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ABSTRACT

F{ﬁemyzllnwmizeinbredk’nmbﬂhes,gm were topcrossed to each of
three inbred line lesters, viz. Gz-638, Gy-649 and Gm-1004 during 2006. Forty-eight
entries (45 topcrosses and 3 check hybrids, SC. 155, SC. 3084 and SC. 3080} were
evaluated ot Sids and Sakha Agric. Res. Stns, ARC in 2007 for days to 50% silking, plant
and ear height, number of ears 100 plant 1 and grain yield (ardfad.) Mean squares due
to crosses, lines (L), testers (1) and lines x testers were significant for all studied trails at
_each location and across locatlons, except for grain yleld of testers and L x T at Sakha
and for number of ears 100 plants’ and grain yleld of L x T at Sids. Highly significant
differences were detected among locations for oll studied traits, indicating that the two
locations differed in their environmental conditions. In addition, the mean squares due fo
interaction of crosses and location (Loc) was significant for silking date, ear helpht and
grain yield. Variance due fo Loc, x Lines interaction was significant for all the studied
traits, except for ears 100 plants”’. Mean squares due to Loc x tester interaction were
significant for ear height and grain yield. The variance due to interaction of L x T x
locations showed no significance for all siudied traits. Top crosses (L-4 x Gz-649), (L4 x
Gm-1004), (1-7 x Gz-638) and (L-7 x Gz-649) significantly outyielded SC. 155 (the best
check) by 12.88, 10.81, 17.75 and 13.87%, respectively. The best GCA effects for grain
yield were obtained by lines L-4, L-7, L-8 and L-12. These lines should be utilized in
breeding programs to developed high yielding hybrids Crosses (L-1 x Gz-638), (L4 x
Gm-1004) and (L-5 x Gm-1004) showed significant positive SCA effects for grain yield.
The magnitude of 0" gcq was larger than &’ scy for all studied traits, except for ear height.
The variance due to interaction of & e X Loc was greater than Mofa’mxl.ocfaraﬂ
studied traits, except for days to 50% silking, indicating that the additive type of gene
action is more affected by environmental conditions than the non-additive type of gene
action for these traits.
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INTRODUCTION

Topeross (test cross) method using broad and/or natrrow base testers
is used to evaluate newly developed inbred lines for combining ability in
maize hybrid breeding programs. Procedures for developing and improving
inbred lines of maize were reported by Bauman (1981) and Hallauer and
Miranda (1981) who concluded that improved inbred lines increased grain
yield and maturity. Topcross procedure was first suggested by Davis (1927)
as an carly testing to determine the usefulness of an inbred for hybrid
development programs. The concept of general (GCA) and specific (SCA)
combining ability was firstly defined by Sprague and Tatum (1942). They
and other investigators (Hassaballa et al 1980, El-Morshidy and Hassaballa
1982, Mahmoud 1996, Konak et al 1999 and Zelleke 2000) reported that the



variance components due to SCA for grain yield and other agronomic traits -
was larger than that due to GCA, indicating the importarice of non-additive
type of gene action in the inheritance of these traits, Mathur ef af (1998)
found significant GCA variances for days to 50% silking, ear length,
number of rows/ear and number of kemels/row, whereas SCA variance was
significant for only ear length. Abd El-Moula and Ahmed (2006) found that,
in two sets of topcrosses, variances due to GCA were larger than those of
SCA for plant and ear height in set L, while the variances due to SCA were
higher for silking date and grain yield. Also, the variances due to GCA x
Loc and SCA x Loc were higher in magnitude for grain yield, silking date,
ear height and ears/100 plants in set L This indicates that the non-additive
gene effect was more affected by location than the additive gene type. Amer
and El-Shenawy (2007) reported that the additive genetic variance played an
important role in the inheritance of grain yield and silking date while the
non-additive genetic variance played an important role in the inheritance of
plant height. The magnitude of the interaction between SCA with location
was higher than that of GCA x location for grain yield and plant height.
Soliman et al (2007) reported that the magnitude of the dominance variance
was the major source of the total genetic variance responsible for the
inheritance of grain yield. On the other hand, Hede er al (1999), Nass et al
(2000), El-Zeir et al (2000) and El-Morshidy et al (2003) obtained
significant GCA x Environments interaction for both lines and testers for
grain yield.

The main objectives of this investigation were to: (1) evaluate 45
topcrosses (15 lines x 3 testers) for grain yield and other agronomic traits, 2)
estimate GCA effects for both lines and testers as well as SCA effects for
crosses, and 3) estimate variances due to GCA and SCA (¢°GCA and
6”SCA) and their interactions with location.

MATERIALS AND METHODS

Fifteen yellow selected maize inbred lines in the S; generation (L-1
through L-15) derived from a wide genetic base population (Puerto Rico
Group 5 # 218) through selection in the disease nursery field at Sids Agric.
Res. Stn., were used for the purpose of this study. In 2006 growing season,
the 15 lines were topcrossed to each of three narrow base inbred lines, i.e.
Gz-638, Gz-649 and Gm-1004 at Sids Exp. Stn, The three inbred testers are
currently used in seed production of commercial single and three way cross
hybrids. In 2007 growing season, the 45 resultant topcrosses along with
three commercial check hybrids; ie. 8.C. 155, S.C. Pioneer 3084 and
S.C.Pioneer 3080 were evaluated in replicated yield trials conducted at
Sakha and Sids Agric. Res. Stns. The experimental design was a
randomized complete block design with four replications. Plot size was one
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row, 6 m long and 80 cm apart. Sowing was in hills spaced at 25 cm along
the row, at the rate of two kernels per hill and later thinned to one plant per
hill to provide a plant population density of approximately 22000
plants/faddan (Faddan = 4200 m?. All cultural practices for maize
production were applied as recommended. Data were recorded for number
of days to 50% silking, plant height (cm), ear height (cm), number of
ears/100 plants and grain yield (adjusted to 15.5% moisture content) and
converted to ardabs/faddan (one ard=140 kg). Analysis of variance was
performed for separate locations, and for the combined data over locations
according to Steel and Torrie (1980). Combining ability and types of gene
effects were computed for all studied traits according to Kempthome (1957)
as outlined by Singh and Chaudhary (1979).

