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ABSTRACT

This study was carried out at two locations (Gemmeiza and Mallawy), in
Egypt during summer of 2004. The resulting top crosses from crossing twenty inbred
lines with two line testers (Gm. 1021 and Gm. 1002) and two checks (S.C. 155 and
S.C. 3080) were evaluated in summer season of 2005.Mean squares due to locations
were significant for all studied traits except, ear height and number of kernels/row.
Variances due to crosses and their partitioning (lines, testers and line x testers) were
significant for most studied traits. Additive and non-additive gene action played an
important role in the inheritance of all the studied traits, while, non-additive gene
action was more influenced by locations than additive gene action for most studied
traits. The inbred lines Gm.( 359, 362, 364, 367, 368) exhibited highly significant and
desirable GCA effects for most studied characters and grain yield, while, the inbred
line Gm. 370 gave significant and desirable GCA effects towards earliness and
dwarfness. The highest mean performance of crosses for grain yield were obtained
from the cross Gm. 363 x Gm. 1021 (36.10 ard./fed.) and the cross Gm. 364 x Gm.
1021 (33.10 ard./fed.) relative to inbred line Gm. 1021 as tester, while, the cross Gm.
364 x Gm. 1002 (32.6 ard./fed.) and the cross Gm.365 x Gm.1002(32.7 ard./fed.)
relative to inbred line Gm.1002 as tester. These top crosses outyielded and earlier
than the two commercial hybrids S.C.155 ( 27.9 ard./fed.) and S.C. 3080 (29.4
ard./fed.). Moreover, twenty top crosses gave higher values from the commercial
hybrid S.C.155, while, seventeen top crosses gave higher values from the
commercial hybrid S.C. 3080 relative to grain yield trait. The relative increasing
percentage of grain yield (ard./fed.) for the top crosses inbred line Gm.1021 as tester
, ranged from — 18.28% to 29.39% and form — 22.45% to 22.79% relative to
S.C.155 and S.C.3080, respectively. The highest percentage values of the relative
increasing for the top crosses with inbred line Gm.1021as tester were obtained form
the crosses (Gm. 352 x 1021) , (Gm. 363 x 1021) and (Gm. 364 x 1021). The relative
increasing percentage of grain yield for the top crosses with inbred line Gm.1002 as
tester, ranged form — 22.22% to 17.2% and form — 25.85% to 11.22% relative to S.C.
155 and S.C. 3080, respectively. The highest percentage values of the relative
increasing for the top crosses with inbred line Gm.1002 as tester were obtained form
the crosses(Gm. 364 x 1002) and (Gm. 365 x 1002) . These crosses could be
involved in maize breeding program to improve early maturity, disease resistance and
higher grain yield.
Keywords: Maize, Zea mays L., Line x tester, Combining ability, Gene action, Top

crosses.

INTRODUCTION

In recent years, maize breeder hopes to increase the national
production of maize through the development of new high yielding hybrids
with resistant to maize diseases especially, late wilt disease. Allison and
Curnow (1966) showed that the best tester as one that capable of giving the
highest grain yield of its resulting top cross. Obtaining a high yielding maize
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hybrid is based mainly on development of better inbred lines as reported by
Jenkins (1978). Although, the line tester had the narrowest genetic and lowest
yield potentiality although it gave maximum genetic variation in the top
crosses for most traits. However, it could be indicated that the inbred lines
considered as effective tester for evaluating inbred lines. Moreover, some
investigators i.e. Mahmoud (1996), Soliman and Sadek (1999). Mosa et al.
(2004), Amer (2004) and Ibrahim and Osman (2005) found that the estimates
of additive gene type played an important role in the inheritance of grain yield,
ear position, resistance to late wilt disease while, others i.e. Lonnquiest and
Gardener (1961), lbrahim (2001) and Mosa (2001) found that The estimates
of non-additive gene type played an important role relative to plant height, ear
height and number of rows / ear in this respect. Also, Venugopal et al. (2002)
found that 62 SCA x loc. was greater than 62 GCA for most studied traits.

The main objectives of this study were (1) to estimate combining ability
for the twenty inbred lines .(2) to determine the additive and non-additive gene
action.(3) to identify the superior inbred lines, good top crosses and
calculating the relative increasing percent form the crosses relative to the two
checks hybrids( S.C. 155 and S.C. 3080).

