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Combining ability analysis and reciprocal cross effects in Ihdian mustard (Brassica juncea)*
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The knowledge of nature of gene action and combining
ability is important in deciding the appropriate parents in an
efficient bleedmg programme. In this context the present
investigation was undertaken to understand the combining
“ability for seed yield and its attributes in' Indian mustard
[Brassica juncea (L.) Czernj & Cosson].

The material for the present investigation' comprised 10
strains of Indian mustard, viz 'Agra Local', "EC 259602/,
'Glossy Mutant', ‘Poorbijaya’, 'DIRA 313-6'; "Tetralocular,
‘Zem 1', 'Zem 2!, 'EC 322092' and 'Varuna', was selected on
lhu basis 0f vanablllty for various developmental, quantitative
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Table |

Estimates of general combining ability (gea) effects of 10 parents for 13 characters inal0 %10 diallel .cro'ss,.of !

and qualitative characters, The parents were crosgsed in all
possible combinations including reciprocals. The material
consisting of 10 parents, 45 F;s and 45 reciprocal F,s were.
sown in randomized block desxgn with 3 rephcatlons during
the winter 1995--96. Each plotconsmtxng of 5mlength having
a spacing of 45 cm between rows and 15 cm between plants
within.a row. Observatlons were recorded on carly’ vigour,
days t6 50% flowering, days to maturity, plant height, number
of -primary; and: seoondmy bianches, length of main_axis,

number of sxllqua en m'un 'ms, ]ength ‘of‘s qua, seeds/ ,

for very poor, 5, mtemmdmte and 10 hmh]y vxgbnoué) was:
given for the character carly vigour at 40-45 days. after
sowing. Thc comblmng qblhty dnalysm was. camed out

Lengthof . Ng; a Secds/.. - Ofl -

Parents Eacly Days Days Plant ~ No.of No.of Length No,of » .
vigour  50%  matu- -height  primary secon-  of main siliquac siliqua ° seeds/ plant . content. o
flowe- rity  {cm) - bran- dary  axis.  onmain (cm) siliqua (@ (%) '
ting ches’ branches (cim) = axis PR &
‘Agra Local OIRF 3 0EF SERE D50FK (2% - 6%F  —63%F BT (% 20 -.2¥* _—2_.1**“' 0d
'BC 259602 034 _44kx  _50%k _280%k ] -0.1 ol L b N Wl 02 LIRS0 6%* 09**
‘Glossy Mutant'  ~02%  —35%% 4 ]%x _1g2%% _Q5¥* 7% 09 —42%% Q2%+ .03 -09% 09 7 0pdon
Poorbijaya’ 0.2%* 03 25+ 68 -02* 03 10 ~09 01 0.1 02 01 0.5%*
© "Varuna' 0.1 0.3 =3.8%* 0.2 5% ~] 5% 2% (4 0.1 - 0.4¥ 0.7 01 0.3
'DIRA 313-3 0.02 03 =03 58 Q3% -16¥* 13 -0.8 0.3%* 0.2 B VA Ll 0.2%*
"Tetralocular' ~0.1 -03 07+ 13 4% D4FF 4R 16 -004% 0.8%* —lax* 02 0.6%*
Zem 1" 03%  J0% LI2%* 1360 02 03 45%%  SAk 026K LOE*  09% . 14%r 02
Zem 2 0.10 4804 4 OWk [R¥  O6%F  LI** 16 6,7+  -01* 002 . 240 04 004
©'BC 322002 -0.1 G.6%F 157 26 1% 1 8%k 66FF 4 [¥F 30kk . Q3% 07 8.0** 0,5%* 0.3%*,
SE (gt ‘ 0.1 0.3 014 09 0.1 0.3 0.8 0.6 0.04 02 0.4
CD(P=0.08) 0. 0.7 030 170 0z 07. 1.6 1.2 0.1 03 0.7
CD (P=001) 02 09 - 078 22 03 09 21 16 0l 0.4 0.9
SE (gi-gj)* 0. 05 0210 13 02 05 13 09 0.1 0.3 L05
- CD(P=00%) . 02 10 041 26 03 10 25 . 18 . 0l 05 g Ll
CD (P=0.01). -0.2 1.3 054 33 0.4 13 32 23 02- 06, L4
Carrelation 0.55 057*% - 032. 080% 017 - 020  .000. -045. Q.18 ‘Ol?. 021 ;
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Table 2 Crosses showing high speciiic combining ability effects (sca) and rank correlation (rs) between sca effects and per se performance

