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Abstract

Sonbhadra district is located in southeastern Uttar Pradesh, India. It 1s a critical
region for studying land use change and shifting cultivation. The district spans 6,905
km?. It is home to over 385,000 Scheduled Tribe members. These tribes practice swidden
agriculture. The region faces pressures from mining, deforestation, and policy shifts. It
1s rich in forests and mineral wealth. This study examines land use changes over the
past four decades (1980—2020). It also analyzes current shifting cultivation patterns
among tribes like Gonds, Cheros, and Baigas. The study uses remote sensing data from
Landsat and Sentinel-2. It incorporates household surveys and ethnographic methods.
The findings show a 25% loss in forest cover. There has been a 15% increase in mining
areas. Fallow periods have reduced from 7—10 years to 3-5 years. Key drivers of these
changes include mining expansion, market integration, and climate variability. These
factors impact soil health and tribal livelihoods. The study suggests integrating
traditional ecological knowledge (TEK) with policies like the Forest Rights Act (FRA),
2006. This integration could enhance sustainability. The study advocates for
participatory land use planning. This approach aims to balance ecological conservation
with tribal welfare. It aligns with Sustainable Development Goals (SDGs) 2, 13, and 15.
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1. Introduction

Shifting cultivation, also known as swidden agriculture, is a traditional practice
among indigenous communities worldwide. It involves rotational farming with fallow
periods to restore soil fertility. In India, it sustains 8.6% of the population. This practice
is prevalent in forested regions like Sonbhadra. Tribal communities in Sonbhadra rely
on it for food security and cultural identity. Rapid land use changes threaten these
practices. Industrialization, mining, and infrastructure development are key drivers
of these changes. These factors lead to ecological degradation and livelihood
vulnerabilities. Sonbhadra is known as the “Energy Capital of India” due to its coal
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and power industries. The district faces a 40% threat to its forest cover. Tribal lands are
increasingly alienated.
Geographic and Socio-Cultural Overview

Sonbhadra is located at 24°412N, 83°042E in the Vindhyan highlands. It borders
Jharkhand. The district has a subtropical climate with 1,000—1,200 mm of rainfall. It
hosts diverse ecosystems, including moist and dry deciduous forests. Its tribal population
constitutes 20.67% of the district, totaling approximately 385,018 individuals (2011
Census). The tribal groups include Gonds (around 150,000), Cheros (around 57,000),
Kharwars (around 38,000), and Baigas (around 5,292, a Particularly Vulnerable Tribal
Group). These communities practice shifting cultivation in blocks like Chopan and
Nagwa. They cultivate millets and pulses on 10-15% of the district’s land.
Rationale

Sonbhadra holds environmental significance due to its biodiversity, such as the
Kaimoor Wildlife Sanctuary. Its forests serve as carbon sinks. Socio-economically, tribal
communities depend on forests for 40-60% of their income from non-timber forest
products (NTFPs). Existing literature lacks geo-specific analyses of land use dynamics
and swidden patterns in Sonbhadra. There is limited integration of traditional ecological
knowledge (TEK) into policy frameworks. This study quantifies land use changes and
assesses their impacts. It aims to fill these research gaps.

Research Questions and Objectives
1. How has land use in Sonbhadra evolved over the last four decades (1980-2020)?
2. What are the current shifting cultivation patterns among tribal communities?

3. What are the ecological and socio-economic impacts
Definitions and Conceptual Framework

* Shifting Cultivation: Rotational farming involving clearing, burning, cropping,
and fallowing to restore soil nutrients.

- Land Use Change Indicators: Changes in forest cover (ha), agricultural land,
fallow land, barren land, and mining areas.

- Livelihood Vulnerability: Exposure to income loss, food insecurity, and land
alienation.

- Resilience and Sustainability: Capacity to adapt to stressors while maintaining
ecological and cultural integrity.

The framework links land use change to drivers (e.g., mining, policy) and impacts
(biodiversity, livelihoods), using TEK as a lens for sustainable adaptation.
Scope and Limitations

The study focuses on Sonbhadra’s tribal blocks, using 1980-2020 data. Limitations
include reliance on secondary data, potential cloud cover in remote sensing, and limited
access to recent household surveys due to ethical constraints.

