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Heterosis and Combining Ability in Phaseolus  aureus  Roxb. 
TEJINDER P. SINGH and K. B. SINGH 

D e p a r t m e n t  of P l a n t  Breeding,  P u n j a b  A g r i c u l t u r a l  Un ive r s i ty ,  L u d h i a n a  (India)  

Summary. Heterosis and combining abi l i ty  were est imated in F 1, F,,  F a and backcross generations of diallel cross 
in Phaseolus aureus. Hybr id  vigour for yield compared with the mid-parent  and bet ter  parent  was noted in 21 and 
20/~i hybrids,  respectively. There was an appreciable amount  of inbreeding depression in the F 2 and F 3 compared 
with the F~ hybrids.  Pod number  seems to influence yield to a great  extent.  As expected, the high-yielding hybrids 
resulted from crosses between parents  of diverse geographic origin. Combining abi l i ty  analysis revealed tha t  both 
g.c.a, and s.c.a, variances were impor tant  for yield, while g.c.a, variance was more impor tant  for seed size, pod number, 
cluster number  and pods per cluster. The g.c.a, variance for yield appeared to be influenced by  g. c. a. variances for 
yield components. In general, the crosses having high s.c.a, had one of the parents  as high combiner for yield and other 
trai ts .  The diallel s tudy of different generations gave a comprehensive picture of combining ability. 

Introduction 

In  Phaseolus  aureus,  heteros is  for gra in  y ie ld  and  
o the r  cha rac te r s  was obse rved  b y  B h a t n a g a r  and  
Singh (1964). Subsequen t ly ,  Singh and  J a in  (t970) 
e v a l u a t e d  20 crosses and  obse rved  heterosis  in 75 per  
cent  of h y b r i d s  when c o m p a r e d  wi th  the  b e t t e r  pa r -  
ent .  This  s t u d y  revea led  t h a t  he teros is  for y ie ld  was 
a ref lec t ion of he teros is  in y ie ld  componen t s ,  and  
genet ic  d ive r s i t y  among  the  pa ren t s  p l a y e d  an impor -  
t a n t  role in the  man i f e s t a t i on  of heterosis .  

The  app roach  of Griff ing (19~6) to  the  i n t e rp re t a -  
t ion of combin ing  ab i l i t y  in a d ia l le l  cross is engaging  
the  a t t e n t i o n  of breeders  work ing  on se l f -po l l ina ted  
crops.  Singh and  J a i n  (t971), us ing a d ia l le l  cross of 
f ive lines in Phaseolus  aureus,  r e p o r t e d  the  i m p o r t a n c e  
of b o t h  genera l  and  specific combin ing  a b i l i t y  effects 
for g ra in  yield,  pods  pe r  p l a n t  and  seeds pe r  pod.  

A l though  some p r e l i m i n a r y  in fo rma t ion  on he te -  
rosis and  combin ing  ab i l i t y  in the  F 1 is ava i lab le ,  
de t a i l ed  in fo rma t ion  on the  segrega t ing  genera t ions  
is s t i l l  lacking.  The  purpose  of th is  s t u d y  was to  
e s t ima te  heteros is  and  combin ing  ab i l i t y  for y ie ld  and  
i ts  componen t s  in a d ia l le l  cross of the  F~, F~, F 3 and  
back-cross  genera t ions  in Phaseolus  aureus. 

Material and Methods 

Seven promising and diverse lines, including Hyb. 4, 
Hyb. 45, L 24-2, No. 54, P 23-67, No. 305 and Jalgaon 
781, hereafter  referred to as Pl to P~, were used for this 
study. These parents  are the improved variet ies or lines 
from different areas of the country, namely, No. 54 and 
No. 305 (Punjab), Hyb.  45, Hyb. 4 (M.P.), Jalgaon 781 
(Maharashtra), L 24-2 a line from Punjab  and P 23-67 
a single plant  selection from I.A.R.I .  The parents  
P 23-67 and Hyb. 45 are good yielders, having more pods 
per p lant  and pods per cluster, while No. 54 has more 
clusters per p lan t  but  the lowest number of pods per 
cluster and thus is a poor yielder. Hyb.  4 has the highest 
t 00-seed weight and average yielding potential .  A com- 
plete diallel set (excluding reciprocals), involving all seven 

