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INTRODUCTION

The processes involved in Scil Organic Matter (SOM) turnover are performed by heterotrophic soil microorganisms. They use nitrogenous organic
substrates as a source of energy and/or matter. If the content of N in the assimilated organic substance is enough to satisfy the newly biomass
requirements then the Direct N assimilation takes place. Otherwise NH4* or NOy is assimilated from the soil into microbial biomass happening the
N Immobilization. Hence the net production of NH,*, which is designated as net mineralization of N, is the difference between two opposing
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processes, N mineralization and N immobilization. The microbial process whereby NH,* is oxidized to NOy™ is referred to as nitrification [1].

MODELLING THE MICROBIAL ACTIVITY TO STUDY
THE DYNAMICS OF C AND N IN SOIL ORGANIC
MATTER (SOM)

The use of an individual approach in the modelling of microbial systems is a bottom-
up approach which starts at the individual level of the investigated systems, and it
tries to improve the understanding on how the system’s properties emerge form the
interaction ameng these parts [2].

An individual-based model, INDISIM-SOM, has been developed to study microbial
activity in the mineralization and immobilization of C and N and nitrification of the
soil organic matter [3,4,5].

INDISIM-SOM assumes:

- two groups of microbial cells (decomposer microorganisms and nitrifier bacteria)
and nine types of substrate,

- five kinds of organic compounds differing on their C and N composition and their
biodegradability, and four mineral compounds (NH,, NO5, CO, and O5).

The evolution and behaviour of each microorganism is modelled taking into account
individual actions and properties: uptake and metabolism of substrate, reproduction,
death and lyses. Some of the specific points of nitrifier population are:

®Each nitrifier uptakes some of the substrate particles surrounding it (NH,, CO,
and O,) from the spatial cell that it is occupying. The uptake depends on its
individual maximum capability, which is function of the microbial surface in contact
with the external medium, and also on the substrate availability [4,7].

BThe uptaken substrate particles are metabolised. The nitrifier cell is modelled
entirely as an autotrophic bacterium. The cell uses NH,* for its cellular maintenance,
but if there is not enough and more energy is still required it can be obtained by
using its own biomass (endogenous respiration). The cell uses CO, and NH;* to
synthesize new biomass. The CO, is assimilated through the Calvin cycle.

Most soils have the capacity to bind ammenium from aquecus solution to the soil
surface lowering the free NH * concentration, governing the rate of ammonia
oxidation [2]. Therefore two different compartments of NH,* have been considered.
One of them is the ammonium in solution, which is diffused as other mineral and
soluble organic compounds. The cther one is the ammonium adsorbed on the
colloids surface among other soil sites. Both forms of ammonium are in equilibrium
and they are subject to a process of adsorption and desorption modelled by two
constants. Only the ammonium in soil solution is available for microorganisms.

EXPERIMENTAL AND SIMULATION RESULTS

The good fitting between the experimental results of scils and the simulated pools has
been performed in order to calibrate the simulator INDISIM-SOM. With the same set
of values for all the parameters considered in the nitrification model it has been
possible to obtain the evolutions pointed out in Fig. 2 [5-7]. Figure 2 shows the
cumulative production of ammeonium and nitrate. The simulated temporal evolutions
keeps up a correspondence with three sets of experimental data related to soils of
Calaf, Miralles and Caldes.

INDISIM-SOM is a simulation model that shares the philosophy of the individual
based models. It has been developed and it is ready to study diverse variables
related to soil microbial activity to deal with soil C and N turnover.
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Figure 1 Sketch of nitrification process as is modeled in
INDISIM-SOM
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Figure 2 Cumulative ammenium and nitrate produced:
experimental data from laboratory incubations of the three
sampled soils (points) and simulations results representing
the N-NH,4 and N-NOz compounds (lines).

AKNOWLEDGEMENTS: The financial support of the DURSI Generalitat
de Catalunya 2003ACES00064 and the Plan Nacional 1+D+ of the
Ministerio de Educacién y Ciencia CGL 2004-01144

[[1] 5. Hansen H.E. Jensen, H. Svendsen. Daisy Soil Plant Atmosphere System Model. NPO Report, N® A10. The national Agency for Environmental Protection, Copenhagen, { 1990).
[2] M. Ginovart, D. Lépez, J. Valls. An individual-based discrete simulation model to study bacterial cultures. Journal Theoretical Biology, 214 (2002) p. 305.
[3] A. Gras, M. Ginovart. Discrete simulation model to study heterotrophic microbial activity in soil. Proceedings of The IASTED International Conference on Applied Simulation and

Modelling, ACTA Press (2004), p. 125.

[4] A. Gras. INDISIM-SOM, un model discret per a 'estudi de la dindmica de la material organica i la nitrificacié en séls. Ph.D. Thesis, University of Lieida, Spain, (2004).
[S] M. Ginovart, D. Lépez, A. Gras. Individual-based modelling of microbial activity to study mineralzation of C and N and nitrification process in soil. Nonlinear Analysis: Real World

Applications (in press).

[6] A. Gras, INDISIM-SOM, un model discret per a I'estudi de la dinamica de la material organica i la nifrificacio en séls. Ph.D. Thesis, University of Lleida, Spain, (2004).

[7] M. Ginovart, D. Lopez and A. Gras. Monlinear Analysis: Real World Applications (in press).
[8] R.F. Grant, {1994), Soil Biology and Biochemistry 3, 305 (1994).

[8] N. Hommes, S. Rusell, P.Bottomley & Arp (1998). Effects of scil on ammonia, ethylene, chlorethane and 1,1 1- Trichloroethane Oxidation by Nitrosomonas europea. Applied and

Environmental Microbiology, 64.4: 1372-1378.



