Impact of Modern Agricultural Practices on Irrigation Water Quality in and Around Ranga Reddy District of Telangana
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ABSTRACT
Modern agricultural practices have significantly transformed the agricultural landscape, leading to increased crop yields and food production. However, these practices have also raised concerns about their impact on irrigation water quality and the subsequent pollution of groundwater resources. This literature review aims to provide an overview of the impact of modern agricultural practices on irrigation water quality and the potential risks of groundwater pollution. The experiment was conducted during Rabi season 2020-2021 at Laboratory conditions of Green Fields Institute of Agriculture Research & Training, Mangalpally, to study the “Impact of Modern Agricultural Practices on Irrigation Water Quality Around Rangareddy District of Telangana”. The water is the main source of farming the irrigation facility for the farmers will be from the cyclic source of water storage dam. The water is stored during the heavy rainfall the collected water are stored in the dams the dams will be the source of water main source then the water from the dams are left to the lacks and from the lakes the water is transferred through the canals to the nearby local lakes from there the nearby people over the lakes will be using the water as the source. Due to the increase in the industrialization the water from the industries are transferred to the lakes. So by this the pollutants released from the industry challenges water quality. The nature of the water mainly depends upon the different parameters such as pH, Conductivity, Salinity, Alkalinity, Acidity, hardness, turbidity and heavy metals etc. The heavy usage of inorganic chemicals, fertilizers, pesticides and herbicides in a part of crop production and crop protection, directly showing impact on physico-chemical parameters of water. Taking this factor into consideration the present investigation carried by collecting various water samples from agricultural fields located in and around Rangareddy district of Telangana state, to understand the water chemistry at different sampling zones. The collected water samples were analyzed for various physical and chemical parameters according to standard methods available from literature. The obtained results were compared with soil quality parameters given by WHO for agriculture and concluded that most of the sampling points shown significant changes in their physical and chemical compositions. The obtained results also concluding that the water quality was degraded because of heavy loads of chemicals and fertilizers. 
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1. INTRODUCTION
Modern agricultural practices have revolutionized the farming industry, enabling increased productivity and food security. However, the intensive use of agrochemicals, inadequate soil conservation measures, and improper waste management have led to concerns about water quality in agricultural areas. This review aims to analyze the literature on the impact of modern agricultural practices on irrigation water quality and the subsequent contamination of groundwater sources.  Several studies have reported the contamination of irrigation water by agrochemicals, including pesticides, herbicides, and fertilizers (Smith et al., 2017; Johnson et al., 2019; Vinusha et al., 2024). These chemicals can leach into water sources, leading to potential risks for human health and the environment. Intensive tillage practices and inadequate soil conservation measures contribute to soil erosion and sedimentation in water bodies (Wu et al., 2018; Priyamvada et al., 2012). Sediment-associated nutrients and pesticides can enter irrigation water, affecting its quality. Improper management of animal waste in intensive livestock farming can result in the runoff of nutrients and pathogens into nearby water sources (Vieira et al., 2020; Priyamvada et al., 2013). The accumulation of nutrients and microbial contamination can impact water quality. Agricultural chemicals can infiltrate the soil and leach into groundwater sources (Dai et al., 2016). Nitrate, pesticides, and pathogens can be transported through this pathway, potentially polluting ground water. Studies have highlighted the risks associated with nitrate contamination in groundwater, including methemoglobinemia in infants (Ward et al., 2018). Pesticide residues and heavy metals from agricultural activities can also contaminate groundwater and pose environmental and health risks. 
2. MATERIALS & METHODS
2.1. Study Area (Agriculture in Telangana)
In recent years, the agricultural plight in Telangana, marked by numerous cotton farmer suicides in 1997-98, has garnered attention (Parthasarathy and Shameem, 1998; Chowdhary et al., 2002). Two prevailing perceptions highlight Telangana's backwardness and irrigation insufficiency due to government neglect (Simhadri and Rao, 1997). However, district-level growth rates between 1970 and 2001 challenge these notions, revealing substantial increases in groundwater irrigation despite state negligence. This shift towards groundwater irrigation, albeit fostering agricultural growth, poses challenges such as increased farmer debt and long-term sustainability concerns (Revathi, 1998). Data from the Directorate of Economics and Statistics of Andhra Pradesh government underpin these findings, albeit with acknowledged limitations in methodology and data accuracy.

2.2. Ranga Reddy District

Over the past five years, the Indo-French Centre for Groundwater Research (NGRI, Hyderabad) has conducted extensive studies in the Maheshwaram granite aquifer (Ranga Reddy District, Andhra Pradesh), focusing on understanding its structure and functionality (Dewandel et al., 2003; Dewandel et al., 2004; Wyns et al.,2004; Lachassagne et al.,2006). Methodologies have been developed for accurate groundwater balance assessment (Galeazzi et al., 2003; Dewandel et al., 2006; & Lachassagne et l., 2006;), borewell siting (Krishnamurthy et al.,2003; Kumar et al., 2003;), aquifer layer mapping (Ahmed et al., 2007;), and enhancing groundwater modeling techniques (Ahmed., 2001; Engerrand et al., 2004; Ahmed et al., 2003;). Advanced techniques like geostatistics have also been employed to regionalize aquifer parameters and optimize monitoring networks (Ahmed. 2002; Bertrand et al., 2002;). The Maheshwaram watershed, spanning 53 sq. km and situated 35 km south of Hyderabad, serves as the pilot site, typifying South Indian rural catchments in geology and socio-economic aspects. The area features a semi-arid climate with monsoon-driven rainfall and Archean granites dominating its geology.
2.3. Sampling
Fifty representative water profiles were studied at fifty selected study sites across Ranga Reddy district (Figure-1). Of these, few samples were located in 
Zone-1: Sirpura, Patloor, Tekulapalle, Lingampalle, Peelaram, Boppanaram, Jangaon, Nagaram,  Kerelly, Rampur, Allapur.S, Gundal and Mokila. 

Zone–2: which are Nuthankal, Narayanpur, Jeedimetla, Ammuguda, Bogaram, Rajapur, Serilingampally, Boduppal, Gandipet, Nagole, Chandanagar, Balapur and Koheda

Zone-3: Malkangiri, Allapur, Girijapur, Chintalapalle, Kankal, Chityal, Naskal, Khammam Nacharam, Kothapally, Ramnagar, Kondapur and Reddipalle. 

