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Seasonal Assessment of Irrigation Water Quality of Karanja Reservoir, Bidar, Karnataka (India): A multivariate analysis



ABSTRACT:
[bookmark: _Hlk211778851][bookmark: _GoBack]The aim of the present study is to analyse the suitability of Karanja Reservoir water for irrigation purposes. The study was carried out in the period from January 2023 to December 2024. The surface and bottom water samples were collected seasonally and were evaluated for irrigation water indices such as Electrical Conductivity (EC), Total Hardness (TH), Sodium Adsorption Ratio (SAR), Soluble Sodium Percentage (SSP), Percentage Sodium (%Na), Residual Sodium Carbonate (RSC), Kelly's Ratio (KR), Magnesium Hazard (MH), Permeability Index (PI), Potential Salinity (PS), Irrigation Water Quality Index (IWQI), US Salinity Laboratory (USSL) diagram, Corrosivity Ratio (CR) and Chloro-Alkaline Indices (CAI1 and CAI2).  From the results it was found that TH, CR, PS, Na% were found above the permissible limit across all the seasons. A high CR indicated that water should not be transported using metal pipes. Whereas EC, SAR, RSC, SSP, PI, CAI, KR, MH, USSL and IWQI remained below the limit across all the seasons. From the above study, it is concluded that the water sample is moderately suitable for irrigation purposes. Therefore, it is recommended that the water should be monitored to improve the water quality for sustainable development. The findings of the present study serve as a baseline reference for formulating water quality management strategies for the Karanja Reservoir.
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1. INTRODUCTION: 
Now a days, water pollution has become a major problem worldwide, making it difficult to maintain good quality water for human needs because of the growing human population, expanding agricultural activities, rapid industrial growth and unplanned urbanization have led to a continuous rise in the demand for good-quality water (Abbott et al., 2019)- long sentence, requires fragmentation. The demand for water is steadily increasing in agriculture and other sectors; however, its quality is being negatively influenced by different environmental factors including poor land management, leads to environmental pollution- delete this section of sentence or restructure whole sentence (Mohammed, 2011).
In a lotic system, pollutants that settle in sediments during the non-monsoon period are often resuspended and transported downstream which increases the pollutant load near the reservoir or coastal areas leading to a decline in the water quality of reservoir (Sahu et al., 2023). 
Various factors such as climatic conditions how do they depend on water quality?, soil characteristics, and the types of crops cultivated for irrigation depends on the water quality (Singh et al., 2018). Using poor-quality water for irrigation over a long period can cause reduced crop yields and affect crop productivity which in turn impacts the health of both consumers and farmers who come in contact with such poor water (Raji & Packialakshmi, 2022). Changes in the soil properties and crop growth are the clear indicators of water quality for irrigation- Restructure sentence (Jain et al., 2007; Etteieb et al., 2017). The suitability of water for irrigation mainly depends on the physico-chemical characteristics of water including TDS, EC and concentration of major ions such as Ca2+, Mg2+, Na+, K+, CO32−, HCO3−, SO42−, Cl− and NO3− (Acharya et al., 2020). When these parameters including ions are within acceptable limits, they help to maintain the soil permeability and support healthy growth of the crops. However, when these ions are in a higher concentration, they can cause problems in the soil by increasing salinity and sodicity (Kumari, 2017; Zaman et al., 2018; Acharya et al., 2020). Irrigation water with Na+ levels exceeding 60% can also damage the soil’s physical structure (Singh et al., 2018).
Farmers commonly use water for irrigation to reduce the damage caused by heat and drought conditions to protect their crops- restructure (Tack et al., 2017). However, changing climatic conditions, increasing demand of crops require additional water. Due to decline of groundwater resources and rapid changes in the climate, uncertainty in agricultural productivity has been created. In addition, due to- delete rapid industrialization, unplanned urbanization and human activities have become-delete worsened for-delete environmental conditions by increasing salinity levels in lakes, rivers and groundwater. In some regions, there is  delete severe groundwater depletion which has-add caused conversion of irrigated area into barren land posing a-delete serious threat to a sustainable development and food production (Deines et al., 2020). The physico-chemical parameters play a crucial role in determining the quality of water for both drinking and irrigation purposes. The characteristics of water are equally important, as they significantly influence ecological balance and contribute to economic development. 
Karanja Reservoir located in Bidar, Karnataka (India) was mainly constructed to fulfil the scarcity of water in and around the Bidar district mainly for drinking and irrigation purposes. Several studies have been carried out-add in Karanja Reservoir on physico-chemical properties, faunal diversity and metal contamination (Majagi et al., 2008;-add Majagi & Vijaykumar, 2009; Kori, 2017; Lingesh et al., 2019). However, no study has been done to explore the water quality suitability- add for irrigation purposes. Therefore, this study has been undertaken to evaluate the seasonal variations of water quality and-add its irrigation suitability and to understand the potential adverse effects on soil quality by using different water quality indices.

2. MATERIAL AND METHODS: 
[bookmark: _Hlk211963686]Study area: Karanja Reservoir is a manmade freshwater lake located near Byalhalli village in Bhalki Taluk, Bidar District of Karnataka (India). The reservoir lies at 17°51'00" N latitude and 77°20'00" E longitude. The total catchment area of the reservoir is 625.75 sq.km and maximum depth of the reservoir is 10 m. Seasonal water samples were collected from the Kamalpur location, situated at 17°52'57"N and 77°19'25"E (Fig. 1). This collection site is considered to be a potential source of pollution as it influenced by the agricultural runoff and industrial waste. The reservoir is primarily constructed for irrigation and potable water supply, it also facilitates several ecological activities, such as fisheries and aquatic biodiversity (Shaikh & Zodape, 2025). 

[image: A map of india and india]
[bookmark: _Hlk211963737](Source: QGIS Software)
Figure 1: Map showing the location of the study area Karanja Reservoir, Bidar, Karnataka (India). 

Collection of water samples: Five litres each of the water samples were collected seasonally from January 2023 to December 2024. The surface and bottom water were collected 10m away from the bank of the collection site of the reservoir. Bottom water was specifically collected from a depth of 8-10 m below the water surface. The water samples were collected in pre-cleaned polypropylene bottles and stored in an ice box at 4°C and transported to the laboratory for further analysis. 

Water analysis: To check the suitability of water for irrigation, the physico-chemical analyses were performed for EC, Na⁺, Cl⁻, CO₃²⁻, HCO₃⁻, K⁺, Ca²⁺, Mg²⁺, NO₃⁻, SO₄²⁻ using standard methods suggested by (Trivedy & Goel, 1986; Eaton, 2005; APHA, 2017).

