


Navigating Land Degradation in India: Impacts on Agriculture, Livelihoods and the Path to Sustainable Restoration

Abstract
This review paper examines land degradation in India, highlighting its impacts on agriculture, ecosystems, and socio-economic conditions. It identifies unsustainable practices, deforestation, and climate change as key drivers, leading to soil erosion and loss of productivity. The concept of Land Degradation Neutrality (LDN) is explored as a strategy to balance degradation and restoration, promoting sustainable land management. The paper calls for comprehensive approaches, including policy changes, technological innovations, and community involvement, to restore degraded lands and enhance resilience. By addressing land degradation, India can improve food security, livelihoods, and environmental sustainability, aligning with broader development goals.
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1.     Introduction
The most pressing concerns that humans have to confront in the 21st century are Land degradation and Climate change. Our approach to managing these threats will shape the future of humankind. Land is one of nature's greatest treasures, providing sustenance and enabling our civilization to thrive on Earth. Although land degradation is as ancient as settled agriculture, its current level and its impacts on the environment and human well-being worldwide are more alarming than ever before. Approximately 2 billion hectares of previously ecologically productive land are experiencing various forms of degradation globally (Oldeman, 1991). Land degradation affects one-fourth of the world's ice-free area, significantly impairing people's livelihoods. Most of the 1.3 to 3.2 billion affected individuals live in developing countries and are impoverished (IPCC, 2019). The FAO-led Global Soil Partnership (GSP, 2017) estimates that 75 billion tonnes of soil erosion from agricultural areas result in an annual loss of 400 billion USD. According to Petrisillo et al. (2023), emerging nations have accumulated around 40% of the world's land degradation and are expected to account for 50% of population growth and 78% of the world's dryland expansion by 2100. Land degradation impacts people and ecosystems all around the world, and it both causes and contributes to climate change (Abdulmalik and Zewide, 2021). According to Gebreselassie et al. (2016), there are an estimated 2.6 billion people who are impacted by land degradation and desertification in over 100 countries, accounting for over 33% of the planet's land surface. The effects are most severe in Sub-Saharan Africa, where they affect between 20 and 50 percent of the land and approximately 200 million people.
Land degradation refers to the temporary or permanent decline in land productivity due to the deterioration of its physical, chemical, or biological characteristics. India, with its vast natural resources, supports 18% of the world's population on just 2.42% of the global land area. Estimates of degraded land in India range from 53 million to 130 million hectares (Maji et al., 2010).
India has an agrarian culture and 58% of the population derive their livelihood via agriculture and allied activities. At the present population growth rate, expanding the area under agriculture will be necessary to meet the growing food demands. It would lead to massive deforestation and extending agriculture to drylands which will again push the rate of land degradation in India.  India's per capita arable land is currently about 0.15 ha, and by 2075, it is predicted to drop to a pitiful 0.09 ha (Navalgund, 2006). The rate of land degradation has escalated to previously unheard-of levels due to climate change and the increasing intensification of agricultural activities; it is currently 30-35 times faster than historical rates (Stavi and Lal, 2015).
World Environmental Day 2024 was themed “Accelerating Land Restoration, Drought Resilience and Desertification Progress," highlighting the critical interplay between land health and human well-being. Against this backdrop, it becomes increasingly evident that combatting land degradation is not just an environmental imperative but a fundamental necessity for securing sustainable futures for all. Land degradation undermines the integrity of ecosystems, leading to loss of biodiversity, diminished ecosystem services, and increased vulnerability to climate change impacts. Degraded lands are less resilient to extreme weather events, exacerbating natural disasters and threatening the survival of both wildlife and human populations. Communities dependent on degraded lands suffer disproportionately from food insecurity, poverty, and displacement. Indigenous peoples and rural populations, in particular, bear the brunt of land degradation, facing loss of livelihoods, cultural heritage, and social cohesion. Land degradation imposes substantial economic costs, affecting agricultural productivity, water availability, and infrastructure resilience. The degradation of arable land reduces agricultural yields, leading to food shortages, price volatility, and increased poverty rates. Moreover, the loss of ecosystem services, such as water purification and carbon sequestration, diminishes the economic value derived from natural landscapes. Considering the multifaceted dimensions of the issue, this paper details the concept of land degradation, its causes and consequences along with the action for preventing the same.
2.     Land degradation – definition and its drivers
The United Nations Convention to Combat Desertification (UNCCD) defines land degradation as the reduction or loss of productivity and complexity in various land types, including croplands, pastures, forests, and woodlands, primarily in arid, semi-arid, and dry sub-humid areas. This degradation arises from a combination of processes, such as soil erosion by wind and water, deterioration of soil properties, and long-term loss of natural vegetation due to human activities and habitation patterns (UNCCD, 1994). The Intergovernmental Panel on Climate Change (IPCC) characterizes land degradation as a reduction or loss in land productivity resulting from human-induced factors like soil erosion, deterioration of soil properties, and loss of vegetative cover (IPCC, 2019). These definitions underscore the multifaceted nature of land degradation, highlighting the critical need for sustainable land management practices to address its adverse impacts on ecosystems, agriculture, and livelihoods.
Land degradation has far-reaching consequences for ecosystems, livelihoods, and sustainable development in India. Several factors contribute to land degradation in the Indian context, including unsustainable land use practices, deforestation, soil erosion, water scarcity, and climate change impacts.
The expansion of agriculture to meet growing food demands has resulted in the conversion of forests, grasslands, and other natural ecosystems into agricultural lands, leading to soil erosion, loss of biodiversity, and degradation of soil quality (Ravindranath & Sukumar, 2010). Intensive agricultural practices such as monoculture farming and excessive use of chemical fertilizers and pesticides, contribute to soil erosion and loss of soil fertility (Aulakh and Sidhu, 2015).  Overgrazing by livestock, often exacerbated by population pressure and land tenure issues, further accelerates soil degradation, leading to loss of vegetation cover and desertification in arid and semi-arid regions (Sharma et al., 2016).
Deforestation, another significant cause of land degradation in India, results from urbanization, infrastructure development, and commercial logging activities. The loss of forest cover reduces the capacity of ecosystems to regulate soil moisture, retain nutrients, and mitigate erosion, leading to increased vulnerability to land degradation processes (Chaturvedi et al., 2011).
