
  
SJSMM Vol.1 Issue-1,October 2026 : 001 -013                                                                                                                                                        

Mohd Hamisu et al 
https://sjsmm.scholics.in/                                                                                                                                                            

 

© 2026 The Author(s). Open access under CC BY 4.0  |  Vol. 1, Issue. 1   Page 1 of 13 

ORIGINAL RESEARCH ARTICLE OPEN ACCESS 

Pulse Crops for Sustainable Agriculture and Their 
Contributions to Soil Health, Nutrient Management and 
Resource Use Efficiency: A Review 
 

Abdulrauf Mohd Hamisu1, Shyam Datta Waghmare*1, Surender Singh Siwach1, Nitesh Samadhiya1, Ado 
Muhammad2, Kabiru Hamisu2, Munnir Abdumumini Yawale2, Bala Usman Mustapha2, Bashir Ahmad 
Babaji3, Abdullahi Shehu1, Mustapha Ibrahim Muhammad1, Yusuf Tijjani Ali1, Abdussamad Sale Saad1, 
Mudassir Ubale Saad1, Maikudi Musa Alhassan2, Sani Muhammad Umar1 

 

*1Sharda School of Smart Agriculture, Sharda University, Agra, Uttar Pradesh (282007), India 
2Department of Agricultural Economics & Extension, Natural Science and Crop Science, Kano University of Science and 
Technology, Wudil, Kano State (700001), Nigeria 
3Department of Agronomy, Ahmad Bello University, Zaria, Kaduna State, Nigeria  
*Corresponding author: abdurraufmohd1181@gmail.com                                          
 

Received: 22 September 2026 / Accepted: 21 October 2026 / Published online: 26 October 2026 

 

ABSTRACT 

Pulse crops are an important part of sustainable agriculture, as they help to enrich the soil with nutrients, promote 

natural resource management, and boost its fertility. Pulses are crucial sources of dietary protein and are also 

valuable for their ecological value in terms of biological nitrogen fixation, addition of organic matter, and 

enhancing soil biological activity. The review aims to highlight the potential use of pulse crops in sustainable 

agriculture systems with specific reference to soil health, soil nutrient management, resource-use efficiency and 

long-term productivity. The 60 research papers were reviewed under the following six main themes: biological 

nitrogen fixation, soil organic carbon, soil fertility improvement, nutrient availability, residue management, water-

use efficiency, nutrient-use efficiency, and weed management. The findings of the reviewed shows that rotation and 

the use of pulse crops in conservation tillage production systems can enhance soil structure, organic carbon, water 

infiltration, water-holding capacity, and the availability of essential nutrients. Pulse crops can also fix their own 

nitrogen, especially when associated with Rhizobium, which can help to lower the need for synthetic nitrogen 

fertilisers and increase the nitrogen available to the following crop. Crop residues also play an important role in 

nutrient recycling, building soil organic matter, mitigating erosion and sustaining soil biological activity. Pulses 

may also help to address the challenges posed by climate change and soil degradation as they optimise use of 

resources and productivity of cropping systems as a whole. Therefore, pulse crops can be effectively used as a 

means to sustain soil health, optimise nutrient cycles, improve resource-use efficiency and ensure resilient and 

sustainable agricultural production in response to changing climatic conditions in diversified and conservation 

agriculture systems. 
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1. Introduction 

Climate change, soil fertility decline, land degradation, water scarcity, high production costs and inefficient 

utilisation of agricultural inputs are increasingly creating challenges for agricultural production. These difficulties 
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pose risks to future productivity and sustainability of agricultural systems and have increased the need for resource-

efficient and environmentally friendly agricultural production. Pulse crops play an important role in this context 

through their contributions to food and nutritional security, soil fertility improvement, biodiversity conservation and 

efficient utilisation of natural resources. They can also contribute to sustainable intensification of cropping systems 

through nutrient cycling, reduced dependence on external inputs and enhanced resilience of agricultural ecosystems 

(Choudhary et al., 2020; FAO, 2016; Kumar et al., 2023). Pulse crops are an important group of leguminous crops 

grown in tropical, subtropical and temperate regions. Major pulses include chickpea, pigeonpea, lentil, field pea, 

mungbean, blackgram, cowpea and other grain legumes. Besides being important sources of dietary protein, dietary 

fibre, vitamins and minerals, pulses provide important ecological services within agricultural systems. They form 

symbiotic associations with rhizobia and other beneficial microorganisms, enabling biological nitrogen fixation, 

through which atmospheric nitrogen is converted into forms that can be utilised by plants. Consequently, pulses can 

contribute to the nitrogen economy of cropping systems and potentially reduce dependence on synthetic nitrogen 

fertilisers when appropriately managed (FAO, 2016, 2018; Buernor et al., 2022). 

The contribution of pulses to soil health extends beyond biological nitrogen fixation. Pulse crops contribute root 

biomass, residues and rhizodeposits that can provide organic matter and substrates for soil microorganisms. These 

inputs can influence soil aggregation, nutrient cycling, microbial activity and other soil biological processes. 

Legume inclusion in crop rotations can also influence soil organic carbon and nutrient availability, although the 

magnitude of these effects depends on crop species, residue return, soil conditions and the duration of the cropping 

system (Li et al., 2023; Liu et al., 2022; Kumar et al., 2023). Pulse-based cropping systems can therefore contribute 

to improved soil fertility and productivity of subsequent crops when appropriately integrated into diversified 

production systems (Kaur et al., 2018; Zhao et al., 2022). Nutrient management is an important component of 

sustainable pulse production. Although biological nitrogen fixation can supply a substantial proportion of the 

nitrogen requirement of legumes, balanced application of essential nutrients is still required for optimum crop 

growth and productivity. Imbalanced or excessive use of chemical fertilisers may increase nutrient losses, 

production costs and environmental impacts. Integrated nutrient management (INM), involving appropriate 

combinations of inorganic fertilisers, organic manures and beneficial microorganisms, provides an approach for 

maintaining crop productivity while improving nutrient-use efficiency and soil quality (Wu & Ma, 2015; Paramesh 

et al., 2023). Studies on mungbean and other pulses have demonstrated beneficial effects of integrated nutrient 

management on crop growth, yield and nutrient uptake (Kumar et al., 2024; Lakshman et al., 2023; Meena et al., 

2020). 

