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1. Introduction

CANDY simulates the dynamics of Carbon and Nitrogen in the unsaturated (vadose) zone of
agricultural used soils. The model application should preferably be focused on sites with a
rooting zone of up to 2m. The soil profile is divided into homogeneous layers of 1 dm. The
simulation proceeds in daily time steps. Starting from initial values for all variables the model
simulates the impact of management and climate on them. The following processes are
included:
e Climate conditions (access to database or generating climate date , correction of
systematic errors of observed precipitation)
e soil water dynamics (pot. and act. evapotranspiration, percolation through soil)
e soil temperature dynamics
e turnover (mineralisation and humification) of organic matter in soil
e nitrogen dynamics (mineralisation, immobilisation, uptake, leaching, gaseous
losses, symbiontic N-fixation)
The system consists of a user interface that organises the access to the data and the
preparation of simulation tasks and the simulation model itself. A simulation task consists of a
site description and the scenario data. The site description includes the parameters of the soil
profile — that is for each horizon at least:
. bulk and substrate density

. soil moisture at field capacity and wilting point
. texture indicator (particles < 6um)
. saturated conductivity

and the time course of climate data (daily time steps)
. air temperature at 2m (°C)
. global radiation (J/cm?)

. precipitation (mm),

The scenario data consist of a description of initial conditions. These can be reconstructed
from detailed observations but should include at least

. crop rotation and average yields before initial point

. relative filling of field capacity
and the farming activities (management) on the field:

e soil tillage and irrigation

e application of mineral fertiliser and organic matter,

e sowing(emergence) and harvest.

The model has successfully been evaluated with different site conditions and scenarios.
Results are of course depending on the quality of input data. If high quality input data are
available the model error is about 2 VOL% and 20 kg/ha mineral nitrogen.



2. First steps
2.1. Installation

Follow these instructions to install a CANDY system on your computer:

1.) If you have already a Borland Database Engine (BDE) installed on your computer, then be
sure to have the configuration file saved to be able to reconstruct this state on your PC. To
do that, you have to start the BDE-Administrator and save the current configuration with
Object > save as Configuration.

2.) Run setup.exe from the installation CD and follow the instruction shown there. It is
important to launch the program at the end of the installation process (don’t uncheck the
option). This runs a batch file register.bat which first registrates some important DLL
files and afterwards launches the CANDY user interface. If the registration is finished
successfully you don’t need to start this batch file any more.

3.) After a successful installation you will find new software on your PC:

- the user interface CDY _ULEXE for data processing

- the CANDY model WCANDY .EXE for process simulation

- the import module DB IMPORT.exe  to exchange data with other
CANDY users

To start the system launch CDY_UI. Then click on the appropriate buttons to run the single
modules. The buttons with a ,?* label give you the opportunity to change the directories for
your data pools.

3 CANDY - user interface M= E3)

Datapath:1 d:\daten\falkenberg_spiegelicandy_da

Clirnate path: |d:\daten\falkenherg_spiegeI\candy_we

Resultpath: |D:\daten\falkenberg_spiegel\cand_l,l_da

LR

Flot Selection

Parameters

Wiew * BESfiles

Llirnate Data

SOL - module

Change System D atabase

syztem database

DATABASE NAME=d:\daten\falkenberg_spiegel\cduprm.mdb
USER MAME=

OPEN MODE=READAWRITE

LAMGDRIMER=ACCGEM

SYSTEM DATABASE=

2003 VYersion: 2.3.1.29




2.2. Preparing a simulation run

Any simulation run should include following steps:

¢ verification of the parameter environment
provide or check-up climate date
select a field or a plot in order to define the simulation object (plot Selection)
provide data on farming activities (management module under plot selection
provide data on observations (optional) (measurement module under plot selection)

Parameter environment

Any simulation result is based on the parameters used. As a first step the user should be verify
that the available parameters are fitting the special purpose. It may be possible to extend the
parameter files provided with the installation software or to adapt single parameter values
according to local peculiarities. It is strongly recommended to lock at the description of model
algorithms before changing the parameter set. Sensitivity analyses may help to find the most
important parameters to be adapted to your local conditions.

|LAU _.'_] 1? create new profile

PRF_INOME |HHZ_NAME |DEPTH I 4 zoil physical parameters
|0 LaLT 3
BEL e B PLOUGHED 1 A
__.LAU LaLZ 20 HYDROMORFH [ SILT l‘—‘
Corg 1.91 oy [
= default ]
BD 1.35 k_BD 015
sD 256 k_5D -0.045
FCAF 3 KFCaP | 5
PP 124 k_PwP 15
= HIND 1 F_MIN 4
H“]’J”l""_l‘l | ‘("] K.s[rmmd] 277 HCAP 016

editing soil parameters

In nearly all cases users will have to describe the soil profile that should be used for
simulation. CANDY is shipped with only few examples of soil profiles. In order to create a
new profile, fill in the new name and press the create button. Than you are able to edit the
sequence of horizons and the soil physical parameter of each horizon. If you want to insert a
new horizon record you can move the cursor to an empty line ( [{]-key) or click the [+]
button with you mouse.

The parameters of each horizon are listed on the right hand side of the form. Soil texture is
mainly characterised using the concentration of particles < 6.3 um (clay + fine silt). If
available you may as well add the values for clay and silt, but this is not necessary for
simulation runs .The other parameters are:

PLOUGHED: I:tillage horizon, modelling of OM-turnover, 0: otherwise
HYDROMORPH:

if checked: horizon is permanent saturated with water
Corg: organic Carbon content (only required if SOM impact on soil physics should be

simulated, in this case the parameters K xxx specify the changes of BD,SD,
FCAP and PWP per 1% Corg .)



BD:
SD:
FCAP
PWP
NINO

Ks
HCAP

bulk density in g/cm?

substrate density in g/cm?

field capacity in VOL%

permanent wilting point in VOL%

standard value (level 2) of Nitrate-N (in kg/ha) in a 1 dm soil layer., K NIN gives
the changing of this amount per level

saturated conductivity in mm/d

heat capacity of soil substrate (0,16)

climate data

For the whole time interval of the simulation scenario the climate data has to be provided in
daily time steps without any gaps. Practice shows that temperature and radiation data can also
be used from distant stations, but precipitation data should be used from a local data set.
Climate data have to be provided in dbf-files with following name convention.:
WETsssjjjj.dbf;

station shortcut ( linked with fix-data)

year ( in 2 or 4 number format )

with

Graphics I Table I Generatori

all | nonl in\rertl

W "WETLAUBE.DBF ~Element: D:vzandy 200 2wet WIVETLALS0. DBF
ET

| WwETLAUST DEF
| WETLAUSZ DEF
| WETLAUI3DEF
] wetlau34. dbf
%] wetlauds. dbf
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€ Precipitation (kar) 0 4

B2
&

& Precipitation [obs)

B2
=

" Sunskine

o

Precipitation (obs)

=

€ Glob.Radiation(wa)

24

" Glob. Radiation(db) 0y

X e
¢ i 5 ¥ T T T T T + H ; H H
01-Jan D1-Feb O1-hbz D1-fpr Db Of-dun Of-Jul  Oi-fug  D1-Sep 01-Okt 01-Now 01-Dez 01-Jar
return | copy to EXCEL | dote

climate data module

The module ,climate data‘ is a possibility to edit or verify the climate data. Of course you
could as well use other tools to compile the data. The table —view of the selected climate data
file supports also pasting of data from other sources. This has to be done separately for each
column. Copy the data to the clipboard as usual and then click the right mouse button on the

first (upper) cell where you want to start the pasting and click on the paste command of the
appearing context menu.



Definition of simulation objects

i DATABASE _[a[x=]|
Basic-Info I i
=~ 0 d\daten'falkenberg_spiegelhcandy_da Managemen‘r] Experlmen’[al \/a\uesi
=@ DEMO_
+ E files ineu
=1 IR plats
B _ 20 NULL b17 Site Conditions History/Initial Values
30 USUAL_Bb17
A0 HIGH_b1g il 50 = Crewvel 9 Histary
-3 MFELD
=-£1 SCHAU weathar |FAL - M-lewel 3
-3 SCHHE
) i %) 100
i JEEI—“ moisture lewel (%)
letitude 151
airtemperature i]D start 10.12.2000
precipitation 500 stop 30121833
hiol. active time 1_
W show dialog with experimental values ™ quick start |
create status update FDA ‘ rnacel run (plof)

End ‘

Module ,plot selection® — right-click on tree-view-items to activate context menus

A simulation object is a plot or subplot that is considered homogenous. Different plots are
aggregated in a database consisting of: fixed data (FDAxxxxx.dbf), management data
(MASxxxxx.dbf), measurement data (MWExxxxx.dbf), data about plot history concerning
cropping and manure application (MMHxxxxx.dbf), results from manure/slurry analysis
(GUExxxxx.dbf) and data about the system state that can be used as initial values
(S__xxxxx.stc [binary file]).
A simulation object is defined by its fixed data:

name of the plot

soil profile (selection from popup)

climate data:

- climate station (selection from popup)

- long term average of precipitation and air temperature

- latitude ( only to transform sunshine into global radiation)

information about plot history:

- annual input of reproducing Carbon(Crep): This information can be
calculated from crop rotation, yield and amount of manure application.

- N input and moisture level: this information is used to select site specific
values for mineral soil nitrogen or soil moisture according to the farming
intensity as a rough estimation. A better adaptation to real site conditions is
possible if measurement data are available.

simulation start:

- date ( from here climate and management data are required)

- filling of usable field capacity (uFC) at this time (roughly:: 100% at 1.1.)

- annual nitrogen input from atmosphere in kg N/ha. This value will be varied
during a season according to crop coverage (roughly: 60 kgN/ha)



basic information

The Basic-Info tableau shows all data describing the plot ore the simulation scenario. These
fixed data are store in the FDA*.dbf file. After editing all fields you should press the
updateFDA button to save your data. If you want to use status file support (recommended)
you should as well press the create status button. The status calculation is based on the
History data, the selected soil profile and the biological active time that will be calculated
from soil texture, temperature and precipitation. If you change these data you should create a
new status record in any case ! There are some crucial data on this tableau — which means that
they are hard to estimate.

N-deposition: Whilst many agricultural advising services deny a considerable diffuse input of
nitrogen from the atmosphere there is experimental proof of the relevance of this
matter flux from long term experiments. Most European long term experiments have a
control plot with an annual nitrogen offtake of about 50 to 60 kg/ha without depletion
of soil. To enable this nitrogen in crop production you have to set the N-deposition
rate to a similar value.

moisture level: If you start the simulation in the beginning of a year in most cases a 100%
filling of field capacity is a wise estimation. If you start after harvest it needs local
experience to guess a reasonable value. Anyway it would be best to have observations
of soil moisture dynamics. In this case you could use the measurement data to adapt
the model and to validate your soil parameters.

