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' Abstract _ : :
"The theoretical basis of the simulation model CANDY (CArbon-Nitrogen-DYnamics) is briefly described along
with résults of its -application to a test data set. The model contains modules for calculating soil temperature,
moisture content and the procc&see of the soil carbon—nitrogen cycle. The model inputs are weather data (air
- 1émpérature, precipitation and global radiation on a daily basis), plant development characteristics (seeding,
“harvesting, ‘crop height and root depth), soil 1exture data and agncultural management (1rngatlon, femhzatlon
manuring, tillage),
 The test data material from two catchments in north Germany, one with loam soil (Neuenkirchen) and one with
sand (Nienwohlde) included data from several nitrogen fertilizer treatments. The results show that the model
outputs for temperature, moisture and nitrogen fit the observations quite well despite some deviations. Summarizing
for all soil layers the square root of the mean quadratic differences of simulated and observed data are: for soil
temperature < 2.3 K for the loamy soil over a five-year period and < 2.5 K for the sandy soil over a five-year period;
for soil moisture: < 4.1 Vol.% for the loam and < 4.4 Vol. % for the sand both over a three-year period. i
The results of soil nitrogen in 0-90 cm depth depend on the particular site under consideration. In most cases
2/3 of the whole data was contained within the deviation class less than or equal to 40 kg ha™'.
The dsffcrcnccs between observed and simulated data are within the usual range for ppphcatlons on farm fields.

o Keywords: Nnmgcn Tempcraturc. Water dynamics ,.

g Theaty - layers of 10 cm thickness which are described by
. a set of state variables. Simulation results: are

Pproduced in one day steps. The model consists of
the following submodels: ; z
~ the soil temperature model
— the hydrological model

7 — the crop model

Mot : ! - = model of the organic matter tumover mcludmg
Corresponding author. . the soil nitrogen model. )

_ The simulation model CANDY describes car-
bon ‘and nitrogen dynamics in ‘an agriculturally
used soil down to 2 m depth. It is assumed that -
this soil region consists of 20 homogeneous soil -
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The use of the simulation model is organized
by a data bank desktop coming fromthe pro-
gramming language FOXPRO (Fox Holdings Inc.,
1991). The desktop allows
- the handling of weathcr, management and
measurement data .
~ start of the daystep simulation

- forecasts of soil nitrate supply and organic

matter level in steady-state.
1.1. The soil temperature model

The state variable of this submodel is soil
temperature 7. It is modeled by solving the heat
flow equation (Suckow, 1986)

3CT) a( T

ot =a—z-.a$ ' asn

- where ¢ is time (d), z is depth (cm), C is volumet-

~ric heat capacity of soil (J cm™3 K), T is soil
‘temperature (K), a is thermal conductivity (J s~
cm"l K—l)

Two boundaxy conditions for Eq. 1 have to be
given. ‘I‘hq soil temperature at 5 cm depth is
defined as the weighted mean of the air tempera-

tures of present day, yesterday and the day be- - -

- fore, multiplied by a time-dependent correction
factor. The correction is done to take into ac-
-count the neglected meteorological elements and
for the crop influence on surface temperature. As

the second boundary condition zero heat flow is

assumed in a depth of 200 cm.
" 1.2. The hydrological model

In this section the volumetric water content for
all soil layers and the water equivalent of the

snow cover are the state variables. The hydrologi- .

“cal processes are modeled on the basis.of the
capacity concept: flow of water is only allowed by
‘exceeding a soil-specific value of field capacity or
uptake by evaporation and -transpiration. The
- submodel consists of the following processes:

- draining of water by gravxtatlon forces
(Glugla 1969):

w
= AW~ W)

P 2_' 2-
. dt : qufm-_ : ()

S

where ¢ is the tnme, W is the water content (mm)
of a soil column of defined thickness, Weg is the
water -content at field capacity (mm) A is the
drainage parameter (mm™* d~").
~ interception of water by the crop dependmg

on the crop height (Koitzsch, 1990)°

~ calculation of potential ‘evapotranspiration
and the realization of the actual daily value
(Koitzsch, 1990): '

E, = 0.0041(T;, +22.7)(G + 2.09)
ET, = min(1 + 0.0044,1 A)E, # ‘(35
EI, = 13E, |

where T, is the air temperature (°C), G is the

daily global radiation (MJ m~?2), E_ is the value

of pan evaporation (mm d™'), ET, 1s the poten- °
tial evapotranspiration (mm d~ 1, EI is the po-
tential evaporation of intercepted water by crop
(mm d~!) and 4 is the crop height (cm).
The actual value of evaporated water ET, (mm
d~') is the following sum of terms of Eq 3
(Koxtzsch 1990): )

