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Leibnitzer Feld

Unteres Murtal

Modelling of Sustainable and Groundwater
Protective Cropping Systems Using

Long-term Scenario Simulations

Geographic sub-regions of Styria; the red line indicates the following two areas:
T.10 = Leibnitzer Feld, T.11 = Unteres Murtal; V.1b = Weststeirisches Riedelland – Wildoner Berg
according to http://www.umwelt.steiermark.at/cms/ziel/845054/DE/, LIEB G. K., modified

MMM Conference Graz Christine Lanthaler 
January 2007 e-mail: christine.lanthaler@aon.at

2

Outline

I

M

R

C

Model Basics/CropSyst

Goal of Research

Modelling with
CropSyst and

model validation

Status Quo:
Leibnitzer Feld (LF) and 

Unteres Murtal (UM)

Comparison of 
different cropping

systems

Conclusion



2

3

Models for the Agroecosystem Goal of
ResearchI

Reality: simplified but not
reproduced

summarised according to 
Stockle and Nelson 

Hydrological, plant and soil processes,
weather situations;

for past, present & future

Analytic tool
for studying cropping and

management systems

Simulation of biomass, yield,
nitrogen uptake and leaching

Decision support system
(assistance for consulting)
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CropSyst: Simulations
Water balance:

cascade model (capacity method);
Evapotranspiration (ETo): Penman-Monteith

Nitrogen (N) budget:
• transport
• transformation (first order kinetics)

net mineralisation
nitrification
denitrification

• ammonium sorption
• crop N uptake
• residue mineralisation
• N fixation (legumes)

Crop development
and growth

I
Daily 
Time
Step

= not a basic research tool but a
management-oriented tool!
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The CropSyst Model

own compilation (2007)

Input

Input files

Location Soil Crop Manage-
ment

Weather

T, P,
SR, RH,

WS

Texture

CEC

pH

OM
Initital
water

content,
NO3, NH4

Growth

Transpiration

Leaf, root

Phenology

Harvest …

Fertili-
sation Tillage

Harvest/
Clipping Residue

Rotation

M

Two stations Austrian soil map Default and calibrated

Agricultural
environmental

advisers
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Model Validation Drainage/
Wagna

Comparison of soil water drainage to
lysimeter data of Wagna

Maize single-crop farming
(field 18, soil depth: 70 cm/Dystric Cambisol)

CropSyst:  368 mm (40 % of P)
Groundwater recharge: 313 mm
Lysimeter: 341 mm
STOTRASIM (GWR): 382 mm

Crop rotation
(field 14, soil depth: 110 cm/
Dystric Cambisol)

CropSyst:  385 mm (42 %)
Groundwater recharge: 313 mm
Lysimeter: 284 mm
STOTRASIM (GWR): 379 mm
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Soil water drainage (CropSyst/cascade model)
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Model Validation
Mean values of nitrogen leached
for 1994 - 2003

Maize single-crop farming
(field 18, soil depth: 70 cm/Dystric Cambisol)

CropSyst: 39.3 kgN/ha
Lysimeter:      42.0 kgN/ha
STOTRASIM:    4 different applications

Crop rotation
(field 14, soil depth: 110 cm/
Dystric Cambisol)

CropSyst:        51.1 kgN/ha
Lysimeter:       65.8 kgN/ha
STOTRASIM:   51.4 kgN/ha

M Nitrogen/
Wagna
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Crop Rotations & Fertilisation

Hier zeichnen ... 
Parameter usw.

- 4 days: 50 liquid slurry
+ 38 days: 60 urea/NH4          M/O = mineral and organic fertilisationMZ_M/O (110):

- 4 days: 70 liquid slurry
+ 38 days: 69 liquid slurry           O = organic fertilisation only MZ_O (139):

- 4 days: 70 liquid slurry
+ 38 days: 69 urea/NH4          M/O = mineral and organic fertilisationMZ_M/O (139):

Maize single-crop farming

- 20 days: 40 liqu. slurry
+ 21 days: 10 NO3/10 NH4

+ 144 days: 24.5 NO3/24.5 NH4
+ 205 days: 50 liquid slurry

- 4 days: 50 liquid slurry
+ 38 days: 57 liquid slurry

CR_W
(107/99/60):

- 20 days: 20 liqu. slurry
+ 0 days: 20 urea/NH4

+ 144 days: 17.3 NO3/34.7 NH4
+ 205 days: 8.3 NO3/16.7 NH4

- 4 days: 50 liquid slurry
+ 38 days: 69 urea/NH4

CR_3
(119/77/40):

- 3 days: 52.5 liqu. slurry
+ 0 days: 30 NH4

+ 2 days: 52.5 liquid slurry
+ 152 days: 9.3 NO3/18.7 NH4
+ 195 days: 27 NO3/27 NH4

- 4 days: 70 liquid slurry
+ 0 days: 7 NO3/14 NH4
+ 37 days: 27 NO3/27 NH4

CR_2
(145/134.5/82.5): 

