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Introdu9tion 
The proJec.t ffPrioritlea ,for P~pua New Guinea Agricultural Research" 

i.f1n~nced bythe'-utltr~11an Centre for.lnternationalA8r1cultural 
Research. It is oneottoutcountw studies bUilding .on the 1n ... hou8e 
priotity excercise carried out at ACIAlt (Davis. oraaandRyan 1987>
ReseaJ;'ch isb(tingcarriecfput at the University of RewEll81and, in 
c~QRerationwJ.th thePNG Departaant ot 'Acricultut'e and Livestock as well 
a.other gOverlUlent ,andnon-g()vernaent Instruaentalities inPNG t .,ith the 
objective ofa • .,ieting decision-.akers in their task of te$earch resource 
allocation. 

Incontrastwithth~ sitUation that pt'evaf.,la in several other 
countries, quantitative analYSe$of tbeeffectiveneas of pastPNG 
agricultural rese$rchar$ not available. Partly for this reason; 
ar:ricultural researehbal $o.etb1'ng ·of a eredil)ilityproblea in the 
country •. To help redress the situation. a 11aited OX-QOstcbaponent has 
been lncludedJi1tbinJlhat isprtnelpally an ,x-ante oriented study. .A 
.ere tNop~st research projects'have been selected andanaly.ed. 
selection. ,bas been on the btulis of ex~ted returfUJ • The analyses thus 
do not pretend to berepresentati veo! allpaat PNG agricultural 
research. Rather. they are intended to deaonstrate thatsQ.e 
econo.ically successfUl research ha$ been carried out in.PHG~ 

The present ~onference paper contains the two separate analyses of 
l'e$$arch on cocoa andoilpala in PNO. 



l~o.in 'tbePNGIY2A2IY 
Iti. beldthatcoeoa \'Naa inttod~c$di.ntoPilPua New Gu.inea around 

1905 .by Oer.an -.settler.. However, the Qouerclal develop_ent at the crop 
proceeded at a very slow paee~ Wltbthe 8ubstant1$1 rise in world de.aand 
after World WarIl.th. then J)epart_nt of A&ricultur\~ and Liv.tock 
proaoted thaexPansion of t~ industry~ 

In the 19508 and 19608 there was a rapid expansion of cocoa 
pl ant inlSi , thus the total planted area increased fro. about 4700 hectare. 
in 19S1lS2toaround49 •. Sk !n 1965I66. OVer the sa.e periodprQduction 
increased.£ro.485 tto 15 kt1 with tbe plantationaector producing 9S 
pc!r cent of the total production in 1965/66. In subsequent years, 
production fro. the •• allholder sector rose at a fast rate as a result of 
increased adoption by villa&ets.especially in t~ provinces of New 
Britain and North Solo.ons .By 1970/71 the saallholderproduetion had 
increasedi ts share of the total production fro. five per cent in 1965/66 
to about 20 perc$';t. Saallholder plantinss continued to increase and,. 
bYl975116 ••• aIlholdar prO!iuction account(!dfor around 40 per cent of 
the total. Today its share oCthe total national production averages 
8i'OUnd 70 per cent. While the saallholder sector increasedtts 
production froa 1965 onwards, there has been a steep decline in estate 
production. Total national p~"oduction has been statmating until very 
recently, a8 the increase in .:,aaliholcler production has aore or lee. 
offset the decline in Iargeholder production. 

More recently, production has been expanding with the large areas 
that underwent redevelopment and new develop*ent in the early 19808 
coa1ng into bear. Most of the production COMes froa the New Guinea 
Islands region. particularly fro. North SOlOMOns and East New Britain. 
with the for.er accounting for 45 per cent of the national crop, and the 
latter for 34 per cent. OVer the past 12 years, 1915 to 1986, annual 
cocoa production averaged at 32 kt, and cocoa bean export volulle avereged 
at 30kt. Papua New Guineals share of global exports stands at about 
three per cent. 

Cocoa has been the second aost iaportant crop after coffee in teras 
of export earnings for the country over the period 1975 to 1986. Cocoa
export incoae over the period averaged K57a, with a peak of K83a in 1977 
(due to the high f.o.b. in the year)~ and a low of K29a in 1975. OVer 
the saae period, cocoa has contributed 18 per cent of agricultural export 
earnings 1 while its share of national total export earnings averaged 
about 8.5 per cent. In relation to the gross do.eet1c prodUct, cocoa 
contributes about three per cent. 

Of the 314 thousand households in the coastal provinces (1980 
census), 22 per cent were involved in cocoa production. In addition, the 
coeoa estate sector e.ploys about eooo people and provides additional 
eaplOy,lent in the service and processing industries. 

• The authors are grateful to Jock R. Anderson, Project Leader, and Jeff 
s. Davis, Project Coordinator, for their contributions to this work. 
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the cQCoa -cult1var .~ in .PHG 1. Trlnit8tlo- ,.natlU'alhybrid of 
the Criollo and 'ora.atero typu • Before WIlt a·aeed .Iarden. haa been.at 
up in Keravat, .I .. tx.v BritaIn, ProvInce. to collect.pec.1aens of the 
verY'diveraelr:l.nitario : •• tari,l .crown in t!lecQ\lntry., The war disruPted 
wort. but , •• lecti.onanci! breediq cQaenced .at t'- Lowland. Aari.cUltural 
l~perUlent w~C~lon (L.US),:l.n Iter.vat.soon after its _. 

the C<>coa Iaprow.entProar __ of the ti. w& ••• iaed at the 
'«!l.ection of •• terial that 1sbetterY1~dinc th.nwbatva. aV.llable in 
tbe country ub1leretalrlilll· ltadea1l'able, character:l..ti~. Infatcontfmt. 
,flavour.vl$our'ndresistance to})eJU anddlae_.. tUBS 1982) .Tbe 
.ain ~venue foll0~ at thl. tiae lfa.tbatof.al~t1Qn and. 
lncreu1naly, clQnalproPII*tlon" The restilta 01 thu firat.tlp of .ptfG. 
cocoa~rcb were" aore thanplantiq .,~teri.l that was better yle1d:f.n,. 
Pa1natakinc doc~tationof every tree in tbe"',.~ rMUlted in 
det.il~rttQord. abQutthe av_iIable breedinc _.teri.l wltlloutvhich ··even 
today'. breedincworlt would be far laseffeetiVe (Dit Loh,peJ'·'.onnal 
cQuunlcatlon} • 

the flf.t l'()und of Trinitario .elect~on uu. about to be tera!nated 
and tlwlb~inJwol'lt to product ~oa hybrid. started when. tnl96S, 
v .. eular .... treak disease (VSD) appeared inPHG. Croppatholol ,hadtc be 
liven u~ostpr.1o:r1ty ,andany otherwork.w •• wt on thebae. bUrner. 
V$D-!"ef1ataut uterlalhaabeen selected and propa,ftteci after the 
Bucca.ful identification and "paration of tbepatholerl, fj,;ratachieved 
at LAIS. VSO-resiatant clones -.re disttibuted f.roa 1968 to 1973, •• vine 
the Q()Coa industry in 1.lt lfeV Britain. In addition. the identification 
of thepathopn was quickly follOVeclby strictly enforced quarantine 
_asQreB wbich prevented the disease froa apreadine to New Ireland • Manu 
and. Horth SolO.OM provinces to the present day. 

The hybrid procraa vasreauled in 1972. with firat-ceneration 
hybrids released .inee 1980. The bybrid. have aipiflcant advantqea 
over th~ old Tr1nitario clones, priear11y in yield and fertiliser 
response. Planting aaterial froB f1rat-,eneratlon hybrids 1. still bein, 
di.tr1buted. and t.he first 8ianificant yielt:t. fro. hybrid .tands have 
been harvested in 1985. 

Cocoa research in PNG ba. been transferred fr08 the public douin 
to tbeCocoa InduatryBoard by 1986 , and this can be expected to rut 
fundine on a firaer footina. 

?relent te$earcb includes the developent of second-.eneration 
hybrids .( ~l(pocted to be released froB 1988); ento.olop vork on the peat 
pantborhrtR; patbololY research of the ehytopbtorapallivOfO that cawses 
black pod and stell canker; and the research of poat ... harveat technololiea . 

.2.2 Cboic.e of RUurch briorJ fQr ,lytlyat1on 
Quantitative analysia of PNG cocoa research froa its very be&1nninc 

18 not possible because of data probleB8. Records of the costs of early 
rue arch are scarce, if obtainable at all. and the quantification of 
reaeal'ch benefits fro. this period "Quld be a .lailerly difficult taSK. 
$1~ the result. of this early period - $lost of all the detailed recorda 
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on ~ :b""rrc' .. ~j.al. u.s -contributed totl\e'UC<*I1 qt later 
liOX'k. l&nQriq 'the earl)'lfOrkc~ld"ultin .... io\!.lmder __ t~ti.on 
-of the Co.u of , ...... ch. ,On tbeothfJrh.nc1,tbe early period,~. 
yi~dedreMatchresul~ of itt 'ownt-.t of all, • Mlect!J1)n fro. the 
orlli .. l tr~ .. itar!o •• t_l.ltbat ., .. hi&ber yieldll1l, 'and batter suit .. 
fot tbe loc.l. Ce>Ddltlo.) ~ 'rne QeUWlPtion t ... tbenefiufroll tho Nrly 
,..lod VfQ'e"atl ... t ,the .... i: •• tbeCOlt'iapl.uibl.,.l~hOUlb 
.uppott$J~lyby InOCdQtal ev1c.tence. :on.equentl,,~ not cbJrlfna later 
r..-.tcb tor t. ·\lHof raultitroa,the earll_period i_not _ptIlcteld 
to result in the,ov..-ti_tlon of benelita. 

