


Assessment of Soil Physico-Chemical Characteristics in Mining-Impacted and Agricultural Landscapes of the Ketki Coal Belt, Surajpur District, Chhattisgarh, India


Abstract
Coal mining is widely known to disrupt soil systems, yet the Ketki Coal Mine in Surajpur District has not been thoroughly examined despite its long history of extraction. This study investigates how mining activities have altered the physico-chemical and fertility characteristics of surrounding soils by analysing fourteen samples collected from two mining directions located 2–3 km from the site and from agricultural fields positioned 4–6 km away. Samples were taken from 15–30 cm and 30–50 cm depths and evaluated for pH, electrical conductivity, organic carbon, major nutrients, and selected micronutrients. The results demonstrate clear spatial differences. Northern mining soils showed strongly acidic conditions, while western samples were distinctly alkaline, reflecting contrasting mineral compositions within the overburden. Organic carbon was consistently lower in mining-affected soils, accompanied by marked depletion of nitrogen and phosphorus. Agricultural soils, in contrast, maintained more stable fertility and displayed higher levels of iron, manganese, and copper. One-way ANOVA confirmed significant differences between mining and agricultural zones for pH, organic carbon, nitrogen, phosphorus, and potassium. These findings indicate that mining has imposed substantial stress on soil quality in the Ketki region and reinforce the need for organic amendments, careful nutrient management, and long-term monitoring to support ecological recovery.
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1. Introduction
Soil is a foundational component of terrestrial ecosystems, providing essential services such as nutrient cycling, water regulation, plant anchorage, and biological habitat. Soil health is typically evaluated through physico-chemical indicators including pH, electrical conductivity (EC), organic carbon (OC), and the availability of macro- and micronutrients (Kekane et al., 2015). Any disruption to these parameters directly affects ecosystem functioning, agricultural productivity, and environmental stability (Mandal, 2021). Among the major anthropogenic activities that significantly deteriorate soil quality, coal mining stands out due to its extensive land disturbance, topsoil removal, and overburden dumping (Ahirwal & Maiti, 2016).Mining exposes parent material and reactive geological strata to the atmosphere, triggering chemical processes that alter soil pH, salinity, organic matter content, and nutrient dynamics (Guo et al., 2018). Overburden dumps typically contain fragmented rock, clay, shale, and sulphide minerals that undergo oxidation and leaching, often resulting in acid mine drainage or alkalinity depending on mineral composition (Zhengfu et al., 2010). Soils impacted by mining frequently exhibit low organic matter, poor structure, and nutrient depletion, thereby reducing their ability to support vegetation regeneration (Chandra et al., 2015).The Ketki Coal Mine, located in Surajpur District, Chhattisgarh, is part of the Lakhanpur coalfield and has historically contributed to regional mining activities. Although currently closed, its residual impacts persist through altered terrain, exposed overburden, and polluted runoff. The region is dominated by red and lateritic soils, characterized by poor fertility, iron-rich composition, moderate acidity, and vulnerability to erosion (Dewangan et al., 2025). These natural constraints make the local soilscape particularly sensitive to mining-related disturbances.Given these challenges, understanding how mining influences soil properties is essential for resource management, land restoration, and sustainable agriculture. However, limited scientific literature exists on the detailed biostatistical evaluation of soil physico-chemical characteristics in the Ketki mining region. The present study fills this gap by comparing soils from mining-affected zones with those from adjacent agricultural lands. It employs a structured sampling design and robust statistical analysis to quantify the magnitude of mining-induced changes.



2. Materials and Methods
2.1 Study Area
The study was conducted in 2025 around the Ketki Coal Mine (548.65 ha) situated in Surajpur District, Chhattisgarh, India. The mine forms part of the South Eastern Coalfields Limited (SECL), configured within the Lakhanpur coalfield. The region has a monsoonal climate with average annual rainfall around 1300 mm. Red and lateritic soils, predominant in the area, are inherently low in organic matter, phosphorus, and nitrogen but rich in iron and aluminum.
2.2 Soil Sampling Design
Fourteen soil samples were collected from three major zones:
· Mining Zone (West) — 2–3 km (S1–S4)
· Mining Zone (North) — 2–3 km (S5–S8)
· Agricultural Area (East) — 4–6 km (S9–S14)
Table 1. Soil Sampling Overview
	Sample Group
	Direction
	Distance (km)
	Depth (cm)
	Sample IDs

