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Urgency to Understand Nitrogen Metabolism in Organic Agriculture
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Abstract

N fertilizers together with the development of high yielding varieties were major drivers of the enormous increase
in crop productivity during the past 50 years. Despite increasing food production, application of higher nitrogen
fertilizers in intensive agriculture also contributed in global warming. In context to environment there is an increasing
interest to breed crop varieties for organic agriculture. However, we know much about regulation of nitrogen
metabolism in intensive agriculture as compared to organic agriculture. The current need and gaps in understanding
of nitrogen metabolism in organic environment is discussed.
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Need to Understand Nitrogen Use E ciency in Organic
Agriculture

Nitrogen (N) is quantitatively the most important nutrient for
plant development. Limited N availability has severe consequences for
plant metabolism and growth [1]. Inadequate N supply, for example
leads to reduced leaf area, chlorophyll content and photosynthetic rate,
resulting in lower biomass and yield of storage compounds. Indeed
high application of N fertilizers together with the development of high
yielding varieties were major drivers of the enormous increase in crop
productivity during the past 50 years, allowing for signi cant decrease
inworld hunger despite a doubling of the population [2] Approximately
85 to 90 Million Metric tons (MMt) of nitrogenous fertilizers are added
to soil worldwide annually up from 1.3 MMt in 1930 and 10.2 MMt in
1960 [3] and this is predicted to increase up to 240 MMt by the year 2050
[4] which dramatically a ect the N cycle and associated processes [5,6].
Over 40 years the amount of mineral N fertilizer applied to agricultural
crops increased by 7.4 fold whereas the overall yield increase was only
2.4 fold [7]. is means that Nitrogen Use E ciency (NUE) which
may be de ned as the yield obtained per unit of available N in the soil
has declined sharply. In most intensive agricultural production system
the nitrogen use e ciency is approximately 33% and a substantial
proportion of the remaining 67% is lost into the environment [8].

N introduced into the environment largely through N fertilization
has resulted in signi cantly negative environment consequences [9-11].
Nitrogen lost from agricultural system will entered to groundwater,
lakes, estuaries and coastal water where the reactive nitrogen can
participate and induces in awide range of biotic and abiotic process [12].
e link between agriculture and nitrate pollution is well established
with impact on drinking water. For example, in the United State, 89%
of total N inputs into Mississippi river come from agricultural runo
and drainage [13]. e production and excessive uses of N fertilizer also
play a large role in ozone depletion and global warming [14]. Nitrous
oxide (N,O) is the third most abundant greenhouse gas (GHG) with
only carbon dioxide (CO,) and Methane (CH,) being most prevalent
[15] and is a 300 times more potent GHG than CO, [16]. In India, N
fertilizer application contributed most of N,O emission, a 49% share in
2005 (Out of 267 Gg, where Gg=1000000 kg) compared to 40% in 1985
(144 Gg) [17]. Agriculture sector activities (mainly nitrogen fertilizer
use) are the main contributor of global anthropogenic N,O emission
(ca. 58%) [18]. In addition to these negative environmental e ects,
synthetic nitrogen fertilizer is typically the single highest input cost

for many crops and since commercial fertilizer production (via Haber
Bosch method) is energy intensive process which require approximately
1% of the world’s annual energy supply. is cost is dependent on the
price of energy [19] and adding to food production cost [20].

Increasing consciousness of conservation of environment and
mitigation of climate change brought a major shi in cultivation
practices of major crops towards organic agriculture. Organic
agriculture has been shown to improve many di erent environmental
and human components of the agro ecosystem [21-23]. It is based
on minimizing the use of external inputs through use of on-farm
resources e ciently compared to intensive agriculture and thus the

and conventional (intensive) farming system have shown signi cantly
lower yield for organic system [27-29]. In organic agriculture crop
productivity is mainly limited due to nitrogen availability which is not
easily controllable [30]. e N availability dependent on mineralization
of crop residues and farm yard manures applied on the farm. In early
crop growth stages when demand is low, N is lost while in later stages
the demand from the plant is o en much greater than the supply from
mineralization. Matching N need and mineralization is indeed one of
the major limiting factors in organic agriculture system [31]. One of
the basic principles of soil fertility management in organic agriculture
is that crop nutrition depends on biologically derived nutrient. Organic
residues added to the soil surface or incorporated into soil undergo
decomposition by soil microbes. In addition to the readily available
ammonium and nitrate ions, soil of organic agriculture can contain a
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wide range of organic nitrogen compounds such as peptides, proteins,
free amino acids, amino sugars and nitrogen heterocyclic compounds
[30,32-34]. e organic nitrogen fraction typically comprises 0.1 to
0.5% of total soil N [35]. Soil micro-organisms secrete proteases into
the soil which facilitate the breakdown of proteins and peptides into
their constituent amino acid units [36].

N is most o en taken up by plants as water soluble nitrate (NO,
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may also be in uenced by soil bacterial processes and organic and
inorganic N sources [94,95].

It is high time to understand the basic molecular di erences if any,
in NUE of crop plants under organic and inorganic environment will
lead to discover the underlying molecular regulator(s) of NUE and
provide key guidelines for crop breeding meant for organic agriculture.
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