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SELECTION AMONG S; MAIZE LINES (Zea mays L.)
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ABSTRACT

Nineteen white maize lines (S;) derived from different exotic hybrids in the disease
nursery field were crossed to each of two elite inbred tester lines Sd 7 and Sd 34 in 1998
season. The resultant 38 testcrosses along with two check commercial hybrids SC.10 and
SC.124 were evaluated in field trials at Sakha, Gemmeiza and Sids Agric. Res, Stations
during 1998 season. Data for grain yield//fed, days to mid silking, plant height and ear
placement (%) were recorded to estimate combining ability effects, type of gene action and
select the most superior lines and crosses. Combined data over locations indicated that
highly significant differences were detected among lines, testers and their crosses for all
studied traits, except days to mid stlking for testers and lines x testers interaction. The best
general combiner of parentai lines were L-5, L-6 L-7, L-10, L-13 and L-i4 for high
yielding ability, L-5 for high yielding ability and earliness t0 silking, and L-6 and. L-13 for
high yieiding ability and short plant statues. The most superior cross (L-14 x Sd.34)
possessed highty significant and positive SCA effects and manifested significantly out
yielded (36.77 ard/fed) the best commercial hybrid SC.10 (34.51 ard/fed) by 6.5 %. Also,
this cross was insignificantly different from SC.10 for the other studied traits. Non-additive
was more important than additive gene action in the inheritance of grain yield, whereas,
additive gene action was comprised most of the genetic variance of cther siudied traits.
Non-additive gene acton was affected more by environmental conditions than additive
gene action for alf studied traits.
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INTRODUCTION

To increase maize production in Egypt, the National Maize Research
Program, ARC exerts great efforts for developing high yielding maize
hybrids and continuously find better inbreds higher in combining ability to
replace those in currently used hybrids. The standard procedure currently
followed by the program is to use the best available commercial inbreds as
testers to screen newly developed inbred starting from F; inbreeding
generation. Hallauer (1975) indicated that a suitable tester should include
simplicity in use, provide information that correctly classifies the relative
merit of lines and maximize genetic gain. Russell ef af (1973}, Walejko and
Russell (1977), Zambezi et al (1986), Mahgoub et al (1996), Al-Naggar et
al (1997) and Soliman (2000) indicated that inbred testers are effective for
estimating both general and specific combining ability effects. Inbred testers
offer definite advantages over broad-base genetic testes as pointed out by
Zambezi ef al (1986).



The current investigation was carried out with the objective of:
1- Evaluating general (GCA) and specific (SCA) combining ability effects

ind type of gene action invalved in the manifestation of grain yield and
some other traits of 18 S; lines selected for a high level of resistance to
late wilt. '

2- Identify the most superior lines to be utilized in a hybrid program and/or
in creating a new synthetic for further inbred development.

MATERIALS AND METHODS

Nineteen (S;) white maize inbred lines, derived from different South
Africa crosses in the disease nursery field at Sids Agric. Res. Station, were
used for the purpose of this study. These lines were top crossed to each of
two elite inbred line testers, Sd.7 and 8d.34 at Sids Agric. Res. Station
during 1998 summer season, T+ 25~ two inbred testers have high combining
ability and are used in seed production of some commercial hybrids. The
resultant 38 test crosses along with two experimental check commercial
hybrids (SC.10 and SC.124) were evaluated in field trials grown at three
locations i.e. Sakha, Gemmeiza and Sids Agric. Res. Stations during 1999
summer season,

A Randommzed Complete Block Design with three replications was
used at each location. Plots were single ridges, 6 m. long and 80 c¢m apart. -
Seeds were sown 25 cm. along the ndge, providing a normal population
density of 21000 plants per feddan (fed = 4200 m®). All recommended
cultural practices were done at the proper time. Data were recorded for
number of days to 50% silking, plant height, ear placement %, and grain
yield adjusted to 15.5% moisture.

The regular analysis of variance was performed for each location and
the combined data according to Mcintosh (1983) and foilowed by
Wempthorne (1969) procedure to provide information about combining
ability and to estimate types of gene action controlling the inheritance of the
studied traits.