Evaluation of water for irrigation suitability:
i) Sodium Adsorption Ratio (SAR): SAR was calculated to evaluate the suitability of reservoir water for irrigation suggested by (Richards, 1954). Excess sodium can reduce soil permeability and affect crop productivity. SAR is calculated as:

According to SAR (meq/L) classification, <10 is considered as excellent, between 10-18 as good, between 18-26 as fair and >26 as poor (USDA, 1954; Afshan et al., 2022).

ii) Soluble Sodium Percentage (SSP):
SSP is an important parameter that is used to determine the quantity of water suitable for irrigation in terms of soil permeability. It is calculated using the formula suggested by (Wilcox, 1955):


Na+ is an important cation that degrades agricultural productivity and soil structure due to its high osmotic pressure. Higher Na+ concentrations relative to Ca2+ and Mg2+ can adversely affect soil structure and permeability leading to reduced water infiltration and aeration (Wilcox, 1955; Doneen, 1964). An SSP value is considered < 20 excellent; 20-40 good; 40-60 suitable; >80 unsuitable. 
iii) Percentage Sodium (%Na):
The % Na is calculated using the following equation as suggested by (Wilcox, 1955). Na⁺ plays a key role in determining whether a water source is suitable for agricultural use.


%Na is considered < 20% excellent, 20–40% good, 40–60% permissible, 60–80% doubtful and > 80% unsuitable. 
iv) U.S. Salinity Laboratory (USSL) Classification of Irrigation Water:
The USSL diagram is used to classify reservoir water for irrigation based on salinity (EC dS/m) and SAR suggested by (USDA, 1954). The combination of salinity and sodium classes (Table 1) allows classification of irrigation water into different categories for agricultural use.
	Table 1: Shows the US Salinity Laboratory (USSL) Classifications of irrigation water based on EC and SAR values (USDA, 1954)

	Water Class
	Water Quality
	EC (dS/m)

	C1
	Low-Salinity Water (Excellent for Irrigation)
	< 0.25

	C2
	Medium-Salinity Water (Good for Irrigation)
	0.25–0.75

	C3
	High-Salinity Water (Permissible for Irrigation)
	0.75–2.25

	C4
	Very High-Salinity Water (Unsuitable for Irrigation)
	> 2.25

	Water Class
	Water Quality
	SAR

	S1
	Low Sodium Hazard (Excellent for Irrigation)
	0–10

	S2
	Medium Sodium Hazard (Good for Irrigation)
	10–18

	S3
	High Sodium Hazard (Permissible for Irrigation)
	18–26

	S4
	Very High Sodium Hazard (Unsuitable for Irrigation)
	> 26



v) Irrigation Water Quality Index (IWQI):
To calculate the IWQI the following parameters were selected: EC, Na⁺, Cl⁻, HCO₃⁻ and SAR. According to Meireles et al. (2010) these factors play an important role in deciding the water suitability for irrigation. It is calculated using the following steps: 
1) Each parameter is assigned weights (Wi) depending on their relative importance to irrigation water quality. The Wi is then normalised so that their sum equals to 1 (Table 2).

	Table 2: Shows assigned weights of IWQI parameters (Meireles et al., 2010)

	Parameters
	Weight (Wi)

	EC
	0.211

	Na⁺
	0.204

	HCO₃⁻
	0.202

	Cl⁻
	0.194

	SAR
	0.189

	Total
	1.0



2) For each parameter Quality value (Qi) is calculated by (Ayers & Westcot, 1994) shown in (Table 3). A higher Qi indicates better water quality while a lower Qi suggests poor water quality. The Qi value is dimensionless and is calculated by using the formula: 

where: qimax: highest value of Qi in class; xamp: upper limit of last class; xij: observed value of parameter; xinf: lower limit of class.

	Table 3: Shows classification limits applied in Qi calculation (Ayers & Westcot, 1994)

	Qi Range
	EC (µS/cm)
	SAR (meq/L)
	Na⁺ (meq/L)
	Cl⁻ (meq/L)
	HCO₃⁻ (meq/L)

	85–100
	200 ≤ EC < 750
	2 ≤ SAR < 3
	2 ≤ Na⁺ < 3
	1 ≤ Cl⁻ < 4
	1 ≤ HCO₃ < 1.5

	60–85
	750 ≤ EC < 1500
	3 ≤ SAR < 6
	3 ≤ Na⁺< 6
	4 ≤ Cl⁻ < 7
	1.5 ≤ HCO₃⁻ < 4.5

	35–60
	1500 ≤ EC < 3000
	6 ≤ SAR < 12
	6 ≤ Na⁺ < 9
	7 ≤ Cl⁻ < 10
	4.5 ≤ HCO₃⁻ < 8.5

	0–35
	EC < 200 or ≥ 3000
	SAR < 2 or ≥ 12
	Na⁺ < 2 or ≥ 9
	Cl⁻< 1 or ≥ 10
	HCO₃⁻ < 1 or ≥ 8.5



3) After evaluating the Qi, the IWQI for each parameter is calculated using the following formula: 

The IWQI values ranges from 0 to 100. These values are classified into five categories of water for irrigation suitability as proposed by (Meireles et al., 2010) shown in (Table 4).








	Table 4: Shows Irrigation Water Quality Index Characteristics (Meireles et al., 2010).

	
	Recommendations

	IWQI
	Water use restrictions
	Soil
	Plant

	85–100
	No restriction (NR)
	May be used for most soils with low probability of causing salinity and sodicity problems. Leaching being recommended within irrigation practices, except for soils with extremely low permeability.
	No toxicity risk for most plants

	70–85
	Low restriction (LR)
	Recommended for use in irrigated soils with light texture or moderate permeability. Salt leaching recommended. Soil sodicity in heavy texture soils may occur, being recommended to avoid its use in soils with high clay.
	Avoid salt sensitive plants

	55–70
	Moderate restriction (MR)
	May be used in soils with moderate to high permeability values, moderate salt leaching suggested
	Plants with moderate tolerance to salt may be grown

	40–55
	High restriction (HR)
	May be used in soils with high permeability without compact layers. High frequency irrigation schedule should be adopted for water with EC above 2000 µS/cm and SAR above 7.0
	Should be used for irrigation of plants with moderate to high tolerance to salts with special salinity control practices, except water with low Na+, Cl- and HCO₃⁻ values.

