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Under diverse agro-ecological conditions of India, pulses in different cropping systems play a very
important role in improving soil health, enhancing agricultural sustainability and boosting overall
system productivity. As a leguminous crop, pulses fix atmospheric nitrogen, thereby reducing the
dependency on synthetic fertilizers and contributing to long-term soil fertility and improving climate
resilience. Their fibrous root and deep systems bind the soil particles and improve soil structure,
increase organic matter by adding organic matter into the soil, enhance soil infiltration and making
them ideal components for climate-resilient farming. Pulses-based cropping system also helps in
breaking the disease and pest cycles, improve resource-use efficiency, and yield sustainability under
variable climatic situations. Pulse residues are also rich in nutrients and upon decomposition enrich
soil nutrient pools and improve soil biological activity, leading to better nutrient cycling and reduced
environmental degradation. Pulses generally grown as a rainfed crop and serve as an effective risk-
management crop due to their low water requirement and adaptability to stress-prone environments.
Diversification of different cropping systems with pulses enhances farmer’s income by reducing input
costs and providing additional sources of income through food, fodder, and value-added products.
Thus, the implementation of pulse-based agricultural systems has the potential to achieve food and
nutritional security objectives, as well as provide a holistic approach to enhancing soil health,

ensuring long-term productivity, and increasing small and marginal farmers' livelihoods.
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Pulses hold a central place in Indian agriculture and represent a very crucial component of the human
diet in several parts of the world. Pulses serve an essential role in the diets of the people of
developing countries such as India, where they supplement the lack of protein from grains, roots,
and tubers. Pulses have economic and nutritional significance and are an important component of
food and nutritional security. In certain parts of the world, pulses are the sole protein source in the
diet. It is also a significant component of cattle, providing palatable feed and fodder. India is the
world's largest grower and consumer of pulses and accounting for more than 25% of global

production. Pulses have unique characteristics in their capacity to fix atmospheric nitrogen, enrich
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soil organic matter, enhance nutrient cycling, and improve the physical, chemical and biological
properties of soil. Pulses remain a vital component of a sustainable production system, particularly
in rainfed areas, due to their biological nitrogen fixation ability, carbon sequestration, soil
amelioration, low water requirement, and ability to endure harsh climate conditions. In recent years,
imbalance and excessive use of synthetic fertilizers, intensive cultivation of high-yielding cereals
varieties, and limited crop diversity have led to soil degradation, declining factor productivity and
increased vulnerability to climate change. The integration of pulses in cropping systems whether
through intercropping, sequence cropping, crop rotations, relay or mixed cropping systems offer an
agro-ecological solution to regenerate soil health, reduce the dependence on chemical inputs,

enhance system productivity, and soil health.
1. Cropping Systems of India: A Scientific Perspective

The socio-economic conditions of the farmers in India have led to the evolution of diverse and
intensive cropping systems where irrigation facilities are there. The aim is to maximize productivity
per unit area and time while ensuring minimal degradation of natural resources of the country.
Cropping systems are influenced by temporal and spatial variations, making it challenging to
precisely quantify their distribution over a large territory. Nevertheless, national assessments
indicate the presence of. Among, more than 250 double-cropping systems in the country, 30 major
systems have been identified as predominant under irrigated agro-ecosystems. Cereal-cereal
sequences occupy the largest share, with rice-wheat, maize-wheat, rice-rice, sugarcane-wheat,
sorghum-wheat, and rice-sorghum being the most widely adopted due to assured irrigation and
higher profitability and contribute significantly to national foodgrain production. The extensive
adoption of these cropping systems underscores their important role in sustaining food security.
However, the dominance of cereal-based cropping systems, there is a need for diversification

towards nutrient-rich and resource-saving alternative crops for longer-term sustainability.
2. Pulses-Based Cropping Systems of India

Pulses-based cropping systems in India are essential for boosting soil fertility, increase system
productivity, and safeguarding the sustainability of agriculture. By enriching the cropping system
with pulses, reduced input costs through biological nitrogen fixation and improved soil health and

crop productivity. Pulses-based cropping systems include:

e Cereal based crop rotations: Rice-Chickpea, Sorghum-Pigeonpea, Maize-Urdbean, Rice-

lentil, Rice-mungbean-rice, Rice-lathyrus (utera), Maize-pigeonpea
e Oilseed based crop rotations: Soybean-Chickpea, Groundnut-Greengram
o Fodder crop based crop rotations: Cowpea-Berseem

e Intercropping systems: Pigeonpea + Soybean, Maize + Cowpea, Bajra + Mungbean,
Pigeonpea + blackgram/greengram, Pigeonpea + pearl millet

e Mixed cropping: Mixed cropping of pulses with other crops such as mustard + fieldpea

e Relay cropping: Utera cropping of lathyrus or lentil in standing rice crop in Bihar, Jharkhand
and Chhattisgarh
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3. Pulses for Enhancing Soil Fertility and Soil Health

