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ABSTRACT

Climate change fatally impacts agricultural production. To address this, adopting climate-resilient cropping systems 
is crucial, and intercropping presents a strong option. Intercropping, which involves growing two or more crops 
on the same land, offers a sustainable solution to the challenges of climate change and profitability. Its benefits are 
widely recognized. This study examines intercropping performance, economic viability, and climate resilience. 
Intercropping also improves soil health, erosion control, and carbon sequestration while increasing resource-use 
efficiency through complementary water, nutrient, and light utilization. It enhances management of environmental 
stresses, which is vital amid climate change. Economically, intercropping cuts input costs, especially when legumes 
contribute biological nitrogen, increases land-use efficiency as shown by higher land equivalent ratios, stabilizes 
production, and diversifies farm income. It adapts to various agroecological conditions. To promote adoption, the 
study underscores the need for supportive policy, innovation, and better extension services. Overall, intercropping 
is an economically viable, sustainable, climate-smart cropping system.

Keywords: Climate-resilience, Resource use efficiency, Soil health, Land Equivalent Ratio (LER), Sustainable 
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In recent times, agriculture is facing a tremendous 
crisis with issues like degradation of soil and water, 
shrinkage of fresh water and landmass for crop 
cultivation, and weather anomalies due to climate 
change (Mohanty et al. 2016; Zaman et al. 2017; Maitra 
et al. 2024a; Santosh et al. 2024a). In this context, to 
feed the growing world population, the direction 
of agriculture should be sustainable and climate-
resilient (Sahu et al. 2024; Mukesh et al. 2024). There 

are several agronomic approaches, and of them, 
the intercropping system can be considered as a 
suitable option to combat many problems because of 
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its spatio-temporal diversity and climate-resilience 
nature (Sairam et al. 2025a, b; Maitra and Gitari, 2020; 
Maitra et al. 2023). Intercropping can be described as 
the practice of growing two or more crops in each 
area at particular spatial (e.g., row, strip, mixed) 
and temporal contexts (Maitra et al. 2019, 2025a; 
Krishna et al. 2024; Ray et al. 2025a). This is one of 
the foundations of crop diversification strategies 
to enhance the effectiveness of using resources, 
including light, water, and nutrients, and retain 
or increase productivity (Chappa et al. 2022; Ray 
et al. 2025a, b). Intercropping systems are designed 
to capitalize on ecological interactions such as 
niche differentiation, facilitation, and competition 
minimization, and by combining complementary 
plant species to achieve optimal performance of the 
system (Sarkar et al. 2000; Maitra et al. 2001; Mirriam 
et al. 2023).

Recent studies have shown that intercropping has 
beneficial effects on biodiversity, plant-microbe 
interactions, and nutrient cycling, which increases 
the productivity of the system overall, especially in 
monoculture systems (Ray et al. 2024; Maitra et al. 
2025b). For instance, legume-based intercropping 
systems in combination with cereals allow biological 
fixation of nitrogen, increasing the soil fertility and 
decreasing reliance on chemical fertilizers (Jensen et 
al. 2020; Maitra et al. 2023b). Moreover, intercropping 
leads to ecological intensification through the 
enhancement of the soil structure, the increase of 
the soil organic carbon and the enhancement of 
the biological control of pests (Altieri et al. 2015; 
Maitra, 2018; Santosh et al. 2022). The meta-analyses 
revealed that diverse cropping systems are highly 
beneficial to ecosystem services including pest 
control and pollination and also decrease the use of 
agrochemicals (Yousefi et al. 2024; Maheswari et al. 
2025; Nori et al. 2025). Therefore, intercropping is 
not a new form of farming, but is also scientifically 
sound and sustainable cropping system with a lot of 
empirical evidence to support it.

