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lmptoVhlJJ the Eftl~iency of Cane lltt,rvesting ht tbe Mackay 
Sugai· Industry · 

Lisa Ht·etl11Ui1 
l)r!partmcnt q(Agrlculture, The UfllVel~~vity ofQu!!ensland. ··· 

The cut1e htitvcsting nnd ~r~'~lSlJtJt't process is u high. cost uQtivity·tor the A'tstratii1Jt 
sugnt htdustry. Otmortmtities to redu~e. th~ t!(1st~ tlf this nativity tttc discus~ted ht this 
paper. The di$cusslott specificuUy focl\St'1 01\ the M'uc~tl)' sugar industry ·which, .in 
terms ofprodttctiott nreu, is the htrgcst: single cane ptodtfcin~ re~ioti itt Australia. lt 'is 
also (HJe t1f th~ l'egious which co.uld benefit most ftont lmptovemellts to cune 
harvesting u11d tt~\tlspott procedures. A l'cVic;!W of' CiiHe h~rvestb1g attd trlltlsport 
proccd~ttcs is prescmt~d. tmd' ttfqns where et11clcncycould ~e hnpt·oved \~ere identified 
using the Autotntttic Ca~1e Rnitway. SoheduHng Syst~m. ·Cost snvh1gs appeared lo be 
m~hievuble in both the sugar .. milling and cnue•growh1g sect<.ws pf the industry mainly 
through changing the stntctutc., size nnd opet·atinuul busls ofharvesthu~ groups, and by 
upgrudh1g mil\ transpott inthtstructure~ ll1 the Mnckny sugar industr11 the grmm 
enlurgemeut pt·ocess hn$ belm. slow tcl4H~e to .. other car~e produchtg . regions .. in 
AustrnUn. The l'~asons for .. this are compl.cx und..Ule econoti1i~ tilld non .. econoh1io 
factors which mny tcdttce t.he lncelltive lbr the it1dustry to udopt tnore, eftlclertt 
ptacticcs ~~re discussed. · 

Inttotl~dion 

The cane hnrvesth1g aud transport: p1:·ooess ls rl high tost activity for· th$. Austr~Hnn 
sug~tt industry ~tnd there npp(!Uts to be scope to hnprovc. the cJlicic1lcY of t1Hs process. 
ThQ potential lo lo\ver ctnl'-~ · hat\:esting costs has bcetl· t~cognis<!d ~ot · ~mne titrte~ 
pat1iPUlnJ'IY during thc·l980s· v~·h::;n.n number of studies ex~tm!uiog barve~t-ttt~Uls,port 
efficiency were .. cmiducted(Pctcrsettet al.; 198~; Pag~ et.tll,, 1985; Ridge tl!td Dick, 
l985;. CoJmeU und .Borrell, l987.~ .. Fer~usotl,. 1987; .rvtcWhlnney. ¢/ .ttl., l98.S:J •.. Mo~t 
recently, Ridge eta/. ( l996l ~nd BtenmUl ~~ al. (in press} have f\uih~r quunth1ed lh~ 
e~'{tent of possible savings fl)i" the h1•field h~vestihg sector, The main co$tAsa'.rhtg 
frteasures ideJltificd by these: studies ilt¢ teVi\:we.d beloW., 

C~meharvesthtg isc~tried ~ut over a 20·22 ~eekperioch co11lmenclrtg htJUt\e, eyer)' 
~ear. Hatvesting m1d b'Ansport: sho~dd b~ tegard~4 as a single ptOt!~S.$, c?mmr;n~itJ~ 
with the cutting of cane ht th~ tiel~ th~ough,to its Uftivnlat the tnUI. gtlte. At t~¢ 
intetlaccyf this rtocess is deliver)'• of cane by gtQ\V¢ra to :l\ t\UntBer ofdel;.v¢ry points 
along the mill tmnspott network whkh i.n Mackay, artd most other A.ustraHan ct.tn¢.~ 



PtQducing. ''egions,. is. n . system. ofnarrow-gtmge rl\ihvays •. Fron1 the dcU~ery point 
(conunonl~ referred to usn siding)" the n1HI. isr~J)onsibl~f()r tr~n$p()rting the ¢«the tp 
the milL, \\'h~~e,. it is . tben crusheitf ·Cnne d~tedor~t~s J~\pidly n~er . harvesting,. 
t1ecc$SihUing n hi~hlevel ofcootdinationb~tw~etl th~ harvesting groups an~ the tniH$~ 
The httcrdcpcndency <)f the in-'iielct· (lnd mill component~ of this. proc¢ss. is a key 
feature otctme hurvcsth1g! · · 

C~ua.~ harvesting nnd transpo.-t is a cupital. intensive operation, Currently t~ 
htrrv¢stct and two cattc.:hauling vebiGles costs in ·excess of $500 000~ Tlie mill.s also, 
inv~st sllbstnr\tinlly ht trunst1ore inf:rustructurc. Growers f()fll1 into groUp$ fot' the 
purpose of harvestit.lg cttt)e. A grottp descdb¢s· the farms,. or $lngl~ tbrm io $otne cases, 
which fornt a $ingle hnrvesting contract. Oronping urr~ng¢m~ots 'ire determined by 
negotiations involvitig growers and tnUicts, «nd arc subj<;ct to Local Board Awarc.ls. 
Group.·slzc$. (the.tomws .of.cnnc. harvestcd.by a. group).·vary ~oosidert•bl'/ in. the 
Aush'ltl.ian industry~ ln aH · regioris group sizes huve gradually Increased; hm~ely in 
response to the dshtg cQst of purchasing hMVcstihg eqttipmcnt (Table t)! · 