N level: Similar to the moisture level the best way of system adaptation in terms of mineral
nitrogen would be based on measurement data. If they are not available you depend on
local expertise to estimate this value. Since this is an indicator 1 stand for low input
agriculture, 2 symbolises the normal level and 3 shows a high input farming. At run
time the N-level value is used to initialise the mineral nitrogen distribution over the
soil profile. The N-storage (nitrate N) of a soil layer 1 is calculated after following
equation:

N[i]:= NINO+k NIN*(N-level-2)
with NINO and k NIN reading from soil parameters (see there)

C-level: This value (also referred to as Crep) is important toinitialize the proper humus level

of the simulation object. Again — the best way of adaptation would be measurements
of hot water soluble Carbon, decomposable Carbon or organic Carbon (the first and
the last will internally be changed into decomposable Carbon.
If you consider the soil to be near its steady state according the previous land use
(which is the only possible hypothesis if there are no further information and you want
to run a simualtion) the humus level will be calculated from the average flux of
reproducing Carbon — which is entering the SOM — and the estimated biological activ
time. To help you with the estimation of the C-level (which should be about 8..12) you
could start a Crep-calculator clicking the History button. The History-window has a
Croplist (left) and a list of added organic matter (right) — beside harvest residues and
roots. You have to specify type and amount of the items and calculate their abundance
in the crop rotation. If manure was applied at a rate of 300 dt/ha every 3 years you
should specify 300 and 33% - or 100 and 100%. The coresponding Crep-value will be
calculated and used in the basic-info after closing the History window.



management data

1 DATABASE M=l E3
Basic-Info  Management | Experimental \/aluesi

B8 ou_data

__J40NFKield2i

BB plots DATE _ [ACTION _|suBJECT [INTENSITY|UNIT | fi
B-B _ JONPKfield? || 02.09.1367 : 1 ammanium nitrate 30 kg N/ha
-1 KHARK || 22041968  mineral M fertilizer ammorium hitrate 30 kg Miha
| |23.04.1368  emergence maize for zilage 136 di‘ha
| [10.07.1368  harvest, crop res. removed | maize for silage 136 di/ha
| | 16071968  mineral M fertilizer ammonium hitrate 30 kg MHiha
= 10091968  emergence winter wheat 33.3 dt‘ha
il 250371969  mineral M fertilizer armanium hitrate 30 kg Miha
iy} 23071969  harvest, crop res. removed | winter wheat 333 dttha
| | 18.041570  mineral M fertilizer ammonium hitrate ED kg Mtha
|
“Management Event
M-Input
0209.1967 =] |mineral Nfertiizer =] |ammonium nitrate =] {30 kghsha

" Insert Record NHd4-amount (35)= |

& Owverwrite Record

delete recard | update I print | [

End ] L =

editing management data

Select the management tableau to edit the farming activities for your simulation scenario.
Click on a record in the table, change the information using the fields on the lower part of the
form and press the insert/update button to save your data. If you want to insert new records
you have to click on the appropriate radio button.

experimental values

FIRST|SNR  [uTLG [DaTUMIM_IX [so  [s1 [M_wERT[W
3 1 0 30121335 2 0 3 23456

>

A 2l

sampling date  sampling depth  —————— ohservation
EREE | [0 -3 dm  [umsetebareiKobenstof <] [23486  diéha

 Insert R d : i
nzert Recan E ™ model adaptation start evaluation

& Ovenwrite Record

editing measurement data

Select the measurement tableau in the plot selection module to edit your observation data in
the same way as the management data. If you want the model to fit right through a data point,
you should check the adaptation option. In this case internal model values will overwritten
with the observed value. Usually you won’t check this option and CANDY writes the internal
value into the table to give you the opportunity for an assessment of the simulation results.



creating and deleting items

creating a new database:

right-click the uppermost (database) symbol in the tree view and click on create a
new database in the context menu. In the subsequent dialog you have to enter the
name (5 characters) of the new CANDY database.

creating a new plot, deleting plots:

right-click the plots symbol of the database to be extended, select the add a new plot
option in the context menu. If you want to use data from another plot (even from
another database) - open the appropriate tableau (management for management data)
and move the data (drag and drop) from one plot item on the tree view to another.
Select the option delete active plot from the context menu to delete the activated plot
( indicated by a yellow symbol in the tree view)

editing tables of the user data:

Activate the files symbol of the appropriate database and then the table (dbf-files
only) to be changed. You may edit the data directly in the table view. To insert new
records, move the pointer to the last record and press the [{] key. The data are saved
leaving this record. To delete a record you have to press [CTRL]+[DEL] and confirm
the deleting action. Deleting a record in your FDA table means to remove a plot from
the database, but without deleting the corresponding records in the MWE and MAS

file.

If you want to edit the MW __ table in this way you have to hold down the [ALT] key
clicking on the MW __ item and you will have the table view instead of the evaluation

module activated.

=~ Dohcandy20024date
+2 DEMON
U.p>E QUEF_

datapath symbol

-l files

] FDOAquetr_ dbf

files (group symbol)

MASUUEF DBF
GUELUEF_.DBF

active item

MMHULEF_DBF

MWELUEL DBF

file item

M/ LUEF_DBF
5__QUEF_STC

EEED DM

<

=
=3

_ 140 Cdec mid
__ 180 Cdec low
390 Cdec bieb——
@ GISOIIEE  <hn
+-E3 SCHAL
#-61 TEST1 4

plots (group symbol)

- plot item

CANDY database

tree view of the plot selection module

deleting a database:

The context menu of a CANDY database includes this option. There will be a

warning that you are going to delete all plots of this CANDY database.




2.3 Start of the simulation runs

This paragraph explains the way you will start simple model runs. There are some more
sophisticated options to mange the simulation for a whole database that will write results into
an ACCESS database. These options (scenario and group simulation) may be activated via the
context menu of the CANDY database in the tree view. (see also 2.6).

In the Basic-Info tableau of the plot selection module you will find the button to run the
simulation model. If the button is pressed the system creates and activates a batch file to call
the simulation model (cndrun.bat). This batch file can be saved and modified by experienced
users in order to run the model without using the interface program.

There are two options to select. The dialog with experimental data (checked on default) gives
you the opportunity to select records from the measurement data that should be used for this
simulation run. Additionally you can create new records (without observation data) to extract
specific results from the model. The records compiled within this dialog will be stored in a
temporary file (MW _xxxxx.dbf).

4 Mes: =] 3|
existing data  new data ]
heibw losl Kohlenstaff =] depth: o | -3 | 4
“tirne inkeryal
& everyday statdate [1717 1955 -]
£ hertades enddate [37121335 -
" decadss
DATURM ]Irom depth ]to depth ]adaplatlon property ]_?J
| | 2612713938 0 L heitbe. fos] Kohlerstoff
| |27.12719%¢ 1] 3N heifw. s Kohlerstoff
| |2812799% 1] IMN heifw. Igg]. Kohlerstoff
| 231271398 1] 3N heilw. s K ohlerstoff
L 30121958 a N umzetzbarer_Kohlenstaff
| 30127332 1] 3N heifiw. s, K.ohlenstoff
[M31.12193¢ 1] 3N heifiw. s, Kohlerstoff j
1eset qo back run CAMDY ‘

measurement data dialog

The quick start option is usually unchecked. If you check this option you will immediately run
the model without the opportunity to edit model switches. If the option is unchecked the
model comes up with a window that contains all parameter for the simulation run and some
elements to modify the behaviour of the model.

10



-E : i
ool | \eandy2002:dat Sl | NDYZO02MWET result path JD:\cand}'2DD2\les\
start 110121395 L] [ outputfrequency 1 standard switches 1‘2"’"" gritEhess
" daly ¥ presentation mode ilihelotanihls I
stop 31.12.1995 - {~ pentades ¥ precipitation data not et corected
DEMOT " dekades ¥ wait after run ™ change soil physics with carbon content
range + monthly : i s _ A0 =
I 10 " annually I prevent unoff (lpsimeters) [ risk analpsis; runs= 1 =
plat  — B ]
; ILALI—‘ “output farmat- [~ use generated climate data random distribution of mineral fertiizer: s= |9
sl {.r: a;gruft_?ut N, y repeat management scenario;  cycles= [q j
climate ]LAU o FEES:fiII: L it pielemiin i s use hon-default initial condions
T S0M in steady state i
output file |zimres | ¥ file name TECU'CHD
MessageClass 19_
BQEQBSE'EENEME=C:\Programme\Borland\DeIphl?\F’rmects\C_A_N_D_Y\cdyprm.mdb [ aeaeBISmads hieuin= I—x
EErEgDNIl!DI\?EEFT—FE?gG%HlTE precipitation adaptation with factar= I‘I——

SYSTEM DATABASE=

escape ‘

start simuilation ‘

The recommended output format is the RES-file. You may select the results that you want to
be recorded in the selected output frequency during the simulation. RES-files have an ASCII
format and can be used with any text editor. From the user interface you may start a special
viewer for these files with an option to export data into an EXCEL spreadsheet. The name of
the output file can be changed by the user. There will be no warning if a file will be
overwritten during simulation.

standard switches:

presentation mode:  producing an additional graphical output during simulation

wait after run: model window stays on screen after finishing the simulation

prevent runoff: no surface runoff occurs, water surplus stays on top

generated climate:  climate data will be generated during simulation; to use this
option, the preparation of a generator file (*.per) is required.

new initial cond.: model initialisation from fixed data and not from a status record
as usual

SOM in steady state: the initialisation of SOM will be based on the farming activity
during the scenario and not on the Crep value in the fixed data

expert switches
precipitation data not yet corrected (default):
the model compensates the systematic errors of precipitation measurements
change soil physics with carbon content
the model adapts density, field capacity and wilting point according to the
changing Carbon content
risk analysis: repeated run of the same scenario with randomly distributed fertiliser
repeat management scenario: check this option if you want to repeat a 5-year crop
rotation for 100 years and specify 20 cycles
non-default initial conditions:
you may read the initial condition from any file in a *.stc format. Specify the
file name and the record number you want to be used.
message class: a higher message class will suppress less interesting messages
GIS-mode: to be checked if the model is used in GIS mode
precipitation adaptation factor:
all precipitation data will be multiplied by this factor

11



CANDY_RUN [303)30.101983

datatable ~bial. 3ctviy | nirogen poos | nittogen fluxes | caibon pools | water fluzes |

2 Crep- Schalzung. 0.0 di/ha
1: Bewitschaftung. DEMOT__10 von 01.01.1383 bis 31.12.1936
2 VERSION : 2321

3 Start Status aus FESTDATEN neu generiett

4 N-Summe im System= 43.0 ka/ha

5 DatapathD: \candy2002:dat'

& Climate :D:\CANDY20024WE T\

7. LA climale dats in use; RF=1

8 Jahr 1 'Welter.1983 Mnmi:1983

9 Saisonzls Aufteiluing Nmmission akiivist

10:15.0 Bodenbearbeitung bis

11: 21.031383 B0.0 kg N/ha minDg.

