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Sludies focuslng upon · soeio-eeOnOflic returns cf 
E"BRAPA·s invest.ents in agricultural research h.ve been of Major 
conc~rn by the Institulion adMinistrallon. Such studies ~re 
lItilnly orlented to define ne .... direct;ons andf'uture policies 
regarding to agricultural rvsearch. The results Df this paper ~re 
quite relevint for the instltution in Justifing the u~e of public 
resources .5 well .5 5upport for its research activities cOMing 
f'roM the f't;t,jerÕj 1 governMent and I nternat i ona 1 f i nane i ng a gene i es 
such as the World O.nk and the InteraMerican OevelopMent 8an~. 

This study had been dlscussed during the "XXII 
8razlliim Congres~ Df Sociology and Agricullurál Ec:onoll\ics" át 
Salvador, Brasil (July 1984) and in the UInternàtional SeMinar 00 
Oeveloplllenl .nd Sc:íent.lfie ilnd Technological Research 
Effettiveness"~ ót Rio dR Janeiro, Brásil (Janu&r'd 1935)0 
Eventhough th i 5 study had b&'en pub 1 i shed ; n the proceed ings of' 
lhose Congress and Se. inar the qua 1 i tlJ and opport.un i li" of i ssues 
dlsclAs-sed s ugQested thal such sludy should be published in lhe 
E"BRAPA-DEP docuMent.. 

VANDER GONTI JO 
He.d of OEP 
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THE SOCIO-ECOHOftIC I"PACT Of IHVESTftEHTS IH RESEARCH 8Y E"BRAPA: 
RESULTS OBTAINED. PROFITABILITY ANO fUTURE PROSPECTS. 

Antonio Flavio 0la5 Ayll~*. 
Luiz Jo~ê Mârla Irl~5 ** 
Ruy "ll1er P.lva***. 

_ The •• In objectiv& af lhis pipa,.. 15 to inalY5. lhe 
socio-eeono.fe I.pact Df E"BRAPA's InvestMenls In igriculturil 
re ••• rch, focuslng upon lhe aclual and potentlal benefils 
obtained, and on lhe social rate of relu,..n of lhes. InvRstMents. 

Agricultura. research h.v. had i ve,..y IMporlànt. 
rol. In lhe perforMance af lhe brazlllan agricultura durlng last. 
decides. In lhe aspacl.l case af E"BRAPA, iln In5tltution of 
,.esearch relatlveI'.J young, Ils contrlbutlon refers to lhe lasl \I.'''''. In any Na\h 9 I yen lhe qUilli t.y of lhe lechno 109 I e5 
general.d, such contributlon has quite expressive . 

The results of lhe ev~lu~tion of returns O" 
Inv8st.ents In research developed by E~eRAPA , both ~t ~ global 
levei ~. In the are. covered by proJects 1249/BR (Uorld Bank) ~nd 
PROCEHSUL I (Inter-iMerican OevelopMent Silnk),and at the National 
Agricultural Rese~rch Centara for Nhuat and for s oybeilns, have 
shoNed i hlgh loclal return. The volu.R Df beneflls resu\ting 
fro. lhe lechnologles generaled by lhe resaarch h~5 More lh .. n 
cOMpensaled for the resaurces orlginally Investad. 

further.ore, the re5earch wark In progress by 
E~8RAPA's unlts a\ready presents e.plrlcal evldence which allow 
us to foresee lhe Malnten.nce of futura high social rates Df 
relurn on InvRs t •• nl In agrlcultural rasearch. Thls pipar 
str •• s.s thit lhere exlsl. a .Irg. nUMber Df technologles in lhe 
pr ocess af genaratlon, whose polentlal benefll s are hlgh . Such 
beneflts, assDcl.ted with those provlded by lhe ~doptlan af lhe 
technologles already generaled Justlfy the contlnuallon af 
flnancial support for lhe rese,rch progra. of the Corporatlon , 
Includlng oblalning e;<ternal flnanclal resources. 

* Thl. paper Wi'S b~sed In the doeu.enl "Rentab llidad. dos Inve~ 
l'.entos .... pesqu isi na E"BRAPA: Resultados i lcin9ido5 e per~ 
pectl vbs" prepared bU the 'liMe aulhor, and 5ub",illed by 
E"8RAPA to lhe IntQr-aM~rlcan OevelopMenl Bank In partial 
fulflllMent of the requlreMent. of the PROCENSUL 11 PraJect. 

** Regearchers of lhe Soclo-econo.lc Eya luation Area. OepartMent 
of Sludies ind Research (DEP) of E"BRAPA, ind re5pectlvely 
Ooe lor in Rural EconoMlcs and Ph.D in Agrlcultural EconoMI, •. 

*** Consultint of lhe OepirtMent af Sludies and Resebrch (DEP) 
af EMBRAPA. 



I"PACTOS SOClDECONO"ICOS DOS INVESTI"ENTOS E" PESQUISA NA E"8RAPA: 
RESULTADOS ALCANÇADOS, RE~TA8ILJDADE E PERSPECTIVAS 

_ O objetivo principal dQsle trabalho' analisar os 
I.paclos socloaconH.lcos dos InYR~tl.ento. e. pesquls. agropRc~ 
4rl. na E~8RAPA , de5taclndo 05 beneficios alcançados a 
potencl.is, •• rentabilidade socla\ de tais InYe~tiM.nto5. 

A pesquisa agropecu'rl. leve u. pape' Multo I.pot 
tanta na eYotuç~o da agricultura brasileira durante •• ó\ti •• s 
d'cadas. No CI50 particular da E"BRAPA. u.. In5tltuiç40 de 
p •• quls. r.latlvlMente nOVI, sua contribuição se restringe a05 
~ltl.05 anos. '0. qUllquer •• nelra, dada a qualidade das 
tecnologias geradas, tal contrlbu1iGO foi bastante eHpre,sivI. 

05 re s ultados das IVI\laqies de retorno dos Investi 
.entos e. pesquisa desenvolvida. na EM8RAPA , t~nto • n'vel 
global, COMO na ~r •• do. proJ.t06 1249/ 8R (8IRD) • PROCENSUL I 
tBIO), • dos C.ntros N~clonals de Pesquisa de Trigo e SO ja. teM 
Mostrado UM. alta rentabi l idade socl.l . O volu.e de beneficios. 
resultantes da. tecnologias gerad~a pela pRsqulsa, teM Mais ,que 
co»pRnsado 05 recursos nel. Inves tidos . 

Outross iM, aa pesquisas e. desenvolviMento nas 
unidades da E"BRAPA J' apresent •• evidlnclaa lactuals . que 
perMite. antever, ta.beM para 05 prôKI Mo5 ano., ~ .anuten940 de 
altas ta Ma. sociais de retornos p&ra os Investl.entos •• pesqu lsi 
agropecu'rl • . Tais beneficios, .llaecorfentes d~ 
aMpliação da 'rea d. ado960 d •• tecnologia. J' ger adas. 
Justifica. plenaMente a cOI \ tinua9~o de apolo finance iro i 
progra.ação de pesqul s i da EMpresa, inclusive atrav~s de r.cur ~05 
externos. 



LES IftPACTS SOCIO-ECONOftIOUES OES 
IHVESTISSEftEHTS DE L'Eft8RAPA: RESULTATS 08TEHUS, 

RENTABILITE ET PERSPECTIVES 

• l'obJecllf princlpa' de Clt traval\ vsl l'analys8 
de. i.pael. sQclo- econoMlquRs de, InYe5li5se.en~s d. \'E~8RAPA 
d~n5 la "'echerche agronoMlque, en Mettant l'accenl 5U,.. les 
r'.ult~ts obtenus et potentlet. , .t 1 la ,...nlabl\lté 50cl~le des 
ce. InvRsllsseMents. 