Itote _ily available 'are'l'OCe>rdf,oQtetearcbcoaUa1nce 'theI~d-
60a..Tha uf.n httleftta of the vu¢ular-.tr~udt dlebact(VSD) resurcb 
vort of'tbat tiriAt are'still to be reaped tbroulh the »rQdUctiQn
lncteQi nJ '.ff~t ofhybrida,whosepatental .. tertal CPe'partlyfroa t_ YSD~reeiatant trinitatio elo,...' •. part1.l ,repl.ntlq or VSD-
s .. ceptible atandcvitbteslstant' Tr1n1tar.t~ •• lnc. the 1.te60a .r(tS\llted 
in . incrueedprodUQt$on cQaptred to . .,hat could .... ve .. -.n. 'barv.ted .frQa a 
unif..,31y auaceptibl. t"*.tock. Jk)Nrever, thi. effect 110 a relatively 
~notQne.co*PaNd tflthtbe role of the VSD-l"dllt&nt clo~ .le hybrid 
~t.. Alao. 808 r.i.t~t planttncut.-1alwould have been .. l~ted 
by~.,albaltln an un-coordinated .. a'and relulUtfOul.1- hav.a 
prabablytak~ ~naid.rably lQDler to appeartP • Turms-, personal 
coaunicatiotd • 

'Ontbe other hand, no evaluatiQn .of .fNG cocoa ~¢h 110\,\14 be 
11Dali-tlc uitbo\1t.t l.ut conaideriq the flrst-pneratlonbybrida. 
Al~~ IIOSt (oltha!.- benefitsatill lay ahead. and tb .. have to be 
elti •• ted (r.tJMU- ··than _uured ina pOtentially aorepNlClse.anner), 
tbeYarethelirat_in&!yailll;1.f1cant production-1ncreuiq reaulta 
ffOJi decIdea ofreuarc;h activities. 

3 QyID$ihti'NI.Wb'.il 

3,1 Qt>jl9tiYU 

The objC!Qtlve in thep~t .tudy is tQutiaate the net increase 
10 weltare 'r.ultinc fr~ the .introduc.tion of the dnicnated new 
t~lmololY. In addi tioD. Boae indication about the distribUtion ·of 
welfare,aina wit bin the country 1s also int~nded to be elicited. 

3.,2 Httb2d 
Anal,... ottechnical chance a~ often ,,based on the notion of 

ilConoaaie .urpl~_ (see Currie, Murphy and Schaitz 1971 for a rationale 
for thi •. approacb). 

ThelncreaM ineconoa1c surplus due to technolollcal chance cae. be 
identified •• t~ shaded area ABCDlnFilure 1 {non-linear sUpply and 
deundcuTV_ $hown, alona vi til I proportional d1V'erlent shift of the 
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Figure 2 Change in .Economic Suxplus~ Pivotal Supply Shift 

and Perfectly Elastic Demand 



fUPPly 1C}ledu1.)·" At .. ~.Mt:1onal le'Nl.t,- .Upply _bift due to the 
!lntrod\ICtlo,lofcocoa 'bybrlda 18 .• tpr"Nbl1 cQnvercent. .. 
... 11holdtr_ - ~tbe "l1l .. ,1Nal :ptQd~ lI'" 'Qan. · ... pacted toa(l9pt. 't_ 
""~lO". JlQ~'lowlV' . .nd' to .,l __ uttnt th~~npl.nt.Uo. 
( .... ~indQV·~.J'l'Jett. ,1918fora41.c","lono£',ldftt,..,.> ... 
S41ParaUQft,of tbI'. ,r.tlon.lfU"lYto s .. 11~1~ •.. ·and·plabt*t1<>nf. 
~.i' reaull~:tn. bforeatonably b<*O~ .entitles wltbaupplY 
~.e~·.ct_18~IQ' !d~ff __ tfr<* ·one ano~iwn". 

ThO J"aw.Jt .blth • •• allbold$r. i~ .. (de;re. .. ) -pJ'O(luctlQn of 
~h, ~. ttl' :rtts~toprl¢fllne~ (4eC~) .1., senetallY 
ACCCtPted to ' . .,. .·b.9lotf. 'that otpl.Jttat':'ona~ ,In Pl«JJt~ iaevlc1enc. 
~'.llbolcrer.of "nonal'- 'UJ)pl,.r.ponH:U: well 'as 01 *nlnvere 
'~tton" 1~e. f that a price incl'eQt 'Qall. lead totliet"edllction in the 
9ttPllt¥of' ,p~,uPPllfld ,to the ,qrtet(Ander.on -1971) ..In tbewbol. 
of ··tba ... llbQl_ 'aeci<>r,. 'thiauywell 1_ to a, QUltelnel_tlc 'sUpply 
in tlY .. ,abOrt run .nd-. to .1ona~fUn 'reapon.e lItll,bfrlov tMtQt, "the 
PlJ~ta1:1on ·.~tor.. .~ In;tb ,pl.ntatlon_tor. facton: other than 
pr.:-iceQften :.ftO¢t ;,uppl,.. pto.lnentuonl tbeJel. ~tlinty.bout 
~yer .. t .policy tOJlarciJ,PlantttiQM'(091dthc)rpe 1985) .. 

n.en.l,.l.l>y.Atty •• andDtlncan (19S2;qpoted :by JollY 1987.) of 
t~JfOrla QQCoaurk,et d~not' d:l..tl~.b .~~uee.n·tbe two.actors 'wben 
_lvi". elllitlC1.tYf~tesror :ff(Gluppll' ~ponp.$hOrt-run 
elasticity .O'f :al,lwly toprlc:e' cbangel$laa estiattod to ' ... bet,",*, 0" 09S 
and 0 .. 26 in 161*81.. -arkI.Q .. 10:J for :ffiG l.npaf'ttcular.LQftI-t .... 
el •• ticltl_ were qUQttdasbelqO,,11 to O~59 ~ In tbep~t :atudy. 
'tef1&Ute of O~1 l.u.ed 'for •• al1holdet8 and· 'O.4foJ'plantatloll5. 

Wb!letbet. 1. 'no .pattlc~lln" functlonalfor. tb$t"ouldbe 
.pec:1allywell$ulttdfor th1 •• ttt.!y, l:lnea~ for.ul.tion, 'haa :been 
t!)¢cludeda'lt~ld J'e8ult in aneaativeint~cept ter .... iaplylncthat 
iarlter.are teadyto 'pr,oduee, at~.tlveprlces. Instead, the constant 
elasticity otsupply £unctionalfor.Ms 'been ch~_..7besUpplysb1ft 
15ool1)(.,1y to be unlfor.aeV$l .,lthln 'theqctors.lt8 so_ s.allholders 
willcertJ1ttlYnottepl.Qe~hell" f»Ci.'tilli atlnds.and 2QMPlantatlona lIay 
not."lt~hto 'hybrids ~1 tber ~There ,is noway of t¢111nzboM diver-cent 
thttt.ult1nraupplY.hl£tl ~ill.ve J therefore the.O$tco~vative 
eat1atlt~,.piyot.l s.blft, is .• t111$ted fot both.ectors. 'F1cure 2 
111u.tr.te.t~POld.t;ion of suPply . and dea~tlcurves and' tb3 shaded area 
OA9 uti.ated.a. ,develf,)pecJeonceptually by Akino ,and Haya.l (1.975). The 

• A .iapler and I... aecurateHthodfor caleulatin& ~fit8 accruiJ)& 
to 1nv_tlentprQ.j~. iean appr.a1.sal (Gittin,cet 1982) that. in v~ry 
81.pll.~lc ter,.s1 COJ\lisu o£theaultip11cation of the .additional 
produ~t1.on bYitspr,lee.Ita (jrawback 1s that it attributes 'all 
Jlealurec:lbenefiu to. tbe proJectli PriQes,t however, cbance without
proj$Ct supply Independ$nt!y ot- (.ay) a r_earch project. 

=It The critici •• oftheretuonina of Lindner and Jarrett by Rose (1980) 
'actuallyconf11'.' iurelevanee in thepresentc8se. as cocoa
prodUc,;i.q •• allholdershave 'Iery fewrealalternatlve ca,h crops. 
the 10 .. technololY-1ntensity of the crop is unlqueaaona the available 
b1Ib"'vol~ cash crops in itsproductio.n relions. A1Bo., ,saallholders 
Q'e ,quite rtluctanttocut down eXisting .tands of producing crops to. 
:teplac!! t .... "1 tb soethinctotally different. 
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:bt9k~11_CA.l.ft .of tbe·vlthQ~t""r_ar~b lIup»11·¢uf"e iOA.lndieat_ • 
poJ.lbl"ut .... t;otuncktr .• tl •• tl~n,,<lue to tbfuteQt apivQ.t,l sbift ~ 

Sine. ···PIfG 1. , .... 11 supplier Qf' th& 'World¢ocoa .arket; tht 
.itp)'ifY~nJ *t~:f.ct~o.not· petf,ctly .1 •• tiQ d •• nelfot'·. tbe co\U\tr1" 
,pt.«luctt· ,i.~.or.t*ble~ ,.)I(J¢OIU!PJiet'. .tirplu.l.~.ttdin saoha 
.i.tu.tlon: .11 ~fi.tt'.r. 'c'Ptut~ .J>y' ·t!leptOduQfn"',1n fib!. ,ca_e lw 
t .. ,~pott1q ;country •. PHG. 

t<>UQ""~ He,truzo '19$$), ill'. DABt •. IPprQ#l .. t~a.: 

