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Abstract

Climate change, driven by escalating
greenhouse gas (GHG) emissions from fossil fuel
use and land-use change, poses a critical threat
to global agricultural sustainability. Agriculture
itself contributes significantly to these emissions,
necessitating the adoption of climate-resilient
and environmentally sustainable practices to
meet global targets such as those outlined in the
Paris Agreement. Among these, cover cropping
emerges as a promising nature-based solution.
Cover crops, defined as non-harvested plants
grown between main cropping cycles, provide
continuous soil cover and function as living
mulches that reduce erosion, enhance soil
moisture retention, and promote soil organic
carbon (SOC) sequestration. Their role extends
beyond physical soil protection to include
improved nutrient cycling, particularly nitrogen,
phosphorus, and sulphur, through biomass
accumulation and  microbial interactions.
Leguminous cover crops contribute to biological
nitrogen fixation, reducing dependency on
synthetic fertilizers, while diverse species mixtures
enhance soil structure, aggregation, and
hydraulic properties. Additionally, cover crops
support soil biodiversity by fostering microbial
communities and beneficial arthropods, which
contribute to nutrient mineralization and natural
pest suppression. Weed and pest management is
further strengthened through competitive

exclusion and allelopathic effects, reducing
reliance on chemical inputs. In terms of water
dynamics, cover crops improve infiltration, reduce
runoff, and enhance water retention, thereby
increasing resilience to drought and extreme
weather conditions. Their integration into diverse
cropping  systems  enhances  resource-use
efficiency, stabilizes yields, and minimizes
environmental losses through reduced nutrient
leaching. Ultimately, cover cropping transforms
agricultural soils into carbon sinks while
supporting ecosystem services critical for
sustainable intensification. By linking soil health
restoration with climate change mitigation and
adaptation, cover crops represent a scalable and
practical strategy for achieving long-term
agricultural  productivity and environmental
sustainability.
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Introduction

Climate change represents a defining
global challenge driven by greenhouse gas (GHG)
emissions from fossil fuels and land-use changes
that have triggered rising temperatures and
extreme weather (Jogdand et al, 2020).
Agriculture uses a major percentage of the land
and is also a major contributory factor of
greenhouse gases (GHG) emissions and
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according to a report, it is responsible for about
one-third of the total anthropogenic GHG with 40
percent coming from production processes and
32 percent from land use change. To deliver on
the 1.5°C and 2.0°C targets of the Paris
Agreement, it is crucial to apply agricultural
strategies that maintain productivity and mitigate
climate effects. Cover crops, which are non-
harvested plants protecting the soil, present a
crucial solution in terms of providing a living
mulch that mitigates erosion, enhances moisture
retention, and soil organic carbon (SOQ)
accumulation. This feedback loop is critical in
maintaining soil N, P and S balance as the crops
extract nutrients and maintain cycling. In addition,
by raising the next primary crops’ yields, cover
crops reduce pressure on land use change,
addressing the biggest source of emissions in the
agri-food system and turning bare fields into
resilient carbon-sequestering landscapes.

Understanding Cover Crops and their role in
sustainable agriculture

The cultivation of cover crops has many
useful beneficial effects that are important in
modern  sustainable farming, from the
improvement of soil health and nutrient cycling
to carbon sequestration and reduction of
greenhouse gas emissions. By introducing such
non-harvested plants into agricultural systems,
farmers can sustain the productive stability of
cash crops as well as increase soil fertility based
on the continuous accumulation of organic
matter. Cover crops are a living shield that
protects and enriches the soil in between the
primary growing seasons, capable of reducing
wind erosion and water erosion while providing
more desirable structural qualities such as
aggregate stability. Physical protection is not
their only role, since they improve hydraulic
properties, such as water infiltration and
conservation, making farming systems resilient to
climate stress. The leguminous varieties enrich

the soil with natural nitrogen, while some reduce
weed growth and pest infestation, thus
minimizing dependence on synthetic fertilizers
and maximizing economic returns. In addition,
biological nitrogen fixation fosters microbial
biodiversity, and the composite nature of the
crops prevents nitrate leaching into the
groundwater to ensure long-term sustainability
of the agricultural process by converting empty,
open spaces into green, anti-climate change, eco-
friendly microcosmos.
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Soil Health Improvement

