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ABSTRACT

Combining ability effects and variances were estimated sperately and over four
environments (two dates of sowing in twe years) from a half-diallel cross involving nine
parents. Although both gca and sca variances were important, nonadditive variance was of
greater importance than additive variance controlling number of siliquae on the main
branch, total number of siliquae/plant, and seed yield/plant. Difference among the
environments was significant for all the characters. Both gca X environment and sca x
environment interaction variances were significant for all the characters studied, while
further partitioning revealed higher magnitude of nonadditive X environment interaction
than additive X environment interaction for all the traits, The variety Sita exhibited good
general combining ability for number of siliquae on the secondary branches and total
number of siliquae/plant in at least two environments and over environments. Top ranking
crosses selected on the basis of significant desirable sca effect involved high, medium and
low general combiners.
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Studies on combining ability help in selection of superior parents for hybridization and
provide a knowledge of genetic behaviour of various economic traits which are important
for a successful breeding programme [1, 2]. Paying due consideration to genotype x
environment interaction during the studies on combining ability may be helpful in
identifying desirable genotypes and in understanding the precise nature of inheritance of
economic traits [3, 4]. In view of this, the present study on combining ability has been carried
out over different environmental conditions.

MATERIALS AND METHODS

Nine diverse genotypes of Indian mustard (Brassica juncea (L.) Czern and Coss), i.e.
RLM-619, Rohini, IC-73229, PR-16, NC- 57354, NDR-8501, BHUR-5, RW 85-59, and Sita, were
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crossed in all possible combinations excluding reciprocals. Nine parents and their 36 Fis
were grown on two different dates in the two consecutive years of 1992-93 and 1993-94 in
randomized block design with three replications. Each treatment was grown in a single row,
2 m long, spaced 30 cm apart, with the plant-to- plant distance 15 cm. Each experiment was
guarded by one border row on either side to minimize the border effect. All the
recommended agronomic practices were followed to raise the crop. Five competitive plants
from each treatment were selected from each replication to record observations on number
of siliquae on the main and secondary branches, total number of siliquae/plant, and seed
yield/plant. The progeny means were used for statistical analysis. The combining ability
analysis was carried out according to the procedure of Griffing’s Method 2, Model 1 [5] and
Singh [6, 71.

RESULTS AND DISCUSSION

The analysis of variance of combining ability (Table 1) showed that variances due to gca
were significant for all the characters in three out of four environments as well as in the

Table 1. ANOVA (mean square) of combining ability in Indian mustard

Source df. Environment No. of No. of siliquae  Total No.of  Seed yield
siliquaeon  on secondary siliquae per plant
main branch branches per plant
Gea (G) DS-11992-93 14.0 2748 332.2 1.19"
DS-21992-93 19.5 12315 1388.1 111
DS-11993-94 189" 2306.4" 2526.6" 104"
DS-2 1993-94 522" 787.2 938.8" 049
Pooled 456" 2287.3 2680.1 1.87
Sca (9) DS-1 1992-93 178" 765.4 8415 1.10"
DS-21992-93 9.8 719.6 802.1" 1.28
DS-11993-94 9.8 1418.7" 1475.0" 0.84"
DS-2 1993-94 109" 690.0" 746.9" 057"
Pooled 119" 1514.0" 1602.7" 174"
Environments (L) 851.2" 7907.6" 13312.8” 12517
Interaction (G x L) 21 2491.1': 8343 092"
Interaction (S x L) 12.0 1418.1 754.4 0.65
Error DS-1199293 8.1 552.5 606.8 050 .
DS-2 1992-93 85 185.7 208.4 0.54
DS-11993-94 6.4 3136 3515 0.38
DS5-2 1993-94 6.1 301.0 339.1 0.29
Pooled error —_ 1.8 84.6 94,1 0.11

""Significant at 5% and 1% levels, respectively.

