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1 Introduction

Nitrogen (N) is a vital element for life and an essential constituent of proteins,
DNA, energy compounds like ATP, chlorophyll, vitamins and hormones (Galloway
et al. 2002; Ohyama 2010; Abrol et al. 2012; Santiago-Antonio et al. 2014). In
terrestrial and aquatic ecosystems, N supply determines the nature and diversity of
plants, the population dynamics of herbivores, and vital ecological processes such
as plant productivity and the cycling of carbon and soil minerals (Cassman
et al. 2002; Dobermann and Cassman 2004; Boyer et al. 2004; Ladha
et al. 2005a; Abrol et al. 2012; Soussana and Lemairec 2014).

The rigorous use of N fertilizers is leading towards a detrimental impact on
environment in the agricultural production systems (Xu et al. 2000; Smil 2002; Zu
et al. 2002; Killebrew and Wolff 2010). Toxicity due to nitrates can be either acute
or chronic (Hill 1999; Bjorne et al. 2004). Acute toxicity is expressed when nitrite
enters the bloodstream in large quantities and oxidizes the ferrous iron of hemo-
globin to the ferric form producing methemoglobin, which cannot transport oxygen
and results in methemoglobinemia (Fewtrell 2004). The reports show that over
80 % of the total nitrate intake in humans originates from vegetables and some part
from the drinking water (Shoji et al. 2001; Croen et al. 2001; Anjana Umar and
Igbal 2007; Anjana Umar et al. 2007).

Although the risks have not been fully evaluated, several developed countries
have established maximum permissible levels for nitrate concentration in vegetable
food crops, and other countries are considering the establishment of similar stan-
dards. As a result of increasing pollution of sources adjacent to agricultural activ-
ities, the World Health Organization has set a limit of 10 mg of nitrate nitrogen per
litre in domestic water supplies (Pionke et al. 1990; McPharlin and Aylam 1995).
Research has shown that high concentrations of nitrate in plant food can decrease
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the level of ascorbic acid, a known inhibitor of the formation of carcinogenic
compounds that contain nitrite.

Nitrogen deficiencies lead to chlorosis and reduced photosynthesis, which ulti-
mately result in lower yields, and at the same time a significant reduction in the
levels of phosphoenol pyruvate carboxylase, pyruvate orthophosphate dikinase, and
Rubisco and a concomitant decrease in the level of their respective mRNAs in crop
plants (Dordas and Sioulas 2008; Hakeem et al. 2014). The extensive use of
nitrogenous fertilizers has ensured food security to developing nations, as the cereal
production has kept pace with its ever-increasing population. Application of N
fertilizers has increased global food production three times over the past 50 years
(Rosegrant et al. 2002; Tilman et al. 2011).

Since 1962, the commercial production of N fertilizer has increased many folds
to meet the growing requirements in the agriculture sector. It has been reported that
doubling the agricultural food production worldwide over the past four decades has
been associated with a seven folds increase in the use of nitrogenous (N) fertilizers
(Hirel et al. 2007; Santiago-Antonio et al. 2014). However, it is excruciating to
know that utilization of applied fertilizer nitrogen in the field by most cereal crops
does not exceed 50 %. Among these, approximately 70 % of the total nitrogenous
fertilizer is applied to rice and wheat cultivation (Pathak and Nedwell 2001;
Norse 2003; Mosier et al. 2004a, b; Palm et al. 2004; Abrol et al. 2012; Hakeem
et al. 2012a).

Such a poor N-use efficiency is a matter of great environmental concern. Even if
the efficiency of nitrogenous fertilizers remains constant at the current levels, the
N-losses will increase enormously as their consumption is expected to be doubled
within the next few decades. Recent and future prospects of intensive N fertilizer
use will result in detrimental impacts on the diversity and functioning of the variety
of ecosystems (Tilman et al. 2011; Abrol et al. 2012). Manufacture of these
fertilizers involves high-cost technology that requires a whole range of feed stocks
and naphtha, a petroleum product. The environmental problems associated with it
include NO; ™~ pollution of the ground and surface waters and emission of oxides of
N (N,O, NO, NO, ) which have positive radioactive forcing characteristics.
Among these, NO, ™ is involved in stratospheric ozone depletion as well. Emission
of unused nitrogen from agricultural fields in the form of NO, contributes to the
global warming. NO, has 298 times more global warming effect than CO, (Signor
and Cerri 2013). Their excessive and injudicious use, as reported from a number of
regions, further accentuates the environmental degradation besides affecting the
quality of crops, human and animal health, and causes lodging in cereals which may
affect crop yields and quality. In surface water, presence of high N results in growth
of algae and plants, thus accelerating eutrophication, and consequently affects
water quality and usage (EPA 2007; Shen et al. 2011). The incidence of stomach
cancer in humans, particularly in infants, and of non-Hodgkin’s lymphoma due to
intake of water contaminated with nitrate has been reported (Mueller et al. 2001;
Ikehata et al. 2010; Inoue-Choi et al. 2012). Nitrosamines produced from nitrite are
reported to be carcinogenic; and NH3 gas is a pollutant because of its corrosive
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nature due to the formation of ammonium salts. Applied nitrogen not taken up by
crops, thus constitutes a huge financial loss and a severe environmental risk. It has
been estimated that by a 10 % increase in NUE would result in, the annual saving of
US $ 5 billion and also substantial considerable improvement in environmental
condition and soil quality (Gupta and Khosla 2012). However, Prasad (2013) stated
that 1 % increase in NUE in India will account for saving of 0.17 million tonnes of
N or 0.4 million tonnes of urea, which is equal to the annual production of four urea
plants producing 1 lakh tonnes of urea per annum.

2 Historical Perspectives of N Use in Agriculture

Nitrogen is the most crucial element which is essential for life (Abrol et al. 2012).
Application of N fertilizers for improving crop yields and economic returns is
historically recognized (Keeney and Hatfield 2008). N has been used for maximizing
cereal grain yields in the twentieth century and cereal grain production has witnessed
40 percent increase per capita (Mosier et al. 2001). Nitrogen fertilizer use has
increased tremendously over the last 50 years (Fig. 1). The major fraction of global
N use is for increasing cereal grains production and N use will continue to increase
by 15 % till the year 2015 (Mosier et al. 2004a, b). This unprecedented increase in the
crop yield in the twenty-first century is possible only by using synthetic N fertilizers.
The commercial production of synthetic N fertilizers has become possible due to the
discovery of the Haber—Bosch process. However, increased use of N fertilizers has
also led to increased N losses from agro-ecosystems and recovery of N in global crop
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Fig. 1 Histroical and predicted nitrogen fertilizer consumption in global agriculture (fertilizer.
org/ifa/ifadata/results and FAO 2011)
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production system (Millar et al. 2010; Subbarao et al. 2013) and rest may be lost into
the atmosphere, accumulate in the soil or enter surface or subsurface water bodies
through leaching or runoff. Nitrogen is lost from the soil-plant system through
denitrification in the form of oxides of N like dinitrogen, nitrous oxides, nitric
oxide, in the form of ammonia through volatilization, leaching of nitrates, run off
and erosion (van Cleemput and Boeckx 2005; Hijleh 2014).

