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Physico-Chemical Assessment and Irrigation Indices of Mudbole Water Pond in Yadgir District, Karnataka, India

Abstract

Traditional water ponds are crucial for maintaining rural water security, biodiversity, and social and cultural activities in India's semi-arid areas. The present study evaluates the physico‑chemical characteristics of the Mudbole traditional water pond located in Yadgir district, Karnataka, India, during two consecutive years (2021-22 and 2022-23). Seasonal monitoring was carried out to assess and analyse major water quality parameters following standard methods recommended by APHA and BIS. The results indicate moderate variations in physico‑chemical parameters between the two study years, reflecting the influence of climatic conditions, evaporation, catchment runoff, and anthropogenic activities. The average pH (7.75) revealed slightly alkaline nature of the pond water, while EC (1055 µS/cm) and TDS (502.5 mg/L) indicated moderate mineralization. Dissolved oxygen values were relatively low (4.67 mg/L), suggesting organic load and reduced aeration, whereas, BOD values (2.13 mg/L) remained within permissible limits, indicating moderate organic pollution. Nutrient concentrations such as nitrate and phosphate were low, signifying limited eutrophication risk at present. Overall, the study highlights that Mudbole pond water quality largely conforms to permissible limits for irrigation and domestic uses with minimal treatment. However, increasing alkalinity, hardness, and declining DO levels warrant regular monitoring and conservation measures. Preservation of traditional ponds like Mudbole is vital for sustainable water management, groundwater recharge, and ecological balance in drought‑prone regions of Karnataka.

Keywords: Mudbole pond; Traditional water bodies; Water quality; Physico‑chemical parameters; Yadgir district

Introduction

Traditional water harvesting systems such as tanks, ponds, and stepwells have been an integral part of India’s rural landscape for centuries. These systems were ingeniously designed to collect, store, and conserve rainwater, particularly in semi‑arid and arid regions where water scarcity is a persistent challenge. In Karnataka, especially in districts like Yadgir, traditional ponds locally known as kere or kalyani continue to support agriculture, livestock, groundwater recharge, and domestic water needs (Rao et al., 2018). Rapid population growth, urbanization, agricultural intensification, and climate variability have exerted immense pressure on these traditional water bodies. Unregulated inflow of domestic wastewater, agricultural runoff containing fertilizers, and sedimentation have significantly altered their water quality and ecological health. Assessing the physico‑chemical characteristics of such ponds is therefore essential to understand their present status and to formulate appropriate management strategies. Water quality parameters such as temperature, pH, dissolved oxygen, hardness, nutrients, and ionic composition directly influence aquatic life, water usability, and ecosystem functioning. Several studies across India have demonstrated that seasonal and inter‑annual variations in these parameters are controlled by climatic factors, hydrology, and anthropogenic activities (APHA, 2017; BIS 2012).

Mudbole traditional water pond in Yadgir district serves as a vital source of water for nearby villages and agricultural fields. Despite its importance, limited scientific documentation exists on its water quality status. The present study aims to evaluate the physico‑chemical properties of Mudbole pond water over two years (2021-22 and 2022-23), compare the observed values with standard guidelines, and discuss the implications for sustainable management and conservation of traditional water bodies.

Study Area

Mudbole village is located in Shahapur taluk of Yadgir district, Karnataka, India. Geographically, the district lies between 16°11′ and 17°46′ N latitude and 76°17′ and 77°28′ E longitude and presented in Fig.1. The region experiences a semi‑arid climate characterized by hot summers, mild winters, and erratic rainfall. The Mudbole pond is a traditional rain‑fed water body constructed to harvest monsoon runoff from the surrounding catchment. The catchment area is predominantly agricultural, with crops such as pigeon pea, sorghum, and cotton. The soil type is mainly black cotton soil, rich in clay content, which contributes to surface runoff during monsoon periods. The pond water is primarily used for irrigation, livestock watering, and occasionally for domestic purposes after basic treatment.
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Figure.1. Study area Map.

Materials and Methods

Sampling and Analysis

Water samples were collected seasonally during 2021-22 and 2022-23 from selected locations of Mudbole pond using clean polyethylene bottles. Samples were preserved and transported to the laboratory for analysis. Air and water temperatures were measured on‑site using a calibrated thermometer. Other physico‑chemical parameters were analyzed in the Department of Environmental Sciences and Agroforestry, College of Agriculture, Bheemarayanagudi. Standard analytical procedures prescribed by the American Public Health Association (APHA, 2017) and Bureau of Indian Standards (BIS, 2012) were followed. 