Climate change is becoming more and more 
dominant on agricultural systems across the globe 
in the form of increased temperatures, unpredictable 
rainfall, extended droughts, and frequent abnormal 
weather conditions. Such alterations are highly 
problematic to traditional monoculture systems 
that are based on mono-crop cultures and consistent 

climatic patterns (Gaikwad et al. 2022). Without 
proper adaptation measures, it is estimated that 
the global crop productivity may reduce by a 
maximum of 14 percent by 2050 (Aynalem et al. 
2026). Monocropping systems are low-genetic and 
functional diversity systems and are therefore 
susceptible to environmental stresses due to a lack 
of genetic and functional diversity to buffer stresses 
(Hossain et al. 2021a, b; Ray et al. 2024). These systems 
become more vulnerable to pest attacks, disease 
outbreaks, and abiotic stress, and, consequently, 
the variability of yield and financial instability 
increases (Manasa et al. 2021). Rather, diverse 
cropping systems such as intercropping systems are 
emerging as climate-smart cropping systems (Maitra 
et al. 2026). In addition to improving soil water 
conservation and efficiency, intercropping systems 
create improved microclimates. These microclimates 
reduce heat stress and limit evaporation loss of 
soil moisture (Salakinkop et al. 2024). The use of 
legumes in cropping systems also increases nitrogen 
availability. This practice provides stability in yields 
during moisture fluctuations. Intercropping enables 
diversification, which spreads the risk of total crop 
failure among multiple crops. As a result, there is a 
more stable output in the face of climatic uncertainty 
(Raseduzzaman and Jensen, 2017). This risk buffering 
ability is especially important to smallholder farmers 
in climate-sensitive areas.

Intercropping is a synergistic method that combines 
the ecological sustainability and economic viability. 
It provides ecological benefits such as the increase 
in resilience of the system, the efficiency of resource-
use, the increase of biodiversity, and the stabilization 
of agroecosystem processes (Moreira et al. 2024). 
Crops have complementary interactions, which 
increase nutrient uptake, and improves the wellbeing 
of the soil (Pramanick et al. 2023). Intercropping 
systems play a role in climate change as well by 
carbon sequestration and decreased greenhouse 
gas emissions because of reduced use of synthetic 
inputs (Maitra et al. 2024b). Intercropping becomes 
an important element of sustainable and regenerative 
agricultural systems because of these ecological 
benefits. Economically, intercropping has been found 
to increase the efficiency of land-use, commonly 
in terms of Land Equivalent Ratio (LER), which is 
commonly greater than unity, thus more productive 
than sole cropping designs. It also offers diversified 
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sources of income, lower input expenses, and 
improves profitability (Maitra et al. 2025a). In 
addition, intercropping increases economic resilience 
by diversifying risk, that is, by distributing risks 
among various crops, and, therefore, being less prone 
to market fluctuations and climatic shocks (Manasa 
et al. 2018; Maitra et al. 2024a). This is especially 
beneficial to small holder and resource-poor farmers. 
The idea is similar to climate-smart agriculture 
(CSA), which targets to boost productivity, resilience, 
and restricts greenhouse gas emissions (Fig. 1). 
It has been indicated that CSA practices such as 
intercropping have a significant positive effect on the 
farm income, productivity, and adaptive capacity in 
a changing climatic condition (Lalichetti et al. 2024).

Mechanisms for Climate Resilience

Through a mix of ecological processes that 
optimize resource acquisition, reduce interspecific 
competition, and maintain system stability under 
stress, intercropping improves climate resilience. 
The complementarities in resource utilization (water, 
nutrients, and light), facilitation among crops, 
and enhanced soil-plant-microbe relations are the 
main triggers of these mechanisms (Li et al. 2020). 
Consequently, intercropped systems can withstand 
climatic stress like drought, heat, and nutrient 
limitation much better than monocropping systems.

