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Abstract- Combining ability analysis was studied in a diallel mating design of spring wheat ( Triticum aestivum L.). The analysis of variance for |
combining revealed that the variance due to gca and sca were highly significant for all the characters indicated that both the additive and non-
additive gene actions were involved in the expression of the traits. The genotypes HW 5206, HD 2964 and PBW 373 were considered as the
best general combiners, while hybrids HW 5207 x RT, PBW 550 x PBW 373, COW (W) 1 x PBW 373, HW 5206 x HD 2964, HD 2964 x PBW
373, HD 2833 x HD 2687, HD 2964 x WH 711, COW (W) 1 x PBW 550, HD 2833 x HW 5207, HD 2687 x WH 711 and COW (W) 1 x HW 5206
as good specific combiners for grain yield and other yield contributing and quality traits. The promising parents namely PBW 373, HD 2964
and HW 5206 which are having high gca effects in desirable direction for yield components and for quality traits may be incorporated in cross-
ing programme to have better genotypes for yield better and quality. The crosses PBW 550 x PBW 373, COW (W) 1 x PBW 373, HW 5206 x
HD 2964, COW (W) 1 x PBW 550 and HD 2833 x HW 5207 exhibited good sca effects for major yield and more than six yield contributing
characters. They were also found to be superior for gluten content, ash content and showed low reaction of phenol on the grains. This may be
exploited for better yield and chapati quality either by exploiting them through heterosis breeding or involving them in multiple cross breeding
programme.
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Introduction

Among the cereals, spring wheat ( Triticum aestivum L.) was the first
crop to be domesticated and constitutes as the major staple food
crop for about 35% of the world population. Now the wheat produc-
tivity has reached a ceiling in yield. To overcome the yield barriers
and quality improvement, the combining ability analysis is a power-
ful tool to discriminate good as well as poor combiners. This helps
in choosing appropriate parental materials for particular traits in the
wheat improvement programme. Therefore, wheat improvement for
quality depends intensive on hybridization using quality and high
yielding commercial parental lines. To evolve an effective hybridiza-
tion programme combining ability analysis is used to test the perfor-
mance of genotypes in different cross combinations and character-
ize the nature and magnitude of gene effects in the expression of
various yield and quality parameters. However, breeding of yield
contributing and quality resistance genotypes requires selection of
parents based on their combining ability of the traits. In view of this,
objective of present study was to identify the best combining par-
ents on the basis of their general and specific combining ability for
various traits for further yield components and quality improvement
in spring wheat.

Materials and Method

The basic material for the present investigation comprised of ten
wheat genotypes/varieties namely COW (W) 1, PBW 550, HW
5206, HD 2964, PBW 373, HD 2833, HW 5207, HD 2687, RT and
WH 711- was obtained from IARI-Regional Station, Wellington. The
genotypes were used for crossing programme in a diallel half fash-
ion (10 x 10). Field plot was well prepared for sowing of the experi-
mental material (55 genotypes- comprising 10 parents and 45 F1's
seeds). The experiment was conducted in a Randomized Complete
Block Design with three replications. Seeds of each of the parental
lines and crosses were sown by hand dibbling method in two rows
plot. The length of row was 3m long by maintaining 25¢cm row to
row and 10cm plant to plant distance. All the recommended agro-
nomic inputs and practices were applied to the crop during the sea-
son. The data were recorded on ten randomly selected competitive
plants in each of three replications and fifteen different characters
namely days to 50% flowering, days to maturity, number of produc-
tive tillers per plant, plant height, flag leaf area (cm2), spike length
(cm), spikelets per spike, grains per spike, 1000-grain weight (g),
biological yield per plant (g), grain yield per plant (g), harvest index,
ash content (%), gluten content (%) and phenol colour reaction
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(grading). The mean data on these traits except phenol colour reac-
tion were subjected to statistical and biometrical analysis. Combin-
ing ability analysis according to [1] model | and method 2 was con-
ducted using the statistical software package of INDOSTAT.

