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ABSTRACT

The main objective of this study was directed to evaluate combining ability
effects of exotic lines, and to determine the mode of gene action, which control, grain
yield and its components, as well as some morphological and earliness traits of yellow
maize. Thus, four exotic yellow maize inbred lines were top crossed with two local
populations as testers. The results from the evaluation of these genotypes revealed
that Lines differ in their order performances, when crossed with each of male parent
(tester). All top crosses showed significant heterctic effect over their mid and better
parents for ear length, number of kernels per row, 100 kernels weight and grain yield
per plant. Line 1 (Mv 09) proved to be a good general combiner for earliness, ear
height, ear diameter, number of rows per ear and grain yield per plant . Whereas, line
2 (Mo 17) was the best general combiner for taliness, ear length, number of grain/row
and grain yield/plant. Tester 2 (Composite 45) was found to be a good general
combiner for tallness and most of yield component traits.

The results showed that the magnitudes of additive genetic variance were
positive and lower than those of non additive genetic varances for 50% silking, plant
height and yield and its components. This fact could be verified by the dominance
degree ratio, which was more than one for all traits, indicating that over dominance
played a major role in the inheritance of these traits. The promising top crosses,
which resulted from exotic fines and local tester exhibited desirable specific combining
ability (SCA) effects and high heterotic values. Therefore, these superior crosses offer
a good chance for possibility of improving yellow maize in Egypt

INTRODUCTION

Selection of parents is of great importance in breeding programs.
Jenkins (1978) stated that the top crossing have been widely used for the
preliminary evaluation of combining ability of new inbred lines. Line x tester
analysis is an extension of the top cross method in which several testers are
used (Kempthorne, 1957). In this respect, AL- Naggar et al. (1997) and Amer
et al. (2003) used single crosses, three way crosses, open—pollinated
varieties and inbred lines as tester to evaluate combining ability of newly
selected lines and found that inbred lines exhibited a highly significant genetic
variation in the progenies of test crosses for most studied traits. Therefore,
testers could be used for distinguishing the new inbreds for their combining
ability.

Many investigators indicated that additive genetic variance played a
major role in the inheritance of yield and it's components (Mostafa et al.,
1995, EL-Zeiretal.,, 2000, Amer et al., 2002 and EL-Shouny et al., 2003).
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While, Mosa (2001) and EL-Kady et al (2002) concluded that the o pposite
was true for the same traits . This study was directed to evaluate combining
ability effects for exotic lines, and determining the mode of gene action, which
control grain yield and its components, as well as some morphological and
earliness traits.

MATERIALS AND METHODS

Four exotic yellow maize inbred lines provided by Maize Research
Department, Agriculture Research Institute, Hungarian Academy of Sciences,
Martonvasar, Hungary were chosen for this study. These lines were named:
Mv 09 (L1), Mo17(L2), A632 (L3) and Mv 5414 (L4) . During 2001 season
these lines were crossed with two Iocal testers, which were open-pollinated
varieties i.e Composite 21 (T1) and Composite 45 (T2), which were supplied
by Sakha Agricultral Research Station, Maize Section, ARC, Giza. In 2002
season, eight top crosses and their six parents (4 line x 2 tester) were
evaluated at the Experimental Station of Fac. Agric., Mansoura Univ.

These genotypes were arranged in Randomized complete Blocks
design with three replications . Plot size was one row, 6 m Long, 80 cm apart
and 25 ¢cm b etween hills. All agricultural field o perations w ere practiced as
usual with ordinary field maize cuitivation. Data were recorded on ten
guarded plants, which were chosen at random in each plot on the following
traits : days to 50% silking (50%$S), plant height in cm (P.H), ear Length (E.L),
ear diameter (E.D), number of rows/ear (N.R/E), number of kernels/row
(N.K/R),100 kernels weight in gm (100 K.W) and average grain yield/plant :n
gm ( G.Y/P). Grain yield was adjusted to 15.50 moisture.

The ordinary analysis of variance for all studied traits was made
according to Steel and Torrie (1980) . Combining ability analysis was carried
out according to Kempthorne (1957) and described by Singh and Chaudhary
(1985).

