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ABSTRACT

Nineteen selected Ss white maize lines denved from the wide genetic base
population Tepalicinco (Tep#5), from SIMMYT, were topcrossed to each of two
commercial inbred testers, i.e. Sd 7 and Gm 22 in 2003 summer season. The
resultant 38 testcrosses were evaluated in 2004 growing season at Gemmeiza and
Mallawy Agricultural Research Stations, for grain yield and its components as well as
days to 50% silking. Results obtained revealed that the additive component of gene
action had the major role in the inheritance of the most studied traits compared with
the non-additive ones. Highly significant differences were detected among the tested
lines and their testers, as well as, the interaction betwean them. The tested lines L-1,
L-5, L-8, L9, L-14, L-17 and L-19 manifested the bast general combining ability
{GCA) effects based on the combined analysis. Parental lines L-1, L-2, and L-18 and
their testcrosses were earlier than the check hybrids SC 10 and SC 124. Moreover,
single crosses of L-1 and L-2 with Sd 7 significantly outyielded the commercial check
hybrid SC 124. Meanwhile, the inbred tester Sd 7 crossed to the tested lines L-3, L-4,
L-5, L-8, L-9, L-13, L-14, L-17 and L-19 produced the best single crosses which
significantly outyielded the check hybrid SC 124 with an average increase from 3.4 to
8.0 ard/fad. Furthermore, the most outstanding crosses, i.e. L-8 x Sd 7, L-14 x 8d 7,
L-19 x Sd 7, and L-1 x Sd 7 (37.2, 36.5, 36.3 and 35.9 ard/fad, respectively)
outyielded the best commercial check hybrid SC 10 (35.4 ard/fad) by 1.8, 1.1, 0.9 and
0.5 ard/fad, respectively.

Keywords: Maize, Testcrosses, inbred, Testers, Combining ability.

INTRODUCTION

Successful development of improved maize hybrids is dependent upon
the accurate evaluation of inbred lines performance in crossing. The standard
topcross procedure as suggested by Davis (1927) has been widely used to
evaluate the general combining ability of inbred lines in hybrid maize-
breeding programs. Inbreds of high general combining ability are crossed to
detect particular combinations that result in superior single cross, two line
combination for commercial use. Procedures for developing and improving
inbred lines of maize were reported by Geadiman and Peterson (1976), Kuhn
and Stucker (1976), Bauman (1981) and Hallauer and Miranda (1981) who
concluded thet improving inbred lines increased grain yield and modified
maturity of their hybrids.

Testcross procedure is practiced commonly in the Egyptian maize
breeding program to develop new inbred lines highly tolerant to late wilt
disease and to study the combining ability pattern between lines and testers
for the final goal of developing high yielding single cross hybrids.

The choice of a tester to test the developed inbred lines is an important
decision. Matzinger (1953) showed that a narrow genetic-base tester
contributes more to line x tester interaction than does a heterogeneous one.
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Moreover, he defined a desirable tester as one that combines the greatest
simplicity in use with the maximum information on performance to be
expected from tested lines when used in other combinations. Darrah et af
(1972) and Horner et al (1973) reported that inbred testers have the
advantage of no sampling errors of genetic variability within the testers and
greater genetic variation among testcrosses.

Several resuits conceming the genetic analysis of grain yield, as well
as other agronomic traits reported by Singh et al (1971), El-itriby et al (1990),
Diab et a/ (1994), Sultan (1998) and Gado et al (2000) indicated that the
relative importance of different components of genetic variance may vary with
the type of genetic materials under study. Studies conducted with
homozygous base populations indicated the importance of over-dominance in
grain yield performance (Robinson et al, 1949; Gardner et al, 1953; Gardner
and Lonnquest, 1959; Gamble, 1962; Findly ef al, 1972; Vedeneev, 1988 and
El-Zeir et al, 2000). In addition, Matzinger et al (1959), Russell et af (1973),
El-Hosary (1985), Salama et af (1995), Sultan (1998) and Sadek et a/ (2001
and 2002), reported that the variance component due to SCA for grain yield
and other agronomic traits was relatively larger than that due to GCA. This
indicated that the non-additive type of gene action appeared to be more
important in materials or lines selected previously for grain yield performance.
On the other hand, Rojas and Sprague (1952), Shehata and Dhawan (1975),
Ei-ltriby et al (1990), Abdel-Aziz et al (1994), Shehata et a/ (1997) and
Soliman et al (2001 and 2005) stated that when the lines were relatively
unselected, GCA or the additive type of gene action became more important.

