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MAIZE ACROSS YARIOUS ENVIRONMENTS
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ABSTRACT

Diallel cross (except reciprocals) among 10 diverse inbred lines of yellow
maize were done. Fourty-five Fis and two standard yellow checks (SCI55 and
pioneer3080) were evaluated at Sakha, Sids and Nubaria Research Stations.
Both additive and non-additive genetic effects were operating in the inheritance
of all studied traits, with tite additive piuying the dominant role. The behavior of
the two types of gene action varied from one location to another whereas, the
variance due to interaction of general (GCA) and specific (SCA) combining
ability with locations was highly significant for all traits except resistance to late
wilt disease. Parental line Sk-10 was identified as the most useful source for
increasing favorable alleles for grain yield, rows/ear, ear length, ear position,
earliness and late wilt resistance. Also, inbred lines Sk-121 and Sk-9203 were
good (favorable) general combiners for grain yleld and late wilt resistance. Four
single crosses i.e. SkN-7 x Sk-10, Sk-7070 x Sk-7078, Sk-10 x Sk-6241 and Sk-
7070 x Sk-8001 were suitable combinations for SCA effects toward high yielding
ability, early maturity and late wilt resistance. The highest and most desirable
standard heterosis effects were shown by SC Sk-7070 x Sk-9203 followed by SC
Sk-121 x Sk-9203 for grain yield. Five Fis (Sk-7070 x Sk-9203, Sk-10 x Sk-
9203, Sk-121 x Sk-7070, Sk-10 x Sk-121and Sk-121 x Sk-7078) outyielded
significantly the check cultivar SCI155, they did not significantly differ from the
SC3080 for grain yield and they showed high resistance to late wilt disease (over
99.5%). These yellow promising hybrids would be useful and valuable in hybrid
breeding programs.
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INTRODUCTION

More attention has been given to the development of yellow maize
hybrids, which are greatly demanded by poultry producers and feed
factories. In addition, breeding efforts are also, directed towards the
development of early maturing hybrids and the improvement of plant type
especially for shorter plants and lower ear position. Elite single crosses are
frequently identified through combining ability analysis of the data on
diallel crosses of selected inbred lines. Furthermore, identification and use
of heterosis patterns are essential for success of maize hybrid development
programs.



Both additive and non-additive gznetic effects played an important
role in the expression of grain yield, ear length, rows/ear, days to 50%
silking, plant height and ear position, however, preponderance of additive
gene effects was observed in the genetic contro! of these traits (Preciado et
al 1997, Ogunbodede 2000, Nass et a/ 2000 and Yu ef a/ 2003). Numerous
investigators found significant interaction of combining abilities with
environments for grain yield and related traits (Teixeira et al 2001, Duarte et
al 2003, Yousif et al 2003, El-Shenawy 2005 and Motawei 2005). Additive
gene action and its interaction with locations represent the major portion in
the inheritance of No.of ears/100 plant (Nawar et al 1979, El-Hosary 1988,
Mosa 2001 and Motawei 2005). Late wilt resistance was controlled mainly
by additive genetic effect (Galal et al 2002, Amer et al 2002, Mosa and
Motawei 2005 and Motawei 2005).

The objectives of this study were to examine the combining abilities
and their interactions with locations of ten selected maize yellow inbred
lines in their diallel crosses and to identify candidates for promising hybrid
combinations.

MATERIALS AND METHODS

Ten diverse inbred lines of yellow maize (SkN-7, Sk-10, B-73, Sk-
121, Sk-6241, Sk-7070, Sk-7078, Sk-8001, Sk-8008 and Sk-9203) were
crossed in a half-diallel fashion during summer 2004 at Sakha Station. In the
subsequent season, 45 Fys along with two check hybrids (SC 155 and
pioneer 3080) were planted for evaluation in a randomized complete block
design with 4 replications at three locations, i.e. Sakha (North Egypt), Sids
(South Egypt) and Nubaria (New lands) Agricultural Research Stations.
Plots were represented by single rows, 6 m long, 0.80 m apart, 25 c¢m
between hills with 25 plants per plot after thinning. All cultured practices
were applied as recommended.

