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Summary: Soil degradation; which causes decline in soil’s productivity, deterioration in vegetative cover, qualitative and 

quantitative decline of soil and water resources and pollution of air; is rampant in India. In recent decades, it is greatly aggravated 

because of country’s increasing population, requiring marginal areas to be brought under the cultivation to meet the growing food 

demand. Poverty and natural resources degradation coerces individuals to search for more land for food, fodder and fibre 

production. The main causes of degradation due to direct/indirect human intervention are deforestation and removal of natural 

vegetation, overgrazing, converting forests to farms, cultivating steep slopes and degrading marginal lands, other agriculture-

related activities and over exploitation of the vegetation for domestic purpose. Similarly, the removal or in-situ burning of crop 

residues, no or least addition of organic manures, and intensive cultivation are the major reasons for the depletion of soil organic 

carbon. Major threats to the conservation of soil resources are soil erosion both by water and air, salinization/alkalinity, acidity, 

organic carbon losses, nutrient imbalance, pollution/contamination by toxic substances, and soil sealing and capping. Urgent 

measures are required to arrest the degradation process and to restore productivity of degraded soils so that more food could be 

produced to provide livelihood and environmental security to the increasing Indian population. This requires the systematic 

knowledge on the soils, characterization of basic resources like soil, water, climate and biodiversity problems and potentials for 

optimizing land use. 
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1. Introduction 
 

Soil degradation refers to decline in the soil’s productivity through adverse changes in nutrient status, soil 

organic matter, structural attributes, and concentrations of electrolytes and toxic chemicals.  Soil degradation is a 

process, which lowers the current and/or future capacity of the soil to produce goods or services [14]. It has also been 

defined as the rate of adverse change in soil qualities resulting in decline in productive capacity of land due to 

processes induced mainly by human intervention [18]. Thus, it implies a decline in soil’s productivity, deterioration 

in vegetative cover, qualitative and quantitative decline of water resources, degradation of soils, and pollution of air. 

Degradation is a point of evolution which leads to a reduction of resource potential. About 7.40 m ha arable lands 

globally turn to degraded lands yearly as result of climate change and deforestation. The problem of soil degradation 

has been ever since cultivation of soils started. However, it is greatly aggravated in recent decades because of 

increasing population of India at the rate of about 1.8%, requiring marginal areas to be brought under the plough to 

meet the growing food demand. Such marginal soils are particularly vulnerable to degradation, further lowering their 

quality and overall productivity. The present paper provides a brief account of degraded and wastelands, causes, 

major threats, and management options for combating soil degradation in India. 

 

2. Assessment of Degraded and Wastelands of India 
 

It is estimated that out of 329 M ha total geographical area (TGA) of India, the area under agriculture is 179.9 

M ha (60.47% of TGA) and 120.4 M ha area is degraded through one or more degradation types, which in turn, is 

affecting the country’s productive resource base. It has been estimated, a total of more than 5000 tonnes of top soil is 

being eroded every year. Of about 1600 m tonnes, representing 30% of the total eroded area, is permanently getting 

lost to the sea ([8]. National Remote Sensing Centre (NRSC) prepared the wasteland Atlas of India highlighting the 

different forms of wastelands their nature and extent. The earliest assessment of the area affected by the land 

degradation made by the National Commission on Agriculture was 148 M ha, followed by 175 M ha by the Ministry 

of Agriculture (Soil and Water Conservation Division). The National Bureau of Soil Survey and Land Use Planning 

(NBSS & LUP) estimated projected an area of 187 M ha as degraded lands in 1994, and revised it to 147 M ha in 

2004. The National Wasteland Development Board estimated an area of 123 M ha under wastelands. The estimates 

vary as these were not based on standard criteria and methodology. Recently, Indian Council of Agricultural 

Research (ICAR) and National Academy of Agricultural Research prepared the soil resources of India on 1:250000 

scale reconciling the soil degradation data in collaboration data produced by the institution [11]. 

 



3. Causes of Soil Degradation 
 

The land degradation is caused by excessive pressure on land to meet the competing demands of the growing 

population for food, fodder and fibre. Various human activities, such as the introduction of large scale irrigation 

canals, deforestation and faulty land use lead to accelerated soil degradation through salinization, flooding, drought, 

erosion and waterlogging. These processes, in turn, reduce agricultural productivity leading to social insecurity. 

Emission of greenhouse gases to the atmosphere resulting into the global warming could be the major reason for soil 

degradation. The causes of degradation due to direct/indirect human interventions are (a) deforestation and removal 

of natural vegetation, (b) overgrazing, (c) agriculture-related activities, and (e) over exploitation of the vegetation for 

domestic purpose. 

