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DCiryland salinity is a serious problem affecting
meany paits of Australia, induding the BMurtay-
Darling Basin, ome of our most important river
syatems, In 1999, CEIRO Land and Water relesmal
A report for the Murray Dading Basin Commission
called Effectiveses of Cierreint Farmeirg Systesi fi
the Corired of Drplared Salinity. 11 outlined the
cavises and extent of hlirﬁlﬁr ir the Rasin amd
iddentified that for much of the Basin, current
Farming systems, even when implemented with
best practice, cannet contrel salinige. This report
continues the story by investigating the capabiliny
of various options 1o deal with salinity and the
preapects for new solutions from ressarch,
development and innovation. Such innovative
solutions, which may lead o revolutionany new
ways o use our land, will need 0 be incorporated
fito the fasdscape not caly 1o help counter the
proawing problem of salinioy bat also 1o mainnin
mitive h'n-uﬂi.'l.lmi'l.j' amid ConT iy Hdl-h-:il'g.

Bio single land-use option will halo the growah of
salimity and the loss of native biodiversity in our
land amd risers. We need 1o develop and deploy

a suite of novel land uses that ane matched 1o the
diverse climare. sokls, and hydrological condiions
of e Basine These land uses, in combination,
vieed to deliver leakage rates past the roor zone
that apgroach those of natiral vegetation

This will require radical chamsge o land use,
Incorporating the following feabares.

= Commercially driven tree production systems
anifor new tree spacies, 16 he developed for
I.'ll'“{' areas of the ourmeni crop and pasiure
rovmies of the Basin. These would inclode trees
o produce fruits, nuis, oils, pharmacasticals,
bush foods and forestry products such as
specialty imbers, charcoal, and biomass energy

¢ Plew farming systems made up of novel mise
of all the best curtent annual and perenmnial
plants, the best agronomy, oom panion
plantings, rogations and combinations.

o Pew forms of cercals, pulses, oilseeds and
forages selected or bred for characteristios thar
substantially reduce deep drainage and
nitropen lealagpe.

¢ Hefinad land assessment 1ools that best locae
trees, eithier perennial plants, high-value anmiaals,
amnad mative species o meel water auantity and

®  Rew toods for land oranagens 19 moad o
lealcage past the root zone, and change land
wse decordingly

To realise this vision, we will nesd 1o pioneer the
development of a new landscape, a mosaic of tree
s triven by Larpe-scale industrial markets such
Az hiomass fuels and high-value annual crops, as
well as mined perennial-annual cropping systems,
and areas devoted 1o maintaining those elements
af mative biota dependent on native vegeration
[evising the opiimal placement of these land
ses in ferms of salinity control, producivity and
maintenance of native hiodiversity will require a
robust understanding of landscape process and
coowystem fundction, and good maps of laindscape
properties, particularly salt stomge and
groundwater flow

While a wision for the Basin |s emerging. many of
the components deseribed above dio mot yel exist
Aosubstantial nsw research amd development «fon
is nzedesl that tackles the redesign of farming
systems and thelr intepration Intc the landscape
a5 a whole This needs w combline Bioplyaical
and economic studies thar deliver nnovative
designa well matched v soil, climate and earchment
circumstanee including biodiversity on-fasm
measurermenil and improved land assessment
techinigues; moderm genetle mprovement
technbques, and a particlpatony process that



Current options and future prospects for
managing dryland salinity

There & noesangle, viable land-use system cagable
of controlling leakage over the Basin as a while
The following list summanses vanous oplions
thiat can help control leakage Some are avallable
nerw aned others, as noted, have naalistic prospects
b reguire additional research. Funther o
sugeessfully imtsgrate these opticns [neo the
landscape as a while wall demand a significant
research effor in the maintenance and restoration
of the mative Biow and of ecosystem funetlon.
Fesearch is also essential v develop incentives

For incorporating maintenance and restoration of
bicdiversity into these current opticns and futune
prospects.

Annual cropping

This is the preferrad economic option but i is
imeffective o attabning leakape tangers except in
a small proportion of the Basine There is linle
opparuniy for agronomic ressarch w educe
leakage by the magnitude sequired.

Opportunity cropping

Hotations of winter and summer eraps that are
semsitive 10 the water comditions of soil moke a
useful contribution o thase parts of the Basin
with significant summer minfall. Cpponunicy
cropping s a relatively mature ansy in reseanch
agroncmy. An applied research effort over the
riexl 5= 10 vears on suitable cropsobl rainfall
combinations could vield improved systems

i terms of saliniy contrel and profitabilio

Phase farming

This is effective when the lucere phase is long
ervoagh b0 diy the subsoil and the cropping phase
i5 rermimated before leakage recom mences
Rexluictions in leakage of S0-708 are associated
with reduced profitehilitg. This is a mature area of
agronotls research and systema are well adsvanced
and available Research over the mest five v
should cvercome dependence on lucerme amd
Fime-lune the application of phase famming w
tmprove profiaabilioy and diainage outeomes,

Companion farming

Chwer-sowing annual cercals into perennial
toragespastures holds promise of significantly
reducing leakage beneath the root one. Research
is needed over at least 5-10 vears on spedies and
agronomic practice to provide viable systems

Mew agricultural plants

Some potential exists wo select or breed long
season, perennial and!or deep-rooted cultivars
of current erop and fodder plants that may
substantially reduce deep drainage, and 1o fit
these plants into new farming systems This will
require a substantial and well-forused research
effort ower the next 5-25 vears,

Organic farming

While the demand for organic produce is growing
in the markaplace, onganic farming is naot
niecessatihy any more effective than annuoal
cropping in controlling leakage beneath the root
zone However phase farming, companion faming
and agroforestry practices that reduce lealeage are
in harmony with the crganic philcsophy and are
therefore more likely to be adopted

High rainfall tree products

These products ane effective in reduding leakage,
and profitable, but their proven potendial is
owrrently limited to g small proporion of the
Basim. Lonpg-term research { 10-30 wears)] is needed
1o extend profitable forestry 1o a larger propaortion
of the Basin in a way that maintains water yvield

Low rainfall tree products

While this is potentially the most effective land-
e option for managing salinity by reducing
lzakape, i1 5 not commercially wiable due o a
lack of markets o drive reforestation and)'or re-
vepetation at the necessary scale A wery significant,
wiell-focused research effort over the next 30 years
will bie essentinl 1o develop: new markets; tree
orops 1o produce froits, mots, oils, pharmaceaticals;
hush foosds; and foresiry products including
specialey timbeers, charcoal, carbon credits and
hic-mass energy applications,



Agroforestry

Agroforestry can he more profitable than e
crops alone, but s effectivearess depends on the
progeortion planted wo rees, and onothe skall of
lcatimg trees in the right pans of the lundseape
Further reseaich is nesded 1 determine which
treefcrop) pasture miktoies can reduce leakage o
acceptakrle levels and comtinue 1o give economic
return. This research should provide solutions over
the mext 30 vears, 1will Build on and benedit from
wisrh essential 1o the development of eommercial
Lree crops and mew .1[.|rir|.'||1.u ral |1l.'||1.b:.