	0–40
	Severe restriction (SR)
	Should be avoided its use for irrigation under normal conditions. In special cases, it may be used occasionally. Water with low salt levels and high SAR requires gypsum application. In high saline water, soils must have high permeability and excess water should be applied to avoid salt accumulation.
	[bookmark: _heading=h.uz102mgzx75g]Only plants with high salt tolerance, except for waters with extremely low values of Na+, Cl- and HCO₃⁻.



vi) Kelly’s Index / Kelly’s Ratio (KI /KR):
KR is calculated as suggested by (Kelly, 1940; Paliwal, 1967). It is to evaluate the suitability of water for irrigation based on the balance between Na+, Ca2+ and Mg2+ concentrations.

A KR value ≤ 1 indicates water suitable for irrigation, whereas KR values > 1 indicates unsuitability. 

vii) Magnesium Hazard or Magnesium Adsorption Ratio (MH or MAR):
[bookmark: bbb0350]MH is determined as suggested by (Szaboles & Darab, 1964). An excess of Mg2+ in relation to Ca²⁺ can adversely affect soil characteristics. It is calculated using the formula as: 

MH > 50% is considered unsafe while MH < 50% is considered safe for irrigation.

viii) Permeability Index (PI): 
[bookmark: _Hlk210035803]Doneen (1964) suggested the PI, it is the ability of soil which allows water to move through the soil layers and is strongly influenced by long-term use of the water containing high amounts of salts and by the presence of Na⁺, Ca²⁺, Mg²⁺ and HCO₃⁻ ions. It is calculated using the formula: 


PI is classified into three categories: Class I (>75%, Suitable), Class II (25–75%, Good) and Class III (<25%, Unsuitable). Irrigation water falling under Class I and Class II is generally considered appropriate for agricultural use.

ix) Residual Sodium Carbonate (RSC) / Alkalinity Index (AI): 
[bookmark: bbb0275][bookmark: bbb0370][bookmark: bbib401][bookmark: bbb0220]RSC measures the degree of alkali damage as proposed by (Richards, 1954). The continuous use of water with high the values for irrigation purposes can decrease vegetation growth (Vasanthavigar et al., 2010; Zaidi et al., 2015). If the concentration of carbonates exceeds the alkali earth, precipitation of Ca2+ and Mg2+ takes place and if the concentration of alkali earth exceeds, it means that residual NaCO3 is absent in that area (Raghunath, 1987). 

A high value of RSC > 2.5 meq/L is unsuitable; RSC value between 1.25 and 2.5 meq/L is considered as a medium quality, while RSC value <1.5 meq/L is considered safe and suitable for irrigation.

x) Potential salinity (PS):
PS was determined as proposed by (Doneen, 1964) for categorization of water for agriculture use. It is calculated for different seasons using following formula:


PS < 3 is suitable for irrigation; PS > 3 is unsuitable for irrigation (Cl⁻ and SO₄²⁻ hazard).

xi) Chloro-alkaline Indices (CAI1 and CAI2): 
CAI was calculated as suggested by (Schoeller, 1977). These indices reflect whether Na⁺ and K⁺ in water are exchanged with Ca²⁺ and Mg²⁺ in the rocks or vice versa. The indices were calculated using the following equations as:



​A positive value indicates a direct exchange, where Na⁺ and K⁺ in water are replaced by Ca²⁺ and Mg²⁺ from rocks. A negative value suggests a reverse exchange where Ca²⁺ and Mg²⁺ in water are substituted by Na⁺ and K⁺ from rocks.

xii) Corrosivity Ratio (CR):
CR was determined by as proposed by (Balasubramanian, 1986). The CR index mainly reflects the impact of Cl⁻ and SO₄²⁻ which promote corrosion, against the buffering effect of HCO₃⁻ and ions. The rate of corrosion depends upon some physical parameters like pressure, temperature and rate of flow of water.  The CR was used to assess the suitability of water for transport through pipelines. The CR was calculated using the following equation, where all ion concentrations are expressed in mg/L:


Water with a CR > 1 is considered safe for transportation through any type of pipes, while CR < 1 indicate a corrosive nature making unsuitability for metal pipe transportation. 

xiii) Total Hardness (TH):
TH was evaluated as proposed by (Todd, 1980). Hardness of water mainly comes from the presence of divalent metallic ions, especially Ca²⁺ and Mg²⁺. It is generally expressed as the total concentration of Ca²⁺ and Mg²⁺ in mg/L of CaCO₃ equivalent. The formula used for calculation is:

According to the USEPA (1986) TH is classified as: soft (0–60 mg/L), moderately hard (60–120 mg/L), hard (120–180 mg/L) and very hard (>180 mg/L).

Ion balancing: The concentrations of all the parameters were converted into meq/L from mg/L by using the following formula: 
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3. RESULTS AND DISCUSSIONS: 
	Table 5: Shows the mean ± S.D. (n = 5) seasonal variations of physico-chemical characteristics of Surface and Bottom water collected from Karanja Reservoir, Bidar, Karnataka (India) (Jan. 2023 to Dec. 2024).

	Season
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	Pre-Monsoon
	Monsoon
	Post-Monsoon

	Water
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom

	Parameters
	Year 2023
	Year 2024

	[bookmark: _Hlk211552669]EC (µS/cm)
	337.40 ± 8.66
	317.82 ± 18.16
	345.18 ± 24.66
	343.47 ± 26.52
	326.73 ± 19.43
	328.62 ±22.34
	353.88 ± 5.34
	355.23± 10.66
	345.39 ± 36.46
	343.46 ± 27.37
	349.33 ± 23.36
	352.11± 28.24

	Na⁺ (meq/L)
	8.42 ± 9.79
	8.33 ± 8.73
	8.45 ± 5.94
	8.58 ± 14.47
	8.37 ± 9.09
	8.45 ± 11.84
	7.84 ± 2.78
	7.94 ± 2.04
	9.47 ± 46.55
	8.32 ± 3.26
	8.25 ± 4.55
	8.10 ± 5.06

	Cl⁻ (meq/L)
	5.80 ± 5.06
	5.95 ± 5.57
	6.83 ± 6.58
	6.98 ± 5.0
	6.56 ± 7.64
	6.71 ± 6.05
	5.62 ± 9.15
	5.77 ± 4.40
	6.34 ± 11.50
	6.46 ± 10.09
	6.52 ± 15.94
	6.47 ± 17.41

	CO₃²⁻ (meq/L)
	0.0049 ± 24.47
	0.0051± 16.95
	0.0057 ± 13.74
	0.2540 ± 17.27
	0.0037 ± 22.30
	0.0053 ± 20.57
	0.0080 ± 24.23
	0.0054± 19.96
	0.0065 ± 12.18
	0.0280 ± 6.26
	0.0056 ± 41.18
	0.0156 ± 44.37

