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ainfed agriculture plays a vital role in Indian 

food security and rural livelihoods. Unlike 

irrigated farming, rainfed agriculture depends entirely on 

natural rainfall. Nearly two-thirds of India’s cultivated 

land falls under rainfed conditions, contributing 

significantly to the production of pulses, oilseeds, coarse 

cereals, cotton, and a considerable share of rice and 

wheat. These regions are spread across semi-arid, arid 

and sub-humid climatic zones where rainfall is often 

erratic, unevenly distributed and limited to a short 

monsoon period. Because of uncertain rainfall, crop 

production in these areas is highly vulnerable to drought 

and climate variability. In addition, soil-related 

constraints such as low fertility, erosion, poor structure 

and low organic matter further limit productivity. 

Therefore, understanding soil types and adopting 

suitable soil management practices are essential to 

improve crop yields and ensure sustainability in rainfed 

farming systems. 

MAJOR SOIL TYPES IN RAINFED REGIONS 

Rainfed regions of India are characterized by diverse 

soil types formed under varying climatic conditions and 

parent materials. Among them, black soils, scientifically 

known as Vertisols, are widely distributed in states such 

as Maharashtra, Madhya Pradesh, Telangana, Gujarat 

and parts of Karnataka and Tamil Nadu. These soils are 

deep, clayey and possess high water-holding capacity. 

They swell when wet and develop deep cracks upon 

drying during summer. Although they can store large 

amounts of moisture, they suffer from poor drainage 

during periods of heavy rainfall, which may lead to 

temporary waterlogging. 

Red soils, classified mainly as Alfisols, are found 

extensively in Karnataka, Tamil Nadu, Andhra Pradesh, 

Telangana and Odisha. These soils are generally light 

textured, low in organic matter and have poor water-

holding capacity. They dry quickly after rainfall and often 

suffer from nutrient deficiencies, especially nitrogen, 

phosphorus, sulfur and micronutrients like zinc and 

boron. Surface crusting is a common problem, which 

restricts water infiltration and seedling emergence. 

Another important soil group is Inceptisols, which are 

moderately developed soils distributed across many 

rainfed regions. They possess moderate fertility but are 

prone to erosion if not properly managed. Entisols are 

young, shallow or sandy soils with very low nutrient and 

moisture retention capacity, commonly found in arid and 

semi-arid zones. In the desert regions of Rajasthan and 
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Gujarat, Aridisols dominate. These soils are 

characterized by low organic matter, poor structure and 

frequent salinity issues, making crop production highly 

challenging. 

COMMON CONSTRAINTS OF RAINFED SOILS 

Despite differences in soil types, most rainfed soils have 

certain common constraints. Organic carbon levels are 

generally low because biomass production is limited, 

and high temperatures accelerate decomposition. Low 

organic matter weakens soil structure and reduces 

aggregate stability, making soils more susceptible to 

erosion by wind and water. Runoff losses are high due 

to poor infiltration in some soils and surface crusting in 

others. Nutrient deficiencies, especially of nitrogen and 

phosphorus, are widespread, and secondary and 

micronutrient deficiencies are increasingly being 

observed. Compaction and shallow soil depth further 

restrict root growth and water storage. As a result of 

these constraints, crop yields in rainfed areas are often 

30 to 50 percent lower than their potential. 

SOIL AND WATER CONSERVATION 

In rainfed agriculture, conserving every drop of rainwater 

is essential for improving productivity. Soil and water 

conservation practices help reduce runoff, minimize 

erosion and increase water infiltration. Contour farming, 

which involves ploughing and sowing across the slope, 

slows down water flow and prevents soil loss. 

Compartment bunding (Figure 1) divides fields into small 

sections that temporarily store rainwater, allowing it to 

infiltrate slowly into the soil. In black soils, the broad bed 

and furrow system (Figure 2) improves surface drainage 

while conserving moisture in the root zone. Farm ponds 

harvest excess runoff and provide life-saving irrigation 

during prolonged dry spells. Vegetative barriers such as 

vetiver grass reduce runoff velocity and protect soil from 

erosion. Adoption of these measures enhances water-

use efficiency and stabilizes yields in variable rainfall 

conditions. 

Mulching for Moisture Conservation: Mulching is a 

simple yet highly effective practice in rainfed farming. It 

involves covering the soil surface with crop residues, 

straw, leaves or other organic materials. Mulching 

protects the soil from the direct impact of raindrops, 

thereby reducing erosion. It also minimizes evaporation 

losses, conserves soil moisture and moderates soil 

temperature. In addition, mulching suppresses weed 

growth and gradually adds organic matter to the soil as 

the material decomposes. In both red and black soils, 

maintaining adequate surface cover significantly 

improves moisture availability and enhances crop 

growth during dry spells. 

