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ABSTRA(~'I' 

Rtce breeders and their administrators face d1ft1cult decisions regarding the mo.st 
appropriate methods and approaches to use in their breedh.lg programs. ln this paper, 
economic principles are used to evaluate and compare the gains from different plant 
breeding programs or differcmtly structured programs. By identif-ying the qosts of 
potential changes and estimating the expected returns from. proposect·programs, 
investment criteria are used to evaluate the cffic.iency ofshifts in resources within the 
breeding program. The infonnaHon generated enables the rice brqedets at Yanco to 
adjust the existing breeding program to provide the Australian rice industry with 
relatively higher retums. 

KeyH·ords: Research, evaluation, breeding, rice. 

Contributed papet pr·esented at the 40th Annual· Conference o.f fhe Austpalian:AgrictlltUt~l UJ:'ld 
Resource Econornics Society, N1elboutu<!, J:.'ebrttaty 1996, The vie\vs oxptessedlulhis:pi1J)~r 
n:re thuse (jf the authors, and not those ofNS\V Agdc.ulture. 
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Plant breeding is one oft he n1~or components or ogriculttlral t·csearch. S~udles such as 
Blnke.slee and Sargetlt,(l98Z)t Zentner at1d P~tetson (l984),Nngy (1984)~ Gatdii'lcr~ Sande:rs 
and Baker ( 1986), Otenflan(I989) and GRDC (1992) have idcntifi.ed high average: returns on 
.Investment in brc.cding and varietal imprcwc.ment. Howevcl\ suob research is thnc consuming 
mld requites huge amot.mts or investtnent, in lern:ts of both the re.sottrees used ntJd the value or 
research tlwt could have been cttrried out if that particular research were not funded 
(opportunity cost). 

If research were costless, each environmental niche would have tt t1Iliqtre technology (fJoyc<:! 
and Everson, 1975) at1.d each matkctitlg niche wmrld. be fitUy researched 1;1tJdde~.reloped. 
Those allocating research funds in rice breeding nre faced with S(;arce resources, and have to 
dctcnninc how to allocate the limited research resources across different types of dee to il1C<H 

the changing market requirements with a vtew to maximising returns to the industry as n 
whole. \Vithh1 the Iimlted funds~ the rice breeders are being asked not only to produce 
varieties with improved productivity, but also to ensure that s~ch increased production is 
sustainable. 

Because the resources available to the Australian rice breeding program are less than the 
resources needed to address aU l:>recding i~sues~ choices have to make between competing 
uses of resQu.rccs. Some empirical tese,(.m;h in\'CSttgati<.Jns like Brennan (J992}ltave identified 
the threshold industry size for different wheat breedmg programs, but no intbnnntion is 
~~vaitabie for rice. In the absence of any economic information to help making these decisions. 
the breeders and decision makers have w depend on judgements of the appropriate outcomes 
rathet than t1bjective analyses. 

Iu the present study, an attempt has been made t<:> estimate the impacts of son1c pot~nthd 
changes to the Australian rice breeding progrnm at Yancof NS\V, with a view to providing au 
ccono.mic basis for rice breeders and decision makers to detet1rline the research priorities in n 
better way. 

The specific obJectives of this research paper are t.o: 
i) estimate the costs and benefits of the existing rice breeding pro grant; a,nd 
ii} estimate the impncts of some potential changes to the Australian rice breeding 
pnlgrmn. 

2,l.lhtsisoftrtOd(!) 
htvcstrnent ofre,sources in dec breeding ccm be considered as on¢ ofa,nunlb¢~o:~t~l~c;rnati,te 
publicty .. funded projects in which investments 'Could be made. I3rcnn~IJ (:l989):b(lSdQ\i.el'Op~d. 



a. spreadsheet model to\estilnate the oost;liJdheilcfits froni \\'hentbreedingptQ,gt·~~ltdn 
A~stralia. In the ·present study~ tht{ same r11odel has been ·lurther clcvelopedto ·ptpduce ·~ 
tiyt1arr1ic detenninistic(cer:tah1ty) model to study the impacts ofpetenti&J<.':hailges in: exisliqg 
rice breeding program at Yanco on various :finat1ciatand physicalparanleters. 

The protlt thnction ofthe rice breeding p.ro.grn.In for society ovet n years can be expressed as: 

n n 11 

·}J P, 11~ ~C, (I) 
t:;:i t-,;;.i t~i 

where J\, I~, and C1 refer to the rcsp.c.cti vc profit. rctu.rns and costs .in year h expressed in real 
tenn; and where costs include annuaHse.d capital at1d overhe~Id costs. 

:z.2 Costs ofbrccding 
Thert1 are a nun1bcr of.categories of cost~ that need tl'> be included in an evaluation of the 
breeding programs. The costs detailed in this study c.an be classified into: 

i) costs ofthe breeder's activities; and 
ii) costs of quality testing. 

