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ABSTRACT

Fertilizer nitrogen is the most important plant nutrient in agriculture all over the world. It accounts for about 68%
of the total plant nutrients (NPK) consumed in India. About an 80% N is consumed as urea in India. Since the effi-
ciency of fertilizer N is 50% or less, efforts are needed to increase it, because unutilized N is lost to atmosphere
and groundwater creating pollution problems. Deep placement and foliar application of urea can significantly in-
crease nitrogen-use efficiency, but adequate data on these aspects are not available and need to be created with-
out further delay.

Key words: Deep placement, Environmental pollution, Foliar application, Nitrogen-use efficiency, Urea

1Corresponding author’s Email: rajuma36@gmail.com
1Ex-National Professor (ICAR), 2Professor and Principal Scientist,
Division of Agronomy, ICAR-Indian Agricultural Research Insti-
tute, New Delhi 110 012

Among the 3 major areas of agronomic research,
namely nutrient, water and weed management, about two-
thirds of the research papers appearing in the Indian Jour-
nal of Agronomy are on nutrient management, and out of
these about 80% are directly or indirectly related to nitro-
gen management. Nitrogen is thus the key plant nutrient in
field crop production and out of the total N, P and K con-
sumption of 24.5 million tonnes in 2013–14 in India, N
alone was 16.7 million tonnes (68% of total NPK). Fur-
ther, about 80% of fertilizer N is supplied by urea in India
(Prasad, 1998). However, the nitrogen-use efficiency in
field crops is generally below 50% and is about 33% or
even lower in rice (Oryza sativa L.) (Prasad, 2013).

Nitrogen uptake and assimilation in crop plants
Nitrogen is applied to field crops to enhance the growth

and development of plants to increase the production of
the targeted product from the crop, which could be: sugar
in sugarcane (Saccharum sp.) and sugarbeet (Beta vul-
garis sub sp. Vulgaris); starch in cereals, potato (Solanum
tuberosum L.), sweet potato and cassava (Manihot
esculenta crantz]; protein in pulses and cereals; oil in rape-
seed-mustard, safflower (Carthamus tinctorius L.) and
sunflower (Helianthus annuus L.); and protein and oil in
soybean [Glycine max (L.) Merr.] and groundnut (Arachis

hypogaea L.). By conducting field experiments with
graded levels of nitrogen, the agronomists determine the
yield and economic optimum levels of nitrogen applica-
tion to different crops and cropping systems in different
ecological conditions. Recently attention has been drawn
to determine eco-friendly optimum nitrogen levels for dif-
ferent crops and cropping systems in view of environmen-
tal problems associated with high levels of nitrogen appli-
cation (Prasad et al., 2016).

Nitrogen is taken up by plants through roots, mostly as
nitrates in upland crops (Xu et al., 2012), although some
ammonium may also be taken up (Nadelhoffer et al.,
1984). Under lowland field conditions, such as in rice pad-
dies, ammonium is the dominant species (Yu, 1985;
Prasad et al., 2000) and most of the nitrogen is taken up as
ammonium (Ishii et al., 2011) and rice has been referred to
as an ammoniphilic plant (Prasad et al., 1983). Ammo-
nium could also be the dominant species in nitrogen up-
take by plants in grasslands (Jackson et al., 1989).

Nitrate is absorbed by plant roots through several ni-
trate transporters that use the proton gradient as the power
to transport it (Tischner, 2000; Sorgonà et al., 2011). Simi-
larly ammonium ions are also absorbed through ammo-
nium transporters (Loque’ and von Wiren, 2004; Bao-zhen
et al., 2009). Nitrogen is transported to shoot via xylem.
Nitrate absorbed is reduced to ammonium mostly but not
always (Stewart et al., 1986; Scheurwater et al., 2002) in
the roots. Nitrate reduction is a two-step process. Nitrate
is first reduced to nitrite (NO

2
-) in the cytosol by the en-

zyme nitrate reductase (NR) using NADP or NADPH
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(Tischner, 2000), which is then reduced to ammonium in
the chloroplasts by a ferrodoxin-dependent nitrate reduc-
tion (Hanke et al., 2004). Once ammonium is produced in
the chloroplast, it is incorporated as amide group in the
amino acid glutamine. Other amino acids are later pro-
duced from glutamine. Proteins are synthesized through
genetically-controlled processes by DNA and ribosomes.
The DNA produces messenger-RNA by transcription and
sequence of m-RNA translates specific sequence of amino
acids to produce peptide chains, which undergo post-syn-
thetic processing to produce different proteins, such as
structural, regulatory, transport and cell signaling proteins,
immunoglobins and enzymes  (Mathews et al., 2000;
Kent, 2009).