Resource Use Efficiency

Efficient resource use in intercropping systems 
relies on optimal use of water, nutrients, and light 
through complementing relationships between 
component crops, leading to greater productivity than 
monocropping (Dugassa, 2023). According to recent 

meta-analyses, intercropping can significantly boost 
resource partitioning and facilitation mechanisms, as 
well as water-use efficiency (a 29% increase), making 
the system more adaptable to climatic stress (Liu et 
al. 2025).

Water-smart technology

Water-use efficiency (WUE) is one of the most 
significant processes in which intercropping 
can increase climate resilience. In intercropping 
systems, the crops are usually characterized by 
complementary root structure, i.e., deep-rooted, 
and shallow-rooted species, which enable them to 
tap into soil moisture at varying depths, and hence 
they do not compete intensely with each other 
regarding water (Santosh and Maitra, 2022). Such 
vertical stratification of roots helps in the optimal 
exploitation of the available water in the soil at the 
various soil horizons. As an example, the system to 
combine shallow-rooted crops, such as maize, and 
deep-rooted legumes, such as soybean or pigeon 
pea, can tap into deep and surface soil moisture 
concurrently, leading to better general intake of water 
(Santosh et al. 2024b). Compared to monocropping 
systems, these complementary rooting patterns 
have been shown to be able to boost water-use 
efficiency by 15–30%, particularly in semi-arid and 
drought-prone settings. Moreover, intercropping 
alters the microclimate of the soil by increasing 
canopy cover, decreasing the evaporation of soil, 
and increasing moisture retention of the soil (Santosh 
et al. 2025). Root plasticity and adaptation further 
increase water uptake during stressful conditions, 
and this makes crops productive even when there 
is a shortage of water. Accordingly, the adoption of 
crops that are associated with opposite root systems 

Fig. 1: Intercropping system as a climate-resilient and economically feasible technology for sustaining crop productivity
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can be described as a water-smart technology, which 
enables the intercropping system to mitigate drought 
stress and ensure the maintenance of yield stability in 
the circumstances of fluctuating climatic conditions 
(Santosh and Tiwari, 2017).

Efficient nutrient management

Intercropping can greatly enhance the efficiency of 
nutrient use, namely nitrogen (N), both biologically 
and ecologically. The nature of leguminous crops 
takes center stage in this process because it is 
capable of fixing nitrogen in the atmosphere (N2) by 
a symbiotic relationship with rhizobia bacteria. In 
intercropping of cereals and legumes, legumes obtain 
most of their nitrogen through atmospheric fixation 
and thus do not rely heavily on soil nitrogen. This 
enables companion non-legume plants (e.g., cereals) 
to more efficiently utilize the available soil nitrogen 
and reduce competition and promote overall 
nitrogen-use efficiency (Hauggaard-Nielsen and 
Jensen, 2005; Maitra, 2020). In addition to this, some 
of the biologically fixed nitrogen is also passed on 
by the legumes to the related crops as root exudates, 
decomposition of plant materials, and microbial 
interactions, thus creating a richer soil nutrient pool. 
This enhances the fertility of the soil and helps to 
maintain crop productivity in the long run. Further, 
the production of chemical nitrogenous fertilizer 
releases a sizable quantity of greenhouse gas, and the 
adoption of a legume-based intercropping system, 
thus, can be considered as a ecofriendly cropping 
system.

Recent research also points out the fact that 
intercropping improves the levels of nitrogen cycling 
and microbial activity in the rhizosphere, which 
increases the availability of nutrients and uptake 
efficiency (Jena et al. 2020). The integration of legumes 
not only decreases the use of synthetic nitrogen 
fertilizers but also removes the environmental 
problems of nitrate leaching and greenhouse gases 
emissions. Also, intercropping systems exhibit the 
phenomenon of nutrient complementarity in which 
various crops utilize different nutrient pools or forms 
within the soil, maximizing total nutrient uptake 
(Maitra et al. 2001; Duchene et al. 2017). This addition 
is not just to nitrogen but also to other nutrients like 
phosphorus and micronutrients, and increases the 
productivity and sustainability of the system.

