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                     Abstract 
 The history of the fertilizer nitrogen (N) is important, because it includes two very important events in the development of 

chemistry. The synthesis of ammonia is considered as one of the greatest scientifi c discovery of twentieth century which led 

to the award of two Nobel Prizes in Chemistry to two German chemists; Fitzgerald Haber in 1919 and Carl Bosch in 1931. 

A signifi cant increase in food production in the world is ascribed to the fertilizer N that saved many from hunger, misery and 

mortality, especially in Asian countries, where population growth has been too fast. However, the fertilizer N has also been 

responsible for environmental degradation, by increasing nitrate  (NO 3 ) content in ground waters, inland waters including 

lakes and rivers and marine waters leading to mortality of fi sh and other water creatures. Some N is lost as nitrous oxide 

 (N 2 O), which is responsible for the depletion of the ozone layer in the earth’s atmosphere. Eff orts are therefore underway 

to develop more effi  cient N fertilizers. 

   Keywords     Ammonium nitrate    ·  Ammonium sulphate    ·  Anhydrous ammonia    ·  IBDU    ·   Neem  coated urea (NCU)    · 

 Nitrifi cation inhibitors    ·  Nitrogen    ·  Polymer coated urea (PCU)    ·  Sulphur coated urea (SCU)    ·  Urea    ·  Urease inhibitors  

       1  Introduction 

 Whenever a history of human ( Homo sapiens ) survival and 

growth is written, the mention of fertilizer nitrogen cannot 

be avoided. Fertilizer nitrogen has saved increasing human 

population from hunger, disease and mortality. The human 

body is 40% muscles, made of proteins, which are nitrogen 

(N) compounds. There are thousands of diff erent proteins in 

the human body which are responsible for the body structure 

and functions (Haurowitz,  1950 , p. 374). 

 The human body contains about 3% nitrogen (Prasad 

et al.,  2016 ). The fertilizer N has contributed greatly towards 

meeting the protein needs of people by increasing N content 

in cereal grains and pasture foliage. A detailed analysis of 

the global fertilizer use is available up to 2013–14 .  During 

the year 2000–2001 and 2007–2008, the global N fertilizer 

consumption rose by 23%, from 82.1 to 100.8 million tonnes 

(tonne = 1000 kg). In 2008–2009, the world N consumption 

contracted by ~ 2%, due to the economic downturn and fi nan-

cial crisis. However, global N demand started to rebound in 

2009–10, to reach 182.3 million tonnes by 2013–2014 (Hef-

fer and Prud’homme,  2016 ). Tillman et al. ( 2011 ) have pre-

dicted that the fertilizer N consumption is likely to increase 

to 250 million tonnes by 2050. This paper tends to present a 

brief history of fertilizer nitrogen’s development and manu-

facture in the world .  

     2    Discovery of the element nitrogen 

 Nitrogen was discovered and isolated by Scottish physi-

cian Daniel Rutherford in 1772. Although Carl Wilhelm 

Scheele and Henry Cavendish had independently done so, 

at about the same time, Rutherford is generally accorded the 

credit because his work was published fi rst (Weeks,  1932 ). 

The name  nitrogène (the generator of niter)  was suggested 

by French chemist Jean-Antoine-Claude Chaptal in 1790, 

when it was found that nitrogen was present in  niter  (potas-

sium nitrate) and nitric acid. 
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     3    Nitrogen as an essential plant nutrient 

 The German chemist Liebig negated the humus theory 

of plant nutrition proposed by Albrecht Thaer in 1809 

and pointed out that the plants used elements as nutri-

ents. Boussingault was the fi rst to analyses a large number 

of plants and found nitrogen in them in abundance. He was 

also the fi rst to discuss the nitrogen cycle and the importance 

of N in plant nutrition (Richard,  1970 ) and crop growth. 

     4    Conventional N fertilizers 

    4.1    Sodium nitrate or Chilean saltpeter 

 This was the fi rst N fertilizer before the discovery of the 

synthesis of ammonia. The largest accumulations of natu-

rally occurring sodium nitrate are found in Chile and Peru, 

where  nitrate  salts are bound within mineral deposits 

called caliche ore (Stephen,  2005 ). The nitrates accumulate 

on land through marine-fog precipitation and sea-spray oxi-

dation/desiccation in a dry desert area. The fi rst shipment 

of saltpeter to Europe arrived in England from Peru in 1820 

or 1825, right after country’s independence from Spain, but 

did not fi nd any buyers and was dumped at sea in order to 

avoid customs toll. With time, however, the mining of South 

American saltpeter became a profi table business. In 1859, 

England alone consumed 47,000 metric tonnes (Friedrich, 

 1873 ). 

