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l INTROD'UCTION 

The J ... tverpool Plains hes on the western edge oft he Great Drvi:ding Range. Jt stretc:hes. frorn 
near i\1urrurundi in the south to Boggabri on the Namoi River in the north. The catchrnent 
includes the sub-catchments of the MOoki River and Cox's Creek, together with the intern~lly 
draming catchment of Lake Goran. There are approxi.mal'ely l 2 million hectares in the 
catchment 

Dryland sahnrty ts a maJor and increasing problem on the l,.iverpool Plains. Na.tive perennial 
pastures and trees .1n the catchment have been re.placed with cropping and grazing systems in 
pursmt of increased agricultural production The change in vegetative .cover has led to 
increased groundwater recharge ln tqm, this has led to nsmg ground\.Vater levels, especially 
on the flatter plains areas of the c.atchmei;t ln this study the catchment is divided into three 
land types The black soli plam is p.redomiliantly cropptng com1try. it is this area that· will be 
affected by nsmg wateriables and sahmty, the lower slopes, less ferttle but still predominantly 
cropptng country and the htgher slopes where grazJng !-))!Stems dominate. 

OYer 30,000 h.ectares (25 per cent of the area) are already salt affected and, in addition", 
approximately 165,000 hectare.s ( 13 5 per cent) are considered to be at risk (13roughton, 1994). 
Th1s represents an annual cost of approxtmately S6 2 tmlhon m lost production {assuming two 
long fallow crops every three years), vtith the potential to increase to $34.7 million per year. 
lt' 1s imperattve to identify and evaluate farm management syste.m.s whlch \\~ll be economical 
and sustamable both m the short and the long term 

Agrofotestry has the potential to he tnteg.rated with existing farming systems to combat t:tsing 
groundwater levels. The use of deep rooted perennial tree crops can mcrease ~roundwater 
water consumption Agroforestry couldJ thereforet help rnaintain or lower current groun<hvater 
levels. 

This study e.xamines t:he effect on profitability and groundwater levels of including tree and 
pasture .options in the existing farmmg systems within both tlw recharge and ·disPhaq~e ar~as. 
The analysis is undertaken using a farming S)'Stem that is not yet suf'fering the effects ofhigh 
watertables, but will in the future. Profitability and \Vater use are compared using a 30year 
model which ensures the full benefits of any rotation and lh~ long :term effects pf rising 
watertables are included. The model has been constructed using the Extel.·4.0 spr~(ldsheet.. 
Sensitivity analysis has been undertaken on importantpatarn~ters such as initinl ,grotHidWater 
height and crop yield which may be influenced by adjoining pasture and fo~:estry ¢nlefllrises. 

Thts study was funded by the LiverpooJ 'Plains Land M.tma~emeot Committee• (LPLM:.C). and 
is the first part of a broader study \Vhich will cons.ider both the Jmpl~atn~ntation antJ.m<!rketin~ 
Jssuesthat must be consiciered before·a·sustainable fotestry.Jnd\Jstty ~an be.est~blis~ed:Jn ~he 
area .. Thesewill.includejointv.entureoptionsan.dpt)bHc.septorsup.~Qrt.;JJ.tirth?r::~~Q.r~\~ll,~l·~·o. 
he t1ndertaken to Include within a catchment plan tlfe lneahs-:by \vhfch .the ¢~leril~li.df!s, wJUt 
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teg;ird to .dryh1nd .salinity, .can beint~rn.ahsed i.n a ftilr ~nd equi.tn.bltt htatVlet :betwe¢n. the 
relevant stakeholdet.s. 

2 l\1ETll(}llOJ ... OG"V 

2 .. 1 The i\:todcl 

i\ spreadsheet model tS used to both ;nput dala and prod.ut;;e compa.rtsnns between base nnd 
alternative farming systems The base farm.mg system lS th~n WhH~'h presently domin~tes in 
each of the three parncula:r areas of the cat'ehment This implie$ that the b~~e sys.t~m wiH not 
change over the. next 30 years. the length of the analysts fJt'l'rsod. lt t$ assumed that fttrmers 
who \\rill be affected by s.ahnny hnve no r.;rev.ttius exp:eru~nce \Vtth the problem or e;'\p1;1:~t~bon 
th~J sahnity ntay become a problem They \\ttU mtu.ntatn thetr pres.ent (!ropping s~($tem.s untd 
th¢y become un.econormc lt t~ o.nly whe·n r)addocks. a:re no longer ptoclucttv.e th:~t alternatives 
wtU be sought This bas certam!y been the case, ln the p~,st ln the future, bowe:ver. ,this 
ass.umpuon may no longer hold tts farmers are obtauung a ,greater (Jnderstand~ng of sahn:ity 
effects and control optu,ns lf thts assumt,bon nu tortger holds thrs anal}~StS ma~t be 
underesumaung the true opportumty cost 

The study ts a partraJ analyslS wh1ch tnchu:ies only van'able costs~ no aflowan:ce for overheaqs 
has been made Thts IS m keepulg \Vlth the aun of evahzatHlg s~~stems whfeb fit u1la the 
ex1sttng farm constrau1ts, t e use the same capttal and labour resoure,~s For d1ts rea..~on any 
ahematrve (eg eucalypt for 01l) wh1ch uses. dtfferent inpt;ttS cannot b~ c.ompared directly vnth 
the other systems 

The spreadsheet provu:!es rwo maJor resuhs:t .firstly a rhscounte:d caslr:flP\V to e:ompare the 
relative profitability of the present farnung system With the a~ter:rumve, these a-re comp.ur.ed 
using net p.res~nt values (NPV) Secondly, a corn:patrson of water use re.qttf:rcemeuts, which wi:H 
have a dtre.ct effect on groundwater levels 

A. maximum of four tree optJons ~.an be mduded i.n both th~ base and the ~lternariv:e rotation .. 
these tree opur.ms can produce bod1 an anoual crop (oB, forage etc) ;arJdlor a ti.mb~r crop ~.t: 
a spetttfied level of marunty They eM be included as a. stand ?lone pl:aJlt;~tion: e,pt.er,pds~·, or 
included in an aUey or parkland farming system. As. \vlth the tr¢.e option!!, fot:tt pasture 
alternatives c.a.n be mcluded in t.he model~ these can range from :a native:·p$m.tr¢. to an irti~~t<!d 
luceme pasture:. A pasture can b.e established in tWo w;1y.s. FirstlY.~ tf so·w~l ind¢pertd~ntt¥ .. :~ 
est.abhshment year of hrgher costs and l¢wer stoc;kirtg ra-te can be in:c'l:ude.d lfb·owe$let., ijdttop 

1.s undersO\'vn \vi:th ~pasture, n is ne~:e.ssary to inclut1e the pasture SQ.\Vin& <;os.ts in ·the 'Pr()p 

~ross .margin preceding the pasture. Seven ctop option~ .. e;an also be i1:u:h1tl¢d .. 