Why we need a revolu

Fiwe yesars ago the @l problem was just anothe
tapie for scientific meetings and loss of hiodiversiey
wis Fegaided as a natuie conservalion issue
Towdbay, it is Fromt-page news and high on the
pititical agemada. This prominence has elicited
dilferent tesponees. Hydrologises ae relieved thal
the community is at last beginning vo share the
Busden of their message on salinig, Landholders
have the disquiet of kisowing that they niay be
bt responsible and the major casualoy
Agricultural scentists find the doom anmd gloom

a bit much. The dedication amd skill of their
predecessors has seen many seemingly intractable
problems overcome in the pase Wiy not this one?
Ecorlosgists lave documented the dedine and loss
of biodiversing and the change in ecosystem
processes amd are conoermed that saliniey and loss
of hiodiversity are often treated as completely
sepaiate igaes. They are not, a8 salinity is an
extremely visual manifesttion of the loss of major
elements of biodiversing and change in ecosgsiem
process,

Agriculiure has flourished owver much of the
world for thousands of years, despite the changes
wroaight when virgin land comes under the phough

Perennial pastures

Perenmial pastures leak less water beneath the
ot gone than annuals, but highes rinfall,
wirller dominance, acid and shallow soils,

and prazing pressare all com promise ther
ru:tunl't.'ll acroes the southern hall of the Rasin.
Research and development should focus on
ameliorating subsoil and on deeper ooing specie

Saltland farming

Saliland farming allows for soil stabilisation and
provisiods of stock feed but arakes Hoke long-term
contribution o managing the waenable, ralucing
salt loads to rivers and therelore o water quality
[dentifying species and managament practices
that malee best use of such land is imporiant
because af the huge areas that will be affected by
aaly, bt the impsect of this research on controlling
Laivd and miveer salinisanion will be relatively small

tion in land use

But in southern Ausiralia, the signs of an uncerain
e surfaced within ten years of the firs e
being iing-barked. Railway enginess found that
thie reservoirs they constructed 1o supply water 1o

lecomastives became too salty o use

By 1ROT, astute ohservers were making the
connection between clearing native vegetation
and fresh creeks becoming salty, Twenty years
later, am analysis was published that described
the relationship between clearing and salinisation
with surprising clarity, although the wnderlying
prowesscs wene somewhat misunderstood

A description of the problem that accurareky
capturead the fundamental issuss was published
in 1924
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Figure 1. The salinity in the Murray River at BMorgan
|zlose o the off-take for Adelaide’s water] has been
rising shewly for 80 years and |5 ferccast o v more
quickly over the next 10:0 years.
Sotree: Mlutray-Dading Basan Miristenal Coundl [19939)

This newlound understanding was not tanslaged
inabo action. Agriculiure continueal (o expand and
became the foundation of a prospenoues econcmy.
Al the same time, more water has been leaking
bedlow amnual crops than the agquibfers can dellver
tir rivers. As agquifers Gill and watertables rise, the
deg and ancient stores of salt ane lified o the
soil surface, Killing muscl of the remaining mative
vegelation and Hs msoclated faena, while the salt
is carried into fvens.

This publication does not po back over the cases
of the salinity problem They ane well dealt with
in its preclecessor report, Effectiveness of curment
farming sptems i the controld of drlard salinty,
which concluded thar

¢ cumrent farming systems are the findamental
cause of the deyland saliniry problems,

s ynaber best management practice, the leakape
From maost agricuftural land stll far exceeds
the capacity of the landscape 1o shied the
excess waker;

#  for most of the country we do ot hase
prcfitalile systems wo replace existhig land wse;
and

o pven if we did introduce very different farming
systems immediatehy it will be a long time
hefore we see an improvement in salt trenids,

This volume looks wethe nex 20 10 50 pears

I noday's agriculoare is the root coese of dryland
saliniey, can we envisage a new agricultare in
better harmony with Australia’s unigue
landscape?

Lessons from ecology

W often hear that Australian farmers imposed a
Furopean agriculture completely unsuined to
Australian soils and climate This is not entirely
fair. Al human socicties that have forsaken a
hunter-gatherer existence have based their
civilisations on annual seed-bearing plants suech
as whisat, rice and maee It is not the European
heritage of agriculiure that is at oudds with this
land, but the replacement of native perennial
plants with annuals

The strategy of the aminual plant is we match is
life eyele perfecly with the favourable growing
seao i 1o survive the harsh times as seed.
This made the anmual a perfect candidae for
domestication because (18 lange sevds favour the
survival of the et generation. For example. the
wisear plant packeges lall s wonal biomass as
ataseh amd 708G of s nitiogen & pootein o i
sl Perennizl planis cunned mateh this bounty,
The strategy of the perennial is 1w sarvive, not sil
out, the hard dmes. They need deep roos 1o tap
the last of the water and frequently, woody stems
a0 that they can Lift their canopies above teeir
anmual coampetitons.
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[Fiagare 2. Salt exports and trends in river salinitees
1976-95; tomnes par km? per anneen, The salt ok
in many majer rlver systems are rsing.

Source Murray-Tlatling Basin Ministenal Counci {1993




Perennials have 10 survive greater pressures from
parasites andd grazers Many perennial plants
prosuce structures and chemicals s protection
This imvestment in infrastroctere and defence, amd
its associated maintenance reguirement, diveris
resources that could be wsed for new growth,
Even though a perennial may capture more water
and nutrients than an annwal, the harvestahle
proportion of digestible energy and protein falls
shaort
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Figure 3. Arcas threatened by dryland salisity,

Sourree: Land and Wlater Resources Ressich and Development
Corporation (1000)

The annual is more suited 1o intensive agrioulure
Ploughing and herbicides remaove competitons
and allow a perfect match betwieen the season
and the plant’s requirements. The productivity

of the annual and its apparent wastefulness are
linked Typically 5-15% of the lonp-tenm average
minfall gets past the roods of annoal planss,
whereas less than 1% escapes the native perennial

vepetatlon

For most Landseapes, leakape past the rool sone
of mative vegetation approaches the capacity of
the groamdswater systems b deliver water o vers
(dischasge capacity]. For the anmaal cooqping
zone of the Rasin, lealcage beneath the oo

zone Tor annual crops and pastures translaes

i Beerwmen 15 and 130 mm per year whike the
landscape capaciny 1o drakn groumdwater 10 thvers
in ol the orcler of 0.5 10 mm per yean

Agriculture

and the environment

The removal ot wast areas of native vegetation [in
some cases over 95% of areal extent]) has resulted
in 5-15% of ralnfall leaking past the oot zone
ovier agricultural land. This has caused the changes
im fanad and river salinity shoswn o Figores 1, 2
and 2 and the widespread loss of hiodiversiy,
and changes to ecosystem processes, The salinity
level of waters of the Lodden and Avoca rivers

Is already above the desimble Australian limits
for drinking for most of the vean The Warrego,
Condamine-Balonne Border, Macquarie and
Mamoi rivers are predicted o join this categony
in 20 vears, and the Lachlan, Castlereagh and
Murray {at Murray Bridge] within 50 vears

The pavcity of data makes i difficol w predia
thie area of Land expected two be salinised oo

wihiat of our namiral beritage we stand o lose
Grenendwater monitoring bas been conducted
awer almaost half the 107 millicn ha Basin,
Coroundwater is rising under at least 15 million
ha of the Basin. Aboat 0.3 million ha of lnd
viere salt-affectad by 1996, and this is expected
Lo Fse 1o =0 million ha before a mew hydrologe
eguilibrivm is reached.

