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Influence of phosphorus and biofertilizers on the productivity and
profitability of summer black gram (Phaseolus mungo) under
sub-tropical conditions of Nagaland
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ABSTRACT

To study the influence of phosphorus and bio-fertilizers on the productivity and profitability of summer black
gram under the sub-tropical conditions of Nagaland a field experiment was conducted at the experimental farm of
School of Agricultural Sciences (SAS), Nagaland University during the summer season of 2022. The experiment
was conducted by taking 2 factors i.e. phosphorus levels, viz control, 15 kg P/ha, 30 kg P/ha and 45 kg P/ha along
with bio-fertilizers i,e (control), Rhizobium (20 g/kg seed), Phosphate solubilizing bacteria (20 g/kg seed) and
Rhizobium (20 g/kg seed) + Phosphate solubilizing bacteria (20 g/kg seed) in factorial randomized block design
which were replicated thrice. The black gram variety “Pusa 1” was uniformly fertilized by 20 kg N/ha through Urea.
The experimental study revealed that among the phosphorus levels, the application of 45 kg P/ha recorded signifi-
cantly highest yield attributes and seed yield (724.17 kg/ha). However, among bio-fertilizers, application of Rhizo-
bium (20 g/kg seed) + Phosphate solubilizing bacteria (20 g/kg seed) resulted in highest yield attributes and yield
of black gram. Among the economic analysis, application of 45 kg/ha phosphorus and combine treatment of Rhizo-
bium + Phosphate solubilizing bacteria incurred the highest cost of cultivation, highest gross return, net return and
Benefit cost ratio. Therefore, for summer black gram cultivation, application of 45 kg/ha phosphorus and treatment

of Rhizobium + Phosphate solubilizing bacteria was proved to be profitable.
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India has become the self-sufficient in the production of
cereals. Still, it lags with the production of pulses; hence,
a large chunk of various food legumes is imported
from other countries. India is the largest producer
(2,76,68,511.27 t for 2022; FAOSTAT, 2024) of pulses glo-
bally with about 27.44% share in global production.
Among the pulses, black gram or urdbean (Phaselous
mungo L.) is one of the major pulses grown throughout the
country during kharif (rainy season) and summer season.
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The total area under black gram is about 4.14 million hect-
ares with an annual production of about 2.23 million
tonnes and productivity about 538 kg/ha in country (DPD,
2021). The productivity of pulses is mostly dependent on
appropriate nutrient management strategies, particularly
phosphorus (P), biofertilizers and balanced nutrient deliv-
ery (Gupta et al., 2024).

Protein synthesis and energy transfer depend on
phosphorus, a critical macronutrient essential to many
physiological functions, such as nucleic acid synthesis, cell
division and tissue formation (Hasanain et al., 2021). Phos-
phorus, in particular, has a major impact on root growth,
morphological changes in root characteristics, and root
hair density, all of which greatly increase crop output.
Phosphorus fertilization is therefore an essential agricul-
tural technique to meet plant nutritional needs and maxi-
mize crop yield (Elhaissoufi ef al., 2022).

By producing organic acid and phosphate enzyme activ-
ity, the phosphate solubilizing bacteria (PSB) contribute
significantly to the solubilization of inorganic phosphates
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in soil and their availability to plants (Kumawat et al.,
2022). The crop production will be influenced by
phosphate solubilizing bacteria that dissolve entangled
phosphates (Yu et al., 2019). By encouraging root growth,
enough phosphorus availability makes it easier for Rhizo-
bium to create enough infection sites. Additionally, it helps
Rhizobium convert ammonium into amino acids and syn-
thesize mitochondrial and symbiosomal membranes inside
the nodules. The mineralization and solubilization of fixed
organic phosphorus depend heavily on PSB. Furthermore,
PSB generates plant growth regulators, especially auxins,
which promote plant development and help maximize ag-
ricultural output (Shome et al., 2022). Thus, keeping the
above fact in view, an experiment was conducted to assess
the influence of phosphorus and biofertilizers on the pro-
ductivity and profitability of black gram under the sub-
tropical conditions of Nagaland.