12 CZEP aus CDYPFLAN

13 ZETE aus CDYPFLAN

14 23.04.1383; Aussaal ZuckeruebelCANDY) e
15 17.10.1983 spmb. N Fin= 0.0 karha __‘/// :
16: 17.10.1383 Transpiration=342.2 mm Bt :
17.17.10.1383 Emnle :
18 17.10.1383 126.1 kg N/ha Emteentzug [cberidisch) sugar beet
19 17.10.1383 i Saldolnput-Uptske]

01-01-1030 0104 1030 01071080 0f-10-1080 01-01-19¢

|nput aus sugar beet
o
e |[1 2l zon wd | —— S DAY

A mouse click on ,start simulation® will start the model. In presentation mode you will find
graphical outputs additional to the default simulation protocol, that is written into the ASCII

file candymsg.$$$

CAMDY run: QUEF___140 [ 90)31.03.2003

OOOBB0E0E0EER0EE0D0EE000E00EEDBRE0aE
253 28.04.2002: emergence sugar beet[CANDY) ;I
284 07.10.2002 CANCEL maize for zilage at 0.0000

255 07102002 symb. M-Fiw.= 0.0 kg/ha

2BE: 07.10.2002 Transpiration=4.25.9 mm

257 07.10.2002 CANCEL pea at 0.0000

258 07.10.2002 harvest

289 07.10.2002 201.7 kg M/ha uptake by crop (above ground) sugar b
260 07.10.2002 158.0 kg N/ha balance(input-uptake)

261 07.10.2002 40.2 kg N/ha Residue-Input from sugar beet

262 07.10.2002 522 25202587691 3 kg Crep/ha from sugar beet

263 07.10.2002 148.8 kg M/ha Ob:zugar beet leaves 3006 kg Crha
264 21.10.2002: zail tilage 1dm

2B5: crop specific ZETE walue

2BE: 01.11.2002: emergence winter wheat[CANDY]

267 16.12.2002: swface runoff: 3.297508 mm

268 Gezamt N-lmmizzion = £1.3 ka/ha

269 coverage with green crop: 141.4d  of 3654

270 Year 16 Climate: 2003 Mamt: 2003

271: zeazonal partition of M-immiggions activ

272 24.03.2003 60.0 kg M/ha min.Fert.

273 okl | g/ha

2 AN

Sha end |

Version. 2338

In most cases you will not activate the ,presentation mode‘ in order to save time. You may
stop and continue the simulation at any time and you can calculate for certain time intervals to
watch the model behaviour at certain dates. You may as well cancel the simulation and return

to the initial window.
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2.4. Result evalu

ation

All messages about the model activities are stored in a MESSAGE file (*.msg, bzw.
candymsg.$$$). Depending on the settings you will find an fixed data set in text file (*.MXT)
or a user defined result record in the result file (*.RES). It is not possible to have both outputs
at the same time. Start the res-file viewer from the user interface to work with that type of
results. Activate the file you want to analyse, click on go and then you may select the variable
of your interest. You will see a numerical and a graphical representation as well as the
average value of this result variable. It is possible to assign these variables to an x or y set to
perform a simple linear regression.
Click on the export button to move the whole result data set (all variables) into an EXCEL

spreadsheet.
[ Daten einlesen M =] B3
|E d.[] _.d IN mineralization j N mineralization in kg/ha
=DM 31.12.1989:15.8 80
31.121930; 34
31.121991: 538 70 4
3121932414
£ candy_da 31.121993: 379 60
£ candy_we 3121994284
infa 31.121335:33.3 ]
R 311219% 36 %
£ lanu3e
. 31121997 47 i
(@] o 31121996 64.3 1
] ote 31.12.1999: 789
3 test_prg 31.12.2000: 506 304
0 4
R__ 20rex
A__ 30res 0d— T T T T T T T T
R__ 40res 33Es 34Es 34Esd 35EM 35Ee 3EEM 36Es BTEM BTEM
F__Blres: = date
qo export 2><L| zet ¥ | zet p | 44 775 Ende |

RES file viewer

A more flexible tool for model evaluations is the usage of evaluation module, that will be
activated by a mouse click on a mw_ file on the plot selection module. To do that, you have to
change from the plot to the file level where you should find your MW _ -file after a successful
finished simulation run.

(il QUEF_
plot
property depth [dm]
[Boderfeuchtervol)  +| E B

= [afx]

dat ! Ep

Isim I

10.11.2002
20.11.2002
30.11.2002
10122002
20122002
J1.12.2002
10.01.2003
20.01.2003
31.01.2003
10.02.2003
20.02.2003
28.02.2003
10.03.2003
20.03.2003
31.03.2003

LT T T T 0T 0T T 1T 0T T 10

copy to MWE | copy to E><EEL|

326359
330529
36.0471

31.883
327153
468122

46.859
41,3222
39,4961
35.65368
1.9407
29,5084
29,9356
26,8526

25.355

End

I |

|
|

Bodenfeushte(vDL) [WOL%]

10

Cdec low; sampling depth: 0- 3dm

zm

10.04.02

code for missing values I.gg

show missing values

r

10.07 02 27.10.02 04.02.03

date

print |

16.05 02

save as WMF I

comparing measurement and simulation results with the evaluation module

13



In the evaluation module the user has to select plot, property and depth. Measurement values
and simulation results are shown as a table and in graphical format. Data may be moved into
an EXCEL spreadsheet and simulation results can be saved in the MWE file.

If you did not activate to option for new generated initial conditions, the system will initalize

written before a new year starts and a additional record at the end of the simulation scenario.
The viewer for this file will be activated if you click ona S -file item:

D:Acandp20024dathS_ DEMO1.5TC

1 records
—Stat-Record
W 369973 0 14 W %
2 287908 3 1] 14 weqanf 1 pear 2000
] 40583 3 1] 14 weqehd 1 plat 10
4 42377029 1] ] ternpanf 0 Show 1]
] 44170029 1] ] dbagmax i speisch 1]
g 4.5963: 29 1] 4] ratanf 0 s2Ep 1]
7 4 77REE 27 1] ] witiet n
g 495490 27 1] ] bedard I
g 513420 27 1] 2] bestha 1
10 53136 27 1] 4] apool I -
11 5492927 0 5 it 0 I
12 BE722 27 1] ] rnaspilent 1
13 58515127 1] ] kurnpflent I
14 E.0308° 27 1] 2] leqanz M
15 E.21027 27 1] 2] rtria n
16 £.3895] 27 1] 2] besmih il
17 E.5E28" 27 1] 2] farts 1
18 B.7481. 27 0 )
19 B.92741 27 0 )
20 7068027 0 )
1985, 71 5585.00 1] 1] 1] i n LEE0E B3B3 |
2 1985, 71 5585.0]0 1] 1] 1] 1] i
3 1985, 71 5585.0]0 1] 1] 1] i i
4 i I 1] 1] 1] 1] i i ;
5 = - 0 0 0 0 0 0 compress file |
g 1] I 1] 1] 1] 1] I i
1] 1] 1] 0 i i
1] 4 |

Whilst this feature might be more interesting for experts, the forecasting feature could find a
more common interest. It is based on the last valid record of the system state and provides an
overview about the nitrogen and water availability as well as a prognosis of nitrogen
mineralisation. To activate this module you have to click the appropriate button on the basic-
info tableau in the plot selection module. This button is only enabled if there are valid status
records available, which is not the case if you let the system create new initial conditions
during simulation. The forecasting feature has two modes of appearance. If there is an active
crop with nitrogen demand you can activate a graphic overview about timecourse of demand
and nitrogen supply. If there is no crop, the forecast will provide a standard estimation of
nitrogen to be leached with 100 mm surplus of water.

14



nose: o ] S

QUEF_: Cdec low

PLOT:Cdec low = state at 31.83.2883 recno:18
CROP: winter wheat expected N uptake : 319 kg/ha
current H in crop f 16 kg/ha
expected Hitrogen supply until 1.11. : 168 kg/ha
tolerable H-rest & 68 kg/ha
maximum environmentally sound H-application until 28.88.2683 : 133 kg/ha
layer AMN HIT Man %uFC nm layer HMHan %uFC mm

a- 38: 32 17 49 5L 31 )
38 - 68: a L) 4 10 59 | 8 - 68: 53 7 98
68 - 98: a 4 4 183 66 } 8 - 98: 57 87 156
98 - 158: i) 9 9 184 134 | @ - 158: 66 94 298
158 - 2@8: a8 19 19 117 37 | 8 - 208: 85 96 327

total N in system: 3268kg/ha & fOM-pools

Mmin in autumn (kafha) 600 (ecaioulate J view standard crops show graf J end J

CANDY N mineralization prognosis
A crop is recognised, the N amount to be added without exceeding the critical value in
autumn is calculated — if required you may change this value and recalculte

EE i ] 55
rooting depth [drm) Hrin-storage
sugar beet Féﬂ-‘_‘ IABEEID‘_SH
potato ,5—‘ ]m
zpring barley ,12—‘ ]m
winter wheat 13 ]m

mineralization until 1.Mov: ]180'1 30746388
ok

The standard crop view gives information about the nitrogen storage
for different rooting depths

4 prog_orf [_[O]x]

Mitrogen Balance
400
350 4
300
260 {
5
£
= 200
£
E
£ 150 |
100
50 4
i ; . . . . . . i
010z 01-fpr D1t 01-Jun 01-Jul 01-fug 01-5ep 01-Okt 01-Nor
date
2505, 2 oniloes aplicaton - Tl i )
[% B (ineral_M+mingralized_N-+fertilizer_N

For an active crop, the graphic shows the expected time course of N-demand and supply.
Right-click the diagram to simulate applications of mineral ferilizers
(the amount is calculated according the mouse pointer)
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-4 CANDY - Prognose M=

QUEF_: Cdec mid

PLOT:Cdec mid - state at 31.88.1988 recno:37

no crop with potential nitrogen uptake worth mentioning
expected N-supply for next month: 19 kg/ha

N leaching risk:

at 188 mm water surplus 8 kg/ha H will probably be leached

layer AHMH HIT Han %ufFC nm layer Han 3%ufFC nm
a- 38 a 38 38 20 1 ]

38 - 6a: a 28 28 a7 28 } 8 - 60: 58 29 B
68 - 98: a 24 24 L9 32 | 8 - 9@8: 82 36 63
98 - 158: 8 48 4B 68 88 | 8 - 158: 130 58 158

158 - 2@88: a 25 25 92 29 | 8 - 288: 155 54 188

total H in system: 288%:g/sha @ fOM-pools

N in autumn (ka/ha) |BD recalculate | wiew standard cropsl show graf | end

| CANDY N mineralization prognosis 4

Without an active crop the system calculates the leaching probability...

-3 Loaching 1= 3|
i Possible N-leachi
ossible N-leaching .
: i2 MO3-conc [ppm)
1 i
1 10 I
- 7
I &
" T ED
£
g8
£ I’r ~ Bl
= L]
2 i
p s 20
2 10
0 0 0 60 20 100
Infiltration in mm -0

close

...and the graphic shows the nitrogen breakthrough with the expected nitrate concentration at
the right hand side
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2.5 GIS-support

CANDY supports the access to GIS data through mapobjects (ESRI). The user should provide
the data as shapefile using ArcView. The filename has to be composed of the prefix ‘GIS’ and
the CANDY database name (5 characters). If your database is called FIELD you should have
the files GISfield.dbf, GISfield.shp and GISfield.shx in your data directory.

The DBF file should at least have following fields:

Field name Type Meaning

e —

ID integer unique identifier of the patch

PATCH character unique identifier of the patch, used for
result file name

FLAECHE real area of the patch in m?

GEBIET characters (5) name of the CANDY database

PARZELLE characters plot name identical with SBEZ in FDA-file

BODEN characters soil profile, should be

WETTER characters (3) pointer to climate station

R_FAKTOR real adaptation of local rainfall to observation at
climate station

WERT real template for results

I f you want to extend your data for GIS related simulations you have to activate the option
create GIS support from the context menu of the appropriate CANDY database.

If CANDY recognises GIS data it adds a special symbol in the selection tree of the plot
selection module. A mouseclick on this item opens window with a map view:

-0 x|

plots |

=
[
=
ERX15 -
==
o

|

patch
regian
plat
soil
cdy

database |

CAMDY region |

7 End
find patch | 1 labels ondaff | . |

Click on a patch and the database button opens the plot selection module to edit this data.
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With a click on the CANDY region button you will open the window for regional simulations.

