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ABSTRACT

Afield experiment was conducted at the Crop Research Centre of School of Agriculture, ITM University,
Gwalior, (M.P.) during Rabi 2021–22 and 2022–23 to study the influence of phosphorus and bio-fertilizers
on productivity and profitability of summer black gram under sub-tropical condition of Madhya Pradesh.
The experiment was laid out in factorial randomized block design by taking four levels of phosphorusviz.
0 kg P2O5ha-1, 30 kg P2O5ha-1, 40 kg P2O5ha-1, 50 kg P2O5ha-1 and bio-fertilizers (No inoculation, PSB, Rhizobium,
PSB + Rhizobium which were replicated thrice. The chickpea variety “JG-16” was uniformly fertilized by 20
kg N/ha through Urea. However, phosphorus and bio-fertilizers were applied as per the requirement of
the treatments. The crop was managed as per the recommended package and practices. The experimental
study revealed that among the phosphorus levels, the application of 50 kg P/ha recorded significantly high
seed and stover yield. However, among the bio-fertilizers, application of Phosphate solubilizing bacteria +
Rhizobium resulted in highest seed and stover yield of chickpea. Among the economic analysis, application
of 50 kg ha-1 phosphorus and combined treatment of Phosphate solubilizing bacteria+ Rhizobium incurred
the highest cost of cultivation, highest gross return, net return and Benefit cost ratio. Therefore, for chickpea
cultivation, application of 50kg ha-1 phosphorus and treatment of Phosphate solubilizing bacteria+ Rhizobium
was proved to be profitable.
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Introduction

India is the largest producer and consumer of pulse
crops throughout the World. It is one of the most
important legume crops in South and South East
Asia. It contributes around 25 % of the world’s total
production of pulses. Even though India accounts
for one-third of the world’s total area cultivated
with pulses, these crops are essential to the Indian
food system. Pulses are a significant group of crops
in India, and because they make up a substantial
percentage of the country’s exports.Pulses serve as a

main crop, green manure crop, catch crop, cover
crop, and intercrop. They are equally essential in
Indian agriculture because of their high productiv-
ity and low-input requirement. Of the major pulses,
chick Pea (Cicer arietinum L.) also known as the gram
pea, garbanzo bean, or ceci bean is the third most
significant pulse crop grown worldwide, behind dry
beans and peas. Chickpea has the ability to fix 140
kg of atmospheric nitrogen per hectare with its abil-
ity of symbiotic Nitrogen fixation. However, exces-
sive cultivation and growing of nutrient-exhausting
crops have caused the soil deficient in macro- as
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well as in micronutrients due to nutrient mining.
Nowadays, the use of only nitrogenous fertilizers
has contributed to soil nutrient imbalance, notably
in terms of the availability of micronutrients. The
nutrient application must be adjusted for agricul-
tural production because unbalanced use lowers
crop yields. Nonetheless, a little amount of nitrog-
enous fertilizer is needed during the early stages of
crop establishment because grams is a leguminous
crop and can meet a large portion of its nitrogen
needs by fixing atmospheric nitrogen.

A key macronutrient that is needed by plants for
growth and development is phosphorus. Ortho-
phosphate anion is the form of phosphorus that
plants take up from soil solution. It is a major com-
ponent of ATP, RNA, and DNA and hence plays a
crucial role in the transmission of genetic informa-
tion and intracellular energy within living cells. It
conducts a wide range of activities associated to
growth and development and is required by the
majority of young, rapidly growing tissues (Ogola et
al., 2012). Phosphorus boosts the symbiotic organic
process because it makes bacterium cells mobile,
which is necessary for their migration to plant or-
gans for nodulation. Phosphorus aids in healthy root
growth, which increases root nodules and then
speeds up the organic process. Accordingly, 80% of
India’s soils require the use of P at recommended
amounts (Motsara, 2002), and the application of
some P fertilizer would be necessary to stop P min-
ing from the soils in order to maintain high agricul-
tural yields.

Bio-fertilizers, also known as microbial inocu-
lants, are substances used to treat soil and seeds that
contain living or dormant cells of beneficial microor-
ganism strains (Mishra et al., 2010). These organisms
aids crop plants in absorbing nutrients through their
interaction in the rhizosphere and have the capacity
to biologically change nutritionally important ele-
ments from an unavailable to an available form. The
biofertilizers that reside in the root zone encourage
plant development and nutrient uptake by releasing
auxins and gibberellins. They also raise the levels of
the powerful plant growth hormones gibberellic
acid and indole acetic acid in plants. For plants to
use atmospheric nitrogen, it must be altered or fixed.
In addition to promoting plant growth and develop-
ment, biofertilizers lower production costs because
they tend to utilize fewer chemical fertilizer doses.
They can be utilized for leguminous crops, veg-
etables, food, and fodder (Ali et al., 2006). Three