The analysi.s is undert~k¢n on a .one br;!ctar~ un1t ofhmd. 1:r within .a. n:m:ttton that: ttn.il·JS' ·b~ing; 
used by tw.o alt~rn~tives a, pe~tcent~!}e tts~ fQr ~ttgh qplfon is ~.P~Pftlep. ·~!J if:,~lte¥ ;f~r.min~· J$ 



being considered H is possible to specity HH1t 80 ·per cehl of the lantlls b~irt~ ijs¢d: .by ',th~ 
existing cropping rotatiotl while the remaiuh~g 20 pet cent is pt~ntcd: With sd1:tbush .. The 
beJ1efhs to the c.rop .of this alley fatmhtg opt!orl.'t ln l¢;ntls, of water vsc or ~~~~l(i ¢.tc:~ c.nn b¢ 
included by~ specifying these crops~ run in conjlttl~tion with ;1 pastllte* a.s an ind~p.¢rldeM erlti.l)l 
llSled in the cr.apping nltematrves eg Vihenl foltO\\~<ing a long rnlloW wdl be a dift~m!.nt CtOp 
to \Vhent following a lucerne (lilsture phase 

Each system JS rnodetll!d at twc i.tuttnl {lroundwatet levels~ 4 3 t~letres t\1\d H} lfit!tt'tJ:S At an 
inhial leveJ of 4 3 .metr:e$ the .enueal depths v~•}uc.h an~e~~ yield do become impo.tt~nt in the 
lqt~.r >~ears of the croppitt.g rotations At lO Jnet.re.s however. ~rou.u:iv~rater level plays. no role 
in the yield estimatu:ms Tlus vnll provtde n. good c.ross sectiOtl of residts Cor both hJgh 
grQUndW.ater ar.ea,s and an~as where gJ'OUndwa.tt'!I levelS \l,;tiJ mH aCfe.:t yt~~~d 

Later.al water movement is also an tmpotbmt l:ssue wltich rtlUSt beJnclude.d Brought.r.Ht.(1994) 
bas :estimated dun the dtslftbu.tu:m of this vannble across the ctttehment wdl rru1ge trom .20 
mm per ye~tr to l10 nun pe't year 1'"h.ts study assumes an avernge lateral water· inllow (omo 
the plain:s only) of <J5mrn!yt 

th.e analysts assumes a t\vo J"e.t cetu awtual yield dechne withm the conth1uous cropJ)iJJg 
systen' lf n cro:pptn~ system tnchtde~ timber <'U saltbush alleys. this decline is only one per 
c~nt 

!hen~ i,s hmited rase:arch and dev.eloprmmt inronnatiort on different agroforestey syst.ems in 
the LwerpooJ Plaln$ Inhttd te:mtrs from an ngroforestry trial at Br~eza (Oicksonl 1994) are 
inconclusive because of <bfferences betw¢en pre .. planting treatment t>f different species and 
the s~lin.t,! nature of Ote sods Sorne lnt1dholders have experience with differe11t native ~p~cies 
buJ this informntion. is not readily avadable.. Agroforestry syste.rn options proposed are 

therefore based on tbe dof;umented perfortnance of species elsewhere, and J~idgemen(s .rnade 
about tbeir techn.i¢al fensibthty io the Liverpool Plait1s. Table 1 presents the inp~it d;lta.for the 
roelevant forestry options 

The daJa included tn the pasture opuons; Old Man saltbush and native pastures ate outlined 
m Table 2. l?lan.ting and maintenance costs have be(!n estimated from NS\V Ag;riculmre aocj 
sp.¢cifica.lty .for saltbush by Ian Carter (pets, c.otn) . .Income from pasture is obtain~d thro.ugh 
running breeding cattle, a. t.ypicnl Uve$tock enterprise in the region. 

The crop dat1} r~quired tn¢ludes esntnMes for price, yield, discharge anii vad~ble costs. 
lncome: and c.ost data f:or these alten}·+ltives are taker} trom the Gross t\{argtn Handbooks .. for 
~orthern MS\V (P~trick. 1994 and Patri(Zk, l99.S) and adJtlsted :lS reqqired for ·soil ty.p.¢;, 
wau;rtttble height and other rotatio~at eff~cts. ':th~ pdc~ ciaht is s~JpRlied l?~ the. Mat~et 
lnt~lli.gence Unit ·Of NS\\f Agdculture, ThJs data :is .presentee!: in 1?able3. 



t:>lantmg costs ($1ha) 

rt1rtituerutnce costs (Slha) 

hnr:vest~d for Hmbet "' 

) 1ears o.f umb~:r rnc:ome 

harvested anrnmUy ., 

annunJ hnt'vest starts y£HU .. 

}~ear: or matunty 

umber barv & tra.nsp costs ($/ha) 

anntt¥11 barv & transp co~ts (S1la} 

umber ytetd {m 1/yr) 

tunher prJce ($/rn:.) 

az.ltltHd y1eld U:g/hn) 

annual prlee (Slkg) 

r¢.cha.rg.e yr 1 ( r.llilt1yr} 

recharge at matunlY (mmlyr) 

"dry matter {tlha) ·"*' $/tonne 

:::;~ 

cueal~pt ,, 

tunbcr 

1500 

35 

yes 

Ui.IS.30 

no 

na 

lO 

30{) 

na 
l 5 

30 

na 
Jla 

~S() 

.. JOO 

Pasture mput data us.ed it) dus .analysJs 

pfMtmg COStS (S/ha) 

maintenance costs ($/ha) 

r~,tums (SfOS.l!') 

years under past.ore 

DSE~slba* year t 

J;}SE•sm'il~ years 2 to 30 

rechar~~e (rnmlyr); year l 

r4.chnrge {mm/yr); yr 2 to 30 

767 

0 

15 

30 

JS 

30 

·100 

~~¢~1)\: pi • 
\\norlb'tt 

800 

35 
yes 

10.3.0 

rm 

nn 

30 

300 

na 
2 'lj 

30 

na 
na 

.. so 
-JOO 

0 

10 

J5 

30 

3 

~ 

~ueaJ!J-·pt " od ~U¢:Jl~:pt ~ 

r~~rkbutu 

2,267 100 

500 35 

no ttO 

tta na 
yes ye-s 

s 10 

$ to 
n.a na 

1.65·0 0 

ua nn 
na 11~ 

110 0 $* 

s 60*' 
.. so ·30 

.. J$0 .. 2$0 



~al)Fe3 l)ttta tor crOtlPUl~ nlt~tllabves Jndttded ttl 11:te nualysis 

''~bt•tlttti.ns wllt plttin.~ !SU:fg~t>lai~lS S\lOb-tilllJnS- filltow Wht-.:;;tppe,;;. wbt;.,~tc.w~;.~ .SO((;c.,~;l\1l)CS SQfl;~$1<:11lCS; 
+¥'td benefit ·•}~~<l bCtlbflt +l!hl bl!llClil +y1ttlj~n~ 

vadable-costs (SJhaJ l77 171 lS& 1&0 {) ISO 150 J;SQ 1:50 

yield !tihnl 33 39 41 46 0. 2"5 3_} :2,8 lA 

pric.e ($/t 011 i."lnn} 150 lStl 140 140 0 rso tSO 140 140 

gross tnargtn ~S/ha} 323 4{)3 403 iH54 0 225 315 2:42 :t~5 

grom1dwater deJMh 05 05 03 03 0 OS 05 03 (13 
.,.. 

