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Combining ability analysis for green pod yield and its components in inter
sub-species of cowpea [Vigna unguiculata (L) Walp.] ssp.
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Abstract Six lines, two each from Vigna unguiculata
ssp. unguiculata (vegetable type), Vigna unguiculata
ssp. unguiculata (grain type) and Vigna unguiculata ssp.
sesquipedalis (vegetable type) as female parents and four
testers from unguiculata ssp. unguiculata ( three
vegetable type and one grain type) as male parents were
crossed in line x tester matting design. The ICP-38, ICP-
42, Indira Hari and Arka Garima were good general
combiner for earliness and ICP-42, ICP-54, Pusa Komal,
Arka Garima and Indira Hari for green pod yield per
plant. The cross combinations ICP-42 x Arka Garima,
ICP-54 x Indira Hari, ICP-26 x Khalleshwari and ICP-
49 x Khalleshwari were found best for number of pods
per plant whereas, crosses ICP-42 x Arka Garima, ICP-
42 x Indira Hari, and ICP-54 x Arka Garima showed
high significant and positive sca effects with high mean
for green pod yield per plant.

Keywords : Combining ability, yield, cowpea, Vigna
unguiculata

Introduction

Cowpea is an important legume rich in protein, mainly
used for green immature pods, pulse and fodder. In the
cultigen cowpea, four sub species have been identified,
in which unguiculata, the grain types and sesquipedalis,
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the yard long bean (vegetable) type are most commonly
cultivated. The green immature succulent pod of
vegetable cowpea has equivalent in nutritional
composition as other beans and good replacement with
lower expenses. The most encountered problem with
cultivation of yard long bean or vegetable type is
providing space and support for its vigorous viny growth
habit (Valarmathi et al. 2007). Hence, replacement of
yard long bean with bush type vegetable cowpea having
either bushy or semi trailing growth habit with
incorporation of earliness, more number of seeds per
pod and high protein content in green pods will be
rewarding. For genetic improvement of any crop the
most important prerequisite is selection of suitable
parents, which would combine well and produce desirable
segregants in adequate frequency, because the high
yielding parent may not necessarily transfer its superiority
to the progenies in the cross. It is therefore, necessary
to know the genetic architecture of parents on the genetic
contribution for yield and its related characters would
help in identifying promising lines and superior crosses
in early generation itself. Keeping these views, the above
mentioned subspecies were subjected to genetical analysis
to identify the best combiners and crosses for future
exploitation.

Materials and Methods

The experiment was conducted during Kharif season
of 2007 to 2008 at Department of Horticulture, IGKYV,
Raipur (C.G.). The experiment comprises of six lines,
two each from Vigna unguiculata ssp. unguiculata
(vegetable type), Vigna unguiculata ssp. unguiculata
(grain type) and Vigna unguiculata ssp. sesquipedalis
(vegetable type) as female parents and four testers from
Vigna unguiculata ssp. unguiculata ( three vegetable
type and one grain type) as male parents were crossed
in line x tester matting design. Genotypes ICP-26 (L)
and ICP-38 (L,) as seed type and ICP-45 (L,) and ICP-
49 (L,) as vegetable type from ssp. unguiculata and
ICP-42 (L,) and ICP-54 (L) as vegetable type from
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sesquipedalis were selected as lines and four genotypes
viz., Pusa Komal (T,), Arka Garima (T,), Indira Hari
(T,) as vegetable type and Khalleshwari (T,) as seed
type from ssp. unguiculata were selected as testers for
line x tester cross. All the parents along with their 24
F,s were grown in randomized block design with three
replications. Each genotype consisted of three rows of
3.15 m long and 7 plants in each row. The spacing
given was 60 cm between rows and 45 cm within a
row. Observations were recorded on ten randomly
tagged competitive plants from each genotype and data
were subjected to combining ability analysis as per
Kempthorne (1957).

Results and Discussion

The analysis of variance for combining ability in respect
of 19 characters is tabulated in Table 1. Partitioning of
variance due to crosses into interaction components were
significant for all the characters under study. Thus the
significance of mean squares due to lines and testers
were tested for all most of the characters whereas,
crosses also showed significant differences for all the
characters. The mean square due to lines were recorded
higher for plant height, per cent pod set, days to final
picking, pod length, pod weight, fruiting duration and
number of pickings indicating the greater diversity among
the lines as compared to the testers whereas, in rest of
the characters testers had higher diversity as compared
to the lines. Similar views were also expressed by Pal et
al. (2002).