ET, = 0.5min(EI,,R;) ,
+A-VHE, Bea o

\
where ET, is the actual evapotranspxratlon (mm.. ;
d~'), R, is the intercepted water (mm d~'), ¢ is
the fraction of the soil surface covered by transpi- -

. rating plants, and H,, H, are reduction coeffi-
_cients, calculated as functions of water oontent

(Koitzsch et al., 1980). -
. — process of snow accumulation and- meltmg
(Koitzsch and Gunther, 1990) :

) 13 The cmp model

The crop model consxsts of paramcters de-
scribing the time course of the state variables
crop height, crop coverage of soil surface and
root depth as pxecewxse-hnear functions and ni-
trate uptake by the plants. Constant values are
used for the intervals necessary .to reach the
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- different plant development stages., The neces-

_ Sary parameters -exist for a wide variety of crops.

In th_e standard version of CANDY the nitrate
uptak_e Is calculated by the following “‘s-shaped”
function (Franko, 1989) ' ;

tanh{(21/V ~ 1)5)

BN () =050 1 +
W uns ) ) R tal’lh(S) Yield

where N, is the total nitrogen in the crop (kg N
: ha '), 1 is the time (d, with zero at the begin of
- Plant uptake), Ny, is the total nitrogen uptake
_at harvest (kg N ha"'), V (d) is the crop-depen-
dent length of the vegetation period, S is a crop
parameter and tanh denotes hyperbolic tangens
- funetion. =
: For this paper a new model version was ap-
- plicd which calculates the daily nitrate uptake by
_ the equation o L oA

DO kDT < (8

where D, (1) is the daily nitrate uptake (kg N
ha™'), k... is the crop dependant transpiration
factor (kg N ha™" mm ™), DT, is the daily amount
of transpiration (mm). 8o s ‘

. 1.4. The nitrogen dynamics

The simulation of soil nitrogen (N) is a part of
 the modeled organic soil carbon {(C) cycle, which

_'is the energy-supplying process. The soil organic
" matter taking part in the turnover processes i§
~ subdivided into three compartments: the added
organic-matter (AOM), the biologically active soil
. ©Organic matter (BOM) and the stabilized soil

‘organic matter (SOM). The turnover processes
take place in the BOM pool only. The different
pools are connected by matter exchange. For soil
_ nitrogen two pools are considered: soil nitrate

N, and soil ammonium N,mm- The state vari- . -

- “ables of this submodel are BOM, -SOM, different
forms of AOM, N,;, and N,,.. In the submodel
the following processes aré considered:

~ Input of mineral nitrogen into 50il from im-
misions or fertilizer '

- assumption to account for dispersion.

(5)

-222

- Lend:ing of dissolved m’imte' by cﬁ%%‘{f'Cti‘;i
ment (Burns, 1974) with an addition

water move A

t above the'

soil water content only the amoun :
‘ ate

wilting point is considered available for. nitr

transport. : : 7. .
- Mineralization of organic matter irn SO{L Al

processes of the C turnover are formulated as

first-order reactions (Franko, 1990), the. N pro-
. cesses are deduced from the specific C /N ratio

of the different C compartments. The AOM pool . .
décays with rate coefficient k,qy. The. relation
of the BOM production to the AOM decay 18
described by - the synthesis coefficient 7. The
BOM and SOM pools are characterized by a
C/N ratio of 8.5. Depending on the C/N ratio of
the decaying AOM pool nitrogen mineralization
or immobilization occurs. The model may handle
up to six different AOM pools. In addition a C
loss to carbon dioxide for the BOM pool is mod-
cled . with coefficient kgoy. The mathematical
formulation of the considered processes is given

by Eq. 7.

dChom(?)

s = ~kaomCaom(?)

: dC‘BOM( t)

dr .
=1k xomCrom(1) = (kpom + k:)Crom(?) .
PGt l) cioi L e AT

dCysom(?) P =y
ar = kCoomlt) =k, Csom(t)

}thrc C ... are the C contents of the cof‘i'espond-
ing lcompa‘rtments of soil organic matter -('kg C
ha™"), k- are the rate coefficients (d~1), de-
pending on soil temperature and moisture con--

tent, n is the dimensionless synthesis coefficient.

