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in urine patches from grazing ruminants cap lead to an inefficient use of N on-
supplies. Three stages of submodels (NDUP1,2,3) are
g the long-term consequences of this aspect of grazing

Abstract “The intense aggregation of nitrogen (N}
farm and a point source of leached nitrate, which can contaminate water

descsibed for simulating the N dynamics of the urine patch and for predictin
hehaviour on the stability of the grazing resource. Field observations on biclogical responses and the mass balaace of patch N are

proceeding in paraliel with model development and the work is also being supported by laboratory experiments. NDUPI (0-6 days)
is based on rapid hrydrolysis of urine components and losses from the voitilization of ammonia, Knowledge of enzyme dynamics
and ionic eguilibria is reasonably well established for modelling this phase. We have included a potentialiy rapid microbial
responss based on Iabile carbon in the surface soil and this can provide a useful sink and source for retaining and recycling M. The
addition of a generic relationship between ammonium adsorption and the cation exchange capacity of pasture soils provides some
basis for extrapolating ¥DUP 1o a range of soils. The nitrification phase is included in MDUPZ (6-200 days) where plant upiake
can become a signiticant sink and source for N. Nitrate leacking can become critical and hence a sufficient hydrological secton s a
key componeni for NDUFZ, Patchiness, in & general sense, can contribale o hiological diversity. However, the intense
aggregation of N imposed at the micro-scale of the patch may create instability in the resource from an inefficient use of the
puirient and #s loss from the sysiem. Further, the stability outcome of grazing preference for or against the patch has not beea
examined and this can be done best by modelling (NDUP3). The first modelling stage is completed along with the aydrological
component of the second stage. Features of the approach to MO UPT are outlined.

parameters for ionic equilibria (NRC 1979) and on equations
deveioped by Sherlock and Goh (1983a). We have added the
potentind for by-pass flow of urine, soit adsorption of
ammoninm znd its cnhanced shori-ierm aptake by micro-
organisms in moderately grazed pastures where there can be
substantial particulate organic matter in the soil surface

1. INTRODUCTION

The economizs of nitrogen (M) and waler afe inter-related and
critical for sustained animal production from sown w@mparate
pastures. The nirogen economy of Australian pastures is
almost exclusively dependent oa the biclogical fixation of M
by the legume-rhizobial association. In good rainfall years, {authors unpabi. b
the M fixed can be in substantial excess of the sysiems
requirement for high production and this excess can provide 2
source of ground water contamination (sg Dilion 1588}, The
potential for N loss is exacerbated by grazing, which is
atiended by an agzregation of M at high concentragion within y plant - hydrolysis-1
ihe urine patch. The fate of this N involves physico-chemical, A1 | T o e A3
soil biological and hydrological (leaching) processes along Hateresphion
with potential longer term consequences of sheep excretal % soif voladlizadon-1 é
behaviour and foraging preferences. The development of a Interception

three-stage simulation model is reported. The model alms 0

evaluate the effect of the urine patch on the stabifity of the N 4 h’"""{"{“"."‘%’" X5 ol mﬁszn_,, X5
cconomy in Apstralian temperate pastires which are subject yermlysis -
wy variable rainfall distribution and lsaching events. The é

2.1 Structurs

tnmur—

by-pass pet w, adsorption
flowr synthesis

=7 X8 X0

model is being developed in parailel with experiments which
span pasture types ranging from productive perennials to
Gograded anouals.

2. FWIRET STAGE (NDUPI}

The first stage of the model (WDUPI) is constrained 1o ihe
short-term dynamics of nitrogen (M) in the unse paich (G w
ca. 6 days) and uses a tme siep of 6 minutes. Nitrogeaous
components of sheep uring hydrolyse rapidly to ammonium,
which can be a significant source of N loss as volailized follows:-
mmmonia. MDUPLI] is based on established chemical

Figure 1: Structure of NDUPL

Siate variables (1.9, ilustrated in Figure 1, are defined as
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X1: A single urination (sheep) of mean volume and specified
¥ concentration, which reflects grazing intke from a defined
pasture {ype.

X2: Urinary-N constituents intercepted by plant tops and
residues and subject to rapid hydrolysis by ureases.

%3 Ammoniacal-N formed from the hydrolysis of urine
intercepted by plant cover (tops and residues) and subject o
rapid volatilization as ammonia gas.

Xd: Urinary-N constituents intercepied by soilina patch of
measured dimensions, corrected for by-pass flow and subject
10 enzymatic kydrolysis,

X5 Ammoniacal-M present in the patch as the balance
between hydrolysis, votatilization, formation of net biclogical
sinks and adsorption by soil.

