Characterization of Irrigated Soils with Different Water Sources in Kanakapura taluk of Ramanagara district, Karnataka, India



ABSTRACT
Irrigated agriculture relies on having a sufficient supply of good quality water to sustain soil health, crop yield, product quality, public health and environment. In this research, different water sources like dam, lake and borewell were assessed during the year 2023-24 since these waters are being used in the Kanakapura taluk for irrigation purpose. Ten water samples from each water sources and ten surface soil samples from each water sources irrigated soils were analysed and compared with rainfed soils. The results of irrigation water sources showed that biological oxygen demand values were within permissible limit of 30 mg L-1 but chemical oxygen demand values were elevated in the lake (74-258 mg L-1) and dam (228-256 mg L-1) waters. The pH of all water sources (6.71-8.50) was found suitable for irrigation. These waters had high amount of total soluble salts (EC: 523-1623 µmhos cm-1) and fell under medium to high salinity hazard classes. The borewell waters showed high to very high alkalinity hazard (RSBC: 5.4-11.20 meq L-1) compared to lake and dam waters. All water samples exhibited excellent SP (<20%), SR (<1) and SAR (<10) values indicating negligible sodicity hazard. The coliforms, total bacteria and fungi counts were comparatively high in lake and dam waters. The soils irrigated with different water sources showed relatively lower bulk density (1.31-1.46 Mg m-3) and higher water holding capacity (37-44%) but it was vice versa in rainfed soils. Irrespective of irrigated or rainfed cultivation, the soils were neutral to moderately alkaline in reaction (pH: 6.85-8.31) and non-saline in nature (EC: 0.06-0.39 dS m-1). The lake water irrigated soils were found to be relatively more fertile and contained higher microbial population. Overall, the lake water irrigation had the most positive impact on soil health as compared to other water sources tested.
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1. INTRODUCTION
Water is an essential, limited natural resource on this planet earth. Fresh water on earth is only about 3 per cent. A very small fraction is found in rivers and lakes. In India, around 57,000 industries discharge approximately 13,468 million litres of wastewater daily, with nearly 60 per cent of it being treated before it is released into rivers and lakes. This discharge often results in the pollution of surface and groundwater bodies, particularly around industrial areas, where toxic effluents have been reported. Such contamination adversely affects the physico-chemical and biological properties of soil and can lead to significant reduction in crop yields when such waters are used for irrigation (Ingle et al., 2019). The growth of agriculture, industry, urbanization and population has increased the demand for water. People rely on surface water sources, provided by reservoirs as well as private wells to meet their water needs (Brindha and Kavitha, 2015). The availability and quality of water are affected by both natural processes and human activities. Natural factors such as precipitation, weathering and sediment transport have a significant impact on availability and quality of water. The anthropogenic activities often lead to the deterioration of water quality, physical habitats and the overall health of aquatic ecosystems (Ouali et al., 2018). Local water quality can vary mainly based on whether it comes from surface water or groundwater aquifers, which may have different geological conditions and chemical composition. One such typical region is the river Arkavati flowing areas of Kanakapura taluk, where sewage and effluents of Bengaluru city enters the Arkavati river and reaches the reservoir at Kanakapura.
The soil is recognized for its role in supporting food production. It forms the foundation of agriculture and serves as the medium for nearly all food-producing plants thrive. The physical conditions of soil, including its compaction, water storage capacity and drainage ease is crucial for both soil and plant health. Well-tilled soil enhances rainfall infiltration, reducing runoff and enabling moisture retention for future plant use. This condition also supports healthy root development, optimal aeration and water availability which lead to better plant health and growth (Usharani et al., 2019). Key chemical factors influencing soil health include pH, salt content and nutrient levels. Insufficient nutrients, high levels of toxic elements and excessive salt concentration can negatively impact crop growth. Well-decomposed organic matter is essential for maintaining good soil health and nutrients in the root zone for plant growth. Irrigated agriculture relies on supply of adequate quantity and quality of water. Sewage and effluent contaminated water is a liability in crop production. The poor-quality irrigation water can adversely affect soil health, crop yield, product quality, environment and public health of both farmers and consumers. Therefore, the present study was aimed at understanding the quality of irrigation water obtained from lake, dam and borewells across the river Arkavati and its impact on physical, chemical and biological properties of soils.
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2. MATERIALS AND METHODS
Ten water samples each from lake, dam and borewell water sources were collected as per the standard procedure during the year 2023-24 from the villages of two hoblis viz., Uyyamaballi and Kodihalli where all the three sources of water are being used for irrigation purpose since from decades to assess quality composition of existing irrigation water sources in these areas. The collected water samples were analyzed immediately for various parameters viz., BOD, COD, pH, EC and concentration of cations (Ca2+, Mg2+, Na+ and K+ ), anions (CO32-, HCO3-, Cl- and SO42-) and microbial counts (E. coli, Bacteria and Fungi). The irrigation suitability of these water sources were judged by calculating Potential Salinity (PS), Residual Sodium Carbonate (RSC), Residual Sodium Bi-Carbonate (RSBC), Sodium Percentage (SP), Sodium Ratio (SR) and Sodium Adsorption Ratio (SAR).
The BOD of water samples was estimated by iodometric method while, COD by potassium dichromate method (American Public Health Association et al., 1995). The pH and EC of water samples were recorded with the help of calibrated digital pH meter and conductivity meter, respectively (Jackson, 1973). The concentrations of Ca2+ and Mg2+ ions were determined by complexometric titration method (Tandon, 2005) while, concentrations of Na+ and K+ ions were determined by flame photometric method with suitable filter as described by Jackson (1973). The concentrations of CO32- and HCO3- ions were determined by titration method using suitable indicators (Richard, 1954) while, concentration of Cl- ions was determined by Mohr’s titration method (Blagojevic et al., 2022). The SO42- ions concentration was determined by turbidimetric method as described by Tandon (2005). The Escherichia coli (E. coli), total bacteria and fungi counts in the different water samples were carried out by following standard serial dilution plate count technique using EMB agar, nutrient agar and Martin's Rose Bengal agar, respectively (American Public Health Association et al., 1995). The PS, RSC, RSBC, SP, SR (Kelley Ratio) and SAR values were computed from the estimated concentrations of Cl-, SO42-, CO32-, HCO3-, Ca2+, Mg2+ Na+ and K+ ions using the formulae as shown below.
List 1 : Formulae for the estimation of PS, RSC, RSBC, SP, SR, and SAR values
	Formulae
	References