Soil erosion, driven by factors such as water and wind, is a pervasive form of land degradation in India, particularly in hilly and semi-arid regions. Unsustainable agricultural practices, such as improper land management, monoculture farming, and removal of vegetative cover, leave soils exposed to erosion, leading to loss of topsoil, reduced soil fertility, and decline in agricultural productivity. Lal (1998) estimates that approximately 147 million hectares of land in India suffer from soil erosion annually due to these activities. Water scarcity exacerbates soil erosion by reducing vegetation cover and increasing the intensity of surface runoff during rainfall events, further contributing to land degradation.
Water erosion in India poses a significant challenge, severely affecting agricultural land and contributing to widespread soil degradation. According to the Indian Ministry of Environment and Forests, approximately 147 million hectares (about 45% of the country's total area) are prone to water erosion. This includes regions susceptible to soil degradation due to rainfall and runoff. This phenomenon leads to the loss of valuable topsoil, diminished soil fertility, and reduced agricultural productivity, which in turn threatens the country's food security and environmental sustainability.
Wind erosion is another significant issue in India, particularly in arid and semi-arid regions. It affects an estimated 13.5% of the country's total land area, which translates to approximately 45 million hectares (ICAR, 2010). Wind erosion leads to the loss of topsoil, decreases soil fertility, and can cause significant damage to crops and infrastructure. This form of erosion exacerbates the challenges faced by the agricultural sector, contributing to decreased productivity and increased vulnerability to environmental changes. Addressing wind erosion is essential for sustaining agricultural productivity and protecting the livelihoods of those dependent on the land (MoEF, 2009).
Desertification, characterized by the expansion of arid and semi-arid areas, further compounds land degradation. Factors such as deforestation, overgrazing, soil erosion, and climate change contribute to desertification, affecting approximately 29.32% of India's total geographical area (MoEFCC, 2015). Land subsidence, primarily observed in urban areas like Delhi and Chennai, results from excessive groundwater extraction, leading to the compaction of underlying aquifers. Specific data on the extent of land subsidence in India vary by region but the risks associated with groundwater depletion. Deforestation and loss of vegetation cover exacerbate land degradation, as reported by Hansen et al. (2013), who documented a loss of approximately 1.6 million hectares of forest cover in India between 2001 and 2018.
Climate change impacts, including changes in rainfall patterns, temperature increases, and extreme weather events, exacerbate land degradation processes. Erratic rainfall, prolonged droughts, and heatwaves increase the vulnerability of ecosystems and agricultural lands to degradation, leading to loss of vegetation cover, soil erosion, and desertification (Kumar et al., 2022). Moreover, climate change-induced factors such as sea-level rise and increased storm intensity exacerbate coastal erosion, particularly in vulnerable coastal areas, leading to loss of land and displacement of coastal communities.
3.     Extent of land degradation in India
A nationwide land degradation mapping was done by the Indian Space Research Organisation (ISRO) using satellite data in 2005-2006 and 2015-2016. The overall land degradation status of the nation was calculated to be 91.30 million hectares in the period of 2005-2006. By 2015-2016, it had slightly decreased to 91.21 million hectares, which accounts for 27.77% of the country's geographical area. There has been a slight decline in land degradation over a decade.
Water erosion emerged as the primary contributor to land degradation in India, constituting 55.91% of the total land degradation or 15.53% of the total geographical area. The extent of water erosion varies significantly across regions. The Himalayas, Western Ghats, and the northeastern states are particularly vulnerable due to high rainfall and steep slopes. (Bhagya et al., 2017). Wind erosion followed closely, affecting an area of 14.28 million hectares, which accounts for 15.66% of the total land degradation or 4.35% of the total geographical area. Salinization or alkalization affected approximately 6.5 million hectares, making up 7.09% of the total land degradation, while acidification impacted around 3.04 million hectares (Sreenivas et al., 2021).
Water erosion is found to be a dominant process in the majority of the States. It is found to a maximum extent in Maharashtra (106.13 Lakh ha) followed by Odisha (58.33 Lakh ha) and Madhya Pradesh (56.30 Lakh ha). Wind erosion is predominant in arid regions of India and found to be occurring over 138.05 Lakh ha in Rajasthan (hot desert) as a dominant process followed by Jammu & Kashmir (cold desert) and Haryana. Water logging is found to be maximum in Bihar (7.11 Lakh ha) followed by Uttar Pradesh (4.45 Lakh ha) and Assam (2.68 Lakh ha). Salinization/ Alkalisation is a process found extensively in Gujarat (4.16% of total land degradation) followed by Uttar Pradesh (0.66%) and Rajasthan (0.58%). There is also a significant extent of this process occurring in Andhra Pradesh, Tamil Nadu, Telangana, Maharashtra, Karnataka, Bihar, Haryana, Jammu& Kashmir, Madhya Pradesh, Punjab, Odisha, and Goa in decreasing order of area. The acidification process is dominant in Nagaland (7.43 Lakh ha) followed by Manipur, Mizoram, Meghalaya, Arunachal Pradesh, Tamil Nadu, Tripura, Assam, and Kerala in decreasing order of total area. This is mostly confined to high rainfall regions and is formed due to the leaching of alkaline salts to lower depths. The extent of land degradation due to anthropogenic activities is found maximum in Rajasthan, Karnataka, Andhra Pradesh, Telangana, and Maharashtra followed by Jharkhand, Madhya Pradesh, and Chhattisgarh (ISRO, 2019).
Rajasthan emerged with the largest proportion of land degraded among all states, accounting for 19.77% of the total land degradation. The primary processes contributing to land degradation in Rajasthan were predominantly wind erosion, closely followed by water erosion. Maharashtra ranked second with 12.05% of the total land degradation. In Maharashtra, water erosion was the predominant process, followed by salinization/alkalization. In addition to the primary natural processes impacting land, anthropogenic activities such as industrial areas, mining operations, dumps, and brick kilns covered an area of 6548 square kilometres, constituting 0.72% of the total degraded land in the country.
Over the years, numerous initiatives aimed at land reclamation and soil conservation have successfully transformed 0.55 million hectares of degraded land into normal status. However, a significant rise in land degradation occurred in Mizoram, Assam, Arunachal Pradesh, Bihar, Manipur, Nagaland, and Meghalaya, primarily attributed to landslides and shifting cultivation. Collectively, in these regions, a total of 0.46 million hectares of normal land was converted into degraded land area (Sreenivas et al., 2021). The table 1 shows the status of land degradation in different states of India.
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Figure 1. Land degradation hotspots in India (red coloured). Source Le et al. (2014).
 


