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ABSTRACT: Eighteen selected S; yellow maize lines developed from
different heterotic groups (Pop 45 Ev-4, DTP-2-C;, Astrong H.D., AS-785,
Bonner H.D. and PAV9 F,) were topcrossed to each of two commercial yellow
inbred testers, i.e. Gm 1004 and Gm 1021 in 2004 summer season. The
resultant 36 topcrosses were evaluated in 2005 growing season at
Gemmeiza, Sids and Nubaria Agric. Res. Stns for grain yield, number of
ears/100 plants, days to 50% silking, plant and ear height. Testers
contributed much more than the lines to the total genetic variation and were
more affected by the environmental conditions. The inbred testers ranked the
18 inbreds differently. The tested lines L-7, L-9, L-10, L-14, L-15 and L-16 were
found to be the best general combiners for high yielding ability. Potential
females, L-1, L-4, L-5, L-7, L-8 and L-9 were significantly better general
combiners for earliness. Parental lines L-1 and L-15 were good donors for
prolificacy. The inbred tester Gm 1021 manifested better general combining
ability GCA effects and higher average performance of grain yield as
compared to testcrosses of the other inbred tester Gm 1004. Results showed
that the inbred tester Gm 1021 crossed to the tested lines L-1, L-4, L-7< L-9<
L-14, L-15 and L-16 would produce the best single crosses which

_significantly outyielded the check single cross hybrid Pioneer 3084 with an
average increase from 223 to 5.78 ardfad. Furthermore, the most
outstanding crosses, i.e. L-7 x Gm 1021, L-16 x Gm 1021 and L-9 x Gm 1021
(32.98, 32.28 and 31.78 ardffad), respectively significantly outyielded the best
commercial yellow check hybrid SC 155 (29.10 ardffad) by 3.88, 3.18 and 2.68
ardffad, respectively. The magnitude of the ratio of general to specific
combining ability variances (0° 4./ 0°s..) revealed that the additive component
of gene action had the major role in determining the inheritance of all studied
traits. The non additive gene action, however, interacted more with the
environmental conditions (0%, x focation) than the additive component (o‘gc,
x locations) for grain yield and number of ears/plant.
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INTRODUCTION

To increase maize production in Egypt, the National Maize Research
Program, ARC exerts great efforts for developing highyielding maize hybrids
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and continuously searches for good inbreds that possess higher combining
ability effects to replace those currently used hybrids. Performance of inbred
lines per se does not provide an entirely adequate measure of either value in
hybrid combinations. Successful development of improved maize hybrids is
dependent upon accurate evaluation of performance of inbred lines in
crossing. The standard procedure currently followed by the program is to
use the best available commercial inbreds as testers to screen newly
developed inbred lines.

The choice of a tester to test the developed inbred lines is an important
decision. Matsinger (1953) showed that a narrow genetic -base tester
contributes more to line x tester interaction than does a heterogeneous one.
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. Also, Rowlings
and Thompson (1962) and 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 et al (1973) and
Zambezi et al (1986) suggested that inbred testers could be used for
evaluation of both specific and general combining ability. Furthermore,
Hatlauer and Lopez-Perez (1979), Mahgoub et a/ (1996) and Soliman et a/
(2001) suggested that narrow genetic base tester can be effectively used to
identify lines having good GCA and the most efficient is one having a low
frequency of favorabie alleles. Darrah et al (1972), Horner et al/ (1973) and
Russell and Eberhart (1975) indicated the use of inbred lines as testers
instead of broad genetic base tester because of the increased genetic
variance among testcross progenies to about twice the case for broad-base
testers. However, despite the definite advantage of inbred testers, there has
-been little avaitable-information on the relationship of the performance of the
tester and its ability to expose differences in combining ability among tested
inbreds. :