T~ble1, Average .9roup stze(t<>IIMS pet ha.rvester). on a dlstrlct basis Md the p~rcent increase frprn the pr~viou$ 
fiveyears, · · 

Year N::3W % Soulh % cantr~l ·· % ·surdekio · 0/e! North % 

·wro-·~ .. nfit~-~----a~s2r·--aJ37--12Asz 11.67:3 
1915 16.535 nla 9,353 43 9Jaaz 61 23.149 83 14,180 ~4 
1980 311465 70 101649 13· ~~814 0 2.5j11~ 
198§ 31.33& 0 12,112 14 8,923 0 26,808 

a 15,742 1 
6 Ht619 6 

1990, 37,359 19 13,895 15 12~774 43 35,827 33 23,566 4'1 
1995 es,4M 75 19,478 40 20,a2o 63 49,896· 40 "39,589 67 

hl ~t•sttaHa, grottp harvesting muy tuke on sevcrai diftct¢ttt f~rms ht tcrt~S ()ft~e 
ownership ~trangemcnt~ for groups, nnd tl)~se are often c1assit1ed htto 'itv¢ ¢rttegorie~u 
(A). grow~rs . cutthtg their• own ·cane,.· (B) growers. ~~tting. their o\Vn~ · cat1e ··l\nd. others 
(fanncr-contra~t?r), {C) group ?f growers cl!tting ow~l cane tcoo~rative · QWtlcr$hlP.J, 
(0). groupof.srPW¢r$~attting .. own cane .. attd others,. and. O~>. independent co~tt~ctor~ 
\Vith no farm involvement. Thes~ cat¢gpdes oftenvacy ·from_ e(\ch other with te$~ttlo 
the level ofhWQStmen.ti.ll harvt:.sting equipM¢tlt and the size (>fthcharvcstin~ group. 
Overt\il, the .rarmer~cPntractor (category ll)and i~dep¢hdt1nt contr~ctor(cate~~ry·E) 
categories .. have emerged. as . th¢ .. nmst comtnon arrnngements, chiefly .. b¢CU~$e they 
allow economics of scale to be re~tised, .. The si7A of bnrv~sting groups tailing. 'into 
these two P.ate~odes Vl!ties. c<>llsid~rablyt as ... docs.the type ao~ age. of barve$ting 
cquipmenltts~d by these g~~ups. Grower~ Who cut tlt~ir own c~ne (~ategory A) a~so 
OJ1Ctatc ~.Wide. r(i~ge. ~f equipment. S~~ond~hartd harv¢ster$, .up to 2Q. years old11\t~ 
co01monty. used by thcs¢ growers b~causeharvestet th~otJghputs .. in this cate~oey .. nre 
~smdly to() SJ)lfill to eC()n9t1licaUyjustify th¢ use of ~ew equipmt1nt. Tbi$. hat\f¢sth~~ 
category' ia .. iltost .. prevalent .. ht. the . C!¢ntral region •. C?operative bar;ve~d~g . ~roups 
(category C). dominate the NSW htdustty1 are ty,pically l~r$e and o~rate . anQdc(ll 

'1; I 



cquiptnent" Although there urc: yet}~ few eooperntive groups ht Qucen~r~nd regi<ms, 
theirpoimlndty is· e:xp~ct(!,dJP incrc~•se. 

A uumbe!r' ui studie.\! hnve sh<>Wn t.lmt gtmtr> hnrvesUng .. costs <!an be J.~~dlJ¢ed by 
inctcusJng the sJze of hurvcstlnl~ sronps. The. behnvitmt' or inlleld h~rv.<~$tlng costs 
with r~spect t(l gtt)UtJ size hns . b~l!n doscri?ecl.In. d~tnll by Ridg~ ~t al { Hi96) nod 
llrenmm et.nl.(in press). Figure t shows the Nspot.lse <)fhurvcstin~ c<uus m i1'cren~d"g 
group size for n·lmrvesUtlg sroupt with lh~. ·.fixed. and vuriuble (fuel, ·t'tlpairs~ lubour) 
nud totnl Ctlst curvc.s. Tltese ¢lttv~~. d~scribe. « ~tYpi¢nl~· hilrvcsfin~ f!t<n•p·.operf1dttg a 
11ew e,t1ne bttrveste.t and tWtl t.!rme.-htmlo\lt. vehicles. A h•rgc ~<Hl1poncut tlt group: 
hntvesfit1g~~osts <mmprise fixe~J cosht und incrc~ing groupisize rjrovidcs n mcn»s tp 
reduce these cosHh particularly the high O~\pitnl costs tt6S<1clated. with· operating 
hntvcsting equipment. Cost c\lrvcs dln~r for older ¢(\\tipmcnt atnl .ru-., »ltertmtlve 
srrntGgy cor~1monly 'Used by smu~ op¢rC1tots to r~duc~ fixed.cpsls ~;,'lhe. oper~ttotl of 
small groups: using <>Jdcr equipment* Thete ~m~. h~wcver, u oumbct ofdis~\dvnr1tu~es 
assoc:iat,~d with this sttl1l¢gy. These; it1clude forgoios the b.:n~.flts nr .technictt.l 
ndvnnc¢s etnbOtliPd in modem harvesting cquipmcn~ nlltl tcductklllS hl efficica)cy> oF 
other inputs . in Jhc l.l(tt\'esting ptoe~ss.. sncb :f\S labour: producti:vUy~ Also~ th~ 
combined effGet of m~1ny stmtll ~rours tlpctnt.h1g u1~ the !HUll~\ .nntt£: impnsl!s. costs em 
the ni.iU trnosp~1t1 'iVstenh and ~"this .is· di$~uss¢d 1At¢r in the paper~ 

