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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 scientific 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 significant 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;) content in ground waters, inland waters including
lakes and rivers and marine waters leading to mortality of fish and other water creatures. Some N is lost as nitrous oxide
(N,0), which is responsible for the depletion of the ozone layer in the earth’s atmosphere. Efforts are therefore underway

to develop more efficient N fertilizers.
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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 different 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 finan-
cial crisis. However, global N demand started to rebound in
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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 first (Weeks, 1932).
The name nitrogene (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 first to analyses a large number
of plants and found nitrogen in them in abundance. He was
also the first 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 first 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 first shipment
of saltpeter to Europe arrived in England from Peru in 1820
or 1825, right after country’s independence from Spain, but
did not find any buyers and was dumped at sea in order to
avoid customs toll. With time, however, the mining of South
American saltpeter became a profitable 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,) to ammonia (NH;) by
a reaction with hydrogen (H,) using a rare earth metal
tungsten, as a catalyst under high temperatures and pres-
sure. The first 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 modification in the process. The Ammonia synthesis
has been judged to be one of mankind’s greatest scientific
achievements during the twentieth century (Hellman and
Ngrskov, 2013). No wonder this discovery received two
Nobel Prizes.

Anhydrous ammonia is liquid at high pressure and
can be directly drilled in crop fields 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 first 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,-2H,0). 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
fires on some dumps. Ammonium sulphate is now pre-
pared commercially from the liquor ammonia of gas-works
and is purified 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,NO;) was first made artificially
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 Wohler’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 first
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, with ammonia. Its chem-
ical formula is CO (NH,),. 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
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inaugurated its first 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 fields 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 17!, 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
1! of which an average of 83% was present as urea. In earlier
times cattle or sheep were made to sleep in a field 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 fields, it is subject to leaching
losses to underground waters, making the drinking water
risky for health. The one most talked about effects 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 fish 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 efficiency (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
Efficiency as determined using BN) 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™' or more, AEn
(Agronomic Efficiency of nitrogen) values are reported to be
10.4, 8.0 and 9.8 kg grain increased kg™' 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 efficiency 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 nitrification inhibitors (Buresh et al., 1988; Prasad &
Power, 1995; Prasad et al., 1971) and urease inhibitors (Kiss
and Simihdian, 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-
efits, 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
effects of nitrogen cannot be separated from it. The only
solution is the use of more efficient 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 efficient 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 first decade of
twentieth century. It has contributed significantly 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 efforts 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 nitrification and urease inhibitors. However,
the only success story is Neem coated urea in India.

References

Alexander, A., & Hans-Ulrich, H. (1989). Ureaform as a slow release
fertilizer: a review. Journal of Plant Nutrition and Soil Science,
153(4), 249-255.

Benzian, B., Freeman, S. C. R., & Mitchell, J. D. D. (1971). Isobu-
tylidene diurea and other nitrogen fertilizers for seedlings and
transplants of Picea sitchensis in two English forest nurseries.
Plant and Soil, 35, 517-532.

Blaise, D., & Prasad, R. (1997). Dynamics of N-release from differ-
ently coated fertilizers under flooded soil conditions. Proceedings
of the Indian National Science Academy B, 63, 73-78.

Blaise, D., & Prasad, R. (1995). Effect of blending urea with pyrite
or coating urea with polymer on ammonia volatilization loss
from surface applied prilled urea. Biology & Fertility of Soils,
20, 83-85.

Blaise, D., & Prasad, R. (1996). Relative efficiency of modified urea
fertilizers in wetland rice (Oryza sativa). Indian Journal of Agron-
omy, 41, 373-378.

Bristow, A. B., Whitehead, D. C., & Cockburn, J. E. (1992). Nitrog-
enous constituents in the urine of cattle, sheep and goats. Journal
of Science of Food and Agriculture, 59(3), 387-394.

Buresh, R. J., De Datta, S. K., Padilla, J. L., & Simpson, M. L. (1988).
Effect of two urease inhibitors with transplanted lowland rice.
Agronomy Journal, 80, 763-768.

Christians, N. (2004). “Fertilization” Fundamentals of Turfgrass Man-
agement. (2nd ed.). New York: Wiley.