X5..9: Mitrogen accounted for by volatilization, by-pass flow,
binlogical uptake (mainly microbial in NDUPIY and net soil
adsorption of ammmoniam ions.

1. Geverning Equations

The description of ¥DUP] will be centred on flows from the
state variables, with each flow representing a process. which
is dealt with below.

Plant interception: Voided wrinary N ig intercepied by plant
1ops and liter Iying on the soil surface. The interception may
vary from 1 to 20% depending mainly on the mass of plant
material, The latter depends on pasture Lype, season, stocking
rale and grazing praciice {eg contingous Versus rotational).
Percent interception is & required inpat for NDUPI and a
prediction relationship based on plant mass is being developed
in paraliel field experimenis.

Soil interception and by-pass flow: The remaining urine
enters the soit. The dimensions of the surface urine patch are
required inputs for the model. However, Dy-pass flow 10 soil
below the patch through macropores and voids can be
significant and its extent will be estimated in the field. Dye
applications and soil profile analysis will be used for
estimating patch dimensions and by-pass flow. ‘We assume
that by-pass flow does not pardcipats in ihe complex
wansformations in the patch per 52 but it will be accounied for
in the mass balancs for N in the system as a whole.

Hydrolysis (H, 2): Equations for hydrolysis of urinary M are
based on established parameters for urea, which is the major
constituent of urinary M {ca. 80%). Other N compouads, with
the exception of hippuric acid (3%) and creatine {1%:}, are
moderately hydrolysable (Whitehead ef al 1939} H ois
calcuiated from a rate constant (k) for the action of the
enzyme urease, which is then scaled for an i situ factor for
field performance (F) and for absolute iemperatare {TK using
a (yp value of 2.0.

Hyq=Xky* F¥ exp (0.0693%[TK-273)) L

In the field, H is sensitive to diurnal changes in TK. For
NDIUPI, a sinusoidal function has been developed (o inctude
the amplitude (AMPL) of the divmal rise in TK and e dme
of day for a specified urinary event (EVENT). EVENT is the

FRACTION QF N VOLATILIZED AS NII3

aumber of bours from 0900k (Time = 0), which is the
standard time for daily meteorological recording,

ToK = AMPL* sin (217 *EVENT/ 24) +TK o900k (2

Moisture can influence H. However, initial moisture
conditions in arinary films on the sarfaces of plant tops (1))
andt their residues and within the patch (Hy) are high and rates
of hydrolysis are rapid. From a simulation run of NDUPI,
which produced the losses of ammonia gas shown in Figure 3
{a mild suramer), the predicted half-lives for urea N were
ahout 3 hours. Hence, unless drying rates are very rapid. the
influence of moisture on the hydrolytic process can be
overlooked. We are planning summer experiments at
Armidale, when hot dry conditions may negate this
assumption for the patch soil.

Adgorptipn: Some ammoniacal N X35 can he held in the
patch soil by adsorption of ammonizm ions. The cation
exchange capacity {CEC) of soil appears o be a good
predictor of adsorption of ammonium ions and thus reducing
losses of N as volatilized ammonia. We have fitted a linear
function (Figure 2 10 data from 14 grasslang soils in the UK
{Whitchead and Raistrick 19935, Values for CEC in these
soils range from 108 to 443 mmol/kg and this s likely 10
inciude most grassiand soils. Within this range, there isa
rectilinear relationship between CEC and the fraction of N
that is volatilized, Outside this range, there is some ¢vidence
that the relationship is curvilinear and this is indicated by the
dotted Hnes {Figure 2).

1.0 -

FRACTION=0.486-0.600901 *CEC
{0.018) (0.000G7)
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Rsquared = 0.93
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Figure 2: Prediction of the effect of soll CEC on the fraction

of M that will be volatiiized as ammonia gas. Standard emors
for the two coefficients of the equation are given it brackels.

Reduction in ammonia volatilization between CEC values
108 and 433 mmol/kg is caleulated by applying the following
multiplier (REDN) to volatilization from X5 and allocating
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the redgetion to X9. This provides a conservative estimate for
the mmount of adsorbed N and g first siep towards
accommodating variation in adsorpgon of armmonium for a
range of soils, REDN represents an empirical approach 0
accommodating the adsorption process.