	HCO₃⁻ (meq/L)
	2.94 ± 1.72
	3.22 ± 1.39
	1.88 ± 0.80
	2.08 ± 1.00
	2.20 ± 2.69
	1.83 ± 1.87
	2.83 ± 2.70
	3.25 ±5 .96
	1.76 ± 1.69
	1.80 ± 6.86
	2.21 ± 11.08
	1.84 ± 12.63

	K⁺ (meq/L)
	0.27 ± 1.01
	0.29 ± 11.36
	0.31 ± 1.37
	0.29 ± 2.76
	0.25 ± 1.13
	0.25 ± 2.73
	0.26 ± 1.65
	0.29 ± 1.22
	0.29 ± 1.30
	0.30 ± 1.28
	0.31 ± 1.15
	0.30 ± 0.93

	Ca²⁺ (meq/L)
	3.84 ± 15.34
	3.70 ± 15.78
	3.47±16.51
	3.69 ± 15.30
	3.76 ± 9.11
	3.59 ± 9.22
	5.36 ± 17.94
	6.79 ± 19.10
	6.00 ± 5.57
	6.30 ± 28.41
	5.00 ± 22.91
	5.93 ± 30.50

	Mg²⁺ (meq/L)
	4.19 ± 8.93
	4.34 ± 7.27
	4.10 ± 5.52
	3.80 ± 11.48
	3.99 ± 1.82
	4.22 ± 4.99
	5.13 ± 13.46
	6.67 ± 8.03
	4.62 ± 20.07
	5.48 ± 18.68
	4.92 ± 13.30
	3.65 ± 11.60

	NO₃⁻ (meq/L)
	0.37 ± 5.76
	0.41 ± 7.29
	0.5 ± 5.43
	0.51 ± 2.68
	0.51 ± 6.14
	0.53 ± 3.44
	0.38 ± 4.52
	0.41 ± 5.05
	0.44 ± 5.07
	0.47 ± 3.76
	0.52 ± 3.5`
	0.48 ± 5.06

	SO₄²⁻ (meq/L)
	2.65 ± 4.43
	2.75 ± 5.01
	3.72 ± 5.21
	3.82 ± 5.01
	3.59 ± 11.04
	3.64 ± 9.86
	4.35 ± 6.21
	4.44 ± 7.38
	4.40 ± 15.73
	4.59 ± 13.71
	4.75 ± 5.09
	4.84 ± 4.67



	[bookmark: _Hlk211771980][bookmark: _Hlk211594103]Table 6: Shows the mean ± S.D. (n = 5) seasonal variations in irrigation suitability of Surface and Bottom water collected from Karanja Reservoir, Bidar, Karnataka (India) (Jan. 2023 to Dec. 2024).

	Seasons
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	Pre-Monsoon
	Monsoon
	Post-Monsoon

	Water
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom
	Surface
	Bottom

	Parameters
	Year 2023
	Year 2024

	EC (dS/m)
	0.34 ± 8.66
	0.32 ± 18.16
	0.35 ± 24.66
	0.34 ±
26.52
	0.34 ±
19.43
	0.33 ±
22.34
	0.35 ±
5.34
	0.36 ±
10.66
	0.35 ±
36.46
	0.34 ±
27.37
	0.35 ±
23.36
	0.35 ±
2.24

	SAR (meq/L)
	4.21 ±
9.22
	4.16 ±
7.67
	4.34 ±
10.2
	4.44 ±
10.7
	4.25 ±
7.45
	4.28 ±
8.33
	3.43 ±
8.2
	3.06 ±
6.25
	4.11 ±
5.4
	3.43 ±
6.6
	3.70 ±
8.97
	3.70 ±
9.0

	MH / MAR
	52.18 ±
7.22
	53.98 ±
7.01
	54.16 ±
6.0
	50.73 ±
9.8
	51.48 ±
7.67
	54.03 ±
5.34
	48.90 ±
6.22
	49.55 ±
7.21
	43.50 ±
8.95
	46.52 ±
10.2
	49.60 ±
9.76
	38.10 ±
7.32

	KR / KI
	1.05 ±
1.0
	1.04 ±
1.08
	1.12 ±
1.01
	1.15 ±
1.1
	1.08 ±
0.99
	1.08 ±
1.0
	0.75 ±
0.77
	0.59 ±
0.71
	0.89 ±
0.51
	0.71 ±
0.57
	0.83 ±
0.19
	0.85 ±
0.23

	SSP
	52.00 ±
8.56
	51.75 ±
8.98
	53.65 ±
7.65
	54.24 ±
8.1
	52.64 ±
9.32
	52.71 ±
10.77
	43.60 ±
7.33
	37.94 ±
6.21
	47.88 ±
7.80
	46.27 ±
7.12
	46.32 ±
6.65
	46.71 ±
6.0

	Na%
	50.36 ±
9.23
	50.00 ±
9.01
	51.75 ±
10.33
	52.44 ±
10.4
	51.13 ±
8.12
	51.18 ±
8.99
	42.17 ±
7.06
	36.61 ±
6.25
	46.47 ±
9.01
	40.78 ±
7.99
	44.64 ±
8.05
	45.05 ±
8.7

	PI
	61.61 ±
9.96
	61.85 ±
9.87
	61.31 ±
10.6
	62.37 ±
10.43
	61.12 ±
8.95
	60.29 ±
9.0
	51.95 ±
8.01
	45.53 ±
7.97
	53.74 ±
8.65
	48.07 ±
7.77
	53.59 ±
9.54
	53.49 ±
9.32

	RSC/AI
	-5.09 ±
3.2
	-4.81 ±
2.89
	-5.68 ±
3.8
	-5.16 ±
4.56
	-5.55 ±
5.1
	-5.97 ±
6.01
	-7.65 ±
6.2
	-10.20 ±
8.56
	-8.85 ±
7.2
	-9.95 ±
8.8
	-7.70 ±
5.3
	-7.72 ±
6.1

	TH
	400.66 ±
33.4
	401.58 ±
40.11
	378.08 ± 30.21
	374.09 ±
29.67
	416.01 ± 40.2
	435.41 ±
42.11
	523.82 ± 46.23
	672.22 ±
49.1
	530.65 ±
45.12
	588.23 ± 47.21
	495.45 ±
31.23
	478.65 ± 39.01