RESULTS AND DISCUSSION

1. Analysis of variance

Mean squares for all studied traits in the combined analysis across
three locations are presented in Table (1). The differences between
locations were highly significant for all traits, indicating that the three
locations differed from each other in environmental conditions. Highly
significant differences were detected among crosses, lines, testers and test
crosses for all studied traits, except number of days to mid silking for
testers and lines x testers interaction. These results indicated wide diversity
among each of lines and testers in their contribution to the performance of

30



test crosses. In addition, the interactions of lines, testers and lines x testers
with locations were highly significant for all traits, except days to mid
silkking and plant height for testers x locations interaction. These
interactions with locations are mainly attributed to the different ranking of
genotypes from one location to another. Similar results were obtained by
El-Ttriby ef al (1990), Salama et al (1995), Soliman ef af (1995) and Uhr
and Goodman (1995). Mahgoub et af (1996), Shehata ez al (1997) El-Zeir
(1999), Soliman and Sadek (1999), El-Zeir ef al/ (2000) and Soliman
(2000).
Table 1. Mean squares for grain yvield and other traits of 19 inbred lines
toperossed to two inbred testers, combined over three locations in

1999 season.

Grain Days to . Ear
s.0.v DF | yied silking | Tiantheight | 5, onent
Locations(Loc.) | 2 | 1904.093%% | 855,544%= | 44635.486> | 177.951%*

Rep/(Loc). 6| 3212 | 15167 118.275 9,858
Genotypes (G) | 39 |  94.655% | 9251*% | 1187.870%* | 33887+
Crosses (C) 37 | 92.602** | 7.824** | 1040.802%% | 35.455%
Checks (Ch) 1 | 125.083%% | 40.500%* | S832.000** | 9.680**

CvsCh 1| 140.192%% | 30.801%* | 1985267 | 0.438
Lines (L) 18 | 82.850% | 11.662%* | 1672.157%* | 32.722%*
Testers (T) 1| 771031% | 7.906 913.687** | 502.369**
| LxT 18 | 64.654% | 3981 416508 | 12.249**
G x Loc 78 | 340710 | 4083 186.474% | 12.081%*
C x Loc. 74 | 346167 | 4.067 189.968** | 12.510%*

Ch x Loc. 2| 0053 1.500 71.167 6.620*

CvsChsLoc. | 2 | 47.902%* | 7.269 172.526 1.652
L x Loc 36 | 298124 | 4263 149.240%* | 10.920%*
Tx Loc 2| 15797 | 0757 106284 | 34.587%*
LxTxLoc 36 | 40467*% |  4.05¢ 235.345%* | 12875

Pooled Error | 359 | 2.909 3.036 58.380 4,040

CV. % 5.85 2.76 2.61 3.64

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

2. Mean performance and combining ability effects
a) Grain yield

Mean performance (Table 2) and GCA effects (Table 3) confirmed
that tester line Sd. 34 gave higher grain yield (30.52 ard/fed) and possessed
desirable GCA effect (1.501**) over all parental lines than the tester line
Sd. 7 (27.51 ard/fed and -1.501** GCA effect). This result indicated that
tester line Sd. 34 have a high frequency of favorable dominant alieles that
contributed significantly to the grain yield of the test crosses. The same
trend for Sd 34 was reported by Ragheb eral (1995), whereas Soliman
(2000) found insignificant GCA effects for line 5d.7.
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Table 2. Mean performance of 38 top crosses for grain yield and other traits, combined over thre smme
locations in 1999 season.