La ,..echerche agranoMI que li eu. un rtHe t,..is ' 
l.portant da". \'tvolutlon de l'agrlcultur. brêslllenne au \O"g 
d •• dernif,.. •• décennl ••• Oan. te ea. particulle,.. de t'E~8RAPA, 
une in,tllutlon de recherche Issez jeune , Si contrlbution se 
,.. •• t.relnl aUH derniêres .nn ..... O. toute f1l90n, COMpt. tenu de la 
quallt. d.s lecnologles cr' •• , teile contl'lbutlon .. dlJ' joué UM 
f61. fondlMenla\ pour celta fvolutlon. 

Toutes 1.. 'v.lu.tlons r~ce •• ent d6veloppées au 
nlv •• u de l'E~8RAPA ont Montr' que le5 Inv •• tlll.~entl ont .tt 
tr'. rentlbles pour li soclet' bre.lllennR. L •• bénéflc.s 
.pport'. par les technologl •• dtveloppées par la r.cherche ont 
.ttelnl un volu.e de rea'Duree. llrg •• ent 5up6rJeur 'ealul de. 
Investl ••••• nt. dlns la g'nfratlon de ces t.ehnologie •• 

l.. recherehes en cour. danl les centres de 
\'E"8RAPA pr~s.ntent de. 'vldences qui naus per.ettent aUlsl 
d'.,p'rer, paur l.s prachalnel anntes , 1 •• alntlent de ces taux 
Internes de rentabl\lté tr~s Ilev'" Ces b~n~f'c. I pot.ntle\s, 
I\I'~ i ceux r~sult.nts de l '.ug.entatl on du t.ux d'adoptlon das 
t.cnologles déJ' dtve\oppées. Justlflent assez clalreMent 1. 
contlnuatlon d. \'appul flnancler • 1, prograMMltlon d. recherche 
de \'Entraprls., Y cOMprls les reslourc •• externes. 



THE SOCIO- ECOHO"IC I"PACT OF INVEST"ENTS IH RESEARCH 8Y EnBRAPA: 
RESULTS 08TAINEO, PROFITA81LITY ANO FUTURE PROSPECTS 

1. INTROOUCTlON 

Durlng lhe las L decides~ and even in the firsl t~o 
Ijea,.~ Df lhe 1980'5~ lhe econo"lc groMth af 8razl1 WiS highly 
.~ti5'.clo,.y. In lerMs of lhe Gross OOMestlc Product (GOP)~ lhe 
of'icial stalisllcs show a growth belween lhe y~ars 1950 ind 
1980. (roM 34.7 lo 274.3 billlon dollars, .eanlng an iverage 
growth rata Df aboul 7X per year. Thls \Qd Brazi\ lo be •• on9 lhe 
lop len counlr lvs of lhe world in terMS of lhe size of GOP. 

occurred 
increased 
lo i More 

Desplte lhe hug& growth of populalion, which 
in thls period. t-he CDuntry's per capile. product 
'rem in e >:tr9Mely 10w leveI of 6ó~ US dollãrs in 1950 

slgniflcant one Df US 2.303 do\lars In 1980. 

As jt would be expected , these increises look place 
wllh greiler Inlentoil') In lhe Induslrlal and servlces seclors 
ralher lhan In agricutlure~ lhe censuses of Funda9~0 Instituto 
Brasileiro de Geografia e Est.tlst ica (I8GE)~ showed th.l lhe 
sh.re af igriculture lo lhe OOP declined froM 25X In 1950 lo 13X 
in 1980 . ",hlle Induslrlat ·and servlces seclors grew froM 267. lo 
34%. and froM ~5X lo 53X durlng lhe SOMe perlod respeclfvely. 

Regarding lhe foreign lrada of lhe counlry. lhe 
chinges occurred lI'lalnly In lhe hsl lwo dec&des . Il 15 s uff icienl 
lo 5ay lhal in 1963 lhe exporls were onty ab.oul 1.~ bilt ion 
dotlars per yeir, in Nhich coffee contributed 53X of this lolal. 
In 19S3 , lhe exporls reached 21.9 bltl ion do\\ars. coffee 
iccounled for 10.6% of lhe total. and •• nufactured goods for 524. 

Thls econoMle growth WiS referred to by SOMe 
authors as lhe "8raz i llbn econoMlc Miracle", becau se il was 
accoMpanled by deep changes In atl sectors o, econoMlc and social 
.ctiyily. The counlry's econoMlc slruclure Nas Markedly Modified 
In lhese two deCides, wilh lhe insla\\ed capaclty of eleclricil~ · 
rl51n9 frOM 6.3 lo 36.9 Miltion kllow .. ltsj: lhe producllon of 
st..ep.t frOM 2.& lo 14.6 Mllllon tons~ of Motor yehicle& increasing 
fro. 1704,000 lo 1.1 M/llion unl.t.s; of petro\euM froM 98 lo 3~0 
lhousand barrets per dai). ind .i ghl reach 550 lhollsônd bcwrels by 
lhe ~nd of 198~. FurlherMore, in lhe perlod Ira. 1963 to 1979 , 
lhe ilMOlml of federe. 1 paved h I ghwalj5 r05e froM 11 lo 50 lhousan.j 
klloMetersi lhe nUMber of telephonel increased froM 1.2 lo 6.2 
.illlon; lhe leve' of allendance al priMary s ehools increased 
froM 55 lo 76~; and lhe nUMber of recipienls of soel~t securil~ 
benefits rose froll ~.7 lo 20.6 mlllion, besides minlj olheI" 
Reono.ic Indlcilors Nhich can be MenLloned. 

bn econo.ic 
h i story. Th i, 

Ho,,",eye,' , in rltcenl years lhlt counlry ha. un,jergone 
ind flnancial crisis wilhoul precedence in it.s 
crisls Is characlerized nol only b'j .. large fatt In 

I S 



lhe t~ve ts of . outpul and e,.p toy •• nt, or b'j huge I nervage. In the 
nu.bv~ of bankruptcle5 and bustn.'5 flltu~.5 , bul atso by thv 
prevalvnee of proble., dlffléutt to solve, 5uch IS lhe gl\loplng 
Inflatlo", th. hlgh level of exlernal debt , and atso of the 
Inbrn.1 publlc d.bt. Th • . Infl.tlon th.t ,too,j In th .. 1970', .t 
an annual rate of about IS to 5~X , r.lehed in 1980 100.7%,. Ind In 
1983 211%. rherowlth. the Ind ••• tlon, .. hlch appeored to be 
eeonoMleal\y and soelally Ju,tlrlable beeaMe har.ful, as It .akes 
the Inflallon Mor,e. lhe externll debt, .hlch gre. to More lhan 
80 b l lllon dollor. In 1983, b .. cou •• of lhe rl.lng levei of 
Intere,t rate, In the flnanclal .arkel, becaMe a .ajor probtv •• 
lhe Internal publle de6t, Mhleh Increl'v. are derlved .alnly fro. 
lhe govern.enl budget deflelt" Ind froa decl,lons a.de lo 
.alntaln In Lhe eounlry the IMpteaentltion of ao,t of lhe 
1 "V8,t •• nl proJect. by the State hls currenl\y reached a very 
hlgh level , pushlng lhe cOMa.relal Inlere,l rate. to I lev.l 
IncoMpallble '-11th lhe nora.l ' rates of return on econoM'e 
acllvllre5. 

