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Abstract

Intercropping is one of the ancient cropping systems that involves growing two or more crops together 
in the same field. Effective intercropping system management warrants to prevent crops from competing 
for space, moisture, nutrients, sunlight, and other resources. Combining legumes and non-legumes in an 
intercropping system offers significant benefits, such as reducing moisture scarcity and nutrient stress, 
while boosting overall productivity and soil health. Legumes play a key role in enhancing the soil’s 
chemical, biological, and physical properties, which helps counteract the declining productivity often 
seen in cereal-based cropping systems. The critical factors are choosing the right intercrops, determining 
the optimal nitrogen doses for non-legumes, and considering the benefits of biological nitrogen fixation 
(BNF) from legumes. Assessing the benefits of intercropping compared to sole cropping is vital for 
determining agricultural productivity. Intercropping systems should be evaluated for increased crop 
productivity and resource-use efficiency and their impact on soil health. This review highlights the 
potential of legume-based intercropping systems in improving soil quality.

Highlights

mm The combination of legumes and non-legumes can ensure multi-faceted benefits towards agricultural 
sustainability.

mm The legume-based intercropping system can ensure the improvement of the soil health.

Keywords: Intercropping system, soil physical properties, soil chemical properties, soil biological 
properties, agricultural sustainability, smallholders

The global human population is projected to exceed 
9.8 billion by 2050 as projected by the United 
Nations (UN, 2023). This significant increase poses a 
daunting challenge: how to feed a rapidly growing 
population sustainably. To address this issue, 
agriculture must harness scientific advancements 
and technological innovations developed over the 
years. Such progressions include precision farming, 
adoption of crops and cropping systems with higher 
productivity, and advanced irrigation techniques 

with soil moisture conservation, which have shown 
promise in enhancing agricultural productivity 
and sustainability (FAO, 2017; Nduwimana et al. 
2020; Ravi Sankar et al. 2020; Mwakidoshi et al. 
2021; Ray et al. 2024).). However, the agricultural 
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sector must minimize its reliance on fossil fuels. 
Fossil fuel dependency is a major contributor 
to greenhouse gas emissions, leading to global 
warming, biodiversity loss, and environmental 
pollution. The Intergovernmental Panel on Climate 
Change (IPCC, 2023) and various other studies 
have highlighted the urgent need to reduce fossil 
fuel usage in agriculture to mitigate these harmful 
effects (Roy et al. 2002; Shivanna, 2022; Santosh et 
al. 2023). Transitioning to renewable energy sources 
and adopting more sustainable farming practices 
are crucial steps in this direction.
Climate change and global warming present 
s ignif icant  threats  to  agricul ture .  Ris ing 
temperatures, unpredictable weather patterns, and 
increased frequency of extreme weather events can 
adversely affect crop yields. These changes impose 
abiotic stresses on crops, such as drought, heat 
stress, and flooding, which can severely impact food 
production (Baidya et al. 2023; Maitra et al. 2023a). 
Therefore, developing resilient crop varieties and 
improving farming practices to withstand these 
stresses are essential for ensuring food security. In 
addition to climate challenges, essential resources 
for crop production, particularly soil and water, 
are increasingly polluted and degraded due to 
improper usage and management (Tomar et al. 
2021). Overuse of chemical fertilizers and pesticides, 
along with inadequate waste management, leads to 
soil degradation and water contamination (Mondal 
et al. 2023; Pramanick et al. 2021; Maitra et al. 2023b). 
This pollution reduces soil fertility and adversely 
affects the health of agricultural ecosystems, 
further complicating the challenge of sustainable 
agriculture.
Furthermore, there is a noticeable reduction in arable 
land and a scarcity of water resources for agricultural 
purposes. Urbanization, industrialization, and 
climate change contribute to the shrinkage of 
available agricultural land and the depletion of 
water resources (Samadder et al. 1997; Tomar et 
al. 2021). Efficient land use planning and water 
management strategies are essential to optimize the 
use of these limited resources. Balancing the need 
for increased food production with the preservation 
of soil health and environmental integrity is a 
critical challenge. It requires a holistic approach 
that integrates sustainable farming practices, 
soil conservation techniques, and ecosystem 

management (Maitra et al. 2001a; Lal et al. 2003; 
FAO, IFAD, UNICEF, WFP, and WHO, 2023). 
The goal is to enhance crop productivity without 
compromising soil fertility, environmental health, 
and food quality (Lal et al. 2003; Pozza and Field, 
2020). Therefore, it is imperious to explore and 
implement ways to boost crop yields while ensuring 
the sustainability of soil and environmental factors. 
This includes adopting conservation agriculture, 
agroforestry, organic farming, and integrated pest 
management practices. These strategies not only 
improve productivity but also maintain ecosystem 
services and promote biodiversity (Maitra et al. 2020; 
Maitra and Gitari, 2020). By focusing on sustainable 
agricultural practices, we can address the food 
security challenges of the future while preserving 
the planet for future generations.
Enhancing plant diversity in agricultural systems 
is essential for sustainable farming (Cheptoek et 
al. 2021; Heydarzadeh et al. 2021; Cappelli et al. 
2022; Mwadalu et al. 2022). Farmers frequently 
use synthetic nitrogen (N) fertilizers to achieve 
immediate crop yield enhancement (Jena et al. 2020; 
Sairam et al. 2023a, b). Nevertheless, the overuse 
and imbalance of these fertilizers can cause long-
term deterioration of soil health (Maitra et al. 2021; 
Panda et al. 2021). Sustainable crop production 
in the future will likely heavily rely on legumes’ 
ability to fix nitrogen through symbiosis (Maitra 
et al. 2023b; Jena et al. 2022; Pramanick et al. 2023; 
Sairam et al. 2023c,d). Incorporating legumes in 
crop rotations or intercropping them with other 
plants contributes to carbon sequestration, nitrogen 
storage, and increased biodiversity (Praharaj and 
Maitra, 2020). Thus, leveraging the biological 
nitrogen fixation (BNF) capabilities of legumes 
is crucial for reducing dependence on synthetic 
nitrogen fertilizers, as highlighted by Nieder and 
Benbi (2008). Additionally, this approach can 
help decrease the carbon footprint of agricultural 
production (Gan et al. 2011).
The goal of legume-based intercropping is to boost 
yields from a given area by efficiently utilizing 
resources that a single crop might not fully exploit 
(Palai et al. 2019; Hossain et al. 2022; Islam et al. 
2023). Effective intercropping management is 
essential to avoid crop competition for space, 
sunlight, and nutrients (Maitra et al. 2023c). An ideal 
intercropping system maximizes natural resource 
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use, increases productivity per unit area within a 
set timeframe, and reduces the risk of crop failure 
(Manasa et al. 2018, 2020). Intercropping typically 
demonstrates higher biological efficiency than 
sole cropping by accessing a larger volume of soil 
(Chamkhi et al. 2022). This extensive soil resource 
utilization enhances the overall effectiveness of 
intercropping systems.
Intercropping has ancient origins and plays a 
significant role in achieving Sustainable Development 
Goals (SDGs), as Maitra et al. (2023c) mentioned. 
Growing compatible crops together offers various 
socioeconomic, biological, and ecological benefits 
compared to monocropping (Maitra, 2018; Maitra, 
2020; Maitra et al. 2019; Santosh et al. 2022). It enhances 
ecosystem biodiversity by providing habitats for 
insects and soil organisms absent in monoculture 
systems (Maitra and Ray, 2019). Natural predators 
like spiders and parasitic wasps help control crop 
pests by managing their populations (Veres et al. 
2013). Given legumes’ well-documented biological 
nitrogen fixation (BNF) capabilities, incorporating 
them into cropping systems as intercrops or 
sequential crops is beneficial (Mirriam et al. 2022; 
Bedoussac et al. 2015). Legumes improve soil fertility 
through BNF, reducing nitrogen competition, 
especially with more competitive cereals (Praharaj 
and Maitra, 2020; Ray and Sairam, 2024). This 
integration ensures complementary and efficient 
use of nitrogen resources (Sarkar et al. 2000; Panda 
et al. 2020; Sain et al. 2023; Priya et al. 2023).