 

4. Major Threats and Management Options 
 

4.1  Soil Erosion 

 

A major factor responsible for the degradation of the natural resources is soil erosion. In general, soil erosion is 

more severe in mountainous than in undulating and plain areas. Inappropriate soil management, unsuited to the 

location like tilling along the slope, lack of crop cover during heavy rainfall, etc. is responsible for accelerated soil 

erosion with consequent loss of land productivity. According to an estimate, more than 85 M ha of TGA is subjected 

to water and wind erosion. Because of different processes like slaking and dispersion, mechanisms of soil structural 

collapse and degradation vary climatically and from one soil type to another. 

 

Soil erosion by water is one of the most serious degradation in the Indian context. Existing soil loss data were 

analysed [8] and it was concluded that soil erosion was taking place at an average rate of 16.35 t ha-1 yr-1 totalling 

5334 M t yr-1. For example, a survey of the soils of Sholapur district of Maharashtra showed that in a period of 75 

years (1870 to 1945), nearly 17% of the land with a soil depth of more than 50 cm was converted into shallow soils 

with less than 50 cm depth [6]. Soil degradation is, therefore through the loss of topsoil is one of the major factors of 

low and unstable crop yields in rainfed semiarid to sub-humid subtropics of India. The effect of surface soil depth on 

the yield of rainfed crops grown in Alfisols was evaluated [19]. Yield losses expected to result from erosion, based 

on 56 years of rainfall data were 138, 84, and 51 kg ha-1 cm-1 of top soil loss for sorghum, pearl millet and castor 

bean, respectively. Loss of productivity is further governed by types of soils. For instance, moderate water erosion in 

alluvium derived deep soils showed significantly less reduction in the soil productivity as compared to deep red and 

black soils. Similarly, the same ESP of 15 in black soils (Vertisols), reduction in crop yields and soil productivity in 

alluvium-derived soils was significantly higher. 

 

The land degradation due to wind erosion is limited to arid and semiarid regions of India, including the states of 

Rajasthan, Haryana, Gujarat and Punjab. Removal of natural vegetative cover resulting from excessive grazing and 

the extension of agriculture to the marginal areas is the major human-induced factors leading to accelerated wind 

erosion. This type of erosion basically involves displacement of soil particles by the action of wind. NBSS & LUP 

and the Central Soil Water Conservation Research and Training Institute (CSWCRTI) have jointly initiated the 

preparation of soil erosion maps of different states using the components of Universal Soil Loss Equation obtained 

from field data available in soil resource maps generated by NBSS. Few of such works under this collaborative 

project carried out in states of Himachal Pradesh (representing Hills and Mountains) and Punjab (Indo-Gangetic 

Plains) revealed that Himachal Pradesh is highly affected by soil erosion while Punjab state is least affected [15 &16]. 

 

4.2  Salinization and Alkalization 

 

The expansion of irrigation has been one of the key strategies in achieving self-sufficiency in food production. 

The net irrigated area in India has increased from about 22 M ha in 1950 to about more than 51 M ha at present. In 

most of the expansion, the area is increased under canal irrigation that leads to rise in groundwater Table resulting in 

the soil deterioration through accumulation of salts. However, with reclamation efforts, the area of 7 M ha soils 

suffering from salinization or alkalinization has decreased to 6 M ha [1]. These soils contain excessive amount of 

either soluble salts or exchangeable sodium or both affecting crop yields and crop production. Depending upon the 

physiochemical properties and the nature of the salts, the soils are classified into saline, sodic and saline-sodic. For 

assessing these soils, the National Remote Sensing Agency (NRSA), now renamed NRSC, has prepared maps on 

1:250,000 scale using satellite data from Landsat TM/IRS sensors in association with other central and state 

government organizations. Information on the salt-affected soils provided by the Central Soil Salinity Research 

Institute (CSSRI), Karnal, was used for the harmonization of the degraded wasteland datasets of India. Salt-affected 

soils were regrouped into two classes only namely saline and sodic/alkali soils in the GIS format. The alkali soils in 

general are characterized by high soil pH (up to 10.8), high exchangeable sodium per cent (ESP) up to 90, low 



organic carbon, poor infiltration and poor fertility status. These soils are dominated by sodium carbonate and sodium 

bicarbonate salts. On the other hand, the saline soils have higher electrical conductivity (> 4dS m-1), low ESP (< 15) 

and low pH (< 8.5). The dominant salts in saline soils include chlorides and sulphates of Na, Ca and Mg. Similarly, 

25% of the groundwater resources in the country are saline and brackish. Certain states like Rajasthan and Haryana 

are endowed with 84 and 62% of poor quality groundwater, respectively. Continuous use of such waters for 

irrigation to agricultural crops is bound to increase the problem of salinity and sodicity in India. 

