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ABSTRACT

Modern agriculture is facing significant challenges due to climate change and the growing human population.
Even slight climate variations can negatively impact agriculture, leading to reduced crop yields. To minimize
these issues, adopting advanced and sustainable farming techniques is very important. One such approach
is the implementation of appropriate cropping systems, with intercropping emerging as a highly beneficial
practice. Intercropping, an age-old farming method, involves growing two or more crop species or genotypes
together for the specific period. This provides various advantages, including enhanced overall productivity
and increased farm income within a given timeframe. Moreover, intercropping contributes to agroecosystem
stability by improving resource efficiency, increasing soil water retention, maximizing solar energy utilization,
reducing GHG emissions, increasing carbon sequestration and providing greater ecosystem services. While
modern intensive agriculture often overlooks intercropping, it remains vital for subsistence and low-input
farming systems. Integrating legumes such as soybean, groundnut, black gram, and French bean with
primary crops has proven effective in optimizing upland productivity, minimizing crop failure risks, stabilizing
yields, improving resource utilization, and maintaining soil fertility. Additionally, this practice boosts farmers’
incomes and enhances food and nutritional security for their households.
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INTRODUCTION change. Temperature increases can shorten crop duration,

Indian agriculture experiencing climate change effect,
particularly drought, as two-thirds of the country’s land
is rainfed, and even the irrigated system depends on
monsoon rains. In several regions of the nation,
particularly the eastern one where floods occur frequently,
flooding is another significant issue. Furthermore, cyclones
on the eastern coast, heat waves in the middle and
northern regions, and frost in the northwest all cause
devastation. Due to the rising air temperature in the recent
years, these climatic extremes have become more
frequent, increasing the hazards and causing a significant
loss in agricultural output. The crops, soils, animals, and
pests are all directly and indirectly affected by climate

rise respiration rates, change the process of
photosynthesis. They can also increase the mineralization
of nutrients in soils, reduce the efficacy of fertilizer use,
and increase evapotranspiration. (Gupta and Pathak,
2016). Climate change is having a negative impact on
India’s agriculture industry. To overcome these
challenges, policymakers believe that understanding and
adapting to farmers’ impressions of the quickly changing
climate is essential (Datta et al., 2022)

In the occurrences of climate change, agriculture
sector would face the following significant challenges:
(i) Water scarcity due to altered rainfall patterns, stream
flow, and increased crop water demand; (ii) deterioration
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of water quality due to intrusion of seawater; and (iii)
Transport of salts from the deeper soil layers due to the
improper irrigation techniques and overexploitation of
aquifers. (iii) More frequent and hazardous weather
events, like severe water scarcity, floods and cyclones,
which would have a greater impact on production levels
than average climate change (Gupta and Pathak, 2016).

Intercropping is a practice of growing two or more
crop species or genotypes in the same field, is a multi-
faceted farming approach that leverages the distinct
qualities and interactions of various crops to offer an eco-
friendly alternative to traditional farming methods (Brooker
et al., 2023). By increasing resource use efficiency,
enhancing soil water holding capacity, and expanding the
diversity and quality of pollinator habitat for insects such
offer pollination services and natural pest control,
intercropping helps fortify and stabilize agroecosystems
in the context of climate change (Huss et al., 2022).
There are several spatial configurations in which
intercropping can be used. With mixed intercropping,
several crops are grown concurrently without specific
row configurations (Agegnehu et al., 2008). Using row
intercropping, secondary plants are planted in rows that
alternate with the primary crop (Chen et al., 2004). Strip
intercrops are grown in strips that are both sufficiently
wide for individual cultivation and sufficiently narrow to
allow for ecological interaction between each crop (Li et
al., 2001, Brennan, 2016).

There are a number of fundamental advantages of
intercropping that are pertinent in the current context of
changing climatic scenario, including the ability to assure
the regulation of climatic factors, efficient soil moisture
utilization, maximum use of solar radiation, reduced GHG
emissions, enhanced carbon sequestration, and greater
ecosystem services (Maitra et al., 2023).

