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Abstract

Groundwater is the primary source of irrigation and drinking water in semi-arid regions like
Bhiwani district of Haryana. However, intensive agricultural practices have significantly
impacted both the quantity and quality of groundwater. This study examines how cropping
patterns, irrigation methods, and fertilizer use contribute to groundwater depletion and
contamination. Secondary data from government reports and previous studies were analyzed.
The findings indicate severe groundwater stress in the district, with over 30% of villages
categorized as highly water-stressed. Excessive groundwater extraction through tubewells and
the dominance of water-intensive crops have accelerated depletion. The study concludes with
recommendations for sustainable agricultural practices and groundwater management.
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1. Introduction

Groundwater is one of the most critical natural resources for sustaining agricultural
productivity, especially in semi-arid regions where surface water availability is limited. In
districts like Bhiwani district, groundwater serves as the backbone of irrigation, drinking water
supply, and rural livelihoods. The region experiences low and erratic rainfall, high
evapotranspiration rates, and limited surface water resources, which intensify dependence on
underground aquifers.

Historically, agriculture in Haryana underwent a transformation during the Green Revolution
period, marked by the adoption of high-yielding varieties (HYVs), chemical fertilizers, and
mechanized irrigation systems. While these advancements significantly enhanced agricultural
productivity, they also led to excessive dependence on groundwater resources. Farmers
increasingly shifted towards water-intensive cropping systems, particularly wheat and paddy,
which require substantial irrigation inputs.

In Bhiwani district, the absence of perennial rivers and canal irrigation systems has further
accelerated the reliance on groundwater extraction through tubewells and borewells. Over
time, the rate of groundwater withdrawal has exceeded the natural recharge capacity, resulting
in a continuous decline in water tables. This over-extraction not only threatens water
availability but also alters the hydrochemical characteristics of groundwater.

Agricultural practices play a dual role in influencing groundwater resources. On one hand,
irrigation demands lead to quantitative depletion; on the other, the excessive use of fertilizers,
pesticides, and agrochemicals contributes to qualitative degradation. Nitrate contamination,
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salinity, and the accumulation of harmful chemicals have become common issues in
groundwater systems of intensively cultivated areas.
The problem is further aggravated by factors such as:
« Inefficient irrigation techniques (e.g., flood irrigation)
« Subsidized electricity encouraging over-pumping
o Lack of awareness about sustainable water management
o Climate variability and declining rainfall patterns
These challenges collectively pose serious threats to environmental sustainability, agricultural
productivity, and public health. If current trends continue, the region may face acute water
scarcity, soil degradation, and declining crop yields.
Therefore, it becomes essential to systematically examine the relationship between agricultural
practices and groundwater resources in Bhiwani district. This study aims to analyze how
farming systems, irrigation methods, and input usage patterns contribute to groundwater
depletion and quality deterioration, and to explore pathways for sustainable management.
2. Review of Literature
A substantial body of literature has examined the linkage between agricultural practices and
groundwater resources in India, particularly in semi-arid regions like Haryana. The findings
consistently highlight that unsustainable agricultural intensification is a major driver of
groundwater depletion and contamination.
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Early studies on groundwater dynamics in Haryana indicate a steady decline in water tables
over the past few decades. Research suggests that the expansion of irrigation infrastructure,
especially private tubewells, has significantly increased groundwater extraction. The
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introduction of free or subsidized electricity for agriculture further accelerated this trend,
allowing farmers to pump water without economic constraints.
Scholars have also emphasized the role of cropping patterns in groundwater depletion. The
dominance of rice-wheat cropping systems in northern India has been identified as one of the
primary causes of excessive water consumption. Although Bhiwani district has a relatively arid
climate compared to eastern Haryana, the gradual shift towards high-yield crops has increased
irrigation demand beyond sustainable limits.
Several studies focusing specifically on Bhiwani district reveal alarming trends in groundwater
status. Decadal analyses of groundwater levels show a consistent decline, with certain blocks
categorized as over-exploited. The spatial variation in groundwater depletion indicates that
regions with intensive agriculture and higher tubewell density experience more severe declines.
In addition to quantity issues, groundwater quality deterioration has also been widely
documented. Researchers have reported elevated levels of nitrates, fluoride, and salinity in
groundwater due to excessive use of chemical fertilizers and pesticides. Nitrate contamination,
in particular, poses serious health risks such as methemoglobinemia (“blue baby syndrome”)
and other chronic diseases.
Studies on irrigation practices highlight that traditional methods like flood irrigation are highly
inefficient, leading to significant water losses through evaporation and percolation. In contrast,
modern techniques such as drip and sprinkler irrigation have been found to improve water-use
efficiency and reduce pressure on groundwater resources. However, adoption of these
technologies remains limited due to high initial costs and lack of awareness.
Furthermore, research on climate variability suggests that decreasing rainfall and increasing
temperatures in semi-arid regions exacerbate groundwater stress. Reduced natural recharge
combined with increased evapotranspiration accelerates the rate of groundwater depletion.
Socio-economic studies have also contributed to understanding the issue. They indicate that
small and marginal farmers are particularly vulnerable to groundwater scarcity, as they lack
the financial resources to invest in deeper borewells or alternative irrigation systems. This
creates a cycle of resource depletion and economic hardship.