	PS (meq L-1) = Cl- + 0.5 x SO42-
	Zafar et al. (2024)

	RSC (meq L-1) = (CO32- + HCO3- ) – (Ca2+ + Mg2+)
	Deshpande and Sayed (2025)

	RSBC (meq L-1) = HCO3- - Ca2+
	Deshpande and Sayed (2025)

	SP (%) = [Na+ / (Ca2++ Mg2++ Na+ + K+)] x 100
	DeSutter et al. (2015)

	SR (KR) = Na+ / (Ca2++ Mg2+)
	Deshpande and Sayed (2025)

	SAR = Na+ / √0.5 (Ca2+ + Mg2+)
	Deshpande and Sayed (2025)


A total of forty surface soil samples (0-15 cm depth) were collected from different villages of two hoblis viz., Kodihalli and Uyyamballi in Kanakapura taluk of Ramanagara district apportioned 10 each from soils irrigated with borewell, lake and dam waters including soils of rainfed area. These soil samples were further processed and analyzed for various physical characteristics such as bulk density (BD) and maximum water holding capacity (MWHC), chemical properties such as pH, electrical conductivity, organic carbon and available nutrients status by following standard procedures.
Bulk density of soil was determined by cylinder method as described by FAO (2023) while maximum water-holding capacity of soil was determined using Keen's cup as described by Krishna Reddy et al. (2021). The soil pH was determined potentiometrically and EC conductometrically (Jackson, 1973). Organic carbon content of soil was estimated by wet oxidation method (Walkley and Black, 1934). The available nitrogen status of soil was estimated by alkaline potassium permanganate method (Tandon, 2005). The available phosphorus content was extracted by either Brays-I or Olsen's extractant based on soil pH and quantified colorimetrically (Jackson, 1973). Available potassium content of soil was extracted with neutral normal ammonium acetate solution and measured flame photometrically (Jackson, 1973). The exchangeable calcium and magnesium contents of soil were extracted with neutral normal ammonium acetate extract and then estimated by standard versenate titration method (Tandon, 2005). The available sulphur content of soil was extracted with sodium acetate and acetic acid buffer solution and estimated by turbidimetric method (Tandon, 2005). The available micronutrient cations content of soil was extracted simultaneously with DTPA extractant and the concentration of each element in the extract was measured by atomic absorption spectrophotometric method (Lindsay and Norwell, 1978). The total counts of bacteria, fungi and actinomycetes in the soil sample were enumerated following the standard serial dilution plate count technique using nutrient agar for bacterial, Martin's Rose Bengal agar for fungi and Kenknight's agar for actinomycetes as outlined by Aneja (2018).
3. RESULTS AND DISCUSSION
3.1 Characterization of different irrigation water sources
[bookmark: _Hlk177512400][bookmark: _Hlk177512539]Organic pollution load: The organic pollution load in different irrigation water sources as assessed based on their BOD and COD values (Table 1) showed that the BOD values were within the permissible limit of 30 mg L-1 to be discharged into inland surface water bodies (Central Pollution Control Board, 1986) and relatively high BOD values were recorded in dam waters (7.00 - 12.90 mg L-1) followed by lake waters (3.00 - 9.00 mg L-1) and lowest  in borewell waters (1.00 – 3.00 mg L-1). The mean COD values of borewell, lake and dam water samples were 4.50, 131.20 and 246.80 mg L-1, respectively. The lowest being in the borewell water samples which were below the permissible limit and the highest being in the one lake water sample (258.00 mg L-1) and also in two dam water samples (254 and 256 mg L-1) which were above the permissible limit of 250 mg L-1 of COD to be discharged into inland surface water bodies (Central Pollution Control Board, 1986). The relatively high BOD and COD values in dam and lake water samples might be attributed to increased inflow of domestic, livestock and other organic pollutants due to carrying capacity of rain water (Pejman et al., 2009).