MATERIALS AND METHODS

New twenty yellow inbred lines of maize derived from composite. 21
population were developed to 8" generations at Gemmeiza Agricultural
Research Station. These lines are ; Gm. 351, Gm. 352, Gm. 353, G. 354,
Gm. 355, Gm. 356, Gm. 357, Gm. 358, G. 359, Gm. 360, Gm. 361, Gm. 362,
Gm. 363, Gm. 364, Gm. 365, Gm. 366, Gm. 367, Gm. 368, Gm. 369 and Gm.
370 and crossed with two famous testers (Gm. 1021 and Gm. 1002) as good
inbred lines to produce forty top crosses during 2004 season. In 2005 season,
the forty top crosses plus two checks (S.C. 155 and S.C. 3080) were
evaluated at Gemmeiza and Mallawy Agricultural Research Stations,
Agricultural Research Center (ARC) in Egypt. These materials are fixed and
distributed in a Randomized Complete Block Design with four replications,
plot size was one row, 6 m length, 80 cm apart and 25 cm between hills.
Recommended agricultural practices for maize production were done at the
proper time and data recorded on days to 50% silking (days), plant height
(cm), ear height (cm), ear position % ( means the ratio between ear height
and plant height), resistance to late wilt disease (%) , grain yield (ard./fed.)
adjusted to 15% grain moisture content, ear length (cm), ear diameter (cm),
number of rows/ear and number of kernels/row at the proper time. Statistical
analysis of the combined data over two locations was performed according to
Steel and Torrie (1980), while, combining ability analysis was computed using
the line x tester procedure suggested by Kempthorne (1957). Combined
analysis among the two locations was done based on the homogeneity test.

RESULTS AND DISCUSSION

Mean (Y), environmental error (82 €) and coefficient of variability
(C.V%) for the ten studied traits are shown in Table 1. Mallawy location
816
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exhibited higher and favorable mean than Gemmeiza location for most
studied traits except, plant height trait. Also, all the studied traits showed
higher values for coefficient of variability (C.V.%) under Mallawy location
comparing to Gemmeiza location except, plant height, ear position and
resistance to late wilt disease. It could be noted that 70 % of the studied
characters at Mallawy location had higher environmental variances, this
indicated that the genotypes differ from location to another or there was stress
environment as reported by Balko and Russell (1980), El Zeir et al. (1993),
Esmail et al. (1994) and Singh and Singh. (1998).

Table (1): Mean (Y), environmental error (8° e) and coefficient of
variability (C.V.%) for the ten studied traits at Gemmieza and
Mallawy and their combined analysis.

Days to| Plant Ear Ear Resist- Ear Ear Number [Number| Grain
Traits 50% | height [height | position ance length | Diamet of of yield
silking | (cm) | (cm) (%) |to late] (cm) |er(cm.)| rows/ear [kernels/r| (ard/
(day) ilt (%) ow fed)
Gemmieza
v 54.71 | 261.18 [145.60 | 55.84 99.26 16.63 | 4.78 15.65 37.50 | 27.50
X 0.66 (189..97|66.32 | 22.54 121 1.04 | 0.10 0.81 8.90 6.89
e 1.48 5.28 | 5.59 8.50 111 6.13 [ 6.62 5.75 7.96 9.55
C.V. %
Mallawy
Vi 62.60 | 258.54 (146.10| 56.57 99.80 [19.84 | 5.66 15.68 41.68 | 28.58
X 0.94 (13582 (8110 13.52 0.93 343 | 0.20 1.13 10.86 9.44
e 1.55 450 | 6.16 6.50 0.97 9.33 | 9.35 6.78 9.55 10.75
C.V. %
Combined
Vi 58.66 | 259.86 |145.85( 56.21 99.53 18.23 | 5.22 15.66 39.59 | 28.04
X 0.80 162.9 | 73.70 | 18.03 1.07 224 | 0.15 0.97 9.88 8.17
e 1.52 4.91 5.89 7.55 1.04 8.20 [ 8.35 6.29 7.94 10.19
CV. %

Mean squares of combined analysis for ten studied traits are presented
in Table 2. Significant differences were found between the two locations for
most traits, except ear height and number of rows/ear. This due to the two
locations differences as a result for environmental variations and soil
conditions.

Mean squares due to crosses were significant for all studied traits,
except ear diameter. Partitioning mean squares due to lines (L) indicated
significant crosses for all traits. Meanwhile, mean squares due to testers (T)
were significant for some traits i.e. days to 50% silking, ear position,
resistance to late wilt disease, number of rows/ear and grain yield. Mean
squares due to lines x testers (L x T) were significant for all the studied traits,
except ear position, ear length and ear diameter. On the other hand, mean
squares due to crosses x loc. and due to lines x loc. were significant for days
to 50% silking, plant height, ear height, resistance to late wilt disease and
grain yield.
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Mean squares for testers x loc. were significant for resistance to late wilt
disease and number of kernels/row, while, mean squares due to (L x T x loc.)
were significant for days to 50% silking, resistance to late wilt disease and
grain yield. These results indicated that the genotypes (crosses), their
partitioning and their partitioning x locations differed form location to another,
indicating that there were a fair amount of genetic variability among those
items and their parts. These results were at the same order as reported by El-
Zeir (1999), Amer et al. (2003).