A field experiment was carried out at the Agronomy
experimental research farm of School of Agricultural Sci-
ences, Nagaland University, Medziphema campus, India
(25°45°N latitude, 95°53°E longitude and 310 m above
MSL) during the summer season 2022. The soil of the ex-
perimental field was sandy loam in texture (Sand 68.15%,
Silt 22.75% and Clay 9.1%), slightly acidic in reaction (pH
4.8), high in organic carbon (1.63 %) and medium in avail-
able nitrogen (262.54 kg/ha) available phosphorus (17.21
kg/ha) and potassium (190.54 kg/ha). The study was con-
ducted in factorial randomized complete design with 3 rep-
lications and 16 treatment combinations. The treatments
comprised of two factors, i.e. phosphorus levels viz., Con-
trol, 15 kg P/ha, 30 kg P/ha and 45 kg P/ha along with bio-
fertilizers, viz. Control, Rhizobium (20 g/kg seed); Phos-
phate solubilizing bacteria (20 g/kg seed) and Rhizobium
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(20 g/kg seed) + Phosphate solubilizing bacteria (20 g/kg
seed). The black gram crop variety ‘Pusa 1’ was sown in
lines at a spacing of 30 cm between the rows and 10 cm
between the plants. Blackgram crop was fertilized with the
recommended dose of nitrogen through Urea @ 20 kg/ha
which was broadcasted in the field a day before the sow-
ing. However, phosphorus application was made as per the
requirement of the treatment and application biofertilizers,
i.e. Rhizobium and Phosphate solubilizing bacteria (PSB),
were applied through seed treatment method just before
sowing @, 20 g/kg seeds as per the treatment. Further, the
crop was managed as per regional recommendations of the
crop.

The data were subjected to analysis as per the method-
ology provided by Gomez and Gomez, (1984). The analy-
sis of variance procedures was used to analyse the standard
error of mean (SEm=) and the value of critical difference
(CD) at 5% level of significance to compare the difference
between the mean values.

The data on pods/plant (No.), seeds/pod (No.) and pod
length of black gram as influenced by levels of phosphorus
and bio-fertilizers are presented in Table 1. The maximum
number of pods/plant (16.88 and 16.83), number of seeds/
pod (6.92 and 6.89), pod length (5.75 cm and 5.74) was
recorded under the application of 45 kg P/ha and Rhizo-
bium + PSB respectively, where minimum was observed in
control. The increase in number of pods/plant and number
of seeds/pod might be due to excess assimilates stored in
the leaves and later translocated into seeds at the time of
senescence. Phosphorus plays a critical role in all biologi-
cal systems, participating in numerous metabolic pathways
and serving as an essential building block for nucleic acids,
coenzymes, phosphoproteins and phospholipids. This

Table 1. Effect of levels of phosphorus and bio-fertilizers on yield attributes of black gram

Treatment Pods/plant Seeds/pod Pod length 1,000-grain
(No.) (No.) (cm) weight (g)
Phosphorus level (kg/ha)
Control 10.72 5.00 3.60 34.85
15 12.76 5.69 4.30 36.33
30 14.65 6.23 4.97 38.03
45 16.88 6.92 5.75 39.73
SEm+ 0.39 0.17 0.15 _
CD (P=0.05) 1.12 0.49 0.43 _
Bio-fertilizers
Control 10.96 5.08 3.73 34.96
Rhizobium 12.67 5.68 4.23 36.31
PSB 14.56 6.19 4.92 37.98
Rhizobium + PSB 16.83 6.89 5.74 39.69
SEm+ 0.39 0.17 0.15 _
CD (P=0.05) 1.12 0.49 0.43 _
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improvement is due to phosphorus application as indicated
by studies conducted by Anchra et al., (2024) and Mishra
et al., (2010). Phosphorus application plays a crucial role
not only in root development and proliferation but also in
enhancing nodulation and nitrogen fixation by improving
the supply of assimilates to the roots. The beneficial effects
of biofertilizers inoculation could be attributed to their mul-
tiple actions for synthesizing growth promoting substances
and antibiotics which might have been utilized by the
plants in the synthesis of protein, carbohydrates, starch and
other assimilates, thereby improving the growth and yield
of plants. Similarly, Chopra et al., (2016) also reported a
significant increase in yield attributes and Virk et al.,
(2023) also reported significantly increase in productivity
and profitability of soybean.

