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Excessive use of urea is responsible for nitrogen pollution in India: A

systematic review

Abstract- Urea is the main source of artificial fertilizer in crops in India. Fertilizer sources of emissions to all the processes

that cause it to reach the environment and cause pollution. It also includes nitrogen minimization measures which suggest that

this can be largely prevented by reducing the use at the source. As per the review of literature, it accounts for 84 percent of the

total nitrogen fertilizer produced in the country. The study found that nitrogen fertilizers in India reduced soil carbon by 28

percent of the original amount, while nitrogen, phosphorus, potassium, and organic manure combined reduced farm carbon by

2.9 percent has decreased. The impact of nitrogen pollution on the Himalayan forests and mountains has not been extensively

studied. In its lower part lies the Gangetic plain, which is probably the global epicenter of nitrogen air pollution. Excess

nitrogen in the atmosphere can produce pollutants such as ammonia and ozone, which can impair the ability to breathe, limit

visibility and alter plant growth. When excess nitrogen comes back to earth from the atmosphere, it can harm the health of

forests, soils, and waterways.
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INTRODUCTION

Nitrogen is essential for plants as it restricts

nutrients. Plants prepare food from it through chlorophyll

and protein synthesis.1 Naturally, these essential nutrients

are present in the soil through diazotroph bacteria. They

are present in the roots of plants like pulses. But this

natural presence was not sufficient after the Industrial

Revolution as it was unable to provide food to the growing

population.2 For this reason, artificial fertilizers were

invented to supplement the naturally present nitrogen.3

Urea was used throughout the country after the

Green Revolution (1965-66) to make the country strong
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in the field of agriculture. In the initial years, farmers were

not duly informed about this area in many areas of the

country.4 Rather, sacks of urea were quietly dumped in

the fields at night, when this did not work out, through

the sarpanch of the village, the farmers were urged to use

urea in their respective fields. From 1966-1967, the

government urged all the farmers to use urea but it seemed

to us that the loss due to farming would be converted into

profit by the use of urea.5 It happened the same. We were

happy with the increase in yield. Although initially, were

also afraid that the use of urea might ruin the crop. For

the first time in 1967, and when the harvest was ready,

we could not believe our eyes. Because for the first time

we’re seeing that we got three times more wheat yield.6



Biospectra  : Vol. 17(1), March, 2022

84

Around 1975, it had become a common practice by

farmers in the country to apply three to five times the

amount of urea in their respective fields. It is also true

that their production was also increasing at the same rate.7

But there was no program far and wide to give any official

information from the government to the farmers in this

regard. As a result, the farmer was continuously increasing

the use of urea in his fields. Between 1985 and 1995, by

adding 125 kg of urea per acre, the yield increased ten to

12 times.8 From here we started descending. Yields started

decreasing in agriculture while we kept increasing the

amount of urea year after year. In 1997 we put 175 kg of

urea and found what? That’s just ten times.9 That is, now

due to increasing urea, the yield of the fields was not

increasing but was decreasing.

Yields have been declining steadily since 1995.

Indiscriminate use of urea for forty years has left the fields

barren.10 After all, once again the farmers started putting

manure of cow dung, etc. in their fields. This did not

increase the yield but also reduced the yield. But by 2010,

even cow dung manure was not easily available.11,12

Today’s situation is such that farmers are not deterred even

by putting 225 to 250 kg of urea in one acre of land. The

reason is that in any case, the 12 times the yield of 15-20

years ago is what is needed. Now all the efforts are proving

to be in vain.13

Ironically, a single farmer has used more than 6,610

kg of urea in five decades. Whereas till now 195.88 million

tonnes of urea have been used in the entire country.14 Now

the side effects of nitrogen have started coming to the

fore. Nitrogen pollution has been assessed for the first

time in India by more than 120 scientists. The objective

of this study is to assess the impact of urea use on the

nitrogen cycle.

METHODS

This paper has earned the adjective systematic if it

is based on a formulated question, identifies relevant

studies, appraises their quality, and summarizes the

evidence by use of the explicit methodology. It is the

explicit and systematic approach that distinguishes

systematic reviews from traditional reviews and

commentaries. Whenever we use the term review in this

paper it will mean a systematic review. The process is

given below:

Step: 1 Framing questions for a review 

Step: 2 Identifying relevant work 

Step: 3 Assessing the quality of studies 

Step: 4 Summarizing the evidence 

Step: 5 Interpreting the findings 

Inclusion/exclusion criteria: Inclusion criteria for

refereed study samples included original research articles

published in a research journal. Other articles types such

as conference abstracts, communications, commentaries,

editorials, brief reports, position, and hypothesis-

generating statements were excluded. Non-refereed

publications were also excluded. A flowchart of the study

screening and selection is presented in Fig. 1.