Mean performance of crosses for ten traits as an average over two
locations (Gemmeiza and Mallawy) are shown in Table 3. The mean values of
crosses for grain yield ranged form ( 21.8 ard./fed.) for the cross Gm. 351 x
Gm. 1002 to ( 36.1 ard./fed.) for the cross Gm. 363 x Gm.1021. Twenty
crosses gave higher values from the commercial hybrid S.C. 155, while,
seventeen crosses gave higher values from the commercial hybrid S.C. 3080.
The highest mean values of crosses for grain yield were obtained from the
cross Gm. 363 x Gm. 1021 ( 36.1 ard./fed.) followed by the cross Gm. 364 x
Gm. 1021 ( 33.1 ard./fed.) , the cross Gm. 365 x Gm.1002( 32.7 ard./fed.)
and the cross Gm.364 x Gm.1002( 32.6 ard./fed.).These top crosses
outyielded than the commercial hybrids S.C. 155 ( 27.9 ard./fed.) and S.C.
3080 ( 29.4 ard./fed.),while, the remaining traits gave results as follows : The
latest cross as compared with the two single crosses was Gm.352 Xx
Gm.1021(61.9 days), meanwhile ,the earliest cross was Gm. 365 x Gm. 1021
(57.0 days ). As for late wilt resistance, it could be noted that twelve crosses
were highly of 100 %, twelve top crosses had lower ear height, ten top
crosses possess the tallest ear as compared to the two single crosses which
are used as checks , five top crosses gave the thinnest ear diameter than the
two check crosses, thirteen top crosses gave higher of number of rows/ear
and fourteen top crosses exhibited higher values for number of kernels /row
than the two single crosses i.e.,S.C.155 and S.C.3080.These results are of a
great interest for maize breeder to obtain the ideal genotype of maize which
are early nature, resistance to late wilt and higher grain yield.

As general, the mean values for most of the top crosses including
inbred line Gm.1021 as tester were higher for grain yield and most of the
studied traits than those included inbred line Gm. 1002 as tester. Regarding
to (Table 4) which indicated that the two testers were markedly differed in
their yielding ability and for evaluating the lines. Correlation Coefficient value
suggested also that the two testers were markedly differed in their yielding
ability and the ranking of the lines. Similar conclusions were obtained by
Rawlings and Thompson (1962), Diab et al., (1994) and lbrahim et al.,
(2007), who pointed out that a good tester should have precision in
discriminating among genotypes under this study.

821



Osman , M.M.A. and M.H.A. Ibrahim

Table (4): Lines rank of the two testers based on the combined data for
grain yield (ard/fed).

Lines Testers
Gm. 1021 Gm. 1002
Gm. 351 20 20
Gm. 352 3 8
Gm. 353 4 19
Gm. 354 10 15
Gm. 355 5 18
Gm. 356 8 11
Gm. 357 18 9
Gm. 358 16 14
Gm. 359 17 4
Gm. 360 19 7
Gm. 361 9 17
Gm. 362 15 13
Gm. 363 1 6
Gm. 364 2 2
Gm. 365 11 1
Gm. 366 7 3
Gm. 367 6 10
Gm. 368 13 16
Gm. 369 14 5
Gm. 370 12 12

Correlation coefficient between the two testers. r =0.26

Estimates of variance for general (K> GCA) and specific (K? SCA)
combining ability and their interaction with the two locations are given in Table
5. The results showed that K2 GCA for plant height ,ear height ,ear position,
resistance to late wilt disease and grain yield was higher than K2 SCA, while,
the other traits gave the reverse.

These results indicated the importance of both additive and non-
additive gene action in the inheritance of these studied traits.On the other
side, the magnitude of the interaction for K2 SCA x loc. was markedly higher
than K2 GCA x loc. for days to 50% silking, plant height, ear height, ear
position, resistance to late wilt and grain yield, while, the reverse results were
obtained for other studied traits. These results indicated that the non-additive
gene action was more sensitive to location differences than additive one for
the remaining traits. Similar results were obtained by El-Zeir (1999), Nawar
and El-Hosary (1984), Mahmoud (1996), Mosa (2001), Ibrahim (2001) and
Amer (2004) for most studied traits and grain yield.

General combining ability effects for the 20 inbred lines and two
testers over two locations are presented in Table 6. Variances of inbred lines
gave desirable GCA effects which refer that these inbred lines could be
involved in breeding program to improve these characters and develop new
top crosses to be distributed and cultivated under Egyptian conditions i.e.;
inbred lines Gm.( 355, 357, 359, 361and 368 ) for grain yield , 7 inbred lines
for days to 50% silking , 3 inbred lines for plant height , 8 inbred lines for ear
height. Moreover, the inbred line Gm.370 exhibited desirable significant
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towards earliness and dwarfness , inbred line Gm. 364 for ear position ,
inbred line Gm. 365 for resistance to late wilt disease, inbred lines Gm.( 363
and 367 ) for ear length , inbred lines Gm.( 367 and 368 ) for ear diameter,
inbred lines Gm.( 354 , 355 and 356 ) for number of rows/ear , inbred lines
Gm.( 357, 362 , 363 and 367 ) for number of kernels/row trait on the same
order. While, on the other hand, highly significant and desirable GCA effects
for the testers were obtained from line tester Gm. 1021 for grain yield. This
result showed that the inbred line Gm.1021 as tester had a high frequency of
favorable dominant alleles, which contributed to the yield of top crosses. In
this respect, superiority of crosses as good testers were noticed by Sokolov
and Kostyuchenco (1978), Mosa et al. (2004) and Ibrahim et al. (2007).