I we are 1o have any impact on these trencds,

wie will need 1o introduce perennial species into
agricultural Tandscapes. Given that perennials are
lese condurive to intensive agriouliire, the task
will be difficalt In the following pages we
examine the options and their prospects

Hevwesver, befiore looking at the options, we neel
by he clear aboat the Largels we el oursel ves
aver the next 20 0 50 vears. We also need a
comprehensive assessment of leakage raes
under current farming systems and how they
vary throughout the Basin



Mo strategy can work uniil we have set trgets 1o

measure its performance Three supgested tagets
are described below:

Mimic the bush

A first taret is 1oty to reach the leakage mtes of
the ariginal vepetation. This is the target required
to avoisd and/or reverse salinisation. We aim 1o
refain a produciive landscape by mimicking the
hydrological function of native vegetation with
cronomically viahle species

Dhuie to the vast quantities of salt alveady

bkl ised by rlsing water tables, revemsing the saly
trend o the state that existed before clearing is
el posai ble Wi can limie the spresd of salinay
by ereating a productive landscape that mimics
the water use patterng of the orginal bush.
Howwever without prodfitable tree crops, especially
I oo palnfall areas, the only way 16 do this s o
reviert B native vegetation with serious implications
for agriculise and niral communities

Mevertheless native vepetation and re-vejetation
has a most important role in salinity control,
Mainienance of remnant native segetation
throughout the basin is a key target in order to
conserve and maintain biodiversite and ecosystem
services in conjunction with salinity contrel

The integration of native vegetation into landscape
design is coitlcal to halting further loss of species
and ecosvsiem function. On our present path we
can eapect to lose 50 of avifauna from the basin
over the next 50— 100 years. Solutions, which
mimic the ecosystem funcions of the bush,

will be important o both salinity control and
proection of landscape biodiversity and funcion

Protect the land

A second target i3 1o ensure that recharge levels
remain less than the dischame capacity of a
catchmiemt The discharge capacity is the amount
of warer that the groundwater aquifers can carmy
— water that will eventually be delivered 1o0a
stream. The discharge capacity is set at the point
of lowest transmissivity, where the agquifer
hecomies shallow, namows or decreases in
permeabiliny. As long as the recharge rate is less
than the discharge capaciny, wateriables will neot
rise to the surface, and land and infrastrocture
willl noat b lost 1o salindey:

This target is made difficult by our inahility to
measure both leakage and dischange capacity with
reasonable accuracy, Discharge capacities have
been caloulated for only a few catchmenss, and
fall spmewhere between one half and one tenth
of oo hest estimates of current lealkape rates
beneath land wsed for agriculture

Protect the rivers

A thind target is 1o keep the salinity of the streams
below a certain threshold, say 800 EC, which is
thee Australian limit for desirable drinking warer

This targe is the most relevant for e Basin, amd
also the easiest 1o measune Even though mbllions
ail hectares of farmland are theeatened b}' ulinl'rjl',
the major eost o the community will come from
declining rfiver quality for domestic water supply

ariel irrkgation.

Individual leakage tarpets would have o be
determined for each carchment, bat for most,
tarpets showuld not exced the carchmient's
dischamge capacity, which will rarely exceed about
1496 of minfall, For the Basin, this means lealkage
rates beneath the root zone of land vse showld
be less than (05— 10 mm per year. depending

on the amount of rainfall, is diswibution, and
catchment propertics. Ay increass or decrease in
recharge affects stream salinity, and the size of the
impact will depend on the salinity of the
groundwater

Murray-Darling Basin

Adelide.

Melbourne

[ ] Iligh rainfall grading

[0 Sumener rainfall grazing
B (rrigation areas

0 Wheat/sheep belt

1 Rangelands




Fesponse to change

It k= essential to consider time lngs within the
systemn. In many areas, the salt discharge is rising
and will continue to rise even after recharge has
been neduced, In local-scale groundwater systems,
the salt discharge may continue to rise for a
decade or more. In larger intermediate and
regicnal-scale systems, the rise could extend

to hundreds of vears mo matter what we do
(Figure 6}, Unfortunately, larpe-scale groundwater
systems dominate the Basin [Figure 4}

Time [years]

Figure 5, There i3 a time lag between a change in
weqetation and the response of the groundwates

There is an Im pomant distincebon between sal
friom drdand and irdgation sources. The Salinky
and Drainape Stratepy for irigation aneas
includes o system of sali credits, which are
tradeable pollution rghas. If managers of an
irmlgation area need o put more salt inco the river
from dralnage sysems, they are responsible for
the cost of englnsaing works that can fntercep

a shmilar quantity of salt downstream,

T Salirity Audie published by MDBC in 1999
predices that most of the future salt discharge into
river systems will come from dvland cachment
soarives, undermining existing plans 1o protect
irrigation areas. For this reson the following
pages foces on land-use options for dryland
ratchmients.

WEY
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B intermediate
Aegional
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Figrare 6. Distribution of local. intermediate and regional
weale aquiters in the Basin.
Zource: Mational Land and Water Rescarees Kudit (20031

Fiare 7 summarises the problem we fare

If dryland agriculture as we know it today does
ot change, land and native biodiversity will
continue to he lost o salinity and rivers will
become saline — path A in Figure 7, IF we push
aumrent land-use systems 1o their limit of efficiency,
we are likely to follow path B — having time bast
ultimatety losing the battle We already recopmise
that path [, a retum to the pristine state, is
unatiainable On the following pages we briefly
evaluate the potential of improving current svstems
before examining the options for moving down
path .