Soil Health Improvement and Conservation

One of the key components of climate-resilient 
agriculture is soil health, which encompasses the 
physical, chemical, and biological traits that preserve 
crop yield and ecosystem stability. Intercropping 
improves soil health by making soils more fertile, 
increasing the level of organic matter, and minimizing 
soil degradation, including erosion and loss of 
nutrients. The intercropping systems help in the 
long-term conservation and sustainability of the soil 
through continuous soil cover and diversification of 
the root systems in the changing climatic conditions.

Erosion Control

The greatest risk is the erosion of the soil and 
therefore affecting the sustainability of agriculture is 
when the climatic condition is characterized by heavy 
rainfall and high winds. Intercropping prevents soil 
erosion through constant vegetative coverage that 
keeps the soil surface free of the impact of rainfall 
and decreases the speed of the runoff (Maitra et al. 
2021). The numerous crops reduce the soil particles’ 
detachment and loss by ensuring that there is a dense 
canopy and ground cover. Moreover, a variety of 
root systems bind the soil particles with a better 
efficiency and increase the soil aggregation, which 
makes the soil more resistant to erosion (Bourke et 
al. 2021). Better infiltration and minimized surface 
runoff also play a part in conserving the soil. All these 
factors make intercropping a very effective practice 
of soil degradation prevention and an enhanced land 
productivity.

Carbon Sequestration

Carbon sequestration is another important ecosystem 
service that helps in the mitigation of climatic change, 
besides enhancing the fertility of soils. By boosting 
biomass generation and introducing various organic 
residues into the soil, intercropping regimes lead 
to better carbon sequestration (Yang et al. 2023). 
Increased root biomass and rhizodeposition under 
intercropping systems cause an enhancement in 
microbial activity, which causes stabilization of 
soil organic carbon (SOC) in various fractions 
(Amundson and Biardeau, 2018). Research has shown 
that intercropping systems have a much higher SOC 
level than monocultures because of constant organic 
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additions and better soil aggregation (Yang et al. 
2023). This not only enhances the soil structure and 
nutrient levels but also converts agricultural soils 
into carbon reservoirs, which help in mitigating 
global climate change.

Enhanced Nutrient Availability

Legume-based intercropping system enhancing N 
and P availability through the biological nitrogen 
fixation and improved P solubility. Besides, it 
facilitates the cycling and boiavailability of essential 
macro- and micronutrients such as potassium 
(K), calcium (Ca), magnesium (Mg), zinc (Zn), 
iron (Fe), and boron (B) through root exudation, 
microbes dynamics, and enhanced soil organic 
matter (SOM). These nutrients play important roles 
for plant growth, productivity, and soil health, 
making legume intercropping an effective tool for 
addressing nutrient deficiencies. Intercropping 
legumes with cereals enhances K availability 
through root exudation of organic acids, releasing 
K from non-exchangeable reserves. Maize + legume 
intercropping system has shown a 15–20% increase 
in soil exchangeable K compared to monocropping 
(Wang et al. 2024). Deep-rooting legumes like 
pigeon pea access subsoil K and recycle them to the 
topsoil through leaf litter and root turnover. Maize 
and soybean intercropping enhances K uptake and 
nutrient accumulation in roots and green biomass 
by 20% with optimal K application (80:60 kg/ha) 
compared to no K application (Ahmed et al. 2020). 
Legume intercropping also improves Ca and Mg 
availability, essential for cell wall stability, enzymatic 
functions, and photosynthesis. Ca-rich leaf litter 
from legumes like cowpea and groundnut enriches 
soil Ca upon decomposition, benefiting associated 
non-legume crops like cereals. Legume root exudates 
solubilize Mg from soil minerals, improving its 
availability. Furthermore, legume intercropping 
enhances micronutrient bioavailability, such as Zn, 
Fe, and B, through rhizosphere interactions and 
microbial activity, promoting enzymatic functions 
and stress resistance.