A further important component of pulse-based sustainable agriculture is resource-use efficiency. Pulses can 

contribute to efficient use of nutrients, water and other agricultural resources through biological nitrogen fixation, 

crop diversification, nutrient recycling and beneficial effects on succeeding crops. Inclusion of legumes in crop 

rotations has been associated with improvements in the productivity and resource-use efficiency of subsequent 

crops. A global systematic review and meta-analysis reported yield advantages of legume-based rotations and 

identified several agronomic and ecological factors responsible for these benefits (Zhao et al., 2022). Pulse-based 

cropping systems can also contribute to restoration of soil health and resource conservation, particularly in rainfed 

agroecosystems (Kumar et al., 2023). Pulse crops are well suited to conservation and diversified agricultural 

systems. Conservation agriculture generally involves reduced soil disturbance, maintenance of soil cover and crop 

diversification. The incorporation of pulses into such systems can provide biological nitrogen inputs, nutrient-rich 

residues and diversified root systems, while contributing to soil biological activity and nutrient cycling. Research 

from the Indo-Gangetic Plains has indicated that conservation agriculture and crop diversification can improve soil 

properties, productivity and resource-use efficiency (Alekhya et al., 2024; Kumar et al., 2024). Global meta-

analyses have further demonstrated that conservation-agriculture components can influence soil carbon and 

nitrogen storage and carbon mineralisation (He et al., 2023; N'Dri Bohoussou et al., 2022). 

Pulse crops provide nutritional, agronomic, ecological and economic benefits that can contribute to sustainable 

agricultural production. Their role in biological nitrogen fixation, nutrient recycling, soil organic matter dynamics, 

microbial activity, biodiversity and resource conservation makes them an important component of diversified 

cropping systems (Rubiales & Mikic, 2015; Kumar et al., 2023). Pulses are also recognised for their nutritional 

value and potential contribution to environmentally sustainable food systems (Drewnowski & Conrad, 2024). 

However, pulse production is constrained by low and variable productivity, nutrient deficiencies, moisture stress, 

pests and diseases, weed competition, poor access to quality seed and other production and marketing constraints. 

Therefore, integrated production strategies involving suitable varieties, balanced nutrient management, organic 

amendments, biofertilisers and improved crop management are required to increase productivity while maintaining 

soil health and resource-use efficiency (Choudhary et al., 2020; Gupta et al., 2024). Therefore, pulse crops have 

considerable potential to contribute to sustainable farming while simultaneously supporting food and nutritional 

security, soil health, efficient nutrient management, resource conservation and environmental sustainability.  

This narrative review critically analyses scientific literature concerning the role of pulses and integrated nutrient 

management in improving soil fertility, nutrient cycling, resource-use efficiency, crop productivity, profitability and 

sustainability of agricultural production systems and identifies important areas for future research gaps. 
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2. METHODOLOGY 
 

2.1 Literature Search Strategy 

 

A narrative review of approximately 60 scientific papers and other relevant sources was conducted to gather 

information on the role of pulse crops in sustainable agriculture, particularly their contributions to soil health, 

nutrient management and resource-use efficiency. The literature search included peer-reviewed research articles, 

review papers, book chapters and institutional publications from recognised agricultural and international 

organisations. The search focused on major themes including soil fertility, soil organic carbon, soil microbial 

activity, nutrient cycling, phosphorus availability, residue management, conservation agriculture, water-use 

efficiency, nutrient-use efficiency, crop diversification, climate resilience and sustainable intensification (Wu & 

Ma, 2015; Kumar et al., 2023; Paramesh et al., 2023). The relevance of pulses to sustainable agriculture was given 

particular attention because of their symbiotic association with nitrogen-fixing microorganisms and their potential 

contribution to nitrogen cycling and soil fertility. Literature concerning biological nitrogen fixation, rhizobial 

inoculation and phosphorus nutrition was therefore included because nutrient availability and microbial associations 

strongly influence legume productivity and biological nitrogen fixation (Divito & Sadras, 2014; Buernor et al., 

2022). 

The major search terms included pulse crops, pulses, legume crops, sustainable agriculture, soil health, soil 

fertility, biological nitrogen fixation, nutrient management, nutrient-use efficiency, resource-use efficiency, soil 

organic carbon, nutrient cycling, crop rotation, conservation agriculture, water-use efficiency, residue 

management, climate resilience and sustainable intensification. Special emphasis was placed on pulse-based 

cropping systems and their effects on soil properties, resource conservation and agricultural sustainability. Recent 

research has demonstrated that pulses can contribute to soil health restoration, resource conservation, carbon and 

nitrogen cycling and resilience in rainfed agroecosystems (Kumar et al., 2023; Zhao et al., 2022). 

 

1.2 Literature Selection and Eligibility Criteria 
 

The identified literature was screened according to its relevance to the objectives and themes of the review. Studies 

were included when they provided information or experimental evidence concerning one or more of the following 

aspects: pulse production, biological nitrogen fixation, soil fertility, soil organic carbon, soil microbial activity, 

nutrient availability, nutrient cycling, residue management, conservation agriculture, water- and nutrient-use 

efficiency, climate resilience, environmental sustainability and crop diversification. Peer-reviewed research articles 

and scientifically established publications were given priority, particularly recent studies providing experimental or 

synthesis-based evidence concerning sustainable pulse production. Earlier studies and authoritative institutional 

publications were also considered when they provided fundamental information on biological nitrogen fixation, soil 

fertility, pulse-based cropping systems or resource conservation (FAO, 2016, 2018; Rubiales & Mikic, 2015). 

Studies unrelated to pulse crops, soil health, nutrient management, resource-use efficiency or agricultural 

sustainability were excluded. Publications lacking sufficient scientific information or falling outside the objectives 

of the review were also excluded. Following screening and assessment of relevance, approximately 60 research 

papers and scientific sources were selected for detailed examination and thematic synthesis. 

 

AI, Machine Learning and Remote Sensing in Pulse Systems 
 

The integration of artificial intelligence, machine learning and remote sensing into pulse production can assist in 

yield prediction, crop monitoring, stress detection and disease identification. These technologies can combine soil, 

weather, crop, satellite and UAV data to support more site-specific nutrient and water management. Such 

approaches have potential to improve resource-use efficiency, productivity and sustainability of pulse-based 

production systems. However, the reliability of these technologies depends on data quality, model validation under 

local conditions and appropriate agronomic expertise. 

 

1.3 Data Extraction and Thematic Synthesis  
 

The selected literature was systematically examined and synthesised according to major themes related to the role 

of pulses in sustainable agriculture. These themes included pulse production and sustainable agriculture, nutritional 

and agricultural importance of pulses, soil health and soil organic carbon, biological nitrogen fixation and nutrient 

cycling, integrated nutrient management, residue management and nutrient recycling, conservation agriculture, 

resource-use efficiency, climate resilience, environmental and economic benefits, and constraints and future 

research priorities.The table below shows that globally, pulses are important food and agricultural crops, with 

production concentrated in several countries. During 2011–2013, India was reported as the largest producer of 
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pulses, accounting for approximately 24.3% of global pulse production, followed by Myanmar (7.3%), Canada 

(7.0%), China (6.3%), Nigeria (4.6%), Brazil 4.2%), Australia (4.2%), the Russian Federation (3.2%), Ethiopia 

(2.9%) and the United States (2.8%) (FAO, 2016). These data provide historical context for the global importance 

of pulses and should not be interpreted as current production statistics. 