Result and Discussion

The analysis of variance for combining ability [Table-1] revealed
that the variance due to general combining ability (GCA) and specif-
ic combining ability (SCA) were highly significant for all the charac-
ters indicating that both additive and non-additive gene action were
involved in expression of these traits. Almost similar trend of in-
volvement of both additive and non-additive gene actions has been
earlier reported by [2-6]. The variance component for as were less
than estimates of a2g for all the traits except for days to 50% flower-
ing, days to maturity, plant height, 1000-grain weight and biological
yield. Similar findings were also reported by [2,7]. The ratio of a%g /
0%s being less than unity indicated the involvement of the non-
additive gene action for nine characters viz; number of productive
tillers per plant, flag leaf area, spike length, spikelets per spike,
grains per spike, grain yield per plant, harvest index, ash content
and gluten content, which indicated more involvement of non-
additive type of gene action for these traits. The findings are in con-
formity with [2,4,5,8]. However this ratio was more than unity for five
traits namely days to 50% flowering, days to maturity, plant height,
1000-grain weight and biological yield per plant which indicated
additive type of gene action for these traits. The results of this study
were in agreement with [8]. The mean degree of dominance (02s/
029).5 was found greater than unity for nine characters namely
number of productive tillers/ plant, flag leaf area, spike length,
spikelets per spike, grains per spike, grain yield per plant, harvest
index, ash content and gluten content indicating the involvement of
over dominance. Such types of findings were also reported by [7].
However, it was less than one for five characters namely days to
50% flowering, days to maturity, plant height, 1000-grain weight and
biological yield per plant, indicated the involvement of partial domi-
nance. In earlier studies role of non-additive genetic variance were
reported by [2,4]. The estimate of gca effects, along with range and
mean performance of 10 parents for all the 14 attributes have been
presented in [Table-2]. Based on the combining ability effects, the
parents values were categorized in three groups as good (G), aver-
age (A) and poor (P) general combiners. The parents with signifi-
cant gca effects towards desirable direction were considered as
good general combiners (G), with positive gca effects were consid-
ered as average general combiners (A) basis of good general com-
biner was taken as significance gca and desirable per se perfor-

mance and the parents with negative gca effects were designated
as poor general combiners (P).

Parent COW (W) 1 was found to be significant and good general
combiner for days to 50% flowering, days to maturity, number of
productive tillers per plant, spikelets per spike, grains per spike and
harvest index, Similarly, parent PBW 550 was found to be good
general combiner for days to 50% flowering, days to maturity, flag
leaf area, spikelets per spike and grains per spike. Parent, HW
5206 was found to be good general combiner for days to 50% flow-
ering, days to maturity, plant height, spike length, spikelets per
spike, grains per spike, ash content and gluten content. Parent, HD
2964 was found to be good general combiner for number of produc-
tive tillers per plant and spike length. Parent, PBW 373 was found
to be good general combiner for days to 50% flowering, flag leaf
area, spike length, grain per spike, 1000-grain weight, biological
yield per plant and grain yield per plant. Genotype, HD 2833 was
found to be good general combiner for flag leaf area and grain yield
per plant. Parent HW 5207 was found to be good general combiner
for 1000-grain weight, Variety, HD 2687 was found to be good gen-
eral combiner for days to maturity, flag leaf area, spikelets per spike
and gluten content. Parent, RT was found to be good general com-
biner for plant height and gluten content. Genotype, WH 711 was
found to be good general combiner for plant height, flag leaf area,
spike length, 1000-grain weight, harvest index and gluten content. A
close examination of the result revealed that the parent HW 5206
combined well for the highest number of eight characters followed
by PBW 373 for seven characters, COW (W) 1 for six characters,
PBW 550 for five characters, HD 2687 and WH 711 for four charac-
ters each and the parent, HD 2833, PBW590 and RT for two char-
acters and HW 5207 was good general combiner for one character.
The good combiners on the basis of per se performance and signifi-
cant gca effects in desirable direction were observed in PBW 550,
COW (W) 1, PBW 373 and HW 5206 for days to 50% flowering;
PBW 550, COW (W) 1, HW 5206 and HD 2687 for days to maturity;
HD 2964 and COW (W) 1 for number of tillers per plant; WH 711,
HW 5206 and RT plant height; HD 2833, PBW 373, WH 711, PBW
550 and HD 2687 for flag leaf area; PBW 373, HD 2964 and HW
5206 for spike length; COW (W) 1, HD 2687, HW 5206 and PBW
550 for spikelets per spike; COW (W) 1, HW 5206, PBW 550 and
PBW 373 for grain number per spike; PBW 373, HW 5207, and WH
711 for 1000 grain weight; PBW 373 for biological yield per plant ;
PBW 373 and HD 2833 for grain yield per plant; COW (W) 1 for
harvest index; HW 5206 for ash content and WH 711, HD 2687, RT
and HW 5206 for gluten content.

Table 1- Analysis of variance for combing ability for 14 characters in wheat

Grain
yield/
plant (g)

Parents &

No of Plant Flag
productive height leaf area length
tillers/ plant  (cm) (cm) (cm)

RS Spikelets Grains / 100.0 B|ol_og|cal
grain yield/

LS weight (g) plant (g)

Harvest Ash  Gluten
index content content

Days to

hybrids DF maturity

variation ke

Flowering

GCA 9 5146  10.50™ 180"  196.92 139.11** 1.18*  0.74™  85.86™ 2541 12187 3252 872 0.018™ 0.34*
SCA 45 2.10* 0.97* 0.60** 8.53* 14.67* 0.18*  0.33* 1042* 278" 9.14* 3.23%* 930 0.017* 0.06*
Error 108 0.29 0.25 0.13 0.55 1.1 0.03 0.03 1.31 1.52 0.87 0.5 289  0.004 0.01