Combined analysis across the three locations was done after testing
the homogeneity according to Snedecor and Cochran (1967) for days to
50% silking, plant height {(cm), ear position%, no.of ears/100 plants, ear
length (cm), rows/ear and grain yield ard/fad (adjusted on 15.5% grain
moisture). While, late wilt resistance under natural inoculation was
evaluated over two locations (Sakha and Sids) only. The Griffing's 1956
Method-4, Model-I was applied for combining ability analysis. Percentage
of standard heterosis over the two used commercial checks for days to 50%
silking and grain yield ard/fad was estimated according to Meredith and
Bridge (1972).

408



RESULTS AND DISCUSSION

Combined analysis of variance for nine studied traits (Table 1)
revealed highly significant differences among locations for all traits except
for resistance 1o late wilt disease where differences between locations were
not significant. This pointed out that markedly environmental variations
among Sakha, Sids and Nubaria locations (I} were detected. Mean squares
due to crosses (C) and crosses X location (C x L) were found to be
significant or highly significant for all studied traits. This result revealed
wide genetic diversity between the parental materials used in this study and
their hybrid combinations which obviously were affected by change in
environmeiial conditions.

Table 1. Combined analysis of variance for nine studied traits over three locations
{Sakha, Sids and Nubaria).

S0V af Day§ t-:? 50 % | Plant height | Ear position Ears/100plants
silking {cm) %
Location(L) { 2 902.88** 67021,19*%* 2006.8** 772.32%*
Error (a) 9 6.57 736.65 13.17 68.63
Crosses(C) | 44 34.21** 2113.96%= 61.31** 263.94**
CxL 38 3.2%* 284,13*%* 16.63** 133.88**
Error (b) 396 0.91 98.92 7.07 62.90
Mean 60.42 236.01 52.22 103.94
cV % 1.06 4.2 5.09 7.63
Ear length Rows/ear Grain yield Late wilt
{cm) ard/fad resistance %
Location(L} | 2 422.75%* 31.93** 637.27**% 60.17
Error (a) 9 5.68 241 20.38 17.24
Crosses(C) | 44 16.34%* 13.36%* 128.29** 42,12%*
CxL 88 2.34*= 1.10 20.58** 5.98%*
Error (b) 396 1.32 0.83 5.16 2.24
Mean 18.73 15.47 26,98 9R.70
CV 6.13 5.89 8.42 1.52

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

Mean performance of 45 crosses and two checks for nine studied
traits over locations are presented in Table (2). Great variations were found
among the F; crosses for all traits, where means ranged from 55.83 to 63.75
days for days to 50% silking, from 214.17 to 266.0 cm for plant height,
from 46.21 to 56.7% for ear position, from 97.49 to 116.8 ears for ears/100
plant, from 13.8 to 18.2 rows for rows/ear, from 16.75 to 21.32 cm for car
length, from 89.0 to 100% for late wilt resistance and from 20.89 to 33.47
ardabs for grain yield (ard/fad). On the other hand, 9 single crosses (Sk-
7070 x Sk-9203 (33.47), Sk-10 x Sk-9203 (32.70), Sk-121 x Sk-7070
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Table 2. Means of 45 F;'s and two check hybrids for nine traits across three locations.

