



Spatial Analysis of Land Resources for Enhancing Watershed Resilience: A Study from Pashupathihal-4 Micro-watershed, Kundgol Taluk, Dharwad District, Karnataka, India
Abstract 

Background: This study highlights the significance of the Land Resource Inventory (LRI) in the context of farm-level watershed planning, especially for sustainable agricultural development. In India, the degradation of natural resources due to unsustainable land use practices has led to compromised watershed health.
Method: The study involved an in-depth LRI of the Pashupathihal-4 micro-watershed (973.47 ha) in Dharwad, Karnataka, utilizing remote sensing (RS) and Geographical Information System (GIS) technologies. This integration created high-resolution soil and nutrient maps that captured spatial variability across the watershed's terrain, classified into 16 distinct soil mapping units. The study incorporated FAO land evaluation guidelines to assess land capability and crop suitability, while also analyzing soil properties such as phosphorus, potassium, sulfur, nitrogen and organic carbon.
Results and Conclusion: Results revealed significant spatial variability in soil characteristics, especially in soil depth, texture, erosion and slope, influencing land use potential. The BTPmA1 soil series was the most widespread, covering 35.04% of the area, with over 94% of the watershed classified under Land Classes II and III, indicating moderate constraints and suitability for various crops. Nutrient analysis indicated medium phosphorus (92.33%), high potassium (73.84%) and high sulfur (94.82%) levels, with low nitrogen and organic carbon in most areas, necessitating targeted nutrient management. Crop suitability analysis revealed that 90.15% of the area was highly suitable for sorghum, with maize showing moderate to high suitability. Soybean, groundnut, and cotton were categorized as moderately suitable due to slope, gravelliness and fertility limitations. The study concluded that integrating LRI with geospatial tools enables precise micro-watershed planning.
Keywords: Land Resources Inventory, Spatial Database, Remote Sensing and GIS
Introduction 

Site-specific Land Resource Inventory (LRI) has gained significant importance in recent years for effective farm-level watershed planning. In recent years, the need for LRI has become increasingly evident, particularly in the context of effective farm-level planning within watershed development programs. Across India, the degradation of natural resources, driven by inadequate conservation practices and unsustainable land use, has significantly compromised the health and functionality of watersheds (Hegde et al., 2018). Given their role as logical hydrological and ecological units, watersheds are fundamental to integrated soil and water resources management. However, pressures from deforestation, land mismanagement, soil erosion, climate variability, and other anthropogenic activities have accelerated the degradation of these critical systems (Reddi et al., 2024). The visible outcomes, ranging from severe soil erosion and salinity issues to reduced vegetation cover and declining agricultural productivity, highlight the urgent need for sustainable land management strategies tailored to each watershed's specific biophysical and socio-economic conditions (Patil et al., 2016 and Sehgal et al., 2020).

In this context, spatial analysis of land resources using advanced geospatial technologies offers a robust framework for informed decision-making. Particularly in semi-arid regions such as Dharwad district in Karnataka, where erratic rainfall and land degradation are persistent challenges, understanding the spatial variability of land resources is essential for resilient watershed planning (Hegde et al., 2018 and Biradar et al., 2025). Remote Sensing (RS) and Geographic Information Systems (GIS) provide powerful tools for the precise mapping and characterization of soils, topography, and land use patterns. Such technologies facilitate the development of targeted conservation measures, enhance agricultural planning, and enable efficient monitoring of land-based interventions (Natarajan et al., 2010 and Srinivas et al., 2021). The Pashupathihal-3 micro-watershed serves as a representative example of a region where integrated spatial approaches can address site-specific constraints. This study emphasizes the role of LRI, coupled with RS and GIS, in supporting sustainable land use strategies, aligning with programs like the World Bank-supported REWARD project initiative. By generating actionable datasets at the micro-watershed level, this work contributes to enhancing watershed resilience, improving land productivity and promoting long-term ecological and livelihood security.