yJd = (l(lll) 

grot1nd,Mater deJ;>tlt no yld 2{} 20 2) 25 0 2:.0 .20 15 2:$ 

effe.ct (m) 

recharge {t'luntyear) lS 18. 10 10 22 IS IS tO 10 
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t'h~ effctts Pn stoundw~tet l~veJs ~fthe ~;Ji((¢t¢ntoPHPnS is sJill lbc ·S~bjgf;t t>fmu9h' te$¢aitch 

and· debate. Esd mates for for.estcy opd<:>ns range· from disch~r~e: rates· o.f' I rO.mml>~r :~r m atu ri.ty 

(vreiner, l994, !lad and Schotlcld. 199·1) throQgh lo SOOmm/yr (C\VPJ\." 199$), This SHJcly 

uses a median 11gure of 300mmlyt \VhHe the re,chnrge and qdH¢al depth data at~* ~n :bt!st~ 
esu:mate.s of th.e true parameters .• they do give a good htd\catl.on .of d1~ tel~ti;v¢ ¢ffeers on 
watertable of the altctnative systems Further research in this grea wHl pt:ovid~ rnPre reUabl¢ 
resuhs 

E.xtrn Jnf"ormation .reqmred concerns the susceprjbiJHy of ea~h cropping attetnati~e ro 
watert:a.ble ·he;tgh.tlsnltnny Two c;rutcal measuremen.ts arc required; ·th~ ,first :f$ at what 
w;;tennbla demh (metres Ctom the surface) wrU a erop be unAble to Y.ield~ Th¢. ~econd is J~l 
.wa;t:errabJe depth will yield .b~gin to be nffecte.d~? If \Vate~tahte de,pth ·moves int.o this yield 
afrecun~ .zone ( vu1 a r>re .. deflne:d starttng watertable depth, la~erai watt:!r movt>roent 
assumptions a:nd rotauon effects), yteld wdl be d•seounted accotdrngly. This erHicaJ wat:enable 
depth data were inputted ~~fter d¥seusst.ons wrth local agronomrsrs and soH conservaiiontsts 
O.nce .. ~gain. thts ts an esnmatton of the true data and an over-shnplifi.~:fltion: or the 
hydrolo,eiqal ~ssues relevant to the study area. Table 3 provjdes the data .e.strmat~s·for the 
cropping. alternatJves used m thts study 

3. 

1~he selection ofthe appropriate agroforesny option$ for the bl;!.ok soil pJ.airh low¢rslopes and 
higher slopes areas are Jn.fluenc~d. by the btophy.si~~l char~,ptedstics1 of the kl~e.tpoot!j>.J<dns 
c-a:tcbm~nt These char~cteristic$ incl1.1de topo,sr;,mhy, cutnmtl&ld u$e, r~h1faJJ and;spiJ$. '·\Vh¢n 
deciding between suitable species to be meluded jn Hu~ study ·the foUowing.~~pecif:ic fa¢tors 
were considered· 

o Jar~~ areas of the plains comprtse craC"king .grey clays Whfch w~te:qffgJtn!lJ}I: v.~~eHn¢d 
by grassl4nds dominated by Plains Gn1ss. (Stip4 :4i1$1[[:1m;t:i$).• $r¢~$ 'h~Ve::JJ¢.V.¢t 'P¢¢n 

natural components of rhe vegetamm and therefore tr¢¢ esra[)Hshtn¢1lt wiJli be<cli'ffi~qfll 

: O~tnil!!d. Pn~h'Sl~ .nn1J dcli~rmu~m ol lh«. bi(tphysic.ul.r~:mttr¢,:$'.of:~h~ :t.fY~tf7,~19) :fln.jf!~ ,fl~!; .. \prc~~ol~<i 
1n ;rtt;np~ m~ ~pf;l;cp.~iQm> Jm~iu~,,n? the lA'~~tpm~l PlPin!f ·J~~nd:MPn!l(;f!m¢rtt,'(;!~:mmJ~~~§,~BPr~M:·7~t~i:r~(~~'f~·pJ~n· 
;:~n# :JJy~r~a,co.l~>}ti~tl.l $J4iH!!~ un~en~;~J;¢n ·.by .th~,: P~p;jnm.;nr.pf lii:;JnA'·lind<Wnn~r;:QJlti.~~.,;Y#I~Prr:(J?J?:Wf*~f·, ·· ·. ·····• ·· · . 



o sroundw11t~r r~ch~rs~ o'¢eur.s over most pf:fh(} :f¢!don~ ri!dt~r thiUl ·.irl specifi¢ n'~h~rg¢ 
:lXCj~S. J)e.ep rooted perQIJni:;tl vegetatiOn Wftl 'lH'! rf!quited. acrosS the ~YhOI¢.l~n(fs¢ap¢ 
to incr~as¢ wtHer use attd lower the watcn,•ble~ 

9 intensive cropping on ihe plains is integt~l to UH! re,g1orHll economy Sahnity 
nmeHonuion strategies nmst comph.nuent rather than compete with thi/s land usc if 

possibl.e, and 

variable rH·infaJJ v·:Hhin and between years and limited v,tatt!r resources for itri~atiott 
may n~duce the nu1ge of species which c~m he grown and the value. of pro .. ducts they 

produce 

The .existi~lg rotation ()!l the black soil plnm ts a whcatlsorglnnnlfnllow rotation (two crops m 
tht~e years) 'this base is compared to three all·ern..atlves. Alley ero.ppiltg: .eucalypt and 

saltbush, plus plantation euca!y:p.t for oH produ.ctton 

Naturally occurnng e~tcalypt ~pe~1es in the L.iverpt~ol. Plauts, for exarnple Eucalyptus albr;.n$ 

(\Vhlte Bo~) and a poprrlimm (Stroble nox} are slow grt:twirtg £ll1d ncn suit?ble fot shorr .. term 
commen:!ial production. How.ev4r, they are highly suited to phmtingfor long.-rernl amenity nnd 
h.abHnl vaJu~s tn th:e farm landscape Several eu~;nlypt: sp¢cies an~ propc· ed, based on Jhe 
experience with f£. glol:mlw; (Tasmnninn blue gum) belts in Western t\Ustr(JliaMd Hmhedtdal 
mformntionfrom the Liverpool Plains. These will grow in .are~$ \vith 500.,600 mm. r~infaH and 
some are also salt tolerant Species prop.osed include 11. /Cintict)nn'Jf E. nrclliodor(l, li 
camq/dulensis and [£ side.ro:·q1on. Tht! proposed {J,IT~.ngen'lent is three TQ\'?S or tre~;s ht Cij.Ch 

b.eh (~hree metres between trees and four metres between rows) and 100 metres of alle.y 
pe.twc.en .each belt This equates to l 00 tte.es per hectare. 