Daysto | Plant Ear Grain Late wi
Crosses 50% height F?r o Ears/100 length | Rowsfear yield resi:ltall'(!:te
silking cm position% plants cm ard/fad %
SkN-7 % Sk-10 57.2 214.1 47,7 101.5 19.0 16.7 239 98.12
SkN-7 x B-73 58.4 2150 51.3 101.2 17.5 18.2 238 98.7
SkN-7 x Sk-121 59.3 223.0 83.7 107.4 18.6 155 28.4 99.0
SkN-7 % Sk-6241 55.8 209.4 51.1 100.3 18.2 16.3 224 89.0
SkN-7 % Sk-7070 574 226.8 511 1629 20.1 157 248 96.2
SKN-7 x Sk-7078 58.4 217.9 50.69 99.69 18.6 174 21.2 97.6
SKN-7 x Sk-8001 58.1 2205 5.6 102.1 18.2 16.6 224 99.2
SkN-7 x Sk-8008 59.1 218.7 53.8 100.1 17.1 157 21.7 95.3
SkN-7 x Sk-9203 589 225.1 514 97.85 19.2 14.6 23.8 98.2
Sk-10 x B-73 60.5 244.1 48.3 102.98 19.1 16.6 299 100
Sk-10 x Sk-121 59.3 2520 533.1 104.4 19.9 151 31.6 160
Sk-10 x Sk-6241 58,2 2434 501 103.5 18.7 15.3 29.8 99,6
Sk-10 x Sk-7070 59.9 2512 523 102.9 20.7 14.7 27.9 100
Sk-10 % Sk-7078 39.5 2343 46.2 103.9 19.2 16.2 295 99.5
Sk-10 x Sk-8001 60.2 2335 52.4 102.3 18.5 16.4 28.7 100
Sk-10 x Sk-8008 0.5 2473 52.1 1¢3.00 18.7 15.5 30.8 100
Sk-10 x Sk-9203 59.2 244.1 49.9 100.7 18.3 14.5 30.7 99.8
B-73 x Sk-121 61.6 249.3 519 110.0 17.8 156 285 100
B-73 x8k-6241 60.6 230.0 50.1 103.4 16.8 15.3 253 100
B-73 = Sk-7070 60.6 245.2 515 104.9 20.2 152 251 992
B-73 xSk-7078 60.8 2334 48.9 98.88 174 16.3 22.2 99.5
B-73 x Sk-8001 62.8 236.3 54.3 102.7 1.7 17.9 26.6 99.8
B-73 x Sk-8008 61.7 248.5 53.4 i11.5 17.2 16.1 272 99.5
B-73 xS5k-9203 62.5 245.1 5L7 104.7 19,4 15.0 28.8 100
Sk-121 x Sk-6241 61.2 2313 510 1030 17.7 14.4 245 99.8
Sk-121 x Sk-7070 62.5 266.0 54.2 116.8 20.2 14.8 31.7 99.5
Sk-121 = Sk-7078 61.0 2485 517 102.2 1%.0 1543 314 99.8
Sk-121 x Sk-8001 62.0 2326 56.3 106.1 17.6 15.0 28.1 99.6
Sk-121 x Sk-8008 62.5 248.0 56.3 103.9 18.1 149 279 99.8
Sk-121 x S§k-9203 62.6 261.4 56.7 104.1 19.6 14.6 327 100
Sk-6241xSKk-7070 61.0 244.2 53.8 1iL5 19.0 13.8 26.3 99.0
Sk-6241xSk-7078 58.6 215 51.1 102.5 i8.0 15.3 27.0 98.0
Sk-6241%xSk-8001 59.5 216.2 52.0 103.4 174 15.4 24.0 97.1
Sk-6241xSk-8008 59.8 225.8 50.9 100.9 17.5 146 234 98.1
Sk-6241x5k-9203 60.8 2274 52.4 114.7 17.0 14.0 271 100
Sk-7070xSk-7078 60.4 244.1 51.0 100.2 21.2 150 25.3 99.2
Sk-7T070xSk-8001 61.1 2414 55.5 113.4 19.4 15.6 269 97.3
Sk-7070xSk-8008 61.7 2523 54.7 100.9 20.5 14.3 264 98.8
Sk-7070%Sk-9203 61.5 252.8 §3.3 115.0 21.3 13.6 334 100
Sk-7078xSk-8001 60.0 272 51.4 102.2 17.8 17.3 28.1 99.3
Sk-7078xSk-8008 60.8 241.4 5.6 97.49 19.3 158.7 30.3 99.6
Sk-7078xSk-9203 61.5 131.6 48.2 106.3 19.1 14.4 303 100
Sk-8001=xSk-8008 61.6 2233 53.9 97.80 16.7 15.4 20.8 96.3
S$k-8001xSk-9203 62.6 2335 54.5 161.2 19.1 14.6 287 100
Sk-8008xSk-9203 63.7 2339 54.5 99.40 19.6 14.2 26.5 100
SC 155 €15 246.5 54.4 105.0 174 15.0 29.1 100
SC 3080 61.9 248.5 52.1 104.6 17.4 15.50 32.9 9.8
LSD 6.95 0.76 7.96 2.13 6.35 0.92 0.73 1.82 1.20
0.01 1.00 10.48 2.80 8.35 1.21 (.96 2.39 1.58
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(31.73), Sk-10 x Sk-121 (31.67), Sk-121 x Sk-7078 (31.48), Sk-10 x Sk-
8008 (30.82), Sk-10 x Sk- 9203 (30.74), Sk-7078 x Sk-8008 (30.34) and Sk-
7078 x Sk-9203 (30.33) did not show significant differences when
compared with the best check hybrid pioneer 3080 (32.06) for grain yield
{ard/fad). Furthermore, the first five of previous nine crosses outyielded
significantly the other check hybrid SC155 (29.13 ard/fad) and exhibited
high resistance to late wilt disease (over 99.5%). These promising yellow
single crosses would be fruitful and valuable in hybrids production and
breeding programs.