l~9r nnY. given. hnJ;VcSt~r~>h~ul()\)t!, .t•rrungertet1t· ll1¢re. is, m> lJenl group ·siz~ for the 
lndustry b(!caus~ ha.rvcstct. <lp~ratin~ con~iti()ns ln th~ fif!ld, nnd, mill. transJ)9rl 
nrrnng~ments . impact stron~ly. on the JUhllojum cost$ ucbi'~v~•ble . by fndi.vidttal 
hurvesting groups .. Mill transport nrr~mgentents which lmpuct on group hnrvestlng: 
cost.s include the number of mill d~Uvery poh1ts. wbichi dt!tcrmJoe$ tht!: btml distance 
from ·th~ fhnn the siding, and the milt trunsport scb¢dtllcs which determine! th~~ 
:wailabUlty or crotc. bins «nd th~ ability :of l«u-ge groups to cue cnnc wlthout · 
lllt~tfUJ)ltOt.l; 
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thcrQ nr,c iu~t:t~t1robl~ lh\kO~\¢Slj(!tWe~at ~he. h\..Jl~~ld' bm:vcsting pro~eS$l•nd t~¢ tltiU-. 
upcrnt~d .. trnnsf1l1t:t . systeru, pdmn~Uy us 11 r(!Sllh: tlf the. d~t~doration . pwblen1~ 
nssocintcd wit.h (}hoJ;pcd c~me·. ThQ bnsis nfn1UI ttnt1sport. scheduling :i$ to tnftlintah1 ·"' 
Cotlt:itnmus. S0Pf1ly ()f.fi't.!sh c~mc 'lt)· the mnt. Puttb~rtt1ore~ .the. mUls'.ct)dct\YO\Jr. (() 
minimis~ the ·<~ut.,to ... \.!ttish· d¢Ioy~ tcU<!ctcd lo cotrtmer¢htl c::me. S\tgnr {CCSl V~tlttcs~. 
nml to lower Ct\sfs by te!dm':ing uumbct oflocon1oUvc shifts t\!<;Uircd: tn tft\n~port the 
dnily . nllott.ncnt ·of .cm\q t.o the an ill. ht uddhitmi nitioJ1nUsirtg th¢ . .numbers of' 
IOC(1lllt>tivcs, cnJlP bins nnd sidiogs: is 'tt d~sirnblc mct\S\trc H~. tntt:<imlse, the efficiency 
or capitnl..lt \vns note1d in th~· pt<:Vious section dmlntill tt'ntlSpo~t atttll\t,Wuu.mts in1pact: 
011, Ute e.f11cicncy J)ft hnrv¢sting l\fOHJ?S~ .Rhuihuly·,. gr~uping nrr~u~en1ents hnr,u~t 
~onslderably em mlJl·transporteJ1'}ci~rlcy. For Htc;. mills, sroop tttl1ulgum~ttlon,teS\lltlng 
itt rcwcr but' lats'(!l' groups, ls do$it~lblc lrectmse n smnn mlttlb~r or groups flper;tth)g; in 
cn\~h.locntion mcaosf'i::w~tsidings. nt~ r~q.~tlrcd und simplcttrt\Hspott schedtdcs·. hl 
.ndditiotr~ the nuntbcr nf hm·vcstcts op~tntiug on ntt}r one dny~. their r(;HabHit)', the 
Uh1VCtllt.mt .elf ~thc:sc; lmrvcstersfmttttlnc. tr~nsport Hue to nh('lthert U!ld the spt'cud ot 
hurvcsth1g hon•·s inn doy ut1bet mUltmusport costs·. 

A ¢41St,! ~h•dY u( htttvest~t.·;.nst;nrt: atr$1ug~'*•~nts Jn th'~ Mfltk;ty S»gat lnc.tushj' 

~'this scctkm of . .th~ tntpct: qtmntlfius the C\'lSt•tcducb1f.t n1cnsurcs whi¢h were idc:ntHl¢d 
in the preceding rc'Vicwf .iueluding the immt<:t or itl ... fiuld: gr~nm nrr~tnaemctHs (lnd: 
tniUing transport .tttrm1gctn~nts t)J\ c~1eh nth~rs¥ costs. Thc.: ,Mnekny te~lo't was chosen 
Jbt. ll1is ~~~tcfsc .. b~ctlUSU. fls bOtVcStitlit s~stCtU is ... tlotl1lJ1~l~d by srnnlt .hao'c~Ung 
groups unu~ mere 'ippcors lu b¢ cousidc.tublc scope, to hnprov~ the clli<licrtcy ot~ 
lmrvcstius in dds nrcn* Along with lhi! J>hlne Creek tH1d· f1to:)Ctj)ttJ(! mills, the . fou.r 
mllls ln &tuckay.fllttU the Central t.nue produe'ingr¢glott. 