:h 
OM- ........................ f Q~ 

fJ+1 

vh,ctte: h. t~.r.l.tive~uqre ,bYwbi.t;Q the"tthi'!'tef~'t¢h.upplY 
C1U"vewoUld sht£t to tbe·lett in t»e absence' ,of tJle .nt$ 
teQhnt'>l.QIY. 1.:e •• b .t!i{Q .. ~o.}/Q.; 

Q* .• qu~nt.i.t1ot .ptc<iUCfot .uppl~(td lIithouttbenew tectmoloPi 

Oa. qtlanttty otprO(Juce ,qPRlied.,ith t~ .n. t~hnololY; 

P =re,.lpr1ce ot tbeproduc~;and 
,(j.Pt~ce .la .. ticity ot Ilupply" 

Tbenetpr.ent value or the .d1£fet~nce bett~n the 'st:reaasof 
produc$""s'Utpl~ . anc!.ofre.e.rcbco.ta i. caleul~ted aepal'atelyfQr 
•• alltioldersand plantaticmau.,.,ll as at: tbenat.ional 'level.. Soq Qr 
the v~t'iable .(pri.arily trAnl'port)eotlta nec.tJ~ry fQ:t ,the production of 
the add1t1on.lproduc~ar~ in .p,a~tfo1- i_PQtted loodasand ,thUiJ. 
tepr.ento~tflowareducill'the benefita _ectu:l1l8 ·t\) PH(J.National gross 
Pf.OduceX"sluJrplu-.. c.lcUlat$d at f ",.o.b. prices. are ~uced bytbe 
a.ountof these costa to d$ter*lne netec~no.icsurplU$e$.wnile the 
prlceuied incalculatin, sector.l benefits (fara,ate'Prlcel is .already 
neto£ t~e coats (as well as othera tbat are n(lt outflowS at the 
natl0.nal level). All values ate. expressed in real prices and discounted 
toaceount for t}}eopportuni,ty co~t of resources. 

t-i (PI.'" VC .. ) (Qu. - 00 .) / (1 +") RCa 
~ [-~--~~---~~--~-~-~~~~~--~~~~~~-~. ~------- 1 
" (1 + :-)' (1 .. r)' 

where: P. = real price of prod..-ce in year i; 

vea = variable-cost coat coaponent of the extra production 
in .k-eal values in ye.r i; 

00 & = quantity of .produce supplied in year i, without the new 
technclolY; 



o~. '& ,quantlty.o£proauce .ul>plledin~Nlt i,w1th '~~nelf 
tecbnol()lY; . . 

ao. • ... al".l .... > ot tMe.reh c(J8.tiny'~at i; . 

n" nu.~t of'y~ar#. 
the, dilc;,<»lnt r.teliltl!d il lC ·per·~fit$ . thf!fue f~IU~' that j,$ u~ 

by th~ :Dt!part~to£ A$r1cultut~and' L1vf1a~o¢t(DA~.) forpro3e<;t 
.ppr~ilu~l. 

'N$.t,ton.lbertE!t!ta ~r~' calculat:ed£Qr: the~lic1tat1flnQlttbe returns 
tQ r •• 1'ob. in .4dl~1on •. d!.tr1butional.[(EtCtl: .teal$o Qonaidere(!. 
Apaft . f ..... ~ distribution. betM_n •• all~lder8 . andplantat;ions, 
benef1t$red},tributed: to' the :,overn.ent., t~flnanoier ·of the rea~atcb, 
>atewot1t~ ~ut. ,(pnly'u~rt tal( '1 •. calculated • ad-nee COlip'Ulytaxation 
.11(1 ·tMerf~tot new' tecbnololY on i tcouldnotbe coveteuin the 
'study· • .) 'The ~pe¢te<lbalan~. of :stabill$ation fund, 1.8 Co.pu'tfJd .No 
.ot~r todistr!bUtive or .ultiplier~ffEJCt.ln the econoayaJ'et included ,in 
theanalVaia; the .laC;k. of the la~t.er'~IJ.arilY resul1;'.$ in a .furtb$r 
aoureeot underesti.ation Of tot,lbenefit.toPN<4. 

3 ~3 CAlcU10tkm Of ReJeAt~b CQ.I't, 
Over the pOriod 1965to. 1.98Q ~ tbecentre for PNG .eocoarese.rcnhaa 

been thel.Qlflanchl ~rlculturalixperl.entStat1on( LA8S), Kerav.t, last 
JkW·8rit.ln :Pr()vin~. Thia per~od C)fresear~bcan be d;1v.1dfKIinto two 
lectiOnl: .election of 'VSD- r.j,atant trinitario clones and the actQal 
hybridi.ation. VSD reI~arch was, in a .an.e; an "overhead coat'" of the 
bybtid pro~u_ and ita b&nefitlwilleontinue to .hereapad 'tbroup the 
.~Ond.,_r.t~on ofbybr1ds about to ";reltia,ed. Since aecond,... 
,eneration htbr1da wetenot sUbject to ana1y.i$ in thts study, all cost. 
of 'VSt) .l'$atch ha\l'e~n cbarpd acainat tbflfitat-~r!).tlon prolro. 
Tbisi8:anoYer-.tillation of$ctual coat. for the firat-,eneration 
hybrid ptoaraa. 

Historically t $0. 65 per .cent of the LAIS budcet vas used in cocoa 
b~illl. 811"Ono.y and VSD research between 1965 and 1990. This dld not 
~nclUtle the: lIal-.ry ot research officers (RO$) _ployed e1 ther by the 
J)epartMnt of fri •• tV IndUstries or by various otherorganlsatlona and 
vOl"killl .t t.ABS. 

On the basIs of recent years' data, the total bud,et of the LABS if' 
quj.t. 010.e to the au. of the lalarycosts ot researchera and of non .. wage 
expenditures in eocoa~earch. (H~B ... salaries for LABS .RO$ do not 
eonati tute • part .Qf the lABS budcet. rather th~y are sent directly froa 
i'ort Hordby" 1 Sinc_funda for non-wace research t!oats have been !lore 
rettrtcted in recent years than .earlier, _net since research on crops 
other tbaneocoa \lied to be relatively more i.portent than it has been 
lately,total UsIS co.ts Ir-e probably well in excela of funda actually 
used in cocoareuarch in earlier ya,ra. and a ,ood (probably 
conservative) approxiMation overall. 

AJexaet f1aureB lferf! not knoNn, it was aSBuRed that if land. 
bul1di",~ and inattu-.ntlbelQnging toLAES would have bad to be boulht 
at tbebalinninJ of t~ research ptograa, the cost would have been K25k 



at 196$ 'PtJ:¢OI(K10Sklnl987} •. Itvat f~~,*, .aI.aued ·;tllat,()ft~~t 
only land .~ .•• alv. value U.f Q6tJ.n 19$0 •. thef1n~1 'year of ,t~ 
r",rcILtrf'Qrk .crutitl~.-, Ot40k at .19$7prfCf$L.tfqtt,ot.hf)r c.pital 
tttuused in,r-.arch {vdU.~l.,t<>tQaJlpl~) "W.el'8: hite4., andtbelr eo.t 
·i •• lrNdy jnclUdfJJln the nturchco.t_. 

tbe~t .• 1tw.oatlve: ,uae·of t.AIS, 14nduoul<i ·bav~' ~n·co.Merci'l 
c\lltlv.t,1on Of¢OCCNl.r :KOve~t. ecc.oaprQduoed .in,va:rlety 'triala ~fid 
ot~ .,.peri.mtawaa .• f>ld;, wi.tbyielde abo1Jet those .ofaood couetclal 
far... COnHqUf,tntly. not only ,a. tbEWe noineo. fotlQne by U.ina t;~1$ 
laM lnccw;oa uperl.nt., bqttbe oppOrtqnityco.t~8$; in fact. 
ne •• tlve. 

3.4lYOluotioQ gf·Qeoe(i$.(tQJ seu.rgb 
~~)W!thQut ... *ec¢cb JI~ar1o 

Cocoa. researcbi.n PHG.:carried out UP ~01965, r_ulted i,nplanting 
.ater1al ~re 8u1 ted to lQCalcond! tIona. and prol>ablybettery1eldinc 
tbal\th4!.ot1,lnal iapott$l Tr1n:1tatioelEl¢tion ba.e" if, no COCO, 
reearcn had ·been, donecincetbr#1l14-60s, the Indu,try today liQuId still 
produce fro. treetI, i'>f basically the .• a8O genetlc.akeup as tben~ 
CU.rant:1ne;replati(). \fouldrule out the iaportat1onof ,plant in: 
. .at$ri~l, '~'~electi()n lIouldonly 'be carrled out by cr01fets, ·()rhappen 
n.turally thtoup d1sR.an<.I 1*1: infestation. Totalproductlon of the 
indUstry wo~ld likely to be belolJpt'efent actual levels ,since VSU would 
at!ll causs 10H yield 10SS88, and resistantataMs woUld beestabllshe<i 
far ·ltoreslowly than witht~ use ofrulatant Tr!nitar10 elo~selected 
in Keravat. 

b.) with-research scenariQ 

. Althoup the replant1naof stil1 .... prOd.\.l.;1ng Trinitario,," with hybrids 
since 1980 Hans that production is forgone until the s2\turi ty of the new 
'tend is reaehed, the corusensus .ong thel'eseareherfto L't LAES was that 
tbis reduced production lias allply c~pensated by t'17:.=t r. t:ald advant81e of 
VSD-~1stant Trinitario clones over the first-selection aaterial. Even 
thoulhaole of these VSD-res1stant stands Nere cut out to eive Way to 
hybrids, their hieber yield still resulted in overall production in PNG 
rela1ntna~tatic between tbeatart of replantina with hybrids and the 
first .i.cn1f1~ant yields fros thea, in 1985. This yield lain ianot 
accounted fOT' in calcul.~t1ncresearch benefits, and there was agreeaent 
_on, .WS researchers that its .aanitude vas co.parab'#3 with that of tt"e 
pt()duction £orione between the cuttinl out of ex1 ~tlnl standss and the 
'aturlty of bybr.lds plantl!Kl instead. If this "Alance is trul! in quantity 
teras, the fact that the unaccounted-for ,air& preceded the forgone yield 
by .any years would .ake thea considerably ~ceater wben aeasured in 
discounted values, resulting in an underes~iaat1on of the real returns to 
research resources. 