Balko and Russell (1980), Nawar and El-Hossary (1984) and Sadek et a/
(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 lines selected previously for grain yleld. in addition, Paterniani
and Lonnquist (1963), Shehata and Dhawan (1975) and Beck et al (1991)
compared the importance of dominance gene effects in the expression of
yield, days to 50% silking, plant height and ear position in case of advanced
generation of selfing. On the other hand, Rojas and Sprague (1952), El-Zeir et
al (2000), Soliman et af (2001) and Abd El-Azeem et al (2004) stated that when
the lines were relatively unselected, GCA or additive type of gene action
becomes more important. Comstock and Robinson (1963) defined the
genotype x environment interaction as the differential response of phenotype
to the change in environments. However, Rojas and Sprague (1952), Darrah
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and Hallauer (1972) and Landi and Conti (1983) stated the non-additive
component of genetic variation significantly interacted with the
environments more than the additive component. In contrast, El-itriby et af
(1981), El-Zeir et al (1993) and Abd El-Azeem et al (2004) reported that GCA x
environment interaction was significantly larger than the interaction of SCA x
environment even though the variance estimate for SCA was more than that
of SCA.

The inbred tester "Gm 1004 and Gm 1021" used in this study, had been
found to have high GCA and contribute to the high grain yield potential of
their crosses (Soliman, 2000; Soliman et a/, 2001 and Abd El-Azeem et al,
2004). The inbred line Gm 1021 was found to contribute earliness genes to
their hybrids (Soliman, 2000 and Abd El-Azeem et al, 2004), whereas, Gm
1004 contribute genes for shortness and lower ear placement in testcrosses
(Abd El-Azeem et al, 2004). Testcross procedure is practiced commonly .in
the National 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 objectives of this study were to (i) assess the value of two inbred
lines testers in the evaluation of combining ability between eighteen newly
developed yellow inbred lines, (ii) Identify the most superior line(s) and
single crosses for further use in the breeding program and (iii} determine
GCA and SCA as well as the type of gene action involved in the manifestation
of grain yield and other agronomic traits.

MATERIALS AND METHODS

Eighteen selected yellow maize inbred lines in S; generation (L, through
L-18) derived from different heterotic groups (Pop-45, L- to L-9, DTP-2-C;, L-
10, Aistrong H.D., L-11, AMS-785, L-12 to L-16, Bonner H.D., L-17 and PAV 9
F,, L-18) through selection from segregating generations in the disease
nursery field at Sids Agric. Res. Stn., were used for the purpose of this study.
In 2004 growing season, the 18 lines were topcrossed to each of two narrow
base inbred tester, i.e. Gemmeiza 1004 (Gm 1004) and Gemmeiza 1021 (Gm
1021) at Sids Exp. Stn. The two testers are being used in seed production of
commercial single and three way cross hybrids. In 2005 growing season, the
36 resultant topcrosses along with two commercial check hybrids; SC 155
and SC Pioneer 3084 were evaluated in replicated yield trials conducted at
Gemmeiza, Sids and Nubaria Agric. Res. Stn. The experimental design was a
randomized complete block design with four replications. Plot size was one
ridge, 6 m long and 80 cm apart and hills were spaced 25 cm along the ridge .
Two kernels were planted per hill and thinned later to one plant per hill to
provide a population 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



A. M. M. Abd El-Aal

height (cm), ear height (cm), number of ears/100 plants and grain yield
adjusted to 15.5% grain moisture content and converted to ardabs/faddan
(ard=140 kg). Analysis of variance was performed for the combined data over
locations according to Steel and Torrie (1980). The combining ability and
types of gene effects were computed for all studied traits according to
Kempthorne (1957).

RESULTS AND DISCUSSION

The combined analysis of variance for the five studied traits is presented
in table 1. Highly significant differences were detected among locations for
all studied traits, indicating that the three 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

Table (1): Mean squares and degrees of freedom for grain yield and other
agronomic traits of 18 inbred lines topcrossed with two testers
combined over two locations, 2005 growing season.