The genetic worth of the parents is decided on the basis
of its combining ability. The combining ability had given
useful information on the choice of patents in terms of
expected performance of the crosses and their progenies.
Also the parents having high general combining ability
(gca) could be useful for producing transgressive
segregants from advance generations. The estimates of
general combining ability effects of lines and testers are
presented in Table 2. The line ICP-42 had recorded
significant gca values in desirable direction for most of
the characters. Early flowering is desirable character
therefore, negative gca effect value is important for this
character. The parents, ICP-38, ICP-42, Indira Hari and
Arka Garima were good general combiner for days to
first flowering, days to 50 % flowering and days to
first picking except Arka Garima for days to 50 %
flowering. The lines ICP-26, ICP-38 and ICP-54 had
significant negative gca effect that can contribute to
develop bushy or semi trailing type genotype whereas,
ICP-42 and ICP-45 had significant positive gca effect
for plant height. High and significant gca estimates was
observed in ICP-38, ICP-54 and Khalleshwari for
number of branches per plant while parents ICP-26,
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Pusa Komal and Indira Hari for number of nodes per
plant. The results are in close conformity with the
findings of Tiwari et al. (1993), Patel et al. (1994) and
Pal et al. (2002) for earliness and Pal et al. (2002) for
number of branches per plant.

High gca estimate was also recorded in ICP-26, ICP-
38 and Arka Garima for number of flowers per cluster;
ICP-42, Arka Garima and Khalleshwari for number of
pods per cluster; ICP-42, ICP-54 and Khalleshwari for
per cent pod set and ICP-42, ICP-45 and Indira Hari
for days to final picking. However, ICP-42, ICP-54,
Pusa Komal, Arka Garima and Indira Hari were identified
as good combiner for pod length and pod weight
whereas, ICP-42 and ICP-54 for number of pods per
plant. The significant and high estimate of gca was noted
in ICP-38, ICP-42 and Indira Hari for number of seeds
per pod, ICP-42, ICP-45, ICP-49 and Indira Hari for
fruiting duration, ICP-26 and Khalleshwari for per cent
protein content in green pods, ICP-38, ICP-42, ICP-
49, ICP-54, Pusa Komal, Arka Garima and Indira Hari
for 100-seed weight and ICP-42, ICP-54, Pusa Komal,
Arka Garima and Indira Hari for green pod yield per
plant. Similar results was also reported by Hazra et
al.(1996), Umaharan etal. (1997), Kumar and Sangwan
(2005) and Pal et al. (2002).

The estimates of specific combining ability (sca) effects
were given in Table 3. Among the twenty four crosses,
ICP-26 x Pusa Komal, ICP-38 x Indira Hari, ICP-42 x
Khalleshwari and ICP-45 x Arka Garima combined well
to produce significant negative sca effects being
desirable for both days to first flower and days to 50%
flowering whereas, ICP-26 x Indira Hari, ICP-38 x
Khalleshwari and ICP-45 x Pusa Komal and ICP-49 x
Khalleshwari for days to first flowering and ICP-42 x
Indira Hari and ICP-54 x Arka Garima for days to 50%
flowering showed high negative sca effect. These results
are similar to the findings of Mishra et al. (1987), Tiwari
etal. (1993), Patel etal. (1994), Chaudhary et al. (1998)
and Singh et al. (2004). For plant height, ICP-42 x Indira
Hari followed by ICP-45 x Arka Garima, ICP-38 x Arka
Garima, ICP-26 x Khalleshwari, ICP-49 x Khalleshwari
expressed desirable sca effects. For number of branches
per plant, ICP-49 x Khalleshwari, ICP-38 x Pusa Komal
and ICP-38 x Arka Garima and for number of nodes
per plant ICP-26 Arka Garima and ICP-45 Indira Hari
had showed significant positive sca effect. High
significant and positive estimate of sca was noted in
crosses ICP-38 x Indira Hari, ICP-38 x Pusa Komal,
ICP-54 x Pusa Komal, ICP-26 x Arka Garima and ICP-
26 x Indira Hari for number of flowers per cluster.

For number of pods per cluster, ICP-42 x Indira Hari,
ICP-26 x Khalleshwari, ICP-49 x Pusa Komal, ICP-54
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Table 1: Analysis of variance for combining ability analysis for green pod yield and its component characters in cowpea