A uumbcr ofhnrvcst'<~ltmtsport sccuuti<>S wet~ dc:;ign~d. to ¢X(un.h;e· th~ hnpt•ct~ of 
chun{!h11! the 11~unbcr of groups· ht lh¢ syHtcmt os ··well ·~~ the. sptend of houts QVct 
whlr;h . d1cse; gr<lUf>s operAte. nnd to lt1vesti~ntc \h~. effects of: manipulating; mUl 
tran$pott nrr~mgetncnts. These· s~enndos wen~ gcoeratcd, using th~ Autom~tic ,C;~ne 
RttUwuy Sch~dnlh1B; Syater1l(ACRSS).ACRss. will gcflcrtll<.\ ~~·\schedule; for tilihvay 
op¢rutJons directly from specifi<!nllPO$ uf rnUW~)' disf~nccs, sidh1g ct•p~cities, 
l(>eomuUv~ t1t>cruti11g chm·nct~tisties und the~ gr<l\\t¢r dcHv~ry, datu: supltl\s daily bbt 
t\llott1l~nts~ harvesting; .rtHcs tu\d. stnrtiug times. Th~ output. is a :set or comp\lt¢t-­
~enettlt~d schedules'~ 
. . l~nr· this ~xcrcisc1 fiv~;.mitl ttunsport.-s~h¢dut¢ti were S¢!1cratcdf S<.1h¢dul~l~ acted AS 
t\ co11trol sch<!dttle, etosely tescmbU~.s thQ bnrv~st~tttm$p<>rt $l.t\Uttion olia Mttck~Y.miU · 
whh 4ll hnrvcst~ng groups PJ'Ct!~tins in monli.ng harvesting hours~ . Thl~ i.nvul!v~d' 
lll(~dcUiog n. 'typicnl' dtty w~in~ dttht from n. M'uck~y sngat. n•ill, Sc;ll¢dule ~~ W~$ 
g~ncn•lcd :ftmh th~. s~~n1~ hipUt dLJta U$cd:. i~ ·S·chedtde l, with: the ~}(ecpti~n. uflhe 
stnrth~g Um¢s . or lhe. hnrv¢sdog group$; ·~~hc:duh.l ~ All~wed ACRS.S to ch®$4 or. 
'.Ooat' ·th<!ser limes~ 'l?or ll· floating sturi. ACRSS d~f~trninc$ the ®st. slnrting tim¢$: fc,lr 



the Stoups nc.cordh1g 'to the obJ~~tlve f~thction1* Sohedtllq ·~··· vn.ricd. from Scbeaut~ 4tQ 
thu extent Hlut nll Jhnhs ()": siding ca~nehics \Y¢1'~ ~~moved, .· tn Sqh~dnl~ 4',.111¢ titS. 
nctive groups opcmtins in Jhc first thrc~ sch~dules 'Were umnlt.nm~•tc~ ttl fc>nn 23large 
groups with tlcmting stprt time~. the mmtb¢r of m~Uv¢ ~idh1QS ifl the sy$tetn was uh;t1 
r~duc~d to 23. Stlme siding~ were cxt~r1dcd to l1nvc n cnp~city art)Und equul tQ thot of' 
t.hf! turgest };idings in the ¢xi sting. system {froll\60: to JOO bins), \'ihi~h .is. tcnUstie 
given . thnt. the . :tnUJ .regularly ossc::ss~s ~md .· gtadually upgr.ude; . siding . ctlpu~itlcst 
Schedl~h.t .S · .. us~d. the some· input dnta. us Schedule 4; cxce.pt ~idtng. capA¢ity W4$ 
unlimited. The restdts. r.f HwJ¢ ~ch~dules .nr~· discuss·e,d below tmd Table Z prc$ents u 
Stltt1rrutty (l rthese rCSI ~~ h 

·· Schadute 10 1 2 .. 3 4 .· ' s 
Number ()f gro~p$ on day ·4a· 45 46 ·. 23 2a 
Tot~t aUOtfnent(bin$} 2362 2362 2362 .. 2346· 2346 
Shifts ppemt~c;f 16 16 9 10 1 
~ocr>~-. ne~d~d 1 1 3: 4 3 
Average nm di~lan¢ft (km) 11.18 117.6 17J8 16,71 16J1 
Av$tage wn «m~l(h) s1a 33 2.8 2.$~ 2~3a 
Total loco. time (h)~ 12~3 73.3 51.3 53.7$ 50.1 

;.fUnning lime 31..1 $1.1 3t1 2~,25 ~a.~s 
~$hunting time 30,.tl 31.5 1$.6 14 1(),3 
-yard (Jei~.Ys 10.5 '10.5 10.5 '10;5 1Q.5 

Number of.shuhts 146 161 94 a4 ij2 

Aver~e c~n(: ~s~ 9:2~ 7•56 1():4~ 9;44 1{1;40 
Silt$ requfr~d 1899' 1742 2aoa 1816 2aat-

; Ratio. of totaf · bin ¢ap~¢ity to dally eo 1$ 118 71 114 
allotment {%) 
AdJu~ted wro hour 7:4& 7:St 10!51 9:4.8 11:10 

~he number ofshifts rcquitccf, wfis th~ stune .us. fot SciJcduJe l and locomotiv~ running 
and sh.trntfng (~tt~chin~ l:l!tl~ hins .t(> th~ .locomoU.v~).·.times.werC> .also .~ochanged~ 
Schedule! 2ls pre(ctabl~ to Schedut~ l beeaus~ the uvcrage caue nge wus reduced by 
lh 30 '•nirls. ~lso l~s.s. bin$ wet~ rcqttifed to run this $chcdul~, with th~ t~tio .~ftotal . 
bin cupnciW to th¢ dully C§ne t1Hotment fAlling from~ 80%. to?3%f.The hnplem~nmdon 
of this sch~tnle would b¢·rel~dv~ly simple, with h(l t(!quircment to underu.ke m~jor 
r~sttuctutine; of .infield sector·. Oro ups would only n¢ed to ultet.thelr starting. time. 