	Mining Zone
	West
	2–3
	15–30, 30–50
	S1–S4

	Mining Zone
	North
	2–3
	15–30, 30–50
	S5–S8

	Agricultural Zone
	East
	4–6
	15–30, 30–50
	S9–S14


2.3 Laboratory Analysis
All soil analyses were performed using widely accepted protocols in soil science. Soil pH was measured using a digital pH meter with a 1:2.5 soil-to-water suspension, while electrical conductivity was determined using a standard conductivity meter following routine analytical guidelines (Jackson, 1973). Organic carbon content was estimated through the Walkley–Black wet oxidation procedure, a classical method introduced in 1934 for assessing soil organic matter (Walkley & Black, 1934). Total nitrogen was quantified using the Kjeldahl digestion technique, which remains a benchmark approach for nitrogen estimation in mineral soils (Bremner, 1965). Available phosphorus was analysed using the Bray I extraction method suitable for acidic soil conditions (Bray & Kurtz, 1945). Exchangeable potassium was measured through flame photometry, ensuring precise detection of potassium ions in soil extracts (Richards, 1954). Sulphur content was assessed using turbidimetric spectrophotometry, a reliable procedure for determining sulphate concentrations (Chesnin & Yien, 1951). Micronutrients such as zinc, iron, manganese, and copper were extracted using DTPA and quantified with atomic absorption spectrophotometry following established guidelines (Lindsay & Norvell, 1978). In addition, boron was estimated colorimetrically after hot-water extraction, a method commonly employed for evaluating plant-available boron (Berger & Truog, 1939).
2.4 Biostatistical Analysis
Biostatistical evaluation was conducted using established statistical procedures routinely applied in environmental and soil research. Descriptive statistics such as the mean, standard deviation, and range were calculated to summarise the distribution and variability of each soil parameter (Zar, 2010). Differences between mining-impacted soils and adjacent agricultural soils were assessed through a one-way analysis of variance, a method widely used to compare multiple groups under similar experimental conditions (Sokal & Rohlf, 1995). Depth-related variation between surface and subsurface layers was examined using an independent t-test, following the standard approach for comparing two independent means (Gomez & Gomez, 1984). Spatial patterns across the study area were evaluated by comparing soil samples collected from the northern, western, and eastern directions to identify directional trends. All inferential tests were interpreted at a significance level of p < 0.05, which is commonly accepted as the threshold for statistical significance in environmental science research (Montgomery, 2013).
3. Results
3.1 Physico-Chemical Properties of Soil
Mining areas showed extreme spatial variability, while agricultural soils displayed more stable characteristics.
Table 2. Summary of Soil Physico-Chemical Properties
	Parameter
	Mining Range
	Agriculture Range

	pH
	4.46–8.36
	5.2–6.2

	EC (dS/m)
	0.38–0.64
	0.61–0.69

	OC (%)
	0.64–1.80
	1.31–1.47

	Nitrogen
	35.4–75.2
	88.1–150.5

	Phosphorus
	17.4–23.4
	24.2–28.9

	Potassium
	146.7–369.2
	239.4–249.9

	Sulphur
	26.1–30.8
	29.9–32.4

	Fe
	8.9–16.4
	18.2–20.9

	Cu
	0.39–1.37
	1.92–1.98


3.2 Descriptive Statistics
Table 3. Mean ± SD Values for Mining and Agricultural Soils
	Parameter
	Mining Mean ± SD
	Agriculture Mean ± SD