	State
	Water erosion
	Wind erosion
	Water logging
	Salinization/
Alkalization
	Acidification
	Glacial
	Anthro-
pogenic 
	Others
	Total 

	Andhra Pradesh
	4773702
	15556
	4399
	365639
	
	
	59452
	292008
	5510756

	Arunachal Pradesh
	442920
	
	35033
	
	336881
	585
	
	167442
	982861

	Assam
	359168
	
	268671
	
	73885
	
	11703
	27990
	741417

	Bihar 
	345027
	
	711112
	113918
	
	
	4787
	16834
	1191678

	Chhattisgarh
	3236127
	
	
	
	94
	
	37451
	356281
	3629953

	Goa
	24732
	
	769
	1347
	37
	
	8823
	7373
	43081

	Gujarat
	1618709
	1328
	85339
	3793377
	
	
	35645
	454500
	5988898

	Haryana
	107110
	131052
	35260
	95852
	
	
	9078
	10869
	389221

	Himachal Pradesh
	315119
	
	41
	
	
	737847
	1797
	225037
	1279841

	Jammu & Kashmir
	247647
	
	1187
	
	
	100909
	1135
	1039725
	1390603

	Jharkhand
	1196920
	
	354
	
	
	
	45979
	76523
	1319776

	Karnataka
	4876020
	
	2004
	116510
	33797
	
	62217
	179657
	5270205

	Kerala
	74695
	
	69037
	
	54092
	
	5691
	94021
	297536

	Ladakh
	500070
	236594
	
	45602
	
	1786476
	
	6313507
	8882248

	Madhya Pradesh
	5630509
	
	92
	25601
	
	
	42958
	210642
	5909442

	Maharashtra
	10613283
	
	
	183433
	1351
	
	46212
	148627
	10992906

	Manipur
	221931
	
	1343
	
	631463
	
	
	261
	854998

	Meghalaya
	86767
	
	304
	
	458765
	
	7387
	83264
	636487

	Mizoram
	266577
	
	
	
	469594
	
	
	
	736171

	Nagaland
	35843
	
	
	
	743388
	
	888
	
	790119

	Odisha
	5832981
	335
	16091
	3057
	18835
	
	34370
	61448
	5967117

	Punjab
	62568
	44311
	11447
	4252
	
	
	12614
	23463
	158655

	Rajasthan
	2752487
	13805182
	8769
	536207
	
	
	91655
	839766
	18034066

	Sikkim
	5362
	
	
	
