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Heterosis and nature of genetic effects on plant growth and some vyield
characters were studied in a 6x6 diallel crosses, without reciprocals, in the F;
generation in wheat to define and select efficient and prospective materials to
be used in hybridization programs in order to improve grain yield of wheat in
Egypt. Parents and F; were evaluated using a randomized complete block

Keywords: design (RCBD) with three replications for quantitative characters in
Wheat, 2019/2020 season. Significant genotypes mean squares of parents and crosses
(Triticum aestivum L.), were obtained for all characters. Significant heterosis in F; generation was
Diallel analysis, obtained for all studied characters. The heterosis of grain weight/ plant
Gene action, relative to better parent varied from 16.50 to 33.95% in F; crosses. Two
combining ability. crosses, Vviz. PsxPs and PsxPg had the best values of heterosis for total yield.
General (GCA) and specific (SCA) combining ability mean squares were
significant for all characters except No. of tellers/plant. Besides, MSe (Mean
Square error) (GCA)/ MSe (SCA) ratios indicated the relative importance of
additive gene action in their inheritance for maturity date and height up to
flag leaf in two locations, No. of plants in location one, total plant weight and

straw. The two parents P, and P; gave the highest positive significant &i

') effects for total yield/plant in F; generation. The three crosses PixPs, P3xPs

Check for and PsxPg showed significantly desirable heterotic effects for most studied
upates traits.

INTRODUCTION utilization of heterosis mainly depends

Wheat is the most important cereal crop
in Egypt. Increasing wheat production to
narrowing the gap between production and
consumption is vital in Egypt. Big variation
in wheat productivity in different parts of
the country should be reduced to achieve a
projected high  productivity, through
diversification of wheat breeding programs
and developing new set of wheat cultivars
with high yielding.

Heterosis is a complex phenomenon,
which depends on the balance of different
combinations of gene effects as well as on
the distribution of plus and minus alleles in
the parents of a mating system. In self-
pollinated crops, like wheat, the scope for

upon the direction and magnitude of
heterosis. Heterosis over better parent may
be useful in identifying the best crosses but
these hybrids can be of immense practical
value if they involve the best cultivars of
the area (Prasad et al.,1998). Production of
wheat hybrid seed is expensive and the
economics of the commercial production of
hybrid wheat have not yet been worked out.
Further advancement in vyield of this
important ~ species  requires  adequate
information regarding the nature of the
combining ability of the parents available in
a wide array of genetic material to be used
in the hybridization programme and also
the nature of gene action involved in the
expression of traits of economic importance.
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According to Arunachalam (1976), Baker
(1978), Esmail (2002), Joshi et al. (2004),
Hasnain et al. (2006), Farooq et al (2010),
El-Hosary and Nour El-Deen (2015), Al-
Saadoon et al. (2017) as well as EI-Gammaal
and Yahya (2018), the combining ability is
a most reliable biometrical tool to
circumvent plant breeding programs. The
diallel analysis also provides a unique
opportunity to test a number of lines in all
possible combinations.

The present study aimed at estimating
heterosis in F; and comparing combining
ability obtained those of F; resulting from a
set of diallel crosses for certain quantitative
traits of wheat.to be used in breeding
programs in order to improve wheat
productivity.

MATERIALS AND METHODS

Six parents of bread wheat were selected
for this study representing a wide range of
variability. The code number, names, and
pedigree for the genotypes are presented in
Table 1.

These parents were crossed in all
possible combinations excluding reciprocals
during 2018/2019 growing season, giving
seeds of 15 crosses from F;. In 2019/2020
season, the experiment involved parents
and F; crosses, under two locations the first
location was planting in El-Arish, location
one (L1) and the second location was
planting in Etay El-Baroud location (L2).
The experiment was conducted in a
randomized complete block design with
three replications. Plots of parents and Fi's
consisted of three rows, with 3 meter long
and 30 cm apart, plants within row were 20
cm apart. The recommended agricultural
practices for wheat production were applied.
Data were recorded on individual plant
basis: 10 for F; and parents were chosen
randomly from each plot. The following traits
were measured: Days to maturity, number
of tellers/plant, height to flag leaf, number of
spikelets/spike, total grain and straw weight/
plant.

