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Damage to Environmental Assets

« soil nutrient depletion

» soil acidification

» soil structural decline

» soil biological decline

« dryland and irrigation salinization
« wind and water erosion

« contamination with residues of agricultural chemicals
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Damage to Environmental Assets

* loss of habitat and biodiversity
* river processes and environmental flows

* nutrient, salts and pollutants to wetlands, rivers and water
bodies

e contamination of groundwater with nutrients, salt and
pollutants

* riparian, remnant vegetation damage and rural tree decline

« decline in native pastures and environmental value of
rangelands
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Loxton SA: Annual Rainfall 273mm
2002 — 106mm (Decile 1)

P T e 2ea s
. e — -

2002: - Excessive Cultivation
- no stubble protection
- crop lost this year ' .
~ - soil and nutrients lost - _ =
3 - major restoration required -
e e ' ——
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Waikerie SA: Annual Rainfall 252mm

2002 -110mm (Decile 1
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The Australian irony

 whilst our Agricultural productivity Is
constrained by lack of water and nutrients

« fundamental cause of much of our land
degradation is an excess of water and

loss of nutrients at key periods of the
year.
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An essential design criteria of
sustainable farming is to ensure
that present-day flows of water,
nutrient, carbon and energy
match the magnitude of these
flows that evolved to suit the

way our landscape functions. %
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rainfall irrigation

Transpiration interception

evaporation

mm)> run of f

Courtesy David Roget of CSIRO
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Bristow et al., 1986 J Agric & For Meteor,36,193-214

TABLE 1I Drenaje bajo raices

Cumulative precipitation, and simulated evapora
period 1 September 1981 to 31 August 1982,

Residue-covered surface

(m)
Precipitation 0.645
Evaporation 0.300

Drainage 0.270
Storage 0.073

mulch/residue

can increase drainage and leakage
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An overview of APSIM, a model designed for farming systems
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Use of APSIM to simulate water balances of dryland
farming systems in south eastern Australia
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Agricufiral Svsrems SO (199%6) 255-271
Elsevier Science Lirmited

Printed in Great Britain.

OF0F-32 12X90%1 5,00

ELSEVIER 03I0B-S21X(94)00055-7

APSIM: a Novel Software System for Model
Development, Model Testing and Simulation in
Agricultural Systems Research

R. L. McCown, G. L. Hammer, J. N. G. Hargreaves,
D. P. Holzworth & D. M. Freebairn
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Fig. 1. Diagrammatic representation of the APSIM simulation

Keating et al., (2003)-Europ. J. Agronomy 18:267-288
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Grroup

Crop

Tropical grass
pHHII.lTﬂ
Temperate pasture
So1l water

Soil mitrogen
Soil erosion

APSIM moduly

Sunflower

GRAZPLANY

APSWIM®

TABLE 1
List of Current APSIM Modules and Their Origins

Origingl mode!

QZC0T
ASPIM-Cowpea
ALISIM-Matze
ONLT

QSORG
ALISIM-Sorghum
QSUN
Woodruff-Hammer
CERES-Wheat
GRASP

GRAZPLAN
CERES
PERFECT
SWIM
CERES
PERFECT

Hearn & Da Rosa, 1085

Reference

Adiku et af, 1993
Carberry & Abrecht, 1991
Hammer er al., 1992
Hammer & Muchow, 1991
Carberry & Abrecht, 1991
Chapman er al., 1993
Hammer er al., 1987
Ritchie ef al., [988
McKeon ef al., 1990

Moore er al . 1991
Ritchie, 1985
Littleboy et al, 1992
Ross, 1990a

Godwin & Jones, 1991
Littleboy et al., 1989

“Intellectal property remains that of the onginal developer.

Agricultural Systems 50 (1996) 255-271
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Simulbed

[a)Grain

Yield kg ha'')

1000 1300 2000 2500 2000

.........

Obserwd

(b) Green blomass atmaturity (kgha' )

0 SO00 10000 15000 20000
Observed

http://www.icrisat.cgiar.org/what-we-do/agro-ecosystems/aes-rb-pigeonpea.htm
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Table 1. Compa
balances in a Red Kan
for the scenarios of continuo

and a three year lucerne/w

simulated average annual water
t Wagga Wagga (1973-1996)
at, lucerne fodder crop

rotation

System | Rain Runotf ET Drainage at 4m Drainage at 1m
(mm) [(mm)  |(mm) |(mm) (mnm)

Wheat 611 15 411 185 223

Rotate 611 15 507 89 181

Lucerne 611 15 579 25 134

EL Cuarto Elemento
XVIlIl Congreso Aapresid

(Source: Dunin, Williams, Verburg & Keating 1999)
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Annual drainage at 4m depth (mm)

600

Drenaje bajo raices

/Wheat

300} _ _—
~ Lucerne Rotation T
200} - i B B
i e i
7 -

100 .
0 | | | | | | |H| |l_||I | ||—ﬁ| |I | wall |

L L F WW L L L WWW L L L WWW L L L

197374 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 096
Year (1 April -1 April) and Phase of Rotation (L = Lucerne, W = Wheat, F = Failed
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Average water balance - wheat