 The Chilean nitrate is now preferred over ammonium 

nitrate on acid soils due to presence of calcium in it and 

therefore basic in nature. Claims are also being made for 

considering its use in organic agriculture, because it is a 

naturally occurring mineral like rock phosphate (Opde-

beeck et al.,  2003 ). According to International Fertilizer 

Association (IFA,  2016 ), the fertilizer nitrogen consump-

tion in 2013–2014 was 104 million tonnes of N and indi-

vidual product consumption was: Anhydrous ammonia for 

direct use 3%, ammonium sulphate 3%, ammonium nitrate 

6%, nitrochalk 5%, ammonium sulphate nitrate 5%, nitrogen 

solutions 5%, urea 57%, NP, NK and NPK mixtures 22%. 

Thus, urea was the major N fertilizer consumed. In India 

urea supplies about 80% of fertilizer N requirement. 

     4.2    Anhydrous ammonia 

 The ammonia synthesis by Haber–Bosch process is the 

main industrial procedure for the production of ammo-

nia  today.  It is named after its inventors; the German 

chemists Fritz Haber and Carl Bosch in 1908. The process 

converts atmospheric nitrogen  (N 2 ) to ammonia  (NH 3 ) by 

a reaction with hydrogen  (H 2 ) using a rare earth metal 

tungsten, as a catalyst under high temperatures and pres-

sure. The fi rst ammonia synthesis plant got into operation 

in Oppau in 1913, three kilometers north of the Ludwig-

shafen. Haber received Nobel Prize in Chemistry in 1919. 

Bosch showed that iron oxide with some other materials 

could also catalyze the reaction. It made large scale pro-

duction of ammonia possible, because tungsten was rare 

and expensive. Bosch received Nobel Prize in 1931 for 

this modifi cation in the process. The Ammonia synthesis 

has been judged to be one of mankind’s greatest scientifi c 

achievements during the twentieth century (Hellman and 

Nørskov,  2013 ). No wonder this discovery received two 

Nobel Prizes. 

 Anhydrous ammonia is liquid at high pressure and 

can be directly drilled in crop fi elds in cooler countries; 

however, it is very corrosive and requires stainless steel 

tanks for its storage and application equipment. In US, 

anhydrous ammonia (AA) meets about one-third of the 

country’s fertilizer N needs. It cannot be used in warmer 

countries, because the containers can explode at a tem-

perature higher than zero degree centigrade. It is also used 

in refrigeration and in making explosives. In Ostwald pro-

cess, anhydrous ammonia can be oxidized to nitric acid 

(Drake,  1963 ). 

     4.3    Ammonium sulphate (AS) 

 Ammonium sulphate contains 21% (w/w) nitrogen and 

24% (w/w) sulphur. It was fi rst made by treating ammo-

nia, often as a by-product from coke ovens, with sulfuric 

acid. Ammonium sulphate is also manufactured from gyp-

sum  (CaSO 4 ·2H 2 O). Finely divided gypsum is added to 

an ammonium carbonate solution. Calcium carbonate pre-

cipitates as a solid, leaving ammonium sulphate in the 

solution. Ammonium sulphate occurs naturally as the rare 

mineral mascagnite in volcanic fumaroles and due to coal 

fi res on some dumps. Ammonium sulphate is now pre-

pared commercially from the liquor ammonia of gas-works 

and is purifi ed by recrystallization. 

 Initially 9000 tonnes of ammonia was processed at 

BASF [ Badische Anilin und Soda Fabrik  (German for 

’’Baden Aniline and Soda Factory’’)] plant at Oppau near 

Ludwigshafen in 1913 to manufacture 36,000 tonnes of 

ammonium sulphate. Hundred years later BASF has an 

annual capacity of 875,000 metric tonnes of ammonia in 

Ludwigshafen. In 1991, United States facilities produced 

about 2.7 million Mg (tonnes) of ammonium sulphate in 

about 35 plants. However, Europe had an acute shortage 

of sulphur after World War I and nitric acid was used to 

make ammonium nitrate and nitrophosphates. 
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     4.4    Ammonium nitrate 

 Ammonium nitrate  (NH 4 NO 3 ) was fi rst made artifi cially 

in 1659 by the German chemist Johann Rudolf Glauber. 

Although exact amounts are not known however, first 

batch of ammonium nitrate was produced at BASF plant 

at Oppau near Ludwigshafen. The global production of 

ammonium nitrate was estimated at 21.6 million tonnes in 

2017. The industrial production of ammonium nitrate entails 

the acid–base reaction of ammonia with nitric acid. Since 

ammonium nitrate is an explosive material and therefore it 

is generally mixed with lime and made into nitrochalk or 

calcium ammonium nitrate. It is now not manufactured in 

India, but is an important fertilizer in Europe. The ammonia 

required for this process is obtained by the Haber–Bosch 

process from nitrogen and hydrogen. Ammonia produced 

by this process can be oxidized to nitric acid by the Ost-

wald process. Another production method is a variant of 

the nitrophosphate process. 