Improved Soil Physical Properties

Legumes play a significant role in enhancing 
soil physical properties, including bulk density, 
saturated hydraulic conductivity, and the stability 

of cracking clay. This structural improvement helps 
to reduce soil erosion. As anchor crops, legumes 
effectively enhance soil structure and water 
infiltration, particularly under semiarid and rainfed 
conditions, making them ideal for intercropping 
with fast-growing, shallow-rooted crops (Maitra 
et al. 2021). Water availability is a crucial factor 
affecting productivity in grain legume-based 
intercropping systems in the current context of the 
climate change. 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. 
2024a). However, under limited water conditions, 
WUE in intercropping can be higher than in sole crop 
cultivation (Gou et al. 2017). Legume residues with 
narrow carbon to-nitrogen (C/N) ratios decompose 
quickly, boosting SOM and improving soil aggregate 
formation, while reducing bulk density. Legumes 
improve SOM, soil structure, cultivability, air 
circulation, water retention, and buffering capacity 
(Maitra et al. 2024a). The decomposition of SOM 
releases nutrients for plant growth and promotes 
better soil aggregation, stability, and resistance to 
erosion (Yadav et al. 2017).

Biotic Stress Management

Biotic stresses, such as pests and diseases, are 
significant limitations to crop yield, and climate 
change tends to increase their severity. Intercropping 
improves the natural resilience of agroecosystems by 
amplifying biodiversity and facilitating ecological 
interactions in the regulation of the population of 
pests and pathogens (Beillouin et al. 2021). These 
systems reduce the use of chemical control measures 
and will encourage sustainable management 
strategies to control pests and diseases.

Natural Pest Control

Intercropping enhances natural pest management 
through the diversification of plants and the 
formation of complex canopy coverages that 
hamper pest movement. A variety of crop species 
may conceal the presence of host plants, which 
makes them hard to find by pests. Moreover, 
intercropping offers habitat and alternative food 
supply to useful organisms, including predators 
and parasitoids, which contributes to biological 
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pest control. Abundance and diversity of natural 
enemies are useful in increasing the suppression of 
pests and decreasing crop damage (Hatt et al. 2018). 
Such environmentally friendly mode reduces the 
application of pesticides and is part of ecofriendly 
agriculture.

Disease Suppression

The host dilution effect is considered one of the key 
factors of disease management in intercropping 
systems, such that the presence of non-host plants 
decreases the density and connectivity of susceptible 
hosts, thus limiting the transmission of pathogens 
.The heterogeneity in space in intercropping 
systems breaks the disease transmission routes 
and lowers the growth of epidemics. Moreover, the 
intercropping systems result in increased microbial 
diversity in the soil that supports antagonistic 
relationships and inhibits soil-borne pathogens. The 
favourable microclimatic conditions, like increased 
air circulation and low humidity in mixed canopies, 
further suppress the growth of pathogens.

Economic Feasibility and Profitability

The economic viability is one of the major concerns 
that dictate the use of intercropping systems, 
especially for smallholder farmers with limited 
resources. Intercropping improves the profitability 
of farms by increasing resource-use efficiency, 
stabilization of yields in fluctuating climatic 
conditions, and less reliance on expensive external 
inputs. Besides the rise in overall productivity, 
diversified systems also offer different sources of 
income and mitigate the risks of the economy, which 
makes them more resilient and financially viable as 
compared to monocropping systems (Stomph et al. 
2020).

Yield Stabilization

Stabilization of the yield during climatic 
unpredictability is one of the greatest economic 
benefits of intercropping. Diversification is a natural 
insurance policy whereby, if one crop failed because 
of drought, heat stress, or a pest attack, the other 
companion crops might still be successful, thus 
protecting overall farm production. The stability is 
due to variation in crop physiology, growth period, 

and stress tolerance, which minimizes the risk of 
the occurrence of crop failure. Empirically, the 
intercropping systems have been found to be less 
variable in yield than monocultures, particularly 
in stress-prone environments (Li et al. 2021). This 
economic advantage is because such resilience 
guarantees a stable income and minimizes financial 
losses for farmers.