RESULTS AND DISCUSSION
Analysis of variance

Mean squares presented in Table (1) revealed that differences among
crosses were highly significant for all traits at both locations and combined
across locations. Partitioning the sum of squares due to crosses into its
components showed that mean squares due to lines and testers were highly
significant for all traits at both locations and combined data, except those of
testers for grain yield «i Sakha. These results indicate the presence of wide
diversity among studied testers and lines in their contribution to the
performance of topcrosses. However, mean squares due to lines x testers
interaction were highly significant for all studied traits, except for number of
ears 100 plants™ at Sakba and grain yield at both locations and combined
across locations. This indicated that the lines (L) females differed in their
performance in crosses with each of the testers (T) males. Highly significant
differences were detected among locations (Loc) for all studied traits,
indicating that the two locations differed in their environmental conditions.
In addition, the interaction of Loc. x crosses was significant for days to 50%
silking, ear height and grain yield. Loc x Lines interaction was also
significant for all studied traits, except that of number of ears 100 plants™.
Loc x testers interaction was significant for ear height and grain yield. Loc x
L x T interaction showed no significance for all studied traits.

The significant interactions with locations may be attributed to the
different ranking of genotypes from one location to another. The obtained
results also clarified that it is worthwhile to evaluate topcrosses under more
variable environments (locations) especially for grain yield. This would help
in deciding which hybrids can be recommended for certain environments.
Similar results were obtained by El-Itriby et al (1990), Salama et al (1995),
Soliman et al (1995), Mahgoub ef al (1996) Shehata et al (1997) , El-Zeir et
al (1999), Soliman and Sadek (1999), El-Zeir et al (2000) Soliman (2000)
and E}-Morshidy et al (2003).
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Table 1. Mean squares for grain yield and other agronomic traits at

Sakha and Sids and over locations in 2007 season.

™S

SOV. df Daysto Plant  Ear -~ Earw100  Grain

50%Silking  height beight  plants  yicld
- Sakha
Replications 3 457 48273 6211 17747 383
Crosses . “4 e T4T20%%  51594%* 29552+ 27615
Lines(L) 14 938%  190673** - 129742 53331%*  100.22%*
Testers (T) 2 48.02%+ S68.06**  199.44* 528.99** 429
LxT 28 3.18% 18022* 14781 16137* 1722
Error 132 113 10328 8244 10076 10.10
C.V% 2.02 380 - 618 9.44 13.12
: Sids - _
Replications 3 19.03 283.03 13666 11434 . 5189
Crosses 44 659+ 83291**  848.76%* 130.60**  56.70%*
Lines (L) 14 933% . 208689%*  2279.03** 175.07%*  97.60%*
Testers (T) 2 49.74%e 87622%%  43229%  612.10**  330.89++
LxT 28 2134 20126*  16337* 7496 16.15
Error 132 094 108.09 9404 7128 8.66
CV% 154 411 668 835 10.9
Combined

La:’::)““’ 1 g1es 6308.47 31174  257924%  67.58**
Rep/L 6 1180 35288 14438 14500 6258
Crosses(C) 44 1L79*%  144142%% 121599%% 337.66**  68.66**
Lin(L) 14 1579%  374138%%  3270.02%* 552974+ 152.89+*
Testers (T) 2 9589%  1200.77**  29126%  1102.22** 203.43**
LxT 28 378 30220 25503**  159.99** 1691
C x Loc 44 . 199 137.69 14871%* 9032  30.76**
Lx Loc 14 2924 252254  30643** 12541 4493+
Tx Loc 2 153.60 04T 88T o
LxTxLee 28 153 79.28 56.15 7634 1646
Pooled Error 264 1.03 105.68 38.24 86.06 938
C.V% 180 400 643 §.94 12.80

*& ** Sigmificant at 0.05 and 0.01 level of probsbility, respectively.

The magnitude of variances due to lines was higher than that due to
testers for all studied traits, except number of days to 50% silking at Sakha,
Sids and combined data, number of ears 100 plant” and grain yield at Sids
and combined data, indicating that the lines contributed much more to the
total variation than the testers for these traits (Table 1). Based on the
combined data, the variance due to Loc x lines was higher than that of Loc x
testers for number of days to 50% silking, plant height and number of ears
100 plants™. This indicates that the lines were more affected by the
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environmental conditions than the testers. However, Loc x testers
interaction was higher in its magnitude than that of Loc x lines for ear
height and grain yicld, indicating that the testers were more affected by the
environmental conditions than the lines for such traits. Similar results were
obtained by Gado et al (2000), Soliman (2000), Solunan et al (2001), Sadek
et al (2002).and El-Morshidy et al (2003) c . .

Mean performance

Mean performance of the 45 topcrosses along with - the check
varieties for the studied traits are presented in Table (2). For number of days
to 50% silking, the earliest crosses were L-11 x Gz 649 (60.8 days), L-8 x
Gz 638 (60.3 days) and L-8 x Gz 638 (60.9 days) at Sakha, Sids and
combined across locations, respectively. On the contrary, the latest crosses
were L-4 x Gm 1004 (66.0 days), L-7 x Gm loo4 (65.5 days) and L-7 x Gm
1004 (65.3 days) for the same locations and combined across locations,
respectively. Out of the 45 topcrosses, 15, 9 and 15 crosses were
significantly earlier than the earliest check (S. C 155) at Sakha, Sids and
combined across locations, respectively.