E CANDY region 1 =] |
datsbase  [GISOUEF_mdb

simulation i results] statistics]

0=18[L-Z-D-k+] [ scehario |
0=14[L-Z-D-K+] + create a new ]SCEN—HSS
0=29[L-2-D-K+] = uge an existing

Wl S=_150 P=0FMHO15w=0UE D=0UEF_FRF=
vl S5=_ 140 P=QFMHO14 w=0UE D=0UEF_RF=
vl 5=_ 290 P=0FMHO23w=0UE D=0UEF_RF=

|~ Parameters
|&tart {01 pg 1a0s

& create new initial state from FDA
[ Results 1
| output frequency | select results ]
= dayly

" pentades
" dekades result table

& I |RES_1158
r Iy

" prevent wnoff ysimeters) 5 precipitation nat yet conected
[ generated climate

[~ adapt zail physics ta SOM [~ repeatscenaioto [o vears

Il irveett 1? s ch h >J :
w EShEne madel run [region) J

end I

There is a
special database for the GIS related results. Usually it is automatically created. The database
structure is described in the chapter 4.4, a template for this database is in the CANDY
directory (GIS_template.mdb).

It is possible to define several simulation scenarios or relate to an existing one. In most cases
you will create a new scenario and the system will tell you the identifier (a number) for the
scenario. This identifier is used as a default to name the result table that will be created if you
click the run button. You have to select the plots to be included in simulation and may edit
starting and ending point of the scenario as well as the results to be recorded during
simulation. The simulation procedure is the same as usual but the rainfall correction factor of
your GIS data will be used. It is possible to set switches according to the problem to be solved
and you can decide to create new initial conditions from the FDA parameters or tell the model
to use initial conditions from a STC-file. The recorded results and the frequency of the
outputs has to be defined similar to all other simulations. After changing scenario parameters
press the update button to save the settings in the database.

The model run will include all selected items. After a successful simulation run you may
evaluate the output data in the ‘results’ tableau:
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21 CANDY region M=1E3
Gl5 datsbase  [GISSCHALLmdb :

simulation  results i statistics |

scenalio result attibute
Ischauglahen_ZDm _'_I M leaching j [~Aggregation
time intervall start IDHD.]SBS - & tolal value
; ] »
sop [;izzom - I select dota 1 e
et table | distribution plat |
PATCH  [GEBIET [PaRZELLE [WETTER [BODEN [FLag=]

> &1 SCHAU Ks7 SHS L5(D4B) 2E00:

i 3 5CHAL ERX26 SHS L53[D5E) 503

i 83 SCHAL 05N SHS U5 LS 773

0] 71/5CHAU KS3 SHS LS(D48) 1t selected objects

B 24 SCHAL ER:16 SHS U5_LS 4575: g?

i 55 SCHAL F2 SHS LS(D4B) 2930

fil 41/ SCHAL ER1 SHS LS(D4E) 202,

i 52 SCHAL K57 SHS 5L2D58) ;

] 17 SCHALI ER19 5HS L5(D4R) 714

i 77 SCHAL K55 SHS L5(D4E) 20as

fi 73 SCHAL K56 SHS LS(D4B) 1912

4 i *

show map reset stat add 2 stat show dpnamics I

end I

After selecting the scenario and the result attribute you will see the data in the result table and
also as a distribution plot:

ﬁ CANDY region =10}
GI5 database  [GISSCHAL. mdb

simulation  results i statlstlcsl

SCENANo result attribute

schaugraben_2001 _'_l M leaching j [~Aggregation
i intervall shart IUH 015389 vI @ total value
1 o
sop  [zazzom -] | select data | il
result table  distribution plot I
800 )
regional average=242.583239302
il magimum value =735 9507
B0 minimum value =0
£oo selected objects
=
% 400 53
3 300 8l
=
200
100
o4
-1oo
oo 0z 0.4 05 0.E 1.0
part of region
shaw map reset stat add 2 stat chow dynamics I

end I

Doubleclick an item in the table or in the plot to add it to the list of selected objects. For these
objects together with the regional average the dynamics over the whole simulation intervall
will be shown after clicking the button ‘show dynamics’.
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1 Dynamics _ O] =]

| —@— region —— 53 -+-81 |

220 -

200 4

150 4

160

H leaching
=
=

-0 T T T T T T T T T T T T 1
1959 1990 1991 1993 1993 1994 1995 1996 1997 1998 1999 2000 001 100z
date

Clicking the button ‘ show map’ will produce a map view for the selected attribute. Colouring
of the classes can be changed after doubleclick on the colour in the legend table.

2 MapView [_ 1O =]
: T - =
prink | copy | |GISSCHAL shp ] class break count [g =
M leaching
ITEM COLOR

0

14719014
294309029 |
441 57042 .

500, 76056 -

patch 8

region :SCHAU
plat ERX22

ol (LS3(D5B)

M leaching=503.758

-» database |

CAMDY region |

find patch | a1 labels on/aff | End |

The GIS database provides space for up to 10 variables for a statistical analysis. Starting a
new analysis you should clear these tables ( ‘reset stat’ button). New items will be added after
clicking the ‘add 2 stat’ button. Within the statistics tableau you can create an x-y-plot from
this variables and export the whole dataset to an EXCEL file for further analysis.
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1 CANDY region =]
GIS database  [GISSCHAL. mdb conmect

simu\ationl resulls StatiStiCSI

”‘Iflow to groundwater _:! ¥ lN leaching _'_! showdata

xyGraph 3.00
70 4
D =
[
[
A0 4 -
= ]
[
=

40 4 LB | 9 [ ]
2 . i ®
g 30 LS = e
= = anly

20 L] L) [ L] ] ™

- L ] H L
LY, L L]
10 4 3 LR ] "
- ,
] s Un
LA = . =
o +
-0 T T T T T T 1
-I0 o 20 40 =11} a0 100 120
flow to groundwater

end

2.6 Simulation runs for several plots

If you have no GIS data but want to bundle your simulations for a number of plots from a
CANDY database, you could activate options scenario simulation or group simulation from
the context menu of the CANDY database in the tree view. There will be a list of all plots
shown, where you can have a selection for the simulation run. The scenario simulation is very
similar to the GIS mode and will save results too in an ACCESS database. The group
simulation is more simple and aggregates just a number of simple plot simulations.
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3. batch file settings

model switches: ( all switches have a +/- option; the following settings are the non-default

ones ; if a switch is not used in the model call at all, the default setting will be active anyway)

V+:
D+:
Z+:
S+:

W-:
G+:
P-:

parameters:

N-uptake proportional to transpiration, default V-

adapt soil physical properties to Cy, , default D-

generated climate data, Default Z- (real climate data)

generate initial conditions from fixed data, no status file necessary
(S xxxxx.STC), default S-

no stop after simulation run, default W+

simulations in GIS mode, default G-

no graphical results during simulation, default P+

general information

DP=

WP=

RP=
7=

MC

RAnn
SS

OF=

data path (e.g. C\CANDY\CANDY_ DA)

path to climate

path to result files (*.res).

if assigned, the system will repeat simulations for the specified number of
years circulation through the management data.

MessageClass: determines the messages selected for output

risc analysis with nn replications of the scenario

steady state : (only effective with S+)

Initial values for SOM are calculated from scenario data and not from Crep in
fixed data

output frequency for simulation results( MXT and RES files).

possible options are 1, 5, 10, 30 (for month) - annual is default

description of the simulation scenario

A:

start date (A=dd.mm.jjjj)
end date(E=dd.mm.jjjj)
MXT-file name( without extension).
RES-file name( without extension).
name of soil profile
name of database (xxxxx). Basis for following file names:

MASxxxxx.DBF : farming activities (management)

FDAxxxxx.DBF : Basic Info (fixed data)

MW _xxxxx.DBF : subset of MWExxxxx.dbf to be used for simulation
plot index: nnnnu
with nnnn: plot number ( SNR field in DBF's) blanks have to be replaced by a
low line — and subplot (UTLG field in DBF's); e.g.:  123: snr=12, utlg=3
name(abbreviation) of climate station (sss). depending on the Z switch the
following file names will be constructed: Z+: climate generator sss.PER /
Z-:real climate data from WETssjjjj.DBF ; jjjj: year
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4. Background Information

4.1 ACCESS-Tables in CDYPRM.mdb

Soil Parameters

(Profiles: profile)
Parameter
PROFIL
HORIZONT
HORIZ NAME

(Horizons: CNDHRZN)
Parameter

NAME
HYDROMORPH

PV

KRUME

CT

TRD
K_TRD
TSD
K_TSD
PWP
K_PWP
FKAP

K_FKAP
KF
LAMBDA
HKAP
TON
SCHLUFF
FAT
NINO

K NIN

Meaning

name (abbreviation) of the profile

depth ( lower limit of the horizon in dm)
pointer to a record in CNDHRZN

Meaning

horizon name ( refers to profile. HORIZ NAME)

(yes/no) yes: horizon is always saturated with groundwater
pore volume ( not required )

switch : KRUME=1 means ploughed horizon

typical value of C,,-content in %

(reference basis for TRD, TSD, PWP and FKAP)

bulk density in g/cm3
change of bulk density per 1% C;

substrate density in g/cm3

change of substrate density 1% C;

permanent wilting point in VOL%

change of wilting point per 1% C,

field capacity in VOL%

(good estimate soil moisture in spring time)

change of field capacity per 1% C;

saturated conductivity in mm/d

seepage parameter after Glugla (facultative)

heat capacity (i. a. =0.16)

clay content (facultative)

silt content (facultative)

content of particles <= 6.3 micrometer:= clay+fine silt
Nmin-standard per 1dm soil at normal N-supply in kg/ha
change of Nmin-standard per intensity level in kg/ha
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Pesticide parameters

Parameters for OS-turnover:

(CDYOPSPA)
Parameter

ITEM_IX
NAME
CROP_IX
oD

K

ETA
CNR_ALT
CNR
TS_GEHALT
C_GEH_TS
MOR

(CDYAGCHM)

Parameter Meaning

ITEM IX Index

NAME name of pesticide

INDEX unique number ( e.g. CAS-registry number)
H Henry — constant ( J/mol)

DIFAIR Diffusion coefficient in air (cm?/d)
VOLGRE height of the borderline between soil surface and clean atmosphere in cm
DEC_COEF decomposition coefficient in 1/d
TEMPERATUR reference temperature for DEC_COEF in °C
KOC KOC-value in mg/kg

FRN Freundlich —exponent

Meaning

Index
name
crop index
organic matter for application (manure, slurry) (true/false)
decomposition coefficient
synthesis coefficient
total C/N-ratio
C/N-ration in organic matter
dry matter content t
C-content in dry matter
relation between mineral and organic Nitrogen

Parameters for mineral fertiliser

(CDYMINDG)

Parameter
ITEM_IX
NAME
AMMNANTEIL

Meaning

Index

name of fertiliser

part of NH4-N- in total N in %
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Parameters for crops :
(CDYPFLAN)

Parameter
ITEM_IX
EWR IX
GRD_IX

NAME
ART

CZEP
ZETB
MODELL
TRANSKO
VEGDAU
STEIL
NBOK
LNUB
FEWR
CEWR
WTMAX
WWG
DBHMAX
N_GEHALT
DBGMAX
BHMAX
MATANF
BGMAX
TEMPANF

Meaning
Index

pointer to a record in CDYOPSPA to characterise harvest residues and roots
pointer to a record in CDYOPSPA to characterise aboveground biomass after

ploughing up

name

plant characteristic:

non legume crops:

1: annual plant; 2: two year crop (winter wheat) 5: durable crop
legume crops

3: annual plant; 4:durable crop

specific interception capacity (overwrites default in CDYAPARM)
parameter of withdrawal function (overwrites default in CDYAPARM)
model algorithm, default: CANDY _S

transpiration coefficient (only used with V+ setting and CANDY _S model)
days from emergence to maturity

parameter of N-uptake function

for legumes: constant N-uptake rate from soil

for legumes: part of N accumulated in deep soil

Prop.factor between N in harvest residues and roots and N yield
N-amount in harvest residues independent from yield

maximum rooting depth

days for 10 cm root growth (depth)

days from emergence to maximum crop height

N-concentration in yield

days from emergence to maximum crop coverage

maximum crop height

days from starting maturity to harvest

maximum crop coverage (0..1)

days from emergence to beginning influence on soil temperature
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general parameters
(CDYAPARM)
Parameter
ITEM_IX
NAME
PARMSATZ
BT _MODELL
N_IM_SOM
N_IM_BEW
K AOS

K _AKT

K STAB

K DENI

K MULCH
MAXDENI
CNR_OBS
CZEP

XSI

NUNB
TBED
TUNB
ZETU

ZETB

DISP_KF
DNG_EFF

organisation parameters
(Results: RSLTOBIJ)

Parameter
OBJEKTNR
RESULTAT
FLEN
DEC
AUSWAHL

Meaning
index
name
name of parameter set
index of soil temperature model
adaptation of N-immission during summer season
adaptation of N-immission for cropped soil
decomposition coefficient (active OM)
activation coefficient (stabilised to active OM)
stabilisation coefficient (active to stabilised OM)
denitrification coefficient
decomposition coefficient of mulch layer
max. denitrification rate
C/N-ratio of decomposable OM
interception capacity of a crop in mm/ m crop height
parameter of transpiration submodel
max. evaporation depth in dm
ratio PET/V . for covered soil

ratio PET/Vy for bare soil

parameter of evapotranspiration submodel (crop covered soil)
parameter of evapotranspiration submodel (bare soil)

weighing factor for dispersion effects; 0..1 (0: no dispersion)

fertiliser effect (usual value :1) . be careful, all applications of mineral
fertiliser N will be multiplied by this factor during simulation.

Meaning
Index — don’t change this !!!
name of result
column with in result table
decimals
selection mark. if selected: '*'; otherwise '

( measurement attributes: CND_MWML)

Parameter
MERKMAL

BEZEICHNUNG

KURZBEZ
INDEX
EINHEIT

Meaning
alpha index
name/property
abbreviation
numeric index
unit

26



4.2 User tables in DBF-Format
(xxxxx: database name)

fixed data /basic info

Name

SBEZ

SNR

UTLG
GEOBREITE
STANDORT
WETTER
STATUSANF
STATUSEND
SIMSTAND
STARTDAT
IMMISSION
LTEM

NIED

CREP
NLEVEL
NFKO

Type

Z222Z2ZZ2009Z2Z00ZZZAO

FDAxxxxx.DBF

Length
30
3

—_

W NN WDNWUN N B WO

manure/ slurry analysis GUExxxxx.dbf

Name
DATUM

TS GEHALT
NT GEHALT
CT_GEHALT
STALL

Type

NzZZzdJ

Length

— L L W 0

measurement values MWExxxxx.dbf

Name

FIRST

SNR

UTLG
DATUM
M_IX

S0

S1

M_WERT
VARIATION
ANZAHL

S WERT
KORREKTUR

Type

C
N
N
D
N
N
N
N
N
N
N
C

Length

—_

—_
— O N B O WO — W~

DEC.

(= e R e e e R e e Bl e e N o)

DEC.

O == -0

DEC.

S hArOP RARODODODOOOO

Meaning

plot/subplot name

plot number

subplot number — usually 0

latitude

pointer to soil profile

pointer to climate station

first valid status record in S xxxxx.stc
last valid status record in S xxxxx.stc
next date to be simulated

minimum data to start a simulation

anual N-input from atmosphere in kg/ha
long term average of air temperature (°C)
long term average of precipitation (mm)
long term average of reproducing carbon input (dt/ha/a)
N-input level before simulation

filling of field capacity at STARTDAT

Meaning

date of analysis

dry matter content in %
total N-content in %
total C-content in %
stable index

Meaning

"*': start of a serie; else '’
plot

subplot

sampling date

index in CND MWML
upper soil layer

lower soil layer

value

variance

replications

simulation result

'J': model adapts to observation
'N'": model writes S WERT
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management data MASxxxxx.DBF

Name Type Length DEC. Meaning

SNR N 3 0 plot

UTLG N 1 0 subplot

DATUM D 8 0 date

MACODE N 2 0 code see CDYACTION
WERTI1 N 3 0 quality value

WERT?2 N 6 0 quantity value
ORIGWERT N 10 2 original value

REIN C 1 0 priority of user values (¥*)

* REIN="N" — N-Uptakes and C-Inputs are calculated from model parameters

REIN="J" — user values for N-uptakes and C-inputs will be used instead of model parameters

Interpretation of quantity / quality and original value for different management codes

MACODE | Activity WERT1 WERT2 ORIGWERT

0 fallowing device index tillage depth tillage depth (cm)
(dm)

1 sowing crop index expected N- exp. natural yield (dt/ha)
uptake
(kg/ha)

2 harvest, by-products crop index real N- real yield (dt/ha)

removed uptake (¥) in

kg N/ha

3 org. matter application | OM index added amount of added substrate in dt/ha
amount of C
(kg C/ha)

4 mineral fertiliser fertiliser index ammonium total N-input kg N/ha

application content%

5 soil tillage device index tillage depth tillage depth cm
dm

6 Crop cutting

7 Irrigation - water water amount mm
amount mm

8 pesticide application substrate index | amount amount kg/ha
kg/ha

9 not removed crop index real N- real yield dt/ha
uptake kg
N/ha

10 pasture start animal index animal
number

11 pasture stop animal index animal
number

* only if REIN="]"

28




CANDY climate data

file names: WETmmmjj.DBF
-mmm shortcut of climate station
-3 year ( with 2 or 4 numbers possible)

all data are daily data !!

Name Type Length Dec. Meaning

DATUM D 8 date

LTEM N 5 1 air temperature at 2 m in °C
NIED N 5 1 precipitation in mm

GLOB N 5 global radiation in J/cm? (¥)
SONN N 5 1 sun shine durationinh  (*)

* The model needs only global radiation data. If these are not available they will be calculated from sun shine
duration and latitude during simulation runs.

4.3 Files in the CANDY directory

Dateiname
WCANDY
DB _IMPORT
CND_UI
FDAT
MASSNAHM
MESSWERT
WETTER
GUE

MMH

Type
EXE
EXE
EXE
STR
STR
STR
STR
STR
STR

Meaning

simulation model

module for database transfer between CANDY users
user interface

file template

file template

file template

file template

file template

file template
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4.4 GIS-database

b id
SCenario " |scenario_id
ste_file merkmal_id
precursar
stark
stop
cdv_dat
cdy_wet
cdy_res
res_tab
KEY_FIELD
BODEM
PARZELLE
FLAECHE
HECTARES
R_FAKTOR
WERT
(]
PATCH
GEBIET
WETTER
Table: CDY_RSLT
Name Type Size
ITEM_IX Number (Long) 4
OBJEKTNR Number (Double) 8
RESULTAT Text 50
AUSWAHL Text 1
FLEN Number (Double) 8
DEC Number (Double) 8
|_TYPE Number (Byte) 1
UNIT Text 50

Table: gisschau

ITEM_I%
CBIEKTHR
RESULTAT
ALISHAHL
FLEN

DEC
I_TVPE
LMIT

serie
element
unit

patch
wear
%1
e
w3
x4
x5
xh
7
G
x9

x0

QBJEKTMR,

(example for an GIS attribute table. the 5 letters SCHAU have to be related to a candy database , this table has
to be imported from the dbf file of the GIS dataset)

Name Type Size
BODEN Text 25
PARZELLE Text 16
FLAECHE Number (Double) 8
HECTARES Number (Double) 8
R_FAKTOR Number (Double) 8
WERT Number (Double) 8

ID Number (Double) 8
PATCH Number (Double) 8
GEBIET Text 16
WETTER Text 16

Table: SIM_STAT

Name Type Size
ID Number (Long) 4
stc OLE-Objekt -
objekt_id Number (Integer) 2
scenario_id Number (Integer) 2
recno Number (Long) 4
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Table: sim_result, usually named RES_nnn where nnn is the scenario identifier, this table will be created during a simulation

run

Name Type Size
id Number (Long) 4
datum Datum/Zeit 8
merkmal_id Number (Long) 4
objekt_id Number (Long) 4
wert Number (Single) 4
Table: SCE_X_MKML
Name Type Size
id Number (Long) 4
scenario_id Number (Integer) 2
merkmal_id Number (Integer) 2
Table: SIM_SCEN
_Name Type Size
id Number (Long) 4
scenario Text 30
stc_file Text 30
precursor Number (Integer) 2
start Datum/Zeit 8
stop Datum/Zeit 8
cdy dat Text 150
cdy wet Text 150
cdy res Text 150
res_tab Text 15

following items are temporary tables that must not be deleted:

Table: tmp_res

Table: tmp_stat_desc

Table: tmp_stat_values

Name Type Size

OBJEKTNR Number (Double) 8
Name Type Size
serie Text 50
element Text 50
unit Text 50

Name Type Size

patch Number (Long) 4

t Number (Integer) 2

x1 Number (Double) 8

x2 Number (Double) 8

x3 Number (Double) 8

x4 Number (Double) 8

x5 Number (Double) 8

x6 Number (Double) 8

x7 Number (Single) 4

x8 Number (Double) 8

x9 Number (Double) 8

x0 Number (Double) 8
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5. Example with comments

Part 1: Introduction in the user interface (data input)

Start the CANDY programme by launching CDY_ULexe.

You see the start window CANDY — user interface.

i CANDY - user interface ) - 3] =]

EIENEL N [ Py o qramime wcandyherample ?
Climate path: IE:"aF'n:ugramme'\wcand}l'\example 2

Resultpath: IE:"aF'n:ugramme'\wcand}l'\example 2

gystem databaze

Plat Selection I

Parameters

Wiew * BES-files

Clirnate D ata

SAL - madule

Change System D atabase

DATABASE MAKME =C: \Programme'weandvhexample.cdvprm.mdb
JSER MAME=

OFEMN MODE=READARITE

LaMNGDRMER=ACCGEM

SYSTEM DATABASE=

End
2003 | Version: 2.4.0.23 y
Change the
Data path to: C:\Programme\wcandy\example (Press: ?)
Climate path to: C:\Programme\wcandy\candy we (Press: ?)
Result path to: C:\Programme\wcandy\example (Press ?)
System Database to  C:\Programme\wcandy\example\cdyprm.mdb ( click button )
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Providing climate data

Click on the climate data button in CANDY - user interface to check the climate data
(que). For all years/days of your simulation you need climate data (one file per year) in daily
time steps without missing values. You can open a climate data file by double-clicking on the
data file name on the left (see screenshot below). Check the data for the years 2002
(wetque02.dbf) and 2003 (wetque03.dbf) by using the graphics folder.