The cost.ofdisease evaluation is not important in this study, because the Australi~l:l rice 
industzy is currently disease free. That disease~ free sttttus is maintained by strict CfUiU'ttiltine 
regulations. 

Following Brennan (1989),thc costs t1fsociety's profit function include more than these 
directcosts of the rice breeding program itself. Additional costs that are part.ofthe c.osts to 

society of the breedii1g program incl.udc the costs of comparative e.valu<ttion \"li.ththe: e~isdn:g 
cu1tiv¥:s~ the costs ofinforn1ation regarding agr<.momic req~1irements) the cost o.fextcnsion 
over and above that required for the existing cultivars~ the costs for growers ofs~cd. or 
~dditional inppts over and above the existing cultivars~ and the cost of release or registration 
proc~dure. Those costs are not incorporated in the analys.is reported in this ,study. 

2.3 ·Returus .from a. breeding, progr~m 
B¢cause ofthe long .period between the .initial cross and release of~ new eultivar~ there will 
be no returns from the first several years of a new breedh1g progrq.m or to a new breeding 
approach. 

\Vhilethere is always uncertainty of outcomes in plant bn~eding rescarcht the expect~dtate of 
genetio gain fro.m sele~tion .can be estimated from infom1ation ab()ut the vadabiJJty ofthf! 
original.population, the heritability ofthe selection character, and the inten$lty Q['selection 
{Shnmonds 1979}. A given selection program determines therate.of·expe~Zt~d.genetic 
irnprovement in each selecUort character) as: 

G,·= 
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for t.hfl.meter i~ l)l the sta.mJnrd d<!viution for \cJu:~raotGr i; and (h~)1 ·the heri tnbili t)' ;.fot'charaeter 
i (:Sirt}tJJ<.:lndst 1979). Ftol1llhis equndorrrmd comparison with current cultiva.ts that::ha\re 
alre~tiy be.en subjected to selection, the c~peoted tate o.fgenedc pro.gre:ssiihtcn:tgh :s~l¢otltnt 
ca.tt be estinuned .. 1:·be economic ret urns from the g;enetic gains itt a ;brecd.io~ p.t<.lgraJ.n·d¢penq 
on the gains from the culti:vars. the adoption nftbilt cultivar~ t:\nd the economic vahte of.e~roh 
of the traits·(l)tennan 1989). 

In economic tetn1s., the yield increasing effects ofa new dee variety resulr h1a downward 
sbifl in tbP supply c.urve (Linder and Jnrreu, 1978~ Norton and.J):,lv,is 19.81, .lidwartJ m1d 
Freebairn l984 and Bronnan at t1l 1994}, while the q~Jalhy:,.;improving effects oanbo 
rt!prcsented ~1s an upwards shift in the dcnm11d ctttv<J (Umlcvchr 1986):. For tltis. m:odeh the: 
approach developed by 13rennun at ol. {1 ~HJ4) h*ts been used. 1"he .follo~ving ~ssumplions ate. 
implied in the analysis: 

i) Increase in ric.e production from any new 'tad at~ are assum.cd to be ·sufn¢i¢ntly small 
that there will be no decline in the pdt1:e in the rnarginal market. lf"priaes would 
decline~ tht~t) the benefits arc likely to be overstated. 

ii) A new variety is assumed to lead to higher t1utput with no increase in inputs. 
iii) Possible increases in production that can take place be~muse. Tioe hecorl)es more 

competitive with alternative enterprises are ignored, so the benefits are likdy to be 
understated. 

A detailed. description of the model used for estimating the returns from each breeding. q.ycJ~ 
is given in Bre.noan ( 1989), The spreadshe~t model developed ~an esthnate the dm~ req~dr~d 
tP tel ease A ne\v variety from the stan of crossing program, additional time requirpd .to 
d~.yplopevery new culti,tar~ requirement fbr the various physical pararn~terslike area) and 
number of:lhms re.quired to be handled over the yeQ.rs before the rl:!lease ofa .new.cr~lfiv\lr. 
B~nefit~cost ratios have be.en worked frcm1 the .estim4\tes of discounted costs~ and benefits to 
econornicaiJy evaluate and compare the. results. 

3,.1 Currcn.t breeding program 
The :past growth and future development in AustraHan.rice .irtdu~h'Y are ~los¢1y Hn:k~dlo 'the 
ric~ breeding program, bGing undertaken ~y the scie.ntists of"NS\Y t\gricplture nt )':an~Q 
A~ncultural Institute~ Yanco, NS\V. Th~ program has a long·hi$tory.pfpr~:rvic:}itjg J1CW 

cuJtl¥~rs atre,gular interve1ls. NS\V Agric.ulJUre hasf:or·xnan)~··ye!jrs.dcvelqpeg ~nti:$qppU~? 
the t?tal technology pf1Gkage for .d.ce :production inJhistempcmte r¢g.io~1 !ant,kht1s cq~?tlm;te# 
lopal f1gronomio rgsearch and extension in ripe growing sill~;;,eihecea,rly 1930s~ l1owev~r> JtjS 
only.·s'itlCe the late T9S0s to.envty 1960sthi.\t &d~quat¢;]lto(cssioJ1ql st~ffihAV¢··b¢~tJ :i\V~itabl¢ 
to emiblealocal breeding team to develop. 