Heterosis relative to better parent was
computed according to Bhatt (1971) as a
deviation of F; mean performance from the
better parent mean value. The general and
specific combining ability estimates were
determined according to Griffing (1956)
for method 2 model 1.

RESULTS AND DISCUSSION

Analysis of variance of F; generations
for all studied characters is shown in Table
2. Genotypes, parents and crosses mean
squares were significant for all traits in F;
generation. The parents vs crosses mean
squares were highly significant for most
characters studied in the F; under the
location 1. Significant differences among
genotypes for total vyield and related
characters in different sets of material of
wheat were reported by Joshi et al. (2004),
Seleem and Koumber (2011), El-Hosary
and Nour EI Deen (2015), AL Saadoon et
al. (2017) as well as ElI-Gammaal and
Yahya (2018).

Mean performance values of the parents
and F; generation for all traits are presented
in Table 3. For maturity date, the F; hybrids
of PoxP3, PoxPs and PoxPg had the lowest
values under the two locations and in
combined analysis, respectively, hybrid
P,xPs was the latest cross in days to
maturity.

For plant heights up to flag leaf, the F;
hybrid: (P1x Ps) showed the lowest value.
On the other hand, the hybrids P1xP3 and P
X Pg had the highest values under the two
locations.

Fq hybrlds (P3XP5, P4XPGand P5XP6) had
the highest number of tellers/plant. For
number of spikelets/spike, F; hybrids of
P1xP3, P1xPs and P3xPs has the hlghest
values for this character. The F; hybrid
PixP3, P1XP4, P3 X Ps and PsxPg were the
highest hybrids for total yield/plant. As for
straw yield, the F; hybrids P1xP3, PoxPs and
PsxPg exhibited the highest weight.
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Table 1. The code number, name, pedigree and selection history of the studied parental
bread wheat varieties

No. Variety Pedigree Origin
. Sakha 93 / Gemmeiza9 Egypt

1 Gizalrl 6Z003-101-1GZ-1GZ-2GZ-0GZ

2 Sakha 95 PASTOR//STTE/MO/3/CHEN/AEGILOPSSQUARROSA(TAUS)// Egypt

BCN/4/WBLL1.

3  Misr3 ATTILA*2/PBW65*2/KACHU Egypt

4 Misr2 SUPER-KAUZ/BAVIACORA-92[3589][3686] Egypt

5 Giza 168 MRI/BUG/SEPICM933046-8M-0Y-OM«2Y-03-0GZ Egypt

6 Sakhas Cn067//SN64/KLRE/3/8156 Egypt

PK3418-65-15-05

Table 2. Significance of mean squares from ordinary analysis for all characters studied

in F1 generation

Maturity No. of Height to flag Number of
date tillers leaf (cm) spikelets
S.0vV S C L1 L2 Comb. L1 L2 Comb L1 L2 L1 L2 Comb
Location 1 32.51** 125.28** 70.07**
Rep.xloca 2 4 119 159* 139* 014 6.22* 3.18* 73.83** 0.71 019 1.83** 1.01**
Genotypes 20 20 14.35**10.65** 5.31** 15.98**10.02** 4.16** 65.40** 28.55** 17.60** 2.31** 1.97**
Genotypes x loca 20 19.69** 21.84** 17.94%*
Parents 5 5 14.89** 7.96** 4.78** 6.10** 11.26** 1.55** 137.18** 31.88** 32.00** 2.02** 3.26**
pare x loc 5 18.06** 15.81** 30.76**
Crosses 14 14 14.18**12.37** 577** 20.36** 6.37** 4.50** 43.99** 28.23** 10.70** 2.54** 1.19**
crox loc 14 20.79** 22.14** 12.05**
Pvscross 1 1 14.03** 0.06 154 4.01*%* 54.89** 11.07** 6.34 16.36** 42.17** 042 6.37**
Pvs F1x loc 1 12.55** 47.83** 36.22**
Error 40 80 061 045 0.53 034 046 0.40 5.47 0.75 0.19 0.25 0.22
Total 62 125 506 3.78 5.38 3.73 27.01 9.72 5.81 0.96
Table 2. Cont.
Biological yield/ plant Straw yield Length of flag
() @ region (cm)
S.0.V S C L1 L2 L1 L2 L1 L2
Location 1 10.45 644.68**  33.92** 7.87
Rep.xloca 2 4 6.30 1042.73** 174.31** 332.80** 51.02** 36.37**
Genotypes 20 20 367.34** 640.18**
Genotypes x loca 20
reps x genotypes x location 80 84.73** 570.82** 69.29**  27.92**
Parents 5 5 85.20** 1171.10**
pare x loc 5 186.56** 260.84**  46.58**  38.21**
Crosses 14 14 441.56** 488.71**
cro x loc 14 450.68**  150.11 21.81* 52.79**
Pvscross 1 1 738.94** 106.08
Pvs F1xloc 1 5.42 51.15 5.13 2.57
Error 40 80 5.56 75.36 60.06 161.15 20.86 13.64
Total 62 125 122.29 288.76 10.45 644.68**  33.92** 7.87