The objectives of this study were to (i) estimate combining ability
variances and effects of nineteen inbred lines, (i) determine the type of gene
action involved in the manifestation of grain yield and yield attributes and (jii)
identify the most superior line(s) and single crosses for further use in the
breeding program.

MATERIALS AND METHODS

Nineteen Ss white maize inbred lines were used in this study. These
lines derived from an exotic open pollinated variety Tapalicinco (Tep#5) from
CIMMYT, Mexico, through selection from segregating generations in the
disease nursery field at Gemmeiza Agric. Res. Stn. in 2003 growing season.
The 19 Ss lines were topcrossed to each of the two narrow base inbred
testers, viz Sd 7 and Gm 22 at Gemmeiza Res. Stn. The two testers are
being used in seed production of commercial single and three-way cross
hybrids. In the growing season of 2004, the 38 resultant test-crosses along
with two commercial check hybrids; SC 10 and SC 124 were evaluated in
replicated yield trials conducted at Gemmeiza and Mallawy Agric Res Stn,
representing Delta and Middle Egypt regions, respectively.

A randomized complete block design with four replications was used in
each location. Plot size was one row, 6 m long and 80 ¢cm apart and hills
were spaced 25 c¢m along the row. Two kernels were planted per hill and
thinned later to one plant per hill to Provide a population of approximately
22,000 plants/fad (faddan=4200 m®). All cultural practices for maize

2616



J. Agric. Sci. Mansoura Unlv., 31 (5), May, 2006

production were applied as recommended. Data were recorded for adjusted
grain yield at 15.5% grain moisture and converted to ardab/fad (ardab=140
kg), number of ears/100 plants, ear length (cm), ear diameter (cm), number
of rows/ear, number of kernels/row, 100-kernel weight and number of days to
50% silking. Analysis of variance was performed for the combined data over
locations according to Steel and Torrie (1980). Procedures of Kempthorne
(1957) were performed to obtain valuable information about the combining
ability of lines and testers as well as their topcrosses. Also, to estimate type
of gene effects controlling grain yield and other studied attributes.

RESULTS AND DISCUSSION

I. Analysis of variance:

The combined analysis of variance for the eight studied traits is
presented in Table (1). Highly significant differences were detected between
locations for all studied traits, except ear length and 100-kernel weight(gm),
indicating that the two locations differed in their environmental conditions.
Mean squares among crosses were highly significant for all traits. 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, revealing
that greater diversity existed among testers and lines. Meanwhile, mean
squares of the lines x testers interaction were highly significant for all traits,
indicating that female lines differed in their performance in crosses with each
of the male testers. Mean squares due to the interaction of both lines and
testers with locations were highly significant for all studied traits, except ear
diameter for lines x locations interaction and weight of 100 kernels for the
testers x locations interactions. These interactions with locations were
indicative of different ranking of genotypes of lines and testers from one
location to another. Significant lines x testers x locations mean squares were
detected for all studied traits, except number of days to mid silking, revealing
that the hybrids between lines and testers behaved somewhat differently from
location to another. These results are in agreement with those obtained by El-
Hosary (1985), Shehata et a/ (1997), Gado et al (2000), Soliman et af (2001)
and Sadek et al (2002). The magnitude of the variances due to testers and
testers x locations interaction for all studied traits was higher than variances
of lines and lines x locations interaction, respectively. This indicates that the
testers contributed much more to the total variation and were more affected
by the environmental conditions than the lines. Similar findings were obtained
by Ei-ltriby et af (1990), Gado et a/ (2000), Soliman et al (2001) and Sadek et
al (2002).

li. Mean performance and combining ability effects:

