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of cowpea varieties.

ABSTRACT

A field experiment was carried out during kharif 2024 at the farm of the ICAR-IGFRI, SRRS, Dharwad to
study the effect of phosphorus application with biofertilizers like phosphate solubilizing bacteria (PSB)
and vesicular arbuscular mycorrhiza (VAM) on grain yield and economics of cowpea varieties. The
experiment was laid out in split-plot design with three varieties of cowpea in main plots, five phosphorus
levels in sub plots and replicated thrice. The grain type cowpea variety ‘DC-15" recorded significantly
higher grain yield (12.37 q ha'), harvest index (33.97%), gross returns ( 100011 ha), net returns ( 66084 ha-
1) and B:C ratio (2.94). Application of 100% RRP + PSB + VAM recorded higher grain yield (11.84 q ha),
harvest index (29.17%), gross returns ( 97403 ha™), net returns ( 62124 ha) and B:C ratio (2.75). There were
no significant interaction effects among cowpea varieties and phosphorus levels on grain yield and economics

Keywords: Cowpea varieties, Grain yield, Harvest index, PSB, VAM, Economics, Phosphorus nutrition

Introduction

Cowpea (Vigna unguiculata L.) is an important multi-
utility leguminous crop grown widely in tropical
and sub tropical regions of the world. It is a warm
weather legume of the Fabaceae family and a native
of Central Africa. In India, it is known by various
names like Lobia (Hindi), Alsandi (Kannada),
Chavali (Marathi), Manpayar (Malayalam) etc. In
terms of culinary uses, cowpea grains are used in

stews, soups and curries. It is also ground into flour
and used to make a variety of baked goods. The
cowpea grains contain about 25% protein. Cowpea
is known as ‘vegetable meat’ or ‘poor man’s meat’
due to high amount of protein present in grain with
better biological value. Cowpea grains also contain
essential nutrients such as iron (53.2 mg kg™), zinc
(38.1 mg kg™), calcium (826 mg kg') and magnesium
(1915 mg kg') (Yadav et al., 2019).

Cowpea is a drought tolerant legume cultivated
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predominantly in the drier region of the tropics,
where other legumes do not perform better. This
crop is mainly cultivated by small farmers under
dryland conditions due to its inherent drought toler-
ance and biological nitrogen fixation. Further, it im-
proves soil fertility in cropping systems. Globally,
cowpea is cultivated in more than 12.5 M ha of land,
of which Africa accounts for 98% of the total
cropped area with a grain production of 8.9 million
tonnes (M t) (Anon., 2019). The higher cowpea pro-
ducing nations are Nigeria, India and Brazil. Nige-
ria is the largest producer of cowpea, accounting for
48% of the total production in Africa and other ma-
jor producing regions are Central and South
America.

In general, the legume crops are able to meet
more of their nitrogen requirements through bio-
logical nitrogen fixation. The requirement of phos-
phorus in legume crops is higher than in cereals.
Phosphorus application improves the nutritional
profile of dry matter and also reported to stimulate
growth, initiate nodule formation and improves ef-
ficiency of the Rhizobium-legume symbiosis in nitro-
gen fixation which is an energy-driven process. The
importance of phosphorus in the maintenance of the
soil fertility and improving the crop productivity is
highly recognized. Since phosphorus is a costly in-
put and readily gets fixed in the soil, there is a need
to optimize the level of phosphorus rates in crops
like fodder cowpea.