     4.5    Ammonium chloride 

 Toyo Koatsu Industries, Hiroshima, Japan was established in 

order to integrate and expand on Mitsui Coal Mine’s chemi-

cal operations, including synthetic ammonia and chemical 

fertilizer, and ammonium chloride in 1933. Ammonium 

chloride was developed in Japan by reacting ammonia with 

hydrochloric acid in place of sulphuric acid to overcome the 

problem of sulphide toxicity in rice (Tanaka et al.,  1968 ). 

The global production of ammonium chloride in 2018 was 

230 million tonnes (statistical). 

     4.6    Urea 

 Urea is now the major straight nitrogen fertilizer in the 

world; more than 80% of the fertilizer N in India is used as 

urea and there are more than 30 factories manufacturing it. 

Friedrich Wöhler’s discovery, in 1828, that urea can be pro-

duced from inorganic starting materials, was an important 

conceptual milestone in chemistry. It showed, for the fi rst 

time, that a substance, previously known only as a byprod-

uct of life, could be synthesized in the laboratory, without 

biological starting materials. It thereby contradicted the 

widely held doctrine of vitalism, which stated that only liv-

ing beings could produce the chemicals of life. The human 

urine contains about 9 g urea per liter. 

 Urea is made by reacting  CO 2  with ammonia. Its chem-

ical formula is CO  (NH 2 ) 2 . It contains 46% N and is the 

highest N containing solid fertilizer and easy and cheaper 

to transport. It is a non-polar compound and can be used for 

foliar spray on plants and can be easily mixed with herbi-

cides and other pesticides and micronutrients for application 

to crops. Qatar Fertiliser Company (QAFCO) in Germany 

inaugurated its fi rst ammonia and urea plant in 1973 with a 

design capacity of 900 tonnes of ammonia and 1000 tonnes 

of urea daily. 

 Incidentally, urea has been applied to farm fi elds as a 

component of cattle and sheep urine. In a study by Bristow 

et al. ( 1992 ) total N in the cow urine ranged from 6.8 to 

21.6 g  l −1 , of which an average of 69% was present as urea, 

while in the sheep urine, total N ranged from 3.0 to 13.7 g 

 l −1  of which an average of 83% was present as urea. In earlier 

times cattle or sheep were made to sleep in a fi eld for mak-

ing the soil fertile by their urine which contained urea. The 

practice was known as  penning . 

      5    New nitrogen fertilizers 

 One of the qualities of nitrogen fertilizers is their high solu-

bility. When applied to farm fi elds, it is subject to leaching 

losses to underground waters, making the drinking water 

risky for health. The one most talked about eff ects is the blue 

baby syndrome in infants (Silove,  1994 ). Nitrogen is also 

lost by surface runoff  and erosion, making waters in lakes, 

rivers and estuaries rich in nitrates leading to algal bloom 

which is responsible for hypoxia and mortality of fi sh and 

other marine creatures. Such areas in the seas are known as 

“Dead Zones” and as many as 405 have been recognized in 

the world including coasts of Gulf of Mexico, Chesapeake 

Bay, South China Sea and East China Sea (Diaz & Rosen-

berg,  2008 ). Some N is also lost as ammonia and nitrous 

oxide, which is responsible for ozone layer depletion (Port-

mann et al.,  2012 ). Because of these losses, the apparent 

recovery effi  ciency (ARE) of nitrogen i.e. nitrogen recov-

ered by crop plants expressed as percentage of the nitrogen 

applied is very low. 

 Globally the value of AREn (apparent recovery of applied 

N by crops) of nitrogen is 55%, while TREn (True Recovery 

Effi  ciency as determined using  15 N) is 44% (Ladha et al., 

 2005 ). TREn values are especially low in rice, for example, 

Katyal et al. ( 1985 ) from Ludhiana reported a TREn value of 

21–31%, while Goswami et al. ( 1988 ) from Delhi reported a 

TREn value of 33%. TREn is higher (32–51%) for wheat. In 

China, where N rates are generally 150 kg  ha –1  or more, AEn 

(Agronomic Effi  ciency of nitrogen) values are reported to be 

10.4, 8.0 and 9.8 kg grain increased  kg –1  N for rice, maize 

and wheat, respectively (Zhang et al.,  2007 ). Attempts have 

therefore been made to develop slow-release or controlled-

release fertilizers. These are broadly of two types: (i) inher-

ently low solubility N fertilizers and (ii) coated conventional 

fertilizers. 