The Potential of Intercropping in Facing Climate
Change

Intercropping has been shown to have several
benefits, although it is acknowledged that these benefits
vary depending on the intercrops and the type of
intercropping. These benefits include increased yield
security, soil conservation, water dynamics regulation,
pathogen buffering, increased nutrient and protein self-
sufficiency, and a decrease in the need for external inputs
based on fossil fuels. Intercropping, then, can be seen as
a way to increase farm adaptive capacity as well as a
targeted adaptive technique and a potential climate-smart
practice that can be grown locally and context-specifically
(Himanen et al., 2016). By increasing plant resource
efficiency (space, nutrients, and water) and naturally

suppressing weeds, diseases, and insect pests,
intercropping can increase climate resistance. When
combined, these effects frequently increase farmer’s
profitability (Ward et al., 2016).

Even though intercropping is an old cropping system,
the mixed stand helps to maintain ecological soundness.
By improving the management of crop and soil
environmental factors, intercropping raises the macro and
microclimatic standards. By choosing complementary
intercrops, one can increase crop intensification and overall
productivity compared to monoculture (Li et al., 2020).
In order to produce the same amount of yield,
monocropping requires more synthetic inputs, tillage, and
irrigation than intercropping, which results in increase
overall GHG emissions (Jayathilake et al., 2021).
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Fig.1: Role of intercropping in changing climatic scenario.

Intercropping as an Energy Saving Technology

Crop productivity, energy and water conservation,
GHG emissions, and soil health have all improved with
the application of resource conservation methods in
agriculture. In agriculture, intercropping can significantly
decrease total energy usage and encourage of sustainable
food production systems. On farmlands, intercropping
incorporates all forms of renewable energy, including
biomass generation, wind turbines, and solar panels (Sahoo
et al., 2024). Kishore et al., (2025) reported that the
higher energy input was estimated in Mango + dragon
fruit + pineapple, Mango + Pineapple and Mango +
Dragon fruit system. Energy input of Mango + Dragon
fruit + Pineapple system was ~2.7 times greater than
monocropping, whereas in other intercropping system,
energy input was about two times greater than
monocropping. In comparison, intercropping systems
require less energy inputs such as fertilizer, fewer
chemicals for plant protection, and more crop
diversification, which creates functional diversity and
lowers the prevalence of pest diseases. A calming
environment with reduced evaporation is also created
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(Maitra et al., 2021). Energy output, energy input and
EUE was more in paired-row planted maize + soybean
over sole maize (Kumar et al., 2015)

Baishya et al., (2020) carried out an experiment for
evaluation of Maize (Zea mays L.) based intercropping
system for Productivity, Profitability, Energy budgeting
and soil health in Eastern Himalayan Region the result
indicated that the lowest energy input, Output energy,
Net energy, Energy efficiency and Energy productivity
were with the sole cropping of cowpea 7.75 x 103 MJ
ha?, 72.85 x 103 MJ ha, 65.09 x 103 MJ ha, 9.39 and
644.44 g MJ* respectively and maize + groundnut (1:1)
recorded the highest, Input energy, Output energy, Net
energy, Energy efficiency and Energy productivity 10.68
x 103 MJ ha?, 148.61 x 103 MJ ha*, 137.93 x 103 MJ
ha?, 13.91 and 955.01 g MJ* respectively.

Water Use Efficiency under Intercropping

Crop water usage efficiency (WUE) can be improved
through intercropping, which also optimizes the soil
moisture condition for crop growth. Because of its high
and consistent yield and effective use of the resources,
strip intercropping has been used extensively in arid and
semi-arid climate (Yin et al., 2020). Intercropping
systems could improve water storage in the root zone,
reduce inter-row evaporation and control excessive
transpiration, promote the full use of farmland water by
plant roots, and create a special microclimate that is
advantageous to plant growth and development (Dugassa,
2023). It can also improve retention of fertilizers applied
by reducing water runoff and erosion (Andrews et al.,
2020). Over half the fertilizer applied to cropland
worldwide is lost to leaching and denitrification, polluting
waterways, and releasing greenhouse gasses (Lassaletta
et al., 2014). Intercrops can help reduce this pollution
because their roots hold the soil in place and their leaves
reduce the effect of rains. Additionally, intercropped
plants save water by lowering soil evaporation rates and
shade the soil surface with a bigger plant canopy (Wallace
et al., 1999), while intercrops might lessen water conflict
because to complementing root architecture (Yin et al.,
2020). Intercrop residue increases soil OM, which can
significantly increase the soil’s ability to hold water and
nutrients. In fact, the amount of water accessible for
plants doubles when soils contain 1% to 3% more organic
matter (Hudson, 1994). The intercropping is a agricultural
strategies which help in increase water productivity
(Metwally et al., 2019). In order to generate a unique
microclimate that is beneficial to plant growth and
development, intercropping systems use agricultural water
through improved plant roots, improving water storage in
the root zone, reducing inter-row evaporation, and

decreasing transpiration (Shaoo et al., 2024).