Plantin, of the f1,rat-leneration llybrids has started in 1980 and, 
altboulh the produelnc life of .any (Ii these should extend beyond the 
year 2()OG,it was felt that includirJg a benefit 1Itreaa froa beyond tbat 
ye~r is too difficult to justify. CUtting off at the year 2000 its likely 
tb result in anunder-.t!aation of actual teffults, unless 50ae 
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jJQe!x~te4 4evelopaent (ej""~f.a ,new:d'l'!Uf!otPE!St) .ne¢essjt&t. ,early 
t~laceaentQ£ .tlthe, firft+lenerattQn bvbtJ.da. Given ~bel~&raPb1Q.l 
.truQtureq£t~· indu.tt.1, .•• well.S ·tbe8PP*ff!tlts.uCC6!SJ$ot :P •• t 
q~al"lnt1ntl .••• $U~ . in,.topp1na t~ 8p~ad otvsp -short of North 
$oloaQt\S,. .~8udaen t$$¢i.~tiQn Of all exiatin,standsis v"ry unlikely .. 

t~ int,rOduct!on~ q£ .. the r1r.t-.e~rati()n·hybrid8 d1d .not lQad f;.o~n 
lnc~aie 1n input US'h Q~o_nd~ f~rtili$~r 1.v.18aret,~$a.a$ for 
Ttini'tat1oi$ t 'whil~1>lant-protect1on costs- evttn 4$Q~a.eddil~ t()~tt~r 
(ilsfJ.e r.1Itanc~..Theonly di£fer~n¢e11.1n harveat11)# and prQces$lng. 
The IiQst .i.pattant I"MQ(lrce :used' io' hlrvest11l1 !$ laoout.pr1ce.d at J(J;4 
per aem day £or •• allbOld.ra (.~ApPen41.Xl) 'and at the' rural' ,.in1au. 
tllCile (f(3.54 .per <lay.) torplantat.iQn.8.. Tr~nsport coats ore v;((!weda$ 
Qutflo"$at.t~ national l$v~l~tarl.,..t<> ... ter.ent.r,f coattrareK40/t dr~ 
bean tOt ,both .e~tot8tf~raefitary,...to"Sh'p cCQatsKlO/t dry ~an.As .fot 
pr~8.1n.,exlet1na' pleint. arecapabltt o£handl'in, tbe ·j.neteased yi~ld 
vithouttbeneedof In.tall1nl extra :capacity .. 

Althouchall lncoH!,toJlCQCO& ~~l.atLA!$ 1$'oe$; to gQv\c"ruent 
rt\yenue, only theS()Okl/hayield. 'advlntap ov~rlood' -c():Jderclal far.-a 
'idue. tou.ins expetiJental bybr1d8}'isconaid~ntd a. a diractreseJtch 
benefit. l'hi.& i.added ·tc) aoverJlllenttevenue ~ro. taxing all COdOa 
exports. 

Cocoa,..BOard forecastsexp.f!Ct a total of 60 .lttof cocoa to be 
prod~ced by !995.. Thlsfore.castvas _ade the Boarci f $ ~)( ... econ9.1It Hugh 
Coulter. _(linly on the basis 0.1 sales of plant1ns.a;erial(P * Turner, 
per8on~leo .. unicatlon). fhi,prediction includes the .ore unC$rt_in 
effeCct of the: secon4 .... generat:10n hybrids as ~ell. girst-g~neration 
hybr.id. have featur¢dfiignlficantly in PriG prOduction since 1985. They 
a.re ex~~ to reach theaaltj.aul contribution of 12.5 Itt/year (over the 
'Without-research Trlnltario level of 30 kt/yoasr) by 1995, and to continue 
at that level~yond the cut-ot.f year 2000 (ehoaenon tlWt basis of a 
p$nel discus. ton .at LABS). 

'the 8.al1bolder-to·~plantation production ratio has been 7 to .3 over 
tbeperlod 1993 ... 86. HOu$ver. due to the expected lower adoPtion rate of 
the hybrids bYiaallholders, 60 per cent of the increased produetion is 
a.su.ed to COle fro. plantations and 40 per cent fro. saallholders. 
Production cost. have been obtained fro. OAL. Price projections used are 
as uledby .CAL. based on World Bank forecasts. 

4 lU.1S\l8,ion 
De8pi.te the very "coMervative" for .• of this analysis, returns to 

funda used 1n cocoa research can be expected to be satisfactory. 

By the y~ar 2000. the additIonal production of first-generation 
cocoa hybri~ w111 have amQunted to 137 kt, representing a 28 per cent 
in~rease over the 'scenario that no cocoa hybrids are used in FHG during 
tM ~r1od 1977-2000. The distrlb\1t1on of this production gain 1s 
larply s~ulat1on~ but - on the basis of assu_ptions about adoption 
(se¢tlon 4.4 .. b) - s.al1holdar production 1s anticipated to increase by 5S 
kt (or 16 percent over without hybrids) and plantation production by 82 
kt (51 per cent). 

The accuracy of the production esti.rJtes is crucial for the reality 
of the above f1aure$, and those and the World Sank price forecasts have 
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to,,* fultl11ea for the fin~nc1al. lnaly,1s tQbeate11ablep~.siet1on .. 
"ltbt~qualif.iQJUoM, bo~ver.,the financlalanalY41s .1sbeli.~ved to 
beo 8erlou, unc$etea*l •• tiqZl of the ~fiU.t<) ,beact\lallyreaped. This, 
.is 'beQa~" of the c()n.ervati,,~ datli ~$edthrQughout" .nd ;l.n tealJ;ty .ay 
'Hell ~ 100 ,pet cent,re.tm-. ' 

lntin.ncial ~rluh tbtf benet!t$ ,.f$Ured as the additional 
d1"c()unt~ econoJlic lurplus t¢~!lJlbe ('~p~t" to baf1t least 1t94.3. at 

,. '19S1pr1cel~ 'Qn tb$ ()tMl' band, cocQaretteatc!\tarrle:iout betw~n 1965 
.n4~ 1980 h'" coat.aboutK:tl~4.lexp1;'.led ona disco,unt~batd.s in 1987 
pr J.e.~Xnotberwotds ,h~d rtf) eocoa. l'eseareh~n undertaken during the 
~r1()d~ 1965-80.K11.4. (19a7}¢ouldhavebeen, $8Ved .• at the expenseo! 
not .$rn!ng K94.3a (1981) between 1917_nd~OO(). 

NationalbeMf'!tBare 8 .. 3 t1natheCQ.ts. and the1nternal.rate or 
retufn(ilte •• the ~ffective $8l"nlnp. on£und!tused) is around 22 per 
e~nt. 

Provl.d~ that the assu.ptions about the d1stributi;on of physical 
produotlQfi ,a1ns ~ correot. the. s.~llholdE!ra' .share of the gl"Q!$ 
natlpnalbeneftts .is,e)lpeCtedat 1(26,. Plantations willhaYe increaSed 
their tak!n#s. tbr.()ugh to the introductioDof the hybrids, by 8oaeK34a. 

Although the hybr1ds aay well be .ore widely adopted by plantatiOns 
that b)"8IU!tl1bolders, those a.a.llholderswho do replant ~i th tlybrids lIill 
,ain relatively_ore than plantations. The reason for this iethe price 
el~sticity o{ supply be~ng lower for saallholders than for plantations. 
that is t plantations would ha"Je re$ponded to price changes by varying 
theIr production even in th~ absence of hybrids aorethansaallholders 
\foUld have • 

. 1.plQyaent effects of the increased 9roduetion have not been 
investigated in auch detail. If there are no presently unused labour 
reserves, increased labour reqQirelents on saallholders' plcts .1gbt aean 
that food will have to be bought instead ofproducecl. This uorst-case 
scen~rio has been used in calculating saallhold(::!rs' benefits in the fora 
ora "wagen being chat«ed against gross benefits (see AppendilC). If 
labour reserves doex1st, actual s.allholder benefits will be greater by 
the aaount of this "cost". Increa;oo labour costs for plantations, on 
the other hand •• ean additional incoae for eaployed labourers" This is 
an exaaple of the secondary effects of ~w technology in the econoay that 
hav& not been looked at. 

tn addition to the estab11shaent of the extent of national 
benefits, it is worthwile to identify sOlie transfer paYilents in the 
econoay. By 2000, the PNG gover.naent v1l1 have earned abOut an 
additional K2.7. as the result of successful hybridisP-t..lon research!n 
cocoa. This filUre includes additional export-tax takings and the 
additional prodUction at LAES, but does not contain any possible increase 
in co.pany taxe$. 

The additional prodUction could well cause probleas for the 
stabilisation fund. Asau.ing the continuation of tt~ present regi.e, 
K2.S. aore will have to be used for price s~pport witb the hybrids 
enterina production that without thea, over the period 1985-2000. 