RESULTS AND DISCUSSION

Analysis of variance

Results in Table 1 showed highly significant differences among
genotypes (parents and crosses) for all studied traits. Parents vs. crosses
mean squares as an indication of average heterosis over crosses were found
to be highly significant for all studied traits. Further partitioning of crosses
mean squares using the line x tester analysis indicated that while, the
difference due to female parents (lines) for all studied traits were highly
significant, the male parents (tester) showed insignificant mean squares for
days to 50% silking, ear Length and 100 kernels weight. Further more Lines x
testers interactions mean squares revealed the presence of highly significant
differences for all studied traits, indicating that parents (Lines) differ in their
order performance in crosses with each of male parent (tester). These
results are in agreement with EL-Zeir et al. (2000) and Amer et al. (2003).
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Table 1: Analysis of variance and mean squares of the four lines, tow
testers and their eight top crosses for all studied traits.

S.V Td.f|50%Sitk.] P.H | E.l | E.D [N.RIE] N.K/IR [100 KW| G.Y/P
Reps 2 [ 2878 [ 859 [ 174124 009 | 045 315 | 3.7
Genotypes | 13 | 61.87 |3240  |84.62 |24.027[33.59 | 3843 | 1255 | 532.5°
Parents (P) | 5 | 110.32 | 2072 |12.46 [19.96 [33.95 | 134.99" | 39.26 | 1454
Crosses(C) | 7 | 17.06 |1040 [33.45 273 [7.65 | 6508 | 19.15 | 949.2
P.vs. C. 1] 116.2° $3438 |770.17]19.077105.72" | 3800.5 | 1282.6 | 51856
Lines (L) 3 | 24.94  |249.8 |86.71 | 3.39 [11.727] 87.89 | 31.39" | 925.7
Testers (T) . 1 | 067 [6112 | 0.042[4.17 |4.16 | 32.67 | 2.67 1418
LXT 3 | 20.33 |487.2 | 2.99 | 2.50 |7.27 | 7478 | 18.78 | 1132
Error 26| 2.84 |15.13| 0.53 [ 0.49 | 1.33 | 4.58 1.62 6.45

** Significant at 1 % level of probability.

Heterosis
Estimates of heterosis over mid and better parents for all studied

traits are presented in Table 2.. High positive values of heterosis would be of
interest in m ost traits, e xcept for d ays to 50% silking, where high n egative
values would be desirable from breeder’s point of view.

All crosses were significantly taller than their mid parents for plant
height when compared to better parent. The crosses (L4 X T1), (L1 X T2), (L2
X T2), (L3 X T2) and (L4 X T2) showed highly significant heterotic effect
toward tallness. For days to 50% silking, most of top crosses exhibited
significant heterotic effects against mid and better parents. Concerning yield
and its components, all top crosses showed significant heterotic effect over
their mid and better parents for ear length (EL), number of kernels per row
(N.K/R), 100 kernels weight (100 K.W) and grain yield per plant (G.Y/P).
However, the heterotic value were desirable highly significant over mid-
parents in the case of ear diameter (E.D) and number of rows/ear, it was
negative againest the better parent for number of rows/ear in some top
crosses (L2 X T1, L3 X T1 and L4 X T1). The heterotic effects were detected
previously in yellow maize by Rizk (1992), EL-Diasty (1996) and EL-Kady et
.- al. (2002) for most of studied crosses in yield and it's components.

The obtained high heterotic values expressed in this study reflect
high degree of genetic diversity among the parental lines and support the
important role of non-additive gene action controlling these traits.

Combining ability

Estimates of general combining ability effects (g;) of each line and
tester are shown in Table 3. The results indicated that L1 (Mv 09) proved to
be a good general combiner for earliness, ear height, ear diameter (ED),
number of rows per ear (N.R/E) and grain yield per plant ( GY/P). Whereas,
L2 (MO 17) was the best general combiner for tallness, ear length, number of
kernels/row and grain yield / plant.