 

Table 1. Major pulse-producing countries in the world 

 

Rank Country Approx. pulse 

production 

Share/world 

production 

Importance 

1 India ~17.5 million tonnes 24.30% World’s largest pulse producer; major 

crops include chickpea, pigeon pea, 

lentil, mung bean and black gram. 

Important for food and nutritional 

security and soil fertility. 

2 Myanmar ~5.3 million tonnes 7.30% Major producer and exporter of mung 

bean, black gram and pigeon pea; 

pulses are important for farmers’ 

income and international trade. 

3 Canada ~5.0 million tonnes 7.00% Major producer/exporter of lentil, field 

pea and chickpea; highly important in 

international pulse trade. 

4 China ~4.5 million tonnes 6.30% Produces a wide range of pulses and 

legumes; pulses contribute to food 

diversity and agricultural sustainability. 

5 Nigeria ~3.3 million tonnes 4.60% One of Africa’s major pulse producers, 

particularly important for cowpea 

production, food security and 

smallholder livelihoods. 

6 Brazil ~3.0 million tonnes 4.20% Major producer of common beans and 

other legumes; pulses are important in 

the national diet and farming systems. 

7 Australia ~3.0 million tonnes 4.20% Important producer and exporter of 

chickpea, lentil and field pea; pulses 

contribute to crop diversification and 

soil fertility. 

8 Russian 

Federation 

~2.3 million tonnes 3.20% Important producer of peas, lentils and 

chickpeas; pulse production is 

expanding as part of diversified 

cropping systems. 

9 Ethiopia ~2.1 million tonnes 2.90% Major African producer of faba bean, 

chickpea and field pea; pulses are 

important for protein supply and soil 

fertility. 

10 United States ~2.0 million tonnes 2.80% Produces dry beans, peas, lentils and 

chickpeas; pulses contribute to food, 

feed, trade and diversified agricultural 

systems. 

 

Source: FAO (2016). The production figures and shares refer specifically to the 2011–2013 period. 
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The results of the reviewed studies were synthesised under the following major themes: 

1. Pulse crops and sustainable agricultural production. 

2. Nutritional and agricultural importance of pulses. 

3. Soil health, soil organic carbon and soil biological activity. 

4. Biological nitrogen fixation, nutrient cycling and nutrient management. 

5. Crop residues, nutrient recycling and soil fertility enhancement. 

6. Conservation agriculture and resource-use efficiency. 

7. Water-use efficiency, crop diversification and climate resilience. 

8. Environmental, economic and ecosystem benefits, constraints and future research priorities. 

The results of the reviewed studies were compared to identify major trends, supporting evidence, limitations and 

research gaps. Particular attention was given to the effects of pulses on soil fertility, biological nitrogen fixation, 

soil organic carbon, microbial activity, nutrient availability and efficient use of water and nutrients. Evidence from 

pulse-based rotations and diversified cropping systems was also considered because crop diversification can 

influence soil properties, productivity and resource-use efficiency (Li et al., 2024; Zhao et al., 2022). 

 

1.4 The Review's limitations are as follows: 
 

The review has several limitations. The selected studies differed considerably in pulse species and varieties, soil 

types, agro-climatic conditions, cropping systems, tillage practices, nutrient-management systems, rainfall patterns 

and experimental duration. Such variation makes direct comparison of results difficult. Biological nitrogen fixation 

is particularly variable and is influenced by crop species and cultivar, soil fertility, climate, rhizobial effectiveness, 

nutrient management and cropping sequence (Divito & Sadras, 2014; Buernor et al., 2022). Long-term field 

experiments are required to better quantify the effects of pulse-based systems on soil organic carbon, carbon 

sequestration, nutrient cycling, soil microbial functions, productivity and greenhouse-gas emissions. Meta-analyses 

have demonstrated that crop diversification, conservation agriculture and legume incorporation can affect soil 

carbon and soil functions, but the magnitude of these effects varies among environments and management systems 

(He et al., 2023; Li et al., 2023; Tadiello et al., 2023). 

Further research is also required on precision agriculture, remote sensing, digital technologies, site-specific nutrient 

management, life-cycle assessment, economic evaluation and farmer-level adoption of sustainable pulse production 

practices. Despite these limitations, the available evidence indicates that pulses can contribute to soil health, 

nutrient cycling, resource-use efficiency, climate resilience and sustainable agricultural production (Kumar et al., 

2023; Zhao et al., 2022). 

 

2. RESULT 
 

3.1 Pulse Crops and Their Importance in Sustainable Agriculture 
 

Pulse crops are an important group of grain legumes belonging mainly to the family Fabaceae and include chickpea, 

lentil, field pea, pigeonpea, mungbean, blackgram and cowpea. They play an important role in sustainable 

agricultural systems because of their nutritional, biological, ecological and agronomic functions. Their capacity to 

establish symbiotic associations with nitrogen-fixing microorganisms, contribute to nutrient cycling and diversify 

cereal-based cropping systems makes them particularly valuable in sustainable production systems (FAO, 2016; 

Rubiales & Mikic, 2015; Kumar et al., 2023). Pulse crops can be incorporated into crop rotations, intercropping 

systems and conservation-agriculture practices. Their relatively short growing periods can also permit their 

inclusion in intensified cropping systems. Legume-based rotations have demonstrated benefits for subsequent crop 

productivity and resource-use efficiency. A global systematic review and meta-analysis found that legume-based 

rotations can provide yield advantages and identified soil, climatic and management factors influencing these 

benefits (Zhao et al., 2022). 

 

 

 

 

 

2.2 Nutritional and Agricultural Importance of Pulse Crops 
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Pulses are important sources of plant protein, carbohydrates, dietary fibre, minerals and other nutrients. Chickpea, 

lentil, pea, mungbean, blackgram, pigeonpea and cowpea contribute to dietary diversity and nutritional security. 

Recent research has highlighted the nutritional density and relatively favourable environmental characteristics of 

pulse crops, reinforcing their importance in sustainable food systems (Drewnowski & Conrad, 2024). In addition to 

their nutritional value, pulses provide important agronomic services. They contribute to the nitrogen economy of 

cropping systems through biological nitrogen fixation and can improve the productivity of subsequent crops when 

incorporated into rotations. However, the quantity of nitrogen fixed and the amount subsequently available to 

following crops depend on crop species, cultivar, soil conditions, rhizobial effectiveness, nutrient availability and 

management practices (Divito & Sadras, 2014; Buernor et al., 2022). 