Heterosis percentages relative to the two checks for days to 50%
silking and grain yield ard/fad are given in Table (3). The unighest
- percentages and positive significant heterotic effects for grain yield were
observed in SC Sk-7070 x Sk-9203 (14.88 and 4.41%) followed by SC Sk-
121 x Sk-9203 (12.25 and 2.01%) relative to check controls SC155 and
3080, respectively. Moreover, eight other single crosses also exhibited
desirable heterotic effects relative to SC155 with respect to yielding ability
and early maturity. Conclusion indicated that the previous nine crosses
could be used as good hybrids in maize breeding programs for high yield
and earliness. Many investigators reported high heterotic effect for grain
yield of maize (Akhtar and Singh 1982, Ogunbodede et al 2000, San et al
2001, Venugopal er al 2002 and Motawei 2005).

Mean squares due to general (GCA) and specific (SCA) combining
ability and their interactions with locations are presented in Table (4).
Highly significant mean squares due to GCA and SCA were detected for all
studied traits, indicating that both additive and non-additive genetic effects
are operating in the inheritance of these traits. However, additive gene
effects exhibited larger contribution in the genetic control of all studied
traits than those of non-additive genetic effects, since the ratio GCA/SCA
mean squares exceeded the umity (Table 4). These results are in good
agreement with those obtained by Ogunbodede et al (2000), Nass et al
(2000), Katna et af (2002), Wu er ¢/ (2003) and Yu ef a/ (2003) for days to
50% silking, plant height, ear position, ear length, rows/ear and grain yield,
El-Hosary (1988) and Motawei (2005) for no.of ears/100 plants and Galal et
al (2002), Mosa and Motawei (2005) and Motawei (2005) for resistance to
late wilt disease.
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Table 3. Standard heterosis percentage for days to 50 % silking and grain yield

(ard/fad) relative to two check hybrids over three locations.