DS, DSz - 1st and 2nd dates of sowing, respectively.
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pooled analysis, whereas the variances due to sca were significant for number of siliquae
on main branch in two environments, for number of siliquae on secondary branches and
total number of siliquae/plant in three environments, and for seed yield/plant in all the
four environments. The pooled analysis of sca variances showed significant mean squares
for all the four characters. This shows the importance of additive and nonadditive gene
effects in the inheritance of these characters. The estimates of gca variances were generally
higher than sca variances for all the characters in three out of four environments as well as
in pooled analysis. The difference among the environments was highly significant for all
the traits. Both gca x environment (G x L) and sca x environment (S x L) interactions were
also highly significant for all the traits. The G x L interactions were of higher magnitude
than the S x L interactions for all the characters except for number of siliquae on secondary
branches. Significance of interaction variances warrants collection of data over different
environments for obtaining unbiased estimates of genetic variances. The result also clearly
reveals that genetic estimates computed from a single environment are highly unreliable.

Partitioning of genetic

R . . Table 2. Estimates of genetic components in Indian mustard
variances (Table 2) into additive

and nonadditive and estimates Source Environment No. of No. of Total Seed
of predictability ratios further siliquae  siliquae No.of yield
revealed higher estimates of onmain onsecon- siliquae  per

branch.  dary per plant

nonadditive variances and
branches plant

lower estimates of additive

variances, resulting into the 4 DS1199293 110 -505  -499 013
predictability ratios far from | DS-21992-93 2.0 1902 2145 010
DS-21993-94 84 88.4 1090 004

branch otal
secondary branches, tota Pooled 1.9 100.0 117.6 0.08

number of siliquae/plant and \ ‘
the importance of nonadditive DS-2 1992-93 1.4 533.9 593.7 0.74

. DS-1199394 32 11051 11235 046
gene effects controlling these DS.21993.94 48  389.0 4078 028

traits. Similar results were also Pooled © 25 3574 3771 0.41
reported earlier [8-10]. In such a ' ‘
eportec e [8-10] throueh __ %A DS1199293 0.1 — — 018
situation, improvement through 2,7~ 21" psy199293 06 026 027 . 012
simple selection would not be DS-1199394 04 0.25 026 021
possible for these traits. Number D3-21993-94 0.6 0.19 021 013
of siliquae on main branch Pooled 04 0.22 024 016
revealed higher values for both O.Zgl v 18 _234.2 67.3 0.07
additive and nonadditive gene o%l 102 13336 6603 . 055

effects in three environments as
well as in pooled analysis and ‘DSy, DSz — 1st and 2nd dates of sowing, respectively.
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very high value of nonadditive gene effect in only one environment. The predictability ratios
around 0.5 also confirm the importance of both additive and nonadditive gene effects
controlling this trait. The additive x environment interaction components (czgl) were lower
than the nonadditive X environment interaction components (c%s1) for all the traits, which
indicates that nonadditive variance was more prone to environmental variation than
additive variance.

The predominance of nonadditive gene action for seed yield and its components could
be exploited through heterosis breeding [10] or through population improvement by
. intermating the improved genotypes in successive generations [11].

Studies on gca effects (Table 3) of the nine parental strains revealed that BHUR-5 and
RW 85-59 were good general combiners for. number of siliquae on main branch showing

significant gca effects at least in two environments as well as over the environments. Sita

Table 3. Estimates ofigca effects of parental strains in Indian mustard

Character Environment RLM- Rohini‘ IC- PR-16 NC- NDR- BHUR RWS85- Sita S.E

619 73229 57354 8501 -5 59 gi

No. of DS1-1992.93 034 070 -077 -096 031 -077 -051 161 213 081

~ siliquae DS2-1992-93 034 -013 -035 -024 071 -193 -164 254 070 083
on main DS11993-94  -198" 122 -012 002 -004 -157 223" 078 -054 072
branch DS21993-94  -065 095 -050 -1.04 243" 401" 312" -148 118 070