Estimated variances due to

02§ 4.26 0.85 0.14 16.36 115 0.1 0.06 7.05 1.99 10.08 2.67 049 0001  0.03
02§ 4.26 0.85 0.14 16.36 115 0.1 0.06 7.05 1.99 10.08 2.67 049 0001  0.03
024/82s 2.35 1.19 0.29 2.05 0.85 0.65 0.2 0.77 1.58 1.22 0.98 008 0081 059
(62 s/ 69)"2 0.65 0.91 1.82 0.7 1.09 1.22 2.19 1.14 0.79 0.9 1.01 362 3449 129
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Table 2- Estimates of gca effects along with mean performance of parents for grain yield and its components traits in wheat.

Plant height (cm)  Flag leaf area (cm2) Spike length (cm) Spikelets/ spike
gca Mean gca Mean gca Mean gca Mean
401 10366  -4.28* 2878 -0.08 8.27 0.38** 20.56
111 95.76 0.84* 35.96 -0.03 8.59 0.17* 20.3
-5.82** 78.53 -3.25" 32.58 0.18™ 9.3 0.19** 19.86
-0.25 93 -2.30* 35.64 0.25* 9.68 -0.43* 173
417 10143 474" 47.86 0.68* 10.28 -0.15* 17.7
4.16™ 100.5 5.99** 493 -0.31* 8.45 -0.27* 18.33
1.99** 97.26 -0.47 4219 -0.06 8.91 0.13* 18.7
1.19* 93.03 0.66* 41.32 0 9.45 0.22** 20
-4.65** 791 -3.03* N2 -0.19* 8.75 -0.02 19.53
-5.90** 76.93 1141 36.08 -0.43* 8.14 0.03 19.5
91.92 38.09 8.98 19.18
76.93- 103.66 28.78-49.30 8.14-10.28 17.30- 20.56
0.36 0.74 0.11 0.21
0.46 0.65 0.1 0.12
0.68 0.97 0.15 0.17
HrEl yie(lg)per ER Harvest index (%) Ash content Gluten content
gca Mean gca Mean gca Mean gca Mean
0.34 17.9 1.71% 46.57 0.028 1.655 -0.26* 8.41
0.1 16.2 -0.01 4529 0.032 1477 -0.26** 8.18
0.1 18.6 0.33 4786  0.064™  1.577 0.07* 8.76
-0.31 17.06 -0.24 4406  -0.036 1.288 0.01 8.68
4.22* 28.3 -0.2 56.32 0.03 1.532 -0.05 8.73
0.52* 218 0.85 55.38 -0.025 1.444 0 8.8
-0.84** 16.7 -0.87 4813  -0.058*  1.377 -0.02 8.5
-1.36** 14.76 -1.31% 4215 -0.003 1.566 0.15* 9
0.97* 16.86 -0.43 46.01 -0.034* 1.488 0.08* 8.75
-1.60** 16.7 0.17 46.42 0.002 1.533 0.29* 9.35
18.49 47.81 1.464 8.72
14.76- 28.30 42.14-56.32 1.180- 1.653 8.18-9.35
0.9 2.64 0.077 0.09
0.44 1.05 0.038 0.07
0.65 1.57 0.056 0.1

DEVER() _50% Days to maturity No. _of productive
Flowering tillers/plant

gca Mean gca Mean gca Mean
cowwy1 -2.62* 82.66 -0.89*  136.66 -0.89"™  136.66
PBW 550 -3.46™ 83.66 -1.89* 135633  -1.89* 13533
HW 5206 -0.62** 92 -0.44* 13933  -044™ 13933
HD 2964 -0.26 91.66 0.25 140 0.25 140
PBW 373 -1.26™ 90 0.47* 14133 047 141.33
HD 2833 -0.04 91.66 0.67* 14133  0.67* 141.33
HW 5207 1.54** 94 0.36* 14066  0.36™ 140.66
HD 2687 210" 96 -0.28* 139.66  -0.28* 139.66
RT 1.93** 95.66 0.22 141 0.22 14
WH711 2.68* 96.66 1.53* 142 1.53* 142
Mean 914 139.73 139.73
Range 82.66- 96.66 135.33- 142.00 135.33- 142.00
SE. 0.42 0.44 0.44
SE (Gi) 0.33 0.31 0.31
SE (Gi-Gj) 05 0.46 0.46