 The inherently low solubility N fertilizers include urea-

aldehyde condensates (Prasad et al.,  1971 ; Trenkel,  1997 , p. 

151). Of these, ureaform (urea–formaldehyde) and isobutyl-

idene diurea (urea-butyraldehyde) popularly known as IBDU 
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have received considerable attention and have been tested for 

rice and other crops. A number of trials have proved urea-

form’s effi  ciency being higher than urea and other nitrogen 

fertilizers (Alexander & Hans-Ulrich,  1989 ), while IBDU 

has been widely tested for rice in Japan (Hamamoto,  1966 ) 

and as a seedling fertilizer in nurseries (Benzian et al.,  1971 ) 

or turf fertilizers (Christian 2004) and has proved better than 

urea. 

 The conventional N fertilizers can be coated with pervi-

ous or semi-pervious substances such as sulphur, oilseed 

cakes, oil emulsions or polymer to control the solubility 

and release of nitrogen. The coated fertilizers include sul-

fur, polymer (PCU) and  Neem  ( Azadirachta indica)  coated 

urea. Sulfur coated urea (SCU) was developed by Tennessee 

Valley Authority, USA (Rindt et al.,  1968 ). A number of 

researchers reported SCU to be better than urea (Bijay-Singh 

and Katyal,  1987 ; Pandey et al.,  1989 ; Shivay et al.,  2016 , 

 2019 ). CoteN™ is Haifa’s polymer coated Urea (PCU), set 

for two to four months longevity. Salman ( 1988 ) reported 

that the PCU has slower dissolution rate than urea and 

reported that PCU had reduced ammonia volatilization and 

leaching losses of N as compared to urea (Blaise & Prasad, 

 1995 ,  1996 ,  1997 ). In Japan substantial quantity of PCU is 

used and performs better than urea (Fashola et al.,  2002 ). 

 Neem  coated urea (NCU), involving a  Neem  oil micro-emul-

sion was developed at the Indian Agricultural Research Insti-

tute, New Delhi (Prasad et al.,  1999 ). In on-farm trials in 

Delhi, Uttar Pradesh and Haryana increase in rice yield with 

NCU varied from 6 to 12% over urea (Prasad et al.,  1993 , 

 2007 ). The superiority of NCU over uncoated urea has also 

been reported from Punjab (Thind,  2010 ) and Delhi (Shivay 

et al.,  2001 ). Now, all urea produced and marketed in India 

has to be  Neem  coated. 

 The other approach to increase the efficiency of the 

fertilizer N has been the blending of nitrogen fertilizers 

with nitrifi cation inhibitors (Buresh et al.,  1988 ; Prasad & 

Power,  1995 ; Prasad et al.,  1971 ) and urease inhibitors (Kiss 

and Simihăian,  2002 ; Kafarski & Talma,  2018  ) . However, 

new nitrogen fertilizers are still in the developmental process 

and only after sometime they will be universally used. The 

only exception is  Neem  coated urea, which is widely used in 

India, because  Neem  coating of urea has several other ben-

efi ts, such as control of several pathogens including nema-

todes (Prasad et al.,  2007 ). 

 The fertilizer N has been the key input in increasing the 

food production in the world, yet the harmful environmental 

eff ects of nitrogen cannot be separated from it. The only 

solution is the use of more effi  cient nitrogen fertilizers to 

reduce the environmental problems associated with this key 

input required for crop production. So far the new fertilizer 

materials have not been popular among the farmers because 

of their high cost. However, the development and use of 

 Neem  coated urea in India is a highly successful story as now 

100% urea consumed is coated with  Neem  oil. The problem 

with modern science is that solutions are sought in devel-

opment of pure synthetic products which make them very 

expensive. For developing more effi  cient nitrogen fertilizers 

use of indigenous natural resources, such as  Neem  has to be 

made. This has also been proved in developing  Neem  based 

insecticides, which inhibit the development of resistance in 

pest as in the case of chemical insecticides’. 

     6    Conclusion 

 The fertilizer nitrogen entered agricultural crop production 

in the late nineteenth century and gained prominence after 

the discovery of ammonia synthesis in the fi rst decade of 

twentieth century. It has contributed signifi cantly in increas-

ing world food production and has saved humanity from 

hunger, misery and mortality. However, it has also contrib-

uted to the environmental pollution and ozone layer deple-

tion. The eff orts are therefore underway to develop more effi  -

cient nitrogen fertilizers by coating urea with impermeable 

or semi-permeable materials to slow down their solubility 

and the use of nitrifi cation and urease inhibitors. However, 

the only success story is  Neem  coated urea in India. 
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