02 7.10%* 36.48%*
PoxP, D1 22.69%* 15.02%* -2.14%* -1.19*%* 4.63** 0.99** 5.98** 57.43%*
D2 19.94** 39.00%* -3.79%* -2.35 7.22%* 0.17* 10.67** 80.16%*
PoxPs D1 23.53** 44.76%* -1.34** -1.59*%* 3.12%* 0.61** -0.32*% 30.29%*
D2 12.11** 31.73%* -0.56 -0.25 3.31** 0.54** 4.17** 44, 74%*
PoxPs D1 8.22%* 15.47** -3.10%* -3.06*%* 3.01** 0.01 4.20%* 40.69%*
D2 9.50%* 21.09%* -3.09%* -3.52 0.93** 0.72%* 5.82%* 30.25%*
P.xP; D1 5.03 8.30** -3.44%* -2.30%* 0.54* -0.40** 4.86** 14.94**
D2 10.05%* 10.47** -5.86%* -4.42* 2.07** -0.26%* 4.90%* 21.54%*
P.xP; D1 5.15* 11.89** -1.97** -2.69** 1.03** -0.82** 8.69** 28.80%*
D2 13.24%* 17.25%* -4.29%* -3.22 0.73** 0.74** 6.36%* 34.46%*
P.xP, D1 -11.06%* -2.05 -0.80 1.51* 0.50 1.32% -10.62%* -28.67**
D2 -2.46 -5.53%* -1.86%* 0.59 0.56%* 0.97** -5.97%* -20.13**
PsxPs D1 1.00 -4 87* -1.67** -1.89*%* -1.37** 0.14 11.31** 34.47**
D2 11.42%* 22.33%* 2.71%* 0.35 2.93** 0.04 6.60%* 37.89%*
P:xPs D1 22.30%* 4.70* -1.44%* -3.02%* 2.09%* 0.73** 9.06%* B7.87**
D2 11.13** 4.23** -3.49%* -2.58 0.81** -0.59%* 12.51** 38.97**
PaxPy D1 11.34** 12.47** -2,10%* -3.02%* 1.18** 0.18 6.89%* 27.95%*
D2 3.72%* 4.47** 1.41* 0.85 2.52%* 0.67** 3.79** 34.23%*
P.xP; D1 18.90** 27.66%* -1.64%* -1.66%* 2.89** 0.03 9.22%* 49 58%*
D2 11.02%* 23.92%* 031 -2.28 2.56%*% 0.02 11.86*%* 57.85%*
PxP; D1 2.69 -26.05%* -2.57** -4 §2** -2.69** 0.61** 8.25%* 26.41%*
D2 -4.01** -6, 77** -3.12%* -1.78 0.11 -0.36%* 11.94%* 48.60%*
PxP; D1 13.42%* 31.02%* -1.67** -1.96** 0.98** -0.18 9.13** 35.37**
D2 12.27** 18.92%* 1.34 -1.72 2.56%*% 1.23%* 11.09%* T7.09%*
PxPy; D1 8.96** 14.29%* -3.00%* -2,20%* 1.37** 0.98** 9.13** 49.71%*
D2 7.93%* 13.54%* 2.24%* -0.95 0.86** 0.50%* 1.30* 161
PxPs D1 14.99%* 35,18%* -0.54 -1.92%* 0.60* 0.20 13.16%* 52.96%*
D2 16.12%* 19.18** 2.14%* -3.42 1.98** 0.18* 8.27** 41.33%*
PsxPs D1 -2.81 19.27** -3.20%* -2.69%* 0.05 0.32%* 7.63%* 49 .40%*
D2 11.24%* 34.45%* -2.09%* -2.62 0.95** 0.58** 11.42%* 51.35%
PexP; D1 15.96%* 20.67** -1.87** -3.02%* 2.16** 1.58** 1.66%* 50.05%*
D2 15.66%* 16.93** -2.86%* 0.15 1.54** 1.18** 1.97%* 30.62%*
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Table 4: Continue
Days Daxys No. of
Ear Plant, to 50% to 50% kernel/ No. of rows/ 100-kernel Grain yield/
Crosses Dates height height anthesis silking row ear weight plant
PoxPy D1 15.13** 30.99*%* -1.40%* 0.68* -2.25%* 0.65%* 0.65%* 1.01
D2 7.63%* 22.51** -2.62%* -4.32*% -0.94** 0.80%* 1.07* 4.652%*
PexPy D1 4.42 19.78%* -1.64%* 0.18 2.08%* 0.73%* 7.28%*% 56.98%*
D2 -0.69 5.86%* -0.39 -1.12 0.36% 0.98** -0.55 B.H2x*
PxPy D1 10.16** -7 A0** 0.83 0.54 0.01 0. 20%* -4 14%* -18.45%*
D2 9.51%* T7.87%* -3.82%* -4.58*% 3.08%* 0.48%* -1.12% 24.43%*
PxPy D1 -4.27 -2.20 -0.17 -2, 12%* -0.08 1.23%* 4.40%* 30.57**
D2 1.53 27.82%* 5.08%* -1.82 2.72%% 0.9]** 3.49%* 39.96%*
LSD (Sij - Sik)
0.05 D1 7.62 6.71 1.47 091 0.81 0.34 0.48 7.07
D2 3.86 4.75 2.08 6.08 0.54 0.24 1.51 451
0.01 D1 10.05 8.85 1.93 1.20 1.07 0.44 0.63 932
D2 5.09 6.26 2.74 8.01 0.71 0.31 1.98 5.95
LSD (Sij — Skl)
0.05 D1 7.19 6.34 1.37 0.85 0.75 0.32 0.44 6.67
D2 3.62 4.48 1.96 5.72 0.5 0.22 1.43 4.26
0.01 D1 9.47 8.35 1.80 1.12 0.99 0.42 0.57 8.80
D2 4.78 5.90 2.58 5.64 0.65 0.29 1.88 5.61