Material and methods

The Pashupathihal-4 micro-watershed (4D5B4p04), situated in Kundgol taluk of Dharwad district, Karnataka, lies between 15°07′30″ to 15°11′00″ North latitudes and 75°20′30″ to 75°23′30″ East longitudes. It spans an area of approximately 973.47 hectares and is bounded by the villages of Gudageri, Samsi, Sulthanapura, and Yare Bhudhihala. The region experiences mean maximum temperatures ranging between 28°C and 38°C, while the mean minimum temperatures fall between 16°C and 23°C. The average annual rainfall varies from 800 to 1000 mm. Soils in the area were predominantly shallow to medium in depth and were characterized as black clay. Major crops include maize, jowar, pulses, groundnut, cotton and wheat. In addition, vegetable crops such as chilli were also cultivated to a considerable extent.
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Fig 1. Location of the study area

Survey Methodology

Sequence of activities in the generation of LRI

The process begins with the interpretation of satellite imagery and the delineation of rock types, landforms, and landform units using Digital Elevation Models (DEM). This is followed by field verification through traversing the watershed with the aid of cadastral maps and interpreted imagery to ground-truth and update landforms, geology, land use and other key features. Soil profile pits are then excavated to a depth of 2 meters or until the parent rock is reached, allowing for detailed study of soil and site characteristics such as texture, structure, color, slope and erosion. Based on these observations, areas with similar soil properties are grouped into soil phases (Natarajan et al., 2010) (Fig 1).
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Fig 2. Overlay of cadastral maps onto high-resolution satellite imagery
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Fig 3. Flow chart for the preparation of soil phases

The site and soil characteristics are systematically described and documented using a standard proforma, adhering to the protocols and guidelines outlined in the Soil Survey Manual and Field Guide (Soil Survey Manual, 1971). Soil samples are collected from representative pedons for detailed laboratory characterization, while surface soil samples are gathered from selected fields, spanning major management units, at 320-meter grid intervals to assess macro- and micronutrient status. The collected data are then processed in both the chemical laboratory and the GIS laboratory to produce a series of thematic maps for the study area.
The Land Resource Inventory (LRI) aimed at site-specific watershed planning, was carried out using digitized cadastral maps in combination with False Colour Composites (FCC) derived from merged WorldView-2 and LISS-IV satellite imagery (Fig. 2). The approach followed the standard procedures detailed in the Soil Survey Manual. FCCs were visually interpreted using key image interpretation elements such as color tone, texture, pattern, and spatial associations, supported by relevant ancillary data (Natarajan et al., 2010). Based on this interpretation, physiographic boundaries were delineated and accurately transferred onto cadastral maps superimposed on satellite imagery, which then served as the foundational base for soil mapping activities (Soil Survey Staff, 1996). Comprehensive field traversing was undertaken across various physiographic units, including hills, uplands, and lowlands. Observations of surface soil variability informed the strategic placement of transects along slopes, ensuring that all physiographic features within the micro-watershed were effectively captured (Hegde et al., 2015) (Fig 3).

Geospatial Interpretation of Land Resource Inventory Data

The Land Resource Inventory (LRI) generates essential databases and maps required to address complex micro-level issues. It supports farm-specific crop recommendations, location-specific soil and water conservation strategies, suitable agronomic practices, and provides critical inputs for planning, implementing, and monitoring land-based development programs. LRI combines detailed spatial and non-spatial, site-specific data on factors influencing land use, gathered through systematic survey studies conducted at the micro-watershed level (Soil Survey Staff, 2012). This transformation is achieved by integrating Remote Sensing (RS), Geographic Information Systems (GIS) and Global Positioning System (GPS) technologies with LRI data (Naid et al., 2006). This integration enables the generation of various interpretative and thematic maps, such as land capability, soil depth, surface texture, gravelliness, available water capacity, slope, erosion, pH and fertility status, including organic carbon, N, P, K, S and micronutrients. Crop suitability for key agricultural and horticultural crops is evaluated using the FAO framework for land evaluation (FAO, 1976). 