Grain yield of the 19 lines across the two testers (Table 2) ranged from
23.84 to 30.90 ard/fad for testcrosses with lines L-11 and L-19, respectively.
The most preferable lines were L-1, L-5, L-8, L-9, L-14, L-17 and L-19. These
lines produced the highest average grain yield (ranging from 29.34 to 30.90
ard/fad).
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However, grain yield of eleven testcrosses of Sd-7 with fines L-1, L-2,
L-3, L4, L-5, L-8, L-9, L-13, L-14, L-17 and L-19 significantly outyielded the
commercial check hybrid SC 124 (29.24 ard/fad) with minimum of 3.44
ardffad (11.8%) and maximum of 7.98 ard/fad (27.3%). Meanwhile, these
eleven outyielding crosses did not differ significantly from the commercial
hybrid SC 10 (35.41 ard/fad). Moreover, the four top-most outyielding
crosses, e, L-8 x Sd 7, L-14 x Sd 7, L-19 x Sd 7 and L-1 x &d 7,
insignificantly surpassed SC 10 by 1.81, 1.11, 0.89 and 0.46 ard/fad,
respectively. Considering the inbred tester line "Sd 7" produced higher grain
yield (32.53 ard/fad) over all parental lines than the tester line Gm 22 (23.95
ard/fad). These resuits were reflected in the combining ability effects (Table
3), where L-8, L-9, L.-14 and L-19 were the best lines in GCA effects (which
had good yield in their crosses with the two testers followed by L-1, L-3, L-4,
L-5 and L-17. The inbred tester Sd 7 had also highly significant and positive
GCA effect, whereas, the inbred tester Gm 22 had high negative value in its
GCA effect for grain yield in other words, the above mentioned nine lines in
addition to the inbred tester Sd 7 had accumuiated favorable alleles for grain
yield and contributed to upgrading grain yield of all crosses involving these
lines. Similar findings were also obtained by Diab et a/ ({(1994), Salama et a/
(1995) and Sadek et af (2001 and 2002) for the inbred tester Sd 7.

Comparison of SCA effects (Table 4) indicated that 4 out of the 38
testcrosses, ie. (L-8 x Sd 7, L.-14 x Sd 7, L-19 x 8d 7 and L-1 x Sd 7)
exhibited significantly positive SCA estimates (3.085*, 2.518", 2.216* and
2.242%), respectively and gave the highest grain yield (37.22, 36.52, 36.30
and 35.87 ard/fad), respectively (Table 2). In addition, the testcross (L-6 x
Gm 22) also exhibited positive and highly significant SCA effect (3.133*"),
however, was lower in grain yield (26.94 ard/fad), but not significantly less
than the check hybrid "SC 124". Topcross which ranks highest for SCA
effects in a certain trait and in the same time ranks best in its performance
are considered to be good breeding material to improve this trait. Thus, the
crosses L-1 x Sd 7, L-8 x Sd 7, L-14 x 8d 7 and L-19 x Sd 7 appeared to be
promising singie crosses, since they had positively significant SCA effects
{Table 4) and insignificantly surpassed the best commercial hybrid "SC 10"
(Table 2). It is worth noting that a cross exhibiting high SCA value may come
from two parents possessing good GCA or from one parent with good GCA
and another with poor GCA. For example, The best SCA effects for grain
yield was exhibited between parents with poor and good GCA (L-1 x 8d 7
and L-6 x Gm 22), Similar findings were obtained by Nawar et al (1979),
Nawar and El-Hosary (1985), Soliman ef a/ (2001) and Sadek et al (2002).

Considering number of ears/100 plants, data in Tables (2 and 3)
Mustrated that the tester line Sd 7 showed more favorable effect on number
of ears than the tester line Gm 22, since it manifested significantly higher
average number of ears/plant and highly significant positive GCA effect.
These results are supported by the findings of Sadek et a/ (2000 and 2002).
For the tested lines, the best general combiners over testers were L-3, L-12,
L-14 and L-19 (Tables 2 and 3), since they exhibited more ears per plant and
had highly significant positive GCA effects (117.3, 114.2, 125.2 and 113.6 as
well as 8.516"*, 6.872"", 16.341** and 4.803*), respectively.
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On the other hand, lines L-2, L-5, L-9, L-10 and L-11 showed negative and
significant GCA effects in the direction of lower ears per plant.

Regarding the testcrosses, data in Table (2) showed that the average
number of ears per 100 plants ranged from 99.1 (L-2 x Sd 7) to 127.8 (L-14 x
Sd 7). Generally, most of the testcrosses involved the inbred tester "Sd 7"
showed more ears/plant than those involving the tester line "Gm 22". The
difference between the two checks, SC 10 (105.5 ears/100 plants) and SC
124 (102.0 ears/100 plants) was insignificant. However, five testcrosses of Sd
7 with lines L-3, L-8, L-12, L-14 and L-19, as well as, two testcrosses of Gm
22 with L-14 and L-18 exhibited significantly more ears/plant than SC 10 in
addition to other three testcrosses (L-4 x Sd 7, L-13 x Sd 7 and L-7 x Gm
22)which significantly exceeded SC 124, Five testcrosses, i.e. L-3xS8d 7, L-8
xS8d7, L-12 x Sd 7, L-17 x Gm 22 and L-18 x Gm 22 showed positive and
significant SCA effects for number of ears/100 plants (Tabie 4).