Plant height ranged from 226.3 to 289.5 cm at Sakha, from 229.0 to
294.8 ¢m at Sids and from 227.6 to 290.9 cm across locations, with cross (1-
14 x Gm-1004) possessing the shortest plants at both locations. Meanwhile,
minimum plant height was recorded for cross (L-8 x Gz-649) at Sakha, and
for cross (L-7 x Gz-649) at Sids and across locations. Out of the 45 crosses,
25 crosses were significantly shorter than the shortest checks S.C. Pion
3080, for across location performance.

~ Respecting ear height, the lowest ear placement was for the crosses

L-14 x Gz-649 (117.8 ¢cm) at Sakha, L-14 x Gm-1004 (117.8 cm) at Sids,
and both L-14 x Gz-649 and L-14 x Gm-1004 (119.1 cm) across locations.
In contrast, the highest ear placement was recorded for the crosses L-8 x
Gm-1004 (175.3 cm) at Sakha, L-7 x Gz-649 at Sids and across locations
(188.8 and 179.6 cm, respectively). There were 3, 8 and 6 crosses exhibiting
significantly lower ear placement than the lowest check S.C. Pion 3080 at
Sakha, Sids and across locations, respectively.

Regarding number of ears 100 plants™, the lowest value was 94.8 for
(L-9 x Gz-638) at Sakha, 89.2 and 95.0 for the cross (L-14 x Gm-1004) at
Sids and across locations, respectively. However, the highest value of ears
100 plants™ was recorded for the cross L-15 x Gz-649 at the two locations
and combined (130.8, 119.2 and 125.0 ears 100 plants”, respectively).
- There were 3, 2 and 4 crosses at Sakha, Sids and across locations,
respectively, whlch significantly surpassed the highest check hybrid S.C.
155 for number of ears 100 plants™.
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Table 2. Average performance of 45 topcrosses for grain yield and other
studied traits at Sakha (SK), Sids (SD) and combined across
_ locations (Com.) in 2007 growing season

n DaystoS8% silking  Plant height Ear height _
Croues  “SK__SD__Com 5K 5D Com _SK_ SD Com

L- 1 xGz-638 625 630 628 2565 12533 2551 1403 1408 1403
L- 2x Gz-638 18 618 613 2608 2344 1408 1383 1MS
L- 3xGz-638 628 615 621 2680 2588 1588 1388 1444
L- 4xGx-638 €30 620 6235 2618 2475 1546 1513 1348 1433
L- SxGx-638 48 €630 635 2740 2605 2673 1468 1503 1485
L- 6xGz-638 635 613 624 2665 2555 2615 1388 1458 1423
L- Tx Gz-638 €39 649 635 2805 290 2843 1600 1765 1683
L- 8x Gz-638 615 603 609 2323 2TI0 2766 1S58 1625 1591
L- 91 Gz4638 628 6283 628 2620 2508 2564 1463 1465 1464
L-16xGz638 635 613 629 2680 12525 2603 IS10 1463 1486
L-11 x Gz-638 618 618 618 2588 2458 2523 1443 1MS5 1394
L-12 x Gz-638 615 608 611 2585 2453 2519 1388 1375 1381
L-13 x Gz-638 618 605 618 2605 2488 2546 1410 1398 1404
L-14 x Gz-638 623 623 623 2368 28 23583 1265 1233 1249
L-15 x Gz-638 623 628 625 2600 2483 2541 1440 1455 1443
L- 1 x Gz-649 633 630 631 263 2520 2491 1385 1443 1414
L- 2 x Gz-649 643 640 641 2633 2495 2564 1425 1405 1415
I~ 3xGz-649 630 623 626 2423 2430 2426 1395 1300 1348
L- 4 x Gz-649 625 623 624 2613 2503 2558 1515 1445 1480
L- 5 x Gz-649 645 638 641 2660 26485 2653 1455 1538 1496
L- 6 x Gz-649 620 638 619 2788 2660 2724 1550 1550 1550
L- 7x Gz-649 638 648 643 2870 2948 2909 1705 1888 1796
L- 8 x Gz-649 633 635 634 2395 2895 2895 1753 1m0 1761
L- 9x Gz-649 623 620 621 2513 1398 2455 1343 1M3  1MS5
L-10 x Gz-649 640 623 631 2705 2600 2653 1565 1560 1563
L-11 x Gz-649 608 615 611 2528 2445 2486 1333 1378 1355
L-12 x Gz-649 61.8 613 615 2655 2405 2530 1478 1353 14158
L-13 x G2-649 620 618 619 2538 2458 24983 1490 1388 1439
L-14 x Gz-649 608 615 611 2308 2335 2320 1178 1205 1191
L-15 x Gz-649 643 643 643 2745 2715 2730 1508 1660 1534
L- 1xGm-1004 645 638 641 2830 2463 2496 1493 1435 1464
I-2xGCm-1004 645 650 648 2635 2393 2514 1505 1408 1456
L-3xGm-1004 638 635 635 2623 2408 2515 1493 1318 1408
L- 4xGm-1004 660 643 651 2525 2488 2506 1493 1458 1475
L- SxGm-1004 653 630 641 2588 2578 2583 1405 14638 1436
L- 6xGm-1004 653 643 648 2663 2543 2603 1528 1450 1489
L- 7TxGm-1004 650 655 653 2673 2643 2658 1578 1633 1605
L- 3xGm-1004 648 6383 643 2878 2720 2799 1753 1683 1718
L-9xGm-1004 658 643 650 2555 2430 2493 1473 14L3 1440
L-10xGm-1004 643 635 639 2545 1315 2430 1488 1300 1394
L-1ixGm-1004 645 635 640 1500 2473 2486 1423 135 1409
L-12xGm-1004 613 633 625 2653 2530 2591 1538 1443 1490
L-13xGm-1004 625 613 619 2445 1458 2451 1470 1340 1405
L-14xGm-1004 618 633 625 2263 2290 2276 1205 1178 1191
L-15xGm-1004 635 650 643 2538 1585 2586 1463 1555 1509

