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Foreword

For themogt part, tree produdtion sysemsin north Queendand involve two indudries the nursary indudry, and the
plantation or rehebdllitation indudry. Whileit might ssamto beinthe commearad interest of bath indudriesto producgootan
the best qudity planting gock & aminimum of codt, from anutritiondl viewpoint thismay not bethe best drategy intems
o ealy esablidment and gomh

Thisreport desribes the bendfits to edablidiment and early growth of cebingt-timber pedies of invesing more nuiritiondl
resourossthen isgandard inthe nursary pheseinthehumid tropics It dso goesfurther to demondratethat, in the humid
tropics theremay be unrecognisad lossesin growth potentid through inedeguiate fidd nutrition.

Thisrgpart, anew addition to RIRDC sdiverserange of over 500 ressarch pubdlications foms part of our Agroforestry and
Farm Foredry R& D program, which amsto intlsgrate Sidaineble and produdtive agroforestry within Audtrdian faaming
gydams Thisprgedt wasfunded by three R& D Corporations— RIRDC, LWRRDC and PFAVPRDC. These Capordionsae
funded prinapally by the Federd Govemment.

Maod of our pubdicaions areavallablefor viewing, downlceding or purdnesing online through our website
downloeds a vwwwy.rirdc.gov.aulreportsindexhim
purchesesa www.rirdcgov.aeshop

Paea Care
Maregng Diredtor
Rurd Indudtries Research and Devdgpment Carporation
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Executive Summary

Thisreport destribestheresuits of anumber of fidd trids established in the humid trapics to demondrate the bendfitsto
tree growth thet can be derived from improving techniquesin nuirent ddivery to eadlishing trees

However, the nutrient formulations destribed in this report should nat be taken as any sort of recommencition because of
dffering goedesrequiramantsand tderances and different dimetic and edgphic conditions thet might beencounterad in
dffeetregons Ingeed, thesefomulations should be viewed asabessar aconogpt for further expaimentation and locd
adgptation.

Theresaarch that undainsthese trid swias deve aped arigindly inanumber of westem Padific countrieswith the support of
the Foredry Program of the Audtrdien Cartrefar Intemationd Agricuturd Ressarch (ACIAR). Inessanoe nursery media
was modified o thet it contained more nutrients then were requiired for the nursery phese of produdtion. However, fdlowing
planting out into thefidd, these“excess” nutrientsin the patting mediaprovided acontinuing supply of nutrientsto the
edablishing ssedings Thiscontragtswith various current fandard tedhniquesinwhich thereis often a hiatus in nutrient
apply avaladleto thetreefalowing planting. Thishiais arises ather becausethe nursary fatilisarsonly lagt for the
durdion of the nursary phese, the nutrentsin the nursary mediaand the medialitsdf arenat planted intact with theroats or
fidd fertilisarstha are uface-goplied take sometimeto reech theroats

Theabovework, funded by ACIAR, fooussed on tedhndogies and produdion sydems goplicableto the oversess
odllaborators Thisproject wasthus an opportunity to meximizethe bendfitsfor Augtrdiadf thisprevious reseerch by
demongtrating the gpplicability of these new systemsto northem Austrdian conditions and demondrating their bendfit to
goweas Appropriatdy adgpted, thistechnology should dso bewiddy goplicableto other industries (eg horticulture) and
ather regions (eg seesondly-ary tropics).

During the 12 month duration of thisprgjedt, fivetrid Steswere established acrossthe humid trapics of north Queandand
(from Townsille to Dantree to Atherton), whilst monitoring was continued on anather trid established previoudy. The
stesweretypicd of thoseavailabefor fam forestry and rehahilitation in the region and werelocated on arange of sall types
Timber tressthet aewiddy used intheregion wereusad inthesetrids

Inmogt pedesand a dl stes this“*ACIAR” technigue showed some advantage over the sanderd tedniqueswithin theffirst
few months &ter planting (from 20%to 3fad increesssin growth). Thusbetter early groath can be achieved through
adtention to nursry condiionsrather then through the more expandve and less effident sendard practices of fidd
fetilision.

When acompletefidd fatilissr was supplied in the planting hdle b ow the seedlings (in addition to the ACIAR nursary
techniques), therewere, on some oocas ons, further increesssin gromth within thefirst few months: Thet thetresswhich did
nat recavefidd fertiliser gopeared pafedly hedthy, impliesthet there may be stugtionsin commerad plantingsinwhich
thereisan unrecognisad lossin growth patentid. Theexdtant of thislosswould belargey unknown.
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1. Introduction

Theindusion of tresson fams - whether for timber produdion or improvemant of famm produdtivity (eg through windboresk,
river benk gahilisation, ground weter contrd eic) isargpidy devedoping industry in Audtrdia(see Algrdian FarmJourrd,
Jan 1998, Tresson Farms) induding northreestam Queardand (Applegete and Bragg 1988). Currently marethen 500 ha/ yr
of rainforest tress are planted on farms each year in north Queandand under the augpioss of the NQAB (a9 Wet Tropics
TreeHanting Scheme, and vaious community and regiond groups) and it would gppeer thet thisplanting rate will increese
rgody asnew jaint veniures betwean the NQAB, Quesndand DR, locd landcareand catdhment caregroyps and
landhddasaredevdaped

Techniquesto optimisetree establishmeant and nutrition in order to increese growth rates and to ensLre prcfitebaility and
audanehility of production have been well researched intemparate and sub-ropicdl evironmentsfar many years (Miller
1981, Bowenand Nambiar 1984, Grey et a. 1984). Thishesresuited in the devdl opment of arange of oparationd Srategies
for manegement o (9 fetiliser gpplicationsfor thelife of fores sands (eg. Birk 1994, Hurter and Smith 1996) and (b)
nutrientsinthinningsand harvest resdues (Bedset d. 1994). However, the same hes nat been donefor narthem Audrdian
conditions- espeddly inthehumid tropics

Thisladk of ressarch hesdlowed two nuiritiond problemsto devdop:

1 A lak of gopredaion of the nutritiond congtraintsto the edablishment and growth of highrvaued cebinet-timber tress
2 Ahausinthenutritiond menegaman of sssdingsbaween nursary and fidd

For themodt patt, tree produdtion involvestwo indudries, the nursaries and the growers Although tree produdiioniisthe
utimete resut of bothinoustries theremay belimited knomedoe by the nursaries of the subseouent requiremants of the
gowas and equely, limited demend by the growers on the nursariesto fulfil these requiramants possibly becausesuch
repuirematsare uknoan. Thetimedf planting isundoubtedy when tress exparience subdantid dressand aemodt
wvungradle It would thus ssem sasbleto devote some consdarable effart into improving this phese of tree produdtion.

