Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

AP42 Section:

9.2.1

Background Ch

4

Reference;

54

Title:

T. Granli and O.C. Backman,
"Nitrous Oxide (N2O) Emissions
From Soils in Warm Climates,"
Fertilizer Research, 42(1-3):159-163,
1995.



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



* = T

SR

TR

Fertilizer Research 42: 159-163, 1995,
© 1995 Kluwer Academic Publishers. Printed in the Netherlands.

Nitrous oxide (N,O) emissions from soils in warm climates

Tom Granli & Oluf Chr. Bgckman

Norsk Hydro Research Centre, PO. Box 2560, N-3901 Porsgrunn, Norway

Key words: nitrous oxide, tropical soils, agricuiture, N availability, temperature, soil water content

Abstract

NzO emission rates seem to be higher from soils in warm climates than from soils in temperate climates. Warmn
and moist conditions promote microbial processes that generate NaQ. Clearance of tropical forests enhances N;O
formation, but emission measurements from other agricultural operations in the tropics are few. Limiting fertilizer
appiication to recommended rates applied at appropriate times and avoiding failow land wherever practical serves
to limit N2O emissions. More specific advice for agriculture in warm climates requires further studies.

Background

N3O is a natural constituent of the atmosphere, but
the concentration is increasing by about 0.25% year™!
[17]). The preindustrial atmospheric N,O concentra-
tion was probably about 280 ppbv, and the present
concentration is 310 ppbv. This may increase to about
340 ppbv in 50 years’ time if present emission rates
continue unabated.

N;O has an atmospheric lifetime of about 130
years, The natural emission rate of about 9.5 Tg N,O-N
year~! (1 Tg =10'? g = 1 million tonnes) has increased
to about 14 Tg N,O-N year~!. Thus the increase is
about 4.5 Tg N2O-N year™!, or about 50% of the nat-
ural background emission [21].

Increasing atmospheric concentration of N2O is a
matter of environmental concern: '

—N;0 is a “greenhouse” gas, and present emissions
contribute to about 5% of the anthropogenic green-
house effect;

—N30 in the atmosphere decomposes slowly in the
stratosphere, partly 1o NO. This NO formation may
contribute to a thinning of the ozone layer.

Microbiolagical processes are the principal source of
atmospheric N,O, both natural and anthropogenic.
Transport and industrial processes also generate some
N20O, but man’s major impact on the emission rate
scems to be indirect: through use and management of
soi! and water.

Daily emission rates from soil can vary greatly,
and annual emissions are difficult to quantify. How-
ever, cultivated soils seem to have an enhanced flux
of N;O compared to forest soils. Fertilizer N inputs
explain some, but not all of this enhanced emission
rate. Other factors including management practices
.also influence the emission. Bouwman [2] listed esti-
mated fluxes from various land use regimes:

— uncultivated lands and natural ecosystems in termn-
perate regions, mostly below 1 kg N,O-N ha~!
year™!;

~natural ecosystems in tropical regions, mostly
below 2 kg N;O-N ha~! year™!;

—cultivated land in temperate regions: fluxes vary
greatly, but the median of 36 sets of measurements
was about 2.5-3.0 kg N;O-N ha—! year—!.

This paper will give a brief overview of the mech-
anisms and processes that determine NyO emissions
from soil, with a special emphasis on situations typical
for warm climates. More details, notably on emissions
in temperate climates are found n our recent review
[14].

Production of N,O in seil

N, O emission rate from soil depends on complex inter-
actions betwen soil, climatic and management factors
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that influence microbial processes. All N,O derived
from microbial processes originates either with:

~nitrification; stepwise oxidation of NH{ to NOj .
This process requires the presence of oxygen, it is
an aerobic process;

- denitrification; stepwise reduction of NO3 to Ny.
This process requires that oxygen is in short supply,
it is an anaerobic process,

N20 is an intermediate or a byproduct in these micro-
bial processes.

There are more published field studies on N,0Q
formation in soils under temperate than under warm
climatic conditions, notably from agricultural soils.
However, since the processes that generate N, O are the
same, deductions can also be made for tropical regions,
though the controlling factors may differ markedly.

