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Abstract

In heavily farmed areas, fertilizers have been especially important in increasing agricultural
output and guaranteeing food security. fertiliser's effect on soil health and crop output, with a
focus on achieving a sustainable balance between the two. The increasing demand for food has
led to the widespread adoption of fertilizers, particularly NPK, which boost crop growth,
increase yield, and curb pests. However, soil fertility declines over time, organic matter
decomposes, microbial activity drops, and artificial fertilizers are overused and overused. how
a more sustainable approach can be achieved through integrated nutrient management (INM),
which involves blending organic and inorganic fertilizers, to replace soil nutrients while
preserving productivity. Prior research has shown that crops perform better when fertiliser
application rates are moderate and tailored to the specific soil type and crop needs. On the other
hand, excessive fertiliser application can damage soil properties and raise environmental
hazards like groundwater contamination and greenhouse gas emissions. Sustainable crop
production and soil conservation can be achieved by the prudent use of fertilizers, which are
still essential in modern agriculture. This can be achieved through practices such as precision
farming, site-specific nutrient management, and the introduction of bio-fertilizers.

Keywords: Fertilizer Application, Crop Yield, Soil Fertility, Nutrient Management,

Sustainable Agriculture,

Introduction

Fertilizers have become a crucial element in maintaining agricultural growth and guaranteeing
food security, which is vital to the Indian economy, which is based on agriculture. Fertilizers
like urea, diammonium phosphate (DAP), and complex NPK mixes greatly aided the increase
in crop yields that came with the Green Revolution. This was especially true for sugarcane,

rice, and wheat. The ongoing use of fertilizers, however, has prompted worries about the effects
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on soil quality and ecosystems in the long run. Soil fertility is affected by fertilizer application
because it restores vital nutrients; however, nutrient depletion, soil acidity, and microbial
diversity loss are common outcomes of uneven or excessive fertilizer use. Research conducted
in the agriculturally dense Rohtak district and throughout Haryana shows that, although
fertilizer does increase yields temporarily, using it in an unsustainable way can damage soil
organic matter, interfere with natural nutrient cycles, and lead to water contamination from
runoff and leaching. It is crucial to analyze fertilizers' function in agricultural production
systems due to their dual character as productivity boosters and possible dangers to ecological
balance. A growing number of people believe that chemical fertilizers can be more effectively
integrated with bio-fertilizers, organic manures, and site-specific nutrient management to
create a more sustainable agricultural system. To formulate policies, raise farmer knowledge,
and ensure the long-term viability of agriculture, it is essential to assess fertilizer use patterns
and their effects on crop output and soil health. This is particularly true in fertile but
overworked regions such as Haryana. Particularly in highly productive agricultural regions like
Haryana, fertilizer use has become an integral aspect of contemporary agriculture. The state,
which is known as the "food bowl of India," has seen its fertilizer usage rise steadily since the
Green Revolution, which increased the production of wheat and rice. To increase harvests of
cash crops like sugarcane, wheat, paddy, and mustard, farmers in regions like the Sampla block
of Rohtak district have jumped on the bandwagon of chemical fertilizers. To control soil
fertility and promote crop growth, fertilizers provide vital nutrients such as potassium,
phosphorus, and nitrogen. Soil structure, crop yields, and nutrient deficits can all be improved
with their precise application. But, because of its negative consequences when applied
excessively, the long-term sustainability of fertilizer use is currently being questioned. Nutrient
imbalance, soil organic carbon decay, soil compaction, and groundwater contamination from
nitrate leaching are all possible outcomes of fertilizer overuse. In addition, the soil's natural
microbial balance is disrupted by constant chemical inputs, which reduces the soil's resilience
and productive capacity over time.

Simultaneously, research indicates that healthy soil and productive crops can be achieved with
balanced and prudent fertilizer application, especially in conjunction with organic manures and
bio-fertilizers. Soil fertility, nutrient-use efficiency, and production sustainability can all be
improved by integrated nutrient management (INM) techniques. It is critical for policymakers,

agricultural extension agencies, and farmers in Haryana to understand the dual role of fertilizers
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as production enhancers and potential agents of soil degradation. This is because agriculture
continues to be the primary livelihood for a large portion of the population. In order to have a
better understanding of the micro-level effects of input-intensive agricultural methods on
productivity trends and soil sustainability over the long run, it is crucial to analyze fertilizer
use patterns and their effects in Sampla block. The findings of this study will also be useful in
developing district-wide sustainability awareness programs, precision farming methods, and
suggestions for balanced fertilizer application.