 

2.3 Contribution of Pulse Crops to Soil Health 
 

Biological nitrogen fixation, organic matter inputs, root activity, residue decomposition and interactions with soil 

microorganisms are among the principal mechanisms through which pulses can contribute to soil health. Legume 

roots form nodules in association with rhizobia, enabling atmospheric nitrogen to be converted into biologically 

useful forms. This process represents an important nitrogen input into agricultural ecosystems and can reduce 

dependence on external nitrogen inputs under suitable conditions (FAO, 2016, 2018; Divito & Sadras, 2014). Pulse 

crops also contribute roots, residues and rhizodeposits to the soil. These materials can provide substrates for 

microbial activity and contribute to soil organic matter and nutrient cycling. Legume incorporation can influence 

soil organic carbon fractions, aggregation and other soil properties, although the magnitude and direction of these 

changes depend on environmental conditions, cropping history and management practices (Li et al., 2023; Li et al., 

2024; Liu et al., 2022). 

Pulse-based rotations have also been associated with improvements in subsequent crop productivity and resource-

use efficiency. However, changes in soil organic carbon may require longer periods to become detectable, and 

short-term experiments may therefore underestimate the potential soil-carbon benefits of diversified pulse-based 

systems (Li et al., 2023; Tadiello et al., 2023). 

 

2.4 Pulse Crops in Nutrient Management and Integrated Nutrient Management 
 

Pulse crops are important components of integrated nutrient management because of their ability to obtain nitrogen 

through biological nitrogen fixation and their compatibility with mineral fertilisers, organic manures and microbial 

inoculants. Appropriate combinations of inorganic nutrients, organic amendments and beneficial microorganisms 

can improve nutrient availability, crop growth and productivity while maintaining soil quality (Wu & Ma, 2015; 

Paramesh et al., 2023). Balanced nutrient management is particularly important for effective biological nitrogen 

fixation. Phosphorus, potassium and sulphur influence root development, nodulation and nitrogen-fixation 

processes in legumes. A meta-analysis demonstrated that phosphorus, potassium and sulphur nutrition can 

significantly influence plant growth and biological nitrogen fixation in crop and pasture legumes (Divito & Sadras, 

2014). Similarly, studies involving rhizobial inoculation and phosphorus supplementation have reported positive 

responses in several grain legumes (Buernor et al., 2022). 

Integrated nutrient management has also demonstrated benefits in mungbean. Studies have reported improvements 

in growth, yield and nutrient uptake following combinations of organic and inorganic nutrient sources and 

microbial inoculants (Kumar et al., 2024; Lakshman et al., 2023; Meena et al., 2020). Such findings support the 

integration of balanced mineral nutrition, organic amendments and microbial inoculants in sustainable pulse 

production. 
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Table 3.4. Summary of nutrient-management and bio-inoculant studies in pulse crops 

 

S/N Species Region 
Practice/nutrient 

management 

Main 

outcome 
Effect size Source 

1 
Mungbean 

(Vigna 

radiata) 

Kashmir, 

India 

5 t FYM ha⁻¹ + 

30:50:30 kg NPK 

ha⁻¹ + Rhizobium 

+ PSB 

Improved 

growth, 

nodulation, 

yield and test 

weight 

918 kg grain ha⁻¹; 

72.22% higher than 

control (518 kg ha⁻¹) 

Pir et al. 

(2009) 

2 
Blackgram 

(Vigna 

mungo) 

Eastern 

Uttar 

Pradesh, 

India 

Soil-test-based 

NPK + 10 t FYM 

ha⁻¹ + Rhizobium 

+ 30 kg S ha⁻¹ + 

Mo 

Increased 

grain, stover 

and 

biological 

yield and 

nutrient 

uptake 

959 kg grain, 2,479 

kg stover and 3,438 

kg biological yield 

ha⁻¹ 

Chaudhary 

et al. 

(2016) 

3 
Soybean 

(Glycine max) 

Ghana / 

international 

Rhizobium 

inoculation + P 

supplementation 

Combined 

biological 

and mineral 

inputs 

improved 

yield 

Rhizobium + P 

response: 92.6% 

Meta-

synthesis 

(2022) 

4 
Cowpea 

(Vigna 

unguiculata) 

Ghana / 

international 

Rhizobium 

inoculation + P 

supplementation 

Combined 

biological 

and mineral 

inputs 

improved 

yield 

Rhizobium + P 

response: 133.3% 

Meta-

synthesis 

(2022) 

5 
Groundnut 

(Arachis 

hypogaea) 

Ghana / 

international 

Rhizobium 

inoculation + P 

supplementation 

Combined 

biological 

and mineral 

inputs 

improved 

yield 

Rhizobium + P 

response: 43.1% 

Meta-

synthesis 

(2022) 

6 
Common bean 

(Phaseolus 

vulgaris) 

Global 

Rhizobia + plant-

growth-promoting 

rhizobacteria co-

inoculation 

Improved 

plant growth 

and 

productivity 

Yield increase of 

approximately 34% 

Global 

meta-

analysis 

7 
Chickpea 

(Cicer 

arietinum) 

Global 

Rhizobia + plant-

growth-promoting 

rhizobacteria co-

inoculation 

Improved 

plant growth 

and 

productivity 

Yield increase of 

approximately 19% 

Global 

meta-

analysis 

 

 

3.4 Strengthens  
 
The available evidence indicates that nutrient management in pulse crops can benefit from appropriate 

combinations of mineral nutrients, organic amendments and beneficial microorganisms. Phosphorus, potassium and 

sulphur are particularly important because deficiencies can affect root growth, nodulation and biological nitrogen 

fixation (Divito & Sadras, 2014). Field studies in mungbean have also demonstrated positive responses to 

integrated nutrient management involving phosphorus, organic manure and microbial inoculants (Pir et al., 2009). 

There is evidence of complementary effects between rhizobial inoculation and phosphorus supplementation in grain 

legumes. A meta-synthesis found positive yield responses to rhizobial inoculation and phosphorus supplementation 
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in several grain legumes, although the magnitude of response differed among crops and environments (Buernor et 

al., 2022). Therefore, the combination of balanced mineral nutrition, organic sources and microbial inoculants may 

provide an effective strategy for improving nutrient-use efficiency and sustaining pulse productivity. 

 

3.5 Pulse Crops and Nutrient Cycling 
 

Pulses contribute to nutrient cycling through biological nitrogen fixation, root turnover, residue decomposition and 

interactions with soil microorganisms. Nitrogen fixed by legumes is incorporated into plant tissues, and a portion 

may subsequently enter the soil through root turnover and residue decomposition. The amount of nitrogen 

transferred to subsequent crops depends on residue quantity and quality, decomposition conditions, crop 

management and environmental factors (FAO, 2016; Kumar et al., 2023). Pulse-based systems also interact with 

phosphorus and other nutrient cycles. Rhizobia, phosphate-solubilising microorganisms and other beneficial 

rhizosphere organisms can contribute to nutrient mobilisation and microbial activity. Phosphorus nutrition is 

particularly important because adequate P availability can support root development, nodulation and biological 

nitrogen fixation in legumes (Divito & Sadras, 2014; Gupta et al., 2024). 