T9~·cW"I"ent ric.e bree91mtprogfam hasJ.wo ric~ pr,~~ders: ~~t~~,~t;~ct~~tqh~?1fsh;~l6~J~)'tith: 
o.~?ert~p~ical. at1d .... suppPrt .. ·StC1?~··and· .. :i s· .I·.t!d• .. p~'·. ·p,r~~~gri~.·~8~~v.i~. ~~~~·\9p~rati~n$ ot?~t~l$ 
:prqgr,a,t,n:areill).lstrat~d:.in I?;ig~u:e l. Thericepr~t;qlng:!~U?er~ti9ps:~r.¢>·C:f'tri~g:pqt:a,t~ll}te~ 



toct~~t~ris, namely ~~~nt1.e~, n~mUlquin ~md JerHdcric;, tt> tcprosont the \\(h~l~. dee l~t;~Whig, are~ 
hl'N,S,\V 1\t prusenl* vh1uall1t ~tll of the rie.~ hl Anst:rtllla is gro\'lJl in S(:)tithonl<N'S\V. 

Tho ()Vt~ran prt'>gJ:nm !s eurrenlly mudc ·up (Jf 9 sub,:pn.>gtillllS, ~ne.l11lirning: to produce 
vnrietie~ witb rlUlbttmt: qtml.it)~ .bfla.taeteristies. 'rhc sub .. pro.grams are shown i.rt T~blc 1 . 

S'tnttdatd i\ll:dttUit (1t!i*Hi 

Start.4lrttd tong>.C:~111.tu 

S{~t;()i;llt~}' ~f'tH*IS! 
Fr*ghn.lJli:S'!filclt 

~ltd't\im(~r~ln ~hpitt~en 

l;oo.~ (lr\lhlc :t:h·n• l"'f.u,lki.ng 

~\rbuiin 

ft~~t'::tnt' fhilm:m 

~t~dlnmllirtt 

W•t>' 

.. Snb•4ot.at S~coinrt~" 

~l~Oht.l 

SHb" p~ntfrjHJ! V!.titO.r$ Hr~t :f2l'!t(,)' ~\.~:((l!G,t tl#! {Jf«(:.ilt:M~~tt:l"icr~~ };j(fM!og . 
brg~n tiJd.~rO .. r,t'h~.ii.S.~lf Htnitj,,\HtrJ· Nt»l'V"~t!ttt. r(HWt.r.f.::ll.ft 

l9SS 6 1958 6 SOMj 
195& () 1967 9 6 30°1& 

197:5 2 19•) . .{ 16 10 15% 
lCJSO l lf>~?5 15 15 10% 
1910 l }()89 19 25 5% 
HJSO 3 1981 1 5 4% 
1<>88 0 3% 
1QS7 0 2% 
1~no 0 l% 

7 40% 
l9 lOO(l?'b 

.3~~ f'togt¢,S$ ,3'1d (!~Jstlog tcSoqr~C, US~ 
1~h¢: ,ptottes.s and e:x:istlng resou.roc use p~H¢ttl o.fvado:.us sub t>rugrotns of.th~ Australian :rl~e 
breeding progrartl nt Yanoo ar¢ J1tescnt~d in 1~ablc l. ·r.bc !dloe~it:it'ln. of.resottr.ocs \Vithbrthc 
.dec ·tJreedtng program a.h:mg with ctonlpa,rr\tive p¢r.foonnne~ :of ~Austtnlltul ~d~~ i.tidusu~' tor 
dJ.ffr;tent types of does is also presctUcd ln r~\ble l. 

SJst~ ~petecnl or the l'CS('Urce.s nttllSCd ·Jor tho lllAinstr~nJn ?t~~dins ')>t()!,tr~m$ln~J.udbllJ 
$tand~rd m~dlum and :lOtJg gr~ttll .. t:~r~s-. ;p or.··thc,s.c ··~P~~·· ibfl .. •.l>reedcrs· .. ·tt.PPl~~· .sttO:nS· ~~lc9tio.n 
Jlrc$sure*. whl9ll; 1».~a.tlS. fJOmparati.\~<~lr .. ··fb~t~r .. lt~.o~.·~rQ.· .. 4ll.~wed: :to ·rno~fe :fr?uJ.on~·.·g~rl~r~~tiw.tl···lo 
·tho·next dcpendhlfl up on selc¢tlon for ~;i~ld~ ttrt¥ttttil~ and vadotxs:q,~r~Utr'Pijti\ntctQrs:.1~h.is 
lt;;ts,.dftectlmpants otl .gains ·ftQnt bt¢cdh1g·pn)gf~nn·· ·~nd::sustaitt;IbUH.y •t1f:n·QwvadqtJes, 

