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1. Introduction: 

In India, about 68.4% (83 million ha) of total degraded land (121 million ha) is 

affected by water erosion of moderate (>10 t ha-1 yr-1) to very severe (>80 t ha-1 yr-

1) intensities, followed by chemical degradation (25 million ha), wind erosion (12 

million ha) and physical degradation (1.1 million ha) (ICAR and NAAS, 2010). Water 

erosion is the major threat to soil quality and quality of runoff water. It results in loss 

of organic carbon, nutrient imbalance, compaction, decline in soil bio-diversity, and 

contamination with heavy metals and pesticides. As per recent estimates by IISWC 

(erstwhile CSWCRTI), annual soil loss rate in our country is about 15.35 t ha-1, 

resulting in loss of 5.37 to 8.4 million tonnes of nutrients, reduction in crop 

productivity, occurrence of floods/droughts, reduction in reservoirs capacity (1% to 

2% annually), and loss of biodiversity. Conversion from natural to managed 

ecosystems, and extractive farming practices based on low external input and soil 

degrading land use tend to deplete the terrestrial C pools. The soil pool loses 1.1 Pg 

C into the atmosphere as a result of soil erosion and another 0.3-0.8 Pg C yr-1 to the 

ocean through erosion-induced transportation to aquatic ecosystems (Lal, 2011). 

Therefore, research and development need to focus on accurately assessing and 

mapping of erosion hazards, soil fertility loss, water pollution and prioritizing the 

erosion risk areas, for in depth assessment of the status of land degradation due to 

water erosion to help in planning of precision conservation measures at watershed, 

region and country levels.  

 

2. Production losses due to soil erosion:  

The loss in crop productivity caused by land degradation is of great 

significance as it has direct impact on food security of the country. Erosion induced 

reduction in crop productivity may vary from <5% to >50%. IISWC has estimated that 

27 major rainfed crops (cereals (8), oilseeds (10) and pulses (9)) cultivated on 

alluvial, black and red soils in the country as a whole suffer a production loss of 16%, 

which in actual physical terms works out to 13.4 million tonnes, which in economic 

terms is equivalent to $162 billion, considering minimum support prices of 2008-09 

(Sharda et al., 2010). Cereals contribute 66% to the total production loss followed by 

oilseeds (21%) and pulses (13%). There is now an urgency to minimize the 

production losses in rainfed areas of the country, as these losses can be enormous 

on cumulative basis to significantly affect the agrarian economy of the country over 

the years. To prevent further decline in productivity levels, the challenge is to:  

(i) Innovate and test cost-effective location-specific conservation technologies 

for different climatic, edaphic and physiographic conditions.  

(ii) Introduce and evaluate exotic / improved germplasm.  



(iii) Efficiently manage natural resources through conservation agriculture, 

horticulture and agroforestry, and identify potential systems for carbon 

sequestration under different best management practices 

3. Evolution of soil and water Conservation (SWC) in India: 

The evolution of SWC in India can be divided into three distinct phases (Table 

1). During the first phase which a pre-independence period SWC was not a major 

program, as it was often linked with programs like dry land farming or famine 

mitigation (Shah, 1997). In the post-independence period, the planned development 

paved the way for evolution of well-formulated programs for SWC. The government 

evolved various programs, research institutions, policies and activities including 

establishment of All India Soil Survey and Land use organization and evolution of 

model bill on SWC to tackle the problem especially during the period 1950-60. A 

milestone in this area was evolution of river valley projects (RVP) on a large scale 

covering major river basins. The conservation research initiatives came in the form of 

dry farming research schemes to develop SWC techniques at four locations in semi-

arid regions (Tejwani, 1994). Evolved in 1975, Operations Research Project (ORP) 

demonstrated effectiveness of various SWC technologies in controlling erosion on 

farmers’ fields with higher benefit cost ratios. But a glaring lacuna in these 

approaches was lack of farmer participation in these programs. A serious lapse in 

these programs was greater emphasis to soil conservation and neglect of other 

goals. But, SWC received secondary importance during the seventies as irrigation 

development was accorded top priority to augment agricultural production in the 

country. As a result, SWC activities were scattered under various schemes and 

drought relief programs. A shortsighted approach of giving subsidies was adopted by 

the state to promote SWC, which later on emerged as a major limitation in the 

promotion of watershed programs (Shah, 1997). 

