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ABSTRACT

Background: Nutrient availability is impaired by soil acidity limiting its accessibility to plants especially phosphorus get immobilized
by Fe** and APF* in acid soil, thereby, resulting in poor growth, seed development and yield. Liming is an imperative soil management
practices to keep in check the soil acidity-induced fertility constraints, along with integrated use of fertilizers and organic fertilizers.
Methods: The experiment consist of four soil amendments levels [SA, (control), SA, (5% LR), SA, (PSB) and SA, (5% LR+PSB)] and
four phosphorus levels (0, 20, 40 and 60 kg P,O, ha') laid out in randomized block design with three replications. Lime (CaCO,) was
applied in furrows 10 days prior to sowing and seed was treated with PSB a day before sowing. Phosphorus levels and the
recommended dose of nitrogen and potassium were applied as basal.

Result: SA, (5% LR+PSB) significantly increased the seed yield by 29.9% and stover yield by 35.7% over control. Among P levels
application of 60 kg P,0, ha significantly increased the seed and stover yield and was found highest over preceding P levels but
was found at par with P,;; application of 40 kg P,0O, ha? increased the seed yield by 44.9% and stover yield by 55.9% over control.
Interaction effect of soil amendments and phosphorus was significant on seed and stover yieldand nutrient uptake. Phosphorus use
efficiency (PUE) decreased with increase in phosphorus levels while P uptake efficiency (PUPE), fertilizer P uptake efficiency

(FPUPE), fertilizer P utilization efficiency (FPUTE) and fertilizer P use efficiency (FPUE) were highest at P,
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INTRODUCTION
Black gram, also known as urd bean, is one of the important
pulse crops grown throughout India. It is cheapest source
of food protein thereby considered as the poor men’s meat.
In India, according to first advance estimates of production
of major kharif crops (Anonymous, 2023-24), area under
urd is estimated to be 30.73 lakh hectares with a production
of 15.05 lakh metric tonnes during kharif season. The
states of Madhya Pradesh, Uttar Pradesh, Rajasthan,
Karnataka and Andhra Pradesh are the major producers of
black gram in India during kharif season. North Eastern
regions of India account less than 5% in pulse production.
In Nagaland, black gram (during 2022-23) occupies with
310 hectares with a production of 255 metric tonnes,
(Directorate of Economics and Statistics, 2023). Being a
legume and a drought resistant crop, it fixes atmospheric
nitrogen enriching the soil also exhibits great resilient to
long period of water scarcity. However, inadequate utilization
of both macro and micro plant nutrients are among the
major factors accountable for poor yield in the state.
Soils of North Eastern Regions (NER) of India are
strongly acidic in nature with special reference to the state
of Nagaland (Sharma et al., 2006). In Nagaland, 83.6% of
the total geographical area comprised of degraded acidic
soils (with pH<5.5), out of which, 16.9% belonged to
extremely acidic, 39.4% of TGA under very strongly acidic
and 27.3% of TGA was under strongly acidic soils
(Bandypadhyay et al., 2016). In acid soil, phosphorus is
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deficient because soluble inorganic P is fixed by Al and Fe
(Adnan et al., 2003) resulting in less availability of P for
crop. Soil acidity and phosphorus deficiencies limit crop
production in North east region. Proper soil acidity
management practices on such soils are therefore
imperative for improving food security globally and
regionally. Liming is the most desirable practice of
amelioration of acidic soils having pH of less than 5.5.
Lime application declines the concentration of H*, solubility
of Fe, Al and Mn; and increase in soil pH. It also helps
reduce to the toxicity effect of Al; enhances the efficiency of
applied fertilizers (Prochnow, 2014) and facilitates the
increase in availability of phosphorus and molybdenum. In
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P deficient soils, P-supplementing microorganism, either
bacteria or fungi by solubilization, mobilization or
mineralization, influence remarkably the three dynamic
phenomena P cycle: sorption-desorption, dissolution-
precipitation and mineralization-immobilization (Sharma
et al., 2013). Application of PSB as bioinoculants enhances
P availability by employing the mechanism of solubilising
and/or mineralization of P through the production of organic
acids like lactic, formic, malonic, gluconicand citric etc.
Furthermore, PSB also produce phytohormones thereby
influences root systems by supplying plants with significant
amount of auxin (Bargaz et al., 2021). Well-balanced and
efficient fertilizer application integrating inorganic and
organic fertilizers, also the use of biofertilizers, are crucial
in improving yield. Keeping this in consideration the present
study was undertaken to investigate the influence of soil
amendments and phosphorus on nutrient composition,
uptake, yield and phosphorus use efficiency of black gram
as influenced by soil amendments and phosphorus in
acidic soil of Nagaland.