Check s
SC-155 638 630 634 2790 2693 2741 1600 1573 1586
SC-3084 65.3 663 658 2668 2775 2721 1420 1635 1528
SC-3080 645 635 64.0 268.0 2650 2665 1440 148.0 146.0
LSD 0.05 1.5 1.4 1.0 14.5 14.5 10.2 13.4 13.4 9.4
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Table 2. Continued .

Crosses No of ears/100 plants Grain yield(zrd/fed)
SK SD Com SK sD Com
L- 1 x Gz-638 90.6 103.0 99.5 28.86 36.91 32.89
L- 2x Gz-638 1156 99.6 107.6 27.68 30.55 29.11
L- 3 x Gz638 1002 98.0 99.1 29.20 31.80 30.50
L- 4 x Gz-638 96.7 95.8 %.3 29.41 31.93 30.67
L- 5x Gz-638 105.2 101.2 103.2 2698 29.52 28.25
L- 6 x Gz-638 114.9 1034 109.2 2551 29.33 2742
L- 7x Gz-638 1259 103.0 1145 3582 35.84 3583
L~ 8 x Gz-638 161.3 1024 102.1 30.53 3535 32.94
L- 9x Gz-638 94.8 100.6 974 29,05 27.10% 28.07
L-10 x Gz-638 106.1 98.2 102.1 32.50 30.28 Lo
L-11 x Gz-638 99.1 97.9 98.5 26.66 28.57 27.62
L-12 x Gz-638 102.3 101.1 101.7 334 29.06 31.20
L-13 x Gz-638 102.4 101.1 102.3 2847 . 3196 30.22
L-14 x Gz-638 99.1 98.7 98.9 24.21 23.81 24.01
L-15 x G2-638 1108 105.4 108.1 2820 27.41 27.80
L- 1 x Gz-649 97.9 9253 952 2824 31.73 29.99
L- 2 x Gz-649 101.5 102.1 101.8 2531 32.40 28.86
L- 3 x Gz-649 1010 97.8 994 28.80 31.04 29.92
L- 4x Gz-649 116.1 105.5 110.8 3513 33.55 3435
L- 5 x Gz-649 1124 110.2 111.3 26.61 28.77 27.69
L- 6 x Gz-649 119.1 109.7 114.4 28.30 33.46 3088
L- 7x Gz-649 123.0 1159 1195 kx| 36.00 34.65
L- 8 x Gz-649 1023 102.3 102.3 28.04 3541 31.72
1~ 9x Gz-649 103.8 95.6 100.7 24.20 27.60 2590
L-10 x Gz-649 103.0 98.1 100.0 32.36 28.34 3035
1-11 x Gz-649 105.0 104.8 104.9 2927 32.87 3107
L-12 x Gz-649 118.0 1085 113.3 3303 31.56 32.29
1-13 x Gz-649 115.7 106.1 110.9 29.66 35.26 32.46
L-14 x Gz-649 99.3 99.0 99.13 25.21 26.34 25.77
L-15 x Gz-649 130.8 119.2 125.0 28.10 29.44 28.76
L- 1 xGm-1604 105.6 935 99.6 2801 27.19 27.60
1~ 2 x Gm-1004 101.1 96.0 98.5 31.86 24.12 2799
L- 3 x Gm-1004 104.3 96.7 106.5 3283 23.53 28.18
L- 4xGm-1004 110.0 98.9 104.5 . 3646 30.97 3372
L- 5 x Gm-1004 107.8 101.0 104.4 21.78 29.89 28.84
L- 6 x Gm-1004 108.8 103.4 106.1 24.58 29.34 26.96
L- 7x Gm-1004 114.7 %8 102.8 32.36 28.65 30.51
L- 8 x Gm-1004 97.1 98.9 98.0 2795 3199 29.92
L- 9 x Gm-1004 95.0 99,2 97.1 25.94 25.56 15.75
L-10 x Gm-1004 102.2 101.0 101.6 30.92 26.86 28.89
L-11 x Gm-1004 101.3 96.43 98.8 26.54 27.57 27.06
L-12 x Gm-1004 106.1 1021 101.1 30.81 28.20 29.50
L-13 x Gm-1004 17,0 101.2 109.1 2542 28.23 26.83
L-14 x Gm-1004 100.8 89.2 95.0 23.31 18.30 20.81
L-15 x Gm-1004 99.3 105.3 102.3 2428 26.55 2542
Checks
SC-155 106.2 99.86 103 30.29 30.57 3043
SC-3084 100 95 975 2042 20.92 26.67
SC-3080 101.6 98.93 100.3 27.33 29.58 28.45
LSD .05 13.9 1192 907 4.4 4.07 3.00
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Regarding grain yield (ard/fad), the topcross L-4 x Gm-1004 at
Sakha, (L-1 x Gz-638) at Sids and (L-7 x Gz-638) across locations produced
the highest grain yield (36.46, 36.91and 35.83 ard/fad, respectively). On the
contrary, the topcross (L-14 x Gm-1004) produced the lowest yield at
Sakha, Sids and across locations (23.31, 18.30 and 20.81 ard/fad,
respectively). The highest yielding topcrosses were (L-4 x Gz-649), (L-4 x
Gm-1004), (L-7 x Gz-638) at Sakha, (L-1 x Gz-638), (L-7 x Gz-638), (L-7 x
Gz-649), (L-8 x Gz-638), (L-8 x Gz-649) and (L-13 x Gz-649) at Sids; and
(L-4 x Gz-649), (L-4 x Gm-1004), (L-7 x Gz-638), and (L-7 x Gz-649)
across locations. These topcrosses significantly outyielded the highest
yielding check hybrid S.C. 155 by 16.1, 20.4 and 18.3% at Sakha and by
20.7, 17.2, 17.8, 15.6, 15.8 and 15.3% at Sids and by 12.9, 10.8, 17.8 and
13.9% across locations, respectively.