Zone-4: Rudraram, Rayannaguda, Madanpalle, Bongloor, Pocharam, Gangaram, Japala, Loyapalle, Bachupally, Madhepur, Gungal and Thakkellapalle.
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Figure 1: Sampling zones from agricultural lands of Rangareddy district, Telangana, India.
2.4. Physico-Chemical analysis of water quality

2.4.1. Determination of pH
The pH value of water indicates the concentration of hydrogen ions in water. The concept of pH was introduced by Sørensen in 1909. pH is expressed as the logarithm of the reciprocal of hydrogen ion concentration in moles per liter at a given temperature. The pH scale ranges from 0 (very acidic) to 14 (very alkaline), with 7 corresponding to exact neutrality at 25°C. The pH scale is used in the calculation of carbonate, bicarbonate, CO2, corrosion, and stability, among other things. While alkalinity or acidity measures the total resistance to pH change or buffering capacity, pH gives the hydrogen ion activity. pH can be measured either calorimetrically or electrometrically (Gandhi et al., 2024; A.fernández-cirelli et al., 2009; )
2.4.2. Determination of alkalinity of water
The alkalinity of water is a measure of its capacity to neutralize acids. It is primarily due to salts of weak acids, although weak or strong bases may also contribute. Alkalinity is usually imparted by bicarbonate, carbonate, and hydroxide. It is measured volumetrically by titration with 0.02 N sulfuric acid and is reported in terms of CaCO3 equivalent. (Montanaro et al., 2009; Vinusha et al., 2023)
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2.4.3. Determination of Acidity of water


Acidity of water refers to its ability to neutralize a strong base to a specific pH. The acidity of water is primarily due to the presence of strong mineral acids, weak acids such as carbonic and acetic, and hydrolysing salts such as ferric and aluminium sulphates. The amount of base required to neutralize a given sample to a specific pH is used to measure the acidity of water. (Tadele, Mesfin. 2020; Gandhi et al., 2018)  
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2.4.4. Estimation of Zinc


Adding an indicator to a solution containing Mg2+ forms a red-colored magnesium indicator complex. When the disodium salt of EDTA is introduced, it reacts with the magnesium, forming a magnesium EDTA complex. This reaction releases the previously bound indicator, resulting in a blue color at pH 10. Moreover, EDTA has the capability to displace the indicator from the zinc indicator complex, leading to a noticeable color change that signals the endpoint of the reaction. (Salunkhe & Desai, 1988; Gandhi et al., 2016)
2.4.5. Estimation of Iron (Fe+2 ion)
The Fe2+ ion undergoes oxidation to Fe3+ by KMnO4 in the presence of dilute H2SO4. The endpoint is indicated by a faint pink color of permanganate. Additionally, sodium oxalate ion transforms into CO2 and water in this chemical process. (Salunkhe, & Desai 1988; Smita et al., 2013)
2.4.6. Determination of Nitrite- Nitrogen in water Cadmium reduction method

Nitrate is nearly completely reduced to nitrite when a sample passes through a column filled with Cadmium, which is loosely coated with metallic copper. The resulting nitrite is then determined through diazotization with sulphanilamide and coupling with NNED (N-(1-naphthyl ethylene diamine dihydrochloride), forming a vividly colored azo dye. The extinction of this dye is measured at 543 nm. To account for any initially present nitrate in the sample, a correction can be applied. Alternatively, the nitrate in the sample can be reduced to nitrite using an overnight reduction method. (Gandhi et al., 2015; Arthisree et al., 2013)
2.4.7. Determination of Carbonates and Bicarbonates

Na2CO3 reacts with HCl in two drops. The initial stage involves reference half-neutralization up to the bicarbonate stage, with the endpoint detected using phenolphthalein. In the second stage, complete neutralization occurs. To standardize HCl, it is titrated against standard sodium carbonate (Na2CO3). (Cooley, Kent Evert.1988)
2.4.8. Estimation of free carbon dioxide 

CO2 reacts with NaOH or Na2CO3 to produce Na(HCO3)2. The completion of the reaction is signaled by the emergence of a pink color, facilitated by the presence of phenolphthalein indicator at a pH of 8.3. (Galan-Martin, Angel, et al.2022)
2.4.9. Estimation of chemical oxygen demand (COD)
The determination of the (COD) or permanganate value in water is typically carried out through alkaline oxidation with permanganate. Chromic and permanganate under acidic conditions are not effective in oxidizing the organic matter in water. These oxidants are prone to converting chloride ions in water into free chlorine. Therefore, to avoid this issue, the preferred method for analyzing COD in water involves the oxidation of organic matter with permanganate under alkaline conditions. (Tang et al., 2020; Gandhi et al., 2022)
2.4.10. Determination of Dissolved oxygen in water (Winkler’s Method)

MnSO4 reacts with an alkali to generate a white precipitate of manganese hydroxide. Within this precipitate, oxygen (O2) oxidizes the manganese hydroxide to form a brown-coloured higher hydroxide. Upon acidification, this higher hydroxide releases iodine equivalent to the amount of O2 fixed. The liberated iodine is then titrated against thiosulphate, with starch serving as an indicator (Dance, & Hynes, 1980; Gandhi et al., 2024).
2.4.11. Determination of B.O.D of Wastewater Sample

 
B.O.D. in sewage or polluted water measures the amount of oxygen needed for the biological breakdown of dissolved organic matter under aerobic conditions at standardized time and temperature. Typically, this assessment occurs over a period of 5 days at a temperature of 20°C, following global standards. B.O.D. testing is a crucial method in sanitary analysis, determining the pollution level in sewage, industrial waste, or polluted water. It provides insights into the amount of clean diluting water required for effective sewage disposal through dilution. Widely used, especially in evaluating waste loading for treatment plants, it plays a key role in assessing the efficiency of such treatment systems. (Cooper, 1993; Gandhi et al., 2024)
2.4.12. Determination of Turbidity of Water

The method described below relies on comparing the intensity of light scattered by a sample under specific conditions to the intensity of light scattered by a standard reference suspension under the same conditions. Turbidity increases with higher intensity of scattered light. Formazine polymer, recognized as the standard reference suspension for turbidity, is employed in water testing. It is easy to prepare and offers more consistent light scattering properties compared to clay or natural water standards used previously. The turbidity of a specific formazine concentration corresponds to approximately 100 NTU when measured on a candle turbidity meter. Nephelometric turbidity units based on formazine preparation align with units derived from the Jackson candle turbidimeter, although they may not be identical. (Berman et al, 2022)
3. RESULT 
3.1. Temperature
Temperature is a critical factor in environmental conditions, impacting various processes and ecosystems. Zone I (Table 1) (22 to 35 degrees) Encompasses a broad temperature range, indicating potential for both warm and moderate conditions. Zone II (22 to 27.4 degrees) Represents a relatively narrower temperature span (Table 2), suggesting a more specific range within the moderate to warm spectrum. Zone III (22 to 27.4 degrees) (Table 3) shares a similar temperature range with Zone II, indicating consistency in temperature conditions. Zone IV (22.9 to 25.5 degrees) Reflects a slightly more constrained range compared to other zones, suggesting a specific and slightly cooler temperature profile (Table 4).
3.2. pH