Mean Squares
S.0v. DF G_rain Ears/100 Dasgkto Pl_ant Ear -
yield plants silking height height
Locations (Loc) 2 |6767.50* |2235.52** |8265.18** 129130.32~ (5134.32"
Rep/Loc . . 6 25.08 87.80 9.56 1328.30 279.20
Crosses. | 35 | 120.87* | 394.67* 8.59™ | 1331.19* | 817.07
Lines (L) 17 86.81™ | 240.49* 14.59* | 1448.73* | 847.16**
Testers (T) 1 |2039.28** 16678.01** 18.34* [17748.52** |7676.02"*
LxT 17 24.95* | 190.78* 2.25* 23217 230.51*
Loc x Crosses 70 28.31** | 169.07* 2.50* 320.60** | 187.69**
Locx L 34 | 3558 |13203* | 334 | 537.43 | 267.30%
LocxT 2 40.47* |1056.12* 1.21 41519 479.31*
LocxLxT 34 20.77** | 147.38 1.30 117.86 97.07
Pooled error 315 7.29 83.70 1.23 177.27 94.74
v | 1049 | 868 | 198 | 56 | 734

* ** indicate significant differences at’T).05 and 0.01 levels of probability, respectively.
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due to lines and testers were highly significant for all traits, revealing that
greater diversity was existed among testers and lines. At the same time,
mean squares of lines x testers interaction were highly significant for all the
studied traits, except plant height silking, indicating that the lines (females)
differed in order of performance in crosses with each of the testers (males).
Mean squares due to the interaction of both lines and testers with locations
were highly significant for all traits, except days to 50% silking and plant
height for testers x locations. These interactions with locations were
indicative of different ranking of genotypes of lines and testers from one
location to another. Highly significant lines x testers x locations mean square
was detected for grain yield, revealing that the hybrids between lines and
testers behaved somewhat differently from location to location. These results
are in accordance with those obtained by El-Itriby et al (1990), Sadek et a/
(2000), Gado et al (2000) and Soliman et al (2001).

The magnitude of the variances due to testers and testers x locations
interaction for all studied traits was higher than variance of lines and lines x
locations interactions, respectively. This indicates that testers contributed
much more to the total variation and which were more affected by the
environmental conditions than the lines. Similar findings were obtained by
El-itriby et al (1990), Gado et al (2000), Soliman et a/ (2001) and Sadek et a/
(2002).

Considering grain yield, the obtained data in Table 2 showed that mean of
top crossas between, inbred tester Gm 1021 and each of the tested lines
produced the highest grain yield (28.68 ardifad) compared to the inbred
tester Gm 1004 (24.34 ard/fad). This result was reflected in the combining
ability effects (Table 3), where Gm 1021 was the best tester line in GCA effect
which had a good yield in its crosses with all tested lines (female lines)

- These results indicated that the inbred tester Gm 1021 possesses—a high-
frequency of favorable dominant alleles, which contributed to the grain yield
of the testcrosses. On the contrary, the inbred tester Gm 1004 had a highly
negative GCA effect. Similar results were obtained by Soliman (2000) and
Soliman et a/ (2001) for Gm 1021 and Abd El-Azeem et al (2004) for both Gm
1021 and Gm 1004.

Grain yield of the 18 tested lines across the two testers (Table 2) ranged
from 22.39 to 29.32 ard/fad for testcrosses with lines L-11 and L-7,
respectively. The most preferable lines were L-7, L-8, L-10, L-14, L-15 and L-
16. These lines produced the highest average grain yield (ranging from 27.75
to 29.32 ard/fad) and exhibited the best significantly positive GCA effects
(Table 3). In other words, these lines in addition to the inbred tester Gm 1021
had accumulated favorable alleles for grain yield and contributed to
upgrading grain yield of all crosses involving these lines. On the other hand,
L-3, L-6, L-11, L-12, L-13 and L-18 gave the lowest grain yield (ranged from
22.39 to 25.37 ard/fad) and had a high negative GCA effects (Table 2 and 3).
Results reported herein are in accordance with those previously reached by
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Table (3): General combining ability effects (&;) of 18 inbred lines and 2

testers for grain yield and other agronomic traits combined over
three locations, 2005 growing season.