Pulse crops with their unique ability of atmospheric nitrogen fixation notably enhance soil fertility
and soil health, thereby reducing the dependency on chemical fertilizers. Their deep and extensive
root systems improve soil structure, promote aeration, and enhance water infiltration rate within the
soil. Furthermore, residues of pulses enrich the soil with organic matter, promote the microbial
activity and nutrient cycling. Overall, enriching cropping systems with pulses leads to robust,

productive, and sustainable soils.
3.1 Biological Nitrogen Fixation (BNF)

The hallmark of pulses is their ability to engage in symbiotic nitrogen fixation with Rhizobium species.
Pulses can fix 40-200 kg N ha! every season, depending on the pulse and environmental factors.
Unlike nitrogen applied as synthetic fertilizers, biologically fixed nitrogen is slowly released and
efficiently utilized, minimizing losses through volatilization or leaching. Residual nitrogen benefits
are substantial in rotations. The succeeding cereal crops often require 20-30% less nitrogen
fertilizer after a pulse crop. By fixing atmospheric nitrogen, pulses reduce the need for nitrogen
fertilizers. Overuse of fertilizers, especially urea, results in soil degradation and methane/nitrous
oxide emissions. Pulses minimize these risks while supporting sustainable production systems. Pulse
residues add N, enhance P availability, and improve micronutrients such as Zn and Fe. They help

correct nutrient imbalance caused by cereal-intensive systems.
3.2 Carbon Sequestration and Climate Mitigation and Organic Matter Enrichment

Pulses contribute substantial biomass through leaf fall, root residues, nodules, and crop stubble.
Their residues are rich in protein, enhancing nitrogen content and improving the carbon-nitrogen
ratio (C:N). Enhanced soil organic carbon (SOC) improves soil water holding capacity, structure,
aggregation, and nutrient retention. Pulse residues contribute to SOC building and long-term carbon
sequestration. Higher SOC improves soil quality and mitigates climate impacts. Many pulses such as
pigeonpea and chickpea exhibit tolerance to drought, heat and salinity, making cropping systems
more climate-resilient. Long-term studies at ICAR institutes show 10-20% increase in SOC in pulses-
based systems compared to cereal-based systems. SOC improvement enhances soil fertility,
structure and water retention. Pulses are well adapted to moisture stress, high temperature, and
poor soils. Including them in cropping systems stabilizes yields across seasons and minimizes risks
associated with extreme weather conditions. By lowering dependence on nitrogen fertilizers, pulses
help reduce nitrous oxide (N.O) emissions from soils. Although pulses do emit some N,O during

decomposition, overall net emissions are lower than cereals.
3.3 Improvement in Soil Structure and Physical Properties

The deep, robust, and extensively branched root systems of pulses are essential for enhancing the
physical health of the soil and the long-term viability of agroecosystems. The roots of pulses produce
mechanical pressure that helps to loosen the compacted soil layers when they enter deeper soil
horizons. This breaking of compacted subsurface layers and hard pans, acts as natural biological

tillage which improves soil aeration that helps in better growing of succeeding crops.
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e The vast network of root of pulse crops improves soil porosity by increasing the number and
continuity of macro and micropores. These pores increase water infiltration and percolation,
which lowers the surface runoff while increasing the soil's ability to store and transfer water
into deeper layers. Improved infiltration not only reduces waterlogging during heavy rainfall
but also provides better moisture availability during dry periods, thus boosting agricultural

system’s resistance to climatic variability.

e By releasing root exudates such as polysaccharides and organic acids, which serve as binding
agents for soil particles, pulse crops also encourage the development of stable soil
aggregates. Additionally, the turnover of fine roots and other plant parts add organic matter
into the soil, which promotes microbial activity and stabilizes aggregates even more. Well-
aggregated soils show more structural integrity under external Pressure and are less

vulnerable to crust and erode.

e By improving pore structure and aggregation, pulse cultivation lowers the bulk density of
the soil. A looser, more friable soil with a lower bulk density encourages root development

and effective uptake of nutrients and water.