General (GCA) and specific (SCA) combining ability effects

Estimates of general combining ability (GCA) effects are shown in
Table (3) for the studied traits. Inbred lines L-11, L-12, L-13 and L-14 at
Sakha, L-11, 1.-12, L-13, and L-15 at Sids and L-11, L-12, L-13,1.-14 and
L-15 across locations possessed significantly negative GCA effects
(desirable) toward earliness for days to 50% silking. On the contrary; L-4,
L-5, L-7 and L-10 at Sakha; L.-2, L-7 at Sids; and L-2, L-5 and L-7 across
locations had significantly positive GCA effects (undesirable) toward
lateness.

For plant height, Lines L-1, L-11, L-14 at Sakha, L.-2, L-3, L-9, L-11, L-
12, L-13 and L-14 at Sids, and L-1, L-3, L-9, L-11, L-13 and L-14 across
locations had significantly negative GCA effects toward shortness. On the
other hand, L-6, L-7 and L-8 at Sakha, Sids and across locations, as well as
L-5 at Sids and across locations exhibited significantly positive GCA effects
toward tallness.

Respecting ear height, L-11 and L-14 at both locations and across
locations, in addition to L-3, and L-13 at Sids and across locations had
significantly negative GCA effects toward low ear placement (desirable). It
is worth noting that L-7 and L-8 exhibited significantly positive GCA
effects toward high ear placement (undesirable).

For number of ears 100 plants™, L-6, L-7 and L-15 at Sakha; L-15 at
Sids and 1.-6, L-7 and L-15 across locations possessed significantly positive
GCA effects (desirable) toward producing hybrids of more ears plant”. On
the contrary, Lines L-1, L-8, 1-9 and L-14 at Sakha, L-14 at Sids and L-1,
L-3, L-9 and 1.-14 across locations possessed undesirable significant GCA
effects toward less ears per plant.

- Regarding grain yield, inbred lines L-7 possessed significantly
positive GCA effects (desirable) toward high grain yield at both and across
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Table (3). Estimates of general combining ability effects for grain yield and other studied traits at Sakha (SK), Sids (SD) and across
locations (Com) in 2007 growing season.

Liges Days to 50 % silking Plant height Ear height No. of ears/100 plants Grain yield
SK sSD Com SK SD Com SK SD . Com SK SD Com SK SD Com
L-1 0.250 0.3944 0.322 9.272% -2.150 -5.711* -4.136 <1194 -3.118 -6.633* 4. 744 £.722% -0.583 2,211*+ 0.813
1-2 0333 0,728%* 0.531+ 1218 +7.150* -2.961 -2.406 =5.294 -3.850* -0.383 -1.911 -1.15% £.667 0706 | 04651
L-3 -0.083 -0.439 -0.261 -3.689 «8.900++ -6.2944~ £.572 ~11.627%% | -6.100** -4.117 ~3.494 -4.116* 133 ~0472 0.186
L4 0,667+ 0,022 0322 -1,689 -3.583 -3.336 3844 -3.461 0.192 1.117 0,994 0.032 4,833 2,294 3.565%*
L-5 La17e 0.394 09064 5.061 8.100** 6,580 -2.139 5.122 L1952 2.033 1922 141 -1.750 0372 -1.085
L-6 0.417 0,218 0,322 9311~ 6.100* T.706%* L844 3458 2.650 TRETE 433 68700 | 2833 0.878 .915
L-? 0750+ | LB L3225+ 17.061* 29.850~* 23.456% | 15.761%* | 3L038*% | 23.400%% | 14,700 ** 1.089 A2 4.750%* 1.711%* 4.306*~
L-8 0.000 -0.356 0,178 25.311%* 24.683** 24997 | 21,761** | 24.121%* | 12.941% 6217 0.08% ~3.001 0.083 4,378 1.1834»
L-9 0417 0.144 0.281 4,939 -8.316%* £.628* -4.406 ~4.294 4.350* | -8.550 *» -1.244 5409 | -1.500%+ | -3,039 %% | 27714
L-10 0.750% -0.189 0.281 3l -4.817 -0.836 5.094 -1.044 028 -2.800 -2.411 -2.542 3,083+ -1372 0.563
L-11 -0.833= 0,606 B, T719% “1.356%* -6.983* ~T.169% STOTIA, | JTATTAN | STATSA 4,717 -1.411 -3.051 -L4L7 0.122 -8,762
L-11 -L800%* [ -1.106** | -L303** 1.894 -5.567* -2.336 . 0239 -6.127* «3.183 2.367 1.756 1537 3417 0122 1654
‘L-13 <1L16TA% | _1.689%* | .L4284% | -8.272** -5.067% -T.169% -1.32 -7.627% 4,475 5.617 L&72 3616 ~1,600 2,128~ ¢.483
L-14 L5834 | 0522 | -LOS3*e | 30.022%% | -20.400%% | 252114 | -25406%% | -24.6274% | 25.017%% | 6717 | -5.494* | 6.124% | 49504+ | 595644 | .5.8154%
L-15 0.167 1.144** 0.656** 3,128 6.600" 4.914* 0.011 10,5384 5.275* 7.033+ 8.8398 T.9914» -1.000* -1.039* 2018
Tester G2-638 | -0.667%» | .0872%* | -0.769%+ 2.444 0.550 L497 -1.906 -1.078 1492 -1.633 -0.528 -L106 0.167 0.811* €.516
Gr-649 H350% 0072 D211 1.012 35174 1.264* 0.178 2056~ 1.617 3417 3.406 ** 3,428 0.133 1.861%* 965+
Gra-1004 LOE7%% | 0944 0.980~~ =3 456** -4.067+* -3.76]1%* 1728 -1.978 £.125 -1.783 -2.878* ~1.322%* A0.300 2671 -1.48(=>
SEgiL 0.306 0.279 0.207 2.933 3.001 008 2.621 .19 1.917 2.903 2437 1.8%3 0.917 0.849 0.625
SE (gigl} L 0.433 0.395 0,191 4,148 4.244 2967 3.706 3.958 2.711 4007 3446 2477 1397 1.101 0384
SEgiT 0.137 0.124 0,093 1312 1342 0.938 1172 1151 0.857 1298 1.089 0,346 0.410 0379 02m
SE {gigi)T 0.154 8.177 0.131, L858 1.898 1.327 1657 1170 1.212 1.832 1573 L.197 0.820 0.537 0395

