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l~''almHitHl ISSI.iQS for Muiti-flrojcct l.~esc~ar·c;h Activities: 
An Application of Rhitobium Hescnn:h in the 'Bhilipphtcs· 

Ti rso B. Pan.' Jr. , Nor(} Dm. C(trtmtbas and l<iff S. Oavis •• 

1.. lt-.'TROfHWTrO~ 

This paper 1s baM!~i on an on .. gmng study at the University of l.he Phillppinc:s 
L-<Js Banos (UPL.B) a~ part ut the res~'lrch program entitled "l:konomic llvaJuation of 
the University of the Phihppines at L.os Banos (UPl .. B)/AtiSlr:alian Collaborative 
ProJects Funded by ACIAR". Among others, the project attempts to und~rtakc 
detailc.>4 project level evcduatlons of the .impact of cc>mpletc.d and current pfojects with 
research groups at UPt..£3. These cv~tJuations attempt to estimate the welfare impacts 
of the projects on all grntlp!l in the PhiHppincs., including any environmental impacts, 
and other countries in the· reg1on if applicable, 

One group of prnJ<:·~t~ betng evaluated is the research on the. developme.nr r,r 
Rhizobium inocul~uH~ m the Phthppmcs. Austrahat1 and Filipino rese.archcts have 
worked JOintly undc..!r three 1\CJAR~funded collaborative Rhizobium research projects 
(PN 8574. PN 8731, and an ongomg small project). PN 8$74 (Ecology of Rhizobium 
in the Philippines) and PN 8731 (Biological Nitrogen f::ixadon in f.t<md and tree 
Legume Production Systems in the Philippines) were completed in 1987 and 1990, 
respectively. The small prnJeet JS due to be completed by March 1996. 

For food le~mnes. the main objectives <Jf the AClAJ</UPI.J3 projects ate to 
assess the requirement~ for Rhizc)bium inoculation of soybean and mungbcan; to 
develop suitable mocuiant$ and met.hods of applicauon; to assess inoculum build up 
in soH and the re,qtureme:nt for continued inoculation~ to select Rhizobium strains and 
cultivar combinations espe:ciaily adapted to. acid soils~ to determine nutrient and soil 
fertility amendments to maximise biological nitrogcm fixed by these legumes under 
field conditions; and to estm1atc the amount of mtrogen nxe,d by soybean and 
mungbC<1n under field cond!liQn~ and made available to subsequent crops. 

This project presents an interesting case for project level evaluations for 
several reasons. First, the technology generatcuL namely the Rhizobium lnocu1ants 
for several food legumes, specifically soyb~1n and mungbean, was a product of a 
series of relatc.d research projects,. of which the UPLT3/ACfAR collaborative research 
projects was a part. Second, there was a significant rese;trch lag where bcnet1tsfrom 
the use of inoculants st:arte4 sometime in 1982 when they were nrst introduced to 
farmers, although the research process over 10 years before the start ofdisseminatio!1 
of the t~hnology. This feature appears to be common to rnany other projects and 
presents some special methodological problems in evaLuation. 

• P:~per presentc(] ~r the 40th Annu;l) .Conference c>f the A~ssttttHM AJ;.riQuh•mtl ttttd 'R~wurce 
Ee<mOIIlic..o;; S~;K:iety (AARJES). Melhoume, Austtahii. l3~ts Fehql~try H}96. 
•• Pr<)je~t !~9!-Zr amJ Proressor , Uni'>•crsity of the PhillppmU.li l~Os B<tr~'is; Res~~ruh A~s~H:itl~e. 
University of the Pfllhppiuesl.<"~S Banos~ <!.nd ·Project Lc~1<ler :!in~ Htmd., gcooPmi~fi t}v;du;~tion t1nJt. 
A~1str~H:ln Centre for lntenmtt<.mal .Agrmulluml Rese~ut1h •. respecuvcly. 



·rhe putposc of this papar JS to rc,vicw the vadous aspects or the 'fll'tljaetlcvcl 
evahmt.1on t1n the Rbi?,obium projects. Particular cnlphasis is given on the reBeareh 
lag u1 tt~chnulogy dcvelt)pmcnt and tht,:~ apportionment. or the b'1rud'1ts tlf the uvcraH 
tvst:an:h ciTnrt nuributahte lQ ~t subset of the rcse:nt·ch. 

'l'he currcntlv existing Rhizobium (t~chnolugy for grain legurncs ln the 
Pfuhppilte~ evolve,d through n scrj(.~S elf n!sc-arch activhtes. At tlm tJPJ .. Ut ~Wdie.s Qrl 

1\hiz.obwm eomm~t.H.:(:d way b~lc.~k in the 1960's under th~~ Do,paltmctH or SoU Scic.t.me. 
!?luzobiwn research projects were then entrusted to lhe Nntiona! Institutes <>f 
Biotcchnotogy and Applied Microbit1logy (tttorc pnJJularly ktlown as tllO'lT~CH)ltl 
1980 ttpJH after Ul(;~ \HH( w.t., created. 

Funds tor swdics mt !Utieobium started to pnur in only itt the f 97<rs during 
\VhH:h tnt<:rest t.n chemical fertiliser substttutcs was arou~ed by the C~iC.atahng cost <)f 
chemical feniliscrs dut~ to oil crisis~ l~unds h:.we come ft<ltn both local and foralgn 
agencies. ·rablc l pntsent.s the Hst of Rhizobium research projects that weru (Ot 
heu\g.) undertaken at the UPL.B together with their corresponding snun:cs of funds and 
dumtion. They numbered l9 in alL 

Through the years, works <>n Rhizobium have undergone ptclgtession. from 
basu: typtts of stud1es to dcvclopmcnla:l ones. During th~t carl y stage~ rescn:rch 
activities were more c<:mccrned on: {I} the development or method of cnUIUing tho. 
nwnber (>f Rhizobia in the soil and determining their presence i.n nodules. f2) ls<>Jation 
and pun.ncation of Rhizobia. (3) testing the compc~Utiveness and effectiveness or 
/?hit.obium isolates ~unJ seledion or the pmmisirtg (Jnest and (4) develxmmenl or 
inocltlants. 

lu the next stage, several JKH cxperinte.nts ~nd extensive f1cJd trials wen~ 
comhJctcd t() determine the following: ( l) the resp<.msc \() hmctllatkJtl ofgrain lcgttrrlcs 
under .different agrocllmatic conditions <irld cropping sys.tems •. (2) the: iracraction 
between Nhizoblal strains ~wd grain legume cullivHrS; (3}the pcrsistcrtco ()flnoanhun 
in rice,.b(tse<l cr<>pping system or flooded condition, (4) the optimunt tate ()f 

inocultttJon . a,Jld fertiliser applieHlion <~nd the proper timing of the 1Mter, · CS) the 
effective rnethod <)finocuJum appl.icati<Jn, i.e. the use ofgrnhUiar sotl.in<l>c.ulttnlv~rsu.$ 
p<lWdcrcd seed inoculant, and (6) the cft'¢clivencss t)f using l?hfr,obtum and vesfctdar 
~trbuscuhlr (VA) Afychorrizal int)CUlant.s ~ll the same time. (!)1)'<.'ord1iza. ls a .t>crtc.f1ehd 
associntkm betw~en plants and fungus. Afyca.rrhlza hmteases abSOflJHJon of 
pi\CH:;pht)nts and all other t\Utricms.) 