MATERIALS AND METHODS

The experiment was carried out in 2021 and 2022 during
kharif season at research farm at School of Agricultural
Sciences, Nagaland University, Medziphema. The
experimental site lies at 25°45’30"N latitude and 93°53'04"
E longitude at an elevation of 310 m above mean sea level
and humid sub-tropical in nature. The soil was sandy loam
in texture with pH 4.42, Organic carbon 21 g kg, available
N, P and K status 209.51, 9.63 and 170.41 kg ha®,
respectively, lime requirement 20.9 t ha?, exchangeable
Ca? and Mg?* 0.9 and 0.6 cmol(p*) kg, total potential acidity,
pH dependent acidity, exchangeable acidity, exchangeable
aluminium and exchangeable hydrogen 20, 16.75, 3.25,
2.75 and 0.5 cmol(p*) kg?, respectively. The experiment
was laid out in randomized block design with four levels of
soil amendments viz. SA: Control, SA;:5% LR, SA,: PSB
and SA;: 5% LR+PSB; and four levels of phosphorus viz.
P,: control, P,: 20 kg P,O. ha* P,: 40 kg P,0, ha*and P
60 kg P,O, ha'.Lime (CaCO,), as per lime requirement
(@5% LR), was applied in furrows 10 days prior to sowing.
Four levels of phosphorus 0, 20, 40 and 60 kg P,O, ha*
were applied through single super phosphate;
recommended dose of nitrogen and potassium (20 kg N
and 40 kg K,O ha') were applied through urea and muriate
of potash. Seed inoculation with phosphate solubilizing
bacteria (Bacillus megaterium @ 200 g per 10 kg seeds)
was done the day before sowing. The seed were sown on
last week of July during 2021 and 2022 by line sowing
method at 1.5 cm depth. Thinning was done 15 DAS
maintaining row to row spacing at 30 cm and plant to plant
10 cm apart. Intercultural operation such as hand weeding
was done at time to time when required. Harvesting of
pods was done in four to five pickings. After final picking of
pods, crop was harvested by cutting from the ground level
with sickle to record the stover yield. The harvested pods

were then sundried, threshed and cleaned manually.
Nitrogen content in seed and stover were analyzed by
Kjeldahl method. Phosphorus, potassium, calcium and
magnesium content in seed and stover were determined
in diacid (HNO,, HCIO,) extract by advocating standard
procedures (Singh et al., 2019). Nutrient uptake was
calculated by multiplying the yield with nutrient content. The
data were analyzed statistically to compare the treatment
effect (Panse and Sukhatme, 1961). The following
parameters were calculated to know the nutrition of black
gram:
P in plant
P in soil
Yield

P in plant

Yield
P in soil

Phosphorus uptake efficiency (PUPE) =
Phosphorus utilization efficiency (PUTE) =
Phosphorus use efficiency (PUPE) =

Fertilization P uptake efficiency (FPUPE) =
P in fertilized plants - P in control plants

P applied
Fertilization P uptake efficiency (FPUPE) =
Yield of fertilized plots - Yield of control plots

p in fertilized plants - P in control plants P applied
Fertilization P use efficiency (FPUE) =