Regional effects of the new technology have not been investigated 
in this analysis. Cocoa i$ probably the .ost dispersed of all cash crops 
in i*l'«l. If rqional di.Cferencea in the adoption of hybrids euerge, 



.rqlonal d.1iferenees in the distrlbUtlon.of ;ben~t1ts wl11neces'~arily 
follo~'~ 
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PrOduction by t~, fi1"st senerat10n of PHS cocoa hybr1ds fto. 19S5 
b$~ald~\d tbetfirstsUb$tibntlalretul'ns to:COCQ~ r(!learehslncel96S. 
Benefits are elCpectedto oontinue ~yond t.he ye~r 2000. buti. tla$ felt 
prudent to 1;eJ'1I:i.natf! the flow ofbenefjt$£ro. thp in that yea.r .. 
ltlCpeeted ~lefit$ it-oatha l'esear¢ha~ $U~tantl.1 in bQthpnY$i¢al and 
financial ter.a~ 'Wb11etetut'll.s .• aynot be_ong t~ .ost outstanding 
reported in the 11 teratute tRuttan 1982), they ·ate nevel'theles&better 
'than tho.'Ieof .o!JtcQuerc~al alternat~ves. 

The observe4 researcb is; in .al\yways. typical of PNG all'icultural 
rese$rch.. G(m~ral returrm to ·PNGa.rlc\lltur~l r~ea.rcb .ay wellbave 
been 'hand1cliPI*d by thelact that itQ.tially .uob"bas1c" l'es~archhad to 
'be done that ~ldnot yl~ld direct benefits.. 'Plant collection. taxonoay 
work J eatGblishaent .of plant collection. testing .of ~tralns ()f local and 
1apprted Plants or ani.ala in local condi tlons.all have to be done 
before actual ·vleld-lncli'easlng retSsarch:can ·co .. ence~ 

It is just QQt reaI;Jonable to expect instantaneous financial returns 
fro" .sroui'ldworlt-type re~earcb.Benef'its w1l1 appe&~ at later stattes. 
bUilditlJ on knQwled#e ahd .atartal ,enerated earlier. As an 
111uati'.tion. if VSO feaearcb ·had not been included in the pres~nt 
:1nalysls ,1. e, ~ only costs occurring atter 1972 bad been consid.ered, 
~eturns to the hybridiaatlon progra. proper would have been .. ucbbigher. 

Once the etoundwork i$ done, research can be e~pected to start to 
deliverresul t$ us8b1~ in increa$1ng prQduct10n and to shoH .ore 
favourableret~rnfSon funds invested. Thiswil] be the case with the 
second-generatio:l cocoa hybrids in particular, and, hopef.ully, with PliO 
agt:l.culturalresearch ingenaral, 
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AP~EtiDIXl 
Q.lJJaimj.~n of ·thfOpportunity . £Qat 9f subl,.ten~,L.bgur 

the J.swaptlon i. tbatl~,bour 1s: fully ut1lig~ 1ntheini tilll 
equ11ibtiu.s1tuation. tbus ~dditional labQur une inea.h ctoppinc is 
1apo •• 1bletd,tholJt the ~uQtion of l~lsure. tiMor of tllleus~ in 
subsisten¢e. £oocl ,production • The e~\lin&reductlon in supalateneefood 
productlonbuto be-covered by purchasiq f.G ~ t and the -Qpportunl t)' cost 
of labourw!ll be th~cost ofrepl~ceent food. The aQst wid~pread 
stJPletOOd tbroupoutPNG !ssweet potatc>. while the.ost co .. onlyuse<f 
purchased .staple food iarice. It 1$ areasonableassQPtiQD that a 
shortfall 1nlubsi.tencest,plea wouldbe.ade up bY PlIrcbalinsr.1ee. 

Orae.an-day of labour produces BOle, of s_t ,POtato attbe.ediUII~ 
lntEtJlSl ty yield level of .15 tIM ,per annu. (J. Whi tworth ,DAL ,personal 
couUnicatic)n) " On the busis o£Densley's ·(1978) conv~rs1.Qnfactor8of 
trad1 tional .flfO staples to .illed-riceequivalent (HRE) 1 SOkl ofa~t 
potato 11'1 equivalent to 23 kC of rice, the latter costing K14 at KO.60/kl 
retail!> 

the opportunity cost of K14 per .an-day is quJ,te .highwhen co,pared 
to the rural.lnill\1. gaceo! K18.S9perweek (at Marcb 1987), and itls 
'nly applicable for pricins addition$l labour requireaents. 
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l~l.'ea}.'iJ)tbl.e.t.G·I&01Ay. 
1he f1r.t oilpalu. fOJ!collMtc;ialwse .te !nt.roduc~ tQPa~" .~ 

GUiMa1nthe 193UII.At th.ttiMonlytbe :~:lIa* Qport«l for its 01'1 
content.. .rhefir.t .. plantinpwi'e very.:!!.-ll i .00. 'nofUft~ d.v~Qpent 
took pla.:~ llnt1l 19&6 wben: the,ollermtfnt 'If' 'fN(Jp1.antec:t 12 rout...;bectare 
trlalplQt5o£ 011pala1nlJGveralloCrllandJ'f!gloDl·of ·tnoco\lrttty. 4t 
about .. t ...... t~t tbefir.tl.r"~.Qale o:UpaI.d~elOi*fmtbe#an ~t 
HQ.k~lUlhin 'wes~ 'ffeJlBtltain PrQvtnce; ·byHa~isQn •• ndCro.£i~d;, ~n: 
partnerah1plliththe. PftG·· ,overnaent .. 

Acron~ic ,cond! tiQna£Qr . oil ,Pt. .in. PapU'liefl . Gutnea' .naver pr<>v.n 
to' ,be' ext~lYfavout.ble,.. This liN teiJult~invery.QOd y.f.~IdS.,with 
thtt.'avera,.Pl«I -vieldbftlilJabove the .wqrldaV'erap. 

tn it- .1nltlalprQduQtlotl,.ta....ost o£the Pl;G·product1oncame 
ft~t"; larpboldtltr .ector.. .S.allhOlder productiontben ,expandf!d, and 
'tocl_yi~ .bJreoftnetQt,l nation.l pt.OC:hlction uSO~tcent~ 

then! hU ·~.rapidincre •• eintheptoductionof tbec~QP8ince 
1t.iotliooductlon. ln19111i2" a total ,0£ 3.4 ktw.lpJ'oduced. . 
Production thenT~ ••• ~r.plY. to. a 'peat ,oinearly 130.ltt(excludinCpalll 
~vnell in 1986" Clesplte:veryl,*pr1ceain theNOrld.~rket 'that year " 
'or ten CQJ).tSecutive yp~',; 1.911 to 1., .ac!i yeart.prodtlction exceeded 
tnat ()f tbe p~inc y~ar, de$pitefluctu.t1ona in prices _ 1'_ 
continual 1n¢reaae lnpt'oduction can be ,attribUted to inCl'eMed 
plantl •• throtlJQ t~ 'J'lfN oilpala project. startillitocoH into 
producti.on.. .tprefent. prQduetion 1. conc .. trsted inW.t NewSritain 
and Ol'o:provineets .. 

lQr tlletem-year petiOd, 1977 to 1936 ,export yolu.eaaver~ 68.9 
kt/~fo't pal. oil and 8.6 kt/year £01' palllkernel.l'heexPQrt voluae 
~.crQwn it'o. ~4.S ktof :011 alld 3 .ltt of kernel in 1977,to 128.9 Itt of 
{lU .and 14.4 ktof kernel in 1986: :afive-foldinetease .. 

i_part earninp over the sueper.tod'.averaged K27. ~ 1- with .8 peak 
ofK7S~ 7 •. in 1984 (due to i.proVed.prices and increased ·production). The 
crop contributed , onaW!rale .over the period • about? .5 per cent of 
~iculturel expOrt earnings,and 3.6 per c~t of total PNG export 
in¢oae. 'ItJ'S .contrj,bution to the gross do.utic product stands at around 
one per cent. 

It. total of about 573 thousand .fural households are involved in the 
industry aa prodUCWIJ, while the nuaber of people directly .ployed in 
the industryls about Stbouland. 

The country is .8. aarl!.nal supplier of the worldaax-kat in vegetable 
o~l~~ AlthQu.hPNGprovidetd 2.4 per cent of the 'World's palM 011 exports 
in 1985 (alainst 1.0 percent in 1980). its share of the wider Market of 
ealJil.ysubatitutable veletable oils waast1ll only about 0.9 per cent in 
1985 (lAO. various years). 