3 Nitrogen Losses Through Oxides and Nitrates

3.1 Agriculture

The role of agricultural practices on environmental quality has been examined
in the past two decades because of the links between increased agricultural
productions accompanied by deterioration of environmental quality. In developing
countries, intensive agricultural production systems have increased the use of N
fertilizer as an effort to produce and sustain high crop yields (Fageria 2009).
Consequently, N losses have also increased with passage of time (Fig. 2).
Low recovery of N in annual crops is associated with its loss by volatilization,
leaching, surface runoff and denitrification, which not only leads to high cost
of crop production but also lead to environmental pollution (Jiao et al. 2012;
Tilman et al. 2011).
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Fig. 2 Historical and predicted emission of anthropogenic reactive nitrogen in the global envi-
ronment (fertilizer.org/ifa/ifadata/results and Zheng et al. 2002)
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3.2 Emission of N from Fertilizers

Inorganic N applied to the soil can be absorbed by the plants, utilized by microor-
ganism, subjected to nitrification, denitrification or volatilization (Vymazal 2007;
Hakeem et al. 2012a). This represents an important source of N loss in agricultural
soils under favorable conditions. Due to extensive use of N fertilizers and
nitrogenous wastes, the amount of N available to plants significantly exceeds the
N returned to the atmosphere by gaseous losses of N through volatilization and
denitrification (Hakeem et al. 2012a). It has been reported that the concentration of
N,O in environment has increased by 16.0 percent since 1750 (Godish et al. 2015).
By passing each year an average of about 0.25 percent has been added
and presently, the N,O concentrations are highest of the past 1000 years
(Godish et al. 2015). A portion of this excess N has leached to ground waters as NO;
~ or has been carried in runoff waters. These are conducive conditions for N losses in
agricultural soils which decrease the nitrogen use efficiency (NUE) (Hakeem
et al. 2012a). Nitrate leaching to the ground water or run off into surface water
bodies could lead to the levels beyond those acceptable for human consumption.
Nitrate leaching into groundwater in arid regions and those containing sandy soils
have been reported (Paramasivam et al. 2002; Hakeem et al. 2012a). Losses of N by
leaching are affected by local variation in rainfall, water-holding capacity of soil,
soil-drainage features and rates of mineralization of soil organic N (Subbarao
et al. 2013). Processes such as adsorption, fixation, immobilization and microbial
assimilation of added NH,4-N in soils are of great importance as they affect nitrogen
use efficiency and have the corresponding environmental repercussions (Kissel
et al. 2004; Hakeem et al. 2012a). The immobilization and mineralization by
microorganisms are most rapid when soils are warm and moist, but not saturated
with water. The quantity of inorganic nitrogen available for crop use often depends on
the amount of mineralization occurring, and the balance between mineralization and
immobilization (Guleryuz et al. 2010). It influences the yield and quality of the crops
but has a great impact on our food security, economy, development and environment
(Walley et al. 2001, 2002; Tilman et al. 2002; Wood et al. 2004). It has been reported
that human activities accounted for 53 % of total annual N input into Baltic Sea
(HELCOM 2015). Granstedt (2000) reported that inputs in inorganic fertilizer were
related to outputs of agricultural products and concluded that decreased input of
fertilizers into system could help in decrease N losses from agriculture and increased
recycling within the agricultural system.

Excessive NO3;~ concentration (300 mg Lfl) in shallow ground waters due to
application N of 500 kg N ha™' has been reported in China (Zhang et al. 1996).
They concluded that NO3-N problems in the environment would increase in China
because of the increasing demand for food supply.

The large increase in the size of the hypoxic zone in the Gulf of Mexico after the
1993 floods in the Midwest focused attention on the role of agriculture in nonpoint
source pollution (Burkart and James 1999). Several researchers in the past con-
cluded that mineralization of soil organic matter, commercial fertilizer and row
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intensity of crop production are directly related to N losses (Burkart and James
1999; Schilling and Libra 2000; Mikkelsen and Hartz 2008). However, a similar
analysis of Midwestern watersheds also showed that a relationship between total N
load applied and NO5s-N concentrations in Iowa and Illinois watersheds was not
well-defined and there was not a simple relationship between water quality and
agronomic management (Hatfield et al. 2001). Nitrate-N losses from watersheds are
not isolated to the Mississippi River Basin. Throughout the world, there is increas-
ing evidence that water quality is being degraded by the movement of nutrients
from agricultural lands into water bodies. Environmental quality impacts from
excess nutrients have been the major cause for the development of Mineral
Accounting System (MINAS) in the Netherlands. This system provides an account-
ing for all nutrients entering and leaving a farm to ensure a balance of nutrients on
farms (Ondersteijn et al. 2002). The MINAS approach is having a positive impact
and has increased farmer awareness of the impacts that farming practices have on
environmental quality and the natural resources (de Koeijer et al. 2003).
Non-agricultural sources of nitrogen contribute to less than 20 percent of the N
released into the environment. About 6 percent are released from point sources
(basically pipes) into water bodies, while, 14 percent is deposited from atmospheric
sources. The production of reactive nitrogen worldwide has more than doubled in
the last century because of human activities and population growth (Fig. 3).
Advances in our understanding of the nitrogen cycle and the impacts of anthropo-
genic activities on regional to global scales are largely hindered by the paucity of
information about nitrogen inputs from human activities in fast-developing regions
of the world such as the tropics. In Brazil, the production of soybean crops over an
area of less than 20 million ha, was responsible for about 3.2 Tg N or close to
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one-third of the N inputs from anthropogenic sources. Moreover, cattle pastures
account for almost 70 percent of the estimated 280 x 10° ha of agricultural land in
Brazil and potentially fix significant amounts of N when well managed, further
increasing the importance of biological nitrogen fixation in the nitrogen budget.
Many of these anthropogenic inputs occur in the Brazilian savannah region
(Cerrado), while more urbanized regions such as the state of Sao Paulo also have
high rates of nitrogenous fertilizer inputs. In the Amazon, rates of anthropogenic
nitrogen inputs are relatively low, but continuing conversion of natural forests into
cattle pastures or secondary forests potentially add a significant amount of new
nitrogen to Brazil. Better measurements of biological fixation rates in Brazil are
necessary for improving the nitrogen budgets, especially at a more refined spatial
scale (Filoso et al. 20006).

In most soils, formation and emissions of N,O to the atmosphere are enhanced
by an increase in available mineral nitrogen (N) through increased rates of nitrifi-
cation and denitrification (Signor and Cerri 2013). Therefore, addition of N,
whether in the form of organic or inorganic compounds eventually leads to
enhanced N,O emissions. Global N,O emissions from agricultural systems have
previously been related primarily to fertilizer N input from synthetic sources
(Robertson and Vitousek 2009). Little attention has been paid to N input from
other N sources or to the N,O produced from N that has moved through agricultural
systems. In a new methodology used to estimate N,O emissions on the country or
regional scale, the anthropogenic N input data used include synthetic fertilizer and
animal waste (feces and urine) used as fertilizer. N derived from enhanced biolog-
ical N-fixation through N, fixing crops and crop residue is returned to the field.
Using FAO (2011) database information which includes data on consumption of
synthetic fertilizer, animal and crop production and estimates of N input from
recycling of animal and crop, estimates of total N into Asian agricultural systems
and resulting N,O emissions are described over the time period (from 1961 to till
date) (Fig. 1).

3.3 Statistics of Nitrogen Use

The quantity and relative amounts of different types of materials applied to agri-
cultural soils, particularly in Asia as nitrogen (N) fertilizer has changed dramati-
cally. Using the earliest record available from the FAO database, it was observed
that in 1961, out of the approximately 15.7 Tg of fertilizer N applied to agricultural
fields 2.1 Tg N (13.5 % of total N applied) was from synthetic sources, approxi-
mately 6.9 Tg N from animal wastes, 1.7 Tg N from biological N-fixation, and
another 5 Tg N from re-utilization of crop residue. In 1994, 40.2 Tg from synthetic
fertilizer N (57.8 % of total), 14.2 Tg from animal wastes, 2.5 Tg from biological
N-fixation and 12.6 Tg from crop residue totaling 69.5 Tg N were utilized within
agricultural soils in all Asian countries. The increases in N utilization have
increased the emission of nitrous oxide from agricultural systems. Estimated N,O
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from agricultural systems in Asia increased from about 0.8 Tg N,O-N in 1961 to
about 2.1 in 1994. The period of time when increases in N input and resulting N,O
emissions were greatest was during 1970-1990. This evaluation of N input into
Asian agricultural systems and the resulting N,O emissions demonstrates the large
change in global agriculture that has occurred in recent decades. Increase in N input
is likely because of the increased need for food production. Although the rate of
increase of N input and N,O emissions during the 1990s appears to have declined,
the question arises that if this had slowed the rate of increase in a general long term
trend or if global food production pressures will tend to accelerate N input demand
and resulting N,O emissions as we move into the twenty-first century (Mosier and
Zhaoliang 2000). However, Zheng et al. (2002) used a model (IAPN 1.0) to
analyzed the anthropogenic reactive nitrogen of Asia and stated that it has been
increased from~14.4 Tg N per year in 1961 to~67.7 Tg N per year in 2000 and
most is likely to be 105.3 Tg N per year by 2030. They concluded that the lack of
effective measures to improve the efficiency of N fertilizer use and prevention of
NOx emissions from fossil-fuel combustion, are the key carters behind the envi-
ronmental N enrichment problem. Denman et al. (2007) reported that global N,O
emissions reach about 17.7 Tg N per year, share 6.7 Tg (37.8 %) from anthropo-
genic sources and agricultural soils 2.8 Tg N per year (15.3 %) of the total amount
of emissions. Similarly, Cerri et al. (2009) reported that the agriculture sector was
responsible for the about 87.2 % of N,O emissions, mainly from animal waste
management and agricultural soils of Brazil. However, Brazil (2010) reported that
total anthropogenic sources contribute about 0.350 Tg N per year in Brazil. Out of
total, fossil fuel combustion and industrial processes share 0.020 Tg N per year,
agricultural sectors 0.310 Tg N per year, land use change and forests share 0.010
and other sources contribute about 0.009 Tg N per year.