Yield of fertilized plots - Yield of control plots

P applied

RESULTS AND DISCUSSION
Nutrient composition, yield and protein content

The nutrient content in seed and stover of black gram were
significantly enhanced with the application of soil
amendments (Table 1). Significantly higher N, P, K, Ca and
Mg content in seed and stover were recorded with the
application of 5% LR in conjunction with PSB (SA,). The
response to amendments by nutrient content in seed and
stover of black gram were in order as such:
SA_>SA >SA >SA . Combine application of 5% LR+PSB
(SA,) increased the N, P, K, Ca and Mg content to an extent
of 10.4%, 12.1%, 24.2%, 31.2% and 73.6% in seed; 9.9%.
28.5%, 6.5%, 24.1% and 64% in stover over control,
respectively. While, solo application of 5% lime (SA,) and
PSB (SA)) increased N, P, K, Ca and Mg content by 6.6 and
2.4%, 9.0 and 3.0%, 15.7 and 1.4%, 22.3 and 6.25%, 42.6
and 5.6% in seed; 6.6 and 2.4%, 21.4 and 14.2%, 2.8 and
0.7%, 14.0 and 2.0%, 42.6 and 5.6% in stover over control,
respectively. Thus, it could be inferred that nutrient content
in seed and stover at amend plots were higher than control,
while even among the amended plots nutrient content was
more in lime treated plots compared to unlimed plots.
Significant improvement in seed and stover yield of black
gram were recorded with the application of soil
amendments. Maximum seed yield (627.69 kg ha?) and
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stover yield (1176.39 kg ha?) were obtained with combined
application of 5% LR + PSB and acquired an increase to
an extent by 29.9% and 35.7%, respectively; also, sole
application of lime and PSB increased seed yield by 19.6
and 11.4%; and stover yield by 22.07 and 14.6% over
control.Response of protein content to soil amendments
also exhibited similar trend to that of nutrient content of
black grami.e., SA>SA >SA,>SA; 21.25,21.06, 20.36 and
19.67%, respectively. Liming enhances availability of major
nutrients to plant by improving soil reaction which
increases nutrient assimilation by plants and thereby adds
to nutrient composition of plant. The improvement in yield
may also ascribed to the neutralization of exchangeable
A" ions and increase in available Ca?" which favoured
excellent seed filling; attributing to improvement in soil pH
and other physico-chemical properties of soil that boosts
plant accessibility to soil nutrients. PSB secretes organic
acids, which either directly dissolve the mineral P as a
result of anion exchange of phosphate by acid anion or can
chelate AF* and Fe®*" associated with P (Seema et al., 2013)
enhancing the supply of available P to plants which might
have utilized in better root development and nodulation
followed by higher nitrogen fixation in the soil and thereby
better nutrient uptake by plants. Furthermore, production
of phytohormones by PSB promoting roots systems thereby
facilitating higher nutrient uptake. On contrary no application
of amendments resulted in minimum seed yield and
nutrient composition owing to low soil nutrient status in
addition to poor activity of soil micro-organism as
influenced by soil acidity. These results are in congruent
with Varma et al. (2017) and Odyuo and Sharma (2020).
Application of phosphorus markedly increased the N, P
and K content in both seed and stover. Maximum N, P and
K were recorded with the application of 60 kg P,O, ha™.
However, N, P content in stover and K content in seed and
stover at 60 kg P,0, ha' were not statistically different to
that of 40 kg P,O, ha. P application did have any significant
influence on Ca and Mg content neither in seed nor in
stover of black gram. Seed and stover yield were enhanced
significantly with the application of phosphorus. Maximum
seed and stover yield were recorded at P, but it was
statistically at par with P, ; application of 40 kg P,O
increased the seed yield by 44.9% and stover yield by 55.9%
over control. Protein content of black gram was remarkably
influenced with the application of P; an increasing trend
was observed in protein content with the increase in P
levels. Maximum protein content (22.18%) was recorded
at P, and minimum (19.43%) at P_. According to Uchoi and
Sharma (2023), nutritional environment of rhizosphere and
plant system are improved with P application which as a
result increases plant metabolism and photosynthetic
activity leading to growth and development in terms of plant
height, branches and yield. The findings are in consistent
with those reported by Zohmingliana et al. (2018) and Patel
et al. (2019).