	CAI1
	-0.50 ±
0.31
	-0.45 ±
0.29
	-0.28 ±
0.19
	-0.27 ±
0.22
	-0.31 ±
0.20
	-0.30 ±
0.17
	-0.44 ±
0.29
	-0.43 ±
0.27
	-0.54 ±
0.31
	-0.33 ±
0.21
	-0.31 ±
0.16
	-0.30 ±
0.22

	CAI2
	-0.48 ±
0.29
	-0.42 ±
0.31
	-0.32 ±
0.19
	-0.28 ±
0.15
	-0.33 ±
0.21
	-0.33 ±
0.26
	-0.33 ±
0.27
	-0.30 ±
0.23
	-0.52 ±
0.39
	-0.31 ±
0.17
	-0.27 ±
0.18
	-0.27 ±
0.15

	PS
	7.13 ±
4.23
	7.33 ±
5.01
	8.69 ±
8.01
	8.89 ±
8.0
	8.36 ±
7.6
	8.53 ±
9.2
	7.80 ±
5.99
	7.99 ±
5.21
	8.54 ±
6.8
	8.76 ±
6.02
	8.90 ±
6.34
	8.89 ±
7.32

	CR
	4.75 ±
3.76
	5.09 ±
4.56
	9.27 ±
8.32
	10.14 ±
8.7
	7.63 ±
6.32
	7.80 ±
6.01
	5.07 ±
4.21
	5.18 ±
4.7
	8.47 ±
7.6
	10.26 ±
9.33
	10.27 ±
9.04
	10.20 ±
9.0



	[bookmark: _Hlk211772002]Table 7: Shows the mean ± S.D. (n = 5) seasonal variations in Irrigation Water Quality Index (IWQI) of Surface and Bottom water collected from Karanja Reservoir, Bidar, Karnataka (Jan. 2023 to Dec. 2024).

	Seasons
	Year
	Surface water 
IWQI / Class
	Bottom water
IWQI / Class

	Pre-Monsoon
	2023
	70.91 ± 48.43
LR
	71.20 ± 47.12
LR

	
	2024
	72.88 ± 46.21
LR
	78.86 ± 43.12
LR

	Monsoon
	2023
	70.71± 40.12
LR
	70.35± 39.9
LR

	
	2024
	63.45 ± 31.09
MR
	73.16 ± 51.23
LR

	Post-Monsoon
	2023
	70.94 ± 39. 83
LR
	70.66 ± 47.21
LR

	
	2024
	72.64 ± 44.11
LR
	72.96 ± 46.11
LR

	Note: Classification of IWQI values Meireles classes: No Restriction (NR) = 85-100; Low Restriction (LR) = 70–85; Moderate Restriction (MR) = 55–70; High Restriction (HR) = 40–55; Severe Restriction (SR) 0-40.




Assessment of irrigation water quality:
Table 5-7 shows the seasonal variations of physico-chemical characteristics, irrigation suitability and IWQI of surface and bottom water collected from Karanja Reservoir, Bidar, Karnataka (Jan. 2023 to Dec. 2024).