 

3.6 Pulse Crops and Resource-Use Efficiency 
 
Efficient utilisation of water, nutrients, energy and other agricultural resources is a fundamental principle of 

sustainable agriculture. Pulses can contribute to resource-use efficiency through biological nitrogen fixation, crop 

diversification, nutrient recycling and beneficial effects on subsequent crops. A global systematic review and meta-

analysis demonstrated yield advantages associated with legume-based rotations and identified improvements in 

resource-use-related outcomes in several cropping systems (Zhao et al., 2022). Water is another critical resource in 

pulse production. Water productivity can vary substantially according to crop species, agro-climatic conditions, soil 

characteristics, irrigation practices and management. Research on mungbean has specifically examined water-use 

efficiency under controlled conditions, demonstrating the importance of water-management strategies in improving 

mungbean productivity (Zhong et al., 2024). More broadly, pulse-based cropping systems can contribute to efficient 

use of available resources when combined with appropriate agronomic management (Kumar et al., 2023). 

 

3.7 Pulse Crops in Conservation Agriculture 
 
Pulse crops can play an important role in conservation agriculture through crop rotation, reduced soil disturbance, 

residue retention and crop diversification. These practices can influence soil physical, chemical and biological 

properties and may improve nutrient cycling and water management. Meta-analyses have shown that conservation-

agriculture components can affect soil organic carbon and total nitrogen storage and carbon mineralisation (He et 

al., 2023; N'Dri Bohoussou et al., 2022). In the Indo-Gangetic Plains, integration of pulses into diversified 

conservation-agriculture systems has been identified as an approach for improving soil health and crop 

productivity. Recent studies have highlighted the potential of diversified conservation agriculture to improve 

productivity and soil properties while reducing environmental impacts (Alekhya et al., 2024; Kumar et al., 2024). 

 

3.8 Pulse Crops and Climate-Smart Sustainable Agriculture 
 
Pulse crops can contribute to climate-smart agriculture through biological nitrogen fixation, crop diversification, 

nutrient cycling and potentially reduced dependence on synthetic nitrogen fertilisers. Improving nitrogen-use 

efficiency can also contribute to reducing environmental impacts associated with nitrogen fertiliser production and 

use. Crop diversification through the inclusion of legumes can improve the resilience and sustainability of cropping 

systems (Rubiales & Mikic, 2015; Zhao et al., 2022). Conservation agriculture and diversified cropping systems 

can additionally influence soil carbon dynamics and greenhouse-gas-related outcomes. Global analyses have shown 

that conservation-agriculture practices can affect carbon mineralisation and soil carbon and nitrogen storage (He et 

al., 2023; N'Dri Bohoussou et al., 2022). However, the magnitude of these benefits varies with soil type, climate, 

crop species, cultivar, nutrient availability and management practices. Therefore, location-specific research remains 

necessary for developing appropriate pulse-based management systems. 

 

3.9 Constraints to Pulse Production and Sustainable Utilisation 
 
Despite their potential contribution to sustainable agriculture, pulse crops face several biological, environmental 

and socioeconomic constraints. Important production constraints include insect pests, diseases, drought, heat stress, 

waterlogging, nutrient deficiencies, poor soil fertility and weed competition. Climate variability can affect crop 
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establishment, flowering, pod development and grain filling, thereby contributing to unstable productivity. Nutrient 

and management constraints are also important. The productivity response of legumes to phosphorus, potassium, 

sulphur and biological inoculants can vary according to soil and climatic conditions (Divito & Sadras, 2014; 

Buernor et al., 2022). Poor access to quality seed, improved varieties, extension services, mechanisation, markets 

and post-harvest facilities can further restrict the adoption and profitability of pulse production systems. 

Therefore, sustainable pulse production requires an integrated approach involving improved cultivars, balanced 

nutrient management, appropriate organic amendments, effective biofertilisers, improved crop establishment, water 

management, weed and pest management and suitable cropping-system diversification (Choudhary et al., 2020; 

Gupta et al., 2024; Kumar et al., 2023). Such integrated approaches can help increase pulse productivity while 

maintaining soil health, resource-use efficiency and environmental sustainability. 

 

Geographical Scope   
 

The review covers the global research undertaken on pulse crops across different agro-climatic regions of the 

world. Pulses such as chickpea, lentil, pigeonpea, mungbean, blackgram and cowpea play an important role in 

sustainable agriculture through biological nitrogen fixation, nutrient cycling, improvement of soil biological activity 

and crop diversification. Research conducted in different countries has examined pulse production, integrated 

nutrient management, soil health, resource-use efficiency and sustainable production practices under diverse 

environmental conditions. The review also encompasses studies from major pulse-growing regions across Asia, 

Africa, Europe, the Americas and other parts of the world. Special attention is given to the influence of soil 

properties, climate, cropping systems and crop management practices on pulse productivity, soil fertility and 

sustainability. The geographical scope further includes research on balanced fertilisation, organic manures, 

biofertilizers, water management, residue recycling and other resource-conserving practices. Overall, the review 

provides a comprehensive global perspective on the role of pulse crops in developing productive, sustainable and 

resource-efficient agricultural systems in various geographical regions of the world. 

 

Conclusions 
 
The literature reviewed shows that pulse crops play an important role in Sustainable Agriculture with their ability to 

fix biological N, to cycle nutrients, to increase soil biological activity and also to diversify. Pulse-based cropping 

systems can also help to boost productivity of subsequent crops and increase N & W Use efficiency. Balanced 

fertilisers, organic manures, biofertilisers, water use efficiency, residue recycling and appropriate varieties can be 

used to further improve these benefits. However, the performance and benefits of pulse crops depend upon soil, 

climate, crop sequence and management. There is still a lack of key research on long-term effects on soil organic 

carbon, soil nutrient balance, soil biological activity, water productivity and greenhouse-gas emissions. Therefore, 

long-term, multi-location and location-specific studies are required to facilitate a better understanding and 

improvement of the contribution of pulse crops to sustainable agriculture. 

 

Declaration of AI Use 
 
The manuscript was prepared through the intellectual contribution and efforts of the author(s) in design, data 

analysis, interpretation, and scholarly content of the manuscript. Grammarly and ChatGPT have been used only to 

help with the revision of the manuscript, with regard to grammar and reference formatting. The author(s) accept full 

responsibility for the accuracy, integrity and final content of the manuscript. 

 

Authorship contribution statement 
 
Abdulrauf Mohd Hamisu: Conceptualisation, Methodology, Investigation, Data Curation, Formal Analysis, 

Visualisation, Writing - Original Draft, and Writing - Review & Editing; Shyam Datta Waghmare, Nitesh 

Samadhiya, Ado Muhammad, Bala Usman Mustapha and Mannir Abdulmumini Yawale: Methodology, 

Supervision, Validation, and Writing - Review & Editing; Surender Singh Siwach, Kabiru Hamisu and Bashir 

Ahmad Babaj (Author 3 & 4): Validation, Visualisation, and Writing - Review & Editing. All the remaining 

authors contributed to the grammatical checkup. 