• rn~. d¢sisn Pbjccnv~, ~Pr die »~Jf~m: is bMed on miniQjhiing· $9me pr .,, ()f' th~ foH~winl !.i8 
P~r.tm~.fQrSt n~ th~numb¢r A:hhitls requ'ire~~ b)U.I¢ t.erf1.h«.ttlh ¢) l~¢JWI'Jll$«~ ~(Uleja~•rerq$h, d) the' 
we ish~ed c;~ne ~~c. ~ )thq bht n~et r.i~ linq t) tqtal Y .. r~ $i1Jii ·.. . . .. . . . . . . .. . . . . . ......... ·.. . . . .. . . . / . · ;'t' 
~ .. Not(} (hat lo~gm<»tlv~ tim~ Pl'd th¢r•umber of.'$hpn~ ,.,.~ on1y minim• valUe$ 9tttA.in~Cl by l®iitjJ,~ 
¢~rt~ .~n n nin~fe point toiT¢$jX)hdlog ~f> th¢.tlV¢rage dist#nc~ frQ,llth¢ mUJ" 



This schedule tC(l\lit<!d f~w .. ~r locm1mUve :shUts tht\it the t~t~Vilms tWtl s~hcd~t!t:s 
bccousc lh~~te wns mr Hmit to siding ~tl.p!)cily; l(>~omo.(iv<:s,ou1y n~edcd m tnt•ke one: 
dt!tivct)~ tmtl ~oll~cUon· ~1f eropty bins ~~chi d~y. ~rhe :muhb¢r ot~ ~ldt\s was rcdtJc~d 
frnnt l: 6. tq 9 mtd. wn~~ t¢ll~ct~d by teductions i~ both tw~rage nm. thne: nnd: tt>tttt shunt 
thue. The Ns\·Jtts suggest thnt the tninhll\Jm num.bet ·(,f lo~OnJ(jtiv.; shUls und 
mir1il1iUln ... cmn~ t•a~ .. arc. ·. gfonts· Whioh ·)!n'itrot b~ .· uchi~vcd . sinJuJt"neously, . a~ 
dctilunsu·ntcd hy hlQhcr uverUgQ cnne ttBe fot thls sch~d~l!· More bins were Jthm 
r~~quired b~cnuset with fewer visits to sidi.ngs~ t\lll bitlS spend e~.tru tlme on the ntH 
network wuiti ng JiH' c~lUccHon .. Conscquen9y~ tb.:y (trc. not ~ Wrncd urottnd~ tl~ q tJlckly ,. 
'fhis w~s nlso ref1eotcd in tJn.~ rnUn orbln cupnchy t(t dniJy ~Utle t\Uottn~nt which was 
118% l!()lllpatCd' to only 73% for Seh~~tJIQ ~~. Th~ Zt!ru huur •. whtch is th~: Ume the 
milt: conunen~cs ct·ushing the eurr<ml day's ~Uouucnt'; was ulstl v~ry hlgh nt 1 O:S 1: nm 
nnd: would b~ utmcccptabl¢ to the Jnlll. 

Ertltlrgedgra~'IJ1i, c~flt!WI~tl lfqrt'i!Sfl.,g lulur.f; j'ewer .dtling,s·, ~~thed,,ltt 4) 

'l'he. muubet ofshlft.s W~.-h~ r¢dtl.<.~cd u·om Hi (in Suhcdtde 2} to lOt With the. OtHltb~r of: 
groups o.remting accouotitlg fo.r the key. differcuce bctweatl th\'!se two. sch~dnles .. 
However, som~ siding cnpoc.ities wPr~ incrc;~sed in o~d~rm te~Hstf~nUy '•ccommodnte 
th() target· groups. Therefore' the reduoUot1 111 shHl runnbcrs cot,ld b(}. uttdb\tU•ble to 
b?th the r!toup. tttl}algr~mution qnd .siding, . ex.tensi~nsf . l~urth~r re~enr(~h . W(mld be 
r~quJretl .. lo n.c;sess tbe . pr~cise individual . ~~mtrlbttliOtl of·.· th¢Se' ractors . Oil the 
lo~omotiv~ .sllift requir~ml~Uts. A~ain~ th~ trade·olJ bctw~etlshiflnuJnbct$and cmte 
~t~e wa~ upmll·cnt. C<Jutp~\red to Schedule.2., the tworage.cane .a~~ rosebyJuSeto~erone 
hour and 30 111 inut~s nnd tbe bin· requir~n1e~t \ncre~sed by 73 bins wHh th~ rutio of bht 
capacity to daily ~dlotmer1t' lburpcrccntJlighct at77%. 