Lines Grain yield (ard/fed) Number of days to mid silking Plant height (¢m) Ear placement (%)
Sd.7 | 8d.34 [Average| S8d.7 | Sd. 34 |Averspe | Sd7 | Sd.34 |Average| Sd.7 | Sd.34 | Average
L-1 26.54 32.23 25.39 63.0 65.0 64.0 292.1 294.1 293.1 §52.9 54.0 535
L2 25.82 299 27.86 63.2 62.0 62.6 278.8 288.2 283.5 54.0 54.6 54.3
L-3 22.83 33.22 28.03 63.3 63.3 63.3 2508 287.3 289.1 52.7 57.2 550
L4 23.24 27.46 25.35 63.1 62.1 62.6 284.1 282.1 283.1 551 59.0 57.1
L-5 29.53 31.63 30.58 61,7 63.1 62.4 2974 290.2 293.8 55.1 55.5 553
L-6 26.62 33.4 29.83 64.0 64.4 64.2 279.6 297.0 288.3 54.5 57.6 56.1
L-7 29.47 33.08 31.28 623 62.8 6.6 197.1 293.2 295.2 52.8 56.9 54.8
L-8 28.96 24.48 2612 63.0 63.0 63.0 297.8 285.8 2918 53.2 58.2 55.7
L-9 27.81 31.17 29.49 64.0 65.3 64.7 290.3 284.1 2872 55.0 571 56.1
L-10 30.76 33.69 32.23 64.0 63.7 63.8 3164 312.9 314.7 54.6 54.7 54.6
L-11 24,40 26.82 25.61 62.6 61.9 62.2 274.6 260.7 267.6 52.9 53.9 534
L-12 2992 2807 28.99 63.6 64.1 63.8 309.2 2914 300.3 532 58.3 56.8
L-13 30.79 32.20 31.50 63.4 64.3 63.9 2934 278.4 285.9 529 57.0 54.9
L-14 28.88 36.77 32.83 64.0 64.0 64.0 364.7 305.3 305.0 54.6 55.6 55.1
L-15 27.15 31.90 29.53 61.4 62.6 62.0 298.6 293.9 296.2 §4.2 57.6 535.9
L-16 23.05 29.52 26.29 63.7 64.4 64.1 279.1 292.9 295.0 51.2 55.0 53.1
L-17 29.04 2583 2743 62.2 62.6 62.4 288.6 305.7 297.1 535 53.2 53.4
L-18 28.40 30.82 29.61 64.6 63.1 63.8 301.6 291.3 256.4 573 59.1 58.2
L-1y 29.52 27.94 28.73 62.4 63.6 63.0 297.6 292.9 295.2 54.5 57.3 55.9

Average 27.51 30.52 29,01 63.1 63.4 63.3 294.2 290.9 292.6 54.0 56.5 35.2
Checks '

SC.10 34.51 63.4 302.3 54.4

SC. 124 29.24 60.4 259.0 55.9
LDS 5% 1% 5% 1% 5% 1% 5% 1%

Lines L1 1.46 1.14 1.50 5.0 6.6 13 1.7

Testers 0.36 0.48 NS NS 1.6 21 0.4 0.6

Crosses & 1.58 2.07 161 212 7.1 9.3 1.9 24

cheelis
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Table 3. Estimates of general combining ability (8) effects of 19
inbred lines and two testers for traits combined over
locations in 1999 season.

H

Lines Grain yield Daziil:]?_nlgmd Plant height {Ear placement
L-1 0.374 0.713 0.552 -1.734~=
L-2 -1.153*%* 0.675 - 9,058 -0.890
L-3 -0.988* 0.047 - 3.503 -0.251
L4 -3.665%* -0.678 -9.447%* 1.838%+
L-5 1.565** -0.898* 1.275 0.121
L-6 0.814* 0.936* -4.281+ 0.849
L-7 2.262*% -0.731 2.608 -0.368
L-8 -2.293*%* -0.287 - 0.781 0.482
L-9 0.477 1.380%+ - 5.336* 0.338
L-16 3.214** 0.547 22.108%* -0.568
L-11 -3.406** -1.064** -24,947%* -1.823%x
L-12 -0.021 0.547 7775 1.544**

i L-13 2.482%* 0.602 - 6,614*= -0.290

L-14 3.815** 0.713 12.442** -0.134
L-15 0.512 -1.287%= 3.664* 0.694
L-16 -2.725%* 0.769 2.442 -2.106%*
L-17 -1.581** -0.898* 4.553* -1.829%=
L-18 0.599 0.547 3.886* 2,977 %x
L-19 -0.283 -0.287 2.664 0.649
Testers

Sd.7 -1.501** -0.152 1.634*~ -1,212%
_Sd. 34 1.501** 0.152 - 1.635%* | 1.212%
SE
Lines §; 0.402 0.411 1.801 0.474
g-81 0.568 0.581 2.547 0.670
Testers §; 0.130 0.133 0.584 0.154
_&-8 1 0184 0.188 0.826 0.217

* #* Significant at 0.05 and 0.01 levels of probability, respectively.