Laboratory analysis of water samples was carried out following standardized and widely accepted analytical protocols to ensure accuracy, precision, and reproducibility of results. All analyses were performed in the Department of Environmental Sciences and Agroforestry, College of Agriculture, Bheemarayanagudi. Prior to analysis, all glassware and sampling containers were thoroughly cleaned with dilute nitric acid and rinsed repeatedly with distilled water to eliminate any potential contamination, as recommended by APHA (2017). Analytical instruments were calibrated daily using appropriate standard solutions to maintain data reliability. Air and water temperatures were measured using a calibrated mercury thermometer with an accuracy of ±0.1 °C. Temperature measurements are critical as they influence chemical reactions, dissolved oxygen solubility, and biological activity in aquatic systems (Wetzel 2001; Boyd, 2015). The pH of water samples was measured using a digital pH meter standardized with buffer solutions of pH 4.0, 7.0, and 9.2 following standard procedures outlined by APHA (2017) and Trivedy and Goel (1986). Electrical conductivity was measured using a conductivity meter and expressed in µS/cm, serving as an indicator of ionic concentration and mineralization of water (Hem, 1985; BIS, 2012). Total dissolved solids were determined gravimetrically by evaporating a known volume of filtered water sample in a pre-weighed porcelain dish and drying it at 105 °C until constant weight was achieved, following APHA (2017) guidelines. Alkalinity was estimated by titrating the sample against standard sulfuric acid using phenolphthalein and methyl orange indicators, which provides an estimate of carbonate, bicarbonate, and hydroxide concentrations in water (Trivedy and Goel, 1986). Dissolved oxygen was analyzed using the Winkler iodometric method, involving fixation of oxygen with manganous sulphate and alkaline iodide followed by titration with standardized sodium thiosulphate solution. This classical method is considered reliable for surface water analysis (APHA, 2017; Wetzel, 2001). Biochemical oxygen demand was determined by measuring the difference in dissolved oxygen before and after five days of incubation at 20°C in the dark, which reflects biodegradable organic matter present in the water (APHA, 2017; Sharma and Kansal 2011).

Total hardness was estimated using the EDTA titrimetric method with Eriochrome Black-T indicator. Calcium hardness was determined separately using murexide indicator, and magnesium concentration was calculated by difference, as described by APHA (2017) and Hem (1985). Chloride concentration was analyzed using the argentometric titration method with silver nitrate and potassium chromate indicator, which is suitable for freshwater samples (Trivedy and Goel, 1986; BIS, 2012). Sulphate was estimated using the turbidimetric method with barium chloride, while nitrate and phosphate concentrations were determined using UV-visible spectrophotometry based on standard colorimetric procedures. These nutrient analyses are widely employed for assessing trophic status and nutrient enrichment in surface water bodies (APHA, 2017; Vollenweider, 1968; Wetzel, 2001).

Irrigation Water Quality Indices with Citations

Kelly’s Ratio (KR)

Kelly’s Ratio is widely used to evaluate the sodium hazard in irrigation water by comparing sodium concentration with calcium and magnesium ions. Excess sodium in irrigation water may reduce soil permeability and cause alkalinity problems. According to Kelly (1940), KR values less than 1 indicate suitable water, while values greater than 1 suggest unsuitability for irrigation.
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(All ions are expressed in meq/L)
Permeability Index (PI)

The Permeability Index assesses the long-term influence of irrigation water on soil permeability by incorporating sodium, calcium, magnesium, and bicarbonate concentrations. Doneen (1964) classified irrigation water based on PI values, where water with PI > 75% is excellent, 25–75% is good, and <25% is unsuitable. This index is essential for understanding soil-water interaction and infiltration characteristics.
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Magnesium Hazard (MH)

Magnesium Hazard evaluates the dominance of magnesium over calcium in irrigation water. High magnesium content affects soil structure by increasing alkalinity and reducing crop yield. Paliwal (1972) suggested that irrigation water is suitable when MH is less than 50%, whereas, values above 50% may negatively impact soil quality.
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Sodium Percentage (SSP or Na%)

Sodium Percentage, also referred to as Soluble Sodium Percentage (SSP), indicates the relative proportion of sodium ions in irrigation water. Excess sodium causes dispersion of soil particles, leading to reduced permeability and poor aeration. According to Wilcox (1955), SSP values below 60% are generally safe for irrigation purposes.
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Total Hardness Classification (TH)