4 Implications of Nitrates in Plants

Agricultural fields are intensively fertilized with N fertilizers to realized yield
potential of different field crop varieties. Although, N can be absorbed by the plants
in NH,* form, but, major fraction N is available to the plants particularly vegetables
in NO;~ forms. Moreover, absorption and distribution of NO; ™ in the crops is
important with respect to environmental consequences and quality of crop produce
(Chen et al. 2004). However, when the input of N exceeds the demand, plants are no
longer able to absorb it, and then the N builds up in the soil (Anjana Umar and Igbal
2007). Unutilized NO3 ™ by the plants may be subjected to ground water pollution by
leaching or surface water pollution through soil erosion or run off, which influences
the nitrate content of plants particularly the leafy vegetables (NAAS 2005).
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5 Sources of N Compounds in the Environment

5.1 Nitrates

Agriculture is considered to be the major sources of NO;~ to the ground water as
considerable amount is leached from agricultural production systems around the
world. Agricultural sources of NOs™ to the ground or surface water includes arable
grassland, grazed pastures, arable cropping, mixed cropping with pasture leys,
organic farming, horticultural systems, and forest ecosystems (Ribbe et al. 2008).
Accumulation of NO3 ™ in the soil profile coupled, with or followed by periods of
high drainage are conducive conditions for leaching of NO5™ to the ground water.
Therefore, application of N in excessive amount or waste effluent application rates
or at the wrong time (e.g. late autumn) of the year, ploughing pasture leys early in
the autumn, or long periods of fallow ground, can all potentially lead to high NO5;™
leaching losses. Different sources follow order with respect of potential of leaching:
forest <cut grassland < grazed pastures, arable cropping < ploughing of
pasture < market gardens (Di and Cameron 2002). Nitrogen applied through fertil-
izers or manure is converted to plant-available-nitrate by bacteria living in the soil.
Nitrates are subjected different fates in the soil. These may be denitrified by
bacteria and release to the environment as oxides of N, may be leached to ground
water and absorb by the plants (Butterbach-Bahl et al. 2013). Another source is the
use of chemical fertilizers (nitrogenous fertilizers) in intensive crop producing areas
and, especially when they are used in an uncontrolled manner.

Nitrates are added into the natural water bodies through numerous sources like
atmosphere, geological features, anthropogenic sources, atmospheric nitrogen fix-
ation and soil nitrogen (Gormly and Spalding 2006; Gupta and Khosla 2012).
However, detailed hydrogeological investigations have indicated a heterogeneous
pattern of nitrate distribution. In sandy soil with low water holding capacity and
high permeability, movement of pollutants like chloride and nitrate is much quicker
than in clayey soil. This is probably the main cause for high nitrates in areas with
sandy soil (Khandare 2013). However, nitrates are added into ground water by
different sources which include septic tanks, animal and human waste and com-
mercial fertilizers (Gormly and Spalding 2006; Khandare 2013). Nitrogen
undergoes biochemical, chemical, and physical changes in soils and waters which
make it difficult or impossible to segregate different sources with any degree of
certainty (Keeney and Olson 1986). Agricultural sources represent the non-point
sources of NO3~ pollution of ground water which include fertilizers, manure
application and legume crops (Shabalala et al. 2013). Non-point sources of nitrogen
from agricultural activities include fertilizers, manure application, and leguminous
crops while the point sources include septic tanks and dairy lagoons (Almasri and
Kaluarachchi 2004; Shabalala et al. 2013). Elevated level of nitrate in ground water
are common around dairy and poultry operations, barnyards, and feedlots (Odiyo
etal. 2014). However, increase in the nitrate concentration of groundwater has been
of special concern because of the suspected harm to children due to nitrate if its
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concentration in drinking water exceeds permissible limits of 50 mg L™" (Kapoor
and Viraraghavan 1997; Thorburn et al. 2003). Elevated NOs;~ concentration in
drinking water causes methemoglobinemia in infants and stomach cancer in adults
(Almasri and Kaluarachchi 2004; Anayah and Almasri 2009). Some studies on
contamination of groundwater with nitrate originating from fertilizers have shown
little evidence for such an occurrence (Yang et al. 1998; Mueller et al. 2001; Ikehata
et al. 2010) while others have indicated an increase in the NOs; pollution of
groundwater due to fertilizer application (Ju et al. 2005; Shen et al. 2011).

5.2 Nitrous Oxide

Nitrous oxide is primarily produced in soil by the activities of microorganisms
during nitrification, and denitrification processes. The ratio of N,O to N, production
depends on oxygen supply or water-filled pore space, decomposable organic car-
bon, N substrate supply, temperature, and pH and salinity. N,O production from
soil is sporadic, both in time and space, and therefore, it is a challenge to scale up
the measurements of N,O emission from a given location and time to regional and
national levels (Ussiri and Lal 2013). Estimates of N,O emissions from various
agricultural systems vary widely. For example, in flooded rice in the Riverina
Plains, N,O emissions ranged from 0.02 % to 1.4 % of fertilizer N applied, whereas
in irrigated sugarcane crops, 15.4 % of the fertilizer was lost over a 4-day period.
Nitrous oxide emissions from fertilized dairy pasture soils in Victoria range from
6 to 11 kg N,O-N/ha, whereas in arable cereal cropping, N,O emissions range from
<0.01 % to 9.9 % of N fertilizer applications. Nitrous oxide emissions from soil
nitrite and nitrates resulting from residual fertilizer and legumes are rarely studied,
but probably exceed those from fertilizers, due to frequent wetting and drying
cycles over a longer period and a larger area.

In ley cropping systems, significant N,O losses could occur, from the accumu-
lation of mainly nitrate-N, following mineralization of organic N from legume-
based pastures. Extensive grazed pastures and rangelands contribute annually about
0.2 kg N/ha as N,O (93 kg/ha per year CO,-equivalent). Tropical savannas prob-
ably contribute an order of magnitude more, including that from frequent fires.
Unfertilized forestry systems may emit less, but the fertilized plantations emit more
N,O than the extensive grazed pastures. However, currently there are limited data
to quantify N,O losses in systems under ley cropping, tropical savannas, and
forestry in Australia. Overall, there is a need to examine the emission factors
used in estimating national N,O emissions; for example, 1.25 % of fertilizer or
animal-excreted N appearing as N,O.

The primary consideration for mitigating N,O emissions from agricultural lands
is to match the supply of mineral N (from fertilizer applications, legume-fixed N,
organic matter, or manures) to its spatial and temporal needs by crops/pastures/
trees. Thus, when appropriate, mineral N supply should be regulated through slow-
release (urease and/or nitrification inhibitors, physical coatings, or high C/N ratio
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materials) or split fertilizer application. Also, N use could be maximized by
balancing other nutrient supplies to plants. Moreover, non-legume cover crops
could be used to take up residual mineral N following N-fertilized main crops or
mineral N accumulated following legume leys. For manure management, the most
effective practice is the early application and immediate incorporation of manure
into soil to reduce direct N,O emissions as well as secondary emissions from
deposition of ammonia volatilized from manure and urine.