Lines Grain yield E:{::‘:go Dag;;’ng"% hpeliagr;:t h:;‘t
Lines L-1  0.082 5449  4.350* . 7.901*  -1.539
L- 2 0.943 2.278 0.484* - 4.859 -2.206
L- 3 -1.343 -0.905 0.151 8.500  4.961*
L- 4 0.824 0.951 0.641% 0.850 1.419
L- 5 0.957 -2.964 -0.850™ 2.100 -1.206
L- 6 -2.509*  -3.680" 0.026 - 1.067 2,877
L- 7 2812  -2.551 -1.141* 7.808*  2.961
L- 8 -0.651 -0.872 -0.975% 9.475  6.586"
L- 9 1.887* -1.435 -0.600* 8.725 6.961**
L-10 1.349* 2.245 0.359 12.016™  4.377*
L-11 4118*  -3.339 0.692*  -14.151*  -14.664*
L-12 -2.055  -1.385 0.192 14.859* - 6.498*
L-13 -1.143+ 0.828 0.609* - 3.651 - 3414
L-14 2.007*  -0.476 -0.058 - 4.109 - 4.623*
L-15 1.237* 7.936* 1.026** 4.891 4.961
L-16 2,599  -2.143 1.401% 1.016 8.627*
L-17 0.458 3.036 0.692* - 2.984 - 3.914*
L-18 1.472% 2614 -0.016 - 1.901 - 5.664*
Testers Gm 1004  -2.473**  -3.932" 0.206™ - 6.410* - 4.215
Gm 1021 2.473" 3.932 -0.206* 6.410% 4.215
SE for
Lines g; 0.551 1.867 0.227 2.718 1.987
gi -gj 0.780 2.641 0.321 3.843 2.810
Testers g; 0484 0622 0076 0906 0.662
ai -g; 0.260 0.880 0.107 1.281 0.937
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Rawlings and Thempson (1962), Liakat and Teparo (1986), Zambezi et a/
(1986), El-Hosary (1988), Mahgoub et al (1996), Al-Naggar et a/ (1997) and
Soliman et al (2001), who reported that the inbred tester method was more
effective to select lines which combine well with unrelated tester. They
emphasized that inbred testers were more effective in detecting small
differences in combining ability than the wide genetic base testers.

Grain yield of the 36 topcrosses (Table 2) ranged from 21.24 to 32.98
ard/fad for L-11 x Gm 1004 and L-7 x Gm 1021, respectively. Out of 36 top-
crosses, 13 were superior and outyielded the commercial yellow check
hybrid SC Pioneer 3084 (27.20 ard/fad) with minimum of 0.28 ardfad and
maximum of 5.78 ard/fad. Furthermore, the seven top crosses outyielding
crosses, i.e. L-7x Gm 1021, L-16 x Gm 1021, L-9 x Gm 1021, L-1 x Gm 1021, L-
15 x Gm 1021, L-14 x Gm 1021 and L-4 x Gm 1021 gave the highest grain yield
(32.98, 32.28, 31.78, 30.72, 30.67, 29.84 and 29.43 ard/fad), respectively and
significantly outyielded the check hybrid SC Pioneer 3084 by 5.78, 5.08, 4.58,
3.52, 347, 264 and 2.23 ard/fad), . respectively. Moreover, the most
outstanding three crosses (L-7 x Gm 1021, L-16 x Gm 1021 and L9 x Gm
1021) significantly surpassed the best yellow check hybrid SC 155 (29.10
ard/fad) by 3.88, 3.18 and 2.68 ard/fad, respectively (Table 2)

However, data in Table 4 showed that the best specific combination

(positively significant SCA effect) resuited from L-1 x Gm 1021 confiming its
outstanding. 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 S, for grain yield was
exhibited between parents with poor and good GCA; L-1 x Gm 1021. Similar
findings were obtained by Nawar et al/ (1979), Soliman et al (2001) and Sadek
et al (2002),
- ‘With respect—to—-number-of ears/100 plants, data in Tables 2 and 3
illustrated that the inbred tester Gm 1021 showed more favorable effect on
number of ears than the inbred tester Gm 1004, 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
al (2000 and 2002) and Soliman (2006). For the tested lines, the best general
combiners over testers were L-1 and L-15 (Tables 2 and 3), since they
exhibited more ears per plant (110.9 and 113.4 ears/100 plants), respectively
and had highly significant positive GCA effects. On the other hand, the tested
line L-6 showed negative and significant GCA effects in the direction of fewer
ears per plant.