L1: refer to El-Arish

L2: refer to Etay El-Baroud

*, ** sjgnificant at 0.05 and 0.01 levels of probability, respectively.
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Table 3.
studied traits
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Mean performance of all studied genotypes (parents and F1 generation) for all

Trait

MD No. of tillers

Height to
flag leaf (cm)

Biological

Number of .o/ lant

spikelet

Straw yield length of flag
Q (9) region (cm)

Genotype

L1 L2 Comb. L1 L2 Comb. L1

L2

L1 L2 Comb. L1 L2 L1 L2 L1 L2

P1
P2
P3
P4
P5
P6
1*2
1*3
1*4
1*5
1*6
2*3
2*4
2*5
2*6
3*4
3*5
3*6
4*5
4*6
21 5%
LSD 5%
LSD 1%

129.67130.33130.00 9.00
125.67127.33126.50 10.00
130.00132.33131.17 12.33
131.00130.33130.67 12.61
132.00130.67131.33 10.69
131.00129.67130.33 10.00
131.33130.33130.83 10.44
128.33131.67130.00 9.19
128.67130.67129.67 6.28
131.33133.67132.50 6.92
129.67130.33130.00 7.19
126.67128.33127.50 10.83
126.67131.33129.00 9.67
124.33126.33125.33 10.00
125.67126.33126.00 11.92
129.00130.33129.67 9.39
131.00133.00132.00 15.42
129.33129.33129.33 9.08
130.67130.33130.50 11.89
129.00130.33129.67 10.00 14.18 12.09 52.32
131.00130.33130.67 15.00 14.30 14.65 50.67
107 093 100 081 094 087 322
154 133 144 116 135 126 4.63

1423 11.62
1641 1321
1529 1381
1175 12.18
11.48 11.09
1390 11.95
1183 1114
12.17 10.68
1210 919
10.28 8.60
841 7.80
10.31 10.57
1257 1112
12.18 11.09
1228 12.10
11.09 10.24
1155 1349
11.86 1047
1157 11.73

65.33
55.13
47.08
51.97
46.97
53.44
49.45
62.06
59.83
47.98
56.02
53.58
54.40
54.35
58.88
53.19
52.86
52.36
5241

O 00 9 N L AW N~

DD — —m ke e s e e e
S O 0 NN LR WD = O

73.17
74.78
70.50
67.00
68.00
67.33
70.00
72.00
71.67
65.50
70.83
70.76
69.11
7133
75.00
73.33
68.67
79.00
68.83
71.83
71.00
119
1.72

25.00
25.00
17.00
25.00
21.00
21.00
17.00
19.00
21.00
19.83
21.00
21.00
21.00
21.00
21.00
21.00
25.00
17.00
21.00

2133 2317
22.67 23.83
23.67 20.34
23.33 24.17
2229 21.65
22,67 21.83
22,67 19.83
2333 21.17
22.33 21.67
24.33 22.08
23.00 22.00
20.33 20.67
22.87 21.93
22.00 21.50
2133 21.17
23.00 22.00
22.00 23.50
23.00 20.00
22.33 21.67