parents  in F 1 and F 2, and involving the first five parents  
in the F 3 and backcross generations, was studied. The 
_F 2 seeds were obtained from the F 1 plants,  while the F 3 
seeds were obtained from the F 2 seeds, sown during July  
to Oktober 1968 and Spring 1969, respectively. The 
mater ia l  was grown at  Punjab  Agricultural  Universi ty,  
Ludhiana,  from July  to October, 1969, in a randomized 
block design with four repeats.  Each replication had 
192 experimental  rows comprising t row each of 7 parents,  
2t FI'S, I0 BCI's  and 10 BC2's, and four and six rows of 
each F 2 and F 3 generation, respectively. The rows were 
3 metres long and 60 cm apar t  and each contained t0 
plants  spaced 30 cm apart .  Non-experimental  rows were 
p lanted all round the plots to avoid border effect. Obser- 
vat ions were recorded on 8, 32, 48 and 5 plants  in each 
ent ry  of F 1, F 2, F 3 and backcross generation per replica- 
tion, respectively. Later,  the da ta  were converted to per 
p lant  basis for grain yield(g), 100-seed weight(g), pods 
per plant,  clusters per p lant  and pods per cluster. 

Analysis of variance to test  the differences between 
parents  and hybrids  and between generations was con- 
ducted by  simple randomized block and nested designs. 
Heterosis was calculated as the percentage increase or 
decrease over the mid-parent  and bet ter  parent  for yield 
and other trai ts .  Stat is t ical  analysis of the da ta  was 
carried out according to the two factors mat ing design 
of Kempthorne (t952) and the analysis of combining 
abi l i ty  was made by  the method I I  model I of Griffing 
(1956). 

Results 

Heterosis and Inbreeding  Depress ion 

Analys i s  of va r i ance  revea led  t h a t  the  va r i ance  due 
to pa r e n t s  vs  hyb r id s  was s ign i f i can t ly  high for al l  
the  cha rac te r s  excep t  c lus ters  per  p l an t ,  while the  
va r i ance  for differences be tween  genera t ions  wi th in  
a cross was s igni f icant  for y ie ld ,  pods  pe r  p l a n t  and 
100-seed weight  (Table t a und  b). Tab le  2 s u m m a r i -  
zes the  resul ts  for heterosis  and  inbreed ing  depress ion.  
Genera l ly ,  the  F 1 means  were h igher  t h a n  the  mid-  
paren t ,  F 2 and  F 3 means  for g ra in  y ie ld  and  o the r  
charac ters .  F~ and  F3 means  were also h igher  t han  
the  m i d - p a r e n t  value.  There  was no s ignif icant  de-  
press ion in the  mean  y ie ld  of F 3 famil ies  c o m p a r e d  
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Table  I a. Analysis of variance for heterosis 

t3 

Source d . f .  
Mean square 

Yield per t00-seed Pods per Clusters Pods per 
plant  weight plant per plant cluster 

Progenies  
P a r e n t s  
H y b r i d s  

P a r e n t s  vs  
H y b r i d s  

E r r o r  

27 129.39"* 0.97** 2493.04** 184.94"* t . 57"*  
6 22.77 1.59"* 967.99* t00.98 0.81" 

20 112.05 0.72** 2567.11"* 205.46** 1 . t2"*  

1 t093.08"* 0.82** 9193.91"* 177.20" 4.88** 
234 22.55 0.07 489.48 92,16 0.41 

Table  1 b. Analysis of variance of nested design 

Generation Source d . f .  