Grains /spike 1000 grain weight (g) ©clogical yield/

plant (g)

gca Mean gca Mean gca Mean
COW (W)1  4.35* 62.7 0.41 4224 -0.66* 3843
PBW 550 240" 63.3 -0.76* 39.23 -0.33 35.76
HW 5206 2.93* 61.3 0.53 4262 -0.11 389
HD 2964 -2.18* 48.1 -0.05 39.64 -0.46 38.76
PBW 373 1.94* 5243 2.28* 46.82 8.56™* 50.23
HD 2833 -2.46™ 479 0.42 40.82 05 39.66
HW 5207 -1.82** 50.53 0.81* 4346 -0.92** 34.66
HD 2687 -0.06 52.76 -3.18* 35.58 -1.68* 35.03
RT -2.89* 49.56 -1.18* 37.86 -1.56** 36.66
WH711 -2.20* 4913 0.71* 40.14 -3.32% 35.96
Mean 53.77 40.84 3841
Range 47.90-63.30 35.58- 46.82 34.66 50.23-
SE. 1.08 1.024 0.6
SE (Gi) 0.71 0.76 0.58
SE (Gi-Gj) 1.06 1.14 0.86

The estimates of gca effects of the parental lines for different char-
acters revealed that none of the parental lines excelled in gca ef-
fects for all the characters studied. However parent HW 5206, PBW
373 and COW (W) 1 showed significant gca effect with good per se
for 6-8 characters related to productivity. These may be used for
exploiting additive type genetic variability which is fixable type and
selection may be effective in segregating population for develop-
ment of better genotype with regards to yield. However parents
PBW 550, HD 2833, RT, PBW 373 and HW 5206 which showed
significant gca effect and good per se performance may be used for
multiple parent participation through multiple crossing to effect sub-
stantial improvement having for broad genetic base population.
Similar results were reported by [9] for spikelets per spike, 1000-
grain weight and harvest index and Adel et al. [4] for number of
spikes/plant, spikes weight/plant and grain yield/plant. The sca ef-
fects represent the non-additive gene action which is non-fixable
[Table-3]. The estimation of specific combining ability (sca) effects
for 45 hybrids along with mean performance for all the fourteen
characters are presented in [Table-3], significant positive or nega-
tive sca effects were observed in F1 generation for yield and vari-

ous Yields attributing traits. In the present investigation, none of the
crosses expressed good specific combining ability effect for all the
traits under study. Out of 45 crosses, ten for days to 50 per cent
flowering; six for days to maturity; nine for number of tillers per
plant; sixteen for plant height; seven for flag leaf area; fourteen for
Spike length; fourteen for Spikelets per spike; twelve for Grains per
spike; thirteen for biological yield per plant; four for harvest index;
nine for ash content, seven for gluten content and 11 crosses
showed significant and positive sca effect for grain yield per plant.
The cross combinations viz; HW 5207 x RT, PBW 550 x PBW 373,
COW (W) 1 x PBW 373, HW 5206 x HD 2964, HD 2964 x PBW
373, HD 2833 x HD 2687, HD 2964 x WH 711, COW (W) 1 x PBW
550, HD 2833 x HW 5207, HD 2687 x WH 711 and COW (W) 1 x
HW 5206 which showed significant and positive sca effects with
good per se performance for grain yield per plant, also showed
significant sca effects for other important yield component traits.
However, the best cross negative and positive desirable direction
highest significant sca effects yield and yield contributing traits
[Table-4].
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Table 3- Estimates of sca effects along with mean performance of crosses for grain yield and its components traits in wheat

Days to 50%
Flowering

No of productive
tillers/plant

Flag leaf area

Days to maturity )