These alleys, would cover 20 per c.cnt of the areA and be h~f\'e.sJeg· for plliP from between 
eight to 20 years Trees were harvested for timber With 20pt!r cetH ofJhe income hl)'(!Qf lO, 

lAtl~y PWp.pir)~ t.woh~.~~ th<:.J1lunUo,~ ot'm~~~!p:J~H~r¢:t h'rwic~.~li ~p(l<;t;~ ~~H~t.ts~aily Jnl;inf>~p;lS':m 
l(J p~;r c.cnt otthe ttnm1 t:rop$ ~tte urown ·Jr~Jht! P.Hi,!)l~ Ql.m\~e~n" Hn: m;~lr~~J;!~rt;::\?¢H.lt· 



40 ·n~r c:~nt in ye;tr lS ~nd· the flttnl ~h~rv¢st: 111 y¢~r J(), tre~s .. ma.y .nlso ·be :~town !for PillP :Wlth 
U:lC.Pfll¢ Hl years. l () and f5 

it rriplc~r twnwwkH1a· (Old MJu1 Saltbush) rs ttl so (;Onsidercd for nlley croppmg :;JU1/Jlc.r 
tmn!mulm1a tl!l g.~HlU"ble for both recb~lrge and discharge ~rens bccausQ it toler:a~~s snlin~ 

watertablc$. The proposed nrmngenHmt for salt bush .js (our rows of $hrtlb.sJn eMh belt (~wo 
metres b~(:W 'en shrubs ;md nvo metres between rows) nnd lOO .metres of aU.ey between caoh 
b~tr· Thts . e qt.uues to lOO shrubs per hectare These alleys reqmrc 15 pt:.r cent .or 1he ·nre:a 
Retttrns ro s:nhbt]Sh hav~ be#n esumated from $365/hn to $4C>OJhil, on n ye:trly btrsisfYable 2., 
t. C~rter pers com, 1995) lnrfHll· costs of plnntmg ate $767/h;!, with no ill'lntHil ·mnirnenance 
eqsts 

ltu~"t:!lyptus ttrdwm. and possJbly li. cncorifolitl, (:tre suit~(bte species for produption of 
eu~:alyptus od Plan muons c.ould be est.nbhsh~d on the flats or slopes great.er th~ .d1t~.e per 
cent The harvestmg and transport of le~tf ror dJstHiatJOrl and the p.ro>;imi.ty of disdl.lantm 
facthtu~s c).re import.ant techmcal factors wl'uch ne~d to he examined Wh¢n ~.ssessins the 
dctaHedfeasibthty ofdus optlon ln general terms, harvesting cnn be meehanis¢dwith ¢~lSJln.g 
furase harvesting eqmpmentt and d1shllatlon facilities n~ed to be within 50 kilometre 'for 
vsable eucalyptus oH production The proposed ;~rrnngernent is blocks o.r tn~es established M 
one metre to l 5 metres between tree~ and one metre to two mt;trc b~tween -raws, the 
¢quwalent of between 3,300 11.nd 101000 trees p¢r hectare. ThiS !lltgmpfiy~· r~.quires ~x(tii, 

capind (harvesting eqmpment and distiHation ~pparat.us)r plus exrra labo!Jr. Othgr f~ctors 
which must also be considered nre the marketing issues .~nd the high initial inve.sJment 
required to plant A de.ta.iled feasibility study would be needed. to cxamine·this optlonbe¢q,use 
of the high investment costs involved 

Th.e li~hter slGpes counny 1s. defined ns th¢ area co~erad by the ~In>~ ·l.t;:HHns. p.vq.r red QIP:YS on 
basalt The exhHi.11~ rota non wHl be lhc. snme rotation as for the blf\<l.k soil btH with a. lower­
e.xpg~ted yi.etd The three 4Jterna.tives annlys.ed in .this lQ,ncf cl~s~ifim~tion :~r¢ s~Ubysh. 

phmtmion eucalypt for oll (both using the s~m~ dttrn n:s tor th~ piP In$) ';th~f ¢~1pplypt: $pf!~i~$: 
~rown. ns a Ja:rm woodlot, that is over lOO p~r .~¢rtr of the .Atcu:, 



l~nrm wotHUots P.fe most suited to sites on slopes grcnJcr than Jbrl!cLpor (tcflt whqr¢ th~r~, fs 
less ctopp.ins potential flnd Jcnvcr opp.t;}t~~.,mity co$lS of c~t~blishm¢rtt.. 'J;h!>rc M¢ .rtl:so 
opponunitics to est:abhsh farm \voodfots tn thll npndnn ~om~s oflhe Mookt 1\Jvcr :md C.:ox.•$ 
Cr~ck ln .!lddtuor1 to the \llley cropping. umb~r spcet.;t.S n1crulon~d above. C'nsnm.ina 
ctmmnglmmlmm and C(l//nns lm,g.Plb At:C fipCCH.~$ $UH.cd lO HlChlSJ()T) H) r~nn woodlots PPrm 

wnodlots are n.ppropntlte fo.r tong .. term tnnber produedon pr~ruculody for ::i'pceinhy timbers for 
ln!?h value m~rkots such ns entftwt,od and fum,wrc timber The proposed ~nrangcm~nt js 
blocks of trees ~stabJrshcd M 2 5 metres b~twetm trees t~.rttl Z 5 metres between rows which 
1s ~quival~nt to 1,600 trees per hectn.re "Flus would be thinned over time m nbout 500 Jn~uurc. 

tre~s per hectar~ 

A ht.ghot planting cost 1s rhe only maJor d1fferencc between the Pnrm woodlot bmft~ef and t:htt 
aH~y crc1ppmg cu.calypt optton The farm wo(,dJot 1s an alternative t'1 the Q>:tsuug. syste.m and 
not grown m c.onJunctlon wnh a crop or pasture rotnHrm~ that rs, the woodlot f,s plnmed on 

l Ofl per eem of tho area \\'hde tht~ \\(H1dlot muy prov•de yreld IJcmarltlll t.o 11e1ghbmtnns 

heetares~ no y1uld benefns are rnduded m th1s nnnlysu~, unl1k.o the alley fntmHlB, systt.'ms 

where the alleys dJrectly bencfn c.mJlslpasturcs on the same p~Ircal of land 

St.h·opasroml syst~ms mtcgnHe hvestock produ¢uon nnd forcs~ry ~nterpnses \Vi.th traos 

ilrranged to provide shelter and shad~ as well ns browse .. enhcr as a f.:msture supplement or 
drought reserve. Jlarkhmd shelter p.cnnts are proposed to provid¢ shelter pnd dro\,l£;lU rescJ~ves 
of feed for hvesto<:k. Tree and shruh ~ptlCH~'s proposed mclude lJrach)tr:luwn pppulnawn 
(KurraJong). A ctH;m ontNOtr (lVfuhaP,) pnd A mpfax nwnmulm1tt A rrtp!fu;, has the ndded 

advnntng:e of boin:S salt tolerant 

On tho higher slopes winch traditionally hns boen n tmtivc ('r semi,.,intprgved rwst\1r~f th~ 
maJor al.temauv~ is to tnclude uee v:nncU¢$ m th~ cxisHnl} p;Jstur~; to provicl$ sheltq,r, a 
dro.\Jaht reserve nnd a menns of rlldut~lnt?- r.aehnrge irna 1ht! P~H~hrnellL At mMHthy th~ trc.es 
\VIII oovQ.r 25 per cent of the nrca and prQducc reed vnlu~d ~;t AJ1proxinmt¢lY S30nra. lllcom~ 
v~1H bagin m y(tar lO {Table J) Po$~i.blc vnnc.tills fo.r in~h1$io11 ht q. pArktflrld: cSenins tlro 
l11m:hyc:himn popufnrmm (J{.urr~Jong) and t1rmclrr (rf1¢W~ (M.Hlt,taJ 