Crosses days to 50 % silking Grain yield ard/ fad
SC155 SC3080 SCI58 SC3080
SkN-7 x Sk-10 -8.4%* -7.53%% -17.68%* -25.19%*
SkN-7 x B-73 -6.53%¥ -5.65%* -18.23%* -gs.ég**
SKN-7 x S§k-121 -5.06%* -4, 17%* -2.25 -11.16%*
SkN-7 x Sk-6241 -10.66%* -9.82%* -23.00** -30.02%%
SkN-7 x $k-7070 -8.13%* -7.26%* -14.67*% -22.45%*
SkN-7 x Sk-7078 -6.53** -5.65%* 27.20%* -33.84%%
SkN-7 x Sk-8001 -6.93** -6.05** -23.07** -30.09%#
SkN-7 x Sk-8008 -5.33%* -4.44%% -25.33%* -32.13%%
SkN-7 x Sk-9203 -5.73%% -4,84%* -20.85%+* -28.07%%
Sk-10 x B-73 3,24 -2,28%* 2.76 -6.60*
Sh-10 x Sk-;2i -S.GEH* -4, 17H 8.71** -1.2¢
Sk-10 x Sk-6241 -6.8** -5,92%% 2.40 -6.92%
Sk-10 x 5k-7670 -4, 13%* -3.23%* -4.00 -12.76%*
Sk-10 x Sk-7078 -4.66%% -3.76%* 1.51 SUNE
Sk-10 x Sk-8001 -3.6%* -2.69%* -1.49 ~10.48%%
Sk-10 x Sk-8008 -3 2% -2.28% 5.78 -3.86
Sk-10 x §k-9203 -5.2%* -4.30%* 5.52 -4.09
B-73 x Sk-121 -1.33* -0.40 -2.03 -10.97**
B-73 x Sk-6241 ~2.03%* -2.01%* -13.83%# S20.77#%
B-73 x Sk-T070 -2.93%* -2.01%* ~13.58%#* -21.46%%
B-73 xSk-7078 -2.66%* -1,75%* -23.81%* -30.76*+
B-73  x Sk-8001 0.53 1.47* -8.700** -17.03**
B-73 x Sk-8008 -1.20 -0.26 -6.34* -14.88**
B-73 % Sk-9203 0.00 0.94 -1.08 -10.10%*
Sk-121 x Sk-6241 -2.00%* -1.07%* -15.90%* 23,57
$k-121 x Sk-7070 0.13 -1.07 8.89** -1.03
Sk-121 x Sk-7078 -2.40%* -1.48* 8.04* -1.83
Sk-121 = Sk-8001 -0.66 0.26 -3.29 -12.11%*
Sk-121 x Sk-8008 0.00 0.94 -4.09 -12.84%*
Sk-121 x Sk-9203 0.26 1.21 12.25%* 2.01
Sk-6241xSk-7070 -2.26%* -1.34* G.42% -17.68%+*
Sk-6241x5k-7078 -6.13%* -5.24%* -T.11% -15.58%#
Sk-6241xSk-8001 -4.66%* =376+ -17.45%% -24.98%*
Sk-6241xSk-8008 -4.26%* -3.36% -19.71%* 2703
Sk-6241x8k-9203 -2.66%* -L.75%* -6.78* -15.28**
Sk-7070xSk-7078 -3.33%¥ -2.42% -12.94** -20.87%+
Sk-7070xSk-8001 -2.13%* -1.21 -7.39* -15.8‘3,**
Sk-7070xSk-8008 -1.20 -0.26 G.17%* -17.45%*
Sk-7070xSk-9203 -1.60** .67 14.88** 441
Sk-7078xSk-8001 -3.86%* -2.96%* -3.55 -12.40%*
Sk-7078x5k-8008 -2.66%* -1.75%* 4.12 -5.37
Sk-7078x5k-9203 -1.60** -0.67 4.11 -5.38
$k-8001x5k-8008 -1.33* -0.40 -30.21** -34.99**
Sk-8001x5k-9203 0.26 121 -11.64** -19.69**
Sk-8008x5k-9203 2.00** 2.96%* -8.89** -17.20%*
LSDat 0.05 1.21 1.22 6.25 5.76
L 0.0t 1.60 1.61 8.13 748 !