Plant height (cm) Spike length (cm) Spikelets/ spike

sca Mean sca Mean sca Mean sca Mean sca Mean sca Mean sca Mean

COW (W) 1xPBW 550  -1.90* 84 -0.19 136.66 1.03* 10.2 1.97 981 257 4039 047 9.61 043 208
COW (W) 1xHW 5206  1.26* 90 0.3 138 0.94™ 9.9 -1.54* 8766 -085 3287 054  0.88 0.31 20.7
COW (W) 1xHD 2964  0.57 89.66 -2.33" 136.66 0.47 9.4 177 93 -450™ 3017 044 986 0.40*  20.16
COW (W) 1xPBW 373 1.23* 89.33 0.45 139.66 0.45 947 126 9793 329" 45 0.35* 10.2 012  20.16
COW (W) 1xHD 2833  0.01 89.33 0.92 140.33 0.33 9.17 121 9796  2.10* 4507 008 878 -0.53™ 194
COW (W) 1xHW 5207  3.10* 94 1.89* 141 -0.35 8.17 -3.28" 9373  -014 3637 034 945 024  19.83
COW (W) 1xHD 2687  2.87* 94.33 0.2 138.66 -0.32 8.47 228 9393 376" 4139 -0 9.06 022 202
COW (W) 1xRT 1.71* 93 2.03* 141 0.5 8.03 054 8983 123 3272 -0.01 8.96 032 19.86
COW (W) 1xWH 711 -0.71 91.33 -0.28 140 0.24 9.2 064 8976 2.83* 4091 -0.34* 8.4 0.07 20.3
PBW 550xHW 5206 -1.90* 86 -0.97* 136.33 0.17 9.1 296" 8926 -449™ 3435 033 973 0.2 20.36
PBW 550xHD 2964 -1.27* 87 0.67 138.66 0.70* 10.53 011 9176 424 3556 017 965 068 20.23
PBW 550xPBW 373 -1.27* 86 1117 139.33 -0.08 8.9 -3.96™ 9233 618" 5302 047 943 0.17 20
PBW 550xHD 2833 1.85* 90.33 -0.41 138 0.3 8.5 -1.42¢ 9486 189 4998 025 9.16 022 195
PBW 550xHW 5207 1.93* 92 0.22 138.33 -0.08 8.4 092 932 155 4318 047  9.63 -0.05 198
PBW 550xHD 2687 237 93 -1.47 136 -0.25 8.5 -1.55* 9176 428 4705 045 966 -044* 19.76
PBW 550xRT 1.21* 91.66 -0.3 137.66 0.2 8.7 1.22 88.7 492" 44 015 888 -0.77 192
PBW 550xWH 711 1.79* 93 2.39" 141.66 -0.15 8.77 -3.26" 8296  1.29 445 031 848 -0.31 19.7
HW 5206xHD 2964 0.1 91 -0.44 139 0.84* 1047 841 7653 -163 3407 033 1001 0.66™ 2023
HW 5206xPBW 373 0.23 90.33 0 139.66 0.02 8.8 3.07 9243 207" 4481 013 1023 012 19.73
HW 5206xHD 2833 -0.99 90.33 0.81 140.66 0.07 8.67 0.91 90.26  6.12™ 5012  -0.14 8.98 0.1 19.63
HW 5206xHW 5207 0.9 92 -0.22 139.33 0.19 8.47 518" 9236 -125 3629 028 9.65 -0.04 1983
HW 5206xHD 2687 0.21 93.66 0.09 139 0.09 8.63 299" 8936 246 4112 024 9.66 032 199
HW 5206xRT 0.71 94 -0.08 139.33 0.27 8.57 -1.65* 789 016 3481 -0.33* 8.9 0.18  20.16
HW 5206xWH 711 -1.04* 93 -0.05 140.66 0.15 8.57 -1.83* 7746 208 4119 -0.76" 823 013 199
HD 2964xPBW 373 0.54 91 0.64 141 0.95™ 10.63 034 9526 416 4787 002 1016 033  19.56
HD 2964xHD 2833 0.65 92.33 0.78 141.33 0.57 8.93 125 9616 127 4367 -0.02 9.18  0.51™ 1963
HD 2964xHW 5207 0.6 92.66 0.09 140.33 0.32 9.5 018 9293 152 4001 0.3 9.15 068" 1993
HD 2964xHD 2687 -0.82 93 0.72 140.33 -0.01 943 0.85 928 647 46.09 0370 913 0.09 19.7
HD 2964xRT 0.01 93.66 0.22 140.33 0.5 9.7 505" 9116 347" 391 -0.06 9.25 006 1943
HD 2964xWH 711 0.6 95 -0.08 141.33 0.05 9.67 -2.36™ 825 167 384 -0.02 9.05 012 193
PBW 373xHD 2833 -1.02* 89.66 -1.44™ 139.33 -0.05 8.6 038 9896 117 5316 0.1 9.73 077 20.16
PBW 373xHW 5207 0.27 92 0.2 140.66 0.3 8.63 428" 929 694 3859 013 10 0.53*  20.06
PBW 373xHD 2687 -0.82 92 -0.16 139.66 0.23 8.37 -2.80™ 9356 -587 4078 -0.73* 9.2 0.68™  20.56
PBW 373xRT -1.32* 91.33 -1.66** 138.66 0.42 8.77 037 9016 -164 4133 071 1045 069" 20.33
PBW 373xWH 711 1.60* 95 -0.64 141 0.17 8.6 548 9476 3.35* 5046 043 993 0.44* 2013
HD 2833xHW 5207 0.15 93.33 -0.33 140.33 0.79* 8.93 -3.96" 932 016 4694 064~ 825 0.41*  19.83
HD 2833xHD 2687 0.62 94.66 -0.36 139.66 0.22 8.63 033 96.03 -3.02* 4488 048~ 941 0.2 19.96
HD 2833xRT -0.88 93 0.14 140.66 0.3 8.47 0.31 90.83 12 4542 015 8.9 0.53*  20.06
HD 2833xWH 711 0.37 95 -0.83 141 0.71* 9.3 249% 9176 048 4783 025 8.76 0.32 19.9
HW 5207xHD 2687 -1.96* 93.67 -0.39 139.33 1.87* 9.97 066 9353 -246* 3899 -0.66™ 8.53 006  19.96
HW 5207xRT 0.54 96 -1.65™ 138.66 0.55 8.4 0.54 88.9 -1.3 3646  0.15 9.15 0.2 19.86
HW 5207xWH 711 0.46 96.67 -0.53 141 0.5 8.77 266 8976 515 4705 0.66™ 941 0.18 19.9
HD 2687xRT -1.02 95 -0.91 138.66 0.85* 8.97 221 8976 117 3772 027 878 0.05  20.06
HD 2687xWH 711 -1.10* 95.67 1.11* 142 0.57 9.1 227 8856 -1.93 4111 055" 936 043* 205
RTXWH 711 0.6 96 0.28 141.66 0.28 8.57 -1.53* 7893 419" 4353  0.04 8.66 013 197
Mean 92.11 139.61 9.01 90.81 41.96 9.31 19.95
range 84.00-96.67 136.00-142.00 8.03-10.63 76.53-98.96 30.17-53.15 8.23-10.45 19.20-20.80
S.E. 0.56 0.52 0.34 0.78 1.1 0.17 0.18