• 7heautbora arecrateful to Jock R .. Anderson, Project Leader, and Jeff 
S .. Davis. Proje¢tCoor<;llnator. for their contributions to this work. 
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lr().l96t • .. l)()tll' .. crOfiP.tc ilnd ,entQtQlo'.\c,l ,tudi_tfete. ~rt!ed 
OQtby-tbe' PHG I~_..-nt .net, the, .He.1f'Sr1.t.tn fala 011 'De1Jelol*JntLtd. 
(t$POD), ~~.·l.tter"ttinc 'up,qro'noti() . and plant-bree<ii!ll,t.cl11tl .. at 
the ~, 011palaresearcb:.tat1oh,1I1Meat '~Sr'taln ,P,rov!ncef 

4Qver .. t ~ .. ~ch input lialf'oc~Qnresutt.ftP., qtonoa1c.nd 
ent._lo~Ql -.or~on' the trlalplot •• nd ~be firlt e~re1alplant1np. 

rurt _ eX,Pan$1Qnq£ .tlle @ .... Cl.1.oilP*~clevelQ_~t ()Ccurredln 
the 1970s;. 1Uld tMslead to.n~_ttY~fU~teHafCb ~rlanl .. tiQn 
i~tlI: ,$at, '~p .l.n '1980~ . ,'the orcanUatlon, ,tbePaP\l1 ·He1f·G1.l~nea011'PAl.' 
~h AUOci.tlon (f!fGQP!lA"): hQ its bUdq,u~ter. ,at, 1)pl,alonpid. 
,the ,HBFODplant-bteed1qst.tlnn.lJrcmo-lc ,.net ,pelt reaeatobt.:noJirun 
,.f)y~. Jlhilepl"nt b~tDl'~ ... Pl'Qduction~1l.I ·lUlder 
,coaplewC()lllefcfal ,control.. f'lJndiq£ot PHGOPaA.',. research. 11 obtained 
~y. v.tJeble ,C;eU ,on.II Ptoducer~' fruit ,pt«IUct1on P ",11 ,.by 
direct ·IQvwnaent c()ntr.1bu~1on.. ~l'chfeS~lUbav~ '*n.. ' •• _titf!d in 
annu.lrepOrt •• lneel.!.~ 

2.,21b1.·~,·er9jtcet, 

Of .11 otlpalJi reseorch undertaken in PMG, it MBS ptobablythe lIorlc 
on the .intl"o<Iu,~tl~. ofpollinatln:,.iuect •. that ba$~d thebllPSt 
'upac:t:Qft the 1ndWJtry. TMs HI.rcbprojeet t. eaay ,to ,,~paratetro. 
t_reatQf' o11pa~r ... tc", in 1 tacosts .Iid.ffeet-• aM" 1 till Jftil 
docuaented. 

'PriOT to the 1ntroduct~on r)f the poll!natiq liCH!vil, production in 
'mpalll-011,plant~d$~ed upOn tho hand pollination of eacb 
1n<U,vldualp.lIlover'sote 40 OOOl1a" TfJIPofll&n on the_tat_. and 
fr911 ,eo_naentcentrur.poQible ,fort"' •• llholdll11s t coll~ted 
!rah 'pollfiAreaularly and aj.xed itlflth talc. poJfder... this Ilillture ,,~s 
<l1*ttlb\.ttadtwlee _ ··~to eatate workeraand •• allholders whos. job it 
waf to.hake OJ'< blow ·U.pollen, u$1na$PtQial1y-d.1cendappl:1cators" 
into tM :receptivef\!itale 1nflor.cen~1n tMcrOW11B ot' .everypal.. As 
the . palp .lJ'eWt$ller,th1soperationbecpe .. cb lea. efficient ; $nd 
.yieldadillini.bed. Oiffi¢ul ties in application durlnc the wetsea$on 
alll(t resulted inP«>tPQlllnatlon. SiJll1.r ,probleu were .also 
fJlCP8r1enC$d in Hal.y.laNhere the 011 .pala Nit. also an intrOduced croP. 
and lIb,ate·han<1pol11natlon ".$ practised. 

In 1911, :research bY t. Couonwealth lnatitutEtof Biological 
.ContrQl J .lpolUlored by the Kalay.ian,upsidlary ot Unilever -, identified 
llU$OCtI aathe pallinatins .centin Cawoon,here 011 pal.. is ind:laenous 
~S1~ 1978) ~Thelle$Vil SlWd9JU.Usk_runicYI waa identified as the 
.oat eff1clentpOllinator Md.$fterQhaustlve testing on 8 tanze of 
~t plant. t'olntly funded by Halayslan and PNG couercial 1nterests} J 

it ",a, cleared .for .introduction to H$laY81a8OO PNO in 1980. Work on the 
W..G.idehubeen - .nd is beins -carried out by R.N.S. Prior. 

Af·ter t~arr~"al on 10 Nov_bel' 1980 In PNG of 1000 pupae \)f L.. 
'klBlupiat f the tieevl1undefwent aanYleneratlonJ in strict quarantine 
cOndi tj.OJUI allay fro. ,ny of tbeaainoilpal. develQpaent8. It was 
furtbel' t.ted ,qa1nat iaportant indigenoulplant$ and declaredaafe to 



,'1014, t.t .11l ~.,ril '1.981· ~n.an ·l.Q~.tedfwt..,..bect.re bl~k nt~·tbe 
qu..r~~~t1ne·labor.tl)~,.nHorobt frovi~" 

'fttrtn. _Cell.tlnlU~ tflllOfts tto.l .... 16'.1&. field. t.tlq 
.... ~\lt:bYpvtU'.l.lIOntbS.. :HUlt£·.,l.leatlQn oft .. popijlatiQnto.lllY 
't~.~·ln the labQratoty 1J .. fQl1o~· ~bytheflt.tRl.nta~lon:rele'" 
lin 3_. :1~1" ~n·acentX"al :poaltlQA'1n 'Q" plMtatl<m· .1n ·Qctl· ..... ofthe 
oU~laa.weloP*mts.t>f·b9tb_t,..8J'lta~n.ndoX'() Pto1flnQJ$, .. After 
tvo-ontb.J',£1vehectare. ~Q\IPd the rel ..... it. Here' .Jturated :witb. 
·tJta ~11.. Di.ttlbQt!otl tQ. tb$uhol.:dev..loPBanttQllo_., ·u.lnc 
·~tl'" · .. le 1ntlon.cence.cuttroa 'tb$'Qt111nalt1ve-hectU'e Itt.. ~th 
one inflorescence ·bet..., pltced lnoveryaOhe<;ta", or otl,~l.!> . 'W1tb~ 
five .ontb.lt~"bol.4.0000 .bl"l'& , •• turated:1fithweev11.. .'anc1 .~ 
»Oll$.n.tf.OJl~_ -p:r!noi})il.lY *.uafj fQll.en v ••. no lon,erlvJilable 
r.-o. tbe· .. v11~¢()V~ lnf.1Qfac~. 

3 9Ylntlt,ti",.M1lY',I, 
fneDlree,toJ." . of.' ·~_arcb~t.thep.pua .HelI. Gui~ '011 pal.Mse~Cb 

_.oc:t.at!()(llPJtGOPAA).T~ .. rHe~t ~1ded tblit the effect ot illlect 
PQllln.tion ,.,holJ14 .b(!. analY$«Jonly ~nthe blli. of fffir. andfinart 

d.ta., $.lch£1aur", could presently ·be·obtained only up to 19$6: ·.8othU,; 
ltudfla conc$ntratedon ·tJ)Opetlod1982,tQl986 O.nlY- SincetM ett~t. 
ot tM . introdUction ·otpolliM.t~llIiU ~t. are. likely ,to eont!nu. for a 
very .1Qfta tu. ,(or indefinitt'lw,if tht insecta do not disappear for .cae 
rel$5on) f .\lob a restriction oft,he:lJtudY periQd v111r.ult in. very 
aut>atanti"l under_ti.atlon of total expecttk1 ~fit$ jt 

3.1 m>,jecti'll 
The objective In theprQentatudy is to estia2Ste t~net Inc~lse 

in _lfara teSult1q fro. the introductiQn of tbi •. particular ~ 
technololY. ,Moreover i BOile i'ndicatlon .i8 also' to' '~eli~1ted of the 
distribution of welfare ,alns within the country. To this end, a 
financialanalysiB of the national affects .of the neMtechnologyis 
intended to aho., the shatef-t .accfuilll to the 8ain pa~' ~icipant. in the 
induatry: •• allholdera, plantations (toBether with oil.ills) and the 
ioverMertt_ 

3 .. 2Hetb9<l 
The increaae in econoalc .surplus due to technological change can be 

identified u the shaded area ABeD in Figure 1 (non .... linear supply and 
<I_and curve .. shown, along with a propo~tional divergent shift of the 
sllPPly 8ch~ul~). In the restrictive case of perfectly inelastic supply 
(i~e.t no ohange in produced qUantities fO.llowl~ price! changes) and 
perfectly elastic daand (i.e., no change in price following increased 
prc>duction) (FilUre 2), the increase in econo8Ic surplus is the area 
ABOoQt: this special ca,e is a$8Uaed in .any VHP 8tudies~ 

Lindner and Jarrett (197S) drew attention to the iaportance of 
idemtifyinl the type of the supply shift in analyses based on the notion 
of econo.aic surplus. In the prE!$ent case of insect pollination O{' oil 
paLl in Papua New Guinea, the type of the research-induced supply shift 
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1..Ptf$\l~tq "be! dlV'etl~mt.. ~tA<ioptionrate~·oft~ n~" "t~hnololYi. 
'100· '.~ cent.· , du~ to it#· nature. :~ver; '4ccordirtl to local sour¢ea, 
pollinat1~nw. c~rrjedout lea$: prot·iciently ·~YB.allhold~$ than by 
pl.ntationtJ." tbe~tQre thetel..tlv'$f~ Qf :yield .,8in l$ifeater t1lt 
a •• llholdera .• nd·f thu.,tbe IJupply .hilt. d~vetlest. _ (PN®PRA Z'e~n~atchfu'a 
4id'notdifterentiat.,betV$en.l$ .. 11",-Andlatlebc>.ld$r$ j.n.vorkillJ out t~" 
Vi"ud i~creaa~t bEm¢~Unl£Qr.,.flaute$a1"li::u.ed1n· this an~lY8:1. ... ) Since 
all :prodUqera .peti.nc~ yield t· .• ¢J'ea~'Al$, th~P9.s1bilttyof a ,pivotal 
.shift ·cQan ~.tul1$d· .Q~t. 