~mt~.~r~.~'ni.~.lio·~ ·4l1%·.·rqsaur~.<!s .nrc.· sb~r~.tl~·~m.<>m~~:t.h.Ci.'Sp.c~i·~lt.l'·~.p·~$~.·l~r~~r~·ttt5n~jtl~it1:~.··~Ats. 
lS·~)J~~iUowGd'11f.JQ~).5% attd4%of·tot~Ur~~Q)lfQ~S4~V;i.)Jabl.c.·.(Qr:qt~c;;~b1B:·· , . .•... . . . •.. S~t···ut111 
¢0.(>-.kltrg .. :~nd f\thtitlO···.t~J>.es .t~spettli~~oly. ··lJ .• ;tnn.Q~lU l~·$~l~$llPOAPt'¢$~\tte •iiS':·~DJ)ll~d:\, u:r'·\fhp; 
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br~~dlngt'ftbcsetypes' .. ~rhtr~t;srouJ1ilm~.ludas'busnl~tt.Ci\~)~i,1t~ditunlnrs~:!?rnbls{~~~:~,ud 
\vax~· Cl q.~). Duritlg the .bret;ding ptoeess.~ a relativ~dy ·hi~hJ1rt1]ltl:tiJ(ln·tlf'Htltl'S··i.:s.aUow~dt(;1·gp 
from one g:etH:1rtHio.n: t<>·the: nc.x:t fbr the.se types, i..e. wett,k scleeti'On .Jli:CsStlre ls tlpJ:)liu~ .. l1\t;r 
ahn is to build a. srd~t:iC'iently larg\1 hnse ofhue gf.ln¢.roJion li.n~slu th¢se ric~ t)tp~ so ~sto br;t 
able tp release a, vnri~t;~;t qulckt)· tfthcu·t~ is nn urgent re.qucst if'ttn11 the iudnstqq. 

Calrose~ n ll1~dium~ .gl·nhl ~v~wi¢\y rn)tJ:tlJ .S.A. wns tested. :aud intrn~tueed during. 1958' in NS\V 
ana it temni:ned d1t;r; major IlHZdhun grain vnd.e~y up ttl thcr rcl(.tt\5¢ of ;\.tnroc d.urlng thQ. ye~r 
l gs1. · Frmn the early 1960s, efforts have been tnnde to dev4lmp lot1g g:~r:~inti¢e :~•.a:ricde.s tor 
whiah there is a price ptemiun1. 1~he long gmin vnrielies developed wore gen~;w;ally loweJ• .. 
yielding thn.n Calrose O<etlnildy 1 1977), nUhough cua:eut Jong nnd tnedh:nn :grah1vari.edes 
o.\lt .. yicld Cah·ose .. iVlore recently tlnlre lms been u concerted e.ff(}tt to develop spcciatt}f rices, 
.s~teh as fragt:ant, Sr>an.ish (ttrb~lrio) and Japanese to tueet higher·pt~ieed t1ic.he 111atkets 1:1:11d 
ne\Vl)1 devt:tloping markets. 

1~o dMc, six. vndeties e.ncb of standard m~dhun and· long grain types have been relea.~ed. 
Dlff~re.ut speci1~IW rice sub,.Jlrognuns i.ncluding Jragtant. Jas•nhtc~ Japnnest;t., firm cooking and 
t1J;bo.no were started over the years bugiuning fton1 1970 onwiJrds. lle~aus\1 of less reso~lree 
use an .these types in the past, it took 15~19 years to release the first variety insotneo'I·tbese· 
dee types. A total ofscvon new speciAlty.varietJes including JJnhia~ anatborlotype which 
wa.s il1troduc,ecl fron1 Spain during 1981, have been releas.ed by the ric.e breedir1g prog.ram :ft1r 
eultivation in NS\.V. However, nn variety has yet been released for basmati,. medium. large 
gruins and waxy types. 

'the d~tails of the perfonnnnce of Australian rice industry by types ofdces duritlg 1'~94.,95 is 
presented in Table 2. t\ total of l 27,$00 hectares of rice ~was grovm vvhich prodttced .1.13 

Area \Hetd Produ~tioo GrQ~S V%'\ldc %Pft!>V~J 
(
10QO (Vha) ('000 0 {$million) ,\fca Y1cl.d l~rodurlh>n .CtQS$ 
h;t) .. vntue:, 

~l~f11~m·Oruin Stantl~rd 86.7 92.0 1915 133.2 68% tO.t% 71% 61% 
.~QI'H~ •. Qra:hrSt~nd:trd 28.$ 8.30 ll6.g 46.3 22% 94% Zl% ~5% 
Sp~~-itU)'I 
.. ·.Fragt~•tf4ttsmin¢ $.1 6 IS 31t9 9.2 4% 10% 3% $% 
"M~~fum <iru~o J~pan<:s~ t.S 858 ISS ~-8 t% 97% t% l~~ 
,. LqogCrahtrr~rur CQo~ing 4.0 9S3 17.9 7,0 3~:~ 107% $% 3% 
• Atborf.o (t8 104S 8.3 UJ 1% llS% l% t~~ 
.. Fr~gr~n.U~;I.s\1t~t.i (),() Nn\ ~'A N!A NIA NIA Nh\ W.t\ 
,. j\Nd\d{ltlntg~ 0.0 Ntt\ Wt\ Nh\ NI:A W>\ NIA NJA 
.. w~xy 0.0 Nit\ Nh\ NM WtA Nl~\ NtA ·bJ't~\ 

