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Abstract

Nitrogen is an essential macronutrient required by plants. Nitrogen use efficiency of the
plants, by increasing the efficiency of mechanisms plants use to accumulate and utilize
nitrogen. Development of crop varieties with high nitrogen use efficiency (NUE) is
imperative for sustainable agriculture. Worldwide, the NUE for crop plants is of great
concern. One of the most significant contributions of the research community is the
improvement in our understanding of the relationship between N availability, N uptake,
and overall plant development. N uptake is one of the most critical NUE components
under N-limiting conditions in a number of crops; the transfer of knowledge should be
relatively straightforward when the experimental procedures have been adapted to larger
or structurally different systems grown under agronomic conditions. Understanding the
molecular basis of NUE will make enable to provide handle for crop improvement
through biotechnological means.
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Introduction

Plants need plenty of nitrogen to grow properly, as the nutrient plays a role in
almost all plant activities. To satisfy this need, farmers worldwide apply about 90
million tonnes of nitrogen fertiliser to croplands each year. The reason farmers have
to add this much nitrogen is that many agricultural crops are very inefficient at using
it. For example, cereals use only 30 per cent of the nitrogen that is applied as
fertiliser. Apart from Carbon and oxygen Nitrogen is one of directly or indirectly
main component in the plant cycle and plant development. Nitrate assimilation in
plants and related organisms is a highly regulated and conserved pathway in which
the enzyme nitrate reductase (NR) occupies a central position. Regulation of the
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nitrate assimilation pathway coordinates the incorporation of nitrogen with important
processes of plant development, such as cell differentiation and photosynthesis. Genes
and proteins of this pathway are induced by nitrate itself (Crawford, 1995; Daniel-
Vedele et al., 1998; Forde, 2000; Llamas et al., 2002; Rexach et al., 2002) and are
repressed by ammonium or by products of nitrate metabolism, such as Gln and Glu
(Stitt, 1999; Crawford and Forde, 2002; Glass, 2003; Fan et al., 2006; Fernandez and
Galva” n, 2007). A key component of the nitrate assimilation pathway is nitrate
reductase (NR), which catalyzes the reduction of nitrate to nitrite. This enzyme and
the gene encoding it are subject to complex regulation mechanisms: not only are gene
expression and protein activity regulated by inorganic nitrogen compounds and
metabolic derivatives, but they also respond to external cues, such as day and night
cycles (Kaiser and Brendle-Behnisch, 1991; Galangau et al., 1998). In plants, NR
activity is regulated by phosphorylation of a Ser residue that allows binding of 14-3-3
proteins and leads to subsequent degradation of NR (Kaiser and Huber 2001). Two
kinases responsible for the phosphorylation of the Ser residue seem to be activated by
calcium, whereas the third, a member of the SNF1 kinase family, is calcium
independent (Douglas et al., 1997). CYG56 participates in ammonium-mediated
NIAL repression through a pathway that involves NO, cGMP, and calcium and that
similar mechanism might be occurring in plants (Montaigu et al., 2010).

Nitrogen Nutrition Influence Plant Development

N is an essential plant macronutrient required in the largest quantities (1-3%
on a dry weight basis) by plants and is most limiting where maximal biomass
production is desired (Salisbury and Ross 1992; Hell and Hillebrand 2001). The
improvement of N-use efficiency is a major goal of plant improvement under salt
stress; such improved plants would make better use of the N-fertilizer supplied, they
would also produce higher yields by alleviating the adverse effect of salt stress.
Nitrogen is a crucial macronutrient needed in the greatest amount of all mineral
elements required by plants.

