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ustainable agriculture focuses on the productive use of natural resources while 

maintaining environmental well-being and improved crop yield. Of the many approaches 

to optimizing resource use efficiency, intercropping and relay cropping are tried and tested 

and environmentally friendly agronomic technologies. Intercropping is the growing of two or 

more crops simultaneously on a single plot of land, while relay cropping is planting a 

subsequent crop while the harvest of the initial crop is still ongoing. Both practices have 

several benefits such as improved light capture, optimal use of soil water and nutrients, 

increased biological diversity, improved soil quality, and lower pest and disease outbreaks. 

They also assist in optimizing the distribution of labor between seasons and risk reduction 

from crop loss due to climate variability. In addition, through enhanced land equivalent ratios 

(LER) and overall productivity per unit area, these systems work towards sustainable 

intensification, especially beneficial to small and marginal farmers. It focuses on the 

principles, modes, cropping combinations, and management practices of intercropping and 

relay cropping systems and their function in enhancing land use efficiency, conservation of 

resources, ecological stability, and profitability of farms under diverse agro-climatic 

conditions. 

Introduction 
Contemporary agriculture has come under intensifying pressures from decreasing arable land, 

rising population needs, soil erosion, and the uncertainty of climate change. Monocropping, 

the traditional method of planting a single crop species in a specific location season after 

season, tends to result in wasteful utilization of nature's resources like sunlight, water, and 

soil nutrients. Further, monocultures are also susceptible to more biotic stresses such as pests 

and diseases, and abiotic stresses like floods or droughts. 

 By comparison, intercropping and relay cropping are new and sustainable land 

management techniques that seek to optimize resource utilization and system stability. These 

cropping systems entail producing several crops in temporal as well as spatial relationship, 

enhancing ecological interactions and productivity. Intercropping enables various crops to be 

produced in the same field at the same time, while relay cropping entails planting a second 

crop into a mature primary crop at a specific growth stage before its harvest. 

 These strategies not only enhance the Land Equivalent Ratio (LER) and economic 

yield per unit area, but also make more efficient use of sunlight, water, labor, and soil 

nutrients during the growth period. They further help in pest and disease control, soil quality 

improvement, and carbon sequestration and are hence the ideal tools for sustainable 

agricultural intensification. Most notably in rainfed and smallholder farming systems, where 

constraints on resources are greater, intercropping and relay cropping represent effective, 

low-cost alternatives for raising productivity and incomes without the need for more land or 

external inputs. This article examines the principles, benefits, and strategies for applying 

intercropping and relay cropping with a focus on increasing resource use efficiency, 

environmental sustainability, and agro-ecological resilience. 
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Intercropping: Definition and Types 
Intercropping is an ancient farm practice where two or more crops are cultivated together on 

the same land. The main purpose of intercropping is to make best utilization of available 

resources such as sunlight, water, nutrients, and space by making the most of the 

complementary nature of crops. This spatiotemporal diversity of crops improves productivity, 

encourages ecological equilibrium, weed suppression, pest and disease pressure reduction, 

and enhances soil fertility via differentiated root systems and biomass addition. 

 Intercropping systems are developed to optimize beneficial interactions (e.g., nitrogen 

fixation or complementarity of the canopy) and limit adverse competition among crops. Crop 

combinations are based on growth habit, duration, depth of rooting, and nutrient needs. 

Types of Intercropping 

Row Intercropping 

Component crops in alternate rows are grown in this system to allow improved crop 

management and mechanization. This spatial configuration minimizes direct competition and 

maximizes resource sharing. 

Example: Maize + Cowpea – where maize is the primary crop, and cowpea makes use of the 

inter-row space for fixing nitrogen and weed control. 

Strip Intercropping 

Refers to growing two or more crops in distinct strips broad enough to be cultivated 

independently, yet not so far apart as to preclude interaction. It is a method that provides the 

possibility of mechanized production while enjoying the advantages of intercropping. 

Example: Wheat + Mustard – wherein mustard can gain from the microclimate provided by 

wheat. 

Mixed Intercropping 

It is the conventional type of intercropping wherein seeds of variable crops are broadcast or 

seeded without any specific row arrangement. It is widely adopted in marginal and rainfed 

areas on account of its ease. 

Example: Pulses + Millets – particularly in dryland agriculture systems for ensuring food 

and nutritional security. 