 

4.3 Acidity 

 

The largest areas covered by acid soils in India belong to laterites and various latosolic soils e. g. Ferruginous 

red soils, ferruginous gravelly red soils, mixed red and black, or red and yellow soils. It is reported that about 6.98 M 

ha area is affected by acid soils; which is about 9.4% of TGA [12]. Acid soils develop in humid and per-humid areas 

pertaining to states of Assam, other North east area, West Bengal, Bihar, Odisha, Andhra Pradesh, Kerala, Madhya 

Pradesh, Karnataka, Maharashtra and Tamil Nadu. In Kerala, amongst acid soils, the acid sulphate soils are peculiar 

in characteristics and attendant problems. These soils formed due to excessive leaching of cations with high rainfall, 

resulting in lowering of pH and loss of soil fertility. Based on the range of pH values, the acidic soils have been 

classified as strongly acidic (pH < 4.5); moderately acidic (pH 4.5–5.5); slightly acidic (pH 5.5–6.5) and non-acidic 

(pH > 6.5). 

 

The management of acid soils include (a) addition of lime and/or other chemical amendments to correct the 

acidity and manipulate the agricultural practices so as to obtain optimum crop yields, (b) grow acid tolerant crops 

and cultivars/varieties and to supplement nutrients through suitable carriers, and (c) water management and other 

agronomic practices. Lime requirement, estimated on the basis of exchange acidity and percentage base saturation of 

soil, approximately ranges from 3.5 to 15 t ha-1.  

 

Acid soils pose typical water management problems, which are mostly associated with physical and chemical 

properties of soils. Kaolinite dominated light textured acid soils have very high saturated hydraulic conductivity 

leading to heavy percolation losses. This can be controlled by compaction. Light and frequent irrigation practice 

helps in enhancing water and nutrient-use efficiency on these soils. Problems of high evaporative demands on 

crusting soils can be managed by mulching the crop lands with available paddy straw. Mulching not only lowers 

evapo-transpiration of the crops but also saves irrigation water to the tune of 15-20 % in different crops. Hardening 

of red loamy soils can be avoided by incorporating paddy husk and powdered groundnut shells into soil followed by 

light irrigation. This technique enhances moisture recharge in the soil profile and carry-over enough moisture for 

subsequent rabi crops. Poor aggregate stability is also one of the major constraints responsible for poor water-use 

efficiency. Stability of aggregates can be achieved by application of compost, paddy straw, and green manuring. 

Liming followed by light irrigation is the most effective technique, which helps improve the chemical and biological 

properties of acid soils and increase water-use efficiency. 

 

4.4 Soil Organic Carbon Losses 

 

Alfisols, Ultisols and Oxisols are prone to chemical deterioration owing to nutrient depletion due to pedogenic 

processes for soil development. The base saturation of these soils is very less specially in Ultisols and Oxisols as 

compare to Alfisols. In India, nearly 3.7 M ha is deteriorated due to depletion of organic matter. These areas are 

widely distributed across the country ranging from cultivated areas of subtropical belt to the areas under shifting 

cultivation. Removal or in-situ burning of crop residues, no or least addition of organic manures, and intensive 

cultivation are the major reasons for the depletion of soil organic carbon. Balanced and integrated use of inorganic 

and organics, management of crop residues, etc. are desirable options for sequestering organic carbon in soils [2]. 

 

4.5 Nutrient Imbalance 

 

Balanced nutrient supply is essential for achieving high crop yields, but excessive and/or imbalanced nutrient 

inputs may pose risk pressure on the environment, human health and ecosystems. Nutrient losses could occur in 

many ways, i.e., via emission to the air as NH3, N2O, NO, and N2, and discharge to the water through runoff, 

leaching and erosion. The nutrient inputs largely vary between regions/states of India. The nutrients balances differ 

among states and are related to the economic development. After 1980s, fertilizer was more widely used than manure 

in agriculturally developed states such as Punjab, Haryana and Orissa. The wide use of fertilizer and booming 

developed of the livestock production contributed to the vast N losses to the environment. The N inputs and outputs 

also showed large variations between different crops. The higher nutrient inputs and accumulation in cash crop 

production have been observed. Due to increasing demands for food to cope with increasing population, the problem 

of nutrient loss and/or depletion of organic matter will be more serious in the future. Especially in high intensive 



cultivated areas of rice-wheat cropping system in Indo–Gangetic Plains, this problem of soil health fatigue is already 

observed in number of case studies. The nutrient imbalance in soils could have much impact on crop production and 

environmental protection. Both of the N imbalance and the N losses can be improved greatly, without sacrificing the 

crop yield, such as balanced and integrated use of fertilizers and organic manures, which are effective in increasing 

crop yields, nutrient use efficiency and minimizing environmental impacts [2]. 