The data on seed and stover yield of black gram are
illustrated in Figure 1 was significantly influenced by
varying levels of phosphorus and bio-fertilizers. Results
revealed that among the different phosphorus levels and
biofertilizers, the maximum seed yield (726.75 and 708.08
kg/ha) and stover yield (1,885.93 and 1,876.17 kg/ha) was
recorded under the application of 45 kg P/ha and Rhizo-
bium + PSB respectively, where minimum was observed in
control. This is because the increase in photosynthetic
activities of plant and root system enabled the plants to
extract more water and nutrients from the soil depth, result-
ing in better growth and development of plant and ulti-
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mately leading to higher yield. Further, the improvement of
dry matter was mainly responsible for the increased seed
and stover yield in 45 kg P/ha. Similar results were re-
ported by Dudwal et al., (2021) in the urdbean. The
increase in yield of black gram with bio-fertilizers might be
owing to bulk inoculation of beneficial microbes, which
plays an important role in improving three major aspects of
yield determination, i.e. strong sink development of repro-
ductive structure, formation of vegetative higher photosyn-
thesis and production of assimilates to fill economically to
sink as highlighted by Harika et al., (2023), Bhuva and
Detroja (2018). These findings also highlight the phospho-
rus and biofertilizers work together to improve black
gram’s physiological efficiency. The integration of 45 kg P/
ha and Rhizobium + PSB not only improves root architec-
ture but also facilitates nutrient mobilization, especially
phosphorus, which is often immobile in soil. Higher black
gram seed and stover yields are supported by the improved
phosphorus solubilization and atmospheric nitrogen fixa-
tion caused by the microbial activity induced by the appli-
cation of biofertilizer. Furthermore, improved transfer of
photosynthates from source to sink is facilitated by the in-
creased enzymatic and hormonal activity induced by mi-
crobial inoculants. This is essential for achieving the crop’s
maximum output potential. Nadeem ez al., (2018) found
similar results in cowpea showing that using 40 kg of P/ha
with Rhizobium and PSB both 10 ml/kg seed inoculation
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Fig. 1. Effect of levels of phosphorus and biofertilizers on seed yield and stover yield.
(Same letters within column indicates not significant at p > 0.05 as per DMRT post hoc-analysis and Error bar indicate standard deviation).
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Table 2. Effects of levels of phosphorus and bio-fertilizers on economics
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Treatment Cost of Gross Net Benefit:
cultivation returns returns cost
(% 10°%/ha) (% 10°%/ha) (% 10°%/ha) ratio
Phosphorus level (kg/ha)
Control 21.65 36.85 15.19 0.70
15 22.43 40.26 17.82 0.79
30 23.21 45.19 21.97 0.95
45 24.00 47.96 23.96 1.00
SEm=+ B 785.75 785.75 0.03
CD (P=0.05) _ 2,269.10 2,269.10 0.10
Bio-fertilizers
Control 22.71 38.02 15.31 0.67
Rhizobium 22.78 40.90 18.12 0.79
PSB 22.87 44.61 21.73 0.94
Rhizobium + PSB 22.94 46.73 23.79 1.03
SEm=+ B 785.75 785.75 0.03
CD (P=0.05) B 2,269.10 2,269.10 0.10

greatly improved growth and stover yield. These results are
in close agreement with the findings reported by Parashar
and Sharma (2024) in chickpea.

The data on economics as influenced by different levels
of phosphorus and biofertilizers are presented in Table 2
and the highest cost of cultivation in phosphorus levels was
recorded in treatment 45 kg/ha phosphorus (324.00 thou-
sand/ha) and in biofertlizer treatment, (Rhizobium + PSB)
recorded the highest (322.94 thousand/ha). Under phos-
phorus levels, The highest gross return, net return and
benefit-cost ratio (347.96, 323.96 thousand/haand 1.00)
respectively were obtained under treatment 45 kg/ha phos-
phorus while under biofertilizer treatment, highest gross
return, net return and benefit-cost ratio (346.73, 323.79
thousand/ha and 1.03) were recorded in Rhizobium + PSB)
respectively. The higher yield obtained under these treat-
ments has resulted in higher returns. Similar results were
reported by Rabari et al., (2022) and Sharma and Solanki,
(2025).

Hence, it can be concluded that the application of phos-
phorus and biofertilizers significantly affected the yield
attributes, yield and economics of black gram. Thus, an
effective approach to increase crop productivity and farm
profitability in summer black gram in Nagaland could in-
volve applying 45 kg P O /ha + Rhizobium + PSB on black
gram crop.
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