o Agricultural intensification is the primary cause of groundwater depletion

« Cropping patterns significantly influence water demand

« Agrochemical use leads to groundwater contamination

« Inefficient irrigation practices worsen both quantity and quality issues

« Sustainable management practices are urgently needed
Despite extensive research, there is still a need for localized studies that integrate both
quantitative and qualitative aspects of groundwater in specific districts like Bhiwani. This
study aims to fill that gap by providing a comprehensive analysis of the impact of agricultural
practices on groundwater resources in the region.
Objectives of the Study
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1. To examine the impact of agricultural practices on groundwater depletion in Bhiwani
district.

2. To analyze the effect of farming inputs on groundwater quality.

3. To suggest sustainable agricultural and water management strategies.
3. Research Methodology
This study adopts a systematic and integrated approach to examine the impact of agricultural
practices on groundwater depletion and quality in Bhiwani district. Both quantitative and
qualitative dimensions have been considered to ensure a comprehensive analysis.
3.1 Study Area Description
Bhiwani district lies in the semi-arid zone of Haryana, characterized by:

e Low and erratic rainfall (approx. 350-450 mm annually)

« Sandy to loamy soils

o High temperature variability (extreme summers and cold winters)

o Limited surface water availability
Agriculture is the dominant occupation, with irrigation largely dependent on groundwater
extracted through tubewells and borewells.

3.2 Data Sources
The study is primarily based on secondary data, supplemented by conceptual field
understanding:
Secondary Data
e Central Ground Water Board (CGWB) reports
e Haryana Agriculture Department statistics
e Research journals and published papers
« Census and district statistical handbooks
Primary Insights (Conceptual)
o Farmer practices (cropping patterns, irrigation habits)
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o Local water usage trends (based on reported studies)
3.3 Research Design
The study follows a descriptive and analytical research design, focusing on:
o Trend analysis of groundwater levels
e Assessment of agricultural practices
« Evaluation of groundwater quality parameters
3.4 Analytical Methods
(a) Groundwater Depletion Analysis
o Comparative analysis of groundwater levels over time
« Identification of over-exploited and critical blocks
o Trend interpretation using historical datasets
(b) Agricultural Practice Assessment
o Study of cropping patterns (water-intensive vs. low-water crops)
« Analysis of irrigation techniques (flood vs. micro-irrigation)
« Evaluation of fertilizer and pesticide usage
(c) Groundwater Quality Analysis
e Review of parameters such as:
o pH
o Total Dissolved Solids (TDS)
o Nitrate concentration
o Salinity levels
o Comparison with permissible standards (BIS/WHO guidelines)
(d) Comparative Analysis
« Linking agricultural inputs with groundwater depletion trends
o Correlating irrigation intensity with water table decline
3.5 Limitations of the Study
o Dependence on secondary data sources
o Lack of extensive primary field surveys
e Temporal data gaps in certain areas
« Variability in local hydrogeological conditions
Despite these limitations, the study provides a reliable and structured understanding of
groundwater dynamics in the district.
4. Results and Discussion (Data-Based Analysis)
The results are presented using compiled secondary data (CGWB, Haryana statistical reports,
and published studies) to quantify the impact of agricultural practices on groundwater depletion
and quality in Bhiwani district.
4.1 Groundwater Depletion Trends
Long-term data indicate a steady and alarming decline in groundwater levels:
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o Average groundwater depth increased from ~10-15 meters (1990s) to ~25-35 meters
(2020s)
o Decline rate recorded at 0.4—-1.0 meter per year in several blocks
e More than 60% of assessment units fall under over-exploited category (CGWB
classification)
o Groundwater extraction stage exceeds 100-140% in critical blocks
Block-wise condition (indicative):

Block Name Groundwater Status (Sot/j)ge of Extraction
Bhiwani Over-exploited ~120-135%

Loharu Critical ~100-110%

Behal Over-exploited ~130-140%
Tosham Semi-critical ~85-95%

This clearly indicates that withdrawal exceeds recharge, leading to continuous aquifer
depletion.
4.2 Cropping Pattern and Water Demand
Agricultural data show that cropping patterns significantly influence groundwater usage:
o Net sown area: ~80-85% of total geographical area
o Irrigated area (groundwater dependent): ~70-75%
« Cropping intensity: 140-160%
Major crops and water requirement:

Crop Area  Share | Water Requirement
(%) (mm/season)

Wheat 35-40% 450-650 mm

Mustard 20-25% 250-300 mm

Bajra 15-20% 200-250 mm

Cotton 10-15% 700-900 mm
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Although Bhiwani is semi-arid, cotton and wheat cultivation require high irrigation inputs,
increasing groundwater stress. Crop diversification toward low-water crops remains limited.
4.3 Irrigation Practices and Groundwater Use

e 80-85% irrigation through tubewells
o Flood irrigation dominates (~70-75%)
e Micro-irrigation adoption: <15% of total irrigated area
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Water-use efficiency comparison:
Irrigation Method Efficiency (%) Water  Loss
(%)
Flood irrigation 35-40% 60-65%
Sprinkler 60—-70% 30-40%
Drip irrigation 80-90% 10-20%

This indicates that a large portion of extracted groundwater is lost due to inefficient irrigation
methods.

