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ABSTRACT

Combining ability analysis of physiological and economic traits was conducted involving
nine diverse parents of breadwheatin all possible combinations excluding reciprocals. The
mean squares for both general combining ability (gca) and specific combining ability (sca)
were significant for all the characters studied in each analysis. This indicated the
involvement of both additive and nonadditive gene actions in the inheritance of characters.
In general, high magnitudes of gca variance depicted the greater importance of additive
gene action in the inheritance of traits under study. The environment played a significant .
role in the expression of almost all the traits. The gca x year interaction exhibited greater
sensitivity in most cases except net assimilation rate, biological yield, and grain yield than
sca X year interaction. Cvs, Lok-1and WH 147 emerged as desirable general combiners. The
crosses, Sonalika x HD 2402, Sonalika x J 405, Sonalika x K 8470, HUW 234 x JWJ 80-4, HI
1148 x Lok-1,and WH 147 x K 8470 were the most desirable specific combinations for grain
yield and other physiological and economic traits.
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Breeding on the basis of economic traits is well established and fully exploited in wheat.
Now it is obvious that yields of the present semidwarf wheat have reached a plateau. At
present, there is need to study the genetic architecture of important physiological traits
affecting growth and photosynthesis, shift in biomass, regulatory process and their
environmental responses. Simultaneous studies of physiological and economic traits over
environmentsare very few. Hence, the presentinvestigation has been undertaken to identify
the most suitable genetic material to be used as parents of cultivars in future and to more
efficiently finalize the breeding programmes. The combining ability analysis was performed
involving 9 x 9 diallel cross combinations over environments (years).
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November, 1992] Combining Ability Analysis in Breadwheat 391

MATERIALS AND METHODS

Nine diverse wheat varieties, viz., Sonalika, HUW 234, HI 1148, WH 147, JW] 804, HD
2402, Lok-1, J 405 and K 8470, were crossed in all possible combinations excluding
reciprocals. The parents and their 36 crosses were grown in randomized block design with
three replications at the farm of the R.A.K. College of Agriculture, Sehore, under the
JN.K.V.V,, Jabalpur (M.P.) during rabi seasons of 1987-88 and 1988-89. Each genotype was
grown in a single row, 2 m long, 30 cm apart, with plant-to-plant distance of 10 em. The
recommended package of practices for high fertility irrigated conditions were followed.

Three plants per plot were taken from each replication on 50th and 70th days after
sowing to estimate net assimilation rate (NAR) and crop growth rate (CGR) by employing
the techniques discussed by Gragory [1] and Watson [2], respectively. Five competitive
plants from each progeny were randomly taken from each replication for recording
observations on flag leaf area, spikes per plant, grains per spike, 1000-grain weight, harvest
index (HI), biological yield per plant, and grain yield per plant. The combining ability
estimates were calculated according to the procedure proposed by Griffing [3] using Method
II, Model I for each year and pooled over the environments.

RESULTS AND DISCUSSION
The mean squares for both gca and sca (Tables 1, 2) were highly significant for all the
characters studied in each analysis except CGR in 1988-89 for sca, which was significant at
5% level only. This indicated the importance of both additive and nonadditive gene effects

Table 1. Analysis of variance for combining ability under two different environments in wheat

Source d.f. Envi- Mean squares
ron- NAR CGR  flag spikes grains 1000- harvest biolo- grain
ment leaf per per grain  index gical yield
(year) area  plant spike weight yield  per
per plant
plant
Gea 8 1987-88  0028" 334" 514" 780" 1300° 5377 158" 1544 641"
1988-89  0.025" 170" 564" 58" 939" 362" 165" 352" 215"
Sca 36 1987-88  0012" 2577 357 221" 70" 25 09" 784" 201"
1988-89  0009" 75 62" 189" 777 31" 24" 485" 138"
Error 88  1987-88  0.003 3.0 08 064 14 03 02 191 47

1988-89 0.002 43 1.1 0.63 27 0.7 0.6 13.6 33

K “Signiﬁcant at 5% and 1% levels, respectively.
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Table 2. Analysis of variance for combining ability in wheat pooled over two environments