*,** Significant at 0,05 and 0.01 level of probability, respectively.
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locations. Meanwhile, inbred lines -4, L-7, L-10, and L-12 at Sakha, L-1,
L-4, L-7, L-8 and L-13 at Sids and L-4, L-7, L-8 and L-12 across locations
possessed significantly positive GCA effects. Meanwhile inbred lines L-9,
L.-14 and L-15 at all and across location possessed significantly GCA effects
(undesirable) toward low grain yield.

Considering the tester lines, results in Table 3, revealed that the lines
were of good general combining ability for the studied traits as follows:
Gm-1004 for only plant height; Gz-638 for both earliness and ear height;
while Gz-649 was for earliness, number of ears 100 plants” and grain yield.

Estimates of SCA effects for the studied traits are presented in Table
(4). For number of days to 50% silking, 3, 4 and 6 crosses at Sakha, Sids
and across locations, respectively showed significantly negative values of
SCA (desirable) toward earliness. On the other hand, 6, 1, and 7 crosses had
significantly positive SCA values (undesirable) toward late maturity at same
and across locations, respectively. The two crosses L-2 x Gz 638 and L-8 x
Gz 638 possessed highly significant negative SCA effects across locations
(Table 4) and were earlier in flowering compared to the check hybrids.

Regarding the combined analysis across locations for plant-height
(Table 4) five topcrosses possessed either significant or highly significant
negative SCA effects toward shortness. These crosses were (L-15 x Gz-
638), (L-3 x Gz-649), (L-9 x Gz-649), (L-7 x Gmn-1004) and (L-10 x Gm-
1004). On the other hand, three topcrosses possessed significant positive
SCA effects toward tallness (undesirable). These crosses were (L-7 x Gz
649), (L-15 x Gz 649) and (L-12 x Gm 1004).

For ear height, five topcrosses, i.e. L-8 x G 638, L-3 x Gz 649, L-9 x
Gz 649, L-7 x Gm 1004 and L-10 x Gm 1004 across locations had either
significant or highly significant negative SCA effect toward low ear
placement.

QOut of the 45 studied topcrosses, two crosses at Sakha (L-2 x Gz
638, L-15 x Gz 649); one at Sids { L-7 x Gz 649) and one across locations
(L-15 x Gz 649) possessed significant positive SCA effects toward higher
number of ears per plants, which is desirable.

Respecting grain yield, data in Table (4) showed that , topcrosses L-
2 x Gm 1004 at Sakha, L-1 x Gz 638 and L-5 x Gm 1004 at Sids and L-1 x
Gz 638, L-4 x Gm 1004 and L-5 x Gm 1004 across locations possessed
significant positive SCA estimates.

In this connection, Sprague and Tatum (1942) emphasized the
importance of single and three-way cross trials for determining the most
productive specific combination. Mahgoub es al (1996), Shehata et al
(1997) and El-Zeir (1999), reported that inbred testers were more effective
to select lines that combine well with unrelated testers. Moreover, they
emphasized that inbred testers were more effective in detecting small
differences in combining ability more than wide genetic base testers.
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Table 4. Estimates of specific combining ability for grain yield and other
studied traits at Sakha (SK), Sids (SD} and combined across
locations (Com.) in 2007 sesson.