On .. the other har1d,. the cmg~>in,g .· Rllizabtum ircsenr~h pr(1j®ts a,t:~ ,~~n,tet:l 
towards furth~r i mprovertwut rJf the quallt,y (lf the irmcuhmxs ~thm, aru J>7in~ ptq,dt,J~~<l 
at the rHm 'Pl~nL .. rrhc rG,sl!atchers ·am uow ~v~tlmlting. Ul~.l>mendal:r~r V~·":iu~~s 
llwcuJum··tatdersnnd stic~wrs. ·mn~y are trying tofiml~lca.t>tierwhJch¢0ulp·snpt~(lft, 
higher 1~/tfg;obium J"lpul~Jticm to replace t.ha .¢ntrier th~~J they euJr.l.~etttlY: .qse and~:~,· 
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sJa::kcr Which W<>uld im::r.l.'.:nse the nnwunt of inn<;:;ufmH adhering w the seeds, ~.xtcnd 
the longevity t)f, illld provide prot~&!tiOJl m, the inocultnn. ~rhc eurr:etnly exJsUng 
Rlltzohitan technology uses wntcr only ns sti<:.~k(~J. 

ln adduion~ the researchers a.re r.nv~stigatmg the possibHll:y (,If coming ttp with 
Rhizobium inocuhmts which are fortified with micronotricnts such ns tnolyb(l¢num. 
bor:<m, cr~lc.imn, and Ct)bah and Rhb:ablum inocublnts which contain VA M:ycorrhizn 
and/or arty plant growth pmmnting rhit . .obactcrin for stress .envir(HHnettLs such as in 
acid soils and drought pn:me areas. The re~aarcJ1ers, roc>,. nrc ll()W in Lhc p~ocess of 
lt~sting in the field the (>erft)nmwce uf Lhelr no.wly fnrlllUiated granular ~tnd Hquld snn 
inocula Ms. 

Demo t.ri::ds, v1deo pn:sentation.t open friJru.nl~ and distribouon of hRH!uhtrn 
sample" an: currently being tlltdertaken to prmmHt~ lllt~ u.se .of the lWlznbium 
teduwlc:lgy. 

Tht• Acl''Ornpllshrnmtls UrHh~t ACIAJt .. tJPLB Collnborath~e RhiuJlu:um J~cscnrcJl 
Pr•oje('tS 

AClAJ~ ha(j been u1votved in Uhtzobiwn research at the UPtA3 since 1986. 
When it came to t.he fore* researchers al the lJPLl3 had already .undertaken substant:ia:l 
works Oil biological nitrogen flxntion by Rhlzobiwn. lv1 uch had been done as fnr a.s 
Rln1.obuJ.J Jsohuion. puriflcnti.on, and testing for ctm1pelitivcnc.ss and effectiveness 
were cotlce.rned. M<)reov.cr, Nhizobium inoculants had heco produced scw~raJ ye~lrs 
back. 

To d~uet Australian and Filipino rcse..1rchcrs have alt~1d)' worked JoitHly und~r 
three AClAR~funded cc>llaborative Rhizobium research projce.ts (PN 8574, PN ··8731,. 
and the ongoing project which is just a. small o.nc). PN ·&574 m1d PN 8731 w'Gre 
completed in 1987 and 1990. rcspr..,ctively. The sm~1JI project will be finished come 
March 1996. PN 8S74 and l>N 8731 ~ which were primarily concerned wilh the 
e<:0J(>gy of Rhizobw that nodulate gra.in le~umcs particularly ·mungbca.h andsoybeanf 
had compl.ememed the USAlD--fundcd Pemmr Collnlmrmlve Re;rtJarch 8uppon 
Program .. 

Under PN 8574, a total of 366 isolates (98 mungbean isolntc.s :and 268 soybeAI.l 
isolates) were collected. from different cuhivnrs of 1nungbean ~wd so~b~1Jl~ that ·w.~re 
grown on different soH Lypc.s in the Philippines~ and they w~to: tested f<>r 
¢ampetltivcness and effectiveness. 

Several field trials were <mnduete.d under the same pr<>;ieet wU.h :the end ln Miew 
of determining the rusponse of diffcvonl soyb~ttl eutdv::trs t:o ln(;;>GulnUoKt with ·Y:~~dmt.s 
strains of Urrulyrhizo!Jlmn und:er different er1virnnment4l conditiorlS. fPhe r~svH-s 
show~d fltat soybearl ~ultlvars andlJ.j(lpOillcmn. ·,sn~ahJs 'PCrfor:rs-.4 diCfercJnty .• nnder 
different environ men tal.c.rmdhions.. Non~ntet~s~, ~u~J~;A. ttpi'W~s.· tOJ1J19:,:to~b~. :hi~hly 
compcthlve and .e.ff~erive umJer most ,condition$., ~rhis fihdin~: l<!d :ro: th·e ~han~c In 
tbe Rhl;.oblrtl. sttain ·that wns.:being used bt tile .J>H<H .pr,.~du~llt>tl.·Pf lrt®,ldant,.for 
soyhtU.lrh · frqm .Ctlt809, :to USJ~l\ 110~ · 



Anotht~r tmpmlmn findmg. under lhc prt,Jc~.t wns thm. nHrugcn · fes~ttli~nlion nr 
HH'-Culatcd plots ts nor bt~lll~fh:ml lhr It inhlllits bt<dQ~lieal nit.t<)gcn .fixnti.on 
lnocuhltit:l!J nlt1nrt l!> &u.fTktent tn Ult·t~~\M~ yil.l'ld Sll~ntfk~nntJy. 

Undc~r PN S7J l (food lct~wne comp<:m~lnl).. cxJcnstvtt lleld tl'tals Wt.l're 
comJucted t.o dalcnnin(~ the rc~p<Hlse l"ll' tn\lllg.be~m to inocul.mhm . with .drffen}tU 
llrmlyrlltzolman sp strn.nts. '!'he' tlchJ truds w~rc dmm in kt~y lt>e~Jt:it:H181 wht,m; 
nwnt~bcan. is hkety t.o bt~ pt(tnted. n.nd mldc;tr diffe:n,mt croppltlA syst~nns. ~rht:;t rt1·s:uHs 
of thcso tf~tuls tmHc~tted ,~·ht~lher or tlot nnmttb~~~ru i.n a ruuticnlnr ... lQG-Hli~Juleroppblg 
syRtom nc¢ds tel be IUQc.ula:l{~d. l·ur mstan~ct lt wn$ c.s(nblt~lle(J. fr<Hll Htc·trhUs tltat 
there \V(iluld h.e signtficu,nt rt~~punst~ to fnoeuluti([m pntticlilnvly in Jl.ml:~;hml nrcas "" 
S(lils. with l<1W nurog~n and m arc~1s nm previ.ously phwted willl legunlcs. 