.. $(1b.~fotat tZ.l 7..90 96 .. 8 lOA 10~~ M~b !>~ tO% 

't~(lt;d 12,.7~5 8!81 tJi.\kl~ j9:?~9 tl)O.% JM~ '(fit)$,·., 
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mliHot1tonnes ()fdiCt~renttY:Pt\~. ofrieeswhb untwert\g~yi~ldnfS.Ri tlhn. ~rh~;gross 'Vahto 
oFprodtlction· 'vns esUmf\tcd··()Ut.hy ttsing.the a\~rugc:~'ldqe,J)t~tllhlillfOt'entib ·dc~·<typc: ove.r 
n1cdhun gmJu stttndnrd \tt\rietit~s~ whil!h was taken tlS $lt1'7ft 1~he doll~r vtthie.ot-:thctotal rlee· 
produced in NS\\1 \W:Js· ~:sthlltlt~d {tt $200milHon dut:ingthe yenr l994-'9S~ A. compl)tti$Ottn:f 
existing msottrQe us.e ~Jtd gross :v~)lpe of pt.'l)dt!Gti.nn fo.r d·iflhrNlt types ~l!rlce ("l~ttlile l) 
indicntcs thm there is ·n.ne~d fbrsorn~ ectmotJtie: bnsis f(?r better ~lll1¢Qt.tOtl.oFrescrtn:ees h1~ thQ. 
bt~eedcrs llUticip:Hh1~ the filture cllntlges in dttferent market. requir¢ments. 

4.1 ·Costs of dec brc.~dhlfrprogr:nn 
Tho nomh1nl costs of eneh o.permttln tn tl.1l~ represenu:tt.ive hreeding J~H!Qgrm:nj Jnpludtug l.t~botlt\ 
t1petating cnpi tat and o verhcad costst \Vu.re cstinlated. The ~:nst of caeb gcnerrniQn wexc 
cnlculmed once the opetmimls bciug carried out and tht~ tHJntbe:r involved in.the program 
were .detcnnhted. The cost structur·e .of the wht1le c>f u compb::te cycle ofthc rice breedlti!l 
progro.m is prGscrnt:td in 1~able l The total cost ofoperating the overall breediJl&JltQgr~tlliOr 
one )~ear is estimated ~ls $471 ~OOO cx:c:luding the tl\~rbead costs ns h1eurrncl hytbe NS\V 
Agri.oultt1re tor pmvid ing support sl!.rviees and tnt.•intenunce of.the statl<lil; et.c. !he cost .of 
bteedh1g progrnm is relatively very snmll in the etlrl)' phases attd Inctenses us tbe proat~n:t 
advances. Jt: is \lnly l .5% or the totnl eost in yeur 1 and h:u:renscs to l9il% .Qudng )~~at ·1. Oi 
tho totnl co.st, 52o/~» is spe:nt by the breeders nnd 4gq .. ,) by the t~ereal clttllllist for c.onduoting 
qunlit~t testing ope.rations duritlg various ge.nerntior1s. 

Year un~¢dJ\~< Q~iilil~· 11'ota:t 
!tiling ;{S1000) 1"';) 

7,2 \10 1.2 1 .• $ 

2 22 .. 9 OJ) 22:.9 4:<9 
3 21.6 (tO 2.JiG 4~() 

4 ll.O 4t:t+l S'7~0 12;1 
:S lS.•> d~ts 10.1 1$,() 
6 39,8 :J7A '71.:'). t6~d 
7 43..9 47,:$ 91A w~tt 