Specific combining ability effects for 40 top crosses over the two
locations (Gemmeiza and Mallawy) for the studied traits are shown in Table 7.
The results showed that six single crosses possess desirable SCA effects
and could be involved in breeding program to improve these characters.
Single cross Gm.359 x Gm.1002 possess desirable SCA effects for plant and
ear heights as well as number of rows/ear . Single cross Gm.351 x Gm.1002
had desirable SCA effects for earliness and grain yield. Single cross Gm.360
x Gm.1021 contained significant and desirable SCA effects for plant and ear
heights. Single cross Gm.360 x Gm.1002 had positive and significant SCA
effects for rows/ear and grain yield. Significant and desirable SCA effects
were detected for cross Gm.365 x Gm.1002 for resistance to late wilt disease
,while, the cross Gm.369 x Gm.1002 gave negative and significant SCA
effects for plant height , ear height and resistance to late wilt at the same time
. These crosses are considered fruitful and promising to could be involved in
breeding program of maize.

The relative increasing percentage for the top crosses relative to the
two check hybrids (S.C.155 and S.C.3080) for grain yield form combined data
are presented in table (8). For the top crosses with inbred line Gm. 1021 as
tester, relative increasing ranged form — 18.28 to 29.39 and form — 22.45 to
22.97 to the two check hybrids (S.C.155 and S.C.3080), respectively. Out of
20 crosses under this study three crosses (18%) were significantly higher
than the two check hybrids S.C.155 and S.C. 3080 . Increasing percentage of
grain yield (ard/fed) for the three crosses i.e., (Gm. 352 x 1021), (Gm. 363 X
1021) and (Gm. 364 x 1021) relative to the two check S.C. 155 and S.C. 3080
ranged form 5.73% to 29.39 and form 4.76% to 22.79% respectively. For the
top crosses with inbred line Gm. 1002 as tester, relative increasing ranged
form — 22.22% to 17.2 and from — 25.85% to 11.22% relative to S.C.155 and
S.C. 3080, respectively .Out of 20 crosses two crosses (14%) were
significantly higher than two check hybrids. Increasing percentage of the two
crosses (Gm.364 x 1002) and (Gm. 365 x 1002) relative to S.C.155 and S.C.
3080 ranged form 5.73% to 17.20% and form 10.88% to 11.22%,
respectively.
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Table (8): Increasing percentage for crosses relative to the two check

hybrids for grain yield (ard./fed.) form combined data.

Lines S.C. 155 S.C. 3080
Gm. 1021 Gm. 1002 Gm. 1021 Gm. 1002

Gm. 351 -18.28** -21.86** -22.45** -25.85**
Gm. 352 15.77** -0.72 9.86** -5.78**
Gm. 353 13.98** -22.22** 8.16** -19.39**
Gm. 354 6.09** -9.68** 0.68 -14.29**
Gm. 355 13.26** -13.62** 7.48* -18.03**
Gm. 356 10.39** -6.09** 4.76** -10.88**
Gm. 357 -10.04** -4.30** -14.63** -0.18**
Gm. 358 -8.24** -9.32** -12.93** -13.95**
Gm. 359 -8.60** 7.98** -13.27** 2.38
Gm. 360 -0.15 1.43 -19.05** -3.74**
Gm. 361 7.89** -13.26** 2.38 -17.69**
Gm. 362 -4.30** -6.81** -9.18** -11.56**
Gm. 363 29.39** 5.73* 22.79* 0.34
Gm. 364 18.64** 16.85** 12.59** 10.88**
Gm. 365 5.73* 17.20** 0.34 11.22**
Gm. 366 11.11* 8.24** 5.44** 2.72
Gm. 367 11.47* -5.38** 5.78** -10.20**
Gm. 368 1.79 -11.11* -3.40** -15.65**
Gm. 369 -0.36 7.17** -5.44* 1.70
Gm. 370 2.51 -6.45** -2.72 -11.22**

Mean 4.90** -3.32* -1.14 -7.91**
*** Significant at 0.05 and 0.01 levels of probability, respectively.
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Table (2): Analysis of variance for the ten studied traits of the combined data under two locations (Gemmeiza and

Mallawy) during summer season of 2005.

Mean squares

Days to Plant Ear Ear Resistance Ear Ear Number of| Grain
0,
S:0.V. D.F si?l(()iﬁg height height | position |to late wilt | length | diameter '\AUOT\/Z%;: kernels/ yield
(day) (cm.) (cm.) (%) (%) (cm.) (cm.) row (ard.ffed.)
Locations 1 |4984.90**| 559.15* 21.01 41.00* 23.11** |385.00**| 70.31** 0.02 1399.50** | 91.42**
Reps/locations 6 2.065 513.44 149.90 64.15 3.22 2.91 0.33 0.76 12.02 42.63
Crosses (Cr) 39| 8.53* 678.75** | 597.11** | 43.04* 7.51** 5.43** 0.20 4.13* 42.35** 85.76**
Lines (L) 19| 12.38* | 877.82** | 849.23** | 68.00** 8.03** 7.30** 0.42* 2.85** 58.00** 96.39**
Testers (T) 1 6.33* 6.90 115.20 44.25* 12.01* 0.20 0.01 2.28* 16.20 409.51**
LxT 19| 4.79* 515.04* | 370.35* 18.02 6.75** 3.83 0.39 5.50** 28.08* 58.09**
Crx Loc. 39 1.95*% 518.38* | 299.71** 34.44 6.93** 2.26 0.11 1.16 16.14 50.07**
L x loc. 19 2.23* 607.63** | 421.81** 38.06 7.73** 2.68 0.04 1.50 23.54 37.77*
T x loc. 1 1.13 226.14** | 130.05 7.51 6.06** 0.31 0.04 0.16 33.36** 3.21
L x T x loc. 19 1.71 444 52* 186.54 32.23 6.18** 1.94 0.03 0.88 7.84 64.83**
Error 234| 0.80 16.209 73.70 18.03 1.07 2.24 0.19 0.97 9.88 8.17