 

Figure 1 Soil and water conservation in rainfed regions 

through compartment bunds  

 

Figure 2 Land resource conservation through Broad 

Bed and Furrow system 

 

Figure 3 Organic mulching in the farm fields 
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Crop Rotation and Diversification: Continuous 

cultivation of a single crop depletes specific nutrients 

and increases pest and disease incidence. Crop rotation 

helps break this cycle and improves soil health. 

Including legumes such as chickpea, pigeon pea, 

cowpea or green gram in rotation enhances soil nitrogen 

through biological nitrogen fixation. Rotations like 

sorghum followed by chickpea or groundnut followed by 

millets improve nutrient balance and soil structure. 

Diversified cropping systems also reduce erosion risks 

by providing better ground cover and utilizing nutrients 

from different soil depths. In rainfed regions, crop 

rotation plays a crucial role in maintaining productivity 

and reducing yield variability. 

Cover Crops and Residue Recycling: Cover crops are 

short-duration crops grown primarily to protect and 

enrich the soil. Leguminous cover crops add organic 

matter and improve soil aggregation. Their roots 

enhance soil porosity and microbial activity, contributing 

to better water infiltration and nutrient cycling. Instead of 

leaving land fallow, cultivating cover crops during off-

season helps maintain soil health. Similarly, crop 

residue recycling is an important practice in rainfed 

agriculture. Incorporating crop residues into the soil 

rather than burning them adds valuable carbon and 

nutrients. Residues recycling improve soil structure, 

increase soil’s water-holding capacity and support 

beneficial microorganisms. Over time, it significantly 

enhances soil organic carbon and long-term fertility. 

 

Figure 4 A view of cover cropping in farm fields 

Integrated Nutrient Management: Integrated Nutrient 

Management (INM) is a balanced approach that 

combines chemical fertilizers with organic sources such 

as farmyard manure, compost, green manure and crop 

residues. Rainfed soils often suffer from multiple nutrient 

deficiencies, and sole dependence on chemical 

fertilizers may not sustain soil health. INM improves 

nutrient use efficiency, enhances soil biological activity 

and increases soil organic carbon. Long-term studies 

have shown that combining organic and inorganic 

nutrient sources can increase crop yields while 

improving soil structure and resilience against drought 

stress. This approach not only supplies essential 

nutrients but also strengthens the soil’s capacity to 

retain moisture. 

Balanced Fertilization and Green Manuring: 

Balanced fertilization based on soil testing ensures that 

crops receive nutrients in the right proportion. Many 

rainfed soils are deficient in micronutrients like zinc and 

boron, and correcting these deficiencies significantly 

improves yield and crop quality. The use of soil health 

cards and site-specific nutrient management helps 

farmers apply fertilizers efficiently and economically. 

Green manuring is another valuable practice in rainfed 

systems. Growing crops such as sunhemp or dhaincha 

and incorporating them into the soil at the flowering 

stage enriches the soil with organic matter and nitrogen. 

Green manure crops decompose quickly due to their low 

carbon-to-nitrogen ratio, improving nutrient availability 

and stimulating microbial activity. This practice 

enhances soil moisture retention and strengthens soil 

structure. 

PROSPECTS IN RAINFED SOIL MANAGEMENT 

Emerging technologies offer new opportunities for 

improving soil management in rainfed areas. Drone-

based soil mapping, real-time soil moisture sensors and 

artificial intelligence-based nutrient advisory systems 

are helping farmers make informed decisions. Climate-

smart conservation agriculture practices that emphasize 

minimum tillage, residue retention and diversified 

cropping are gaining importance. There is also 

increasing interest in carbon sequestration and carbon 

credit systems that reward farmers for improving soil 

organic carbon. With proper research support and 

farmer participation, these innovations can significantly 

enhance productivity and sustainability in rainfed 

ecosystems. 
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CONCLUSION 

Rainfed agriculture sustains millions of farmers and 

contributes substantially to India’s food production. 

However, soil degradation, low organic matter and 

moisture stress continue to limit its potential. Soil 

management practices such as soil and water 

conservation, mulching, crop rotation, cover cropping, 

integrated nutrient management and green manuring 

can help to improve productivity in rainfed areas. 

Strengthening soil health not only increases crop yields 

but also enhances resilience to climate change, 

improves water-use efficiency and supports long-term 

sustainability. Protecting and managing soils wisely is 

therefore essential for securing the future of rainfed 

agriculture and ensuring food security for the nation. 
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