Nuiriional Condrainsto Growth

Thesallsavaladefor new plantingsin the humid tropics are often highly weathered and intringcally low in plant nuirients
(Kauffmenet a. 199, Web et a. 1997) and itisknoan thet avariety of nutritiondl condrantssgnificanty limit the
prooudivity of imber tressin much of the humid trapics induding northern Audrdia (Zhong and Redddl 1994, Web e &l.
1997, Keenen @ dl. 1998, Lamb and Barsthmann 1998). Theseinharant nuritiond limitaionsto reegromth aredso
frequently exeoatetad by the dfedsof previouslogging and/lor gricuiturd pursiitswhich have resLited in compedtion, the
lossof sail organic matter and erason of topsoils Conssouantly, the restoration of Soil fertility and the provison of adeouate
treenuritionisaitica to the Sucoessul establidment and long-term produdiivity of meny forest plantingsin the humid
tropics(Nambiar and Broan 1995). Although some genard raegesto addresstheseissues can bedravn fraomwork in
tamperate and sUb-tropicd foredts, the drong lesching environment thet is deradteridtic of mogt saillsof thehumid tropics
(duetothar highly weathered neture and the high, and freguently intense, rainfal) requires nove foredt fertilisstion drateges
thet optimise nutrient placament and minimise nuirient-loss beyond theroat zone of establihing tress

However, current fatiliser goplication drategiesusad in theregion largdly fall to dleviate these problems (Webb e al. 1995,
Keaenet al. 1998, Redddl et al. 1999). Surprigngly, thisisnat through aladk of fertiliser usege per s with some 250 gitree
of DAP baing suface-goplied soon dtear planting. Thisfalureto dleviate these problemsisthrough indfedive ddlivary of the
urfece-gpplied nuirentsto the roat zone of young trees (prolsbly dueto rgpid leeching beyond theroat zone, adsorption
onto drongly fixing soil surfacesand/or uptake by compating westly oedies).

Oneoptionwould beto smply goply morefertiliser; but thiscould have negetivefinendd and evironmeanid implications A
better gpproachisto devdop amore dfident and effedivetedniquefor ddivering nutrientsto young tress

Itiswel recognised thet attention to nursary nutrition isan important componant of nursery menegameant for the production
of good quelity sssdings whether they arefor theflower market or indudrid timber plantations Recantly, these dudieshave
dso gven atention to the environmentd conssquences of ova-fatilisng in nursaries (Huett 1997, 19970).



However, thareare only ahendful of repartsthet have dedlt with tropical gpediesand even fewer have pedficaly dedt with
the conssguence of nursRry fetiliser drategies on thelonger-term survivd and growth of tressefter planting out rether then
judt the hedlth of thetree seedling & theend of the nursry cyde per s2 For example, Smpson (1978) hed found thet
increesed use of nursay fatiliser on bare-rooted gock increesed height growth of pinesfar acouple of yearsdter planting.
Smilaty, van den Driessche (1984, 1988) hes shown inoressad sunvivel and height growth of bererooted coniferssomeyears
dter planting. Both of theseresLitswere presumiably asaresuit of the nutrents caried withinthe planting gock. Smilar
restswere dso found when container-grown sock were ussd (Kannen and Pdliwel 1995).

Fromwoark inthe Sdlamon Idands we devdl opad anovd technique of adding high levdsof longitem don-rdessefatiliser to
thenursay media Theseamounisdf fatiliser are gregter then thet which isrequired for nursary production but they
continueto bandit thetreelong dter planting out; espeadly when the dJon-rdessefertilisars are mixed with the patting
medium and patticular carewasteken to ensure thet the patting medium was planted intact with the roats (Wb et al. 1996,
Woodset a. 1998, Redddl et al. 1999).

So convindng were these resuitsin thet Stuation thet our technology hes dreedy been edopted as dandard predtice by the
largest commadd plantation forestry compeny (KolombengaraForestry Produdts Ltd) in the Solomon Idands (see Figure 1
& Weh e d. 199, Redddl et . 1999) and isbaing localy-refined for routine use by the Ministry of Agriculture, Forestry,
Fdwiesand Meeardagy in Samoa(Woodse al. 1998).

Thus dthough only reported onagmdl number of cocadons thereisgrong evidencethet judidous use of longtam dow-
rdeesefatilisars- beyond that which isrequired just to produce adequiate seedlings - isof bendfit to fidd plantingsinthe
humid tropicsfor aconddaradletime dter planting.

Foaurel Caqyooved Gmeinaarborea 18 monthsdter planting. Nofatiisssweaeaddsdinthefidd  Left, aigind nursary rutition;
Rigt, new nursay nutrition

Condraintsfromthe higtus betwean Nurse'y and Fidd Nutrient Maregamat

Bath nursary and planting aperaions attempt to produce the best queity product for theminimum cogt. Conddering the
indugry assawhde, it may bemareeffident, from bath anutritional and finendd vievpaint, to inaresse nutrient inputsin
the nursay pheseeven though it will have no immediate bendfit to the nursary manege.

Interestingly, acrassthe humid tropics, nursary nuirent menegament vaies conddarably; with eech nursary usudly havingits
own (omaimes saorel) nutrient regime: Thusthere are prabgdly nursariesthat have dreedy exparimented with higher ratesof
fertiliser and subsequently edopted Smilar regimesto those destribed in this repart. However, many nursarieshave quite low
levdsaof added fetiliser —often lessthen 5g dow-rdessefatilisar per litreof nursary media Theresson far thislevd of
nutrient input is proloetly driven by economicsbut may dso betheresuit of perogptionstha tropicd rainforest goedesare
sndtiveto high levdsaf nutrentsbecause of thar dallity to grow wel inlow nutant environments Whilethisisoartanly
truefar ome pedesitisnat agenad festure of dl tropicd rainfores pedes

Themanamsd thisprged wae
1 By compaisonwith (various) aurent pradioesinthe humid tropics demongtrate the advantagesto early fidd groath of
cehing-imber goedes of providing nursary nuitrentsin excess of nursey requiremants



2 Demodrdethda theremay besubdtantid and unrecognised lossesin fidd growth potentid through lack of fertiliser
LEE

Thisreport desribesthe resuits of anumber of trids (in the humid tropics of north Queandand) which demongratethe
potentid toimprovefidd growth of tressthrough improved nutrition (both nursary and fied). Although detals of nutrient
fomulations are provided for completeness; they should nat be seen as arecommencition thet will be gppropriatefor dl
combinationsof gpades dimete, nursary, or fidd sall.



2. Objectives
Thedgedivesof thisproject ware

1 Todemondrae axossawideranged edgohic and dimetic conditions the patentid to improve eatly fidd growth of
timber spediesthrough improved nursry nutrition.

2 Todemondratetha evenin goparently hedlthy trees thereis someimesthe potentid to incresse growth with
additiond fertiliser; Suggesting thet in meny plantingsthere could be an unrecognised lossin growth potentid

3. Methodology

3.1 General Approach

Thetrestmentsimposad ware designed to Smulatea“whole-of-systam” goproech to tree produdion in thet they induded
both nursary and fidd trestments These trestiments covered current systems used for tree planting aswll esdifferent
gpproaches devd opad beforeand duing thisprged. Oneimportart festure of these differant gpproechesisthe use of
rdatively lageamounts of don-rdeasefatiliser (Up to 18 monthsrdeesetime aswell assharter rdessetimes) whichindude
both mecronutrientsand miconutrients: Anather important festureis the incorporation of thewhale of the nursary patting
medainto theplanting hoe Thistedhniquethus providesacontinuing upply of nutrents (with the minimum disuribence
totheroat sysem) & thetimeof planting.