of the crosses

Character Best cross-combinations on sca basis Estimated Rank v Parent ranking
sca effects correlation (1k) (gea basis)

Days to 50% flowering "Zem 2 x ‘EC 322092' —6.44 0.40 HxH
'Agra Local x 'EC 322092 —5.19 LxH
‘Glossy Mutant' x 'EC 322092 —3.97 LxH
Plant height 'Zem 2' % 'EC 322092’ —A44.76 0.44 HxH
' 'Agra Local' x 'EC 322092' —8.62 LxH
'Glossy Mutant x 'EC 322092' —6.36 AxH
Primary branches ~'Zem 2' x 'EC 322092’ 1.98 0.05 HxH
'Poorbijaya’ X 'Zem 1' “1.35 AxH
'Paorbijaya’ x 'EC 322092 1.34 Ax 1l
Secondary branches Zem ' x 'EC 322092' 11.26 0.52% HxH
'Poorbijaya’ x Zem 1’ 6.97 A xH
"Poorbijaya’ x 'EC 322092' 6.65 AxH
Length of main axis Zem 2' x 'EC 322092 14,34 0.45 HxH
'EC 259602' x 'EC 322092 14.28 LxH
'Glossy Mutant' x Zem 2' 13,58 LxH
Number of siliqua 'EC 259602' % Zem 2' 8.76 0.50% LxH
on main axis ‘Poorbijaya’ x 'Zem 2' 7.59 AxIl
"Tetralocular’ x 'Zem ' 7.04 AxH
Length of siliqua DIRA 313-6' X 'Zem 1' 0.46 0.71%* AxH
'Poorbijaya’ x 'Zem 2' 0.41 . AxH
'Poorbijaya’ x Zem I’ 0.37 AxH
Seeds / siliqua Zem 1' x 'EC' 322092' ] 1.82 0.72+* AxH
'DIRA 313-6' x 'EC 322092 1.80 , AxH
"Poorbijaya’ x 'Zem 2' 1.70 AxH
Sced yield / plant '‘Poorbijaya’ x 'Zem 2! 9.07 0.48 AxH
‘Zem 1' x 'EC 322092 10.02 HxH
‘Poorbijaya’ x 'EC 322092 0.18 AxIl
Oil content 'DIRA 313-6' x Zem V' . 0.33 11 x H
‘BC 259602' x 'Varuna' 1.54 AxH
‘Agralocal' x "Zem 2' 1.41 Axll
1 000-seed 'Poorbijaya’ x 'Varuna' 0.67 0.67* Hx 1
weight Tetralocular' % 'Zem 1’ 0.65 HxH
'Agra Local' x 'Zem 2' 0.55 AxH

following Model-1, Method-I of Griffing (1956).

The analysis of variance (ANOVA) revealed significant
differences among parents and crosses for all the characters
except for early vigour. The differences duc to parents vs
crosses were also highly significant for most of the characters
except early vigour, number of primary branches and 1 000-
seed weight. This indicated that significant differences existed
among the experimental material,