It I. dlfflcull to onoly.e .. Ilh cerlolnly lhe 
underlylng eau.e. of thl. crl.I., but one can el,lly polnt lo 
50 •• factor, Mhleh hlv. deels'·vely conlrlbuled lo thls ,Iluatlon. 
lhe t .. o .. orld petroteu. erl,e. 01' 197J and 1979, wl'lhoul any 
doubt .ere baile eleMent. In thl. conlext, •• peelally because 
the country's d.cl~lon-Makers dld not i •• edlate1y bv1leve In l~. 
perManeney of thl. sltuatlon, thu. not tlking the necess.ry 
corrvellve Mv •• ure •• Ov~r tl.e the Brazl1lan econoMy h~s so.ehow 
ab.orbed lhe ••• hocks, aalnly by obtalnlng f.vo~abte resu1ls 
through Inten.lfylng the exp10r.tloM o( petroleu., and frOM the 
progr.M for Incre.slng lhe product lon Df alcohol i. a fuel. 

The easy acces. to toang In the Inlernatlo".l 
flnanc l. \ .ark_t contrlbutvd at.o to Inere.s. the B~.zltl.n 
e>tternat debt. · The pr.valent Idea ,us thal for lhe I •• edlate 
Interest of the country the levv1 Df eeonoale growth alre.dy 
achleved .hould not be reduced, and lo proc.~d wlth the 
Inve.tMent progrtMI In ba.lc proJ.ets~ Mhlch wou1d a110M for lhe 
attaln.enl of lhe expected .ocla\ and econo.le lran.forMatlon of 
lhe country. AMong the •• , proJects .tand out those devoled to lhe 
enlarge.ent Df the Iran Ind sl.el Indu5tr~, to lhe eslabllsh.enl 
ar petrochealcal planls, developMenl of lhe Mineral resources of 
lhe CaraJIs, lhe producllon of ~eMent and ce\lu\05e, re-equlpMent 
of part., or urban transport, ' producl ion of alcohol, coal, ~"d 
.any other proJeet. . lhe borro.lng of externa. resourceg proved 
to be eKcesslve , but It Mas b •• leally due lo the d.sl~e to ayold 
10,lng lhe ravorable condlllons fo~ .conoMlc developa.nt kno'-l" to 
ex l.t In lhe country. 

The world rec.5.loM I. lhe olher .te.ent thlt has 
cont,-I bl(ted to Ma~.. the .1 tua l I OM d Iff I cul t, .ak fng More 
dlfflcu1l lhe Job 01' .elllng our producls In lhe forelgn •• r~els. 

In ,pile of lhe •• dlfflcultl •• , .l the b.glnnlng of 
1984 lhe counlry followed a _ore rlgorous progra •• IM~d at 
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flghtlng lhe Inf\allona lhe groMing Monlh\y balance Df lrade 
ourplu.eo obtalned .t lhe beglnlng of 1933 and eonllnulng In 1984 
lo • pro.lolng (ael .hlch can I.ad lo the hope that lhe Brazlllan 
econo.y .11\ ."ter agal" a ne. prosperou. phase. 

In thls dlfflcull econoMlc conl.xl at I n.llo"el 
level ~ny analy.ls Df lhe agricultura' •• elar. aven I superflcl.l 
on., wl\1 show that such ••• elor h •• gre.t posslbllltles Df 
helplng to provlde I solullon for thls ecano.lc crl.ls. 

In prlnclp'., there I. no doubl th.t agricultura is 
lhe aconc.lc •• cler whlch cln b •• t M.k. lhe .ost r.pld 
conlrlbullon to overco.lng lhe counlry's econo.lc and flnincl~t 
dlfflcultl... The incr •• s. In lhe agrlcultural output brlnQs 
•• vera. ben.flt. to lhe econo.y. Ir lhe . wpanslon Js for 
agrlcultural exporls It wlll bring I.prove.enta ' to the b~lance af 
tr.de, and If Il . 15 an productl consu •• d do.estlc~lly .111 
.ff~ctlvelv h.lp to reduc. th. Infl~llon. ~oreaver, ~. lhe 
actlvlty la relatlvely labor- Intensiva, any gro_th of Its 
productlan wll\ help to brlng aboul a fali In un •• ploy.ent~ and 
also a5 lhe produclion procesl requlres a 5 •• \1 aMount Df 
i.ported goods , its eKpanslon do~s nol place great preS5ure un lhe 
balance of pay.ents . Besld.. th~t, as the progr •• s In th e 
agrlcultura\ sector ~re of short M.turlty ~ ·they put 11llle 
pres5ure on lhe deM~nd for consu.er goods.. and thus on lhe rille 
of InflaLlon. 

The questlon Nhlch arlsea then 15 whether Br~zll 
reckons upon lhe flclar. whlch Il\oN for sizeable Jncreases in 
the Igrlculture oulput. In lhil sense , lhe possibllltles ire 
p~rllcu\artlJ fa"'orlble for rlt •• ons th~l should be Menlionltd. 

In lhe 11sl 10 lo 15 years 8razllian agrlcullure 
hls shoNn greal dynaMls., wfth a 5atlsfaclory growlh of 
productlon, Nld.spr.id occupation of new Igrlcultural llnds , 
oulstlndlng dlverslflclllon of products ~nd Intensiva adoplion of 
Modern techno log le.. 1 tis Norlh to 'po I nl oul ia •• of lhe fac lors 
lh.t hl",e contrlbuled to thi. recenl chlnge In Brazlll.n 
agrlcullura, Ind to a5S85S the ch.nces of the levei of oulpul 
.chl.ved lo be .alnl.lned .t an even \.rger wCile. 

Regirding lhe techno'ogic.l Modernlzallon of 
agrlculture It Ihould be re ••• bered thld lhl. h •• occurred litl, 
when co.p.rld Nilh olher counlrl ••• fhl, 1$ so blclu5e Brazi. had 
In lhe p •• t Ibun1anl re.erv •• Df forewts. Ind of fertll. 50115. 
lhe Ilnd occup.llon •• w blsed upon ~ lechnologic.ll~ tradllion.l 
agricultura ~ithout uslng Modern Inpul, whlch .id. 50 •• far •• rs 
wilh a Ihart-"ghled econa~lc vlslon af lhe probleM la .bandon 
lhelr crops as soon .5 lhe crap l.nd gol daMaged MO 
landl, Ind rep.allng lhla p.ttern ~h.n.Y.r necessiry. lh~s hls 
h.ppened .aln\y wlth the cropw of coff •• , colton , corn and rlc. 
In a soclally expensive Illnerant agrlculture , le.ving behlnd 
eroded l~nd and unproducllve pa~tur.5. 
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lat.r. .Ith ~h. 5ettle~enl of th~ last avallabte 
areas of forests and fertlle lands In lhe Cenler-Soulh R~glon of 
the counlry, lhe rar •• rs have lo adopl Modern lechnology In 
recovt!rlng ancl ,l!nt crop lands. Wlth lhls need has Inc,..e'5~d 
Mark.dly the us. of Mlchlnes, fertlllzers, and In5.liclde5 ~ and 
on, those old agrlculturat are.s hav. expanded the cuttlvatlon of 
neM .odern crops produclng hlgh ylelds per heclare . especialty 
lhose of sugar can. , coff •• , oranoe, cotton. soyb.an, and olher 
crops. 