Results and discussion 
The Land Resource Inventory (LRI) of the Pashupathihal-4 micro-watershed (973.47 ha) delineated 16 soil mapping units across the Dharwars Schist landscape, characterized by variations in soil depth, texture, erosion, slope and gravelliness, key parameters influencing agricultural land use and management (Fig 4). The dominant soils are deep to very deep (100-150 cm and >150 cm), clayey, with slight to moderate erosion. The BTPmA1 series covers the largest area (341 ha; 35.04%), followed by MGDmB2g2Ca (105 ha; 10.78%) and BTPmB2 (99 ha; 10.18%), indicating a predominance of deep black soils with varied topographic conditions. Most soils fall under land capability Classes II and III, reflecting moderate constraints such as slope (1–3%), erosion and gravelliness. Units like BTPmA1 and CPTmA1 (6.82%) with minimal slope and erosion are highly suitable for rainfed crops such as sorghum, maize, pulses, and cotton due to their favorable water-holding capacity vital for drought-prone regions of northern Karnataka. Soils like MGDmB2g2Ca and MGDmB2g1Ca exhibit moderate erosion and very high gravelliness (35-60%). Calcareousness in soils such as BTPmA2g1Ca and MGDmB2g1Ca poses nutrient availability issues, especially for micronutrients, necessitating amendments with organics or micronutrient-enriched fertilizers (Tiwari et al., 2022). According to FAO’s land evaluation framework, most soils show moderate to high suitability for crops like groundnut, sunflower, sorghum, and pigeonpea, contingent upon managing specific constraints (FAO, 1983). Similar findings were reported by Wani et al. (2020), reinforcing the utility of LRI-based maps in precision planning. Integration of RS, GIS and GPS with LRI has facilitated the generation of interpretative maps of land capability, slope, depth, and texture, serving as vital tools for micro-watershed development. Accordingly, shallow gravelly soils in southern Gudageri are better suited for horticulture, agroforestry, or silvipasture systems, while the very deep, less eroded soils in northern Pashupathihal and Samshi areas are ideal for intensive rainfed agriculture and crop diversification.
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                Fig 4. Soil phases map 
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Fig 5. Land capability map
          The land capability map of the Pashupathihal-4 micro-watershed in the Kundgol taluk of Dharwad district revealed that the largest portion of the area, 526 hectares (54.05%), is classified as IIs, indicating good cultivable lands with limitations primarily related to erosion/runoff (Fig 5). Another significant area, 397 hectares (40.77%), falls under the IIes capability class, also representing good cultivable land but with limitations stemming from soil depth, graveliness, texture, salinity, or alkalinity. This distribution highlights that while a considerable part of the micro-watershed is suitable for agriculture, implementing appropriate soil and water conservation measures is crucial to address the identified limitations and ensure long-term land productivity (Srinivas and Reddy, 2022).
The soil depth map of the Pashupathihal-4 micro-watershed in Kundgol taluk, Dharwad district, indicated that very deep soils (>150 cm) dominate the area, covering 878 hectares (90.15%) (Fig 6). Deep soils (100-150 cm) make up a smaller portion, accounting for 45 hectares (4.67%). This distribution suggests that the majority of the micro-watershed consists of deep soils, which are generally beneficial for agriculture due to their higher water retention and nutrient storage capacity, supporting the potential for diverse and productive land use (Reddy and Patil, 2020 and Rajesh, 2022).
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Fig 6. Soil depth map                                                 
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Fig 7. Surface soil texture