2. Literature Review

Global and Regional Perspectives

Globally, shifting cultivation supports 200—500 million people, balancing biodiversity
and livelihoods when fallow periods are adequate (7—10 years). In India, central regions
like Jharkhand and Uttar Pradesh show declining fallow cycles due to land pressure.
Studies highlight swidden’s role in soil carbon storage (10-15 t/ha) but note its
vulnerability to deforestation.
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Historical Land Use in Sonbhadra

Sonbhadra’s forests covered 50% of the district in 1980, reduced to 40% by 2020 due
to mining and agriculture. Tribal swidden systems historically sustained millets and
NTFPs, but post-1990s industrialization fragmented commons.

Mechanisms of Land Use Change
Deforestation (25% loss since 1980), forest fragmentation (30% increase in patchiness),

agricultural expansion (10% growth), and mining (15% land increase) drive change.
Infrastructure (roads, dams) further encroaches on swidden plots.

Drivers and Constraints
- Population Pressure: Tribal population growth (1.2% annually) reduces fallow
land availability.
- Market Access: Cash crop demand (e.g., pulses) shortens fallow cycles.

-Policy Regimes: FRA, 2006, and PESA, 1996, grant rights but face
1mplementation gaps (15% claims settled).

- Climate: Erratic monsoons (20% rainfall variability) disrupt cropping cycles.
* Mining: Singrauli coalfields alienate 30% of tribal lands.
Impacts
- Ecological: Soil erosion (20-30 t/ha/year), biodiversity loss (15% species decline),
reduced carbon stocks.
* Socio-Economic: Income variability (5,000—10,000/household from NTFPs), food
insecurity (30% households).
* Cultural: Erosion of TEK among youth (20% retention rate).
Methodological Approaches

Remote sensing (Landsat, Sentinel) tracks land use change with 80-90% accuracy.
GIS maps swidden plots, while ethnographic surveys capture TEK. Household data
quantify livelihood impacts. Gaps include longitudinal climate analyses and gender-
disaggregated data.

3. Study Area and Data Sources

Geographic Setting

Sonbhadra spans 6,788 km?, with Vindhyan plateaus (200-600 m elevation) and
Kaimur hills. The Son River forms the Govind Ballabh Pant Sagar reservoir, supporting
moist (sal, bamboo) and dry (mahua, Chironji) forests. The Kaimoor Wildlife Sanctuary
(1,300 km?) hosts leopards and 200+ bird species.

Demographic Profile
Tribal communities (20.67% of population) speak Dravidian and Austroasiatic

languages, residing in 1,200+ villages. Gonds dominate Robertsganj, Cheros and
Kharwars Nagwa, and Baigas Dudhi. Literacy is 49.5%, with 70% reliance on forests.

4. Methodology
Conceptual Framework

The study links land use change to shifting cultivation via drivers (policy, markets,
climate) and impacts (ecology, livelihoods), using TEK as a sustainability lens.

Land Use Change Analysis

-Image Preprocessing: Radiometric calibration, UTM projection, cloud masking
(<10% cover).
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- Classification Scheme: Forest, swidden, fallow, agriculture, settlements, mining,
barren land.

- Change Detection: Post-classification comparison (1980, 2000, 2020) and NDVI
time-series.

- Accuracy Assessment: Confusion matrix, Kappa coefficient (target >0.85).

Shifting Cultivation Pattern Analysis

- Spatial Analysis: GIS mapping of swidden plots (size, location), fallow duration
(years), rotation cycles.

- Ethnographic Methods: 10 focus groups, 20 elder interviews on crop choices,
TEK.

- Livelihood Surveys: Income, yield, food security for 200 households.

Drivers and Determinants

- Econometric Analysis: Regression models linking land use change to mining
(ha), roads (km), rainfall (mm), population density.

- Thematic Analysis: Coding policy impacts (FRA claims, mining leases).
Ecosystem and Livelihood Impacts

- Ecological: Soil organic carbon (%), erosion (t/ha), species richness (proxy via
NDVI).

- Livelihood: Income ( /household), yield variability (kg/ha), food security (caloric
intake).