Enhancement of Harvest Productivity

In areas like Haryana, where intensive farming methods are prevalent, fertilizers have played
a pivotal role in raising agricultural output globally. Nutrients like nitrogen, phosphorous, and
potassium are applied to the soil through fertilizers, and they directly aid plant growth and
increase harvest yields. Timely and balanced fertilizer application has resulted in exceptional
crop yields for farmers in districts like Rohtak, including wheat, rice, mustard, and sugarcane.
Fertilizers lessen the likelihood of nutritional deficiencies, increase crop yields, and help ensure
food security by restoring soil nutrient levels. Furthermore, the regional agricultural sector
benefits from increased income for farmers and better crop yields. Fertilizer application leads
to stronger plant growth and, in the end, higher harvests, as the diagram plainly shows.
Continuous cropping and high-yielding varieties can cause soils to be lacking in vital nutrients,
hence fertilizers are crucial in modern agriculture. Nutrients like phosphorus, potassium, and
nitrogen (NPK) are essential for plants to grow and develop normally, but they also provide
micronutrients and secondary nutrients like zinc, iron, and boron. Prudent fertilizer application
promotes photosynthesis, roots, grain quality, biomass, and harvest maturity times, among
other benefits. Fertilizer use has been a major factor in the agricultural success of states like
Haryana, where the wheat-rice cropping system is prevalent, and frequently leads to yields that
are much greater than the national average.

Soil testing, precision farming equipment, and site-specific nutrient management have all
contributed to better application methods, which have raised efficiency even further by
minimizing nutrient losses and making sure plants get enough nourishment when they need it.
Farmers can optimize input utilization while conserving soil fertility through these practices,
which directly contribute to sustainable intensification. The wheat-rice belt of Haryana, for
example, is a model of agricultural success due to its balanced fertilizer use, which has
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continuously shown the ability to maintain productivity levels substantially above those of low-

input areas.

Positive Impact on Crop Yield

A
FERTILIZER
o ®
Fertilizer Higher
use crop yield

Additionally, fertilizers increase farmers' financial returns by securing larger yields, stabilizing
food supply chains, and lowering production costs per unit. They contribute to increased food
security on a national and individual level by encouraging bountiful harvests. Fertilizers will
continue to play an essential role in helping agriculture withstand the challenges posed by rising
populations and unpredictable weather. But their use needs careful management to strike a

balance between increasing yields and preserving soil and the ecosystem.

Harmful Effects on the Condition of Soil

Fertilizers are essential for increasing agricultural yields, yet unhealthy soil can result from
over- or under-application. When chemical fertilizers, especially those high in nitrogen like
urea, are applied in excess, it can cause soil acidification, nutritional imbalance, and the loss of
important micronutrients. Soil organic carbon and soil structure are both depleted and impaired
when fertilizers are used in excess without sufficient organic matter input, leading to less fertile
land over time. Furthermore, soils are becoming increasingly reliant on external inputs due to
the weakening of natural nitrogen cycle processes caused by the loss in microbial diversity and
beneficial soil species. These problems are becoming more apparent as indicators of soil
degradation, decreased long-term productivity, and increased environmental sensitivity in areas
like Haryana, where intensive cropping prevails. An imbalance of nutrients, diminished soil

fertility, and decreased crop yields are the end outcomes of the cycle depicted in the diagram.
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Negative Impact of Fertilizer Use
on Soil Health

Excessive Nutrient Imbalance Loss of
Fertilizer Use & Soil Degradation  Soil Fertility

Excessive Loss"o Harvest
Fertilizer Use Soil Fertility

Without a doubt, fertilizers have revolutionized agriculture by increasing yields and addressing
the world's food demand. However, there is no denying that their uneven and excessive
application has caused significant problems with soil health. Problems with soil acidity,
salinity, and the depletion of important secondary and micronutrients have resulted from the
continual application of nitrogenous fertilizers like urea in many regions with intensive
farming, including Haryana. Reduced crop response to fertilizers and faster soil exhaustion are
long-term effects of nitrogen imbalance, which in turn affects agricultural land productivity.
Decreases in soil organic matter are another important cause for alarm. Soil carbon, structural
stability, and nutrient retention are all negatively impacted when organic inputs are not
adequately supplemented with chemical fertilizers. Soil erosion, compaction, and nutrient
leaching are all made worse by this. Soil fertility is already low before microbial diversity and
beneficial creatures like mycorrhizal fungus and nitrogen-fixing bacteria are gone. As a result,
nutrient cycling is hindered and the soil's biological environment is disturbed, which increases
reliance on chemical inputs from outside sources.