Current models such as DNDC (DeNitrification-DeComposition) and
DAYCENT (Daily Century) can be used to simulate N,O production from soil
after parameterization with the local data, and appropriate modification and verifi-
cation against the measured N,O emissions under different management practices.
The DNDC model was developed to assess N,O, NO, N, and CO,emissions from
agricultural soils (Li et al. 2001). Recently, DAYCENT and DNDC model simula-
tions of N,O fluxes were used for the assessment of the impacts of climate change on
the gas flux and biomass production from a humid pasture (Abdalla et al. 2011).
Similarly, DAYCENT model was used to quantify the on-farm GHG emissions and
N dynamics of land use conversion to N-managed switchgrass in the Southern U.S
(Jim et al. 2011).

In summary, improved estimates of N,O emission from agricultural lands and
mitigation options can be achieved by a directed national research program that is
of considerable duration, covers sampling season and climate, and combines
different techniques (chamber and micrometeorological) using high precision ana-
lytical instruments and simulation modelling, under a range of strategic activities in
the agriculture sector (Dalal et al. 2003).

5.3 Emissions During Crop Residues/Organic Matter
Decomposition

Crop residue serves as the basic source for N in the agricultural practices during the
process of nitrification and denitrification (Signor and Cerri 2013). It has been
evident from the results of Gomes et al. (2009) that crop residues added to soil has
high denitrification activity and N,O fluxes compared to field without crops. This
may lead an increase in the soil aggregation, moisture retention capacity compared
to the topsoil in ecological horizon. Thus, the incorporation of residues caused an
accelerated effect on the NO emissions rate and the effects of tillage on mineral-
ization of soil organic matter directly influence the rate of NO and N,O emissions
from soils. Some earlier investigations in the past by researchers have observed that
higher N,O losses are due to high denitrification activity for no-tillage systems
compared to conventional tillage (Toma and Hatano 2007). This may be related to
the higher denitrification activity. In a no-tillage crop system, soil N,O emissions
were lower (Escobar et al. 2010). However, N,O losses from no-tillage systems
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may be lower than from tilled soils where fields remained uncultivated for a number
of years. Some studies report an increase in NO emission caused by ploughing in a
temperate climate and under tropical conditions.

5.4 Non-agricultural Sources

The nutrients present in sewage and industrial effluent can be effectively used as a
supplement to the chemical fertilizer if managed properly (Emongor and
Ramolemana 2004). Direct discharge of septic tanks, sewage and industrial
effluent causes pollution of surface water and ground water through percolation.
In groundwater recharge areas with large portions of agricultural land, the nitrate
concentration of well water has shown rising trends in many countries within the
last two- to three decades. Nitrate leaching from agricultural land must be consid-
ered as an important non-point source for nitrate contamination of the groundwater.
In developing countries, most of the urban areas have not well developed system for
collection and dumping of domestic and industrial wastes. In most areas, sewerage
system may be non-functional or non-existent which led to disposal of human fecal
matters and industrial wastes directly into the surface drains. In other cases, most of
houses have septic-soil absorption system for wastewater disposal which could lead
to the contamination of ground water with NO;~ (Ramaraju et al. 1999).

6 Atmospheric Deposition

Nitrogen is atmospherically deposited to surface water bodies downwind of anthro-
pogenic emissions. Atmospheric deposition accounted for 10 % to over 40 % of
new N loading to estuaries in eastern U.S. coast and eastern Gulf of Mexico (Paerl
et al. 2002). Historically, N deposition due to urbanization (NOj, peroxyacetyl
nitrate or PAN) and agricultural expansion (NH4" and possibly organic N) has
increased in coastal airsheds. Ammonium is dominant form of atmospherically
deposited N in western Europe due to abundance of livestock operations while in
United States, dominant form of atmospheric N is oxides of N (NO) emitted from
fossil fuel combustion (Paerl et al. 2002). These quantitative and qualitative aspects
of atmospherically deposited N may promote biotic changes now apparent in
estuarine and coastal waters, including the proliferation of harmful algal blooms,
with cascading impacts on water quality and fisheries. In addition to these sources,
oxides of N are generated through lightening and with rain water these oxides of
nitrogen are available in water (Schumann and Huntrieser 2007). The atmospheric
contribution was supposed to be the smallest but recent reports on dry and wet
depositions of pollutants suggested a contribution to the extent of 25 % of the total
load of nitrate (Gupta et al. 2007).
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7 Health Risks of Nitrate and Nitrogen Oxides

The use of nitrogenous fertilizer is reported to be the major source of NO;~
contamination of groundwater (Nolan and Stoner 2000), and if this contaminated
groundwater is pumped for drinking purpose and may have a direct effect on human
health. The risk of ground-water contamination by nitrogenous sources depends on
the input of nitrogen input to the land surface and the degree of leaching and
accumulation. Recently, an agricultural nonpoint source is held responsible for
the pollution of rivers and lakes. The impact of agricultural practices on ground-
water quality is of particular concern as in many cases, ground water level is
shallow and thus are vulnerable to water pollution, particularly from NO3;™. Use
of high NO;™ irrigation water could also lead to toxic levels of NO3; ™ in leafy
vegetables. Although current epidemiological data provide conflicting evidence
regarding the potential long-term health risks of nitrate levels encountered in the
diet, it is widely accepted that the reduction of dietary nitrate is a desirable
preventive measure, as it may pose serious health hazards. The toxic effects of
nitrate are due to its endogenous conversion to nitrite and this ion has been
implicated in the occurrence of methaemoglobinemia, gastric cancer and many
other diseases (Anjana Umar et al. 2007). Initially, the risk of methaemoglobinemia
was limited to the infants only (Greer and Shannon 2005), but later, Gupta
et al. (2008) have reported it in all age groups with high nitrate ingestion, with
the infants and higher age groups (>45 years) being the most susceptible to nitrate
toxicity. Apart from this, effect of nitrate consumption on human health has been
studied in detail by Gupta et al. (2008). Although attention has been paid to the level
of nitrate in drinking water and the extent of nitrate pollution of groundwater bodies
in India due to heavy nitrogen use in India, there is a gap in our knowledge
regarding the concentration of nitrate in leafy vegetables consumed regularly.

The quality of drinking water is harmfully influenced by nitrate through the
possible formations of nitrite causing methemoglobinemia in babies and cancer in
older persons due to the formation of nitrosamines in the digestive tract (Ward
2009). The World Health Organization (WHO) recommends that the safe level of
NO;-N in drinking water is 11.3 mg NOs-N dm >, the unsafe level is set at 22.6 mg
NO3-N dm . Besides the concern for the environment, the use of high amounts of
fertilizer N is also prohibitive because of its high cost. The applied NO3-N not taken
up by the plant can be leached into the groundwater. It depends on soil texture,
rainfall, N fertilization and type of crop (Liu et al. 2012). Several research results
indicated that the fertilizer N management has a great influence on groundwater
contamination, and it is suggested that with proper N management, groundwater
pollution as well as economic loss can be avoided (Liu et al. 2012; Hijleh 2014).
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8 Acute Toxic Effects

Exposure to high nitrate may cause acute toxicity due to acute exposure.

8.1 In Human

Nitrate toxicity is mainly caused due to reduction of nitrates to nitrites after
ingestion. The health hazards is directly caused by nitrite that oxidizes the hemo-
globin to methemoglobin (Manassaram et al. 2007; Tables 1, 2, and 3). Drinking
water is the major source of nitrates intake into human body thereby contributing
about < 3-21 % of the average adult intake of nitrate besides other sources like
vegetables and meat (WHO 2011). The potential health hazard related to dietary
nitrate is formation of N-nitroso compounds from nitrite. Nitrates are also suspected
to be involved in some other human diseases. These diseases include cancer due to
production of N-nitroso compounds, hypertension, increased infant mortality, cen-
tral nervous system birth defects, diabetes, spontaneous abortions, respiratory tract
infections, and changes to the immune system (Fewtrell 2004; Chiu and Tsai 2007).
Methemoglobin (MetHb) is produced due to the oxidation of ferrous (Fe®*) iron in
hemoglobin to ferric (Fe**) which affects oxygen binding capacity of MetHb. This
results in expression of cyanosis, stupor, and cerebral anoxia (Fewtrell 2004).