Regarding the topcrosses, data in Table 2 showed that the number of ears
per 100 plants ranged from 97.6 (L-18 x Gm 1004) to 124.7 (L-15 x Gm 1021).
Generally, all of the topcrosses involved the inbred tester Gm 1021 showed
more ears/plant than those involving the inbred tester Gm 1004. The
difference between the two checks; SC 155 and SC 3084 (97.1 and 101.6
ears/100 plant), respectively was not significant. However, the topcrosses of
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Gm 1021 with all tested lines, except L-5 and L-6 in addition to topcrosses of
Gm 1004 with L-10 and L-17 exhibited significantly more ears/plant than SC
155. Whereas, seven topcrosses of Gm 1021 with lines L-1, L-2, L-3, L-4, L-13,
L-15 and L-17 significantly surpassed SC 3084 (Table 2). However, data of
Table 4 showed that the best specific effects (positively significant SCA
effects) resulted from L-1 x Gm 1021 and L-15 x Gm 1021 (120.3 and 124.7
ears/100 plants), respectively confirming their outstanding.

In respect to number of days to 50% silking, Table 2 shows that, in
general, all the topcrosses were significantly earlier than the commercial
single cross hybrid Pioneer 3084. However, eight out of the 36 topcrosses
were significantly earlier than the check hybrid SC 155.For GCA effects
(Table 3), the parental lines L-1, L-4, L-5, L-7, L-8 and L-9, in addition to the
inbred tester Gm-1021 had highly significant GCA effects towards earliness.
In other words, topcrosses involving these lines and/or Gm 1021 as a tester
were earlier. This indicates that these inbreds possess favorable genes for
earliness. The same trend for Gm 1021 was reported by Soliman (2000),
Soliman et al (2001) and Abd El-Azeem et al (2004). On the contrary, parental
lines L-2, L-11, L-13, L-15, L-16 and L-17 as well as the inbred tester Gm 1004
had positive and highly significant GCA effects marked by lateness in silk
appearance, However, non of the topcrosses showed negatively significant
SCA effect (Table 4).

Considering plant height, data presented in Table 2 revealed significant
differences between the two testers. The inbred tester Gm 1004 induced
shorter plants over all parental lines, than the tester line Gm 1021. This result
was reflected in the combining ability effects (Table 3), where Gm 1004 had
highly significant and negative (desirable) GCA effect towards shortness.
This indicates that Gm 1004 had favorable dominant genes for shortness. On
the contrary; the-inbred tester Gm 1021 had positive and highly significant
(undesirable) GCA effect. In this regard, Soliman et a/ (2001) and Abd El-
Azeem et al (2004) obtained similar findings. For parental lines, the best
general combiners were L-1, L-11 and L-12, since they had highly significant
and negative (desirable) GCA effects and the shortest plants (Table 2 and 3).

Plant height of the 36 topcrosses (Table 2) ranged from 216.9 to 258.3 cm
for crosses L-12 x Gm 1004 and L-3 x Gm 1021, respectively. In general, all
topcrosses involving the inbred tester Gm 1004 showed shorter plants than
those involving the inbred tester Gm 1021. Moreover, all the topcrosses of
the inbred testers Gm 1004, except with the tested lines L-7, L-8, L-9, L-10
and L-15, in addition to the crosses of L-11 and L-12 with Gm 1021 were
significantly shorter than SC 155 (248.8 cm). Non of the topcrosses, however
showed significantly negative SCA effect for plant height (Table 4). Although,
18 out of the 36 topcrosses exhibited negative (desirable) SCA effects, but
did not reach the level of significance.