A prev!Qt18 .tudy oftbaPNG,oi.lPftlit indus tty could ,notbefQUnd 
tb,t .. oul<lh$vein¢l\ld~ 'tb¢.ql,lantifieat19n oitha, price elasticity of 
$\tpply.. .")n.the basl$of ,indu$try 'ilf$tory f. f)upply is expected to have 
shqwn little .response to .pr1c~cban&es .,Plllhtings dat~backover less 
t~ntw() decades. and ha.Ve betn· pereetvad by 't~lovernaentrather as a 
aeantt ;,£resGttlQentand e,lployaentcreatiQtl thana purely co_reial 
~~dEtl'c1i!Se. The coapanj,es'ap.Pear to have a long-teraview about the 
des1rable;ext«!nt or the industry t thereby reduciJJJ: ,the effe(:;ts ot ahort
tara price.ov~tB on new plantings. 

ivfdence f.rQa local 80ilrCespoints to th~exi'tenee Of an inverse 
ahort~run SupplYte8PQnseby s.$11hold~rproducerB~ Tbis Iaywell 
cQuntera¢tconventionalr~ponse by co.-.rcial producers and • 
. con$6quently. supply .ustbeev~n sore inelasticint~~$hort run. The 
value or 0.1 (use4 by Flealnl and pj.uott (1980) fo't pal ... oil supply for 
tbe lIhole of the S~~tb Pac1flc)is thu$ very realistic forPNG. 

DUand fO!'"fiNG oilpals products can safely be tl.\kenasper.fectly 
elast.ic ,aince' t.lle small-cQuntry 8ssuaption is applicsbl~. Given these 
8ssuaptlc>ns, VHP i8identical to th9 increase in producets t 8urplus~s in 
the present C&Be. 

FtJr interna~. consistency when .ibvestigatina the distribution of 
r~earcb bEtnef1ta. as well as for ease of calculation. the discounted net 
present VHF, resulting fro. the adoption of new technology. is 
calculated: 

NPV == 

• -1-

S[ (G., - Go.)P, C • 
-~~-~-~-~--~--~ ~ ~~.---~~-~ 1 

" U. + r)l (1 + r)' 

where; QO & = quantity of produce supplied in year i, without the new 
technology; 

Ql. ::: quantity of produce supplied in year i, with the new 
technology; 

PI ::: real price of produce in year it 

C~ ::: real value of research costs in year i; 

1 Ifa.sisted pollination had been equally effective throughout the 
industry under the old-technology regiDe, the shift would have been 
parallel - 4$ the Yield-increasing effect 1s unifora1 and no cost 
{actors other than pollination Mere affected. 



t- d;l,$e~unt 'rat~; ,~nd, 

n ~ ntdlber of, }te~r$! 

VHf'b.8~n 'lntetPrete<:i1rt: this $.t\ldy' asln¢r.ental netben~fl t. 
leal ~~arcb'co.ts. In order 'tocal¢ulatEt j.ncte.antal net ~nefits,th~ 
lncr~*'t~l eros. benef~t$ (1 ... ~. 'tbe' v.lue Of the exti'4 produc;tiQIl) bas 
'to 'be j;'edueedb~l t~ :a.ot.\nt of lrtcrealtQ in l'&l~v.nt "al""1abl~co$ts. 
ThtliJeare ~O$ts that J~proportional t() the quantity t)£ tbroughput, such 
cS,)iarv_tinI6nd, tra.iUJpoftat1oncQSts. , All, ·other uncbanSfN¢c)J,ts were 
,treated~s 'Q~head8tro.thepo~nto£ View of thepr~~nt analYSis t an~ 
tb~ :irtcreaantal mt~nefit.werec,al~ulatedas the difference ~tWee!Jl 
tbew.f.th- and.,ithout'!!l'r$Se~u:chlto$.*atgill$;: 

(t),,,P,,...:\fCl,f.) .. (Q(UP .... VC~I) ftc:.. 
r ....... ---~-.,. ... ---'--..,.---...... -.... ----- - ---------.. ] 

{1 + t}~ {1 + r)l 

wher~: VCOI; =: total variable. costs in real values in 
year i, uithoutthe new technology; 

VCa;£ r: total va)-iable costs int-eat values J,.n 
year ,1 ; 'Hi th tbe new technology; 

RC.. =: real value of res~arohcosts in year i; 

The ranae of variable cost$ 1$ deter_ined by the level of 
a~ationexaained .At the national level t only transportation and 
aill processing costs were considered since these constitute .ainly 
f()re1gn-e~cbang$expend1tures and thus GutfIo.,s fl'oJ thepolnt of view of 
the national eCQnoay. Sf.11atly, at aore di8$.sgregated levels, the oosts 
and benefits relevant to the analytical level were included in the 
analysis. 

The discount rate used was 10 per cent, thesa.e figure that is 
used for project appraisal by the Departaent of Agriculture and Livestock 
(DAL). 

3.3 calcylat~on of Bes§arch Cost~ 
costs of the re$earch consisted of: (1) the eaplQyaent of one 

ent()aolo,iut on the project; (2) "overhead'· (capital, consu.able and 
adalnistratiOn) costs of the research institute, allocated on a per
research~seientist basis; and (3) pa~ents .ade to the Malaysian co.pany 
to contribute to the costs of the original research on insect 
pollination. 

3.4 lvaluation Qf BeMfits .fto,,"hsearch 

a.} Without-research scenario 
Costs Associated with assisted pollination were incurred by the 

prov1ncialDP.t and plantations in connection with pollen collection and 



di:.1:~~but~ion. ·'})tt. on.:Wl cost could l7iQt 'be, obtat~) tbul they h~ to 
-1>ep.,ttd:KSOOO(1)'~~t tor WNB., an4J(2oQOO in 1982, no 000 .ilt 19$3 
.ndK40 000 intbe, t'olIQwJ.llI y~~afQr()rQt . all 1n19$6 valu.~ 
PQ'lltnatiQn -llal ·.ear.rl.~out 'bY the, . producer. t. Qos.tiJ1l $oa •. J(6S/ha 
(,u~PQ.ecily.' 1ttclq(lj.Plcollect:to.n cOlt ... iswell) tot plantttiolil in .19ao 
{Prior 1ge3) "S.allholdetlJife~ Ja,,~ted. to: .~nd-two-en<l-$-.hal't dilYS 
.v~' '~·pollil)atinJth~lT~8QutJa¢cQr\(U.n. to 1.oe61 .our~·, ()ne
.mt~.-halt day w..clOler to. t .... 10tU,Cll.. tiae ,.pent it 

Since the pollinatiQD by jns~tB i •• uperior tQ. that. attQpted. py 
~ple, a Ir~atet nu.bet' offlower$ 'develop 'into f'ruit~ '1''''. likely 
Yi.ld~r$!uclnl effect o£tb$, absent$ of tbelleevil haa been :eltuat~ by 
PItGOpRAscientist •. , ltlfas' put. torwardthatYields. inl4e8t Hew .. Brit~in 
"foqld have 'been a~40 percent 1"". in 1982 'than the actu~l..rkf'arOllnd 
OnE' thir.dIt-lnin thefollo,,11l1 ye,r •.. In Oro province" th~~ptove.ent 
in fruit let was t$~ l. •• draaatj,o, ~nd a y1eld-reduct1.on£iaure. of four 
.~ eentwa. 'acr6'e:d' <In. in disc\Uts1.on' at ~:.GOPAA. 

Another result of better fruit s.$t is the increase in extraction 
rates in the o11a1118,8& th$fl"'4lit.-to-fraae ratio in the blmchea 
1nqr.a.~. It Wa$ ass~that, without inae~t polllnation t the 
elttfaQ,tionrates oi():i.l and kernel would hove stayed at the She l~vel as 
before the 1nt.rQ<iuet1on of the weevil. Intact, this i. a very ;lenerO\A8 
aJlsu,pt1on. and one that caUISe8 the benefit. of ~nsect pollination to be 
undereatlaated. M pal. ero" 'taller ,alsi8t$d polllnationbecoaes quite 
d1i£icultt' fruit set d~lin~f and so do the extraction rates. This 
stale wou14hav$ alrttadybeen reached by now in soe Of tbeearlier 
plant1.nc. in West He" Br!tain. However y the yield-reducing effeet of 
treescrowina tall was not ,accounted for ",ben eatiaat1nJ ",ithout-project 
yields or extr .l~~i:on ratea. is$entlally. before-pr.ojeet f1gureswere 
used tbrougnout f 

b~}W1tb ... research situation 
At the natic.na! level, the benef1 t i1& the added production. When 

it COaeB t~ diatributlonal effects, the value of the ces.ation of 
Hslsted pOllinatloncan be accurately quantified in .oney terM for the 
planttltion sector as well as for OPl. For the saallholders, however, 
there is little oppt)rtunity of lincline paid eaployaent to utilise the day 
and one balf a week that they suddenly do not have to work. This extra 
tiae is. .ottt likely to be used partly for gardening - thus i.proving the 
supply of subsiatent:e food and. thereby, nutritional status - but .ain1y 
al leisure tie. No satisfactory way could be found for the 
quantification of either of these effects in financial tar.s, and thus 
thG substantial ,ain of tie by s.allholders. or its spinoff benefits, 
were not used in calculatinc total benefits. 

