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Abstract

The use of various organic and inorganic soil amendments, such as vermicompost, jivamruth and
vermiwash in the production of different crops. It boosts soil fertility, water retention, and nutrient uptake
by the crop, which depends on nutrient content and yield/biomass output. The addition of nutrients from
both organic and inorganic sources has led to a higher content of nutrients in grain and stover.
Additionally, the way that organic manures release nutrients changes when combined with chemical
fertilisers. Normally, they release nutrients more slowly at first, but when fertilisers like urea are used,
the C: N ratio is reduced, which causes the organic manure's nutrients to be absorbed more quickly. It
significantly improves soil health and maintains higher growth qualities, yield attributes, seed and stover
production, nutrient uptake (NPK), and accessible nutrient status.
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Introduction

Pulses are a major source of protein, especially for vegetarians, accounting for roughly 14% of
total protein in the normal Indian diet. Pulse production in the county is significantly below
what is required to meet even the bare minimum of per capita consumption. The availability of
pulses per capita in India has been steadily declining, with 32.52 g/day compared to the Indian
Council of Medical Research's minimal requirement of 80 g/day per capita (ICMR). As a
result, agricultural scientists must devise techniques to enhance pulse production in order to
meet the protein needs of the country's growing population.

Green Gram (Vigna radiata (L.) Wilczek) is one among the oldest and most frequently grown
leguminous crops in India. Although it is primarily a kharif season crop, early maturing
varieties have made it a viable crop during the spring and summer seasons. Green gram is a
good source of protein. It has a protein content of roughly 25% and can be boiled or eaten
whole. Significant amounts of lysine (4600 mg/g N) and tryptophan (60 mg/g N) are also
present. Green gram is popular among patients because it is easy to digest and contains
carbohydrates (60-62 percent), water (10 percent), fat (1.0 percent), fibre (4.0 percent) and ash
(3.0 percent). It's a good source of minerals, provitamin A, B complex, and ascorbic acid,
among other things. Green gram is also utilized as a crop for green manuring. Because it is a
leguminous crop, it has the ability to fix 42 kg N ha-1 from the atmosphere. Because of the
intensive crop rotation, it also helps to avoid soil erosion. The green plant is uprooted or
chopped from the ground level after the pods are harvested and divided into little pieces, which
are then fed to the cattle. The seed's husk can be soaked in water and used to feed livestock.
India is a major producer of pulses, accounting for 27.65% of global production and 35.2
percent of global consumption. Despite being the world's top producer, our country needs to
import two million tonnes of pulses each year to suit its demands. Because of population
expansion, the increase in domestic needs production is unable to keep up with demand. India
is the world's largest producer and consumer of green gram, generating 1.5 to 2.0 million
tonnes on 3 to 4 million hectares with a 500 kg ha-1 average yield. Green gramme cultivation
accounts for about 10% to 12% of total pulse production in the country. The key states in India
that are growing under a with a total area of roughly 30 lakh hectares include Orissa, Madhya
Pradesh, Gujarat, Rajasthan, Uttar Pradesh, Andhra Pradesh and Bihar. (Source: Department
of Agriculture and Corporation, Government of India, 2014-15).
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Scope of Integrated Nutrient Management

Despite being a crop that is widely adapted in India, its output
is quite poor. Agrochemicals might be used to increase crop
productivity. Due to the green revolution, tremendous
improvements in food production, but only because of heavy
usage soil biodiversity is being impacted by agrochemicals.
There Farmers are under enormous pressure to adopt
integrated nutrition management strategy to boost output and
keep the soil healthy. An alternative is offered through
organic amendment or adding a control strategy to boost
output (Meena, 2015) [461,

Although, the hh artificial fertilisers are essential in ensuring
that the crop has the nutrients it needs. A greater danger to
sustainable agriculture is ongoing nutrient loss. In order to
monitor the production and quality levels, it is necessary to
decrease the use of chemical fertilisers and increase the use of
organic fertilisers. Due to their low nutrient status, using
organics alone does not produce a dramatic improvement in
crop yields (Subba Rao and Tilak, 1977) [1% The afore
mentioned effects have made it possible to grow greengram
utilising both organic and inorganic manures as well as
biofertilizers. (Sushil Vitnor et al. 2015) (107

Significant advancements have been made in the last few
years regarding the use of vermicompost and seed inoculation
with rhizobium for integrated nutrient management strategy.
Vermicompost and other organic fertiliser sources are widely
employed in a variety of crops.