Concernlng lhe .Mpanslon of the agrlculturat 
Ironller In thls perlod of great dvna.ls. Df Brazlllan 
agricultura, stand. out the · Inten •••• ttt ••• nt oI "cerrado" 
agrlcullure (savannah area.). lhe lolll Irei of cerrado Is 
e.tl.ated IS belng 189 .ll1fon hectares, and In a certaln .ay 
seplrlles lhe fertlle land. oI the C.nler-Soulh Ira. thos. of the 
resl oI th. country, lh.t fs froM lhe AMazon and Norlheast 
reglan.. Il I. I,.parlant to say that cne oI lhe .aln rlZasons .. hy 
lh. accupatlon of thl. arvl ha. nal bee" dane earller .as the 
lack of Ideqult. technologlcal knoNI.dg.. It NO' knoNn thlt by 
burnlng ,th. the brushMood . rlce could b. Manually cultlv&ted for 
l.o y~.rs, , and after lhat pastureland coutd be .stabllshed. 
allhough Mlth I lo. clplclly of supporling livestock per heclare. 
Th~t MII~ the knOMn technolog'J whlch allo ... o:1 for th~ econoMle 
utlllzallon oI lhe are~. Thus lhe occupltlon af the cerrado land 
pt"'oceeded slowly. 

Wllh the ereatlo" of neM technologi@s &dequ~te lo 
lh@ condlllons 01. the cet"'rado ar •• 5 .IS conflr.ed thal thos~ 
l&nds wh~n.ver •• chlnlc.lly prepared . and .Ilh an adequa te 
IIpptlcatlon DI fertlllzer. could e~hlblt hlgh ylelds per hectare , 
~el Mlth reduced rlsks owlng to lhe regutlrll'J of rainfall In the 
reglon, d.~plle It belng conc.ntrateoi In i relatlvely short 
perlod DI the v •• r. and the oeca510nal occurrenCR oI droughl 
("ve,.anlco~"). 

Therefore. In recent. tiMes the 
Occupltlon of these Ir.as ha~ reached an Increased 
upon I co ••• rclll agricultur. wllh the •• ploy.ent 
technology, and the Intensiv. use oI capital. 

agrlcultural 
paee, b • • ed 

Df I Modern 

Also •• I realure of. the recent chenge ln Brazltlan 
agricultura, •• have I lllrge nu.ber of agrlcultural producers 
cOMlng froM rural faMllles and tenant-/ar.ers Df the south of lhe 
countr'J, thal ••• rged In the frontl.r areas I. new entrepeneurs 
enJoylng I sueessful co •• erelal agrlcullure and I hlgh leveI of 
technology. 

Il .ust be RMph.slzed that the counlrv stllt ha. at 
It. dl'lpo.ll abunda:nt resourees, 51.lllr. lo lhoslt Mhlch .ere used 
In lh. recent eMpanslon of agr'lcullural producllon. In the 
Center-south reglon ther •• llll .~fsts extensive areas Df llnd . 
long ago occupled by IgrlculturR' whlch cln b. r.covered. In the 
cerrado ragion~ the land oceupled by Modern agrlculture 19 sMall 
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co~ar~d to the total arei that can b. utlllzed. It Is enorMOUS 
the nUMber of entrepreneurs Mainly ~.on~ the populatlon af 
countryMen and tenant.-farMers Nho have .~nag.rlal cipaclt.y, and 
are eager to starl agricultural activities on I lirger- .ca le and 
More technical basi~. 

The eHlstence of res ourees st i ll nol utllized is 
on., guarantee thal in princlple ne .. Increase~ of production can 
be obtalned. Bul on. Might have to cons lder the econo.lcs of the 
Matter. As lhe p05sibllille. for Rxpandlng produclion are always 
atlached to lhe ~dopllon of Modern technologl~~ , and as this 
adoptlon 15 partlcularly expensJv., requirlng fraM farMers large 
Invest.enls and high casls. It I. vilal thal favorable prospects 
of proflts can be foreseen, as .. ithout th~t farMers do not have 
sufflclent Inc~ntlves to change agrlculture and to expand lh.ir 
producllon. 

It I. IMportant to •• ntlon lhal lhe fir.ers hlV8 
had In the la . t 10 to 1:5 I.lears abundanl h'lghly 5ub~ldlzed credl l 
for Invest.enl, BO lh.t thelr cos ts of product.lon reflecled lo .. 
expendltures on interest and r.p ~y •• nt of loans in real terNs. 
8 .. ed on thl. It MU.t be .uppond th.t they Mlght hlve proflted 
frOM lhelr far.lng , and also .Ight hav., enjoyed fa vorable profit 
outlook lo .,Kpand thelr actlvitl ••. 

At pres.nt, ther. is a pollcy 
subsidies for agrlculture In the count.ry. Thls 
.arked degree a ralslng of production costs, and 
r.duetlon In the prospectlve returns. Therefore, 
e~pected that lhe far.er cln .llnlaln the dynaMlsM 
Igrlcullure durlng the recent pasto 

of withdraNlng 
i.plle~ to ,. 
con&equently a 

it cilnnot be 
e )(perl~nced b'J 

To counter6ct thl . dlfflcully, without clal,.lng 
chlnge. In the prlces of Input~ and of products , whlch are 
cOMplex ISSlUP'i and of uncertaln solutlons It 15 neCeS561"'1j to 
obl.ln wlth the utill-zation of Modern agrlculturll lechnolog'J, .. 
larger reduction of ÇO'it and hlgher relurn'i per hec tare 
(increa~ed produclivlty). 

lhls •• Ins to work Much More Intensl vely In lhe 
research for .ore efflclent lo .. cost .ethods to cOMbat pe5ts and 
dlsea5es , ilnd IIlso lo generate new crop vlr letle, More producliv& 
and reslstlnt. Wlth lhls , I.proved ylelds per hectare can be 
ilchleved for both crops and cltlle breeding at lo .. er costs. 

The Intensiflcatlon of res earch and lhe expanslon 
af the technlcal a'i slstance service& ilnd rural extens ion 
acllvltles are consequently the ways to prov ide now t' i voribllil 
profll perspeclives for Brazlllan Igrlculture, In arder that it 
can .alnlain Its dyna.lsM , supplying Increa'ied product.lon af 
food s tuffs and raw Mlterlals. 
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2.THE SOCIO-ECONO~IC · I"PACTS OF E"8RAPA's RESEARCH 

lhe Rv.luatlon af lhe sacio-eeanOMlc ben@f ils af 
agr icultura' resea~ch h~s ultl.at.ly rec.lve~ ver~ speclal 
attentlon frOM r.5earchers~ .nd socl.l acienlists. Nevertheles5~ 
as atreldy hal been polnled out by Grlllches (1979), g iven lhe 
nature af lhe research beneflls . this evaluatlon has constit.uled 
an e y. treMe\y cOMp\e~ tl5k. 

lhe knowledgv , whlch II lhe rln.l product af 
research can be expre5sed lhrough an enrlchMenl af lhe inltlal 
leve' af know\edge on new lechnlques, and / or .elhods af 
productlon, In I.provlng th@ quallty Df tlfe , êj.jYanCeMent af 
professlonal COMpetente, and furlher lhrough olher results such 
a5 a betterMenl af status or prestlge, or lhe arrlva\ af n~~ 
Id.ls on certaln reselrch toplcs. 

Glven thls wide range oI' the rese"rch product~ the 
Issue of' whlch unll oI' MellsureMent t.o use for evaluallng slIch a 
benefll becoMes cruclil. Ir knowledge Is consldered lhe fln~l 
producl of research 7 In whal Wiy can It be Measured , i r t.his is 
generaled in unflleasurable unlls. SIMtlarly. despile lhil 
knowledge has an econoMic va\ue there does nol e ~:i5l a deflned 
Markel for Il. thus there do nol ex lsl .echanisMs whlch can give 
a dlr,ct Meisur. oI' t.his kno.,\edge lo lIoclely. 