* ** refer to 0.05 and 0.01 level of significantly, respectively
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Table (3): Mean performance of 40 top crosses of maize for the ten studied traits of maize under the two different

locations.
Da;éi/:o Plant Ear Ear Resistance Ear Ear Number | Number Grain
Top crosses silking height | height | Position | to late wilt length | diameter of of yield
(day) (cm) (cm) (%) (%) (cm) (cm) |rows/ear kernels/row|(ard./fed.)

Gm. 351 x Gm. 1021 60.5 257.4 | 148.9 56.70 96.60 19.0 4.9 15.4 38.1 22.8
Gm. 351 x Gm. 1002 59.6 255.1 141.0 55.30 94.00 18.0 5.0 15.8 39.2 21.8
Gm. 352 x Gm. 1021 61.9 269.4 | 1584 58.90 99.80 17.5 4.9 15.7 37.9 323
Gm. 352 x Gm. 1002 59.3 260.4 | 1434 55.25 100.00 18.0 5.1 16.3 38.6 27.7
Gm. 353 x Gm. 1021 58.1 259.4 | 1464 56.40 100.00 19.1 5.2 15.8 395 31.8
Gm. 353 x Gm. 1002 58.9 254.9 1315 51.60 100.00 18.1 5.4 16.3 37.7 23.7
Gm. 354 x Gm. 1021 58.9 270.9 155.3 57.30 100.00 18.8 55 15.0 40.1 29.6
Gm. 354 x Gm. 1002 57.5 251.8 137.1 54.40 99.80 17.5 53 15.4 37.6 25.2
Gm. 355 x Gm. 1021 57.1 264.5 144.4 54.60 99.80 19.6 5.3 15.2 42.0 31.6
Gm. 355 x Gm. 1002 57.3 249.3 132.9 53.30 93.00 19.2 5.2 14.9 37.3 24.1
Gm. 356 x Gm. 1021 58.3 260.5 143.0 54.90 99.80 19.9 5.3 15.2 40.7 30.8
Gm. 356 x Gm. 1002 57.4 251.1 135.3 53.80 99.80 18.5 5.1 15.4 411 26.2
Gm. 357 x Gm. 1021 60.3 266.8 154.0 57.80 98.40 20.7 5.2 16.0 46.3 251
Gm. 357 x Gm. 1002 58.6 255.1 137.6 53.90 100.00 19.0 5.1 14.7 39.1 26.7
Gm. 358 x Gm. 1021 59.0 263.4 | 155.0 58.90 94.80 18.7 4.9 15.1 40.7 25.6
Gm. 358 x Gm. 1002 58.3 252.3 136.3 54.00 99.80 19.7 5.0 15.6 40.3 25.3
Gm. 359 x Gm. 1021 59.8 274.1 155.5 56.80 98.10 19.8 5.2 14.9 42.4 255
Gm. 359 x Gm. 1002 58.6 267.3 150.6 56.30 99.90 18.6 5.1 16.6 40.6 30.1
Gm. 360 x Gm. 1021 59.0 264.0 156.5 59.20 97.30 18.0 5.1 17.4 39.1 23.8
Gm. 360 x Gm. 1002 57.6 252.8 144.3 57.10 99.80 17.8 53 16.1 374 28.3
Gm. 361 x Gm. 1021 58.5 253.1 143.1 56.50 99.50 19.8 5.2 15.4 40.6 30.1
Gm. 361 x Gm. 1002 58.0 249.5 132.1 52.90 99.90 18.8 5.2 15.6 38.1 24.2
Gm. 362 x Gm. 1021 59.8 262.3 161.5 61.70 99.90 18.7 5.4 16.1 39.0 26.7
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Table (3): Count.