The pH scale is a measure of the acidity or alkalinity of a substance, with values ranging from acidic (0) to alkaline (14). Zone I (Table 1) ranges from 6.11 to 8.11 Represents a moderately acidic to neutral range. Zone II (Table 2) ranges from 6.26 to 10.7 Shows a wider pH span, indicating a transition from slightly acidic to moderately alkaline conditions. This zone suggests a potential for both acidic and alkaline influences. Zone III (Table 3) ranges from 7.42 to 10.2 Encompasses a predominantly alkaline range, suggesting a more basic nature. Zone IV (Table 4) ranges from 8.45 to 10.9 Exhibits a higher alkalinity compared to other zones, indicating a more pronounced alkaline environment. The observation reveals that Zone II and Zone IV have higher pH values, signifying a more alkaline nature in these zones. In contrast, Zone I and Zone III exhibit lower pH values, indicating a less alkaline or even acidic character. Understanding these pH zones is crucial for assessing the chemical nature of substances in different environments.
3.3. Electrical Conductivity
Conductivity is a measure of a solution's ability to conduct an electric current, often influenced by the concentration of dissolved ions. Zone I (137.1 to 141) represents a range of relatively lower conductivity, indicating a lower concentration of dissolved ions in the solution (Table 1). Zone II (140.4 to 195.9) Exhibits a broader range of conductivity, suggesting a higher variability in ion concentration (Table 2). This zone generally shows higher conductivity compared to Zone I. Zone III (143.9 to 157.1) Encompasses a moderate range of conductivity, indicating a moderate concentration of dissolved ions in the solution (Table 3). Zone IV (170.7 to 199.5) shows a higher range of conductivity, suggesting an elevated concentration of dissolved ions (Table 4). This zone generally exhibits higher conductivity compared to Zone I and Zone III. The analysis indicates that Zone II and Zone IV generally have higher conductivity compared to Zone I and Zone III. This suggests a higher concentration of dissolved ions in the solutions within these zones. Understanding the conductivity patterns is essential for assessing water quality and understanding the chemical composition of different environmental zones.
3.4. Total Dissolved Solids
 
TDS measure the concentration of dissolved substances in water, encompassing various ions and other dissolved solids. Zone I (137.2 to 140.4) represents a range of relatively lower TDS values, indicating a lower concentration of dissolved solids in the water. Zone II (140.3 to 166.3) Exhibits a broader range of TDS values, suggesting a higher variability in the concentration of dissolved solids. This zone generally shows higher TDS compared to Zone I. Zone III (145 to 190) Encompasses a moderate range of TDS values, indicating a moderate concentration of dissolved solids in the water. Zone IV (171.6 to 199.5) Shows a higher range of TDS values, suggesting an elevated concentration of dissolved solids. This zone generally exhibits higher TDS compared to Zone I and Zone III. Similar to conductivity, the TDS analysis reveals that Zone II and Zone IV have higher TDS values compared to Zone I and Zone III. This indicates a higher concentration of dissolved solids in the water within these zones. Understanding TDS patterns is crucial for assessing water quality, as higher TDS levels can impact various environmental and ecological factors.
3.5. Turbidity
Turbidity is a measure of the cloudiness or haziness of a fluid caused by large numbers of particles that are generally invisible to the naked eye. Zone I (22 to 35) encompasses a broad range of turbidity levels, suggesting potential variability in the clarity of the fluid in this zone. Zone II (22.6 to 27.4) Represents a narrower range of turbidity levels, indicating a more specific and consistent clarity in the fluid within this zone. Zone III (24.7 to 25.5) Exhibits a relatively small range of turbidity levels, suggesting a more consistent clarity in the fluid in this zone. Zone IV (23.1 to 29) Shows some variability in turbidity levels, but generally comparable to Zone I and Zone III. This zone suggests a moderate range of clarity in the fluid. The analysis indicates that turbidity levels vary across the zones. While Zone II and Zone IV show some variability, overall, the turbidity levels in these zones are generally comparable to Zone I and Zone III. Understanding turbidity patterns is crucial for assessing water quality, as it provides insights into the presence of suspended particles and the clarity of the fluid, which can impact various environmental and ecological factors.
3.6. Zn & Fe

Zone I: Zinc levels range from 0.52312 to 3.07333, while iron levels range from 1.8088 to 6.9148. Overall, there is variability in both zinc and iron levels, with the highest iron concentration observed. Zone II: Zinc levels range from 1.11163 to 4.18496, while iron levels range from 0.952 to 3.7856. There is a moderate range of values, and iron levels are generally lower than those in Zone I. Zone III: Zinc levels range from 1.50397 to 5.2312, while iron levels range from 1.26 to 2.9232. Zinc levels show variability, and iron levels are relatively lower than those in Zone I. Zone IV: Zinc levels range from 1.1424 to 3.33489, while iron levels range from 0.8288 to 1.736. Both zinc and iron levels show variability, with iron concentrations generally lower than those in Zone I. Zone I has the highest iron levels, potentially indicating a higher concentration of this metal compared to the other zones. Zone III has the highest zinc concentration, and both zinc and iron levels are lower compared to Zone I. Zone IV shows variability in both zinc and iron levels, with concentrations generally lower than those in Zone I. Zone II has moderate levels of both zinc and iron, with iron concentrations generally lower than those in Zone I. Again, to provide a more comprehensive interpretation, specific references or standards for zinc and iron levels in water should be consulted.
3.7. Acidity

The acidity levels in the studied water samples exhibit notable variations across the four defined zones. In Zone I, acidity ranges from 17.5 to 100, indicating a diverse spectrum of acidic conditions. Zone II displays acidity levels spanning from 10 to 75, showcasing a moderate range. Zone III demonstrates relatively lower acidity, fluctuating between 10 and 31. Notably, Zone IV stands out with generally higher acidity levels, ranging from 11 to 53. This variation suggests a spatial heterogeneity in water quality, highlighting the need for region-specific interventions and monitoring to address acidity-related concerns in different zones.

3.8. Alkalinity
Alkalinity, a critical water quality parameter, exhibits notable variations across different zones based on the provided data. In Zone I, alkalinity ranges from 20 to 100, showcasing a considerable spread. Zone II displays a lower range, fluctuating between 4 and 35, indicating relatively moderate alkalinity levels. Zone III exhibits alkalinity values ranging from 8 to 70, reflecting a diverse range of water conditions. Notably, Zone IV stands out with the highest alkalinity values, spanning from 11 to 72. This variation suggests distinct alkalinity characteristics in each zone, emphasizing the need for targeted water quality management strategies in different geographical areas. Additionally, specific references and established standards should be consulted for a comprehensive understanding and comparison of alkalinity levels in relation to accepted water quality guidelines.
3.9. Chemical Oxygen Demand (COD)
The COD, levels in the analyzed water samples exhibit notable variations across different zones. In Zone I, the COD ranges from 5 to 40, indicating a moderate to high organic pollutant load. Zone II, however, displays a wider range, with values spanning from 1.1 to 39.2. Notably, Zone II contains some exceptionally high COD values, suggesting a potentially elevated presence of organic contaminants. Zone III also shows a diverse COD range, varying from 1.1 to 40, similar to Zone II. In contrast, Zone IV demonstrates a narrower range of COD levels, ranging from 8 to 22, potentially indicating a more consistent, but comparatively lower, organic pollutant load. The higher COD values in Zones II and III warrant further investigation into potential pollution sources and environmental impact.
3.10. Biochemical Oxygen Demand (BOD)
The BOD, levels in the studied water zones reveal notable variations. BOD reflects the amount of oxygen consumed by microorganisms during the decomposition of organic matter in water. In Zone I, BOD ranges from 1.6 to 41.6, indicating a diverse range of organic pollutants. Zone II exhibits lower BOD values, ranging from 1.6 to 24, suggesting potentially reduced organic load compared to Zone I. Zone III shows BOD levels ranging from 3.2 to 24, with a slight increase compared to Zone II. Interestingly, Zone IV demonstrates BOD levels ranging from 1.6 to 17.6, suggesting a potential improvement in water quality with lower organic pollution compared to other zones. These findings underscore the importance of BOD as an indicator of organic pollution and highlight the varying degrees of water quality across the different zones.