The rese~rchers who have lr i ed t.o eva\uale 
agrlcult.url\ research h.ve utl\lzed dlfrerenl .~t.hod5 for 
Meisurlng lhe producl oI' research. lhe Mosl frequently ones used 
are t.he followlng: a) lhat considerlng lhe nUMber of. and lhe 
clrcl,.lht.ion oI' lechniclI\ and scl'enllr!c pl.lbllclIllons produced In 
a glven perlod andl b) lhe Dne whlch Measures lhe f'lndings of lhe 
research In lerMs of Il5 effect on agrlcultura\ produclivily. 

lhe quanllly of pubticatlons l aken 15 an indlcat.or 
of lhe research r.lurns presenls dlf'flcullle s ( [ venson , Y.islev~ 
1975). It I, evldent that th. qu.ntlty of ~. now\e.jge transMltted 
through a publlcatlon varies too Much freM Cise lo ca5., and the 
1.,e.5Menl of lhe relat.v@ valu. of publical lons con5titut@s a 
very hird task , .nd 15 BubJecl to conlroversy. Besldes that, lhe 
use Df lhe allouMl Df publlcallons a. an index o f' lhe product.ivlllj 
of reseirch Mly result In daMage to lhe Instllulion's r.put..t lon 
In lhe long- lerM, s l nce lhe researchers can play lhe 
"pubticalions g.Me" .1 where . lhv qU.1il'J of research pl.ys " 
secondary role . 

To .sseS5 lhe contrlbutton of research lo 
agrlcultural productlvlly. as ~a9 lhv case DI' lhe ,."jorlly of 
.ttPMpls .t Measurlng lh. b.nef'it5 froM rvse . rch In the 1970'5 , 
"lhe variabllt reseêlr.ch e xpendllur.s" ""as Muc h used , and In SOMe 
s tu,jles also the nUlllber of res.archers worldng In agrlculturlt 
re s earch or In research and lechnlcal asslslaMc!!'. 
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As lhe .ain conlrlbullon of agrlcullur~l reseirch · 
~oe~ nol al~~y~ render ~n iMprove.enl In productivlty~ ~~ i~ lhe 
Ciie for e x •• ple af lhe resebrch conlribullon lo lhe reduclion af 
producllan cait, (nllrogen blaloglcal fl Hatlon , Integrated pesl
.anige.ent .tc) ar even to an exp&niion af the agriculture 
frontl~r (iaybeans In the troplc~)~ ~uch in iltern~tlve can lead 
to In underestl.ite of lhe reieirch beneflt •• 

Recl'ntly, Cruz et ill. (1982) Inlroduced a new 
Indlcalor af reil'lrch conlrlbullon. Such i ~ei~ure co~prises the 
.viluilion af r8seirch contrlbution lo lhe increased nel incoMe 
of lhe f.rM.rs , and in thi. Ci'. bolh lhe increised producllvily 
achieved and lhe reducllon In co.ts Nere likeh Inlo accounl , 
be\ides lhe net eirnin9~ obtained lhrough .n e~pinsion af 
cultlviled land. Therefore , the range of possi bilites af 
underestlM.tlng lhe research IMpacts WiS reduced. 

However, Il should be eMphaslzed thal one 
in5lltutlan worklng on agrlcultural research generilly generates 
varlous types of research, ind lhe r&iults achieved cannot alwiy5 
be .eisured in ler.s of the producers e~rnlngs. 

Anolher aspect whlch should be consider ed when 
de~lfng ~Ith lhe issue af MeasureMent of reseirch benefils is 
lhat referring lo lhe effect.s ôr lhe transfer of lechnology 
(lhal Is, the "spll\-In" and "spl\\ - over" effecls). Suth eff~cts 
resul t frofl the i 111 i tat i on of f i rfl'l5 M i th in the SiMe I ndustr l.J~ froM 
the transfer (legal and 111egal) of ideis. processes ãnd 
Innovllllon5 bel""een dlfferent. sector5 ind re g ions, ind e 'len 
belNeen countrles. In lhe case of agritultural raseirch . ~hich 
product is genera.lly nol p.tenled, lhe slock af knowledge crealed 
In unlvers i l les, public and private rese~rch inslilulions Moves 
to and froll one sourC4l lo anolher. Thii 15 where sla.nds out. lhe 
difflcu1t.y of eslib11shing _hat. proportion of benefil s should be 
attribuled lo a speclflc sburce. Thls dlfflcull task becomes 
stl11 bigger Nhen lhe parllclpatian af li cerl.ln Institutlon 
occP.Arred In the past (e.g. Itartlng lhe pracess of reseirch 
wark). _nd even ""hen thls was lociLed in anoLher country. When 
thls hippens , as has been staled in lhe .llteralura , SOMe aulhor s 
consldered the stock af kno~ledge whlch precl'ded lhe research Df 
lhe Instilullon being eva\uated (that 15, lhe stock af knowledge 
illreidy exlsting) as i "free good". This NiS lhe cale . for 
eXi.ple af Ayer & Schuh (1982), when ~valuitlng the res~.rch Milh 
cotton underlaken by lhe Instituto AgronoMico de C •• pinas (IAC) -
Agrona.~ Inslitute of CaMpinas, where the casts of creatian af 
lhe basic varirtiei i.parl~d froM lhe Unlted 5t..t.es wer~ nat 
tiken inlo iccounl. 

In the case of cOM.unlcitlon bel~een re se irchers , 
lhe ilsue of Measuring cosls and beneflls beco.e sli\l flore 
cOMplexo Generilly speaking, the lreatMent glven t.o lhe probleM 
by lhe .ulhors is lo conslder il iS a "free good", hawe ver. such 
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li procedure can lvad to In ov.r@.tl.a~. Df thv rale Df return. 
R~gardtng thls palnl, It. , .. worthwhll. to •• ntlon, th.t 50 ... 

evaluatlon 5tudles Df lhe I.paet of agrlculture re.earch .t a 
nal lonal leve. h,v. shoNn lhat lhe IMportant. cant,. I butorv ,.ol,e 
re,ulllng 'roM elo.. cOM.unteallon bet.ee" r., •• rchers Df 
natlona\ syst ••• and tnlern.tlona. res •• rch cenler. (CI""YT, 
IRRI, 'CIAT, .tc) has not b.e" 5uff I c le"l ly ana lysed. 