REDN = §.000901* ( CEC - 108) 3

A mechanistic approach to the adsorption of ammonimm ions
would be the appiication of a partitioning coefficient (I
between agueous ammonium and soil adsorption sites (Farion
et al 1980). However, estimation of an appropriate value for
D is difficult

Net microbial svathesis: There is growing evidence for the
role of microbial synthesis in providing a significant
bological sink for ammenium in the nutrignt rich
suvironment of the urine patch, Currently for NDUFPI, we
have set a comservative valpe of 5% for net microbial N
synihesis (5YN = 0.05). Synthesis in the paih will be
limited by accessibilicy of micro-0rganisms 10 carbon $Ources
of relatively high gquality {sensu metabolizability). In
moderately grazed permanent pastures, these SOUTCES arc
concentrated in the surface soil as are the mineral nutrients in
fhe patch. These conditions would favour microbial growth,
However, any increase in free-lving nemaiodes, which graze
ticro-organisms would result in an cnbanced mingralization
of N. These biclogical processes and interactions are being
examined in current cxperiments.

Ynlatilizaton: Fxogenous ureases present on plant wps, litter
and soti can be assumed to be poa-limiting and agusous
ammonium (NH,H 15 the nivogencus product of hydrolysis.
While some MNH g+ will be adsorbed, the aqueous AnEnonium
eapidly establishes 2 new equilibriym with agueous AMIMOni
M) with the two eatities combined ermed ammoniacal-M .

Ammonia volilization (¥ () from the surface of plant wops
and their residues is extremely rapid, Agueous ammonia 18
assumed 10 be present as a free water surface from which a ate
constant (ko) for the Initial volatitization of mmmomia of 72.8
/i has heen measured (Sherlock and Gok 19850y, If X2 and
X3 are combined as one space with a combined interface with
air, which is in equilibrium, then a value My, can ba
calcuiaed from the ratic of plant interception volume and
pasch volume, Kh is an application of Heney's law which
expresses the condition that the equilibrium constant of a
sohite in solution must excead the vapour pressure of the
solte in air for volatilization 10 OCCur.

Y= /(Kb ()
Khneeds 1o be adjusied for T as:-
Th = 1) 1466+ 14707/ T )

Yy is a very rapid process. In the simulation run for NDUFPI
presented in Figure 3, the half-time for V| was about 2.4

hours.

Volatilization {V4) from the urine patch is more complex and
its underlying theory is reviewed. V; occurs af the soil to air
interface and is a function of the differcnce in partial pressure
petween the agueous {soil) and gas {air) phases of ammonia.
Civen that mixing {(urbulence} is adequate, Vo is refated ©
the concentration of ammoniacal-N in Xa. During the
volatilization phase, AgUeOUS AMMONia can e replenished by
the wpward diffusion of ammoniacai-N. Protons (H+)
deposited diffuse downwards and bicarbonate (HCO;7) ions
diffuse upwards and may be aogmented by the {0, profile
from soil respiration (Rachpah-Singh and Nye 1986). A rapid
fise of 2 to 3 pH umits in the surface soil is attributed (o
hicarbonate and its slow decline is related reciprocally io the
time course for volatilization (V7). The Vy phase modelled in
NDUP] finishes as the pH falls towards 7.5 when the
equilibrivm between protons (H*) and bases, notably HCO3-
#as beon re-established. These mechanisms governing ¥z and
pH rise in the urine paich have been confirmed by a number
of studies.

The application of cstablished equilibria constants and the
effect of pH have been incorporated in a quotient 2 {Sherlock
and Goh 1983a).

(3= (1 + 10 [Q0908 + 2729.92/ TK - pH] (6
whenee volatiization-2 (Vo) becomes
Vo = &y / { KEF(Q*MY) (7

amd Mo i3 the volume of water in the paich. Immediately
afier the urine is voided the moistute staws of 1he paich
would be in excess of field capacity. Drying of the patch
reduces the value of My, and hence increases Vo (7) by
increasing the concentration of ammoniacal M.

2.3 Inputs for WDUFI

For the present siugdy the valoes of the required inputs will be
chiained from concument field experiments and the focus in
this submode] is on the magniiude of by-pass Dow, the
operation of soil and microbial sinks, and the prediction of
tosses of N from ammenia volatilization. Losses of other
volatiles {oxides of Ny, are considered to be minor in this
earty phass (Skertock and Goh 1983).

The required inputs for NDUPI are as foliows:-

« The mean volume per arination and the concentraiions of
total M and urea,

» The volume of urine intercepted by plant tops and litter,

« The dimensions of the uring patch, from which the soil,
microbia! and nematode sampling routines are oplimised.