A continue to expdnd
B : Buying time

C : Reduced sxparsian

Salinity —

0 Imprave the situstion

Time —

Figare 7. Which path o we take?
Zource \Walker et al 1928, Effecthmness of Current farming
Spstens in Mae Control of Do’ Salimily



The hetter managed crops had higher vield

and also left the sobl around 20 mm drier Such Dppurtu"it? Crﬂﬂﬂiﬂg

improvements are in line with model predictions
shown in Figure 9, and again fall short of what Oine option b increasse water wse by
is required over most of the ropping z2one anmaeal cropping systems is 16 smw cTops

. ] apporumistically in bath winter and summer,
The best hopes for eropping systems are o

concenirate on sokls with high water holding
capacity, and o introduce summer crops or
perennil pastures inlo rotations according 1o
the amount of water stored in the soil,

whien minfall and soil water conditions all e
This is a usetul stratepy, particularhy in the
northern half ol the Basin, when sammer rainfall
i% maore signilicant and soil water sorage

generally greater (Fipgares 9, 10]

In the northern part of the Basin, solls with high
163 wirter-holding capacity coincide with sufficlent
M-5 Transect summer rain 1o allow cropping at almaost any
190 time of the year The medellad wolume of
drainage from a caichment under curment
management was nearly slx times that of the
nankve vegetation. Opporunity crepplng vields

a leakape volume less than twice that of native

Average drainage (mm/fycar]
=

4 vepctation {Figure 11} However, on soils formed
from sedimentary rocks, the difference between
i ourrent anad best practice i3 smaller, and boah Teak
A0 45 B Eh 60 B5 o considerably more than the native system
Percentage winter rainfall -
) W Current praclice
Figure 100 Predicted beakage with incresing winter 75, B Hest practice
dominance for a rasge of currest land use options and for W Mative vegetation
Tuture prospects (see key Figure 3], % 0
=
ﬁ' 1%
™ a2
Joint Venture S
Agroforestry Program :
a
(RIRDC/LWRRDC/FWPRDC) Alluvial plains Sedimentary slopes
i Figrare 11, Modelled leaksge under current practicr. hest
Since 1993, AP has led Ausiralia in the ot il the thre kb i i ¥l
development and dissemination of research and nortiern NSWL
Flml'_l:ll Informaticm 1 un&mln ey Soiirgs; Ringroes-yoase and Cressywell [3000)
sustainable farming systems incorporating Ihe greavest obstacle 1o conmelling leakage in
perennial woody vegetation:

anmial cropplng systems (5 sEison-10-season
vartability o rainfall, Average leakape may be 50
'y, bt developing farmming systems that use
an exira 50 mmy would net solve the probklem
e wetter-than-average years contribute most 1o
drainage and amy sustalnable system must have
the capacio 1o deal with such years. This can only
b achleved vusing perennlals.

The program fomeses on commercialby driven tree
proshusction systems for addressing land
degradation issues [t is developing new tree-
hased industries for infegration into kow to
medium rainfall farming svstems, The program
aims to deliver cosi-effective multi-purpose
agroforestry systems & meet commercial and

envircnmental "hi"""-tim' Annual CTORS Can be miade i behave in a mone

perennial fashion using phese farming or
companien feawireg, combining and allermating

pereninials with anmual qrops.




Murray-Darling Basin

Adelaide

Annual cropping

Mhost of the Basin with rainfall greater than

400 mm has been clearsd for agriculiure,
predominanthy for-annual crops and pastunes

In this section we present an ovwerview of the
expected leakage of water below anmual crops
across the Hasin, The estimates below ane from
field-calibrated simulation modelling of annual
cropping but the same principles applhy to anpasl
plani-based pasture systems.

Two transects. are exploed (Figure £). The i
conslders the amount of mbnfall; the second the
timing of rainfall These smulations are for a deep
well-drdned soil using weather daea collected
ower the past 40 years.

Melbourne

Figure 8. Simulatioss wire caried out acress N-5 sl
E=W transects.

The E-W ransect muns across the Basin at
approzimately 335, 1aking in towns such as
Condobolin, MPakes and Orange. Annual rainfall
ranges from 320 mm o the west to 870 mm in
the east. Rabnfall an this latiwde is slightly winuer
dermiknant {55% of the annoal toeeal ),

The estimates of average annual lealiage Ffor a
wheat cropping system increase from almost
nothing in the west 1o well over 208 mm in the
east | Figure 4 The simulations also show thae
higther input farming has had a lasge effeq on
yield, but not on drainage. Doubling mitrogen
fertiliaer (M) fromm 40 10 30 kglha increased vield
b 204096 bat only redoced annual leakage by
phout 25 mm {Figure 9], Bigger crops with more
leaves mean more transpiation and interception,
bt this is bargely at the expense of sol
evapormtion, nol leakage below the oot sone
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Figare 9. Predicted |eakage with increasing rainfall along the
E-'W transect for a range of current land-use options snd
fatune prospeets,

The M-5 transect, which explores the impact of
winter and sumimer rainfall dominance, mns
rovghly aleng the 575 mm radnfall isohyet
[ranpe 550-600 mm ], exending from Roma in
Gueensdand, through Moree, Dubbo and Parkes
in Mesw South Wales, and ending with Butherglen
and Bendige In Yiaora The propontion of
anmanal ralnfall recesved In the winger months
Increased from 40% In Queenstand o 70%: ini
Victoria

The M-5 transect highlights the influence of
winter-dominant minfall on leakage [Figure 10].
As winter dominance increass, 5o oo does the
leabage associated with aniual cropping This is
because more of the rainfall seors i the cooler
part of the year, when povential water wse by
vegetation and [oss an soil evapomation is
reduced

While the 1argess for leakape will need 1o be
spechfic to catchments or landscapes, they ane
almoss certalnly well below 20 mm)'y, Therefore,
hased on these simulations and complementany
experimental worke annial crogplng svstems fall a

long way short of acceptable leakage tarpets. Yet
some would arpue that this is not the last word

There has been continuous change in farming
systems since the land was first dleared. [noimals
aciosd southern FSW, wheat LIPS RIOWTE wnder
practices common in the 19908 were oo paned
tor a best management package that included
disense-breah crops o nitrogen top-dressed cops,



Phase farming

Companion farming

=200mm
0 - B0mm
31%
150 - F00mm
12%0
100 = 150mm
140y 50 - 100mm
2R

In phase farming. a deeporooted perennial like
lucerne can create a dry soil batfer of 200 mm

or maore. This means that it can prevent leakage
mist years, ansd also protect subsequent crops
ima rotation. The introduction of a perennial
IJE'I.T.\-T\G'IHIZEIJ [asiuwre |1|'|an that can drg.' the suil to
1 m depth into a cropping rodation {three years
pasture fallowed by three vears wheat] across the
7% mm sohyvet, drops leakage by 708 o more

[ Figure 0.