The avemg~.distonc~ for c~ch locomoUv¢ run.fell.c~mt>i~redtothe previous tht~e · 
schedules becn(Js~ sev~rat sidings M .the ~nd of branch. Un¢s w.~re removed~ TI1hJ 
sch¢dule .. was .Mso. chat~ct¢ris~tl .. bY. fc\\'t!t s!mnts becausee th~tc. w~re fe,wer i\Ctlve 
sidings ht us~ and the cun¢ supply uc dn~s.~ sidir1gs Wt1s ~om~cntrated, mc~min~ mote. 
caiJ.e: was taken: away per shu.nt "-~ a: tesutt of ~rtll).fge~ gtoUl1S. 

lfnltJt{{~tl' grm,{!sJ .¢WeiUI¢tl harve$t hflllrs,few~r .fldlng~·, unlimited· lifflff8 ~nptlcity. 
($chedtll~ $} 

Ag.a tesult.ot'ther~mwval ofrcstricdon~ Ott: siding (!i\J1Ptitythe rmm·beruflocontoUve 
shlf\.~ rc~uired wns. t¢duced to s~yen, the low~:;~ t)f aU Uv~ $Ched~le$, Th~ average rutl' 
time was at so the lowest tbr tbe Ov~ s~hedules• rcsulthlg ihmt the elimination uf 
tctutn visit$· by locomu\tves . to sidiu~s •. ~h~ ~ver~g~ run .distanc~ r¢m~i.tn~d lhu $nin~ 
as for Sch~dltle/ 4: b¢~au~¢, tltere was no: Ph~og~ bt tb¢ Joe a tic)~ or ~ctiV¢ sidih~$,. 
Cotnparing Scl~edulf!s. 3 amts: indf¢qf~s tha.t harvest ~r~up rud9nA~Hsa.tion~ i$ Uk~ty ·to 
r¢duce the n~tnb¢r of shill$ by nhoUl' one or 1\Vtlt 'J'h¢ redu~tinn Jn th~ average 
d(smtlce~ of the c.nJn~, from. the mill. aJsQ '*t!c()Ualts. fo.t som~ of th~ diffe,r~nc¢ lletWet!.n 
Sch~dul~$ 3 ~nd .S:t 

Uoth ~Qbedttl~s .3 an~ s ~~~ow that th~·re.moval of$ldi~~~ ~ttpat;lty te:Jlritdol\$ has a 
lanM~ hrtpnct, (Srt. shift requit(!ments, and thh~ demPU$.l.rtlt¢s Jhfttth~ redu¢tiQo itt .shU\ · 



numbers evident ht Schedul~· 4 is (tlso ttt ten$t p~irtlyd,ae to sidinQ ~~t~n$ions. As ~it~. 
S~hcdule.3, th¢ ~ttn¢ age ~n<l zero bour·of this.~chcdul~ WQuld not. be "cc¢pf~bl<!' if 
hnplcf1t(.mt~d nnd extrn shifts would l'UWQ: ·to. be includ~~ tu.lmptoV~· the.m! '"'r~Jl1~ters. 

l'hls $ccd.on. dis~usscsthu 9osts ns~ocin~~d whh OJ1etuHn~: cp,ch s~hcd'ufc .. C()sts. were 
nssigncd lo tmth U1¢ in-field nnd •niH~trm1SpQrt s~~tors; tor tn~fi¢ld costs th~ rt1odcl 
des~ribed .hi Ridg~, ctul. (1996) WM used nl'd n siu1Unr ~JirC~\dshcct model wt•s 
d~vcl~p(!d to cxnrlliuc. tliiH .. tJ'tUtsJmtt ~ustst Tnbl~· 3. present~ J\ s\m1illney of~ lh¢Hc cost~A 

1 
2 
3 
4 
5 

10.304570 ' 
10~592~1 
10363'28.5 
U.0$1 89Z 
9290354 

Sch¢dulc~. 2 nttd. 3 did not r¢quitc t•nr ~ldjustmctns w grouping ~rrAN~cJUQttts ~md ·wcr¢ 
therefore nssigncd. Ule snme htficl~ ~ust P:t S¢bqdul~ l. Schedules 4 IUld s· hwolv~d 
chtmg¢s to the li)ueld ,grou.PhlG nn·nu~er11cnls.~ wlth: the 74 luu:vcsUug groups 
belongh1gto Schcdul~s L~ ~Jld. 3 oiUalgumqt~d to tbrm 37 ~~<mps~ 1:~he number ~1t~ 
groups nctivel)t hArvestit1~ on the dny t.;Ortcspot.J.ding to lhe schedules W3S reduced. 
front 46 to 2.3 ~· 

'fhe. ln•flcld C~>sts aUo~tlted (~ S¢1t~dul~s 4 nml 5 \\'ct~· b~~S¢~ ~JhJile d$SU11lptiPll 
that . t~e 4mulgttmtlted group~ .. would. r~tnht ,onl)' enough h~rv¢$~ing . cquipmen~ 
~cc¢ssMy to enny oul hnrvestin~ ~u nn ucccpUtbl9~deliv¢ry rxd(!~ The umtdg(l.itl~tl()rl o'f 
grOt1p$ .r¢$UltedibS\IJ'(>ht:~ cquipmctth thctefote o~lythe Jutcst~~tPdel ~quiptt1ent front 
each. nmalgttfllttt¢d. group~ 'Yl\S lt~ed ln u the ontculaticm$. AU other v~•dqbJ<!s/ U$cd '? 
provid(f" inflcJd;;e,ost ~sdrruu,~s ,;for groups hl Schedul¢s 4 !ltld 5' W¢r¢ held cottstna,t 
from Sch~dules t.~2;m~t3~ 