59.95 9550 37.30
59.11 122.50 32.03
46.72 110.00 24.73
49.33 74.17 23.85
52,69 73.78 34.01
51.11 85.00 28.53
40.00 98.33 19.21
47.97 110.83 27.56
27.92 10250 13.17
2586 78.33 14.34
34,61 65.00 18.96
42.97 76.89 18.63
53.67 96.56 29.70
42,53 99.17 25.05
60.67 88.33 40.47
4592 90.00 27.25
70.58 86.67 32.23
42.39 99.17 19.34
61.39 75.83 35.76
21.00 22.00 2150 43.56 85.83 20.31 45.83 33.04 32.50
21.00 22.67 21.83 43.56 105.83 20.31 62.50 35.42 30.50
061 068 064 324 1194 320 983 311 220
087 098 093 466 1717 461 1415 448 3.17

53.00
70.83
67.50
40.00
39.67
4417
55.83
62.50
56.67
40.83
30.00
4244
54.22
55.83
46.67
50.00
41.67
53.33
38.33

30.00
32.71
40.16
4041
36.00
29.67
30.00
31.08
30.00
36.42
3162
30.03
35.72
28.73
3157
3731
43.83
32.33
35.73

31.00
32.22
30.00
31.33
24.55
3317
3117
36.33
3150
2233
30.50
29.20
3322
3517
34.00
3533
35.17
33.00
36.17

Heterosis

Mean squares for parents vs. crosses in
F1 generation, as an indication of average of
heterosis in F; for all crosses were
significant for all studded treats in location
1 except heights to flag leaf, in location 2,
number of tellers/ plant and heights to flag
leaf, (Table 2). The heterotic effects relative
to better parent are presented in Table 4.
The most significant and desirable heterosis
relative to better parent was exhibited by
three crosses (P2xPs, PoxPg and P4xPg) for
days to maturity, crosses (P2xPs), (P2xPs)
and (P4xPg) for No. of tillers/ plant, two
crosses (P3xPs and P3xPg) for height to flag
leaf, crosses (P1xPs and P3xPs) for No. of

spikelets/ spike, crosses (P2xPg) and (PsxPg)
for straw yield/ plant.

For total biological yield/ plant crosses
(PsxPs and P4xPs), under location 1, were
highly significantly positive, cross (PsxPg)
under location 2, were highly significantly
positive, in addition. These hybrids exhibited
heterosis for one or more of the contributing
characters. Significant positive heterotic
effects relative to higher yielding parent
were obtained by Fonseca and Patterson
(1968), Prasad et al. (1998), Abdullah et
al. (2002), El-Hosary and Nour EIl Deen
(2015), Al Saadoon et al. (2017), El-
Gammaal and Yahya (2018), and Yahya
(2020).
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Table 4. Heterosis percentage relative to better parent for studied traits in the studied Fywheat crosses

Plant height up to
flag leaf (cm)

Biological yield/
plant (9)

L1 L2 Comb. L1 L2 Comb. L1 L2 L1 L2 Comb. L1 L2 L1 L2 L1 L2
12 4517 236** 343** 443 -27.89** -15.65** -24.32** -6.39** -32.00** 000 -16.78** -33.27** -19.73** -48.49** -21.17** -828  -3.27
1*3 -1.03*  1.02**  0.00 -2546** -2041** -22.66** -502* -159 -2400** -142 -8.63* -19.98** 076 -26.10** -740 -22.61** 17.19**
1%4 -0.77 0.26 026 -50.24** -14.99** -2458** -842** -205* -16.00** -4.30** -10.35** -53.43** 733 -64.69** 692 -25.77** 052
5 129% 256** 1.92%* -35.32%* -27.75%* -25.97** -26.57** -10.48** -20.67** 9.17** -4.68** -56.86** -17.98** -6156** -22.96* 118 -27.96**
1*6 0.00 051 000 -28.07** -40.94** -34.73** -14.26** -3.19** -16.00** 147  -5.04** -42.26™* -31.94** -49.18** -4340** 541 -8.04*
2*3 080 0.79*  0.79* -12.16** -37.19** -2346** -281 -538** -16.00** -14.10 -13.29** -27.30** -37.23** -41.82** -40.07** -25.23** -0.38*
2*4 080 3.14* 198 -23.36** -23.38** -15.79** -1.32 -7.58** -16.00** -2.00 -9.24** -921** -2118** -7.25 -2344** -1162** 311
2*5  -1.06** -0.79* -092* 000 -25.76** -16.00** -141 -4.61** -16.00** -294 -9.79** -28.06** -19.05** -21.78** -21.17** -12.16* 9.15*
2*6 000 -079* 040 1917** -2519** -839* 6.80* 029 -16.00** -590** -11.20** 263 -27.89** 26.36™* -34.11** -3.49 251
3*4 -0.77 0.00 -0.77*% -2555%* -27.45%* -2585%* 234 401 -16.00** -283 -8.97** -693* -18.18** 10.18 -2593** -7.68 12.77**
3*5 0.77 179 064  2500*%* -2442** -235 12.28** -2.60** 19.05** -7.06** 857** 33.95** -2121** -522 -3827** 0l14* 17.22%*
3*6 051 026 -0.77* -26.35%* -2244** -2419** -202 12.06** -19.05** -2.83 -840** -1706** -985 -3220** -20.99** -1950** -0.50
4*5 -0.25 0.00 -0.13 -5.73  -156 -3.72 0.85 123 -16.00** -4.29** -10.34** 16.50** 224 5.15 417 -11.59*%* 1543**
46 -153** 051 051 -20.72** 1.99 -0.78 210 668 -16.00** -571** -11.03** -14.78** 098 -2880** 376 -18.25** -2.02
5*6 0.00 051 026 4027*> 285 2258 518 441 0.00 0.00 000 -17.34** 2451** -4027** 4150 -161 -8.04*