[bookmark: _Hlk177512845][bookmark: _Hlk177512890]Electro-chemical properties: Majority of the water samples of borewell, lake and dam were alkaline in reaction as the pH values were above 7.00 (Table 1) which might be due to the presence of relatively significant amounts of Ca2+, Mg2+, Na+, CO32- and HCO3- ions in water. All the water samples tested were found within the permissible limit of 6.50-8.50 pH for irrigation purpose (Ayers and Westcot, 1985). The salinity hazard of water sample was judged based on its electrical conductivity (EC) which is most important quality parameter of water from irrigation point of view. The EC of borewell, lake and dam waters were ranged from 1096 to 1623, 523 to 1327 and 1301 to 1464 µmhos cm-1, respectively (Table 1). Irrespective of source, all waters contained excess soluble salts for irrigation purpose (>250 µmhos cm-1) that might be due to geology and the concentration of soluble salts by evaporation and increased solubility of salts at the elevated temperature (Velusamy and Kannan, 2016). 
Concentration of cations: The concentration of cations viz., Ca2+, Na+ and K+ in borewell, lake and dam water samples were found within the permissible limit of 0-20, 0-40 and 0-2 meq L-1, respectively for irrigation purpose (Ayers and Westcot,, 1985) except Mg2+ ions which was above the permissible limit of 0-5 meq L-1 for irrigation purpose in majority of samples tested (Table 1). The high concentration of Mg2+ ions in existing water sources was due to discharge of sewage and industrial effluents containing magnesium (Potasznik and Szymczyk, 2015). 
Concentration of anions: The concentration of anions viz., CO32-, HCO3-, Cl- and SO42- in different water sources in Kanakapura taluk revealed that borewell water samples were free from CO32- ions (Table 1). However, all lake and dam water samples contained the CO32- ions in excess of permissible limit (0.10 meq L-1) for irrigation purpose (Ayers and Westcot, 1985). The relatively more concentration of carbonate ions in lake and dam waters could be attributed to the fact that evaporation exceeded precipitation and addition of sewage and industrial effluents. With respect to concentration of HCO3- ions, all lake and dam waters were found within the permissible limit of 0-10 meq L-1 for irrigation purpose (Ayers and Westcot, 1985). However, all borewell waters have exceeded the permissible limit of HCO3- ions due to the presence of younger atmospheric CO2 (mainly from soil sources) that has been pulled to deeper levels in the rock, the oxidation of older organic matter through anaerobic decomposition and the dissolution of older fracture-filling calcite in the shallow groundwater recharge zone (Frape et al., 2003). But all thirty water samples collected from different water sources fell under low chloride content class of < 4 meq L-1 (Ayers and Westcot, 1985) indicated that they were excellent water for irrigation purpose. 
[bookmark: _Hlk177432231]Biological composition: The relatively higher E. coli, bacteria and fungi counts were observed in lake waters (7.27 to 11.82 x 102, 69.09 to 86.09 x 102 and 47.27 to 54.55 x 102 CFU mL-1, respectively) followed by dam water (Table 1). Whereas, lower counts of bacteria and fungi with absence of E. coli were observed in borewell waters due to the natural filtration of water. Additionally, the distance travelled by the water further reduces the microbial count before it reaches groundwater sources. The higher counts in lake and dam waters were due to more sediments and organic matter accumulation, which can serve as a habitat and food source for microorganisms. Additionally, temperature fluctuations and increased flow rates from rainfall contribute to this contamination (Levantesi et al., 2010). In comparison, borewells water is generally less turbid and has fewer suspended particles (Ma et al., 2018). 