_ — Nitrification: The turnover of ammonium
into nitrate is implemented as a Michaelis—
Menten reaction (McLaren, 1970). The rate coef-

. ficient has the same environmental dependencies

as in the mineralization processes. '
= Denitrification: Gaseous nitrogen losses into
atmosphere are possible as the result of denitrifi-

215 -
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Table 1. '

Initial values, used in the simulation runs ' ‘

Mineral nitrogen: 40kgN ha Le uall distributed from 0
 Water content: field capacity il ™ 1} e to 200 cm deplh
" Temperature:

Soil organic matter (decomposable carbon):
Bockschlag and Intensive Loam Site:
Intensive Sand Site:

linear funcnon with 0°C at 0 cm and 10°C at 300 cm deplh

25000kg C ha™'
19000 kg C ha™"

cation processes. They decrease the nitrate pool
according to the following equation

dNu(1) _

dl kdcan:n m((t)CBOM(I)

'35

(8.

" where L, is the gaseous nitrogen loss rate (kg'N
‘ha~' d7'), kg, is the reaction coefficient (kg
C-! ha d™'), R, is a dimensionless reduction
term,’ depending on soil temperature and soil
water content. :

<1 Imtlal values and soil’ hydrologlcal pammeters
,used in the simulation runs

The followmg initial values (Table 1) and hy-

drological parameters (Table 2) were used in the.

! s:mulatlon runs. ‘They are based on. regressnon

\

Table 2

results from known texture data and from in-
formed experience. Starting day of the simulation
was each time the 1st January of the year, i.e.
Bockschlag 1990, Intensive Loam Site 1987, In-
tensive- Sand Site, usual fertilization (N4) 1989
and Intensive Sand Site, reduced femhzzmon (N6)
1990.

3. Results of the soil temperature modél :

The soil temperature submodel includes pa-
rameters for converting air temperature measure-
ments into temperature at depth 5 cm. These
parameters should be fitted using long-term
records of air and surface temperature data. Be-
cause such data material was not available, a
standard parameter set was used. The influence
of the crop cover on surface tempecrature was -

Soil hydrological paramelers. used in the Simulation runs ;
: . Field capacity [Vol%] Wilting point [Vol%] Parameter A (mm™' d"")
Bockschlag : !
0-30 cm , . 2 - 1" 0.16
30-120 cm } 28 11 017
120-200 cm . 34 18 0.17
Intensive Loam Site :
0-30cm ‘ 29 10 0.23
30-60 cm S 10- 023,
60-90 cm 3 10 0.23
~ 90-170 cm 34 10 - 0.23
170-180 cm 13 3 0.76.
180-200 cm 26 9 021
Intensive Sand Site . R , )
0-30 cm . .20 4 0.81
30-40 cmi r 17 3 %34
40-80 em 10 : 3 ot
80-200 cm 6 2 b
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Arithrietic mean (lef m) in K and standard deviation (Diff_ s) in Kof N dxtferenecs between observed and sunulaled data for

" soil temperature in different depths at the Intensive Loant Site-

“ Fedod

Depth 5 cm Depth 20 cm | Depth 50 cm
. N Diff_m. - Diff_s N . Diffm - Diff_s N Diff_m Diff _s

1987 355 —04 1.9 355 ~0.3 14 363 -0.3 1.2

1988 360 ~0.7 22 360 -0.6 20 360 ~02 1.9

1989 . 358 0.1 (X 358 03 21 ' 358 0.2 21

1990 - 352 ~09 - 21 361 -02 318 - 361 -1.1 ' 13

1991 355 0.2 2.4 355 11 ) S 355 .01 1.9

*1989-91 . 1780 -03 23 '1789 0.1 20 1797 ~0.3 18 -

modeled by piecewise-linear correction functions
based on the actual management data and stan-
dard parameters for reaching the maximum cov-
ering index which runs from 0 at emergence up to
1 at full crop cover.

3 Results of the Intensive Loam Slte (Neuen
larchen catchment, field 278) .

The cultivated crops during the considered
‘time periods at this location were: St
- winter wheat (30 Sep. 1988-8 Aug. 1989)
— sugar beet (10 Apr.-25 Oct. 1990) '
— winter wheat (24 Nov.—22 Aug. 1991).