The variances for general combining ability (gca) and

specific combining ability (sci) were highly significant for
all the characters. The mean square due to reciprocal cross
effects (ree) was also significant for all the characters except
carly vigour and siliqua length, indicating the importance of
both additive and non-additive gene action. Additive gene
action was predominant for plant height and | 000-seed
weight. These findings are in agreement with those of Yadav
(1992) and Pradhan e al. (1993) for plant height; Pradhan et
al, (1993) and Singh et al. (1996) for 1 000-seed weight. Non-
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additive gene action was predominant for early vigour,

number of primary and secondary branches, length of main |

axis, number of siliqua on main axis, seeds/siliqua and seed
yield/plant. Pradhan er al. (1993) and Kumar et al. (1994)

also supported non-additive genétic control for seed yield and.

its components in Indian mustard. It would be useful to adopt
bi-parental mating (Singh and Murthy 1980), recurrent
selection and diallel selective mating (Jensen 1970) than
conventional pedigree or back cross technique; Breeding for
the high yield would be minageable through heterosis
exploitation (Anand and Rawat 1984), This has been possible
through the discovery of cytoplasmic male sterility (Rawat
and Anand 1979, Prakash and Chopra 1990),

The parents 'Zem 1','Zem 2' and 'EC 322092' were good
general combiners for seed yield and most of its attributes
based on their gca effect and also showing high per-se
performance, This indicated that gca for seed yield was
influenced by number of other plant characters (Table 1),
Significant positive correlation between gca effects of the
parents and their per-se performance was observed for days
to 50% flowering, plant height and.1 000-seed weight. All
other characters also showed positive correlation between gea
effects of the parents and their per-sé performance: Badwal
and Labana (1987) also reported such type of correlation
observed for different charactets. The ‘parents 'DIRA 313-6'
and 'Zem 1' wete good for-oil content and 1 000-seed weight,

These parents may be utilized in the hybridization programme |

for getting recombinants,

It was abserved that the crosses, which showed high per-

se performance for seed yield and its components also gave
high sca effect (Table 2). Number of crosses also showed
significant reciprocal effect for different trails were : 5 crosses
for early vigour, 9 for days to flowering, 8 for days to maturity,
17 for plant height, 6 for primary branches, 14 for secondary
branches, 8 for length of main axis, 6 for number of siliqua
onmain axis, 9 sceds/siliqua, 17 for seed yield, 12 for I 000-
seed weight and 14 for oil content. Several reciprocal crosses
gave higher mean performances than the direct crosses. The
important reciprocal crosses showing high mean
performances are 'EC 259602' x 'Varuna', 'Poorbijaya’ x
Varuna' for early vigour; 'Poorbijaya' x 'EC 322092', DIRA
313-6' x "Zem 2' for days to 50% flowering; EC 259602' x
"Varuna', 'Glossy Mutant' x 'DIRA 313-6' for plant height;
"Tetralocular' x 'EC 322092, 'DIRA 313-6' x
primary branches; 'Zem 1' x 'EC 322092, 'DIRA 313-6' x
‘Zen 2' for secondary branches; 'Agra Local' x 'Zem 1', DIRA
313-6" %
‘varuna', 'Tetralocular' x "Varuna' for length of siliqua; 'EC
259602' % 'Glossy Mutant', 'Poorbijaya’ x 'Tetralocular' for
seeds/siliqua; 'Zem |' x 'BEC 322092', 'Agra local' x 'EC
322092' for seed yield/plant; 'Glossy Mutant' x "Zem 2/,
'Glossy Mutant' x 'DIRA 3]13-6' for oil content; 'DIRA 313-

6' x 'Tetralocular' and 'Glossy Mutant' x ‘Zem 2' for 1 000-.

seed weight, These were considered to be good potential cross-

combinations for further improvement of this material, Under

'Zem 2' for

‘Varuna' for length. of main axis; 'Poorbijaya’ x
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such a situation the choice of suitable female parent is likely
to further enhance the best use of beneficial non-additive

- effects in a specific cross (Rawat 1992). All the crosses giving

high 'sca and reciprocal effect including high mean
performances involved high x high or high x low combining
parents,

These were the potential cross- combmatlons from which
desirable transgressive segregants could be obtained and can
easily be handled by conventional breeding methodology
requiring some modification. Instead of continuous selfing
in latter generation, alternate intermating and selfing of the
selected segregants would further increase the scope of
selection and would lead to more desirable segregants.