Diaz, R. J., & Rosenberg, R. (2008). Spreading dead zones and con-
sequences for marine ecosystems. Science, 321(5891), 926-929.

Drake, G. (1963). Processes for the Manufacture of Nitric Acid. UK:
International Fertilizer Society.

@ Springer



64

Indian Journal of History of Science (2021) 56:60-64

Fashola, S. S., Hayashi, K., & Wakatsuli, T. (2002). Effect of water
management and polyolefin coated urea on growth and nitrogen
uptake of Indica rice. Journal of Plant Nutrition, 25,2173-2190.

Friedrich, G. W. (1873). Uppfinningarnas bok. Buch der Erfindungen,
4,473.

Goswami, N. N., Prasad, R., Sarkar, M. C., & Singh, S. (1988). Stud-
ies on the effect of green manuring on nitrogen economy in a
rice-wheat rotation using a >N technique. Journal of Agricultural
Science, 111,413-417.

Hamamoto M. (1966). Isobutylidene diurea as a slow acting nitrogen
fertiliser and the studies in this field in Japan. In: Proceedings
International Fertilizer Society, London No 90

Haurowitz, F. (1950). Chemistry and Biology of Proteins. New York:
Academic Press.

Heffer P. and Prud’homme M. (2016). Global Nitrogen Fertilizer
Demand and Supply: Trend, Current level and Outlook. France:
International Fertilizer Association (IFA), Paris 75116. www.ferti
lizer.org.

Hellman, A., & Ngrskov, J. K. (2013). Comprehensive Inorganic Chem-
istry I1. (2nd ed.). New York: Elsevier.

IFA (International Fertilizer Industry Association). 2016. Production
and International Trade Statistics. http://www fertilizer.org//En/
Statistics/PIT_Excel_Files.aspx.

Kafarski, P., & Talma, M. (2018). Recent advances in design of new
urease inhibitors: a review. Journal of Advanced Research, 13,
101-112.

Katyal, J. C., Singh, B., Vlek, P. L. G., & Craswell, E. T. (1985). Fate
and efficiency of nitrogen fertilizers applied to wetland rice, II,
Punjab, India. Fertilizer Research, 6, 279-290.

Kiss, S., & Simihdian, M. (2002). Improving Efficiency of Urea Fertiliz-
ers by Inhibition of Soil Urease Activity. Dordrecht, Netherlands:
Kluwer Academic Publishers.

Ladha, J. K., Pathak, H., Krupnik, T. J., Six, J., & van Kassel, C.
(2005). Efficiency of fertilizer nitrogen in cereal production-ret-
rospects and prospects. Advance in Agronomy, 87, 85-156.

Opdebeeck, H., Verhelst, G., De Marez, E., et al. (2003). Use of Natu-
ral Chilean Nitrate in Organic Farming. Chile: International Fed-
eration of Organic Farming.

Pandey, P. C., Bisht, P. S., Gautam, R. C., & Lal, P. (1989). Evalu-
ation of modified urea forms for increasing N use efficiency in
irrigated transplanted rice. In V. Kumar, G. C. Shrotriya, & S.
V. Kaore (Eds.), Soil Fertility and Fertilizer Use. (pp. 114—126).
New Delhi: IFFCO.

Portmann, R. W., Daniel, J. S., & Ravishankara, A. R. (2012). Strato-
spheric ozone depletion due to nitrous oxide: influences of other
gases. Philosophical Transactions of the Royal Society of London,
Series B, Biological Sciences, 367, 1256—1264.

Prasad, R., & Power, J. F. (1995). Nitrification inhibitors for agricul-
ture, health and the environment. Advances in Agronomy, 54,
232-281.

Prasad, R., Rajale, G. B., & Lakhdive, B. A. (1971). Nitrification
retarders and slow release nitrogen fertilizer. Advances in Agron-
omy, 23, 337-383.

Prasad, R., Devakumar, C., & Shivay, Y. S. (1993). Significance of
Neem in increasing fertilizer nitrogen efficiency. In N. S. Rand-
hawa & B. S. Parmar (Eds.), Neem Research and Development.
(pp- 97-108). New Delhi: Pesticide Association of India.