	
	11271
	
	59657
	76290

	Tamil Nadu
	1766278
	45382
	10540
	346468
	124141
	
	28495
	119237
	2440541

	Telangana
	2879100
	
	2499
	230639
	249
	
	48855
	72079
	3233421

	Tripura
	6076
	
	298
	
	94906
	
	1050
	392
	102722

	Uttar Pradesh
	1695505
	
	444966
	600630
	
	
	24300
	92509
	2857910

	Uttarakhand
	621798
	
	188
	
	
	246776
	2040
	74731
	945533

	West Bengal
	341584
	
	111657
	753
	
	
	30219
	9327
	493540

	Andaman
	47388
	
	
	
	
	
	191
	5349
	52928

	Chandigarh
	57
	
	
	
	
	
	
	
	57

	Dadra Nagar Haveli
	5802
	
	28
	
	
	
	
	
	5830

	Daman and Diu
	329
	
	364
	
	
	
	133
	41
	867

	Delhi
	6098
	
	
	
	
	
	21
	1179
	7298

	Puducherry
	16
	
	3
	1326
	
	
	
	303
	1649

	Grand total
	50996301
	14279746
	1821795
	6464608
	3041478
	2883858
	654791
	11064073
	91206650

	% area
	15.53
	4.35
	.55
	1.97
	.93
	.88
	.20
	3.37
	27.77

	% LD
	55.91
	15.66
	2.00
	7.09
	3.33
	3.16
	.72
	12.13
	100.00


 
 Table 1. LD status in different states of India (2015-2016). Source Sreenivas et al. (2021).


 4. 	Cost of land degradation
The cost of land degradation refers to the economic, social, and environmental losses resulting from the decline in land quality due to unsustainable land management practices. The economic cost of land degradation is substantial and can be categorized into direct and indirect costs. Direct costs include the immediate loss of productivity in agriculture, the increased use of fertilizers and other agricultural inputs to compensate for reduced soil fertility, and the loss of forest resources. Indirect costs extend to the degradation of ecosystem services, such as water purification, climate regulation, and carbon sequestration, leading to long-term economic, social, and environmental consequences (Nkonya et al., 2016).
Global estimates of the cost of land degradation vary. For instance, a study by the Economics of Land Degradation Initiative (ELDI) estimated that global economic losses from land degradation could amount to USD 300 billion annually, affecting the livelihoods of approximately 1.5 billion people (ELD Initiative, 2015). The degradation of ecosystem services further exacerbates the costs, including losses in biodiversity, increased frequency and severity of natural disasters, and the social displacement of communities (Dasgupta et al., 2021).
The cost of land degradation in India is significant, given the country's heavy dependence on agriculture and natural resources for economic activity and livelihoods. A joint study by the Indian government and the World Bank estimated that land degradation costs India approximately USD 48 billion annually, which is about 2.5% of its GDP (World Bank, 2018). These costs stem from reduced agricultural productivity, increased expenditures on inputs to counter soil infertility, loss of biodiversity, and ecosystem services, such as water retention and carbon sequestration.
Table 2 shows the annual cost of land degradation in India.
	
	Category 
	Economic cost

	
	
	Annual economic costs of degradation (Value in Rs million in 2014/2015 prices)
	% of gross value added from agriculture and forestry
	% of GDP
(2014/15 prices)

	
	Loss in agricultural production due to:

	1a
	Water erosion
	
	