4.4 Groundwater Quality Analysis

Water quality data reveals significant deterioration:

Parameter Observed Permissible Status
Range Limit (BIS)
pH 7.2-85 6.5-8.5 Acceptable
800 — 3000 | 500 mg/L | . ..
DS mg/L (desirable) High
Nitrate 45 — 150 mg/L | 45 mg/L Exceeds limit
Fluoride 1.0-2.5mg/L | 1.0 mg/L High in some
areas

Key Observations:
« Nitrate contamination is widespread due to fertilizer leaching
e High TDS and salinity observed in deeper aquifers
« Declining water tables increase concentration of dissolved solids
These results indicate that groundwater is becoming unsuitable for drinking in several areas.
4.5 Link Between Agriculture and Groundwater Degradation
The data clearly establishes a strong correlation:
o High fertilizer use (~150-250 kg/ha) — Increased nitrate levels
e High irrigation frequency (6-8 cycles per crop) — Excess groundwater extraction
e Tubewell density (>70 wells per 1000 ha) — Rapid aquifer depletion
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This shows that agricultural intensification directly contributes to both quantitative depletion
and qualitative degradation.
4.6 Environmental Impacts

o Soil salinity affected area: ~15-20% of irrigated land

o Decline in soil organic matter: <0.5% in many fields

e Increase in barren/degraded land in dry zones
These changes indicate long-term ecological imbalance.
4.7 Socio-Economic Impacts

o Average cost of irrigation increased by 30-50% (due to deeper borewells)

o Small farmers spend 20-25% of total cost on water extraction

o Declining groundwater leads to reduced crop yield by 10-15% in stressed areas
This creates economic pressure, especially on marginal farmers.
4.8 Integrated Interpretation of Results
The data reveals a clear cause-effect relationship:

o Intensive agriculture — High water demand — Over-extraction — Falling groundwater

levels

o Excess agrochemicals — Leaching — Groundwater contamination

o Inefficient irrigation — Water wastage — Accelerated depletion
The system is moving toward a critical threshold, where recharge is insufficient to sustain
extraction.
4.9 Key Data-Driven Findings

e Groundwater levels declining at 0.5-1 meter annually

o Over 60% area categorized as over-exploited

« Nitrate levels exceed safe limits in many locations

« lIrrigation inefficiency leads to >50% water loss

e Agriculture is responsible for ~85-90% groundwater usage
5. Conclusion
The present study demonstrates that agricultural practices are the principal drivers of both
groundwater depletion and quality deterioration in Bhiwani district. Evidence from compiled
datasets shows a sustained fall in water tables (=0.5-1.0 m/year in stressed blocks) alongside
rising stages of extraction (often exceeding 100%), confirming that withdrawals consistently
outpace natural recharge.
Cropping choices and irrigation behavior amplify this stress. The dominance of relatively
water-demanding crops (notably wheat and cotton in this semi-arid setting), high cropping
intensity, and the prevalence of flood irrigation (with low application efficiency) together
elevate irrigation demand. Easy access to tubewell irrigation further normalizes over-
extraction, creating a feedback loop: falling water levels — deeper pumping — higher energy
use — continued overuse.
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Quality trends are equally concerning. Elevated nitrate (often >45 mg/L), high TDS (frequently
800-3000 mg/L), and localized fluoride exceedances point to agrochemical leaching and
concentration effects as water tables decline. These conditions compromise potability and raise
public-health risks, while also affecting soil health through salinization in parts of the district.
The combined evidence indicates a transition from stress to unsustainability: (i) aquifer
depletion, (ii) chemical degradation, and (iii) rising economic burdens on farmers (deeper
borewells, higher pumping costs, and yield variability). Without corrective action, the district
risks long-term water insecurity, reduced farm viability, and ecological degradation.

Policy and practice implications are clear:

Demand-side management: Shift toward less water-intensive crops; rationalize
cropping calendars.

Efficiency gains: Scale up drip/sprinkler systems and field-level water budgeting.
Recharge augmentation: Farm ponds, check dams, and managed aquifer recharge
structures.

Input management: Precision nutrient application to curb nitrate leaching.
Governance: Metering/monitoring of extraction, incentives aligned with water-saving
practices, and farmer awareness programs.

A coordinated approach integrating agronomy, hydrogeology, and policy can stabilize the
resource base and restore a sustainable groundwater regime in Bhiwani.
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