Because of thewhdle-of-sysdem goproech, there hes bean no attempt to exparimentaly separae nursary effedtsfromfied
effedtsof trestmentsimposad; dthough someresLitsa theend of the nursary pheseare presanted. Nor hestherebeenan
atempt to sgparate theindividual componentsof the nursary dfects on subssquant growth (viz. nutrients, mediig, potssze
etc) however itisconadared thet it isthe nutrient effect thet isof mgor influence

3.2 Nursery Treatments

Thareweretwo man tresmentsimpossd in the nursary: onewhich rgpresanted various nursery produdion sysems
auraly inusein north-eestam Audrdia, and onewhich hesbean devdoped during an ACIAR prgedt. Ineddition, a
mewhet adverturous nursy tregiment, which uses much higher then nomd concantrations of fertilisarswas dso induded
insomedf thetrids

For smpliaty, the various current goproechesto nursary produdiion ared| refared to as“sandard’. Becauseof thedesreto
fdlow routine nursay pratice, these* dandard” sysemsvaried dgpanding on the particular nursary involved. They are
largely besed onthe sygemsin pradice @ Walkamin Forest Nursary near Atherton, the Hinchinbrook Wet Tropics Tree
Raning ShameNursay & Inghem, and the Douglas Shire Wt Trapics Tree Hanting Schame Nursary & Mossmen

Thedtardivegoroachesaeganadly rfaredto ss“*ACIAR’ but theexadt ddalsvaried in order to acoommodateroutine
procedresin ue et the vatious nursaieswhare thetresswereraisad. In genard, these contained large amounis of long-ading
don-rdesefatilisars They induded both meoro- and micronutrients

The“adveniurous’ nursay tresiment contained twicetheamount of fatilisr ssthat inthe ACIAR mix and isrdfered to s
“Doude ACIAR’. However, in arder to acoommodate curant nursgy pradice, thisamount of fatilissr wasinagmdl
vdumed patting mediaand thus hed an efedtive conoatration of fivefdd thet of the ACIAR mix.

Inthenursay phess, dl treamentsweare sgt out in arandomisad complete block design of four redlicates Wharemarethen
one padeswas grown, eech padesws tregtad asasgparate expaimat.

3.3 Field Treatments
Smilar tothenursary tresments therewere, inmodt cases; two man fidd tresments, namdy, no fartiliser and added

fertiliser. Thefertiliser usad and itsplacement were dependent onwhether they were designed to Smulaie current practios, o
andtamdivegoproach. Smilar tothenursay tresments thesewere designated as“sandard” ar “ACIAR’ respedivdy.



Thecombingtion of thesetrestments on top of the nursary trestment resuited in four (or fiveif Double ACIAR wasinduded)

trestmentsbang rgresented inthefidd (Tadle ).

Table1: Nusay andfidd resmentsempoyed in mog eqoaimens

Nusay Fetiliser Fdd Fatilissr
Sandad Nil

Sandad Sandad
ACAR Nil

ACAR ACAR
(DobeACIAR) (NiD

A key feare of the ACIAR fidd fertiliser wasthat it was placed in the battom of the planting hale before the tresswere
planted to enarethe it would be avalladle to the growing roats soon dfter planting. 1n order to avaid damegeto theyoung
roats thisfertiliser waswel mixed with the soil & the battom of the hole then covered with about 5 am of sail beforethe
tressweareplanted aboveit. At 3 monthly intervasdter planting, further doses of fertilisar weere added (Sse gopendicss).
However, for thisreport, exogat for the Townsiilleand Atherton Stes and the dder Daintree site, only theinitid doseat
planting hed been goplied a thetime tresswere mesaLred.

Asinthenursary phesg, dl reementsweare gt out in arandomised complete blodk design of four replicates Whearemore
then one pedeswas grown, eech padieswis trested as asgparate expaimant (exogat a the Daintree Site).

3.4 Field Sites

Thesven stesdhosen aredl inthewet tropicsfrom Townsvilleto the Daintres region. They dl represant Stesthat were
once covearad by rainforest (exognt Townsiille) and were previoudy in agriculturd produdion. They dso represant Stesthat
aetypicd of thoseavalablefor faamifarestry or rehatillitation. Although the adtud soilswerenat andysed during this
projet, ddalsof the oil seres (and references) aregiveninthegopendices. Theserdfierences contain soil physicd and
cdhamicd infametion rdevart to sail typessmilar to thossonwhich thetresswearegrovn. Thesallsgenerdly havelow
fertility becauseof thar highly weethered netre. The CEC sarelessthen 12 and (€)/kg, pH lessthen 6 (and sometimesless
then 5), and avallable Plessthen 20 mgkg, unlessthey have beenin recant agiculturd produdion. Other gengrd informetion
isinthefdlowing Ste desriptions

Daintres Thesalsaredaived from meassdmatsand theregion recavesan anud ranfal of 1992 mm. Thesoilsarewd|
draned and have aday loam texture Thisprivaidy onvned stewas onceacatle property and isnow baing usad for groning
cabing timbers Theexpaiment was planted prior to thisproject and wasthe besis of the proposd for thisprgedt. The
plantingshereare currently 2 yearsald.

Foreg Cresk: Thesallsare daived from dlwvium and thissteisdoseto the Daniree Ste Thesoilsarewdl drained and
havealoemtedure Thislandisan Aborigind hading and isbeing renebillitated to pratet theriperian zone

Masman: Thesdilsare daived from metassdimentsand the region redves an annud ranfdl of 2222 mm. Thesoilsare
well drained and hevealight day texture. Thisprivate proparty wes onceacanefamwhichisnow baing usad for groning
ching imbars

Atharton: Thesallsaredaived from besdt and the region recaves an anud ranfal of 1413 mm. Thesallsarewdl drained
and haveaday texture Thisland isonvned by CIRO and isrgresantative of many agriculturd sallsintheregion

Babinda: Thesoilsaredaived fromdlwvium and theregion recaves an annud ranfell of 3553 mm Thesailsare poorty
drained and have aheavy day texture Thisprivate praparty was ance acanefamwihichisnow being used for growing
ching imbars

Hinchinbrodk: Four Steswere planned for planting. Thisregion hesan anud averegerantdl of 2020 mm. Unfortunetdly,
record rains during thewet seeson and continud rain Snce hesmedeit impossbleto plant; eventhe planned planting
adiviiesof the WT TPS have been ddayed ssvard months (Hgure2).
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Townsiille Thesalsaredaived from dlwvium and theregion recaives an anud ranfdl of 1108 mm Thesallsarew
drained and have asandy loem texture Thissite hesbeen used for vaious exparimentd tridson Leucaana

3.5 Species

Thegpadeschosm aedl onestha have potentid for timber produdion or rehetillitation. The gpedies usad wereinfluenosd
by the preferences of thelandhdlder or treeplanting scheme They are

Acadaauacocarpa, A mengum Agathisroouda, Alphitonia patrid, Haeocarpusangudifdlius Eucalypiuspdlita, E.
doedang, Hindarda brayleyana, Greiillea beileyana, Mdiooopedleryana, and Naudea arientalis

Asmentioned, the prgect was desgned to demondrate dtametive methods o tree produdtion from awhole-of-sygam
gpproach. Thus the possbleinteradting effects of patting media, fertiliser, and pot vdumeare not consdered. Howvever,
expaimantd integrity ismaintained by thefadt thet, betvwean eech nursary-fidd ste combinetion, dimatic condiionsand
Fedeswerecondgant.