Plants can also absorb nitrogen as urea, when applied to
foliage and even by roots (Gooding and Davies, 1992).
However, in soils, urea gets hydrolysed rapidly (Reddy
and Prasad, 1975) and is not available for absorption as
such. Kuykendall and Wallace (1953) reported that foliar
application of urea on citrus (Citrus sp.) leaves increased
their N content from 2 to 6% in 24 hours; however, most
of the N in leaf at that time was not present as urea, indi-
cating its rapid hydrolysis in the leaf. Smith et al. (1991)
using 15N-labelled urea found that when applied to foliage
at the full emergence of inflorescence in the main stem of
wheat (Triticum aestivum L.), 69% of applied N was in the
above-ground portion of the plant. Thus, absorption of
foliar-applied urea is fairly rapid and N so applied avoids
its loss through various N loss mechanisms associated
with soil-applied fertilizer N discussed later in this paper.
Efficiency of foliar applied urea is reported to be higher
than when it is soil-applied (De, 1971; Balasubramanian et
al., 2004).  Bhuyan et al. (2012) from Bangladesh reported
that agronomic efficiency of foliar-applied urea in rice was
93.8 kg/N as compared to 43.7 kg/N for soil-applied urea.
Saleem et al. (2013) from Pakistan reported that, soil ap-
plication of 60 kg N/ha plus 2 foliar sprays of  2% urea
solution at tillering and booting in wheat was as good as
soil application of 120 kg N/ha as urea.  Foliar application
of urea is the best way to apply nitrogen to crop, when its
deficiency is detected at later stages of crop growth, since
soil-applied N takes more time for its absorption and trans-
location to the targeted plant part. Foliar application of
urea is the only way to supply N to flooded rice fields.
Urea is compatible with most insecticides and can be ap-
plied with them. The only drawback is that using large
volume knap-sack sprayers available with small-holder
farmers only about 10 kg N/ha can be applied in a single
spray; 3% urea is the maximum concentration possible in
such foliar sprays.

In addition to amino acids and proteins, chlorophyll is
the most important nitrogen biomolecule, responsible for

the synthesis of carbohydrates and all other foods for the
animals including humans. Chlorophyll is made of 4 pyr-
role rings held together by a single Mg ion. Nitrogen de-
ficiency in plants is first shown by the shortage of chloro-
phyll and is expressed by pale yellow coloration of lower
leaves, which may ultimately die and fall, because chloro-
phyll moves to the upper young leaves. When this hap-
pens, fertilizer nitrogen has to be applied. This is the ba-
sis of developing fertilizer nitrogen recommendations us-
ing leaf-colour charts and chlorophyll meters (Bijay-Singh
et al., 2001).

Nitrogen dynamics in soils
This subject has been thoroughly investigated and ex-

cellent reviews are available (Prasad, 1998, 2013, 2013;
Pathak, 2013, 2016; Prasad and Shivay, 2015; Prasad et
al., 1993). Only the most important points are brought out
here. A large part of fertilizer nitrogen, mostly urea is
broadcast applied at surface and is subject to runoff losses,
especially on sloping lands in the hills, where rains are
torrential and rice is the main crop. However, no data are
available on such losses in India. This is one reason, why
the farmers in upper regions of a hilly tract do not apply
the required rates of N and the crops suffer and yields are
low.

Once urea is applied, it hydrolyses fairly rapidly, most
of it within 2 weeks of application (Reddy and Prasad,
1975) and ammonium formed is lost by ammonia volatil-
ization. Ammonia volatilization losses from fields are esti-
mated at 20 to 30 kg N/ha with an application of 120 kg
N/ha in rice and wheat (Katyal et al., 1987; Aulakh and
Bijai-Singh, 1997). Pathak (2016) simulated N loss
through ammonia volatilization from rice–wheat cropping
systems of the Indo-Gangetic plains (IGP) and found that
the loss was 16–62 kg N/ha; average loss was 30 kg N/ha,
with an average fertilizer application of 98 kg N/ha. It is
estimated that 4.1 million tonnes of N is lost by ammonia
volatilization in India; the global loss of N due to ammo-
nia volatilization is estimated at 37 million tonnes (Prasad
et al., 2014). Placement of urea in soil can greatly reduce
N losses (Mohanty et al., 1998), but agronomists have re-
ally not investigated this seriously and more field experi-
ments are urgently needed.