Soil health is a critical determinant of
sustainable agricultural productivity, particularly
in the context of global food security. Cover crops
contribute significantly to soil improvement
through multifunctional mechanisms that vary
across species, and their combined use in
mixtures enhances overall system resilience.
Shallow-rooted, fibrous species stabilize soil
aggregates and reduce erosion, while deep-
rooted crops alleviate compaction and improve
water infiltration. Leguminous cover crops
facilitate biological nitrogen fixation, thereby
reducing dependence on synthetic fertilizers,
whereas non-leguminous species contribute to
soil organic matter through gradual biomass
decomposition. The diversity in root architecture
and functional traits ensures complementary
resource utilization and promotes belowground
biological activity, which is often more influential
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than aboveground biomass. Given the variability
in soil type, climatic conditions, and management
practices, site-specific selection and integration
of grasses, legumes, and brassicas are essential to
optimize soil structure, nutrient cycling, and long-
term agroecosystem sustainability.

Water Conservation Benefits

Cover crops significantly enhance water
conservation  through  multiple  soil-plant
interactions. Their root systems create continuous
macropores that facilitate deeper infiltration of
rainfall, thereby reducing surface runoff and soil
erosion. Dense canopy cover minimizes direct
solar radiation on the soil surface, lowering
evaporation losses and maintaining soil moisture.
Although cover crops utilize water during their
growth phase, they concurrently improve soil
structure and organic matter content, which
increases water-holding capacity over time. Upon
termination, crop residues form a protective
mulch layer that reduces moisture loss from wind
and raindrop impact while enhancing infiltration.
In poorly drained conditions, certain species aid
in removing excess soil moisture, thereby
improving field trafficability and aeration. Overall,
optimized management of cover crops promotes
efficient water infiltration, retention, and
redistribution,  strengthening agroecosystem
resilience to drought and variable climatic
conditions.

Carbon Sequestration Potential

Cover crops represent a viable strategy
for enhancing soil organic carbon (SOC)
sequestration, an  approach increasingly
recognized yet underutilized in agroecosystems.
Conventional  agricultural  practices  have
significantly depleted SOC relative to native
ecosystems; however, the integration of cover
crops facilitates atmospheric CO, capture
through photosynthesis and its subsequent

stabilization in soil matrices. By maintaining

continuous vegetative cover during fallow
periods, cover crops generate additional biomass
inputs without adversely affecting primary crop
productivity. The decomposition of above- and
below-ground residues contributes to the
formation of stable carbon pools, improves
nutrient cycling, and enhances soil structural
integrity, thereby reducing erosion. Furthermore,
sustained soil cover moderates organic matter
mineralization rates and promotes microbial
activity, leading to greater carbon stabilization in
recalcitrant forms. In addition to carbon
sequestration, cover crops mitigate nitrogen
leaching and improve soil moisture retention,
collectively enhancing agroecosystem resilience.
Thus, the adoption of cover cropping systems
transforms agricultural soils into functional
carbon sinks, contributing to long-term climate
change mitigation and sustainable food
production.

Enhancing Soil Biodiversity

Cover crops enhance soil biodiversity by
transforming simplified agroecosystems into
functionally complex ecological networks.
Continuous vegetative cover provides resources
and habitat for beneficial arthropods, including
pollinators and natural enemies, thereby
strengthening biological pest regulation and
reducing dependence on synthetic inputs.
Species such as crimson clover, buckwheat, and
rye facilitate the proliferation of predatory and
parasitoid communities that suppress pests like
bollworms. Belowground, cover crops stimulate
diverse microbial consortia, including bacteria,
fungi, and soil macrofauna, by supplying root
exudates and organic residues.

This enhanced biological activity
accelerates nutrient mineralization, improves soil
aggregation, and stabilizes soil structure.
Furthermore, multispecies cover cropping
systems promote greater functional diversity,

GreenariA 04(04): 08-12

April - 2026 | 10



Lokeshwar et al., 2026

ISSN: 2584-153X

increasing ecosystem resilience to biotic and
abiotic stresses and supporting sustained
agroecosystem productivity.