The surface soil texture map of the Pashupathihal-4 micro-watershed in Dharwad district indicates a strong dominance of clayey soils, occupying 94.82% (932 ha) of the total area (Fig 7). This extensive clayey texture is largely influenced by the basaltic parent rock of the Deccan Traps and the prevailing pedogenic processes such as clay illuviation and vertisol formation under semi-arid climatic conditions, which are consistent with findings reported by Sehgal (1996) and Murthy et al. (2013). While clayey soils are advantageous for their high cation exchange capacity and moisture retention, they can also lead to challenges such as restricted permeability, waterlogging and increased surface runoff (Brady & Weil, 2008). Therefore, adopting appropriate soil and water conservation strategies is crucial for ensuring sustainable land use and agricultural productivity in this micro-watershed.
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Fig 8. Surface soil gravelliness
The surface soil gravelliness assessment of the Pashupathihal-4 micro-watershed in Dharwad district revealed that non-gravelly soils dominate the landscape, occupying 60.1% (585 ha) of the total area, while slightly gravelly and very gravelly soils constitute 23.96% and 0.76%, respectively (Fig 8). The prevalence of non-gravelly soils indicates relatively stable geomorphic settings and limited mechanical weathering, facilitating finer soil texture development conditions commonly observed in basaltic terrain under semi-arid climates (Sehgal, 1996; Velayutham et al., 1999). The occurrence of gravelly patches, especially in the western and southeastern zones, can be linked to topographic variations and erosional processes leading to colluvial accumulation, especially from the weathering of Deccan basalt, which typically produces gravel-sized fragments (Murthy et al., 2013). Since soil gravelliness significantly influences infiltration, plant-available water and root penetration (Brady & Weil, 2008), its spatial heterogeneity necessitates tailored soil and crop management strategies to ensure effective land utilization and sustainable agricultural development across the watershed.
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Fig 9. Slope                                                        
[image: image10.png] Swersdranse
—— Rosscanik
277 votasen
T virvosy

SOIL EROSION
Pashupatihald Micro - watershed]
(60584004 - Avra - 73.47 ha)
Pashupathihal Sub-Watershed
Kundgol Taluk
DHARWAD DISTRICT