Mean squares 

Yield per 100-seed Pods per Clusters Pods per 
plant weight plant per plant cluster 

F~ and  F 2 Be tween  crosses  20 1.86"* 3177.90"* 268.36** 1.30"* 
Be tween  genera t ions  21 0.18"* 1234.74"* 138.43 0.43 
wi th in  a cross 
Be tween  crosses 9 1.52"* 2797.23** 404.08** 1.73"* 

F x and  F 3 Be tween  genera t ions  t0  0.17"* 2367.31"* t04.08 0.39 
w i th in  a cross 

E r r o r  234 22.55 0.07 489.48 92.16 0.41 

Table  2. Mean performance of the parents, heterosis and inbreeding depression (in percent) for yield and its components 
in Phaseolus aureus 

100-seed Pods per Clusters Pods per Mean 
Yield per plant weight plant per plant cluster Inbreeding yield 

Cross 
P- BP P BP P BP P BP P BP F 2 F a F 1 

117.74"* 
73.89** 

93.86** 

118.60"* 

Px t7.59 3.84 
P 2 20.66 2.40 
P a 17.03 t .81 
P4 16.08 2.13 
P5 20.21 2.36 
P 6 13.00 t .87 
P 7 17.22 2.43 
P 1 • P~ 26.8 17.4 --5.1 - -22.4  
P1 • Pa 8t.7 78.8 - -8 .2  - -32.6  
P1 x P4 18.5 13.5 t5.1 - - t o . 4  
Px x P5 34.4 25.7 10.0 - -11.2  
P l  x Ps 50.t 30.5 - -5 .9  --29.9 
Pl  • P7 t6.6 15.4 4.2 --15.1 
P 2 x P3 52.2 38.8 t5.2 0.8 
P~ • P4 72.6 53.4 t l . 5  5.4 
1~ • P5 1o2.5 1oo.3 4.2 3.3 
12 • t 6  70.6 39.0 8.9 3.3 
12 • P ~  t . 3  - - 7 . 2  9.1 8.6 
P3 x P4 19.8 16.4 1.0 - -  6.6 
Pa • P5 45.7 34.2 4.8 - -  7.6 
Pa • P6 26.8 t t . 8  6.5 4.8 
Pa • P~ 24.9 24.2 t2.3 - -  2.t 
14 • P5 4t .3 26.8 9.8 4.7 
t '  4 • I s 31.8 19.2 13.5 6.6 
14 • P~ 35.4 30.9 15.8 8.6 
P5 • Ps 80.6 48.4 12.8 0.9 
P~ • 1~ 8.2 0.2 33.5 31.3 
P6 • P~ 38.6 21.7 16.7 3.3 

Average  4 t .9  30.4 8.8 - -  3.0 

67.0 28.4 2.44 
120.t 37.0 3.26 

98.7 36.4 2.72 
87.2 44.3 t .96 
89.6 29.2 3.06 
77.0 37.4 2.05 
87.0 36.6 2.38 

36.4 6.2 t0.4 - -  2.4 23.5 7.8 
66.8 39.9 54.3 37.4 6.6 t . t  

- -14.0  - -24.0  - -27.2  - -40.2  t8.6 7.0 
14.6 0.1 - -  9.4 - - t 0 . 6  33.8 20.3 
40.8 3t.7 - -  5.8 - -17 . t  79.t 65,2 

9.t - -  3.4 t l . 4  - -  t.1 4.6 3,3 
13.0 2.9 6.8 5-9 t t . 4  2.2 
40.5 21.2 25.3 t5 . t  11.5 --10.7 
88.4 64.4 26.9 13.5 26.1 19.3 
43.1 17.4 21.8 21.1 t6 .2  - -  5,2 

- -  3.8 --17.1 - -  4.9 - -  5.4 5.7 - -  8.6 
- -  7.6 - -13 .o  0.3 - -  8.6 - -  4.3 - - t 7 . 7  

47.0 --4o.1 5.2 - -  5.2 34.9 27.5 
23.7 10.1 12.2 t0.7 t2.6 - -  1.5 

--10.7 - -15.9  8.2 7.9 - - t 0 . 2  --15.8 
18.2 16.6 --  4.6 - -20.8 18.3 - -  2.9 
t9.o t2.o 5.6 - -  2.5 
19.3 19.2 - -  7.9 - -15.8  
47.4 37.1 39.3 24.1 

- -  6.6 - -  7.9 17.3 --25.7 
36.1 28.3 22.4 21.1 

24.8 t2.7 9.9 0.1 

- -  m 

14.7 t0.3 24.26 
40.4 38.6 31.45 
1t .0 - - t t . 5  19.96 
10.5 t2.2 25.41 
25.1 - -  22.95 
t0.8 --  20.29 
3t.5 27.4 28.67 
31.6 37.1 3t .7o 
31.2 36.6 4t .38 
25.8 - -  28.72 