*, ** Significant differences at 0.05 and 0.01 [evels of probability, respectively.
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Table 4. Combined analysis of combining ability and its interaction with locations.

s -

8.0V da.f day;“tgnsgo % Plan;l:]mght Ear position% Ears/108plants
GCA 9 147.06*%* 8874.92+** 233.66** 551.88%*
SCA 35 5.20%* 375.43** 16.98%* 189.90**
GCAXL 18 7.17%* 703.41%* 29.66** 243.44**
SCAxL 70 2.05** 176.36** 13.28** 105.71%*
Error 396 0.91 98.92 7.07 62.90
GCA/GCA 28.30 23.60 13.80 2.90
GCAXL/SCAxL 3.50 3.99 2.23 2.30

Ear length em Rows/ear Grain yield ard/fad L.ate w'“,
resistance%o

GCA 9 62.36%* 57.14%* 417.24%* 127.09**
SCA 3z 4.50%% 2.1 33.99%* 2027**
GCAXL 18 5.01** 1.44* 38.60** 8.66**
SCAxL 70 1.65 1.02 15.94%* 5,30
Error 396 1.32 0.83 5.16 2.24
GCA/GCA 13.90 2721 7.13 6.27
GCAXL/SCAxL 3.03 1.41 2.42 1.63

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

Mean squares due to the interaction of GCA or SCA with locations
were highly significant for all studied traits except of SCA x L for ear length
and rows/ear which were not significant. These results revealed that the
behavior of the two types of gene action varied from one location to
another. Similar findings were obtained by Teixeria et al (2001), Duarte et
al (2003), Yousif et af (2003) and Mosa (2003) for grain yield and other
agronomic traits. On the other hand, mean squares due to GCA x L were
higher than those due to SCA x L for all studied traits (Table 4), indicating
that the additive gene action was more affected by the environmental
conditions than the non-additive gene action. Similar trend was reported by
Mosa (2003) and Motawei (2005) for grain yield, rows/ear and plant height
and EI-Shenawy (2005) for ear length and No.nf ears/100 plants.

Estimates of GCA effects of the 10 inbred lines for nine studied
traits combined across the three locations are given in Table (5). Desirable
and highest estimates of g; effects were achieved by the inbred line SkN-7
for days to 50% silking, plant height and rows/ear, the inbred line Sk-7078
for ear position, Sk-7070 for ears/100 plants and ear length, Sk-121 for
grain yield and Sk-9203 for late wilt resistance. Moreover, inbred line Sk-10
was determined as the most useful source of increasing {avorable alleles for
grain yield, rows/ear. ear length, ear position, days to 50% silking and
resistance to late wilt disease. Also, Sk-121 and Sk-9203 were good general
combiners for both grain yield and late wilt resistance. From these results it
could be concluded that these inbred lines eppeared to be promising for
breeding improved varieties.
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Table 5. General combining ability effects of 10 inbred lines for nine traits over three

locations.
Inbred lines days. to_ 50 % Plant height Ear paosition% Ears/t00plants
silking em

SkN-7 -2.606%* -19.162%* -0.682* -2.787%%
Sk-10 -1116%* 5.035%* -2 070 E -1.266
B-73 0.758*+ 2.900%* -0.891** 0.639
Sk-121 1.081** 11.035%* 2.025%% 2.795%*
Sk-6241 -0.970** -8.568** -0.693%* 1.066
Sk-7070 0.341 12.535+* 0.993%* 4.202**
Sk-7078 -0.304 -2.214* -2 235%% =2.733%+
Sk-8001 0.59]** -7.402%* 1.670** -0.495
Sk-8008 0.997%* 1.931* 1.566** =827 %
Sk-9203 1,227*% 3.910%* 0.389 1.108
LSD 0.05_g 6.181 i.887 0.305 1.505