Sustainable Intensification of Crops through 
Intercropping Systems

Intercropping applies fundamental ecological 
principles—diversity, competition, and facilitation—
to boost crop production (Maitra et al. 2001a, b; 
Bedoussac et al. 2015; Mandal et al. 2018). Typically, 
intercropping systems yield higher productivity 
than sole cropping systems (Maitra et al. 2000; Panda 
et al. 2022b) because of the more efficient use of 
water, light, and nutrients in intercropping, leading 
to increased yields (Bedoussac et al. 2015). The 
different rooting patterns of cereals and legumes 
in intercropping systems improve water uptake 
and transpiration, reducing water loss through 
evaporation or deep percolation (Sandeep Kumar 
et al. 2019; Maitra et al. 2021; Chappa et al. 2022). 
Additionally, the higher leaf cover in intercropping 

creates a cooler microclimate through transpiration, 
lowering soil temperature and evaporation rates 
(Miao et al. 2016). This cooling effect is significant 
when soil moisture is limited, as intercropping uses 
available water more effectively than sole cropping 
(Nyawade et al. 2020).
Soil exploration is more efficient in intercropping 
systems than in single-crop cultivation (Li et 
al. 2023). Combining two or more crops results 
in better soil coverage, reducing weed growth, 
runoff, and soil and nutrient loss (Huss et al. 2022). 
In intercropping systems, crops with different 
competitive abilities effectively use available 
resources like water, nutrients, and sunlight, 
converting them into biomass or yield (Lithourgidis 
et al. 2011; Mugi-Ngenga et al. 2023; Maitra et al. 
2023c). The performance of intercropping systems 
can be influenced by factors such as the choice 
of cultivars, seeding ratios, and the competitive 
interactions between crops (Maitra et al. 2019; Paul 
et al. 2024).

Legumes in Intercropping System: 
Multifaceted benefits

The cereal-legume intercropping system is often 
advocated as a strategy to mitigate the risk of 
crop failure, especially under rainfed conditions. 
However, its primary goal is to enhance and sustain 
agricultural production (Ali et al. 2012; Chimonyo 
et al. 2023). This method efficiently uses water, soil 
nutrients, and light resources, leading to higher 
productivity (Demie et al. 2022). While cereals tend 
to deplete nutrients from the upper soil layers 
(Maitra et al. 2019; Ladha et al. 2022), legumes 
fix atmospheric nitrogen and enrich soil fertility, 
reducing competition for limited soil nutrients 
(Jensen et al. 2020). Legumes also access nutrients 
from deeper soil layers with their extensive taproot 
systems (Nadeem et al. 2023). This intercropping 
practice is crucial in subsistence agriculture, 
providing a variety of food crops to resource-poor 
smallholders (McAlvay et al. 2022). Additionally, 
cereal-legume intercropping aids in soil and water 
conservation on marginal lands (Chimonyo et 
al. 2023), ensures yield stability (Fu et al. 2023), 
manages weeds effectively (Leoni et al. 2022), and 
enhances the quality, availability, and preservation 
of fodder for animal consumption (Leoni et al. 2022).
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The diverse rooting patterns, growth characteristics, 
nutrient requirements, and crop durations of 
different plants give them the adaptability to thrive 
in challenging conditions. Intercropping legumes 
like soybeans with cereals such as maize, sorghum, 
and pearl millet reduces competition for essential 
growth factors within these systems. Additionally, 
the shorter stature of legumes like soybean, green 
gram, black gram, cowpea, and groundnut makes 
them suitable for intercropping with various cereals 
(Chikowo et al. 2022).
When legumes and non-legumes are grown together 
in an intercropping system, they should adequately 
prefer to utilize available resources and minimize 
competition fully. To ensure the success of a cereal-
legume intercropping system, factors such as spatial 
arrangement, plant density, and the maturity of the 
component crops must be considered (Leoni et al. 
2022). An additive intercropping system is used for 
widely spaced cereals like maize, often resulting 
in higher yields from the total area. Conversely, 
for closely spaced cereals such as rice, wheat, and 
finger millet, a replacement series of intercropping 
systems is employed, where legumes replace some 
cereal plants. This replacement system sometimes 
uses close spacing or a higher seeding rate to ensure 
yield benefits.

Nitrogen Transfer by Legumes to Non-legume 
in Intercropping Systems

When cereals and legumes are grown together in 
an intercropping system, the cereal’s nitrogen (N) 
nutrition is enhanced by the transfer of biologically 
fixed N from the legume (Willey et al. 1983). 
This transfer helps increase the productivity and 

sustainability of the cereal-legume intercropping 
system (Zhao et al. 2022; Kinyua et al. 2023). 
Although cereals intercropped with legumes receive 
some nitrogen, it may not be sufficient for optimal 
growth (Stern, 1993; Crews et al. 2022). Information 
on the amount of nitrogen transferred from legumes 
to intercropped cereals and the optimal nitrogen 
dose for cereal-legume intercropping systems is 
limited. The extent of nitrogen uptake also depends 
on how much nitrogen is made available to the 
intercropped cereal. Determining the adequate 
nitrogen amount for cereal crops in intercropping 
systems to maximize the benefits of biologically 
fixed nitrogen from legumes would be valuable 
(Lai et al. 2022).

Legume-based Intercropping System for Soil 
Quality Improvement

Leguminous crops are known for restoring soil 
fertility (Bedoussac et al. 2015; FAO, 2023). They 
possess unique traits such as deep rooting, nitrogen 
fixation, leaf shedding, and the mobilization of 
insoluble soil nutrients (Ebbisa, 2022). These 
characteristics help improve the soil’s chemical, 
biological, and physical properties, addressing 
the productivity decline often seen in continuous 
cereal-cereal systems (Ganeshamurthy, 2009; Savci, 
2012). Integrating pulses into intensive cereal-based 
systems is a crucial aspect of the integrated plant 
nutrient supply system. Therefore, pulses provide a 
viable option for enhancing soil health, conserving 
natural resources, and promoting agricultural 
sustainability (Fig. 1). The impacts of intercropping 
pulses with non-legumes on soil physicochemical 
and biological properties are narrated under the 
following subheadings.

Fig. 1: Legumes-based intercropping system for the improvement of soil quality
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Soil Physical Properties

Smallholder farmers favour the cereal-legume 
intercropping system for its flexibility, profit 
maximization, risk reduction of total crop failure, soil 
preservation, weed control, and integrated nutrient 
management (FAO, 2012; Rahman, 2021). Water 
availability is a crucial factor affecting productivity 
in grain legume intercropping systems. Enhancing 
water use efficiency (WUE) in these systems helps 
maximize resource use, particularly by conserving 
water through early foliage cover and increased leaf 
area (Maitra et al. 2023c). However, under limited 
water conditions, WUE in intercropping can be 
higher than in sole crop cultivation, which may 
result in reduced yields (Gou et al. 2017).
Intercropping with various crops helps control 
soil erosion by preventing raindrops from directly 
striking the soil surface, thereby minimizing the 
sealing of surface pores. This practice improves 
water infiltration and reduces runoff (Maitra et al. 
2021). Experiments have shown that deep-rooted 
pigeon pea acts as a bio-irrigator, sharing moisture 
with shallow-rooted finger millet (Saharan et al. 
2018; Singh et al. 2020). Chai et al. (2013) also noted 
a 95% increase in water use efficiency (WUE) in 
a maize-pea intercropping system compared to a 
pure peas stand. Taller crops in mixed intercropping 
systems serve as wind barriers for shorter crops, 
while the dense canopy of legumes functions as a 
cover crop. Intercropping also conserves resources 
and promotes soil health by reducing runoff, 
soil erosion, and nutrient loss (Gitari et al. 2019; 
Maitra et al. 2023). A higher level of ground cover 
in intercropping minimizes the chances of runoff, 
soil erosion, and nutrient loss (Nyawade et al. 
2019; Maitra, 2020). For example, in agroforestry, 
Gliricidia alley cropping can reduce runoff by 28.2% 
and soil loss by 49.3-51.1% compared to no alley 
cropping. When sown in contour, the combination 
of finger millet and black gram showed the lowest 
runoff (10.2%) and minimal soil and nutrient loss, 
as black gram provided substantial ground cover 
(Dass et al. 2010). Legumes improve soil organic 
matter (SOM), enhancing soil structure, cultivability, 
air circulation, water retention, and buffering 
capacity (Vasconcelos et al. 2020; Kebede, 2021). 
The decomposition of SOM releases nutrients for 
plant growth and promotes better soil aggregation, 
stability, and resistance to erosion (Yadav et al. 