- Policy Analysis: Review of FRA implementation, tribal welfare schemes.
5. Results
Land Use Change Trends

Sonbhadra district underwent significant land use changes from 1980 to 2020. These
changes reflect the interplay of industrial development, agricultural intensification,
and environmental stressors. Remote sensing data from Landsat 5/8 and Sentinel-2
were analyzed. Forest cover decreased from 3,400 km? (50% of the district’s 6,788 km?)
in 1980 to 2,720 km? (40%) in 2020. This indicates a 25% decline in forest cover.
Deforestation was most pronounced in Chopan and Robertsganj blocks. Mining areas
expanded from 340 km? (56%) to 510 km? (7.5%). This represents a 15% increase in mining
regions. The expansion occurred mainly in the southern Nagwa block. Coal and
limestone extraction in the Singrauli coalfields drove this growth. Agricultural land
increased by 10%, from 1,360 km? (20%) to 1,700 km? (25%). Tribal populations shifted
toward permanent agriculture due to market dynamics. Fallow land, critical for shifting
cultivation, decreased by 40%, from 680 km? (10%) to 408 km? (6%). This reflects reduced
fallow periods and land dispossession. Forest fragmentation increased, with patch density
rising by 30%, from 0.2 to 0.26 patches/ha. GIS-based landscape metrics confirmed this
heightened habitat discontinuity. The Kaimur hills experienced significant
fragmentation. Spatial analyses showed mining expansion in Nagwa, where open-pit
mines replaced dry deciduous forests. Forest degradation occurred in Chopan due to
infrastructural developments like roads and power plants. These developments impacted
sal (Shorea robusta) populations. The landscape transitioned from communal forest
resources to industrially dominated areas. This shift undermined the ecological basis
of tribal subsistence.

Shifting Cultivation Patterns

Shifting cultivation, or swidden agriculture, is practiced by tribal communities in
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Sonbhadra. These communities include Gonds, Cheros, Kharwars, and Baigas. Swidden
agriculture has seen significant changes in temporal and spatial characteristics. In
the 1980s, swidden cycles had fallow periods of 7—10 years. These periods allowed soil
regeneration in the nutrient-deficient Vindhyan highlands. By 2020, household surveys
and ethnographic interviews (200 households, 10 focus groups) showed fallow periods
reduced to 3-5 years. Land scarcity and economic pressures caused this reduction. Plot
sizes remained small, averaging 0.5—1 ha. In mining-impacted areas like Nagwa and
Dudhi, 20% of swidden plots became fallow due to land expropriation for industrial
projects. Crop selection changed significantly. Cultivation of pulses (e.g., arhar, moong)
increased by 30%. This shift reduced traditional millet crops like kodo (Paspalum
scorbiculatum) and kutki (Panicum sumatrense). Market demands drove this change,
with pulse prices rising from 50 to 80/kg between 2010 and 2020. Crop diversification
decreased, with 60% of households reporting fewer than three crop varieties. In the
1980s, households grew five crop varieties. Reduced diversification increased
vulnerability to pests and climatic changes. Spatially, 60% of the remaining 680 km? of
fallow land in 2020 was in the Kaimur hills. GIS mapping confirmed this distribution.
These areas have dry deciduous forests rich in mahua (Madhuca longifolia) and Chironji
(Buchanania lanzan). These forests are vital for tribal sustenance. Mining intrusions
and forest fragmentation increasingly limit access to these resources.

Drivers and Mechanisms

Land use and shifting cultivation changes are driven by policy, economic, climatic,
and demographic factors. The Forest Rights Act (FRA), 2006, had limited
implementation. Only 15% of 5,000 community forest rights (CFR) claims were settled
by 2020. This restricted tribal access to traditional swidden lands in Chopan and
Robertsganj. Mining expansion displaced approximately 10,000 tribal households.
Between 1990 and 2020, 200 new mining leases were granted, primarily in Nagwa.
Government land records and community interviews documented this displacement.
Market integration intensified cropping. Rising pulse prices (50-80/kg) encouraged
shorter fallow periods to maximize yields. Econometric analysis linked market access
to a 20% reduction in fallow duration. Climate variability caused 20% fluctuations in
monsoon rainfall (1,000-1,200 mm annually). This reduced crop yields by 15%,
especially for millets, according to Indian Meteorological Department data and farmer
reports. Demographic pressures increased land demand. The tribal population grew at
1.2% annually (Census 2011-2025 projections). This shrank fallow areas by 40%.
Regression models showed strong correlations (R?=0.78) between mining leases, road
density (100 km added), and forest loss. These external forces overrode traditional
ecological knowledge (TEK). They compressed swidden systems into unsustainable
cycles.