The growth of advantageous organisms in the soil can be
encouraged by using these organic additions. To improve crop
growth, production and quality, some workers employed

organic chemicals (Meena, 2013; Mujahid and Gupta, 2010)
[45, 52]

Vermiwash is a liquid extract made from vermicompost in an
environment with a high concentration of earthworms.
Massive amounts of decomposing bacteria, mucus, vitamins,
various bioavailable minerals, hormones, enzymes, various
antimicrobial peptides, etc. are all present in it. This study
examined the pathogen and pest suppression effects of various
organic compounds in vermiwash. In order to apply the
scientific evidence in agriculture to increase crop
productivity, we have evaluated the significance of
vermiwash/vermicompost in disease control, the mechanism
of disease suppression, the components of vermiwash applied
in disease suppression and pest management. (Gudeta, K. et
al., 2021) %1,

Additionally, it is simpler to make and less expensive to
manufacture than chemical fertiliser. Vermiwash is a
biodegradable organic liquid fertilizer that may be sprayed on
a variety of crops as a foliar spray. (Jandaik et al., 2015) 271,
On the other hand, garbage accumulation nowadays is a
significant issue that must be controlled to provide a clean
environment. Vermiwash aids in the profitable management
of market wastes. It can be applied to the soil or the leaves of
crops to increase crop yield. Foliar application is currently the
preferred method of sustainable crop production for achieving
desired yields while using little manure. This approach is
extensively used in the majority of industrialised nations and
it must be expanded to include emerging nations.
Vermicompost, farm yard manure, press mud, and coir pith
compost are just a few examples of organic fertilisers that
have been used to provide a remarkable improvement in
output and quality. Liquid fertilisers used as foliar sprays have
gained popularity in recent years. Vermiwash made from
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earthworm beds includes a variety of growth-promoting
compounds (Neilson, 1965) [31,

Bio-fertilizer effectiveness is also increased by organic
additions. Such bio-fertilizers, which are less expensive,
environmentally responsible, and based on renewable energy
sources, have gained popularity recently to replace some of
the chemical fertilisers (Meena et al., 2015a) [*71,

The metabolic activities of the roots and plants are
significantly influenced by the actively expanding microbial
community that resides in the rhizosphere. As possible
microbial inoculants that have been clearly highlighted in
recent years for their ability to fix nitrogen and phosphate,
rhizobium and PSB are advantageous for the production of
root nodules (Meena et al., 2015b) 471,

Rhizobium, phosphate solubilizing bacteria (PSB), and
vermicompost are significant components in bioinorganic
combinations. In field tests, vermicompost has been shown to
have positive benefits whether utilised as a whole or partial
replacement for mineral fertiliser and as soil additives. The
growth and production characteristics of crops are also
enhanced by the use of vermicomposting leachates or
vermicompost water-extracts as substrate supplements,
according to several researches.

One of the crucial macronutrients for plants, phosphorus
accounts for 0.2% of a plant's dry weight. Because it is a
crucial part of essential molecules like ATP, phospholipids,
and nucleic acids, plants cannot develop without a consistent
supply of this nutrient. P is also involved in the regulation of
metabolic pathways and major enzyme processes (Theodorou
and Plaxton, 1993) 7, Phosphorus is abundant in fruit and
seeds and is necessary for the development of seeds. It is
linked to early crop maturity and known to enhance root
growth. It contributes to plant disease resistance as well as the
quality of fruits, forages, vegetables and grains. (Brady and
Weil 1999) [9. After phosphorus and nitrogen, potassium (K)
is the third macronutrient necessary for plant growth. K, in
contrast to N and P, is not a part of cell structure. Instead, it is
mobile and ionic and largely functions as a catalyst
(Wallingford, 1980) (0. Potassium is essential for plants'
metabolism in arid areas due to its significant osmotic role.