2017). Grain legume residues with narrow carbon-
to-nitrogen (C/N) ratios decompose quickly, 
boosting SOM and improving soil aggregation while 
reducing bulk density. For instance, incorporating 
mung bean stover in a rice-wheat-mung bean 
sequence decreased soil bulk density and increased 
hydraulic conductivity (Ganeshamurthy et al. 2006).

Soil Chemical Properties

Enhanced nutrient uptake in intercropping systems 
can occur both spatially and temporally. Spatially, 
increased root mass facilitates nutrient uptake, while 
temporally, improved nutrient uptake occurs when 
the nutrient demand among component crops is 
not synchronized. In systems where species exhibit 
diverse establishment and uptake behaviors, such as 
cereal-legume intercropping, the efficient utilization 
of available nutrients leads to higher nitrogen (N) 
uptake compared to monocrops (Fujita and Ofosu-
Budu, 1996). Legumes can alter the soil pH in the 
rhizosphere, creating a microenvironment that 
enhances nutrient availability for cereals (Goyal and 
Habtewold, 2023). Since pulses derive a significant 
portion of their nitrogen from the air as diatomic 
nitrogen rather than from the soil as nitrate (NO3), 
their overall effect is to lower soil pH.
Legume residues initially lead to some nitrogen 
immobilization, but their prolonged use in 
intercropping systems ultimately enhances soil 
nutrient levels by increasing Soil Organic Matter 
(SOM) (Wortmann et al. 2000; Kebede, 2021). SOM, 
in turn, improves soil physical, chemical, and 
biological properties, potentially reducing erosion 
and boosting water and nutrient availability (Tahat 
et al. 2020; Paramesh et al. 2023). The concept of 
nitrogen “sparing” involves legumes providing 
nitrogen to the intercrop. By fixing atmospheric 
nitrogen, legumes reduce their dependence on 
mineral nitrogen from the soil, thereby conserving 
soil mineral nitrogen for other crops, particularly 
cereals in intercropping systems. Certain legumes, 
such as pigeon pea, have robust deep roots that 
enable them to access plant nutrients from deep soil 
layers inaccessible to cereal crops. These nutrients 
are later returned to the soil surface through 
residue decomposition, supporting nutrient cycling. 
Additionally, beneficial rhizobacteria, known as 
Plant Growth Promoting Rhizobacteria (PGPR), 
enhance root depth and density (Baudoin et al. 2009), 



 Maitra et al.

64Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

thereby enabling plants to absorb higher quantities 
of primary, secondary, and micronutrients from a 
larger soil volume (Elkoca et al. 2010).

Soil Biological Properties

The amount of nitrogen fixed by legumes in legume-
based intercropping systems depends on several 
factors, including the specific legume type, crop 
structure, intercrop density, farming methods, and 
the competitive interactions between the crops. In 
a maize and cowpea intercropping setup, it was 
estimated that cowpea contributes approximately 
41 kg of nitrogen per hectare to the soil through 
Biological Nitrogen Fixation (BNF) (Eaglesham et al. 
1981). Additionally, Fujita et al. (1992) noted a 20% 
increase in sorghum yield in soils with high available 
nitrogen when intercropped with soybeans. While 
sorghum mainly utilizes soil nitrogen and applied 
fertilizers, soybeans rely heavily on BNF. Research 
suggests that nearby non-legumes can benefit from 
nitrogen transferred by legumes (Thilakarathna et 
al. 2016; Reilly et al. 2022; Mirriam et al. 2022). This 
nitrogen transfer occurs through root exudates, 
nitrogen released from leaves, leaf litter, and 
faunal excreta within the intercropping system 
(Canarini et al. 2019; Valenzuela, 2023). Moreover, 
Rhizobium species associated with legumes have 
been found to suppress the growth of certain soil-
borne pathogens like Fusarium spp. and Phytophthora 
spp. (Buonassisi et al. 1986; Omar et al. 1998). The 
presence of Rhizobium enhances the population of 
other beneficial microbes such as Pseudomonas spp. 
(Hayat et al. 2010).
Nitrogen fixed by a leguminous crop component 
can become available to the cereal intercrop during 
the growing season, referred to as immediate 
nitrogen exchange (Vanlauwe et al. 2019; Kebede, 
2021). Furthermore, the benefits to associated 
non-leguminous crops in intercropping systems 
depend on crop densities, the proximity of legume 
and non-legume crops, and the developmental 
stages of the legume (Maitra et al. 2021). Pulses 
are noted for their ability to improve the soil 
microbial environment (Maitra and Ray, 2019), 
releasing unused nitrate fixed through symbiotic 
nitrogen fixation into the soil (Reinprecht et al. 
2020; Soumare et al. 2020). Additionally, they 
release low molecular weight organic compounds 
as exudates, which serve as substrates for soil 

microorganisms, thereby increasing microbial 
populations. Grain legumes create favourable 
conditions for the growth and development of 
soil microorganisms. The soil microbial biomass, 
consisting of viable microorganisms, parasites, soil 
microfauna, and algae, benefits from organic inputs 
from grain legume crops (Kumar and Goh, 2000). 
Soil enzymatic activity, including dehydrogenase, 
urease, protease, phosphatase, and β-glucosidase, 
is enhanced by grain legume crops (Jat et al. 2021; 
Kanté et al. 2021; Mir et al. 2023). In cereal-legume 
intercropping systems, interspecific facilitation 
in phosphorus uptake occurs when one species 
increases soil phosphorus availability, benefiting 
the intercropped companion species (Maitra and 
Ray, 2019).

Conclusion
The importance of  intercropping systems 
involving both legumes and non-legumes is 
widely acknowledged for enhancing productivity, 
profitability, and maintaining soil health through 
improvements in physical ,  chemical ,  and 
biological soil parameters. This approach offers 
significant potential to increase food production 
on marginal and degraded lands, especially 
in the context of climate change in developing 
nations. However, effectively harnessing available 
resources necessitates identifying suitable cereals 
and legumes specific to each location and arranging 
them optimally. Moreover, determining the ideal 
nitrogen fertilizer application rates is crucial to 
maximizing nutrient productivity and profitability 
across diverse legume-nonlegume intercropping 
systems. To encourage widespread adoption of 
such intercropping systems, particularly among 
marginalized and resource-constrained farming 
communities, large-scale demonstrations and the 
dissemination of scientific knowledge through 
extension services are essential for the sustainable 
advancement of global agriculture.

References
Ali, R.I., Awan, T.H., Ahmad, M., Saleem, M.U. and Akhtar, 

M. 2012. Diversification of rice-based cropping systems 
to improve soil fertility, sustainable productivity and 
economics. J. Anim. Plant. Sci., 22(1): 108-112.

Baidya, A., Atta, K., Ali, M.A., Shah, M.H., Adhikary, S., 
Mondal, S., Maitra, S. and Hossain, A. 2023. Abiotic 
stress-induced ROS production in wheat: Consequences, 



Applauding Soil Quality Improvement through Legume-based Intercropping System

65Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

survival mechanisms, and mitigation strategies. In: Khan, 
M.K., Pandey, A., Hamurcu, Gupta, O.P. and Gezgin, S. 
(Ed.) Abiotic Stress in Wheat, Academic Press, Cambridge, 
US, pp. 131 - 140. 