» Analyses for total N and Hs componentis (area, apEnoning,
pitrite and nirae) by depth to ca. 60 cm.

» The extent of by-pass 1low.

= CEC of the patch soil.

» Absolate temperature (TK), particulasly at the interface of
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soil and air (0-3mm} and its diursal amplitude.
» The fime of the urine appiication.
« Changes in pH (1:2.5 waten) &t 0o soib-air imerface.

1.4 Sample Output

Data from a summer application of sieep urine (Sheriock and
Goh 1984,1985b) are used 10 demonsiraie prediced output of
ammonia volatilization from the current version of NDUPL.
The experiment involved a perennial ryegrass { Lolium
perenneifwhite clover (Trifelium repens) MNew Zealand pasture.
The N7 amhors measured 1be rates of ammonia volatilization
using ventilated enclosuzes. There is good agreement bofween
their observasions and the outpet of NDUPI (Figure 3).

x L=y {—=—) OUTPUT FROM NDUF]
";E (0} DATA FROM SEERLOCK and GOH (1984, 19850}
i
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Figare 3: Agreement between predicied losses of volatilized
ammonia znd observations ffom a NZ gxperiment

2.5 Summary of NDUPI

Losses of volatilized ammonta can be measared directly at the
pasture scale by integrating e flux of ammonia gas within
and above the pasiwe canopy (Frengy and Black 1938).
Fnelosures are often used at 2 urine patch scale bui their yse
smvolves a substandal tisk of changing the feld environiment.
We nave preferred the use of measarements of pH change,
iemperature and moisture as SUTOEAIC predictors of ammoma
volatilizagon from a model that is based vn well established
theory of ionic eguilibria. By-pass flow of urine, s0il
adsorption of ammonium and short lerm microbial sinks are
also included.

Field and laboralory experiments are concurmently supporting
this phase. The criterion Tor success will be the ability of the
submodel to predict the rapid flows and wansformations that
accur {0-6) days after urine application, Testing i3 over
seasons (winter, spring, summer and aptnma) and a range of
uring and pasturs types.

3. SECOND STAGE (WBUPZ)
The simulation period for NDIPZ is ca. 6-200 days, with a

one day time step. Nitrification proceeds early in this phasa of
arine paich dynarmics. Plant sptake becomes a significant sink

and source for N, the other soil biota continue 10 e active and
the potential for leaching of nitrate becomes criticat for the
mass balance of N. Water flow provides the carrier for nitrate
drainage and bence an adequate nydrological submodel 13
required to provide the mechamism for movement of the on

MOy
3.1 Hydrological Sub-model for NDUPZ

Daily rainfall and tank evaporation data provide climalic
inputs. The fauer are based on records from an Australian
Tank evaporimeter (90 om diameler %0 om deep), with a pan
coefficient (K of 1.0 {Doorenbos and Proiit 1984}, Pan
evaporaton (BT} represents the rate of evaporation from “an
extensive sutface of green grass of uniform height, growing
actively, shaded 0 ground level and with onlimited water”.
Grazed, permansnt pasture seldom fully meets these criteria
and hence BT, is reguced by & factor (k). This factor can be
varied seasonally and with changes in piant cover. JHowover,
to provide an estimate of potential evapotranspiration {(PET),
we have sct k. at a constant valuc of 0.8,

PET = 0.8%ET, (83

precipitation evapotranspiration{AET)

SW1
s o\.zerﬂow . slow fiow
tipping bucket’ %
s H
., SW 2, nd

SWn

5

drainage below the biclogical zone

¥

Figuzre 4: Structure of the nydrological sub-model

3.2 State Yariables

Ceometrically, the model 18 based on one-dimensional vertical
flgw throagh a layered soil profile, with A and B horizons
differing in their hydrological properties. The protile is divided
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into horizontal layers (state variabies SW .y o), which are not
necessarily of the same thickness. However, they are chosen
o accomumodaie major differences in their soil moisture
characteristics. The boundary for the sysiem is the biological
zone which is set by information on the distribution of root
length density {RLD). RLD also provides a surrogate estimate
for the distribution of the presence of other biota ie. micro-
organisms and Inverigbrate fauna. Drainage below the
biclogical zone is considered 10 be a loss from the system.