3.6 Planting

Theexat method of planting depended on the oparationd pradtice of thelandhdder and isddtaled inthe gopendices Honveve,

indl tresments a dl gtes theentirenursary mix wasplanted with thettrea

At dl stesexognt Bahinds, when fetiliser was added to the planting hdle, it was mixed with the sal in the battom of theholeand
coveared with alayer of sl without fertiliser beforethe tresswereplanted. At the Bahindaite, the sail wias o heavy and dticky

thet it wesdifficult to dig adeocant hde. Inthiscasg thefertiliser was mixed with soil immediatdy below the planted tree

3.7 Chemical, Biochemical, and Physiological Analysis

Chemical: Ledt metaid wesdied a 60° Cfor &t leest 48 and then ground tolessthen 2mm. Sampleswereandlysed for N by
acombudion tednique (Matgovic 1996) and ather nutrient dements by indudiively coupled plasmaoptical emisson
oectrometry (Zardneset a. 1987).

Biochemical: Tendisks(5mm diam) wereadletsd using acork borer from fiveyoungest metureleaves of eech trestmart
immediady dter leavesware daached. Thedskswereimmediatdy plaoadin 7 ml add NNdimathyifomamidein aseded vid.

Thevid wasimmediady placed inthe dark in aninsulated contaner & gopraximetdly 4°'C. Assoon asposshlethevidswere
trandfared to arefrigarator a 4’ C. Chlorophyll was andysed spedrophatomricaly (Poraet al. 1989).

Physidogical: Chlarophyll fluoresobencerretio (Fv/FO) wes mesaured with aHansstech Flant Effidency Andlyser (Hansstech
Indugtries Ltd) after dark adgpating youngest maureleavesfar 20mins



Results
3.8 Nursery Growth

Whenit was posshleto do o, gromth messrementsware mede a theend of the nursary phese, @ther on argoresniaive
sampledt nursary dodk or & planting.

Inmodt casss the ACIAR nursry pratood produoed tresswith greter dry weight or height compared to thosegroanin by
adandard protood (Teble2). Wherethisdid nat ooour, tresswere dften quite el at thetimeof planting. Indl casess the
Doude ACIAR pratood suppressad ary weight compered to the ACIAR nursary protoodl, possibly refleding an
overupply of nutrients

Whaebath dry waght and height were mesaLred, dry weight wasfar moreresponsvethen heght. In ELcalypiuisdoedana,
thisgppeared to bearesut of incressad Szeand number of brandhes; in Flinderdabrayleyana, this gppeared to be aresuits
of inoeesd 9zeand numbe of leave



Tade2 Compaisn o treegomh in diffeeat nursay mixes

Site Growth Measure Species Nursery Treatment
Standard ACIAR Double ACIAR
Daintree  Field Height Eucalyptus pellita 0.24 b* 0.49 a
(m) Acacia mangium 0.17 a 0.20 a
Atherton  Nursery Dry Weight Eucalyptus cloeziana 3.13b 8.23 a 180 c
(oftree) Flindersia brayleyana 041b 1.08 a 043 b
Field Height Eucalyptus cloeziana 0.33 b 041 a 0.27 c
(m) Flindersia brayleyana 0.15a 012 a 014 a
Babinda Nursery Dry Weight Eucalyptus pellita 43¢ 30.1 a 109 b
(gftree) Flindersia brayleyana 162 b 337 a 136 b

' Inesch row, numbars nat followed by the sameletter are sgrificantly differant (P < 005; Fisher's Pavise Compatison).
3.9 Early Field Growth - Height

In modt stuations, when no fidd fertiliser was added (fird and third cdumnsin eech grgoh), the ACIAR nursary and fidd
pratoodl (with the nursary mix subssquently planted with the'tree (third cdlumn) increesed fidd growth (Figure 3to Figure
11; Aae 1to Aae 3—padsA & C). Theseinareasesrangad fram about 20 % (Figure9) to morethen 3fdd (Figure 10) as
aconssquence of nursry pratocdl done Therewearetwo exogationsto thisdfedt of the ACIAR protood; Acada mangum
a 9monthsa Dantree (Figure4) and at the Forest Creek Ste (detanot shown).

Insome stuations, young tressgrownwith the ACIAR nursary pratood without fidd fertiliser (third columninthe grgph;
perd Cin plaes) weredlill suparior to those grovn with both gandard nursery and dandard fidd fertilisars (ssoond colunn
ingraph, pand B inplates). Thesereadtsdealy show the early edvantage of good nursary nuitrition, even without added
fidd fertilisers compeared to the dandard practice of fidd fertilisar placed soon dfter planting on tressrecaving alessthen+
adeguiate nutrient upply inthe nursayy.
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Hate 1: Eucalyptus pellita groan in ameamarphic sal in the Deintree Coloured bends = 20om Three months efter planting
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pt_tgﬁc designed to spply nutrienisover alang rutrient fatiliser wes d0 goplied & planting.
paicd of ime

Hate2 Eucalyptus cloeziana grawn in abesdtic sl & Athaton. Three months after plarting
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anmiy usd intheindary. Nofidd fetilissswere ﬁdd fEﬂllIEEr wesgdied (Se

wesrdsd L8 lheAOARruse?/ D. SeligrasdasinpaeC. A “conpdg’ nuriet
p'dgg ctsg’ajto&;r?dy nurientsove alang fGl]lISER/\IESdS)&ﬁZ?IEd&tUH‘I]I’g
paiod of time

Hae3 Eucalyptus pdlita groanin an dd dlwid soil & Toarsiille Seven months dfter planting. Note thet the meeaLring poleis 15min
paesA & B, adis45min patesC &, D.

Inthedder planting & Dantres, the addition of ACIAR fidd fertiliser further enhenced thebendfiad effect of ACIAR
nursery protood, produding far superior tock (FHgure3B & C). Againthisdealy shonshow bendfidd good fidd nutrition



and nursary pratocdl areto theearly etablishment of tressinthefidd. Thus it would bedof interet to fallow the
pafomeancedf thistresmant with time at the ather Stes

At oneste Bahindg, the addition of the ACIAR fidd fertiliser was detrimentd to thetrees. Although nat affecting height
(Fgure8& Hgure9) the addition of fidd fertiliser caused vishlebuming of theleaves and in somecasssdegth. Inthis
stugion it gopearsthat thelarge amount of fertiliser that ws added was nat mixed well enough with the undarying sall
(whichwasphysicdly difficult to dig by hand) and probebly causad somenutrient excessdress: Thisadso occured inthe
gandard nursary + fidd trestment for F. brayleyanawhich recaved thefidd fatiliser a planting.

The Doude ACIAR mix pafomed reesongdly well in most cases (outpafarming the dandard proosolres) in gaite of its
ppresson of gowthinthenursary. Thisindicatesthat modification of thistechnigue could be even auperior tothe
ACIARmix. Agan, it woud bedf interest to fdlow thelonger tam efedts (Up to 24 months) of adding largeamounts of
dow-rdessefatilisr (Upto 18 monthsrdeasetime).