N availability influences several developmental processes according to the
species such as the number of leaves and their rate of appearance, the number of
nodes (Snyder and Bunce, 1983; Mae 1997; Sagan et al., 1993), and the number of
tillers (Vos and Biemond, 1992; Tra pani and Hall 1996) are reduced under N-
limiting conditions. Moreover, both in spring wheat (Demotes-Mainard et al., 1999;
Martre et al., 2003) and in rice (Mae 1997), grain number decreases under N
deficiency conditions, a process occurring during the period bracketing anthesis,
which is highly dependent on both the intensity and the duration of the N stress*1.
The availability of N for yield determination is also important through its direct
influence on the sources (leaf area), and consequently the sinks (reproductive organs).
Generally, the reduction in photosynthesis of the canopy following N starvation is due
to the reduction of the leaf area (radiation interception efficiency, RIE), rather than a
decrease of RUE (Lemaire et al., 2007). In grasses, the reduction of leaf area
extension is due to a lower cell division in the proximal zone rather than to the final
size of the cell (Gastal and Nelson, 1994). In many crops, the relationship between
leaf area index (LAI) and N uptake was found to be directly proportional, whatever
the environmental conditions.
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In contrast, the respective contribution of RIE and RUE in the adaptation to N
starvation is variable among species. For example, potato and maize have two
different strategies in their response to N-limiting conditions. In potato, the leaf area
is reduced and adjusted to the rate of N uptake, keeping the plant leaf-specific
nitrogen (g Nm2) and RUE unchanged (‘potato strategy’). In maize, leaf area is
almost not affected, while photosynthesis and RUE decrease (‘maize strategy’) (Vos
and van de Putten, 1998; Vos et al., 2005). In potato, the adaptation to N limitation
results exclusively in a decrease in the amount of light intercepted, the RUE
remaining constant, while in maize both leaf area and RUE are decreased. Classifying
species and genotypes according to both strategies merits further investigation as it
may be another way for selecting crops more adapted to low N fertilization
conditions.

According to Lian et al. (2006) and Kumar et al. (2009) that development of
crop varieties with high nitrogen use efficiency (NUE) is imperative for sustainable
agriculture. The nitrogen use efficiency (NUE) for crop plants is of great concern
globally. The rapid increasing world population needs crop genotypes that respond to
higher nitrogen and show a direct relationship to yield with use of nitrogen inputs, i.e.
high nitrogen-responsive genotypes. However, for fulfilling the high global demand
of organic produce, it requires the low nitrogen responsive genotypes with greater
NUE and grain yields. The lack of knowledge about precise regulatory mechanisms to
explain NUE in crop plants hampers the goal of agricultural productivity.
Understanding the molecular basis of NUE will enable to provide handle for crop
improvement through biotechnological means. With the advent of modern genomics
and proteomics approaches such as subtractive hybridization, differential display, and
microarray techniques are revolutionizing to identify the candidate genes which play a
pivotal role in the regulation of NUE. Beside it, quantitative real-time polymerase
chain reaction technology is also being used to establish marker-trait association for
NUE. The identification of potential candidate genes/proteins in the regulation of
NUE will serve as biomarker(s) for screening genotypes for their nitrogen
responsiveness for optimization of nitrogen input in agriculture. NUE in plants is a
complex trait which not only involves the primary process of nitrogen uptake and
assimilatory pathways but also a series of events, including metabolite partitioning,
secondary remobilization, C-N interactions, as well as molecular signalling pathways
and regulatory control outside the metabolic cascades. Therefore, the selection of
plant genotypes with high efficiency in nitrogen use is a reasonable approach for
better growth and physio-biochemical performance and yield of plant by regulating
enzymes activity of nitrogen assimilation and antioxidant systems under stress. It
could serve as an appropriate strategy for nitrogen management in agriculture.