	
	Onsite losses in rainfed agriculture
	208496
	1.04
	0.17

	
	Offsite losses
	228585
	1.15
	0.18

	1b
	Sodic soils
	162809
	0.82
	0.13

	1c
	Saline soils
	86753
	0.43
	0.07

	1d
	Wind erosion
	36675
	0.18
	0.03

	1(1a+1b+1c+1d)
	Total agriculture loss
	723319
	3.63
	0.58

	2
	Loss due to degradation of range lands
	120245
	0.60
	0.10

	3
	Loss due to forest degradation
	1758574
	8.81
	1.41

	4(1+2+3)
	Total due to land degradation
	2602138
	13.04
	2.08

	5
	Loss due to land use/cover change
	575252
	2.88
	0.46

	6(4+5)
	Total cost of land degradation and land use change
	3177390
	15.92
	2.54



            Table 2. Cost of land degradation and land use change in India (Source: TERI, 2018)
The total cost of land degradation and land use change is estimated at 2.5% of India’s GDP in 2014/15 and about 15.9% of the GVA from the agriculture, forestry, and fishing sectors. In a country where 60% of the population gains their means of livelihood from agriculture, this is a huge impact that will usher the waves throughout the country. The loss of agricultural production accounts for about 16% of the total costs of land use change and land degradation in India and costs the equivalent of close to 3% of the value added by the agriculture and forestry sector in 2014/15. Addressing agricultural production is imperative. This is especially important since the maximum share (over 40%) of this cost is borne by farmers in rain-fed areas, which are intrinsically less advantaged than those in irrigated areas (TERI, 2018). Hence, restoring degraded land by replenishing nutrients, reducing soil erosion, and increasing water retention capacity, will be critical in meeting escalating food demands.
5.     Consequences of land degradation
5.1 Impact on agricultural productivity
Eliminating rural poverty and increasing agricultural productivity in developing nations are significantly hampered by land degradation. It hurts more than 3 billion people's lives worldwide (Le et al., 2016). In particular, small-holder agriculture is highly susceptible to financial losses brought on by land degradation (Gordon and Enfors, 2008). Every year about 20 million tonnes of food grains are lost to land degradation (Stavi and Lal, 2015). Approximately 60% of the world’s land area is regarded as degraded, which is considered one of the most important challenges to bringing them to sustainable use (Pimentel, 2006). It has been reported that accelerated land degradation is a major threat to soil, and ~24 billion tonnes (BT) of fertile soil is lost annually only through water erosion, and 75 BT of soil is eroded annually from arable lands globally, which resulted in the estimated financial loss of US $400 billion per year (Global Soil Partnership, 2017). More than 40% of Africa’s 220 million ha of farmland are losing at least 30 kg per ha of nutrients annually, leading to annual losses of more than US$4 billion (IFDC, 2013). According to Vasisht et al. (2003), there isn't much research conducted in India that is solely focused on how land degradation affects agricultural productivity.
 Nearly a third of cultivable land in India is at risk of degradation (TERI, 2018).  By accelerating soil erosion and decreasing land productivity in the ecosystem, land degradation lowers the amount of organic matter and quality in the soil, which in turn lowers the diversity, stability, and proliferation of plant, animal, and soil biota.
In India, agriculture is an important sector which contributes 18% to GDP. India's land degradation problem has gotten worse as a result of the country's fast agricultural modernization and intensification. Soil erosion, waterlogging, salinization, and desertification are among the primary manifestations of land degradation affecting agricultural lands across the country (Government of India, 2019). These processes lead to the depletion of soil nutrients, loss of soil organic matter, and degradation of soil structure, impairing soil health and fertility (Kumar et al., 2022). As a result, farmers experience reduced crop yields, increased input costs, and diminished livelihood opportunities. desertification, driven by factors such as overgrazing, land clearing, and climate change, renders vast areas unsuitable for agriculture, threatening the livelihoods of millions of rural farmers (Bhattacharya et al., 2017). 
Land degradation, as highlighted by Mythili and Goedecke (2016), stems primarily from two key factors: the escalation of fertilizer subsidies and the dwindling ratio of land to cultivators due to rising population density. This phenomenon is exacerbated by the utilization of marginal terrains and steep slopes for farming, combined with poor land management practices. The consequential erosion of soil and loss of nutrients triggered by rainfall and surface runoff are pivotal contributors to soil infertility, diminished agricultural productivity, and ecological decline (Adimassu et al., 2016). Consequently, agricultural lands suffer from reduced crop yields and compromised water quality in surface runoff (Prasad et al., 2014; Issaka and Ashraf, 2017). This erosion not only diminishes agricultural output but also undermines soil fertility, water purity, and environmental resilience, affecting hydrological cycles and ecosystems (Lal, 1998; Lal, 2015). On average, the repercussions of land degradation translate into substantial losses in agricultural productivity, totalling INR 3654 per hectare annually, with each 1% increase in degradation resulting in an average loss of INR 104 per hectare (Gorain et al., 2023). The impacts of land degradation exhibit variability across diverse agroecological systems, manifesting in alterations such as tropical forest canopy depletion, diminished biomass, salinization of irrigated arid lands, and depletion of soil nutrients in cultivated areas (Qadir et al., 2014; Quinton et al., 2010).
The impact of land degradation on productivity could jeopardize food security in certain regions, leading to both reduced overall production and consequently higher food prices for consumers. Additionally, it could result in decreased income for those dependent on agricultural land or labour for their livelihoods (Gorain et al., 2023).
5.2 Impact on livelihood and migration
As a result of land degradation, agricultural productivity in many developing nations, particularly in India, has significantly declined, falling below the subsistence level for households, as noted by Kirui and Mirzabaev (2014). The prolonged effects of land degradation have led to irregular and severe droughts due to erratic rainfall patterns, posing a threat to the lives and livelihoods of millions, according to Nwokoro and Chima (2017). These droughts have rendered farmers unable to secure sufficient food, leading to severe food crises. Soil, being a vital resource for sustaining life, supports vegetation growth and retains water and nutrients, as emphasized by ISRIC (2017).