 

Declaration of competing interests 
 
The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper.  



Mohd Hamisu et al.                                                                                                                                                                              https://sjsmm.scholics.in/ 

Scholics-Society of Agriculture and Business Management | Vol. 1, No. 1 (2026) | CC BY 4.0 Page 10 of 13 

COPYRIGHT AND LICENCE 

© 2026 The Author(s). The Author(s) retain full copyright ownership of this article. Published by Scholics-

Society of Agriculture and Business Management, which holds a non-exclusive, worldwide, royalty-free 

licence to publish, reproduce, distribute and display the article in all formats (print and digital). 

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 

International License (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted 

use, distribution and reproduction in any medium, provided the original work is properly cited. You are free to 

share (copy and redistribute the material in any medium or format) and adapt (remix, transform and build upon 

the material) for any purpose, even commercially, as long as appropriate credit is given, a link to the licence is 

provided, and any changes are indicated. 

Publisher’s Note: Scholics-Society of Agriculture and Business Management remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations. The views and opinions expressed in this 

article are those of the author(s) and do not necessarily reflect those of the Publisher or the Editors. 

 

 

REFERENCES 
 

Agricultural Water Management. (2023). Water productivity of major pulses: A review. 281, 108249. 

Ahmed L & Kui (2023). Pulse crop effect on yield, resource use, and soil organic carbon in cereal - and oilseed-

based cropping systems. Field Crops Research 294, 108857. 

Alekhya, G., Darjee, S., Rajareddy, G., Reddy, K.S., Kumar, A.A. and Reddy, A.J. (2024). Integrating pulses into 

conservation agriculture for sustainable soil health and productivity in the Indo-Gangetic Plains. Journal of 

Scientific Research and Reports, 30(9), 560-570. 

Baite, N. A., Nongmaithem, D., Saya, D., Sentisuba, & Aier, I. (2023). Effect of phosphorus and potassium 

fertilization on summer greengram (Vigna radiata) varieties. The Indian Journal of Agricultural Sciences, 

93(10), 1144–1148. DOI: 10.56093/ijas.v93i10.126362 

Buernor, A. B., Kabiru, M. R., Bechtaoui, N., Jibrin, J. M., Asante, M., Bouraqqadi, A., Dahhani, S., Ouhdouch, Y., 

Hafidi, M. H., & Jemo, M. (2022). Grain legume yield responses to rhizobia inoculants and phosphorus 

supplementation under Ghana soils: A meta-synthesis. Frontiers in Plant Science, 13, 877433. DOI: 

10.3389/fpls.2022.877433 

Chaudhary, M., Singh, S., Babu, S. and Prasad, M. (2017). Effect of integrated nutrient management on 

productivity, nutrient acquisition and economics of blackgram (Phaseolus mungo L.) in an Inceptisol of eastern 

Uttar Pradesh. Legume Research, 41(5), 759–762. https://doi.org/10.18805/lr.v0i0.7850 

Choudhary, A.K., Varatharajan, T., Rohullah, R., Bana, R.S., Pooniya, V., Dass, A., Kumar, A. and Harish, M.N. 

(2020). Integrated crop management technology for enhanced productivity, resource-use efficiency and soil 

health in legumes: A review. The Indian Journal of Agricultural Sciences, 90(10). 

Choudhary, H., Devi, N. D., Rinwa, V., Singh, A., Roy, A., Shilpa, Rana, N., & Verma, R. (2025). Impact of 

integrated nutrient management on soil health and yield of mungbean: A review. Indian Journal of 

Agricultural Research, 59(4), 517–522. DOI: 10.18805/IJARe.A-6260 

Divito, G. A., & Sadras, V. O. (2014). How do phosphorus, potassium and sulphur affect plant growth and 

biological nitrogen fixation in crop and pasture legumes? A meta-analysis. Field Crops Research, 156, 161–

171. DOI: 10.1016/j.fcr.2013.11.004 

Divito, G.A. and Sadras, V.O. (2014). How do phosphorus, potassium and sulphur affect plant growth and 

biological nitrogen fixation in crop and pasture legumes? A meta-analysis. Field Crops Research, 156, 161 - 

171. https://doi.org/10.1016/j.fcr.2013.11.004.  

Drewnowski, A., & Conrad, Z. (2024). Pulse crops: Nutrient density, affordability, and environmental impact. 

Frontiers in Nutrition, 11, 1438369. DOI: 10.3389/fnut.2024.1438369 

FAO (2016). Soils and Pulses: Symbiosis for Life. FAO. The report discusses nitrogen fixation, soil fertility, carbon 

sequestration and sustainable agricultural systems. 

FAO (2018). Pulse Crops for Sustainable Farms in Sub-Saharan Africa. FAO. 

FAO (2023). The meta-analysis: soil carbon. Pulses at the core of sustainability are an attribute. Food and 

Agriculture Organisation of the United Nations. 

FAO (2025). Pulses and soils: A dynamic duo. Food and Agriculture Organisation of the United Nations. 

FAO. (2016). Pulses and their by-products. In Food and Agriculture Organisation of the United Nations, Rome, 

Italy. 

FAO. (2018). Pulse crops for sustainable farms in Sub-Saharan Africa.Food and Agriculture Organisation of the 

United Nations. 

FAO. (2024). Pulses and soils: A dynamic duo. Food and Agriculture Organisation of the United Nations. 

https://doi.org/10.18805/lr.v0i0.7850


Mohd Hamisu et al.                                                                                                                                                                              https://sjsmm.scholics.in/ 

Scholics-Society of Agriculture and Business Management | Vol. 1, No. 1 (2026) | CC BY 4.0 Page 11 of 13 

Field Crops Research. (2024). Enhancing productivity, soil health, and reducing global warming potential through 

diverse conservation agriculture cropping systems in India's Western Indo-Gangetic Plains. 315, 109476. 

Garnayak, L. M., Behera, S. D., Mangaraj, S., Paikaray, R. K., Patra, B., Sethi, D., Pradhan, S. R., & Jena, R. 

(2023). Crop and soil productivity of a rice-green gram system under integrative nutrient management. 

Agronomy Journal, 115, 2631–2645. DOI: 10.1002/agj2.21401 

Gopalakrishnan, M., & Gnanamalar, R. P. (2022). Recalibration of targeted yield equations through integrated plant 

nutrition system for greengram (Vigna radiata L.) on Alfisol. International Journal of Plant & Soil Science, 

34(21), 104–113. DOI: 10.9734/ijpss/2022/v34i2131262 

Gowda, C. L., Samineni, S., Gaur, P. M., and Saxena, K. B. et al. (2013). Enhancing the Productivity and 

Production of Pulses in India. ICRISAT. 