i) Sodium Adsorption Ratio (SAR):
SAR is the critical indicator that measures the amount of Na+ the soil will absorb and predicts the amount to which irrigation water will cause a cation-exchange reaction in the soil. If SAR value is high, the Na+ will replace the Ca2+ and Mg2+ that have been adsorbed which could lead to damage the structure of soils and plant roots. Using irrigation water with high SAR can cause soil’s Na+ levels to rise overtime making the soil less permeable (Kadyampakeni et al., 2018). 
Table 6; Graph 1 shows the SAR value of surface and bottom water across the study period. The highest mean SAR (4.44 meq/L) was observed in bottom water during the monsoon season, likely because heavy rains might dilute the Ca2+ and Mg2+ more than Na+, while the lowest mean SAR (3.06 meq/L) occurred in bottom water during pre-monsoon season when water levels fall and divalent cations of Na+ are concentrated. In the year 2023, the bottom water contained slightly more Na+ than the surface water; however, in the year 2024, the levels of Na+ in the surface and bottom water were found to be similar in the pre- and post-monsoon season. In the monsoon season high level of Na+ was observed showing an improved mixing of the water. Similar results were found by (Ahmed et al., 2024) where SAR ranged between 1.58 to 4.64 meq/L. Afshan et al. (2022) in their study found the SAR values were between 0.720 to 2.35 meq/L in pre-monsoon season and 0.6 to 1.9 in the post-monsoon season. In another study by (Abualhaija et al., 2020) observed the SAR values between 4.98 and 5.49 meq/L and they concluded that these values were found suitable for irrigation purposes. Tejashvini et al. (2024) reported SAR values between 4.66 to 20.87 across the rural, transition and urban in semi-arid N-transect region in Bangalore and found the elevated levels of SAR. They concluded that this could be due to the anthropogenic activities, industrial discharge and urban runoff.
In our present study, the SAR values in Karanja Reservoir were found well below the 10 meq/L permissible limit across the different seasons. Our results are found somewhat similar to those citied here and above literature except (Tejashvini et al., 2024). Thus, it confirms that the water quality was found to be under the ‘S1 class’ (Table1) and is considered ‘excellent’ for irrigation and poses little or no risk to the soil. 
[image: ]
Graph 1: Assessment of surface and bottom water of Karanja Reservoir for sodicity hazard (SAR).
ii) Soluble Sodium Percentage (SSP): 
Mg²⁺ and Ca²⁺ ions present in clay particles often exchange with Na⁺ ions from irrigation water. This ion exchange process can cause soil hardening, reduce permeability and restrict internal drainage, ultimately lowering soil quality and hindering seed germination (Tijani, 1994). Based on SSP values, irrigation water can be classified as safe or unsuitable for use (Adhikary et al., 2012; Boateng et al., 2016). Tejashvini et al. (2024) reported SSP values ranging between 27.75–60.70%, in rural, transition and urban areas respectively. They observed that majority of groundwater samples in these areas were suitable for irrigation, while the remaining samples were unsuitable.
In present study from (Table 6; Graph 2) the mean SSP values of surface and bottom water in the year 2023 ranged between 51.75 to 54.2 4% across all the three seasons which indicates the water of Karanja Reservoir falls under ‘permissible’ category which indicates moderate Na⁺ hazard. Whereas during the year 2024, the mean SSP values of surface and bottom water ranged between 37.94 to 47.88% across the seasons which indicates that the Karanja Reservoir water fall under the ‘good to permissible’ category which confirms the low Na⁺ hazard. The lowest SSP value was observed in bottom water during the pre-monsoon season. When compared with the findings of (Tejashvini et al., 2024) the SSP values of Karanja Reservoir are relatively similar, particularly with those reported for the rural and transition zones, both indicating generally safe to permissible levels for irrigation use.
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Graph 2: Assessment of surface and bottom water of Karanja Reservoir for SSP.
[bookmark: _Hlk211546568]iii) Percentage Sodium (%Na):
%Na when present in higher concentrations, Na⁺ tends to bind with soil particles, reducing the soil’s ability to allow water to move through it (Ayers & Westcot, 1994). Na⁺ can react with CO₃²⁻ to develop alkaline soils, while its reaction with Cl⁻ leads to the formation of saline soils. Both types of sodium-affected soils restrict plant growth and reduce crop yield (Todd, 1980). Also, if Na⁺ concentration is higher in water it replaces essential Ca²⁺ and Mg²⁺ on the soil’s clay surface through a base-exchange process, leading to poor soil structure (Collins & Jenkins, 1996; Saleh et al., 1999). As a result, the movement of water through soil decreases and air circulation is restricted, especially during wet conditions and soils become compact and hard when it dries further affecting crop growth. 
In our present study (Table 6; Graph 3) showed the %Na values of the surface and bottom water in the year 2023-2024. The mean %Na of surface and bottom water during the year 2023 ranged between 50.00% to 52.44% and during the year 2024 from 36.61% to 46.47%. From our results, it was found that the %Na in both the years in respect of surface and bottom water were falls- replace with fell under doubtful category (Class III) except the bottom water of pre-monsoon season in the year 2024 which fell under permissible category. The-replace with- A study carried out by (Ogunfowokan et al., 2013; Tekile, 2023; Ahmed et al., 2024) showed similar trends of %Na concentration. According to them the increased level of Na⁺ seeping- replace  with seeped into the water, making them- it unsuitable for irrigation. Because of increased Na⁺ leaching from the rock into the water and the release of industrial effluents, most of the water samples in the study area were unsuitable for irrigation. 
From the results, it is confirm- confirmed that the water sample is unsuitable for irrigation as %Na is-was higher in both the years. that might be because of the- replace with This was attributed to leaching of Na⁺ ions through the-delete weathering of rocks in the rainy season. Discharge of industrial effluents containing Na⁺ may also- adopt and delete release into the reservoir which enhance the %Na in the water. 
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Graph 3: Assessment of surface and bottom water of Karanja Reservoir for %Na.
iv) US Salinity Laboratory Classification (USSL): where were the studies reffered in this paragraph carried out.
USSL diagram is also known as Wilcox diagram. Wilcox diagram is a plot drawn against SAR (on the Y-Axis) and EC (on X-axis) (Wilcox, 1955). Ahmed et al. (2024) in their study found all water samples fell into the C1-S1 category demonstrating low salinity and low alkali hazards and was suitable for most crops and soil where leaching predominates. In another study by (Tejashivni et al., 2024) they found that majority of groundwater samples were classified medium–high salinity hazards (C2-C3) and low alkalinity hazards (S1) suggesting permissible - excellent to water-delete for irrigation. This increase was due to continuous precipitation, sewage water infiltration and interaction of water with rock across time and location. Abualhaija et al. (2020), in their study, they classified the water samples as C3-S2 indicating high salinity and medium hazard suggesting permissible - good water- delete for irrigation.
In our study (Table 6; Graph 4), SAR and EC were evaluated for both surface and bottom water samples across the pre-monsoon, monsoon and post-monsoon seasons for the years 2023 and 2024. The mean SAR values across all samples ranged from 3.06 to 4.44 meq/L while mean EC values remained within 0.32 to 0.36 dS/m. Based on the US Salinity Laboratory's (USSL) classification system, all water samples were categorised under C2–S1, indicating a medium salinity and low sodium hazard (Table 1). Similar result was found by (Moges & Dinka, 2023). In our study we found, all the water samples of Karanja Reservoir fall- fell into ‘Good to Excellent’ quality for irrigation purposes and it was confirmed that the water is having-delete and replace with had low salinity and low Na⁺ hazard. This might be because of the drainage system around the location of reservoir is properly managed as well as the discharge of disposal waste is maintained and so that the water is found to be good for irrigation purposes with low Na⁺ hazard. We also reported that the socio-economic relations between the government agencies and the general population were found improved in and around the study area. – restructure sentence
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Graph 4: Assessment of surface and bottom water of Karanja Reservoir for USSL (Wilcox).

v) Irrigation Water Quality Index (IWQI):
The IWQI was calculated using the parameters as EC, Na⁺, Cl- and HCO₃⁻ and SAR. The IWQI of the surface and bottom water samples of Karanja Reservoir during the year 2023 and 2024 across pre-monsoon, monsoon and post-monsoon seasons shown in (Table 7; Graph 5).
Across the study period, the mean IWQI was found to be (63.45 to 78.86) and the water samples were generally classified under the ‘low restriction’ category in all the three seasons. An exception was noted in the surface water during the year 2024 in monsoon season, which falls- fell under the ‘moderate restriction’ category. These findings are consistent with the study by (Abualhaija et al., 2020)- mention where the studies were carried out. Their IWQI values of the water samples were classified under low restriction, indicating generally water was suitable for irrigation. According to them there is a-was minor need for water quality management. Nedjar et al. (2022) IWQI results- revise structure showed that Site1 and Site3 water were in the moderate restriction category, while Site2 fell into the high restriction category, indicating the need for controlled irrigation and soil management- in introduction author indicated a research gap but this sentence content confirms there are existing studies- true or false. Tejashivni et al. (2024) reported a clear gradient of deterioration of groundwater- where. According to them, water in rural sites showed non-restricted category, whereas the urban water samples were in medium restriction category. Similarly, the study conducted by (Batarseh et al., 2020) showed the groundwater samples collected was classified into severe to high restriction category reflecting the harsh arid climate and baseline salinity. 
Shrivastava & Kumar (2015) highlighted in their study- where was the study carried out that the surrounding environment influences the seasonal fluctuations in parameters such as EC, sodium concentrations and SAR. Excess sodium salts in the irrigation water can gradually increase soil salinity and sodicity. Such changes in soil quality may lead to reduced fertility, soil erosion, loss of organic matter, reduced nutrient release due to slower weathering and poor vegetation which may affect the crop productivity. In another study by (Mohanavelu et al., 2021; Ondrasek et al., 2021) they extensively studied the impacts of salinity and sodicity on various crop’s growth- where were the studies carried out Such as the crop like sugarcane requires favourable soil conditions and pH for growth, slight increase in salinity and sodicity conditions can decline the crop yield.- Restructure sentence
Overall, in the present study, the Karanja Reservoir water can be considered suitable for irrigation. However, it is recommended that farmers can use this water safely for light texture or moderate permeability soils, but precautionary measures should be taken to avoid salt sensitive plants by selecting moderately salt tolerant crops, applying leaching practices and regular monitoring of soil to ensure sustainable use (Table 4). – Long sentence- fragment
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Graph 5: Assessment of surface and bottom water of Karanja Reservoir for IWQI.