Table 1. Quality composition of different water sources in Kanakapura taluk of Ramanagara district, Karnataka, India

	Parameters
	Borewell water 
	Lake water 
	Dam water

	
	Min.
	Max.
	Average
	Min.
	Max.
	Average
	Min.
	Max.
	Average

	Biologocal Oxygen Demand  (mg L-1)
	1.00
	3.00
	1.90
	3.00
	9.00
	5.40
	7.00
	12.90
	10.99

	Chemical Oxygen Demand (mg L-1)
	2.00
	6.00
	4.50
	74.00
	258.00
	131.20
	228.00
	256.00
	246.80

	pH
	6.71
	7.50
	6.98
	7.02
	8.50
	7.95
	7.28
	7.93
	7.51

	Electrical Conductivity (µmhos cm-1)
	1096
	1623
	1365
	523
	1327
	1155
	1301
	1464
	1350

	Calcium (meq L-1)
	2.00
	6.40
	4.40
	1.40
	3.60
	2.62
	5.60
	8.00
	6.74

	Magnesium (meq L-1)
	1.40
	8.80
	5.36
	1.40
	7.40
	4.00
	2.60
	14.60
	10.02

	Sodium (meq L-1)
	0.56
	1.17
	0.85
	0.14
	2.03
	1.08
	0.72
	1.16
	1.00

	Potassium (meq L-1)
	0.05
	0.44
	0.21
	0.23
	0.48
	0.36
	0.46
	0.50
	0.47

	Carbonate (meq L-1)
	ND
	ND
	-
	0.80
	2.40
	1.44
	0.80
	2.00
	1.28

	Bicarbonate (meq L-1)
	10.40
	15.60
	13.28
	0.40
	9.20
	3.60
	0.40
	6.80
	3.56

	Chloride (meq L-1)
	0.80
	3.60
	1.56
	0.60
	2.40
	1.36
	1.20
	1.60
	1.48

	Sulphate (mg L-1)
	0.63
	2.07
	1.36
	0.27
	1.30
	0.76
	0.51
	1.75
	1.25

	E. coli (×102 CFU mL-1)
	ND
	ND
	-
	7.27
	11.82
	9.00
	4.55
	7.27
	5.73

	Bacteria (×102 CFU mL-1)
	34.55
	39.09
	36.91
	69.09
	86.09
	72.55
	57.27
	63.64
	59.64