When compared to flood irrigation, an alternative
irrigation technique decreased the quantity of water used
for intercropping by 16.1% and 15.3% at high and low
water supply levels, respectively (Yang et al., 2011).
Following intercropping, ideally of deep-rooted crops with
shallow-rooted crops, increases WUE because
intercropping uses comparatively less water for irrigation
to produce yields that are equivalent (Singh et al. 2014).
Singh et al., (2019) performed research on the
intercropping pattern of wheat and chickpea and reported
that the intercropping system of Wheat + chickpea (2:1)
gave higher WUE than sole wheat i.e. 0.117 and 0.083
Mg ha! cm? respectively. Bharati et al., (2007) carried
out an experiment during winter season of 2002-03 and
2003-04 at Pusa in Bihar to study effect of four irrigation
levels, based on Irrigation water (IW): cumulative pan
evaporation (CPE) ratio and four intercropping systems.
The study indicated that there was also significant effect
in water requirement due to different intercropping
systems. In both the years water requirement was lowest
in maize + rajmash as compared to the sole system.

Intercropping as a Carbon-smart Technology

Changing agroecological variables can accurately
assess how effective an intercropping system is at
reducing carbon emissions because crop output in all
cropping systems is impacted by various growth
component, including soil moisture, temperature and
precipitation (Lemke et al., 2007). Intercropping offers
the ability to enhance the soil’s structural integrity,
encourage the sequestration of soil organic carbon, and
guarantee the highest possible crop yield when paired
with fertilizers that contain organic additions (Moreira,
2024). Abbady et al., (2016) carried out experiment at
El-Giza agricultural research station to examine the short-
term effects (3 years) of two cropping patterns-based
on intercropping system and N fertilization on quantifying
of crop& soil carbon sequestration and soil carbon dioxide
emissions targeting to test the ability of this management
to mitigate global warming. The results shows that
intercrops patterns and urea form fertilizer have been
contributed to obtain a lower emitted CO, quantities from
soil compared to sole crops patterns and urea fertilizer. A
higher carbon sequestration by 5.3% in intercropping of
sunflower cowpea than sole sunflower. Yin et al., (2017)
carried out a field experiment using an improved system
was conducted at an arid oasis region in north western
China in 2014, 2015, and 2016. The result revealed that
the carbon emissions of wheat/maize intercropping pattern
were 18.9% lower than maize monoculture.
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Among the various cropping systems, Coconut +
Jamun system sequestered the highest up above carbon
(60.93 t hat) subsequently Coconut + Mango system
with 56.45 C t ha, Coconut + Garcinia sequestered 53.02
C t hal whereas, coconut alone had sequestered 51.14
C t ha. The underground soil carbon stock in the
rhizosphere of 0 to 60 cm depth was the highest in coconut
+ mango (82.47 t hal) system subsequently Coconut +
Jamun (79.13 t ha!), Coconut + Garcinia (78.69 t ha?)
and it was the lowest in coconut monocrop (47.06 C t ha
1) (Bhagya et al., 2017). The wheat/maize intercrops
increased net primary production by 68% and net
ecosystem production by 72%; and when combined with
straw mulching on the soil surface, it decreased carbon
emissions by 16%, compared to the monoculture maize
without mulch (Hu et al., 2016).

Nutrient Use Efficiency under Intercropping

In species with different rooting and uptake
tendencies, such as those cultivated in cereal-legume
intercropping systems, higher N-uptake in the intercrop
has been seen in comparison to mono-cropping (Dugassa,
2023). Complementary intercrops require different forms
and quantities of nutrients meaning they can coexist with
relatively little competition (Li et al., 2020). Soil N, P,
and K concentrations are reported to be higher when
maize and cowpeas are planted together than when maize
is grown alone (Mugwe et al., 2011). Efficient allocation
of soil nutrients to plants reduces the need for synthetic
fertilizers (Xu et al., 2020). Since nitrogen-fixing plants
enhance the nitrogen budgets of cereal and oilseed crops
and further lessen the requirement for synthetic fertility,
they are most often used as intercrops (Jensen et al.,
2020). Living mulch intercrops reduce the occurrence of
important nutrient deficits by allowing complementing
plants to effectively share micro and macronutrients
through shared mycorrhizal networks, increasing nutrient
usage efficiency (Zuo et al., 2000, Dowling et al., 2021).
Indeed, if land currently used for cereal crops worldwide
was converted to cereal-legume intercrop systems,
nitrogen-based fertilizer use could be decreased by 26%
(Jensen et al., 2020), which could shrink the carbon
footprint of agriculture.