Nutrient uptake

It is apparent from the data presented in Table 2 that
application of soil amendments brought about a significant
increase in nutrient uptake of black gram. Maximum N, P,
K, Ca and Mg uptake in seed, stover and total uptake were
recorded with the application of SA, followed by SA,, SA,
and SA,. Irrespective of treatments, Total N, P, K, Ca Mg
uptake varied from 23.31 to 39.34 kg ha?, 2.57 to 4.79 kg ha?,
14.53 to 23.26 kg ha?, 1.26 to 2.15 kg ha* and 1.09 to 2.43
kg ha?. Application of 5% LR in conjunction with PSB
exhibited better uptake, taking in account the combined
benefits of lime and PSB as projected in nutrient content
and yield whilst in control plot due to low supply of nutrients
suppressed the growth and development of crop thereby
low nutrient content as well as low yield. The significant
increase in nutrient uptake in seed, stover and total uptake
can be ascribed to the improvement in yield and nutrient
content due to liming and PSB application; since nutrient
uptake is the product of nutrient content and yield, with the
increase in these attributes, the nutrient uptake was also
increased. The results are in conformity with Lynrah and
Nongmaithem (2017) and Uchoi and Sharma (2023).
Application of phosphorus @60 kg P,0, ha®’ had
significantly enhanced the nutrient uptake of black gram.
N, P, K, Ca and Mg uptake in seed, stover and total uptake
were increased to an extent by 66.5%, 48.1%, 62.5%, 57.1%
and 47.2% in seed; 71.9%, 71.8%, 59.5%,70.6% and 63.8%
in stover; 68.7%, 86.3%, 59.8%, 66.4% and 56.1% in total
uptake over control, respectively. However, N uptake in
stover, K, Ca and Mg uptake in seed and stover at 60 kg
P,O, ha® does not exhibit any significant difference with
that of 40 kg P,O, ha™. These finding are found relevant to
Eutropia and Ndakidemi (2014), Bhavya et al. (2018) and
Hansing et al. (2020).

Interaction effect

Interaction effect on seed yield, stover yield and nutrient
uptake was found significant. Maximum seed and stover
yield (734.67 and 1406.16 kg ha?, respectively) were
recorded with treatment combination SA P, which was at
par with SA P, . Significantly higher N, P and K uptake in
seed, stover and total uptake, including total Magnesium
uptake was registered with 5% LR+PSB+60 kg P,O, ha™
(SA,P,,) and was found statistically at par with SA_P,.
However, Maximum total calcium uptake was registered
with SA,P, and was not statistically different to that of SAP.
The results confirm with the findings of Ameyu and Asfaw
(2020) and Sharma et al. (2021). Better uptake was
observed with the combined application of lime and PSB
(SA,), which might have supplemented nutrient availability
in rhizosphere by means of improving better root
development, facilitating higher nodulation thereby
boosting biological N fixation and a favourable soil condition
encouraging better availability of nutrients. These results
are in agreement with that of Nadeem et al. (2018) and
Bhabai et al. (2019).
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Table 3: Phosphorus use efficiency of black gram as influenced by phosphorus application (Pooled).

Phosphorus PUPE PUTE PUE FPUPE FPUTE FPUE
levels

P, 0.25 171.81 43.55 0 0 0
Py 0.28 155.87 43.67 0.033 93.81 3.10
Py 0.30 142.54 43.13 0.048 103.36 4.96
Peo 0.29 133.97 38.70 0.037 90.17 3.34
Mean 0.28 151.05 42.26 0.04 95.78 3.80
CV% 7.7 10.9 5.6 19.7 7.1 26.6

PUTE- Phosphorus uptake efficiency; PUTE- Phosphorus utilization efficiency; PUE- Phosphorus use efficiency;FPUPE- Fertilizer P
uptake efficiency; FPUTE- Fertilizer P utilization efficiency; FPUE- Fertilizer P use efficiency; CV: Coefficient of variance.

Phosphorus use efficiency

P uptake efficiency (PUPE), ratio of kg P in plants and kg P
in soil, increased with increase in P levels and then
decreased at P, (Table 3). Highest PUPE was recorded at
P,, and lowest at P . P utilization efficiency (PUTE), kg of
seed vyield divided by kg of P in plant, highest value on
PUTE was recorded at control and lowest at 60 kg P,O, ha™.
P use efficiency (PUE), measure of economic yield
produced per unit P in the soil, although highest PUE was
recorded at P, a decreasing trend in P use efficiency was
observed with increase in phosphorus levels. However,
highest value on fertilizer P uptake efficiency (FPUPE),
fertilizer P utilization efficiency (FPUTE) and fertilizer P use
efficiency (FPUE) was observed on 40 kg P,O, ha™.

CONCLUSION

The study inferred that application of soil amendments
and phosphorus increased the nutrient composition, uptake
and yield of black gram. From the results it can be
suggested that application of 5% LR + PSB along with 40
kg ha' PO, proved to be suitable for black gram cultivation
in acidic soil of Nagaland.
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