Length of flag

HBP MD No. of tillers :
region (cm)

Number of spikelet's Straw yield (gm)

*, ** sjgnificant at 0.05 and 0.01 levels of probability, respectively.
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Combining Ability

The analysis of variance for both general
(GCA) and specific (SCA) combining
ability shows that the mean squares were
highly significant for all studied characters
in F1 generation except No. of tillers/ plant
(Table 5) which indicates the importance of
both additive and non-additive gene effects
in the inheritance of such characters.

The relative importance of additive and
non-additive gene actions is essential for the
development of an efficient hybridization
program. The concept of combining ability as
a measure of gene action refers to the
capacity or ability of genotype to transmit
superior performance to its crosses. The value
of an inbred line depends on its ability to
produce superior hybrids in combination with
other variety. If both GCA and SCA mean
squares are significant, it is vital to determine
the type of gene action which is important in
determining the performance of progeny. To
overcome such situation, the magnitude of
mean squares can be used to assume the
relative importance of general and specific
combining ability mean squares which were
highly significant. Hence, GCA/ SCA ratio
was used to reveal the nature of genetic
variance involved. The ratio of MSGCA/
MSSCA (Table 5) displays the relative
importance of additive gene action effects in
their inheritance. Therefore, selection for
these traits in early generations would be
effective in developing the high yield in
varieties in wheat breeding programs. The
preponderance of additive genetic variation
gene action for total yield and its related
characters in F; generation indicate that the
parents involved in these crosses could be
selected based on their GCA values. The
genetic variance was previously reported to
be mostly due to additive for yield traits by
El-Seidy and Hamada (1997).0n the other
hand, the non-additive genetic variance was
previously reported to be the most prevalent
for plant height by Abd El-Aty and Katta
(2002); No. of spike/plant and No. of kernels/
spike by Abd EIl-Aty and Katta (2002); for
200-grain weight by Abd El-Aty and Katta
(2002); For grain yield/ plant by Siddique et
al. (2004) and Al Saadoon et al. (2017).

General combining ability effects

General combining ability effects gi of
individual parent for each trait from F;
generation are presented in Table 6. The
estimates of gi effects obtained from Fy in
most cases. High positive response would
be of interest for all studied characters except
plant height and MD where negative in plants.