B CANDY climate files A 9=l E3

climate station Graphics | Takble | Generatorl
Ique X

™ welquell DBF —Element: CAProgrammehucandytcandy _wewetqued2 DBF

-
[w] wetquell.DEF

v

[w| wetque03 DEF

[w] wetque?7.DBF

[V_1| wetque73.DBF

i:=| x::gﬂ:ggggg " Precipitation (kor)
[v] wetqued1.DBF
[V wetqueS2 DBF
[ wetqueB3.DBF
wetquedd. DBF
wetquedh DBF '
e wetqueds. DBF 0
=

Vw0 wf | ) GlobRadictnfat)

N ot

o
=

R R )
=2 ™ 5 b5

Temperature
o

" Precipitation [obs)

all | nonl invertl -15 . : : T : : r T r r r |
| 01-Jan  01-Feb 01-bde 01-Apr O1-hdai 01-Jun O1-Jul 01-Aeg 01-Zep 01-Okt 01-Mow  01-Dez  01-Jar

date

return | copy to EXCEL

Please insert the data for the year 2003 from the table below. Therefore you have to change
into the table folder and double-click on the wetque03.dbf file. To edit the climate data in the
table click into the record you want to change and type in the data. You can use the buttons at
the bottom of the window to move through the table, enter and delete records, etc. (for your

information: if you have to create a new file you can use the right part of the window).

Bl CANDY climate files '( M= B3
climate station Graphics  Table |Generat0l|
faue = .
] wetquelll DEF = DATUM _ [MED  JUTEM  [GLOB | x| [oreate new file
] wetquell.DEF 22.05.2003 i 136 1533 :
ﬁmw ucl2 DBE | |2z.05.2002 0 175 1962 sEitReia i

wetque?7.DBF | |24.05.2003 0 20 2665.4 vear [Z003
wetque?8.DBF 25.05.2003 201 18 a1

™ |
A wetque7d DEF 26.05.2003 07 155 13052

[¥] wetqueS0.DBF - - -
v] wetqued! DEF | |27.05.2003 i 16.5 1788.4 i &+ global radiation in.J /crf

¥ wetque2. DBF 28.05.2003 i 174 2071.1 " sun shine duration in h/d
[v] wetqueS3.DBF = "

| wetquetd DBF 0 187 28862

r« wetquegg.gEF | |30.05.2003 0 03 28799

1wl wetquesh.

) wetaned DEF | |31.05.2003 07 178 11323

[w] wetqueB8.DEF j | [01.0E.200 -93.3 333 933 create file

'_‘a" ' | ““n;‘; Fl o | | | 0206 2003 99.9 -89 899 =

return | = | : | i | - | ] | - | - | L4 | = | < |

DATUM NIED LTEM GLOB
29.5.2003 0 18.7 2886.2
30.5.2003 0 20.3 2879.9
31.5.2003 0.7 17.8 1132.9

Click the return button.
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Create a new soil profile
One requirement to run a simulation is the definition of a soil profile. Therefore you have to
start the parameters module in CANDY - user interface and click on the folder soil

profiles.

£ CANDY -Parameter, g@gl
~

DM-F’arm] Erop-Parm] Fertilizers] .ﬁctions] Propertties  Soil Profiles l HesultDbiects] Clirnate: data] .&EEESS-D.&T.&BASE] T_model]
| soilt EIE
zoil physical parameters
PRF_MAME [HRZ_MaME [CEPTH | ~ PLOUGHED 1 FRa [ 254
| zailt horizon1 2 HYDROMORPH [~ ,7
| |zaill horizon2 3 C SILT 0
e hiorizon3 E oy 1.58 ELaY d
| |zaill horizond 15 default
| |=all horizonG 20 o[ 4 K_BD 015
5D 26 K_SD -0,045
Fcap | 2985 K _FCAP 3
PP 15.31 KPwP| 15
HIND 10 F_MIM 2
Kefmmed] [ 432 HCaP 016
v
> | > | * | - | - | | | o | Inert Carbon Model ICPo
| | v Koerschens 0.03
" Ruehlmann
v
£ >

Type the profile name in the edit field to the left of the create new profile button.

Click on the create new profile button. Type the horizon name (horizon1) and the depth (2
in dm) for the first horizon in the edit field in the window where the profile name appears.
Please enter the soil physical parameters for the first horizon (right part of the window) by
clicking first on the default button and then adding the missing data. You will find the data in
the table below. Add the horizon names for all horizons as you see below (horizonl, horizon2,
..., horizon 5). You can use the button + to add a horizon. The data for the other horizons are
already prepared and you will see them after you insert the horizon name or select it from the
pull down menu (two clicks on the right site of the field HRZ NAME) and click on the ‘v”

button.
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PRF NAME soill soill soill soill soill
HRZ NAME horizonl horizon2 horizon3 horizon4 horizon5
DEPTH 2 3 6 15 20
PLOUGHED 1
HYDROMORPH unchecked
Corg 1.56
BD 1.41
SD 2.6
FCAP 29.65
;Y;l; }8'31 These data are already prepared
(select HRZ NAME from pull down menu and enter
Ks(mm/d) 492 depth).
FPA 254
SILT 0
CLAY 0
K BD -0.15
K SD -0.045
K FCAP 5
K PWP 1.5
K NIN 2
HCAP 0.16
Inert Carbon Model |check
‘Korschens’
ICP 0.05

Click the end button.
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Defining a simulation object

To define a simulation object you have to start the plot selection in CANDY — user interface.
Activate the context menu (right click) of the uppermost item (data path) and select the option
create a new database. A window will open where you can enter a database name (5
letters/characters). Please enter QUEF _ and click the create button. In the left part of the
window the database QUEF _ should appear. If you click on the + in front of QUEF _ you will
see files and plots. Please add a new plot by selecting the proper option from the plot context
menu (right click on plot). Please double-click on plots (or click +). Please change the plot
name ‘neu’ into Cdec high. Type in the values/names for the soil conditions and

history/initial values from the table below and select soil and weather with the pull down

menus.
NAME Cdec high
SOIL soill
WEATHER que
N-DEPOSITION 57
LATITUDE 51.2
AIR TEMPERATURE 8.8
PRECIPITATION 550
BIOL. ACTIVE TIME 32
C-LEVEL 13.6
N-LEVEL 2
MOISTURE LEVEL 60
START 01.01.2002
STOP 31.03.2003
El DATABASE (=13
@ G e Basic-Info ] Managemen’r] Experimental \/alues]
il E|UEn||E§s |Celec high
Fdaquef_.DBF
MaSOUEF_DBF Site Conditions History/Initial Yalues
AWHLEF o . J | ol 35 sy
EEESEFE_F_SESF weaathar 1que j MN-lewel 2
- Ots_1 40 Cdec mid Medee o ,5?7 muoisture level (%) ’507
Sate latitude [51.2
air temperature ,887 start W
precipitation  |550 stop 131.03.2003 j
hiol. active time ,327
v show dislog with experimental values [ guick start [
create status update FDA ‘ rmodel run (plot) ‘ M- prognose ‘
End
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Input of management data

Click on the folder management. Activate the insert record radio button and select the date,

action, subject and enter the intensity and the C-input (in case of emergence/harvest = N-

uptake) for the first record you will find in the table below. Click the insert button. Now you

can enter the next record from the table. Make sure that you are in insert modus and don’t
forget to click insert after every record you enter. You will see the management data ordered

by date. To change a record click the overwrite radio button and select/enter the new data. If

the changes are done, click the update button.

Date Action subject intensity | C-input or
N-uptake
7.10.2002 | organic manure sugar beet leaves |515 3440
21.10.2002 |soil tillage harrow/cultivator |15 -—--
1.11.2002 | Emergence winter wheat 68 238
24.3.2003 | mineral N fertilizer urea 60 —
20.8.2003 | harvest, crop res. Removed |winter wheat 68 238

You can print or save (as *.txt-, *.htm-, *.csv-file) the management data by using the print

management button.

£ DATABASE (=13
Basic-info Management ‘ Experimental “alues ]
= 58 C:M\Programmetweandycandy_da 9 2
e EIUEHF files/3
= les
Fdaquef_DBF DATE _ |ACTION |suBJECT INTENSTY[UNT [ &
MaSAUEF_DBF | |25.10.2001 | arganic manure farmyard manure1 7 dtFMha
GUEQUEF_DBF | |28.10.2001  soil tilage harrow/cultivator 15 cm
MMHOUEF_DEF | |28.04.2002  emergence zugar beet B35 dttha
[ MwEQUEF_DEF L 07.10.2002  harvest, crop res. removed | sugar beet B35 ditha
5_OUEF_STC | |07.10.2002 | organic manure sugar beet leaves 515 diFttha
= @ pois . 21102002 |sai tilage harraw/cultivator 10/ cm
— 120 beeomd 01112002 inter wheat 68 divh
_1 50 EdEC IDW | | S EITE[QEI’TCE . WInLer wheal a
290; Cdec: high | |24.03.2003 | mineral M fertiizer urea B0 kg M/ha
- L 20.08.2003 | harvest, crop res. removed | winter wheat B3 dt'ha :
v

tanagement Event
" Ingert Record ™ Overwrite Record

delete record |
20.08.2003 -]

print management
update

harvest, crop res. removed LJ

|winterwheat LJ
yield (main) [B8  duhe

M-uptake (kg/ha)= 238 non default

End
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Input of experimental values

Click on the folder experimental values. Activate the radio button insert record and type in
the experimental values you will find in the table below. Use the insert button to insert the
record into the table.

Sampling date Sampling depth Observation

14.10.2002 0 2 Soil moisture (M%) 13.6
14.10.2002 3 6 Soil moisture (M%) 12.5
4.2.2003 0 3 Nmin 21
4.2.2003 3 6 Nmin 14

£ DATABASE

=58 CAProgrammetwcandybcandy_da BElSIO—”TfO] Management ExperlmenTaI Leltes ‘
- QUEF_ ;
-l e FIRST|SNR  [uTLG [paTum|M_Ix [so  |s1  [M_weRT[#
Fdaquef_DEF E 29 0 23.07.2001 2 0 3 300
MASOUEF_DBF HE = 0| 24.07.2001 1 0 2 15.3
GUEGUER-DBF | 23| 0|24.07.2001 i 3 8 211
e BE ' 2 D 24072001 7 0 2 1,95
& e e || 23| 0/ 24.07.2001 7 3 B 145
- WA pots [TE 29 0/ 24.07.2001 4 0 2 327
140: Cdec mid ) = | 23 014102002 | 4 0 2 15.2
__150: Celec low || 2 0/14.10.2002 4 3 5 20
B __290: Coec high . 2 0/14.10.2002 11 0 2 125
] ] 0/14.10.2002 1 3 B 125
|| 29 0/04.02.2003 4 0 3 2
¥ ' 23| 0/04.02.2003 4 3| B 14[E
v
.
™ model adaptation )
sampling date  sampling depth —— ohservaton ——
04022003 [ [ dm  [wmin B kgtha
End ‘ start evaluation inzert

Now all data are available to run simulation.
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Part 2: Standard simulation

For the second part we prepared some data which you should use to run the model. The data
are available in C:\Programme\wcandy\candy da. Please change your data- and resultpath
in the CANDY - user interface start window and change the system database to

C:\Programme\wcandy\cdyprm.mdb.