Severely degraded lands are mostly inhabited by marginal farmers and tribal populations, who are poor and less literate. These people lack land-based amenities and infrastructure compared to 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 resource degradation coerce 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 (Aulak and Sidhu, 2015).
Rehabilitating degraded land requires significant financial investment, as highlighted by Gebreselassie et al. (2016), Qadir et al. (2014). The socioeconomic vulnerability of agroecological systems is greatly affected by land degradation. Changes in the quantity and quality of ecosystem services resulting from both land degradation and climate change will impact livelihoods across various industries, as noted by Webb et al. (2017). There is compelling evidence suggesting that land degradation has negative economic implications for rural populations in developing nations, with the extent and characteristics of these effects varying depending on the livelihood system. Droughts and extreme heat events damage grazing lands and reduce yields of feed crops, leading to higher rates of livestock mortality and decreased income from livestock, subsequently depressing household incomes and exacerbating food insecurity. Given that Indian agriculture relies heavily on the monsoon and is affected by erratic rainfall patterns linked to climate change and the cumulative effects of land degradation, there is a significant disruption to agriculture as a whole, with profound implications for the economy and the livelihoods of a large portion of the population.
Following unirrigated farmland, forests represent the next most susceptible ecosystem to degradation, which may come as a surprise given the common belief in afforestation as a solution to land degradation. India possesses approximately 71 million hectares of forestland, as reported in the India State of Forest Report 2019 released by the Union Ministry of Environment, Forest and Climate Change. According to the land degradation report, around 30% or slightly over 21 million hectares of forestland are degraded, primarily due to vegetation degradation, accounting for 96% of forest degradation. Forest degradation significantly impacts the livelihoods of tribal communities in India, leading to multifaceted challenges. As forests degrade, tribal communities experience a loss of traditional livelihoods, including hunting, gathering, and non-timber forest product (NTFP) collection, which have been integral to their way of life for generations (Banerjee & Madhurima, 2013). Reduced access to forest resources due to degradation further exacerbates the situation, limiting the availability of essential items such as food, fuelwood, and medicinal plants, which tribal communities rely on for sustenance (Hermans and Garbe, 2019). This loss of access often translates into economic hardship, as tribal members face diminished income opportunities from forest-based activities, contributing to increased poverty levels among these communities (Banerjee & Madhurima, 2013). Additionally, forest degradation frequently leads to heightened conflict and tension between tribal groups and other stakeholders, such as government agencies or commercial interests, as competition over dwindling resources intensifies (Bhattacharya et al., 2009). Moreover, the erosion of forest ecosystems threatens the cultural heritage of tribal communities, disconnecting them from ancestral lands and traditional practices, thereby eroding indigenous knowledge and cultural identity over time (Hermans and Garbe, 2019). These cumulative effects underscore the urgent need for sustainable forest management practices that prioritize the well-being and rights of tribal communities while ensuring the conservation of forest ecosystems for future generations.
When we go through various literature looking for the relationship between land degradation and migration, most authors conclude that degradation-related migration is very difficult to figure out. Hermans and Garbe (2019) suggest that migration resulting from drought is influenced by various local and regional economic, political, social, and non-environmental factors, making it context-specific. The relationship between drought and migration is often described as multidirectional or heterogeneous. Depending on the severity of the drought and the socio-economic conditions in the affected area, out-migration rates may increase, decrease, or remain unchanged, as indicated by Cattaneo et al. (2019).
In India, there is substantial evidence of sustained migration from drought-prone areas such as Gujarat, Maharashtra, Rajasthan, etc., to other regions, including northern hilly areas. Dryland regions in India have historically experienced greater levels of out-migration, as documented by Shah (2010). Research conducted by Chopra and Gulati (2001) indicates that land degradation has a notable and positive correlation with out-migration. Migration rates tend to be higher in villages categorized as medium to highly degraded compared to those with moderate levels of land degradation. In India, land degradation is intricately linked with patterns of migration, particularly in rural areas where agriculture is a primary source of livelihood. Land degradation, encompassing processes such as soil erosion, depletion of soil fertility, and desertification, poses significant challenges to agricultural productivity and rural livelihoods, thereby contributing to migration dynamics. Studies have highlighted the correlation between land degradation and migration in India, emphasizing how environmental factors drive population movements. For instance, research by Bhattacharyya et al. (2017) underscores the role of land degradation in rural outmigration from agricultural areas, particularly in regions where soil erosion and declining agricultural productivity have become pervasive.
The impacts of land degradation on migration in India extend beyond agricultural communities to include tribal populations heavily dependent on forest resources. Degradation of forested lands due to factors like deforestation and unsustainable land use practices has compelled many tribal communities to migrate in search of alternative sources of sustenance. This phenomenon is exemplified in studies such as those by Banerjee and Madhurima (2013), which document how forest degradation disrupts traditional livelihoods, leading to outmigration from tribal areas to urban centres or other regions with better economic prospects.
The consequences of land degradation-induced migration in India are not confined solely to rural-to-urban movements but also include internal displacement within rural areas. As degraded lands struggle to support agricultural activities and provide adequate livelihood opportunities, affected populations may relocate to nearby regions or states in search of more viable land and economic prospects. This pattern of internal migration due to land degradation is documented in various studies, including those by Murali et al. (2018), which highlight how environmental factors influence migration decisions among rural communities in India.