Prasad, R., Majumdar, K., Shivay, Y. S., & Kapil, U. (2016). Minerals
in Plant and Human Nutrition and Health. Peach Tree Corners,
USA: International Plant Nutrition Institute.

@ Springer

Prasad, R., Shivay, Y. S., Kumar, D., Sharma, S. N., & Devakumar,
C. (2007). Neem for sustainable agriculture and the environment:
a review. Proceedings of National Academy of Sciences, India,
Section B, 77, 313-330.

Prasad, R., Singh, S., Saxena, V. S., & Devakumar, C. (1999). Coating
of prilled urea with Neem (Azadirachta indica Juss) for efficient
nitrogen use in rice. Naturwissenscaften, 86, 538-539.

Richard, P. A. (1970). Boussingault and the nitrogen cycle. Proceed-
ings of the American Philosophical Society, 114(6), 435-479.

Rindt, D. W., Blouin, G. M., & Getsinger, J. G. (1968). Sulphur-coating
on nitrogen fertilizer to reduce dissolution rate. Journal of Agri-
culture and Food Chemistry, 16(5), 773-778.

Salman, O. A. (1988). Polymer coating on urea prills to reduce dis-
solution rate. Journal of Agricultural and Food Chemistry, 36(3),
616-619.

Shivay, Y. S., Pooniya, V., Pal, M., Ghasal, P. C., Bana, R. S., & Jat, S.
L. (2019). Coated urea materials for improving yields, profitability
and nutrient use efficiencies of aromatic rice. Global Challenges,
3(12), 1900013. https://doi.org/10.1002/gch2.201900013.

Shivay, Y. S., Pooniya, V., Prasad, R., Pal, M., & Bansal, R. (2016).
Sulfur-coated urea as a source of sulfur and an enhanced effi-
ciency of nitrogen fertilizer for spring wheat. Cereal Research
Communications, 44(3), 513-523. https://doi.org/10.1556/0806.
44.2016.002.

Shivay, Y. S., Prasad, R., Singh, S., & Sharma, S. N. (2001). Coating of
prilled urea with Neem (Azadirachta indica) for efficient nitrogen
use in low land transplanted rice (Oryza sativa). Indian Journal
of Agronomy, 46(3), 453—-457.

Silove, E. D. (1994). Assessment and management of congenital heart
disease in the newborn by the district paediatrician. Archives of
Disease in Childhood: Fetal and Neonatal Edition, 70(1), F71-74.

Singh, B., & Katyal, J. C. (1987). Relative efficacy of some new urea
based nitrogen fertilizers for growing wetland rice on a permeable
alluvial soil. Journal of Agricultural Science, 109, 27-31.

Stephen, R. B. (2005). A Most Damnable Invention: Dynamite,
Nitrates, and the Making of the Modern World. New York:
Macmillan.

Tanaka, A., Ranjit, P., Mulleriyawa, R. P., & Yasu, T. (1968). Possibil-
ity of hydrogen sulphide induced iron toxicity of the rice plant.
Soil Science and Plant Nutrition, 14, 1-6.

Thind, H. S., Singh, B., Pannu, R. P. S., Saharawat, Y., Singh, V.,
Gupta, R. K., Singh, G. S., & Kumar, A. (2010). Managing Neem
(Azadirachta indica)-coated urea and ordinary urea in wheat (7riz-
icum aestivum) for improving nitrogen-use efficiency and high
yields. Indian Journal of Agricultural Sciences, 80(11), 960-964.

Tillman, D., Blazer, C., Hill, J., & Befort, B. L. (2011). Global
food demand and the sustainable intensification of agriculture.
Proceedings of the National Academy of Sciences, USA, 108,
20260-20264.

Trenkel, M. E. (1997). Controlled Release and Stabilized Fertilizers in
Agriculture. Paris: International Fertilizer Industry Association.

Weeks, M. E. (1932). The discovery of the elements. IV. Three impor-
tant gases. Journal of Chemical Education, 9(2), 215-230.

Zhang F., Zhang W., Fan M., & Wang J. (2007). Improving fertilizer
use efficiency through management practices—Chinese experience.
In: The Fertilizer Association of India, Annual Seminar. Paper
SII/1-5.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2021-07-19T14:17:11+0530
	Preflight Ticket Signature