'l'lHr pr<1Jet~t det.ennHmd tht~ cmllbHmtJun of Brmtytlti7..a/Jimn sp. stmtn and 
rnungbt:~an culHvar Uuu vtould pankularly lH: suHed m aeid soils; 'ff.m rnethod J)f 
m<x:-uhttinn and the sod n1nendrm:~ntll that woald enhm1c~ S)'!.\,bioti(! offt::lcti.vencss. .rJf 
t.Jn,.~ lm.clerm m HC!d "i:Uib WC'It.' i\IM~ UlV(~ShJ,VU(~d. The result~ tndicnt~~d Omt ror 'lC:ld 
stxih, sml tn(K'ulauon wnh gr·;uutk~~ ral.ll(;'f s~!~d inoculn.Otm as being e.ontnlQnl.y (.h:H1~ 
IS supermr nod hmmg \Vnuld cnh;ulcc the b<!ne.fits from hl<:JcmlrtthJn. 

T'he long·term c;·xpcnmenl wluch was stancd un(lg.r PN 8574 WH$. ~tmUnua(j 
under tim .prnj<!ct to d~!l~~rmlne the penustencc ,,r th~~ bncrerht.i . .n rice•lmscd (;lmppmg 
system. \Jl)L Sy2 and UPL. Syd and 11. jopouicutn $traiJ\s Cll 1809 and USJ~A llO 
w~rc tHtli.sc:.~L '1\vo tre.auuents were appli~d. Jn t.he first., inoculant wa.s intt(,<h~~cd 
tmly at the imtml pfant1ng of MlYh''"tn. ltl the second one.~ im~ltln.nt was J1Hr'Odnecd 
<.wery urne ~oybcnn was phmhtti ~tfte.r ncq. 'l"ltis study sho\vcd Hnn rcnnrdl.r ... ~s oC:.thc 
fr()queney c•f i!locuJnlttln, th~;,~ prl>po.nion of JlUdnlt!s f<)rmed by the Jnocuhnn. stt~~ins 
dcerct\scd from 96% rn Ur~ first soyb(;;tUl cfop tu 40·% Jn the third cr<lJt. '.f7l.tc: Sllldy 
als<,> sh(JWe<t llHH thu number g~~ne.mlly dct*n:msed during th~ ricg cultun.l.~Hu! it ,u,ok 
thn:c S<lylK~Ul S~lS~1H~ tfl e:;labhsh n large soil pup.ulmion or /l. jrt{llJIJfCUUit "l*hls 
parti.cular s(udy led to the l'tlemnmctldillion that inocl1lnlion mu~tlm ~()OC o.vury dm~ 
a legu.me cmp is phnncd ,nft~r nee. 

t.Jkc PN 8574; ~nmlmr inJpor.uuH hnpact ()i: lhi$ projcet was th.at Jhls )cdJ<l the 
clmnge in .th(! stmin .of Rh.lzobhan thnt wns bPing .tiS9d in the lm1g.uhmt ,prc><hJcnwt~1br 
tnuJ1!!bCMl fH the urcrrl!ClL Pdi:H' tJ) th~ . .Ci~ld xrittls, the st:rnhr being. used rot 
nHmgbc;t.n w~l:s MS. After the pmjt~et.~ HJCY.FHCI .. J shUlcd t<l M'6 ~vhi.ch.Js also JJO 
neid tolurnnt str"il.in* 

~rhe productliJI\ t1f inocu.la.nt in lhc VhHiJ.lp.iiH~s lws tlpt yijr IJ~e~ .pti~t~Uiz«~, 
·rhts. is. still b~ing earricd tlU.l by lab~u:ntrH'ics nod or :J~lC)tl~l!(:J'rJ, ;B~'\':M.' i(:IJ1!r~m qf 
Sc>i .. J.s 1\~l.(.t. ·\V,nte . .,: .. M·all~t.gc.lllell.t), an(J.·.J:)tv·l~Pu··s ... ·~.IJ~;pn.rtptcn.t,.o~ •. ~.grl~.n •. J.tur~i•:J~·.~~l,~11ril' 
f~i!Jld ·. Ufn itS). .. ·nds ktJl(j n f s~~lup .has Hlm vndml S ~~>U.SU:;JJnJJ) .· ~ll.lGb· Jl:li)lJ1~f~~f .. f!JJ! .. 
btow.n •prodoG.tl(HJ ,,r th¢ inoe1rl.nnt n.nd hunc<~ t,ht' ndomltln (.)t'tiJQ, t~lUIQJJJ.!l~~ :l)y ·. 
f~lrn1crs, m; well. · 



tUCJ'l"J~K ~l,f has a tnlt;t plant whos(~ prtldncti<:m (,}~ll>aalty (12:~-ta r net r:le :ttuts .per· 
ynar) can sttpJl().rl aJl romlleg:·u:rll¢' fnrtns in the ccm.ntr)'· ·1~. nJ:s~lli~S W¢11 lt!\Jn~O 
persurmel ttl UHHl Ult~ ptoduetiQn ,,r g'1mJ qwtlt.r~t iu(x.~.uhmt. ~Jth~ proble:ltl in 
BltYl'bC~I·J, htlWCv(~r. ~ts thttt H d\~>e~' n.ot have dist:Hbutfott :xrn1s to .n~acJllhc fa.r:nter:S 
in the regiOnS lt has been mn.inl)1 dC.ptUldQUJ tlfl nu·ot¢t!! WhOJ><~JSOtlttJJy ~OUt¢ t<t th:e 
labn.nuory lo buy Inoculant and cnnrdJnatnrs or pr.on,tnms Q.n f<Jod legun1es. Pot 
mstance+ when the gnvenHn.ent ·had launclrc!d piJ.:u· pruducHnn .J>tf1)]!P4UUS· .and 
te(.·hnoltlgy <~ornrn~rclalltahon pr(1graJns (m p~:-ulut, tnungb~~nt, an.d soy.h~;m •.. ·,vhete.in 
s~·~cd h.H:>euhtt\(:)fl was ;~ <.:ump~>tlent l1f the pac.kage of lachn(ilogy (V<YI~) bChlg 
~.ommercJrutt;cd. the CO(ltdtnawrs t)t' thqse programs: gc~t, irmculnllt.,~ trunt;f3JOTI!(!H. 
tor distdbut.i\.1Jt ln farmer cotlpetattlrs of' the progranl. 'J:"h.is is. Lh.c $an1e a:rr.~s)ge,J.m;ult 
haprx~.t.ts under the current Jlmgr~tms, nanl,~Jy. the ;JccuhrrtJt<ld Sctyl>c.(W· Pnuluctfonmul 
UtHizmum .Prugnun (i\SltUP) and Lab ta r.mut: A,pf1licY!lltm aut! Crmmif!.n;fallzmlmi. 
r~f'l.,f!gumt' hU1< 'tdmu .far Suwll·Scaltt Pmmt*tw. 

