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Abstract. Government of Indonesia has been deciding a policy of agricultural development by means of intensification for more than
four decades. This development brought about environmental pollution together with productivity improvement due to a massive use of
fertiliser (mainly nitrogen) and pesticides. The objectives of this study were to examine the efficiency of nitrogen and its lost to the
environment, to estimate its environmental impacts and their mitigation measures. Nitrogen mass-balance models were developed to
determine production, efficiency and the nitrogen losses. The results showed the trend of the system, increased the lost and decreased
the efficiency of nitrogen fertiliser around 1968 and 2008. The material balance model outputs predicted that around 140 kg N/ha.year
in 2008 were lost and entering the environment or ecosystem. The future of Indonesian agriculture will be more intensive and fertiliser
application will increase. Fertiliser impacts are decreased of nitrogen efficiency, soil organic matters, macro-elements and organisms,
and groundwater contamination and air pollution. It is strongly recommended that the future of Indonesian agricultural development

should sustain the production by optimising the input and cut the losses.
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1. Introduction

Agricultural intensification is a policy taken by the
Indonesian government to meet food needs in line with
the growth of the population (Sudaryanto and Rusastra,
2006) as one of the efforts to increase agricultural output
by optimising existing farmland (Adi, 2010; Edgerton,
2009; Shriar, 2000). It is a highly accepted method to
increase agricultural production both quantity and quality
(Tscharntke, et al., 2012), and differs from shifting
cultivation which involves basic tools and techniques,
low-level of inputs and subsistence level of production
and consumption (Rasul and Thapa, 2003). The other
way to meet food demand is to increase the area under
production (Edgerton, 2009). Intensive agriculture is
more acceptable than expansion of cropland for
greenhouse gas emission and nitrogen use (Burney et al.,
2010; Tilman et al., 2011).

Productivity of food crops in Indonesia is likely to
increase every year. BPS (1991) reported that the average
productivity of food crops in 1968 about 17.87 ton/ha,
then increased in 2008 to about 41.37 ton/ha (BPS, 2010).
This was partly caused by application of fertiliser
together with pest control and plant management.
Therefore, agricultural activity in 2008 was more
intensified. Many factors influence the increase of
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agricultural productivity, among others are improved
crop varieties, more advanced land preparation, increased
application of (mineral) fertilisers and better post-harvest
processing in addition to environmental factors such as
water, temperature, light, atmosphere, nutrients, fire and
grazer (Haferkamp, 1988). The current development of
this method called the system of crop intensification
(SCI) (Abraham et al., 2014), and System Rice
Intensification (SRI) designed special for rice that is
being developed in Indonesia (Suciati et al., 2014).

The main factor of productivity improvement was the
increased use of nitrogen fertilisers. Productive
agriculture needs a large amount of expensive
nitrogenous fertilisers (Daubresse et al., 2010). It is one
source of plant nutrients that determines the crops yield.
Manipulation of nitrogen availability affects the plant
productivity (Gough et al., 2000). In principle, a balanced
fertilisation might be applied according to crop needs and
naturally available nutrients in the soil (Gruhn et al.,
2000), the sustainability of production systems and
adequate profits for farmers. However, the trend is still
increasing to meet higher yield in the future (Tilman et
al.,, 2011). In the case of Indonesia, Bantacut (1992)
found that fertiliser use increased in 1984 and 1988 which
was about 245 to 301 kg/ha. The results of Agricultural
Environmental Body survey in 2005 showed that the use
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of nitrogen fertiliser was at 300-600 kg/ha (Mulyadi and
Sutrisno, 2007). It can be concluded that the trend was
increasing in that period, and continue in recent and in the
coming years.

Without good management of its application,
introduction of large amounts of nitrogen into the
environment has many undesirable impacts on water,
terrestrial, and atmospheric resources (Ribaudo et al.,
2011). Agricultural technology development based on
intensification will evidently affect the environment so
that it can disrupt the natural ecosystem. Nitrogen
fertiliser is necessary for crop plants, especially at the
beginning, but the higher use of nitrogen fertiliser will
affect the surrounding ecosystem sustainability.
Increasing fertiliser will result in land degradation, water
pollution and, human and the environmental health (Hall
and Robarge, 2004; Moller et al., 2008; Stoate et al.,
2001), soil erosion and declining soil fertility, decrease in
water availability from high use of water for irrigation,
water quality deterioration through concentrations of
nutrients and agrochemicals (Gregory et al., 2002), and
soil biodiversity and agroecosystem function (Giller et
al., 1997).