Results arc presented in both s•:;aphJonl (J1.tgur~;s 1 to lo) nnd tnbuln.r (Table 4) f:or.m. The 
~Hscounl~d cunwJnove e.nshflt)W hlfonn.nhon. is tJreseruod as four differcrtt sf.1cnaru:ls f<lr ettch 

J\ genernl cashflow a~sumnw n<> watertnblo affe~;t~s (iHHI~I g;rot.mdwnt~r level at to 
motn~s) and no crOf) or pasture benefits due ro adjoinint? crop or fcrestry enterprises 
(eg f'rom wJndbn~ttks, tmproved sod structunl.utc) 

~ A cash flow with an tn1nnt watertnble of 4 3 me1tes Systems whreh ~ncour~gcrechttrS!l 
ntll)' !3uffer yteld e.ffet:t.s due to nSHlf! ground\VUter lev~ls 'f'h~sc lugh wat~r lnble 
affects only mfluem~<l" f:unlmg ffysrems un the phuns No )'H;~,ld henerns; fron1 tldJmmng 

crops or pasture!\. 

3 As for l but a yulld benefit of 0 5t/hu fcH tlta ~H:IJOHtmg crop 

4 As for 2 but (l y1eld benefit of 0 5tlha for th~ ndJOinmg crop 

.FuniH~r r~suhs rncheate the poumtrnl effects t:m watertable depth of tlH~ various n)trt.tions~ not 

including any lateral movements m respe.dfted \Vntur Wble heights This provides tt good 
hldicaJjve m~~sure .t)f the potenunl .. non .. profH .. obJectives of the alt:~tnauve sy:sumln 
The foHc.nv1ng dJscu$.sion presents seven examples of ggroforestry/pnstur~ options which wUl 
cQver the blnck soH plams1 the lo\ver slop~s (crom>Lng) and the lusher sloi)~!l (plr,stur~) 

.courHry. n will provide tnitull results as to the ec()numic poumdal for these tlJtetruuJves on lhe 
[.iverpool Plains 

Th~ rotatt<ms have been ··-elected under the assuntt:Hft.:'Hl 1hat producers n:re ti!lOJHilt.ij thes~ 
alternatives in ordtlr H, mamtain the sustmnnbiUty or their crqpping system 



'1fril11'l!· ~k SuunHary ot r~tilts~ NVVs, and g_rou:nd).;vater le~els 

Plailrs~ 

saltbttslt - ttlleys f t 
, e.ucal)~tlt timuer ~ alleys (20%) 

(eu~a~pt oft *'} 

\VneatlfaUowisorghum 

t 
If :Slcpxi.'i. (t:t1:'!tble). 

'1 saltbush:- alleys 

eucaijtpt \'oiflorllor 

teuc:al:jtpt oil 

\vheatlfhliowlsnrghum 

SJapes (nm:r.-anrbJc;) . 

. i native pasture + parkland 
l . . 
natt\~ pn:sture 

t 

f 
f 

total C...\.~"Ctcd 
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-620 
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5Q.O 
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-l 

-Hi 
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na 
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it Note::. ilueat;;:pt u~t ~•m1~t h-e Gtllllj'rared dncctlj; wtt:h tite \}ther aitetnrut\.t.'i> l1.t.o.caus.c ufthc ec'iliftt cntlttal and Iah~~ur required Dt.stiUn..tiono.pparnt:us antlhan~cstiug·e:q\liprqent 
wtU ~~,sf. up tH < S1:iH,fi'\if't itmi ~lt»st t~ <t't,'tltiabk ru1 uww tltan 15lttt fi:Htn th'C' pltmtuttnn The pre:sunt :s:lud;V 1s a pa.ruttl nnulysts t"•hicb nnl)r inclmlc."i e.bnng.ing vaciabl'cc co$ts, 

U~'Crll'l!•>tf ~,; ...... ~'i h~t •h.e ··~h\.'t .t~H·fm:estn optttt.US are a:e same ax tt<tt extslmt_t pasture lUlU ~rupping. 0:v't!rhenilii 
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Ftgnre l tUustrntes the rmp()nnrn effeetthnt tho tnltodueuon orsnhbush on l 5 p~r cont of the 
nrc~i can hnve ort grotmdi.N.ater levels Saltbvsh nU~ys mny sta.bthse thll groqrldWater t~vt}l 
wh~n l~tteraJ J1o\vs etc nrc not metuded The ~XI!Hwg cropping rntnnon may· lead. to r1se m 
groundvvnror levels of 500mm over the 30 years (tgnonng nny o;.;;ternnt infii>cnces on the 
groundwntur lt;tvel} eompnred w n declwe of I Smm from the altern;ltive syst'lafn Cfnbl~ 4) 

F1gures .2 and 3 tndtcate whut \VIII happen t<:'l fh(:t dtsconntad cumulat:we relurm~ nr varytng 
lrltUnl ground~vnter levels At both mmal grmmdwatet' levels fire ahem;.H!ve nlley i\1t'ming 
system is more profHnble ·rhe returns an~ stttuhu how¢weJ' fcH' th(.¥ nrst seven or e1ght. yea.ri, 
wnh the H'rlproved sustnmahhty an tssue m later !'ears '\t the mitinl 43 ruetre tevQI the 
exumng system \v!IJ be unsus:ramablo by abO·lJI yea.r 2:> The alt:ernnttv~ wrll probably .lasJ an 
u~rra r 5 y~nrs Ntnther !;ystem con tn t.he k)ng term redress the groundwtttt~rpte)bfellls At berit 
mclmh.ng saltbush aH.eys c.atl contwl reclwrgc on the plams but cnnnot cov~r lit~ rcehnrse 
from IMerai f1ows From other areas 