£d CANDY - user interface

D atapath: |E:'\F'ru:ugramme"awcandy'\n:and_l,l_da 2
Climate path: |E:'\F'ru:ugramme'\wcand}l'\candy_we 2
Resultpath: |E:'\F'ru:ugramme"awcandy'\n:and_l,l_da T

Plat Selection

Parameters

Wiew * BES-files

Clirmate Data

SAL - madule

Change System D atabase

system databaze

DATABASE MAME =C:\Prograrmme‘wcandyhcdyprm. mdb
ISER MAME=

OPEMN MODE=READARITE

LakNGDRMER=ACCGEM

SYSTEM DATABASE=

2003 Version: 2.4.0.23 I

To start a simulation you have to click on plot selection and select a plot in the left window
(for example  140: Cdec mid). If you don’t see the folder basic-info in the right window
you have to change the folder. At the bottom you will find the button model run (plot).
Before clicking the button make sure that the show dialog with experimental values check
box is checked.

A new window appears where you can select existing experimental values or create new data
to evaluate your model run. Both kinds of data will be written in one output file
(MW_QUEF _.dbf).
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Click on the folder existing data to select existing experimental values for the simulation.

Select Nmin from the shown experimental values in the upper window and click on the

button usedrun. The experimental values will appear in the bottom window.

24 Measurements for Simulation

existing data | new data |

none |
invert |

all

_1 decomposable carbon

organic Carbon [Corg)
] zail moizturelM %)

IS[=] E3

SHR DATUR  |from depth Ito depth adaptationi property |~
Ld 29 09.03.200C i} IM M min .
i 29 09.03.200C 3 B M M riry
|| 29 21.02.2001 1} 3N M rmir
| 29 21.02.2001 3 B M M min
|| 29 24.07.2001 i} 2/M M riiry
| 29 14.10.200% 1} 2 M M min
[l | _>_|J

1ezet | go back | un CANDY |

Change into the folder new data and select the following new data with the pull down menu:

Nmin, monthly, from 1.1.1989 to 31.3.2003, 0 — 3dm, 3 — 6dm, 18 —20dm and

cum. monthly N leaching, from 1.1.1989 to 31.3.2003, 0 —20dm.

) Measurements for Simulation H=1E
exizting data  new data i
curn, monthly M leaching Jid depthu |U . |2U Al
[~ time intervalt
" everyday startdate lm_gg_-]ggg vI
L el enddate [31.032003 =]
" decades
: % mnatthly add
DATUM |frc-m depth |t0 depth |adaptationi property I;|
|| 28022007 3 BN Mrin
|_|28.02.200z 18 20N Mrin
! 28.02.200% 20M cum. manthly M leaching
|_|31.03.2007 0 IM Mrin _|
| 31.03.2002 E M it
|_|31.03.2007 18 20N Mrin
| 31.03.2002 20M curn, manthly M leaching _I
1eset I go back un CAMDY |
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Click the run CANDY button. Another window will appear where you can specify your
simulation. Select an annually output frequency and RES-file as output format. With the
select result button you can select your RES-file output data (select all). Change output file
name ‘simres’ into ‘Cdecmid’. Activate the standard switch wait after run. No other
switches should be selected except the default switches in the part expert switches on the right

(see screenshot below). Click the button start simulation.

%EMNDY: runtime parameters !E
datapath |\ PROGAA™1ACANDY 21 \candy_da' climale path [\ PROGRA~1ACANDY2~1\CANDY W result path |o\PROGRA"TA\CANDY2™14candy_dat
_ " t switches
I vI —output frequency—  —standard tch exper
start |U71.03.1388  daly ol et ¥ use CANDY crop model

stop |3‘I_03_2D|33 VI " pentades |_ipieseniehnnmads W precipitation data not pet corected

= dekades ¥ wait after run I™ change soil physics with carbon content
range IQUEF— = marthiy i i =
I risk analysis; runs= 40 =

ot 140 & annually [~ prevent runoff (lusimeters)
plat i—
. IQFMH—m 1 output format——— [~ use generated climate data random digtribution of mineral fertilizer: g= ID
e - a;%uft_fut o N repeat management scenario;  cycles= [q jl
climate |94 o HES:fillee I™ new generated iniial condition use non-default initial condions

- I~ SOM in stlady state :
output file ICdecmml select results [%d s namel? eI ID

MessageClass Ig
DATABASE NAME =c:\PROGRA™TWCANDY 2™ hedyprm. rdb

USER MAME= [T activate GIS-mode  objectdD = Ix

gggﬁ EdSD%TEC:dHyE;%hR\JHITE precipitation adaptation with factor= |1
SCHEMA CACHE SIZE=8 - |

| v

SOLUAYMODE= P—
LANGDRIVER=

SQLPASSTHRU MODE=SHARED AUTOCOMMIT e

SCHEMA CACHE TIME=-1 [ e SliheR |

The CANDY model will run and a window with some information about the simulation will
appear. If the simulation is finished, the information CANDY finished is written in the
information window. Please scroll through the window and take a look at the information

about the simulation.
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B canpy [_[O]

CAMDY run: GUEF__ 140 [ 90731.03.2003

) o i o o o o
253 28.04.2002: emergence sugar beetCAMDY) :I
254: 07.10.2002 CAMCEL maize for zsilage at 0.0000

255 07.10.2002 symb. M-Fix.= 0.0 ka/ha

2R6: 07.10.2002 Transpiration=425.9 mm

257 07.10.2002 CANCEL pea at 0.0000

288 07.10.2002 harvest

259 07.10.2002 2017 kg M/ha uptake by crop [above ground)] sugar b
260; 07.10.2002 158.0 kg M/ha balance(input-uptake)

267: 0F.10.2002 40.2 kg M/ha Residue-lnput from sugar beet

262 07.10.2002 522 252025876913 kg Crep/ha from sugar beet

263 07.10.2002 148.8 kg Ms/ha Ob:zugar beet leaves 3006 kg Clha

264: 21.10.2002: zail tllage 1dm

265 crop specific ZETH value

2B6: 01.11.2002: emergence winter wheat[CANDY)

267 16.12.2002: surface runoff: 3.297508 mm

268 Gezamt M-Immizzion = 61.3 kasha

269 coverage with green crop; 141.4d  of 365d

270 Year 16 Clhmate: 2003 Mamt: 2003

271 seazonal parttion of M-immizsions achv

272 24.03.2003 80.0 kg M/ha min Fert.

273 total active N in system=3638.7 kg
A4 CANDY beendet

sten | |1_§ stap end |

Yersion: 2338

ha

Click the end button.
Save the MW_QUEF _,dbf file (temporary file, it will be overwritten with the next model run
for this plot) in another directory or change the file name (for example: Mid_quef.dbf).

Evaluating results

To evaluate the results click the end button of the database window and click the plot
selection button again. Click on files and MW_QUEF.dbf. The evaluate results window
appear. Please select the plot Cdec mid, the property Nmin and the depth 0-3dm. After that
the simulated data (blue) and the experimental data (green) will appear in the right window
where you can evaluate your simulation. Do the simulated data meet your requirements? Are

they comparable to the experimental values?
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8 Quer_ (O]
plat
ICdEC mid :[v Cdec mid; sampling depth: - 3dm
property depth [dm] 200 -
INmin jv ij 180 l
dat | EHp Isim I ;I el ilu
| |28.02.2002 53 H96817 Al
| |31.03 2002 99 477506 el 2 f |
| [30.04.2002 93 511023 [ [} [ | L ﬂ 3
| [31.05.2002 49 40,974 Y 14 ’f‘a f | R
| |30.06.2002 99 42597 5 I | ! |1 l | l h
| |31.07.2002 93| 137654 L 1 || 1 h | t | f | I
[ |31.02.2002 93 a9 £l | 11:‘ | f [ |+ i i 3
| |30.09.2002 93 B8N f\ [ | &l { | | ]! | " [l n \
[[21.102002 93 143575 sn-a | r L?l “'1 |l | l' H Rty
| [30.11.2002 99 95113 |'1[ t " | \l “ }f [I || | ]]\ [ | f \J ;W,I ||
| [31.12.2002 59 73764 04 0 y ;\]
| |01 2008 93 77465 - I l; l'Jl '\’ ﬁj,l 3J|| | lﬂ. 4 1 nll | 4 l 1J f
04.02.2003 A 7mn [+ i \, - '\“'F—h\:]
| |22022003 91 6367 2 V . At \ lemy 1‘4" ; v
|¥] 31.03.2003 99 54,2213 j 01.01.80 28.00.01 24.06.04 e 20,03 87 15.12.00 10.09.02
copy to MWE copy to EXCELl End | i for. mfssmg B print | Tave az WMFl
shaow mizzing values o
Bl QUEF_ =l B3
plat
ICdEC mic jv - [d ] Cdec mid; sampling depth: 13- Z0dm
property epth [dm] 100 4
Mmin b F~ﬂ\
a0 4 M
dat |exp Isim I ;I
[ [31.01 2002 93 654211 1 J —
| [28.022002 99 £1.378 =l J 1
| |%1.02.2002 93 5R9EH e
30.04.2002 59 5391 _ o { 'L\
"[31.05 2002 93 43703 £ -~ s
|| 30.06.2002 99 428409 el 7 =
| [31.07.2002 99 486374 £ - { 2
| |31.08.2002 99 44381
| |30.09.2002 89 483275 an |
|_|=1.10 2002 99| 483219 ,..-.-J’ ot e
| [a011.2002 49 48,321 04
| |3.12.2002 99 483206 = I
| |31.01.2003 93 483203
| [28.022003 93 475159 : ; ; ] : :
L 21.03.2002 99 432 4069 j 01.09.38 .00 22.02.04 18.11.95 15.08 .99 11.06.02
- date
copy to MWE copy to E><CEL| End | = fo. Bene sehes Irgg print save as WhF
show mizging values H

The simulated Nmin values in 18 to 20dm depth show a high amount of mineral nitrogen in
this depth which is decreasing at the end of the simulation. Take also a look at the cum.
monthly nitrogen leaching. It would be interesting to calculate the nitrogen surplus (N-
surplus = input mineral N + input organic N + input symbiontic N — in crop) for each year of
the simulation to find the reason for this obvious over supply. This you can do with the annual
simulated data from the RES-file. Prior to this, copy the simulated data (Nmin 18-20dm) to
Excel by clicking on the copy to Excel button. The current selection will be copied to Excel.

Click the end button of the evaluate results window and the database window.
To watch the results in the RES-file click on the view RES-files button. The RES-file check

window will appear. There you can select a RES-file (double-click and go), watch the results
(select a property) and copy the whole file to Excel. After transferring the data to Excel you
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can calculate the N-surplus (see above) and evaluate the different N-fertilizer strategies for the

simulation period. Save the Excel file (Cdecmid Res.xls).

Please select the property decomposable carbon in the RES-file check window and, after
you watched the results, the property C-REP-flux. You can see that the decomposable carbon
is increasing and that the CREP-level is high (value of 1200 kg/ha is the optimum for the

site). So the organic fertilizer supply should be reduced (see some pages below).