Fertiliser N-recovery efficiency by the first crop is 30
to 50% (Ladha et al., 2005). In the tropical environment,
the efficiency of applied N is less than 50% (Baligar and
Bennett, 1986; Baligar et al., 2001), for upland crops
about 40-60% and for flooded rice crops is only 20-40%
(Vlek and Byrnes, 1986). N inputs exceed assimilation
capacity will increase nitrogen losses rapidly (Schlegel et
al., 1996). Reducing application rate reduces the losses of
all forms of reactive nitrogen (Ribaudo et al., 2011).
Therefore, it can be concluded that the main characteristic
of intensive agriculture is the massive use of fertiliser
which causes environmental pollution and problems. A
great potential is available for increasing the efficiency of
N-uptake on this very responsive crop to help alleviate
food deficits in the developing world.

This study examined the uptake efficiency of nitrogen
fertiliser application (it is also known as nitrogen use
efficiency/NUE) expressed simply as the vyield of
nitrogen per unit of available nitrogen in the soil (Lea and
Azevedo, 2006), and its possible environmental changes
between 1968 and 2008. The balance model was
developed as a tool to estimate the nitrogen efficiency and
cycle in the agricultural environment. This model links
the input, output and nutrients discharged into the
environment. The predicted output (nitrogen utilisation
and lost) was used to estimate the level of the impact due
to the loss of nitrogen to the environment. The results
obtained from nitrogen balance model then used to
develop a simple strategy of nitrogen management.

2. Method

2.1. Data Collection
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Data used were fertiliser apllication level, productivity
improvent, were collected from secondary sources, mainly
research results (working papers, journal articles, and
statistics) included nitrogen input, plant fixation, soil
bacterial fixation, atmospheric precipitation and official
data from governmental bodies. Rate of nitrogen uptake
by plant and flow from one compartment to the others
were approached by linear calculation based on available
data. Main sources of data were Food Crops Research and
Development Centre, Ministry of Agriculture, Ministry of
Environment, Central Bureau of Statistics, and university
libraries.

2.2. System Approach

Systems approach was used to find the critical factors
and look for optimum solutions of the relevant issues
using quantitative models that support decision-making.
Agriculture is considered as a complex system that
involves many factors and constraints associated with
each other. Factors and constraints are environmental
aspects. A comprehensive approach is needed to find the
optimum solution of environmental aspects. Therefore,
this system approach was used to analyse the
environmental aspects of the farming system. Detailed
explanation of each constraint can be seen in the model
development of Section 3.

2.3. Systems Identification

A farming system may consist of four main
compartments that include soil, plants, animals and fish
pond. Plant includes crops product or parts of plants that
can be consumed by animals and fish. Animal acts as
consumer and produce nutrients that stored in meat, milk,
and manure. Fish acts as consumer and produce nutrients
stored in the fish. Soil consists of organic nutrient
exchange and mineral components of soil.

2.4. System Boundary

Two models of simple and complex were developed.
A simple model was developed with the assumption that
the agro-ecosystem is a single compartment that connects
the input (1), product (P) and loss (L). Although this
simple model cannot determine specifically internal flow
I, P, and L, this system is usable to calculate the efficiency
(Figure 1). The output of this model was used as a basis
of comparison to a more complex model.

A complex model was built to describe the real
situation of Indonesian agricultural systems. Assuming
that agricultural practices do not change for the next few
years and do not alter the physical and chemical properties
of the soil or other environmental aspects that affect the
condition of the farming systems. This model identifies
the system and spliting compartment into sub-
compartments consisting of ten compartments. The
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relationship among the ten compartments were used to
identify the boundaries of the system (Figure 2).

2.5. Model Description

A simple agroecosystems model describes the
agricultural systems into input and output relationship.
Detailing the simple model to the complex model was to
improve the accuracy and get more suitable model to
describe the real situation of agroecosystems in
Indonesia. These models were developed to assess the
agroecosystems production, efficiency and nitrogen lost
to the environment. Nitrogen inputs will go into every
compartment through internal flows of nitrogen that
connect a compartment to another compartment.