Table 1 Summary of inorganic nitrates causes and sources for the induction of
methemoglobinemia

Causes of inorganic nitrates Sources

Agricultural fertilizers Fertilizers used in Agricultural practices

Leafy vegetables Leafy vegetables and packed food items

Industrials salts and Tainted well water and nitrous oxides canisters used for

preservatives anesthesia

Ammonium Industrial salts and preservatives

Nitrates Used in burn therapy or as oxidizing agents (ammonium
nitrate)

Adapted from fertilizer.org/ifa/ifadata/results and Manassaram et al. 2007

Table 2 Summary of organic causes of nitrates and sources for the induction of
methemoglobinemia

Causes of organic
nitrates Sources

Amyl/sodium nitrate Used as inhalant in cyanide antidote kit

Isobutyl nitrite Common room deodorizer or propellants
Nitroglycerine Used as oral/sublingual, or transdermal pharmaceuticals for treatment
of angina

Adapted from fertilizer.org/ifa/ifadata/results and Manassaram et al. 2007
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Table 3 Summary of other causes of nitrates and sources for the induction of
methemoglobinemia

Other causes of nitrates Sources

Acetanilide, Chloramine, Flutamide, Use for medicinal purposes
Metoclopramide, Nitric oxide, Nitrofurans,
Nitroprusside, Paraquat, Phenacetin, Zopiclone

Aniline dyes Used in laundry ink, colored wax
crayons, diaper marking ink

Aminophenols Tinted shoes or blankets

Herbal medicines High dose of herbal medicine of
Ginkgo biloba showed adverse effect

Nitrobenzene Cleaning prodcuts for ammunition and
industrial solvents

Nitroethane Used in making of nail polish, resins,
rubber adhesives

Benzocaine, Lidocaine, Propitocaine, Prilocaine Used for local anesthetics purposes

Chloroquine, Copper sulphate, Naphthalene, Used as antibacterial and antifungal

Primaquine, Sulfonamides drugs

Resorcinol Used as antiseborrheic, antipruritic,
antiseptic

Chlorates In preparation of match boxes or
explosives

Combustion products As automobile exhaust, burning fumes

of plastics/ wood and fires

Adapted from fertilizer.org/ifa/ifadata/results and Manassaram et al. 2007

Human lethal doses of 4-50 g NO3™ (equivalent to 67-833 mgNO; ™ /kg bw) have
been reported. Toxic doses with methemoglobin formation as a criterion for
toxicity-ranged from 2 to 5 g of NO3; (WHO 2011). These values are equivalent
to 33-83 and 100-150 mg NO; /kg body weight respectively.

8.2 In Animals

Acute nitrate toxicity to animals varies according to species. Generally, ruminants
suffer from methemoglobinemia while monogastric animals may face severe gas-
tritis. Ingestion of nitrate also cause impaired functioning of thyroid, decreased feed
consumption, and interference with vitamin A and E metabolism (Bruning-Fann
and Kaneene 1993; McDowell 2012). Hematologic changes caused due to high
nitrate exposure include both compensatory increases in red blood cells and anemia,
along with increased neutrophils and eosinophils. Unlike nitrate, nitrite is capable
of inducing methemoglobinemia in a wide range of species, i.e. cattle, sheep, swine,
dogs, guinea pigs, rats, chickens and turkeys. In rats, chronic nitrite exposure causes
pathologic changes in a variety of tissues, alterations in motor activity and brain
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electrical activity, and alters gastric mucosal absorption (Bruning-Fann and
Kaneene 1993; WHO 2011). Nitrite affects the metabolism of sulfonamide drugs
in animals such as the pig, guinea pig, and rat. The N-nitroso compound
di-methylnitrosamine causes toxic hepatosis in cattle, sheep, mink, and fox. Nitro-
samines have been reported in cow’s milk and been found to pass into the milk of
goats under experimental conditions (WHO 2011).

The studies relating to acute exposure of nitrate were conducted in animals. The
acute oral toxicity of nitrate to laboratory animals is low to moderate. LDs values
of 16009000 mg of sodium nitrate per kg of body weight have been reported in
mice, rats, and rabbits. Ruminants are more sensitive to the effects of nitrate as a
result of high nitrate reduction in the rumen; the LDs, for cows was 450 mg of
sodium nitrate per kg of body weight. Nitrite is more toxic than nitrate: LDsq values
of 85-220 mg of sodium nitrite per kg of body weight have been reported for mice
and rats (WHO 2011).

8.3 Mechanism of Methemoglobin Formation

The essential action in the formation of methemoglobin is an oxidation of the
ferrous to the ferric ion. This oxidation may be brought about in one of the
following ways (Sharma et al. 2013): by the direct action of the oxidants, the action
of hydrogen donors in the presence of oxygen, and by auto oxidation. In the
presence of nitrites, the ferrous ion of hemoglobin gets directly oxidized to the
ferric state. Normally, the methemoglobin that is formed is reduced by the follow-
ing reaction.

Hb™3 + Red cyt bs — Hb™? + oxy cyt bs

Oxidized cytochrome bs (Red Cyt bs) is regenerated by the enzyme cytochrome bs
reductase:

cyt bs reductase

oxy cyt bs + NADH —— Red cytb; + NAD

Thus, the enzyme cytochrome bs reductase plays a vital role in counteracting the
effects of nitrate ingestion. However, permissible concentration of nitrate (50 mg L")
normally present in water or food do not cause any risk associated with the human.

8.4 Water Bodies

A considerable amount of N is deposited into estuarine and coastal waters due to
atmospheric deposition downwind of anthropogenic emissions. Approximately,
40 % of total N added to the eastern U.S. coast and eastern Gulf of Mexico is
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contributed by atmospheric deposition. In receiving estuarine and coastal waters,
phytoplankton community structural and functional changes, associated water
quality, and trophic and biogeochemical alterations (i.e. algal blooms, hypoxia,
food web, and fisheries habitat disruption) are frequent consequences of N-driven
eutrophication. Increases in and changing the proportions of various new N sources
regulate phytoplankton competitive interactions, dominance, and successional
patterns. These quantitative and qualitative aspects of AD-N and other atmospheric
nutrient sources (e.g. iron) may promote biotic changes now apparent in estuarine
and coastal waters, including the proliferation of harmful algal blooms, with
cascading impacts on water quality and fisheries (Paerl et al. 2002).

8.5 Ozone Depletion

Among the various factors, N,O is the most important factor responsible for ozone-
depletion and it will continue to be on the top of all the factors in twenty-first
century. Decreasing the emission of N,O would help in amelioration of ozone layer
depletion (Ravishankara et al. 2009). Ozone layer in stratosphere is depleted by
different chemicals of anthropogenic origin which is a serious environmental threat
of this era. Oxides of N are major factors which are responsible for the depletion of
the ozone layer. Depletion of the ozone layer by oxides of N is explained by the
following reactions;

NO + 03 — NO; + O,
02+N02 — NO +Oz

The main cause behind the depletion of the ozone layer is the stockpile of
halocarbons in the stratosphere through various heterogeneous chemical reactions
with aerosol particles (Solomon 1999). Amongst the various ozone depleting gases,
N,O is the most predominant gases emitted mainly by human activities
(Ravishankara et al. 2009), and the emission of N>O causes maximum hazards to
the environment when released either singly or in combination with other hydro-
carbon (Daniel et al. 2010). Moreover, change in the concentration of N,O may also
be directly responsible for the chemical and radioactive changes in the stratospheres
(Portmann et al. 2012).

9 Remediation Measures

In the present scenario a wide range of remedial measures are available for the
treatment of water bodies. Blending low-nitrate in high-nitrate water is one of the
cheapest methods, but it depends upon the availability of low-nitrate water supplies
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in the surrounding area. In this regards, other methods such as biological denitri-
fication, ion exchange, reverse osmosis and electro-dialysis are the most feasible
alternatives. Previously researchers concluded that biological denitrification and
ion exchange as the most striking options for the treatment of water bodies in the
UK followed by reservoir storage, lining of boreholes and relocation of boreholes.