Soil is a heterogeneous material, different process-
es proceed at the same time, and the limiting factor for
N2O production can change, sometimes rapidly, e.g.
during rain.

N2O emission rates from soil depend on:

~the rates of nitrification and denitrification;

- the ratio of N3O to the other, often main, reaction
products, NO;” and Ny;

—the ease of diffusion and escape of N2O from soil
to atmosphere.

The main controllers for N, O production and emission
are:

-N availability, or more correctly soil content of
NH;} and NOJ, the substrates for N,O producing
processes;

-soil content of degradable organic carben, which
serves as energy for most microbial processes,

—soil aeration, which is determined by soil content
of air and water and by soil texture,

In addition to these primary controllers, soil tempera-
ture and pH are important factors.

Some of the principal factors that influence N,O
emissions are outside the farmers control: soil type,
rainfall, season and temperature. Nevertheless, some
can be influenced, at least partially. Such factors
are:

~soil aeration, affected by tillage;

— water status, controlled by irrigation and drainage;

—time, type, amounts and application method of fer-
tilizers and manure;

- soil pH;

- supply of easily degradable organic material;

—cropping patterns.

Factors affecting N,O production in soil

The potential of a soil for N2O emission depends op the
amount of N available for microbial transformation ang
on the rate of these processes (the turnover rate) [24),
Further, NO; is both a substrate for denitrification
and also an inhibitor for microbial transformation of
N,O to N;. Hence, application of mineral fertilizers
or manures is usually followed by a rapid increase jn
N;O emission rates that lasts for one or a few weeks [,
29). Timing and magnitude of this emission depends
on other soil and climatic factors,

In temperate climates the direct contribution of fer.
tilizer application to N»O emissions is given by the
N, O yield;

N,O-N( 5y — NoO-Ni

N,O yield = —
2T yee N application

x 100%

where: N;O-N(fy: emission from fertilized field;
N2O-N(,): emission from unfertilized field.

Published N,O yields vary within wide limits, A
regression analysis of published data by Bouwman (2]
point to 0.5% as the typical N;O yield. However, this
does not take into account indirect effects of fertiliza-
tion practices on a soil’s ability to form N3O in the

-longer term ¢.g.-enhanced fertility, Hence, Mosier [25)

suggested that 1% is an appropriate factor for calcula-
tion of emission budgets. However, these numbers are
derived mainly from measurements in the US, Canada
and north-western Europe. In tropical and subtropical
climates N efficiency (in crop production) tends to be
low, below 60%, as discussed by others in this volume
(1, 27, 36). Hence, more measurements are required
before such calculation factors can be used with confi-
dence for fertilized land in warm climates.

The emission depends on the availability of O, for
microbial processes, and the ease of escape of N,O
by diffusion through soil pores. Soil water content
is a controlling factor for both. NoO emissions are
especially favoured when the scil is sufficiently wet
to restrict oxygen availability. Such conditions give a
high N;O/NO; product ratio in nitrification, and are
also necessary for denitrification. If the soil becomes
very wet, nitrification ceases, denitrification proceeds
increasingly to Ny and gas escape from the soil is hin-
dered. Thus, a soil water content where both denitrifi-
cation and nitrification can proceed, will generally give
the maximum emission of N;O. The range of this soil
water content is normally in the range of 45 to 75%




water-filled pore space [9], which is normally close to
the scil’s field capacity, except for heavy, clay soils.