Gupta, A., Saharan, B. S., Sadh, P. K., & Duhan, J. S. (2024). Green to green: Harnessing bio-fertilizers for 

sustainable pulse production and food security. Discover Plants, 1, 73. DOI: 10.1007/s44372-024-00079-y 

He, C., Chen, Z., Qiu, K.-Y., Chen, J.-S., Bohoussou, Y. N., Dang, Y. P., & Zhang, H.-L. (2023). Effects of 

conservation agriculture on carbon mineralization: A global meta-analysis. Soil and Tillage Research, 233, 

105685. DOI: 10.1016/j.still.2023.105685 

Iheshiulo, E. M.-A., Larney, F. J., Hernandez-Ramirez, G., St. Luce, M., Liu, K., & Chau, H. W. (2023). Do 

diversified crop rotations influence soil physical health? A meta-analysis. Soil and Tillage Research, 233, 

105781. DOI: 10.1016/j.still.2023.105781 

Indian Journal of Agricultural Sciences. (2020). Integrated crop management technology for enhanced productivity, 

resource-use efficiency and soil health in legumes: A review—Indian Journal of Agricultural Sciences, 90(10). 

Kaur, R., Shivay, Y. S., Singh, G., Virk, H. K., Sen, S., & Rajni, R. (2018). Increasing area under pulses and soil 

quality enhancement in pulse-based cropping systems—Retrospect and prospects. The Indian Journal of 

Agricultural Sciences, 88(1), 10–21. DOI: 10.56093/ijas.v88i1.79543 

Kumar, N., Hashim, M., Nath, C.P., Hazra, K.K. and Singh, A.K. (2024). Pulses in conservation agriculture: An 

approach for sustainable crop production and soil health. Journal of Food Legumes, 36(1), 1 - 9. 

Kumar, S. P., Singh, N., Kishore, A., Parashar, A., Sharma, J. D., Reddy, K. S., & Teja, M. S. (2024). Effect of 

integrated nutrient management on growth and yield of green gram [Vigna radiata (L.) Wilczek]. Journal of 

Food Legumes, 37(1), 114–116. DOI: 10.59797/jfl.v37.i1.185 

Kumar, S., et al. (2023). Changes in soil microbial biomass, diversity, and activity with crop rotation in cropping 

systems: A global synthesis. Applied Soil Ecology, 186, 104815. DOI: 10.1016/j.apsoil.2023.104815 

Kumar, S., Gopinath, K. A., Sheoran, S., Meena, R. S., Srinivasarao, C., Bedwal, S., Jangir, C. K., Mrunalini, K., 

Jat, R., & Praharaj, C. S. (2023). Pulse-based cropping systems for soil health restoration, resources 

conservation, and nutritional and environmental security in rainfed agroecosystems. Frontiers in Microbiology, 

13, 1041124. DOI: 10.3389/fmicb.2022.1041124 

Lakshman, C. H., Raval, H. K., Patel, H. K., Yadav, S. L., Birla, D., Choudhary, P., & Choudhary, M. (2023). 

Integrated nutrient management on semi rabi green gram. International Journal of Plant & Soil Science, 

35(18), 1511–1519. DOI: 10.9734/ijpss/2023/v35i183419 

Li, G., Tang, X., Hou, Q., Li, T., Xie, H., Lu, Z., Zhang, T., Liao, Y., & Wen, X. (2023). Response of soil organic 

carbon fractions to legume incorporation into cropping system and the factors affecting it: A global meta-

analysis. Agriculture, Ecosystems & Environment, 342, 108231. DOI: 10.1016/j.agee.2022.108231 

Li, G., Yu, C., Shen, P., Hou, Y., Ren, Z., Li, N., Liao, Y., Li, T., & Wen, X. (2024). Crop diversification promotes 

soil aggregation and carbon accumulation in global agroecosystems: A meta-analysis. Journal of 

Environmental Management, 350, 119661. DOI: 10.1016/j.jenvman.2023.119661 

Liu, X., Tan, S., Song, X., Wu, X., Zhao, G., Li, S., & Liang, G. (2022). Response of soil organic carbon content to 

crop rotation and its controls: A global synthesis. Agriculture, Ecosystems & Environment, 335, 108017. DOI: 

10.1016/j.agee.2022.108017 

Luo, G., Li, L., Friman, V.-P., Guo, J., Guo, S., Shen, Q., & Ling, N. (2018). Organic amendments increase crop 

yields by improving microbe-mediated soil functioning of agroecosystems: A meta-analysis. Soil Biology and 

Biochemistry, 124, 105–115. DOI: 10.1016/j.soilbio.2018.06.002 

Mangaraj, S., Paikaray, R. K., Garnayak, L. M., Behera, S. D., Patra, B., Sethi, D., Pradhan, S. R., & Jena, R. 

(2023). Crop and soil productivity of a rice-green gram system under integrative nutrient management. 

Agronomy Journal, 115, 2631–2645. DOI: 10.1002/agj2.21401 

Meena, R. S., Verma, T., Verma, S. K., Singh, A., Kumar, S., & Gurjar, D. S. (2020). Influence of organic and 

inorganic sources of nutrients on growth, yield and quality of mungbean (Vigna radiata). The Indian Journal of 

Agricultural Sciences, 90(11), 1013–1018. DOI: 10.56093/ijas.v90i11.108601 

Mohit, & Kumar, V. (2022). Integrated nutrient management in green gram (Vigna radiata L.). Journal of Eco-

friendly Agriculture, 17(1), 52–55. DOI: 10.5958/2582-2683.2022.00011.9 

Narendra K, Shivani S, Subhash K, CP Nath, Md. Hashim, KK Hazra, et al. (2026). Pulses for sustainable 

agriculture: Enhancing productivity, soil health and environmental services. Journal of Food Legumes. 

DOI:10.53550/jfl.v39.ncpspl.327 

https://doi.org/10.53550/jfl.v39.ncpspl.327


Mohd Hamisu et al.                                                                                                                                                                              https://sjsmm.scholics.in/ 

Scholics-Society of Agriculture and Business Management | Vol. 1, No. 1 (2026) | CC BY 4.0 Page 12 of 13 

N'Dri Bohoussou, Y., Kou, Y.-H., Yu, W.-B., Lin, B.-J., Virk, A. L., Zhao, X., Dang, Y. P., & Zhang, H.-L. (2022). 

Impacts of the components of conservation agriculture on soil organic carbon and total nitrogen storage: A 

global meta-analysis. Science of the Total Environment, 842, 156822. DOI: 10.1016/j.scitotenv.2022.156822 

Nekesa, T., Jaquet, S., Calles, T., Katsir, S., & Vollmann Tinoco, V. (2024). Fields of harmony: Pulses and 

sustainable land management. 