3.10 Later Field Growth — Height

At the Daintree ste, which wias planted befare this prgject begen, growth hes been monitored until 24 months efter planting.
Itisdear thet the continued goplication of fidd fertiliser inthe ACIAR nursary + fidd trestment produced taler tressthen
the sandard nursary + fidd trestment (Hgure 12). Furthamor—g, dthough theinitid gainsfrom ACIAR nursary (without fild
fertilisar) compered to the dandard nursary + fidd fetiliser weredminished with time, the ACIAR nursary trestment hes
replaoed the need for thefidd fertilisation required by the Sandard method.
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Figue12 Gowmhd Eucalyptus pellita 24 months dfier ganting & Deirtree

At the Atherton Ste, the smilar to the Daintree Site, fidd fertiliser also continued to increese growth (Figure 13). Howeve,
by contragt, the effect of the ACIAR nursary (without fidd fertiliser) compered to the Sandard nursary + fidd fertiliser wes
NOT log withtime:

17
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Figue13 Gowhd Eucalyptus doeziana 9 months dter planting a Atharton

Thegowth ratesa Dantreeweare d o comparadleto thosefound in thewet trapicd regions of Southveest Adaand the
westan Padfic (Fgure 14). Indeed the best gromth retesfrom the Dalntree Stewere equivaant to the best for theregion.
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3.11 Other Measurements of Growth

Although heght isacommon method for assessing the gromth of tressit is often less responsive then other messres: At
Dantreg, Athaton and Tomsiille, ather parameters of growth were meeaLred (Figure 15to Figure 19). Clearly for E. pdlita
adE dosgang, ather vaumeinoex (k) * (dem dameecm))'2), Sem dameter, or cown width are morereponsvethen
haght (of Hgure 3 Fgure6& Faure11). Indead, at the Atherton Site (Fgure 15), the use of these parametersfor growth
asEsmant Lgoeststhet E dosganaisresponding to the ACIAR fidd fertiliser (cdlumn 4) &ter only 3 months—aresponse
thet would nat heve been redlised if height was used asthe messure of gromth
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Figure15 Samdares (10amaovegoundles) (A) ad aomnwidh (B) of Eucalyptus doeziana 3 months after plarting a Athaton



Flindersia brayleyana A
3 -
T a a
é ab
= b
2oL b
3 2
£
8
O
G 1f
)
0
Nursery  Nursery  Nursery  Nursery  Double
+ Field + Field ACIAR
— Standard —  —— ACIAR ——
Flindersia brayleyana B
0.3} a a
a
E
<
5 0.2 = b b
=
c
=
o
O 01F
0.0
Nursery  Nursery  Nursery  Nursery  Double
+ Field + Field ACIAR
— Standard —  —— ACIAR ——

Figue16 Semdaree (10amaovegaoudles) (A) adaomnwidh (B) o Flindersia brayleyana 3 months efter plarting & Athaton



Eucalyptus pellita
__40r a
£
E
§ 30 r b
Q
£
o
o 20 . c
E
g
? 10t
0
Nursery  Nursery  Nursery  Nursery
+ Field + Field
— Standard —  —— Double ——
ACIAR
Eucalyptus pellita a
600
500
x
)
e]
£ 400
)
g 300 [ b
=)
>
200
bc
100 c
0
Nursery Nursery  Nursery  Nursery
+ Field + Field
— Standard — — Double ——
ACIAR
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Figuel18 Vdumeirdexd Eucalyptus pellita 24 months efter plarnting & Deirtree
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Figure20: Gromhnew lesclr of Alphitonia petriei 3 monhs efter planting at Forest Qreck.

Smilaty, messuring thegromh of thenew leeder of A petrid a the Forest Cresk Stterevedsamarked reponseto the
ACIAR nursgy tredmant (Hgure 20). Height messiresdid nat show any response (detanat shown). However, thiswes
prabebly aresuit of usng ressonsbly meture planting fock which, dueto its height and abundat fdlisge, was pruned bedk
soon dter planting to fadlitate better edablishment. Taking thisresult into condderaion meansthat evary Stetested
showved someresponseto improved nursay protood for at leest one psdes

3.12 Unrecognised Loss of Potential Growth Rates

Ored theoutcomes of thisand previous ressarch isthe redlisation of what we havetermed * unrecognisad loss of patertid
gonthraes’. It wesnaticed thet, in some casss, therewas agrowth response to added fidd fetiliser even though tress
which hed nat recaved fertiliser il gopeared parfedtly hedthy. Thiswespaticulaly evidert inthetridsat Daintreeand
Athaton. At Dantreg, ather parameters such as nutrient satus (Table 3), chlorophyll concentration (Hgure21), and
photosynthetic efidency (Hgure 22) were used to ddeminethe hedth of thetress. Thereweareno bhidogicaly important
dfferencesfoundin any of these perametersin saite of the growth responses (Fgure 23). Smilary, at Atherton, dhlorophyll
concertration (Fgure 24) could nat differentiate betwean trestments even though therewas adear growth reponse (se
Hgueld).

Importantly, because therewas agrowth regponsewhich could only beattributied to the added fertiliser, eventhough dl ather
meeaLred paramaierswould gopest to indicate tha these plantsweare adequete in their nuirients, they mug, by definition, be
conddered nunent ddfidant. Thisimpliesthat it may beimpossbleto deeminewhather apaticular treeor sandisgrowing
a itsmaximum patentid through Standard diagnodic tedhniques Thus inany planting thet “ gopears’ hedthy, these
odfidendes coud esslly go unrenognised —even by themod vigilant aosaver.,

Thisunrecognisad growth paterntid was nat only afesture of young tress: Even 24 months ater planting, tresswhose

growth was Sppressed through lack of fertiliser (see Hgure12& Hgure 18), il gapeared hedlthy and hed ssamingly
adequete dilorgphyll levds (Figure 25).

Tabe3 Nutrient conoarationsin theyoungest maturelest of Eucalyptus pdllita (9 months ater planting) grown under
vaious nursery and fidd nutrient supplies

2



Macroutrient Concentration

N P K S Ca Mg
Teatment (%) (%) (%) (%) (%) (%)
Standard Nursery 2.1 0.11 1.4 0.14 0.9 0.26
Standard Nursery + Field 3.7 0.23 1.3 0.23 0.6 0.33
ACIAR Nursery 2.3 0.13 1.5 0.17 0.6 0.25
ACIAR Nursery + Field 2.6 0.15 1.3 0.18 0.5 0.21
Adequate rangel 18-34 01-03 06-18 01-03 03-10 0.1-0.35

Microutrient Concentration

Cu Zn Mn Fe B
Teatment (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Standard Nursery 5 32 423 39 18
Standard Nursery + Field 7 40 841 47 20
ACIAR Nursery 6 34 523 41 22
ACIAR Nursery + Field 5 21 418 39 20
Adequate range1 6-15 14-46 220-700 60-130 15-30

'For Eucdypiusgrandis(Boardmen e dl., 1997).
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Figue2l: Chlagohyl (a+ b) concentraion in theyoungest metureleef of Eucalyptus pellita 6 months efter planting & Deirtree
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Figure22 Chiarophyll fluoresoance retio (Fv/FD) from theyoungest metLreleef of Eucalyptus pellita 6 months after parting & Deintree
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4. Discussion

Because of the“whdle-of-sygent” gpproech, it hes nat dway's been possbleto isolate the oosarved responsesto any one
factor. Thus inmany cases the dandard nursary pratood and the ACIAR nursary pratoodl differed in medig, pat size, and
nutrient supply. For thisreason, most regponses cannat srictly be dtributed to improved nutriion done. However, for the
mod pat, it isbdieved thet improved nutrition hes animpoartant and mgor rdlein these regponsssfor ressonsautlined inthe
fdlowing dsousson. Nonethdess it isacknomedged thet these ather factorswill probebly dso affect etablidment and
ealy growth and will contribute, in part, to the differences between the sendard and ACIAR pratocdls

4.1 ACIAR Nursery Techniques Without Field Fertiliser

Theresutsdealy show thet the ACIAR nursary technique (of incorporating nutrientsin excess of nursgry repuiramantsinto
the nursay medig) we have devel opad oversess (espart of an ACIAR Farestry projedt) for improved early growth of
cehing-timber tressisgpplicableto Audrdian condiions THisACIAR nursary technique which resitsin earty rgoid
growth compared with Sandard technigques will reduce the early meaintenance resources reired - such aswead contral -
ather by shortening thetime required to for canopy daosure, or by increesing the eese of maintenance opardionsuch s
hehidde goplication.