Reglrdlng lhe deflnltlon Df "I"put." of' li ,.es.arch 
progr •• , anolhe,. I.portant •• pecl Is lhat Df resvarch developed 
.t lhe tevel Df unlversltl •• and agrlcult.ura1 col1.g... A 
conslderable nu.b.,. Df r.,.arch. toplc.. ..peclal1v at li bl.le 
levet I. carrled out lhe,. •• The co •• unte.llon bet •• en re'R.reher. 
and profe'50rs ean produe •• \arg. 'Mounl of know\.dg.~ whleh I. 
"free" to the rR •• Jlreh progr •• af eMperl.entJll rvsearch unlts. 
lhe que.tlon whlch I. put forw.rd Is hON to take thl. fact Into 
.ceount~ _hen the net beneflts fro. research of JI .peel'le 
Instltu·tlon are Mea,ured. On the other hand. It shou\d be 
consldered th.t p.rt of the b.neflt. fro. educallon repre~.nl~ 
.lso • eantrlbullan frOM r •••• rch In5tltutlon~. slne. they are 
cOMpleMentary to the educallon syst •••• 

Besldes the Ispeets relatvd to the proees! of 
•••• surlng co.t. .nd beneflts, lh. evaluatlon Df relurns on 
InvestMenls In research requlr.s .peelal attentlan duv to the 
tl •• -lag oeeurrlng bet_een InvRst.ent. In research .nd the 
effecls of It on produetlon. .lthough lher. Is a yarlatlon 
bel_een teehnologles wlth regard to the proce5S af adoptlan. 
Ev.nsan (1981) argu •• that thl. tl.e- Iag 15 af at le •• t thre. 
years. Th. averlge tIMe-\lg b.t •• en lh. publlcatlan of re.eareh 
results and Its adoptlon by producer. Is estlM.ted as belng 
seyen lJear's. On. the other hand. It should be e.phlslzed that the 
researeh beneflls tend to tast \O"g, and thls dura\lon of 
beneflt. .ore lhan. cOMpen.ates for the cast of generatl"g the 
knowtt!dge. 

Fln.ttlJ. SOMe Illues ret.ted to the eeonoMle pollcy 
should be dlscu •• ed, slnce they can In .any .ays affeet lhe 
returnl on agrlculturat research. Ba!lcatllJ eeono.lc po\lcy ean 
alter lhe ret.tlvt! . prlct!s through palley .easures whleh affect 
the prlces of agricultura' praducts. 'and/or af lhe inpuls. 
Therefore It can .a~e ecanoMlcatty vlabtt! or nal the adopllon of 
deterMlned leehnologJel g.n.r.ted by research. Â~ long a5 lhe 
econo.le pQllcy changes the prlces ratlo (as through subsidies, 
prlces conlrol. export quotas. surcharge.. elc) the loelal 
beneflt of a glven relearch progra. can b. und~r or ovvr.stlMated' 
dependlng upon the dlreellon of change. On lhe one hand sue h 
aspecll show the IMporlant role of the eeono.le potley In lh~ 
pro~ess Df evaluatlon af agrlcuttural reseirch. and on lhe other 
hand stress furlher the cOMpte)(lty Df .u 
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Brazil h~s b.en heavil~ i nvesting In ~grlculture 
research since the establl~hMent of ~MBRAPA In 1973 . Table 1 
presents the reseôrrch e >: pendltures during the perlod 1974/83. 
~hlch aMounts to resources of aboul 1.2 blllion US dollar~. 

Table 1 - Rese~rc h ~xpendi tures by ~M8RAPA . 1974/83 

'jRar 

1974 
197~ 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

t:urr~nt 
values 

(Cri .111ion5) 

151 
411 
807 

L277 
2 , 028 
3,988 
8,004 

16 , 386 
41,716 
74,559 

Real ter",s lf 
value~ 

(Cr$ .il\lon) 

34,~94 
73.635 

102,,368 
113 .551 
130 , 015 
166,100 
166 .483 
162,385 
211. 500 
148 ,372 

Value In 
US$do \ 1ar5 :l~ 

(",I\\ion) 

22 . 2 
50 . 6 
75 . 6 
90 . 3 

11 2.3 
148 . 4 
151.9 
176 .2 
232.5 
129 . 4 

Source: ORO - EMBRAPA 

~ A\ February 1984 prices , corrected b~ lh e Gener&l Prices Inde x 
- DOMestlc Supply (Getulio Vargas Found .. llon) 

~* Prices corrected by lhe annu~\ average value of the US doll~r 

I n reply to lhls huge fina ncia I support for it~3 

research acllvilles EMBRAPA has glven In recenl ye~r5 progressive 
ev idente of efflcienl use of t he resaurces allocaled to re;ear ch. 
Owlng to lhe Innu~er~ble t~chnologie5 cre&ted In 11s 38 rese úrch 
unils located lhrlJughout lhe counlt' lj, Invohdng 1.597 
re5e.rchprs *~ lhe sh.re of lhe corpor.llon in the recenl 
e xpanslon af Brazl l ian agrlculture has been $ Ignifl c.nt. 

technologles 
effects, lhe 

T.ble 2 indlcates for a given 
produced by EMBRAPA In recent 

additional returns achie ved 

ye& r SOMe of the 
years, their Main 
and lhe ef fec li ve 

* AMong EMBRAPA rese~rchers, 323 have a university degree. 
ha ve a Ma §ter's degree. and 2S5 a Ph.D <based on Apri 1 
dala) • 

989 
198 ', 

23 



adopllon of ~ich of lhe .. In ler .. s of cuttlyal@.;I tand~ or benefils 
for llv •• tock. A.ang lhe techno\agies presenled In T&b\e 2 
several af' the. shilll be described ne )lt~ alMed at af'f'ering a 
b~tter vlslon of lhe resutt. obt.ined. and of' the •• ounl af 
resulllng ben~flt5. 

The Integr&led .anageMent af soybe.n pests Is one 
af lhe technotogies praduced b~ E"BRAPA~ which IMpact ha. b.en 
IMpr~.síve. This technotogy Nas devetoped in the fjrst yeilr. Df 
the functlonlng of' the carparlltlon, ilnd per.lts the producers to 
reduc. lh.lr use of' Insetlcides to the .lnl.UM level necessllry. 
The correct utlllzatlon of' thls technology has reduced the use Df' 
In.etlcld •• In lhe soybelln crop lo only ane. ar lwice, Nhlte lhey 
used to do It O" ilverilge ' flve tl.es per harvest. 

Such li tachnology con.isls bislcally of' lhe 
syst .... tic fottON-UP wllh the app •• ranc~ of p~5ls, and Its 
spr •• dlng to lhe crops. Thl. Monltorlng, together .Ith the 
producer. awareness of the level Df' da.age caused by the pestv 
and af' the potentlallty of biologlcat contro\ represented by 
diseilses, parasites and predalors, enab\es lheM to deterMine 
preclsely lhe rell n •• ds for lhe use of' ins.tlcldes. Recant 
estlMatRs show lhat th~ reductlon in costs rRsutling frofl a 
s •• \\.r nUMber of In5~tlcid.s app\icatlons Is Cr' 23,OOO/h., 
whlch In 19~4 shoutd Me." a totat 5ivlng'J of about 35.2 bftllon 
cruzelro!i** . 

Another greit i.pacl technolog~ is re\ated to lhe 
reductlan in harvesllng tosses of 50ybeans. Thlg techno\ogy 
cD~prls~s a 5vt of agrlcu\turilt practlces, inc\uding the 501\ 
preparation, th@ rlght tiMe for so.Jng~ use of ne.. varietlss 
~dapted to •• chanized hary~stJng, sp~clng and p\ant5 denslty , 
Manurlng. ti •• of harvestlng, and correct regul.tors of COMblned 
harveglers. 

A survey undertaken during 1978/79 harvest In the 
State Df Paranil showed that the average \05S of soybe&ns Nas 
about 3.1 s.c~s or 60 kg per hectare. Due lo the adoptlon of the 
technology devlttoped b'" research work . It has been p05slb\e to 
achleve a reduct.lon of ilt t~a:st 50X of these losses. In 1984 the 
re.ultlng beneflts frpM th. adoptlon of' this technology .hould 
reach about Cr' 33 bl\\lon w* . 