	Fungi (×102 CFU mL-1)
	25.45
	30.00
	28.55
	47.27
	54.55
	52.00
	37.27
	42.73
	41.60

	Potential Salinity (meq L-1)
	1.48
	4.64
	2.24
	0.86
	2.91
	1.74
	1.68
	2.45
	2.11

	Residual Sodium Carbonate (meq L-1)
	-0.80
	6.40
	3.52
	-4.20
	4.40
	-1.58
	-17.40
	-3.40
	-11.92

	Residual Sodium Bicarbonate (meq L-1)
	5.40
	11.20
	8.88
	-1.60
	7.80
	0.98
	-5.60
	0.40
	-3.18

	Sodium Per cent (%)
	5.56
	10.37
	7.94
	2.89
	19.00
	13.38
	3.36
	10.72
	5.84

	Sodium Ratio or Kelley Ratio
	0.06
	0.12
	0.09
	0.03
	0.24
	0.17
	0.04
	0.13
	0.06

	Sodium Adsorption Ratio
	0.26
	0.53
	0.39
	0.10
	0.99
	0.60
	0.23
	0.51
	0.36


























Note: ND-Not detected 

Irrigation suitability parameters: The irrigation suitability of borewell, lake and dam water samples were judged based on Electrical Conductivity (EC), Potential Salinity (PS), Residual Sodium Carbonate (RSC), Residual Sodium Bi-Carbonate (RSBC), Sodium Percentage (SP), Sodium Ratio (SR) or Kelley’s Ratio (KR) and Sodium Adsorption Ratio (SAR).
[bookmark: _Hlk177514591][bookmark: _Hlk177514647][bookmark: _Hlk177514716]Salinity hazard: The salinity hazard of irrigation water was measured in terms of electrical conductivity (EC) and potential salinity (PS) because continuous irrigation with saline water leads to accumulation of excess salts in soil thereby decreases the water uptake by growing plants. Irrespective of source, EC values fell under medium (250-750 µmhos cm-1) to high (750-2250 µmhos cm-1) salinity classes of irrigation water (Richards, 1954) suggesting the requirement of special management for salinity control for irrigation purpose (Figure 1). Whereas, PS values indicated that nine borewell water samples out of ten tested fell under excellent to good class (<3 meq L-1) and the other one fell under good to injurious class (3-5 meq L-1). The lake and dam water samples tested fell under excellent to good class (<5 meq L-1) of irrigation water (Zafar et al., 2024). The relatively higher PS value might be attributed to increased chloride concentration. 
[bookmark: _Hlk177514791][bookmark: _Hlk177515042][bookmark: _Hlk177515422][bookmark: _Hlk177515448]Alkalinity hazard: The alkalinity hazard of irrigation water was assessed in terms of Residual Sodium Carbonate (RSC) and Residual Sodium Bicarbonate (RSBC). The RSC value of borewell water samples (Figure 2) showed that out of ten borewell water samples tested, three were safe (<1.25 meq L-1) while, remaining samples were not suitable (>2.5 meq L-1) for irrigation. Nine out of ten lake and all the dam water samples were found safe (<1.25 meq L-1) for irrigation (Wilcox et al., 1954). The positive and high RSC values might be due to presence of excess carbonate and bicarbonate ions in relation to calcium and magnesium ions. A negative and low values of RSC observed in few samples indicated the higher concentrations of Ca2+ and Mg2+ ions than Na+ ions in water. The RSBC values of different water sources (Fig. 2) revealed that four out of the ten borewell samples tested fell under unsatisfactory water (>10 meq L-1) and remaining six under marginal water (5-10 meq L-1) categories. For lake waters, four out of ten samples tested fell under non-alkaline (negative value), five samples under marginal water (5.0-10.0 meq L-1) and one sample under unsatisfactory (>10 meq L-1) categories. For dam waters, one sample was categorized under the satisfactory (<5.0 meq L-1) while other samples under non-alkaline water (negative value) category (Deshpande and Sayed (2025). The relatively high alkalinity of water might be attributed to increased concentrations of bicarbonate ions.
[bookmark: _Hlk177515477]Sodicity hazard: The sodicity hazard of irrigation water was judged by calculating sodium percentage (SP), sodium ratio (SR) or Kelly’s Raio (KR) and sodium adsorption ratio (SAR). The data on SP, SR and SAR of different water sources (Figure 3) revealed that all borewell, lake and dam water samples tested were found excellent for irrigation purpose with SP <20 (Zafar et al., 2024), SR <1 (Deshpande and Sayed (2025) and SAR <10 (Richards, 1954). Irrespective of source, SP, SR and SAR values were ranged from 2.89 to 19.00 per cent, 0.03 to 0.24 and 0.10 to 0.99, respectively. The lower sodicity hazard of different water sources might be attributed to presence of relatively high concentration of calcium and magnesium ions compared to sodium ions in water bodies.