In general, these structural improvements support long-term soil health and sustainable crop

production by protecting the soils against erosion, crusting, and compaction.
3.4 Enhanced Soil Biological Activity

Pulse rhizospheres harbor abundant microbial populations. Enhanced microbial biomass carbon,
dehydrogenase activity, nitrogenase activity, and other beneficial organisms improve nutrient
mineralization and soil fertility. The pulse-microbe interactions support carbon sequestration and

biological pest suppression.
3.5 Nutrient Mobilization and Improved Nutrient Cycling

Pulses enhance the availability of several nutrients including phosphorus, zinc, and iron. They release
organic acids that solubilize phosphates and micronutrients. Pulse residues are easily decomposable

and stimulate nutrient cycling.
3.6 Improved Biodiversity

Pulse fields attract pollinators and support biological control agents. Increased biodiversity reduces
pest outbreaks and improves ecological balance. The pulse-cereal production method features
enhanced soil biodiversity, nitrogen fertilization, a high soil C accumulation capacity, and a low

carbon and water footprint.
3.7 Soil Erosion Control

Pulses act as cover crops viz., mungbean, urdbean and cowpea etc. reduce erosion during the kharif

season in semi-arid regions. Their roots bind soil particles and prevent nutrient loss.
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4. Impact of Pulse-Based Systems on System Productivity
4.1 Yield Improvement of Succeeding Crops

The inclusion of pulses significantly increases the productivity of succeeding cereals and oilseeds.

For example:
e Wheat yields are enhanced by 8-30% following a pulse crop.
e Sorghum after pigeonpea performs better than sorghum after continuous sorghum.
e Rice-lentil and rice-lathyrus systems improve total productivity in eastern India.
4.2 Enhanced Income, Profitability and Resource Use Efficiency

Pulses are low-input crops with higher profitability due to better market prices and reduced cost

of cultivation. Pulses-based systems:
e Improve partial factor productivity (PFP) of N and P fertilizers
e Increase agronomic efficiency (AE) and nutrient-use efficiency (NUE)
e Minimize production risks in rainfed areas

4.3 Balanced Soil Nutrient Status

Pulse residues add N, enhance P availability, and improve micronutrients such as Zn and Fe. They

help correct nutrient imbalance caused by cereal-intensive systems.
4.4 Improved Soil Biology

Higher microbial biomass carbon, enzymatic activity, macrofauna populations (earthworms,
nematodes, arthropods) and beneficial bacteria are consistently recorded under pulses-based

systems.
4.5 Soil Physical Properties

Pulses improve aggregation, reduce bulk density, and increase infiltration. This reduces run-off and

erosion, especially in drylands.
4.6 Reduced Pest and Disease Build-up

Crop rotations involving pulses disrupt pest and disease cycles. They reduce reliance on chemical
pesticides and enhance natural enemy populations like pigeonpea and cowpea provide nectar and

pollen resources for parasitoids and predators such as ladybird beetles, lacewings, and spiders.
5. Economic Benefits of Pulses-Based Cropping Systems

5.1 Reduced Cost of Cultivation

Pulses need fewer fertilizers and pesticides, resulting in lower production costs.

5.2 Higher Net Returns and Benefit-Cost Ratio

Pulses offer attractive MSPs and price stability. Inclusion of one pulse crop can increase net returns
by 15-40% compared to monocropping.
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5.3 Efficient Resource Utilization

Including pulses enhances efficiency of:

Water (WUE increases significantly)- Pulses require less water compared to cereals and

oilseeds. Their integration in rainfed regions improves total water productivity. Short-

duration pulses like mungbean or urdbean use minimal water while delivering high system

returns.

Nutrients (NUE, PFP, AE, RE improve)-

>

Nitrogen Use Efficiency (NUE): Pulses fix atmospheric nitrogen through symbiotic
Rhizobium bacteria, reducing dependence on applied nitrogen fertilizers. This
improves nitrogen availability to succeeding crops.

Partial Factor Productivity (PFP): Higher yields per unit of applied fertilizer are

achieved because pulses require low external nutrient inputs.

Agronomic Efficiency (AE): Yield gain per unit of nutrient applied increases due

to improved soil fertility and balanced nutrient cycling.