Table 1: Evolution of Soil and Water Conservation in India 

Year                             SWC Program 

Period I: Pre-Independence period 

1900 First Soil and Water Conservation Act by Punjab State 

1928 Recognition of soil erosion problem by Royal Commission on 

Agriculture 

1930 Establishment of dry land research centres (Bombay dry farming 

practices) 

1938 Scheme for dry farming development: Emphasis on contour bunding 

1945 Famine commission: SWC was considered as a component of relief 

measures 

                           Period II: Post-Independence period 

1950-60 Enactment of Soil and Water Conservation Acts by several states in 

India 

 All India Soil Survey and Land use organization 



1954 Starting of Central Soil and Water Conservation Research and 

Training Institute(CSWCRTI) 

 Special schemes for drought /desert prone areas (SWC works mainly 

as relief programs) 

1961 Launching of River Valley Schemes/projects 

1975 Implementation of Operations Research Projects 

                Period III: Watershed development program era 

1982 Launching of 46 model watershed projects (WDP) for the development 

of dry lands 

1984 World Bank Assisted WDP in four states 

1986 National Watershed Development Programs for Rain fed Areas 

(NWDPRA) in 16 states 

1989 Integrated Waste Land Development Program (National Wasteland 

Development Board) 

1992 National Watershed Development Project for Rain fed Areas 

(NWDPRA) 

Source: Shah (1997) and others 

4. Public intervention in soil and water conservation: 

Soil and water conservation are perceived differently by farmers and the 

government or conservationist. Table 2. highlights such dichotomy of views- 

government versus farmers. The government emphasises conservation, takes a long 

term view and a regional perspective that includes both on-site and off-site effects. 

The farmer in contrast emphasises productivity, has a substantially shorter planning 

horizon and a perspective that puts his farm central. Farmers are seen to 

underinvest in conservation, and the government, knowing better, tries to redress 

that. Intervention is based on the premise that conservation technology works - it is 

just a matter of getting farmers to adopt (Erenstein, 1999).  

Table 2: Dichotomy views on Soil and water conservation between government 

and farmers 

Sl. No Particulars Government Farmers 

1. Emphasis Conservation Productivity 
2. Planning Horizon Long term Short term (making ends 

need) 
3. Focus Regional (externalities) Farm (no externalities) 

 

Economic incentive for soil and water conservation in India: 

Economic incentives for SWC can be viewed in terms of external and internal 

incentives, which could be both direct and indirect. The external incentives are in the 

form of direct state investment in SWC measures on farmers’ fields, input subsidies, 

supply of economically important saplings, farm implements and tools, drought relief 

programs, wages, employment programs etc. Indirect external incentives are largely 

in the form of farm extension services, credit, preference in other services/programs 



to participants of SWC programs etc. Before the advent of WDP programs, SWC 

programs (mostly bunding related programs) were taken up on both private and 

public lands without active participation of farmers. Though in effect, the investment 

on farmers’ field could create long-term benefits in the form of increased yields, there 

were no apparent direct incentives as in the case of WDP program services, credit, 

preference in other services/programs to participants of SWC programs etc. Before 

the advent of WDP programs, SWC programs (mostly bunding related programs) 

were taken up on both private and public lands without active participation of 

farmers. Though in effect, the investment on farmers’ field could create long-term 

benefits in the form of increased yields, there were no apparent direct incentives as 

in the case of WDP program (Reddy et al, 2004). 

 

5. Soil and Water Conservation Technology: 

 Conservation interventions have traditionally emphasised barrier-type physical 

structures. Indeed, it is difficult to get away from the image of soil and water 

conservation being done by anything else than implanting physical works (Shaxson, 

1993). Barrier-type conservation emphasises run-off control. This mainly revolves 

around cross-slope structures that literally raise barriers against run-off, controlling 

its movement and limiting its erosive capacity by retention, dispersion and/or 

drainage (Shaxson et al., 1989). The cross-slope barriers divide the natural slope 

length of a hillside into shorter segments. They typically include bench terraces and 

conservation banks. Bench terraces also reduce the slope steepness, either instantly 

upon construction or progressively over time. Barrier-type conservation traditionally 

emphasises the construction of physical structures. Increasingly it also includes 

vegetative structures ('live barriers'), such as contour hedgerows (agro-forestry, e.g. 

Kiepe and Rao, 1994) and grass strips (e.g. vetiver). Some crop management 

practices like contour cropping are also forms of (micro-) barrier-type Conservation. 

6. Promising Soil and Water Conservation measures: 

There are two types of measures for soil and water conservation, that is, 

mechanical/engineering/structural measures and biological measures. Mechanical 

measures are permanent and semi-permanent structures that involve terracing, 

bunding, trenching, check dams, gabion structures, loose/stone boulders, crib wall, 

etc., while biological measures are vegetative measures which involve forestry, 

agroforestry, horticulture and agricultural/agronomic practices (Sarvade et al. 2019).  

6.1. Biological measures (agronomic/agricultural and agroforestry): 

Agronomic measures are applicable in the landscape of ≤2% slope. 