Nestle .PlnhpptneKl Inc, used tn he the Uitlluch's biggest buyer of inoculant 
ftlr soybean. Engaged in soybt;lt.:'lJl \i'muract growing .sche.mc., this private com.pany 
hnd IIH:·Iuded sc''d in<x;uiation Hl their reemn.stt.ended packag;~ .<Jf i.t!Clulolt)gy bef'<:lf:~. 
\Vhe:n a t!ontnl<.~t gnJ\ver g(;>t Ius sup.ply of input:s frmn Nestle~ it ~tlrcady inchJded the 
inocuhHlL "1'hcy 1~eaHy havQ to utoeulate thejr seeds beJure lbey plant. lAlleiy,, 
ho\vever. the contpany ceased to include set'td ino.eulation hltheir PC)T' for two r1.1a:J11 
reasons. One w~1s duu·they observed that Rhit.:olJia pclp~dat.i~ln .was n.lready hif#lllln 
sornc l'iac:cs and marginal benefit frnm .cm1tinuous seed inm:.mlatiGm would be low. 
Another was that procunng the t.ncx:ulant aH t.be way fronl Ilr . .o~rHCH had ·bco<.nne 
a ledtc,us task to ~~. ·~Ht~ personneL 

The DA~Iu:u's provide a better. venue for iJltleuta.nt pttlduotion an!J·(!flarlnel 
for distnbuliun s1nc.e they arc scattered .all thwugh,nu the coutHtY and they have fi~ld 
te.ehrucians who ccmHl in contact with farmers regularly •. Oesphc. Uris., .only seven out 
of the fcwrtoon DA ·lu:::u~s produce inoeutants at li1ni.ted enpaeitic.s nod. wots¢ still 
there were times when. produetic:;'ln had w stop ei.ther bec~wse of lack <>fp~rsonn~l or 
electric power i.rl the r:egJon. C)ther l)A .. RPU's do nc>t prm.Juqe lnoeulants a.t all 
simply because of lact.; of trained personnel. 

As may be e~pected, given the uxistiug setup. and the cor1strrtit1tS being ·r,a~oo~ 
the volume tlf inoculant production. in the qoun~cy has beerl very low .. *"l:he SP;ybean 
and mungb~l1l inoculant tba.t were prodtK;cd during the p0riod .1911)0 .. 94· bad ijveragm:! 
~o about. 1.3 :me~ric tons per year mlly (Tobie 2). 'rhit> WJlumc wasj.ust t:nough .Hl 
cover about 57% and .2% of soybean. ·and n1ungb~•l rarm·.b(!ctm~l~t;, resp~¢tlv~l~'· 
(lJ>wing the same ]~.dod the avo.rage farm he.ctariJg~s :planted to soyb~n and 
tTttlngbean were 3, 30l lle4t~trcs and· 34,296 hectare,s~ rcspcanvely.l ~~~hf!· :te~t$~J1 ¥.lily 
the se.ed imx:vlauon <=<Jmpomwt was nol cvahHttt!d in spme .of the conPludc.d :Pilot 
prt>dueti<>n progra1ns and l~hH<)lugy conll1lerchl:ll7~1Hon ls Ul~t r1mst (>f.·.tbil .. fttrlll~t·"' 
c.<>.()perntors W!lrc not able t.o use th~ inor,!~tlaru si.mplyt>e¢nusq. ·th~y were nova¥allabl~ 
when they wa.ro uee<lc.d. · 

'PlJ~. anrlnal ·average sh~re ·. <;r t.!Jp, :Jli<Jl®il'$ i.Oc>~~·lari.t; 'Jl.tb,hJ¢U~r} ~tQ tn~ ,t~t~l 
produetf(1n,was .. <mly 13~ 4uringth~·l~riod· J98~·84-·btit·lhi$-Tt~et~~sfJ<httr45'·%·~ud.n~· · 
the Jnst half or the l·98CYs and t() ~so·% du:rin& :u1~. c;Jrty :Jfl90s., ~J'h~. shar~ .:of 



niot~ch 's in~'>Ctthmt pn:.>dnoHt1n to th~ (t)Ud market m~eds J<) be ne~ds, to b~ :a.(!c.ounX¢d 
vis"~l .. "'VhS t,htlS¢· <lf (')/\ it1 the c:dC·tdat:tfJtl of b~nefil,~ S.UJCe it npp~.rslhal. lh~ '{.)OhH 
si,nce w(l have t<> s·cJ}re~atc tlla. ·bemd1t~s dcnvcd .fr(lm. the USQ of Jn<lenlant ;~>r:oduc~{l: 
tu IJlOTliCH .~'~rom the beu~fll.s dutiv~d rrom the ustl.of inoeutant.r>r(>du~~d .. ~tll\eJu~ 
because the ill~ubuu t.~ln~ologies at the l3 tcYri!C·J:·~l and (:).A wtu'e genurntcd vht 
tndet>e.tlde.n.t researcJt~s tn tho rc.spc.z:bve unH5 

·rhe .. pr~~edure used m tins study t(; evaluate the hupaJ::t of res~areh ·was lll~ 
,(;;~',(>nomic .SUilJhl$ apprnaell tlf .estimntin.g retJu"ns. :tc> rosMtcJt. ·Here.* rJ~levaslt.changes 
in consumer surplus ~nd · pr('lQU(:~r surplus based <m UlG si?:e of thC; ve.ttie«l. s~pJ,.l:y 
curve \\~hich '\Y:as associated Mlilh th.e L<:~~llnt;,lOt!iY adtlptinn. •t!htf.!e basie assumpli:CHlS. 
were made to ,simplify the caicufntions. 11u1l~e \\'era. the hneartty of d¢Jtlan.d .and 
supply ct.trvcs, the p:ira.ilel shtft in supply <!urve du(t to techn(lh:nlY adoption~ and lh~ 
dm~ed ecmu:nny assumpdon. The dat:a used ln tbe amdysi.s were based 011 e<,)SJ. 
and returns estjmntes deJ~ived fr(ln1 both prunary uJ.id sccondaty stJun:.es. AllhOtlgh 
r~gion~d estimates were .attetnpted in this study~ t1nly the aggregate nado.nal estimal~d 
~trc reponed iu this paper. On the basis of the cos.ts amJ bentlfHs of resear¢h; 
estimates of net pre,s~rlt value and interrlaJ rate or return were cst~imal.c4. 

Tables 2a and 2b show the com.parativc co5t analysis ofpt(ldueing soybean a.nd 
mungb~1Jl with and without inoeutant. On the average~ sorbcat1. yH~ld inor.;mscd by 
23% (from t .22 {() 1·.5 mutric tons per ltectan1) and the e'.>rrespondlng c.ost rcdq.ction 
ts about l2% (Pt A'l8). For mtm.gb~·m, ~ield ,,ncrease~ by abr:lut lli% .and lh~ 
cquJvalenl cost reduction ts 5% .fP6S7). ~l'hc ng:ures ShO\~~s lb~lt both. crops 'benefit 
from in<.">Ctdn.tj.on in tc,rms yi~ld i.nercases which translate into untt cost roon~tion. 
'T'abte 3 ·shows the preliminary tlgures t)n the pauern of i nvcstmen.t. costs and b¢1Jef:lts 
for m1u1ghean and SfJyb~'ln. It· shovld be noted that y~1r 1 goes .as far bae~ as 1:974 
dudng which the first funded stu.di¢s leading to the development of inoeQla~us stattoo. 
On the Qther ha.nd. ACJAR funding .startc!f in 1986. "J~hc, basic dntn ,used to. periv!) 
the figures Ott ben~fhs for soybean and mungbean frorn m~ a;doption of 'Rhlzoblom 
J.C<!hn<>.lQgy are shown in 11ables 3a and lb. These: include prQduc.tion* consumption) 
pdces, and the t:~te of technol,>gy adoption. ~rrn~ r~c.e of .t~hnology ado.ptkm was 
(!.Ompmcd basced on the proportion of area using inoculated seeds. 