\\'nh y1eld henofns. the ndvantage or the saltbush llHeys become even more l'ronou11Ced 
(T;}.bl~ 4·} Thi$: C.\.H\tluslen ~.~that when~ n!Smg wnter'Hlbles are a problem. saltbush IS a. efftetllnt 
way of nnprovmg the tmstnt.tMbliHy of the area \Vht)rc sahnrty IS rw~ an iss.uel !'4nltbush 1s shU 
Very userul Hl terms of pronlttbdltyj flexibJIH.y (UVfltlfJbthty PS a drOUf;tht teserve) 1f saltbush 
can also have positive ~rrccts (iJn the y1.eld of the adJot.mng crops, snltbush becom~s ;m even 
b~tter ()phon '· · 

Another opaon not yet constdered ss alley cropptng plams gr~~s Thts may also be n vi~1b!c 
ahernattvo 

l\Jicy cropping eucalypts ror umber \\~II have poslttve ~.ffects on the wa.termbla (P'igure 4) ~nd 
\\111 not lead to significant declines tn ptont~biiHy (Fi,gure S and 6), tf the trens can have 
posH1v~ e.ffects <m crop yi~aJd by provfd1ng wind brcn~~~ bettor soil ~trucHlt'e etc, thelons term 
prof:ita:bihty mny be the eqtnvnlent of n convcntJOottl cropp.in,s rotation (Flg.t.u'l) 7, 1~t~bli; 4) 

l~ow exp~();ted yields (Z. 5m1/yr MAl) do t~ol m~ke thn growinf£ of et,tcnlYJ)ts art ;Jndepena~ntly 
jUOntrlble Option. hoW~V(,!ff, Wh¢rt arown U!i an nHey CfC1{) 1 tlHrbcm~filS in terms of~r()UlldWn.t!lr 
use may outWC:lgh the costs of a .lower r:ctunt Once aga.h1 nuuragenlChl of tha nUey i:s 
unportiHH to cJHwrc the alleys do not intPrfcra with e~iStiHi erop JilgJtngetrHmt pra(tii$e$. 



planrauon oils 

If harvesting and distilling equiptnel'H is available plus the markets have been established and 
feasibility studies unde11aken" g.rowwg eucaJypts for oil may well be a. feastble option on a 
small scale on the plains. A.s with any plantation, there will be a sign.ificant discharge of 
ground water at the site (Figure S} ln terms of income, it w:ill take around five to· six years 
to breakeven \\~th regard to variable costs (Figure 9) and maybe twn::.e as long if overheads 
ate included In the long term, if price and demand remains at present levels, this could he 
a very profitable sidelin.e for producers on the plains. 

4.2 Lower Slopes; Arable 

alh•J' cropping sal1bu:;J1 

As wrth the d1scussion of saltbush on the plams, alley farmmg saltbush on the lower slopes 
is a viable alternative ~1tb respect to both profitability (Figure l 0) and groundwater use 
(F~gure l) These benefits (as w1th the plains) are even greater if there are accompanying yield 
bene.fits ansmg from the alley cropping system to the adjoming crorc;; (Figure 1 1) 

tw~·alypt woodlot 

This option is uneconomic at the expected yields and prices used in this study (Figure 12} 
A negative NPV (Table 4) of -$620 reflects a large outlay in year one with income 
in.suffictent to give a posit1ve retu.m Expected yields for plantation timber are too low in this 
area to provide a v1able umber industry The woodlot for timber production will have 
significant benefits in reducing groundwater levels (Figure 1 3) and should be planted with 
th~se benefits paramount This acttvity has the greatest influence of any alternative on 
groundwater level. 

plantation oils 

As for plantation oils described in the plains section 

4~3 Higher Slopes; Non'"arable 

native pasture plus park land 

These higher slopes are the major areas of recharge. Trees planted here will hct,ve ·not 'only 
benefits to the .existing livestock in terms of shade and winopr~aks etc hut wilt hav¢ 
;$tgnificant benefit to prrJducers in the discharge areas. The ;pl~tin~ of trees ig ~these t~.reas 
WTll provid,e significant .positive externalities it1 the form Qf decreasing ;lateral flqws to oth¢r 
producers on the lo.wer slopes and plains, 

13 



Tree planJin,g .costs t!tlSUre thaLthe NPVsfora n~tive pastt.trerunning cattle are always hi:sh~r 
tlian the altcrnative{Figure 14), Tflrowev¢r the trees cnn incr¢ase .the C<.\t'ry.in.g c~paclty iof'lhe 
remaining pasture by 1 bSElhn ('fable 2), the returns to .both systems 'viii be approxihw1tcly 
the same (Figure lS) 

Once again plantihg trees wHl have posittve effects on groundwater l.cvels (Figure 16) 

5. SUl\1.MA~RY 1\Nll CONCLUSIONS 

Agroforestry S)'Stems and alternatives such as eucalypt oil plantations and, saltbush were 
selected for their ab1hty to be grown 011 either the black soil plain, the lower slopes or the 
higher slope$ country of the Liverpool P!ams catchment. their capacity to draw wa,ter from 
shallow watertablest and the potential (m most cases) to be integrated into existing farrnin:g 
systems. h1 some cases alley cropping fanning systems were assumed to afford a degree of 
weather protection to netghbouring tntdttionnl ctops ln those situations* existing crops were 
considered likely to adueve marginal y1eld benet1ts Because of uncet1ainty about the likely 
e:.::tent of such b~nefits, however. economt.c analyses considered both yield benefit, and tlo 

yield benefit scenarios 

The: model develop.ed for this study provtded a useful means of assessmg the ecQnomic 
viability and l.tkely impact of agroforestry options for the Liverp.ool Plains catchment. ltmust 
be remembered~ however, that the resuhs provided are only indicative of potential 
performances ofthcse opuons Also, the assumptions used for the alternative crop components 
of the analyses could not be based on data from the Liverpool Plains a$ these were not 
(l\'atlable. 

A summary of the major re$ults follows 

4..1 Black SoH :Plain 

\Vhere the presence of sahbt1sh alleys provided y1eld benefits to traditional (:rops this option 
were more profitable than present cropping rotation. Eucalym oil plantations may offer the 
highest profitability of any option, but the assumptions used did not inqlude ovethea.d co$ts. 
!\fore research is needed on production and marketing costs before .this option canbe:seriously 
considered. 

Saltbush sys.tems had a positive impact on \vater table levels, reducing the pr¢dict¢q tate of 
dse, For the traditional farming systern scenario} \Vhere the initit1.l \Vatertable was assume~ to 
be 4.·.3 tnetres below the surface, it was predicted that the rate ofwater.taol~ tise woul4 render 
tt w\sustaina.ble after 15 years. The saltbush scemuip couh:l JiOt:~void fat:mh1g oper~tior1$ J"r<:)m 
succ.umbing to high watennblas, but it may extcndiheirprodUAtlvelife fot:afurm¢tlS years. 



1~he alley farrnin.g of¢ucaJ}t.pt scenario had the .J11QSf b~ncftcial"imp().ct oJ' ·.w().t<:rt4ble~~ b·ut' was 
ttot et!ort£:m1lc::dl)t \ihtbli:!. 