vi) Kelly’s Index / Kelly’s Ratio (KI /KR):
In our study from (Table 6; Graph 6), the mean KR values of surface and bottom water- Meaning? during the year 2023 ranged from 1.04 to 1.15 across all three seasons which was slightly ≥ 1.0 which shows unsuitability for irrigation, this might be because of the greater concentrations of Na+ over Ca2+ and Mg2+ that suggests higher Na+ hazard which may be a potential hazard to the soil sodicity- sentence too long - fragment. Similar findings were reported by (Rawat et al., 2018; Mansour et al., 2022; Anuja et al., 2023)- at what region- mention. However, in the year 2024, the mean KR values in respect of both the surface and bottom water ranged from 0.59 to 0.89. These values showed the KR < 1.0 which indicated the water is- was ‘suitable’ for irrigation in all the three different seasons which suggests- replace with word suggesting that there might be a lowering in the ionic balance between Na+ over Ca2+ and Mg2+. Our results are similar to those reported by (Ekbal & Khan, 2020; Giri et al., 2022; Tejashivni et al., 2024) – where? who found most water samples suitable for irrigation during the pre-monsoon period.
This might be because of the heavy rainfall which diluted the Na+ by the dilution effect which reduced the salt input and improved the flushing of ions within the reservoir and it may also reduce the risk of soil degradation- alighned to author results or (Ekbal & Khan, 2020; Giri et al., 2022; Tejashivni et al., 2024 . There might be an accumulation/exposure of Gypsum which recommends that the KR is high to reduce the effect of the Na+ ion (Rawat et al., 2018; Xu et al., 2019)- Clarification necessary. 
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Graph 6: Assessment of surface and bottom water of Karanja Reservoir for KR.

vii) Magnesium Hazard or Magnesium Adsorption Ratio (MH or MAR):
[bookmark: bbb0255]From (Table 6; Graph 7), during the year 2023, mean MH values were above the permissible limit in all seasons. The monsoon season recorded the highest value in surface water (54.16%) and lowest (50.73%) in bottom water classifying the Karanja Reservoir water as ‘unsafe’ for irrigation. This indicated higher concentrations of Mg2+ suggesting minimal dilutions, inputs from anthropogenic activities thus making the water unsuitable for irrigation which could affect the soil permeability. A high concentration of Mg2+ in groundwater degrades soil quality, which has an impact on agricultural productivity (Ramesh & Elango, 2012). The higher value of MAR might be due to the movement of Mg2+salt along with the seepage or subsurface flow (Ekbal & Khan, 2022; Giri et al., 2022; Moges & Dinka, 2023).
With respect to the year 2024, all the mean MH values were within the permissible limit range between (38.10%) in bottom water to (49.60%) in surface water (post-monsoon). These were similar to the study reported by (Abualhaija et al., 2020). Thus, it confirms that the Karanja Reservoir water is ‘safe’ in the year 2024 indicating that the water is suitable for irrigation. 
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Graph 7: Assessment of surface and bottom water of Karanja Reservoir for MH.

viii) Permeability Index (PI): 
Table 6; Graph 8 shows PI values of surface and bottom water for the years 2023 and 2024. From our results, all the mean PI values ranged between 45.53 to 62.37% across all the three seasons. From the above- delete results, it was found that- delete all the values are placed under Class II, which is considered under ‘good’ category for irrigation purposes. The PI values recorded during the year 2023 indicated stable values across all seasons with no significant variation between surface and bottom water. However, in the year 2024, PI values showed a declining trend particularly in pre-monsoon and monsoon season in respect of bottom water samples. Our findings are found comparable to those studies conducted by (Rawat et al., 2018; Anuja et al., 2024; Tesjahvini et al., 2024)- where? where most of their PI values were within the permissible limit. They further concluded that the water was ranged in a good quality indicating the use of water for agricultural purposes. This might be because of the seasonal rainfall may influence the PI values- rewrite sentence. They further stated that generally improved permeability in the post-monsoon season water samples my influence the dilution effect.- rewrite In another study by (Gautam et al., 2015; Zaman et al., 2018) due to widespread irrigation water use, excessive concentrations of Na⁺, Ca²⁺, Mg²⁺ and HCO₃⁻ in irrigation water impact soil permeability. - rewrite
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Graph 8: Assessment of surface and bottom water of Karanja Reservoir for PI.

ix) Residual Sodium Carbonate (RSC):
[bookmark: bbb0090]During the study period, the mean RSC values (Table 6) of surface and bottom water- meaning not clear-  across the three seasons in the year 2023-2024 ranged between (–4.81 to –10.20 meq/L). Thus, it suggests an increased dominance of Ca²⁺ and Mg²⁺ ions in said years. This may be likely due to seasonal inflow and dilution processes. In both the years, we found the-delete all in red colour seasonal variations are-delete-were-insert at minimal level showing the shift towards negative values thus it-delete indicating the water is suitable for agriculture purpose. Our findings were similar to those reported by (Ekbal & Khan, 2022; Giri et al., 2022; Anuja et al. 2024). However, our results are contradicting with the study reported by (Moges & Dinka, 2023; Tekile, 2023; Ahmed et al., 2024; Tesjashivini et al., 2024) in their study they found that majority of the water samples have high RSC values classifying as unsuitable indicating irrigation hazard-long sentence it errors in structure. A high RSC value in subsurface water indicates an increase in salt adsorption in the soil during irrigation (Eaton, 1950). According to (Moges & Dinka, 2023) RSC values usually affect the EC, pH and SAR of the irrigation water.  
In the present study (Graph 9), the Karanja Reservoir water was classified in good-safe category for irrigation purposes as RSC < 1.25 meq/L (Eaton, 1950; Wilcox, 1995) across pre-monsoon, monsoon and post-monsoon seasons. 
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Graph 9: Assessment of surface and bottom water of Karanja Reservoir for RSC.