Impacts

The changes had significant ecological, livelihood, and social impacts. Soil organic
carbon declined by 10%, from 2.5% to 2.25%. This was measured in 50 soil samples from
swidden plots. Shortened fallows reduced nutrient cycling, causing this decline. Soil
erosion increased by 20 t/ha/year on deforested slopes, especially in Chopan. This
exacerbated land degradation. Species richness, measured by NDVI trends, dropped
by 15%. Avian and mammalian populations declined in fragmented Kaimur forests, as
reported by the Wildlife Institute of India (2023). Livelihood impacts included a 20%
decline in non-timber forest product (NTFP) income. NTFP income fell from 10,000 to
8,000 per household annually (2020-2023 surveys). Access to mahua and Chironji
decreased. Food insecurity affected 30% of tribal households. Caloric intake fell below

Volume: 2, Issue: 10, October 2025 5) www.pijst.com



Procedure International Journal of Science and Technology ISSN: 2584-2617 (Online)

2,000 kcal/day for 10,000 families. This was linked to reduced millet cultivation. Socially,
land tenure disputes surged by 40%. Mining encroachments and unresolved FRA claims
drove these disputes. Gram Sabha authority weakened, as noted in focus group
discussions with 20 tribal elders. Community cohesion eroded, with 25% of households
reporting land boundary conflicts in Nagwa and Dudhi.

Conclusions

Sonbhadra district, covering 6,788 km? in the Vindhyan highlands, underwent
significant landscape changes from 1980 to 2020. Forest cover decreased by 25%, from
3,400 km? to 2,720 km?. Mining areas increased by 15%, from 340 km? to 510 km?2.
Agricultural land rose by 10%, from 1,360 km? to 1,700 km?. Fallow land, critical for
shifting cultivation, declined by 40%, from 680 km? to 408 km?. This indicates increased
land use pressures. The district’s 385,018 tribal residents, including Gonds, Cheros,
Kharwars, and Baigas, saw significant changes in swidden practices. Traditional swidden
cycles had 7-10-year fallow periods for soil regeneration. By 2020, these periods
shortened to 3—5 years. Mining encroachments, market demands for pulses, and climatic
variability drove these changes. Ecological degradation included a 10% reduction in
soil organic carbon. Erosion rates increased by 20 t/ha/year. Species richness decreased
by 15%. Tribal livelihoods became precarious. NTFP income declined by 20%, from
10,000 to 8,000 per household annually. Food insecurity affected 30% of households.
Land tenure disputes rose by 40%, undermining community cohesion and Gram Sabha
authority. These findings highlight the need for policy interventions. Integrating
traditional ecological knowledge (TEK) can promote sustainable land use. This
approach enhances tribal resilience. It aligns with Sustainable Development Goals
(SDGs) 2 (Zero Hunger), 13 (Climate Action), and 15 (Life on Land).

Synthesis of Key Findings

Sonbhadra’s land use underwent significant reconfiguration. Forest loss and mining
expansion were dominant trends. A 25% deforestation occurred, especially in Chopan
and Robertsganj. This correlated with 200 new mining leases granted between 1990
and 2020. These leases displaced 10,000 tribal households, mainly in Nagwa.
Agricultural expansion saw a 30% shift from millets (kodo, kutki) to pulses. This reflected
market incentives, with pulse prices rising from 50 to 80/kg. Reduced crop diversification
increased vulnerability to pests and climate shocks. A 40% reduction in fallow land and
shorter swidden cycles undermined soil fertility and biodiversity. Spatial analyses
showed 60% of remaining swidden plots in the Kaimur hills. These areas sustain NTFPs
like mahua and Chironji. However, mining and infrastructure (100 km of new roads
since 2000) threaten these regions. Policy inadequacies limited FRA implementation,
with only 15% of 5,000 claims settled. This restricted access to over 500 hectares of
common land. Market pressures intensified agricultural practices. Climate variability
caused 20% rainfall fluctuations, reducing yields by 15%. Demographic growth at 1.2%
annually exacerbated land scarcity. Ecologically, soil organic carbon declined by 10%.
Erosion rates reached 20 t/ha/year. Species richness dropped by 15% in Kaimur forests.
Livelihood impacts included 30% of households facing food insecurity. NTFP income
declined, especially for women, who contribute 70% to NTFP collection. Socially, a 40%
rise in tenure disputes and weakened Gram Sabha authority reflected governance
failures. Mining leases bypassed community consent required by the Panchayati Raj
(Extension to Scheduled Areas) Act (PESA), 1996.
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