Addendum to Alterra Report 983

“Prediction of Nitrogen and Phosphorus leaching togroundwater and surface
waters; Process descriptions of the animo4.0 modelby P. Groenendijk, L.V.
Renaud and J. Roelsma, 2005”

Page 44-47 is replaced by the following text:

The amount of nitrogen present in the shoot systambe found from the remaining
quantity after the last cutting and the nitrogeamiy extracted from the soil partitioned
to the shoots. The biomass present in the grass setem is simulated by the simple
grassland production module.

Nitrate uptake

The concept of supply potential is based on themapton that total uptake is equivalent
to the sum of convective transport and diffusiamsport to plant roots.

Rinos =Ric * Rid (5.20)
where the subscripts and d denote resp. the convective and diffusive trartspidre
convective uptake transport of nitrate in soil cammenti is described as Fickian
transport:

Oepi —

Ric = Onosi A—chos,i (5.21)
where:
Qepi . plant evaporation flux of compartmant (m d?)
Az . thickness of compartment (m)
Cnos, . time averaged nitrate concentration in compartmentkg ni°)
INosi . transpiration concentration stream factor )

correspondingo convective nitrate uptake

When the soil nitrate concentration exceeds thateitconcentration of root liquids, the
diffusive nitrate uptake is governed by:

— . q i = *
Ria =€ Kgr dit Cnos; _mm(UNOS,i AG_ZCNOSJ 6 Kgr it Cplj (5.22)

where the “forward” diffusion rate is proportiona a first order rate constank,,

(d™ and the “backward” diffusion rate is proportiorial a constantky, 4 (df ) which
can be chosen smaller thak, . . Precaution is taken to avoid a “backward” difursi
rate from the plants roots to the bulk soil thateeeds the convective transport rate. The

internal concentration in plant roots has beenrassiuproportional to the concentration in
plant shoots and the ratio between the nitrogestifnas in plant roots and plant shoots.



In numerical computation schemes, the soil systenschematized to homogeneous
compartments with thicknegs, . The nitrate uptake in compartmens then determined

by:

Oepi _ , Oepi *
Ric = Onos; AE_ZCNO&i +8 Kyt dit Cno3i ‘m'”[UNos,i AE_ZCNO&i’ei Kgr,dit Cle (5.23)

The uptake process has been incorporated in th&epaation and transport equation by
defining the overall transpiration concentration stream factorgo,; per soil

compartmenti and a zero-order production term to be addedktg,s;. When the

nitrogen accumulation has not lead to nitrogen eatstabove a defined threshold level,
the uptake parameters in the transport and cortsamequation are defined by:

* A .
Onosi = Onosi + 6 Kgr it A (5.24a)

ep,i
* . q " — *
Ko,nos,i = Konogji + mm[UNO&i AE_ZCNO&i’ei Kgr it Cplj (5.24Db)

The internal concentration in grass shoggs(kg ni°) is calculated from a relation
between the concentration and the N-fraction instheots, based on experimental data.
The internal plant concentration is assumed torbpgrtional to the nitrate fraction of the
shoots foino3 ):

Cp = _fds 1000f ; noa (5.25)
ds

wherefys is the dry matter content of the biomass. Theatgtfraction in the shoots is
related to the total nitrogen fraction. In an asayof experimental field data of Ruurlo
(Fonck, 1982b,a), both the N®I concentrations (kg ) and the total nitrogen fractions
have been calculated as a annual average valugs] ba 7 cuttings per field plot (5.2).
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Figure 5.2: Nitrate-N weight fraction (fu.nos) as a function of total nitrogen weight
fraction (fy N,.,) in grass shoots
The nitrate weight fractiofy nos is related to the total nitrogen fractity: according to
a fitted relation:



TplNeoe =0.023 frinos = 0
0.023 < fruN., <004 funo, = 45(fpn., — 0.023)%
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Ammonium uptake

The ammonium uptake is based on convective trahgponcentration x water floyy
diffusive transport and takes account for the gtiaratdsorbed to soil particles. The
internal ammonium plant concentration is assumeal. Zene uptake per soil compartment
for a certain time step:

Oep,i — _
RiNHa = UNH4Ae_rz)iICNH4,i + (gl + P04, Ke NH4,i ) Kgr,dif CNH 4, (5.27)
where:
Kennai :  linear NH, adsorption coefficient in compartmént  (m® kg™
CNH4, . time averaged Nktoncentration in compartment (kg ni°)
ONH4 . transpiration concentration stream factor )

correspondingo convective ammonium uptake

The uptake process has been incorporated in th&epaation and transport equation by
defining the overall transpiration concentration stream factorsy,,; per soil
compartment. When the nitrogen accumulation has not leadttogen contents above a
defined threshold level, the uptake parametersiefiaed by:

4 (gi +/0d,iKe,NH4,i) (5.28)

ep,i

ONH4j = Onna tKgr it



When the soil mineral nitrogen availability exceeds the crop requirement, the uptake
parameter oxg, will be adjusted on the basis of a defined maximum requirement.
Due to electro-neutrality considerations, a preference for nitrate uptake is assumed.
Nitrate and ammonium soil availabilities (®yo, and ©yp,) are defined according
to Eq. 5.7. Maximum uptake requirement 23" and the mean uptake requirement
Q™ variables are introduced:

Q" = QNS + Q)N — Ulto) (5.30)
fma:r 4 ]me ]Lmav + fl??.}in
Qe = Q)T 4 (1) T
2 2
Based on these defined uptake requirements and the availability of nitrogen, the

ammonium uptake factor is determined. If the nitrate availability exceeds the max-
imum requirement, no ammonium will be taken up:

— Ulty) (5.31)

maaT
7

(I);'\"Og = = ONHy — 0 (5.32)

If the nitrate availability is less than the maximum nitrogen requirement, but the
sum of nitrate and ammonium availability is greater than the maximum requirement,
the uptake parameter is calculated by:

Pro, < QN < Pyo, + PNE, = ONH, = :

When the sum of nitrate and ammonium availability is less than the maximum
nitrogen requirement, but greater than the mean nitrogen requirement:

ymax

Q" < oyo, + Py, < QN = ong, =1 (5.34)

In all other situations the transpiration concentration stream factor for ammoninm

on g, takes the maximum value (U’{‘}fi)

Phosphorus uptake

Uptake of mineral phosphate by plant roots has loescribed closely related to the
nitrogen uptake. However, for phosphorus no accatiwu that can become available for
future growth has been assumed.

qep

Rip :UPECPO4 (5.35)

The uptake factow, is defined on the basis of soil availability amb requirement.

Soil availability of phosphate is calculated as shen of the amounts present in the liquid
phase, the fast sorption pools*® (equilibrium) and the precipitation pootp™. The

phosphorus uptake under unconstrained conditionalethe mineral P availability:

U(to +At) =U (o) + Ppos (5.36)

where the mineral phosphorus availability is apprated by:

Al Pd,i KSF” -
(DPO4=Z 1+T Oep,iCroa,iAt (5.37)
i=1



with Ko as the apparent linear sorption coefficient defined by Eq. 5.13. The
phosphate requirement for plant growth is defined as the gross dry matter production
multiplied by the actual phosphorus content of shoots and roots. The P-fractions
relate to the total N-fractions according to:

FRe 4 fpe

fps = m (fpt,Neor = JplNO3)

](mm_f_ ](mm: mm
fR-r = ]tmm + ]tmar mm (fpf' Neot — fpirNO?') (5.

N,s

ot
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i

Based on the demand and the availability, the plant uptake parameter op is defined
by:

) Qp
Op >Qp = op=—
dp
“P > U?_gar(bp = 0P = OPmax (539)
The maximum value of the plant parameter (075“*) has been set to one in a number

of regional model applications.

5.2.3 Nutrient limitation of biomass production

The nitrogen uptake under unconstrained conditampsls to the mineral nitrogen
availability:
Nr . Nr )
U(t0o+At) =U(t) + ZJNHA,iqepiENH PRTA +Z ONo3,iGep,i Crnos,i At
= = (5.40)
. q — *
+m'”(UN03,i Aern i G Kar dif CDIJAZiAt

with Ko as the apparent linear sorption coefficient defined by Eq. 5.13. The
phowphatg requirement for plant growth is defined as the gross dry matter production
multiplied by the actual phosphorus content of shoots and roots. The P-fractions
relate to the total N-fractions according to:

](nun + ]('J‘??.(I.I‘
fps = w (fpt,Neor = JplNO3)

](?Tl?ﬂ + ](???,G.I‘ ??H??

fR-r = ]tmm + ]tmar mm (fpf' Neot — fpf’-‘NO?') (5.38)

Based on the demand and the availability, the plant uptake parameter op is defined
by:

Qp
Op>Qp = op=—
dp
“P > U?_gar(bp = 0P = OPmax (539)
The maximum value of the plant parameter (075“*) has been set to one in a number

of regional model applications.



The nitrogen requirement for plant growth is defined as the gross drv matter pro-
duction multiplied by the actual nitrogen content of shoots and roots, resp fx s and

_)(‘N_.r :

o+AL t0+ At

t \
Uy = fu . / (ciQs(t) +I-'T'-’>(£f+ fvs / (er(tJ _,_kg.r!dmmsg)dt (5.41)

dt dt
tg t0