6.6 - -  19.18 
9.9 - -  4.3 19.83 

14.7 3t .0  27.12 
t2.3 - -  19.04 
t8.0 - -  21.39 
t3.4 1t .0 25.63 

21.0 t8.1 - - t 0 . 6  - -  19.t6 
41.0 28.6 25.5 - -  22.54 

4.3 --12.7 32.5 - -  29.99 
16.2 3.3 5,1 - -  20.24 
36.5 27.3 28.3 - -  20.95 

19.3 7,4 18.5 18.8 24.76 
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wi th  the  mean  of F 2 p lan ts .  In  all  the  crosses, the  F 1 
y ie lded  s ign i f i can t ly  more  t h a n  the  mid -pa ren t .  The  
mean  pe r fo rmance  of F 2 and  F 3 famil ies  was in gene- 
ra l  less t h a n  t h a t  of F 1 hybr ids .  The  crosses, P2 • Ps, 
P1 • P3, P5 • P6, P~ • P4 and  P2 • P6, showed high 
h y b r i d  v igour  for g ra in  yield,  pod  n u m b e r  and  d u s t e r s  
per  p lan t ,  while the  crosses, P5 • P7 and  PI • P6, 
were the  bes t  h y b r i d s  for bo ld  seed and  more  p o d s  
per  cluster ,  r e spec t ive ly  (Table  2). 

Combining Ability 

Var iance  due to  g.c.a, was h igh ly  s igni f icant  for a l l  
the  cha rac te r s  in al l  the  genera t ions  except  for gra in  
y ie ld  in the  F a gene ra t ion  (Table  3)- The s.c.a. 
va r i ance  was s igni f icant  for yield ,  pods  and  c lus ters  
per  p l a n t  in the  F 1 and  backcross  genera t ions ,  and  
was s igni f icant  for pods  per  c lus ter  in the  F 1 and  t:3 
genera t ions .  F o r  t00-seed  weight ,  s.c.a, va r i ance  was 
s igni f icant  in al l  the  genera t ions .  Var iance  due to  

g.c.a, was s ign i f i can t ly  g rea te r  t han  t h a t  due to s.c.a. 
in the  F~ genera t ion  for g ra in  y ie ld  and  in the  F~ and  
backcross  genera t ions  for the  res t  of the  charac ters .  

A m o n g s t  the  paren t s ,  P2 and  P5 were good combi-  
ners  for y ie ld  and  pods  per  cluster ,  while all  the  o thers  
were average  to  low combiners  for increased  gra in  
y ie ld  (Table 4). The  paren t s ,  P~ and  P4, were high 
combiners  for pods  and  c lus ters  pe r  p lan t ,  respec t ive-  
ly.  F o r  t00-seed  weight ,  pa r e n t s  P1 and  P7 were good 
combiners .  The  l ines hav ing  high combin ing  ab i l i t y  
for gra in  y ie ld  showed average  to high combin ing  
a b i l i t y  for o the r  y ie ld  components .  

The  cross P2 • P5 was the  bes t  combina t i on  
for gra in  y ie ld  in the  F 1 genera t ion  b u t  in the  back-  
cross genera t ion  the  cross P2 • P3 was the  bes t  
(Table 5). The  crosses P1 • Pa and  P2 • P4 also com- 
b ined  well  for gra in  y ie ld  in the  F 1 genera t ion .  The 
cross P2 • P5 was the  bes t  combina t ion  for pods  per  
p l a n t  and  c lus ters  per  p l a n t  b u t  i t  was an ave rage  

Table 3. Analysis of variance for combining ability in different generations for yield and its components 

Generation Source d.f.  
Mean square 

Yield per t 00-seed Pods per Clusters per Pods per 
plant weight plant plant cluster 

F1 g.c.a. 6 72.51"* 0.94** 1697,31"* 81.23"* 0.61"* 
s.c.a. 2t 31.78"* 0.04"* 556.30"* 36.08 0.22* 