**kSienificance at 0.05 and 0.01 probability levels, respectively

Fig. 1: SDS electrophoresis patterns of water soluble protein in eight maize inberd lines

MW
In
kDa
160.4
128.4
107.7
63.4

485
41.0

311

and P, at MW 233.3, 152.1 and 111.8 kDa for P, and 242.8, 138.8 and 114.3 kDa for P.. Two
unique bands distinguished the parental lines P,, P, and P, at MW 235.3 and 109.2 kDa for P,,
154.3 and 115.3 kDa for P, and 217.9 and 118 kDa for P,. From these results it is concluded that
the analysis of water soluble protein electrophoretic bands could be a useful tool for the

identification and characterization of the eight maize inbred lines. These results are in line with
the results of Abdel-Tawab et al (1989), Abdel-Sattar and Ahmed (2004) and El-Shouny et al.

(2011).
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Table &: Densitometer analysis of water soluble proteins (SDS-PAGE) showing mumber of bands (P. No.), Relative mobilities (RM) and
molecular weight, (MW) for eight, Maize inbred lines

Parental lines
B. No. RM MW (kDa) Py P P Py Ps Ps P Ps
1 0.019 272.2 1 1 1 1 1 1 1 1
2 0.054 246.3 1 1 1 1 1 1 1 1
3 0.059 242.8 0 0 0 0 0 0 1 0
4 0.007 235.3 0 0 0 0 1 0 0 0
5 0.073 233.3 0 1 0 0 0 0 0 0
6 0.097 217.9 0 0 0 0 0 0 0 1
7 0.108 211.2 1 0 1 1 0 0 0 0
8 0.121 203.5 0 1 0 0 1 1 1 1
9 0.129 198.9 1 0 0 0 0 0 0 0
10 0.148 188.4 1 0 1 1 0 0 1 0
11 0.167 178.4 0 1 0 0 1 1 0 0
12 0.169 177.4 1 0 1 1 0 0 0 0
13 0.177 173.4 0 0 0 0 1 1 0 0
14 0.207 159.2 1 0 1 1 0 0 1 0
15 0.21 157.8 0 1 0 0 1 0 0 1
16 0.218 154.3 0 0 0 0 0 1 0 0
17 0.223 152.1 0 1 0 0 0 0 0 0
18 0.234 147.4 1 0 0 0 0 0 1 0
19 0.239 145.3 0 0 0 0 1 1 0 1
20 0.242 144.1 0 0 1 0 0 0 0 0
21 0.25 140.8 0 0 0 1 0 0 0 0
22 0.255 138.8 0 0 0 0 0 0 1 0
23 0.258 137.6 0 1 1 1 0 0 0 0
24 0.274 131.5 1 0 1 1 0 0 0 0
25 0.293 124.6 0 1 0 0 1 1 0 1
26 0.309 119.0 1 0 1 1 0 0 1 0
27 0.312 118.0 0 0 0 0 0 0 0 1
28 0.32 1153 0 0 0 0 0 1 0 0
29 0.323 114.3 0 0 0 0 0 0 1 0
30 0.331 111.8 0 1 0 0 0 0 0 0
31 0.339 109.2 0 0 0 0 1 0 0 0
32 0.349 106.2 1 0 1 1 0 0 1 0
33 0.36 102.9 0 0 0 0 1 1 0 1
34 0.39 94.4 0 1 0 0 0 0 0 1
35 0.392 93.9 1 0 1 1 0 0 1 0
36 0.433 83.5 0 1 0 0 1 1 0 1
37 0.446 80.5 1 0 1 1 0 0 1 0
38 0.46 773 0 0 0 0 1 1 0 1
39 0.468 75.6 0 1 0 0 1 0 0 0
40 0.476 73.9 1 0 0 0 0 0 1 0
41 0.497 69.6 0 1 0 0 0 1 0 0
42 0.503 68.4 1 0 1 1 0 0 1 0
43 0.556 58.8 1 1 1 1 1 1 1 1
44 0.597 52.3 0 1 0 0 0 1 0 0
45 0.602 51.6 1 0 0 1 0 0 1 0
46 0.618 49.3 0 0 0 0 1 1 0 1
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Table 5: Continue