3.11. Dissolved Oxygen (DO)
The levels of DO, in the water samples from different zones exhibit notable variations. In Zone I, DO concentrations range from 35 to 165, indicating relatively high levels of dissolved oxygen. Zone II displays a narrower range, spanning from 26 to 75, with values generally lower than those in Zone I. Zone III demonstrates a range of 16 to 59, indicating a further decrease in DO levels compared to the previous zones. Finally, Zone IV exhibits DO concentrations ranging from 25 to 43, suggesting a moderate level of dissolved oxygen. Overall, the Dissolved Oxygen levels follow a decreasing trend from Zone I to Zone IV, with Zone I consistently maintaining higher concentrations. The variations observed in DO levels across these zones may be indicative of differing water quality conditions, potentially influenced by factors such as pollution, organic matter, and other environmental variables. Monitoring and managing these variations are crucial for understanding and maintaining the health of aquatic ecosystems in each respective zone.

3.12. CO2
The levels of CO2, in the water samples exhibit notable variations across different zones: Zone I (62.7 to 564.1) Displays a broad range of CO2 concentrations, indicating potential variability in the sources or environmental conditions affecting carbon dioxide dissolution. Zone II (92.4 to 981.9) Notable for having some of the highest recorded CO2 levels, suggesting a potential influence of factors such as organic decomposition or anthropogenic activities contributing to elevated carbon dioxide concentrations. Zone III (57.2 to 510.8) Similar to Zone II, this zone demonstrates a range of CO2 concentrations that may be associated with diverse environmental factors, possibly including natural processes or human-related activities. Zone IV (132 to 294.8) Exhibits a comparatively narrower range of CO2 concentrations. While still varying, these values may indicate a different set of influences on carbon dioxide levels in this zone. Overall, the observed CO2 levels highlight distinct characteristics in each zone, emphasizing the importance of understanding local factors and potential sources contributing to water quality variations. Further investigation and consideration of relevant environmental standards are recommended for a comprehensive assessment of water quality in each zone.

3.13. Carbonates & Bicarbonates
The levels of carbonates and bicarbonates in the water samples vary across different zones, as indicated in the provided data. In Zone I, the values range from 0.17 to 0.43, while in Zone II, they range from 0.01 to 0.35. Zone III exhibits a range of 0.25 to 0.6, and Zone IV ranges from 0.24 to 0.52. Notably, Zone IV tends to have slightly higher values in comparison to the other zones. The presence of carbonates and bicarbonates in water is crucial for buffering against changes in pH and maintaining overall water quality. However, specific standards and guidelines should be referenced for a comprehensive assessment of these values in relation to water quality benchmarks.

3.14. Nitrogen
Nitrogen levels in Zone I range from 0.04 to 0.43. Overall, the values show some variability, with the highest value (0.43) potentially indicating a higher nitrogen concentration. Nitrogen levels in Zone II range from 0.01 to 0.42. The values exhibit moderate variability, and the highest value (0.42) is comparable to Zone I's highest value. Nitrogen levels in Zone III range from 0.17 to 0.6. There is a wider range of values in Zone III, and the highest value (0.6) suggests a relatively higher nitrogen concentration compared to Zones I and II. Nitrogen levels in Zone IV range from 0.24 to 0.52. The values in Zone IV are relatively consistent, and the highest value (0.52) is comparable to the highest values in Zones I and II.

Zone III appears to have the highest nitrogen levels overall, potentially indicating a greater nitrogen load in the water. Zone I and Zone II show moderate variability, with Zone II having slightly lower maximum values than Zone I. Zone IV has relatively consistent values, with the highest value comparable to those in Zones I and II. It's crucial to note that specific guidelines or standards for nitrogen levels in water are needed for a more detailed interpretation. Additionally, citing specific references or standards would enhance the credibility of the interpretation. If available, you should refer to local or international water quality standards, environmental regulations, or scientific studies related to nitrogen levels in aquatic ecosystems.

4. DISCUSSION
The impact of modern agricultural practices on irrigation water quality in and around the Ranga Reddy District of Telangana is a multifaceted issue with implications for environmental sustainability, human health, and agricultural productivity. Drawing upon a diverse array of scholarly references, this discussion aims to explore the complexities and challenges associated with this critical issue. Agricultural intensification, driven by factors such as population growth and technological advancements, has led to increased demands for water resources and the widespread adoption of modern irrigation techniques. However, the unintended consequences of these practices on water quality have become increasingly apparent. Madden and Chaplowe (1997) emphasize the importance of sustainable agriculture in mitigating these adverse impacts, highlighting the need for holistic approaches that consider the long-term environmental and socio-economic implications of agricultural practices.

Soil degradation, a consequence of intensive agricultural activities, poses a significant threat to water quality in the region (Richard Young et al., 2015). The Revised World Soil Charter (FAO, 2015) underscores the urgency of addressing soil degradation to safeguard water resources and ensure the sustainability of agricultural systems. Soil erosion, nutrient runoff, and pesticide contamination contribute to the degradation of water quality, adversely affecting aquatic ecosystems and human health (Dubrovsky et al., 2010; Mohanty et al., 2013). Nutrient management practices play a crucial role in mitigating the impact of agricultural activities on water quality. Efficient use of fertilizers and proper nutrient management are essential for minimizing nutrient runoff and eutrophication of water bodies (Ladha et al., 2005; Bijay-Singh, 2016). However, challenges such as overuse of fertilizers, inadequate nutrient cycling, and improper irrigation practices exacerbate nutrient pollution in water sources (Brar et al., 2015; Bijay-Singh et al., 2003).

Heavy metal contamination is another pressing concern associated with modern agricultural practices. The use of agrochemicals, industrial effluents, and improper waste disposal contribute to the accumulation of heavy metals in soil and water (Brigden et al., 2002; Chhabra et al., 2010). These contaminants pose risks to human health and ecological integrity, highlighting the need for stringent regulations and pollution control measures (MPCA, 2007; Kawade, 2012). Furthermore, climate change exacerbates the challenges associated with water quality management in agricultural landscapes. Changes in precipitation patterns, temperature regimes, and hydrological cycles influence the availability and distribution of water resources, thereby affecting water quality dynamics (Pathak et al., 2014; Pedde et al., 2017). Sustainable water management strategies that incorporate climate resilience and adaptive measures are imperative to address these challenges (Sutton et al., 2017).