Figure 1: Salinity hazard of different water sources in Kanakapura taluk of Ramanagara district, Karnataka, India

Figure 2: Alkalinity hazard of different water sources in Kanakapura taluk of Ramanagara district, Karnataka, India



Figure 3: Sodicity hazard of different water sources in Kanakapura taluk of Ramanagara district, Karnataka, India

3.2 Characterization of surface soils irrigated with different water sources 
Physical properties: The data on physical properties viz., bulk density (BD) and maximum water holding capacity (MWHC) of soil as influenced by different irrigation water sources and rainfed conditions (Table 2) revealed that the soils irrigated with borewells water had lower BD (1.31 - 1.35 Mg m-3) and higher MWHC (38-44%). Reverse trend of higher BD (1.44 - 1.50 Mg m-3) and lower MWHC (36 - 40%) were recorded in soils under rainfed conditions. The lower BD and higher MWHC of soils irrigated with borewell waters were because of intensive cropping under irrigated conditions which adds more crop residues in the form of fallen leaves and continuous addition of organic matter that helped in maintaining the soil structure. This process reduces surface soil crust formation and enhances soil porosity, ultimately improving the surface soils ability to retain more moisture (Ramesh et al., 2008).
Electro-chemical properties: The electro-chemical properties of soil viz., pH and EC as influenced by different irrigation water sources and rainfed conditions (Table 2) indicated that the soils were neutral to alkaline in reaction (pH: 6.85 - 8.31) and non-saline in nature (EC: 0.06 - 0.39 dS m-1). This variation in soil pH might be attributed to variation in accumulation of bases particularly sodium under low rainfall conditions (Sharma et al., 2004). The electrical conductivity of entire studied area was identified as non-saline, indicated that the soils had low salt contents that might be due to leaching of soluble salts to deeper soil layers (Sharma et al., 2008).
Chemical properties: The chemical properties of soil as influenced by different irrigation water sources and rainfed conditions (Table 2) indicated that the soils irrigated with different water sources had medium organic carbon content (0.51-0.71%) that might be attributed to intensive cropping under irrigated conditions which adds more crop residues in the form of fallen leaves and continuous addition of organic matter. On the other hand, soils under rainfed conditions contained low organic carbon (0.42-0.49%) that might be due to high temperature and good aeration in the soil that might have increased the oxidation of organic matter. The relatively more available nitrogen content was observed in soils irrigated with borewell waters followed by lake and dam waters and less in rainfed soils with their mean values of 374, 362, 313 and 300 kg ha-1, respectively. The relatively more organic carbon and available nitrogen contents of irrigated soils might be attributed to the fact that intensive cropping under irrigated conditions results in more accumulation of crop residues and also more addition of organic and inorganic fertilizers besides, all water sources contain some amount of dissolved organic solids and nitrogen (Swapnil Rai et al., 2011). The phosphorus availability in the studied soils was classified under medium to high range (30-76 kg P2O5 ha-1) due to fact that the phosphorus fertilizers are usually applied more than crop demand thta resulted in a considerable build-up of residual-P in many agricultural soils as sparingly soluble or inaccessible compounds of variable solubility (Kataria et al., 2024). The available potassium status of soil was low to medium in soils irrigated with borewell waters (115-205 kg K2O ha-1) and medium in soils irrigated with dam and lake waters including soils under rainfed conditions (143-315 kg K2O ha-1). The continuous potassium uptake by crops from the soil reserve over the years without its replenishment led to lower potassium levels (Debarup Das et al., 2022).
[bookmark: _Hlk177508499]The exchangeable calcium content of soil was found sufficient in all studied soils and the values ranged from 2.24 to 4.08 cmol(p+) kg-1 but exchangeable magnesium content was insufficient in majority of soils tested with mean values of 0.96, 0.94, 0.60 and 0.79 cmol(p+) kg-1 in soils irrigated with borewell, lake and dam waters including soils of rainfed areas, respectively. The Mg2+ ions are more susceptible to leaching than Ca2+ ions because Mg2+ ions are not adsorbed as strongly as Ca2+ ions on soil exchange complex. Aslo, the calcium and magnesium levels in soils vary significantly depending upon rock type existing in the region that contain high or low concentrations of these elements (Balathandayutham et al., 2015). The soils irrigated with borewell, lake and dam waters exhibited high level of available sulphur status (32-85 ppm) while, soils under rainfed conditions exhibited medium available sulphur status (14-19 ppm). The relatively high sulphur content of irrigated soils may be attributed to increased organic carbon levels. The mean values of DTPA extractable zinc, copper, manganese and iron content of soils as influenced by different irrigation water sources and soils under rainfed conditions indicated that all soils were sufficient these elements. The soils with more organic matter have greater levels of micronutrients by preventing fixation in the soil. Additionally, both organic and inorganic carbon has positive relationship with the DTPA extractable micronutrients (Maqueda et al., 2011).
Biological properties: The soils irrigated with lake water had relatively higher populations of total bacteria, fungi and actinomycetes with their mean values of 90 x 105, 116 x 103 and 92 x 103 CFU g-1, respectively, followed by dam and borewell waters whereas, the lowest population was observed in rainfed soils (Table 2). The elevated levels of microbial population in soils irrigated with lake and dam waters might be due to contamination of water with sewage rich in microorganisms and nutrients (Kambire et al., 2021).