Land Equivalent Ratio (LER) is a popular measure 
that is used to assess the productivity and economic 
efficiency of intercropping systems. It can be 
described as the proportionate land area necessitated 
under pure cultivating to generate the identical yield 
as that produced in a system of intercropping (Mead 
and Wiley, 1981). When the LER exceeds 1.0, there 
is a yield benefit of intercropping as compared to 
monocropping. Many studies show that LER values 
in cereal-legume intercropping systems are between 
1.1 and 1.5, which means that intercropping can 
yield 10-50 percent more per unit of area than sole 
cropping. The main benefit of this is linked with the 
complementary resource utilization, the decrease 
in competition, and the enhancement of ecological 
interactions between crops. The increased LER 
values are directly proportional to the increased 
land-use efficiency and economic returns, especially 
in areas where land is scarce. Therefore, LER is one 
of the important indicators of proving the economic 
excellence of intercropping systems. Similarly, 
there is a concept of the Area Time Equivalent 
Ratio (ATER), which considers the spatio-temporal 
efficiency of an intercropping system. The value of 
ATER higher than unity, is advantageous (Maitra et 
al. 2019). The efficient land use over time is always 
desirable in the mixed stand (Table 1).

Input Cost Reduction

Intercropping systems greatly lead to a decrease in 
the cost of input, especially the use of fertilizers and 
pesticides, hence increasing the net farm income. 
Legumes present in the intercropping systems make 
possible the biological fixing of nitrogen, which may 
provide a significant part of the nitrogen needed by 
the companion crops (Jensen et al. 2020). This saves 
on the synthetic nitrogen fertilizers and results 
to saving of costs and enhanced environmental 
sustainability. Moreover, in intercropping, the 
greater the biodiversity, the higher the level of 
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natural control of pests, which decreases the use 
of chemical pesticides. Research has shown that 
the input costs can be decreased without the yield 
reduction in properly managed intercropping 
systems (Mwadalu et al. 2022; Wang et al. 2025). The 
reduced input needs increase profitability, as well 
as minimize risks in production that are related to 
changes in input prices, which makes intercropping 
a cost-effective practice in farming (Table 2).

Income Diversification

Intercropping gives the farmers a variety of 
products on the same land, such as food grains, 
pulses, fodder, and, in some cases, fuel or fibre 
crops. Such diversification increases the stability 
of incomes through the diversification of financial 
risks in various crops and market opportunities. An 
intercropping system is likely to have different crops 
with different periods of growth and harvesting, 
which enables farmers to earn money at different 

times of the year. This is a steady and continuous 
flow of cash, which is especially useful in the case of 
smallholder farmers who depend on frequent income 
to meet their household expenditures. In addition, it 
is a more secure method against market fluctuations 
in prices because the farmers will not be reliant on 
a single commodity. Intercropping systems offer 
a way forward to better livelihoods of farmers by 
offering a sustainable trend in terms of ecological 
advantages and economic robustness in the face of 
shifting climatic and market conditions.

Barriers to Adoption and Implementation

Although intercropping systems have been 
documented to have positive environmental and 
economic impacts, their progress in most of the 
regions has been a low-adoption behavior as a result 
of a set of technical, economic, and institutional issues. 
The practical problems that farmers have to deal with 
are labor, knowledge, and financial capacity, which 

Table 1: Profitable intercropping system with LER and ATER values

Intercropping System Row ratio LER ATER Reference
Maize + cluster bean 2:3 1.9 1.40 Nandi et al. 2022
Pearl millet + groundnut 1:1 1.75 1.49 Priya et al. 2023