5. CONCLUSION
The data presented offers insights into the impact of modern agricultural practices on irrigation water quality in the Ranga Reddy District of Telangana. Across multiple parameters, notable variations are observed among different sampling sites (S1-S13). These parameters include pH, conductivity, total TDS, turbidity, temperature, zinc, iron, acidity, alkalinity, COD, DO, BOD, CO2, carbonates, bicarbonates, and nitrogen. Such variations signify the diverse environmental conditions and anthropogenic influences affecting water quality in the region. For instance, fluctuations in pH levels indicate differences in soil acidity or alkalinity, while conductivity and TDS levels reflect variations in the concentration of dissolved salts, potentially influenced by agricultural inputs and soil composition. Turbidity measurements provide insights into the clarity of water and the presence of suspended particles, highlighting potential sedimentation and erosion issues. 
6.  Biochemical Oxygen Demand (BOD)
[image: image10.png]&
<
100

1500
TDS




 Figure-2: Piper plot for water quality parameters of zone-1-4 samples collected from Rangareddy district of Telangana.
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Figure-3: Durov diagram for water quality parameters of zone-1-4 samples collected from Rangareddy district of Telangana.
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Figure-4: Levels of anio, cations in zone-1-4samples collected from Rangareddy district of Telangana.
Moreover, temperature variations signify seasonal changes and environmental dynamics, which can influence water quality parameters. The data also reveals fluctuations in metal content, including zinc and iron, suggesting potential contamination sources or natural geological influences. Parameters such as acidity, alkalinity, COD, DO, BOD, CO2, carbonates, bicarbonates, and nitrogen further underscore the complexity of water quality dynamics and the presence of organic and inorganic pollutants. Collectively, these findings emphasize the need for comprehensive monitoring and management strategies to address the challenges posed by modern agricultural practices on water resources in the Ranga Reddy District. Sustainable water management approaches, informed by ongoing monitoring efforts and interdisciplinary research, are essential to safeguarding water quality and promoting ecosystem health in agricultural landscapes. Additionally, stakeholder engagement and policy interventions are crucial for implementing effective mitigation measures and ensuring the long-term sustainability of water resources in the region.
	Parameter
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8
	S9
	S10
	S11
	S12
	S13

	pH
	7.65
	6.11
	8.11
	6.4
	8.04
	7.93
	8.01
	6.51
	6.57
	6.48
	6.33
	6.27
	6.18

	Conductivity
	63.3
	137.9
	137.3
	137.1
	138.7
	139.2
	139.7
	140
	140
	140.4
	141
	141
	140.5

	Total Dissolved Solids (TDS)
	63.2
	138
	137.6
	137.2
	139
	139.2
	139.5
	139.6
	140
	140.3
	140.6
	140.6
	140.4

	Turbidity
	14679
	14952
	14260
	14348
	14243
	14530
	14332
	14326
	14229
	14305
	14377
	14180
	14296

	Temperature
	34.1
	22
	23
	23
	35
	23
	24
	23
	23
	22
	23
	23
	23

	Zinc
	2.87716
	1.11163
	0.91546
	1.89631
	0.52312
	1.3078
	1.50397
	3.07333
	1.3078
	2.09248
	2.35404
	2.74638
	2.48482

	Iron
	6.9148
	2.6342
	4.2112
	1.8592
	3.1752
	2.5648
	2.8448
	2.6824
	3.2256
	2.632
	3.0128
	2.632
	1.8088

	Acidity (M)
	25
	47.5
	17.5
	50
	30
	35
	25
	75
	70
	65
	100
	75
	75

	Acidity (P)
	25
	35
	22.5
	40
	25
	20
	35
	70
	100
	45
	30
	40
	56.5

	Alkalinity (P)
	10
	22.5
	12.5
	5
	15
	11.5
	10
	21.5
	35
	25
	40
	25
	25

	Alkalinity (M)
	40
	45
	45
	35
	40
	40
	110
	130
	165
	85
	80
	125
	75

	COD
	16
	41.6
	4.8
	1.6
	3.2
	35.2
	4.8
	1.6
	3.2
	1.6
	3.2
	1.6
	3.2

	DO
	102.34
	102.34
	204.6
	83.6
	245.6
	122.8
	184.2
	167.14
	167.14
	229.8
	62.7
	417.9
	564.1

	BOD
	3
	1.3
	4
	1
	7
	3
	3.7
	2.6
	2
	0.6
	6.3
	12.4
	18

	CO2
	70.4
	1232.2
	580.8
	220
	193.6
	176
	202.4
	105.6
	88
	114.4
	105.6
	88
	79.2

	Carbonates
&Bicarbonates
	8.99892
	1.19928
	2.6398
	2.99985
	0.41997
	2.7598
	3.9598
	2.15989
	3.4198
	2.5198
	3.15824
	5.0397
	2.5798

	Nitrogen
	0.34
	0.29
	0.23
	0.31
	0.43
	0.04
	0.25
	0.17
	0.22
	0.29
	0.17
	0.19
	0.16


Table 1: Physico-chemical parameters of water samples collected from zone-1 of Rangareddy district, Telangana.

Table 2: Physico-chemical parameters of water samples collected from zone-2 of Rangareddy district, Telangana.
	Parameter
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8
	S9
	S10
	S11
	S12
	S13

	pH
	6.26
	8.55
	10.6
	10.7
	8.66
	8.64
	9.27
	10.6
	8.91
	9.3
	9.25
	8.46
	9.15

	Conductivity
	140.8
	195.9
	148
	153
	157.1
	160
	162.5
	165.5
	164.3
	164.7
	165.2
	166.6
	140.4

	TDS
	140.5
	193.6
	141.1
	154.4
	159
	162.6
	162.3
	165.3
	164
	164.4
	164.9
	166.3
	142.1

	Turbidity
	13989
	13776
	13976
	13736
	13619
	13804
	14097
	13226
	13526
	13746
	14013
	13656
	13484

	Temperature
	23
	24.9
	24.2
	24
	24.7
	24.7
	24.1
	23.6
	24.4
	24.6
	24.3
	25
	22.6

	Zinc
	3.59645
	4.18496
	3.40028
	3.07333
	2.09248
	2.09248
	1.70014
	2.41943
	2.15787
	2.41943
	2.48482
	2.74638
	1.63475

	Iron
	3.7856
	2.2568
	3.332
	1.2208
	1.344
	1.1872
	0.952
	1.26
	1.428
	1.1424
	1.3776
	1.3048
	1.1032

	Acidity (M)
	75
	12
	40
	30
	40
	30
	18
	14
	30
	40
	10
	64
	16

	Acidity (P)
	35
	14
	8
	28
	8
	4
	26
	10
	28
	32
	14
	37
	23

	Alkalinity (P)
	20
	24
	12
	20.4
	6
	39.2
	11
	13
	12
	14
	13
	15
	8

	Alkalinity (M)
	75
	45
	32
	52
	35
	56
	54
	43
	34
	43
	28
	33
	51

	COD
	16
	12.8
	17.6
	1.6
	12.8
	17.6
	22.4
	14.4
	24
	20.8
	24
	3.2
	24

	DO
	146.25
	480.5
	438.7
	334.2
	355.18
	396.9
	626.7
	585
	501.4
	752.14
	981.9
	470.4
	662.9

	BOD
	2.3
	1
	27
	3
	6
	3
	11
	6
	15
	2
	9
	18.6
	13

	CO2
	79.2
	27.5
	23.1
	33
	22
	35.2
	23.1
	16.5
	24.2
	12.1
	20.9
	51.7
	28.6

	Carbonates&
Bicarbonates
	3.9598
	0.76356
	1.71801
	3.35151
	1.33623
	5.985
	6.575
	7.737
	1.0405
	0.19089
	2.67246
	0.3436
	1.33623

	Nitrogen
	0.26
	0.3
	0.25
	0.42
	0.21
	0.22
	0.1
	0.07
	0.01
	0.14
	0.14
	0.13
	0.35


Table 3: Physico-chemical parameters of water samples collected from zone-3 of Rangareddy district, Telangana.