The·Slt\taUOIJ for tho saltbush scenario on thQ t .. owcr Slopes was su:nHM to that onth~ I?ltth1S, 
ln the tnedru.rn and long t.enn the incluSHlrt of saltb~1Sh in the rotati<>ti was e¢<:Hlomi~aH.Y 
viablc. \Vhlle there were no dtrect borudits from decreased recharge to .fartn¢rs ¢n the, .slopes, 
as lnih \\~at9rtabh::s are not an issue in these arct"Lii, the .inclnslon of sahbPsh on the sl'op.¢s 
should,. ho\veverl provide berH~ihs to J.lrodueers on the IiJains, in tenns of: d,ccte<}sed. lateral 
water flows from the J~owar Slopes. 

rh~ pfantmg Of tree$. Hl WO\ldlots or plant~tlOOS ShOuld provrde Stgnif'icant benefitS ih terms 
ordecreasbtg reehn.rge h~vefs How~vor. the planting of woodlots f¢r tbnbcrprodttt1U9nis not 
ecouo1uietrUy viable ul th1s nrea ·J"hts altemnhve returned a tl<lgrttive NPV and a BlC r~tio tif 
le·ss than l o 

As w:tib the J>tams. eucaJy:pt plantatlotlS for od Jlroducuon may he VJable, but more work 
n¢eds to be done \\1rth regnni to capttaJ costs, processing and nla.tkeung systems before. this 
ah.er::niauve could be sen<lusly ct"usidered 

5.3 Higher Slo1~s 

'tbe ec.ooo.t.tnc p.erto.rmanc.e of woodlots on the Hl!.dter Slopes was .simllat to tfr~t repo.rtedJor 
the Lower Slopes, and therefore ts tl<:lt elaborated here 

'fhe platUU1g of tr¢.es on tbe hlgher s.lop.es \vould be beneflctal ttl terms of' decreaSing;. bt:Hh 
sutfaee: \Vater flo.ws and recharge If the plar~tmg of trees in a par.klartd setting cottld.lrnprove 
the <::~r.rying captte.tty by l DSlSiha, then dus w·ould be economic This sboohl :b¢ .·.i\ .. viable 
option in tetu\s oi both watcrtable recharge and profitability. 

SA Conclustons 

The re..~ults· do indteate that the present catchment tnanagement system,. \vill be un.sY.stainable 
in th~ long term Increased runoff from th.c slope,s tt.reas ~nd Jc~s y~g¢t~don .cover on the 
pl~ins h:~s led to tn~her ,groundwater levers attd salhtity problems. 'Vhile it i.s simple •t9 stM¢ 
that systenxs whteh ·m.clude tt.ees and pasture. mu1H be adopted' on .the T:Jiverpoofl~l~in$ itl'.Qt:g~r 
to ensure ton}! term ·ect)tlomJc and enviroJuti~lltal snstainability, th¢ ni;;tjor Isstte is. }iQ.w··t.o 
ertS\t.te this adop.non o:.e.eurs 

·rbls s~ndY has shown . that: for farmers with ·no prcsert t saHnity _prob):~n)$1l,er~ lslhd'~, i$hort 
t·~r:m.uc¢oomia. benefh ln plantins:. trees. These farmers. rop~t .continve lo'b¢. m.ild,e;.a,Watt}·'Qf 



thefuturc ris.k$ct>f St!h.Oi.ty andcrreouralted to begrrt; :to :consider altentqnvas b~forc~ fh~t b~~i:n 
to teet (he etfcet.s · 

t.<.\t\!t term. S'PhttiOtlS~ hO\VtrVerf fif'¢ ·'~\. catttho'HUH lSS\l~ J~«\niling S}1SttHl1.S On the S'lop~$ a(fc~t 
groY.tldwatcr levels <Hl the, pJrtms AJI.houith, tn ·thGt short t.ermJ th¢re ·ate •to.· dJrec.r ·b~rtttflhi in 
chnn,ginl rtont the Q;;<{J$hli.g Systems, fa.tJ)ltffS JJj .thcS.Q stope$ .at¢:iS JllVSl t:J.l$0 ·bll· ctlCOUr~~ed 
10 cons1der susuunable system~ TlHs uncouragem.fJttt t!ould b~ lhrottgh mttfttaHy bert<!Cie'l~f 
joint venture fQrnstry eomr~\!'ts. emnmun.ttylgovern.rnerH. support o . .r c:OiilJ)ensatiOJl t\1 those 
sofferin~ the c·Cfeets of the ne!}atrve ~lasuctnes Cton:~ those causrn,g :the cx:tcmtdtties tr~he 
equuable d.istrtbudo•• oi costs and bencrlts ts the /nec~I st~p in .assessing the retle of agr:ofo.r'¢slty 
on the ;J;..rverpoot Pl.n:ms 



4'~. l··~~!i1p~;i~~t.pt~~~~.!~Aw•!lf.r·),!iv~b·rllt~rl•!~!!~Ji:~~uilt~.·:Vi!ilu 
t~!l•h-An~~~ :ii~Jrt~:M4.rl~~"~ 



.NW I 
t~~~ ~ 

I, 

\ I ., I 

~ ~ .. 
"' !' . 

*"'TW--1~~\"M-,,~,,~ •. ·j!O<W~/l'.,..,ll'""'·' '> '"'~"'''' • "'' ~ ,, ''"" > 

"'""' ,., •liM~~· t~ll. • t.{i!:'t',t.~•f !/t.f·t•!f· 

-~·t'~4r\l'."!tt!f.llil'l'!'i;o.l~~ ... , llit"'"' 1'~'11:"''4:' ,, '11'''" 
•" · · .I:'>.I!IJJJ 1\l,i!'J"" , <l'.tl,f' ·~ ll'l'i¢,;t.f' 

·f~pn 1 .C!:!~p:~:;if,AA Of :Clfl: t'kl.wJ f.ll~ fi.lht'.llS t:~li!1f!t1£; 17i>::ttl~ec \' ~ttiiJ 
p,i~~)ttt ~l),~t1, .Au~;m.lnt \\t~b~rlil~lt .tU"tiJI \1t1.',trt'11~"' .h;'!C;Jl ~'>.alttl;blt ltr~ l!l 
W~fCMM1:tm.M~V~tli:! ll~.tld14, l'UirJ< 

'~c.Q r 
; 

t 
' i 

~&~0 t 
~ 

,.;,;...;:;;o;.~~~t1t\lliti:•!!!'in~~y~ l,thc;v~~ · · .. ···.··. J 
·~~~(O\.'I'ji'¢'(11lJ>lii.~IIV~;~•!tJt~·"''.~.~,.!!!'~• !•Mv\• 
···''"'"··~~~~li~,~!il·!·l"~:J-:~~~~!1 .. ' ' ·,'' ',' ' 
~d;s(f)<mttd·,:ii~~~~,·.:,atlnil•.••l111rig.lll!dvt• 