6.  Land degradation and climate change- an interplay
Land degradation can be intensified by various factors including land use practices, management approaches, and environmental events like droughts, intense rainfall, and wildfires, as outlined by the MA (2005). Climate change can worsen and expedite land degradation through various mechanisms, such as accelerated soil erosion, increased rates of evaporation, prolonged droughts, and alterations in biodiversity, as well as the prevalence of pests and diseases. In regions naturally prone to aridity, droughts can significantly impact vegetation cover and productivity, leading to soil exposure and heightened susceptibility to erosion by wind and water as vegetation dies due to water scarcity.  Such variability in climate and global warming can alter rainfall patterns globally, potentially contributing to desertification. The primary impact of climate change is aridification, wherein there's a decrease in rainfall compared to the demand for evaporation, directly impacting water availability for vegetation and soil. Desertification leads to sand and dust storms, which further warm the air and influence cloud formation and duration, potentially reducing rainfall occurrence (Opp et al., 2021). Studies indicate that soil moisture content significantly influences the ability of dry soils to decompose carbon (Qu et al., 2021). As soil moisture decreases, microbial activity declines until it ceases, hindering plant growth and their capacity to absorb CO2 from the atmosphere, thereby contributing to climate change. Additionally, climate change can alter rainfall patterns, and a warmer atmosphere can hold more water, potentially increasing both average and intense rainfall in certain regions, despite aridification occurring elsewhere on both national and global scales.
Land degradation and climate change are intricately linked processes in India. According to a study by Rao et al. (2019), the Thar Desert has witnessed a significant increase in temperatures and a decrease in rainfall over the past few decades, attributed to climate change. These climatic changes have intensified the process of desertification, leading to soil erosion, loss of vegetation cover, and degradation of agricultural land.
The loss of vegetation cover due to land degradation in the Thar Desert has further exacerbated climate change impacts. Vegetation plays a crucial role in regulating local climate conditions by stabilizing soil, retaining moisture, and mitigating the effects of heat waves and droughts. The degradation of vegetation cover in the Thar Desert has led to increased surface temperatures, reduced soil moisture, and heightened vulnerability to extreme weather events such as dust storms and heatwaves
Addressing the complex interplay between land degradation and climate change in India and elsewhere is a difficult task.
7.     Land degradation neutrality (LDN) – an emerging solution
In October 2015, the 12th conference of parties of the UNCCD adopted land degradation neutrality based on the concept of “zero net land degradation”. UNCCD defines land degradation neutrality as a state whereby the amount and quality of land resources, necessary to support ecosystem functions and services and enhance food security remains stable or increases within the specified temporal and spatial scales and ecosystems (UNCCD). LDN was incorporated into the overall objectives of the UNCCD and Sustainable Development Goals (SDGs) for 2030 (Desa, 2016). Being a signatory to the UNCCD, India targets reducing land degradation and desertification by reclaiming 26 million ha of land by 2030.
The concept of Land Degradation Neutrality (LDN) represents a crucial framework aimed at achieving a balance between land degradation and restoration, ensuring that the amount and quality of land resources remain stable or improve over time. LDN emphasizes the link between human well-being and natural land capital, and the concept of neutrality involves ecosystem degradation and restoration (Feng et al., 2020). In India, where land degradation poses significant environmental, social, and economic challenges, the LDN concept has gained prominence as a strategic approach to sustainable land management.
India ratified the United Nations Convention to Combat Desertification (UNCCD) in 1996, emphasizing its commitment to combat land degradation and desertification. The LDN concept aligns with India's broader environmental goals, including those outlined in its National Action Programme to Combat Desertification (NAPCCD) and other policy documents aimed at promoting sustainable land use practices.
Significantly, India's Nationally Determined Contributions (NDCs) under the Paris Agreement emphasize the importance of achieving LDN as part of its climate change mitigation and adaptation strategies. By halting and reversing land degradation through LDN, India seeks to enhance ecosystem resilience, conserve biodiversity, improve food security, and support rural livelihoods. In practical terms, the implementation of LDN in India involves a multi-faceted approach that integrates policy frameworks, institutional mechanisms, technological innovations, and community participation. Initiatives such as the National Mission for Sustainable Agriculture (NMSA), the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY), and the National Afforestation Programme (NAP) are instrumental in promoting sustainable land management practices, reforestation, soil conservation, and watershed management across the country.
Moreover, partnerships between government agencies, research institutions, civil society organizations, and local communities play a crucial role in achieving LDN targets by sharing knowledge, resources, and best practices. Continuous monitoring, evaluation, and adaptive management are essential components of India's LDN strategy to track progress, identify challenges, and adjust interventions accordingly.
 8.     Way forward
Land degradation reduced net agricultural profits of all categories of agricultural households in the Central Asia region, both poor and rich (Mirazbeav et al., 2023).
The total economic costs of land degradation were estimated to reach 6 billion US dollars annually (von Braun et al., 2013). Due to the important share of agriculture in incomes and employment in Central Asia, negative impacts of land degradation on agricultural productivity result in lower incomes for agricultural households (Mirazbeav et al., 2023). This, in turn, can hinder the ongoing efforts to reduce poverty and eradicate malnutrition, especially in the rural areas in Central Asia.
The Indian population has surpassed the 140 million mark and the trend will continue. Due to the decreased availability of land supporting agriculture and lower productivity levels in the existing lands due to land degradation, a question looms over India- How will we meet the escalating food requirements and food security issues?