Tester 1 (Composite 21) was poor general combiner for most studied
traits except for earliness. On the contrary, tester 2 (Composite 45) was
considered to be a good general combiner for tallness and most of yield
components.
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Table 2: Estimates of heterosis over mid parents and better parent of each cross for all studied traits

50% SilK. P.H E.L E.D N.RIE N.K/R 100 KW G.YIP
Crosses | M.P B.P MP [BP| MP |BP | MP|BP|MP| BP MP |BP | MP|BP]| MP B.P
L1xT1 211 | 6327 | 24487 | 564 | 47.60" |26.287(34.307[13.107([22.25"| 0.00 | 83.617 {21.50*77.487|37.18"( 109.83" | 20.07"
L2xT1 027 | 995 | 17.687 | 2.67 | 108.13" |99.927|44.257[15.787|35.40"| -4.57" | 172.66" |84.587|75.34 [58.65 | 207.44" | 69.00"
L3xT1 -1.37 | 468" | 25717 | 4.45 | 58.73" [42.067]26.707( 0.00 |31.217| -4.57" | 76.43" |15.377(|34.487|23.95"( 122.647 | 27.87"
UxT1 7617 | 058 | 56.417 [19.297| 77.27" 144.677[19.937} 2.60" | 558" | -13.63" | 83.60" |38.447|58.247153.69"| 122.53" | 31.58"
L1xT2 -5.88" | 6.327 | 3589 |8.99" | 60.64" |35.927[42.457]17.557[63.647| 42.07" | 134.86" [59.287|95.817|49.197| 322.35" | 296.40"
L2xT2 -12.65" | -11.55" | 61.247 [32.647| 99.92" [89.777(30.197| 2.55" [42.72"| 5.217 | 151.137 |74.537|46.387(30.147( 427.70" | 213.14"
L3xT2 793" | -6.25" | 47.38" |15.937| 44.96" (28.237|32.337( 2.55" |31.02"| 0.00 |170.84" {81.347|33.32"|20.62"( 282.54" | 144.72"
L4xT2 -6.56" | -6.09" | 58.29" [15.16"| 74.5" 141.007(34.297| 2.53" [33.36| 15.78" | 91.20" [49.117|45.00"138.097| 291.21” | 162.70"
LSDS% | 282 2.45 657 |560| 123 |1.07 [117 100|193 | 166 360 {310 214|185 425 3.68

1% | 3.79 329 | 885 | 767 | 166 | 1.44 [ 158 | 136|260 | 224 485 | 418 | 288 | 249 | 565 4.96

** Significant at 1 % level of probability.
L1, 12,13 and L4 are Mv 09, M0 17, A 632 and Mv 5414 lines, respectively.
T4 and T2 are Composite 21 and Composite 45 varieties as testers, respectively.
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It could be noticed that line 1, line 2 and tesrer 2 may possess
desirable genes for improving most studied traits. Thus, these promising
inbreds may be utilized in maize breeding program to produce high yielding
yellow maize hybrids.

Table 3: Estimates of general combining ability effect (g; for the four
lines and two testers of all studied traits

|
50% pW | EH | EL  ED |NRE|NKR| 100KW| G.Y/P

Silk

L1 (Mv09) 292 -7.29 [-7.63 |-2.54 [ 0.92 |2.08 |-2.67 0.92 9.83
L2 (MO17) 1.75 | 6.38 |[6.04 | 563 | 0.08 | -0.58  5.67 1.08 11.36
L3 (A632) 092 | -346 |6.54 [-2.04 [-0.92 | -0.92  -1.17 | -3.42 -12.70
L4 (Mv5414) 0.25 | 4.38 1.04 [-1.04 | -0.08 | -0.58 | -1.83 | 142 8.59

Eg lines 0.75 1.85 | 0.93 | 0.25 | 0.28 | 049 | 1.02 0.58 1.34

1(Composite 21) | -0.17 | -15.96 [-4.29 | 0.04 |-0.42 | -042 | -1.17 | 0.33 -7.69
[T2(Composite 45) | 0.17 | 15.96 [4.29 | -0.04 | 042 | 042 | 117 | -0.33 7.69
SE, itester 0.53 1.31 0.66 | 0.18 | 0.20 | 0.35 | 0.72 0.41 0.95

*, ** Significant at 5% and 1% levels of probability, respectively.