SE (Sij) 1 0.93 0.66 1.37 1.95 0.31 0.35

SE (Sij-Sik) 1.47 1.37 0.98 2.02 2.87 0.45 0.51
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Table 3- Continue..

Biological yield per  Grain yield per
plant (g) plant (g)
sca Mean sca Mean sca Mean sca Mean sca Mean sca Mean sca Mean
COW (W) 1xPBW 550  4.19** 64.9 0.23 39.05 3.92* 43.83 179~ 2253 -051 5139 0066 1666 029~ 8.71
COW (W) 1xHW 5206  1.62 62.86 1.12 4122 3.54** 43.66 148" 2243 -089 5135 0.097 1.733 0.2 8.94
COW (W) 1xHD 2964  2.43* 58.56 -0.28 39.25 -1.28 385 -0.95 19.6 -0.79  50.88 0.153** 1.688  0.04 8.73
COW (W) 1xPBW 373 -1.33 58.93 2.06 4391 3.80** 52.6 222% 213 0.19 519 -0.256** 1.344  -0.07 8.56
COW (W) 1xHD 2833  -3.79** 52.06 -1.22 38.77 147 39.56 036 2173 222 5498 -0.254** 1288  0.01 8.68
W)
(W)
(W)

Harvest index Ash content Gluten content

Grains / spike 1000 grain weight (g)

COW (W) 1xHW 5207 0.07 56.56 -1.01 39.38 -1.38 37.93 0.05 1996  1.61 5265 -0.044 1466 0.7 8.73
COW (W) 1xHD 2687  -0.75 57.5 -1.84 34.55 -3.29" 35.26 0.2 197 527 5586 0.088 1655 -004 878

COW (W) 1xRT 512" 50.3 -3.55™ 34.85 -2.08* 36.6 025 2013 378" 5526 -0.002 1533 -005 871
COW (W) 1xWH 711 2.62" 58.73 0 40.29 0.25 37.16 128 2053 322* 5529 0039 161 -044™ 854
PBW 550xHW 5206 1.55 60.83 -1.8 37.14 0.11 40.56 0.39 20.9 099 5151 0001 1632 -0.38™ 836
PBW 550xHD 2964 3.69* 57.86 0.81 39.17 0.88 41 107 2116 162 5157 0473 171 048" 9.6
PBW 550xPBW 373 0.24 58.06 -1.41 39.58 5.20™ 5433 323" 2786 129 5128 0.151™ 1755 -0.22* 8.4
PBW 550xHD 2833 -1 52.8 -0.95 37.88 1.13 422 0.37 213 057 5047 0.1 1655 019 848
PBW 550xHW 5207 -4.14* 504 -0.05 39.16 -1.55 38.1 0.1 19.46 18 5113 0129 1644  0.06 8.71
PBW 550xHD 2687 -5.30* 51 2.1 33.12 -0.32 38.56 058 1963 204 5091 0231 1.799 -0.33"* 849
PBW 550xRT -4.57* 489 1.24 38.47 -1.81* 37.2 017 1926 203 5179 -0.039 1499 0.64™ 939
PBW 550xWH 711 -3.16* 51 0.57 39.69 1.38 38.63 1.06 1986 1.08 5143 0025 1599 0.1 9.08
HW 5206xHD 2964 3.56™ 58.26 -0.69 38.95 3.27™ 436 219 225 133 5161 0021 1588 -005 897
HW 5206xPBW 373 267" 61.5 0.1 42.07 -1.15 482 028 2456 065 5097 0002 1632 0.16 9.1