33 Dowpward Water Flows

All water data are expressed in linear measure {cm). We
asstme that subsequent to a rainfall input, the infiliration
process is completed within I day. Following infiltration, the
downward redistribution of water between the compartnents is
also largely accomplished within 1 day time steps with the
use of a set of conditional statements, which is analogous o a
tippiag bucke! instrument for measuring How:-

overflowpi=y g = IF (8Wioy g >field capacityp.y ) THEN
{S‘Wﬁ:;m - Held capacity.y 5 BLSEQ 9

A stow flow of water down the profile may continue for a
pariod up 10 10 days or more assuming that drainage (cm/day)
i3 an exponcntial fanction of water stomge {Black ef af 1969).
The amonnts of water involved are not great but they vary
with s0il type reflecting hydraclic properties (eg Hiliel and
van Bavel 1976); at this stage we are using a maltiplier {s)
which provides additional Rexibility to the mode!

stow fow = SF oy ™ SW =g {10}
sters 5 T 2 T i |
1.0 m"j%
" FIELD
WILTING CAPACITY
AET L. POINT
FET '

AR DAY

] j i

0 SO, WATER om

Figare 5: Schematic diagram showing the form of the ratio of
actuat 10 potential evapotranspiration (AET/PET: used for the
compariments SWi=ln

3.4 Actwal Evapotranspiration {(AET)

iz permanent pastares with good plant cover, the transpiration
tomponeat of AET is domdnant and the vertical movement of

water upward is proportional to the RLD distribution in the
soil profile. A siepped regression relationship for change in
the relation between the ratio of AET/PET and cumrent soil
waltsr is given in Figure 5. Different relationships for the soil
compariments (SWioy ) are based on their soil moisture
characteristics ie. moisaxe (cm} at field capacisy (ca. -0.10 o
-0.30 bars) and at plant wilting point {ca. -15 bars). Step 1 of
the regression (Figure 3) ranges from field capacity o a
moisture level at which AET starts to decline (ratio<1), Step
2 produces a declining AET due to rate limiting diffasion of
water 10 the root surface (anifomm soil) and/or an increasing
proportion of dry microsites surrounding the roots (small
scale heterogeneity). Step 3 is initiated at wilting point where
transpiration effectively stops. The soil compartments SW,
» Continue o dry slowly by evaporation until an air dry state

18 reached.

s

Iy Sy S {
ratio = AET/PET {11

and for each compartment SWij.; o] the mass balance for
walgr is determined as -

EW=BW, +overllow, +slow How -overflow;-slowflow;-agy,
(13}

Y o= Q182 + 0.887X © Rsguarad= 0.85
{0.1687) {0.052)

Ut
H

¥ - PREDICTED SGIL WATER (Ci}

O T Il N L T H N 13 : 1
0 1 2 3 4 5
X - OBSERVED SOIL WATER (Th)
Figure 6: Agreement between observed soil moisture-cin and
sotl moisiure-cm predicted by the submodel

35 Model Output versus Observation and Future
Development

Maodel outpat for the 6 compariments {0-15, 15-25, 25-35,
35-45 and 45-55 c¢m soil depth) has been compared with
nentron probe data (K L. .Gresnwood unpubl. data), for winter
and summer, in 3 peighbouring site of similar soil o the
current parallel experiments. Reasonable agreement was
obtained (Figure 6), However, we are dealing with a layered
s0il and a major objective of NDIJPZ is to predict pitrate
leaching. We will be examining the exient, if any, of lateral
movement of the nitrate ion particalarly at the junction of the
layers. If this occurs we will have 10 amend the model 1o
incorporate lateral flow. This would also have considerable
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significance for NDIP3.
3.6 Nitrogen Submoedel for NDUPZ

Nitrate production can be calculated as a first order kinetic
fenction of the conceatration of ammoniacal N the process is
usually resiricied 1o the upper soil layer(s). Because nifmite is
oxidized rapidly, the process can be coustdersd as a single step
(NHa* 1o NOy), The rate of niirification will be modified
according 1o waier status and to wmperaturg for the nittifying
compartments (SWizt o with the rate of oxygen diffusion
assumed 10 he non-limiting. It is expecied that airification
will be attended by a retuen in the pH of the patch soil (o the
level phor to urine addition. Potential loss of nitrate by
denitrification will not be included in the submodel unless
mass balance calculations, under conditions where
denitrification is likely, point w the potentiad for this loss
process. Biological uptake of both ammoniomm and nitrate i3
sirongly seasonal and is expected o have an imporiant
influence in determining the potential for nitrate loss by
leaching. Season also affects AET and hence the balance for
downward water flow. Mobile niirate will be assumed o be
completely soluble in water moving through the soil profile
and influenced strongly by the pattern and size of rainfall
events. Soil adsorplion of nitrate will be taken as zero,