Temporal Intercropping 

Also referred to as sequential intercropping, this system includes planting a short-duration 

crop together with a long-duration crop for maximizing time and space. The short-duration 

crop is harvested after it has matured while the main crop is still growing. 

Example: Radish or Lettuce + Tomato – where leafy or root crop is harvested early before 

closure of the main crop canopy. 

Relay Cropping: Definition and Use 
Relay cropping refers to a more sophisticated method of multiple cropping that involves 

planting a second crop into a standing primary crop prior to the completion of the latter's first 

crop harvest. The overlap of time makes it possible for both crops to make use of a portion of 

the growing period and, in effect, minimize fallow periods, while enhancing land use 

efficiency and creating a constant crop cover conducive to productivity and soil conservation. 

Relay cropping is especially useful in areas where the growing season is short or the timely 

planting of winter crops is important to attain maximum yields. Relay cropping offers a 

solution for avoiding delays caused by climatic or logistical reasons between crop cycles. 

Through overlapping crops, relay cropping optimizes the use of residual soil moisture, 

nutrients, and sunlight radiation. Additionally, it minimizes labor peaks and facilitates risk 

spreading through diversification of production within the same field and season. 

Major Benefits 

Optimal land and time use 

 Minimum tillage and irrigation requirements for the second crop 

 Minimum soil erosion and weed development during periods of fallow 

 Increased annual cropping intensity and returns per unit area 
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 Enhanced soil fertility, particularly when legumes are employed as the second crop 

Illustration 

Lentil or Chickpea following Rice: In large areas of South Asia, lentil (Lens culinaris) or 

chickpea (Cicer arietinum) is broadcast on a standing rice crop 15–20 days prior to harvest. 

The residual soil moisture from the rice harvest facilitates the growth and development of the 

pulse crop without the necessity for irrigation or land tillage. 

Relay cropping is acquiring increased recognition in conservation agriculture, particularly 

under low-input and rainfed systems, where preservation of time and moisture is imperative. 

Effective planning, crop compatibility, and sowing time are key factors for the success of 

relay cropping systems. 

Benefits of Intercropping and Relay Cropping for Resource Use Efficiency 
Intercropping and relay cropping systems offer multifaceted advantages that go beyond 

simple yield improvements. These practices enhance overall farm efficiency by optimizing 

the use of land, nutrients, water, and labor, while also building resilience against 

environmental stresses. The integration of diverse crops within the same space or time frame 

helps create ecologically balanced and economically viable farming systems. 

Efficient Land Utilization 

Increased Cropping Intensity: These systems allow multiple crops to be harvested from the 

same piece of land within a year, significantly raising cropping intensity and land 

productivity. 

Higher Land Equivalent Ratio (LER): LER is a measure of land-use efficiency. 

Intercropping and relay cropping often produce a higher combined yield than growing the 

component crops separately, thus demonstrating superior yield advantage over 

monocropping. 

Example: An LER of 1.2 indicates a 20% higher productivity using intercropping than sole 

cropping. 

Better Nutrient Utilization 

Biological Nitrogen Fixation: Legume-based intercropping enriches the soil through 

atmospheric nitrogen fixation, reducing the need for synthetic fertilizers. 

Nutrient Complementarity: Crops with different rooting depths and nutrient requirements 

access and utilize nutrients from various soil layers. This minimizes competition and 

promotes balanced nutrient uptake across the cropping system. 

Improved Water Use Efficiency 

Diverse Root Architecture: Different crops extract water from varying soil profiles—

shallow-rooted and deep-rooted crops can coexist without significant moisture competition. 

Reduced Evaporation Loss: Continuous crop cover provided by intercropping or relay 

cropping reduces the exposure of soil to direct sunlight, thereby conserving soil moisture and 

enhancing water productivity. 

Weed, Pest, and Disease Management 

Pest and Disease Suppression: Crop diversification breaks the life cycle of host-specific 

pests and pathogens, reducing their population buildup. 

Weed Smothering Effect: Denser canopy and ground cover from mixed cropping can 

suppress weed germination and growth, thus reducing the need for herbicides or manual 

weeding. 

Climate Resilience 

Risk Mitigation: Growing multiple crops simultaneously or in quick succession reduces the 

risk of complete crop failure due to erratic rainfall, drought, heatwaves, or disease outbreaks. 