Baudoin, E., Nazaret, S., Mougel, C., Ranjard, L. and 
Moënne-Loccoz, Y. 2009. Impact of inoculation with the 
phytostimulatory PGPR Azospirillum lipoferum CRT1 on 
the genetic structure of the rhizobacterial community of 
field-grown maize. Soil. Biol. Biochem., 41: 409-413.

Bedoussac, L., Journet, E.P., Hauggaard-Nielsen, H., Naudin, 
C., Corre-Hellou, G., Jensen, E.S., Prieur, L. and Justes, 
E. 2015. Ecological principles underlying the increase of 
productivity achieved by cereal-grain legume intercrops 
in organic farming: a review. Agron. Sustain. Dev., 35: 
911–935.

Buonassisi, A.J., Copeman, R.J., Pepin, H.S. and Eaton, G.W. 
1986. Effect of Rhizobium spp. on Fusarium solani f. sp. 
phaseoli, Can. J. Plant Pathol., 8: 140–146.

Canarini, A., Kaiser, C., Merchant, A., Richter, A. and 
Wanek, W. 2019. Root exudation of primary metabolites: 
mechanisms and their roles in plant responses to 
environmental stimuli. Front. Plant Sci., 10: 157.

Cappelli, S.L., Domeignoz-Horta, L.A., Viviana Loaiza, V. and 
Laine, A.L. 2022. Plant biodiversity promotes sustainable 
agriculture directly and via belowground effects. Trends 
Plant Sci., 27(7): 674 - 687.

Chai, Q., Qin, A., Gan, Y. and Yu, A. 2013. Higher yield and 
lower carbon emission by intercropping maize with rape, 
pea, and wheat in arid irrigation areas. Agron. Sustain. 
Dev., 34: 535-543.

Chamkhi, I., Cheto, S., Geistlinger, J., Zeroual, Y., Kouisni, 
L., Bargaz, A. and Ghoulam, C. 2022. Legume-based 
intercropping systems promote beneficial rhizobacterial 
community and crop yield under stressing conditions. 
Ind. Crops Prod., 183: 114958.

Chappa, L.R., Mugwe, J., Maitra, S. and Gitari, H.I. 2022. 
Current status, and prospects of improving sunflower 
production in Tanzania through intercropping with 
Sunhemp. Int. J. Biores. Sci., 9: 1-8.

Cheptoek, R.P., Gitari, H.I., Mochoge, B., Kisaka, O.M., 
Otieno, E., Maitra, S., Nasar, J. and Seleiman, M.F. 2021. 
Maize productivity, economic returns and phosphorus 
use efficiency as influenced by lime, Minjingu rock 
phosphate and NPK inorganic fertilizer. Int. J. Biores. 
Sci., 8: 47-60.

Chikowo, R., Chirwa, R. and Snapp, S. 2022. Cereal–legume 
cropping systems for enhanced productivity, food 
security, and resilience. In: Bekunda, M., Hoeschle-
Zeledon, I. and Odhong, J., (Ed.) Sustainable Agricultural 
Intensification CAB International,pp. 33–47. DOI: 
10.1079/9781800621602.0003

Chimonyo, V.G.P., Govender, L., Nyathi, M., Scheelbeek, 
P.F.D., Choruma, D.J., Mustafa, M., Massawe, F., Slotow, 
R., Modi, A.T. and Mabhaudhi, T. 2023. Can cereal-legume 
intercrop systems contribute to household nutrition in 
semi-arid environments: A systematic review and meta-
analysis. Front. Nutr., 10: 1060246.

Crews, T.E., Kemp, L., Bowden, J.H. and Murrell, E.G. 
2022. How the nitrogen economy of a perennial cereal-
legume intercrop affects productivity: Can synchrony be 
achieved? Front. Sustain. Food Syst., 6: 755548.

Dass, A. and Sudhishir, S. 2010. Intercropping in finger millet 
(Eleusine coracana) with pulses for enhanced productivity, 
resource conservation and soil fertility in uplands of 
southern Orissa. Indian J. Agron., 55: 89-94.

Demie, D.T., Döring, T.F.,  Finckh, M.R.  van der Werf, W., 
Enjalbert, J. and Seidel, S.J. 2022. Mixture × genotype 
effects in cereal/legume intercropping. Front. Plant Sci., 
13: 846720.

Eaglesham, A.R.J., Ayanaba, A., Ranga Rao, V. and Eskew, 
D.L. 1981. Improving the nitrogen nutrition of maize by 
intercropping with cowpea. Soil Biol. Biochem., 13: 169-171.

Ebbisa, A. 2022. Mechanisms underlying cereal/legume 
intercropping as nature-based biofortification: A 
review. Food Prod. Process Nutr., 4: 19.

Elkoca, E., Turan, M. and Donmez, M.F. 2010. Effects of single, 
dual and triple inoculations with Bacillus subtilis, Bacillus 
megaterium and Rhizobium leguminosarumbv. phaseoli on 
nodulation, nutrient uptake, yield and yield parameters 
of common bean (Phaseolus vulgaris l. cv. ‘elkoca-05’). 
J. Plant. Nutr., 33: 2104–2119

FAO, IFAD, UNICEF, WFP and WHO. 2023. The State of Food 
Security and Nutrition in the World 2023. Urbanization, 
agrifood systems transformation and healthy diets across 
the rural–urban continuum. Rome, FAO. Available online: 
https://doi.org/10.4060/cc3017en (Accessed 30 August 
2023).

FAO. 2012. Potential role of cereal-legume intercropping 
systems in integrated soil fertility management in small 
holder farming systems of sub-Saharan Africa. Available 
online: https://www.fao.org/family-farming/detail/
en/c/329086/ (Accessed on 29 August 2023).

FAO. 2017. The future of food and agriculture – Trends and 
challenges. Rome, pp. 163. Available online: https://www.
fao.org/3/i6583e/i6583e.pdf (Accessed 29 August, 2023).

FAO. 2023. Pulses for a sustainable future. Available online: 
https://www.fao.org/3/cc4170en/cc4170en.pdf (accessed 
on 29 August, 2023).

Fu, Z., Chen, P., Zhang, X., Du, Q., Zheng, B., Yang, H., Luo, 
K., Lin, P., Li, Y., Pu, T., Wu, Y., Wang, X., Yang, F., Liu, 
W., Song, C., Yang, W. and Yong, T. 2023. Maize-legume 
intercropping achieves yield advantages by improving 
leaf functions and dry matter partition.  BMC Plant 
Biol., 23: 438.

Fujita, K. and Ofosu-Budu, K.G. 1996. Significance of 
intercropping in cropping systems. In: Ito, O., Johansen, 
C., Adu-Gyamfi, J.J., Katayama, K., Kumar Rao, J.V.D.K. 
and Rego, T.J. (Ed.), Dynamics of roots and nitrogen in 
cropping systems of the semi- arid tropics, International 
agricultural series no. 3. Japan International Research 
Center for Agricultural Sciences. Tsukuba, pp. 19–40.

Fujita, K., Ofosu-Budu, K.G. and Ogata, S. 1992. Biological 
nitrogen fixation in mixed legume-cereal cropping 
systems. Plant Soil, 141: 155-176.

https://doi.org/10.1016/j.tplants.2022.02.003
https://doi.org/10.4060/cc3017en
https://www.fao.org/family-farming/detail/en/c/329086/
https://www.fao.org/family-farming/detail/en/c/329086/
https://www.fao.org/3/i6583e/i6583e.pdf
https://www.fao.org/3/i6583e/i6583e.pdf
https://www.fao.org/3/cc4170en/cc4170en.pdf


 Maitra et al.

66Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

Gan, Y.T., Liang, C., Hamel, C., Cutforth, H. and Wang, H. 
2011. Strategies for reducing the carbon footprint of field 
crops for semiarid areas: a review. Agron. Sustain. Dev., 
31: 643–656.

Ganeshamurthy, A.N. 2009. Soil changes following long-term 
cultivation of pulses. J. Agric. Sci., 147(6): 699-706.

Ganeshamurthy, A.N., Ali, M. and Srinivasarao, C.H. 
2006. Role of pulses in sustaining soil health and crop 
production. Indian J. Fert., 1(12): 29-40.

Gitari, H.I., Gachene, C.K.K., Karanja, N.N., Kamau, S., 
Nyawade, S. and Schulte-Geldermann, E. 2019. Potato-
legume intercropping on a sloping terrain and its effects 
on soil physico-chemical properties. Plant Soil, 438: 447-
460.

Gou, F., Yin, W., Hong, Y., van der Werf, W., Chai, Q., Heerink, 
N., Martin K. and van Ittersum, M.K. 2017. On yield 
gaps and yield gains in intercropping: Opportunities for 
increasing grain production in northwest China. Agric. 
Sys., 151: 96-105.

Goyal, R.K. and Habtewold, J.Z. 2023. Evaluation of legume-
rhizobial symbiotic interactions beyond nitrogen fixation 
that help the host survival and diversification in hostile 
environments. Microorganisms, 11(6): 1454.

Hayat, R., Ali, S., Amara, U., Khalid, R. and Ahmed, I. 2010. 
Soil beneficial bacteria and their role in plant growth 
promotion: a review. Ann. Microbiol., 60: 579–598.

Heydarzadeh, S., Hosseinpour, A., Gitari, H., Maitra, S. and 
Rahimi, A. 2021. Improving quantitative and qualitative 
properties of cotton using organic and chemical fertilizers 
under water deficit stress conditions. Int. J. Biores. Sci., 
8(02): 69 - 80.

Hossain, A., Maitra, S., Ahmed, S., Mitra, B., Ahmad, Z., Garai, 
S., Mondal, M., Adeel, M., Shankar, T. and Meena, R.S. 
2022. Legumes for nutrient management in the cropping 
system, In: Meena, R.S. and Kumar, S. (Ed.), Advances in 
Legumes for Sustainable Intensification. Academic Press, 
Cambridge, US, pp. 93-112.

Huss, C.P., Holmes, K.D. and Blubaugh, C.K. 2022. Benefits 
and risks of intercropping for crop resilience and pest 
management. J. Econ. Entomol., 115(5): 1350-1362.

IPCC, 2023. Summary for Policymakers. In: Lee, H. and 
Romero, J. (Ed.), Climate Change 2023: Synthesis Report. 
Contribution of Working Groups I, II and III to the Sixth 
Assessment Report of the Intergovernmental Panel on 
Climate Change. Geneva, Switzerland, pp. 1-34. doi: 
10.59327/IPCC/AR6-9789291691647.001.

Islam, M.A., Sarkar, D., Alam, M.R., Jahangir, M.M.R., Ali, 
M.O., Sarker, D., Hossain, M.F., Sarker, A, Gaber, A., 
Maitra, S. and Hossain, A. 2023. Legumes in conservation 
agriculture: A sustainable approach in rice-based ecology 
of the Eastern Indo-Gangetic Plain of South Asia_ an 
overview. Technol. Agron., 3: 3.

Jat, H.S., Datta, A., Choudhary, M., Sharma, P.C., Dixit, B. 
and Jat, M.L. 2021. Soil enzymes activity: Effect of climate 
smart agriculture on rhizosphere and bulk soil under 
cereal based systems of north-west India. Eur. J. Soil Biol., 
103: 103292.

Jena, J., Maitra, S., Hossain, A., Pramanick, B., Gitari, H.I., 
Praharaj, S., Shankar, T., Palai, J.B., Rathore, A., Mandal, 
T.K. and Jatav, H.S. 2022. Role of Legumes in Cropping 
Systems for Soil Ecosystem Improvement. In: Jatav, 
H.S and Rajput, V. D. (Ed.), Ecosystem Services: Types, 
Management and Benefits. Nova Science Publishers, 
Inc 415, USA, pp. 1-21.

Jena, J., Palai, J.B. and Maitra, S. 2020. Modern concepts of 
fertilizer application. In: Maitra, S. and Pramanick, B. 
(Ed.) Advanced Agriculture. New Delhi Publishers, New 
Delhi, pp. 388 - 403.

Jensen, E.S., Carlsson, G. and Hauggaard-Nielsen, H. 2020. 
Intercropping of grain legumes and cereals improves 
the use of soil N resources and reduces the requirement 
for synthetic fertilizer N: A global-scale analysis. Agron. 
Sustain. Dev., 40: 5.

Kanté, M., Riah-Anglet, W., Cliquet, J.B. and Trinsoutrot-
Gattin, I. 2021. Soil enzyme activity and stoichiometry: 
Linking soil microorganism resource requirement and 
legume carbon rhizodeposition. Agron., 11: 2131.

Kebede, E. 2021. Contribution, utilization and improvement of 
legumes-driven biological nitrogen fixation in agricultural 
systems. Front. Sustain. Food Syst., 5: 767998.

Kinyua, M.W., Kihara, J., Bekunda, M., Bolo, P., Mairura, F.S., 
Fischer, G. and Mucheru-Muna, M.W. 2023. Agronomic 
and economic performance of legume-legume and cereal-
legume intercropping systems in Northern Tanzania. 
Agric. Sys., 205: 103589.

Kumar, K. and Goh, K.M. 2000. Crop residues and 
management practices: effects on soil quality, soil nitrogen 
dynamics, crop yield, and nitrogen recovery. Adv. Agron., 
68: 197–319.

Ladha, J.K., Peoples, M.B., Reddy, P.M., Biswas, J. C., 
Bennett, A., Jat, M.L., Timothy J. and Krupnik, T.J. 2022. 
Biological nitrogen fixation and prospects for ecological 
intensification in cereal-based cropping systems. Field 
Crop. Res., 283: 108541.

Lai, H., Gao, F., Su, H., Zheng, P., Li, Y. and Yao, H. 2022. 
Nitrogen distribution and soil microbial community 
characteristics in a legume–cereal intercropping system: 
A review. Agron., 12: 1900.

Lal, R., Hansen, D.O., Uphoff, N. and Slack, S. 2003. Food 
security and environmental quality in the developing 
world. CRC Press, Boca Raton, pp. 464.

Leoni, F., Lazzaro, M., Ruggeri, M., Carlesi, S., Meriggi, 
P. and Moonen, A.C. 2022. Relay intercropping can 
efficiently support weed management in cereal-based 
cropping systems when appropriate legume species are 
chosen. Agron. Sustain. Dev., 42: 75.

Li, C., Stomph, T.J., Makowski, D., Li, H., Zhang, C., Zhang, F. 
and van der Werf, W. 2023. The productive performance 
of intercropping. Proc. Natl. Acad. Sci. U S A, 120(2): 
e2201886120.

Lithourgidis, A.S., Vlachostergios, D.N., Dordas, C.A. and 
Damalas, C.A. 2011. Dry matter yield, nitrogen content, 
and competition in pea–cereal intercropping systems. Eur. 

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=A.%20N.%20GANESHAMURTHY&eventCode=SE-AU
file:///D:\Intercropping_Soil_Health\J.%20Agric.%20Sci
https://www.cambridge.org/core/journals/journal-of-agricultural-science/volume/AE214814809B19B5225C078AF57F507E


Applauding Soil Quality Improvement through Legume-based Intercropping System

67Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

J. Agron., 34: 287-294.
Maitra, S. 2018. Role of intercropping system in agricultural 

sustainability. Centurion J. Multidisc. Res., 8: 77-90.
Maitra, S. 2020. Intercropping of small millets for agricultural 

sustainability in dry lands: A review. Crop Res., 55: 162-71.
Maitra, S. and Gitari, H.I. 2020. Scope for adoption of 

intercropping system in organic agriculture. Indian J. Nat. 
Sci., 11(63): 28624-28631.