Respecting parental lines, Tables (2 and 3) indicated that the
preferable general combiner (significantly positive GCA effects) for high
yielding ability were L-5,L-6,L-7,L-10,L-13 and L-14. Also, these lines
produced the highest grain yield over testers (from 29.83 to 32.83 ard/fed
for L-6 and L-14, respectively). Other parental lines had significantly
negative GCA values in direction of low yielding ability.

Regarding testcrosses, Table (2) revealed that grain yield ranged from
2283 to 36.77 ard/fed for crosses (L-3 x S8d.7) and (L-14 x Sd.34),
respectively. However, Tables (2 and 4) showed that testcrosses to the tester
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line Sd.34 produced in most cases higher relative grain yield (%) as
compared to crosses with tester line Sd.7. Moreover, none of the test crosses
to tester line Sd.7 significantly exceeded the best commercial SC.10 (34.51
ard/fed). On the other hand, eleven test crosses i.e. L-1, L-3, L-5, L-6, -7,
L-9, L-10, L-13, L-14, L-15 and 1-18 crossed with Sd.34 significantly
outyielded the check hybrid SC.124. However, the test cross (L-14 x Sd.34)
produced the highest grain yield (36.77 ard/fed) and outyielded SC.10 by
6.5 % and SC.124 by 258%. Comparison of SCA effects, Table (5)
indicated that significantly positive estimates were detected for 9 out of 38
test crosses. The two crosses (L-3 x Sd.34) and (L-6 x Sd.34) gave grain
yield (33.22 and 33.04 ard/fed, respectively) not significantly different from
the best check hybrid SC.10 (Tables 2 and 4). Testcrosses which rank
highest for SCA effects in a certain trait and in the same time ranks best in
its mean performance for the same trait are considered to be good breeding
material to improve this trait. Thus, the cross (L-14 x Sd.34) appeared to be
a promising single cross, since it had highly significant and positive SCA
effects (2.443**) and significantly outyielded the best commercial SC.10.

Tabie 4. Grain yield of 38 testcrosses in percent of the single cross check
hybrids, combined over locations, in 1999.

(Lines % of SC. 10 % of SC. 124
Sd. 7 Sd. 34 Sd. 7 Sd. 34
'L 76.9 93.4 90.8 110,2#*
L-2 74.8 86.6 88.3 102.3
L-3 66.2 96.2 78.1 113.6%*
L-4 67.3 19.6 79.5 93.9
L-5 85.6 91.7 101.0 108,2%+
L-6 711 957 91.0 113.0%*
L-7 85.4 95,9 100.8 113.1%*
L-8 83.9 70.9 99.0 83.7
L-9 80.6 90.3 95,1 106.6*
L-10 89.1 97.6 105.2 115.2%*
L-11 10.7 T 83.4 91.7
L-12 86.7 81.3 102.3 96.0
L-13 89.2 93,3 105.3 110.1%*
L-14 83.7 106,54+ 98.8 125.8%*
| L-15 78.7 92.4 92.9 109.1%*
L-16 66.8 85.5 78.8 101.0
L-17 84.1 74.8 99.3 88.3
L-18 82.3 89.3 97.1 105.4*
| L-19 85.5 81.0 10,0 956