[bookmark: _Hlk178111186]Table 2. Properties of surface soils irrigated with different water sources in Kanakapura taluk of Ramanagara district, Karnataka, India

	Parameters
	Borewell water irrigated soils
	Lake water irrigated soils
	Dam water irrigated soils
	Rainfed soils

	
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean

	Physical properties

	Bulk density (Mg m-3)
	1.31 – 1.35
	1.32
	1.36 – 1.42
	1.39
	1.39 – 1.46
	1.42
	1.44 – 1.50
	1.46

	Maximum water holding capacity (%)
	38 – 44
	41
	37 – 41
	39
	38 – 41
	40
	36 – 40
	38

	Electro-chemical properties

	pH (1:2.5 soil water ratio)
	6.85 – 8.09
	7.62
	7.65 – 8.31
	7.89
	7.16 – 7.92
	7.42
	7.34 – 8.22
	7.57

	EC (dS m-1)
	0.11 – 0.24
	0.20
	0.11 – 0.35
	0.24
	0.28 – 0.35
	0.31
	0.06 – 0.39
	0.14

	Chemical properties

	Organic carbon (%)
	[bookmark: _Hlk176690532]0.53 – 0.62
	0.55
	0.51 – 0.71
	0.56
	0.54 – 0.60
	0.56
	0.42 – 0.49
	0.45

	Available N (kg ha-1)
	[bookmark: _Hlk176691674]215 – 480
	[bookmark: _Hlk176691688]374
	[bookmark: _Hlk176691611]285 – 525
	[bookmark: _Hlk176691631]362
	277 – 389
	313
	277 – 385
	[bookmark: _Hlk176691522]300

	Available P2O5 (kg ha-1)
	[bookmark: _Hlk176691322]42 – 67
	50
	[bookmark: _Hlk176691363]52 – 59
	55
	30 – 76
	56
	[bookmark: _Hlk176691470]50 – 70
	58