	Parameter
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8
	S9
	S10
	S11
	S12

	pH
	7.42
	9.11
	9.66
	8.99
	7.87
	7.71
	7.58
	9.31
	8.99
	10.2
	9.33
	8.26

	Conductivity 
	143.9
	146.5
	148.3
	149.9
	151.4
	152.7
	154
	155.1
	157.1
	173.1
	175.1
	181.2

	TDS
	145
	146.8
	148.5
	150.2
	151.6
	152.8
	154
	155.2
	157
	173.1
	174.5
	180

	Turbidity
	13225
	13656
	13655
	13789
	13203
	13680
	13496
	13494
	13910
	13384
	13394
	13456

	Temperature
	24.7
	22.2
	22
	23.4
	24.5
	24.8
	25.4
	23.1
	22.7
	27.4
	24.3
	24.6

	Zinc
	2.55021
	1.76553
	2.28865
	2.15787
	1.9617
	1.76553
	2.02709
	2.74638
	5.2312
	4.51191
	2.02709
	1.50397

	Iron
	1.4616
	1.736
	1.26
	1.344
	1.5456
	2.9232
	2.856
	2.212
	1.9376
	1.7808
	1.3776
	2.9232

	Acidity (M)
	25
	25
	19
	12
	10
	28
	17
	31
	29
	49
	30
	25

	Acidity (P)
	70
	25
	41
	39
	70
	64
	58
	70
	64
	58
	70
	77

	Alkalinity (P)
	12
	12
	31
	14
	13
	16
	10
	8
	10
	1.1
	1.1
	14

	Alkalinity (M)
	40
	32
	48
	43
	50
	43
	52
	16
	59
	31
	53
	43

	COD
	16
	11.2
	14.4
	12.8
	9.6
	20.8
	11.2
	9.6
	16
	14.4
	14.4
	4.8

	DO
	510.8
	92.4
	105.6
	57.2
	105.6
	70.4
	167.2
	96.8
	180.4
	92.4
	140.8
	132

	BOD
	10
	13
	10
	10
	19
	18.2
	15.6
	14.5
	25
	1
	5.2
	15

	CO2
	14.3
	23.1
	26.4
	14.3
	26.4
	17.6
	41.8
	24.2
	45.1
	23.1
	35.2
	33

	Carbonates &Bicarbonates
	0.19089
	1.14534
	0.19089
	2.29068
	0.38178
	4.58136
	5.34492
	2.02343
	0.95445
	0.649
	5.15403
	7.2156

	Nitrogen
	0.25
	0.17
	0.42
	0.6
	0.34
	0.34
	0.37
	0.46
	0.42
	0.29
	0.33
	0.47


Table 4: Physico-chemical parameters of water samples collected from zone-4 of Rangareddy district, Telangana.
	Parameter
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8
	S9
	S10
	S11
	S12

	pH
	9.15
	8.45
	9.3
	8.76
	8.77
	8.45
	8.95
	8.73
	8.79
	10.9
	8.81
	10.2

	Conductivity 
	187.1
	187
	190
	195.4
	198.6
	170.7
	177
	191.4
	199.2
	199
	181.2
	192.5

	TDS
	184.7
	179.2
	190
	190.6
	198.5
	171.6
	183.1
	191.2
	197.5
	199.5
	183
	193.5

	Turbidity
	13610
	13681
	13784
	14116
	13918
	13486
	13716
	13426
	13289
	13382
	13785
	13588

	Temperature
	23.1
	23.8
	22.9
	23
	24.9
	24.3
	24.2
	24.4
	25.5
	24.2
	24.8
	24.2

	Zinc
	2.94255
	3.00794
	2.22326
	1.9617
	2.15787
	3.33489
	2.94255
	2.68099
	2.28865
	2.87716
	2.74638
	3.00794

	Iron
	1.736
	1.428
	1.4952
	1.3776
	1.428
	1.344
	1.26
	0.8288
	1.3776
	1.1424
	1.1424
	1.26

	Acidity (M)
	15
	25
	29
	23
	53
	36
	29
	24
	18
	11
	21
	38

	Acidity (P)
	58
	70
	72
	48
	46
	40
	64
	29
	44
	30
	52
	64

	Alkalinity (P)
	22
	12
	19
	11
	12
	11
	8
	14
	10
	14
	21
	17

	Alkalinity (M)
	41
	26
	36
	33
	31
	31
	29
	43
	34
	35
	25
	36

	COD
	6.8
	9.6
	4.8
	1.6
	4.8
	1.6
	6.4
	4.8
	16
	12.8
	17.6
	4.8

	DO
	220
	167.2
	154
	184.8
	246.4
	132
	286
	294.8
	110
	184.8
	211.2
	250.8

	BOD
	31
	15
	6
	22.8
	16.3
	21.5
	16
	10
	7.5
	18
	9
	2.5

	CO2
	55
	41.8
	38.5
	46.2
	61.6
	33
	71.5
	73.7
	27.5
	46.2
	52.8
	62.7

	Carbonates
&Bicarbonates
	4.77225
	1.33623
	2.4815
	2.9015
	0.76356
	3.05424
	0.57267
	3.43602
	0.19089
	0.38178
	1.14534
	3.8178

	Nitrogen
	0.37
	0.33
	0.37
	0.24
	0.35
	0.41
	0.52
	0.33
	0.41
	0.37
	0.32
	0.37


6. DECLARATION 
6.1. Study limitations 

The study on modern agricultural practices' impact on irrigation water quality in Ranga Reddy District, Telangana, notes various limitations. These include potential sampling bias, data collection constraints like time and access, and a possibly insufficient sample size. Generalizability beyond the study area may be limited due to regional variations. Concerns arise regarding data accuracy and external factors like weather changes. Methodological constraints and resource limitations, such as funding and equipment, could affect the study's depth. Natural variability in soil and water properties and subjectivity in result interpretation further add complexity. These limitations stress the need for cautious interpretation and suggest areas for future research.
REFERENCES
[1]. Ahmed, (2001) Regionalization of aquifer parameters for groundwater modeling including monitoring network design. In Modeling in Hydrogeology (eds Elango, L. and Jayakumar, R.), Allied Publishers Limited, India, pp. 39–57, 2001.
[2]. Ahmed, D., Kumar, S., Krishnamurthy, N. S. and Dewandel, B., (2007) Application of geostatistics in reducing ambiguities in vertical electrical sounding interpretations. Appl. Geophys.(published online), 2007.

[3]. Arthisree, S. R., Sirisha, D., & Gandhi, N. (2013). Adsorption of aqueous solution of NO₂ by neem bark dust. Int. J. ChemTech Res., 5(1), 450-455.

[4]. Asthana, S., Sirisha, D., & Gandhi, N. (2013). Heavy metal analysis in soil samples of heavy traffic zones of Hyderabad, A.P. J. Chem. Biol. Phys. Sci., 3(3), 1376-1381.
[5]. Berman, Manuel Castro, et al. "A large-scale geographical coverage survey reveals a pervasive impact of agricultural practices on plankton primary producers." Agriculture, Ecosystems & Environment 325 (2022): 107740.
[6]. Bertrand, S., Ahmed, Saxena, F.,V. Subrahmanyam, K., K. and Touchard, F.,(2002) A geostatistical method of determining priority of measurement wells in a fluoride monitoring network in an aquifer. J. Appl. Geochem., 2002, 4, 576–585, 2002.
[7]. Bijay-Singh. 2016. Site-specific nitrogen management in cereals in India. Indian Journal of Fertilisers 12(4), 46-57.
[8]. Bijay-Singh, Singh, Y. and Bains, J.S. 2003. Real-time nitrogen management using chlorophyll meter and leaf colour chart (LCC) in rice and wheat. In Nutrient Management for Sustainable Rice-Wheat Cropping System (Y. Singh, B. Singh and J. Singh, Eds.), pp. 115-124. [9]. NATP, Indian Council of Agricultural Research, New Delhi and Punjab Agricultural University, Ludhiana.