Cttrt dist~oces were assumed l<> tcrnuhl ~<mstant for ~U grout's ht aU ·sch~dul¢~, 
Althou~h.. the. number of ~idhtgs. twaHnbtc for us~ on~ n,ryy Pt\rU'c••lnr. «:ay· would ~· · 
.reduc¢d bY ~bo~~t bulffor Schedules 4 god; s, Jt wus ns$Urm~d' th~t most .s.ldings in1b¢ 
sy$tem would b~ t~tnlned~ T~is· would C1How gr~Up$l() nc¢essothcr $idi.ugs d¢pm~·~~ 
'\:ltl whcr¢ . thf!· gr~up W{)S ha.rycsd og It$ . daily uUotm¢,ttt;. nteu~ing tbn,J,. bt Jrto~t 9l1$e.s, 
¢grt distr1nces ~oul4 not signific~ntly cha.ngf:!, ... ln. rc(dhy, if Sched~le . 4 or $ w~ 
impl~m¢~ted~ altQroups \\10U(d experience rcduc~ions iln~ltJcrcas~$ in c"r:t di11t~nc~ to 
v~eyingd¢greeS. depending; ~·t the combht~ttj.on o.tt funn$ muking ut' 't;'l\ch tJrnalgaml1ted: 
group,.ulthi>tlgh the avcr~ll n¢t chtm.~e i.llCA~ dis~LU1ces WP~ld pr<lb~b·~y ~b¢ ~·~alh 

Th~ mlU trans pod C<,~t fer Sch~dule t \VtJS. .sli~hdy IQW4'r U\attS~bedul~ l 1ll!cAU$e · . 
lc$$ billS W¢r¢. t¢quiredt. resulting bJ .a.. $mat I saving Jo. ¢a~itul cpsts ttnd mat"d~l$· cosJ$ 
for n~pairs~ bc!ipit~ tower labour co$ts resulting front. r.,wer sbitts mtd ~. rcdu¢Uon bl 



the nurn~~r of locontotiv~s r¢qufr~d? Schedule a. w~~: mot¢ ¢g~nsiv~ th~ Sch~4Yles .l 
!lrt~t 2 becAQI{¢tb¢ provisl~n ofcxtro $idin~ ~l\pacit,y increu:;~~ qppital and; m4itJt¢n@~¢, 
cQsts~. Tlm ~dditlot1al t)hl rcquirem~nts nl$0 resulted hl high~r Cf.lphDl Qmt m~in~eiJ~).¢~ 
<;QSt$. . 

Sch~dul¢$ 4 ~ltt~l5 w~te l¢ss ¢>'l>C'l~ive.~~h~u Schedule$ h2 and 3. St\Vi11S$ ¢PUld 
. be attributed to th¢ slight .rcpu~don in the t1\lP1b¢r otsldin~s m~\it)tal;t~d ln the sy$tf.!n\ 
nnd u rcdu~Uon Jn the J)UHlb¢r of' l~COJU\'>Hve shifts n~cess~y .. to ~UPpQtt tbes~ 
sch<:d~\les. Sphf.!dule S wns u1or(! exp¢nslv¢ thun .Scheclul.e 4· ®cAU5e of Jts ext.a"ij. bin 
rcquirctllGUt$ nod siding ext~l1$ions. · 

Alt.bough · th~ cost. iru<le'!off b¢tween lh~ nmnb¢r or shifts ,nnd cl\ne qg~ was not 
auaJyscd ln. this exercise:~ Schcdule4 npp¢nrs to b~ the b~st scb~dule b~cnuse it bPs th~. 
lowest ¢<1st.nnd an. ncccptnble cum:~ oge. 

D~spHe tbe c~onontic AdV~Jltages of n hm·veshu·uusport. system comprising .fewer 
harvesting groups .und n ttttionnUscd ;~nill~ttanspotl. network, th~ Mt~ck~W ~ugar 
industry hns mov~d only vert slowly to\v~rds ·this lyp¢ of system, On~ comributin~ 
fttctor is the teluctun~c of n1any· g.row¢.rs ttlld 'hQJ:vest~r pp~ra~or~ to nnmlgt\,lU\te; 
h~rv~.stmg sroups~ and this bus also be on . th~ c.as¢., but; to a lesser cxtentt ltt other 
r~gionsf . A munber or Iftctors tmtl explniu lh~ avet·slotl J~w~rds J+trg¢. hntvcsting 
,groups ;mdth(!S¢; nre ~·~vi~wt::4 in llrenoun. f!t al. 199G {hl :Pf~~$)~ Wct.-w~athcr risk 
nppcars to b~ u mn,jor: d~tcrtent to the lormtltipn of lat~e gtou~~. .· Spi~t l~r. ~rout:r~ QUn 
gem~raUytecover iht1e lost to we~ .. w~ather· di~cqptlons moR~; ,~lUirJk!·l thnnlArg~ f!roups 
ntJd: ~msure .· th¢ir cane allotments· me. s~ppUed on ,thnet .. Iht. ~tbJa Mm~kttY r~giOth tt 
signil1ctmt prpporti.on. of"' the crop tshu~nt prior to hrtrve~ttng~ J,arg~ group$ hnr,ve~t 
Iarg~ area.~) at n. ·thne and f'or n1mty growers. th~te is.~ ris•~ol Jos.ing lnr~~: proportions of 
burnt cttn~· •. untlhlc· to b~ harvested br.!cattsc~ or. ·wet weather. ~l~r¢ .. ut~ m¢Mures·t. 
how~yc.t, to reduGe wet-weather dsk and Jnclud¢ llQ-tV¢$dug ca.n~ ~t9eo ~nd u~ing 
harv~stin~r~qqipmet1tdcsigm~d to opli!mte in w~t: weather ccmdJtlous. 