These problems are made worse by environmental factors as well. Nitrogen leaching into
groundwater endangers the health of people living in rural areas, and runoff from heavily
fertilized crops adds to water contamination. Nitrous oxide is a powerful greenhouse gas that
worsens climate change, and its constant abuse adds to its emission. For instance, in the wheat-
rice region of Haryana, these unfavourable tendencies are starting to show up as plateauing
yields in spite of increased fertiliser dosages, which is a reflection of the declining returns of

input-intensive farming. Soil health, agricultural sustainability, and environmental balance are
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jeopardized by excess and unregulated fertilizer use, despite fertilizers' essential role in food
supply maintenance. Because of this, we need to move toward INM, which mixes chemical
fertilizers with bio-fertilizers, organic manures, and precision application methods. Soil
fertility, microbial activity, and sustainable agricultural production can all be restored using

these methods in areas like Rohtak district.

The Impact of Fertilizer on the Environment

Fertilizers are essential for crop development, but excessive usage and improper disposal do
major damage to the environment. Runoff and fertilizer leakage into water bodies from
excessive application contribute to eutrophication and the degradation of aquatic ecosystems.
Drinking water safety is a concern due to nitrate leaching into groundwater, which is
particularly prevalent in rural areas with hand-pumps and wells. In addition, the continuing use
of fertilizers based on nitrogen increases emissions of nitrous oxide (N-O), a greenhouse gas
that is roughly 300 times more powerful than carbon dioxide, exacerbating the problem of
climate change. High fertilizer consumption, soil deterioration, water contamination, and poor
input efficiency are all symptoms of the wheat-rice cropping system in heavily farmed areas
like Haryana. Because of these issues, it is critical that we find a way to reduce our reliance on
fertilizer while simultaneously increasing our use of environmentally friendly farming
techniques.

Table 1: Fertilizer Use and Its Impact on the Environment

Environmental o
Description Observed Data/Examples
Concern

Excess nitrogen leaches into  ||Nitrate levels in groundwater of

Nitrate Leaching |lgroundwater, making it unsafe ||Haryana exceed safe limits (>45 mg/L)

for drinking. in several districts (CGWB, 2019).
Fertilizer runoff leads to Algal blooms observed in Yamuna-
Surface Water o ) ) _
] eutrophication in ponds, linked canals during peak cropping
Pollution _
canals, and rivers. season.

S Continuous use of urea lowers ||Decline in soil pH reported in rice-
Soil Acidification || ) »
soil pH, reducing fertility. wheat belt (Rohtak, Karnal).
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Environmental o
Description Observed Data/Examples
Concern
Fertilizers reduce microbial ) ) o
Loss of o _ Studies show reduced nitrogen-fixing
o activity and soil fauna o N _
Biodiversity o bacteria in overfertilized soils.
diversity.
Excess nitrogen fertilizers emit _ )
Greenhouse Gas ) ) _||Agriculture contributes ~70% of N.O
o nitrous oxide (N2O), worsening|| . )
Emissions ] emissions in India (MoEFCC, 2020).
climate change.

Integrated Nutrient Management (INM)

Soil fertility and crop output can be improved through the use of chemical fertilizers, organic
manures, bio-fertilizers, and other nutrient sources in a sustainable way through Integrated
Nutrient Management (INM). To guarantee soil health, improve nutrient-use efficiency, and
sustain agricultural productivity over the long term, INM integrates different inputs, in contrast
to conventional techniques that depend primarily on chemical fertilizers. Overuse of synthetic
fertilizers during and after the Green Revolution led to nutrient imbalances, decreased soil
fertility, and environmental issues; this led to the concept's emergence.

INM is a chemically-assisted method of improving soil structure, increasing microbial activity,
and maintaining the nutrient cycle through the use of bio-fertilizers, compost, green manures,
crop residues, and farmyard manure (FYM). Not only does this all-encompassing approach
boost yields, but it also keeps soil organic matter high, stops nutrient mining, and lessens the
need for artificial fertilizers. This is especially important in places like Haryana, where soil
degradation, diminishing soil organic carbon, and plateauing crop yields have all been caused

by intensive farming practices.