F 2 g.c.a. 6 24.67** t . t 7"*  912.39"* 78.13"* 0.52** 
s.c.a. 21 4.62 0.13"* 116.06 16.58 0.06 

F 2 g.c.a. 4 9.26 0.95" * 502.92* * 68.49* 0.32* 
s.c.a, t0 5.08 0.05 * * 45.86 30.74 0.20* 

t /2 (Bx + 132) g.c.a. 4 23.92** 1.77"* 2087.48** 198.57"* 0.56** 
s.c.a. 10 2t.24"* 0. t4"* 396.50** 77.97** 0.10 
Error  234 5.63 0.017 122.37 23.04 0.1032 

* Significant at 5% level; ** Significant at t % level 

Table 4. General combining ability estimates of parents for yield and its components 

Character Generation P1 P2 P8 P4 P~ Pe P7 

Yield per F 1 --  0.42 3.54** --0.20 --1.37 2.98** 1.83 --  2.70* 
p lan t  F 2 --  0.14 1.93 --0.67 --0.23 2.52* - - I .78  --  1.63 

1/2 (Bx + B2) --  2.21 2.53* --0.33 --1.23 1.24 -- -- 

f 00-seed F 1 0.62** --0.03 --0.37** --0.09 0.04 --0.29 0.12" 
weight E 2 0.66** --0.00 --0.41"* --0.11 0.02 --0.35** 0.19"* 

F 3 0.62** --0.02 --0.37** --0.14" --0.09 --  -- 
t/2 (B~ + B2) 0.62** --0.07 --0.42** --0.10 --0.03 -- --  

Pods per F x --12.26" 24.85** 2.62 --8.12 7.01 - - t .56  --12.53" 
plant  F 2 --14.33"* 15.36"* 4.59 1.32 4.98 --1.06 --10.86" 

/:3 --12.53" 1t.25 t .5t  --0.95 0.72 --  -- 
1/2 (B 1 + Bz) --22.31"* 17.42"* --2.19 0.90 6.18 --  --  

Clusters F~ --  4.40 2.25 1.73 2.21 --3.62 2.79 --  0.96 
per p lant  F 2 -- 4.67* 1.87 0.38 3.31 --2.14 2.90 --  t.65 

/:a -- 3.77 t.73 1.11 3.65 --2.72 --  --  
1/2 (B 1 + B2) --  6.46* 3.03 1.70 2.64 --0.91 --  --  

Pods per /:~ 0.08 0.33* --0.08 --0.35* 0.34* --0.15 --  0.17 
cluster 1:2 --  0.03 0.31" 0.06 --0.22 0.33* --0.28 --  0.17 

/:a --  0.06 0.t4 --0.06 --0.29 0.27 -- --  
1/2 (B 1 + I32) --  0.14 0.29 --0.04 --0.32 0.2t -- --  

* Significant at 5% level; ** Significant at t% level 

Theoret. Appl. Genetics, Vol. 44, Nod 
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combiner for pods per cluster and seed size. The cross 
P~ • P~ also showed significantly high s.c.a, effects 
for pods per plant. The cross P~ • P6 was the best 
combination for pods per cluster in the F~ generation. 
The crosses, Ps • P~ and P~ • Pa in the Fx, and 
P~ • P, and P~ • P~ in the F,, indicated high s.c.a. 
effects for bolder seed size. 

D i s c u s s i o n  

Analysis of variance for heterosis suggested that 
the hybrids performed significantly different from 
their parents for all the characters, while the F~. and 
F~ generations differed significantly from the hybrids 
for grain yield, pods per plant and t00-seed weight 
only. 

In this study an appreciable amount of heterosis 
was present for yield and other characters as shown 
by the magnitude of variance ascribable to the differ- 
ences between parents vs hybrids. It was evident 
that high-yielding parents tend to produce high- 
yielding hybrids. Another noteworthy point was 
that the parents from different geographical areas 
exhibited more heterosis than parents originating in 
the same region. Heterosis in yield appeared to be 
influenced by heterosis for the yield components, 
especially pod number. Generally the crosses be- 
tween good or average performing parents showed 
more hybrid vigour for various characters. 