Days to| Plant Ear Ear Resistanc Ear Ear Number | Number Grain
Top crosses 50% height height | position | eto late | length | diameter of of kernels/| yield
Silking| (cm) (cm) (%) wilt (%) (cm) (cm) |rows/ear row (ard.ffed.)
(day)
Gm. 362 x Gm. 1002 58.5 254.1 142.0 55.90 100.00 17.3 5.1 16.1 33.0 26.0
Gm. 363 x Gm. 1021 59.6 268.3 153.5 57.20 99.90 17.9 5.3 16.4 38.9 36.1
Gm. 363 x Gm. 1002 59.6 270.5 149.3 55.30 100.00 18.6 53 16.3 39.9 29.5
Gm. 364 x Gm. 1021 59.3 276.4 160.4 58.00 99.50 19.7 5.4 16.6 44.0 33.1
Gm. 364 x Gm. 1002 58.6 260.3 146.6 56.60 99.90 18.7 5.2 15.7 38.8 32.6
Gm. 365 x Gm. 1021 57.0 2453 131.3 53.70 99.90 17.9 5.3 16.7 37.4 295
Gm. 365 x Gm. 1002 58.0 268.1 148.6 55.40 99.50 18.7 53 16.7 40.6 32.7
Gm. 366 x Gm. 1021 59.0 267.1 161.1 60.30 99.00 18.8 5.2 15.6 38.1 31.0
Gm. 366 x Gm. 1002 57.4 259.0 144.6 55.90 100.00 18.8 5.2 15.2 41.6 30.2
Gm. 367 x Gm. 1021 59.1 256.6 152.3 57.90 99.90 19.1 5.0 15.0 41.6 311
Gm. 367 x Gm. 1002 57.3 263.1 137.0 52.10 100.00 18.7 5.0 14.7 38.0 26.4
Gm. 368 x Gm. 1021 59.5 267.6 1515 56.60 99.40 18.6 5.2 16.3 38.8 28.4
Gm. 368 x Gm. 1002 58.5 2555 139.5 54.70 100.00 18.9 5.4 16.8 38.7 24.8
Gm. 369 x Gm. 1021 58.5 269.0 150.3 55.90 99.40 20.2 4.8 14.0 43.4 27.8
Gm. 369 x Gm. 1002 57.5 267.5 146.1 54.70 98.90 20.1 4.8 16.7 41.1 29.9
Gm. 370 x Gm. 1021 58.3 240.6 141.4 60.30 100.00 18.6 5.2 14.9 38.1 28.6
Gm. 370 x Gm. 1002 58.3 2334 136.0 60.20 100.00 17.8 5.1 15.0 37.3 26.1
Y 58.6 259.9 145.8 56.20 99.50 18.8 5.2 15.6 39.6 28.1
(crosses)
Checks S.C. 155| 59.3 258.6 148.6 57.50 100.00 18.9 5.1 15.3 384 27.9
S.C. 3080| 59.4 266.3 146.3 55.00 100.00 18.2 5.4 15.0 39.3 29.4
L.S.D. sij-sik 0.05 0.97 14.32 10.09 4.41 0.69 1.47 0.09 0.98 5.30 3.69
0.01 1.27 18.85 13.28 5.81 0.91 1.93 0.12 1.28 6.97 4.85
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Table (5): Variance estimates of general (K2 GCA) and specific (K> SCA) combining ability and their interaction
with locations.

Day Plant Ear Ear |Resistance Ear Ear Number Number Grain
Variance to50% | height height | position to length |diameter of of yield
silking (cm.) (cm.)) (%) late wilt (cm) (cm) rows/ear |kernels/row |(ard./fed.)
(day) (%)
K2 GCA 0.022 |-11.261@ | 0.255 [0.540 0.029 0.004 |-0.002@| -0.033@ -0.204@ 2.719
K2 SCA 0.320 |-11.570@ |-6.433@ |- 2.505@ |- 0.123@ 0.144 0.044 0.500 0.568 2.540
K?GCA/K? SCA| 0.163 | 0.973 -0.040 |0.216 |-0.236 0.028 -0.045 - 0.066 -0.359 1.070
K2 GCAxloc. | 0.001 |-0.628@ | 2.032 |-0.215@ | 0.016 -0.009@ | 0.001 -0.001@ -0.112@ -1.008@
K2 SCA x loc. 0.185 | 4.000 20.138 2.993 1.068 -0.075@ |- 0.075@| -0.028@ -0.743@ 12.670
K2 GCA x loc. /
T SCAXIo0. 0.005 | -0.157 0.101 | 0.072 0.015 0.120 -0.013 0.036 0.151 0.080

@ Variance estimate preceded by negative sign is considered zero.
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Table (6): Estimates of general combining ability effects for lines and testers from the combined data relative to
the ten studied traits.