9.1 Concepts of Nitrogen Use Efficiency (NUE)

The term NUE has two basic components; (1) Nitrogen uptake, recovery or
acquisition efficiency and (2) Nitrogen use, physiological N use, or internal N use
efficiency. The terms NUE is a ratio between an output (i.e., grain yield, dry matter
yield, N accumulation in grain, or N accumulation in total plant dry matter) and
input (i.e. total N supply, soil N supply or fertilizer N supply). NUE is based on
different parameters of efficiency, including N uptake, utilization or acquisition
efficiency, and N-use (physiological/internal) efficiency. Nitrogen use efficiency
and crop response to applied N are important for evaluation of N requirements for
crop to achieve maximum economic yield. Globally, recovery of N in crop plants is
generally <50 % and remaining is lost due to volatilization, leaching, surface
runoff, denitrification, and plant canopy (Fageria 2009). Low recovery of N leads
to higher cost of crop production and environmental pollution. Under such condi-
tions, enhancing NUE will improve crop yields, reducing cost of production, and
maintaining environmental quality. NUE can be classified into agronomic, recovery
and physiological efficiency.

Agronomic efficiency of nitrogen measures is the overall efficiency or an
integrative index of total economic outputs relative to the use of all sources of N
(indigenous soil N and applied fertilizer N). Nitrogen recovery efficiency considers
the efficiency of the plant to take up N and physiological N use efficiency is the
efficiency with which the plant uses N from acquired available N to produce grain
or total plant dry matter. To calculate the efficiency of soil vis-a-vis fertilizer N, the
output from a non-fertilizer or control plot where the source of N is only soil should
be determined. The average agronomic N efficiency had a relatively narrow com-
pared to applied N applied, and amongst the three cultivates crops it was recorded
least in maize and the maximum in rice crops. These differences in agronomic
efficiency indicate that maize and rice produce larger economic outputs than wheat
in terms of the use of all N sources (soil and fertilizer). The average estimates of N
recovery efficiency based on grain N were similar among the three crops and were
highest (44 %) in maize and lowest (35 %) in wheat. The average physiological
efficiency of N ranged from 35 to 69 kg grain increase per kg of N uptake. The main
reason for large physiological efficiency of N values with rice was the crop’s low
grain-N concentration (9—12 g kg '), especially when compared with that of maize
(13-14 gkg ") and wheat (16-18 g kg™ "). Rice is also known to be highly efficient
in mobilizing N from senescing leaves and clumps to grain as indicated by its
large N-harvest index (Ladha et al. 2005a) suggested that the mode of photosyn-
thesis (Cs or C4 photosynthetic pathway) and grain-N concentrations govern PEN.
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In general, grain yields increase with an increase in total N uptake and some
genotypes produce different grain yields with the same amount of N uptake.
Differences in the efficiency of physiological N use may arise from differences in
(1) internal N requirement for plant growth, (2) ability of the plant to translocate,
distribute and mobilize absorbed N to and from various organs, (3) flag leaf N
import/export and leaf senescence pattern and (4) plant’s efficiency in converting
CO, to carbohydrate (Ladha et al. 2005a).

Proper N-application timing and rates are critical for meeting plant needs and
improving NUE. In addition, the growth stage of plants at the time of fertilizer
application also determines NUE, with significant genotypic variations (Hirel
et al. 2007; Hakeem et al. 2011). It was opined that the timing of fertilizer N
applications has a significant effect on the uptake of fertilizer N by the crop and the
resulting partitioning of added N between soil and plant. While the amount of N
available to the plant can be improved by using sustained-release fertilizers, split
applications, minimizing fertilizer losses and other nutrient management and crop
management strategies, the inherent efficiency of the plant to utilize available N for
higher productivity needs to be tackled biologically (Abrol et al. 1999). Nitrogen
applications in split doses have been found to increase yield, NUE, and N uptake
efficiency (NUpE), compared with fall application in hard red winter wheat under
temperate conditions (Abrol et al. 1999; Sowers et al. 1994).

Nitrogen use efficiency (NUE) in the context of photosynthesis is called as
photosynthetic nitrogen use efficiency (PNUE), which is determined by the rate
of carbon assimilation per unit leaf nitrogen (Kumar et al. 2001). As Ribulose
bisphosphate carboxylase/oxygenase (Rubisco) is a major sink for nitrogen sup-
plied in the form of fertilizers, manipulation of crops to improve NUE would have
economic and environmental benefits, reducing the pollution of water by nitrates.

9.2 Transgenomic Approaches
9.2.1 Nitrogen Use Efficiency

Various approaches have been used for the improvement of N-use efficiency (NUE)
among crop plants and also to reduce N losses from agricultural fields. Application
of the same amount of N in more than two splits under field conditions increases the
nitrogen availability at later stages of growth to exploit the sub-optimal activity of
the upper leaf laminae (Abrol et al. 1999). Differential regulations of various
nitrates and ammonium transporters in plants are well known (von Wirén
etal. 2000; Bu et al. 2011), however, studies regarding the effect of over expression
of genes of these transporters are very rare. Studies involving transgenic over
expression of a chll cDNA (representing the constitutive high-affinity nitrate
transporter) driven by the cauliflower mosaic virus 35S promoter in a chll mutant
have revealed effective recovery of the nitrate uptake defect for the constitutive
phase (Liu and Tsay 2003). This was however not reflected in the case of induced
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phase, which was consistent with the constitutive level of chll expression in the
transgenic plant. In another experiment involving transgenic tobacco plants
expressing the NpNRT2.1 gene (encoding high affinity nitrate transporter),
a steady-state increase in its mRNA levels accompanied by an increase in the NO;™
influx, but the NO3;~ contents were remarkably similar in wild-type and transgenic
plants has been reported (Fraisier et al. 2000). These findings indicate that increasing
the uptake of nitrate by genetic manipulation may not necessarily lead to a concom-
itant improvement in nitrate utilization or NUE, though it remains to be seen whether
different plants respond differently to the overexpression of different transporters.
Ammonium transporters are very well characterized in plant systems (Glass 2003;
Loqué and von Wirén 2004), but the effect of their over expression on plant growth
and development is yet to be elucidated.

9.2.2 Nitrate Reductase (NR)

Nitrate reductase (NR) has long been considered to be the rate-limiting step in
nitrate assimilation, but transgenic manipulation of NR expression in Nicotiana
spp. indicated the importance of other steps (Stitt 1999). Constitutive NR expres-
sion led to a twofold increase in NR activity and a 20 % decrease in foliar nitrate
content along with an increase in the total amino acid contents, but without any
changes in the total N, soluble sugars, starch and productivity parameters
(Masclaux et al. 2001). While the NR double mutant Nia30 does not show detect-
able NR activity, when transformed with the nia2-cDNA, it showed decreased NR
activity with higher levels of nitrate accumulation (Hénsch et al. 2001).
Transformed Nicotiana plumbaginifolia plants constitutively expressing nitrate
reductase (NR) show temporarily delayed drought-induced losses in NR activity,
thereby allowing for the more rapid recovery of N assimilation following a short-
term water deficit. Deregulation of NR gene expression by constitutive expression
in transgenic plants resulted in reduced nitrate levels in the tissues of tobacco
(Quilleré et al. 1994). Although other factors such as NO; ™ availability regulate
the flux through the pathway of N assimilation, the NR transformants were better
equipped in terms of available NR protein, which rapidly restore N assimilation.
While no tangible effects on biomass accumulation could be attributed in the short
term, under field conditions of fluctuating water availability, constitutive NR
expression was able to confer a physiological advantage by preventing slowly
reversible losses in N-assimilation capacity (Ferrario-Méry et al. 1998). Since NR
is post-translationally regulated by phosphorylation and binding of 14-3-3 proteins,
various attempts have been made to counter this inhibitory effect on NR regulation.
Deletion of 56 amino acids in the amino-terminal domain of NR was previously
shown to impair this type of regulation in Nicotiana plumbaginifolia (Provan
et al. 2000). Additional reports of over-expression of NR genes from various
plants have been accumulating over the last decade (Ferrario-Méry et al. 2001;
Lillo et al. 2004) but none of these has had any major implication for improving the
nitrogen-use efficiency.
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9.2.3 Nitrite Reductase (NiR)

Overexpression of NiR genes in Arabidopsis and tobacco resulted in increased NiR
transcript levels but decreased enzyme activity levels, which were attributed to post
translational modifications (Takahashi et al. 2001). There is no evidence yet of any
benefit of NiR over-expression in terms of plant NUE.