2.6. Nitrogen Balance

Agricultural system was assumed as a closed system
where all the nutrient flows take place within the system
boundaries. The first step to make the nitrogen balance
model was identification of the compartment. Then, set
up the nitrogen balance equation to determine the nutrient
inflow and outflow between compartments. The general
equation of material balance is:

Accumulation = inflow — outflow + production —
consumption

In identifying the efficiency equation (ratio of variable
values), due to the unavailability of quantitative data on
product utilisation, some equations were assumed based
on similarities using findings of previous studies. After
identifying the mass balance and efficiency equations of
nitrogen, the production, nutrient losses, and the
efficiency can be determined.

3. Nitrogen Balance Model
3.1. Nitrogen Input

The agriculture situation in 2008 was different from
1968 in which green manure or organic fertiliser was
commonly used, while the use of mineral fertilisers was
very little. This difference can be seen from the use of
nitrogen fertiliser. According to Bantacut (1992) about 10
kg N/ha.year or 95,000 tons of nitrogen fertiliser was
available in 1968. Based on BPS (2010), the average use
of fertiliser in 2008 was about 160 kg N/ha.year or total
of 4,345 thousand tons. The main users of fertiliser are
food crops, mainly rice, corn, soybeans, peanuts, cassava,
and sweet potatoes.

Legumes can fix nitrogen from the atmosphere around
80-90 kg N/ha.year. It can be estimated that the nitrogen
fixation in 1968 was higher than in 2008, and it was about
40 kg N/ha.year in 1968 (Supriadi et al. 1986).
Soemarsono (2008) estimated that plant N-fixation in
2008 was 25 kg N/ha.year. For soil bacterial fixation was
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about 20 kg N/ha.year and 10 kg N/ha.year in 1968 and
2008 respectively. Taslim et al. (1988) estimated
atmospheric deposition in 1968 was about 4 kg N/ha.year
and Soemarsono (2008) reported about 8 kg N/ha.year in
2008.

3.2. The Simple Model

The simple model assumed agricultural systems as a
single compartment (Figure 1). Where the input (1) equal
to the product (P) plus losses (L). In this model, the
internal flows were not taken into account, but this system
can calculate the efficiency of the system (E).

| ———>| AGRICULTURE SYSTEMS [——> P

L

Figure 1. The simple model (1= input, P = product, L =
loss). Therefore, | =P + L; and Efficiency (E) = P/I

Nitrogen content of the products or outputs of
agriculture (plant and animal) was calculated based on the
production data obtained from BPS (2010). Total
Nitrogen in product (P) was calculated by dividing
protein content and the correction factor of 6.25 (Lee
1975): Total nitrogen = Protein content (%)/6.25.

For the simple model, the output consists of plants and
animals refer to the main crops (rice, cassava, sweet
potatoes, peanuts, soybeans, and maize) and animals
(cattle, buffalo, horse, goat, sheep, pig, chicken, duck,
egg, dairy, and fish). Table 1 describes the calculation of
the nitrogen balance in the simple model.

3.3. The Complex Model

The complex model was developed from the simple
model to describe a more real situation of the agriculture
system in Indonesia. This model consists of four
compartments, namely:

a. Plant includes crops produced or part of plants that can
be consumed by animals and fish.

b. Animals act as consumers and produce nutrients stored
in the animals.

c. Fish act as consumers and produce nutrients stored in
the fish.

d. Soil consists of organic nutrient exchange and mineral
components of soil.

Table 1. Nitrogen balance of the simple model for Indonesian
agriculture around 1968 and 2008

Items 1968 2008
(Kg N/ha) (Kg N/ha)
Input
Fertilizer 10 160



Nitrogen fixation 40 25
Atmospheric deposition 4 8
Soil bacterial fixation 20 10
Total 74 203
Output
Plant 30 51.66
Animal 0.3 7.52
Total 30.3 59.18
Lost to environment 43.7 143.82
Efficiency (%) 41 29
Notes: Effective arable land were about 9,000,000 ha (1968) and
18,000,000 ha (2008)

Inputs will go into each compartment through the internal
flows of nitrogen that connect between compartments.
Nitrogen inputs were used to identify the system,
including: fertiliser, plant N, fixation, soil bacteria
fixation, and atmospheric deposition. The output consists
of products produced from crops, livestock, and fish.
Nitrogen loss through volatilisation of NH3, evaporation
of N2O and N2 from (denitrification), and leaching of
nitrate (nitrification) (Figure 2 and description of the
symbols used are in Table 2). Ribaudo et al. (2011)
describe the balance and efficiency of nitrogen use into
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input (fertiliser, manure and miscellaneous atmospheric
deposition), output (N in harvested crops), N leaching, N
erosion and gaseous N losses and internal N pools of crop
residue N, soil organic N, soil inorganic N, and net N
mineralisation.