{8 RES-file check (O]
|EI o] decompozable carbon [0-Jid :
decomposable carbon (0- in kgha
= G 31.12.1985 : 23011 ey
(= PROGRA™ 31121989 : 23043
[= CAMDY2™1 31121930 : 23573 2 8E+4 4
e candy_da 31121991« 23704
31.12.1932 . 25057
31.12.1933 : 25665 2,744
31121934 : 28912
31.12.1935 : 26246 %

31121996 : 26061 2.6E+4 4
31121997 : 26925
31121938 28101
31121333 27810 25E44
31.12.2000 : 27038
31.12.2001 : 26854

= 2122002 : 27950 2 4B |
Cdecmid.res
2,3E44 i ; . . ;
] = 3 4B+ 356+ 2 6B 3. 7B+
date
= | Singaal | retum |

Click on the return button.
Go back to the start window (CANDY - user interface).
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Part 3: Simulations in GIS mode

CANDY gives you the possibility to use prepared shape files from ArcView. If you have
specific information about an agricultural field (for example: specific soil conditions which

are related to yield) you can create a shape file with defined patches for the field.

You can watch a prepared shape file in CANDY by clicking on GISQUEF _.dbf. A map with
three patches appears. If you click on one patch of the map you can see the corresponding
CANDY plot name on the right. Furthermore, you can change into the corresponding
database (basic information, management, experimental values) for more information.

(Click end and you will come back from the database view to the map view.)

Bl MapView [_ O] %]

print copy |mapQUEF,.shp d
ITEM COLOR

Cdec high

Cdec mid

patch 15

region :OUEF_
plat :Cdec low

- database
CAMDY region

labels on/aff i

To start a simulation for the map plots click on CANDY region.
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£l CANDY region P =]
database |GISQUEF_ mdb

simulation ! results I statisticsl

W 5= 150 P=OFMHO15 W=0UE D=QUEF_FRF=1 0=15[L-Z- D- K+ | ~seehatie—————
S=__140 P=QFMHO14 w=QUE D=0UEF_RF=10=14[L-Z-D-K+] & create anew |SCEN_1155
W S=_ 290 P=OFMHO29 W=0UE D=0UEF_ RF=10=23[L-Z- D- K+ | € useanesisting |

~Parameter
start [ 1 = stop [ 310
& create new initial state from FDA
¢ conpect b previols sceran
[ Result
| autput frequency— select results |
= dayly
= pentades
i result table
|RES_1155
™ prevent wnoff [lysimeters) ¥ precipitation not yet corected

[~ generated climate )
[~ adapt soil physics ta SOM [~ repeat scenarota [ vears

all | none | invert | !? s change to)ll model rwn [region) |

end |

If this step is gone for the first time, the system tells you a scenario identifier. You should
change the scenario name to TEST and press the OK button to accept the suggested time

interval. Then select the result items for the simulations.

24 Select Results A [=] E3

[ 1BAT_MIKRO_pare B
BAT

o groundwater
water balance
¥ M leaching
I Mincrop
gazeaus M loss
rmineralization
[] CinAOM [0-30cm)
| Cin SOM [0-30cm)
decompozsable carbon [0-30cn
zoil water 0-100cm Hane
| zoil termperature 0-30cm
| M on zail suface
Mriir 0-30cm
Mriir 30-60cm
| Mmin B0-100cm

1 el iatar (0.

all

Irwerk

We use monthly outputs of biological activity (BAT), (water)flow to groundwater, N-
mineralisation and N-leaching. To save the settings pleas press the button UPDATE

scenario settings.

Click on start simulation and the model will start. After finishing simulation runs the result

data are stored in the GIS related database and can be explored as follows.
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1 CANDY region O]
database |GISAUEF_mdb

simulation  results I statistics |
ICENANo result attribute
Test ;l = [—aggragation level
IN leaching ;i

& scenario sum
tine: irteryall start | 01.09.1988 'I | >
i stop 131.03.2003 'i :

result table I distribution ploti

select data ] " average per pear

W select aggregated values

PATCH  |GEBIET[PARZELLE |weTTER[BODEN  [FLAECHE [weRT | =l regional average=151.933211538
GIE QUEF_ Cder low QUE  (GFMHD1S 12 52873 I VC‘;'UE =5221:;351
| |14 BUEF_  Cdec mid QUE  OFMHO14 13 116402 L e S
e QUEF_ | Cdec high QUE  GFMHD29 7 213161 O
15
_
|
show map reset stat add 2 stat show dynamics |
end |

Use the results page to select the results for a given time interval (usually the whole
scenario). You may decide to use aggregated values (as sum or as average) or the single
results (in our example monthly data). The picture shows the selection of aggregated results
that are ready for the map presentation.

I MapView |_ O]

print copy | ImapQUEF__shp =] classbreak count [5 :II

o

mineral nitragen [kalhal

ITEM COLOR

54,344

E7.1043
734852
79,8656

patch

region
plat

cdy

= databiase |

labels on/off End

Click on show map and the current results are shown in the map view. Click on CANDY

region and you come back to the results folder.
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£l CANDY region O]
database  [GISQUEF_mdb

simulation  results Istatisticsl
sCenarnio result attribute

Test _.J I N leaching Li —aggregation level

% scenario sum
time: irterall start |U1 09,1928 'I | 2
A stop I 31.03.2003 'I .

result table  distibution plot I

Select dat ]  average pet year

IV select aggregated values

regional average=151.983211538
220 4

maximum value  =213.161
200 4 minimumn value  =52.873
180 selected objects
160 ————
140 4
120 4
100 4
0 4
60 4

M leaching

40 T T T T T T T T 1
0.z ] 0.4 08 0.6 o7 [IE:] oa 1.0 1.1
part of region
show map reset stat add 2 stat show dynamics |

end |

After closing the map view you may have a look at the distribution of the N-Leaching.
Double-Click on a item (dot on the graph or record in the table) to add the object to the list of
selected objects. For these areas you may show the dynamics of the select attribute (click
show dynamics).

@ Dynamics M=l

—&—region —— 15
| |

214

20 4

M leaching
=

0 PN S—

-1 T T T T T T T T T T T T T T T 1
1983 1020 1900 194 1092 1093 1904 1995 1096 1907 1998 1099 200D XOOM 2002 ROOZ 2004
date

= quartery monthly  ©C daily

This graph shows the comparison of the selected objects with regional average.
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Now go back to the results page and uncheck the option select aggregated values. Now you
will receive monthly data. Select BAT and then click on add2stat . This will bring the data to
a buffer for simple statistical analyses. This buffer may hold up to 10 different variables. Next

step is the selection of N-mineralisation. Put this data also into the statistics buffer and the

change to the statistics page. There you may select x and y variables and click on show data

to see the dependence between them. In order to evaluate a certain area you could specify the

index of this patch in the highlight patch field and see the data of this patch in pink.

3 CANDY region

databaze

|GISQUEF_ mdh

simulationl rezults  statistics i

IS[=1E3

%[BaT =] ¥ [N mineralzation - highlight patch75 Cop}.gegcal
40 -
20 4 ot
S At
. &b, )
SRR IS S
w P A A S Y LI S
NIRRT A e o
il -~ ¥ ' x % ‘ " e :.' *
Ay [ Y
‘.3!9‘:"'." ".o .
0 #ﬁg",-ﬂ -» be. .

M mineraliz ation
BT
= =

da
=

&

in
=

-1 o 1 2 3 4 i
BAT

1=0.49892 285557227

end
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Part 4: Developing management strategies for N-fertilization

N-prognosis module

Go to the database window (plot selection). Click on plot _ 150: Cdec low and then on the
N-prognosis button. In the appearing window you will find some information about the
selected plot, the current nitrogen in the crop and the amount of nitrogen and water in the soil.
The pre-set for the tolerable N-rest in autumn is 60kg/ha. You can change this to another
value by entering the new value and clicking on the button recalculate. For the selected plot

the current maximum environmentally sound N-application until 20.8.2003 is 133kg/ha.

4 CANDY - Prognose M=l
GQUEF_: Cdec low
PLOT:Cdec low = state at 31.83.28083 recno:3y
CROP: winter wheat expected H uptake : 325 kg/ha
current H in crop H 16 kg/ha
expected Hitrogen supply until 1.11. : 168 kg/ha
tolerable H-rest H 68 kg/ha
maximum environmentally sound H-application until 28.88.2883 : 133 Kkg/fha
layer AMH HIT Han 2%uFC nm layer Han Z%uFC nm DE
_________________________________ T
@ - 38: 32 17 49 54 31 |
38 - 68: a 4 4 1M 59 1 8- 68: 53 77 9@
68 - 98: a 4 4 183 66 | B - 98: 57 87 154
98 - 158: a 92 9 184 134 | 8 - 158: 66 94 2948
158 - 288: a 19 19 117 37 | 8 - 2@8: 8% 96 327
total H in system: 3268kgfha & fOM-pools
Nmirt in auturnn (ka/ha) IEU recalculate | view standard crops | |© show diagram end
! CAMDY M mineralization prognosis ,;.j

Click on the button show diagram. The prognosis diagram will appear.

There you can decide about some nitrogen fertilization by clicking on a point (nitrogen
amount at a date you choose) on the graph with the right mouse key (see screenshot next
page). A virtual nitrogen fertilization will be added (see window below) if you choose
fertilizer in the appearing menu. Try to place a first nitrogen fertilization of about 65 kg/ha at
the end of April and a second of about 70 kg/ha at the end of Mai. Will this be enough or
would you decide about another fertilization? After your decision about the nitrogen
fertilization please add the mineral fertilization into the management data. Therefore you have
to change to the plot selection (database window) and add the management in the

management folder (see above).
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£ prog_aif H[=] B3

Mitrogen Balance
350 4

300 4

250 4
200 4

150 4

100 %

50 4 7 zhift+ left mouse drawe Z00M: shift+left mouse click: FULL SIZE: right click: FERTILIZER

01-hiz 01-fpr 01-hai 01-Jun 01-Jul 01-fug 01-Sep 01-0kt 01-Nar
date

Mitrogen (fgha)

N ;o demand
B (jreral_M+mineralized M+ertilizer_M

B prog_orf [_[O]x]

Mitrogen Balance
400 -

350 4

300 4

Mitrogen (fgha)
— =2 [
_h [l h
= = =

01-hiz 01-fpr 01-hitai 01-Jun 01-Jul 01-fug 01-Sep 01-Okt 01-No
date

28.04.: 1. fertilizer application = 65kagh /ha .
98,052 leilizer appli-ation = 70kgh ha — zii':'erd;rm”r:ineraﬁze - Matenoer

Please enter your decision for the mineral fertilizer application for the current plot from the N-
prognosis module and run the model until 31.5.2003 (standard run). Start the N-prognosis
module again and watch the diagram. Will there be enough nitrogen in the soil for the plot or

too much? If you have to modify the nitrogen fertilization, change the fertilizer application in
the management data and run the simulation once again.
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Part 5: Developing management strategies to optimize the organic carbon input

Copy the RES files into an Excel worksheet and calculate means for the average CREP-flux
and biological active time (BAT) for the simulation period. Use these values to estimate the
steady state decomposable carbon (CDEC) according to the following equation:

CDEC = 685.7 * CREP/BAT.
Compare the steady state CDEC with the current CDEC. This will show you the development
of CDEC.
The optimum value for the CREP-flux for the site is between 1000 and 1200 kg/ha. Change

your organic carbon input in the management data and run a new simulation for the plots.

For example: reduce the organic carbon input in the management data for the plot  290:
Cdec high (delete all organic manure applications since 1988 by selecting the data records in
the management folder and press the delete record button) and run the simulation again. How

are the properties (Nmin and decomposable carbon) changing?
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