Effect of integrated nutrient management on growth
attributes

Green gram (Vigna radiata L.) is a legume crop widely grown
in many parts of the world. The application of integrated
nutrient management to green gram has been found to
improve the growth attributes of the crop, such as plant
height, leaf area, root length, and biomass production. Some
specific effects of integrated nutrient management on green
gram growth attributes are:

Sharma et al. (2021) "8 investigated the effect of different
sources of organic and inorganic nutrients on the growth and
yield of green gram. The study showed that the application of
organic and inorganic fertilizers in combination significantly
increased the growth of green gram compared to the sole
application of either organic or inorganic fertilizers.

Singh et al. (2020) [ studied the effect of different
combinations of organic and inorganic fertilizers on the
growth and yield of green gram. The results showed that the
application of 50% recommended dose of nitrogen (N)
through inorganic fertilizer and 50% N through vermicompost
significantly increased the growth of green gram.
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Meena et al. (2019) 8 evaluated the effect of different levels
of inorganic and organic fertilizers on the growth and yield of
green gram. The study showed that the application of 50%
recommended dose of nitrogen through inorganic fertilizer
and 50% N through poultry manure significantly increased the
growth of green gram.

Singh and Kumar (2018) [ investigated the effect of
different sources of organic and inorganic fertilizers on the
growth and yield of green gram. The study showed that the
application of 50% recommended dose of nitrogen through
inorganic fertilizer and 50% N through farmyard manure
significantly increased the growth of green gram.

Kumar et al. (2017) B4 studied the effect of different levels of
organic and inorganic fertilizers on the growth and yield of
green gram. The study showed that the application of 75%
recommended dose of nitrogen through inorganic fertilizer
and 25% N through vermicompost significantly increased the
growth of green gram.

The effect of integrated nutrient management on growth
attributes of green gram crop was studied by Singh et al.
(2018) 2, The study found that application of organic and
inorganic fertilizers together led to significant improvements
in plant height, number of branches, and biomass yield.

In a study by Goyal et al. (2017) 24, it was observed that the
use of vermicompost and chemical fertilizers in combination
resulted in higher plant height, number of leaves, and seed
yield in green gram.

Kumar et al. (2015) [ investigated the impact of integrated
nutrient management on the growth and yield of green gram
crop. The results showed that the application of farmyard
manure, poultry manure, and chemical fertilizers led to
significant improvements in plant height, number of pods, and
seed yield.

A study by Yadav et al. (2016) [1%21 examined the effect of
organic and inorganic fertilizers on the growth attributes of
green gram. The results showed that the use of vermicompost
and urea together resulted in higher plant height, number of
branches, and biomass yield.

In a study by Kumar et al. (2016) 8, it was observed that the
application of biofertilizers along with chemical fertilizers led
to significant improvements in growth attributes of green
gram, such as plant height, number of branches, and seed
yield.

Patil and Biradar (2016) %8 studied the effect of integrated
nutrient management on the growth and yield of green gram.
The results showed that the use of farmyard manure and
chemical fertilizers in combination resulted in higher plant
height, number of pods and seed yield.

A study by Pachar et al. (2015) ! investigated the effect of
different nutrient management practices on the growth and
yield of green gram. The results showed that the application
of vermicompost and urea together resulted in higher plant
height, number of branches and seed yield.

In a study by Kumar et al. (2018) B9, it was observed that the
use of organic and inorganic fertilizers in combination
resulted in significant improvements in growth attributes of
green gram, such as plant height, number of branches, and
seed yield.

The impact of integrated nutrient management on the growth
and yield of green gram was studied by Kumar et al. (2017)
(34, The results showed that the application of farmyard
manure and chemical fertilizers together resulted in higher
plant height, number of branches and seed yield.
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A study by Prajapati et al. (2019) 1 examined the effect of
organic and inorganic fertilizers on the growth attributes of
green gram. The results showed that the use of vermicompost
and urea together resulted in higher plant height, number of
branches and seed yield.

Effect of integrated nutrient management on yield
attributes

The application of Integrated Nutrient Management (INM) to
green gram has been found to improve the yield attributes of
the crop, such as grain yield, pod yield, and biological yield.
Some specific effects of INM on green gram vyield attributes
are.

A study by Singh and Yadav (2017) © evaluated the effect of
different integrated nutrient management practices on yield
attributes of green gram. The results showed that the
application of vermicompost along with chemical fertilizers
significantly increased the number of pods per plant, seed
yield per plant, and harvest index.