Maitra, S. and Ray, D.P. 2019. Enrichment of biodiversity, 
influence in microbial population dynamics of soil 
and nutrient utilization in cereal-legume intercropping 
systems: A Review. Int. J. Bioresour. Sci., 6: 11-19.

Maitra, S., Ghosh, D.C., Sounda, G. and Jana, P.K. 2001a. 
Performance of intercropping legumes in finger millet 
(Eleusine coracana) at varying fertility levels. Indian J. 
Agron., 46(1): 38-44.

Maitra, S., Ghosh, D.C., Sounda, G., Jana, P.K. and Roy, 
D.K. 2000. Productivity, competition and economics of 
intercropping legumes in finger millet (Eleusine coracana) 
at different fertility levels.Indian J. Agric. Sci., 70(12): 
824-828.

Maitra, S., Hossain, A., Brestic, M., Skalicky, M., Ondrisik, 
P., Gitari, H.I., Brahmachari, K., Shankar, T., Bhadra, 
P., Palai, J.B., Jana, J., Bhattacharya, U., Duvvada, S.K., 
Lalichetti, S. and Sairam, M. 2021. Intercropping–A low 
input agricultural strategy for food and environmental 
security. Agron., 11: 343.

Maitra, S., Mondal, T., Hossain, A., Kalasare, R.S., Praharaj, 
S., Mundonayil Joy, J.M., Shankar, T., Pramanick, B., 
Battaglia, M.L., Bhattacharya, U., Zupanič, M., and 
Sairam, M. 2023a. Impact of climate change on growth and 
productivity of major field crops. In: Choudhury, S. and 
Moulick, D. (Ed.), Response of Field Crops to Abiotic Stress, 
Current Status and Future Prospects, pp. 217-226.

Maitra, S., Palai, J.B., Manasa, P. and Kumar, D.P. 2019. 
Potential of intercropping system in sustaining crop 
productivity. Int. J. Environ. Agric. Biotechnol., 12: 39-45.

Maitra, S., Praharaj, S., Brestic, M., Sahoo, R.K., Sagar, L., 
Shankar, T., Palai, J.B., Sahoo, U., Sairam, M., Pramanick, 
B., Nath, S.,  Venugopalan, V.K., Skalický, M. and 
Hossain, A. 2023b. Rhizobium as biotechnological tools 
for  green solutions: An  environmentfriendly approach 
for  sustainable crop production in  the  modern era 
of climate change. Curr. Microbiol., 80: 219.

Maitra, S., Sahoo, U., Sairam, M., Gitari, H.I., Rezaei-Chiyaneh, 
E., Battaglia, M. L. and Hossain, A. 2023c. Cultivating 
sustainability: A comprehensive review on intercropping 
in a changing climate. Res. Crop., 24(4): 702-715.

Maitra, S., Samui, S.K., Roy, D.K. and Mondal, A.K. 2001b. 
Effect of cotton based intercropping system under rainfed 
conditions in Sundarban region of West Bengal. Indian 
Agric., 45(3-4): 157-162.

Maitra, S., Shankar, T., Gaikwad, D.J., Palai, J.B. and Sagar, 
L. 2020. Organic agriculture, ecosystem services and 
sustainability: A review. Int. J. Modern Agric., 9(4): 370 
- 378.

Maitra, S., Patro, T.S.S.K., Reddy, A., Hossain, A., Pramanick, 
B., Brahmachari, K, Prasad, K, Santosh, D.T., Mandal, M., 
Shankar, T., Sagar, L., Banerjee, M., Palai, J.B.,Praharaj, S. 
and Sairam, M. 2023. Brown top millet (Brachiariaramosa 
L. Stapf; Panicum ramosum L.) a neglected and smart crop 
in fighting against hunger and malnutrition. In: Neglected 
and Underutilized Crops: Future Smart Food, Academic 
Publishers, Elsevier, pp. 221–245.

Manasa, P., Maitra S. and Reddy M.D. 2018. Effect of 
summer maize-legume intercropping system on growth, 
productivity and competitive ability of crops. Int. J. 
Manage. Technol. Eng., 8: 2871-75.

Manasa, P., Maitra, S. and Barman, S. 2020. Yield attributes, 
yield, competitive ability and economics of summer 
maize-legume intercropping system. Int. J. Environ. 
Agric. Biotechol., 13: 33-38.

Mandal, T.K., Puste, A.M and Maitra, S. 2018. Influence of 
irrigation and mulching on yield attributes, yield and 
quality of lentil (Lens esculentum L.) grown as intercrop 
under limited water conditions. Int. J. Biores. Sci., 5(1): 
61-64.

McAlvay, A.C., DiPaola, A., D’Andrea, A.C., Rulle, M.L., 
Mosulishvili, M., Halstead, P. and Power, A.G. 2022. Cereal 
species mixtures: an ancient practice with potential for 
climate resilience. A review. Agron. Sustain. Dev., 42: 100.

Miao, Q., Rosa, R.D., Shi, H., Paredes, P., Zhu, L., Dai, J., 
Gonçalves, J.M. and Pereira, L.S. 2016. Modeling water 
use, transpiration and soil evaporation of spring wheat–
maize and spring wheat–sunflower relay intercropping 
using the dual crop coefficient approach. Agric. Water 
Manag., 165: 211-229.

Mir, Y.H., Ganie, M.A., Shah, T.I., Bangroo, S.A., Mir, S.A., 
Shah, A.M., Wani, F.J., Qin, A. and Rahman, S.U. Soil 
microbial and enzyme activities in different land use 
systems of the Northwestern Himalayas. Peer J., 11: 
e15993.

Mirriam, A., Mugwe, J., and Raza, M. A., Seleiman, M. F., 
Maitra, S. and Gitari, H.H. 2022. Aggrandizing soybean 
yield, phosphorus use efficiency and economic returns 
under phosphatic fertilizer application and inoculation 
with Bradyrhizobium, J. Soil Sci. Plant Nutri., https://doi.
org/10.1007/s42729-022-00985-8.

Mondal, S., Atta, K., Mukherjee, S., Chowdhury, S. R., Pal, A., 
Maitra, S., Hossain, A. 2023. Advancement of transgenic 
wheat (Triticum aestivum L.) to survive against abiotic 
stresses in the era of the changing climate. In: Khan, M.K., 
Pandey, A., Hamurcu, Gupta, O.P., Gezgin, S. (Ed.) Abiotic 
Stress in Wheat, pp. 357 - 374. https://doi.org/10.1016/B978-
0-323-95368-9.00021-7.

Mugi-Ngenga, E., Bastiaans, L., Anten, N.P.R., Zingore, S., 
Baijukya, F. and Giller, K.E. 2023. The role of inter-specific 
competition for water in maize-legume intercropping 
systems in northern Tanzania, Agric. Sys., 207: 103619.

Mwadalu, R., Mochoge, B., Mwangi, M., Maitra, S. and Gitari, 
H.I. 2022. Response of Gadam sorghum (Sorghum bicolor) 
to farmyard manure and inorganic fertilizer application, 
Int. J. Agric. Environ. Biotechnol., 15(1): 51-60.

https://www.scopus.com/authid/detail.uri?authorId=57222069521
https://www.scopus.com/authid/detail.uri?authorId=57191446352
https://www.scopus.com/authid/detail.uri?authorId=58593993900
https://www.scopus.com/authid/detail.uri?authorId=57224809620
https://www.scopus.com/authid/detail.uri?authorId=57226543304
https://www.scopus.com/record/display.uri?eid=2-s2.0-85151667699&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85151667699&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85151667699&origin=resultslist
https://doi.org/10.1007/s42729-022-00985-8
https://doi.org/10.1007/s42729-022-00985-8
https://doi.org/10.1016/B978-0-323-95368-9.00021-7
https://doi.org/10.1016/B978-0-323-95368-9.00021-7


 Maitra et al.

68Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

Mwakidoshi, E.R., Gitari, H.I., Maitra, S. and Muindi, E.M. 
2021. Economic importance, ecological requirements and 
production constraints of potato (Solanum tuberosum L.) 
in Kenya. Int. J. Biores. Sci., 8(02): 61 - 68.

Nadeem, M., Yahya, M., Tong, J., Shah, L., Khan, S.U., Ali, 
A., Sher, A., Ullah, N. and Waheed, A. 2023.Improving 
nitrogen acquisition and utilization through root 
architecture remodelling: Insight from legumes. J. Plant 
Growth Regul., 42: 5295–5310.

Nduwimana, D., Mochoge, B., Danga, B., Masso, C., Maitra, S. 
and Gitari, H.I. 2020. Optimizing nitrogen use efficiency 
and maize yield under varying fertilizer rates in Kenya. 
Int. J. Biores. Sci., 7(2): 63-73.

Nieder, R. and Benbi, D.K. 2008. Carbon and nitrogen in the 
terrestrial environment. Springer, Dordrecht, pp. 430.

Nyawade, S., Gitari, H.I., Karanja, N.N., Gachene, C.K.K., 
Schulte-Geldermann, E., Sharma, K. and Parker, M.L. 2020. 
Enhancing climate resilience of rain-fed potato through 
legume intercropping and silicon application.  Front. 
Sustain. Food Syst., 4: 566345.

Nyawade, S.O., Gachene, C.K., Karanja, N.N., Gitari, 
H.I., Schulte-Geldermann, E. and Parker, M.L. 2019. 
Controlling soil erosion in smallholder potato farming 
systems using legume intercrops. Geoderma Reg., 17: 
e00225.

Omar, S.A. and Abd-Alla, M.H. 1998. Bio-control of fungal 
root rot diseases of crop plants by the use of Rhizobia and 
Bradyrhizobia, Folia Microbiol., 43: 431–437.

Palai, J.B., Jena, J. and Maitra, S. 2019. Prospects of 
underutilized food legumes in sustaining pulse needs in 
India-A review. Crop Res., 54(3-4): 82-88.

Panda, P., Panda, S. K., Duary, S., Mahapatra, A. and Maitra, 
S. 2021. Legumes in cropping system for agricultural 
sustainability. Indian J. Nat. Sci., 12(69): 37363-37372.

Panda, S.K., Panda, P., Pramanick, B., Shankar, T., Praharaj, S., 
Saren, B.K., Gitari, H.I., Brahmachari, K., Hossain, A. and 
Maitra, S. 2020. Advantages of cotton based intercropping 
system: A review. Int. J. Biores. Sci., 7(2): 51 - 57.

Paramesh, V., Mohan Kumar, R., Rajanna, G.A., Gowda, S., 
Nath, A.J., Madival, Y., Jinger, D., Bhat, S. and Toraskar, 
S. 2023. Integrated nutrient management for improving 
crop yields, soil properties, and reducing greenhouse gas 
emissions. Front. Sustain. Food Syst., 7: 1173258.

Paul, M.R., Demie, D.T., Seidel, S.J. and Döring, T.F. 2024. 
Evaluation of multiple spring wheat cultivars in diverse 
intercropping systems. Europ. J. Agron., 152: 127024.

Pozza, L.E. and Field, D.J. 2020. The science of soil security 
and food security, soil security, 1: 100002.

Praharaj, S. and Maitra, S. 2020. Importance of legumes in 
agricultural production system: An overview. Agro Econ., 
7(2): 69-71.

Pramanick, B., Bera, A., Saha, P., Barman, A., Paramanick, B., 
Maitra, S. and Hossain, A. 2023. Soil microflora and their 
interaction with plants under changing climatic scenarios. 
In: Mathur, P., Kapur, R. and Roy, S. (Ed.), Microbial 
Symbionts and Plant Health: Trends and Applications for 

Changing Climate, Rhizosphere Biology, Springer Nature, 
Singapore, pp. 19 - 40.

Pramanick, B., Kumar, M., Singh, S. K., Kumari, S. and Maitra, 
S. 2021. Soil-centric approaches towards climate-resilient 
agriculture. In: Soil Science: Fundamentals to Recent 
Advances, Springer Nature, Singapore, pp. 333-359, 
https://doi.org/10.1007/978-981-16-0917-6-17.

Priya G.S., Maitra S., Shankar T. and Sairam M. 2023. Effect of 
the summer pearl millet-groundnut intercropping system 
on the growth, productivity, and competitive ability of 
crops under south Odisha conditions. Plant Science Today, 
10(4): 238–246.

Rahman, K.M.Z. 2021. Cereal-legume intercropping: An eco-
friendly land-use system for sustainable agriculture and 
pest management. Int. J. Zoo. Animal Biol., 4(5): 000325.

Ravi Sankar, L., Mishra, G.C., Maitra, S., and Barman, S. 
2020. Effect of nano NPK and straight fertilizers on yield, 
economics and agronomic indices in baby corn (Zea mays 
L.). Int. J. Chem. Stud., 8(2): 614-618.

Ray S. Sairam M. 2024. Foliar Fertilizer – An Approach 
Towards Micronutrient Optimization and Biofortification 
of Micronutrients in Cereals. In: Sairam M. Santosh 
DT. Gaikwad DJ. Maitra S. (Eds.) Advances in Modern 
Agricultural Practices, New Delhi Publishers, India, pp. 
223-244.

Ray, S., Maitra, S., Sairam, M.,  Sravya, M., Priyadarshini, A., 
Shubhadarshi, S. and Padhi, D.P. 2024. An unravelled 
potential of foliar application of micro and beneficial 
nutrients in cereals for ensuring food and nutritional 
security. Int. J. Experim. Res. Rev., 41(spl.): 19-42. 

Reilly, E.C., Gutknecht, J.L., Tautges, N.E., Sheaffer, C.C. and 
Jungers, J.M. 2022. Nitrogen transfer and yield effects 
of legumes intercropped with the perennial grain crop 
intermediate wheatgrass. Field Crop. Res., 286: 108627.

Reinprecht, Y., Schram, L., Marsolais, F., Smith, T.H., Hill, 
B. and Pauls, K.P. 2020. Effects of nitrogen application 
on nitrogen fixation in common bean production. Front. 
Plant Sci., 11: 1172.

Roy, D.K., Chakraborty, T., Sounda, G. and Maitra, S. 2002. 
Growth and yield attributes of finger millet as influenced 
by plant population and different levels of nitrogen and 
phosphorus. Indian Agric., 46(1-2): 65-71.

Saharan, K., Schütz, L., Kahmen, A., Wiemken, A., Boller, 
T. and Mathimaran, N. 2018. Finger millet growth and 
nutrient uptake is improved in intercropping with 
pigeon pea through “biofertilization” and “bioirrigation” 
mediated by arbuscular mycorrhizal fungi and plant 
growth promoting rhizobacteria. Front. Environ. Sci., 6: 
1-11.

Sain, S., Maitra, S., Shankar, T., and Sairam, M. 2023. 
Competitive ability of legume-based intercrop for rabi 
maize (Zea mays L.) in north eastern ghats of Odisha. Crop 
Res., 58(3-4): 136-143.

Sairam, M., Maitra, S., Raghava, C. V., Krishna, T. G., 
Gaikwad, D.J., Sahoo, U. and Ray, S. 2023d. Efficient crop 
residue management under conservation agriculture for 

https://doi.org/10.1007/978-981-16-0917-6-17


Applauding Soil Quality Improvement through Legume-based Intercropping System

69Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

improving soil quality: A review.  Farm. Manage., 8(2): 
59-71.

Sairam, M., Maitra, S., Sagar, L., Gopala Krishna, T. and Sahoo, 
U. 2023b. Precision nutrient management on the growth 
and productivity of Rabi maize (Zea mays L.) under light 
textured brown forest soils of Odisha. Res. Crop., 24(3): 
487-495.