A ke elerment of farming system design that
contreds feakage is the ability to cope with ralngall
varlabilite, Bor instance; long-term samufatlon of
contbnucis cropplng In central MW, with 614
mm annial rinfall, presfuced an average leakape
of 107 mm. In 3% of vears, the leakage was less
than 50 mm, s0 the cropping phase could ocour
for at least four years after luceme However, In

1 790 of years, the annual drainage was greater
tham 200 mm. Such a vear, cobnelding with a
depdetad buffer, would lead to unaccepeably high

leaboage {Fipare 12

Figure 12, The modelled probhability of gefting different
amounts of leakage under continuous cropping in
central WS

Companicn larming is an emerging concept in
which annual cereals are oversaowwn into a
peremnial pastune system, ideally one that exhibits
a strong deyree of winter and spring dormaney
The peremmnial pasturss may be native grassiands,
lile thase being trialed by innovative Grmess in
northern NEW, or deeporooted legumes such a
lucerne or other nowvel spedes. Oversowing
anmuals into winter dormant perennial pastures
may be a way of getting around the isue of year-
teyear variakbility in leakage and the technical
difficulty of changing phase.

Ihese syatems have been explosed in calibrated
stmuilatien models (see Fipures 9, 10) and appear
i b potentially more effective than phase
farrning in controlling keakage, with at feast

the same graln-vield production possibilities
However, there may be a wade-off in prodecion
through competition for water and problems
with obtlning a clean harvest

This opticon comld he ir|1p|¢-|11fntn| imver the shaort
term {three to five years), with well-targeted
on-farm research and developmeni



New agricultural planf

Our current crop and forage species have heen
bred and!or selecied for vield and desirable
agronemic charders. Little or no atention has
bieen given 1o thear ability o mse water and
nitropgen and restrice dryland salinisation

The immediate epportunities lie in longer season
cultivists and species. Good piospects exist o
develop winter wheat and cancla varieties that
can be soswn as early as Pebrruary, if rainfall
conditons allow, and pragal in May They then
regrow to produce a grain vield over the normal

spring-early summer period

Lonper term, opporunities lie in the use of hath
improvements in conventional plants and
developments in blotechnology to develop new
planis with more exiensive rool systems, greater
perenniality, and different degrees of winter and

S

summer activity. Cther traits such as enbanced
e;|r|g,r wistowr, waterlngging tolerance and disease
resistance would akso improve their usse of water

I emay be possible 1o add ‘resurrection genes’ w
annual crops, piving them the abilly tw re-sprout
after harvest in the event of summer min. At the
extremie, il might even be possable o produce
perennial grain crops, although iis highly likely
thar theere will be a tade-off bepween productivity
and persigtence This research fiontier has been
examined a4 pam of 4 new research asd
development program entitled Redesigning
Agriculiure for austealian Landscapes’ [see
below). Some resule can be expected in the

text five years, but most of e developonenis
maentioned above sill require 5 10 25 vears of
fosrusend research.

Redesigning Agriculture for Australian

Landscapes

The Redesigning Agriculture for Australian
Landscapes [RAAL] Research amd Development
Program is a joint initiative of the Land and
Water Resources Research and Development
Corporation and CRIRCK The program is
researching hiw agricultural systems in Australia
can be redesigned o address a range of
sustainahility sues. B has B objectives:

* T undderstand, by comparison, the key
biophysical processes affecting leakage of
water and nutrients in cropplng graging and
natural systems,

s Tor henchmark criteria for redesigning
agricultural systems in Australian landscapes

¢ o develop a wolbox of redesign optlans o
o ify current, o develop mew, agricultural
syatems for Australlan landscapes

»  To facilitase im plementation of redesign
options in priority Australian landscapes by
exploring the socio-economic, institvtional,
policy, marketing and technological
respuirements and implications of each
option

This design approach has potential to he applied
through:

& selecton and plant breeding — including
maolecular geneties — for our commercial
crops, pastares and native plants 1o
manipilate ther phesology, canopy
development, tootkng functicn, diswribution
and temperamine response.

*  motating and mixing, in sparce and time,
imnowative configurations of plants incloding
annual and perennial crops, pasires, forest
and horticultural trees, native plants and bush
foods, in alleys, blocks, windbreaks and
clusters, over rotations of months o vears.

Becognising the diverse skills and Inpus
necessary 1o achleve it mission and objectives,
the RAAL Program will actively seek epponunitles
o collaborate, focusing on;

*  integrafing RAAL with a range of other
reclesign initiatives, and

*  ncoiporating RAAL outputs [t otler
research amd development initiatives



Organic farminc

Oirganic farming is increasing in importanee due
to rapidly growing market preference. Organic
farming uses crop rotations and diversisy 1o
replace agrochemicals, bur this does not
niecessari by mean a shift (o greater use

of perennial plants. & similar reliance on anmaal
species will expose orpganic farming to the same
risk of leakage as conventional agriculure
Hesearch to give greater emphasis to desprooted
perennials in phase planting or as companion
plants is afractive because oganic fanmers

ire well disposed towards and skilled in the
complesities of crop) pasture/iree management,

Belts of Eusalypts pruned for semlog predection, planted
Inta high rainfall pasture. Photos Hichand Bloors.




Low rainfall tree products

Ax ihe growih raes of mees decline with rainfall,
their commercial viability depends increasingly
on high-value/low-volume predoces, Histoncally,
this has included industries in the Basin based on
specialty timbers, essential oils and tannin from
native wattle and pine kore recently, there has
baen market interest In native shrobs and tnees for
foods, flowers, oils and pharmaceuticals, as well
as for o suite of exotic species including caroh,
iojoba, alives and nus trees

Brass ponveried oo Fine

Cine emerging industry atilises dasvtralion native
species o produce food. Most of the native Foods
that are harvested come from te wild, bu there
are Incrensing efforts 1w cultivate these planis,
which include Both trees amsd perenamial shiubs.
Thus Far, the main aims have been 1o padoce the
demand o wild stands, and o increase the
reliability and gquality of supply. Species for
wihich product demand escesds supply inclusde
quandong, Acacia [foe wanle seed], native citrus,
mountain pepper tberry (clowe llypilly) and
lemion aspen, The list ineludes some arkd zone
species and others frean higher rainfall areas in
eastern Australia These species are relativedy
widlespred in the native Mo and some, such as
Avacda preintli, are found 0 the undesioney.
Kanowdedge o best practice for cultivating these
plants is i i Infancy, but giowing,

Produsing food from native trees offers
medivm-to-high retums. Data on gross mangins
and economic analyses are beginning 1o ememe,
Thee capacity of trees such as Acacia {prown For
seed | to contribute 10 solving salinkty problems

has not vet been explored, but they appear to be
ool candidares

The pruhlun'i wilth .'||'Illi'l.']:|.||'!||‘ prud.um guch ax
native foods is that small markes can be readily
satisfied with a small area of trees Australian
impaorts of tannin could be replaced with sorme
25 000=50 000 ha of acicias, Similarly, impores
of carab bean gum worth A% 10 million each year
coslel be replaced with 5000 hectares of canb
trees I salinily argets ae going to be me,
reguiring millions of hectares of new perennial
vegetation in the medivm-wodow mainfall zone,
this appeoach would meed an enormoas number
af different comesodities suited o low ralngal]
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Harvesting melaleuca for sssential adl production, “ours Listrali

Flamiation Phy, Lid.