The parent P, (Sakha 95) exhibited
significant desirable g1 effect among all the
tested parents in maturity date, total yield/
plant and straw yield in two locations, No.
of spikelets/spike in location 1, No. of
tillers/ plant and height to flag leaf, in
location 2. The variety P; (Misr 3) gave
significant positive gi effects for No. of
tillers/plant and total yield/ plant in location
1, height to flag leaf, total yield/ plant and
straw yield in location 2. The parental
variety Ps (Giza 168) expressed significant
positive gi effects for No. of tillers/ plant,
No. of spikelets/spike and straw yield in
location 1. The parental Ps (Sakha 8)
expressed significant positive gi effects for
maturity date, No. of tillers/ plant and plant
height up to flag leaf, in location 2. Such
results suggested that a great opportunity
for selection would be possible for total
yield and its components having a semi-
dwarf plant height up to flag leaf hence can
response to different locations. Therefore, the
mean performance of the genotypes could
be a reliable and effective indication for
their general combining ability effects for
most characters. Therefore, selection among
the tested parental population for initiating any
proposed breeding program could be practiced
either on mean performance or gi effects
basis with similar efficiency. These results
are in harmony with those obtained by
Hasnain et al. (2006), Seleem (2006),
Gurmani et al. (2007), El-Shaarawy and
Koumber (2010), Seleem and Koumber
(2011), El-Hosary and Nour EI Deen
(2015), Al Saadoon et al. (2017) as well as
El-Gammaal and Yahya (2018).

Specific Combining Ability Effects

Specific combining ability effects §ij of
F, for all characters are presented in Table 7.
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Table 5. Mean square estimate of combining ability analysis for all studied traits in F1

generation

Maturity date No. of tillers HeILgar;t(z?T:)lag Number of spikelet's Biogg:? g;eld/
SOV L1 L2 Comb. L1 L2 Comb. L1 L2 L1 L2 Comb L1 L2
GCA 10.66%* 7.88%* 4.21** 7.82%* 157*% 134%* 38.70%* 11.94** 511** 0.36** 0.61** 59.53** 264.48**
SCA 283 2.11%% 096%* 4.49%* 393%* 140%* 16.17** 871%* 6.12** 0.90** 0.67** 143.42**196.36**
GCA/SCA 377 373 440 174 040 096 239 137 083 040 092 042 135
Genotypes x Loc. 19.69** 21.84** 17.94**
GCAX Loc. 14.33** 8.04** 4.86™*
GCAx Loc. /GCA 1497 5.75 7.24
SCAXLOC. 3.98** 7.03%* 6.35%*
SCAXLOC./SCA 0.94 5.23 10.35
GCAX Loc./SCAX
LOC. 3.60 114 0.76
Error 020 015 018 011 015 013 18 025 006 008 007 18 2512
Table 5. Cont.

Straw yield (g)  Length of flag region
(cm)

S.0.V S C L1 L2 L1 L2
GCA 5 5 19.09** 138.93** 38.55** 10.87**
SCA 15 15 71.11** 101.60**  9.83** 12.54**
GCA/SCA 0.27 1.37 3.92 0.87
Genotypes x Loc. 20
GCA x Loc. 5
GCA X Loc. /IGCA
SCA x LOC. 15
SCAXxLOC./SCA
GCA x Loc./SCAx LOC.
Error 40 80 1.81 17.05 1.71 0.86

*, ** significant at 0.05 and 0.01 levels of probability, respectively.
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Table 6. Estimates of parental general combining ability effects for all studied traits in
F1 generation

Maturity date No. of tillers Hei%:atlfu([ér':% flag Number of spikelet's Biolslg;i g?l(él)ield/
Parent L1 L2 Comb. L1 L2 Comb. L1 L2 L1 L2 Comb. L1 L2
P1 0.58** 0.78** 0.34** -1.82**-042**-0.56** 365** -003 007 008 004 -474** 074
P2 -2.25%*-1.72*%-0.99** 003 0.68** 0.18** 052 1.15** 047 -040** 002 299** B8.02**
P3 0.04 0.78** 0.20** 0.75** 0.12 0.22** -1.07* 1.03** -128** 016 -0.28** 114* 544>
P4 025 032* 014 -002 -020 -005 -008 -097** 097 018 029** -0.38 -513**
P5 1.04** 0.49** 0.38** 1.00** -047** 0.13* -3.07** -1.90** 0.32** 0.02 0.09* 1.89** -584**
P6 0.33* -0.64** -008 007 028 009 005 072> -053** -005 -015** -090* -3.24
LSD gi 5% 029 025 013 022 026 011 08 033 017 019 008 089 327
LSD gi 1% 039 034 017 030 034 015 118 0.44 0.22 0.25 011 119 437
LSD gi-gj 5% 081 070 021 061 070 018 242 090 046 051 013 244 898
LSD gi-gj 1% 108 093 028 081 094 024 324 120 061 069 018 326 1201

Table 6. Cont.