8 34.4 :Zl.t3 t~."' r.3.l 
c;) 3S"2 a.:t~ 60.4l 1a.s 

~f(lt;tl 244,8 ~26.3 411.1 too.~o 

'l~er..:<mt 52% •fS~~ l00il>4 
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·4~~.~~i~'tl~\tTts·ft"<•m·:ts.\sfiU~.t'i~.9····•l.l.tc¢(\lQ.~!I.l~'t).gJ;~ttn. 
1~h~.~ b9ne.t1ts lro.m the .t\tlstndinn riS!~ •ptos,nnn hrwc h~e.n ~stiumted by ~sing ,th~J'ust 
p.~tfonnuncc ofvntieli~s d¢.vch)p¢<l.andt'¢loased tor .et.tlbvatlon.1nlc csli.nl~lteckb(}ne,fits 
{l:U1diseu:luntet;i) il'rotn tho prog.tn.m fordi:ftc.rcnt·t)~pes of: tlee 0:\lr<.w thei:r·li:tt) spn~l ~re ptc.SUlll¢d 
h1 Tabl~ 4. nn avtu;age.s a .tn~dlum tll1Q; long gr(!i:n stmldnrdtyp~ v~riety developedli~tthe 
breeding .tm.'lgr:tttn bas a tife ot lS )'t~ars. An ~''~ctng;e 11tt:}dhrm !$,tUb\ v1,1dc:t)t htt$: ~011tdbt1t~d 
Su,mm.tonnes ofaoQitio.tJ~l 'Pt~oductl<m .. ovo.r the Jlteviotts eulth!ats"mlth~ gross \*~hlC.!Otthrs 
productit1n at. Sl671t ls gsthnntettnt S 9.4 mtlliOtlS over'Ulc llfe, sprm. P'ftl ~~td~ty. S·in1llaxly, 
the gross vnlqe ofbene1l1StlV~~r th~ wholtllife ~fan avcr;\ge Jong gtnltl andspecialt~~ t~'Jl~ :cl<te 
variet:y nrc estimated :at $20.7 mHUon and SO.lS mlUiou res['¢otlvellt. These· c~lq~thded 
bet\efits ~re based· on the p~1st pc.r.tb.nllan~q: of-the> vari cties ,and d¢:pcnd on the basQ !l't}~~l )tield 
u~~d f'o.tcaleulatinn ~ddith:mal he.ncflts. ·l1lebusnlevcl yleldbl case oflt:n)g grain:ricc 
varieties ·was t'clatively l()W and Uuu is one: rcasotl that gross tettUilS ftt1tn· att.av4.t~g~ long 
grain variety have be~n est.hmttetd so high. 

l't1edium grain 

Speai~Hty 

')~;•hlc 4 ~ ncocfits of'l{icc tlvccdillg ~~~~(lgrnm 
('000 S/\~adety) 

,;\\·er!lg~ t\ddit!91t';ll 

nre Pt!)illltdt)n 

(ye~rs) (~qou 

15 56.1 

l.S lOa.t 

5 0,9 

l'.Nt:e V#l9e 

(tfcndi5toti.htt4) 

tsm ($lQUO) 

Hi7 9~S6S 

195 20;6SS 

282 24S 

In the oase of specit1lty varieties, the benefits estimated are based on the average 'Peff<>n1lance 
of,thc whole r<mge ofsp~cinlty types. Most or the program in these types ~1f dee w~s·tn its 
·initial stages and the variety developed so far lmvejust been t1noqgh to ·p1eet :the nrlbo~ 
market.Jeqttircments,.l3ecause ofthis and market limi.tatiohslhetotal ru-eacovered by the 
spePi.alty t)tpe$~ a!)d het1ce. the. total benefits, have been vecy ·SmAll. 

F{'OW¢Ver, it isanticipatedthatin future the bGnetltsfromtheme\in'-stre~t!llol1S ~rain 
vaxicti~s would ·benton!: Hke medium grain va:deties ~xc~pt!(qrthe ·;pdo~ pr~mium. Horthe 
sp¢qiglt}rvadeti¢sl it would be diftGrent {bt c~oh sp~chHWJYp~dep~.n(ifng;upon\te~o\trcc usc 
pattcnT.for tb9·bro~d'ing of that type .and th¢. ma,rkct :r~qpircment<Btltit l.s .¢~tt(),htthat ~lsthesc 
·&\Jh~.prqgr~:ns stabili.se~ the rctl1rn$ wottld ingtc(lS~ ftoP.1~n ~ver(lgc \~ariGtY~ 
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q,$;'ll,¢rtcfil'-'~ost :1 pnbrsis 
·Eorth~ · ,purpos~ ofl1ene.flt~eost. nn&l)'$is ofdlftt)tetl t t}1tlS!S ·of·decvadeti.es, th~ .. totat•.·.~ost•o.€··~n~ 
breeding ptogrant fl.'>~ one yc~rwm~opportion~~l on th~ 'basis cd:·time sp~~lfPr the<brec~!lr~ ()~ 
t~levnnttype .. 1~he.·~pportionc~loosts .'vere·thon.nddcd for the, number o:f'phas~spstP9uired.fot. 
the release of ~t nQ:w var:icty ittthnt typt). For itlstnn¢.e~ it hns ta,k.en.6 yeats :to release •each 
11ddillonnl vMiety .inn1edl.t1111 tlmllong grain dcot~pos !TnblQ l). Ht>r1c~,thQSet1osts hnv~ 
bean ~dded ovet 6 ·phases ~sssttmiJ1g that second. phase staNs ·wW1 c:rosslng in yeAr 2~ cmd so 
on. The clc.tnils· tltbenefit,.,t:tt1Stannlysis are pr,cse.nted in Figure 2. 