Considering ear length and ear diameter, results obtained in Tables (2
and 3) revealed that the tester line Sd 7 showed more favorable effect on
both traits than the other tester line Gm 22, since it manifested significantly
higher average ear length and ear diameter. The average performance
(Table 2) reveal that the tester line Sd 7 induced longer and thicker ears over
ail parental lines, and had significant positive GCA effects than the tester line
Gm 22(Table 3). This result indicates that Sd 7 had favorable dominant
genes for increasing ear length and ear diameter. Similar findings were
obtained by Shehata et a/ (1997) and El-Zeir et al (2000). For the parental
lines, the best general combiners were L-8 and L-9 for ear length and ear
diameter, respectively, since they had significantly positive GCA effects and
had the longest and thickest ears, respectively (Tables 2 and 3). Regarding
SCA effects, 5 testcrosses, f.e. L-12xGm 22, L-15x Sd 7 and L-19 x

For number of rows/ear, results in Tables (2 and 3) indicate that the
tester line Gm 22 showed more favorable effect on number of rows/ear than
the tester line Sd 7, since it manifested significantly higher average number of
rows/ear (14.3 rows/ear) and significant positive GCA effect (0.098). These
results support the findings of Shehata et a/ (1997) and El-Zeir et a/ (2000).
For the tested lines across the two testers, L-1, L-8 and L-9 showed
significantly the highest number of rows/ear (14.6, 14.6 and 14.8 rows/ear),
respectively, which corresponded with their significant negative GCA effects.
On the other hand, three parental lines (L-7, L-14 and L-16) exhibited the
lowest average for number of rowslear (13.7, 13.8 and 13.6 rows/ear),
respectively, with highly significant positive GCA effects.

Number of rows/ear of the 38 testcrosses (Table 2) ranged from 13.2
rows/ ear (L-15 x Sd 7) to 15.1 rows/ear { L-9 x Gm 22). Five testcrosses of
Gm 22 with lines L-1, L-4, L-8, L-9 and L-15) in addition to the test cross L-13
x Sd 7 exhibited significantly more number of rows/ear than the commercial
hybrid "SC 10". Four testcrosses, i.e. L-4 x Gm 22, L15xGm 22, L-13xSd 7
and L-17 Sd 7 showed positive and significant SCA effects for number of
rows/ear (Table 4).
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Considering number of kernelsirow, average performance (Table 2} revealed
that the lester line Sd 7 induced higher number of kernelsfrow over all
parental tines, and had significant positive GCA effects than the tester line
Gm 22 (Table 3). This result indicates that Sd 7 had favorable dominant
genes for increasing number of kernels/row. Similar results were obtained by
Shehata ef af (1997) and El-Zeir et a/ (2000). For the tested lines across the
two testers, L-4 and L-17 showed significantly the highest number of
kernelsfrow (46.1 and 44.2 grains/row), respectively, which corresponded
with their highly significant positive GCA effect, On the other hand, four
parental lines (L-5, L-12, L-14 and {-15) exhibited the lowest average for
number of kernels/row with highly significant negative GCA effects. Number
of kernelsirow of the 38 testcrosses (Table Z) ranged from 37.7 to 47.6
kernels/row for the two crosses L-15 x Gm 22 and L-17 x Sd 7, respectively.
The testcross L-17 x Sd 7 was significantly higher in number of kernels/row
than the commercial check "SC 10" (45.1 grains/row). Regarding SCA
effects, 4 testcrosses of Gm 22 with lines L-6, L-7, 1.-11, L-12 in addition fo L-
17 x 8d 7 and L-19 x Sd 7 showed positively significant SCA effects toward
increasing the number of kernels per row (Table 4).

In respect of 100-kemel weight, results obtained in Tables (2 and 3)
reveal that the tester line Sd 7 showed more favorable effect on 100-kernel
weight than the tester line Gm 22, since it showed significantly higher
average weight of 100 kernels and highiy significant positive GCA effect.
These results are in the same line with those obtained by Shehata et af
{1997) and El-Zeir et al (2000) for Sd 7. For fhe tested lines, the best general
combiners over the two testers were L-2, L-3, L-6, L-14, {.-17 and {.-18, since
they exhibited higher 100-kerrel weight and highly significant positive GCA
effects (Tables 2 and 3). On the contrary, lines .4, L-7, L-11, L-12, L-16 and
L-17 showed negalive and significant GCA effects in the direction of fower
100-kernel weight. Regarding test-crosses, data of Table 2 show that the
average weight of 100 kernels ranged from 26.0 g (L-7 x Gm 22) t0 39.3 g (L-
8 x 8d 7). In general, all testcrosses involving the inbred tester Sd 7 showed
higher grain weight than those involving the tester line Gm 22. Four
testcrosses of Sd 7 with Lines L-8, L-7, L-8 and L-15 in addition to the
testcrosses of 1.-18 x Gm 22 and L-19 x Gm 22 showed positive and
significant SCA effects for 100 kerneis weight {Table 4).