Crosses Days to 50% silking Plant ie__igit Ear height

SK SDh Com SK 5D SK S0 Com
L-1xGe638 025 862 019 .14 253 234 918 -101 4%
L-2xGz-638 -1.08* 896 -182* .436 243 -LI6 -193 -081 22
L-3xGz433 ¢33 A48 014 5.86 15 5™ 50 633 5.
L-4xGa-638 017 oM 086 o3 -1 -0%4 182 -8$854 151
L- SxGz-638 008 962 035 531 -4 .17 44t 188 2%
L- 6xGe-638 058 -89%* £.19 448 -297 -4M <A18 - 1.76 49
L- 7xGz-638 828 012 -0.06 5.19 578 29 034 141 028
L- $xGz638 -1.00 -138** -L.I9** -669 - 705 - 687 -11.09** . 567 -838*
L-9xGz-638 -0.17 062 023 33 570 450 557 674 616
L-10 x Gz-638 025 046 035 1.22 3.95 1.59 0.82 324 2.03
L-11xG2638 008 037 023 247 - 063 092 6.24 - 167 228
L-12 x Gz-638 050 013 019 703 -155 -429 -6.09 - 042 326
1-13 x Gz-638 0.17 021 0.19 5.14 1.45 329 -L76 333 0.28
L-14xGz-638 1.33* 0.79 1.06* 314 L.78 246 6.82 383 533
L-15xGz638 042 -038 -040 -6.86 -11.72* - 929* -1.0% -909 509
IL- 1xGz649 0.183 -018 0.00 668 -218 -443 451 - 164 -3.08
L- 2 x Gz-649 1.10* 0.49 0.79* .18 032 007 -226 -239 233
L- 3 x Gz-649 027 009 009 -1626**- 443 -10.35** -7.09 - 656 -683*
L- 4xGz-649 098 051 075 174 -:10 -0.18 0.49 -022 0.3
L- 5xGz-649 027 057 042 -1.26 007 -060 107 044 0.76
L- 6xGz-649 -123* 0.74 -1.2§ 7.24 357 540 599 136 4.68
L- TxGz-649 0.18 007 013 T.74 8.57 815 187 9.53* 855+
L- 8xGz649 043 1.07** 0.75* 199 848 £24 632 469 551
L-9xGz-649 098 -093 -09* 601 -827 - 714* 851 - 914 -3.83**
L-10xGz-64% 043 -034 0.05 5.16 848 682 424 886  6.55*
L-11 xGz-649 -123* -0.68 -096* -209 -4B5 -347 -6.34 - 256 -4.70
L-12 x Gz-649 043 043 0.00 141 -927 -393 032 - 681 -299
L-13xGz-649 035 066 050 018 -452 -235 316  -181 068
L-14x Gz-649 048 -0.76 -0.62 -1.68 -243 -206 401 - 306 -3).53
L-15 x Gz-649 127 0.32 0.80+ 9.07 8.57 8.82* 357 7.28 5.43
L- 1 xGm-1004 097 -044 -0.19 454 - 035 209 4.69 264 367
L- 2xGm-1004 -0.02 0.47 0.23 454 - 235 1.09 4.19 2.89 3.54
L- 3xGm-1004 0.60 0.14 -0.23 8.21 090 455 1.61 023 092
L- 4xGm-1004 1.10* 047 0.81* -2.54 398 .72 -331 6.06 1.38
L- 5xGm-1004 -0.35 -L19* -0.77* -4.04 090 -157 -548 - 152 350
I- 6xGm-1004 0.65 022 0.44 £79 -060 -070 2.19 - 1.61 0.29
L- 7xGm-1004 007 019 -0.06 -7.54  -14.35** -10.95** -6.73 -10.94* -8.83**
L- §xGm-1004 0.57 031 0.4 471 - 143 164 477 098 288
L- 9xGm-1004 115 031 0.73* 271 257 264 294 239 267
L-10 x Gm-1004 -0.68 -0.11 -0.40 638  -12.43* - 9.41** 506 12.11%% _g.58%»
L-11 xGm-1004 1.15* 031 0.73* 038 548 255 0.61 4.23 2.42
L-12xGm-1004 093 056 -0.19 £62 1082* 822+ 527 723 625
L-13x Gm-1004 -0.52 -0.86 -0.69 -4.96 307 -095 -039 - 1.582 -0.96
L-14 x Gm-1004 -0.85 -0.03 -0.44 -1.46 065 -041 -2.81 -0.77  -L79
L-15x Gm-1004 -0.85 0.06 -0.40 -2.21 315 0.47 -2.48 1.81 -0.33
SE.§; 0.53 0.48 0.36 5.08 5.19 3.63 4.54 4.85 3.3
SE (Sij-Ski) 0.75 0.68 0.51 7.18 7.38 5.13 6.42 685 383
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Table 4. Continued.