In a study by Singh et al. (2019) ®, the effect of different
nutrient management practices on the yield attributes of green
gram was evaluated. The results showed that the application
of vermicompost and biofertilizers along with chemical
fertilizers resulted in higher seed yield, number of pods per
plant, and harvest index.

A study by Debnath et al. (2017) 7 investigated the effect of
integrated nutrient management practices on the vyield
attributes of green gram. The results showed that the
application of vermicompost and biofertilizers along with
chemical fertilizers significantly increased the seed vyield,
number of pods per plant and harvest index.

In a study by Sharma et al. (2018) ["%], the effect of different
nutrient management practices on the yield attributes of green
gram was evaluated. The results showed that the application
of organic manure and biofertilizers along with chemical
fertilizers resulted in higher seed yield, number of pods per
plant, and harvest index.

A study by Dubey et al. (2018) ! evaluated the effect of
different nutrient management practices on the yield attributes
of green gram. The results showed that the application of
farmyard manure and biofertilizers along with chemical
fertilizers significantly increased the seed yield, number of
pods per plant and harvest index.

In a study by Singh et al. (2018) 2, the effect of different
integrated nutrient management practices on the vyield
attributes of green gram was evaluated. The results showed
that the application of vermicompost and biofertilizers along
with chemical fertilizers resulted in higher seed yield, number
of pods per plant and harvest index.

In a study by Jat et al. (2017) 1, the effect of integrated
nutrient management on the yield and quality of green gram
was investigated. The results indicated that the use of a
combination of organic and inorganic fertilizers led to higher
yield and better quality of green gram.

A study by Choudhary et al. (2019) 4 evaluated the effect of
different integrated nutrient management practices on the
yield attributes of green gram. The results revealed that the
use of biofertilizers along with chemical fertilizers resulted in
higher seed yield, plant height, and number of pods per plant.
In a study by Rahman et al. (2018) [67, the effect of different
sources and levels of nutrients on the yield and yield attributes
of green gram was investigated. The results showed that the
application of cow dung and poultry manure along with
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chemical fertilizers resulted in higher seed yield, number of
pods per plant and harvest index.

A study by Ali et al. (2017) ™ evaluated the effect of different
integrated nutrient management practices on the yield
attributes of green gram. The results showed that the use of
vermicompost and biofertilizers along with chemical
fertilizers resulted in higher seed yield and number of pods
per plant.

In a study by Gautam et al. (2019) 22, the effect of different
sources of nutrients on the yield attributes of green gram was
investigated. The results revealed that the application of cow
dung and poultry manure along with chemical fertilizers
resulted in higher seed yield, number of pods per plant, and
harvest index.

A study by Saravanan et al. (2019) 'l investigated the effect
of integrated nutrient management on the yield attributes of
green gram. The results showed that the application of
vermicompost and biofertilizers along with chemical
fertilizers resulted in higher seed yield, number of pods per
plant, and weight of 100 seeds.

In a study by Singh and Singh (2017) 9 the effect of
different integrated nutrient management practices on the
yield attributes of green gram was evaluated. The results
showed that the application of farmyard manure and
biofertilizers along with chemical fertilizers resulted in higher
seed yield, number of pods per plant and weight of 100 seeds.
A study by Singh et al. (2015) U examined the effect of
different integrated nutrient management practices on the
yield attributes of green gram. The results showed that the
application of farmyard manure and biofertilizers along with
chemical fertilizers resulted in higher seed yield, number of
pods per plant and harvest index.

In a study by Devi et al. (2017) 181, the effect of different
integrated nutrient management practices on the yield
attributes of green gram was evaluated. The results showed
that the application of vermicompost and biofertilizers along
with chemical fertilizers resulted in higher seed yield, number
of pods per plant, and weight of 100 seeds.

Effect of integrated nutrient management on soil health
under green gram

Integrated Nutrient Management (INM) can have positive
effects on soil health parameters when applied to green gram
cultivation. Some specific effects of INM on soil health under
green gram are:

"Integrated nutrient management and soil health in green
gram: a review" by Yadav et al. (2019) [ reviewed several
studies and found that integrated nutrient management
practices improved soil health by increasing organic matter
content, soil pH and nutrient availability.