In many countries, the intensive use of land for agriculture, livestock, and mining has left great environmental liabilities, represented in eroded lands that can no longer sustain a minimum profitable production and lack the sufficient capacity for spontaneous natural regeneration. Therefore, high engineering solutions expenses are needed to restore the land to an optimal ecological condition. Nature-based solutions (NBS) have become a hot topic in the last few years and seem to be a more sustainable strategy for the reclamation of degraded lands. The main feature of NBS is that it mimics the natural reparation processes that take place in disturbed environments, leading to a progressive improvement of ecological function (Quintero-Angel et al., 2023). Estimates suggest that nature-based solutions can provide 37% of the mitigation needed until 2030 to achieve the targets of the Paris Agreement (World Bank, 2022).
Sustainable intensification by investing in the soil through fertilizer and judicious use of crop residue and manure, combined with soil conservation measures, improved varieties with high genetic yield potential, and nutrient use efficiency would improve food production and retain the natural resources essential to sustain this productivity (Braimoh et al., 2016). One such approach, conservation agriculture, has been widely adopted over the past decades (Vlek and Tamene, 2009) although it consists of a variety of approaches with varying effects (Giller et al., 2011; Govaerts et al., 2009). The FAO publication "Conservation Agriculture: Building Resilience for Sustainable Intensification" provides insights into the role of conservation agriculture in mitigating soil degradation and enhancing agricultural sustainability. Utilizing this approach in India could be a game-changer for its LDN targets. A study conducted by the International Food Policy Research Institute (IFPRI) found that adopting conservation agriculture practices in India could lead to significant cost savings for farmers while simultaneously improving soil fertility and crop yields. Furthermore, the widespread adoption of such practices is facilitated by their compatibility with traditional farming systems and local knowledge, enhancing their adaptability among rural communities.
Agroforestry emerges as a promising strategy for the sustainable restoration of degraded lands, showcasing significant potential. Various forms of agroforestry, including agri-silviculture, silvi-pastoral, and agri-horticulture, exhibit robust capabilities to deliver both ecological and economic advantages on such lands.
Agroforestry holds immense promise in alleviating the effects of climate change by capturing atmospheric carbon in both its biomass and soil. Research suggests that agroforestry practices can sequester varying amounts of carbon, with estimates ranging from 9 to 63 Mg C ha−1 across different climatic regions (Murthy et al., 2013; George et al., 2025). Promoting agroforestry practices could represent a significant milestone in India's efforts to combat land degradation, particularly desertification. However, effective grassroots-level efforts are imperative for the successful adoption of such practices.
NBS is well exemplified by mixed-species systems like agroforestry, which includes coconut-based farming systems (CBFS). A crucial component of CBFS is biological carbon sequestration. Combinations of crops with a range of species, especially tree crops, can provide a variety of provisioning and cultural functions in addition to increasing carbon sequestration (Kumar and Kunhamu, 2022).
In addition to these on-farm interventions, reforestation and afforestation initiatives play a crucial role in combating land degradation in India. Forests act as vital carbon sinks, regulate water cycles, and prevent soil erosion, making them indispensable for maintaining ecosystem health and resilience. Government-led afforestation programs such as the National Afforestation Program (NAP) and the Green India Mission (GIM) aim to expand forest cover and restore degraded lands across the country (Ministry of Environment, Forest and Climate Change, Government of India). These initiatives not only contribute to biodiversity conservation and climate change mitigation but also provide socio-economic benefits to local communities through employment generation and ecosystem services.
Moreover, community-based approaches to land management empower local stakeholders to actively participate in conservation efforts, thereby enhancing the sustainability and resilience of ecosystems. Initiatives such as community-based natural resource management (CBNRM) involve collaborative decision-making processes that integrate indigenous knowledge with scientific expertise to address land degradation at the grassroots level.
In a nutshell, combating land degradation in India requires a holistic and multifaceted approach that combines sustainable land management practices, reforestation efforts, and community-based initiatives. By leveraging cost-effective interventions that are compatible with local contexts and traditions, India can mitigate the adverse impacts of land degradation while promoting environmental sustainability and resilience. 
9. 	Conclusion
This review paper has shed light on the multifaceted issue of land degradation in India and its profound impacts on livelihoods and agricultural productivity. Through an examination of various studies and data sources, it has become evident that land degradation poses significant challenges to sustainable development, exacerbating poverty, food insecurity, and environmental degradation.
Land degradation threatens communities' ability to sustain themselves and undermines the productivity of agricultural lands, which are the backbone of India's economy. Furthermore, the adverse effects of land degradation extend beyond economic concerns, affecting ecosystems, biodiversity, and water resources, thus amplifying the vulnerability of already marginalized populations.
The evidence highlights the intricate interplay between land degradation and migration patterns, as rural communities grapple with diminishing resources and livelihood opportunities. Furthermore, the adverse effects on agricultural productivity exacerbate existing vulnerabilities, threatening food security for millions of people.
In response to these challenges, the concept of land degradation neutrality (LDN) emerges as a crucial framework for guiding policy and action towards sustainable land management. LDN emphasizes the importance of achieving a balance between land degradation and restoration, ensuring that the capacity of the land to support ecosystem functions and services is maintained or enhanced over time. Sustainable land management practices, informed by scientific research and local knowledge, must be prioritized to mitigate the adverse impacts of land degradation and restore degraded ecosystem. The Nature-based solutions embody various cost-effective techniques that will support land degradation neutrality efforts worldwide.
Addressing land degradation in India requires a concerted effort from government agencies, civil society organizations, and local communities. Policy interventions should prioritize sustainable land management practices, promote land-use planning that balances conservation with development needs, and facilitate investments in land restoration initiatives.
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