The compartment was detailed further to reduce its
drawbacks by showing specifically the internal flows and
loss of nitrogen. Therefore, the internal flow of nitrogen
is more complex and specific in accordance with the real
situation of Indonesian agroecosystems. This model
divides the compartment into 10 sub-compartments that
are needed to build a more comprehensive and
representative model. At the complex farming systems
model, 30 variables exist that consist of 4 independent
variables (l1, 14, Ja, and Ka,) as input and 26 dependent
variables. From the dependent variables then obtained 26
equations that can be classified into 10 equations of mass
balance and 16 efficiency equations. The following are
mathematical equations and explanation of 30 variables
used in the model.
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Figure 2. The complex model
Mass Balance Equations Efficiency Equations
Compartment 1 : X12— X1 — Xg— X15—P1—L1=0 ....... (€)) Compartment 1
Compartment 2 : X3 + Xi3—X2—-P2—L2=0 ............ ) Effici ; ;
iciency in plant pr ion
Compartment 3: Xe— X7—=P3=0 oo 3) ciency in plant production ()
Compartment 4 : ls + Ja + Ks + X11 - X212 - L4 =0 ....... 4) gy = XLHXSHXIS+PL _ Nproduced by plant (11)
Compartment 5 : ls — X14— X13—P5 =0 ..cooovverriirinnnes (5) X12 Nuptaken by plant
Compartment 6 : Xua + X15— Xo— L6 = 0..cvvvevevcririinnnne (6) -
Compartment 7 : Xz — X4 — Xs— L7=0 N in edible part of plant (a2)
Compartment 8 : Xs + X7+ Xg— X~ L =0 .ccoeevrnnn, (8) qp = PATX14X8 _ Ediblepartofplant (12)
Compartment 9 : Xo + X10— X11— Lo =0 .cooeerrrrrrrrneee. 9) x12 N uptaken by plant
Compartment 10 : Xa— X10—L10 =0 ccvevevriiiirceinns (10)
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Plant waste utilisation (azand as)

_ X1 _ Part of plant consumed by animal
X1+X8+P1 Edible part of plant

as

au= X8 _ Pertof plant consumed by fish
X1+X8+P1 Edible part of plant

Compartment 2
Efficiency in animal production (as)

_ P2 _ Edible part of animal
X14+X13 Partof plant consumed by animal

as

Manure loss fraction (as)
L2

ag = =
6 X2+ L2 Total produced manure

Manure lost

Compartment 3

Fish product utilisation (a7)

ar= P3 _ Edible part of fish
7 X6 N consumed by fish

Compartment 4

Nitrogen denitrification (as)

L4 N lost from soil

as = =
8 14+K4+4+X114]J4 N totalsupplied to soil

Compartment 5
Legume utilisation (ao)

_  X13 _ Partof legume consumed by animal
X13+P5 Ediblepart of plant

V=T ...

N distribution in legume (azo)

Table 2. Symbols
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a10 = X13+P5 _ Edible part of legume
10 I5 N uptaken by legume =TT

Compartment 6
Utilisation of plant wastes (a11)

au = _ OrganicN insoil
-
X14 Ninlegume wastes

Compartment 7
Manure utilisation (az2and ais)

_ X4 _ Manure spread in soil

T X4+X5+L7 Total produced manure
_ X5
- X4+X5+L7 ~ Total produced manure

Compartment 8

a2

Manure used inpond

ais3

N utilisation in fishpond (a14)

_ X6 _ N consumed by fish
X8 Total manure to fishpond

Compartment 9

ai4

Organic N mineralisation (a1s)