0.01 0.238 2.484 0.664 1.981

0.26% 2.813 0.752 224

LSD 0.05_ g;.
% oo 0.355 3.703 0.99 295
Inbred lines Ear length cm Rows/ear G:_'(;l“?:;ld re[s‘i:tt:l‘:::’/a
SKN-7 -0.208 0.966** -3.845%+ -3.212**
Sk-10 0.531%* 0.237** 2.466%* 1.100%**
B-73 -0.593** (.893** -0.606** 1.068**
Sk-121 0.010 -0.470%% 2.831%* 1.178*
Sk-6241 ~-1,062%* -0.550** -1.606%* -0.946%*
Sk-7070 1,739** -0.835** 0.685%* 0.146
Sk-7078 0.145 0.570** 0.310 0.553**
Sk-8001 -0.708%* 0.685*%* -1.345** -1.040**
Sk-8008 -0. 416 ** -0.283*+ -0.908** -(.071
$k-9203 0.562** -1.210** 2.018** 1.225%%
LSD 0.05_g, 0.218 0173 0.431 0.347

0.01 0.287 0.227 0.567 0.458
LSD 0.05 0.325 0.257 0.642 0.518
8.8 oo1 0.428 339 0.845 0.632

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

Estimates of SCA effects of 45 Fy’s for nine traits are shown in Table
(6). Positive and significant SCA effects were obtained by 13 Fy’s for grain
yield traits and 4 out of them (SkN-7 x Sk-10, Sk-7070 x Sk-7078, Sk-10 x
Sk-6241, and Sk-7070 x Sk-8001) exhibited favorable SCA effects towards
early maturity and resistance to late wilt disease beside high yielding ability.
These combinations seem also to be the most promising materials fur
recurrent selection programs for high yielding ability with short growth
season and resistance to late wilt disease.
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Table 6. Specific combining ability effects of 45 F;'s for nine iraits over locations.