A new approach that is being devdoped involves
evuli-purpose harvesting of native rees for
Imdustrial produects. Mallee evcalypos, simiblar 1o
those that ence cocupled large areas in the scath
west of the Basin, are hareested at ground leve

o i twosto-four-weal rotation and streamal ino
thiee prodioce. Pelletised charcoal for wse in water
fileration and gold miing & made from the
wood, the essential oil cineale B extractad from
the leaves for use a3 an | ndustrial solvent, and the
wiaade i4 e fo drive the @il distillation and 1o
penerate electricaty for sabe into the grid

Figure 15, Harvesting tea tree.
Source; Aistealing Plantabons Poy Ll

It is nod profitable o produce amy of these
proclects aloae. Pt together, the value of mallees
may comie close o retums rom ceopping on
lighter land, precesely the aneas that leak the most
wider curent agriculture. With a world marke
for activated carton of 700 000 tonmes a year and
com petitive price for electricity, such penermlis
proclucts are likely to be applicable 1o lange arens
Yields oof hetween 5 and 7 wnnes per hectare have
been achicved from oil mallees in the Murray

Carling Basin cn an annual harvesting cvcle

The likely structure for such an bndustry |s cells
based on major reghonal ceneres with plants
capable of processing several hundred thousand
tonnes of recs a yean, requinng some 10 000 ha
of trees within o 100 km radios

The production of ethana] and methano] as
replacerments for fosssl fuels i potentially a lasge
industrial wse for tree TS |'l.-1|.1-.|:-:||ing has
sugaested that 30 million hectares of trees and
shnshs wowld be requeired if Australia were to
make the transition o an ethanaol fuel-based
transpiort system, This would provdce 50 jobs in
each of 1000 segionally based production plants
and Z00 G0 iuh\ im grosing and defiver ng

thie feedstock.



It swould also reduce carhon dicxide emissions by
500 million fonnes a year

The costs of produsing ethancd from swoody
B ‘crops’ is likely w be significanily mone
expensdvie than current ranspom fuels [maphe by
a factor of wo o thiee ). However, government
exchie policies {or other incentives] may make
suchy lamad wses ecomomically feasible in the
medivr term. A pilot plan is being establishel in
pSW o exploe ethanol production from woocdy
Biomass. [n addition, the Federal Covernment
hias a taskforee curentlly exploning oplions for
inereasing the renewable energy compoaent of
Australia's transpont fuels

Finalty, any amempas a1 costing the production
of hiomass fuels showld factor in the benefis
mentioned above: improving land and waner
quality, converting o a carbon-newiral fuel cvele,
imcreasing regional employment and replacing
impores of fossil fucls

Tactical deployment

of trees

Teees are pacfitable in high rainfall aeas, bal
this is caly 2 small fraction of the Bagin,
However, trees can be groswn profitably in drier
tegions in landscape positions where they can
capture more water than annual mainfall. A second
wary 1o imtroduce trees it identify pasts of
cropped areas where crogs routinely perform
poorhe. Identifying niches i the landscape
|'|..'||'|i.|.'|.||..1r|:|.I suiited 1o trees o wisited Lo
cropping is o way of shifting the balance to
1.'|r|.|-|.|-dj.l ]'.lurmr'llah at least cost to the landhaolder

MNiche locations of trees

Where slopes exceed 5-5% water can muove
huorizonially across the landseape. Hillslopes tha
ANE CONWETHENT O SONcve tenid po contain wel
areas. Such areas may be problematic in thae
thisy ames priome W waterdopgging, slinisation and
erogion. They may alse be ideal locations for tree
planting

Tree belts are parioularly sulted 10 the high
rainfall pastune zone, where it is clear that
pastures doonot use all the rainfall For local
groumdwater systems, the excess water may mowe
laterally over impermeahle soil lavers or shallow
bedrock, and will ofien be fresh (Faguns 16,17,

Figure 1. Trees can imberoept water
maving laterally acreds the

landscape.

it From Siliersiein A el al jin geinl
in Trees, PWoter and Sott an Austlon
qaiche 10 T tresy o ooedng hemithy
ceteiments aod pmauthe farme

TE :
uptake

I southemn Australia, trees have the potential 1o
e around [000-1400 mm of water per year, so
the excess water would certainly enhance tres
produstivity and possibly reduce waterlopging
down slope. However, suitable locations represem

asmall area of the Basin



A second way 1o deploy trees tactically ks to site
them over areas with particulardy larpge salt stores
s that this salt is not mobilised, Mew technigues
are heing developed to identify such areas
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ﬁgurt 1'.|' The combination of slepe and 308 conductvity
required Tor significant kiters] mevement of water To bree
befts [purple = good |ateral movement], green = some
lateral movement, grey — imsufficient lateral movement,
Coiree: From Sikerstein B et allin pezal. in Fees, Water and Salt

o Austeakion guide b0 using trees bz ochievimg henthy cotobments

and pvestine five fargis
Selective removal of crops

Yield mapping — the real-time measurement

of grabn yield durne harvesting — has revealed
endrmous varahility across single paddocks.
Wheen vield maps are tumed Imto pross mangin
maps, we g0 that most of the profit comes from
a small propomion of the paddock and some
areas even lose moeney. The bad spots can be
season specific, such a8 low-lving ancas [n wert
years that may outperform osher areas in dry
seasons, The bad spots can also be due o shallow
soil, sodicity or other toxicities that consistently
reduce crog yviekd

Such areas may never be profitable under
cropping. Revegetation with perennial vegetation
thit is suited 1o the particular impediment would
reduce both rechange and the variable costs
associated with cropping. 1t also provides
opprortunity for creation of hakitad for the

maintenance of native biodiversity

Agroforestry

Civer muost of the Rasin, water does not move
laterally. & plantation will only stop leakage over
the area of land it occupies. The situation is
different for spaced trees of tree bedts in eropping
af pasture Tawd. Spaced trees can scavenge water
from an ares far beyond their canogaes, and use
wiler left behind by crops and pastures. Thus
fewrer trees can achieve a greater impact on
leakape. A spaced tree is likely to grow faster than
its coumterparnt in a plantation because of the
et resources available

Mixing trees and crops inroduces the problem
of competition for light, water and nutrients.
Tree/crop combinations [agroforestry) will only
b profitable if the value of tree products and
amy henefits from shelier exceed the value of
displaced crops and decling in crop vield through

com petiton {Fipure 22
Metbesefita T+0¥ -2, 1D

Y= st i
T = value of tnee product " m“lm;“qm

¥, = eiopliastune s f.f

Open paddock vield
|

i
LY

0 = talue of trop products displaced

Figare 18, The net benefit of tree belts s a combination
of the waluc of the tree product plus vicld enhancement
due to shefter less the area of land displaced and the crop

st o competition

Zours Redrawn from Lefroy EC and Sooit PR (15845 Alley
farming: new wizion {or western Australian farmiand. Feestern
Auitrliee Movno! of Agviculiure 350 119-126

s snuclies have shown that the increase in
crop vield resulting from nearby shelter handly
compensates for thee loss of crops closer tooa row
of trees, Since the value of tnees (s less than that
of the crop, this usually makes agroforestry
unecoomic Bdge rows of tree bels have shown
enhanced grosth, but edpe rows also regquine
more silviouloral management,