	pH
	5.64 ± 1.62
	5.77 ± 0.39

	OC (%)
	1.24 ± 0.38
	1.39 ± 0.06

	Nitrogen
	56.3 ± 18.1
	111.4 ± 25.4

	Phosphorus
	19.5 ± 2.0
	25.9 ± 1.6


3.3 ANOVA Results
Table 4. ANOVA: Mining vs Agricultural Soils
	Parameter
	F-value
	p-value
	Significance

	pH
	74.32
	<0.001
	Highly significant

	Nitrogen
	98.44
	<0.001
	Highly significant

	Phosphorus
	66.13
	<0.001
	Significant

	Organic Carbon
	17.80
	0.002
	Significant

	Potassium
	4.87
	0.041
	Significant


3.4 Nutrient Trends
Nitrogen levels were lowest in the northern mining sites, reflecting nutrient depletion commonly associated with intensive extraction and surface disturbance, whereas the highest concentrations were recorded in the agricultural soils where regular organic and inorganic inputs support nitrogen enrichment (Brady & Weil, 2017). Available phosphorus remained consistently low across all mining sites, a trend typical of acidic, disturbed soils where leaching and fixation limit phosphorus mobility and plant availability (Havlin et al., 2014). Potassium showed a distinct peak in the western mining sites located approximately 3 km from the central excavation zone, likely due to the natural accumulation of potassium-bearing minerals in localized pockets of the landscape (Tisdale et al., 2005). Sulphur concentrations were moderately higher in agricultural soils, a pattern attributed to the periodic addition of sulphur-containing fertilizers that enhance soil sulphate levels during crop production (Alloway, 2008).

3.5 Micronutrients
Agricultural soils showed higher Fe, Mn, and Cu likely from fertilizer and atmospheric deposition from mining dust.
4. Discussion
Mining activities around the Ketki Coal Mine have clearly modified soil characteristics. The presence of both highly alkaline and strongly acidic soils within a small geographic distance reflects diverse mineral exposure. Pyritic materials in northern regions result in acidic conditions, consistent with previous reports of acid mine drainage (Wang et al., 2016). Western alkaline soils likely originate from carbonate-rich overburden (Zhen et al., 2017).The depletion of organic carbon in mining soils is a direct outcome of vegetation loss, disruption of microbial communities, and reduced input of plant residues. Organic carbon drives soil structure, nutrient retention, and cation exchange capacity; its reduction causes a cascading decline in fertility (Kirkham et al., 2017).Nutrient depletion especially nitrogen and phosphorus—was statistically significant. Mining soils lacked both organic carbon (essential for N mineralization) and sufficient sorption capacity (affecting P availability). This matches patterns observed in other coal mining studies (Upadhyay et al., 2016; Ahirwal et al., 2018).Micronutrient enrichment in agricultural soils, although beneficial in moderate levels, indicates possible over-accumulation due to long-term fertilizer use and deposition of mining particulates (Li & Zhou, 2020). Excess metals may affect crop quality in the future. Overall, mining fundamentally alters soil chemical environments, creating inhospitable conditions for agriculture and native vegetation unless active reclamation is performed.
5. Conclusion
The findings of this study demonstrate that coal mining activities have markedly transformed the soil environment of the Ketki region. Soil pH exhibited substantial variability, ranging from strongly acidic values of 4.46 to moderately alkaline levels of 8.36, a pattern commonly observed in disturbed mining landscapes where overburden exposure and waste deposition alter chemical balance .Mining-affected soils also showed a pronounced decline in organic carbon, reflecting the loss of vegetation cover and reduced biological inputs following excavation . Essential nutrients including nitrogen, phosphorus, and potassium were significantly depleted in the mining zones, consistent with earlier reports highlighting nutrient exhaustion in post-mining substrates (Tripathi & Singh, 2013). In contrast, agricultural soils exhibited higher concentrations of micronutrients, likely due to routine fertilizer application and sustained biological activity . These disparities were statistically verified through one-way ANOVA, which confirmed significant differences between mining and agricultural soils across key physicochemical parameters .
Recommendations
Based on the observed deterioration of soil quality in the Ketki mining region, several measures are recommended to support ecological recovery and sustainable land use. Restoration efforts should begin with the reapplication of nutrient-rich topsoil and organic amendments to rebuild soil structure and enhance microbial activity. Introducing fast-growing native plant species can accelerate stabilization of exposed overburden and promote gradual carbon accumulation. Regular incorporation of compost or farmyard manure is advised to replenish depleted nitrogen, phosphorus, and potassium levels. Soil pH should be monitored routinely, and liming or acid-neutralizing treatments may be applied where necessary to correct extreme fluctuations. Establishing buffer vegetation zones around active mining sites would help reduce erosion and minimize contamination of adjacent agricultural lands. Long-term monitoring programs involving periodic soil testing, geochemical mapping, and statistical evaluation are essential to track recovery trends and guide further interventions. Collaboration between mining authorities, local communities, and environmental agencies is crucial to ensure that reclamation practices are consistently implemented and environmentally effective.
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