Days to 50%| Plant . Ear Resistance Number s
Genotypes Silking height Ear(éwr(;l)ght Position to late Ear((l)en?)gth di Eart Numb;er of of kernels Gratljn/fylgld
(day) (cm) (%) wilt(%) iameter | rows/ear / row (ard./fed.)
Inbred lines:
Gm. 351 0.853 -0.609 -1.306 0.472 0.038 0.700 -0.034 0.147 -0.256 -1.619
Gm. 352 0.166 -7.547*% | -9.244** -2.153 0.413 -0.425 0.028 -0.103 -1.069 -5.119
Gm. 353 2.166 5.953 14.131 3.909 0.350 -0.613 -0.097 0.022 -1.006 1.444
Gm. 354 0.228 -2.609 -3.119 -0.653 0.475 -1.113 0.091 0.584* -3.819 -1.244
Gm. 355 0.228 3.953 4.131 0.659 0.413 -0.300 0.153 0.522* -0.319 5.756**
Gm. 356 0.603 2.828 -5.431* -2.841* 0.475 -0.550 0.153 0.522* -0.756 -1.431
Gm. 357 0.416 13.766 | 12.006 1.534 0.225 0.388 0.216 -0.041 2.494** 3.194**
Gm. 358 -0.584* -3.859 -3.931 -0.716 0.350 -0.863 0.028 -0.041 -1.381 0.944
Gm. 359 -1.584** -4.984 | -7.994** -2.028 0.350 0.013 0.153 0.397 0.181 2.444%*
Gm. 360 -1.022** -1.172 | -5.056* -1.903 0.225 0.138 0.153 0.147 -0.569 0.256
Gm. 361 -0.022 3.953 6.256 1.347 -0.150 0.513 0.153 -0.228 -0.131 2.756**
Gm. 362 -1.272* -4.797 | -5.859* -1.278 0.350 -0.175 0.028 -0.353 1.744* 0.069
Gm. 363 1.041 5.328 | 7.319* 1.659 -0.400 1.263** -0.15 -0.103 4.431** 0.006
Gm. 364 -0.709** -0.734 | -8.494** | -3.091** 0.475 0.013 0.091 -0.978 -0.944 -1.431
Gm. 365 0.603 5.641 7.444 1.597 2.463** 0.050 -0.159 -0.103 0.181 -1.056
Gm. 366 -0.272 -5.984 | -7.931* -1.966 0.350 0.450 0.091 0.209 0.056 -2.931
Gm. 367 0.478 11.703 7.069 0.159 -0.775* 1.263* | -0.347** -0.853 3.306** -1.431
Gm. 368 -0.5784* 7.516 2.569 -0.653 -0.150 0.638 -0.284** -0.291 1.306 2.806**
Gm. 369 -0.022 -7.547* | 3.131 3.597 -0.900** -0.333 0.091 0.022 -1.131 -1.806
Gm. 370 -0.709**  |-16.797*| -5.681* 2.347 0.350 -0.925 -0.034 0.522 -2.319 -0.869
Testers:
Gm 1021 0.141 0.147 -0.600 -0.372 -0.194 -0.025 -0.003 -0.084 0.225 1.131*
Gm. 1002 -0.141 -0.147 0.600 0.372 0.194 0.025 0.003 0.084 -0.225 -1.131
L.S.D.gi 0.05 0.481 7.161 5.044 2.206 0.667 0.733 0.215 0.487 1.611 1.843
lines 0.01 0.633 9.426 6.640 2.904 0.891 0.965 0.284 0.641 2.121 2.426
L.S.D.gi 0.05 0.152 2.265 1.595 0.697 0.214 0.232 0.068 0.154 0.509 0.583
testers  0.01 0.200 2.981 2.100 0.918 0.282 0.305 0.090 0.203 0.671 0.767
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Table (7): Estimates of the specific combining ability effects for 40 top crosses of combined analysis for the ten
studied traits.

Top crosses Days to | Plant Ear Ear [Resistanc Ear Ear Number | Number | Grain
50% height | height | Position | eto late | length |diameter of of yield
Silking (cm) (cm) (%) wilt (%) (cm) (cm) rows/ear | kernels/ |(ard./fed.)
(day) row

Gm. 351 x Gm. 1021 0.859* | 1.978 1.975 0.559 0.256 -0.538 -0.309* | -0.228 -1.538 -2.656
Gm. 351 x Gm. 1002 -0.859* | -1.978 | -1.975 -0.559 -0.256 0.538 0.309 0.228 1.538 2.656*
Gm. 352 x Gm. 1021 0.672* | 2.666 5.038 1.684 0.256 -0.413 0.003 0.397 0.275 -0.056
Gm. 352 x Gm. 1002 -0.672* | -2.666 | -5.038 -1.684 -0.256 0.413 -0.003 -0.397 -0.275 0.056
Gm. 353 x Gm. 1021 0.922* | 3.416 -0.963 -1.128 0.194 -0.600 -0.247 0.022 -0.788 | 4.006**
Gm. 353 x Gm. 1002 -0.922* | -3.416 | -0.963 1.128 -0.194 0.600 0.247 -0.022 0.788 -4.006
Gm. 354 x Gm. 1021 0.234 2.978 1.288 0.059 0.194 0.400 0.066 0.084 2.650** 2.069
Gm. 354 x Gm. 1002 -0.234 | -2.978 | -1.288 -0.059 -0.194 -0.400 -0.066 -0.084 -2.650 -2.069
Gm. 355 x Gm. 1021 -0.898** | -4.584 | -2.963 -0.128 0.256 0.463 -0.122 -0.228 0.025 -1.056
Gm. 355 x Gm. 1002 0.898** | 4.584 2.963 0.128 -0.256 -0.463 0.122 0.228 -0.025 1.056
Gm. 356 x Gm. 1021 -0.516 | -7.959 | -8.275* -1.378 0.194 -0.163 0.003 0.147 -1.413 -1.744
Gm. 356 x Gm. 1002 0.516 7.959 8.275 1.378 -0.194 0.163 -0.003 -0.147 1.413 1.744
Gm. 357 x Gm. 1021 -0.328 | -2.897 | -1.963 -0.003 0.444 -0.475 0.066 -0.791 -2.163 -0.619
Gm. 357 x Gm. 1002 0.328 2.897 1.963 0.003 -0.444 0.475 -0.066 0.791* 2.163 0.619
Gm. 358 x Gm. 1021 -0.703* | -4.397 | -4.150 -0.628 0.194 -0.600 0.003 -0.166 -0.788 -2.694
Gm. 358 x Gm. 1002 0.703* 4.397 4.150 0.628 -0.194 0.600 -0.003 0.166 0.788 2.694*
Gm. 359 x Gm. 1021 -0.078 | 9.478 7.163 0.809 0.194 0.900 0.128 -0.728 2.025 2.256
Gm. 359 x Gm. 1002 0.078 | -9.478* | -7.163* -0.809 -0.194 -0.900 -0.128 0.728* -2.025 -2.256
Gm. 360 x Gm. 1021 -0.516 | -9.584* | -7.275* | -0.690 0.444 0.275 -0.003 -0.728 -1.850 -3.056
Gm. 360 x Gm. 1002 0.516 9.584 7.275 0.690 -0.444 -0.275 0.003 0.728* 1.850 3.056*
Gm. 361 x Gm. 1021 -0.516 | -3.459 | -8.463* | -2.441 0.569 0.525 -0.003 -0.103 -1.088 0.944
Gm. 361 x Gm. 1002 0.516 3.459 8.463 2.441 -0.569 -0.525 0.003 0.103 1.088 -0.944
Gm. 362 x Gm. 1021 -0.141 | -4.084 | -4.088 -0.691 0.069 -0.163 -0.003 0.147 -0.413 -0.744
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Table (7):Count.