	Available K2O (kg ha-1)
	[bookmark: _Hlk176691755]115 – 205
	182
	[bookmark: _Hlk176691803]143 – 211
	180
	187 – 315
	257
	[bookmark: _Hlk176691917]150 – 303
	[bookmark: _Hlk176691931]243

	[bookmark: _Hlk176692297]Exchangeable Ca [cmol(p+) kg-1]
	[bookmark: _Hlk176692241]2.75 – 3.22
	[bookmark: _Hlk176692276]3.04
	[bookmark: _Hlk176692325]2.71 – 3.39
	[bookmark: _Hlk176692343]2.92
	2.24 – 3.44
	2.92
	[bookmark: _Hlk176692427]2.62 – 4.08
	[bookmark: _Hlk176692458]3.32

	Exchangeable Mg [cmol(p+) kg-1]
	[bookmark: _Hlk176692737]0.71 – 1.21
	[bookmark: _Hlk176692751]0.96
	[bookmark: _Hlk176692670]0.84 – 1.04
	0.94
	0.43 – 0.78
	0.60
	[bookmark: _Hlk176692578]0.29 – 1.18
	0.79

	Available S (ppm)
	[bookmark: _Hlk176692895]32 – 85
	[bookmark: _Hlk176692906]57
	[bookmark: _Hlk176692943]52 – 72
	59
	41 – 61
	50
	[bookmark: _Hlk176693035]14 – 19
	[bookmark: _Hlk176693048]16

	DTPA extractable Zn (ppm)
	[bookmark: _Hlk176693419]1.2 – 10.4
	[bookmark: _Hlk176693562]4.1
	2.6 – 3.6
	3.2
	0.6 – 1.9
	1.3
	2.0 – 2.5
	2.2

	DTPA extractable Cu (ppm)
	1.2 – 5.3
	3.0
	1.2 – 4.4
	3.0
	1.1 – 1.7
	1.3
	1.7 – 2.7
	2.2

	DTPA extractable Mn (ppm)
	[bookmark: _Hlk176693453]3.4 – 16.7
	[bookmark: _Hlk176693854]12.1
	5.5 – 16.9
	12.0
	4.9 – 15.2
	10.2
	3.9 – 40.5
	20.8

	DTPA extractable Fe (ppm)
	[bookmark: _Hlk176693465]3.0 – 8.6
	[bookmark: _Hlk176693918]4.5
	2.5 – 20.9
	10.5
	2.5 – 6.8
	5.4
	3.9 – 22.5
	10.8

	Biological properties

	Bacteria (× 105 CFU g-1 soil)
	42 – 49
	45
	84 – 99
	90
	55 – 69
	63
	33 – 39
	37

	Fungi (× 103 CFU g-1 soil)
	35 – 41
	38
	112 – 121
	116
	85 – 95
	89
	29 – 35
	31

	Actinomycetes (× 103 CFU g-1 soil)
	41 – 48
	44
	87 – 96
	92
	66 – 75
	71
	26 – 34
	31




4. CONCLUSION
The analysed water sources met BOD standards for irrigation purpose however, lake and dam waters showed relatively high COD values, indicating organic pollution load. The pH of all water sources was appropriate for irrigation but contained high soluble salts, suggesting requirement of salinity management. Irrespective of water source, Ca2+, Na+, K+, Cl- and SO42- ions concentrations were found within the permissible limits for irrigation purpose. However, the concentrations of CO32- ions in lake and dam waters, HCO3- ions in borewell waters and Mg2+ ions in majority of water samples tested exceeded their limits for irrigation purpose, alarming caution. Alkalinity hazard was high in borewells waters compared to lake and dam waters. Irrespective of sources, all waters showed low sodicity hazard.  Surface soils were neutral to alkaline in reaction and non-saline in nature. The lake water irrigated soils were found to be relatively more fertile and contained higher microbial population. Overall, the lake water irrigation had the most positive impact on soil health as compared to other water sources tested.
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