The cstinmtod .costs .a.ncl benefits hnve b~c,11 disconuted at S(Vo. To dQve,fop an average: w~tiety 
in n1cdhrm nnd Jon a :grain t.n(lin.strcHm rl~1e brced1ng program it oosts $SOS1000 crVel~·sev~md 
>'ears. P'orannv¢rage speeinlty·rice voriety~ the to.taJ distio\mtecl costs were $t1S,OOO~ <Jn,t.he 
basis ofp\:\st p\:\tttJn~tet values,. thQ bcnef1t .. cost rP.tlo for long grain rice W(ts estimate:<! at 16f2~ 
with 7.6 ior madhun grain and 3.3 for spe.cialt)1 VRriclies. 

It is expected tl1at in future How of the benefits from the lang grah1 varieties wouldfollow'.th~ 
sarnQ trend as that of medium grain varieties e~cept fbr the difference ofprice prem.tunls .. 
'FherQfore, the gllpS between the beneJh .. cost ratk1s wtmld murow. The resource \~se for 
sp¢cial~v type l'i.Ges. bas relatively increased over the past~ which \VOuld belt) t.o cje.velop bett<>r 
and morer stn.ble varieties in futtm.; yielding. highe.r returns and affecting the benefit .. oostrado 
positively. 

The Australian rice breeding program is coT\ti.nually being adjt•sted to develop nev·tvarieties 
for ~pe¢H1c markets. At presetlt, the world rice market is undergoing continuous ~nd sbarp 
oh~l'lses because of opcming up of new n1~wkets lik~ Japnn and Korea. The AtlStralian ri~e 
in9ustry ·has a location ad vantage and is targ~ting these new markets for increasing ftlture 
returns. As arest~lt, ricf;· breeders are especially keen to.el1$Jl.te·thattht!.y oa.n assess whichQt 
thealte.roative options for their prograrn wHl provicie the greC!testpay .. o1Tfor.the rice lndustry. 

One<application of the ·model has been to estirna.te th¢ sensitivi{Y of va.rim1s fina.nc·ial ~!UP 
;,pll,ysit~J patru~1eters to shifts in resource use in snmtieitd nw(iium"'gr(lln v~deH~s ('tftbl¢ S). 
This 'i.lppl ioation provides an illustration oft he many alternative :breeding options that can be 
analys¢dWith':tbe tnodel. 



90:00 BlC = 1E)~2 
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~ 

~'Yi• (){tho tt1t«1 .t'(:$011 t·~~~s 

~\0~~) 2Si'l.4} ~()!~ LS'~, 10% 
l·~lm1m:htf PatiWur(c:rs 

Ttit;ll.lUS~OIWt¢d .C<)StS ($'000/\'Rt'(Q()') 

TtHM Jli~~m1nt~tl Jh~•terHs(S'.OOONaril!ly} 
Net flr~s~nt Vi\1\tQ ($1.00.0/,,nrii)ty) 
H~~n~fit~<~nst rnHo 

349 294 ?.96 471 ~H6 
:2,857 2,8$1 2.64$ 4,449 a. roo 
2,508 2,S6' 2.350 l#l7S 1,864 

8 .10 lJ 9 <) 

Pltyslcmt fJ4rtWt~tl£~rs 
-~\:Ji~ctcd yt~ld M new (}Ulth'lH' (tlht~) 

C!lp in t.t~l~t•so of o\':W ''MiP1Y ()'JHH'S) 

l<l Sl tttS! t<U~I IOJ~t HtR·I 

·t7ft~.st ,,\ J~iety rcl<!~\S~d ftmn s(n ct M p f()grn m 
(yrs) 

.., 
·' 

11 
3 

ll 
4 5 7 
ll 13 15 

t\r¢1'\ r~q\Hn~d (h~) lS.2S 15.49 15.88 l.!t15 \4.04 
Nnmb(w of lirH1S hnndlcd nw release or 
vnt~i~ty 

2SSt3 24012 256\0 2~0ll 2l4t2 

the eurrent resottrcc use fbr standard mediut11"grnin rice is JOq.t of'the ttJ{(ll bro¢.ding 
tesourcQ:s.ln the table\ the trade .. <)fT between resource use (ltld dlft~rent fhmneinl aud physical 
p~wnrneters is iUnstrntcd. The d~t~\ited mlalysls pnwid<:s considerably l1H)l'Q .jnforn,1t~tJon than 
thtH stunmatised in the abt1vc table, The informadt)•1tlttlvided cnn hel}J the b~'eGdGt'S to 
determine the annual nrea.requiromcnt and annlwl wt,rk lt"lad ofhandllng .diffbr<mtgcnol7nti<ms 
\\lldtW different l¢vels ~frcsonrcc uso. The detaHed information wou.ld help them to make 
better resotirce allocatio'l1 dec.isions. 