Ammonium is later oxidized to nitrate, which being a
negatively charged ion cannot be retained by the clay par-
ticles and is easily leached out or denitrified under sub-
merged soil conditions (Prasad, 1998). Pathak et al.
(2009) reported that about 10% of applied urea-N was lost
in the rice–wheat cropping system belt and the total leach-
ing loss of nitrogen is estimated at 3.1 million tonnes in
India, while the global estimates are at 95 million tonnes
(Prasad et al., 2014). As regards losses of N due to deni-
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trification, Pathak et al. (2004) reported a loss of 10–15 kg
N/ha in rice and 5–10 kg N/ha in wheat with an applica-
tion of 120 kg N/ha to each crop. Aulakh et al. (2001) re-
ported a loss of 30 kg N/ha from flooded rice fields in
north-western India. Denitrification losses are most under
alternate flooding and drying conditions as obtained under
irrigated rice cultivation (Prasad and Rajale, 1972; Prasad,
2011).  The total loss of N due to denitrification is esti-
mated at 3.1 million tonnes in India and 25 million tonnes
in the world (Prasad et al., 2014). Losses due to leaching
and denitrification are difficult to prevent. The only way is
to apply fertilizer N in split doses and enormous data are
available in the country to show the advantage of split
application of nitrogen (Tandon, 1989).

One approach to increase the efficiency of fertilizer N
use globally has been the use of nitrification-inhibitors and
slow-release N fertilizers (Prasad et al., 1971; Prasad and
Power, 1995; Shaviv, 2001; Prasad, 2005), and in India
neem oil micro-emulsion-coated urea was developed by
Dr Rajendra Prasad and his team (Prasad et al., 1994,
2007; Devakumar, 2016). Recently, Government of India
has decided that all urea produced in the country has to be
coated with neem-oil emulsion. While this technology will
be helpful in increasing the efficiency of fertilizer nitro-
gen, research on methods and timing of nitrogen applica-
tion needs to be intensified.

Deep placement of nitrogen
There has been great emphasis on deep placement of

phosphorus in the root zone of crop plants (Eggball and
Sanders, 1989; Anonymous, 1999), but not on nitrogen.
Nitrogen applied at sowing can be easily deep-placed at 3–
5 cm depth with a fertilizer drill attached to a tractor or a
pora (a metallic funnel used for seeding, when bullock
power is used); however, a majority of farmers in India
broadcast nitrogen after seeding. Field experimental data
need to be created on the relative efficiency of deep-placed
versus broadcast fertilizer N in all crops. With a little ef-
fort, ammonia volatilization losses can be measured in
these experiments using closed chamber technique (Prasad
et al., 2000). These data will help convince the farmers
about the advantage of deep placement of nitrogen. Deep
placement of N while top-dressing is difficult, but tech-
niques need to be developed to do so.

Foliar application of nitrogen
Foliar application of N has not received the attention it

deserves, despite the fact that it is well established that the
efficiency of foliar-applied N is higher than its soil appli-
cation (De, 1971; Balasubramanian et al., 2004; Bhuyan et
al., 2012; Saleem et al., 2013). In most cereals, two spray
applications of urea @ 10 kg N/ha (700 litres of 3% urea

solution) are possible at appropriate growth stages. These
2 foliar sprays of urea are likely to be equal to 30–40 kg N/
ha applied to soil; however, actual data on this need to be
generated. At least 10 kg N/ha can be saved in each crop
by resorting to part foliar application. Thus in rice–wheat
cropping system belt itself, it can lead to a saving of 0.2
million tonnes N or 0.43 million tonnes of urea. Similarly,
if 10 kg N/ha is saved on each hectare of 195 million ha of
India’s gross cropped area, a saving of 1.95 million tonnes
of N or 4.2 million tonnes of urea is possible. This tech-
nology is thus worth trying. Foliar application of N can be
combined with the foliar application of Zn, Fe and other
micronutrients and with insecticides to reduce application
cost. Again for iron only foliar application is recom-
mended.

Thus, fertilizer N is a costly input and its use efficiency
is 50% or less. Further its overuse is associated with envi-
ronmental pollution. Increasing N use efficiency is there-
fore important. Deep placement and foliar application of
N can go a long way in achieving increased nitrogen use
efficiency.
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