Materials and Method

An experiment was conducted at the farm of the
ICAR-IGFRI, SRRS, Dharwad to study the response
of cowpea varieties to phosphorus nutrition in con-
junction with the biofertilizers viz., phosphorus solu-
bilizing bacteria (PSB) and vesicular arbuscular
mycorrhiza (VAM). The experiment was carried out
in under alfisols (red sandy soil) having a pH of
6.20, electrical conductivity of 0.22 dSm™, organic
carbon content of 0.59, available nitrogen of 178.32
kg ha', phosphorus of 16.07 kg ha' and potassium
of 214.53 kg ha'. The experiment was laid out in
split-plot design with three varieties of cowpea in
main plots, five phosphorus levels in sub plots and
replicated thrice. The main plot treatment com-
prised of 3 cowpea varieties viz., M: Fodder type
cowpea variety IGFRI-DC-215’, M,: Dual type cow-
pea variety ‘DCS-47-1" and M.: Grain type cowpea
variety ‘DC-15". The sub plot treatments comprised
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of phosphorus levels viz., S: 0% recommended rate
of phosphorus (RRP), S,: PSB + VAM, S.: 50% RRP +
PSB + VAM, S: 100% RRP and S,: 100% RRP + PSB
+ VAM. A common basal dose of 25 kg N ha' and
25 kg K,O ha'was provided to all the treatments.
The cowpea varieties varied in their duration for
maturity. The grain type cowpea variety ‘DC-15
and dual type cowpea variety ‘DCS-47-1" were har-
vested at 85 DAS. The fodder type cowpea variety
was harvested at 115 DAS. The crop was sown in
the first fortnight of July 2024. The climatic condi-
tions were congenial with good and well distributed
rainfall throughout the crop growing period. The
data recorded were analyzed as per the procedure
outlined for split-plot design (Gomez and Gomez,
1984).

Results

The information on growth and yield parameters of
cowpea varieties as influenced by phosphorus man-
agement are furnished in Table 1.

The fodder type cowpea variety ‘IGFRI-DC-215
recorded higher number of branches per plant of
4.0,8.7 and 13.1 at 30 DAS, 60 DAS and at grain har-
vest, respectively. It was followed by dual type va-
riety ‘DCS-47-1" (3.7, 8.2 and 12.1) and grain type
variety ‘DC-15" (3.3, 7.3 and 11.6). Application of
100% RRP + PSB + VAM recorded significantly
higher number of branches per plant of 4.3, 9.1 and
13.4 at 30 DAS, 60 DAS and at grain harvest, respec-
tively. It was followed by 100% RRP (4.0, 9.1 and
12.7). The lowest number of branches per plant was
recorded with 0% RRP (3.0, 7.1 and 11.3 at 30 DAS,
60 DAS and at grain harvest, respectively). The in-
teraction effects among the cowpea varieties and
phosphorus levels were non-significant with respect
to number of branches per plant.

Among the cowpea varieties, grain type cowpea
variety ‘DC-15" recorded higher number of pods per
plant (13.7), number of seeds per pod (12.4). It was
followed by dual type cowpea variety ‘DCS-47-1
(13.3 and 12.0) and fodder type cowpea variety
‘IGFRI-DC-215" (11.0 and 9.4). There was no signifi-
cant difference among the cowpea varieties viz.,
‘IGFRI-DC-215", ‘DCS-47-1" and ‘DC-15" (11.7, 11.9
and 12.1 g, respectively) in seed index and they were
all at par with each other. Application of 100% RRP
+ PSB + VAM recorded significantly higher number
of pods per plant (13.6), number of seeds per pod
(12.3) and seed index (12.3 g). It was followed by
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Table 1. Growth and yield parameters of cowpea varieties as influenced by phosphorus nutrition in conjunction with

biofertilizers
Treatments Number of branches per plant Number of Number of Seed
30 DAS 60 DAS At grain pods per seeds per index (g)
harvest plant pod
Cowpea varieties
M, - IGFRI-DC-215 4.0 8.7 13.1 11.0 94 11.7
M- DCS-47-1 3.7 8.2 12.1 13.3 12.0 11.9
M.- DC-15 33 7.3 11.6 13.7 124 12.1
S.Em. + 0.12 0.23 0.20 0.19 0.16 0.10
C.D. at 5% 0.43 0.79 0.70 0.67 0.54 NS
Phosphorus levels
S,- 0% RRP 3.0 7.1 11.3 11.7 10.3 115
- PSB + VAM 33 7.6 11.8 12.3 10.8 11.6
.~ 50% RRP + PSB + VAM 3.7 8.0 12.2 12.7 11.2 12.0
- 100% RRP 4.0 8.4 12.7 13.1 11.7 12.1
- 100% RRP + PSB + VAM 4.3 9.1 134 13.6 12.3 12.3
S.Em. + 0.19 0.26 0.22 0.14 0.20 0.17
C.D. at 5% 0.61 0.85 0.70 0.44 0.67 0.56
Interaction (MxS) NS NS NS NS NS NS

Note: RRP: Recommended rate of phosphorus (50 kg P,O, ha')

PSB: Phosphate solubilizing bacteria
VAM: Vesicular arbuscular mycorrhiza

100% RRP (13.1,11.7 and 12.1 g). The lowest number
of pods per plant (11.7), number of seeds per pod
(10.3) and seed index (11.5 g) were recorded with
0% RRP. The interaction effects among the cowpea
varieties and phosphorus levels were non significant
with respect to number of pods per plant, number of
seeds per pod and seed index (g).