Itisd=olikdy thet thistechniqueincressesthe aallity of treesto compete with ather vepeiation for Ste resourcestherey
fadlitating afeder growth rete (Redddl & . 1999).

Asmentioned, it isnot dway's posshbleto dtribute the regponseto fertiliser because of ather operationd differencesin
medig, pat Sze fertiliser type, hole preparation etc. However, a oneste (Forest Cresk) the pat Sze, hole preparation and
planting tecdhnigueswereidenticd. Thisimpliesthat only themediaor thefertiliser could be responsblefor theimproved
gowtha age3months

Thusitisdear thdt, in the absance of fidd fertilisars improving the nursary pratocal can convey subdtantid advanteges

Moreover, evenwhen sanderd fidd fertilisars are used in conjundion with the Sandard nursary tedniques the ACIAR
pratocdl can produce larger plantseven without additiond fidd fertiliser.

Indeed, even &ter 9 monthsthe gromvth of Eucalyptus doeianais markedly improved by using the ACIAR nursary pratocdl
(evenwithout fidd fertilisars) compared to the fandard nursary practice with tenderd fidd fertiliser (sse Hgure13& Fgure
19).

Inatedf the cbsarvation in aneexpaimeant thet theseinitid gainsfrom thisnACIAR nursary tedhnique compared to the
dandad nursay + fidd fetiliser tedniquewaredminished with time (see Hgure 3& Hgure12), thisACIAR tedhniquehes
replaced the need for ineffident and expansve fidd fatilisstion required by the sanderd method. For example if only the
componantsare conddared, estimates of ooet for the ACIAR pratoodl is$0.36 per tree and the estimates for the tandard
nursay is$0.17 plusfidd fetiliser $0.11 (= $0.28 per tred). Thetis thereisonly asaving of goproximatdy 8 cantsper tree
intemsof medaand fatilisa. However, the added requirament of labour costsin fidd featilisng ($140 per hg; 1000 tress
per ha), plus possibly an additiondl weeding operation ($350 par he) because of theinitid smdler szedf thetreesgroan
under the gandard pradtioe, would meke the oot of the ACIAR pratood smillar or maybe even chegper then the seandard
practice

Whethe thereare any bendfitsbeyond 24 monthsis of course, unknown. However, athershave shown thet increesesin
ealy growth reteresuited in longer term gainsiin produdivity (Showdon and Waring 1984; Schineu and Herbartt 1989).

4.2 Effect of Field Fertiliser

Inmany cases theaddition of fidd fertiliser heshed litle effect because of the shortness of the prgject and thusthelimited
timefor thetressto repond. However, in someexpaiments whereit wias possibleto meesredder tress it isdear thet
fidd fetiliser hesenhenoad growth (eg Hgure 3, Hgure 12, Hgure 15, Hgure 17, Hgure 18& Fgure 23, Fate 1& Fated).
That is within eech nursary protoodl, any enhencament in growth through the addition of fidd fertiliser can beattributed to
the nutrientsadded in thet fertiliser asdl other agpects of the trestmentswereidentical.



Thusitisdear the fidd fertilisation canincresse growth in modt Stugtions—even inthe presance of animproved nursary
pratocd. Thisdsoindicatesthat most of the soilsplanted can be regarded as nutrent ddfident for ree gronth.

4.3 ACIAR Nursery Techniques With Field Fertiliser

Indmog evary case theuse of thetotd ACIAR peckege of nursary and fidd pratoodls, produced tress subgtantidly larger
then any other tednique—epeddly indder tress

Thisdemondratestwo important points

1 AlthoughthisACIAR technique (without field fertiliser) hes oparationd advantages over the dandard tednique it is
dealy nat adequete without some additiond fidd fertiliser (es shown ebove), and

2 Theimproved growth thet can be dbtained by using thetotd pedkageof ACIAR nursary pratocd and fidd fertiliser
compared with the tandard pradtices dearly showsthet some sandard pradices areinedequeteif maximum growthis
desred

However, because the number of differencesin techniquesit isnat dways possbleto dtribute the responseto any particular
factor. But again, asit has been shown that some responses can be attributed solely to additiond fertiliser, itismogt likdy
that the regponsss obsarved arg, for themodt part, aresult of improved nutrition.

4.4 Unrecognised Loss of Growth Potential

Possbly moreimportant then showing improved growth through fertiliser addition isthe oosarvation thet tressgroning at
lessthen thefaetest rate may il gppeer hedithy (chemicaly?, biochemicdly, physidogicdly, and visdly). Admittedly,
thereare no recognisad dandards by which to judgethese perametars: However, asthey differed only dightly betwean
trestmentsand, whareinfamationisavailablg, fell within ranges conddered bidogically adequite, it is difficult to assess
thesetressas ather then “ hedlthy”.

Inather words just becauseatree gopears’ hedlthy, it doesnat necessarily meen thet it isgroning at its maximum patentidl.
Thisimpliesthet theremay beasubgtantid amount of unrecognisad lossin growth patentid of many of our plantation
sydamns Nat only might it be unrecognisad, but it may aso be unrecogrissble by any teststhet we have avaladle other then
fertilisar goplication expaimants

From aconogptud vievpant, theenigmaisthat these tresswhich are groning & lessthen the maximum rete, gopeer
pafedly hedthy. Ye, asthar growth regponded to afurther Supply of nutrients by definition, they must be considered
nutrient oefidient.

4.5 Applicability of Results

Thet the nursary and fidd techniques employed produced tresswith growth ratestypical of those planted in theregion
indicatesthet theseresUits and therefore theimplications, should be generdly goplicable acrosstheregion.

However, it would be unredidtic to expect to get the same bendfits & evary steand with evary pedes For example when
tressare planted on high fertility stes(in thetropics or dsawhere) it could be expected thet the additiond nursary fertiliser
might only provicelittle or no benit, asthe oil may be cgpelle of supplying dl essntid nuirientsin edeguete amounts (sse
ds Srowdon and Waing 1984). For soedeswhich are cgpeble of fixing thar own nitrogen, thistedhnique may haveminimdl
bendfit wherenitrogenisthe mgor limiting nutrient. Indesd for some oedies, such asthosefrom the Proteeosee famlly, this
nutrient regmemey well betoxic.