Figure 1: Process of included research articles

After applying searching strategies by using

keywords Nitrogen pollution, Urea in Agriculture, and

chemical fertilizer and Nitrogen pollution in India, we

have found 120 articles. The 52 articles remained after

screening for the eligibility check; overall 26 research

articles were included in the study.

RESULT

According to Hua et al., (2020)1 by reducing the use

of nitrogen fertilizers and recycling organic manure,

Indian farmers have a better chance of producing safe

food grains. This will also benefit the government will

also save a huge amount of money. Carbon and nitrogen-
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saving practices also need a lot of attention at this time.

Doing so will help in better nitrogen management and

improve soil structure. At the same time, drought

resilience, soil erosion, and other climate-related hazards

can be reduced.” According to him, by adopting these

methods, India can lead the world in the field of global

nitrogen management. India is already working in this

direction through ING, which has published the

assessment and leads the South Asian chapter in the

International Nitrogen Initiative.15

How is India’s nitrogen pollution different from the

world’s?

The contribution of nitrogen pollution sources may

vary from country to country. Sources can be from

agriculture, domestic and municipal sewage to fossil fuels,

automobiles, industries, and stubble fires.16 The biggest

man-made source of nitrogen pollution is unused farm

fertilizers, whether organic or chemical in origin.

Precision agriculture is unaffordable in India and labor

cost is high for the precise use of fertilizers. Therefore,

farmers use more fertilizers. But crops are not able to make

full use of fertilizers, so they contribute to nitrogen

pollution. Most of the pollution comes from cereals, while

in other countries such as China, horticulture crops and

cash crops contribute the most.17 In Europe, it is more

polluting than fodder, cattle, and animal husbandry. Africa

has a negative contribution. This means that due to the

non-availability of chemical fertilizers, in sufficient

quantity, farmers are exploiting the nitrogen available in

the soil, which is reducing the quality of the soil.18

According to Brunekreef (2020)19 “The annual limit for

nitrogen was set at 44 teragrams (Tg). He said that the

use of nitrogen mainly as a fertilizer is about 150 teragrams

per year, which is three times more than the limit of the

earth. Artificial nitrogen through fertilizers has exceeded

Biological Nitrogen Fixation (BNF) globally. DLN Rao,

a member of the Indian Institute of Soil Science and

contributing to the assessment, says, “The global ratio of

BNF to fertilizer will be around 1.4:1.20

Problems due to nitrogen pollution

Reduction in yield:

Yields have been declining steadily since 1995.

Indiscriminate use of urea for forty years has left the fields

barren. After all, once again the farmers started putting

manure of cow dung, etc. in their fields. This did not

increase the yield but also reduced the yield. But by 2010,

even cow dung manure was not easily available.21 Today’s

situation is such that farmers are not deterred even by

putting 225 to 250 kg of urea in one acre of land. The

reason is that in any case, the 12 times the yield of 15-20

years ago is what is needed. Now all the efforts are proving

to be in vain. Recalling the old times, Poddar says that 50

years ago today, the Prime Minister of our country was

chirping us to use urea.22 Today, after five decades when

farms are about to be completely exhausted, the present

Prime Minister is now appealing to us (in Mann Ki Baat

aired on December 26, 2017) to minimize the use of urea.23

Not only this, but now the government is also reducing

the subsidy on urea. 72,438 crore subsidy was earmarked

for urea in the 2015-16 budget, which was reduced to Rs

70,000 crore during 2016-17. Poddar gave an estimate

and said that in the last 50 years; we used about 6,610 kg

of urea in one acre of land and got about 5,337 quintals

of yield (wheat and rice).

Nitrogen pollution is dangerous for children:

Nitrates in drinking water can cause a blue baby

syndrome in babies up to six months old.24 The amount of

oxygen in the blood of children suffering from this disease

decreases because nitrates interfere with the effect of

hemoglobin. Hemoglobin is the carrier of oxygen. This

can lead to frequent diarrhea in children. It also impedes

respiration. It also increases high blood pressure and blood

pressure in school children.25

Potassium deficiency in food:

Excessive use of urea reduces the amount of

potassium in food grains. Along with controlling high

blood pressure, potassium also keeps the heart-healthy.

He says that the rapid increase in the number of blood

pressure and heart patients across the country is a result

of the Green Revolution.26 He says that this revolution

increased the production of wheat and paddy beyond

expectation but the pulses sector was badly affected by

it. Whereas, in the country it is a major source of protein.