_ Miniralised organic N
Total N organic into soil

Compartment 10

Efficiency of N manure in soil organic (aie)
_ X10 _  Manure in the soil

T X4  Manure spread to soil

aie

used in the complex model

Input

Output

Is = Plant nitrogen fixation

1, = Fertilizer nitrogen

Js = Soil bacterial fixation
K, = Atmospheric deposition

Looses

L; = Ammonia volatilization from the plant

L, = Animal nitrogen loss to the environment
L, = Nitrogen loss through denitrification

Ls = Nitrate leaching

L7 = Nitrogen manure lost

Lg = Fish feed lost to the environment

Lo = Nitrogen lost from ammonification

L1o = Nitrogen manure lost from the soil surface

P, = Edible part of the plant
P, = Edible part of the animal
P; = Edible part of the fish

P, = Edible part of legume

Internal Flows

X, = Part of plant nitrogen as animal

X, = Nitrogen manure

X4 = Nitrogen manure enter the soil

Xs = Nitrogen manure to fish pond

X = Nitrogen consumed by fish

X7 = Nitrogen in fish pond mud

Xg = Plant nitrogen as fish feed

X = Plant nitrogen left in the soil organic
X0 = Nitrogen manure enter the soil

Xi4 = organic nitrogen converted to inorganic nitrogen in the soil
X2 = Nitrogen inorganic up taken by plant
Xi3 = Legume nitrogen as animal feed

Xi4 = Nitrogen in plant residue
Xi5 = Nitrogen from plant residue

Table 3 summarised the value of efficiency factors
collected, reviewed or calculated from relevant
literatures. These values were used in the calculation of
respective variables using Microsoft Excell.

The complex model outputs are shown in Figure 3
(1968) and Figure 4 (2008). These figures show internal
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and external flows (as cycle). Based on these cycles, the
changes in the total efficiency of agricultural systems can
be calculated (Table 4). The results of both models show
a similar trend of decreased efficiency within 40 years of
nitrogen application. The changes are decreasing in
biological nitrogen fixation and increasing of losses



caused by increased in nitrogen fertiliser application.
Comparing input to increased output revealed that the
output improvement by 2- folds need addition of input by
3-folds, and follow by increasing loss by 3.5-fold.
Increased input mainly associated with mineral fertiliser,
especially nitrogen by 16-folds. Concerning the fertiliser
alone, this addition leads to a decrease of legumes
nitrogen fixation from the air and reduce the efficiency of
absorption (Graham and Vance, 2003). Similarly, the soil
bacteria capability to fix nitrogen decreased significantly
by increased of mineral nitrogen application (Peoples et
al. 1995; Galloway et al. 2004; Berthrong et al., 2014).
Therefore, intensive agricultural systems actually losing
nitrogen by boosting the production through addition of
mineral fertiliser. Globally, as mentioned by Tilman
(1999), the doubling of agricultural food production was
associated with a 6.87-fold increase in nitrogen
fertilisation and a 3.48-fold increase in phosphorus
fertilisation. A more serious problem (Lin et al. 2008)
would happen from synergism of climate change and
intensification that cause vulnerability for crops.

Table 3. Efficiency factors in the complex model

References
Achmadi (2010); BPS (2010);

Symbol Value

a 0.87 Simanungkalit et al. (2006); Soemarsono
(2008)

a, 0.66 Sugiyanta (2007)

as 0.10 Bantacut (1992)

as 0.05 Bantacut (1992)

as 0.25 Achmadi (2010)

as 0.85 Sutanto (2002)

az 0.65 Wiramiharja et al. (2005)

as 0.50 Suganda and Kurnia (2005)

ag 0.10 Sukria and Rantan (2009)

a0 0.50 Sutanto (2002)

an 0.80 Sutanto (2002)

an 0.73 Atmojo (2003)

a3 0.03 Sutanto (2002)

a1 0.38 Wiramiharja et al. (2005)

as 0.40 Hanafiah (2007)

s 0.60 Hanafiah (2007)

Table 4. The complex model nitrogen balance
(kg N/ha.year)

Component 1968 2008
Input 74 203
Output 30 65
Loss 40 141
Effisiency (%) 41 32

4. Nitrogen Lost to the Environment and Its Impact

Loss of N-fertiliser results from gaseous plant
emission,  soil  denitrification,  surface  runoff,
volatilisation, and leaching (Raun and Johnson, 1999)
and plant canopy (Fageria and Baligar, 2005). The model
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calculations show nitrogen losses to the surrounding
environment 40 kg N/ha in 1968 increased to 141 kg N/ha
in 2008. This increase was mainly caused by the addition
in fertiliser application from 10 kg N/ha in 1968 to 160
kg N/ha in 2008 (Table 5).
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Figure 3. Nitrogen cycle in Indonesia agriculture 1968
(kg-N/ha)