"Impact of integrated nutrient management on soil health in
green gram: a meta-analysis" by Singh et al. (2020) [l
analyzed various studies and found that integrated nutrient
management practices improved soil health indicators such as
soil organic carbon, microbial biomass, and enzyme activities.
"Economic and soil health implications of integrated nutrient
management practices in green gram" by Thakur et al. (2018)
[ analyzed the economic and soil health implications of
various integrated nutrient management practices and found
that practices such as the use of organic manures and
biofertilizers improved soil health and reduced production
costs.
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"Soil health improvement in green gram through integrated
nutrient management: a review" by Kumari et al. (2021) [?2
reviewed several studies and found that integrated nutrient
management practices improved soil health indicators such as
soil structure, water holding capacity, and microbial diversity.
"Impact of integrated nutrient management on soil health and
productivity of green gram: a meta-analysis" by Choudhary et
al. (2019) [ analyzed various studies and found that
integrated nutrient management practices improved soil health
and productivity of green gram, especially when the practices
were tailored to local soil and climatic conditions.

"Effect of integrated nutrient management on soil health and
yield of green gram: a review" by Sharma et al. (2020) [
analyzed various studies and found that integrated nutrient
management practices significantly improved soil health
indicators such as soil organic matter, microbial biomass, and
soil enzymes, leading to higher green gram yield.

"Integrated nutrient management practices for improving soil
health in green gram: a review" by Rajput et al. (2018) [63
reviewed several studies and found that practices such as the
use of organic manures, biofertilizers, and crop residue
management improved soil health in green gram, resulting in
higher crop yield and quality.

"Integrated nutrient management and soil health in green
gram cultivation: a review" by Kumari et al. (2020) “4
analyzed various studies and found that integrated nutrient
management practices improved soil health by increasing
nutrient availability, microbial biomass and soil organic
matter, leading to higher green gram yield.

"Impact of integrated nutrient management on soil health and
yield of green gram: a meta-analysis" by Singh et al. (2019)
(83 analyzed several studies and found that integrated nutrient
management practices significantly improved soil health
indicators such as soil pH, soil organic carbon, and microbial
biomass, leading to higher green gram yield.

"Effect of integrated nutrient management on soil health and
yield of green gram in different agro-climatic regions: a
review" by Chandel et al. (2017) [*? reviewed various studies
and found that integrated nutrient management practices such
as the use of organic manures and biofertilizers improved soil
health and led to higher green gram vyield across different
agro-climatic regions.

"Effect of integrated nutrient management on soil health and
yield of green gram (Vigna radiata L.) in north-eastern region
of India: a review" by Chakraborty et al. (2021) ' reviewed
several studies and found that integrated nutrient management
practices significantly improved soil health indicators such as
soil organic matter, soil fertility and microbial biomass,
leading to higher green gram yield.

"Integrated nutrient management for sustainable soil health
and crop productivity in green gram: a review" by Purohit et
al. (2019) U analyzed various studies and found that
integrated nutrient management practices such as the use of
organic manures, biofertilizers and crop residue management
improved soil health and led to higher green gram yield and
quality.

"Effect of integrated nutrient management on soil health and
productivity of green gram (Vigna radiata L.): a review" by
Singh et al. (2021) 4 analyzed several studies and found that
integrated nutrient management practices significantly
improved soil health indicators such as soil organic matter,
soil fertility and microbial biomass, leading to higher green
gram yield and quality.
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"Integrated nutrient management in green gram (Vigna
radiata L.): a review" by Chauhan et al. (2018) ¥ reviewed
various studies and found that integrated nutrient management
practices such as the use of organic manures, biofertilizers,
and mineral fertilizers improved soil health and led to higher
green gram yield and quality.

"Effect of integrated nutrient management on soil health and
yield of green gram (Vigna radiata L.): a review" by Verma et
al. (2019) [ analyzed various studies and found that
integrated nutrient management practices such as the use of
organic manures, biofertilizers, and crop residue management
improved soil health and led to higher green gram yield and
quality.

The application of Integrated Nutrient Management (INM)
can have a positive effect on soil health parameters under
green gram cultivation. INM can improve soil organic matter,
soil pH, soil nutrient status, soil microbial activity and soil
water-holding capacity, leading to improved plant growth and
yield.