Income Diversification: Harvesting different crops at different times spreads out income 

flow and enhances economic stability, especially important for small and marginal farmers. 

Challenges and Considerations 
Although intercropping and relay cropping have many agronomic and ecological advantages, 

they are successful only under careful planning, technical expertise, and facilitating 
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infrastructure. There are several challenges and constraints that should be taken into account 

to maximize these systems for sustainable production. 

Management Complexity 

Installation of intercropping or relay cropping is more complicated than monocropping, as it 

requires comprehension of the growth habits, maturity durations, nutrient requirements, and 

spatial layout of various crops. Inadequate crop choice or unsuitable sowing times can cause 

undesirable competition or management challenges. 

Farmers require information and training in crop compatibility, geometry of planting, and 

interactions with pests and diseases to enhance the efficacy of the system. 

Competition for Resources 

Intercropping systems may create excessive competition for sunlight, water, and soil nutrient 

resources unless properly designed, causing poor growth or yield loss in one or more of the 

component crops. Overlapping growth phases in relay cropping also cause stress on 

resources, particularly under low-input or rainfed situations. 

Mechanization Problems 

Implementation of regular machinery for tasks such as sowing, intercultural operations, 

weeding, and harvesting can be challenging in mixed cropping arrangements. Unavailability 

of crop-specific machinery for small and non-standard fields can lead to increased labor 

expenses and decreased efficiency, particularly for smallholder farmers. 

Market Access 

A working limitation of relay and intercropping systems is the post-harvest handling and 

marketing of more than one crop. Meeting market demand, infrastructure, and equitable 

prices for every component crop is not always possible, which might deter adoption. Not 

withstanding the above limitations, most of the constraints can be alleviated by capacity 

building, extension services, specialized machinery, and policy incentives to stimulate 

diversified cropping systems. 

Successful Crop Combinations 
Main Crop Inter/Relay Crop Agro-climatic Zone Purpose 

Maize Cowpea Rainfed regions Food + soil health 

Sugarcane Onion Tropical irrigated Income diversification 

Rice Chickpea (relay) Indo-Gangetic plains Yield maximization 

Cotton Black gram Semi-arid zones Soil fertility + pest control 

Future Prospects and Recommendations 
To realize the complete potential of intercropping and relay cropping systems, research, 

policy, and farmer capacity building through multi-dimensional efforts are required. The 

future development of these systems must focus on transcending practical limitations while 

supporting the objective of sustainable intensification and climate-resilient agriculture. 

Research Support 

There is an urgent need for site-specific agronomic trials to determine the best crop 

combinations, sowing periods, and input needs under different agro-ecological conditions. 

Formulation of integrated package of practices (PoPs) for different cropping systems will 

allow a science-based basis for field-level implementation. 

Extension Services 

Farmers' and extension workers' capacity building is required for efficient design, 

implementation, and management of intercropping and relay cropping systems. 

Demonstration plots, field schools, and farmer innovations should be encouraged for 

increased adoption. 

Policy Support 

Government policies must acknowledge and promote diversified cropping systems through 

incentives like: 

 Subsidies for intercrop-friendly implements and seed kits 

 Insurance schemes covering mixed cropping 
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 Minimum support prices (MSP) and market linkages for intercrops and secondary crops 

These interventions will decrease the economic risk and enhance profitability for producers 

implementing these systems. 

Incorporation with Conservation Agriculture 

The future of sustainable agriculture is in integrated systems. Intercropping and relay 

cropping can be successfully incorporated with conservation agriculture practices such as: 

 Zero or minimum tillage 

 Residue retention 

 Crop rotation 

This synergy not only enhances resource-use efficiency but also enhances long-term soil 

health, carbon sequestration, and biodiversity.  

Conclusion 
Intercropping and relay cropping are age-old, ecologically friendly approaches that play an 

important role in augmenting resource use efficiency, yield stability, and agricultural 

sustainability. These systems facilitate improved use of land, nutrients, water, and labor and 

also provide shock absorbability to climatic variability and market hazards. 

With the right support of crop choice, timely agronomic operations, strong extension 

services, and facilitating policy environments, these cropping systems can become the hub of 

climate-smart, resource-conserving, and farmer-friendly agriculture. Large-scale adoption can 

be a key driver of meeting future challenges to food security, environmental sustainability, 

and improving rural livelihoods. 
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