SUMMARY

Combining ability analysis in a diallel cross of 10 parents
of Indian mustard [Brassica juncea (L.) Czernj. & Cosson]
revealed the presence of significant general (gea) anid specxf ¢
combining ability (sca) variances for sced yield/plant, days
to 50% flowering, days to maturity, early vigour, plant height,

" number of primary branches, number of secondary branches,
_ length of main axis, number of siliquae on main axis, length

of siliqua, seeds/siliqua, oil content and 1 000-seed weight,
Reciprocal cross effects were also significant for all the
characters except early vigour and length of sil‘iqua There
was significant posmve correlatlon between per e
perforimance of the parents and gca of the parcnts for days to
50% flowering plant height, seed yield/plant and 1 ‘000-seed
weight. On the basis of these 2 factors, 3 parenml ltnes ‘Zem -
1' 'Zem 2' and 'EC 322092', were promising. for seed yield
and its altributes for utilization’in the hybﬁd"zat‘fon
programme. On the basis of sca effects and perfc)r C
the crosses including reciprocals, 5 cross- combmahons were
the best. The crosses involved either hlgh X hlgh or high X
low general comibining ability (gca) parents and could be
exploited for further improvement of seed yields 'md 1ts
components. ‘

“REFERENCES

Anand I'Jand Rawat D 8. 1984, Geunetic diversity, combiiting ability
and heterosis in Indian brown mustard. Indian Jouwrnal of
Genetics 44 + 226-34.

" Badwal 8§ and Labana K S. 1987, Combining ability for seed

size, oil and protein content in’ Indian mustard, C:op
Improvement 14 : 10-3.

Griffing, B. 1956. A generalised treattent of the use of dmllcl
crosses in quantitative inheritance. Heredity, London 10 ; 31—
50.

Jensen, F, 1970, A dnallel selective mating sysfem for cereal
breeding, Crop Science 10 : 629-35,.

Kumar V, Singh D, Pundir S R, Kamboj M C, Chandra N and -
ChandraN, 1994, Genetics of yield and its componentsm]ndnn :
mustard (Brassica juncea L, Czcrn and Coss) Cmp ResearCh ‘
- Hisar7:243-6. ‘

. 'Pradhan A K, Sodhi Y S, Mukl]opadhyay A dnd Pemami;- 1993.

Heterosis breeding 1n"‘l‘_ ‘

l'ln mustard [BICl..\'SlC[l jwwea (L)



496 SARKAR AND SINGH [Indian Journal of Agricultural Sciences 71 (7)

Czernj and Cosson.] : Analysis of component characters Singh J N and Murty B R. 1980, Combining ability and maternal

contributing to heterosis for yield. Euphytica 69 : 219-29, - . effects in Brassica campestris (L.) var. yellow sarson.
Prakash S and Chopra V L. 1990. Male sterility caused by cytoplasm Theoretical and Applied Genetics 56 ; 265-72,

of Brassica oxyrrhina in B. campestris-and B. juncea, Singh J N, Yadav M C and Sheik [ A, 1996, Genetical studies for

Theoretical and Applied Genetics 7% (2) : 285-7. . yield and oil content in Brassica juncea (L.) Czernj & Cosson,
Rawat D S. 1992, Analysis of reciprocal differences in Indian Indian Journal of Genetics 56 : 299-304,

‘mustard. Acta Agronomica Hungarica 41 ; 227-33. Yadav M C. 1992, 'Genctics of seed yield and oil content in Brassica
Rawat D S and Anand 1J. 1979. Male sterility in Indian mustard. Juncea (L.) Czernj & Cosson.' M Sc thesis, Indian Agricultural

Indian Journal of Genetics 39 : 412-4. Research Institute,New Delhi (unpublished).