This study indicated that both g.c.a, and s.c.a. 
variances were important for grain yield, which in 
turn suggests that the character is under the control 
of additive as well as non-additive gene effects. Simi- 
lar results have been reported by Singh and ]ain 
(1971) in mungbean, Singh and Dhaliwal (1972) in 
urid and Leffel and Weiss (1958) in soybean. For 
pod number, cluster number, pods per cluster and 
seed size, the g.c.a, variances were more pronounced 
indicating that for these characters additive gene 
action is more important; however, non-additive 
gene action also plays a role in their inheritance. 
Singh and Singh (1972) arrived at a similar conclusion 
for seed size and pods per cluster through graphical 
analysis. 

It was noted that g.c.a, variance for yield appeared 
to be influenced by g.c.a, variance of its components, 
especially pod number and pods per cluster. 

Wide divergence between the parents was evident 
from the highly significant differences in their com- 
bining ability estimates. The parents Pn and P~ 
(P 23--67 and Hyb. 45) were good combiners for 
seed yield as well as for pods and clusters per plant 
and pods per cluster, but average combiners for seed 
size. Furthermore, the parents which were good 
combiners for bold seed size were average combiners 
for yield. Thus it can be concluded that medium- 
seeded types have a tendency to yield high compared 
with bold-seeded types. The estimates of g.c.a, for 
various characters in the F~ and subsequent genera- 
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tions reveal that  the parents with high g.c.a, in the 
F 1 also showed superior combinations in subsequent 
generations, suggesting that  their superiority was 
due to their having favourable genes with additive 
effects. This also suggests that  ~the g.c.a, estimates 
obtained from the F,  or subsequent generations are 
as reliable as those from the F 1 generation study. But 
this is not the case with s.c.a, estimates. 

Among the crosses, the best combination was P2 • 
P5 for yield as well as for pods and clusters per plant 
in the F 1 generation. Both the parents involved in 
this combination were high combiners for yield and 
were geographically diverse. Bond (t967), using 
winterbean, also observed that  the highest yielding 
crosses had parents of high general combining ability. 
The consistently superior performance of the cross in 
the F 1 and subsequent generations indicates that  
dominant gene action was not predominant though 
present, which is also evident from the low magni- 
tude of inbreeding depression (Table 2). Therefore, 
it appears that  the high vigour shown by this cross 
is largely due to the concentration of favourable genes 
contributed by the two parents. In general, the cros- 
ses involving parents of diverse origin with high or 
average combining abilities were good combiners. 
Moreover, the crosses with high or average specific 
combining ability for yield components, especially 
pods and clusters per plant, showed high s.c.a, effects 
for yield. 

It  may be concluded that  superior performance of 
hybrids for yield depends on the general combining 
ability of the parents for yield and its components, as 
well as on their genetic diversity. High performance 
for yield also appeared to be related to high specific 
combining ability for the yield components. Therefore, 
a plant breeder of self-pollinated crops should look for 
genetically diverse parents having high g.c.a, for yield 
and its component characters. From the segregating 
populations of crosses involving such parents, the 
isolation of high yielding lines is possible as a large 
part  of the total  genetic variance is a result of addi- 
tive gene effects. 

The s tudy on combining ability has helped in select- 
ing parents for the hybridization programme. I t  is 
suggested that  the parents, Hyb. 45 and P 23--67 
for grain yield and pods per cluster, Hyb. 4 for seed 
weight, Hyb. 45 for pods per plant, and No. 305 for 
clusters per plant, may be used in hybridization. This 
s tudy has further helped in selecting three crosses, 
P 23--67 • Hyb. 45, Hyb. 45 • No. 54 and Hyb. 4 
• L 24--2, which may be advanced for the isolation 
of high-yielding lines. In fact, the cross between 
P 23--67 and Hyb. 45 has already yielded a very 
high-yielding variety which has been named ML t. 
This variety has a potential yield of over 2000 kg. per 
hectare and is currently being evaluated in the far- 
mers' fields. 

The s tudy of combining ability in the F 1 and sub- 
sequent generations has given a much more compre- 
hensive picture of this subiect than would have been 
possible by studying the F 1 generation alone. 
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