Straw yield (g) Length of flag region (cm)
Parent L1 L2 L1 L2
P1 -1.63** 0.15 -2.27** -1.12**
P2 2.03** 5.76** -1.98** 0.55
P3 -0.80 4.29*%* 2.21** 0.78*
P4 -0.88* -3.19* 1.92%* 1.08**
P5 1.85** -4.01** 1.86** -1.79**
P6 -0.56 -2.99* -1.74** 0.51
LSD gi 5% 0.88 2.69 0.85 0.60
LSD gi 1% 1.17 3.60 1.14 0.81
LSD gi-gj 5% 2.41 7.40 2.34 1.66
LSD gi-gj 1% 3.22 9.90 3.13 2.22

*and ** refer to significant at 0.05 and 0.01 levels of probability, respectively.
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Table 7. Estimates of specific combining ability effects of the parental combination for
all studied traits in F1 generation

Maturity date No. of tillers H‘;gl;t (tcongag Number of spikelet Bm:;il:ra;eld/
sij=s 1 x 2 L1 L2 Comb. L1 L2 Comb. L1 L2 L1 L2 Comb. L1 L2
S1x2 3.86™* 1.12%* 1.24%* -855** -8B55** 027  -855%* -2.06** -457** 046* -1.03** -599** -1.87
S1x3 -143** 005 -037 565** 565** 000 565* 007 -082** 056% -0.06 3.83** 1322%*
Six4 -1.31%% 059% -047 244%  244%  048*% 244% 173% -107%* -046* -0.38* -14.70%* 1545**
S1x5 057 2.24** 0.70%* -6.43** -643** -0.96** -6.43** -351** -160** 170** 003 -19.03** -8.01*
S1x6 039 004 -009 -151 -151 -131** -151 -0.80* 043* 044* 022 -7.49% -23.94**
S2x3 027 -088** 029 030 030 -0.79%* 030 -2.36% 0.78** -1.96** -030 -8.89** -28.01**
S2x 4 048 258** 053* 014 014  -025 014 -201%* -147** 055* 023 332 222
S2x5 -3.60** -250** -1 56%* 308** 308** 045 3.08*% 1.15% -082** -0.16 -0.25 -10.09** 554
S2x6 -1.56%* -1.46** -1.51** 4.49** 449** 020 449 219** 003 -0.75** -0.36* 10.84** -7.89*
S3x4 -043 -092** 034 052 052 -0.73** 052 234> 028 012 010 -258* -175
S3x5 0.77* 158** 059% 3.18** 3.18*% 0.71%* 3.18%* -1.39%* 4.93** -0.72%* 105** 19.81** -4.37
S3x6 -018 -096** -029 -044 -044 -0.75** -044 6.32** -222** 036 -047** -559** 553
S4x5 023 -063* 010 174 174 010 174 077* -132% 041 -043* 12.14* -464
S4x6 073* 049 -006 -146 -146 032 -146 115%* -047* -067** -028 -290** 276
5*6 048 033 020 -013 -013 142% 013 124* 018 016 008 -518** 2347**
LSD Sij 5% 067 058 052 200 2.00 0.46 200 074 038 042 034 201 741
LSD Sij 1% 089 077 070 267 267 061 267 099 050 057 045 269 992
LSD sij-sik 5% 120 104 078 361 361 068 361 134 068 076 050 364 1340
LSD sij-sik 1% 161 139 104 483 483 091 483 179 091 102 067 487 1793
LSD sij-skl 5% 111 09 030 334 334 0.26 334 124 063 071 019 337 1241
LSD sij-skl 1% 149 129 039 447 447 034 447 166 084 095 025 451 1660
Table 7. Con.