* *¥ Significant at 0.05 and 0.01 levels of probability, respectively
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Table 5. Estimates of specific combining ability (§) effects for19 inbred lines and two testers for traits combined
over locations, in 1999,
Lines Grain yield Days to mld silking Plant helght Ear placement
Sd.7 | Sd. 34 Sd.7 Sd. 34 S§d.7 | S8d. 34 S$d.7 | Sd. 34
L-1 -1.344+ 1,344 -0.848 0.848 - 2.635 2.635 0.645 -0,645
L-2 -0.541 0.541 0.763 -0.763 -6.357* 0.357* 0.934 -0.934
L-3 -3.690*+ 3.690%* 0.152 -0.152 0.088 -0,088 -1.038 1.038
L-4 0,608 0.608 0.652 -0.652 -0.635 0.635 -0.738 0.738
L-§ 0.451 -0.451 -0.570 0.570 1.977 -1.977 1.012 -1.012
1.-6 -1.7709=* 1.709** -0.070 0.070 -10.357**  10.357*+ -0.349 0.349
L-7 -0.307 0.307 -0.070 0.070 0.310 -0.310 -0.844 0.844
L-8 3.739+%+ -3.739*+ 0.152 -0.152 4.365 - 4.365 -1.260 1.260
L-9 -0.181 0.181 -0.515 0.515 1.477 -1.477 0.129 -0.129
L-10 0.036 -0.036 0.318 -0.318 0.143 -0.143 1.134 -1.134
L-11 0.292 -0.292 0.485 -0.485 5.310* - 5.310*% 0.701 -0.701
L-12 2.425** -2.425+* -0.126 0.126 T.254%* - T7.254** | -0.366 0.366
L-13 0.796 -0.796 -0.292 0.292 5.865* - 5.865* -0.855 0.855
L-14 -2.443%* 2.443** 0.152 -0.152 - 1.968 1.968 0.701 -0.701
L-15 -0.874 0.874 -0.404 0.404 0.699 -0.699 -0.527 0.527
L-16 -1,734%* 1.734* -0.237 0.237 0.477 -0.477 -0,727 0.727
L-17 3.106%*  -3.106** -0,015 0.015 -10.190**  10.190** 1.351* -1.351*
L-18 0.292 -0.292 0.874 -0,874 3.477 -3.477 0.279 -0.279
L-19 2,203+ -2.293** -0.404 0.404 0.699 - 0.699 -0.182 0.182
SE
Sy 0.568 L) S § L2547 L0670
Sy.8 0.804 0821 3.602 0.948 |

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

-«
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b) Number of days to mid silking

Tables (2 and 3) revealed insignificant differences between the two
testers in mean performance and GCA effects. Over testers, parental lines L-
5, L-11, L-15, and L-17 induced earlier silking dates (62.4, 62.2, 62.0 and
62.4 days, respectively), and exhibited significant GCA effects in direction
of earliness. Appositely, parental lines L-6, and L-9 recorded the latest
silking date (64.2 and 64 .7 days, respectively) and significant positive GCA
effects.

For testcrosses, Table (2) shows that only two crosses (L-5 x 5d.7)
and (L-51 x Sd.7) exhibited significantly earlier silking date than the check
hybrid SC.10. In addition, none of the testcrosses induced significantly
earlier silking date as compared with the check hybrid SC.124. However,
insignificant SCA estimates were found for all testcrosses (Table 5).

¢) Plant height

Average performance (Table 2) revealed that tester line Sd.34 induced
shorter plants over all parental lines, and had significant negative (desirable)
GCA effects than the tester line Sd.7 (Table 3). This result indicated that
Sd.34 had favorable dominant genes for shortness. In this connection, Diab
er al (1994), Ragheb er al (1995), Amer ef a/ (1998) El-Zeir (1999) and
Soliman (2000) found significant positive GCA effect on plant height for
line Sd. 7. The best general combiner among lines (negative GCA effects)
were L-2, L-4, L-6, L-9, L-11 and L-13 (Table 3), which produced the
shortest plants (Table-2) ranging from 267.6 to 288.3 cm for L-11 and L-6,
respectively. Meanwhile, other parental lines gave the tallest plants (ranging
from 2962 to 314.7 cmfor L-15 and [.-10, respectively) and poorest GCA
effects (significantly positive estimates).

With reference to test crosses, average plant height (Table 2} ranged
from 260.7 to 316.4 cm for crosses (L-11 x Sd.34) and (L-10x8d.7),
respectively. However, Table (5) shows that six out of the 38 test crosses i.e.
(L-2 x 84.7), (L-6 x §d.7), (L-17x8d.7), (L-11 x 8d.34), (L-12 x Sd.34)
and (L-13 x Sd.34) exhibited desirable SCA effects (significantly negative
estimates). These crosses showed significant the shortest testcrosses as well
as highly significantly shorter plant than the check hybrid SC.10 (3023 cm)

d) Ear placement

Results presented in Tables (2 and 3) illustrate that the tester line Sd. 7
showed more favorable effect on ear placement than tester line Sd. 34, since
it exhibited significantly lower average ear placement and highly significant
negative GCA effects. These results are supported the finding of Ragheb er
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al (1995) for line Sd. 34. Regarding tested lines, the best general combiner
over testers were L1, L.-11, L-16 and L-17, which possessed the lowest ear
placement (ranged from 53.1 % for L-16 to 5.35 % for L-1). They also had
highly significant and negative GCA effects. On the other hand, the worst
lines were L-4, L-12 and L-18, which produced the highest average ear
placement of 57.1, 56.8 and 58.2 %, respectively, and showed highly
significant and positive GCA effects.