Parental lines

B. No. RM MW (kDa) P, P, P; P, Ps Ps P; P
47 0.747 34.1 1 0 1 1

48 0.823 275 1 0 1 1

49 0.89 227 o] 1 o] 0 0 1 0 1
50 0.933 20.1 1 1 1 1 0 o] 1 1
Total of bands 20 18 18 19 16 17 18 16

1: Present of band, 0: Absent of band

In a trail to predict of heterosis and specific (SCA) combining ability via protein electrophoresis
as genetic diversity among the eight maize inbred lines. The ten crosses (P, xP,, P, xP,, P, xP,, P, xP,,
P xF,, PxP,, PxP, P.xP,, PxF, and P;xP;) exhibited positive significant SCA effects and useful
heterosis relative to the commercial variety 5.C.10 (Table 2, 4) and in the same time showed wide
of genetic variation between the parents of these crosses through protein electrophoretic bands. For
example, the inbred line P, exhibit twenty bands with different MW and Rm from the inbred line
P, (exhibit eighteen bands). These inbred lines (P, and P,) were only similar at four bands at MW
272.2, 246.3, 58.8 and 20.1 kDa and differed between them in the other bands. The nine crosses
(P, xP;, P xP, FxP,, P, xP, PxP, PxP, PxFP. PxP, and P,xF,) showed negative significant
heterosis and four of them (P, xP,, P xF,, F.xF, and FxP,) showed negative significant SCA effects
and the other crosses showed positive significant SCA effects in the same time do not exhibit any
genetic diversity between their parents. The parents of these nine crosses were similar in most of
their bands. The other nine crosses (P, xP,, P.xP,, P.xP,, P.xP,, P.xP,, P,xP,, P xP,, P xP,and P.xP,)
exhibited negative significant heterosis and positive significant SCA effects but in the same
time showed wide of genetic variation between their parents through electrophoretic bands
{Table 2, 4 and b).

We could depend on the genetic diversity among maize inbred lines via protein electrophoretic
bands in prediction of heterosis and specific combining ability effects because about 67% of these
crosses (nineteen out of the twenty eight crosses) valid in prediction of heterosis and combining
ability. These results indicated to some extent the effectiveness of using scoluble protein
electrophoresis in the identification of the highly heterotic hybrids and high specific combining
abihty as biochemical genetic markers associated with hybrid vigor and specific combining ability
in maize crosses, Some studies detected positive association between parental genetic distance based
on protein electrophoretic bands and hybrid field performance (Abdel-Tawab et «l., 1989;
Esmail ef al., 1999; Abdel-Sattar and Ahmed, 2004; El-Shouny et al., 2011).

CONCLUSIONS

Results of this study indicated that the three maize parental lines P, P, and P, could be
considered as good combiners for developing early maturity and high vielding genotypes under
different sowing dates. Nine hybrids, P, xP,, P\ xP,, P xP,, P xP,, PxP,, P <P, P <Py, P xP; and PxP;
under normal sowing date and four hybrids, P.xP,, P.xP,, PxP, and P.xF,, under late sowing date
offer possibility for improving grain yield in maize. The electrophoresis patterns could be useful
tools for the identification and characterization of maize inbred lines and could be used as

biochemical genetic markers associated with hybrid vigor and SCA in maize.
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