Agronomic measures reduce the impact of raindrops through the covering of soil 

surface and increasing infiltration rate and water absorption capacity of the soil which 

results in reduced runoff and soil loss through erosion (FAO, 1984). These measures 

are cheaper, sustainable, and may be more effective than structural measures, 

sometimes [Yousuf and singh, 2019]. Some of the important agronomic measures 

are described below: 



6.1.1. Contour farming 

Contour farming is one of the most commonly used agronomic measures for soil and 

water conservation in hilly agro-ecosystems and sloppy lands. All the agricultural 

operations viz. plowing, sowing, inter-culture, etc., are practiced along the contour 

line. The ridges and furrows formed across the slope build a continual series of small 

barriers to the flowing water which reduces the velocity of runoff and thus reduces 

soil erosion and nutrient loss (Dimelu et al. 2013, Liu et al. 2014). It conserves soil 

moisture in low rainfall areas due to increased infiltration rate and time of 

concentration, while in high rainfall areas, it reduces the soil loss. In both situations, 

it reduces soil erosion, conserves soil fertility and moisture, and thus improves 

overall crop productivity. However, the effectiveness of this practice depends upon 

rainfall intensity, soil type, and topography of a particular locality. 

6.1.2. Crop rotation 

Crop rotation is the practice of growing different types of crops in succession 

on the same field to get maximum profit from the least investment without impairing 

the soil fertility. Monocropping results in exhaustion of soil nutrients and deplete soil 

fertility. The inclusion of legume crops in crop rotation reduces soil erosion, restores 

soil fertility, and conserves soil and water [43]. Further, the incorporation of crop 

residue improves organic matter content, soil health, and reduces water pollution. A 

suitable rotation with high canopy cover crops helps in sustaining soil fertility; 

suppresses weed growth, decreases pests and disease infestation, increases input 

use efficiency, and system productivity while reducing the soil erosion (Sahoo et al. 

2017). 

6.1.3. Cover crops 

The close-growing crops having high canopy density are grown for protection 

of soil against erosion, known as cover crops. Legume crops have good biomass to 

protect soil than the row crops. The effectiveness of cover crops depends on crop 

geometry and development of canopy for interception of raindrops which helps in 

reducing the exposure of soil surface for erosion. It has been reported that legumes 

provide better cover and better protection to land against runoff and soil loss as 

compared to cultivated fallow and sorghum. The most effective cover crops are 

cowpea, green gram, black gram, groundnut, etc. 

6.2. Mechanical measures 
Mechanical measures or engineering structures are designed to modify the 

land slope, to convey runoff water safely to the waterways, to reduce sedimentation 
and runoff velocity, and to improve water quality. These measures are either used 
alone or integrated with biological measures to improve the performance and 
sustainability of the control measures. In highly eroded and sloppy landscape 
biological measures should be supplemented by mechanical structures. A number of 
permanent and temporary mechanical measures are available such as terraces, 
contour bunding, check dams, gabions, diversion drains, geo-textiles, etc. 
(Vanwalleghem, 2016) 
 



7. Economic benefits of soil and water conservation technology development: 

 The study conducted by Kumar et al. (2020) showed that soil and water 

conservation not only improved the crop revenue but also reduce its variability. Most 

interestingly, it also showed that conservation reduced the chances of downside risk, 

i.e., crop failure. Moreover, in the rainfed areas, SWC practices are crucial to sustain 

crop production in view of growing water shortages, deteriorating soil health and 

increasing incidence of drought and desertification, and also to moderate the 

negative effects of climate change and variability (Kato et al. 2011). Therefore, in 

view of increasing climate change and variability, it can be suggested that SWC 

could be an important adaptation strategy for sustaining crop production.  

 

 

 

 

 

Conclusion: 

The land is finite and diminishing gradually due to the increasing rate of varied 

kinds of degradation and thus there is no alternative to expend cultivable land area. 

The only way is either increasing agricultural productivity per unit resource available 

or restoring the degraded lands. Observing these challenges and due to 

underinvestment in conservation by the farmers, government played a vital role to 

redress these challenges. Intervention is based on the premise that conservation 

technology works - it is just a matter of getting farmers to adopt which can be 

obtained through economic incentive which can be viewed in terms of external and 

internal incentives, which could be both direct and indirect. Use of soil and water 

conservation technology including biological (agroforestry and agricultural) and 

mechanical measures (terracing, bunding, trenching, check dams, etc.) is imperative 

to reduce runoff, soil erosion and to improve soil quality, water quality, moisture 

conservation, and overall crop productivity in a sustainable way. Biological measures 

are economically feasible and environmental friendly; also improve soil properties 

along with the conservation of soil and water resources. Further, the combined use 

of biological and mechanical measures will help in improving and sustaining 

agricultural productivity.  
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