Character Replications Lines Testers Lines x Testers Error
df 02 05 03 15 46
Days to first flower 6.09 64.88* 213.22* 12.68 * 2.74
Days to 50% flowering 11.26 114.54* 252.38* 14.00* 3.16
Days to first picking 14.53 18.23* 159.42* 37.41* 4.26
Plant height (cm) 25.08 22945.02* 946.76* 227.00* 379.00
Number of branches per plant 0.46 19.47* 21.80* 1.58* 0.38
Number of nodes per plant 26.75 84.94* 514.03* 5.34 4.99
Number of flowers /cluster 0.67 5.69* 6.05* 1.51* 0.13
Number of pods/ cluster 0.35 0.57* 2.11* 0.77* 0.02
Per cent pod set 16.68 752.64* 88.95* 18.37 15.14
Days to final picking 7.24 833.25* 115.66* 13.15 20.97
Pod length (cm) 12.15 295.14* 143.45* 221.92* 5.11
Pod weight (g) 0.93 32.45* 17.52* 36.70* 0.37
Number of pods /plant 20.22 8.96* 17.53* 37.99* 5.34
Number of seeds / pod 0.30 23.43* 28.31* 1.03 2.64
Fruiting duration (days) 13.45 673.95* 523.41* 81.55* 17.66
Protein content in green pods (%) 0.01 0.23* 1.03* 0.43* 0.03
100 Seed Weight () 0.62 14.14* 16.65* 7.83* 0.31
Number of Pickings 0.24 21.47* 16.65* 12.39* 0.44
Green pod yield /plant (g) 214.23* 8452.11* 10366.87* 31636.71* 411.42*
* Significant at P = 0.05 level
Table 2: General Combining Ability (GCA) effects of lines and testers for green pod yield and its components
Parent Characters

arents 1 2 3 4 5 6 7 8 9 10 11 12 138 14 15 16 17 18 19
Lines
ICP-26 (L) 3.28%  2.74* 297* -19.59 -0.49* 525% 0.12* -0.20° -4.42* -7.26* -3.99% -3.09* -2.41* -0.03-10.24* 0.19 -1.76* -2.78* -82.47*
ICP-38 (L) 347* -468* -3.78* 5262 210%-045 1.05* 0.05 -6.11* -12.43* 0.82 -0.07 1.42* 1.14* -8.65* 001 0.40* 0.31* 4.07
ICP-42 (L) -1.64* -251* -1.19* 65.66 -1.15% -1.96* -0.55* 0.10* 6.24* 6.49* 580* 3.68* 1.18 172* 7.68* -0.07 0.72* 1.09* 94.30*
ICP-45 (Ls) 1.03* 099 056 3861 -1.27*-0.08 0.0l 008 044  9.82* -2.16* -0.84*-0.83 -0.03 9.26* 0.02 -0.51* -0.32* -27.33*
ICP-49 (Ls) 011  0.150.47 -9.2( 0.08 -1.24* -0.15%-0.09-1.17 257 -4.38*-021 -2.75%-0.78 2.10* -0.02 0.30* -0.23 -31.38*
ICP-54 (L) 069 3.32* 097 -2280 0.73*-151* -0.50* 0.06 5.01* 0.82  3.90* 0.53* 3.39* -2.03* -0.15 -0.03 0.86* 1.92* 4281*
Testers
Pusa Komal (T;)  -0.44 079 -0.08-124  -0.61* 3.02* -0.15* -0.44* -554*  0.68 3.87* 1.07* 087 069 076 -0.25* 0.70* 0.99* 33.03*
Arka Garima (T;) -1.11* -0.65 -1.25%10.38  -1.01* -3.82* 1.08* 0.56* 005 035 3.43* 200* 071 -0.92* 1.60-0.25% 0.92* 1.00* 46.80*
Indira Hari (T;) ~ -3.28* -4.60* -3.58*-6.41 0.14 5.95*-0.88* -0.58* -1.26 1.96* 524* 0.87* 041 1.19* 554*-0.15* 1.03* 0.63* 21.00*
Khalleshwari (Ts) ~ 4.83* 4.46* 4.92*-2.73 1.49* -5.15% -0.05 0.46* 6.75% -2.99* -12.55% -3.94* -1.99* -0.97* -7.90* 0.65* -2.65* -2.62* -100.82*
SE (Lines) 037 039 0.404.31 014 049 004 004 066 064 050 010 047 031 067 004 008 012 464
SE (Testers) 028 030 031334 011 038 003 003 051 050 039 008 037 024 052 003 006 010 3.60
1.  Days to first flower 2. Days to 50% flowering 3. Days to first picking 4. Plant Height (cm)
5. No. of branches/ plant 6. No. of nodes per plant 7. No. of flowers/cluster 8. No. of pods/cluster
9.  Per cent pod set 10. Days to final picking 11. Pod length (cm) 12. Pod weight (g)
13.  No. of pods /plant 14. No. of seeds/pods 15. Fruiting duration (days) 16. Protein cont. in green pods (%)
17. 100 seed weight (g) 18. No. of pickings 19. Green pod yield/ plant (g)
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x Indira Hari, ICP-38 x Arka Garima and ICP-26 x Arka
Garima and for percent pod set ICP-42 x Indira Hari
followed by ICP-54 x Indira Hari, ICP-38 x Arka Garima,
ICP-49 x Pusa Komal, ICP-26 x Khalleshwari and ICP-
26 x Pusa Komal had significant sca effects. These
crosses are also showed high mean performance for
this trait, without any parent of these crosses recorded
high positive gca effect with high sca effects. Such
behaviour has been attributed to accumulation of genes
in crosses favouring clustering habit and confirms
additiveness. High significant and positive sca effects
for pod length were shown by ICP-42 x Indira Hari,
ICP- 26 x Khalleshwari, ICP-49 x Khalleshwari and ICP-
38 x Arka Garima. Among these only ICP-42 x Indira
Hari and ICP-38 x Arka Garima showed high mean
performance and high gca performance shown by one
of the parent that attributed to importance of additive
gene action and possibility of getting better transgressive
segeregants for early generation selection. The crosses
ICP-26 x Khalleshwari, ICP-42 x Indira Hari, ICP-42 x
Arka Garima, ICP-54 x Arka Garima, ICP-54 x Pusa
Komal, ICP-45 x Khalleshwari and ICP-49 x Pusa Komal
had high significant and positive estimates of sca effects
for pod weight and four crosses; ICP-42 x Arka Garima,
ICP-54 x Indira Hari, ICP-26 x Khalleshwari and ICP-
49 x Khalleshwari for number of pods per plant. These
results are in confirmation with Tiwari et al. (1993),
Hazara et al. (1996), Yadav et al. (2004) and Kumar
and Sangwan (2005).