ln absolutetenu.s the level of net b.Qil~flts are lltU that la.rg$! primarily u®'ause 
the total area planted mnionuJly.of ii~ld legumes qonlpare4 Joothcr .c.rgpst~s!TI.~'Jl. 
bl relative .t~rms, howcv~r, the c.~stirnat:es of net e<;:omlmlc strtpltJS¢$ for M~h 
c.<)Jnmodlty ;,tppcar t.Qbe lner~t.$iilg .:it :a rnpid r:<lHl. This ls .¢xplrdned~by thefae.t ;that 
in •the ml<J,-~8Q.s the. adopli<m -rate started. a:t a ·ve.ry luw !ltwcl :and during ·the latter ~ears 
adt>ptlon rate is assunlad to :r~aah elo.s~ to 85%. OiMt,Ul thls pa.uern . .or ;n.~t .b~nefit, 
it .may be e(mehJdcd that.:f{hl,zoblutn rcs~areh 'bas a. v¢..ry high e¢Oil()tJ1lc 'J::ate,.ofircturn. 
·l~he figures for soybean arc hi15her ·than for Ulungbc;tn. Jla~e<f on the :two ·g,IJJVS 
~lone, the n~t pm-scnt value ?f th~ re~earch. 011 RMzobiJun .nt ·tJP~"JJ:9ver lhP p$!:~iorJ 
1974 through 2.(:)()3 ts.ovc.tr·PlOmlllton whhJHl ;intcrm\1. Pl.J¢::()f·r<:wrni.s .. abo.(Jt29% .. 

' ( 



Jn tlm previous .~eeHon, n Vt~S sfmwn that the n$eareh tlssl~tmlce 'Jf A(;1J'/\J~ 
is .only part .tlftbe 'wer;1Jl re5<!An:h Cffbrt toward dle g~nen:uion ern l~ehrlOIOt\J' US(tlilc 
·to ·fitr:Jtle,tst t1am.,~Jy tho pmdvcti~m rvlf J~hiz:obium tnoc.uJnnts. . ln. ~v~rJuntbJ~. :Hs 
e~::on(>nlie benU:fitth we t:ni~.ul.alt~d the benefits ('>f Rhi~Mlbiurn resea.rt)h in goneral.·~•1d 
l:lnd shown that the tl.v~raU rese,1:rch · ~.f't(ut ts S<)¢Jt1lly prnrit11btf!~ hasttd 0n net flres~nt 
v~tlue and tl1e intemaJ rnte of r·etum .. 

One issue t:itat comes up rs m .Ole c1tse of llltdli .. ptojeet rn~~nrcb, Jt:a\V do w~ 
d<:tter:rn1ne th~ h<meflts .t')f the rcsf.;~ar:ch atuibu~1ble tt1 n parti.(:utar rcs~1rch ft!ndiog 
~tg.ency such ns AC1t\R. Tht~ tssue r~f btmcfit aurtbtllmitlS mu tl(~W. VY'h~n th~,r4 ~re 
s.eveml cornponent.s w~:>rkmg tO!~Ctltcr ltnd 1 ntcra<:::tu:t~\ t«1 achlt;tve cert;rjn quantiJ1.rtl>'le 
<JbjecUvcs* it i.~ o'ft.en .of hHeresr w know how much t:'.tf the hlPtetnental ben(;{fit or 
returns are annbuf1tble h> a parhculnr cGHllptment 't'ht:s sccnHi sirnflar 'L(l the 
evnJuaticm of tin)ject. benefits say fn'm an mtegr~ued th:veh;)J)m.crH proj~ct wh~re lb¢-re 
arc severa:l COlllJlQI1ents like tr,:igatttm ami crcd1t and infl.:~aswtrcture:* ndapdve r~sea.rch 
and exH~rlsion etc. and we atternpt to dcternune bow much of the tot.id pn:lject ln.~tlcfiU> 
are attrtbutable to irng,nHon. 

ln the case of research benefit~. tt ts obvious llnu th(r benefits accruillg to. it 
due to tc~hnical change ts a .product of CtHlRtfU:tive (t(forts suu·ling perhatlS with 
cena.i n basic .researches leading to the dcvelot>menr .of a tc:eln1e>l()gy. H:~wlng 
a.ecounted for the aU C.<).Sts and bencfit5. we a.re abl.e to arriv'~ at esr:1smtt.es .of the nne 
t:>f returns of res~1rch. Hmvcver~ tf we wish Ul single <iUt the emnribution of a 
pat7Hcula.r research program .as a cr)mponent of a b\rger pr·<)O~ss hnt()lVCtl . in 
producing ihe teehnol.og,y ~then S(>.me kind (;'lf proee:durc to apptJ.rt:ion .res~atch.,ben~fits 
has to be done. 

lt appears that. ther.e ;.tre two obvi()us ahernatt,vectireria .ftJr apportioo.ing total 
benefits in .a muld·project resenrch activtty: ( J) based on. propflrlion.of fundin~. Qf 
an agency and (2) base4 on subjecH¥e rating of know.k~qg~abl.c sch:mtJsts .. of the 
proponion of c.ontribution of n Jlarticu<lar fwtding agency. 

Th~ first al~eroative, n~nlely to ~ppon.km th¢ total b¢nefUs ~cpordl'ng to the 
level of fund in~ app~,ars to b~ ~$ler and more mbJeethr.~ ~l.thpu,~h our exp~rt~nce 
shpws tha.t H is no.t an .easy task to tCc;.!.lonswuet the. fundit1.g (>f pnor r~lat¢4 
cesearchcs • .One problem is ·.that lt may be argued tha.t fiJJldin& level 4~s not 
ne.ccSSij.rily translate .into proptlrdonate ·b.ene.nts. P'or ~x~unph~, ni .;farg~. amOIHl~·· or 
tesearch. funds can be sp~nt a.nd. only tnwe .~ .. margJnal conlributfon .toWai:ds the 
prod.u~t:ion {)f the techno!~>IW· Anolh~r problem :)s. trylns tfl1 ma:k~ the ~ost .¢sHmat.~s 
comparablt~ (Juu to change.~ in·purchasi.ng; pow~r .. In (his~asG, lhere,woMldbea.·n~d: 
to convert mlmimd res~arch costs to ·re~l re,se~u.~¢b ... ¢~)sts b.nsed <Ul an :ffppr,m.dnlc 
deflat<)r such .as the con$umer price tndex. 