Palsaniya, S., Puniya, R., Sharma, A., Bazaya, B. R., & Kachroo, D. (2016). Effect of sowing dates and varieties on 

growth, yield and nutrient uptake of summer mungbean (Vigna radiata). Indian Journal of Agronomy, 61(2), 

256–258. DOI: 10.59797/ija.v61i2.4359 

Paramesh, V., Mohan Kumar, R., Rajanna, G. A., Gowda, S., Nath, A. J., Madival, Y., Jinger, D., Bhat, S., & 

Toraskar, S. (2023). Integrated nutrient management for improving crop yields, soil properties, and reducing 

greenhouse gas emissions. Frontiers in Sustainable Food Systems, 7, 1173258. DOI: 

10.3389/fsufs.2023.1173258 

Patel, T. U., Patel, A. J., Thanki, J. D., & Arvadiya, M. K. (2018). Effect of land configuration and nutrient 

management on greengram (Vigna radiata). Indian Journal of Agronomy, 63(4), 472–476. DOI: 

10.59797/ija.v63i4.5682 

Pir, F.A., Nehvi, F.A., Manzar, A., Dar, S.A. and Allai, B.A. (2009). Integrated phosphorus management in 

mungbean in Kashmir Valley. Trends in Biosciences, 2(2), 25–26.  

Pittelkow, C. M., Wortman, S. E., Miernicki, E., Holmes, A. A., Knoche, K., & others. (2017). First-season crop 

yield response to organic soil amendments: A meta-analysis. Agronomy Journal, 109(4), 1210–1217. DOI: 

10.2134/agronj2016.10.0627 

Primieri, S., Magnoli, S. M., Koffel, T., Stürmer, S. L., & Bever, J. D. (2022). Perennial, but not annual legumes 

synergistically benefit from infection with arbuscular mycorrhizal fungi and rhizobia: A meta-analysis. New 

Phytologist, 233(1), 505–514. DOI: 10.1111/nph.17787 

Rubiales, D., & Mikic, A. (2015). Introduction: Legumes in sustainable agriculture. Critical Reviews in Plant 

Sciences, 34(1–3), 1–3. DOI: 10.1080/07352689.2014.897896 

Sande, T. J., Tindwa, H. J., Alovisi, A. M. T., Shitindi, M. J., & Semoka, J. M. (2024). Enhancing sustainable crop 

production through integrated nutrient management: A focus on vermicompost, bio-enriched rock phosphate, 

and inorganic fertilisers—A systematic review. Frontiers in Agronomy, 6, 1422876. DOI: 

10.3389/fagro.2024.1422876 

Sandeep Sihag, Gopinath K.A., Seema Sheoran, Ram Swaroop Meena, Ch. Srinivasarao et al. (2023). Pulse-based 

cropping systems for soil health restoration, resource conservation, and nutritional and environmental security 

in rainfed agroecosystems. Frontiers in Microbiology.DOI:10.3389/fmicb.2022.1041124 

Sasmal, S. S., Nanda, S., Dash, S., & Subhadarshi, S. (2024). Nutrient management through organic and inorganic 

sources of nutrition in summer greengram (Vigna radiata). Indian Journal of Agronomy, 69(4), 484–486. DOI: 

10.59797/ija.v69i4.5556 

Siddiqui, A., Sharma, S., Kumar, A., Sachan, R., Singh, A. K., Akhtar, Z., & Saxena, P. (2024). Assessing the 

effect of phosphorus, molybdenum and Rhizobium inoculation on growth, yield and yield attributes of 

mungbean (Vigna radiata L.) under rainfed conditions. Asian Journal of Soil Science and Plant Nutrition, 

10(3), 425–432. DOI: 10.9734/ajsspn/2024/v10i3354 

Tadiello, T., Acutis, M., Perego, A., Schillaci, C., & Valkama, E. (2023). Soil organic carbon under conservation 

agriculture in Mediterranean and humid subtropical climates: Global meta-analysis. European Journal of Soil 

Science, 74(1), e13338. DOI: 10.1111/ejss.13338 

Tiwari, A., Tripathi, A. K., & Pathak, J. (2020). Response of mungbean (Vigna radiata L.) cultivars to integrated 

nutrient management in Bundelkhand region of Uttar Pradesh. Journal of Food Legumes, 33(4). DOI: 

10.59797/jfl.v33i4.576 

Tomer, R., Kumar, S., Kumar, R., Rathi, N., & Bhoi, S. (2021). Effect of tillage and integrated nutrient 

management practices on greengram (Vigna radiata) crop. The Indian Journal of Agricultural Sciences, 91(9), 

1316–1321. DOI: 10.56093/ijas.v91i9.116078 

Uebersax, M. A. (2023). Dry beans (Phaseolus vulgaris L.) as a vital component of sustainable agriculture and food 

security—A review. Legume Science, 5(1), e155. DOI: 10.1002/leg3.155 

Wang, S., Liu, J., Liu, Y., & Tian, C. (2024). Application of rhizobium inoculation in regulating heavy metals in 

legumes: A meta-analysis. Science of the Total Environment, 945, 173923. DOI: 

10.1016/j.scitotenv.2024.173923 

Wu, W., & Ma, B. (2015). Integrated nutrient management (INM) for sustaining crop productivity and reducing 

environmental impact: A review. Science of the Total Environment, 512–513, 415–427. DOI: 

10.1016/j.scitotenv.2014.12.101 

Zawar, S., Muhammad, W.Y., Muhammad, M.A., Mudassir, A., Muhammad, I., Taha, I. (2026). Sustainable soil 

management and climate adaptation through pulses cultivation: A comprehensive review. Sarhad Journal of 

Agriculture, 42(4), 1538–1550. 

https://www.researchgate.net/profile/Sandeep-Sihag?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Gopinath-Ka?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Seema-Sheoran-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Ram-Swaroop-Meena?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Ch-Srinivasarao-2240663388?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.3389/fmicb.2022.1041124


Mohd Hamisu et al.                                                                                                                                                                              https://sjsmm.scholics.in/ 

Scholics-Society of Agriculture and Business Management | Vol. 1, No. 1 (2026) | CC BY 4.0 Page 13 of 13 

Zhao, J., Chen, J., Beillouin, D., Lambers, H., Yang, Y., Smith, P., Zeng, Z., Olesen, J. E., & others. (2022). Global 

systematic review with meta-analysis reveals yield advantage of legume-based rotations and its drivers. Nature 

Communications, 13, 4926. DOI: 10.1038/s41467-022-32464-0 

Zhong, Y., Singh, V., Dieters, M., Basford, K., Chauhan, Y., Hunter, M., & Arief, V. (2024). Evaluation of water 

use efficiency in mungbean using the inverted-bottle pot system. Crop Breeding, Genetics and Genomics, 6(4), 

e240007. DOI: 10.20900/cbgg20240007 

 

 

 

 

 