Total Hardness represents the combined concentration of calcium and magnesium ions in water and is expressed as mg/L of CaCO3. Hardness classification is useful in determining suitability for domestic and irrigation applications. Sawyer and McCarty (1967) categorized water as soft (<75 mg/L), moderately hard (75–150 mg/L), hard (150–300 mg/L), and very hard (>300 mg/L).
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Chloro-Alkaline Indices (CAI-I & CAI-II)

Chloro-Alkaline Indices are used to identify ion exchange processes between groundwater and aquifer materials. Schoeller proposed that negative CAI values indicate exchange of Na+ and K+ in water with Ca2+ and Mg2+ from rocks, whereas, positive values reflect reverse ion exchange (Akoachere et al 2019). These indices help interpret hydrogeochemical evolution of groundwater systems.
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Results and Discussion

The physico-chemical characteristics of Mudbole pond water recorded during 2021-22 and 2022-23 are presented in Table 1. The results indicate noticeable inter-annual variations governed by climatic conditions, hydrological processes, and catchment characteristics typical of rain-fed ponds in semi-arid regions.

Table 1. Water Quality Parameters with Standards.

	Parameter
	Unit
	2021–22
	2022–23
	Avg. Value
	WHO Limit
	BIS Limit
	Irrigation Standard

	pH
	-
	7.69
	7.81
	7.75
	6.5–8.5
	6.5–8.5
	6.5–8.4

	EC
	µS/cm
	1160
	950
	1055
	-
	-
	<3000 acceptable

	TDS
	mg/L
	530
	475
	502.5
	500 desirable
	500 desirable (2000 max)
	<2000 safe

	Alk
	mg/L
	300
	482
	391
	-
	200 desirable (600 max)
	<500 safe

	DO
	mg/L
	4.87
	4.46
	250
	500
	200 desirable (600 max)
	<500 acceptable

	BOD
	mg/L
	2.04
	2.21
	51.65
	75–200
	75 desirable (200 max)
	<400 safe

	TH
	mg/L
	230
	270
	27.95
	50
	30 desirable (100 max)
	<60 safe

	Ca²⁺
	mg/L
	40.04
	63.26
	150.34
	250
	250 desirable (1000 max)
	<350 safe

	Mg²⁺
	mg/L
	30.5
	25.4
	157.44
	250
	200 desirable (400 max)
	<1000 safe

	Cl⁻
	mg/L
	138.99
	161.68
	0.370
	50
	45
	<30 safe

	SO42-
	mg/L
	149.76
	165.12
	53.85
	200
	-
	<200 safe

	NO3-
	mg/L
	0.174
	0.566
	28.85
	-
	-
	<50 safe


Air and Water Temperature

Air temperature during the study period ranged between 33 and 34°C, while water temperature varied from 27 to 28°C, showing a close relationship between atmospheric and surface water temperatures. Such coupling is characteristic of shallow ponds with limited depth and storage capacity, where solar radiation and ambient temperature directly influence water temperature (Wetzel, 2001; Boyd, 2015). Elevated water temperature enhances evaporation rates and accelerates biochemical reactions, which can indirectly affect dissolved oxygen concentration, nutrient cycling, and biological productivity of the pond ecosystem (Rao et al., 2018; Sharma and Kansal, 2011).

Hydrogen Ion Concentration (pH)

The pond water exhibited a slightly alkaline pH with an average value of 7.75. Similar pH conditions have been widely reported for surface water bodies in Karnataka and other parts of peninsular India, largely due to carbonate and bicarbonate buffering systems arising from soil-water interactions and regional geology (Hem, 1985; Rao et al., 2018). Slight alkalinity is generally favourable for irrigation and aquatic life, as it enhances nutrient availability and biological productivity. However, persistent alkalinity may influence plankton composition and nutrient solubility if accompanied by increased alkalinity and hardness (Trivedy and Goel, 1986; Wetzel, 2001).

