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Abstract

Possibilities to reduce nitrous oxide (N2O) emission from soils can be explored with
simulation models. In this study, principal assumptions and hypotheses underlying such a
simulation model under development are presented. It uses soil water content profiles as main
input data and describes production, consumption and transport of N>O.

Observations on sandy grassland plots in the Wageningen Rhizolab will be used in the
model development. The model is to explain the shape of the nitrous oxide profiles and the
relation between subsurface nitrous oxide gradients and the observed fluxes.

1. INTRODUCTION

Soils are estimated to be responsible for more than 50 % of the global emission of N2O [1].
Soil emission data show a large variation. This variation results from the influence of various
factors on the fundamental processes denitrification, nitrification and transport that determine
N»>O emission from soils. These factors are temperature, aeration (related to moisture content),
nitrogen mineralisation rate, amount and kind of added N fertiliser and content of readily
decomposable carbohydrates. The current research is focussed on quantifying and modelling
the influence of these factors on N2O emission from grassland soils. Some of the above-
mentioned factors, like aeration and fertilisation, can be manipulated in soils. These possibilities
can be explored in experiments. Simulation models can be a powerful tool to guide this
experimental work and to minimise the amount of work needed for giving well-based proposals
for strategies to reduce NoO emissions from soils. In this paper the planned development,
calibration and validation of a simulation model to describe nitrous oxide dynamics in and
emission from relatively homogeneous grassland soils are outlined. In these modelling steps
results of experiments in the Wageningen Rhizolab will be used [2,3].

2. MODEL CONCEPTS

2.1. Nitrous oxide production and consumption in the soil
Nitrous oxide production and consumption in soils is attributed to the nitrogen
transformation processes denitrification and nitrification (Figure 1). Before the modelling, a
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quantitative inventory will be made of the relative importance of these processes for nitrous
oxide production and consumption under various circumstances.
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Figure 1. Hole-in-the-pipe model for nitrous oxide dynamics in and transport into or out of
soils (Adapted from [4]).

2.1.1. Denitrification

Denitrification may occur at low partial oxygen pressures. Three types can be distinguished:
biological denitrification by either heterotrophic microorganisms or autotrophic microorganisms
and chemodenitrification. In all cases nitrate or nitrite is reduced. Heterotrophic biological
denitrification is the most important for NoO emission from soils [5], and will be the only type
taken into account in our model. The overall reaction equation is:

5 (CH,0) + 4 NO3~ + 4 H* —> 5CO, +7 HyO + 2 N, + energy.

The reduction of nitrate (NO3" ) in heterotrophic denitrification occurs stepwise; N2O is one
of the intermediate compounds that can be either further reduced to N5 or transported to the soil
surface and eventually the atmosphere:

NO3~—> NOy;=—> NO — N,O —> N,

The extent to which N7O is further reduced principally depends on the aeration of the soil,
the amount of nitrate present and the residence time of N,O in a reduced soil portion. The
process-based denitrification model accounting for these phenomena of [6] will be used as a
starting point for model development. It essentially describes the dynamics of several (nitrogen)
compounds as a result of the biological processes performed by two groups of heterotrophic
bacteria: one group of strict acrobes, using only oxygen as electron acceptor, and one group of
denitrifying bacteria that use either oxygen or, under anaerobic conditions, nitrate, nitrite and
nitrous oxide as electron acceptors. Mineralisation and immobilisation are described in a very
simplified manner.

2.1.2. Nitrification

Nitrous oxide production in relatively dry soils, i.e. at moisture contents below field
capacity, is generally attributed to nitrification [7]. The overall reaction of nitrification is given
as:
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NH4*+2 Oy —> NO3~ +2 H*+ HyO + energy.

In our opinion, however, NoO production attributed to nitrification should also be classified
as N2O production in denitrification, since it is essentially due to denitrification of intermediate
products in nitrification.

Nitrification is performed by autotrophs as well as by heterotrophs, of which autotrophs are
the most important. In fact, nitrification takes place in two steps. First ammonium (NH4?) is
oxidized to nitrite (NO,") (ammonium oxidation). Next nitrite is oxidised to nitrate (nitrite
oxidation). Nitrous oxide production from nitrification is ascribed to two processes [5]:

1. nitrifier denitrification: ammonium oxidisers use NO,™ as an alternative electron acceptor
when O, is (locally, temporarily) limiting and produce N2O (in fact this process is pure
denitrification which occurs in nitrifying organisms),

2. atype of chemodenitrification: chemical decomposition of intermediates between NH4+ and
NO,~, or NO,~ itself, to N»O.

We are not aware of any existing process-based model of nitrifier denitrification. However,
this process could be described analogously to the description of denitrification by [6]. The
second process can probably be described by elementary chemical reaction kinetics as soon as
the reactions involved are identified.

2.2. Transport of nitrous oxide within the soil and at the soil-atmosphere
interface
Several mechanisms of gas transport in soils have been distinguished [8]. Ordinary
diffusion is the most important in the continuous gas phase of an unsaturated soil [9]. We
assume that our system can be described as a one-dimensional system, basically governed by
the reaction diffusion equation (Fick's Second Law plus production/consumption):

dc d dc

§=—{Deff—}+S, (D
U oz

where: = nitrous oxide concentration,

= time,
z = depth (z increasing with depth, z=0 at the surface),
Dess = (modelled) effective diffusion coefficient,
S = volumetric nitrous oxide production or consumption strength.

A more refined description of gas transport in the soil can be found in [10]. The equation
describing nitrous transport at the soil-atmosphere interface is a special case of equation 1.

3. CALIBRATION AND VALIDATION PROCEDURE

The model that will be developed has to be calibrated and validated. For this purpose, a two-
year experiment is performed in the Wageningen Rhizolab [2]. Regularly, nitrous oxide fluxes
and belowground profiles of the soil moisture content and several gases and nutrients were
determined on 4 grassland plots on a sandy soil. A portion of the results will be used for
calibration. Results for the other dates will be used for validation. For validation, probably also
results from other experiments, like the experiments of the Nutrient Management Institute
(NMI; Velthof et al., this volume), will be used.
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4. POTENTIAL REDUCTION STRATEGIES

Experiments suggest that nitrous oxide emission from grassland soils could be reduced by
applying suitable management practices like split application of nitrate fertilisers during dry
periods [11, 12]. The simulation model could be very helpful to explore the possibilities to
reduce emissions by measures like this.
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