Days to| Plant Ear Ear Resistanc Ear Ear Number | Number Grain
Top crosses 50% height | height position | eto late | length | diameter of of yield
silking | (cm) (cm) (%) wilt (%) (cm) (cm) rows/ear |kernels/row|(ard./fed.)

Gm. 362 x Gm. 1002 | 0.141 | 4.084 4.088 0.691 -0.069 0.163 0.003 -0.147 0.413 0.744
Gm. 363 x Gm. 1021 | 0.422 | 1.416 1.475 0.372 -0.556 0.775 -0.066 0.647 2.295** -1.681
Gm. 363 x Gm. 1002 | -0.422 | -1.416 -1.475 -0.372 0.556 -0.775 0.066 -0.647 -2.295 1.681
Gm. 364 x Gm. 1021 | 0.547 | -4.147 0.913 1.247 0.194 0.275 0.128 0.022 0.400 1.256
Gm. 364 x Gm. 1002 | -0.547 | 4.147 -0.913 -1.247 -0.194 -0.275 -0.128 -0.022 -0.400 -1.256
Gm. 365 x Gm. 1021 | -0.391 | -2.272 2.350 1.434 -2.119 -0.038 -0.184 -0.478 0.650 -0.244
Gm. 365 x Gm. 1002 | 0.391 | 2.272 -2.350 -1.434 2.119** 0.038 0.184 0.478 -0.650 0.244
Gm. 366 x Gm. 1021 | -0.266 | -1.772 -1.025 0.122 0.069 0.463 -0.184 -0.666 0.650 1.381
Gm. 366 x Gm. 1002 | 0.266 | 1.772 1.025 -0.122 -0.069 -0.463 0.184 0.666 -0.650 -1.381
Gm. 367 x Gm. 1021 | 0.484 | 2.416 3.225 0.872 -0.431 -0.100 0.253 0.897* -0.725 -0.119
Gm. 367 x Gm. 1002 | -0.484 | -2.416 -3.225 -0.872 0.431 0.100 -0.253 -0.897 0.725 0.119
Gm. 368 x Gm. 1021 | 0.422 | -0.272 2.850 1.184 0.694 -0.725 0.316 -0.416 -0.475 1.256
Gm. 368 x Gm. 1002 | -0.422 | 0.272 -2.850 -1.184 -0.694 0.725 -0.316* 0.416 0.475 -1.256
Gm. 369 x Gm. 1021 | 0.234 | 11.541 8.163 -0.191 -1.181 -0.350 -0.059 0.897* 0.338 -1.244
Gm. 369 x Gm. 1002 | -0.234 |-11.541*| -8.163* 0.191 1.181* 0.350 0.059 -0.897 -0.338 1.244
Gm. 370 x Gm. 1021 | -0.453 | 9.541 4.725 -1.066 0.069 0.088 0.066 1.272* -0.225 2.444
Gm. 370 x Gm. 1002 | 0.453 | -9.541 -4.725 1.066 -0.069 -0.088 -0.066 -1.272 0.225 -2.444
L.S.D.Sii 0.05| 0.681 | 10.128 7.134 3.119 0.957 1.037 0305 0.688 2.279 2.607
0.01| 0.896 | 13.331 9.391 4.106 1.260 1.365 0.401 0.906 2.999 3.431

L.S.D. sij- 0.05| 0.962 | 14.322 | 10.089 4411 1.353 1.467 0.431 0.973 3.222 3.686
sik 0.01] 1.267 | 18.852 | 13.280 5.807 1.781 1.931 0.567 1.281 4.242 4.852
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