Integration of the two submodels, which will use the same
tayers (Wi o o) will provide lnpuis for the size and timing
of drainage events. The soil soluton nitraie in each SW; will
be divided inte mobile and immobile portions with the
mobile component only to be displaced during water
movement. When each flow ceases, an eguilibrizm i5 re-
established between the mobile and Immobile phases. Both
water and nitrate are lost by drainage below the soil biclogical
zone {one-dimensional fow), However there may be lateral
flow at the bouadary between the soil layers and the model
must accommodate this possibitity {(see 3.5). The upper and
lower Bmits of mobile waler are to be set arbifrarily according
t0 the soil moisture characteristics of the lavers (Addiscott
1977

4, THIRD STAGE (WDUP3)

Passage of ingesta through the ruminant guot enhances
miineralization {eg. action of rumen microbes) and this has
been widely accepted as contributing to improving fertlity.
However, it i3 now generally recognized that the ensuiag
process of escretion is inefficient because the spatial
disiribution of excreta resulis in an intense aggregation of
nutdents. NOUFPZ? is planned as @ temporally and spatially
explicit model, which can predict the aggregation of M
produced by wine patches and #ts consequences on the
aitrogen economy of sown, temperate pastures. Plants,
microbiota mnd soil (ammonium adsorption) have a role in the
retention of patch N. Rainfall events provide potential for
ieaching losses at the macro-scale, but small amounts of
lateral flow would enable dilytion, particularly of nitrate, and
better opportunity for the retention of N by foraging roots
{Gross er al 1993} and microbial uptake. At the sysiem level,
inefficiency in the reiention and use of patch N, will

aitimately be reflected by the degree of spatial aggregation
aiong with gaseous and leaching losses of the element,

4.1 Anirnal Behaviour

The distribution of pastuare seil N and its components is
commpnonty lognormal {eg. Bramley and White 1991) and this
is doe mainly 1o gxcrem! paiches. We are using Merino sheep
as the large herbivors. The breed exhibits a strong flocking
behaviour, forming night camps on high ground where they
can deposit 40% of their excreta on 3% or less of the grazing
aren, This resulis in 2 major aggrezaiion of N {urine and
faeces) al the meso-scale. Urazing activity radiates ont from
the camp resulting in discrete patches of faeces and urine
{micro-scale) with the Iatter as the focus of the present study.
Stocking level and dietary N intake will be the major
determinants of the mean M concentration per patch.

In pateral grassiands, patchiness is considered baneficial by
providing a variety of habital types for maintaining species
Giversity {Huston 1979) and this paichiness has been
associated with wine deposition (Jaramillo and Deding 1992},
However, in a sown grasslands an increase in species diversity
is not an objective, Urine patches may be neglected by
herbivores for a short period but the patch herbage then
becomes preforred (MNorman and Grzen 1958), Preference has
been associated with an enhanced amount and level of N ia the
patch (Day and Detling 1990},

4.2 Planned bodelling Approach

The first-pass in the development of ¥DUPI will use 4
spatial matrix with aporopriate densites of randomly voided
uring patches. These will be weighted by an index of sheep
spaiial grazing behaviour with the camp as a reference point
(anithors unpubl.). Yasying levels of urinary N concentrations,
stocking rates, and levels of preference for pateh herbage will
provide sets of initial conditions. Use of approximate “decay”
parasneters for the presence of patch N should generaie a
range of aggregated spatial distributions for N, When the
system has stabilised, the differences between paich N
presence and their initial valaes should represent system
losses and provide & measure of destabilizing effects on the N
economy. Soletons might be trassiatable into mathematical
shorthand for summarising the spadal and temporal dynamics
of M i the system.

5, COMCLUSION:S

The development of the NOUFP model in paralie]l with field
and laboratory experiments is providing substantial research
benefits. At this stage, the moedelling component is based
largely on published data. The current modelling s being used
to optimise lmited experimental resources eg samphing times
for field experunentis.

As the project proceeds, local experimental data can play a
greater eole in optimising the model in a siig-specific sense.
This stage should provide valuable clues on where the model
can be made more generic In 18 application without loss of
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significan predictve poOwWer.

The ulfimate goal is to provide a synthesis, which is
wemporally sound and spatially explicit. This will be used to
assess the destabilizing effects of grazing on ihe nitrogen
economy of (emperate pasiures and examine ways by which
management might address the problems that have been
defiped.
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