 

4.6 Pollution/Contamination by Toxic Substances 

 

Both geogenic and anthropogenic factors cause pollution/contamination of soil and water resources. However, 

their impact varies with rainfall pattern, and depth and geology of aquifer. There are naturally occurring minerals in 

aquitards in different regions, which control the concentration of geogenic pollutants, such as arsenic (As), uranium 

(Ur), fluoride (F), boron (B) and selenium (Se) in alluvial aquifers. People are exposed to As most of the time 

through drinking groundwater, usually unknowingly. Arsenic concentration in alluvial aquifers of Punjab varied 

from 4 to 688 g l-1 [10]. According to the safe limit of 10 g As l-1, majority of groundwater samples were not fit 

for dinking purposes with respect to As concentration. Arsenic contamination in the Gangetic alluvium of West 

Bengal has assumed the proportion of drinking water related health hazards for millions of people [9]. Geochemical 

conditions, such as pH, oxidation–reduction, associated or competing ions, and evaporative environments, have 

significant effects on As concentration in groundwater. Under natural conditions, oxi-hydroxides of iron control the 

concentrations of metals in aquifers or surface waters. Under oxidized conditions, iron precipitates as hematite and 

gets deposited on the surface of particulate suspensions or the surface of the reservoirs. In India, the average reported 

range of uranium in groundwater is from 0.01 to 19.6 g l-1. Uranium in groundwater drawn from hand pumps and 

shallow tubewells (up to the depth of 45 m) was first reported in Punjab State in 1995 [17], followed by several 

reports. Uranium content of groundwater in Punjab ranges between 1.08 and 244 g l-1. The high values of Ur more 

than the permissible limit of 30 g l-1 of United State Environmental Protection Agency (USEPA) and 60 g l-1 of 

Atomic Energy Regulatory Board (AERB) occur at scattered places. Surface water (canal water) has very negligible 

concentration of Ur and is safe from uranium point of view. High concentrations of F, often significantly above the 

safe limit of 1 mg l-1, constitute a severe problem in some semi-arid areas. Survey of groundwater samples of five 

blocks of Ludhiana district revealed the F concentration from 0 to 10.1 mg l-1. Boron concentration in irrigation 

water samples of 100 villages in five development blocks of Bathinda district of Punjab ranged from negligible to 

5.75 mg l-1. Considering the maximum permissible limit of 2 mg B l-1, 15 to 37% samples were high in B. In the 

Nawanshahar and Hoshiarpur districts of Punjab, an area of about 1000 ha is affected by Se toxicity. The quality of 

Se in groundwater drawn from 90 tubewells located in this seleniferous region ranged between 0.25 and 69.5 µg l-1 

with a mean of 4.7 µg l-1 [7]. The maximum permissible limit of 10 µg l-1 for drinking purposes was exceeded by 

11% of the tubewell water samples and the maximum permissible level of 20 µg l-1 for irrigation purposes was 

exceeded by 4.4% of water samples. The groundwater pumped from relatively shallow tubewells (24-36 m depth) 

contained 2-3 times more Se than that pumped from deep tubewells. Gypsum application resulted in substantial 

reduction in Se content in wheat, maize, oats and sugarcane crops grown on such soils. 

 

Animal wastes that are generally dumped near feedlots in the outskirts of villages, appear to be the major 

contributor to high NO3
--N in groundwater under village inhabitations and feedlots. The level of NO3

--N in the water 

samples of 367 hand-pumps installed in several villages of four districts and in 45 water samples collected beneath 

feedlots, was several folds higher than in 236 water samples of tubewells of adjoining areas, clearly illustrating that 

animal wastes and feedlots act as a point source of nitrates [5]. The wide variations in NO3
--N concentration in 

groundwater is attributed to variations in land use and management practices and unscientific disposal of animal 

dung and urine around dairy sheds. Integrated and balanced application of N fertilizers could significantly reduce the 

amount of unutilized nitrates in the root zone and help enhance nutrient-use efficiency of crops. Decreased 

rate/amount, but increased frequency of irrigation water in conjunction with a split application of fertilizer N, helps 

in minimizing the movement of NO3
- N to deeper soil layers. In the predominant rice-wheat system of Indo-Gangetic 

Plains, application of recommended 120 kg fertilizer N ha-1 for each crop for 4 years resulted in 35 kg of residual 

NO3
--N ha-1 in the 150 cm soil profile whereas only 17 kg NO3

--N ha-1 remained where 120 kg N ha-1 was applied 

through the consecutive use of sesbania green manure and fertilizer N, decreasing potential for groundwater nitrate 

contamination [3]. Soil NO3
- leaching to 60 cm in the rice crop was utilized by the subsequent wheat crop, which has 

a deeper and more extensive rooting system. 