·rhc sG~nd opUQrtt. whi¢h s~~m~ ;{<) h~ a ifllOJ:r~, :prac.U~at ~lmr9n~hf l,s 'lt> ~~J;~fn. 
front. scientists a . ~bnJl parkt' ·.·.~~lit~ <.1( cth~ir iinformco.: :and, . b~s~ ~~~lm~t.c. ·er lfjq. 
c.romribution or.~~ pa;t:~icviar rc,s~rch C<)nmoncnt::t9:t.h~ il}rQd.u.cd:on<)f ~:~~hJJOI9,gy, 
011c.c · w~ have .th~. ov~r~U esdmat!l ofres~rPh bcn¢fit:.;. :ih~Jl'j.t '1~ ·~·. slnlJJJ(! !J.l14n~r:9,t 



appl~ring :th~ -~slimat~d~reJaUve ~ontribntitlU at' the §ffon .. hlon:c~,. Jt·.'wJmld: he pc)ssit>l~ 
.to ma.ke ~a statcitlent that the: .oonn~~ibu.tlml ur a ~pcc:i11~ rcsea.r<Zh p.rug:rm11 fun<l~(}. by 
a pnt:tlc.ular :~gcn~y is S() muoh. 

~rb.tl) iSSlJC nf btmc!it ~ttribuJiOU Sltll llCCdS l<:> be looked fnrlher inlt> in ;thiS 
J)l(;!lJnrimlto/ stud~~ To the c.'~teru that rC'Sc.t;ttch c:ost.;!n:d b~n~Ht ~snrm:Hes :are ~lr~~rdy 
eomtmter :tuulfllatcs~ H W(H.t.ld be a ~ample e:x.er:cise tn und~rJ.~tke sou1e: shnuJaJjop. and 
""wh;H .. J.l;o:!l an~J}1S(~:S with ((i>Sf>eCt to ~Uoot flf cbntlging funding ·luv,els <'fr ·subj<:tclivc 
vatn~Jtions (1f rese:trch contrrbutltin. 

ln tlus paJlttr~ w·c have attenmted to pres~1tl ·thfl n~sufts J;lf an evaJu(!Uon ofn 
t:t{lllaho.rativ~ .Pr'ljeel .. b(}twean scientists t.n the .Phdip.Jltflij$ and AustralhJ: witieh· \il;t$ 
su·pJ){)rted by AClAR. 'I~h~ pr~>JCCt k~1kc.d ~t a range ·<,f aspa~~ts ,,r tllc use HJli:Z~)b.ium 
in f(xl)d ~~~gume crops. The paper: higlrli,ght.s th.~ impo.r::U1.ncc ,,r developing a. ,det·ailed 
bac};gro.und to the run resetlrch effort t<l en~tnlJ an cff~(1fi.ve evatuarior1. ln p.arUcu:lar 
it b.ig.hlights the ttn[R}rtancc tlfcn.surtnt; the fun rc&L~~u'~'h lag is taJre•llnto ucctwnJ. aod 
uu~t the benents from the Jtcse .. nreh efforts are mn nnributcd to jttsl a sub~ .. set of lb~ 
r,e,~~~rch. 

~rhe papgr has described UH1 va.rl.ous .resea.rch a:cliviHes n~eusill~. on the 
nitrogen .fixation of legumes by Rhiz.r>bwm. h was shown that thc:r~ \\lU.S lndc.~ct a 
number of research pn>jeets funded by vatuJUft a:gencies be(:orn \he AX:~IAR :projects 
~,~htch t\ilgether helped to prt1duce the Rbirnbmn.t hl!)Cnlams. for :var:Jot*s .t~~s of 
legume.<>, particularly saybaan iUid ntungllean. These: J)r~viaus r:es(JarCthes. wbleh 
were mostly done d.u.ring the peri.<xi 1914.-87 dc)JlC rntlsU.y by UPI~JJ r¢sea,tch!l.rS! 
laid the gr<,und work for the ACIA.RlUPJ .. B · C<:>lhlborativa res~-:trehes on nhr:qg~n 
fixation starting in 19$& .. ~10 and In l990.~9J. As of tcJd~iy. there at~J ,still S(lveral 
OJl.,gtlhlg related resea..reh~s. With focus Of! produetiun Of legume lnQC:llfRtltS; 
dev~lopment of rnicnlbiallnooulants for stress cnvirmun~nts. comnJ~roiaUz.;alfon of 
inoettla,n4~ for .small .farmers, and utHi7,ation ~r thi~obium.,rnycorrhl:t,.tl Jnt¢r~¢tioo 
under a.cid solfs, 

AHltough a. larg.e propo.rtiO!l of the woculants were produc~d during ~and 
aJter the ACJA:Jt proj~ct~ it seems cl(!ar that a htr:ge .pmp<>rtiort .or lhP SIJ~Q.~~s 'Of 
the .t>r<~ec;t is due to the s.crlcs of researelJes: .'>n ni.:trogpn nxatlon. CJ~1.rly} ·the n~.¢1 
th.a..t a mnnber Qf the r:~s~v~bc,s. stane4 Jn thj;; 70s .. ~nd conth1u~d on tlJrou,gh.the 
80s implles tha.t audbudn~ r~scarch benefits to the A.ClAR pt't)j'CCts· would 
overstate tlm real returns .tP lhc Af!lARIJJf>J,..l~ caH.abt>raliv4l rQ$carch .. 

tf!b.is sugg~sts that if we are m de.H~rn1tne the ~rlchd bQ.J1e.fH: ot ACJAJl fun.d(t(J 
r¢s~1r~h or any rl!$'tttarch pr0gJ:~-un in the coot.in<tJtHn or researches, tlt~JJ d1cr~ i.s a ~n~. 
to de~isc a p,rocedun! to app~>ttlan. th<t . tmat. b~nefH.s in. a'1 ~,rn~n:.t·to ·dnh~rtmbt~. the: 
b1:m.~u.ts .. a.ttribut~d b:l a. :parH~~Jtar r~s~rPh. . Th~r~ apr?~r t!l ,b¢ lWP. ·~H~tnatlv.~ 

·a11tf th~ ... se~.ond •. is to ~S$igtl·. weJg.h~5 ··t~·· .. ·lh~· .. ·~~rio,v~ .•. ·.r.g$~'~hus .ac~QtdirJg.to· ...• Jll~ 
~ubJGetl~e, ¢Y~.luJl~ion·9f:~ptn~ ~\~Irbjt~r~ ~hiefJ:SlJO~ld be.anilnCiltm~·~~i~nt.i's~wJ.mJl~s 
ob:s~.rv:g4 Qr :J.s kn<)~~t~.~J~~abl<,t:Of'lh~ ~nur~ J.·~~.~r¢.h..>pr~~c$s* 
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H~Uifll9 , 

, Drying' 

MA$~J~1Ak$ 
$e~P$ 
Jno~ulant 
!h~Q¢UPI~e 

PIM/\P 
:PIM.AP 
·~·/MAP 
P·lMIJ 
P·/MO 
R·IMAD 
p,JMO 

'·R;/MO 
P·IMP 
P/MO 
fl/MP 

.p: /kg 
P /packet 

1.-~nnate P /Jiler 
Folldof ~ P llit~r 

. Oymbi.Jsh p, /llt~r 
Foo;j · P /llead/dpy 
TOTAL VARIA13Lf: POST 

FlXt:P GO.S.T' ( P/crppplnf]) 
Mana~ement 
f..fl!lo r~ntal 
b~n9tax 

. lnt~rest on oapttal 
't:>e,pr~~i<:1Uon 

; Plow 
:Harrow 
l Sprayer 

E391o 
'§gythe 
·Hoe 
: Plastic bass 

T9rALOP§T 

1~p:,oo! 
t~Q~P9! 
1~.0.00! 
pQ,OQt 
6.0.QO .. 
12o~oo 
eo.oo' 