Electrical Conductivity and Total Dissolved Solids

Electrical conductivity (EC) of Mudbole pond water decreased from 1160 µS/cm in 2021-22 to 950 µS/cm in 2022-23, with an average value of 1055 µS/cm, indicating a moderate ionic concentration. The observed decrease is likely due to dilution effects from rainfall, increased inflow, and reduced evaporative concentration during the study period. EC is an important indicator of the overall ionic strength of water and reflects the cumulative presence of dissolved salts, which can influence soil structure and crop productivity when used for irrigation (Hem, 1985; BIS, 2012). Total dissolved solids (TDS) ranged from 475 to 530 mg/L and remained within permissible limits for both irrigation and domestic use, according to BIS (2012) standards. TDS levels are directly influenced by the concentration of major cations and anions, and moderate TDS indicates that the pond water is chemically balanced and suitable for agricultural and household purposes . The combined EC and TDS values reflect the influence of mineral weathering, catchment runoff, and seasonal hydrological variations typical of semi-arid environments (Kadam et al., 2020; Rao et al., 2018). These parameters also provide an indirect measure of water quality stability and potential salinization risk. Continuous monitoring of EC and TDS is essential, as sustained increases may compromise irrigation suitability and affect soil health over time (Trivedy and Goel, 1986; Sharma and Kansal, 2011).

Alkalinity

Alkalinity showed a marked increase during 2022-23, with an average value of 391 mg/L, indicating enhanced bicarbonate concentration. This increase may be attributed to evaporation-induced concentration, dissolution of carbonate minerals from black cotton soils, and surface runoff from agricultural lands in the catchment area (Hem 1985; Rao et al., 2018). Elevated alkalinity is a common feature of rural ponds during post-monsoon and summer seasons in semi-arid regions and plays a key role in buffering pH fluctuations (Sharma and Kansal, 2011).

Dissolved Oxygen and Biochemical Oxygen Demand

Dissolved oxygen (DO) concentrations in Mudbole pond ranged from 4.46 to 4.87 mg/L during the study period, indicating moderate oxygen availability within the water column. Such DO levels are typical of shallow, traditional ponds in semi-arid regions, where elevated water temperatures, limited depth, and reduced wind-induced mixing restrict atmospheric oxygen diffusion (Wetzel, 2001; Boyd, 2015). Additionally, microbial decomposition of organic matter accumulated in bottom sediments can further consume dissolved oxygen, particularly during warmer periods (Sharma and Kansal, 2011; Rao et al., 2018). Despite the relatively moderate DO concentrations, biochemical oxygen demand (BOD) values remained consistently low, ranging from 2.04 to 2.21 mg/L. Low BOD levels are indicative of limited biodegradable organic matter and suggest the absence of substantial organic pollution inputs from domestic sewage or industrial effluents (APHA, 2017). Similar trends have been reported in rural ponds with minimal anthropogenic disturbance and predominantly agricultural catchments (Kadam et al., 2020 and D. Basavaraja et al., 2026). The observed DO-BOD relationship indicates that oxygen depletion in Mudbole pond is primarily governed by natural biochemical processes rather than external pollution sources. Moderate oxygen stress may arise seasonally due to thermal stratification and organic matter mineralization, but the system does not exhibit symptoms of severe organic loading or hypoxic conditions. From a management perspective, maintaining adequate water depth, controlling organic debris accumulation, and promoting natural aeration through catchment vegetation can help sustain favourable oxygen regimes and enhance ecological stability of the pond (Wetzel 2001; Boyd, 2015).

Total Hardness, Calcium, and Magnesium

Total hardness of Mudbole pond water during the study period ranged from 230 to 270 mg/L, classifying the water as moderately hard according to standard water quality classifications (Trivedy and Goel, 1986; BIS, 2012). Hardness in natural waters primarily arises from the presence of divalent cations, particularly calcium (Ca2+) and magnesium (Mg2+), both of which were found to contribute significantly to the overall hardness of the pond water.The observed concentrations of calcium and magnesium can be attributed mainly to geochemical processes within the catchment area, including leaching of soil minerals, weathering of carbonate-rich parent material, and dissolution of calcium-magnesium-bearing rocks and sediments (Hem, 1985). In semi-arid regions such as Yadgir district, high evaporation rates and limited dilution further enhance the accumulation of these ions in surface water bodies, especially during post-monsoon and summer seasons (Rao et al., 2018; Sharma and Kansal, 2011).From a water-use perspective, moderately hard water is generally considered suitable for irrigation and domestic purposes, as calcium and magnesium are essential plant nutrients and do not pose direct health risks at observed concentrations (BIS, 2012; WHO, 2017). However, sustained use of moderately to highly hard water for irrigation may gradually influence soil structure by increasing soil alkalinity and reducing permeability, particularly in fine-textured black cotton soils dominant in the study area (Trivedy and Goel, 1986).
Chloride and Sulphate