Weed and Pest Management

Weed suppression under cover cropping
systems is primarily driven by rapid canopy
establishment, which reduces light availability
and limits weed germination and growth through
competitive exclusion for space, moisture, and
nutrients. Certain species such as white mustard
and rye further enhance this effect via allelopathy,
releasing bioactive compounds into the soil that
inhibit seed germination and early seedling
development. Deep and extensive root systems of
cover crops also disrupt soil-borne pest
dynamics, particularly nematodes, by interfering
with their life cycles and habitat continuity. The
inclusion of cover crops in crop rotations has
been shown to reduce the incidence of soil-borne
pathogens such as Rhizoctonia and minimize
disorders like common scab by improving soil
biological balance. Additionally, some cover
crops function as trap crops or refugia, attracting
pests away from main crops or supporting
beneficial arthropods, including predatory insects
that regulate pest populations in crops such as
cotton and maize. Incorporation of cover crop
residues further contributes to pest suppression
by disturbing breeding sites and enhancing soil
organic matter, thereby improving soil resilience
and plant defense mechanisms. Collectively,
these processes promote a biologically regulated
and ecologically sustainable agroecosystem that
reduces reliance on chemical inputs while
maintaining productivity.

Nutrient Cycling and Fertility

Cover crops represent a paradigm shift in
nutrient management by emphasizing ecological
processes over synthetic inputs. Rather than
relying on manufactured fertilizers, these systems
utilize living vegetation to capture residual

nutrients following harvest, effectively reducing
losses through leaching and runoff. Cover crops
assimilate essential macronutrients such as
nitrogen, phosphorus, and potassium into their
biomass, while leguminous species contribute
biologically fixed nitrogen through symbiotic
associations with soil microorganisms. Upon
decomposition, this biomass facilitates a gradual
and synchronized release of nutrients, aligning
with subsequent crop demand. This approach
underscores the integral role of plant-microbe
interactions in regulating nutrient dynamics, as
increased organic matter enhances soil structure,
nutrient retention capacity, and microbial activity
responsible for nutrient mineralization. Site-
specific integration of cover crops, tailored to soil
conditions, further optimizes nutrient cycling
efficiency and reduces dependence on external
inputs. Over time, such systems promote the
internal recycling of nutrients, thereby sustaining
soil fertility and minimizing environmental losses.

Effect on different cropping systems

Diversification of cropping systems
beyond monoculture through the integration of
multi-species cover crops contributes to
enhanced agroecosystem stability and resource-
use efficiency. Empirical evidence indicates that
mixed cropping systems improve productivity
while reducing dependence on synthetic inputs
by promoting complementary root architectures
that exploit different soil strata and improve soil
structure. Functional groups such as legumes,
brassicas, and grasses play distinct roles,
including biological nitrogen fixation, soll
aggregation, and nutrient scavenging, thereby
enabling site-specific optimization of
belowground conditions. Continuous vegetative
cover suppresses weed emergence through
competitive exclusion and niche occupation,
reducing herbicide reliance. In perennial systems,
cover species such as clover and vetch enhance

yield performance, while cereals like rye and
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wheat provide effective weed suppression in
annual cropping systems. Post-termination
residue management is critical; surface-retained
biomass under reduced tillage acts as a physical
mulch and releases allelopathic compounds that
inhibit weed germination. Decomposing residues
regulate soil microbial dynamics, supporting
diverse communities of bacteria, fungi, and
nematodes that govern carbon turnover and
nutrient cycling. Residues with low carbon-to-
nitrogen ratios facilitate rapid  nutrient
mineralization, whereas high-ratio residues
contribute to long-term soil structural stability
and nutrient retention. Overall, strategic
integration of cover crops within crop rotations
and conservation systems mitigates soil
degradation, enhances ecological resilience, and
supports sustainable agricultural intensification.

Conclusion

Living root systems sustained through
cover crops significantly enhance agroecosystem
functioning by maintaining biological continuity
within the soil. Unlike fallow systems, continuous
vegetative cover supports active rhizosphere
processes such as root exudation, microbial
activity, and nutrient cycling, representing a
biologically driven innovation rather than a mere
revival of traditional practices. These systems
promote soil organic carbon sequestration by
capturing atmospheric carbon and transferring it
belowground via root biomass and exudates,
thereby improving soil structure, aggregation,
and porosity through root networks and
microbial by-products. Additionally, cover crops
enhance biodiversity, supporting beneficial
insects and diverse microbial communities that
aid in natural pest suppression and nutrient
availability. In the face of rising food demand and
climate variability, integrating cover crops into
farming systems strengthens resilience by
reducing reliance on monocultures, minimizing
erosion, conserving moisture, and moderating

soil temperature. Overall, living cover systems
provide a robust, science-based approach to
sustainable agriculture, linking short-term sail
management with long-term productivity and
ecosystem stability.
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