24.00' 
20.00 

.eoo.oo 
2$0.00: 
sso.oo: 

10.00' 

TQTAk 'CQS;T P,.J::ll !.JNJT 
UNITPO~T R;QQCTJQN 
T017AL1Rf:VENUE P /mt HS,OOO 

% QhQng~: in yieiP 

30 
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"[abla:§t. Q(~st aodtbeneJit an~lySfs otreseatcbiond'bfzob'iurn, at: th~, UJ?La, Un Pbi.ttppine~ pe$oS, (A;~;l' =f?tS)} 

Y~R} ;BENEElTS\ 
~ sovbearo :Moiigbean, Total' 

1~24; 

t$1.5' 
tSi2'5 
1iS~t 
i:S?/8, 
1SJZ9 
tS8~0; 
l'98t 
t.SS2:' 
tsaa: 
tS&.'f 
lS&S 
tsaa. 
1'98"7~ 
1.988; 
1~89 
19,90; 
1.:99/f 
119$2 
t~9[1 
tSS:.¢, 
liS~. 
1996 
t997• 
1:9.98: 
1!99.$ 
ZQOO 
2001 
2002 
2003 

8*'19:$ 
4~03& 

981,400 
68<6c,;,S8:3 
23~3SJ6; 
;$'Q£;J)S2 
S01~5'6;S: 

11_.62::'1~383 
~3.81; .. 47¢ 
4i4a~~J~as 
#"" l'~S:4:t25 
6QQ7.St.Z 
2,9.09i:S9,El 
z.ats~aoa 
a~l;1fUl:4s 

3;.E21..1'S<1 
4:,;23.$..3'10 
4~8'£~33:1' 
~80~41'3 

6.,715 .. :697 
1.:r.n .. ss7 
7.~2'17' 

s •. 1:za 
~.9 .. :8~4 
~:_.(l1Qc 

st,.7:ao 
64';8:1'7 
35.iOOS' 

1l2.6':.. 1:71; 
42.;52J~ 

l1'8:.:'0fr4 
t4& .. a4o: 
6;~.2:3,~; 

1S.;Q~:Q, 
711.348 

$9.*440 
72;.6:60 
11·.3'20 
79;.309; 
8:2: .. 8.98' 
aaa:r4 
5.9:.9.4..9: 

;-\93,803. 
9:1' .. '7'~ 

1:1 .. 972: 
53:"8:10: 

tOOk47<l 
76s~~rz..s 
$00~71.:3 
544.tOQ; 
6Z7~734 

l~56Si.;9'12 

2~505..:$35 
4¥S:<+t"o22 
'7~2·16:.360 
&.:122~532 
2';,:9:8:1' .. 039: 
2...$138,,8,00 
3 ... 24$~508 
s .. :ss~ta 
4.,3!t.S;.ata 
5 •. 0?:0:..235. 
5,8SQ;.02'7 
a.aos"a46, 
7.1325~55.9 
7._.8Z6.:9S5 

Total 7~1:¢:}'.,.1:1'4 1 ... 570 ... 24:1' 75 .. '7:t7 .• 4:14' 

Nat Ptes~nt Value- 1.2"044,;694 
lntetoal5Rata.cOt-Beturn 39%_ 

Olscount Rate: o-.oa 
IRR Guess 0.-5: 

~AClAR 

4.0~950 
15.0~076 
31·1 .. 74¢ 
StS,.143' 
1:4.7:~84{1 

9J:l7-~243 

153 ... 7":~ 
18.0.2&4. 

cos:rs 
riori·ACIAR'; 

· ~·~aao; 
,2£li,'J:p0_ 
Z7.:16Q; 
13~880 

7:l.OOQ. 
¢7:..249: 

ts~~:5:1S 
298 • .949 
3.5'8~423: 

30cl.P54 
534,542: 
4'2l,,600: 
6,3.5 •. 334 
6'24.12.8' 
96f7"o,l69 
59:fi.,35.9:· 
5$:7~253' 
162.540: 
$.14.,.194. 
8'0£7~586 

To tar~ 
li$¥880 
21,~7~0i 
27f1.§q 
1'3iS.$Q 

7t,J)QQ 
47~449 

l;52.,~1$ 
298'.949 
358A2:3; 
30-li,.;Q~4 
575J;.492: 
5.71' .. 6-'Zfi 
9.47~-07-8 
939t.21t 

t.n:s .. .oqs 
S91~359 
557,.2$;3 
1;62:..540~ 

1.,.s.::vt.;4a"l 
sst:a4-s 

NeT 
'BENEEIIS! 
·ms;a~ot 
(2Z¥'ZBQ}: 
('Z7~7§Ql' 
{1l$;c8BOJ 

flt.;OOQl 
{4-7;2,49} 

C1'40~609J 
(24S4c0l9l 
f2SZ;,$S'~l 
4q:Z:#,1:4S' 
f~T4~Tl8l 
!27;.~7): 

{31;9;,344}. 
73Q~64;J; 

1',._390..:5265 
4;..0,4S.;.6Ei3' 
oi;a4a"..,torr 
6'~:5.59.992 
l.,3Jl,$~6(l;l 
t .. 927' .. 4$:2 
3~249~.5J).8 
3k69.8 .. S,l:S 
~a;ta~aTs 
S.,Cl7Q.,2a'S 
5,.890"'027 
6~:80.5 •. 6'4(5; 
7~82;$,..659 
7~826.,965 

~ 'J?RESENlTVALUESf" 
· ·Benefits; "'.Costs;;< c ;Net'Binefit5t. 

5~989; 

24'.,~S2' 
43~Q~c:j} 

aog·~o·s4l 
:];1(}i.5iZ2j . 
tas·~:2.45f 
1;s~~:aast 
487:~;4:~j 
6:7t'~J:6~r 

l,1·6t.Art1: 
1' .. 67:2" 1::{8: 
1i,.444't307" 

592:2QO} 
SS1 .. 36"'t 
553A41: 
5'83oc2.54 
6$()1159& 
6.85.;505: 
la7~3:S4 
788if:1.68 
asaj;so~, 

7'27.,.823' 