A strong increase in N»O emission following irri-
gation or rainfall is normally observed. In this regard
Davidson et al. [10] studied emissions in a dry tropi-
cal forest. Emissions were higher in the rainy season
than in the dry season, and addition of water to dry
soil caused rapid formation of NH;,+ from mineraliza-
tion and large pulses of N2O emissions. Further, N;O
emissions are notably high when the soil alternates
between dry and wet conditions rather than being con-
stantly wet. This can be due to:

—increased availability of nutrients and stimulation
of the microbial activity,
~rapid change of aeration status that furthers NoO
production;
—accumulation of NG3', NO; and dead, degradable
organic materials during dry spells.
The effect of water and N inputs depends on soil tex-
ture, and vice versa. Clay soils can keep more water
for longer periods than can light easily drained sandy
soils. Nitrification is usually more rapid in light than
in heavy soils, while denitrification is favoured in the
later. N;O produced at depth can be reduced to N;
as it moves upwards through the soil profile, espe-
cially when diffusion is slow as in heavy textured soils
and/or if the soil is very wet. However, N2O can escape
more easily from coarse-textured soil types, Overall,
clay-soils-seem to-emit ‘more N3O-than sandy -soils,
but this tendency can be masked or reversed by other
factors.

Ploughing and cultivation increase aeration and
ease moisture cvaporation. Accessibility of crop
residues for soil microbes is enhanced, and this may
induce pulses of N,O emission, However, the general
impression is that the rates of denitrification and N3O
losses are lower from ploughed soils than from cultiva-
tion without tillage. Further, soil compaction caused by
tractor traffic or trampling of cattle alter soil structure
and generally enhance both denitrification and N,O
emission rates [12, 15].

The presence of degradable organic matter is nec-
essary for a high level of microbial activity. Pockets of
organic matter in an otherwise aerobic soil can cause
conditions of local oxygen deficiency. Availability of
organic matter can be an important limiting factor for
NoO emissions. NoO emissions tend to be substanttal
where organic matter is available in abundance, e.g.
from organic soils {11]. The effect depends on N sup-
ply. If NOY is sparsely available, denitrification goes
mostly to Na, butif the NO7 supply is ample, reduction
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of N2Q is impeded and N> O emissions can be at a high
level (e.g. after fertilization). Thus, input of degrad-
able organic materials with manure and crop residues
can create conditions favourable for NyO formation,
especially when the C/N ratio in the amendment is low
{4] orif it is applied together with mineral N fertilizer
[6].

Microbial activity, denitrification and nitrification
rates all increase with temperature. The optimum tem-
perature for denitrification is reported to range from 30
to 67 °C. The optimum temperature range for nitrifi-
cation in soils is usually between 25 and 35 °C, but
both nitrifiers and denitrifiers have temperature optima
adapted to their climatic regions. Laboratory studies
and field measurements show that NoO production and
emission also increase with increasing temperature, at
least up to 20-40 °C (6, 7, 13, 26].

Large spatial and temporal variation in NyO emis-
sion is a problem for obtaining reliable estimates from
various soils and ecosystems. Diurnal, daily and sea-
sonal variations in N,O emission in a field can at
least partly be explained by variations in temperature
[31].

The effect of soil pH on N;O emission is complex
and dependent on nutrient status. Where denitrification
is the main source, increasing pH tends to decrease
emissions, at least below pH 6 {35). Where N,O mainly
originates with nitriflcation, emissions tend to increase
-as” pH-increases, ‘at least In the range of pH 6 to §

[41.

Tropical situations

Several recent publications have pointed to the tropi-
cal regions, especially the rain forests, as a dominant
source of atmospheric N,O [3, 34]. Measurements
from various natural ecosystems show that emission
rates from tropical soils are higher, and sometimes
much higher per hectare, than their temperate counter-
parts [18]. Activity of man enhances these emissions
through forest clearing, biomass burning and agricul-
tural/pastoral exploitation.

The principal characteristics that tropical sotls~—
with the exception of high mountain arcas-have in
common, 18 high temperature, and limited seasonal
temperature variations. There are no special tropical
soil processes that produce N;O. It is warm and fre-
quently moist conditions favouring rapid decomposi-
tion of organic matter [ 28], often with a low C/N ratio,
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that make the warm regions the principal background
sources of N,O [3].