- There was no exact management information

submitted for 1987. The following assumptions -

‘‘were made: sugar beet (10 Apr.-1 Oct. 1987),
emergence of winter wheat: 15 Oct. 1987. . °

. To analyze the model behavior, the observed
and simulated data in the depths 5 cm, 20 cm and
-50 cm during 1987-91 will be.compared. Table 3.

shows two stanstlcal measures of the differences

Diff;: = Ty, ; N &)

where T,,; is the measured soil temperature,
T;m; is its simulation value (both daily mean
values in K), N is the number of measurements,
Diff_m is the arithmetic mean of the N differ-
:l‘é)m (K), and Diff_s is the standard deviation
. Diff_m and lef s are related to the square
root of the mean quadratic devnatnon RMS by the
following formula

RMS? = Diff .m” + (N~ 1) /N Diff_s*.

Tm,‘, .=1,.--

(10)

Diff_m is only a weak indicator for the agree-
ment of measurement and simulation. It gives an
impression -of the overall over- or underestima-

. tion of temperature during ‘the analyzed period.

The values in Table 3 are not much higher than
the standard error of temperature measurement
for which as a rule of thumb a value of 0.5 K is
assumed. Diff_s is a measure for the mean mea-
surement and model discrepancy after reduction
- for Diff_m. Its values are about five times larger

~_than the accuracy of temperature measurement

and are within the usually found range for the
underlying modeling principle. ’
Further insight in the model behavior can be
achieved by examining the time course of model
and measurement. As an example the soil tem-
perature in 5 cm depth in 1991 (Fig. 1) is chosen
to illustrate some common features of the simula- -

‘ tion results.

1
®
2
-100 :
Tomm et e g e e e et e e g — e e e
oogoqmoqooqmoqchq
ssgs,a:{sasss_ssge:g
SRS8Res¥2gggesdSo
m1991atthe

Fig. 1. Course of soil temperature in depth 5 cm
. Intensxve‘lmm Site. b



' Fig. 1 are similar. Systematic underestimation of

. during September/October (appears in three of
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Table 4 : i
* Arithmetic: mean (Diff_m) and standard deviation (Diff_s), both in K, of N differences between observed and simulated data for
soil temperature in different depths at the Intensive Sand Site, The dxfiqrenoes are calculated after Eq. 9

Period Depth 5cm L = Depth 20 cm* 7. = e: S Depth 50 cm :

A R Diff _m Diff:ss N - Diffm - Difs N Diff_m Diff_s
© 1989 362 ~11 - 24 362 =1.1 2.0 362 . -11 16
1990 357 -08 - 25 357 -08 2.0 V5. 3857 -10 18
1991 364 ~-03. 23 364 -03 - 18 364 -04 1.6

1989-91 1083 -~08 24 _' 1083 =07 -+ 20 1083 =088 1.7

. The time courses of the simulation data in the : it

. other depths show similar patterns, because the
~model prediction in 5 cm depth is the essential

upper boundary condmon for solving the heat

.~ equation.’

The courses of snmulatxon and observation in

' temperature appears in wintertime (characteristic
. for all simulation years), overestimation is found

* ‘the five simulated years). This may be due to the

30791

55555555355355555%
; e o m g ] S S -
fact that the standard set of parameters has been Eggggégggg ;?55555
- used. for the transformation of -air temperature ok -
' into soil temperature in depth 5 cm without adap- % Course of sol temperatarein depﬂ' Somiaanl o the
5 » ensive Sand Site. :
' tation to Specnal condmons at thxs site. ‘
32 Results of the Iniehisige Sand Sike (Nienwalde The value of Diff_m for the whole period-is
catchment, field 208 N4) e , 0.5 K lower than-the loam site result but a sys-

. tematic underestimation is present for all years of
The cult:vated crops dunng the analyzed time comparison. Diff_s for the sand site is in princi-

/ -periods at this location were: - - = - ple of the same order. as.for the loam site. %
~ potatoes (20 Apr.-26 Oct. 1989) ' As an example for the simulation results the
. - sugar beet (14 Apr.—29 Sep. 1990) time course of temperature in 5 cm depth is
~ — summer barley (4 Apr.—6 Aug. 1991). : shown in Fig. 2. '
The results of a comparison of simulation with The time course shows the same systematlc
measurements are shown in Table 4. differences in wintertime and during September
Table s

. Arithmetic mean (Dxﬁ’ m) in- Vol% ‘and standard deviation (Diff__s) in Vol.% of N differences Diff; between observed and
. simulated data for water content in different depths at the Intensive Loam Site L