regularly used microorganisms as biofertilizers
(PGPR) are rhizobia, plant growth-promoting
rhizobacteria, and phosphate-solubilizing bacteria
(PSB). Pulses have similar nutritional needs as ce-
real, however because of their special biological ni-
trogen fixation ability; just 20 kg ha-1 of nitrogen is
advised. Rhizobium and phosphate solubilizing
bacteria (PSB) play a crucial part in N2 fixation and
P solubilizations, which gives them a significant
amount of significance. Rhizobium and PSB use
have been beneficial in raising chickpea productiv-
ity (Rudresh et al., 2005). Hence, applying phos-
phatic fertilizers coupled with PSB enhances the
uptake of phosphorus by plants as well as signifi-
cantly raising crop production (Kachave et al., 2018).
In order to increase yield and economic return from
chickpea, it is essential to apply sufficient fertilizers
and the right strain of biofertilizers.Thus, keeping
the above fact in view, an experiment was con-
ducted to assess the productivity and profitability of
chickpea as Influenced by varying levels of phos-
phorus andBio-fertilizers under sub-tropical condi-
tions of Madhya Pradesh.

Materials and Methods

Weather and climate details: The experimental site,
in general is bestowed with sub-tropical climate
which experiences the mean annual rainfall of 900
mm and is having the hot and dry early summers
followed by hot and humid monsoon season and
cold winters. Of the total rainfall received in the
Gwalior outskirts, only 70-75 per cent of rainfall is
received from June to early October, whereas the
remaining 25-30 per cent of rain is received through-
out the year with a major portion of rains during the
winters.

Experimental site: An investigation was conducted
in the Rabi 2021–22 and 2022–23 at the at the Crop
Research Centre of School of Agriculture, ITM Uni-
versity, Gwalior,(M.P.). Geographically, the experi-
mental site is located at an elevation of 206 meters
above mean sea level (AMSL) which is having a
value of 260 14´ N latitude and 780 14´ E longitude it
falls in the sub-tropical areas on the outskirts of
Gwalior, Madhya Pradesh.

Soil type: The soil of the experimental field was
sandy loam in texture, slightly alkaline in reaction
(pH 7.57), low in organic carbon (4.0 g/kg), avail-
able nitrogen (183.50 kg/ha) and potassium (243.0
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kg/ha) but medium in available phosphorus (14.40
kg/ha) with electrical conductivity in the safer
range.
Experimental design and treatment details: The
field experiment comprised of sixteentreatment
combinations, which were laid out in factorial ran-
domized block design with three replications. The
treatments comprised of two factors, i.e. phosphorus
levels viz., 0 kg P2O5ha-1, 30 kg P2O5ha-1, 40 kg
P2O5ha-1, 0 kg P2O5ha-1 and bio-fertilizers, i.e no in-
oculation, PSB, Rhizobium, PSB + Rhizobium

Methodology and crop management: The green
gram crop variety, JG-16 was sown in lines at a spac-
ing of 30 cm between the rows × 10 cm between the
plants. Chickpea crop was fertilized with
recommendeddose of nitrogen through Urea @ 20
kg ha-1 which was broadcasted in the field a day be-
fore the sowing. However, phosphorus application
was made as per the requirement of the treatment
and application of biofertilizers, i.e. Rhizobium and
Phosphate solubilizing bacteria (PSB), were applied
through seed treatment method just before sowing
as per the treatment. Further, the crop was managed
as per regional recommendations of the crop.
 Yield and Yield attributes: Data on yield was ob-
tained at harvest. From the individual plot, net plot
was harvested and subsequently, the grain, stover
and biological yield thus obtained were weighed
and expressed in kg ha-1.
Computation of economic parameters: Among eco-
nomic parameters, net return per ha was calculated
by deducting cultivation cost from gross returns.
Benefit cost (B:C) ratio was calculated by dividing
net returns with total cost of cultivation to evaluate
the economic viability of treatments.

Statistical analysis: Statistical analysis of yield and
yield attributes was performed to examine the effect
of different treatments. The analysis of variance was
conducted using OP-Stat developed by CCSHAU,
Hisar for all observations recorded during the years.
Fisher’s test of significance was used to compare the
difference between means at 5 % probability level.
Standard errors along with critical difference at 5 %
of significance were computed for discriminating
the treatment effects for chance effects.

Results and Discussion

Yield (kg ha-1)

The data on seed and stover yield of chickpea was T
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influenced by varying levels of phosphorus and bio-
fertilizers (Table 1) among the varying levels of
phosphorus, the application of 50 kg P ha-1 recorded
highest grain yield, stover yield and ultimately the
biological yield. On the other hand, the minimum
grain yield, stover yield and ultimately the biologi-
cal yield was observed with the application of phos-
phorus was applied @ 0 kg/ha. The maximum seed
yield per plant as well as per hectare with optimum
phosphorus rates was attributable to better nodula-
tion and efficient functioning of nodule bacteria for
fixation of nitrogen to be utilized by plants during
seed development stage in the synthesis of protein
which in turn led to increase in seed yield. Khan et
al. (2004) found that the increase in phosphorus lev-
els was significantly increased seed yield of

chickpea. This could be attributed to better supply
of phosphorus resulting in higher branch and pod
and there by higher yield. It is an established fact
that phosphorus plays an important role in the for-
mation of new shoots and number of branches/
plant. In addition, it regulates the photosynthetic
and carbohydrate metabolism which can be consid-
ered to be one the major factors limiting growth par-
ticularly during the reproductive phase.