Intercropping is a revolutionary approach to enhancing
soil fertility and health in sustainable agriculture. This
method enables the soil ecology to benefit from a large
number of plant species cooperating by cultivating
numerous crops close to one another. Numerous studies
have examined the amazing capacity of intercropping
systems to raise soil nutrient levels, particularly those of
nitrogen (N) and phosphorus (P), as well as to foster
diverse and robust microbial communities (Toker et al.,

2024). By recovering nutrients from beneath the crop’s
root zone, intercropping systems help to create a more
sustainable and effective nutrient cycle (Lorenz and Lal,
2014). The highest total N (108.4 kg/ha), P (12.50 kg/ha)
and K (109.70 kg/ha) uptake was recorded in the
treatment with finger millet (HR-374)+ pigeon pea (6:2)
(Mahto et al., 2007). Nyawade et al., (2020) Highlighted
that intercropping with legumes reduces the dropping of
nitrogen from the soil, increases productivity and increases
the efficacy of nutrient use. It also improves drought
resistance in shallow soil plants by encouraging deeper
root growth, leading to higher growth rates and nutrient
levels in leaves.

Intercropping as a Climate-smart Technology

In the events of climate change and an ever-growing
human population, modern agriculture faces enormous
challenges in attain global food security. Adopting tested,
enhanced technology that can guarantee food and
nutritional security as well as agricultural sustainability is
imperative in order to tackle the issue. Choosing the right
cropping system can be crucial in this respect. The long-
standing intercropping strategy provides several
advantages for raising farm income and gross production
over a specific period of time. Most of the earlier studies
focused to assess the benefits of an intercropping system
in the light of yield enhancement and monetary
advantages spatially and temporally. Moreover, recent
studies highlighted other advantages such as greater
ecosystem services, efficient utilization of solar radiation
and CO,, enhancement of water, and nutrient use
efficiency in the mixed stand, However, in current
consequence of climate change, it is the essential
requirement to re-investigate the intercropping system
as a mitigation and adaptation option to encounter the ill
effects of climate change in agriculture (Sahoo et al.,
2024).

Agricultural interventions including tillage, irrigation,
and use of more synthetic inputs for monocropping result
in higher overall GHG emissions than intercropping for
the same yield (Jayathilake et al., 2021). Intercropping
of foxtail millet + pigeonpea (5:1) was identified as best
climate resilient system in black soils (kurnool district) of
Andhra Pradesh. This system on an average enhanced
pigeonpea seed equivalent yields by 406 and 191 kg/ha
compared to sole crops of foxtail millet and pigeonpea
and recorded 41% of yield advantage over sole crops. In
Aurangabad district of Maharashtra, soyabean +
pigeonpea (4:2) and pigeonpea + green gram (1:2) were
identified as climate resilient intercropping systems. Cotton
+ greengram (1:1) intercropping system was suitable
during medium and good rainfall years in black soils of
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Aurangabad district. In Nandurbar district of Maharashtra,
soybean + pigeonpea (3:1) was found stable over
different rainfall patterns. On an average, the intercropping
system of soybean + pigeonpea (3:1) recorded 73% higher
net income than sole pigeonpea (Shekar et al., 2019).

Conclusion

Intercropping, the practice of growing two or more
crop species or genotypes within a same field, is a
versatile farming method that harnesses the unique traits
and interactions of different crops to provide an
environmentally friendly alternative to conventional
agriculture. This system helps regulate climatic conditions,
optimize soil moisture usage, enhance nutrient use
efficiency, maximize solar radiation absorption, lower
greenhouse gas emissions, increase carbon sequestration,
and enhance ecosystem services. The diverse crop
mixture supports ecological stability while promoting
better management of soil and crop environments,
ultimately improving both macro and microclimatic
conditions.
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