Table 4: Estimates of specific combining ability effect (s;;) of the eight
top crosses for all studied traits

Crosses | 50% Silkk. | P.H E.| | E.D |N.RIEN.K/R| 100 KW G.YIP
L1xT1 0.17 4.63 (-0.881-0.25|-1.25|-1.33| -2.17 -20.5
L2 x T1 2.17 -12.38 | 0.29 1 0.92 | 0.75 [4.00 2.00 8.42
L3 x T1 0.00 -0.54 | 0.63 |-0.08 | 1.08 |-4.17 -0.50 £.95
L4 xT1 -2.33 8.29 |-0.04 -0.58|-0.58 1.50 0.67 5.14
L1xT2 -0.17 -4.63 (0.88 | 6.25|1.25|1.33 | 2.17 20.5
L2 x T2 -2.17 12.38 |-0.29 |-0.92 |-0.75]-4.00 | -2.00 -8.42
L3xT2 0.00 0.54 |-0.63/0.08 |-1.08 4.17 0.50 -6.95
L4 x T2 2.33 -8.29 | 0.04 | 0.58 | 0.58 -1.50| -0.67 -5.14
SE s, 1.06 262 10.35/0.40]0.69 | 145 0.82 1.90

*, ** Significant at 5% and 1% levels of probability, respectively.
L1,L2, L3 and L4 are Mv 09, M0 17, A 632 and Mv 5414 lines, respectively.
T1 and T2 are Composite 21 and Composite 45 varieties as testers, respectively.

Estimates of SCA effects (S;) of the eight top crosses for all studied
traits are presented in Table 4. The results indicated that the top crosses
(L4xT1) and (L2xT2) which were a result of crossing (poor x poor) and (good
x good) general combiners, respectively were the most promising for both
earliness and tallness. The top cross (L2 X T1) and (L1 X T2), including two
good general combiners, showed desirable SCA effects for yield and its
component traits. It's worthily to notice that the promising crosses, which
exhibited desirable SCA effects, revealed as previously mentioned high
heterotic values. Thus, the excellent cross combinations were obtained from
(good x good), (poor x good) and (poor x poor) general combiners. Therefore,
it is not necessary that parents having high estimates of GCA effects would
also give high estimates of SCA effects in their respective cross
combinations. The same trend was observed: earlier by Abd EL-Maksoud
(1997) and EL- Morshidy et al. (2003).
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Gene action

Estimates of additive (°A), non additive (6°D) variances and degree
of dominance (a°D/ o®A) are given in Table 5. The results showed that the
magnitudes of additive genetic variance (g°A) were positive and lower than
those of non additive genetic variances (o°D) for 50% silking, plant height
and yield and its components. This fact could be verified by the ratio (o°D/
oZA) which was more than one for all traits, indicating that non additive gene
action played a major role in the inheritance of these traits. These results are
in good agreement with those obtained by Ei-Zeir et al (2000), Soliman et al
(2001) and E}-Morshidy et al. (2003). This finding explains the presence of
heterosis over mid and better parents in most top crosses for all studied
traits.

In conclusion, parents vs. crosses mean squares were highly
significant, supporting high estimates values of heterosis for all studied traits.
This finding insures the existence of high degree of genetic diversity between
the exotic lines and the local testers. Consequently, the promising top
crosses, resulted from exotic lines and local tester exhibited desirable SCA
effects and high heterotic values. Therefore, these superior crosses offer a
good chance for possibility of improving yellow maize production in Egypt.

Table 5: Estimates of additive and dominance genetic variances for all
studied traits.

Parfr::f;r‘j s0%Silk. | PH | EL | ED | NKE | NKR | 100KW | G.Y/P
A 0.92 |106.2] 429 [0.20| 0.53 | 3.69 1.30 51.04
Z 565 |155.5/0.70]067| 1.94 | 22.83 | 557 373.99
(o plo-a)™ 248 [1.21]040]1.84] 191 | 2.49 2.07 2.71
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