9.2.4 Glutamine Synthetase (GS)

Transgenic tobacco plants enriched or reduced in plastidic glutamine synthetase
(GS2, a key enzyme in photorespiration) were constructed (Kozaki and Takeba
1996). Those transgenic plants having twice the normal amount of GS2 had an
improved capacity for photorespiration and an increased tolerance to high-intensity
light, whereas those with a reduced amount of GS2 had a diminished capacity for
photorespiration and were photo-inhibited more severely by high-intensity light
compared with the control plants. Reassimilation of ammonia in transformed
tobacco was also studied by Ferrario-Méry et al. (2001), while, Hoshida
et al. (2000) investigated the role of constructs for the over expression of GS2 in
rice plants (Hoshida et al. 2000). Ectopic expression of GS/ has been shown to alter
plant growth (Fuentes-Ramirez et al. 2001) and the over expression of GS/ in
transgenic plants could cause the enhancement of photosynthetic rates, higher rates
of photorespiration and enhanced resistance to water stress (El-Khatib et al. 2004;
Fuentes-Ramirez et al. 2001). The overexpression of soybean cytosolic GS/ in the
shoots of Lotus corniculatus was reported to accelerate plant development, leading
to early senescence and premature flowering, particularly when plants were grown
under conditions of high ammonium (Vincent et al. 1997). Ectopic expression of
pea GSI in tobacco leaves was suggested to provide an additional or alternative
route for the reassimilation of photorespiratory ammonium, resulting in increased
efficiency of N assimilation and enhanced plant growth (Oliveira et al. 2002). Some
additional empirical evidence for enhanced nitrogen-assimilation efficiency in GS1
transgenic lines were also provided (Man et al. 2005). However, differences in the
degree of ectopic GSI expression have been reported (Fuentes et al. 2001) and
attributed to positional effects, effectiveness of chimeric constructs, or differences
in growth conditions. These differences could account for the lack of correlation
between the enhanced expression of GS/ and concomitant growth (Ortega
et al. 2001; Vincent et al. 1997). Transgenic overexpression and antisense technol-
ogy have been employed recently to modulate the expression of NADH-GOGAT in
alfalfa and rice plants (Schoenbeck et al. 2000; Yamaya et al. 2002). The studies on
transgenic rice plants expressing antisense RNA for either GS/ or NADH-GOGAT
point towards the possible involvement of GS! in the export of N via phloem in
senescing leaves. On the other hand, in case of developing leaf blades and spikelets,
NADH-GOGAT was implicated in the utilization of glutamine transported from
senescing organs (Yamaya et al. 2002). While these genes appear to be good
candidates for improving NUE in the short run, the degree of improvement may
vary with the crop and cropping conditions.
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9.2.5 Transcription Factors

While, identification of global nitrate-induced transcription factors in higher plants
has not been successful, a recent study suggests that targeting other transcription
factors may help improve N assimilation and NUE. Yanagisawa (2004) generated
transgenic Arabidopsis lines overexpressing Dof1, a maize protein that belongs to
the Dof family of plant-specific transcription factors known to activate the expres-
sion of several C-metabolizing genes associated with organic acid metabolism. The
transformants showed up to 30 % higher N content, higher levels of amino acids,
better growth under low-nitrogen conditions and higher levels of mRNAs and
enzyme activities for PEP carboxylase and pyruvate kinase, without any reduction
of NR, GS and GOGAT RNAs. The genes up regulated by DofI overexpression
clearly belong to the list of known nitrate-responsive genes, though it is not clear
whether Dof] is inducible by nitrate. If Dof! is not nitrate-inducible, it means that
multiple transcription factors may be involved in the coordinated expression of the
N and C metabolizing genes. A few other attempts to manipulate signaling/regula-
tory proteins have been made, but did not yield any significant advantage in terms
of NUE. Castaings et al. (2011) has recently reviewed the roles of nitrate trans-
porters, transcription factors, and kinases in their association with hormones or
N-containing molecules in the regulation of N assimilation.

9.2.6 Omics Approach in Searching the Candidate Genes/Proteins
to Enhance Nitrogen Use Efficiency

Ove the last decade, omics approach has been used to understand the mechanism of
physiological characteristics and to search the possible candidate genes/proteins
responsible to various physiological processes in plants. However, It has been
found that these physiological processes are showing a multitude of complex
networks and interdependent pathways involving many genes, proteins, enzymes,
and metabolites, than to a single pathway (Fernie and Stitt 2012).

Recently, Simons et al. (2014) reviewed the role of omics studies in understand-
ing NUE in Maize. There are a few proteomics studies avaliable in various crop
plants viz., rice (Hakeem et al. 2012b, c¢), wheat (Bahrmam et al. 2004; Bahrman
et al. 2005), maize (Amiour et al. 2012) to investigate into the response of a plant to
N limitation. Similarly, metabolomics approach has been valuable in improving our
understanding of the interactions between C and N metabolism (Fait et al. 2011).
however, these studies does not show any direct relationship with transcriptome or
proteome studies. Hence, it is suggested that when integrated with other ‘omics’
data and with information from quantitative genetics, transcriptomics and
interactomics, we shall be able to understanding the complex regulatory networks
underlying important phenotypic traits such as yield and nutrient perception and
utilization (Verma et al. 2013).
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10 Conclusion and Future Prospectives

Nitrate is one of the most extensively studied anion in water because of its chronic
toxic manifestations. It is one of the common pollutants of drinking water all over
the world. Despite the availability of the vast literature on nitrate toxicity, the
studies of its impacts on the human populations are still limited because of ethical
and other considerations, and, the most toxic manifestations are available in animal
studies only. Nitrogen oxides stay more than 100 years in the atmosphere, and each
molecule of nitrogen oxide absorbs 200 times more radiation than carbon dioxide.
This will also play an important role in global climate change (Ozturk et al. 2013).
Numerous epidemiological studies have also been conducted to establish certain
cause-effect relationships for many clinical manifestations of nitrate toxicity and
the results of such studies are normally inconclusive or the correlations are statis-
tically non-significant (Cristina et al. 2014). This has led to a very insufficient
knowledge generation among researchers and practicing doctors about the preven-
tive and curative aspects of different manifestations. The farming community
should be made aware of the harmful effects of N,O emission from agriculture
and should feel the need to mitigate its emission through optimum crop manage-
ment practices. Inexpensive soil and plant tissue testing facilities should be made
available to farmers.

The world, has been caught to the desirability of nitrogen fertilizers very
quickly, and faced with its bad consequences before thinking and doing research
on the effects on environmental health and the possible influence on climate. As a
remedy to this dangerous trend, two focal points should be considered: first, we
should encourage organic farming, and reduce the use of artificial fertilizers and
pesticides.

Nitrate-containing forages may be used with proper precautions. Problems with
nitrate toxicity can be avoided with proper management of forage and livestock.
Drought-stricken forages may contain toxic amounts of nitrates for cattle, and
prevention of problems is essentially the only valid approach to avoiding economic
loss. Suspected forages should be tested and results used in the feed management.
Limiting forage intake and nitrate-free feeds and preventing animals from eating
nitrate-containing forages, are important in avoiding cattle losses, silages suspected
of toxic levels of nitrate should be allowed to aerate overnight before feeding
(Ozturk et al. 2013). Ammonia, butyric acid and non-protein nitrogen levels of
the silage increase when nitrates are present in the silage crop. Enterobacteria are
mainly responsible for the degradation of nitrate in silage, Clostridia can reduce
nitrite to ammonia, Lactobacilli reduce nitrate. The type of plant material and
nutritional value of forage crops is closely related with the quality. There is a
positive correlation between nitrogen fertilization of plants and their crude protein
content, 1000 ppm or more nitrate (upto 2000 ppm) in dry matter content has been
reported to be an acceptable criterion for the quality of herbs (Ozturk et al. 2013).