Recovery Efficiency (RE): Improved root systems and microbial activity enhance

nutrient uptake and reduce losses through leaching or volatilization.

For example, wheat grown after chickpea or mungbean often requires 20-
30% less nitrogen fertilizer while maintaining or increasing yields, demonstrating

improved fertilizer efficiency at the system level.

Labour- Pulses are less labour consuming crops, they require fewer field operations,

minimal irrigation management, and lower input application.

5.4 Crop Diversification and Risk Reduction

Diversification with pulses spreads risk, especially in rainfed regions prone to climate stress. Pulses

are well adapted to drought and heat stress, making them ideal crops for climate-resilient

agriculture.

6. Challenges in Adoption of Pulses-Based Cropping Systems

Despite the advantages, several barriers persist:

Limited availability of short-duration, high-yielding, stress-tolerant pulse varieties

Susceptibility to pests and diseases

Poor seed availability and unorganized seed networks

Low mechanization

Price fluctuations in nhon-MSP pulses

Limited extension and awareness in rainfed regions
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Overcoming these challenges requires collaborative efforts involving ICAR institutes, state

departments, KVKs, private sector and farmer groups.

7. Strategies for Promoting Pulses-Based Cropping Systems

Pulses-bases systems should be promoted by the policy makers. Some suggestions are given below-

Development and distribution of improved varieties (drought, heat, disease tolerant)
like IPC 2010-142 (Kuber), IPC 2005-62 (high protein) of chickpea, Lentil: IPL 220 (high Fe
& Zn), IPA 15-2 (Sharada) IPH 9-05 (Hybrid) of pigeon pea, IPM 205-7 (Virat) and IPM 512-
1 (Soorya) of mungbean and IPFD 12-2 of field pea.

Strengthening seed systems for timely availability of quality seed by involving farmers
and private sector in seed production chain.

Promotion of intercropping and crop diversification models suited to local conditions
like pigeonpea + soybean in central India, mustard + chickpea or field pea in northern plains,

and urdbean as a catch crop after potato have increased total productivity.

Mechanization support for sowing, harvesting and processing. Like, IIPR, Kanpur
developed machine-harvestable chickpea variety IPC 2015-132 (Kundan) for NEPZ.

Soil health cards and integrated nutrient management (INM)-This scheme fulfills the
farmer’s field specific nutrient demands and inclusion of INM such as FYM, composts and

other organic manures and fertilizers make resources sustainable.

Awareness through demonstrations, training and farmer-participatory research-
The different KVKs, SAUs and ICAR institutions arrange trainings and awareness programs
among the farmers to demonstrate the new technologies and government schemes to

farmers.

Market support, MSP and procurement infrastructure- Government should make
easier the processes of mandis, improve the procurement infrastructure by new policies and

should increase MSP on the all pulses so farmers interested in producing more pulses.

Encouragement for pulse cultivation in rice fallows- Using short-duration varieties and
in order to increase farm income and land use efficiency, extensive areas of rice fallow in
north-eastern India are now used to grow pulses like lentils, lathyrus, and mungbean using

residual soil moisture.

8. Future Prospects

The future of Indian agriculture depends on sustainability, resilience and ecological health.

Pulses-based cropping systems offer significant promise:

They can contribute to doubling farmers’ income through higher system productivity and

lower input costs.
They play a pivotal role in improving soil fertility and reversing land degradation.

They support climate resilience, sustainable intensification and resource conservation.
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e Increased pulse integration will help India reduce import dependence and achieve self-

reliance.

Innovations such as microbial consortia, nano-fertilizers, precision farming, climate-
resilient varieties, and digital advisories will further enhance pulse productivity in cropping

systems.
9. CONCLUSION

Pulses-based cropping systems are indispensable for enhancing system productivity, improving soil
health, conserving natural resources and strengthening food and nutritional security in India. With
their unique ability to fix atmospheric nitrogen, enrich soil organic matter, enhance biological
activity, improve physical properties, and reduce dependence on external inputs, pulses are
fundamental components of sustainable agriculture. Integrating pulses in crop rotations,
intercropping systems, mixed cropping and rice fallows can significantly boost productivity,
profitability and ecological sustainability. As India strives towards sustainable development goals,
climate resilience and agricultural diversification, pulses-based cropping systems offer a scientifically
sound, economically viable and environmentally sustainable pathway. With supportive policies,
technological innovations and strong extension outreach, pulses will keep on to play a transformative

function in Indian farming systems.
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