Since .separate data series cou~ be found for smallholder and 
plantation production in West New Britain and Oro provinces (DAL 
sources), a cotl'e8lllOnd1ng bl" "kdown of benefits can be provided. 
However. benef1tsaocruinl to plantations had to be aaalgaaated with 
thOle of the oil al1ls, for the aecountinc prices u~ed in valuing fresh 
fruit between these entities were not known. Still, this is of little 
Qonsequence, as the pl~ntationB and oil ~ills .oat1y belong to the sa.e 
cOJpanieD .. 
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FinaQQialEtftects on PJ'ice"'stabiJ,isation funds 'could beaonitored 
.bYvalu;i.ni8.allhold~rproduct1on at both gr,Q$ssettlers' (i,.e. j before 
.tabiliaatl0n)a~ f~r.-Iate (at~bili8ed) pr1eeJS. Ho~~ver .. these prices 
bCt1na4Vf!ra.ea a.cr~as ttl_estates. the r~ulting totalf!gures are only 
anapproxl.ation Of th$actual stabilisation payaents. 

SO.~IOVernJlentbenefi,ts frorathe lleW tecbnolo&1 CQuld be .e~sured 
quite preoiaely.aatha export tax Qf2.Sper can.t,d vi'lOTM is levied 
on all ·e1(pOrta. and tbe difference bet~n theactualandw1thQut-project 
s1 tUl;ltions ia just 11 _atter of ~ubtraction.. Coapanies pay tax • and 
col1~t~on could ,increase que to an inorease lnproduction. ThePNG 
lovern-e~tilSa sbarebolger in tne plantations ,thus $har1na in the 
dividend. frOM ttaeae coapanies..Yet another area ofgovermtent benefit., 
in thi. c:;a$ethe.provitll~i$l gC)ve~nunta·, is the c~8$atl()n of proVincial 
.DPI duties associated wi tbpoll~ collection and distribUtion. 

Data W$re drawn froll both industry and DAL sources. A full dAta 
set liP not),et available for 1986, and the _lasing data (such as 
extraction ~ates for WNB) have beenextrapolateci on the basis ofprev!ous 
years' figures . 

4JU.!K .. YU.Wl 
NotWithstanding the" vary conservative analysis {Most of all, the 

teraj ~latlon (>f thesccounting period as of 1986)>> returns to the 
res(.,areh project proved quite outstanding. DUe to the Uore effective 
pollination, an extra 425 itt of fresh fruit bunch {FFS} has been produced 
durIng the perIod 1982 through 1980. On the basis that one tonne of FFS 
required around one .an-day of assisted pollination under the old 
technology. .ore than two million .an days (Day, 20 thousand aan years) 
of labour have beel'l freed in all sectors over the .sa.e period. While the 
plantation sector made direot cash savings thr(. 'lgh lQwer labour 
requireaents, it is just abOut anybody's guess as toen8ctly in what way 
the.saallholders used their freed tlae .. 

When lootinc at the financial effects at the national level, in 
discounted values and at 1986 prices, a K315 thousand invest.ant resul",ed 
ina gross financial benefit of KSla. as compared to the without-research 
scenario. In other words, had research on insect pollination of oil pal. 
in Papua New Guinea not been undertaken, and the resulting new technology 
not intrOduced, K31S thousand could have been saved in direct costs, at 
the expense of not earning KS11l. 

The rate of return (IRR) on the invest.ent was about 680 per cent; 
considerably higher than that reported in most previously docuaented 
cases (e.g.~. ~uttan 1982). 

With the exception of profits repatriated by the companies, all 
benefits oEthe research were captured by Papua Ne~ Guinea. Due to the 
country's aarginal supplier role, increased PNG production could not have 
driven down international vegetable-oil prices: and i~ sease 
producers get the saae price for their extra produ~w~': ,before the 
technological change. 

Within the country, the biggest beneficiaries have been share
holders (including the Govern.ent of Papua New Guinea) in the cOllpanies 
owning plantations and oil aills. However, their share of a K45.5m 
increase in gross .argin has still left thea running a negative Dargin on 
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operations (alter thed~u¢tiono£ only those production costs that are 
"p,rQportiQnalto barveatedquant~ ti_ )of'around 'K32a over theper.iod_ 
There.son for this was that the j.ncrease.ln settlers' prices baa ·been 
,relativelYl1'eater than that for the export pr1ces of oil.and k~rnel. 

I.n contr~ust1 s.allholdera b~d a net increase in theirtev$lue 
e$tllated At tt8~6.. It has to be kept in Sind,hollever. tbat labour 
aavilll$ ",er~ 'not priced for alallhol(jers.Labo\lr a8vinzs of the 
plantation.ectOr llarearound K4a, on 'a production appro)Ciaately thesaae 
ai?eas tbat of ttu:t.lallhold~r$.) Be¢ause ·of the (fepreJaed pal .... oll 
prices fpr .uch of the 1982 ... 86 ~riod ... cons1derable part oEthe 
f1nancialla1nwa. -price lJ~ppdrt fro. t~.tab11isationfund. 

7 t . I 7 J i '. t I £ ,.' t· . , $ l' d ' P $ ." 

~ .... , . "-j'....... : 

L~bour s,vinpby ,the 'plant_tiona 1Ieant co~t.aVlnp for the5 J but 
lQ$,ofinQo~-eatn.incopp()rtun1ty for the displaced labQuretll.. SUit as 
w1thtbe.lallnolder8't too I1ttle ia known about tbe pos'lbl~ alternative 
u.e.of this freed labour to- put a .. onetary value on the actual lOlles. 
Host ottl\e peQpleeaployed lfere probably the s.allnolders atoundthe 
nucleus estates; thus ,with the end·tothisaoney-earninl opportunIty. 
they could have ,spent aoretieon their own pI a nti(lC$ but earn!n. less 
casb .. 

Tbestab11isation fund showe(i& net lain. of K116 thousand t as a 
fuul t of increa$edproductlon by 1 984 (a year of,oodpriees). This 
year and 1985 were .• ore than enough to balance the out-IloNa of the 
previous threeY~ar •• 

The public purse shared in the benefits frol the new technology in 
four ways.. eenefits accrui", to the provincial adlinistrationsworked 
out at around K300 thou8andfor UNBand around 1200 thousand for Oro for 
th~ period, on the baIts of guesses about the coata o~ ._isted 
pollination.. Second, the national govermaent profited fro. the cost 
savings and production increaSes in the plantat1onseotor as a 
shareholder. Since n$ither thepaygent of dividends by the coapanies nor 
the effect of new technology on dividends have ~n investigated in the 
present analysIs, the governaent's share as a shareholder has not been 
assessed bere. Third. the export tax is one or the redistributive 
processes, andthi$ has yielded the PNGgoverMent 80ae K2.5. in excess 
of what the revenue would have been with the old technology, over the 
five-year period 1982 to 1926. Fourth, tax collection fro. companies lay 
well h~ve increased, but this has not been inveo~igated either. 

Regional effects of the new technology have been uneven. Whiie the 
labour-sav;ingeffects of the cessation of assisted pollination have been 
si.ilar in West New Britain and Oro provinces (depending only on the age 
and, therefore. the height of the pal.s) the yield increase has been auch 
s.aller in Oro, for reasons yet unknown. Consequently,saallholders 
gained less in teras of Money incolle in Oro than did plantations (through 
wage savings) or did s.allholders in West New Britain. 

5 Cgllclu§1ons 
The research on insect pollination of oil pala in PNG proved a 

well~chosen project, uith outstanding econoaic results. Not only were 
the total benefits significant. but their distribution also included the 
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•• allbOldfll". ,b _11 Q tbepUblic lector. In .fact,. ~f1ta to 
.ullbol~. aJ)d thepubllc .~tOl' have been-.rloualy under_ti.ated in 
this ... aryanalysla, due to.asur~t problf!U and lack of data. 

The ..... ~t o£ total benefIt.· hal been restriete.td to eshott 
pa.tperlod. Slncetbe new· tecbnololY can ~ reasonably~xpeetedtohave 
(iultea£ew.ore year. Qf useful life, totalbenefltlJ II~Y Nell eventually 
t>e.anytl_tho •• ot calculated in the present study. 

t~ lack of ev$dence abOut the effect of tbenew technolop on 
previoUlsly bir~ labourer, and .Ilallholders throu.h the ve~y aipificant 
laboQrs,.vin.p istbe ,lIain .horteoalng of the pr-.nt .study. Without 
lIuchdata,ttte evaluAtion of d18tributional consequences ia {ariro. 
sati.flctory. 

It has t~be ~pha$i8eH that very few c~ncluaions can be drawn 
about fNGqricultural research in :caneral - or, indeed, agricultural 
retla,reh el.ewhere - on the basis- of tbe present analysis. Tbe research 
Pl'ojectJcrutinlaed was an adaptive piece of research. Most all'lcultural 
research .1nPNG 1s likely to fall in this category, but.ost will cost 
considerably.ore to co.~lete than the research p~olect exaalned in this 
paper. This lteans hilher experuj.t turea a.nd .lower returns an research 
funds ,especially if there 1s a lona lag between research oxpendi tures 
and adoption of the reaultinl new technology (i.e., benefits ore heavily 
discounted co.pared to costs). The advantage of the new technology over 
the old is usually far narrower than in the present ease. Unavoidably. 
80.e research will inevitably fall to achieve 1ts planned objectIves. 

What this study dettonstrates. however, is that the potential for 
h1lhreturns to research in PHG .ost defini telyeXists.. It. realistic 
identification of probleMa and possible research optior~ can increase the 
probability of re$earcb success, ~ i.prove research returns In the 
IOlller run. Or, turl:ed around. if there is an &wareness of the whole 
research ... adopt1on process involved t and research projects are selected 
fro. the bqinning on the basis of a clear set Of criteria and expected 
ret\lrns. there should be less of a chance of such research results being 
lenerated that do not contribute to the lwproved welfare of the country. 
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APPElmlX 1 
Calc.ulation.of.aenefits toOilpalnlResearch 
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