OU1er .mnjot t~tctors eXJ>.lPin'iug why smult gr<.nms· nt~ pr~ferred include Ufer.tyle, 
considerations And dlffe•·enc~tJ !tt the perception ofhnt'\1c,~Ung ~osts. Jn ad4itlon; !1.1 
$.(.nue ~r¢~ there ate physic~J H~~.tits J1rQVcrtting t'h~ Ppcr~Uon of' large· harv~$dng. 
group$, J)ecislons rclatb1g to b;:u-v~sting nte not bfl.sed .~nUrcJy on <!C.Ol1ond~ motiv~s · 
und hurvcstJ~g .. ~;ttoup sttuotur~s .· in MPCkflY mayr t¢fle~t a .Prefet(incc to combJn~ · , 
li~estyl¢···· Qhoi~e~ .. wHit. h~"Vcsting. Jtl .Q t·eceJ)t $\\Ney conducted' by. tfi~ u\ltb~r ~.ttt 
itWC$tlgMe the attitudes ·or ca~te h~estbl~~~ontruritOt$ 4nd. ~row~ts ln Mackay, .m .. ny 
harv~slet. op~tators· r~weul,ed. tllut: Plthoush. they ·wa•ned to ~9Ul'~v~ Jow hiltV~$tlt\& 
costsi ~~n~y tttd uot believe that there were n1aj~)t udv®t~Igcs from opet~ting. l3r~~ 
harv~$tin~. $roups. J:urthermore,th¢y d1ought tb~.t in<;t~Asing ~to~v, $[Z¢ W9\dd JlQt · b¢ 
tC\'JMd¢d by ¢O~t $UVingst Typicully} }$Qfll~ cost$ ilr~ ~treated· by harve~ter :Q~tatot~ as 
f(mn costs~ ~hcr~by rc~'Jcing the .llerc~ived . co~;Jt of b~estiu~ for th¢$¢. o.~~~tots. 
Al~oJ it \Vas rev~aled that d1¢r~ w~r~ small vutilidon$ln :barye$tinl pd¢..:; with Pnly a 
very W¢ak c(ntehttion b¢tW':cJ\ h~rv~cting, pt~i~~ charged ht Ute reJJh>ll and ~ruup ~i~, 
This may :fllnh¢t rt!dYct:t ·~h¢ in~¢ntive for th~ ~te~ion to A<lc>pt l~r~t: ~r9Up$1 M'ttc~r 
burvest~t: op¢nlt~rs who t~sJlO:n4ed to. Ud$ $UtV~!Y di~ nQt <llspl~)' .MY ct~m- :inJ~~tiqn ·J9: 
~nl"rge th¢ir gtoup ~it..e. Thi$ ~ugg~sts th~~ it i$· .not te3mlu~bl~ ... .-l9 .~$.Uffi~ ~tl\ftt .. ' ' f ~,. 



individunls wUl·eonthme tm a stcudy i'ath of AdjU$tm¢tlt out ul1lmrv¢sthtg; attd $d,tte 
f1.1rl.ll oftnt¢;vct1Hon mJty be. necessary to ensure, that groups conthmc to amalgl\mate~ 

OvcrnU, extcndh1g th~ dlU'tltit>Jt of the .hurv~sUru~ })Crtod by nonting th~ st(lrting tintcs 
ofhn.rvesUng gt'OliJ1S ls n b~Uer SftntcgythtmuHowhlg f\. concentratio••·of'$tartln~ times 
in the end)t tnornlng period. \Vhil~ ther!l·. is no imprC>v~nlcnt hl terms u.e $hifl. 
rcqniren1erHs, the mnhtbctlCHt ofsprcfiding Utt! ho~rs ofharvcsdngis the lowcrhtB of 
the nvemge cun~nge nnd binOe,ct nun1b~rs.ln~rcushig siding cnpncities reduces the 
tnm1bcr of shUts. rcquit~d. JJccrc~•sing. the number of shifts, ho\Yfjv~r, hAs the 
dis~dv~uHnge ut' :;igrliflcant lnctc~ses ~in ~mt¢ ngc m'td bhl J'cqtlirements, and a 
Gonlptmnise. must b(! .. t·cnchcd .between thes¢ pnrametcrs .. llltNcfUcing few¢r" ·l'u~ 
lnr~ct, grolips to .the.system reduces .the .hanrcsting costs. of the in~field scctor ... ~ilJ 
tmnsport costs .are t\lso tcdtl¢¢~ by tess time spent Glmnthlg at sidhtgs ~nd tewcr: 
locQJilotiVQ shifts. required to u:anspnrt cane to the mtll~ 

To achiev¢ these t~ductions in .. cane batvestiug C(l.Sh>t the mutu~Hy d(!pcndcnt 
rcfationshit:> bctwc~tl. gt(>Wets tlt1d .mH\ers ntost be recognised' and the 1\f:ltvest•transtmrt 
S)'$lCJn, J\l«<1Agcd AS U sfngl¢ ¢l1.U(y; Cd!'1ltltChCil1g fro.ltl the ~\lttillg:. o£ C~mc in the field 
t.htO\Igh h:>.lts d~llvcry to th~ mlH gnte. ht addition, the factors mi'tignting ngainst the 
it1 .. fi~ldscctot':; ncccJ}tnhce o~ lurge .. gi\llH> hnrvcs~ing systems must b¢ consid~r~d 
when ttddr¢ssi.ng Jltture dir¢cHons for the hnrv~st-ttanSJ>Od. scct(it~ 
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