Rain 591 mm
Evaporation 278
Transpiration 202
N Drainage 114
3
=
£ 250
o 200
3
& 150 -
S 100
)
50
0
1962 1968 1974 1980 1986 1992

Season (May - Apr)

From: Verburg, Keating and Smith et al. (1999)-RAAL Workshop Perth
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Rain

Evaporation

Drainage
D Storage

w
a1
o

Transpiration

1st 2nd 3rd CW
591 591 591mm 591 mm
336 269 303 278
290 314 212 202

Eu > D
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Season (May - Apr)

From: Verburg, Keating and Smith et al. (1999)-RAAL Workshop Perth
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Drainage Patterns

Drainage (mm)

Drainage (mm)

20

=
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L
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10 -

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

Continuous wheat

Rotation with
Lucerne removed
iIn December

From: Verburg, Keating and Smith et al. (1999)-RAAL Workshop Perth
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Simulated Deep Drainage for 100 years at Gunnedah under
Wheat/Long Fallow/Sorgham Rotation
(Cresswell & Keating, 1996)
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Suelo el almacenamiento de agua
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Figure 3. Stem volume (a) and water table depth Figure 4. Data (symbols) and simulation results
(b) data for E. grandis grown over a shallow (lines) of plant-available soil water storage to a
groundwater table at Kyabram. Observed data depth of 45 m at Moora under Banksia
shown as symbols and simulations results as lines. woodland.

Integrating a Forest Modelling Capablility into an Agricultural
Production Systems Modelling Environment - Current
Applications and Future Possibilities
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Mean drainage, mm/yr
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Profit — drainage matrix
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Murray-Darling Basin vr
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http://www.clw.csiro.au/publications/general2003/revolution/index.html

Wheat Yield
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Risk assessment of current dryland farming
Using historical climate and climate change data

= PAWE [mm)=100mm
= PAWC (mm)=150m

Probabilidad de presecia

Frooabiliby

Rendimiento del Trigo
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Examples of Targets for a Catchment

Within-valley target at
site 2 to protect

o Major Towr
Irrigation water @
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Field and farm practice

MANAGEMENT SYSTEM

Internal Environment
Needs, values, goals, etc
Knowledge, cognitive limits, etc.
Resources

Deliberative planning & control

R 4

o

V.,..

Action Monitoring

Soil| " |Crops
N/
Animals

nwn-H4Cov4H4CO

PRODUCTION SYSTEM
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n-I4mx=2><

AND
GROUND

SURFACE
WATER >

From McCown, :

apted from Sorrensen and Kristensen, 1




National and International Market Systems
- institutions, trade, government policies etc

Regional Systems
- infrastructure, communities

Catchment System
Biology Hydrology

Farm System
MANAGEMENT SYSTEM

Internal Environment

Needs, values, goals, etc
Knowledge, cognitive limits, etc.
Resources

Deliberative planning &
control

Action :Monitoring
n

PRODUCTIONSYSTEM
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Murray-Darling Basin
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2 Drainage (mmlyr)} 20

E T _
Estimated mean

annual drainage
with
current land use
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° Drainage (mmlyr); 2

| Estimated
mean annual
drainage with
alternative
cropping
systems

(opportunity cropping
or continuous sorghum)

50

0 10 20km
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Estimated
mean annual
drainage with

alternative

cropping
systems
+ forestry on

sedimentary hills &
slopes
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a Drainage (mmlyr)_} %

Estimated
mean annual
drainage with

native
vegetation
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30 - O Current
Hl Alternative cropping
25 - O Native vegetation
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(29%)
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Tension between
water extraction and water for river health
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Ecosystem services

“...the conditions and processes through
which natural ecosystems, and the species
that make them up, sustain and fulfill human
life”

Daily (1997)
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Ecosystem services




Pollination as ecosystem service

' sunflower
native plants

SElsE lucerne
clover
I | pumpkin
cherry

nectar feeds
apple
grapefruit
I | plum
apricot

bees

crops at no cost to All >70%
growers dependent on
pollinators

VALUE OF PRODUCTS: $1.2b pa
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WATER MANAGEMENT/

SALINITY CREDITS

BIODIVERSITY CREDITS

CARBON CREDITS

TIMBER

RENEWABLE ENERGY

COMMODITY BUSINESS CLIENT
SHARE %

WHEAT 40 WORLD MARKLY

WOOL 15 WORLD MARKET

TIMBER 10 PULP WOOD, BIOMASS ENERGY.
SPECIALTY TIMBER

CARBON CREDITS 7.5 STEEL MILL

SALINITY CREDITS 7.5 COST SHARING FOR
CATCHMENT MANAGEMENT

WATER SUPPLY

15 WATER SUPPLY COMPANY
MANAGCEMENT
BIODIVERSITY CREDITS 3

PUBLIC/PRIVATE TRUSTS

El Cuarto Elemento
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The future
form of
sustainable
agriculture

La forma futura
de la
agricultura
sostenible
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