Source d.f. Mean squares
NAR CGR flag  spikes grains  1000- harvest biolo-  grain
leaf per per grain  index gical yield

area  plant spike  weight yieldper per
‘ plant  plant
Gea 8  0048" 349" 987" 1100 2185° 884" 307" 1456 702"
Sca 3  0012" 199" 44" 19" 95" 45" 20" 585 160"
Year 1 0005 1055 12885 40" 14103 70" 740" 1568.17 6266"
Gea X year 8 0005 155" 01" 26 53" 16" 16 439" 154"
Sca X year 3  0008" 134" 53" 22" 514" 11" 13" 684" 179"
Error 136 0002 36 10 0.6 20 05 04 163 40

K "Sig'nificant at 5% and 1% levels, respectively.

in their inheritance. In general, the variance due to gca were higher than due to sca, showing
a greater importance of additive gene action in the inheritance of traits except for biological
yield in 1988-89, where higher magnitude of sca indicated greaterimportance of nonadditive
gene action. Similar findings were reported by earlier workers [4-9]. However, report of
Dasguptaand Mondal[10] are notin agreement with the present findings. In pooled analysis
of gca x year and sca X year interactions gave significant differences for all the traits except
for gca x year for NAR. The gca x year interaction showed greater sensitivity in most of the
cases except NAR, biological yield, and grain yield. This is in agreement with the earlier
findings [5-7, 11]. While greater sensitivity of sca X year interaction was reported by
Dasgupta and Mondal [10], it appears from both the earlier and present findings that
additive genetic variances were no less constant from one environment to another than
nonadditive genetic variances.

The estimates of gca effects (Table 3) revealed that none of the parents had good general
combining ability for all the traits studied. Out of nine parents, var. Lok-lwas the best
general combiner for NAR, CGR, spikes/plant, 1000-grain weight, HI, and grain yield. Var.
WH 147 was a good general combiner for flag leaf area, spikes/ plant, grains/spike, HI, and
grainyield. Var. HUW 234 was identified as a superior general combiner for NAR, flag leaf
area, grains/spike, HI, biological yield, and grain yield.

The crosses showing positive and significant sca effects for warious traits are listed in
Table 4. None of the cross combinations was observed superior for all the traits under
investigation. Six crosses Sonalika x HD 2402, Sonalika x ] 405, HUW 234 x JW] 80-4, Sonalika
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Table 3. Estimates of gca effects of the parent varieties under two environments in wheat
Parent Enviror NAR CGR Flag  Spikes Grains 1000- Harvest Biolo- Grain
variety ment leaf per per grain  index gical yield
(year) area plant  spike weight yieldper per
plant  plant
Sonalika 1987-88 008" -182" 354" 057 360" 1717 -055" -448" 265"
1988-89 008" 186" 364" 020 -338° 101" 043 -209 -076
Pooled 008" 002 3600 -0I18 349" 136" -006 -329" -170"
HUW 234 1987-88 004 105 065 030 348" 042" 0977 450" 298"
1988-89 001 -026 027 023 205" -066° 019 283" 138"
Pooled 0.02 039 046 027 2777 054" 058" 3677 218"
HI 1148 1987-88 -0.02 -1.01" 045 046 086 -0.11 051" 301" 183"
1988-89 -0.03° 071 046 038 098 008 -018 -042 031
Pooled -0.02" -086 045  0.04 092" -0.01 0.16 1.29 0.76
WH 147 1987-88  -0.01 0.15 3200 0.0 174" 023 160" 018 1.03
1988-89 -0.03" -133° 123" 076" 079 025 176" 265 234"
Pooled -002 -059 222" 036 127" -024 168" 141 169"
JW] 804 198788 009" -0.35 131" 036 -016 -129" -035° 020 -012
1988-89 004" 043 122" 013 002 130" -027 047 041
Pooled  -0.06°  0.04 126" 025 -009 -130" -031" 013 026
HD 2402 1987-88 0.02 094 -137" -010 -090" -121" -097" -160 -146
1988-89  -0.02 0.03 0.00 028 -154" -114" 055 057 061
Pooled  -0.00 049 068" 009 -1.22" 1170 -076" -008 -1.04
Lok-1 1987-88 0.03 3660 -123" 070" -694" 503" 144" 026 0.99
1988-89 007" 206" 299" 078" 530" 424" 156" 041 1.10°
Pooled -005" 286 211" 073" -612" 46" 1457 034 1.05
] 405 1987-88  -0.05° -061 -1.83" 082" 196" -258" -050° 435 184"
1988-89 005 -099 047 0417 317" -196" -061" 003 -036
Pooled  -005" -080" -115" 021" 256" 2277 -055" 216" 074
K 8470 1987-88 000 202" 236" -193" 357" 089" 207 -642" 445
1988-89 001 -1.07 391" -160" 325° -003 233" -231 -238"
Pooled 000 -154" 313" 777 3417 046" 220" 436" 3417
SE (gi) 1987-88 0.2 049 025 023 034 0.15 0.13 124 0.62
1988-89  0.01 0.59 030 022 0.46 023 022 1.05 0.52
Pooled 0.01 038 0.20 016 029 0.14 0.13 0.81 0.40