lf2;8,5~ ' (;J;2~8§2)'i 

~~~~; :~~~· 
l0i~021 tl.Qi~Q~~ 

4J:ti,4~~.: 
zs,s~'t 
1?~~27' 

1~~~·4-'7:1' 
153i~~Ji* 
1;1:9·~~5~;. 
~1J1;,,6Q:Z:. 
l94;tq3~i· 
29$1$'$8~ 
274:j,:t~64-

30:tii354 
1A~~48?' 
1$:1:~439. 

a4~cSZ-$~ 
~2Q~;t2l 
1:76~~~1' 

"' 
,{$.!\~-~~§)': 
16~~~~u 
.t'l,g~~~§ll 

t~i~i~ij~);· 
cm~q~.~~J.l) 
l.8~i.59~~ 

l;l:Q:Jli:q~§l·.: 
l9"~89t: 

tt()Q~§"i:ti> 
~1;~~2,$7:' 
$7$i~:t,~; 

t,.Q.1ii;;~~4· 
1i~.;l4()~~"l~; 
1;~~p;zj.;~s 

i~;:~~~"~ 
s~~A4'l 
$§3~~~4 
s~~:~~~P· 
sa~.s.o~ 
~:3:4~:as:4~ 
7a,S;$§~ 
83Q.,;~09'­
~'Z'F .. S23 

2:.297.0:22: 7.aa.-+ .. 23:8 9:.3fi0.996- ss~35&,..41:a 1'3.033;541 z.7,Ht~86 1:0:.:31io,5s$· 



Table.aa. ~aslc· data usQd i(l the··calc.l.Jiittic.>n Qf })£!oefits d¢rhted Jrorn 
the ;adoption. of ·rhiz()b:ium· technol()gy'for soyb:eetf15 

YEAR 'RRODt;lCTION CONSUMPTION' 
Crntl (mt} 

l982 8,955 267~732 

19.88 7 . .449 207,.981 
1984 6#732 234:,:432 
1985 7,896 1681378 
1986 6,5.5'3 234 .. 803 
1987 6.735 46t270 
1'988 5·.936 344,775 
1989 4,;567 362,.959 
1990 4;946 405 • .902 
1991 3~257 397,136 
t992 3.687 467.,231 
1993 4,054 563('015 
l994 4~057 ssa~sa1 

1995 3,932 522 .. 392 
1996 4,014 540,779 
1997 4~001 533.367 
lS98 3,983 532.180 
1999 3,999 5~5'1442 

2000 3,994 533.;663 
2001 3,992 533.762 
2002 3F995 534:.289 
2003 3,9S4 533:.904 

Source: Bureau of Agricultural Statistics 

Supply Elasticity 
Demand Elastlciw 

0.37 
0.70 

'PRIGES RATE Of 
lP/mtl TECH.AO.OPN 

4,974 o~ooo4· 

5;1-08 o.~oooz 

6,812 o~oo66 
7,766 0.0394 
7,705 0.0162 
8~269 o~oaso 
8,647 0 .. 0377 
8.,.351 o .. t5as 
7,640 0.2140 
9;903 0;.6070 
9.475 0 .. 8488 

lOA08 0.7262 
11 f830 0.3173 
12#796 0.3173 
12,796 0.3500 
12.796 0.400.0 
12.796 0.4700 
12,796 0.5500 
12,796 0.6400 
12,796 0.7400 
12,796 0~8500 

12"'796 0.8500 

J?r.odticer · 
5,364 
2;641 

64,aao 
449;.2~6 

l54!68c1 
8$3i159 
328;?57 

1,066.~08 
l,565,.937 
2;957,091 
4.717,496 
4Al6"368 
1,908~283 

1,848,696 
2,083/599 
2,375.890 
2.782,838 
3.275,750 
3,814,214 
4,416,949 
5,089.257 
5;087,520 

BENEFITS 
consUmer 

-Z,;835 
1~39£): 

34.021 
237i147 

81,715 
175,932 
173~306 
560;R'i5 
:821,536 

1,,531,:5~2 
2.434.629 
21291,144 
1,001,407 

970;664 
1¥093,249 
1 ~245~308: 
1,456t472 
1. 711,587 
1.989!199 
2#298.,.749 
2,642¥600 
2,64'1;698 

Totatr 
f1;~t~,a; 

4;9'~§ 
'9EJ;4QQ 

~~:~~~~ 
~d~~QQg 
pbt~§~a 

1:,sz-r~~ea 
Z,$87;4'74 
4A94;6~$ 
7,t~Z.l25 
p;1Q'tc~:?''L2 
2i9.0~~f?~Q 
2,819~'$§0. 
3,.17~ii:J4$ 
3,62.h19:7 
4;239;310 
4,987~337 
5,8.03;41$ 
6,71!;;;6~11 
7,73,h8!5;'1 
7,72,9,2:'[7 



T:~t:>l~~3p. l?i3~1Qdata. (J$~d1nthe cC}Iculationofpen~fits derived from 
tbe(ldpptidtH>f~rhizobium technology Jor mvngbeao 

... Y~IJC ·;P,~:f(fQVC:noN .. CQNSUM~TIQN. . PRtCES .. 

l9$~ 
t~aa 
1~?4 
1S85 
1986 
19~7 
t~S8 
1~~~ 
t~9.P 
1.991 
1992 
1993 
l99¢ 
1995 
1996 
1991 
l998 
1999 
2000 
2001 
2002 

2Q03 

(mtl · 
.. 2Q",:HJO 
24,~~7 
zs;ea€5 
.25~~87 
25'i9J$ 

.:·45,2(36 
. 26,573 
25,134 
26;64!:) 
25'1099 
2.3,213 
23i421 
24.,2;18 
23,617 
2:3~752 
.23;862 
2$,744 
2$ .. 7,86 
23,797 
43#-776 
23.786 

,23.786 

;(rnt) 

. 26~28S 
~4~8:8? 
25~.070 
26~569 
37.t397 
$2,283 
35,21'1 
48~321 
43,937 
38,383 
40,.926 
33;298 
49.111 
41~ 111 
41.173 
43..799 
42;,028 
42,333 
42 .• 720 
42,360 
42,471 

42:.517 
Source;· Sureat.i of Agffcult\Jral Statistics 

Sl1PPIY Efasticity 
Pemanq Elasticity 

0.66 
0~.9 

{Rirlltl 
s;tss 
5,792 
9,9.32 

11.750 
11.785 
11,075 
11.543 
13,78·3 
1'4;:5!):7 
15,.625 
l6~387 

l7A86 
t8,773 
21.149 
2.3;825 
26i841 
30,.237 
34.064 
38,.375 
43 .. 231 
48~702 

54~865 

A_D.QPcTION 
RATE, 

o.P®z 
0;;0030 
0~0001 

Oi0048 
O~OQ~3 
o~oo,1,9 

o.oot>s 
Q.,OOZ:l 
O~QQ56 
0~0076 

0:.:0034 
0.0009 
0.0035 
0~0037 

0.0038 
0.0040 
0.0041 
0.0043 
0.0045 
0.0047 
0~0049 

0 .. 0051 

Rrt>dlicer 
2~.177 

28~750 
1,194 

47.190 
37,106 
2Q,l97 
72t79;1 
2,~t,5~6 

68.11'3 
84A'28 
37,059 

8,6.65 
41,163 
40·,062 
41.919 
44~;608 

45,756 
47 .. 826 
49,970 
51iS94 
54,117 

56.~93 

B~tJ~Fl:tS 
Consumer 

t.sao· 
21;083 

876 
3,4i606 
2,7,411 
l~h8l1 

53;$79 
17t993 
49,949. 
61,912 
27,176 

6.355 
30,185 
29,378 
30{740 
32,712 
33,554 

·.:65,072 
36t644 .,. 
38,055 
39,686 

41,3.55 

Total. 
··arJ·'la· 
·4~~~34 
~~Q']Q 

131.'79~ 
64.~11 
~s,ooa 

126il71 
4g .. ~·~~ 
1t~i0Q~ 
14(5,3'}0 

64.,235 
15.020 
71.~4$ 
69A40 
12i96Q 
17,~49 
7:9;:309 
82';89fl 
86.i6,14 

'· S9i94~ 
sa:aog 
97,748 

82Q,500 