With respect to number of days to 50% sitking, Table (2) shows that in
general all the testcrosses were significantly earlier than the cormmercial
check hybrid "SC 10" (60.9 days), except L-9 x Sd 7 and L-19 x Sd 7. For
GCA effects (Table 3), the parental lines L-1, L-2 and (-18, as well as the
inbred tester Gm 22 had highly significant GCA effects towards eariness {-
0.747*, - 0.872*", -0.559* and - 0.618""), respectively. In other words,
testcrosses involving these lines and/or Gm 22 as a tester were earlier. This
indicates that these inbreds posses favorable genes for earliness. On the
contrary, parental fines L-9, L-10, L-12, L-13, L-17 and L-19, as well as the
tester line Sd 7 had significantly positive GCA effects marked by lateness in
silking appearance. The same trend for Sd 7 was also reported by El-liriby
{1990), Shehata ef af (1997), El-Zeir el &/ {2000) and Sadek et al {2000).
However, caota of Table 4 showed that the best specific combinations
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(negatively significant SCA effects) resulted from L-2 x Sd 7, L-10 x Sd 7, L-
17 x Sd 7, L-18 x Sd 7, L-9 x Gm 22 and L-19 x Gm 22 confirming their
earliness. On the other hand, six testcrosses had positively significant SCA
effects in relation to lateness(Table 4).

. Type of gene action:

The estimates of combining ability variances (c°gca and o®sca) and its
interaction with locations (czgca x loc and G%sca x loc) for grain vield, its
components and days to 50% silking (Table 5) showed that gca variance
played the major role in determining the inheritance of all studied traits,
except number of ears/plant and number of rows/ear. This indicates that the
largest part of the total genetic variability associated with these traits was the
result of additive gene action. On the other hand, non-additive genetic
variance was predominant and played an important role in the inheritance of
number of earsiplant and number of rows/ear. Similar findings were also
obtained by Comstock and Robinson (1963), Eberhart et af (1966), Drrah and
Hallauer (1972). Also, Russell et af (1973), Hallauer and Mirinda (1981), El-
itriby et al (1990} and Soliman et al (2001) indicated the importance of
additive gene action in affecting grain vield of maize, The non-additive gene
action, however, interacted more with different environmental conditions
prevailing in the two locations than the additive gene effects for ali studied
fraits, except grain yield, ear length and ear diameter, where the opposite
was true {Table 5). This finding indicates non-additive types of gene

Table 5. Estimates of general (Uzgca) and specific (c’sca) combining
ability variances and their interaction with locations for grain

ield and its components.
[ Traits o’gca | a’sca | o°geax Loc | o”sca x loc

Grain yield 28.756 | 3.77 8.510 1.853

Ears/100 plants 0493 | 17.686 11.457 40.825

Ear length 0.387 0.239 0.943 0.374 |
Ear diameter 0.005 0.002 0.038 0.014 |
Rows/ ear -0.042 0.062 0.095 0.245 |
kernels/ row 1.201 0.303 2.455 5004 |
100-kernel weight 7.802 0.740 -0.191 5994 |
days to 50% silkin 0.662 0.483 -0.008 0.018 |

Negative estimates are considered equal to zero {Robinson et al,
1953).action to be more affected by environment than additive and additive x
additive types of gene action. This result is in agreement with the finding of
several investigators who reported specific combining ability to be more
sensitive to environmental changes than general combining ability (Gilbert,
1958). Shehata and Dahawan, (1975} and Sadek et af (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-itriby et ai
(1990), El-Zeir ef al (2000) and Soliman et al (2001) reported that the additive
types of gene action were more affected by environment than non-additive
ones. ; '
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The study suggested that four tesicrosses (L-1 x Sd 7, L-8x 5d 7, L-14
x Sd 7 and L-19 x Sd 7) should be tested further for the commercial use.
Moreover, the four inbreds included in these crosses (L-1, L-8, L-14 and L-
19) in addition to the parental lines L-9 had good GCA effects for grain yield
and some of its components, as well as, earliness (Table 3). These inbreds
should be intermated to form a new synthetic variety of white maize, which
can be used as a base population for the extraction of more favorable white
lines for the development of high vielding and earlier single cross hybrid of
white maize.
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