Erosion clas Avea inhatk)
- 5286405
T et o7 uorn)
[ Raiway 7075,
ors e
- e sy





  Fig 10. Soil erosion                       
The slope analysis of the Pashupathihal-4 micro-watershed in Dharwad district revealed that the landscape is primarily nearly level, with 57.13% (556 ha) of the area exhibiting a 0-1% slope, followed by 37.69% categorized as very gently sloping (1-3%). Such terrain characteristics suggest a relatively mature and stable landform with minimal geomorphic disturbance, favoring efficient surface water management and suitability for broad-acre agriculture (Sehgal, 1996; Velayutham et al., 1999) (Fig 9). The occurrence of slightly steeper areas along the western and southwestern margins may be attributed to variations in lithology and erosion patterns typical of basaltic terrains. Slope gradients significantly affect hydrological processes, influencing both surface runoff and erosion potential (FAO, 2006; Morgan, 2005).
The evaluation of soil erosion in the Pashupathihal-4 micro-watershed, located in Kundgol taluk of Dharwad district, indicated that 54.05% of the area is subject to slight erosion, suggesting relatively stable land conditions owing to gentle terrain, sufficient vegetative or crop coverage and implemented conservation efforts (Fig 10). A moderate erosion risk was observed across 40.77% of the watershed, particularly in zones where agriculture is practiced on moderately sloping land and where soil surfaces remain exposed during the onset of monsoon rains (Jha et al. 2021). This spatial variability in erosion risk highlights the importance of implementing location-specific soil conservation measures.
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Fig 11. Soil pH                                       
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Fig 12. Electrical conductivity
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Fig 13. Organic carbon             
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Fig 14. Available nitrogen
The assessment of soil reaction (pH) in the Pashupathihal-4 micro-watershed of Kundgol taluk, Dharwad district, revealed that a vast majority of the area (92.53%) falls under the moderately alkaline range (pH 7.8-8.4), while only a small portion (2.29%) was classified as slightly alkaline (pH 7.3-7.8) (Fig 11). This widespread alkalinity is characteristic of semi-arid agro-climatic zones and was primarily influenced by minimal leaching, the accumulation of exchangeable base cations such as calcium and magnesium, and low annual rainfall that limits natural soil acidification. Moderately alkaline conditions in certain pockets may result from poor drainage, high evaporation rates and parent materials inherently rich in alkaline minerals (Geetha et al., 2017). While such pH levels generally support the growth of many crops, prolonged alkalinity can hinder the uptake of micronutrients like iron and zinc, highlighting the need for balanced soil fertility management.
The electrical conductivity (EC) assessment of soils in the Pashupathihal micro-watershed, Kundgol taluk, Dharwad district, indicated that the entire area (94.82%) falls under the "normal" category with EC values less than 2 dS/m, suggesting that the soils are non-saline and suitable for most agricultural crops (Fig 12). This favorable condition is likely due to adequate natural drainage, low groundwater tables and limited use of saline irrigation water, which prevent salt accumulation in the root zone (Hegde et al., 2021). Additionally, the region’s semi-arid climate, while prone to evapotranspiration, does not appear to promote salt build-up significantly, possibly due to seasonal rainfall helping leach salts beyond the root zone. The absence of salinity-related constraints is a positive indicator for sustainable agriculture and crop productivity in the watershed.
The assessment of organic carbon (OC) in the soils of the Pashupathihal micro-watershed, Kundgol taluk, Dharwad district, indicates that a significant portion (62.94%) of the area has medium OC content (0.5–0.75%), while 31.78% of the area is characterized by low OC levels (<0.5%) (Fig 13). The moderate organic carbon status suggests a fair level of biological activity and nutrient-holding capacity, likely sustained by periodic incorporation of crop residues and moderate vegetative cover (Gurumurthy et al., 2019). However, the presence of low OC in nearly one-third of the area can be attributed to factors such as continuous tillage, minimal organic matter input and the semi-arid climate, which enhances decomposition and limits organic matter accumulation. These conditions are consistent with the findings of Mandal et al. (2008), who reported that soils in dryland agro-ecosystems often suffer from depleted organic carbon due to poor biomass recycling and climatic constraints.
The available nitrogen (N) status in the Pashupathihal micro-watershed of Kundgol taluk, Dharwad district, indicates that a substantial portion (94.82%) of the area is categorized as low in nitrogen availability (<280 kg/ha), reflecting a prevalent nutrient deficiency typical of semi-arid agro-ecosystems (Fig 14). This widespread scarcity can be primarily attributed to low soil organic carbon levels, insufficient application of nitrogenous fertilizers, continuous cereal-based cropping systems with minimal legume integration, and significant nitrogen losses through leaching and volatilization under high temperature conditions (Singh and Chatterji, 2018; Paul and Sahu, 2022). Such deficiencies severely limit crop productivity and soil fertility sustainability. These findings are consistent with earlier studies by Tandon (2007) and observations from ICAR-NBSS&LUP, which highlight nitrogen as the most limiting nutrient in Indian drylands and advocate integrated nutrient management (INM) approaches.
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Fig 15. Available Phosphorus                               
[image: image16.png]AVAILABLE POTASSIUM (2024) %
Pashupatihald Micro - watershed | &
(4053404 - Avea - 973,47 ha)
Pashupathihal Sub-Watershed
VARE GHUDHIALA Kundgol Taluk
DHARWAD DISTRICT
N
A
Reforonces
B ——
—— Rosgcanmak
4 v Avalable Potassium  Area inha (%)
(I vetorvosy Very High (675 kg/ha) 204 (2098)
st [—ghdsiisdgmarad] 1
7 3 vitage boundary subkceRr [ Raiway 7075 ¥
] Mrowaersned vounsary Oters® susy |*
Source: UAS,Dparwad § AR NBSSSLUP, Bengairs ain Wty





  Fig 16. Available Potassium
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Fig 17. Available Sulphur