Daysto | Plant Ear Ears/100 Ear Graiu | Latewilt
Crosses 50% height ition % 1 ' ‘t length | Rows/ear yield resistance
sitking cm post * pants cm ard/fad Yo
SKN-T x Sk-10 .55 ST, T** -1.48* 1.59 0.91 -0.10 -1.7%* 1.53**
SkN-7 x B-73 -015 -4.74 1.56* -0.56 -0.28 0.82** 1.33* 2.19**
SKN-7 x §k-121 0.44 -4.87 0.14 344 0.03 -0.47* 2.64%* 2.33*
SkN-7 x Sk-6241 -1.0** 1.14 0.36 -1.82 0.85** 0.35 09 B
SKN-T x Sk-7070 0.7 -2.54 -1.40* -2.45 -0.11 0.05 L12 0.61
SKIN-T x Sk-7073 0.90** 3.28 1.32* 1.23 0.06 0.56* =23 1.58%*
SKN-7 x Sk-8001 -0.23 11.0** -0.58 149 0.33 -0.38 0.56 4,24
SKN-7 x Sk-8008 0.35 -0.02 0.69 L.52 -Lo** -0.25 -0.45 -0.04
SKN-T x Sk-9203 -0.12 441 -0.63 -4,44* 0.14 .57 -2.0%* 1.53**
Sk-10 x B-73 0.44 0.22 -0.83 -0.33 0.56 0.05 1.18* -0.87
Sk-10 x Sk-121 <10 -0.07 0.92 g 0.62* -0.08 -0.56 -0.98*
Sk-10 x Sk-6241 -0.08 10.9%* 0.97 -0.17 0.53 0.08 201+ 0.76
Sk-10 x Sk-707¢ 0.27 -2.32 1.28 -3.89 -0.18 013 Db Ll 0.05
Sk-10 x Sk-7078 0.58* -4.49 -1.56* 3.95 -0.17 -0.04 -0.81 -0.85
Sk-10 = Sk-3001 0.35 0.13 0.69 0.05 0.09 -0.01 0.59 1.23**
Sk-10 x Sk-8008 0.20 4.36 0.54 2.83 -0.03 0.22 2.15%* 8.26
Sk-10 x Sk-9203 -1.2** -0.78 -0.52 -3.08 -1.42%* -0.01 -0..60 -L15*
B-73 x Sk-121 -0.59* -0.60 -1.27 2.60 -0.16 -0.32 -0.84 -0.95*%
B-73 x 8k-6241 0.46 -0.33 -0.55 -2.24 -0.34 -0.40 0.67 L17*
B-73 x Sk-7070 -0.8* -6.19* -0.74 -3.80 0.35 -0.37 B W b -0.66
B-73 = Sk-7078 -0.03 -3.27 -0.10 -2.94 -0.8%% -0.53* BN L -0.82
B-73 x Sk-8001 LO6* 4.83 1.41* -1,35 0.30 0.93* 1.58** L14*
B-73 = SK-8008 -0.42 7.74%* 0.51 9.51+* -0.40 -0.01 1.89%* -0.20
B-73 = Sk-9203 0.09 2.35 0.02 -0.87 0.86%* -0.16 0.38 -0.99*
Sk-121 x Sk-6241 0,72** BE b -1,39* -4.82* -0.03 404 =37+ 0.94*
Sk-121 x Sk-7070 0.74** 6.42% -1.08 5.79%* -0.50 0.57* 1.19* -0.52
Sk-121 x 8k-7078 -0.1% 3.5 -0.35 -1.77 0.09 -0.08 1.5%* -0.55
Sk-121 x Sk-8001 -0.01 -6.9** 0.41 -0.17 -0.30 -0.53 -0.19 0.78
Sk-121 x Sk-8008 0.0t -0.97 0.51 -0.31 -0.17 0.1 -1.04 0.06
Sk-121 x Sk-9203 -0.06 10.4** 2.10%* -3.78 0.42 0.78** 0.94 -L10*
Sk-6241x=Sk-7070 1.29** 427 1.47* 2,52 -0.42 -0.34 0.21 1.09*
Sk-6241xSk-7078 -0.47% 236 1.86** 0.29 0.08 0.00 1.34* -0.30
Sk-6241x5k-8001 -0.45 -3.78 -1.12 -0.94 0.35 -0.11 -0.00 0.41
Sk-6241xSk-8008 -0.61* -3.53 B Rl -1.49 0.31 0.10 -1.10 0.44
Sk-6241x5k-9203 0.15 -3.93 0.49 8.69** S1L3** .28 -0.28 1.01*
Sk-7070xSk-7078 -0.03 -216 0.01 -5.17* 0.53 -0.13 -2.6%* -0.15
Sk-7070xSk-8001 -0.18 0.27 0.60 5.83** -0.28 0.33 0.7 -0.43
Sk-7070xSk-8008 -0.61 1.86 -0.03 -4.63* 0.51 -0.03 -0.31 0.09
Sk-70670xSk-9203 -0.48* 0.38 -0.11 5.81%* 0.11 0.06 3.6%* -0.07
Sk-7078x5k-8001 -3.62* 0.86 -0.24 1.52 -0.35 0.59* 2.27** 1.20*
SKk-7078x5k-8003 -0.27 5.69* 1.02 -1.19 0.85** -0.62 4.05 ** 0.44
Sk-7078xSk-9203 .15 -6.03* ~1.9** 4.08* -6.20 -0.34 1.04 -0.48
Sk-8001xSk-5008 -0.34 S7.24 -Lgr -3.10 -0, 7% -0.46* 3.7 1.2
Sk-8001x5k-9203 0.42 1.06 0.29 -3.32 0.64* -0.37 =17 LI
Sk-3008xSk-9203 1.10** -7.9%% .31 -3.12 0.77%* 0.34 -1.39* 0.14
LSD Si 0.05 0.47 4.96 1.32 3.95 0.57 0.45 1.33 0.9%
0.01 0.62 6.53 1.74 5.20 0.75 0.59 1.49 1.20
LSD S, Sy 0.5 0.66 6.89 1.84 549 0.796 0.631 1.57 1.27
0.01 0.87 9.07 242 7.23 1048 | 0.831 207 167
LSD 8;.8; 0.05 0.714 744 1.99 5.93 0.859 0.681 1.70 1.372
4.01 0.939 9.799 2.61 7.81 1.13 0.897 133 1.896

*, ** significant differences at 0.05 and 0.01 levels of probability, respectively.
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