Considering the testcrosses, Table (2) shows that average ear
placement ranged from 51.2 to 59.1% for test crosses (L-16 x Sd. 7) and (L-
18 x Sd. 34), respectively. In general, all test crosses involving tester line
Sd. 7 showed lower ear placement than those involving the tester line Sd.
34. The difference between the two checks, SC.10(54.4 %) and SC.124
(55.9 %) was insignificant. However, only one test cross (L-16x 8d. 7)
exhibited significantly lower ear placement (51.2 %) than SC.10. On the
other direction, 11 out of the 38 test crosses manifested significantly higher
ear placement than SC.10. For SCA effects, Table (5) confirmed that only
two test crosses (L-17 x Sd. 7) and (L-17 x Sd. 34) expressed highly
significant positive and negative estimates, toward high and low ear
placement, respectively.

3. Type of gene action effects.

Estimates of general (a’gca) and specific (202 sca) combining ability
variances and their interaction with locations (o”gea x Loc. and o”sca x
Loc) for both parental lines and testers are given in Table (6).

For parental lines, the ratio of c’gca/c’sca was lower than unity for
grain yield Therefore, non-additive gene action appears to be more
important than additive gene action in inheritance of grain yield in the tested
lines. These results are supported with the finding of Nawar and El-Hosary
(1984), El-Hosary (1985), El-Zeir et al (1993), Abdel-Aziz et al (1994),
Amer et al (1998), El-Zeir et al (2000) and Soliman (2000). On the
contrary, additive gene action (c’gca/c’sca) exceeding unity comprised most
of genetic variance of other studied traits. These results are in concordance
with the results of El-itriby ef al (1990), El-Zeir et af (1993) Soliman et al
(1993), El-Zeir (1999), Soliman and Sadek (1999) and Soliman (2000).

Respecting parental testers, non-additive gene action was more
important than additive gene action in conirolling the inheritance of all
studied traits except ear placement '

The estimates of c’gca x Loc. interactions for both lines and testers
were either negative or smaller than o° sca x Loc. for all studied traits. These
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results indicated that non-additive gene action was more affected by
environmental conditions than additive gene action.

Table 6. Estimates of general (6’gca) and specific (6® sca) combining
ability variances and their interaction with locations for
grain vield and other traits, combined over locations, in

1999,
. Grain | Daysto Plant Ear
Variances yieid silzing height Placement

Lines  o'gea 1.011 | 0427 | 69.782 1.137
Testers ozgca 4.131 0.023 2.907 2.866
Crosses o sca 6.861 0,105 39.792 0.912
Lines o’gcaxLoc. | -1.776 | 0.035 | -14.351 -0.326
Testers o'geax Loc. | -0.433 | -0.058 - 2.265 0.381
Crosses o scaxLoc. | 12.519 0.339 58.988 2.945

Negative estimates are considered equal to zero (Robinson ef al. 1953).

Conclusion

The current study suggests that:

1. Parental lines L-5, L-6, L-7, 1.-10, L-13 and L-14 are promising lines,
showing significant GCA effects for high yielding ability. These lines
would be utilized as replacements of presently used inbreds in the
hybridization program to developing higher yielding hybrids. These lines
could be inter-mated for at least three generations to form a synthetic
variety for future development of inbred lines.

2. The best general combiners of parental lines were, L-5 for high yielding
ability and earliness, and L-6 and, L-13 for high yielding ability and
shortness of plants.

3- The most superior cross was (L-14 x Sd.34), since it possessed highly
significant and positive SCA effects and manifested significantly
outyielded (36.77 ard/fed) the best commercial hybrid SC.10 by 6.5 %.
This cross was not significantly different from SC.10.for number of days
to mid silking, plant height and ear placement. It should be further tested
for possible commercial use.
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