Win-win situaions, where devinage is reduced
and profitability is increased, are therefore v
Huowever, mixtures of trees and crops can be a

better way of reaching a targes reduction in

w-m ™ - :
1~ Bl - ] 10— ) leakaye than having part of a achment in
10 T 24 - Fn
0 . - 1 = 351 plangation and the rest in crop. This represents
1) | L] B Nite

a trade-off betwern envitonmental service and

Elnuss 18 Tiha cdald of samasl aeeorer nsskar snsrmcsaria sesner mssbde b



profitabiliny, Belts of mees may be more cost
effective than plantations but are less profitable

than pure cropping

The atim of agroforesuy is for the trees fo use
wialer that would lave comsibutad o leakage,
nieel wister that would kave been used by the crop.
This balancing act 18 difficulr o achleve in
variable climate: In wetter-than-average years
there will be mose water than the tegf/crop
mixbure can aope with and leakage will continue
I diy years there will non be dny excess resounces
andl the tree, by virue of is perennil foog
Ifrastructere, is Lkely 1o be & stronger om petitos
For water than the crop, resulting in crop failune

Agroforestry may he mone saitable in wetier
pasture regions. Competition in pastunes may
b lowwer than for crops, pantly because there is
maore minfill and parly because pastares that
comprise several different species and exhibit
different growth patterns spread the period over
which competition can be tolerated. Fodder
shrubs may also provide feed when the supply
from annaals it a1 its bowest

The best proapects for successful agrodfonesany

of pasture mixiures oceir wiken the ree
component kas a direct economie value As the
value of tree |'rrv|.'||Jurh nn’.!ulrl.rhﬂ thiat of anniial
producs, the problem of competition beiween
trees and crops dissipates

Hote the demser folinge of trees where they meet
with cropged land,

Perennial pastures

While profitable tree cropping for the less than
A00 mim rainfall 2one remaing an unproven
aption, hetbaceous perennial plants — lwcerme
and perennial grasses — are alweady pan of
surrent farming systerns. To what extent can a
herbraceous perenmial match the water use of a

vioody perennial ?

Perennial prass pastures are capable of using
higher rates of water than trees in the shom term
(days ), bun cannot match the performance of Trees
over the medium or longer term. The reason s
thiae perennial grasses seldom have roots below 2
m, wicreas tree moois frequently reach below & m

Although they are a great improvement on annual
pastres, perennial grass-hassd pastures cnnol
meet recharge tagets where rainfall exceeds G0
mum e i winter dominant Evapotranspiration
can be 200 100 mim less than annual rainiall,
making this aone responsibile for lange sl
dixrh.‘n‘ﬂux B rivers Flanvever, in soame aneas,
particularly over duplex soils, moch of the soess
warter leaves as rumaoll and contributes fresh wates

for rivers.

Perennilal pastures suffer two further
impediments. Acid sub-sails limit the distribution
and performance of the most favourable species,
and heavy prazing can severefy compromise their
WHIET U5e

There have been few comparisons of introduced
and native perennial grases, The mapo
difference, at least with Themeda grasslands, i
than thee mative giasies wie less water in winger ansd
spring and more in summer — thas the anmuaal
evapatranspitation is similar Thens is some
evidence that native Eravsed e areaier s e
runcd than introdueed grasses and thereby reduce

the leakage beneath the moon zone.



Thee perenmial pastures remalecs green while anmusk
are dying off.

Lucerme has proved 1o be a herbaceous perennial
i a class of s own, frequently deyling the soil
prodile o 3 m and more The maim interest in
luceme bn recent times is due o s role (o phase
farmitng, & discussed on page 11, However, the
perennbal phase suffers two impadimenis at frm
level. First, the manginal retum decresses as 1he
progeorticn of the fanm under lucerne ineneasss,
as there i a Hmin 1o che anea of well-swined solls
Second, the value of the perennial must either
be shirnblar 10 the anmual, or the area planted o
the perennial must protect @ large area of land
currently umder anmuals [ Figure 20} Cemerally,
pftlied b the case
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Profit of perennials
o]

(relative to annuals)

0.5 1.0 15 2.0
Protection of untreated land
{proportion of treated area)

Figure 20. The required value of the perennial species depends
on the ares of land it protects beyond the arsa over which it
is planted. For details see Bathgate and Pannell [2000] at
s, geferal i sdieanfu fdpasndl il papDo0S hiim

Source: Bathgate & ard Panrezil D (20000 Fconomics of desp=rooted
ey i Sadthedn Austdn




wseniially fresh water, the excluded salt is Ich
behind in the soil The freshwater transpired is
continuously replaced by salty groundwater

Fven if the groamdwater staris off slighiby saline,
the concentration of salt in the oot zone will
approach thas of seawater, thus precluding furher
uptake

Theere are ssccess stories where Farmers have made
gooal vse of or even reclaimed saline land. These
are likely 160 be bpdrogeslogical settings where the
accwmulated saly can be fushed out of the soil
and transpeated 1o ivers, This rarely does
reclaiming saline areas assist in controlling
salinity in rivers. Suecess in one location is nog

necesarily transtferable o anotber

Flanting discharge areas with salt tolerant
VeEe1ation remains an impormant srategy for
reducing the risk of spreading localised salinity,
reducing the visual impact of salted land,
reclucing soil erosion and miaybe salt transport

tor creeks, and for obtaining seme productivity
from salt folerant grasses and shrubs Small-scale
groundwater systems may be ameliorated, but saly
willl coneinue to acoumulabe above larger-scale
EYEICIMS,

Dince the salt concentration sxeveds the threshold
al the tree b take upe water, the VETY Process thiai
brought the watertable within range of the iree
ooty will continuwe wooperate and drown the
tees in o 1ying dischaige anses, unless the salt
can be removal. From a lvdiclogical perspective,
trees in discharge arss are ned a substitate for
planting recharge areas in most cases. At best, the
atrategies are complementary They do linle wo
Bl the gransport of salt 1o rives and crevks

Land assessment

Uhar existing maps and databases of land
tescmrces in Uhe Muray-Darling Rasin do ned
prowice encagh information for @rgeting where
lapad s should be changed for maximum
benefit. We need good maps of Band soitabiliy
foor the emerging systems of land use This
reqquires a much better undestanding of
variations in regolith hydrology and salt storage
throughout the lapdscape. 1also regquies good
understanding of the relative performance of
thiese band uses across a range of soils and
climates Curent suiveys do nol have the
necessany resolution g0 suppsort the spe of
landscape planning implied in this report.