Sairam, M., Maitra, S., Sahoo, U., Sagar, L. and Gopala 
Krishna, T. 2023a. Evaluation of precision nutrient tools 
and nutrient optimization in maize (Zea mays L.) for 
enhancement of growth, productivity and nutrient use 
efficiency. Res. Crop., 24(4): 666-677.

Sairam, M., Sagar, L., Sahoo, U. and Maitra, S. 2023c. Inclusion 
of legumes in mixture for improving forage productivity, 
quality and soil health. In: Biradar, N., Shah, R.A. and 
Ahmad, A. (Ed.), Recent Advances in Agricultural Sciences 
and Technology, Dilpreet Publishing House, New Delhi, 
pp. 177-188.

Samadder, G., Sounda, G., Maitra, S., Roy, D.K. and Panda, 
P.K. 1997. Effect of irrigation and sulfur levels on 
productivity and water use of Indian mustard. Environ. 
Ecol., 15(3): 553-555.

Sandeep Kumar, E., Mandal, T. K., Mishra, G.C. Barman, 
S. and Maitra, S. 2019. Effect of intercropping summer 
sunflower (Helianthus annuus l.) with legumes on yield 
attributes and productivity of crops. Int. J. Agric. Environ. 
Biotechnol., 12(3): 281-285.

Santosh D.T., Debnath, S., Maitra, S., Sairam, M., Sagar, L., 
Hossain, A. and Moulick, D. 2023. Alleviation of Climate 
Catastrophe in Agriculture Through Adoption of Climate-
Smart Technologies. In: Sustainable Development Goals 
Series,  Part F2806, pp. 307–332, DOI:10.1007/978-3-031-
44397-8_17

Santosh, D.T., Sain, S. and Maitra, S. 2022. Estimation of crop 
water requirement in maize and chickpea for different 
patterns of intercropping. Indian J. Nat. Sci., 13(71): 41392 
- 41398.

Sarkar, R.K., Shit, D. and Maitra, S. 2000. Competition 
functions, productivity and economics of chickpea (Cicer 
arietinum)-based intercropping system under rainfed 
conditions of Bihar plateau. Indian J. Agron., 45(4): 681-686.

Savci, S. 2012. An agricultural pollutant: chemical fertilizer. 
Int. J. Env. Sci. Dev., 3: 73

Shivanna, K.R. 2022. Climate change and its impact on 
biodiversity and human welfare. Proc. Indian Natl. Sci. 
Acad., 88(2): 160-71.

Singh, D., Mathimaran, N., Boller, T. and Kahmen, A. 2020. 
Deep-rooted pigeon pea promotes the water relations and 
survival of shallow-rooted finger millet during drought- 
Despite strong competitive interactions at ambient water 
availability. PLoS ONE, 15: e0228993.

Soumare, A., Diedhiou, A.G., Thuita, M., Hafidi, M., 
Ouhdouch, Y., Gopalakrishnan, S. and Kouisni, L. 2020. 
Exploiting biological nitrogen fixation: A route towards 
a sustainable agriculture. Plants, 9: 1011.

Stern, W.R. 1993. Nitrogen fixation and transfer in intercrop 
systems. Field Crop. Res., 34: 335-356.

Tahat, M.M., Alananbeh, K.M., Othman, Y.A. and 
Leskovar, D.I. 2020. Soil health and sustainable 
agriculture. Sustainability, 12: 4859.

Thilakarathna, M.S., McElroy, M.S., Chapagain, T., 
Papadopoulos, Y.A. and Raizada, M.N. 2016. Belowground 
nitrogen transfer from legumes to non-legumes under 
managed herbaceous cropping systems. A review. Agron. 
Sustain. Dev., 36: 58.

Tomar, S., Babu, M.S., Gaikwad, D.J. and Maitra, S. 2021. 
A review on molecular mechanisms of wheat (Triticum 
aestivum L.) and rice (Oryza sativa L.) against abiotic 
stresses with special reference to drought and heat. Int. 
J. Agric. Environ. Biotechnol., 14(2): 215-222.

UN. 2023. Department of economic and social affairs. 
Available online: https://www.un.org/en/desa/world-
population-projected-reach-98-billion-2050-and-112-
billion-2100 (Accessed 25 December, 2023).

Valenzuela, H. 2023. Ecological management of the nitrogen 
cycle in organic farms. Nitrogen, 4: 58-84.

Vanlauwe, B., Hungria, M., Kanampiu, F. and Giller, K.E. 
2019. The role of legumes in the sustainable intensification 
of African smallholder agriculture: Lessons learnt and 
challenges for the future. Agric. Ecosys. Environ., 284: 
106583.

Vasconcelos, M.W., Grusak, M.A., Pinto, E., Gomes, A., 
Ferreira, H., Balázs, B., Centofanti, T., Ntatsi, G., Savvas, 
D., Karkanis, A., Williams, M., Vandenberg, A., Toma, 
L., Shrestha, A., Akaichi, F., Barrios, C.O., Gruber, S., 
James, E.K., Maluk, M., Karley, A. and Lannetta, P. 2020. 
The biology of legumes and their agronomic, economic, 
and social impact, In: The Plant Family Fabaceae, Springer 
Nature, Singapore, pp. 3-25, doi: 10.1007/978-981-15-
4752-2_1.

Veres, A., Petit, S., Conord, C. and Lavigne, C. 2013. Does 
landscape composition affect pest abundance and their 
control by natural enemies? A review. Agric. Ecosyst. 
Environ., 166: 110-117.

Willey, R.W., Natarajan, M., Reddy, M.S., Rao, M.R., 
Nambiar, P.T.C., Kannaiyan, J. and Bhatnagar, V.S. 
1983. Intercropping studies with annual crops. In: Better 
crops for food, vol 97. CIBA Foundation Symposium, 
pp. 83–100.

Wortmann, C.S., McIntyre, B.D. and Kaizzi, C.K. 2000. Annual 
soil improving legumes: agronomic effectiveness, nutrient 
uptake, nitrogen fixation and water use. Field Crop. Res., 
68: 75-83,

Yadav, G.S., Lal, R., Meena, R.S., Babu, S., Das, A., Bhomik, 
S.N., Datta, M., Layak, J. and Saha, P. 2017. Conservation 
tillage and nutrient management effects on productivity 
and soil carbon sequestration under double cropping of 
rice in North Eastern Region of India. Ecol. India, 105: 
303-315.

Zhao, Y., Tian, Y., Li, X., Song, M., Fang, X., Jiang, Y. and Xu, 
X. 2022. Nitrogen fixation and transfer between legumes 
and cereals under various cropping regimes. Rhizosphere, 
22: 100546.

https://www.scopus.com/sourceid/21101200281?origin=resultslist
https://www.scopus.com/sourceid/21101200281?origin=resultslist
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=7yVcvhYAAAAJ&citation_for_view=7yVcvhYAAAAJ:Y0pCki6q_DkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=7yVcvhYAAAAJ&citation_for_view=7yVcvhYAAAAJ:Y0pCki6q_DkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=7yVcvhYAAAAJ&citation_for_view=7yVcvhYAAAAJ:Y0pCki6q_DkC
https://www.un.org/en/desa/world-population-projected-reach-98-billion-2050-and-112-billion-2100
https://www.un.org/en/desa/world-population-projected-reach-98-billion-2050-and-112-billion-2100
https://www.un.org/en/desa/world-population-projected-reach-98-billion-2050-and-112-billion-2100



	_Hlk123122200
	_Hlk154157684
	_Hlk153548822
	_Hlk153548785
	_Hlk151385311
	_Hlk170505099
	_Hlk126144317
	_Hlk139124425
	_Hlk123124272
	_Hlk153042694
	_Hlk167978450
	_Hlk149820105
	_Hlk157363188
	_Hlk126056511
	_Hlk154158384
	_Hlk158629128
	_Hlk153042317