Chloride and sulphate concentrations in Mudbole pond water were observed at moderate levels during the study period, indicating the combined influence of natural geochemical processes and agricultural activities in the surrounding catchment. In semi-arid regions, chloride commonly originates from the weathering of soil minerals, atmospheric deposition, and evaporation-driven concentration, while sulphate is often derived from mineral dissolution and fertilizer inputs (Hem, 1985; Wetzel, 2001).The absence of excessively high chloride concentrations suggests minimal intrusion of domestic sewage or industrial effluents, which are typically associated with elevated chloride levels in surface waters (Trivedy and Goel, 1986; Sharma and Kansal, 2011). Instead, the measured concentrations reflect diffuse agricultural runoff, particularly from sulphate-containing fertilizers and soil amendments commonly used in rain-fed agricultural systems (Carpenter et al.,1998; Kadam et al., 2020). From a water-use perspective, the observed chloride and sulphate levels remained within permissible limits prescribed for irrigation and domestic applications (BIS, 2012). Moderate chloride concentrations are generally non-toxic to most crops, while sulphate at such levels does not pose significant risks to aquatic organisms or human health (WHO, 2017). However, prolonged accumulation of these ions due to evaporation and reduced flushing during dry seasons may increase salinity stress over time.

Nutrients (Nitrate and Phosphate)

Nutrient concentrations in Mudbole pond, particularly nitrate (NO3-) and phosphate (PO42-), were found to be very low during the study period, indicating minimal nutrient enrichment and a low risk of eutrophication. Such low nutrient levels are characteristic of relatively undisturbed rural ponds with limited inflow of domestic wastewater and controlled agricultural runoff (Vollenweider, 1968; Wetzel, 2001). The observed concentrations suggest that external nutrient loading from the catchment remains minimal, likely due to low population density and moderate fertilizer usage in the surrounding agricultural lands. Low nitrate concentrations reflect restricted nitrogen inputs and efficient assimilation by aquatic biota, while low phosphate levels indicate limited phosphorus availability, which is often the primary limiting nutrient in freshwater ecosystems (Carpenter et al., 1998; Wetzel, 2001). The scarcity of these nutrients reduces the likelihood of excessive algal growth and helps maintain ecological balance within the pond system. Similar findings have been reported for traditional village ponds in semi-arid regions of India, where nutrient inputs are largely governed by seasonal runoff and land-use practices (Kadam et al., 2020; Basavaraja et al., 2017: Sharma and Kansal, 2011). Despite the present low nutrient status, increasing agricultural intensification in the catchment area poses a potential future risk. Enhanced fertilizer application, soil erosion, and runoff during monsoon periods could elevate nitrate and phosphate loading, thereby accelerating eutrophication processes (Carpenter et al., 1998). 
Irrigation suitability 

The irrigation suitability of the studied pond water was evaluated using several hydro chemical indices and presented in Table 2. These indices, including SAR, Na%, RSC, Kelly’s Ratio, Permeability Index, Magnesium Hazard, SSP, and Chloro-Alkaline Indices (CAI-I & CAI-II), provide insight into the potential salinity and sodicity hazards associated with irrigation water and their effects on soil properties (Islam et al., 2020). 

Table 2. Hydro Chemical Indices

	Indices
	Value
	Interpretation

	SAR
	1.50
	Excellent (<10)

	Na%
	38.7%
	Good (20-40%)

	RSC
	1.53 meq/L
	Safe-Marginal

	Kelly’s Ratio (KR)
	0.48
	<1 Suitable

	Permeability Index (PI)
	73.4%
	Good (25-75)

	Magnesium Hazard (MH)
	47.1%
	<50 Suitable

	Sodium Hazard (SSP)
	38.7%
	<60 Suitable

	CAI-I
	-0.50
	Negative → ion exchange present

	CAI-II
	-0.22
	Negative → ion exchange present

	Total Hardness Class
	250 mg/L
	Hard Water


Salinity and Sodium Hazard

The Sodium Adsorption Ratio (SAR) value of 1.50 falls within the excellent category (SAR < 10), indicating low sodium hazard and minimal risk of soil structure deterioration due to sodium accumulation. The Sodium Percentage (Na%) of 38.7% further classifies the water as good for irrigation (20-40%), reinforcing that sodium levels are moderate and unlikely to have adverse effects on soil permeability. The Soluble Sodium Percentage (SSP) also recorded 38.7%, which is below most threshold values (e.g., 50-60%) used in contemporary studies to delineate safe irrigation water. Because high sodium concentrations can reduce soil infiltration and aeration, these favourable SAR and SSP values suggest that sodium impact is unlikely to be a major limitation for irrigation use.