 

Applications of sewage sludge to agricultural soils, and irrigation of field crops with sewage water and 

untreated industrial effluents alone, or in combination with tubewell/canal water, are common practices, especially in 

the vicinity of large cities, as these are considered reusable sources of essential plant nutrients and organic C. 

However, some of the elements present in sewage water and untreated industrial effluents, could be toxic to plants 

and pose health hazards to animals and humans [4]. Large variations in the composition of sewage waters of 

industrial and non-industrial cities of Punjab have been reported. In general, Pb, Cd and Nickel (Ni) were in higher 



concentration in effluents of industries manufacturing metallic products as compared with textile and woolen 

industries.  For example, the open Budda Nullah drain, which is a natural fresh-water stream before its entry into 

Ludhiana city, turns into a highly polluted sewage channel when it passes through the interior of the city, receiving 

effluents from various types of industries on its way. Thus, by considering both useful effects (nutritive and irrigation 

potential) and harmful effects, sewage sludge and water, industrial wastes and effluents should be treated to meet the 

desired quality parameters before they are discharged to drains or used for irrigation of the agricultural soils. 

 

4.7 Soil Sealing and Capping 

 

Continuous expansions of cities, industries, cantonments and other infrastructures have been usurping fertile 

and productive soils. This has urbanized not only the substantial proportion of the productive soils, but also areas 

well beyond the traditional city cores and suburban peripheries are becoming part of the urban fabric. Although exact 

data of annual soil sealing in India are not available, drastic and often irreversible land use changes such as the 

conversion of forest to agro-industrial land, extractive mining activities, as well as extensive horizontal expansion of 

cities have been resulting in the soil sealing and capping. Thus, better management of expanding cities, such as 

vertical expansion instead of horizontal expansion, adoption of apartment concept instead of individual bungalows, 

etc, establishment of new cities and industries on waste and unproductive soils would be desirable to protect 

productive agricultural soils. 

 

5. Socio-Economic Impacts and Future Challenges 
 

The socio-economic and ecological consequences of soil degradation are far-reaching. It is now well-

recognized that in South Asia, poverty  has been mainly a rural phenomenon, where nearly three-fourth of the poor 

food-insecure live and are dependent on the natural resources for employment and income. South Asia has a poverty 

incidence of 43% and about 520 million people (40% of the world’s poor) reside here. Also, severely degraded lands 

are mostly inhabited by marginal farmers and tribal populations, who are poor and less literate. These people are 

devoid of land-based amenities and infrastructure in comparison with the farmers who cultivate better lands. The soil 

erosion and other soil degradation processes have led to nutrient depletion thus reducing soil quality. Poverty and 

natural resources degradation coerces individuals to search for more land for food. People are thus driven to convert 

forests to farms, cultivate steep slopes and degrade further marginal lands. Conservation of natural resources and 

rejuvenation of the degraded and wastelands, therefore, offer potentially enormous means of poverty alleviation and 

sustainable livelihood. 

 

Evaluating the precise magnitude of soil degradation and its impact on the environment are major challenges to 

the soil scientists and environmentalists. Managing soil resources, including the degraded ones, to meet the basic 

human needs in term of food, fibre and fuel continues to be a major issue. As we adopt new high-tech science tools 

and as natural resource relevant additional data become available from the remote-sensing satellites, further 

refinements should be possible in the innovative database analytic systems. Unless urgent measures are taken to 

arrest the degradation process and to restore productivity of degraded soils, it is not possible to produce more food to 

fulfil the obligations to leave a better heritage for posterity. For providing livelihood and environmental security to 

the increasing population of the country, characterization of basic resources like soil, water, climate and biodiversity 

is called upon. This requires the systematic knowledge on the soils, their extent, distribution, characteristics, 

problems and potentials for optimizing land use. Innovations, in both science and farming practices, are urgently 

needed to achieve this goal, and efforts need to be taken by both policy makers and the public. 
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