\Vith tbe existing 30% roSO\Ircc usc fm· the br~eding of stnndnrd mcdlum,grflitl varieties, th~ 
model estimates $349,000 (discounted at 8% rent rate of discount) ns ·the ~ost oft>rodtlC.iJl:g a 
11ew Matiety !lvcry thre~ )rcors~ wHh n benafit .. cost rntio of 8. Thi.s estinJat~d b~m;d1t~<;.ost tatio 
ls very t;:tosQ to ·what t\t\ av~rage medium grain vnriety has yi.eld~d in·pastl provldlng n 
vedfiQ(Ulnn of the model's findings. A 5% k1wer use ofrcsmm:n~s fbr.bre.ectlng,·UtiSt)~J~t,} of 
rlce doQs Jl(>t ~ffect the time nf ·release of n nQw vm-ioty and totnl dls.Qo~mted. b~nef'Hs. bnt hns 
to wet• discotlnted oo~n ($494>000). Conseql~GJ1tly, the honcflt .. ~o$~ rAtitl incr~ascs frontS to 10. 
This. implt~s that S% .or resouroes can he sbiHed nwny from st<md~r~t n1edittnhJ~~rain Vnd¢U~$ 
m1d be \lSCd ln S(HU9 other purt of the breeding progrmn whhottt :redttoln~ :tht} Q(mefHs ·,fo.Jrthis 
seg1ucnt Qfthe.·market. 

l}low~ver,uny f\ttthershift ofrcsouroes aW<l}' from this type o.fl'iQQ.~}~lnY·$lht.1 relgps~··nP:ea~h 
nowvuri~t~\ whiPh ~han~csth~ How or qosts nt1~f: benefits ~md,tb~Jr:thnit1~~.:~~Pt~l\nn1J)l91 ~t 
20% r~.SO\JH).Q. ~tse ·for sulndnrdmedium~gmin vari~t.ies,thqrGJSiJ· oncy~~r,gglt\lt 'itlOWr(!l~nso 
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The model developed nnd dese:,ribed in this pnpQl' pro·vtdes a means nfe9o.nomi.c evaltmtlon of 
the resontcqs llSQd in A\lStmHnn rice breeding progr:;tm. By identifying the costs <'f .euoh 
operntion in the. cmn:cnt pl\igrmn nnd potential changes, nnd esthnating the expected n~t:urns 
fto111 proposud progrnnts1 hcnef1t·CtlSt analysis i.s used to evaluate the efficiency of ~bifis in 
resources within the breeding prog11nn. Any ptoposod change in the pro.g;ran1 c~m be 
accnlllmodmcd) n.nd inf<mlHltit'ln based on t:!Conon1ic pr.i.nciplcs can be mnde avlrilnble to the 
decisi~1n tnnkcrs for bettel' n~source nllocntitm, Tho n1odel a.lso provides infornu'ltioxl abo~H the 
time rcquir¢d to rele~lse n new vm1et}' frotn the stltt't of crossing progrnrn, additional t.i1ne 
reqvired to develop ent~h new cultiv~~r. requirements ibr the v~rrious t'hysictlt pa.t'amoters like 
n.rea, and nnmber.oflincs requited tn be handl~~d by the progmm before the release ofn new 
cufti,~nt·. 

There are many issues which ctm be :1ddressed with the model described in this paper. These 
inchtde an analysis of: {a) different structure and siz.e of breeding progJams; (b).~freets of the 
increased selectioti pressure in the breeding of specialty riqes; (c) effects of shHlsl!lresotn·ce 
tlSC r:mUtWn; (d) effects of usc of nllcrn;Hive breeding techniques like molecular biotechnology 
or tiSS\le C~)lt\lrc in rice bre.eding~ (e) 'Nhether to establish new laboratories or to have 
collaboration with other research orgfltlisations having these f.qc.Uities. etc. 

H.owcver, as dw use of the model bect')tnes nltwc specific, then¢ is a need for ftrrt:he.r physical 
dtHa on a n.un,ber of aspects of the dee breeding program. For other <malyscs, the model 
requires infonnotion from breeders on heritabilny and varit'lbility hi the tlriginal breeding 
populations for different types of rice~ selection pr:essu1;e used in the breeding of diff~rent 
~ypes of riqcl etc. P'C'r some specific question rcga:rding llSe of oltema.live breeding techniques, 
therolevnntdmaneeded invnlve costs nnd benefits from techniques S\lCh as the stwings in 
tot<tl timG for release of a new vurh:~t)\ or the additional incre~tse in yield <;1r qunli.W ns a· result 
or th~ use <.~ t~ these al temative techniques. Once tllc:sc data are avnilnble, mort~ extensive 
::tlternutive breeding programs can be analysed With the model that has been dev~loped. 

BreQth3rs n;nd their administrators arc able to use this analytical m.od~llo analyse the expected 
economic gains from chang~s to their breeding pro.g•'nms. 1~his ~an ptovJdo a means of 
imprtwed economic efficiency ln tho allocation ofre,souroes with t\ breedbu~ prQgt~t!Jtl~ as well 
as providing nm~ans ofidontifying the possible gains fh'>nl·t\Jtme changes withln tho curt~nt 
rice brccdit.lg program. 
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