The data on grain yield (q ha™), haulm yield (q ha-
1), biological yield (q ha), harvest index (%) and
economics of cowpea varieties as influenced by
phosphorus management are presented in Table 2.

Among the cowpea varieties, the grain type cow-
pea variety ‘DC-15" recorded significantly higher
grain yield (12.37 q ha') and harvest index (33.97%).
It was followed by dual type cowpea variety ‘DCS-
47-1" (11.33 g ha' and 33.25%) and fodder type cow-
pea variety ‘IGFRI-DC-215" (5.78 q ha™ and 15.69%).
The fodder type cowpea variety ‘IGFRI-DC-215" re-
corded significantly higher haulm yield (30.62 q ha*
1) and it was followed by grain type cowpea variety
‘DC-15" (23.71 g ha) and dual type cowpea variety
‘DCS-47-1" (22.45 q ha). The fodder type cowpea
variety IGFRI-DC-215" recorded significantly higher
biological yield (36.40 q ha™) and it was followed by
grain type cowpea variety ‘DC-15" and dual type
cowpea variety ‘DCS-47-1’, respectively (36.07 and
33.78 q ha™, respectively) with respect to their bio-
logical yield. Application of 100% RRP + PSB +

VAM recorded significantly higher grain yield
(11.84 g ha™), haulm yield (28.62 q ha™) and biologi-
cal yield (40.46 q ha). It was followed by 100% RRP
(10.48, 26.50 and 36.98 q ha™). The lowest grain yield
(7.96 q ha'), haulm yield (23.00 q ha™) and biological
yield (30.96 q ha) were recorded with 0% RRP. No
significant differences were noticed with respect to
harvest index among the different phosphorus treat-
ments viz., 0% RRP, PSB + VAM, 50% RRP + PSB +
VAM, 100% RRP and 100% RRP + PSB + VAM
(25.86,27.03, 27.91, 28.22 and 29.17 %, respectively).

Among the cowpea varieties, the grain type cow-
pea variety ‘DC-15" recorded significantly higher
gross returns, net returns and B:C ratio ( 100011 ha-
!, 66084 ha'and 2.94, respectively). It was followed
by dual type cowpea variety ‘DCS-47-1" (91704 ha
!, 57777 ha™and 2.69, respectively). The lowest gross
returns, net returns and B:C ratio ( 52556 ha, 19507
ha™and 1.58, respectively) were recorded in fodder
type cowpea variety. Application of 100% RRP +
PSB + VAM recorded significantly higher gross re-
turns and net returns (97403 and 62124 ha, respec-
tively). It was followed by 100% RRP ( 86583 and
52184 ha, respectively). The lowest gross returns
and net returns ( 66587 and 34788 ha™, respectively)
recorded with 0 % RRP. No significant differences
were noticed among the phosphorus levels with re-
spect to B:C ratio. The interaction effects among the
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cowpea varieties and phosphorus levels were non-
significant with respect to gross returns, net returns
and B:C ratio.

Discussion

Increased number of branches in cowpea was re-
corded due to higher phosphorus availability in soil
following application of chemical fertilizer along
with biofertilizer like PSB and VAM. This led to
greater photosynthesis and translocation of carbohy-
drates, proteins from source to sink. These results
are in line with the findings of Singh et al. (2019),
Sandeep and Monisha (2022) and Ankit (2022).

As the variety ‘DC-15" is basically a seed type, it
exhibits higher yield parameters as compared to
‘DCS-47-1" and “IGFRI-DC-215" which are basically
grain and fodder, and fodder type, respectively.
Thus it becomes more of a genetic nature of the cow-
pea varieties. Further the higher chlorophyll content
due to phosphorus nutrition may be attributed to
increased availability and absorption with PSB and
VAM enhancing solubilization of fixed phosphorus
and mobilization of phosphorus from deeper soil
layers, made the availability easier to phosphorus
responsive legume crop like cowpea. The positive
impact of phosphorus application on number of
pods per plant, number of seeds per pod and seed
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index was primarily due to its major function in
photosynthesis through quick energy transmission
and higher efficiency. These results are in agreement
with the findings of Pargi et al. (2018), Vineeth et al.
(2022) and Ankit (2022).