Besldes lh&l, the rese~rch work In soit blo\og~ 
done by EMBRAPA hi5 'lhown hlgh rates of return. For soybeans , lh. 
nltrogan blo\ogica\ fl xa llon by .~lected inocu\alion en.bled the 
total .ubslltutlon of nltrogen fertl\lzer$ ror th~ crap. The 
5avlrlg6 f'ro. this sub~t.it.utlon NilS &stiMited al ibout Cr$ 450 
billlon in 1983** . 

** Al February 1984 prlce~ 
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RRgarding lhe wheãt crops , stands out lhe 
dRvelopMent of technology for blologlcal control cf aphids , 
.11o~lng for i ~ubstanti,\ r.ducllon in lhe cOlt5 af produclion . 
dUI! to lhe reducllon by up to 907. in lhe use of inseticldes. In 
1983 lhe adoplion of thls control in an irei af 720,000 hectares 
Meant - .sivings Df aboul Crt 13 blllion, consldering Dne 
application of Inseticides agilnst aphids Instead af two. 

The atrophlc rhlnills In swlnes Is wel1 - known slnce 
lhe beginning Df XIX century. In flocks affecled by lhe dlse&se 
lhe aniMaIs show frequently perslsten! nisal dlscharge. sneezlng, 
waterlng Df lhe eyes , deyi.lion af lhe snout, and 105ses in lhe 
feed conversion and on lhe dally Increase In ~elght. These 10s5e5 
of sNlne are estlMated ~t betNeen ~X to 25~. 

Reseitrch Nork carrled out by EMBRAPA ena bled the 
develop_ent of i vacclne for lhe tr.~t.enl af atrophic rhinilis, 
whlch substitutes advanlageausly the cheMolheriphy lradlllonally 
used by breeders af s Nines. Recenlly , lhe addllioni1 gains 
oceurring frOM lhe use of vicclnes agalnst rhinills were 
esllMited itt Cr$ 1,800 per heid , whlch In 1983 Meant a total 
beneflt of about Cr$ 60 _11110n. 

Another technology deve10ped whlch Musl be 
MRntloned dea1s wllh" lhe correcl tl.e perlo,j for sheep breeding. 
Sludies have shown thal a delay In the tiMe of sheep breedlng 
a110ws for an iverage increGlse af 101. In the nUMber af weaned 
laMbs. Thls Is 50, because thls techno\ogy helps lo Increase the 
b Irlh rates , and lo reduce lhe Mortallly rales of la,.b s . In lhe 
Slate of Rio Gr.nde do Sul lhe MajOr producer of sheeps in 
BrGl.:il, thls technology Mlght perMil Gln increase in sheep 
produclion of abaut 170 lhousand 11Mbs In 1984. 

Besldes lhe e>caMples af lechnologles produced Glbove 
Menlioned, a huge nu.ber of olhers could be shewn ind lheir 
beneflt!i stressed. Howe '/er , given the ai Ms of thls reporl lhe 
quoled Insl.nces .re More lh .. n suf."lclent to give evidence oI' lhe 
large soclo-econeMlc IMpact of lhe research developed by EMBRAPA. 

2.3. §Qf!!! B~!~rn! 

Th@ IMp .. cl ef the resulls achieve,j by E"BRAPA 
stt' essed lInder l he prpviou9 heading was lIIe .. s ured in terMs af lhe 
soe I a 1 relurns on I nv@stMenls by Cr"uz et GIl. (1982). At lha 1 l i Me 
lhe aulhors estlMGlled lhe rates of relurn on tolal Invesl~enls 
and on physlc~l caplt~l, bised upon lhe beneflls froM lhe 
lechno\ogy developed up lo 1981 , Measured al a fat'Mer leve1. 

The r ale of relurn on EnBRAPA'6 lol ~ l InveslMenLs 
In research dllring the per i od 1974/92 (I nc luding ten yei rs of 
poLenlJal benefils, b~5ed upon lhe lechnology already .. dopled 
durlng 1981 / 82) was esllMaled as being 42.8X . This figure 
indlcales a hlgh le veI of relurn on inveslmenls . when cOMpared 
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wlth the r.t~s obl.ln~d in other s ludle, af res •• rch evaluatlon 
underla~en In Brazl l (Table 3). 

On the oth~r hand, Nhen the ave rage rate of relurn 
O" InvestMents In physlcal capital wa. estlMated, taklng Inlo 
accounl both lhe nel rev.nue of 1981 (total bener lls .Inus 
current e xpendlturve and depreci.tion) and the stock of physfcal 
capital avallable at the start of th.t y_ar, a rat. of return af 
52,31. Nas oblained. Such a value I. equlvalent lo More than twice 
lhe return ~stl.al.d by langonl (1974) for olher seclors af 
Brazlllan econo.y (e.g, e\ectric pOMer 19.1%J prinling and 
publlshlng 17.9%: the cheMlc.1 ."dor 17.2%1 .nd th. 
conslructlon Indu5try 16.01.). 

The estl.ate of hlgh rales of return by uslng lwa 
di 5t I nct procedures conf I rMS thal lhe re'l.arch c arr I ed Ollt b',,! 
E"8RAPA hal generated enarMOUS econo~lc and social benefits l o 
Bra z lllan soclety, therebv provldlng In a rehllvely s hort perlod 
of tl.e an eKcellent return lo the rinanclal support received 
slnce Il5. establlsh,uml in 1973. 

Cruz' Avlla (1923), uslng lhe sa.e Methodolog~ of 
lhe studlJ .enlloned above, •• tIMaled lhe rate of return on 
InvestMents In research for lhe areas covered by ProJect 1 249-BR~ 
cOMpleted In 1982 and partlall" flnanced by t-he lntera.erlcan 
8ank of Reconstructlon Ind Oevetopllenl (IBRO). lhe results 
co.,flrMed the hlgh relurng Df E"BRAPA research, as lhe gures 
varled belween 19.5:! and 37.8%, depehdlng "'pon the dlt f erent 
IssuMption'l .ade. Such valueg ar& above lhe standards accept~d b'J 
Deve\opMenl Sank$ as giv lng adequale r.lurn to Inve9tMents. The 
t8RO Ilse1f requlres O" average an annua1 rate of relurn Df 10r. 
on III loan •• 

Followlng thll 58 •• llne af evalu.tlon, it should 
b. Ment I oned li recent ~tudy done b':J Av Ila et alo (1983' , on lhe 
for •• tlon of hUM.n capital and returns on InvestMent In .anpower 
lralnlng by E~8RAPÂ. The Graduate and Contlnuou~ Tralnlng 
ProgrlMs c.rrled oul by lhe Corparallon soon ~fter ils 
establl.hMenl ware eva\uated. 

The Or.duale Progr •• ha s conlrlbuted substantially 
to the changes obsIi"rved In lhe cOMposltlon Df the tech"lca\ &nd 
scienllflc occupatlonal group s durlng lhe perlod of analysis 
(1974 /82) . In 1974, only 17X o, E"BRAPA's r.s •• ~ch ,ta" h.d 
",ste,.'s degree and/or Ph.O, whl\e at th. end of 1982 lhls 
percentagl' figure Increased to 7:57.* . ",oreover, th. Contlnuous 
T,.alnln9 PrograM Is playlng *n iMportant role In avoldlng the 
depreciatlon Df lhe InveslMenl al,.e.dy don. In hUMan capital. 