Crasses No of ears 100 plants™ Grain yield(ard/fed)
SK SO Cem. SK SD Com.
L- 1x Gz638 -2.03 7.11 2.54 025  4.19** 222¢
L- 2x Gz-638 11.22% 1.03 6.12 -067 061  -0.03
1- 3xGz-638. 0.05 0.86 0.46 -117 227 . 055
. L- 4xGz-638 S903 -364 634 -42%* 114 -278*
. . L- 5xGz-63§, -170 -231 200 -033 -073  -0.53
. L 6xG2-638 222 -172 025 -075  -198 -136
L- 7xGz-638 6.38 0.28 333 1.67 1.4 155
L- $xGz-638 305 . 178 2.41 133 027 0.80
L- 9xGz638 - -137 1.61 0.12 2.2 -056 093
L-10'x Gz-638 3.88 0.03 196 033 1.02 0.68
L-11 x Gz-638 -095  -122  -109  -117  -198  -157
L-12 x Gz-638 -478 -239 3% 075 -148  -036
L-13 x Gz-638 -678  -106 392 0.2 -073 -0.16
L-14 x Gz-638 1.05 3.61 233 0.17 0.11 0.14
L-15 x Gz-638 -120 -397 259 117 -131 -007
L- 1x Gz-649 -558  -707 433 -e22  -136  -104
L- 2x Gz-649 -808  -0.66 437  -313* 15%  -0.79
L- 3x Gz-649 -425 -307  -3.66 -163 047 -058
L- 4x Gz-649 492 193 342 137 -044 046
L- 5x Gz-649 0.75 251 1.63 -080 253 -166
L- 6 x Gz-649 142 084 113 2.03. .72 138
L- 7x Gz-649 -167 934+ 384 -055 0.64 0.04
L- 8 x Gz-649 -15  -241 -195 -088  -053  -0.71
L- 9 x Gz-649 2.58 -482  -L12Z  -230  -086  -158
L-10 x Gz-649 -417  -516  -466 037 -203  -083
L-11 x Gz-649 -028 1.59 0.67 1.62 1.47 1.54
L-12 1 Gz-649 5.67 143 355 053 0.22 038
L-13 x G2-649 0.17 -024 004 .70 1m 1.71
L-14 x Gz-649 -375  -007 191 0.70 1.56 113
L-15 x Gz-649 13754 584  9.80% 120 -0t 0.54
L- 1x Gm-1004 7.62 -004 379 -083  -233 -118
L- 2 x Gm-1004 -313 .e37 LTS 380+ -206 082
L- 3 x Gm-1004 420 22 321 280 -274 003
L- 4 x Gm-1004 4.12 171 2.91 305 159 232+
L- 5x Gm-1004 0.95 -021 037 113 326¢  2.19*
L- 6 x Gm-1004 -3.63 0.88 -1.38 -128 126  -001
L- 7x Gm-1004 -472  -962* TIT*  -112  -208  -1.60
L- 8x Gm-1004 ~1.55 0.63 0.46 -045 026  -0.10
L- 9x Gm-1004 -1.22 3 1.00 -0.12 142 0.65
L-10 x Gm-1004 0.28 5.13 2n -0.70 101 0.15
L-11 x Gm-1004 1.20 -037 041 -045 0.1 0.03
L-12 x Gm-1004 -0.88 0.96 0.04 -128 126  -0.01
L-13 x Gm-1004 6.62 1.29 3.9 -21z -09%  -156
L-14 x Gm-1004 2.70 S35 o2 -037  -166  -126
L-15 x Gm-1004 -12.50* -1.87 121 -237 142 -047
SE.Sij 5.03 42 328 159 147 1.08
SE (S1j-Skl) 7.09 5.96 3.78 3.17 2.08 1.53
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In this connection, Sprague and Tatum (1942) emphasized the
importance of single and three-way cross trials for determining the most
productive specific combination. Mahgoub et al (1996), Shehata er al
(1997) and El-Zeir (1999), reported that inbred testers were more effective
to select lines that combine well with unrelated testers. Moreover, they
emphasized that inbred testers were more effective in detecting small
differences in combining ability more than wide genetic base testers.

Variance components
Estimates of combining ability variances of lines and testers (¢°gca)
and of crosses (o%sca) for grain yield and other agronomic traits at each

location and across locations are presented in Table (5). Results revealed

that values of o’gca for lines (L) were higher than those of 6?gca for testers
(T) for ali studied traits, except for days to 50% silking at Sakha and
combined across locations. These results indicate that most of the total
variance was due to GCA of the lines. The variance interaction of 6’gca
lines x Loc. was larger than that of o’gca testers x Loc. for all studied traits,
indicating that o’gca for lines was more affected by environmental
conditions than that for testers. The ozsc,\ variances was larger than that of
o’aca at Sakha and Sids “or all the studied traits, indicating that the non-
additive gene were more important than additive gene effects in the
inheritance of these traits.

Furthermore, the magnitude of o%sca x Loc. interaction was greater
than that of 6’gca x Loc interaction for days to 50% silking, indicating that
the non-additive gene action interacted more with the environmental
conditions than the additive component for this trait. Whereas, the
magnitude of o%sca X Loc for grain yield was less than that for o’gcax loc.,
indicating that the additive gene action was affected more by the
environment than the non-additive gene action. These result are in
agreement with the findings of several investigators who reported specific
combining ability variance to be more sensitive to environmental changes
than general combining ability variance (Gilbert, 1958). Also, Shehata and
Dahawan (1975) and Sadek et ol (2000 and 2002) also found that the non-
additive genetic variation interacted more with the environment than the
additive component. On the other hand, El-Itrby et al (1990), and Soliman e?
al (2001) reported that the additive types of gene action were more affected
by the environment than non-additive ones.

It could be concluded that, the promising inbred lines L-4, L-7, L-8
and L-12 which possessed the best GCA effects for grain yield should be
immediately utilized in hybridization program to improve maize
productivity.
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Table 5. Estimates of general (¢%,,) and specific (¢’,) combining ability
variances for grain yield and other studied traits at Sakha, Sids and
combined across locations. '

Traits
Parameters '
- _ 50',3:{ i’l;l'.’ng Plant height Ear beight E;::l:' Grain  yield
Sakha
@y (lines) 0.516 143.876 95.500 3214 6.917
@*gca (testers) 0.747 3.293 0264 3162 0.215
o _ 0.16 5.827 3.79 1412 0.51
S'ea - 0.160 5.827 3.796 1412 0.510
Sids
o’ (lines) 0.600 157.136 176.306 8.209 6.787
o7, (testers) 0.500 6.365 2.964 5.449 5.246
P : 0.044 6474 7.038 0.566 0.51
L ' 0.514 156.265 95638 56.012 1.778
Combined
s (lines) 0.500 143299 125.624 17624 5.666
g, (testers) 0.767 3.8 0302 7852 1.555
0’4 (lines x Loc) 0.116 14.415 20.857 4089 2373
0" gen (testers x Loc) 0,006 1238 4337 -8.624 192t
gea 0.442 29.031 17.476 9.399 1.242
0"ga X Loc 0.024 3.435 7.425 0.161 1.996
a 0.344 24.564 20849 9.241 0.942
ol xLoc 0.126 -6.602 8022 2431 1.768
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