{!,~~Il . ·~·· ~9.1'l)r.aJ1joi\ot·~al" ¥'J~I!,. r~t:~it!J~~ ~,of'ti#~·~#J~II~I,I·~~i,~~~~ 
f.u~~b-p1·1)ll¢t'i'A~~.!Imll:'&:'\'~''~~"l('r;,t(,~~.·\V.~~r'··Thr.,ill.tii,I.U'ii~rl•~.l~··~r~~tl 
Wia.~·.g:4~ b!Uthd\n!f No ViC:ld J!fl'i~fii~~ 'rl.il"j . . . . , 

~i:!<IP:J 

I 
~ 

:t~t.l' » 

~ • '"'"'''·"""'*'·~'-""• 't"*"'f.~ "'•'t10!f~"··~•Oir,H•J,t\\\•i'll"."';t><'-r'lf'rjll-\•~jo ~~.,~, ,.,.,,.,.,., " 

•• • • ~·~,;t.! r~ .~, · ~';$;.,*"1!11• ~~~:;~; 

:;; U.t'lil!~~~ ~~~·;·t #t ''!J.?I~ • .~;;,."',tf.<'<t ~:r::.t' 
41"''~;;1$' tt~~ · ea~~Jit I•M:;~$t 

:::'""'::!"~!~~~~~It~. ~~>~Pri~ 

FtPi'~~' 6· ¢'4~1'.trit1:1n Pt l?b1ln&r.* It~! W,ur.rt:.hh~ t:'l~plhJ tt~r E'~i•Uil& .R"I.:.Uon 
Vtn~~ f:lttl'IUlio.rni.Ofhl; t'b:illfl 

; 
••CIOO ~ 

;..-:~,.~~al••~e.roi•~• ~N!!IS~ 
11"•,1-l' ~NWal , e•btln9 .iai\du~.· · 



[lf;v.:t~·. ' c;:'¢mpmtonQl~itJI f}CIWJ forr;.llHI!'t. (,;fOJ!Jl.~.~ ~~b.!lo~·Vt.~i!' 
, PI~UUcin(O!hlii.t.~tumin& JllcWUrfi~~~tr:ftt~fsjA.nd Nn )'i,!d·ll«f''(iu; rJ~I!I• 

UQ .. ~I.· 
,1).0(10 .· 

I 
#f:.!ICQ{ 

i 

-~--.. ~e ¢.1~'1'\illt!'Q. l!:',;!!l~ll.:' ~~lljfl\ • ~~~~'~''1'·11-t l~.!':.:u< 

,.,.. .• ·~l .. tt.l11>' "'''llllli /,t;'··:1•ft 

.fl£'-~ft il C:l'mJ1~rltcll Qt t:a~h 'flowsl'llt ~i1ME C:ort*l!> It~>t#.mtn Vtt•~1 
·.Sll!j>\:,sh!All!~YJ~}:.IJ\1~,5 'J'!diil;i<n~lii.Ji Slll;<r• 

.... f 

2!ill0~ 
I 
I 

l"lpu 1~ Cllmf'.Ut$9ll Of <:uh fii'!W* fl:)tJ!:U•IIIt£ Crc*'.flt!'l$ F~:alll?l:li ~·~;*•~ 
hnn Wc.'lidft~ll fil<r.~;'t$ 

, 
i 

,~0() t 
t 



f:,i~""' .. ·p ¢ill;)}':tli•.,l1~1qJ.,uril!w~ltrtrvdfitfrti.S r9t ~ililrij':1tiill~ll"" 
Y'1111• T~:~.W!lll41.!11: Slllr,; , 

j 

I 

.~,1)'~1;) ':' 

r:'i~t ~.$ '"~J!~dJO'I'i Q~ C~d· flliW$ F#'t U.atiY¢ ru~n Vt~ll$ Nath1t l'af,N}'t 
WH!!! P,ad¢b:.n~, AUII~fi'),S YirhUlfndiU1 llis'hu ~lnpu 

'..; f• 
: .. ;..: 

·= -~· • 'tj, ~ ·:: .. .. .. .. ·~ 
., 

frtf;~t.ll lfl C~t:!:Ji'.~fb.itt:t Oi0ttttp'l:dW~!¢f1t\'ef J!tt~t\'U'tlr U~~.fr. ftnluiif t'~!Vta 
N~U~·e l'i\W.!Ir With Ptt~.U:H~; fff$.b.~:r.$lq:pt.J 



flm:1 N·t.A, & Schot*eld. NJ OP9l) il~;rrcct.s ot A,grotbt.eslr:~~~."'.J?nst~•r~ A:s.Sottl~tl9ns .oJ1 
.Oroundwnter l~ev!ll ~md :Sahtti.tyt~, t1llnifnttt$O'J' Sy:uant~s. to, ·J.a,..,a. J 

Oud. P R • J3lt:klleU~ ll .. , JluhJ1~u'• Jl A ~ llur~~e" S .J; A, i .Luy.s, J>f.~ .. , IM tk~t, J ,l'J • Van. <l~i:l' 
Sontntiltl~ F J ~nd \(oll~r~ P (J992:). ·t'lt" Role of She her in AtJ..stmUa for :l>rotc~JHns 
Sods., Plnnts o.nd l,.,Jvestock Agrf1/tU·V~~~~~r S;rsU~ms, Vol 20 '\5.0+S.a} 

Cent.ro ftu \Vater Pol1.cy Res~t.H"ch,. { l9\1Sl.t ., A snnte.s.tr:: CftWIJ•sf,t f!J PBttY:mtrstt)' oprttms .tn 
cn;,pJnng ~~yst~m s rm rlr« lJv"4n:mal Plafns <Jf NSIJl .~~ Ruport to du~ l ... iverp.r)OJ Vlanls 
t .. and ~Hnufgement Commiuea 

.Ll1~k·s~,.n\t J<. 0 994) l\+fati1o.rnndunt on Agro.rurt~stry ·rrud " Orc<.tzfJ, J!JeJ.nlttnl<mt of:(:;otliervtttto:n 
(lfld l.nnd Tvf1ulageme1u 

('ir¢mer,, R (1994) ''E!ct'lflt)nu.c Assessm~nt t>f It)ryhmd S'tlmhy rn th~ Li.v.~rpool l'bnnin, 
l)t1Jl~rlnu~nt of Agn(:t;lttu'·al und.Resc>utca l!co~:totmcst UN\.$ 

Powell~ R. ( HJ95).. "AgnJf<lrestry. th*l mdwnry perspective It• in .Arltrktng Cmr:lune;nt 
AdtJna~qtuncJu Napp(m. Conference Proc.e~dnt~s) l ... lvCrJlOol !)lamsl.ntld M.at:mS,¢m.enJ 
Contmittee, CJunnedah, M::ty 30 .. June I 

'R~ss l3endey & Assooirnes. (1994) SIJ'(ttf!:gu.:: Phm Input far l~ivc17WOl Plains l~t'lltd 
A1anagt·m~ml Committee October JQ94 

Seho.ll~;l\i.. (1991) Plnnting Trees (O Control Salnuty 1V.tt J(:nmwl oJ;1,gtUmlllltu. Vol ll 
(3·" l 0) 