Maize + chickpea
2:2 2.02 1.37

Sain et al. 2023
2:3 1.73 1.53

Baby corn + green gram 3:3 1.55 1.47 Kumar et al.2024

Maize + cowpea
2:3 1.41 1.28

Nori et al. 2025
2:2 1.35 1.37

Maize + groundnut 2:2 1.53 1.46 Ray et al. 2025a
Pigeon pea + field bean 1:2 1.43 1.19 Devika et al. 2025
Maize + green gram 1:4 1.66 1.50 Shafiqullah et al. 2026

Table 2: Economics of intercropping systems with higher profit and benefit-cost ratio

Intercropping System Row 
ratio

Gross return
(` ha-1)

Net profit
(` ha-1)

B:C ratio References

Sorghum + cowpea 2:1 98363 55597 2.30 Chaudhary et al. 2020

Maize + cluster bean 2:3 222584 155470 2.32 Nandi et al. 2022

Maize + groundnut 2:3 127742  83590  1.89 Panda et al. 2022

Groundnut + black gram 4:1 232099 152346 2.90 Harshavardhan et al. 2022

Maize + chickpea 1:2 127782 76877 1.51 Sain, et al. 2023

Pearl millet + groundnut 1:1 153620 99860 1.86 Priya et al. 2025

Maize + cowpea 2:2 146701 89161 1.55 Maheswari et al. 2025
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do not allow them to switch to a diversified system 
despite relinquishing conventional monocropping 
(Keller et al. 2024; Jat et al. 2025). These obstacles are 
especially high among smallholder farmers, where 
resource constraints and the aversion to risk affect 
decision-making.

Management Complexity

Increased management complexity is one of the 
major obstacles to the adoption of intercropping. 
Intercropping, in contrast to monocropping, means 
that it is necessary to plan the mix of crops, their 
spatial layout, and the time of work, which makes 
the work more demanding and intensive in terms 
of management. The variability in crop maturity, 
height, and harvesting needs complicates harvesting 
and field operations. This poses a challenge to 
mechanization since the majority of farm equipment 
is geared towards uniform crop plots and not mixed 
cropping. Research indicates that inadequacy of 
appropriate equipment and failure to adapt to the 
mechanized systems greatly limit intercropping 
practices, especially in developing nations. Moreover, 
the lack of farm machinery and small land parcels 
also limits mechanization, which reduces the 
appeal of labour-intensive intercropping regimes in 
farmers with labour shortages (Srikanthnaik, 2024). 
Therefore, the added complexity of operations tends 
to deter mass adoption in favour of possible long-
run rewards.

 Technical Knowledge Gap

The lack of technical knowledge to design and 
administer effective systems is also a major obstacle 
to intercropping. Effective intercropping requires 
the choice of mutually compatible crop species, 
knowledge of their growth processes, and efficient 
planting time, spacing, and the management of 
nutrients. Nonetheless, most farmers do not have 
access to good extension services, training programs, 
and decision-support tools that can help them to 
adopt these systems. As it has been shown, the lack 
of technical knowledge and awareness are significant 
barrier to the implementation of diversified 
and climate-resistant agricultural techniques. 
Furthermore, intercropping systems are highly site-
specific and require a site-specific understanding 
of crop interactions, soil, and climate. Farmers are 

reluctant to try any new cropping methods because 
of the perceived risk and uncertainty caused by 
this complexity. The absence of standardized 
recommendations and low externalization of 
research results also increases the knowledge gap 
and reduces the rate of adoption (Maitra et al. 2023).

Policy Recommendations and Future Outlook

The intercropping systems should be widely 
adopted with the support of the policy framework, 
technological innovations, and institutional support. 
Although intercropping has been shown to have clear 
advantages in the context of resilience, productivity, 
and sustainability, the upscaling of the technique 
relies on enabling environments that minimize risks 
and increase farmer capacity. To make intercropping 
a regular practice of climate-smartness, agricultural 
policies in the future should combine economic 
incentives, digital technologies, and the platforms 
of knowledge exchange.