The map of the Pashupathihal micro-watershed in Dharwad district (2024) illustrates the spatial variability in available phosphorus across the region. A substantial 92.33% of the watershed (899 hectares) shows medium levels of available phosphorus (23-57 kg/ha), while only 2.5% (24 hectares) exhibit high available phosphorus levels (>57 kg/ha) (Fig 15). These differences in phosphorus availability can be attributed to factors such as soil texture, mineral composition, organic matter content, pH, and historical land use practices, including fertilizer application (Bandyopadhyay et al., 2018 and Joseph et al., 2024). Areas with clay-rich soils or high concentrations of iron and aluminum oxides may experience phosphorus fixation, resulting in lower bioavailability even with high total phosphorus reserves (Mandal et al., 2021).
The map depicting available potassium in the Pashupathihal-4 micro-watershed (2024) shows that the majority of the area, covering 73.84% (719 hectares), exhibits high available potassium levels (237-675 kg/ha), with a smaller portion of 20.98% (204 hectares) showing very high potassium levels (>675 kg/ha) (Fig 16). The widespread availability of potassium can be largely attributed to the presence of potassium-rich minerals, such as feldspar and mica, in the parent material of the soils, combined with relatively low rates of leaching due to the region’s soil texture and rainfall conditions (Thilagam and Sivasamy, 2013). Moreover, the historical use of potassium-based fertilizers may have further contributed to the elevated potassium concentrations observed in the area. The smaller area with very high potassium suggests specific localized factors, such as the over-application of fertilizers or the presence of certain soil types with unusually high potassium mineral content.
The map showing available sulphur in the Pashupathihal-4 micro-watershed revealed that the majority of the area, 94.82% (923 hectares), exhibits high levels of available sulfur (>20 ppm) (Fig 17). This extensive availability of sulfur can be attributed to several factors, including atmospheric sulfur deposition, which, although reduced due to stricter environmental regulations on industrial emissions (Ram et al., 2014 and Anitha et al., 2022), may still play a role in some areas. The presence of dissolved sulfates in irrigation water and the mineralization of organic matter, particularly in soils enriched with organic amendments over time, contribute to elevated sulfur levels (Singh et al., 2022). Additionally, certain soil types derived from sulfur-rich parent materials may naturally have higher sulfur concentrations, further enhancing their availability in these regions.
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Fig 18. Land suitability for Sorghum                    
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Fig 19. Land suitability for Maize

The land suitability map for sorghum cultivation in the Pashupathihal-4 micro-watershed reveals that a large portion, 90.15% (878 hectares), was classified as highly suitable (S1), while a smaller area of 4.62% (45 hectares) was categorized as marginally suitable (S2n) (Fig 18). The widespread suitability in the watershed can be attributed to factors such as favorable soil texture, good drainage and optimal climatic conditions, although certain limitations like medium phosphorus levels, soil depth and slope might slightly affect overall suitability for sorghum cultivation (FAO, 1976; Sahu et al., 2028). The areas classified as marginally suitable likely face more severe constraints, including poor drainage, shallow soil profiles, or steeper slopes, which can significantly hinder the long-term productivity of sorghum (FAO, 1983). These limitations emphasize the need for targeted soil and water management practices to enhance the potential of these marginal areas for sustainable sorghum production.

The maize land suitability analysis for the Pashupathihal-4 micro-watershed in Dharwad district, conducted using FAO (1976) land evaluation guidelines and geospatial techniques, indicates that 38.24% (372 ha) of the area falls under the highly suitable (S1) category, while 56.58% (551 ha) is classified as moderately suitable (S2) (Fig 19). The highly suitable zones are predominantly located in areas with deep, well-drained loamy soils, gentle slopes, and favorable rainfall patterns, conditions optimal for maize cultivation as supported by Naid et al. (2006) and FAO (1985). The moderately suitable areas were characterized by minor limitations such as moderate slopes, slightly shallow soils, or occasional drainage constraints, which, although manageable, may slightly reduce maize productivity unless corrected through practices like contour farming, residue management, and organic amendments (Singh et al., 2022). 
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Fig 20. Land suitability for Soybean                
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Fig 21. Land suitability for Groundnut
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Fig 22. Land suitability for Cotton

