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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



Damage to Environmental Assets

• loss of habitat and  biodiversity

• river processes and environmental flows

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

• 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





Erosión suelo



Erosión eólica



Salinidad
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6 November 2002

Riverina



6 November 2002

Riverina….10 minutes later



Loxton SA: Annual Rainfall 273mm

2002 – 106mm (Decile 1)

2002: - Excessive Cultivation

- no stubble protection

- crop lost this year

- soil and nutrients lost

- major restoration required 

Sequía en 2002

Cultivo excesivo

Courtesy David Roget of CSIRO



Waikerie SA: Annual Rainfall 252mm

2002 – 110mm (Decile 1)

2002: - Intensive Cropping with Zero Tillage

- some crop (cash flow)

- crop lost this year

- stable soil (this years crop and last years stubble)

- ready to crop next year

Sequía en 2002

Cultivos intensivos con labranza cero

Courtesy David Roget of CSIRO











No sé qué 
hacer!



Entonces, ¿cuál el problema?



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.



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.



Fuga de Agua drives lixiviación 
de nutrientes y aceleró la 

acidificación

Leakage of Water drives 
leaching of nutrient and 
accelerated acidification



Science to calculate 
& measure flows 
in Agro-ecosystems



rainfall irrigation

interception

evaporation

transpiration

run off

LEAKAGE

Drenaje bajo raíces
Courtesy David Roget of CSIRO



Bristow et al., 1986 J Agric & For Meteor,36,193-214 

Drenaje bajo raíces

mulch/residue
can increase drainage and leakage







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



Agricultural Systems 50 (1996) 255-271



http://www.icrisat.cgiar.org/what-we-do/agro-ecosystems/aes-rb-pigeonpea.htm





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



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



Table 1.  Comparison of simulated average annual water 
balances in a Red Kandosol at Wagga Wagga (1973-1996) 

for the scenarios of continuous wheat, lucerne fodder crop 
and a three year lucerne/wheat rotation

System Rain 
(mm)

Runoff 
(mm)

ET 
(mm)

Drainage at 4m 
(mm)

Drainage at 1m 
(mm)

Wheat 611 15 411 185 223

Rotate 611 15 507 89 181

Lucerne 611 15 579 25 134

Drenaje bajo raíces

(Source: Dunin, Williams, Verburg & Keating 1999)
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Average water balance - wheat
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Rain 591 mm

Evaporation 278

Transpiration 202

Drainage 114

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

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



Drainage Patterns
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Continuous wheat

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



Simulated Deep Drainage for 100 years at Gunnedah under 

Wheat/Long Fallow/Sorgham Rotation

(Cresswell & Keating, 1996)
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Simulated Deep Drainage for 100 years at Gunnedah under 

Wheat/Sorgham Opportunistic Rotations
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Suelo el almacenamiento de agua

Agua cuadro



Woodland 15 mm/year

Cleared Woodland  74mm/year

Charters Towers Qld

Drenaje bajo Raíces



Soil:  Lever Gully (Type 1)
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Las precipitaciones anuales



Soil:  Fullwoods Road
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Las precipitaciones anuales



Profit – drainage matrix
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Las precipitaciones anuales
http://www.clw.csiro.au/publications/general2003/revolution/index.html

http://www.clw.csiro.au/publications/general2003/revolution/index.html


Wheat Yield
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Red earth - soil water store 
capacity 100mm

Cracking clay - soil water store 
capacity 190mm



Risk assessment of current dryland farming 

Using historical climate and climate change data

Rendimiento del Trigo

Probabilidad de presencia



Link flows in agro-

ecosystem to those in 

landscape

Enlace corrientes en la 

agroindustria ecosistema a 

aquellos en paisaje



R a in fa ll
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In te rc e p tio n

E va p o ra tio n

R u n -o ff

D ra in a g e

Tra n s p ira t io n
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FARM LOCAL 

CATCHMENT

REGION

PLANNING

Landcare

Farming

Catchment 

Action Plan



Examples of Targets for a Catchment

End-of-valley target at site 1 

to protect Basin health

Within-valley target at 

site 3 to protect  

wetland ecosystem

Within-valley target at 

site 2 to protect 

irrigation water 

supply

Within-valley target at 

site 4 to protect town 

water supply

1

32

4Major Town

Wetland



Field and farm practice
Farm System
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From McCown, 2000

(adapted from Sorrensen and Kristensen, 1992)



National and International Market Systems

- institutions, trade, government policies etc

Regional Systems

- infrastructure, communities

Catchment System

HydrologyBiology

Farm System
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Australia

1000 km0 Scale

Murray-Darling Basin

Liverpool Plains 

Darwin

Perth

Adelaide

Melbourne

Hobart

Sydney

Brisbane

Canberra



Estimated mean 

annual drainage

with

current land use



Estimated 

mean annual 

drainage with 

alternative 

cropping 

systems
(opportunity cropping 

or continuous sorghum)



Estimated 

mean annual 

drainage with 

alternative 

cropping 

systems

+ forestry on 

sedimentary hills & 

slopes



Estimated 

mean annual 

drainage with 

native 

vegetation
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Link flows in agro-

ecosystem to those in 

landscape





CLIMATE VARIABILITY and CHANGE

Rainfall

CATCHMENT

IRRIGATION

GROUNDWATER

WETLAND

RIVER

ESTUARY

SEADAM



CSIRO LAND and WATER

Tension between 
water extraction and water for river health







Ecosystem services

“…the conditions and processes through 

which natural ecosystems, and the species 

that make them up, sustain and fulfill human 

life”

Daily (1997)



Ecosystem services

OR?



Pollination as ecosystem service

VALUE OF PRODUCTS: $1.2b pa

native plants 
produce nectar

nectar feeds bees

bees pollinate
crops at no cost to 

growers

sunflower

lucerne

clover

pumpkin

cherry

apple

grapefruit

plum

apricot

All >70% 
dependent on 

pollinators



The future 
form of 
sustainable 
agriculture

La forma futura 
de la 
agricultura 
sostenible



“…from little things big things grow”