Technological Innovation

The technological innovation is a major motivation 
towards the optimization of the intercropping 
systems and the management complexities. Remote 
sensing, IoT-based monitoring, and decision-
support systems are precision agriculture tools that 
allow farmers to manage spatial variability and of 
diversified cropping systems to optimize inputs. 
Simulation models of crop and data-driven methods 
can be used to determine the most appropriate 
combinations of crops, planting geometries, and 
sowing dates depending on the agroclimatic 
areas. The tools enhance the prediction of yield 
outcomes, efficiency in the use of resources, and 
climate resilience in various scenarios. The recent 
studies indicate that intercropping plus modern 
technologies may significantly increase yields and 
decrease the environmental footprints, which proves 
the possibility of integrating intercropping and 
modern technologies. Therefore, the combination of 
precision farming and intercropping can help reduce 
the disparity between the old knowledge and the 
scientific achievements.

Extension Services

The extension services are also important in 
encouraging the adoption of intercropping since 
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the systems are site-specific in the application of 
knowledge and management skills. The enhancement 
of local knowledge networks, such as farmer training, 
demonstration plots, or participatory research, can 
assist farmers to overcome the trial-and-error period 
of diversification. The nexus between researchers, 
policymakers, and farmers is necessary to make sure 
that scientific knowledge is converted into solutions 
that can be implemented in the field. Research has 
highlighted the importance of constant advisory 
services, capacity building, and knowledge-sharing 
platforms in terms of the successful implementation 
of intercropping. Additionally, the digital extension 
can be improved through digital tools like mobile-
based advisory services and AI-driven decision 
systems, which will contribute to better information 
diffusion and real-time support of the farmers. 
Enhancement of extension systems will increase 
the likelihood of uncertainty reduction, increase 
adoption rates, and make intercropping systems 
sustainable in the long term.

Conclusion

A comprehensive and sustainable farming approach 
that successfully combines ecological resilience with 
financial viability is intercropping. Compared to 
traditional monocropping systems, intercropping 
systems maximize the use of natural resources 
like light, water, and nutrients by growing several 
crops in the same area and time. This results in 
increased productivity and stability. These systems’ 
natural diversity improves soil health, encourages 
carbon sequestration, and lessens environmental 
degradation—all of which greatly aid in mitigating 
and adapting to climate change. Complementary 
root systems, biological nitrogen fixation, and 
effective resource partitioning are some of the 
mechanisms that underpin intercropping and help 
crops endure climate challenges, including heat, 
drought, and irregular rainfall. Continuous ground 
cover and a variety of biomass further promote soil 
conservation, lessen erosion, and enhance long-
term soil fertility. By reducing reliance on chemical 
inputs and improving agroecosystem sustainability, 
intercropping also reinforces natural pest and disease 
control through ecological interactions.

Intercropping offers several benefits from an 
economic standpoint, including lower input costs, 
increased land-use efficiency, and yield stabilization. 

The idea of diversification ensures more consistent 
farm revenue by acting as a natural buffer against 
market and climate fluctuations. The adaptability 
of intercropping across various agroecological 
circumstances is further demonstrated by systems 
including row, strip, relay intercropping, and 
agroforestry models, which present chances for 
multi-tier productivity and ongoing revenue 
creation. Nevertheless, a number of obstacles, 
including greater management complexity, fewer 
mechanization possibilities, knowledge gaps, and 
initial investment requirements, limit the use of 
intercropping systems despite their advantages. 
These obstacles demonstrate the necessity of focused 
interventions to help farmers make the shift from 
monocropping to diversified systems. In the future, 
coordinated initiatives including improved extension 
services, technology advancements, and policy 
support will be necessary for intercropping to scale 
successfully. Precision farming and crop modelling 
tools, as well as incentive-based policies that 
acknowledge environmental benefits, can improve 
system adoption and efficiency.
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