Due to its deficiency, malnutrition has become a serious

problem in Bihar, Jharkhand, Chhattisgarh, Madhya

Pradesh, and Odisha. The number of tuberculosis patients

is also increasing due to malnutrition.27

Warming effects of nitrogen pollution:

Nitrous oxide is released in large amounts each year

and has a positive radiative forcing, i.e. its molecules store

thermal radiation from the sun, thus contributing directly

to the warming of the atmosphere. Per unit of weight,

Srivastava & Agnihotri.- Excessive use of urea is responsible for nitrogen pollution in India: A systematic review
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nitrous oxide is a more powerful GHG than CO
2
. Galloway

et al., (2008)28 calculate that over 100 years, nitrous oxide

has a global warming potential 296 times larger than an

equal mass of CO
2
. Estimates vary as to how much nitrous

oxide is released by the EU each year.13 The United

Nations Framework Convention on Climate Change

estimates 819 gigagrams (Gg) per year, but this figure

does not include emissions from EU Rivers, continental

shelf, and estuaries, nor indirect emissions following

nitrogen deposition and leaching. These indirect

emissions of nitrous oxide have themselves been

estimated at 71.1 gigagrams (Gg) and 34.6 Gg per year.24

Reactive nitrogen and its impact on methane from

livestock Livestock:

Such as cattle emit methane from the methanogenic

microbes that live in their digestive systems. With globally

increasing demands for meat and dairy produce, methane

emissions from livestock have been increasing.26 Different

livestock systems and animals emit different quantities

of methane. The rearing of pigs, poultry, and dairy cattle

emit the most methane, as they require large amounts of

reactive nitrogen used as fertilizer to grow feed for the

animals. These intensive forms of livestock production

emit more methane than the rearing of cattle and sheep

for meat production. Cattle and sheep tend to graze grass,

and although pastures are often fertilized, this is not as

nitrogen intensive as growing food crops, such as maize

and soy, and feed does not need to be transported.29

Reactive nitrogen, tropospheric ozone, and carbon

sequestration:

Nitrogen contributes to the formation of tropospheric

ozone. This affects the carbon cycle, as tropospheric ozone

impedes photosynthesis and thus reduces carbon

sequestration. Galloway (2008)28 raises this possibility

and draws attention to uncertainties in how tropical

ecosystems will respond to rising reactive nitrogen inputs,

as most research has been undertaken in northern

latitudes.30 This is an important question given that

tropical ecosystems are expected to receive ‘the most

dramatic increases in reactive nitrogen in the future, and

are already under pressure from a warming climate.23

Measures to reduce:

Based on its analysis, SCN recommends that India

formulate such policies to increase its NUE. By doing

this, the impact of nitrogen pollution on the environment,

human health, and climate change can be reduced .31 This

can be significantly reduced by controlling the use of

nitrogen. This will reduce the burden of subsidies given

by the Government of India on fertilizers.8

After the liberalization of the economy in 1991, the

government took control of other fertilizers, but urea,

which contains the most nitrogen, is still being controlled

completely. In other words, the government controls its

production, import, and distribution.32 The government

also gives a subsidy to the farmers to buy urea. It is cheaper

than other fertilizers, so farmers use it freely. The result

is that the soil is deprived of other nutrients and this harms

its health.9

The valuation found that based on the expected

selling price of US$78.8 per tonne of nitrogen fertilizer,

the cash subsidy amounts to around US$7 billion. This

puts a heavy burden on the taxpayers of the country.

Scientists estimate that India uses nitrogen worth about

US$ 10 billion every year.33 Whereas the impact of

nitrogen pollution on health, ecology, and climate is as

much as US$75 billion per year. They have also found

that if the NUE is improved by 20 percent, there will be a

profit of about US$ 170 billion every year globally.

CONCLUSION

Food production in India is not growing in the same

proportion as fertilizers are being consumed. The

contribution of nitrogen to grain production has decreased

over the past two decades. Irrespective of other factors,

increasing the use of fertilizers will only be seen in the

form of low productivity of crops. The environment will

also have to pay a price for this. Irrigated areas where

many crops are grown in a year need a logical balance on

the unbalanced use of nitrogen fertilizers. Ensure that only

as much fertilizer is used in all areas as is necessary, even

if the use of fertilizers has to be increased slightly in

monsoon-dependent lands. Most importantly, need to curb

non-agricultural sources of nitrogen which are increasing

pollution at a very fast rate. The Government of India has

inadvertently taken steps in the right direction by

promoting neem-coated urea. This can reduce the crisis.

Neem-coated urea releases nitrogen at a slow rate and

gives the plants time to absorb it. It makes maximum use

of nitrogen. Looking at the size of India, it can be said

that Indian emissions are much less than America and

China, but still, it contributes a lot to the world.
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