Nitrogen Influence Enzymatic Activities

A progressive inhibition of the activity of enzymes of N metabolism, i.e.
nitrate reductase, nitrite reductase, glutamine synthetase, glutamate synthase, and
glutamate dehydrogenase was observed with increasing levels of salinity (Amonkar
and Karmarkar, 1995; Dubey, 1997; Nathawat, et at., 2005; Siddiqui et al., 2010).
Several physiological and biochemical processes are affected by salinity, particularly
nitrate assimilation, which largely influences plant growth (Gouia et al., 1994). N
assimilation plays an important role in plant metabolism. It is used for generating
glutamine (GlIn) that is the precursor of various amino acid syntheses (Bagh et al.
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2004; Al-Amoudi and Moujahed 2006). Plant growth depends on an adequate supply
of N in order to form amino acids, protein, nucleic acid, enzymes, plant growth
regulators, chlorophyll, vitamins and other cellular constituents necessary for
development. N metabolism is a complex process and varies with species (Garg et al.
1993; Mansour 2000; Bertrand Hirel et al., 2007). N and sulphur (S) assimilation is an
essential pathway for offsetting salinity. N nutrition has a strong regulatory influence
on S assimilation and vice versa (Fismes et al., 2000; Koprivova et al., 2000; Siddiqui
2005), and both are involved in protein synthesis (Ceccotti 1996). Reuveny et al.,
(1980), Smith (1980) and Brunold and Suter (1984) reported that N-deficient Lemna
minor and cultured tobacco cells exhibited decreased activities of ATP-Sulphurylase
(ATP-S; EC: 2.7.7.4), adenosine 5’ phosphosulphate reductase (APR; SC: 1.8.4.9) and
O-accetylserine (thiol) lyase (OASTL; EC: 2.5.1.47). They were restored when nitrate
or ammonia were resupplied. Glutathione (GSH) synthesis is regulated by the N and S
supply of plants because GSH contains three moles of N per mole of S and also GSH
biosynthesis is regulated by the amino acids cysteine, glutamate and glycine (Kopriva
and Rennenberg 2004). Glutamic acid is the initial product of the GS-GOGAT
pathway of N assimilation (GeRler et al., 1998). N metabolism is a complex
phenomenon and varies from species to species (Mansour 2000). Under salinity, NO3~
assimilation is not only required for plant growth, but some of its metabolite
derivatives can be utilized in osmotic adjustment (Aslam et al., 1984; Siddiqui et al.,
2010). Consequently, it is suggested that the higher the sensitivity imposed by salinity
on nitrogen assimilation the more severe are the salt-injurious effects on plant growth
(Viegas and Silveira, 1999). Nitrate is the main nitrogen source in agricultural soils
and most frequently limits plant growth. Nitrate uptake is mediated by a NOj -
transporter protein induced by the ion itself (Campbell, 1999). Several studies have
shown a close relationship between nitrate uptake and nitrate reduction in higher
plants. Activity of NR catalyzes NO3 reduction to NO, and its activity is nitrate
inducible. The NR activity is the limiting step of N-NO3 conversion to amino acid
synthesis (Campbell, 1999). NR activity in leaves is largely dependent on nitrate flux
from roots (Ferrario et al., 1998) and is severely affected by osmotic shock induced
by NaCl (Rao and Gnanam 1990; Viegas and Silveira 1999). On the other hand, the
cytosolic NO3 seems to protect the NR enzyme against the action of proteases and/or
inhibitors besides triggering the de novo synthesis of NR protein by induction of NR
gene expression (Campbell, 1999). Even so, under conditions of restriction in nitrate
flux induced by salt stress or water deficit, NR activity could be lowered initially on
account of enzyme degradation/inactivation and the reduction in gene expression and
NR protein synthesis (Plaut, 1974: Ferrario et al., 1998). The nitrate assimilation
process is relatively more sensitive to water stress than CO,-photosynthetic
assimilation although there is a close metabolic coordination between these processes
by means of sucrose-phosphate synthetase and NR activity (Foyer et al., 1998). The
true role of nitrate assimilation in the growth of cultivated plants under salt stress is
still unknown (Aslam et al., 1984; Gouia et al., 1994).

Conculusion

Though the afford have been made by many research groups; still need an
approach that integrates genetic, physiological, and agronomic studies of the whole-
plant N response will be essential to elucidate the regulation of NUE and to provide
key target selection criteria for breeders and monitoring tools for farmers for
conducting a reasoned fertilization protocol. This prospective conclusion outlines the
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main points that will need to be considered in order to develop an integrated research
programme for discovering genes by means of a complete and extensive phenotyping,
comprising agronomical, physiological, and biochemical studies on crops grown
under different concentration of N fertilization applications. In addition to this,
modeling NUE through system biology approaches will provide in the near future an
avenue to enhance integration of molecular genetics technologies in plant
improvement, thus allowing the re-establishment of fundamental and practical
research in an intimate and meaningful way that could be beneficial for human beings.
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