Straw yield (g) Length O(Erf]lq‘;lg region Grain yield/plant (g)
sij=s1x2 L1 L2 L1 L2 L1 L2 Comb.
S1x2 -7.02** -0.17 0.35 -0.09 1.04 -1.71 -0.17
S1x3 4.16** 7.97* -2.75%* 4.84** -0.32 5.25%* 1.23
S1x4 -10.16** 9.62** -3.55%* -0.28 -4.54** 5.83** 0.32
S1x5 -11.72** -5.39 2.94** -6.58**  -7.31**  -2.62**  -2.48**
S1x6 -4.70%* -17.25** 1.74 -0.71 -2.80**  -6.69**  -2.37**
S2x3 -8.43** -17.69** -4.10** -3.96** -0.46 -10.32**  -2.69**
S2x4 2.71%* 1.58 1.88 -0.23 0.61 0.64 0.31
S2x5 -4.67** 4.00 -5.05** 4.58** -5.42** 1.53 -0.97
S2x6 13.16** -6.18* 1.39 1.12 -2.32%* -1.71 -2.01**
S3x4 3.08** -1.18 -0.71 1.65* -5.66** -0.56 -1.56*
S3x5 5.34** -8.70** 5.87** 4.35%* 14.47**  4.33** 4.70%*
S3x6 -5.14** 1.95 -2.02* -0.11 -0.45 3.58** 0.78
S4x5 8.94** -4.55 -1.94* 5.06** 3.20** -0.10 0.78
S4x6 -4.10** 1.93 -1.03 -0.91 1.19 0.83 0.50
5*6 -6.82** 19.42** 1.41 -0.04 1.65* 4.05** 1.42
LSD Sij 5% 1.99 6.11 1.93 1.37 1.62 1.80 1.44
LSD Sij 1% 2.66 8.17 2.59 1.83 217 241 1.91
LSD sij-sik 5% 3.59 11.04 3.50 247 2.92 3.25 2.15
LSD sij-sik 1% 481 14.77 4.68 3.31 3.91 4.35 2.85
LSD sij-skl 5% 3.33 10.22 3.24 2.29 2.71 3.01 0.81
LSD sij-skl 1% 4.45 13.68 4.33 3.06 3.62 4.03 1.08

*, ** sjgnificant at 0.05 and 0.01 levels of probability, respectively.
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The results show highly significant
desirable §ij values for some crosses in the
F1 generation. This result is expected
increased the additive portion.

As for days to maturity the crosses
P1xP4, P2xPs and P,xPg in the two locations,
P1xP3 and P4XPg in location 1, PoXP3, P3XPy,
P3xPg and PsxPs in location 2, in Fy
generation gave significant and negative §ij
effects. With regard to No. of tillers/ plant
five and two crosses expressed significant
and positive §ij effects at F; generation,
under two locations, respectively.

Such results indicate that the cross PsxPg
in the two locations, P1xPy, PoxPg, P3xPs
and PsxPs under location 1, cross PsxPs
under location 2, of F; recorded the highest
desirable Sij effects. As for height to flag
leaf, the crosses PixPs, PoxPs and PoxPg
under the two locations, P1xPs and P3xPs
under location 1, the crosses P3xPa4, P4XxPs,
P4xPe¢ and PsxP; under location 2, in Fy
generation gave significant and positive $§ij
effects for this trait.

For No. of spikelets/spike, crosses P1xPs,
P,xP3 and P3xPs under location 1, crosses
P1xP,, P1xP3, P1xPs, P1xPg and P,xP4 under
location 2, in F1 generation, had significant
positive §ij effects.

For total grain vyield/ plant, crosses
P1XP3, PoxP4, PoxPs, P3xPs and P4xPs under
location 1, crosses PixPs3, P1xP4 and PsxPg
under location 2, in F; generation, had
significant positive 8ij effects. The cross
PsxPg gave the highest desirable §ij effects
in F1 generation.

For straw yield plant?, crosses PixPs,
PoxPa, PoXPg, P3XP4, P3xPs and P4xPs under
location 1, crosses P1xP3, P1xP4 and PsxPg
under location 2, in F1 generation, had
significant positive §ij effects.

If crosses of high SCA involve both
parental lines which also are good
combiners, they could be exploited for
breeding varieties. Nevertheless, if crosses
of high SCA involve only one good
combiner, such combinations would throw
out desirable transgressive segregates
provided that the additive genetic system in

the good acts in the same direction to
reduce undesirable characteristics and
maximize the character under consideration.
Therefore, the mean performance of crosses
could be a reliable and effective indication
for their specific combining ability effects
for all studied traits.
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