Only three crosses viz., ICP-42 x Khalleshwari, ICP-
26 x Indira Hari and ICP-45 x Pusa Komal expressed
good sca effects for fruiting duration and ICP-26
Khalleshwari, ICP-42 Arka Garima, ICP-38 x Indira Hari
and ICP-38 x Khalleshwari for 100-seed weight.
Particularly in legume vegetables moderate protein
content is more desirable than very high or low, as
increase in protein content reducing pod yield.
Therefore, positive estimate of GCA and SCA effects
would be measured as desirable. ICP-38 x Arka Garima
and ICP-54 x Khalleshwari had significant positive sca
effects whereas cross ICP-38 x Khalleshwari showed
significant negative sca effect which indicated that both
parental and maternal genomes influenced the protein
content in cowpea therefore cross like ICP-42 x Indira
Hari having high green pod yield per plant (342.68 g)
with moderate protein (2.97%) content should be
promoted. The findings is in close agreement with Hazra
et al.(1996). For green pod yield per plant, five crosses
showed high significant and positive sca effects viz.,
ICP-26 x Khalleshwari, ICP-42 x Arka Garima, ICP-42
x Indira Hari, ICP-49 x Khalleshwari and ICP-54 x Arka
Garima.

It is clear from the results that in majority of the crosses
good sca effects were observed. Most of the crosses
included Good x Good, Good x Poor, Poor x Poor and
Poor x Good type of general combiners. The desirable
cross combination with Average x Average type and
Poor x Poor type of general combiners were also
obtained, which may be due to complimentary gene
effects. The crosses involving with good gca effects
can be exploited effectively by conventional breeding
like pedigree method. However, The crosses involving
one good combiner and another poor or average
combiner could produce desirable transgressive
segregants when additive gene action was working in
good combining parents and epistatic effects also act in
same direction. Similar results were also reported by
Patel et al. (1994), Hazra et al. (1996) and Pal et al.
(2002.).

{ z.g

B: orsd RO™IH U 2 Vigna unguiculata spp. ungiculata
(@ Rafd® UPR), Vigna unguiculata spp. ungiculata (€157 Y&TR)
3R Vigna unguiculata spp. sesquipedalis (aafd® UaR) |
TP AT UoFd & ©Y H R 4 TeTd Unguiculata spp.
unguiculata (3 aT=UfI® YR 3R Th 99T THR) T DR
g goHp & wu & ofisd x Weld o § Ghe fobar |
ICP-38, ICP-42 3fvaxT &R iR 3t TRAT Tl 89 arell &
U arg WM WAed 9 AR ICP-42, ICP-54, THT B,
It TRAT 3R 3faxT B8R &8 well Sust ufy dier & forg o |
HHR AT ICP-42 x 31T TTRHAT, ICP-54 x =T B8R,
ICP-26 X Wil TR 3R ICP-49 X TWTefl WY Well AT ufy
oy & foy omw | Safd AdRI ICP-42 x b TR,
ICP-42 x 3f~axT B8R, ICP-54 x 31T TTRAT oI5 3iAd & <AT1r
U AP AR FeRHS At Faoie T ' well
Sust gfar o & forg e
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