The model outputs show that there is a positive
correlation between the amount of N-fertiliser application
and N losses to the environment. The amount of N lost to
the environment mainly occurs through denitrification,
nitrate leaching, and ammonia volatilisation. Fertiliser
applications is constantly increasing every year that cause
significant increase of N lost to the environment. For
example, the average application of fertiliser on food
crops in 2008 about 160 kg N/ha caused nitrogen lost to
the surrounding environment about 141 kg N/ha. This
means that most of nitrogen inputting to agricultural
systems will finally loss to the environment.
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Figure 4. Nitrogen cycle in Indonesian agriculture 2008 (kg-

N/ha)
Table 5. Nitrogen lost from Indonesia agroecosystems 1968 and 2008
Amount (kg
Type of losses Symbol N/ha.year)
1968 2008
Ammonia volatilization from the L 263 118
plant
Am_mal nitrogen loss to the L, 212 463
environment
Nitrogen loss through
denitrification L 202 910
Nitrate leaching Le 8.24 21.6
Nitrogen manure lost L, 0.1 0.2
Fish feed lost to the environment Lg 0.51 2.29
Nltrogep_lost' from Ly 6.39 9.76
ammonification
Nitrogen manure lost from the Lo 011 024
soil surface
Total Nitroegen lost 40.30 141.52

Laboratory scale research revealed that fertiliser
much correlated with N2 and N,O emissions (Mulvaney
et al., 1997). Fertiliser addition affects both the activity
and the composition of denitrifying communities in
arable soil on a long-term basis (Enwall et al., 2005). The
more fertiliser use, the denitrification process releasing
nitrogen is higher. In the tropical zone, where sun
radiation is longer, denitrification process is at higher rate
and caused higher emission rate (Sehy et al., 2003). Then,
denitrification process releasing N to the environment is
a common phenomenon of the nitrogen cycle which rate
accelerated by mineral N fertiliser application.

Nitrate leaching reaches the depth of soil then
converted to nitrate through nitrification by
microorganisms. Due to negatively charge of nitrate can
reach ground water as much as 2-10% of nitrogen
fertiliser applied (Savci, 2012). The ground water nitrate
concentration varies according to type of plant and
planting pattern. For example in the Philippine, in
irrigated double rice cropping areas, seasonal-mean
nitrate concentrations were 0-2 mg/l in wet season rain-
fed rice and dry season irrigated sweet pepper double
cropping areas, monthly mean nitrate concentrations
were 5-12 mg/1l (Bouman et al., 2002). The similar
research is not yet available in Indonesia, but comparing
to the nitrogen fertiliser rate was 115 kg/ha arable land
(2008) in the Philippines is smaller than Indonesia, then
it is acceptable to mention that the ground water nitrate
concentration is also higher
(http://www.indexmundi.com/facts/philippines/fertiliser-
consumption).

N-fertiliser and manure cause harmful environmental
effects including leaching of nitrate into ground water,
nitrogen run-off, and eutrophication of aquatic
ecosystems (Adesemoye and Kloepper, 2009). Nitrate
leaching occurs when NO3~accumulate in the soil profile
that coincides with or is followed by a long period of high
drainage. Excessive nitrogen fertiliser application
followed with long period of submerged condition (as in
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the wet rice field) can all potentially lead to high nitrate
leaching losses. Therefore, nitrate leaching from
agricultural production systems is blamed for the rising
concentrations of NO3™ in ground-water and surface-
waters around the world (Di and Cameron 2002). The
amount of nitrate leached increased linearly proportional
to increased N-fertiliser applied at planting (Errebhi et al.,
1998).