HW 5206xHD 2833 -4.53* 499 -2.33* 37.78 -0.78 40.5 003 211 067 5204 -0.146* 1433 022 922
HW 5206xHW 5207 -3.83* 51.23 0.91 414 1.73* 416 1.02 20.8 038 5004 0.007 1555  0.04 9.02
HW 5206xHD 2687 -1.66 55.16 -1.74 34.77 -1.14 37.96 0.34 19.6 2.41 5162 -0.011 1588  0.03 9.18
HW 5206xRT 0.57 54.56 044 38.07 -0.09 39.13 0.25 19.9 075 5085 0096 1666 033" 941
HW 5206xWH 711 -2.92* 51.76 0.07 4048 -1.93* 35.53 -1.12 179 032 5037 0.116* 1722  0.06 9.36
HD 2964xPBW 373 -4.72* 49 -1.08 40.32 3.53™ 5253 210" 2653 076 5052 0.055 1588  0.02 8.91
HD 2964xHD 2833 1.35 50.66 1.62 38.9 -1.31 39.63 079  19.93 0.5 5031 0.153* 1633 -0.13 882

HD 2964xHW 5207 3.8 53.13 -1.03 36.68 -1.02 38.5 007 1943 144 5053 0.1 1555 035  9.28
HD 2964xHD 2687 -2.25" 49.46 0.74 38.56 0.16 38.6 049 1933 144 5009 -0.168™ 1333  0.13 9.23

HD 2964xRT -1.12 47.76 0.62 37.98 -2.08* 36.8 0.5 1873 139 5091 -0.038 1433 -0.36™ 8.66
HD 2964xWH 711 341 46.46 -1.85 40.76 0.61 37.73 199 206  4.63* 5475 0094 141 0.08 9.32
PBW 373xHD 2833 4.95* 584 -1.1 39.67 0.08 5003  -2.52* 2273 535 455  0.068 161 0.14 9.02
PBW 373xHW 5207 1.35 55.43 -2.58* 36.99 1.47 50 -1.50¢ 224  -433* 448  0.044 1555  0.01 8.87
PBW 373xHD 2687 1.29 57.13 -1.27 39.12 2.39* 50.16 078 226  -358* 4511 0113 1677  0.14 9.17
PBW 373xRT 472 57.73 -1.15 42.08 -1.23 46.66  -1.44* 2233 172 4785 -0.071  1.466 0 8.96
PBW 373xWH 711 213" 55.83 -0.07 42.39 1.47 476 029 2343 095 4922 0023 1599  0.02 9.19
HD 2833xHW 5207 0.19 49.86 2 36.09 4.29* 44.76 171 219 -1.28 489 0122 1577 -0.01 8.9
HD 2833xHD 2687 3.63* 55.06 -0.31 37.47 3.98* 43.7 203 217 006 4967 -0.092 1422 012 9.2
HD 2833xRT 2.09 50.7 -0.93 41.89 2.13* 41.96 047 2053 -1.72 489 0151 1633 019 882
HD 2833xWH 711 05 4838 1.59 34.93 -3.91% 3416  -210™ 1733 042 5079 -0.018 1499 0.26* 949
HW 5207xHD 2687 1.42 53.5 -1.86 38.77 0.07 38.36 0.48 18.8 0.98 49 -0.093 1388 021 9.26
HW 5207xRT 1.85 51.1 -0.02 38.97 8.08™ 46.5 393 2263 024 4866 -0.116* 1333  -0.01 8.98
HW 5207xWH 711 -0.54 494 -1.72 36.15 -2.92** 33.73 -1.28 16.8 028 4978 -0.062 1422  0.06 9.26
HD 2687xRT -0.91 50.1 1.34 38.2 0.58 38.23 1.1 193 2.01 5046 007 1433 0.5 9.31
HD 2687xWH 711 6.67* 58.36 1.5 39.51 2.90™ 38.8 161" 1916 034 4939 -0063 1477  0.04 9.41
RTXWH 711 0.3 48.56 0.81 38.9 -1.28 34.73 048 1746 037 5031 0057 1566  0.15 9.46
Mean 54 38.79 41.45 20.96 50.72 1.557 8.98
Range 46.46-64.90 33.12-43.91 33.73-54.33 16.80- 27.86 44.80- 55.86 1.290- 1.800 8.36- 9.49
SE. 1.15 1.28 0.99 0.65 14 0.057 0.11

SE (Sij) 212 2.29 1.74 1.31 3.15 0.113 0.21

SE (Sij-Sik) 3.12 3.36 2.55 1.92 4.64 0.166 0.3
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Selection of Superior Genotypes in Spring Wheat ( Triticum aestivum L.) through Combining Ability Analysis

Table 4- Best cross on basis of negative and positive highest significant sca effects in different contributing traits

Characters

Days to 50% Flowering
Days to maturity

Number of tillers per plant
Plant height (cm)