The land suitability assessment for soybean in the Pashupathihal-4 micro-watershed of Dharwad district, carried out using the FAO (1976) land evaluation framework integrated with GIS-based spatial analysis, indicates that the entire area falls under the moderately suitable category (S2) (Fig 20). Specifically, 70.9% (690 ha) of the land is classified as S2t due to slope limitations, suggesting that moderate to slightly steep slopes may increase runoff and reduce soil moisture retention, critical factors for soybean root development and yield. An additional 19.27% (187 ha) falls under S2gt, where both gravelliness and slope are constraints; the presence of gravel restricts root penetration and water availability, thereby affecting crop establishment and growth. Moreover, 4.67% (45 ha) is designated as S2nt due to nutrient and slope limitations, where suboptimal soil fertility, particularly nitrogen and phosphorus, combined with terrain issues, may hinder optimal crop performance. These findings align with Sys et al. (1993) and FAO (1985), which emphasize that while soybean are adaptable to varied conditions, they perform best in well-drained, deep, fertile soils on gently sloping terrain. To enhance productivity in these moderately suitable areas, appropriate soil and water conservation measures such as contour farming, addition of organic matter, and balanced fertilization are essential (Bante et al., 2012). Thus, the study highlights the importance of site-specific land management to sustainably optimize soybean cultivation in the watershed.
The land suitability evaluation for groundnut cultivation in the Pashupathihal micro-watershed of Kundgol taluk, Dharwad district, conducted using FAO (1976) land evaluation criteria and geospatial analysis, revealed that a substantial portion of the area approximately 878 hectares (90.15%) was categorized as moderately suitable (S2t), primarily due to slope limitations (Fig 21). Groundnut, being a low-growing and shallow-rooted crop, is sensitive to slope-induced runoff and erosion, which can limit soil moisture retention and affect pod formation and yield. Additionally, around 47 hectares (4.67%) of the land was identified as S2nt, where nutrient deficiencies coupled with slope present dual limitations (Ram et al., 2014). Deficient levels of essential nutrients such as phosphorus and calcium, commonly required for optimal groundnut development, along with moderate slopes, can collectively reduce productivity unless addressed through site-specific nutrient management and soil conservation practices.  
The land suitability evaluation for cotton cultivation in the Pashupathihal micro-watershed of Kundgol taluk, Dharwad district, based on FAO (1976) land evaluation criteria and GIS-based analysis, indicates that 18.99% (185 ha) of the area is highly suitable (S1), characterized by deep, well-drained loamy soils, low slopes and favorable moisture availability ideal conditions for cotton growth and lint quality (Fig 22). A further 19.25% (187 ha) is classified as moderately suitable (S2g) due to gravelliness, where coarse soil texture can restrict root development, reduce water-holding capacity and hinder nutrient uptake, thereby limiting yield potential (Mandal et al., 2021). The largest portion of the land, about 56.58% (551 ha), falls under the S2n class, affected primarily by nutrient limitations such as deficiencies in nitrogen, potassium, or micronutrients, which are crucial for flowering, boll development, and fiber strength in cotton.
Conclusion 

The integrated Land Resource Inventory (LRI) and soil fertility-land suitability assessment of the Pashupathihal-4 micro-watershed in Kundgol taluk, Dharwad district, highlight the area’s strong potential for sustainable agriculture, supported by deep clayey soils, moderate alkalinity, and favorable terrain. While crops such as sorghum, maize, pigeonpea and cotton are well-suited to the region, site-specific constraints such as gravelliness, slope, low nitrogen and calcareousness necessitate targeted interventions including soil conservation and balanced nutrient management. The use of geospatial tools (RS, GIS, GPS) enabled precise mapping of soil and land capability classes, enhancing micro-watershed planning and supporting evidence-based decisions for crop diversification and resource optimization. The assessment confirms that, despite certain edaphic and topographic limitations, most of the watershed holds promise for improved agricultural productivity and resilient land use systems, particularly when supported by informed, site-tailored agro-ecological practices.
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