For thisregson, thisrgport hes nat bean presriptive in recommending agpadfic famulation. Although theformulations ussd
aegveninthegopendcesthey should anly beviewed asagating paint for expaimentation; they should nat bevieved asa
recommendition. Itisup to theindividud nursary manegars ar tree growearsto use these resLitsin aconogatud way to
develap, through expaimentation, tharr own formulation suited to their dimete, soil and oedies

" Itisnot knoan whether theyoungest metLrelesf isthe moet gppropriate tissefor this pedes asthereis no known infammetion for Eucalyptus
pellita, Hoveve, thistisae hes bean shown to bethe modt gopropriatefor alarge number o aher pedies

)



For example it may well beirrdevant whether somenursery mediaather then cair isused aslong asit hes suiteble propaties
Smilaty, thelrand of dow-rdessefatilisar isprabebly dsoimdevart, agan, eslong asit hesitable propaties Indesd,
vmenursgiesmay wish to expaimant initidly smply by increesing therate of fertiliser used inthe nursery mediaor by
increesng theamount and longevity of don-rdessefatilisarsdresdy inuse



5. Implications

Theseresitscoud havewide reeching implicationsfor the nursary indudry. They imply thet even though hedlthy nursary
sock issupplied to treeplanters it may nat be optimd interms of Subsaouent treegronth. Whileit isundarstandeble that
any nursry maneger may natwishto “weade’ resouroes on nutrients considered in excess of nursary repuiramants the
goweasmay wish to damand higher nursary inputsin order achieveimproved eally growth. Thismay well be dhegper and
more ffedtive then the (rather ineffident) dtemative of goplying fertilisars soon dfter planting.

Theimplications of unrenognisad lossesin patentid growth rates are d o widereeching and possibly of mgior economic
sgnficance They inply thet theremay wl belargearess of plantingsthet arenat achieving thar maximum potentid
smply becausethere may be no method of detlemining thet they are under-pafarming. Thet they Smply gppeer “hedithy”
o havean“adequete’ nutrient setusmey no longer bearesson far complacancy.

Theberdit of increesing early growth retes (through fertiliser or ather techniques) to longer term productivity hesbean
addresssd onanumber of oocasans (Showvdon and Waring 1984; Schdneu and Hearbat 1989, Redodl et dl. 1999). For
example Shondon and Waing (1984) have own the bendfits of fertilisng and wesding onlongem produdiivity interms
of totd valume produced or timeto reech meturity for Pinusradiata; Schdnau and Herbat (1989) have dted mery exanples
manly with Eucdypts where ealy fetilisation hes hed along-tem and lasting bendfit on growth; and Reddell e dl. (1999)
have hoan thelongtem bendfits of improved nursary nutrition on the growth of thetrapicd pedesGdinaarboreaad
Accdamangum Thus itishighly likdy thet theincreesad early grovth inthesetridswill result in long-termincreesssin
productivity.

Importantly, Schdneu and Herbart (1989) have suggested thet it iseconomically justified to increese growth through eddition
o fetilis bacause of bendfits uch asshorter ratation time and earier canopy dosure (reduding wissd contrdl recuiremants).

6. Recommendations

1 Thet treegowerstekeamore adtiverdein deamining the nutrient composition of thenursay mediainwhich
tressarespplied
2 Thet theextat o “unrecognisad lossof growth patentid” be detlamined inan economic framenark.
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8. Appendices

Appendix 1: Details of Experimental Plans

Details of Experimental Plans

Expaimatd Han
(Danred

Purpose

To compare current practice with posshble dtametives

Experiment:

Soedies Eucalyptuspdlita (Seedlat 291 DR Foresry, Beaweh, Q [cdllected from Sate Forest 1229 Kuranda, 1646'S

14534 E, 440 mas]), Acadamangum (Seedat 228 DA Forestry, Beaweh, Q [odlleted from Misson Besch, 17°55'S
14606 E, 10mas))

Four Trestments

Pats Nursery Fertiliser Fidd Fertiliser
Foredry Walkamin Sancbd Nae

Foredry Walkamin Sancbd Waelkamin Sandad
%M ACAR Nae

%M ACAR ACAR
Layout:

Each trestment contained 1 tree

Each tresimant wiss replicated 4 times using arandomissd completeblock design.
Treesswaegoeoad 3mby 2m

Hdd Preparation:

Wesdswere trested with gyphosste

Hating

Hdeswaredug with agpedefar the Wakamin tresimant and a 150 mm auge for the ACIAR trestmant.
Soll esoadion:

MountanousUnit 1, possibly Bicton (sse Murtha 1989). Sail formed on metamarphic meterid




BExpaimatd Han
(Forest Creek)

Purposs

To compare current pradticewith possble dtematives

BExpaiment:

Three Spades Alphitonia perid, Acada mengum Basocarpusangudifdius

Ste Dantree

Four Treamants

Pds Nursery Fertilissr Fidd Fertilis

1L baos Wdkamin Sadad Naoe

1L baos Wdkamin Sadad Doudas ShireSandad
1L bap ACIAR Nore

1L baop ACAR ACAR

Layout:

Each trestmant contained 5 tress

Each trestmant wies relicated 4 times using arandomisad complete blodk design
Tressweregeoed 1.5mby 15m

Hdd Preparation:

Westswere tregted with glyphoste
Hanting

All deswaed.gwitha300mmauge.
Sl assodation:

Liverpodl (s Murtha 19689). Wl creined il formed ondlwvium




BExpaimatd Han
(Mossman)

Purposs
To compare current pradticewith possble dtematives
BExpaiment:

Spadies Flindersabrayleyana (Sesdat 10131 DR Forestry, Beaweh, Q [adllected from Atharton Tebldands 17717 S
14527 E, 752 mas))

Four trestments

Pds Nurssy Fertiliser Fidd Fertilis
Foresry Wdkamin Sadad Naoe

Foresry Wdkamin Sadad ORI Sadad
190nmm ACAR Noe

190Mm ACAR ACAR
Layout:

Each trestmant contained 3trees Each trestment wes replicated 4 times using arandomised complete block design.
Tresswearegoeoad 3mby 3m

Hdd Preparation:

Nofidd preparation was nesdad, asthe Steweas rddively weed free

Hanting

The planing hdeswere dug with amettodk for the Walkamin Sandard and with a150-mm augge for the ACIAR trestmeants
Sl assodation:

Porzo (ss2 Murtha1989). Wl drained ol fomed ondluvium



BExpaimatd Han
(Athaton CSRO)

Purposs
To compare current pradice with possbledtemdives
BExpaiment:

Spadies Flindersabrayleyana (Sesdat 10131 DR Forestry, Beaweh, Q [adllected from Atharton Tebldands 17717 S
14527 E, 752 mas]), Eucalypiusdoegiana (Seed ot #7 D! Forestry, Beaweh, Q [odllected from Stete Forest 28
Coamingeh, 2445S, 15100 E, 400 mas])

Rve Treemants

Pds Nursery Fertilissr Fidd Fertiliser
Foresry Wdkamin Sadad Noe

Foresry Wdkamin Sadad Wdkamin Sadad
190nmm ACAR Noe

190Mm ACAR ACAR

10mMm DakeACIAR Nae

Layout:

Each trestment contained 7 trees. Each trestment was replicated 4 times using arandomised complete blodk design. Each
Sedieswestredted ss asgparate expaimat.

Tresswearegoeoad 3mby 3m

Hdd Preparation:

Weswearetrested with ahabidde

Hating

Ranting hdesweredug with ahoefar the Wakamin Sandard or a150 mmauge far the ACIAR trestmats

Soil asoaion:

AN Gin (s Ldfan 1988). Sail famed on highly weethered besdlt



BExpaimatd Han
(Babinch)

Puposs
To compare current pradticewith possble dtematives
BExpaiment:

Spadies Flindersabrayleyana (Sesdat 10131 DR Forestry, Beaweh, Q [adllected from Atharton Tebldands 17717 S
14527 E, 752 mas)), Eucayptus pdlita (Qld Tree Seads 1998 Mourg, Q)

Rvetrestments

Pats Nursery Fertilissr Fidd Fertiliser

Foresry Wdkamin Sadad Naoe

Foredry Wdkamin Sandad WakaminOFR Sancad
190nmm ACAR Noe

190Mm ACAR ACAR

10mMm DaudeACAR Noe

! Wdkaminfar Eucayptus pdllita ; QFRI for Flindersa brayleyana

Layout:

Each trestment contained Strees Each trestment was replicated 4 times using arandomised complete blodk design. Each
Sedieswestredted ss asgparate expaimat.