+ 0 days: 27 urea/NH4
+ 21 days: 20 NO3/20 NH4

+ 144 days: 18.8 NO3/37.2 NH4
+ 205 days: 9.4 NO3/18.6 NH4 

- 4 days: 70 liquid slurry
+ 38 days: 69 urea/NH4

CR_1
(139/84/67):

Fertilisation date and amounts in kgN/haCrop rotation
(fertilisation)

April, 30October, 13April, 22Sowing date

Oil squash (OS)Winter barley (WB)Maize (MZ)

M Rotation
& Maize
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Crop Rotations in the Leibnitzer Feld

= MZ – WB – MZ – OS – MZ – WB – MZ – OS 
= MZ – OS – MZ – WB – MZ – OS – MZ – WB 
= OS – MZ – WB – MZ – OS – MZ – WB – MZ 
= WB – MZ – OS – MZ – WB – MZ – OS – MZ 

M

• Map of soil types

• Rotations based on parts of
communities

• Which crop is grown most in the area
rotations A to D

• Weather: Leibnitz, Bad Radkersburg
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Status Quo – Leibnitzer FeldR Water
Drainage

Mean values of soil water drainage
1998 – 2005

Mittelwerte der Sickerwassermenge

Soil depths of fine soil layers
Feinbodenmächtigkeit

325 – 337
338 – 350
351 – 362
363 – 379
380 – 419 

Amount of soil water drainage
[mm/a]
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Status Quo – Leibnitzer FeldR Nitrogen
Leaching

Mean values of nitrogen leached
1998 - 2005

Mittelwerte des Stickstoffaustrages

< 30

30 – 45
46 – 59
60 – 74

Mean value of nitrogen
leached [kgN/ha/a]

> 74

Vulnerability of nitrate leaching
(soil parameters!) 

Nitrataustragsgefährdung
(Bodenparameter!)

12

R Status Quo – Unteres Murtal
Drainage 

& 
Nitrogen
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Water Drainage & N Leaching
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Soil water drainage (1998 - 2005)

Mean values (CR_1, CR_3, CR_W):

All example soils: 350 mm
Soils of deep depths: 340 mm
Soils of intermediate and
shallow depths: 365 mm

Leibnitzer
FeldC

Total nitrogen leached (1998 - 2005)

Mean values in kgN/ha/a:

CR_1 CR_3 CR_W
71 57 70
68 55 67
78 60 79
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Nitrate Concentration Leibnitzer
Feld
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Mean value of nitrate concentration at CR_1/fertilisation: 139/84/67
Mean value of nitrate concentration at CR_2/fertilisation: 145/134.5/82.5
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Mean value of nitrate concentration at CR_2/fertilisation: 145/134.5/82.5
Mean value of nitrate concentration at CR_1/fertilisation: 139/84/67
Mean value of nitrate concentration at CR_W/fertilisation: 107/99/60
Mean value of nitrate concentration at CR_3/fertilisation: 119/77/40
Mean value of nitrate concentration at MZ_O/fertilisation: 139
Mean value of nitrate concentration at MZ_M/O/fertilisation: 139
Mean value of nitrate concentration at MZ_M/O/fertilisation: 110

C

Comparison of nitrate concentration of 4 crop rotation variants
and 3 maize single-crop farming variants (mean values 1998 - 2005)



8

15

Fertilisation & Yield

M Z_M /O

M Z_O

M Z_M /O

0
500

1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000
8500
9000

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Fertilisation amount [kgN/ha/a]

Yi
el

d 
[k

g/
ha

/a
]

OS WB MZ WB_d MZ_d WB_m/s MZ_m/s
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FeldC

Comparison of yield amounts of simulated scenarios (mean 
values 1998 - 2005); amounts for all soils, soils of deep and 

shallow/intermediate depths are separated
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Nitrate Concentration Unteres
MurtalC

Comparison of nitrate concentration of 3 crop rotation variants
and 3 maize single-crop farming variants (mean values 1998 - 2005)
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Summary Cultivation/
fertilisationC

N leaching

N uptake
Fertiliser

applications
CR_3:CR_1

-4 kgN/ha
(LF),

-1 kgN/ha
(UM)

119/77/40:139/84/67

Yield

-11 to
- 23 kgN/ha;

average:
-12 to -14

(deep soils)

almost no
difference in LF,

slight ones in
UM
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Conclusions

YIELD & NITROGEN LEACHING
Maize shows better development if cropped in a 
rotation than in single-crop farming (monoculture)
Organic manure (liquid slurry) is significantly less 
efficient than mineral fertilisers (in these simulations)

higher N leaching of organic manure than mineral 
fertilisers when the same amount is applied
Groundwater protective (< 50 mgNO3/l):
maize 110 kgN/ha (min./org.) for many deep soils

MODELLING
Very good simulation of water balance
Model deficiencies: N balance has more uncertainties –
it is more complex to study and model than the water 
balance (Donatelli and Stockle, 1999)

Yield, N &
ModellingC
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Thank you for your attention!