Certain processes and mechanisms involved in the
production and transfer of ammonia (NHs) to the
atmosphere from agricultural sources. Animal production
systems are recognized as the major source of NHs. These
releases have environmental and agricultural
implications. Larger proportions of the N ingested by
animals especially under intensive management regimes.
These losses are: (i) proportional to N input (whether
from fertiliser or through N fixation); (ii) highly variable
over both the short and the longer-term; and (iii)
influenced by particular management methods and
animal species. Losses of NHs resulting directly from
housed animals, from stored farm wastes and during or
after land manure spreading, give the major proportion of
the NH3 losses from animal production (Jarvis and Pain,
1990). In rice field, ammonia volatilisation is a response
to urea application. Total N losses through ammonia
volatilisation generally increased with the N application
rate. Total loss by ammonia volatilisation during the
entire rice growth stage ranged from 9.0% to 16.7% of
the applied N (Lin et al., 2007). Ammonia volatilisation
is affected by the soil, plant and micro-climate (Harper et
al., 1983).

At global scale, the increase of reactive nitrogen
emissions to the environment may contribute to harmful
changes to ecosystems (Ribaudo et al., 2011): (i) ozone-
induced injury to crop, forest, and natural ecosystems, (ii)
acidification and eutrophication (nutrient enrichment)
effects on forests, (iii) soils, and freshwater aquatic
ecosystems, (iv) eutrophication and hypoxia (oxygen
depletion) in coastal and lake ecosystems, (v) harmful
algae blooms, (vi) biodiversity losses in terrestrial and
aquatic ecosystems, (vii) regional haze, (viii) depletion of
stratospheric ozone, (ix) global climate change, and (x)
nitrate contamination of drinking water aquifers.

In Indonesia, many research found that nitrogen lost to
the environment have an impact on the pollution of rivers
and lakes. For examples are cases on the river in West
Java. Up to 2007 water quality in the river showed poor
condition. Results of a study of seven major rivers namely
Cimanuk, Citarum, Cisadane, Bekasi, Ciliwung,
Citanduy and Cilamaya, all of which indicate the status
of the quality of very poor condition (KNLH, 2010).
Results of monitoring conducted in 2008 by 30
BAPEDAL (Environmetal Impact Control Agency) for
35 rivers province in Indonesia showed that the status of
water quality in general is heavily polluted (BPS, 2010).
Sutami reservoir in East Java is at a critical condition
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caused major agricultural pollutants mainly detected in
the reservoir were organic N (1,044 ton/year) and NO3
(3,298 ton/year), respectively. Fertiliser use at the normal
rate can cause an increase of nutrient load (organic N,
organic P, NOy, and NOg) at the reservoir of 21% to 50%
(Othman and Sholichin, 2008).

Fertiliser pollution has caused the significant increase
in local radioactivity (Udiyani and Setiawan 2003). After
30-40 years of intensive use of fertiliser in lowland areas
of West Java, the concentration in the soil of heavy metals
such as lead and cadmium has reached a measurable level
although remains below toxic levels (Setyorini et al.,
2005). Gaseous nitrogen will form the ambient air
composition together with natural and other emission
sources which finally may be deposited in the agriculture
area. This is a miscellaneous input to agriculture from the
atmosphere which amount increase after the air pollution
level. This source is the only one that increase relatively
linear to the amount of fertiliser application.

5. Nutrient Management Implication

The main goal of intensification is to increase
production by adding necessary inputs and applying
technology. However, production improvement is always
coupled with environmental pollution that caused by
chemicals release, one of them is fertiliser lost, to the
environment. The future task is how to increase or at least
keep up the production while protecting the environment
through fertiliser (nitrogen) use efficiency improvement,
reducing excessive input of fertilisers, and maintaining an
acceptable yield (Hirel et al., 2007). From the model, it
can be calculated that the same output of 2008 at 1968
efficiency may be met with total input only 160 kg
N/ha.year or fertiliser N of 117 kg/ha.year, cut the
fertiliser use by 27%. Similarly, the same efficiency at
current fertiliser rate would produce about 83 kg
N/ha.year. This efficiency improvement will cut the N-
lost to the environment by 33% and 15% respectively.
These alternatives of efficiency improvement show that
reducing the input and improvement of efficiency will be
a major challenge for crops researchers and farmers. It is
also a better way of meeting food demand while
maintaining environmental quality.