Residual Sodium Carbonate (RSC)

The RSC value of 1.53 meq/L lies in the safe to marginal category. Water with RSC between 1.25 and 2.50 meq/L is often considered marginally acceptable for irrigation, as it may slowly increase soil alkalinity under prolonged use (Hussein, 2024). Elevated bicarbonate levels can combine with calcium and magnesium, potentially reducing their availability and increasing sodium hazard over time .

Kelly’s Ratio and Soil Balance

The Kelly’s Ratio (KR) value of 0.48 (<1) indicates that sodium does not dominate relative to calcium and magnesium, corresponding to suitable irrigation water. Contemporary research reaffirms that KR < 1 generally signifies balanced cation composition and mitigates excessive sodium risk which can otherwise degrade soil quality. 

Permeability and Magnesium Hazard

The Permeability Index (PI) of 73.4% falls in the good category (25-75%), suggesting that the water is unlikely to impair soil permeability significantly, an important consideration for sustaining infiltration and reducing surface runoff. The Magnesium Hazard (MH) ratio of 47.1% (<50) indicates a balanced proportion of magnesium relative to calcium. High MH values have been linked to soil alkalinity and reduction in crop yields, so values below 50 are considered favourable.

Ion Exchange Indicators

The Chloro-Alkaline Indices (CAI-I = –0.50 and CAI-II = –0.22) are negative, indicating active ion exchange processes where sodium and potassium from water may be exchanged with calcium and magnesium from sediments. Negative CAI values have been reported in other hydro-chemical studies and are interpreted as evidence of geochemical interaction between water and aquifer materials. 

Total Hardness Classification

The total hardness of 250 mg/L classifies the pond water as hard, attributable primarily to calcium and magnesium concentrations. While, hardness does not directly affect irrigation suitability, it may indicate higher concentrations of alkaline earth metals that could influence soil chemistry over long-term irrigation. 

Overall Irrigation Suitability

Based on multiple indices, the pond water demonstrates generally favourable quality for irrigation with low sodium hazard, balanced cation composition, and acceptable permeability. Marginal RSC suggests some caution for long-term irrigation, especially under poor drainage conditions or where bicarbonate levels may concentrate due to evaporation. The combination of these indices aligns with recent hydro-chemical assessments in surface and groundwater studies that emphasize the importance of integrated indices rather than single-parameter evaluation (Vranesevic et al., 2025). 

Conclusions

The present investigation provides a comprehensive assessment of the physico-chemical characteristics of the Mudbole traditional water pond in Yadgir district over two consecutive years (2021-22 and 2022-23). The findings indicate that the pond water exhibits moderate and relatively stable quality, largely influenced by climatic conditions, catchment characteristics, and seasonal runoff. The slightly alkaline pH, moderate electrical conductivity, and total dissolved solids suggest that the pond water is chemically balanced and moderately mineralized, making it suitable for irrigation and other non-potable uses. Dissolved oxygen levels, although slightly lower than ideal, along with low biochemical oxygen demand values, indicate limited organic pollution and absence of severe anthropogenic stress. Moderate hardness and alkalinity reflect the influence of carbonate-rich soils and evaporation processes typical of semi-arid environments. The very low concentrations of nutrients such as nitrate and phosphate indicate that the pond is currently not under eutrophic stress, which is an encouraging sign for its ecological sustainability. However, the observed increase in alkalinity and hardness, along with declining dissolved oxygen, highlights the need for preventive management interventions. Hydro-chemical indices indicate that Mudbole pond water is highly suitable for irrigation with minimal risk to soil health due to low sodium and salinity hazards, balanced cation composition, and good soil permeability. Overall, the study emphasizes that Mudbole pond continues to play a vital role in local water security, livestock support, and groundwater recharge. Regular water quality monitoring, desilting operations, controlled agricultural runoff, and community-based conservation practices are strongly recommended to sustain its ecological and functional integrity. Preservation and scientific management of such traditional water bodies are crucial for long-term water sustainability and climate resilience in drought-prone regions of Karnataka. However, the residual sodium carbonate (RSC) value places the water in a Safe to Marginal category, suggesting potential increases in soil alkalinity over prolonged use, especially with poor drainage.
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