Flag leaf area (cm2)
Spike length (cm)
Spikelets per spike
Grains per spike

1000 grain weight (g)
Biological yield per plant (g)
Grain yield per plant (g)
Harvest index

Ash content

Gluten content

Best cross on basis of negative and positive desirable direction highest significant sca effects

HW 5207 x HD 2687, COW (W) 1 x PBW550, PBW550 x HW 5206, PBW 373 x RT, PBW550 x HD 2964

COW (W) 1 x HD 2964, PBW 373 x RT, HW 5207 x RT, PBW550 x HD 2687, PBW 373 x HD 2833

HW 5207 x HD 2967, COW (W) 1 x PBW550, HD 2964 x PBW 373, COW (W) 1 x HW 5206, HD 2687 x HW 5207
HW 5206 x HD 2964, PBW 373 x HW 5207, PBW550 x PBW 373, HD 2833 x HW 5207, COW (W) 1 x HW 5207
HD 2964 x HD 2687, PBW550 x PBW 373, HW 5206 x HD 2833, HW 5207 x WH 711, PBW550 x RT

PBW 373 x RT, HW 5207 x WH 711, RT x WH 711, COW (W) 1 x HW 5206, HD 2833 x HD 2687

PBW 373 x HD 2833, PBW 373 x RT, HD 2964 x HW 5207, PBW 373 x HD 2687, PBW550 x HD 2964

HD 2687 x WH 711, PBW 373 x HD 2833, PBW 373 x RT, COW (W) 1 x PBW 550, PBW550 x HD 2964

COW (W) 1 x PBW373, HD 2964 x HD 2833, HD 2833 x WH711, HD2687 x WH711, HD2687 x RT

HW 5207 x RT, PBW550 x PBW 373, HD 2833 x HW 5207, HD 2833 x HD 2687, COW (W) 1 x PBW 550

HW 5207 x RT, PBW550 x PBW 373, COW (W) 1 x PBW 373, HW 5206 x HD 2964, HD 2964 x PBW 373
COW (W) 1 x HD 2687, HD 2964 x WH 711, COW (W) 1 x RT, COW (W) 1 x WH 711

PBW550 x HD 2687, PBW550 x HD 2964, COW (W) 1 x HD 2964, HD 2964 x HD 2833, PBW550 x PBW 373
PBW550 x RT, PBW550 x HD 2964, HD 2964 x HW 5207, HW 5206 x RT, COW (W) 1 x PBW550

These individual crosses or their multiple cross combinations may
be exploited developing broad genetic base population. Out of
these 11 crosses, the cross PBW 550 x PBW 373 and COW (W) 1
x PBW 373 which showed significant sca effect with good per se
performance for grain yield may be used in cross breeding pro-
gramme and might be expected to give transgressive segregants in
F2 as these two crosses are having the parents with low x high and
high x high gca effect. On the other hand, the crosses viz.,, PBW
550 x PBW 373, COW (W) 1 x PBW 373, HW 5206 x HD 2964,
COW (W) 1 x PBW 550 and HD 2833 x HW 5207 with good per se
performance and significant gca effect were common for gluten
content, ash content and grain yield per plant. These crosses also
showed light colouration on grains when tested with phenol solution
(1%). Hence these crosses may be exploited for developing hybrid/
genotypes with better yield and quality including chapati quality.
These cross combinations may be exploited in heterosis breeding
programme for developing genotype having broad genetic base by
multiple crossing programme.

Conclusion

The good specific combiners involved all the three possible combi-
nations of the parents with high and low gca effects viz; high x high,
high x low and low x low, indicated additive and non additive type of
gene action. Similar results were reported by [2] for number of tillers
per plant, number of grains per plant, flag leaf area and biological
yield per plant [3,4,10] for grain yield/ plant. Both additive and non-
additive components of genetic variation appeared important in the
expression of almost all the traits in present set of material. For
exploitation of both the additive and non-additive component of
variation, material may be handled though pedigree method, recip-
rocal recurrent selection or biparental mating for obtaining superior
segregants and genotypes. The promising parents namely PBW
373, HD 2964 and HW 5206 which are having high gca effects in
desirable direction for yield and yield components and for quality
traits may be incorporated in crossing programme to have better
genotypes for better and quality. The crosses PBW 550 x PBW 373,
COW (W) 1 x PBW 373, HW 5206 x HD 2964, COW (W) 1 x PBW
550 and HD 2833 x HW 5207 which showed good sca effects for
major yield and 6-8 yield components were also found superior for
gluten content, ash content and showed low reaction of phenol on

the grains, may be exploited for better yield and chapati quality
either by exploiting them through heterosis breeding or involving
them in multiple cross breeding programme for obtaining transgres-
sive segregants and broad genetic base population in wheat for
improvement in yield.
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