Among the bio-fertilizers, the maximum grain
yield, stover yield and biological yield was recorded
with the application of PSB+ Rhizobium followed by
application of PSB while the lowest grain yield, sto-
ver yield and biological yield was observed with no
inoculation. This is due to Bulk inoculation of ben-
eficial microbes plays important role in improving

Table 2. Effect of varying levels of phosphorous and biofertilizers on relative economics of chickpea (Pooled)

Symbols Treatments Cost of Gross Net B:C
cultivation returns returns ratio

(`/ha) (`/ha) (`/ha)

P0B0 Application of P2O5@ 0 kgha-1 under without 39348.3 96483.7 57135.39 1.45
seed inoculation

P0B1 Application of P2O5@ 0 kgha-1 under seed inoculation
with PSB 39573.31 104351.3 64777.95 1.64

P0B2 Application of P2O5@ 0 kgha-1 under seed inoculation 39573.31 102606.5 63033.19 1.59
with Rhizobium

P0B3 Application of P2O5@ 0 kgha-1 under seed inoculation 39898.31 108150.8 68252.51 1.71
with PSB &Rhizobium

P1B0 Application of P2O5@ 30 kgha-1 under without seed 42204.56 106947.3 64742.75 1.53
inoculation

P1B1 Application of P2O5@ 30 kgha-1 under seed inoculation 42429.56 115607 73177.46 1.72
with PSB

P1B2 Application of P2O5@ 30 kgha-1 under seed inoculation 42429.56 113446.6 71017.07 1.67
with Rhizobium

P1B3 Application of P2O5@ 30 kgha-1 under seed inoculation 42754.56 121995.9 79241.35 1.85
with PSB &Rhizobium

P2B0 Application of P2O5@ 40 kgha-1 under without seed 43223.31 107584.9 64361.63 1.49
inoculation

P2B1 Application of P2O5@ 40 kgha-1 under seed inoculation 43448.31 128991.8 85543.5 1.97
with PSB

P2B2 Application of P2O5@ 40 kgha-1 under seed inoculation 43448.31 121555.5 78107.17 1.80
with Rhizobium

P2B3 Application of P2O5@ 40 kgha-1 under seed inoculation 43773.31 146040.6 102267.3 2.34
with PSB &Rhizobium

P3B0 Application of P2O5@ 50 kgha-1 under without seed 44235.51 108826.3 64590.79 1.46
inoculation

P3B1 Application of P2O5@ 50 kgha-1 under seed inoculation 44460.51 137213.9 92753.41 2.09
with PSB

P3B2 Application of P2O5@ 50 kgha-1 under seed inoculation 44460.51 123796.7 79336.17 1.78
with Rhizobium

P3B3 Application of P2O5@50 kgha-1 under seed inoculation 44785.51 146835.4 102049.8 2.28
with PSB & Rhizobium
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three major aspects of determination i.e. strong sink
development of reproductive structure, formation of
vegetative higher photosynthesis and production of
assimilates to fill economically to sink (Kumar et al.,
2015 and Saket and Rahi, 2019).

Economics

The data on economics as influenced by different
levels of phosphorus and bio fertilizers are pre-
sented in Table 2 revealed that among the phospho-
rus levels, the higher cost of cultivation was in-
curred with the application of 50 kg P2O5 ha-1 fol-
lowed by the application of 40 kg P2O5 ha-1. Further,
the highest gross returns, net returns and benefit:
cost ratio were fetched with the application of 50 kg
P2O5 ha-1 followed by the application of 40 kg P2O5
ha-1.

Among the biofertilizers, the highest cost of cul-
tivation was obtained with the application of PSB+
Rhizobium followed by the application of PSB. Fur-
ther, the highest gross returns, net returns and ben-
efit: cost ratio was recorded with the application of
PSB+ Rhizobium followed by the application of PSB.
This was possibly due to proportionately highest net
return as compared to the cost involved which con-
tributed to B: C ratio. These results are in close
agreement with the findings reported by Rabari et al.
(2022).

Conclusion

It can be concluded that the among the phosphorus
levels, application of 50 kg ha-1 phosphorus recorded
significantly highest seed yield and stover yield.
Among the treatment combination, application of 50
kg ha-1 phosphorus and bio-fertilizers (PSB + Rhizo-
bium) recorded highest gross return (Rs. ha-1), net
return (Rs. ha-1) and benefit cost ratio (`). Thus, for
chickpea cultivation, application of 50 kg ha-1 phos-
phorus and application of Phosphate solubilizing
bacteria + Rhizobium was found to be most promis-
ing treatment in enhancing the yield in chickpea
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