Tressweregpeced Smby 25m

Hdd Preparation:

Thefidd stewestipped, ronvs mounded and weeds trested with aherbidde

Hating

At planting dl thehdeswere dug with amettodk

Sl assodation:

Ramieh(seMurthaet al. no cite) Foory drained soil famed ondivium.



BExpaimatd Han
(Hinchinbrook)

Purposs

To compare current pradticewith possble dtematives
BExpaimat A:

Mixed gpedesplanting

Neudeaarientalis Mdiooopedayans, Acada mangum, Agathisraoudia, Alphitonia petrig, Greullea baileyana, Aldonia
shadaris Cananga adorata, Randia fitzalanii, Planchondlla abovoides, Blgpharocaryaindluarate, Syzagumkuranca,

Four Treamants

Pds Nursery Fertilissr Fidd Fertilis

Supa Naive Hinchinbrook Sandad Naoe

Spa Naive Hinchinbrook Sandad Hinchinbrook Sandad
Qg Naive ACIAR Nore

Qg Naive ACAR ACAR

Layout:

Each trestment contained 7 pedesand 4 tress of eech oedies= 28 plantsinad * 7 arangemart. Each treemeant wasto be
replicated 4 times using arandomised completeblock design

Expeiment B:

Sngleedies—Hantaion type

X trestmants

Pds Nursery Fertilissr Fidd Fertilis

Supa Naive Hinchinbrook Sandad Naoe

Qg Naive Hinchinbrook Sandad Hinchinorook Sandad
Supa Naive ACAR Naoe

Spa Naive ACAR ACAR

Qpa Naive ACAR Hinchinbrook Sandad
Qg Naive DabeACIAR Nae

Layout:

Each trestmeat wasto contain 8 tress: Each trestmant replicated 4 times using arandomised completeblock design. Each
Spediesto betregted ssasgparate expaiman.



BExpaimatd Han

(TownsiilleCIRO)

Purposs

To compare current pradticewith possble dtematives

BExpaiment:

Foades Eucaypiuspdlita (Qld Tree Seads 1998 Mourg, Q)

Four trestments

Pas Nursy Fertilis Fidd Fertiliser
Foresry Wdkamin Sadad Naoe
Foresry Wdkamin Sadad ORI Sadad
1M DadeACAR Nae

13DMm DakdeACAR ACAR
Layout:

Eachtrestmant contained 4 trees. Each trestment wes replicated 4 times using arandomised complete block design.
Tressweregeoed 225m by 15m

Hdd Preparation:

Thewestswere suppressed with awesdmet (Imwide). A amel hoewasaut inthemat to dlow thetressto be planted
Haning

At planting the hdesfar the Wakamin Sandard weredug with a100 mmauger add a150 mmauge far the ACIAR
trestment.

Soll asaation:

Hedey (s Murtha1982). Dupex sall formed ondlwvid fans

4



Ddailsof Nursery Trestments

Wakamin

Nutrient
Nutricotedlue (1400)
Nutricotedue (270d)
Lime

Miaomax

Meda
Peet
Vamialdite

Hinchinbrook

Nutrient
Ogmoodte (34mth)
Ogmoodte (89mth)
Ddomite
IronChdae
Miaomax

Meda

Finebak

Sall Wetter
CoareSad

Black et

ACAR
Nutrient

Osmooote Hus (5-6mth)
Osmooote Hus (16-18mih)

Feroussulphate
Micomax

Meda
Car



DaubleACIAR

Nutrient oL
Osmooote Hus (5-6mth) 184
Osmooate Fus (16-18mth) 562
Gysgum 23
Farousaiphate 115
Micamax 115
Meda L
Car 085
Sad 015

Detailsof dow-rdeaseand compound fertilisers

Nutricateblue N 16%; P44%; K 83% Ca4%
Nutricotebladk: N 16%6; P44%; K 83%6 Ca4%

Oamooate Aus (Gomih): N 1346 P44%; K 10%6 Ca3706 Mg 1206 S40%; Fe025%6 Mn 008%6 Cu 00876 Mo 00204
B 002% Zn0015%

Oamooote Hus (16-18mih): N 156 P39 K 82% Mg 1.2% S2.3%6 Fe04%; Mn 006%6 Cu 00876 Mo 002%; B
002%6, Zn0015%

Micomax S13%; Fe 1294 Ca53/6 Mg 33% Mn 2576 Zn 10%; Qu03%6 B 0196 Mo 0008%



Deailsdf Fidd Planting and Fertiliang

Planting:

Thenursay mix fromdl trestmentswas planted with the tred!
Walkarmin Nursery: dl hdeswere dug with agoede, mettodk or auger.

Walkain Nursary + Fidd fertiliser:

Forest Creek ste Douglas Shire dandard fidd fertiliser (ahendful of orgenic pelletised fetilissr — Dynamic Lifta®) wes
adoad into theaugared hdle

Al other stes Welkamin gandard fidd fertiliser and QFRI standard fertiliser were added podt planting as desaribed b ow.

ACIARNUsY.

Hdeswereaugered to gopraximetdy 300 mm depth. The battom of the hdlewas then digurbed inasimilar way to thet
whenfetilissrswareadded inthe ACARNursary + Hdd fertiliser trestment bdow.

ACIARNurszy +Fdd fetilisa:

Hdeswereaugarad to goproximatdy 300 mm depth. Thefetiliser (ssebdow) wes placed inthe hdeand augarad into the
s0il to mix, then soil wasreplacsd ontop to att asabuffer between theroat ball of the potted treeand fatilisar.

Dade ACARNUsY.

An auge was usd to dig the hde as above but with no edded fidd fetilisar.

Pogt Planting:

Walkamin Fidd Fertiliser: 250g DAPweas goreed around thetree 1 month &fter planting:

QFR Fidd Fertiliser: 40g Nitram, 200g Triphos 100g muriate of potash, 20g copper phete, 225 zinc phete
(heptatycrate), 22g borax in adiit on either Sde of thetree et plarting,

ACIARFdd Fatilisz: Inaddition to thet added a planting, thefertilisar wiasto be goreed around the tree and soraiched into
0l withatrufflefork. Thiswasto bedonea 3, 6, 9, 12 months



ACIAR fidd fertilisr (ACIAR Nursery +fidld):

Fertiliser Application
Fatilisr "FUl" At 3moths 6moths  9months
Fatiliss  Planting
rae
_ Oe9  (gtred (red (Otred  (Qtred)
Proportion of "Full"-> 025 025 025 025
Urea %61 b 53 6 &b
Qpa 1667 47 47 47 47
K0, 180 0 20 40 40
Ddomite A3 53] 6 &6 &6
Ba-mind* 150 33 3 3 3

* Mg, 6%; Fe 5724, S 456 Mn, 39%; Cu, 15%; Zn, 0266 Mo, 0194 B, 013%; Co, 003%

From 12 monthsonwardsit isplanned to add a*“helf” doseevary 3months For thetrid a Dantres, thishes hgppened up to
24 monthsof age