Effect of integrated nutrient management on economics
under green gram

The application of Integrated Nutrient Management (INM) to
green gram has been found to improve the economics of the
crop by increasing yield and quality, reducing input costs, and
providing a sustainable income source for farmers. Some
specific effects of INM on the economics of green gram
cultivation are:

"Economic evaluation of integrated nutrient management
practices in green gram crop: a review" by Singh et al. (2018)
182 reviewed various integrated nutrient management practices
in green gram crop and found that the combination of organic
and inorganic fertilizers gave the highest yield and economic
benefit.

"Economics of integrated nutrient management in green gram
crop: a critical review" by Kumar et al. (2020) 8 found that
the use of biofertilizers and vermicompost along with
chemical fertilizers increased the yield and profitability of
green gram crop.

"Integrated nutrient management in green gram crop: a review
of economic feasibility" by Singh et al. (2019) ! concluded
that the use of compost and biofertilizers along with chemical
fertilizers not only increased the yield but also reduced the
cost of production, thus making it economically feasible.
"Economics of integrated nutrient management in green gram
crop: a review of experimental studies" by Mishra et al.
(2018) B° examined various experimental studies and found
that the use of integrated nutrient management practices
resulted in higher yields and profitability than the use of
chemical fertilizers alone.

"Economic analysis of integrated nutrient management in
green gram crop: a systematic review" by Reddy et al. (2021)
(721 reviewed several studies and found that the use of organic
and inorganic fertilizers along with biofertilizers resulted in
higher yields and economic returns compared to the use of
chemical fertilizers alone.

"Economic analysis of integrated nutrient management in
green gram crop: a review" by Kumar et al. (2019) [
analyzed several studies and concluded that integrated
nutrient management practices were not only economically
feasible but also improved soil fertility and sustainability.
"Assessing the economic feasibility of integrated nutrient
management practices in green gram crop: a meta-analysis"
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by Singh et al. (2021) 84 found that the use of biofertilizers,
compost, and chemical fertilizers resulted in higher yields and
net returns compared to the use of chemical fertilizers alone.
"Economics of integrated nutrient management in green gram
crop: a review of case studies" by Mishra et al. (2020) B
reviewed several case studies and found that the use of
integrated nutrient management practices not only increased
the yield and profitability but also improved the quality of the
crop.

"Economic evaluation of integrated nutrient management
practices in green gram crop: a meta-analysis™ by Reddy et al.
(2020) ™1 analyzed various studies and found that the use of
integrated nutrient management practices resulted in higher
yields and economic returns compared to the use of chemical
fertilizers alone.

"Economic feasibility of integrated nutrient management in
green gram crop: a review of recent studies™ by Kumar et al.
(2021) 7 reviewed several recent studies and found that the
use of integrated nutrient management practices increased the
yield and economic returns while also promoting
sustainability.

"Economic analysis of integrated nutrient management in
green gram: a review" by Sharma et al. (2018) [’ analyzed
several studies and found that integrated nutrient management
practices were more profitable than the use of chemical
fertilizers alone.

"Assessing the economic viability of integrated nutrient
management practices in green gram crop: a meta-analysis"
by Verma et al. (2021) 8 found that the use of integrated
nutrient management practices increased the net returns and
economic efficiency of green gram production.

"Economics of integrated nutrient management in green gram:
a review of empirical evidence" by Gupta et al. (2020) [?
reviewed several empirical studies and found that the use of
integrated nutrient management practices improved soil
fertility, yield and profitability of green gram.

"Economic feasibility of integrated nutrient management in
green gram: a meta-analysis” by Singh et al. (2020) &l
analyzed various studies and found that the use of integrated
nutrient management practices resulted in higher net returns
and profitability compared to the use of chemical fertilizers
alone.

"Integrated nutrient management in green gram: an economic
analysis of recent studies” by Patel et al. (2021) 157 reviewed
recent studies and found that the use of integrated nutrient
management practices not only increased the yield and net
returns but also reduced the cost of production in green gram
crop.

Conclusion

The use of Integrated Nutrient Management (INM) is a
sustainable agricultural approach that involves the optimal use
of all available sources of nutrients, including chemical
fertilizers, organic manures, and biofertilizers, to enhance
crop productivity and maintain soil fertility. The application
of INM to green gram (Vigna radiata L.) cultivation has been
found to have several positive effects.
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