The interaction effects among the cowpea variet-
ies and phosphorus levels were also non-significant
with respect to grain yield, haulm yield, biological
yield and harvest index. Higher rate of phosphorus
with PSB and VAM led to higher grain yield be-
cause of due to better availability of phosphorus and
it uptake and improved photosynthesis. There were
higher assimilates stored in leaves and later translo-
cated into seeds at the time of grain filling. Phospho-
rus application improves nodulation and N fixation
by roots. Increased photosynthetic activity of plant
and root system also creates better environment for
plant to extract more water and nutrients from
deeper layer of the soil. The results are in agreement
with the findings of Yadav (2018), Singh et al. (2019),
Ankit (2022) and Sruthy et al. (2023).

The higher monetary returns among the cowpea
varieties was mainly due to higher grain yield in
grain type cowpea as compared to other types of
cowpea varieties. There was increased availability of
phosphorus with optimum doses of phosphorus and
synergistic effect of PSB and VAM with the applica-
tion of 100% RRP + PSB + VAM. The augmented

Table 2. Grain yield (q ha?), haulm yield (q ha?), biological yield (q ha), harvest index (%) and economics of cowpea
varieties as influenced by phosphorus nutrition in conjunction with biofertilizers

Treatments Grain yield Haulm  Biological Harvest Gross Net B:C ratio
(qha) yield yield index returns returns
(q ha) (qha) (%) (ha') (ha')
Cowpea varieties
M,- IGFRI-DC-215 5.78 30.62 36.40 15.69 52556 19507 1.58
M- DCS-47-1 11.33 22.45 33.78 33.25 91704 57777 2.69
M.- DC-15 12.37 23.71 36.07 33.97 100011 66084 2.94
S.Em. + 0.49 0.25 0.63 0.84 3732.70 3732.70 0.11
C.D. at 5% 1.70 0.88 2.18 291 12916.83  12916.83 0.38
Phosphorus levels
S,- 0% RRP 7.96 23.00 30.96 25.86 66587 34788 2.09
- PSB + VAM 9.02 2443 33.44 27.03 75050 42371 2.29
.- 50% RRP + PSB + VAM 9.84 25.40 35.24 27.91 81495 47480 2.39
-~ 100% RRP 10.48 26.50 36.98 28.22 85683 52184 2.51
- 100% RRP + PSB + VAM 11.84 28.62 40.46 29.17 97403 62124 2.75
S.Em. + 0.71 0.41 0.88 1.36 5354.32 5354.32 0.16
C.D. at 5% 2.32 1.32 2.88 NS 17461.43  17461.43 NS
Interaction (MxS) NS NS NS NS NS NS NS

Note: RRP: Recommended rate of phosphorus (50 kg P,O, ha')

PSB: Phosphate solubilizing bacteria
VAM: Vesicular arbuscular mycorrhiza
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availability of phosphorus to crop led to higher pro-
ductivity and subsequently higher monetary re-
turns. The increased and better monetary returns
due to phosphorus nutrition have also been re-
ported by several earlier researchers (Balai et al.,
2017; Amit et al., 2017 and Joharika et al., 2023).

Conclusion

The increasing rate of Indian population demands
the higher quality pulses. So generation of higher
quantity of pulse is needed to meet the requirements
of the fast growing generation. This experiment re-
vealed that grain type cowpea variety ‘DC-15" with
application of 100% RRP + PSB + VAM recorded
higher grain yield (11.84 q ha') and it was 12.9%
higher over 100% RRP (10.48 q ha') alone and
48.7% higher over 0% RRP (7.96 q ha™). Application
of 100% RRP + PSB + VAM recorded significantly
higher gross returns and net returns ( 97403 and
62124 ha™, respectively) in cowpea crop under low
to medium fertility soils in the transitional track of
Karnataka under rainfed cultivation.
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