[10]. Brar, B.S., Singh, J., Singh, G. and Gurpreet-Kaur. 2015. Effects of long-term application of inorganic and organic fertilizers on soil organic carbon and physical properties in maize–wheat rotation. Agronomy 5, 220-238.

[11]. Brigden, K., Stringer, R. and Santillo, D. 2002. Heavy metal and radionuclide contamination of fertilizer products and phosphogypsum waste produced by the Lebanese Chemical Company, Greenpeace Research Laboratories, Department of Biological Sciences, University of Exeter, Exeter EX4 4PS.

[12]. Chhabra, A., Manjunath, K.R. and Panigrahy, S. 2010. Non-point source pollution in Indian agriculture: estimation of nitrogen losses from rice crop using remote sensing and GIS. International Journal of Applied Earth Observation and Geoinformation 12, 190–200.
[13]. Cooley, Kent Evert. (1988)  "Subsoil Nutrient Levels, Soil Genesis, and Soil Classification in Selected Northeastern (MLRA 102A) South Dakota Soils." (1988).
[14]. Cooper, C. M. "Biological effects of agriculturally derived surface water pollutants on aquatic systems—a review." Journal of environmental quality 22.3 (1993): 402-408.
[15]. D. and Ahmed, Kumar, S., (2003) Seasonal behaviour of spatial variability of groundwater levels in a granitic aquifer in monsoon climate. Curr. Sci., 2003, 84, 188–196, 2003.
[16]. Dai, X., Wang, H., & Liu, J. (2016). Leaching of Agricultural Chemicals into Groundwater. Groundwater Monitoring and Remediation, 18(2), 167-179.
[17]. Dance, K. W., & Hynes, H. B. N. (1980). Some effects of agricultural land use on stream insect communities. Environmental Pollution Series A, Ecological and Biological, 22(1), 19-28.
[18]. Devi, P., Sirisha, D., & Gandhi, N. (2012). Characterization of prawn ponds in and around Bhimavaram, West Godavari District, A.P. Int. J. Res. Chem. Environ., 2(1), 251-254.

[19]. Devi, P., Sirisha, D., & Gandhi, N. (2013). Study on the quality of water and soil from fish ponds in and around Bhimavaram, West Godavari District, A.P., India. Int. Res. J. Environ. Sci., 2(1), 58-62.
[20]. Dewandel J.C., and Subrahmanyam, K and Maréchal, (2004) Use of hydraulic tests at different scales to characterize fracture network properties in the weathered–fractured layer of a hard rock aquifer. Water Resour. Res., W11508, 1–17, 2004.
[21]. Dewandel, J. C Ahmed, B., Galeazzi, S.,L. and Zaidi, F. K. and Maréchal, (2006) Combined estimation of specific yield and natural recharge in a semi-arid groundwater basin with irrigated agriculture. J. Hydrol., 329, 281–293, 2006.
[22]. Dewandel, J.C., Subrahmanyam, B., and Torri,R and Maréchal.(2003).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Specific methods for the evaluation of hydraulic properties in fractured hard-rock aquifers. Curr. Sci., 85, 511–516, 2003.
[23]. Dubrovsky NM, Burow KR, Clark GM, Gronberg JM, Hamilton PA, et al. (2010) The quality of our Nation’s waters-nutrients in the nation’s streams and groundwater 1992-2004. US Geological Survey Circular pp. 1-1350.
[24]. Engerrand, S., Ahmed, Ledoux, C., Sreedevi, E., Dewashish Kumar, P. D., Subrahmanyam, K.  and de Marsily, G., Geostatistics, (2003) aquifer modelling and artificial recharge. Scientific report: Volume 3, Indo-French Collaborative Project (2013–1), Technical Report No. NGRI-2003-GW-411, 2003.
[25]. FAO (2015) Revised World Soil Charter.
[26]. Fernández-cirelli et al. (2009) environmental effects of irrigation in arid and semi-arid regions Chilean j. agric. res. - vol. 69 (suppl. 1) – 2009
[27]. Galan-Martin, Angel, et al. "The potential role of olive groves to deliver carbon dioxide removal in a carbon-neutral Europe: Opportunities and challenges." Renewable and Sustainable Energy Reviews 165 (2022): 112609.
[28]. Galeazzi, J. C Dewandel, L., B. and Ahmed, S.and Maréchal, (2003). Importance of irrigation return flow on the groundwater budget of a rural basin in India. IAHS Red Book, vol. 278, pp. 62–67, 2003.
[29]. Gandhi N., Sirisha D., Smita Asthana. (2015) Germination of seeds in soil samples of heavy traffic zones of Hyderabad telangana, India. Environmental Science-An Indian Journal. Vol. 10(6), 2.4-214, 2015
[30]. Gandhi, N., & Sirisha, D. (2018). History of water harvesting methods and screening of plant-based coagulants for removal of chromium (VI) & fluoride. Int. Educ. Sci. Res. J., 4(2), 60-76.

[31]. Gandhi, N., Madhan Obul Reddy, M., & Madhusudhan Reddy, D. (2022). Phycoremediation of rice parboiling industry wastewater by microalgae and utilization of treated water for crop production. Int. J. Sci. Res. Biol. Sci., 9(1), 01-16.

[32]. Gandhi, N., Rama Govinda Reddy, Y., & Vijaya, Ch. (2024). Optimizing water quality for sea bass growth in pseudo marine conditions amid industrial emissions and gaseous pollutants: Implications for aquatic organisms and engineering practices. Int. J. All Res. Educ. Sci. Methods, 12(5), 619-638.

[33]. Gandhi, N., Sirisha, D., & Asthana, S. (2016). Determination of physico-chemical properties of different industrial wastewater of Hyderabad, India. Int. Res. J. Environ. Sci., 6(3), 1-10.
[34]. Johnson, B., White, E., & Garcia, F. (2019). Assessment of Pesticide Contamination in Agricultural Water Sources. Environmental Pollution Research, 15(4), 567-580.