Emissions from dry areas in the tropics are report-
ed to be low during the dry season, but during the wet
season and after irrigation, they can be comparable to
those from arcas with humid climates (12, 16, 33].
Seasonal frequent and heavy rainfall with intermittent
periods of drying of the topsoil increase emissions,
‘While there are a number of studies available for N;O
emissions from tropical forests and grasslands, there
is limited data on emissions from fertilized and irri-
gated fields (excepting the special case of paddy rice),
This is unfortunate as there may be an optimum com-
bination of fertilizer application and irrigation prac-
tice. Currently, much effort is placed on increasing
food production in the developing countries through
more extensive use of irrigation. The very large expan-
sion of irrigated cereal production in these parts of the
world points to the importance of achieving more emis-
sion data from irrigated and fertilized soils in tropical
regions.

In the humid tropics, soils are often acidic with pH
below 6. Low pH may, to some extent, explain the
high emission rates reported from these soils, at least
where denitrification can be substantial, as in wet clay
soils. Soils in the drier regions have higher pH values
with possibilities of NO;” accumulation during the dry
season. This NO; originates with nitrification and may
give high pulses of N;O in wet periods, at least when

_the supply.of NH -is.adequate [10).

Conversion of tropical forests o pasture and oth-
er agricultural land is a major environmental issue
{8]. Large amounts of N can be mobilized by such
land clearance. This can enhance annual N;O emis-
sion rates, at least as long as decomposable organic
matter is present and N is available for transforma-
tion, possibly for a decade or two [19, 32, 34). There-
after, fluxes from cleared pastures and savannas can
be lower than from similar forest sites {20, 30). The
enhanced N> O emissions following forest clearing and
pasture management are more pronounced during wet,
rather than dry periods [12, 22]. Fertilization and oth-
er management practices {e.g. cultivation of forage
legumes) may have potential for extending the peri-
od of enhanced N;O emissions, but this topic has not
been investigated for tropical pastures. Pastures merit
further investigation as an N;O source, as productive
pastures combine good availability for microbial trans-
formation of N and organic matter, urine patches are
known to have high rates of N»O emissions, and soil

compaction by trampling of cattle can also increase
N, O emissions.

Various studies have been made where N;O emis-
sions from different crops have been compared, No
systematic differences are apparent, with a few excep-
tions. Legumes contribute an N input to soils through
biological N fixation. This input like other N inputs
increases N, O formation, Intercropping with legumes
is practised and promoted in tropical and subtropical
regions where the supply of fertilizers can be diffi-
cult,

Some important tropical crops such as banana and
sugar cane may merit priority for studies. These crops
are heavy fertilized. After harvest of bananas the mass
of leaves are cut and left on the surface to decompose
under warm, moist conditions. However, there are no
reports on measurements of N3O emissions in banana
plantations. On the other hand, sugar cane residues
generally decompose under more dry conditions where
N;O production shouid not be favoured to the same
extent. A few published measurements of N, O emis-
sions from this crop indicate that the fluxes are not
remarkable [11, 37].

Another crop more typical for warm than for tem-
perate climates where data are available, s paddy rice.
The emission rate is known to be modest while fields
are floeded, but Bymes [5] found that emissions could
be as high as 6 to 7 kg N2O-N ha~! for a growing
season. The N, O originates with NOy™ accumulated in
the soil-during the dry season fallow, and denitrified
When the rainy season starts. However, it is not known
how representative these results are for rice cultivation
in general.

Some countries in temperate climates have estab-
lished codes for good agriculturai practice (e.g. [231]).
One purpose of such codes is to prevent NO; leaching,
¢.g. through limiting irrigation and fertilizer applica-
tion to the amounts necessary to ensure optimal plant
growth. Further, NO;y accumulation in soil should
be prevented by avoiding fallow and keeping the soil
under green cover for as much of the year as is practi-
cal. These measures should also serve to reduce N>O
emissions. Thus, much advice to farmers in temperate
climates on how to minimize N;O losses from agri-
cultural land is already found in existing codes. This
advice may provide a starting point for elaboration of
similar information for other regions, provided care
is taken to adjust the advice to local farming condi-
tions. Agriculture in the tropics is even more diversi-
fied and complex than in temperate regions. There is
ample scope for scientific work in the warm climates
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on increasing plant nutrient efficiency and minimizing
cnvironmental impacts of agriculture.
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