T

Period - Depth0-30 cm : ~ Depth 30-60 cm Depth so-9o_cm

' N'  Diff m . Diff_s N -Dffm - Diffs - N Diff_m Diff_s
1989 19 04 39 19 BT SIS TR ) -00 34
1990 27 0.9 42. 77 =155 28 oz =23 e 27
1991 25 ~13 -39 25 12 38 5 -03 w3

1989-91 ! 0.0 4.1 N =04 3.6 Ttk =10 i

A et

o

gz

o, e P g e 80 sty bl O

G oo
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Fig. 3. Average water cont
at Intensive Loam Site,

8 27.0690

-and October as stated for the loam site. The

5 reason is probably the same as for the other soil

s tYpe and was also’ observed for the years 1989 and

4. Results of the soil v:_vater model :

- The soil water submodel requires the following
site-specific soil parameters: field. capacity, wilt-
_ ing point, bulk density; particle density, a drainage

parameter and the content of clay and fine silt for
the, 20 soil layers. The values of field capacity and

wilting point- have been fitted by trial and error A
- ment over the whole time period. The Diff _s-val- -

based on the -measurement data from 1989-90.
Measured bulk densities values provided in the

-data set. Other parameters were derived from the

data set texture values after clustering the layers

. into different soil horizons (see Table 2).

Table 6

o . «400 . 4

‘where Wobs,i

!+§m‘ ilation Bl

Fig. 4. Average water content (Vol %) in th
at Intensive Loam Site,

4.1. Results of the Intensive Loam Site (Neuen-
kirchen catchment, field 278)

Table 5 gives some statistics about the dlffer-
ences . :

D]ff = ;‘,obs,l; /4

iy AL N (11)
is the measured water content, W, ol

is the sunulated value (both daily mean values in

- Vol.%), N is the number of observations, Diff_m

is the arithmetic. mean of the N-differences
(Vol.%), and Diff_s is the sta.ndard dewatlon
(Vol.%). :

The values of Diff_m mdxcatc no severe over-
all deviation between observation and measure-

ues are slightly higher than those we have found

for controlled field experiments (about 3 Vol.%), -
but are within the usual range for water model"
apphcat:ons on farm ﬁelds '

_* Arithmetic mean (Diff_m) in Vol.% and standard deviation (Dxff s) in Vol.% of N differences Dlﬁ; between observed and -
simulated data for water content in different depths at the Iritensive Sand Site. ) :

Period Depth 0-30 cm Depth 30-60 cm Depth60-90cm |
N Diff _m Diff.s. . N Diff_m Diff s - N Diff_m Diff_s

1989. 18 -32 A7 o - AR =09 2.9 18 02 2.1

1990 26 24 L Be 2% 17 36 26 -11 13

1991 19 18 . L 19 265 23 19- -0t 1.9

1989-91 06 44 T 31 6  -03. 1.8

63 - 63

219
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gsgsgaagaga;a;a;
5288858558 ¢g858¢S

ﬁ:sa:sssa-'as.‘é:@:éa
Fxg 5. Average water content (Vol.%) in the depth 0-30 cm,

at Intensive Sand Site,

. For the example depths 0-30 ¢m and 30-60

cm the time courses of measured and simulated
data are shown in Figs. 3and 4.

- It may be stated that the time courses of

measurément data and simulation values are fairly

‘parallel’. Systematic deviations in one direction

(too wet or too dry over some period) with alter-

nate signs in adjacent soil parts may be caused by
_ errors in modeling the distribution of plant water
uptake, because there was no adaptation of the
plant parameters. All crops seem to prefer a
-water uptake from ‘hlgher layers than was mod
eled. ;

. There is no explanatxon for the deviations in

autumn 1989 and at the’ bcginning of 1991 in the

‘ depth 0-30 cm.

22223 88883553 5
5388888558885 ¢8¢S
= ~85d-888L58582524%
Fig.é Average water content (Vol.%) in the depth 30—60<:m

at Intensive Sand Site.

350
300
250
200
0 150
100
50

0ggsa 4t S b — ::

9325898885 55a55585

T8 AENYg=88583588¢9 8

. Fig. 7. Time course of mineral nitrogen in 0-90 cm dept

.F'

Intensive Loam Site, usual fertilization (N4), :

42 Rensts of e tkaiote Sind Site (Menwolde v

, catchment, field 208. N4)

~ The results for Diff_m and bxff s indicate
that the model does not fit as well-as for the loam.

; ‘s1te (Table 6).