" ..Slgnlﬂcant at 5% and 1% levels, respectively,
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Table 4. Crosses showing significant positive sca effects for different characters in 1987-88 (E1) and 1988-89
(E2) and pooled (P) over environments (years)

Character Crosses
NAR P1xP3 P1xP4 PixP6 PixP§ P2xP4 P2xP7 P2xP8 P2xP9
(Ei, E2&P) (E2&P) (E2) (E1) E,E2&P) (F2&P) (Er1&P) (E2)
P3xP7 P4xP7 P5xP7 P5xP8 P6xP7
(E1) (E2) (E1) (E2&P) (Ey, E2&P)
CGR P1 x P8 P2xP8 P2xP9 P3xP6 P4xP7 P4xP9 P5xP7 P5xP8 P6xP7
(E1&P) (E1&P) (E2&DP) (E1) (E1&P) (En (E1&P) P) E1&P)
Flag leaf P1xP7 PixP4 PixP5 P2xP4 P2xP8 P3xP6 P3xP8 P4xP7
area (E2) (E2) (EuLE2&P) (B2 (E2&P) (E2&P) (B2 (E1)
P4 x P8 P4xP9 P5xP7
(E2&P) (E1) (B, E2&P)
Spikes/plant P1xP5 P1xP6é P1xP8 P1xP9 P2xP5 P3xP6 P4xP5 P4xP9 P5xP8
(En) (E1 &P) (E2) (E1&P) P) (E2&P) (E2) (E1& P) (E1)
Grains/spike P1xP3 PIxP7 PixP8 P1xP9 P2xP3 P2xP5 P2xP6 P2xP7
(E1) (E1) (E2&P) (F2&P) (E2&DP) (E1) (E1&P) (En)
P3xP5 P5xP8 P8xP9
(E1, E2&P) (En )
1000-grain P1 xP2 P1xP4 P1xP7 P2xP5 P2xP7 P2xP8 P3xP8 P3xP9
wit. (E, E2&P) (B2 (E2 (E (E1&P) (E2&P) (E2) E1 &P
P4 xP5 P4xP6 P5xP7 P5xP8 P5xP9 P6xP7 P6xP8 P6xP9 P8xP9
(Ei, E2&P) (E1&P) (E1&P) (E2&P) (Ey, E2&P) (E2&P) (E1&P) (E) (E, E2&P)
Harvest P1 x P8 P1xP9 P2xP3 P2xP4 P2xP5 P3xP5 P3xP8 P3xP9
index (B, E2&P) (E2&P) (E, E2&P) (B2 (E1) (E2&P) (E2&P) (E2&P)
P5xP6 P5xP8
(E1) (E1)
Biological P1xP6 PI1xP8 PixP9 P2xP5 P3xP6 P3xP7 P4xP5 P4xP9
yield per (E1 &P) (E2) (E2&P) (E1&P) P) (E2&D) (E2 (Er1&P)
plant P5xP8 P7xP8 P8xP9
(E1&DP) (E1) (E2)
Grain yield P1 xP6 P1xP8 P1xP9 P2xP5 P3 xP6 P3xP7 P4xP5 P4xP9
per plant E1&P) (E2&P) (E2&P) (E1&DP) P) (E2&P) (E2) (E1&P)
P5 x P8 P7xP8 P8xP9
(E2&P) (En (E2)

Variety symbols: P1—Sdnalika, P2—HUW 234, Ps—HI 1148, P4a—Wh 147, Ps—JW] 80-4, Pe—HD 2402, P7—Lok-1,
Ps—J 405 and Pe—K 8470.
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x K 8470, HI 1148 x Lok-1 and WH 147 x K 8470, showed significant sca effects for grain yield
along with some other important physiological and economic traits.
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