»

Pooled 060" 031 -046 -058" 082" -198" 077 084 096 0.19

No.of DSI1-1992:93  -343 -845 109 -144 086 463 024 -229 928 668
siliquacon  DS21992.93  -12.02" 098 367 -928° -132 -300 -871 698 2270° 387
secondaty ~ DS11993-94 -18.76" -1080° -046 -506 -993 350 230 2306 2313 503
branches  DS21993-94 229 -758 169 -518 18897 -458 -929 -022 397 493

Pooled 798" 646" 150 -524" 211 -161 -399" 687" 1477 131
Total DS1199293  -362 '892 056 -218 044 315 053 -044 1154 7.00
siliquae DS2199293 1169 085 346 952 074 -494 -1033 951 2339 4.10

3

per plant DS11993-94  -21.06 -997 -096 -554 1029 -367 4.4 25217 22.15° 5.33
DS21993-94 . 164 -662 119 -622 2133 -85 -618 -170 515 523

Pooled 868" 617" 106 -587" 269 -351" -322° 815 1556 138

Seedyield DS1199293 022 -041 001 029 071" 077 005 013 009 020
per plant DS21992-93 022 -016 030 -049 -026 030 032 -0.14 036 021
. DS11993-94 = -0.32 -030 -D10 -004 -029 000 018 061" 024 017
DS21993-94 0207 -0.19" 004 -013" 0277 032" 0217 011" 011" 006

""Significant at 5% and 1% levels, respectively.
DS1, DS2 — 1st and 2nd dates of sowing, respectively.
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Table 4. Five top ranking crosses selected on the basis of pooled sca effect along with their mean
performance and gca status

Cross Mean per-  Sca Gea Cross ‘Meanper- Sca Gea
formance effect status formance effect  status
No. of siliquae on main branch Total No. of siliquae/plant
Rohini x Sita 46.2 287 LxH NDR 8501 x Sita 2498 4458 LxH
NC 57354 x Sita 46.1 232 HxH RLM-619 x IC 73229 2204 3487 LxL
RLM 619 x IC73229 432 230 LxL Rohini x NC57354 214.9 2525 LxL
Rohini x IC73229 442 229 LxL PR16 x Sita 2269 2398 LxH
NDR 8501 x RW85-59 43.2 228 LxH RW-85-59 x Sita 2376 2075 MxH
No. of siliquae on secondary branches Seed yield/plant (g)
NDR 8501 x Sita 2102 4586 LxH RLM619 x PR16 58 113 LxL
RLM 619 x IC73229 1773 3260 LxL NDR-8501 x Sita 6.5 .01 HxM
Rohini x NC57354 172.6 2576  LxL Rohini x NDR-8501 6.1 094 LxH
PR16 x Sita 183.8 23.09 LxH NC57354 x RW-85-59 5.7 084 LxM
RW 85-59 x Sita 1945 2771 MxH NDR-8501 x RW-85-59 62 076 HxM

H — high, M — medium, L — low general combiner.

exhibited good general combining ability in at least two environments and over the
environments for number of siliquae on secondary branches and total number pf
siliquae/plant. The parental strains RLM 619, NDR 8501 and BHUR 5 showed higHTy
significant gca effect for seed yield/ plant over environments and therefore, would be useful
materials for improving seed yield/plant.

The five top ranking hybrids (Table 4) selected on the basis of highly significant
desirable sca effect revealed that in most cases, their high sca was not associated with per
se performance, thus, high mean performance of a cross does not reflect high sca effect.
Hence, selection of specific crosses for further breeding programmes may be based on higher
values of both of these parameters. The top ranking crosses involved high, medium and low
general combiners. The cross NDR-8501 x Sita showed significant desirable sca effects for
number of siliquae on secondary branches, total number of siliquae/ plant, seed yield / plant,
and involved at least one high gca parent for all these traits.
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