* Once again the time courses of measurement .
and ‘simulation data for the example depths 0-30

cm and 30-60 cm are shown in Figs. 5 and 6,

In comparison with the results at the loam site

~ the time courses of measurement data and simu-

lation values are less ‘parallel’. The problem may
be due to the irrigation (especially in 1989 for the

~ potatoes: 157 mm water in 6 portions) not always

having the same efficiency compared with the
model assumptxons Secondly the water uptake by

ReERERR eSS 2R EsER s

288885888 Ss-53888%5+=

EREN-28R83gedgasacga
Fig. 8. Time course of mineral nitrogen in 0-90 cm depth,
Intensive Sand Site, usual fertilization (N4). : o it
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—— Simulation —*— Measurement

| .‘ 20 ‘}.\“"\/,v
0 — + gy
29,0591 174 06.91 08.07.91 13,1191

" Fig. 9. Mineral nitrogen in 0- 90 cm depth, Intensive Sand
_ Site, reduced fertilization (N6).

ok < > A58
R G SR - MR S (1l - ) e e
Bag e 8  EEE8s i KiaeEh B e
g - 8868 .68 % 8.9 = :

" Fig. 10. Mineral nitrogen in 0-90 cm depth, Bod:schi

fenilmtmn (N4).

the roots of sugar beet and of summer barley
using the standard plant parameters of the model
. is realized too deep in the modelled soil profile.
This is visible as systematic deviations of alter-

nate signs between model and simulation in the

. 150
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12.11.90
> 07.01.91
o9.ox.91
06.03.9l 1
. 02.04.91
22.04.91
15.05.91
03.06.91
15.06.91
07.91
1.11.91 -
09.12.91

1
1

Fig. 11. Mineral nitrogen in 0-90 cm depth Bockschlag, zero
fertilization (NO).

simulated nitrogen
uptake (kg N/ha)

300, . vE ' : _-1:1

250 ' .2
2001 - 4 "

n{mlanon =21.6+0. 89‘0bservanon,
=0.90
Std Err.of Est.:28.8kg/ha

100
50
0 / : SIS e
0 50 100 150 200 250 300
observed nitro
uptake(ng/ha)

Fig. 12. Comparnson of calculated and observed mtrogen :
uptake.

0-30 cm, 30—60 cm and 60-90 cm depths (not
: ’shown)

5. Results of the soil nitrogen model

The observed and simulated courses of min'-v
-eral nitrogen in soil are shown in Figs. 7 to 11. In

Table 7

Relative. frequency of the differences bctween observation and simulation values for mineral nitrogen in 0-90 cm depth

Field . Relative frequency for the differences

~ 0-20kgha™! ~ 20-40kgha”! 40-60 kg ha~! : >60kgha"

Intensive Loam Site N4 36% . 31% ; 6% ; 2%

Intensive Sand Site N4 32% 37% 5% . il %% -

Bockschlag N4 © 36% ; 0.0% 9% : . 55%

Bockschlag NO 75% 25% 0.0% : - 00%
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general the agreement between.simulation and

" ‘observation is considered satisfactory except for

the results on Intensive Sand Site in 1991 (Figs. 8,
9). In this year the calculated nitrogen uptake by
the crop was much too low compared with the
farmers results. This may be due to the very
simple uptake model used in this case which does
not consider ability of the crop to adapt to special

conditions. In general there is a high variance in .

the observed data. This is more or less typical for

farm-fields but the reason is yet unknown. Ap-.

parent rises in the mineral nitrogen content of
more thart 150 kg N ha~! during one month may
be caused more by spatial variability than by
biological processes. In previous experience with
the model using data from controlled field experi-
ments the typical difference between observation

and simulation was found to be 20 kg N ha~',

Considering the ‘mineral nitrogen in 0-90 cm
depth (excluding results from the Intensive Sand
Site, reduced fertilization (N6)), the frequency for
differences less than or equal to 20 kg N ha™!

between simulation and observation ranges from
32% to 75%. The error class less than or equal to -

40 kg N ha™' shows frequencies from 36%. to
100% (Table 7). It can be stated that'the differ-

ences are nearly twice those of previously found .
- observations in controlled experiments, - :
Plant nitrogen uptake has been calculated from

plant water uptake from soil (transpiration). Con-

sidering the simplicity of this submodel the agree-

ment between simulated and observed N-uptakes
at harvest-time is satisfying (Fig. 12). The transpi-

ration factors used here where found to be very .
similar to the values previously. found for experi-

ments in Bad Lauchstadt
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