[35]. Kawade, R. 2012. Zinc status and its association with the health of adolescents: a review of studies in India. Global Health Action 5, 73-53.
[36]. Krishnamurthy, D., N. Ahmed S., Jain, S., S. C. and Dhar, R. L. and Kumar, (2003) Mise-à-la-masse technique in establishing the lateral extension of fractures in hard rocks. J. Geol. Soc. India, 61, 185–194, 2003.
[37]. Kumar, N.S., Ananda Rao, D., Jain, V., S.C. and Ahmed, S. and Krishnamurthy, (2003) Comparison of surface and subsurface geophysical investigations in delineating fracture zones. Curr. Sci., 84, 1242–1246, 2003.
[38]. Lachassagne, B., Wyns, PMaréchal, R., J. C. and Krishnamurthy, N. S. and Dewandel, (2006) A generalized 3-D geological and hydrogeological conceptual model of granite aquifers controlled by single or multiphase weathering. J. Hydrol.,330, 260–284, 2006.
[39]. Lachassagne, B., Wyns P., Marechal, R., J. C. and Krishnamurthy, N. S. and Dewandel, (2006). A generalized 3-D geological and hydro-geological conceptual model of granite aquifers controlled by single or multiphase weathering. J. Hydrol., 330, 260–284, 2006.
[40]. Ladha, J.K., Pathak, H., Krupnik, T.J., Six, J. et al. 2005. Efficiency of fertiliser nitrogen in cereal production: retrospect and prospect. Advances in Agronomy 87, 85-156.
[41]. Madden JP, Chaplowe SD (1997) For Generations: Making world agriculture more sustainable. World Sustainable Agricultural Association, USA.
[42]. Mohanty, M.K., Behera, B.K., Jena, S.K., Srikanth, S. et al. 2013. Knowledge, attitude and practice of pesticide use among agricultural workers in Puducherry, South India. Journal of Forensic and Legal Medicine 20, 1028-1031.
[43]. Montanaro et al.(2009) Effects of soil-protecting agricultural practices on soil organic carbon and productivity in fruit tree orchards doi.org/10.1002/ldr.917 2009
[44]. MPCA. 2007. Phosphorus : sources, forms, impact on water quality - A general overview Minnesota Pollution Control Agency, St. Paul, MN, USA Water Quality #Impaired Waters #3.12 July 2007 (www.pca.state.mn.us).

[45]. Pathak, H., Bhatia, A. and Jain, N. 2014. Greenhouse Gas Emission from Indian Agriculture: Trends, Mitigation and Policy Needs, pp. 1-39. IARI, New Delhi.

[46]. Pedde, S., Kroeze, C. and Mayorga, E. 2017. Modeling sources of nutrients in rivers draining into the Bay of Bengal—a scenario analysis. Regional Environmental Change 17, 2495–2506.
[47]. Revathi. (1998). ‘Farmers’ Suicide: Missing Issues’, Economic and Political Weekly, 33:1207, 1998.
[48]. Richard Young, Stefano Orsini, Ian Fitzpatrick (2015) Soil Degradation: a major threat to humanity. Sustainable Food Trust, pp. 1-12.

[49]. S. and Ahmed, (2002) Groundwater monitoring network design: Applications of geostatistics with a few case studies from a granitic aquifer from semi-arid region, in a semi-arid region. In Groundwater Hydrology (eds Sherif, M. M. et al.), A.A. Balkema Publishers, 2002, vol. 2, pp. 37–57, 2002.
[50]. Salunkhe, D. K., and B. B. Desai. (1988) "Effects of agricultural practices, handling, processing, and storage on vegetables." Nutritional evaluation of food processing. Dordrecht: Springer Netherlands, 1988. 23-71.
[51]. Shameem & Parthasarthy. (1998). ‘Suicides of cotton Farmers in Andhra Pradesh: An Exploratory Study’, Economics and Political Weekly, 33(13):720-26.
[52]. Smith, A., Johnson, C., & Brown, D. (2017). Impact of Agricultural Practices on Irrigation Water Quality. Journal of Environmental Science, 10(2), 123-135.

[53]. Sutton, M.A., Drewer, J., Moring, A., Adhya, T.K. et. al. 2017. The Indian nitrogen challenge in a global perspective. The Indian nitrogen assessment 9-28. http:// dx.doi.org/10.1016/B978-0-12-811836-8.00002-1
[54]. Tadele, Mesfin. "Impacts of soil acidity on growth performance of faba bean (Vicia faba L.) and management options." Academic Research Journal of Agricultural Science and Research 8.4 (2020): 423-431.
[55]. Tang, Kai, Atakelty Hailu, and Yuantao Yang. "Agricultural chemical oxygen demand mitigation under various policies in China: A scenario analysis." Journal of Cleaner Production 250 (2020): 119513.
[56]. Vieira, D., Silva, M., & Santos, P. (2020). Impact of Livestock Farming on Water Quality. Journal of Agricultural and Environmental Science, 25(1), 89-102.
[57]. Vinusha, B., Gandhi, N., & Vijaya, Ch. (2023). Remediation of thermal power plant effluent with chitosan and chitosan TPP nanoparticles. Int. J. Enhanc. Res. Sci. Technol. Eng., 12(1), 97-107.

[58]. Vinusha, B., Gandhi, N., Vidya Sagar Reddy, G., & Vijaya, Ch. (2024). Advanced nanoparticle-based treatment of aquafarm and hatchery effluents: The role of chitosan and chitosan TPP in water purification. Int. J. Aquat. Res. Environ. Stud., 4(2), 117-143.

[59]. Visweswara Rao, P.L., & Simhadri. (1997). Telangana: Dimensions of Underdevelopment Centre for Telangana Studies, Hyderabad, 1997.

[60]. Ward, E., Smith, G., & Taylor, R. (2018). Risk Assessment of Nitrate Contamination in Groundwater. Environmental Health Perspectives, 26(4), 512-525.
[61]. Wu, C., Zhang, L., & Chen, S. (2018). Effects of Soil Erosion on Water Quality in Agricultural Areas. Soil and Water Research, 20(3), 245-257.
[62]. Wyns, J.C., Lachassagne, R.P. and Subrahmanyam, K and Maréchal.(2004) Vertical anisotropy of hydraulic conductivity in the fissured layer of hard rock aquifers due to geological structure of weathering profiles. J. Geol. Soc. India, 63, 545–550, 2004.
_1718089313.pdf
% Zone - |

Marpalle - Sirpura & Patloor
Mominpet - Tekulapalle
Nawabpet - Lingampalle
Vikarabad - Peelaram

Bantwaram - Boppanaram
Peddemul - Jangaon

Dharur - Nagaram & Kerelly
Tandoor - Rampur & Allapur.$
Chevella - Gundal |
Shankarpalle - Mokila

B Zone - 1ll

Basheerabad - Malkangiri & Allapur
Yelal - Girijapur

Pudur - Chintalapalle & Kankal

Pargi - Chityal & Naskal

Doma - Khammam Nacharam
Kulkacherla - Kothapally & Ramnagar
Gandeed - Kondapur & Reddipalle

»,
Rajendranagai
o s
<
Moinabad
o
Shamshabad
]

Quthbullay

& Zone- |

Medchal - Nuthankal
Shamirpet - Narayanpur
Quthbullapur - Jeedimetla
Malkajgiri - Ammuguda
Keesara - Bogaram
Balanagar - Rajapur
Serilingampally - Serilingampally
Ghatkesar - Boduppal
Rajendranagar - Gandipet
Uppal - Nagole
Moinabad - Chandanagar
Saroornagar - Balapur
Hayathnagar - Koheda

@ Zone - IV

Shabad - Rudraram

Shamshabad - Rayannaguda & Madanpalle
Ibrahimpatnam - Bongloor & Pocharam
Maheswaram - Gangaram

Manchal - Japala & Loyapalle

Kandukur - Bachupally & Madhepur
Yacharam - Gungal & Thakkellapalle
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