They alses fail o integrate our understanding

al the hwdrology of farming systems into the
landscape processes and Tunctioning as a whole
Mew methods of land fesonree assessmen mies
be devidoped i we are to provide a scientific basis
forr the revolution in land use deseribed here
bethods for mapping lamd resources have 1o

b integratex] with proceduores for simulation
modelling, and these in wirn have 10 be
aupported with strategic programs of naral

TEsCECE R toTing,

Ehesp grazing m salthush pastures.
Hote the dead tree,
Wilowvan &ksn ® CSRG



Report card

This section reviews the opticns described in the
FII'EI.'iI:H.H pages in the baxis ol four criteria:

1. releparce 1o the Basin in terms of the area of
suftable land

2. effectivemess in terma of each option's ability o
rexluce leakage

1. rofrustrresd inoterms of the ability of land wsers
o achiewe the porential in (2] abowve, and

4. profitakifity relative to comment bnd use

Ten broad options are rated in Table 1 The
rainfall limits on forestry, perennial pastuns and
croppung are more fledible than ssppeseed In
Fipgure 22 amad Table 1, yet rainfall still lmposes
severe limits on the relevance of an option.

200 - B00mm

RO - HOOmm

=HOImm

0 - 300mm

Figure 2. Freportion of ihe Basie in different rainfall
clasmes,

Effectiveness depends on the perennialing anad
rocding depith of the plants in each system,

The lomy-term averape leakage from the system
is determined by the proportion of land under
perennial veptation and the ability of this
vegelation 1o use waler. Options thal are
petentially effective may noa be iobust enough
tix altain a desirable outeome due o the lack of
resjuired technobogy becase minfall vanabilisy
makes them dilfficult (o manage Where we
consicler effectiveness o be low, we do not give
fubustness a mting. Profitability s nelative tio

Curreni I:-'II:Id. s

Annual cropping

Cropping rates high' {see Table 1) In relevaince
and prolitabiling becasse of the Tage land are
uneler erogs amid s st as the prefered
coonomic option. However the effectivensas of
anmizals in ataining rechasge rges is how

Opportunity cropping

Dipperiunity cropping is profitable, robus and
moderately dfective where summer-dominant
iainlfall coincides with soils that have high
water bolding capacity [eg. the nomthem pars
of the Basin). However, it has a lower mating on
el evanice sinee such areas represenil ur||!.l

about one third of the eropping #one,

Phase/companion farming

Plhiase farming is effecive when the luceme
phase is long enouigh 1o dey the subsail and the
croppiig phase B teimbnated befone leakage
recomuiences. [ relevance s rated as medium
because lucerne 1% limited to areas with :luil:.'ll'l]j-'
deep non-acid sojls The robosiness s medioum
because it depends on the land manage’s skill in
timing the change of phase Profiabilioe is likely
1o b peduiced In phase farming duwe mo the lower
average refums from animal production in the

II..IIE'.I'I'IE |'I|'I|'IﬂE

Cwersowing annuals into perennial pastures is
emerging as a variant of phase farming that may
b mare effiective and robust, but it might also
hawe productivity trade-offs. Funther investigntions
are necded

New agricultural plants

Maw crops o forages that restrict drainage may be
moderately effective and are potentially profitable
com ponents of new farming svstems. The
relemance and robustness of such spadies and/or
oultivars are unknown at this stage. and depend
largely on the success of the plant breedess in
developing new cultivars with nowel
characteristics
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Organic farming

Clrganic Farming is nol necessanily any more
effective than annual cropping. However, the
rapidly prowing demand for caganic produce,
padticulady from overseas markets, means this
is an increasingly relevant option. If good prices
can be maintained for omganic produce then
proditability could be high. Proditabiling

com bited with the land stewardship ethic thal
characterises the omganic Garming movernent
could wanslate into a lages area of any one fam
devoted 10 non-commercial vegetation it is

high in water use,
Perennial pastures

Perennial pastures wse more water than annoals,
bt they afe ned necessri ly effective in the
grazing zone sat of the cropping bell. Highe
raindall, acid and shalloay soils and grazing
pressuie all com promise ther potential, The
miderate profitabilite of the gracing industry
limils investment in liming pasture improvement
and gpragng management, thus reducing the
tobustness of this option. The shallow roeols of
perennial grasses com pared o lucerne or woody
perennials may thwar atempes wo make annual

crops perenmial though genetic manipulation

High rainfall tree products

Thee strategy of developing high minfall ree
products ks profitable, but ies relevance is how,
simply hecause the proven range of products (5
limdted wooa very small anea of the Basin, The
effectiveness of this sairaiegy In reducing leakage is
berter than for any other land use. However, some
high minfall catchments are already flushed of
aalt, making them more valuable as contribators
of fresh water in their cleared state

Low rainfall tree products

Creveloping low rainfall mee producs is
porentially the most relevant, effective and robust
land-use aptien for managing saliminy. Howeyver,
with the exception of a few niche industries, low
rabnfall forestry does not exlst in o commercially
viable form. The major chstacle is finding
markets of suffickent size and value 1o drive
reforestation and the use of native plants at the
necessary scale, The wansition from a fossil fuel
tora hio-fuel transport economey is the scale of
change required for this 1o happen

Agroforestry

I the absence of forestry that 1s a8 profitable as
cropping the careful location and amangement
af trees can Increase their water aceess and prowth
rates and minimise the displacement of more
valuable crops, Tree/crop mixtures are therefore
highly refevant and more profitable than tree
crops alone Their effectiveness will depend on
thiz area plantad 1o rees, and on the skill of
locating trees in the right parts of the landscape
Finding trees that aré complementarity o
Cropping or pastures remains a magor oheacle



Saltland farming

Planis use wiater froam saline aguifers an very low
e s the area of salt alfected land inersses,
commercial rehabilitaton with salt tolern
vegetation will become impomant For seabilisiong
soail and prowiding stock Teed, but it wil
contribute very linle 16 managing the watertahle,

salt leacls go rivers, and theredone w water Queality

Summary

Mo lamd-use apticn rates highly in overy respect
for relevance, effectiveness, robsiness and
prodicablliny. Whereas cenain land-use optlons in
the dght location and In expert hands can saisfy
these four criterla, we do not yet have viable Land
use systems capable of contmolling leakage over
the Basim as o whiole

The most ohwions need is for a wider range ol
commercially viable, deeparooted perennial
plants, including trees, shnahs and herbaceous
planis. The second need is to refine land
assessment fechnigques to pinpoint the bess
locations for agroforestry and high-value annuals
The thind is to develop ways of rotating and
mixing perennial planis with camrent crops and
new agricultural plants, and o invem tools for
land managers to moniter leakage and change

land use accordingly

bamy of these components do not wet exis
(he revedution in land use that s required o
contred dndand salininy in the Basin cannom
happen withoat a well-targeved program of
research, development and innovation thar
supplies mew land-use solutions desipned
specifically for the sustralian landscape
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