x) Potential salinity (PS):
The mean PS values of surface and bottom water (Table 6; Graph 10) across pre-monsoon, monsoon and post-monsoon seasons recorded during the year 2023–2024 ranged from 7.13 to 8.89, which were higher than the permissible limit of PS > 3. Our values are-delete and write The values were found higher to those of the study conducted by (Rawat et al., 2018; Ekbal & Khan, 2020)- where were the studies carried out. Most of their values in respect of all the water samples were PS < 3 falls under suitable category.  During pre- and post-monsoon season they found few exceeding PS values above the threshold classifying most of the water samples were suitable for irrigation. In the present study, PS values were consistently above the suitability limit (PS < 3) indicating that the Karanja Reservoir water falls into the unsuitable category for irrigation. The higher PS values are attributed to the dominance of Cl⁻ and SO₄²⁻ ions, which increase salinity and reduce soil permeability, limiting the suitability of the water for irrigation.
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Graph 10: Assessment of surface and bottom water of Karanja Reservoir for PS.

xi) Chloro-alkaline Indices (CAI1 and CAI2): 
From (Table 6; Graph 11 a & b) the mean surface and bottom water values of CAI1 (−0.54 to −0.27) and CAI2 (−0.52 to −0.27) in Karanja Reservoir were consistently negative during the years 2023–2024 across the three seasons, indicating a dominant reverse ion exchange process where Ca²⁺ and Mg²⁺ in water gets replaced by Na⁺ and K⁺ from the rock. More negative values were recorded in the monsoon season, reflecting enhanced recharge and leaching, while post-monsoon season showed dilution effects. Surface waters exhibited slightly stronger exchange than bottom waters, highlighting the influence of inflows and active recharge zones. Our findings were consistent to the earlier reported by (Balasubramanian, 1986; Mondal et al., 2016; Ekbal & Khan, 2020)-where. This aligns with (More et al., 2020) who reported negative CAI values in nearly 70% of pre-monsoon and 69% of post-monsoon samples, reflecting cation–anion exchange reactions.- is it in same reservoir, need for clarification. Similarly in studies conducted by, (Bahukhandi et al., 2017; Rawat et al., 2018; Singh et al., 2020; Tejashvini et al., 2024) recorded both positive and negative CAI values, with negative indices indicating base ion exchange in discharge zones. Therefore, the results indicate that exchangeable cations (Na⁺ and K⁺) can be used to characterize the chemical composition of groundwater in the study area (Singh et al., 2020) why groundwater .
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Graph 11a: Assessment of surface and bottom water of Karanja Reservoir for CAI1.


[image: ]
Graph 11b: Assessment of surface and bottom water of Karanja Reservoir for CAI2.

xii) Corrosion Ratio (CR):
CR can also serve as an economical index in irrigation water management, as it helps determine whether water should be transported through PVC plastic pipes (low cost, non-corrosive) or metallic pipes (cost-effective for certain conditions). This knowledge is particularly crucial when irrigation drainage systems are long or when open drainage poses risks of contamination (Rawat et al., 2018).
CR values showed seasonal variability in both years (Table 6; Graph 13). The mean CR values of surface and bottom water in the study area ranged between 4.75 and 10.27 across both years and seasons. The surface water recorded the lowest value during the pre-monsoon season and highest value during the post-monsoon season. Rawat et al. (2018) and Ekbal & Khan (2020) reported the-delete CR values < 1. According to them, the water samples were suitable for transportation through metallic or PVC pipes. However, our results are-delete found CR > 1 indicating the water of Karanja Reservoir was classified as corrosive. Similar result was- write were found by (Giri et al., 2022). There might be a seasonal rise in Cl⁻ and SO₄²⁻ concentrations which contributes to enhanced corrosivity during runoff and recharge periods and thus indicate unsuitability for transportation through metal pipes. -Revise and rewrite sentence
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Graph 12: Assessment of surface and bottom water of Karanja Reservoir for CR.

xiii) Total Hardness (TH):
High hardness levels often lead to buildups and deposits in pipelines, which can affect water distribution. On the other hand, moderate hardness is beneficial since it protects plumbing systems from corrosion. A concentration of around 100 mg/L is usually considered desirable because it offers good protection against corrosion while still being within acceptable limits (Rawat et al., 2018). 
In our study, mean TH values of surface and bottom water ranged between (374.09 to 672.22 mg/L) across both years and all seasons (Table 6 & Graph 14). According to (Rawat et al., 2018; Mansour et al., 2022; Tejashvini et al., 2024) 	they reported the values of TH > 300 mg/L and they concluded that the water is very hard-restructure. Our results are also consistent with the results cited by here and above.  Thus, it confirms that the water in the Karanja Reservoir was classified as very hard and was unsuitable for irrigation.
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Graph 13: Assessment of surface and bottom water of Karanja Reservoir for TH.

4. CONCLUSION: 
The water samples collected seasonally from Karanja Reservoir, Bidar, Karnataka (India) during the period of January 2023 to December 2024 was analysed for the irrigation parameters such as EC, TH, SAR, SSP, %Na, RSC, KR, MH, PI, PS, IWQI, USSL diagram, CAI and CR. Overall, the water quality of Karanja Reservoir with respect to %Na is generally doubtful for irrigation, but long-term monitoring and soil management practices (e.g., gypsum addition and crop rotation with salt-tolerant species) is recommended to prevent sodicity hazards and maintain soil fertility. Thus, it confirms that the water enhanced its suitability for irrigation purposes- meaning? While comparing the data of SSP of both the years, it found that there is an improved in the Na hazard in the year 2024 which suggests that the water could still be used for irrigation but long use without proper maintenance it may affect the soil permeability and crop productivity in the case of sodium-sensitive crop. – rewrite sentence
The study highlights that in the future, continuous monitoring of SAR could help to ensure the Karanja Reservoir water may remain a reliable source for sodium-sensitive crop irrigation. This study also concludes that farmers should use plastic pipes or rust-resistant metal pipes for irrigation practices. Overall, these findings suggest that the Karanja Reservoir’s water remains within permissible limit for irrigation but highlighting the need for careful crop and soil management practices and seasonal dilution. Monsoon plays a key role in regulating sodium levels and maintaining suitability of water for agricultural use. It is also recommended that, the continuous monitoring of Karanja Reservoir water should be initiated to maintain the good water quality for safe irrigation practices and reduce soil permeability which affects the crop production and prevent long-term problems. Also, the Government, semi-government and non-government organization (NGOs) assistance should be taken to design the artificial recharge structure for the improvement of the Karanja Reservoir. 
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