Considering ear height, the obtained results (Tables 2 and 3) reveal that
the inbred tester Gm 1004 showed more favorable effect on ear placement
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than inbred tester Gm 1021, since it exhibited significantly lower average ear
height with highly significant negatlve GCA effect (towards low ear
placement). The same findings were obtained by Soliman et al/ (2001) and
Abd El-Azeem et al (2004). For the parental lines across the two testers, L-11,
L-12, L-14, L-17 and L-18 ranked the best with an average of 118.0, 126.1,
128.0, 128.7 and 127.0 cm, respectively, and with distinct GCA effects
(negatively significant) towards low ear placement. On the other hand, six
parental lines exhibited the highest average for ear helght (137.0 to 141.3 cm)
with significant or highly significant positive GCA effects. Average ear height
for topcrosses (Table 2), ranged from 112.7 to 147.6 cm for L-11 x Gm 1004
and L-3 x Gm 1021, respectively. Generally, all topcrosses involving the
inbred tester Gm 1004 showed lower ear height than those involving the
inbred tester Gm 1021. Moreover, topcrosses invoived the lines L-1, L-2, L-3,
L-5, L-6, L-7, L-11, L-12, L-13, L-14, L-17 and L-18 with inbred tester Gm 1004,
in addition to the crosses of L-11, L-17 and L-18 with Gm 1021 manifested
significantly lower ear placement than SC 155. Regarding SCA effects, two
topcrosses, i.e. L-3 x Gm, 1004 and L-16 x Gm 1021 showed negatively
significant SCA effects towards low ear placement (Table 4). On the other
hand, the highest positive SCA effects, towards higher ear placement were
shown in the topcrosses L-16 x Gm 1004 and L-3 x Gm 1021.

The estimates of combining ability variances (c’gc. and o%,,) and its
interaction s with locations (o’gc. x Loc and o‘.c. x Loc) for grain yield other
studied traits (Table 5) showed that gca variance played the major role in
determining the inheritance of all studied traits. This indicates that the
largest part of the total genetic variability associated with these traits was the
result of additive gene action. Similar findings were also obtained by
Comstock and Robinson (1963), Eberhart et a/ (1966), Darrah and Hallauer
(1972), Soliman et al (2001) and Abd El-Azeem et al (2004). Also, Russell et al ..
(1973), Hallauer and Mirinda (1981), El-ltrby ef a/ (1990) and Soliman and

Table (5): Estimates of general (0%..) and (0%,..) combining ability variances
and their interaction with locations for grain yield and other
agronomic traits.

Days to

. i . Ear
Estimates cy;l';':" E:;‘asll‘l(s)o ] ﬁ::{“’ ) hl:liagr;‘tt eyt
0%gca 8.507 23514  0.110  75.067  31.290
0%5ca 0.348 3.617 0.079 9.526 11.120
0%gca X LOC - 0432 11167  0.027 8.962 6.907
0%5ca X LOC 3.370 16920  0.017  -14.852* 0.582

* Negative estimates are considered zero.
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Osman (2006) indicated the importance of additive gene action in affecting
grain yield of maize. More-over, the additive gene effects interacted more
with different environmental conditions prevailing in the three locations than
the non-additive gene action for days to 50% silking, plant and ear heights
(Table 5). The non-additive gene action, however, interacted more with the
environmental conditions than the additive component for grain yield and
number of ears/100 plants. This finding indicates non-additive types of gene
action to be more affected by environment than additive and additive x
additive types of gene action. This result is in agreement with the findings of
several investigators who reported specific combining ability to be more
sensitive to environmental changes than general combining ability (Gilbert,
1958). Also, Shehata and Dahawan (1975) and Sadek et a/ (2000 and 2002)
also found that the non-additive genetic variation interacted more with the
environment than the additive component. On the other hand, Ei-ltrby et a/
(1990), Soliman et al (2001) and Abd El-Azeem et a/ (2004) reported that the
additive types of gene action were more affected by environment than non-
additive ones.

The study suggested that the seven testcrosses, i.e. L-1 x Gm 1021, L-4 x
Gm 1021, L-7 x Gm 1021, L-9 x Gm 1021, L-14 x Gm 1021, L-15 x Gm 1021 and
L-16 x Gm 1021 should be tested further for the commercial use. In addition,
the seven inbreds included in these crosses (L-1, L4, L-7, L-9, L-14, L-15 and
L-16) had good GCA effects for yield, prolificacy and earliness (Table 3).
These inbreds should be intermated to form a new synthetic variety of yellow
maize, which can be used as a base population for the extraction of more
favorable yellow lines for the development of high yielding, earlier single
cross hybrids of yellow maize.
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