Technically, many ways are available to improve N-
fertiliser efficiency. Datta (1986) proposed: (i) improved
timing and application methods, and particularly through
better incorporation of basal N-fertiliser without standing
water, (ii) use of N-efficient plant (rice) varieties, (iii)
deep placement of fertiliser (urea) supergranules, and (iv)
use of slow release N-fertilisers. Chien et al. (2009)
detailed some N nutrient efficiency improvements
include (i) controlled-release coated urea products, (ii)
slow-release urea—aldehyde polymer products, (iii) urea
supergranules for deep placement, (iv) nitrification
inhibitors to cut nitrate leaching and denitrification, (v)
urease inhibitors to reduce ammonia volatilisation from
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urea, and (vi) ammonium sulphate to enhance N
efficiency of urea. These efforts may result in an
increased relative economic benefit for saving fertiliser
cost, enhancing nutrient efficiency, or increasing crop
yield. In a management sense, Fageria and Baligar (2005)
argue that N efficiency improvement must consider these
technical issues along with soil and crop management
practices. For example, livestock production with
cropping offers one of the best opportunities, and
synchrony of N supply with crop demand is essential to
ensure adequate quantity of uptake, utilisation and
optimum yield.

Snyder et al. (2009) mention some available nitrogen
management measures include: (i) right N-fertiliser use
(ii) best management practices (iii) tillage practice, and
(iv) differences among N-fertiliser sources. These and
many other measures can give some benefits such as (i)
helps increase biomass production necessary to help
restore and keep up soil organic carbon (SOC) levels, (ii)
minimise residual soil nitrate, which helps lower the risk
of increased nitrous oxide (N2O) emissions, (iii) reduce
soil disturbance and maintain crop residue on the soil
surface to increase SOC levels, and Ventere, et al. (2005)
concern with cutting nitrogen oxide and methane
emission.

Grinsven et al. (2012) state and evaluate the
implementation of the Nitrates Directive (NiD) policy in
the northwest of the European Union (lreland, United
Kingdom, Denmark, the Netherlands, Belgium, Northern
France and Germany). This policy restricts the use of
fertiliser and manure application has contributed to the
decrease of the nitrogen soil N balance and by that of the
gross N load to the aquatic environment. Therefore, such
a policy might be applicable for the Indonesian
agriculture practice to control the environmental
pollution caused by the excessive use of mineral fertiliser.

The main concern of fertiliser application research in
Indonesia has been on optimal and balanced fertiliser to
improve vyield (Wahid, 2003). The fertiliser related
pollutions existence warn that the future agriculture is no
longer to maximise production, rather it is to optimise the
production and minimising pollution. Ignoring
environmental pollution for long time will be a
catastrophe of crops production. Therefore, more
research and practical efforts (applied research) is
required to find best farming practices with better
fertiliser use efficiency and lower fertiliser wasting to the
environment. Increase the obtaining N from legumes is
potentially more sustainable than from industrial sources
(Crews and Peoples, 2004). Indonesia is a country which
has the capacity to greatly reduce or eliminate
dependence on synthetic N through application of organic
fertiliser, nitrogen fixing plant, and even changing the
staple food (Bantacut, 2014). Integrated nutrient
management systems are needed to maintain agricultural
productivity and protect the environment. Microbial
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inoculants are promising components of such
management systems (Adesemoye and Kloepper 2009).

6. Conclusion

The balance models show that the efficiency of
nitrogen uptake has been decreasing from 1968 to 2008.
This 40 years of fertiliser application history convinced
that nitrogen loss to the environment is increasing
following the level of its application. Maintaining
productivity will need more fertiliser application then
nitrogen losses is expected to increase and worsen the
environmental pollution. N-loss can occur through
ammonia volatilisation, leaching of nitrate (nitrification),
and evaporation from the soil NO and N
(denitrification).

Agricultural production in Indonesia is increasing
every year. Dominant factors to increase production are
increased fertiliser application, improved crop varieties,
better land preparation, expanding agricultural land,
irrigation development, and the increased application of
pesticides. On the other hand, an increase in agricultural
production brings the adverse effects on the environment
such as river and groundwater pollution are already exits.
Therefore, it is necessary to manage environmental
pollution by controlling and reducing the use of fertilisers
and chemicals through the efficiency improvement.
Alternatively, the use of organic fertilisers and
leguminous plants should be improved. An increase of
plant variety and minimise nitrogen loss to the
environment should also be done. Reducing and
controlling the use of chemicals in farming and solving
the environmental problems should in line with
maintaining the quality and quantity of agricultural
production.
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