Supporting Data on INM

Parameter Chemical Fertilizer Only||With INM (Balanced Approach)
Average Wheat Yield (kg/ha) {4,500 5,200

Soil Organic Carbon (%) 0.35 0.55

Nitrogen-Use Efficiency (%) |[30-35 45-50
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Parameter Chemical Fertilizer Only||With INM (Balanced Approach)

Phosphorus Availability (kg/ha)||Declining (-5/year) Stable to Increasing (+2/year)

Net Farm Income (3/ha) 35,000 42,500

Key Benefits of INM

1. Enhanced Productivity—Staple crops, including wheat, rice, sugarcane, and mustard,
benefit from a more balanced nutrient supply, which in turn increases harvest yields.

2. Soil Organic Carbon Increase, Microbial Activity Boost, and Nutrient Preservation All
Contribute to Better Soil Health.

3. Saves Money—By using organic materials grown on the farm, it lessens the need for
expensive chemical fertilizers.

4. Reduces pollution of groundwater, nutrient leaching, and greenhouse gas emissions;
protects the environment.

5. Ensuring long-term sustainability means maintaining productivity while protecting the

environment.

Policy and Economic Aspects

There are scientific, economic, and policy considerations with regard to fertilizer usage in
farming. Fertilizers are heavily subsidised in India, and the way they are distributed, priced,
and used in states like Haryana is all a result of government interference. Soil nutrient
imbalances have occurred, for instance, because of the substantial subsidy on urea, which has
led farmers to rely too much on nitrogen and too little on phosphate and potash. Fertilizers
boost crop yields and incomes in the short term, but long-term profitability takes a hit due to
soil degradation and increased production costs caused by improper or uneven fertilizer
application.

There is a strong emphasis on policy aspects as well. Government programs like the Nutrient
Based Subsidy (NBS), Soil Health Card Scheme, and Integrated Nutrient Management (INM)
programs encourage farmers to utilize fertilizer in a balanced way. Policy gaps and a lack of
effective grassroots knowledge and execution continue to contribute to the continuance of
imbalanced fertilizer consumption, notwithstanding these efforts. The advantages of policy-

driven accessibility and the dangers of misuse are both highlighted by Haryana's among the
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highest fertilizer consumption per hectare in India. A large chunk of input expenses go toward
fertilizers, and farmers are susceptible to the ebb and flow of fertilizer prices on the global
market.

In addition, a significant portion of the federal budget goes on subsidizing fertilizer, which has
sparked discussions regarding the long-term viability of the program and the necessity to
reallocate funds to greener farming methods and bio-fertilizers. Finding a middle ground
between making fertilizers inexpensive for farmers, encouraging effective use to keep profits
high, and enacting regulations to protect soil and the environment in the long run is a significant
task. Understanding the dual role of fertilizer usage in regions like Haryana—supporting
immediate agricultural growth while altering farming systems for the future—requires an

analysis of both the economic and regulatory features of fertilizer use.

Conclusion

Fertilizers are essential for maintaining agricultural production, but there are serious problems
with using too much of them, as shown by the correlation between fertilizer use and soil health
and crop yield. Soil acidification, nutrient depletion, biodiversity loss, and environmental
hazards like groundwater contamination and greenhouse gas emissions have resulted from the
imbalanced and excessive application of fertilizers in Haryana, even though these practices
have greatly increased the yields of staple crops, ensuring food security and enhancing farmers'
income. Results from areas like Rohtak district's Sampla block show that excessive fertilizer
use boosts agricultural yields in the short term, but reduces soil fertility and raises ecological
stress, which threatens sustainability in the long run. Promising approaches that combine soil
and environmental conservation with productivity gains include balanced fertilizer application,
precision farming, and Integrated Nutrient Management (INM). Restructuring and reevaluation
of significant subsidies at the policy level is necessary to promote balanced nutrient use instead
of an over-reliance on nitrogen-based fertilizers. In order to ensure that fertilizer use can
continue to support agricultural growth while also protecting soil health and environmental
sustainability for future generations, it is necessary to take a comprehensive approach that

combines economic, ecological, and technological factors.
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