There is an immediate need for considering the estimation of the amount of
nitrogen fertilizers to be applied to the fields or under glasshouses as kg N/ha rather
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than the amount of fertilizer per ha. At the same time fertilizer application and
irrigation practices reducing nitrogen losses in runoff should be used. The impor-
tance of environmental education comes to the forefront here. With an increase in
the level of education of the users, the importance given to the analysis increases.
Such people avoid unnecessary and excessive fertilizer usage due to environmental
awareness. The soil nitrogen supply status can be deduced from the previous
cropping, and manurial history of the soil, and should be categorised into an
index system.

The recommendations for nitrate containing fodder use are: feed containing
1000 ppm nitrate could be used securely; feeds with nitrates between 1000 and
2000 ppm are slightly risky; forages containing nitrate between 2000 and 3400 ppm
should not be given to animals, if given, the ratio between non nitrate to nitrate
feeds should not exceed 50 percent; forages containing nitrate between 3400 and
4000 ppm should be kept away from the pregnant animals, If given, ratio between
non nitrate to nitrate feeds should not exceed 25 percent; feeds containing more
than 4000 ppm nitrate forage are poisonous and should not be given to the animals;
high nitrate fodders must be given at 2-3 week intervals. The nitrate levels in the
forage crops growing on dry and wet soils could be reduced by late harvesting.
Animals should not consume high nitrate feed when they are hungry. Qualified
researchers should guide the producers about the use of fertilizers in vegetable
farming in greenhouses. Testing soils for nitrogen has been a useful practice in the
drier regions for many years, and in such regions fertilizer rates can be adjusted to
account for NO3~ found in the soil prior to planting. The producers should get the
scientific analysis of soil and plant samples by the experts in the field and green-
houses for a sustainable production and prevention of soil pollution through irriga-
tion (Guo et al. 2006).

Effective means of minimizing the accumulation of nitrates in vegetables
include identification of low nitrate accumulating genotypes, manipulation of
fertilizer regimes, exploiting natural diurnal fluctuations in nitrate concentration,
and use of nitrification inhibitors.

Rates needed to achieve different yields with different crops vary, nitrate
consumption through vegetables can be kept low by harvesting them at the proper
time. Some crops should be harvested in the afternoon of a sunny day when nitrate
concentration in the leaves is low. It has been found that the leaf nitrate concentra-
tion is at its lowest at 1:00 p.m., when the sunlight is maximum (Anjana Umar and
Igbal 2007).

Only nitrous oxide is of concern from the perspective of agroindustry. This gas
may account for up to 15 percent of the total global warming potential. Its global
warming potential is estimated to be more than 250 times that of carbon dioxide.
Moreover, its lifetime residency in the atmosphere is estimated to be about
130 years. Nitrous oxide also leads to ozone depletion. Globally, anthropogenic
activity accounts for 64 percent of the total nitrous oxide emissions of which
agriculture accounts for 92 percent.

Emissions of ammonia and methane relate primarily to animal production
systems. It is this addition of nitrogen to natural ecosystems, which is of
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environmental concern both in the terms of its implications for biodiversity and the
acidification of soil and aquatic systems. For this purpose, correct nutrient appli-
cation is very important.

Improving NUE in major food crops requires collaboration among farmers,
agronomists, soil scientists, agricultural economists, ecologists, and policymakers
(Dobermann and Cassman 2004; Galloway et al. 2002). Agriculture can contribute
significantly to reducing the global reactive N load by enhancing the indigenous N
supply, which, in turn, will require innovative crop and soil management practices.

The expansion and intensification of agricultural production to meet the needs of
a burgeoning population have brought vast land areas under cultivation. Continued
growth in cultivated areas, however, is very unlikely since in the future there will be
more competition for domestic and industrial uses. This means that crop produc-
tivity has to be increased, for which fertilizer, particularly N, plays the most crucial
role. The global demand for N fertilizer is increasing day by day, driven mainly by
cereal production. The world presently uses around 83 Mt of N, which is about a
100-fold increase over the last 100 years. About 60 % of global N fertilizer
consumption has been used to produce the world’s three major cereals, rice,
maize, and wheat. The projections are that 50-70 % more cereal grain would be
required by 2050 to feed 9.3 billion people. This will require an increased use of N
fertilizer of a similar magnitude (50-70 %) with the current state of NUE. More-
over, there will be enormous environmental penalties for the use of such a large
amount of inorganic, reactive N. Therefore, to supply sufficient N to meet increased
food demand and maintain a safe environment, fertilizer N must be used efficiently
and prudently, that is, N use efficiency must be improved. This chapter evaluates
NUE for the major cereals grown across large agroclimatic regions and analyzes
various strategies available to improve NUE.

Fertilizer N use efficiency is a complex term with many components. To
quantify NUE, the term most widely used is a ratio with output (biological yield
or economic yield in terms of biomass or N content) as the numerator and input
(N supply from soil, fertilizer, or soil plus fertilizer) as the denominator. Based on a
large number of studies conducted in research fields from across the globe in a wide
diversity of agroecologies, 44—55 % of the applied fertilizer N was recovered in the
first crop. When fertilizer N recovery in plant and soil during succeeding seasons
was considered, an additional recovery of about 7 % was estimated. A N recovery
efficiency of 40 % or more has been obtained with improved N management
practices.

To achieve an N use efficiency of near 100 %, similar to that of symbiotic N,
fixing systems such as legume rhizobium, will remain a huge challenge and
currently not within reach. In symbiotic N; fixing systems, the N requirement and
supply are highly synchronized and almost no leakage (excluding N leakage
through root exudation and NH3 volatilization from leaves) of N occurs. Absolute
synchrony similar to that of legumes will not be attainable in fertilizer dependent
cereal production systems. Nonetheless, efficiency levels close to 70-90 % obtained
in several well managed controlled experiments can be targeted, at least in well
managed irrigated cereal systems.
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Fertilizer NUE is governed by three major factors: N uptake by the crop, N
supply from soil and fertilizer, and N losses from soil-plant systems. The crop N
requirement is the most important factor influencing NUE. Much research has been
conducted during the past 50 years to improve NUE by trying to develop better
fertilizers or improved N management practices, based mainly on a better synchro-
nization between the supply and the uptake of N by the crop. There is significant
potential to increase NUE in cereals.

Many of the strategies needed to achieve such increases have already been
developed. The use of an integrated crop management strategy comprising optimal
soil, water, and crop management under good climatic conditions could attain a
large NUE value. In addition, cereal genotypes with a large harvest index must be
used to obtain high REN and PEN because the harvest index is tightly linked to
NUE. Many approaches have been suggested for increasing NUE, for example,
optimal time, rate, and methods of application for matching N supply with crop
demand; the use of specially formulated forms of fertilizer, including those with
urease and nitrification inhibitors; the integrated use of fertilizer, manures, and = or
crop residues; and optimizing irrigation management. In addition, some modern
tools such as precision farming technologies, simulation modeling, decision support
systems, and resource-conserving technologies also help to improve NUE.

Importantly, some of these techniques are being adopted on a large scale by
many farmers. Two success stories based on crop demand based N management
warrant mention. In large scale agriculture practiced in developed countries, pre-
cision farming studies have demonstrated that variablerate N fertilizer application
has the potential to significantly reduce the N rate required to achieve yields similar
to those obtained with Standard uniform management practices. In agriculture with
small to medium farm size in developing countries, the use of a simple and
inexpensive leaf color chart assists farmers in applying N when the plant needs
it. The use of this simple tool, currently practiced by about 350,000 farmers
globally, has reduced fertilizer N use by about 25 %.

Because some of the main factors, such as climate controlling crop needs for N,
are largely outside farmer control, it will remain difficult to predict the amount of N
to apply for optimum growth. Along similar lines, the amount of N that becomes
available for crop uptake through net soil N mineralization varies across the
landscape and is diYcult to predict. Therefore, because of those uncertainties
related to the demand for and supply of N to the crop, it will always remain a
daunting task to achieve significantly higher fertilizer N use efficiencies. However,
our study indicated that farmers can increase NUE substantially in well managed
agricultural systems by adopting appropriate technologies and carefully crafted
local policies that contribute to improved N management. In any event, improved
farmer knowledge regarding N management techniques is essential. A key chal-
lenge is to ensure that such techniques are cost effective and user friendly so that
they provide attractive options for adoption by farmers.
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