~ Il Must be •• nlloned th.t 5.ver.l re! •• rch.rs who Joined 
E~9RAPA during th\§ per\od had al.adv gDt • ~ •• ter~~ deoree ~ or 
• doctorlltl!'. 
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Ta bI e 3 - Soc i~ 1 Rat •• Df R.turn on Inv~5tM~nt In Agrlcultural 
R.s~arch In B r~zl \ 

p r~d~CU/ ft"terno} rtuthors lns i U Dns Peri od ~te5 Il 
eturn(*) 

<X) --- - - --------- - - - ---------------- --------------- ----- ------------
AI/er • Schuh Cottan 1924/67 77- 110 
"onteiro COrt : - o t i perlod 1923174 16- 18<R+T) 

ep od under 
Ca ~A~' - a • n str.ti on 1954174 60-79<R+ f) 

Fonseca Coffee 1933/75 H:~~<RHl 
t"Ioric achl Cltru5 frult 1933/78 18-28 
Av I la IRfA/RS : 1959/77 - rr lg~ted rica r-119 

3- 1 4(R+O) 
Cruz. Pa l M~ • Avlla EM,~ÂP A : 

- ~'Icrl c .~lt. 1 1981 53 
- To . nVRS Ments 

on R"Rarc h 1914/92 22-43 
Cruz &: Av i la EII~RAPA/1RBO {: 

- otil nV~5 Ments Imm 3R 
~Vllt, Bori.a-An~r3 

EII~RAP A : e, ria5 vlr ln 
- UM~n c ipitlil 1974/96 22-30 

Plnozzc,' Ge .. nt ~ 
PL~NALSUCAR : t"IilltsUO . iII 
- ugar Cina 1972/82 3S 

Ro.ulng E/lRRACA/CNPS : 
- oy eans lmm ~~ - 62 

AMbrosl • Cruz EIIBRAPA/CNPT :< ") 
- w~ .. t (11) t~W*6 ~~ - w ~a (C ) 

982 40 

evpa, lrl~s " 
e oso iCPA/1?B< ••• ) 

ata l nve5tMent5 1977/96 27 

< .) Tht lIonogra._ R + T .... n l hal lh, •• ll •• l,. of the r~lurn 
ra ,S InC l ude Inve5tMents In botn re5earCn li nd tec hn l cal 
ass l stanc e . 
TI ~ Toti l investMents, ind PC D Physic.l capital 
SCPA .lando for lhe Co-ooerlt iyo SYSl"M af Aa,' lcullura l 
Resellrc h Df the Cent.r-Soul.n Reglon/ PROCEUSUL I f'roJltct . 
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D •• plte lhe hlgh IMount Df resource9 Invested by 
Brazlll~n soclety In Manpo_er tralnlng for agricultural research 
(Crt 38.4 blttlon .t 1982 prlces . durlng thv pvrlod 1974/82). the 
Btudy by Avlla et al. showed that such an Invvs tMent Nas hlghllJ 
productlvv. The social rate of relurn on .anpD~Rr trainlng .as 
R.tlMated at 22.2%, .hlch reflRcted a hlgh 1.v~1 retur" even _hen 
cOMpared wllh any alternatlye 'nyest.ent whRthe,.. prlyate ar 
pub1lc , wh.ther In Brazll ar abroad. It Ihould be 9tres 5ed lhal 
thl. hlgh rale af return Nas obtalned by laklng Inlo .ecounl lhe 
dlrect net benefll5 for farMvr§ resultlng froM technologles 
deY.loped by lhose researchers beneflttlng froM the lr.lnlng 
prograMB. 

The Indlrect nel socl.l relurns O" .anpoNvr 
tra lnlng .ere .110 .nalysed In that study and prelent .n 
addlllonal relevant supporl for the po11cy of inyestMent In hUMa" 
res ourclts adopted by E"'BRAPA. The ... ·/ 91 of benef Ils ach I eved ""a s 
dlscussed frOM lhree dlfferenl vlewpolnts: lhe Indl v ldull, lhe 
organlzatlon, and 50clety. 

Fro. lhe Indlyidual vlewpolnt, the 
COMe5 frOM ne. op~ion5 open In lhe labor Market , 
the need for I perManent updatlng of knowtedge , 
.chleved through .cquirlng More tralnlng , ar by 
cOMMunlcatlon wlth professors and fellow scle 

..aln benefit5 
a concern wllh 
which Cln be 

More Intensl Y@ 

the organlzatlon, the tr.lnlng Df It. staff en\arge9 t he 
posslbltllles of thelr perforMlng olher functlonc , besldes th~t 
of Incr@.slng thelr clpaclty to proYlde sery lces In dlfferent 
Meys , and strengthenlng Its credlblllty wlth 50clety and other 
Instltutions. For wociety th@ lralnlng brlng. Many unMea ~ur.d 
beneflts, such a5: an I"erea s e In lhe dlffusion af knoN\edge . an 
Influence on the deflnitlon of the terM5 of referencR of both 
res.arch and teachlng in .grlcutture at the unlverslty level and 
of national research In5tltutlon5 , and .,ven for those outs lde the 
countryJ a1toN5 also for lhe tralnee's faMlly new e xperlenc e5 ~ 
&5pecla\ly valu.bl. for wldening thelr asplrallons ley@\ ~ and 
perfor~ance ablllty. 

Roesslng (1984), aSles sed lhe return on res earch 
InvestMenls .t the National Agrlcultural Research Center for 
Soybeanv located In . londrln~ In Plrana. The author estl Ma l ed an 
annual §treaM Df net benelflts froM res earch Nork. carrled ou t at 
the CNPSoybean5 . ta~lng Into account on the one hand , lhe 
beneflts frOM Its Maln deyeloped technologles (Integrated 
.an.ge.ent of peeta , control af h.rveetlng loss .s, ra t lon.l us e 
of Manure, appllcatlon of herblcides In narrOM rON5, neM 
v.rletie~ adapted for tON latitudes, and lhe blologl cal control 
Df caterpll\ars), and OM the other hand a\t cos t s bor"e by t he 
Center In lhe perlod 1975 / 82. The Inlernat rate Df relur n 
obtalned Nal 45';, unde,. the Isswllpllon that the tevel Df net. 
beneflt~ achleyed In 1982 wl\\ be Malnlained wlthln the neMt ten 
y@a,.,. Under More apllMlstlc ass uMptlons the rate of relur" 
obt.lnvd t.ld bot ••• n 59X and 62X. 
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Th~ relurn on resourc ••• \\ocaled ~o rvse~rch In 
Nheat w •••• tl •• ted by A.brasl • Cruz (19t4), b~5.d on rV5ulls 
obtalnvd at lhe N~tiona\ Agrlcultura\ R •• earch Center for Wheat -
CNPT of E"8RAPA. lhe intarna\ rale of return estl.aled by thos. 
~uthors for the total Invest.enls of CNPT st~yed at about 59% 
(for th. porlod 1974/ 82> , and 74% (durlng the perlod 1974/80) , 
whl\e lhe average ral~ of return on the CNPl's physical capital 
was eSllMated al 40% , taklng 1982 a5 lhe base yRir. 

Recenlly, Avila el alo (1984) assessed lhe 50c10-
econoMic i.pact of PROCENSUL I, • proJecl IMplRM8nted durlng the 
perlod 1977/83, and parllally flnanced by the Inler-A.erican 
Oeve\opMent Sank (lOS), under the co-ordlnatlon of EMSRAPA. lhe 
rale of relurn on Invest.enls dane b~ lhe Co- operillve Sysl.. of 
Agrlcultura\ Research - SCPA) In lhe Center-South reglon oI' 
Bra.11 through PROCENSUL ••••• tl •• ted .t 27X. 

Il should be stressed thal the .rale of re.lurn 
esli •• l.d eould h~ve been higher , and lhus closer lo the 
estl.aled figure for EM8RAPA (42%) , • and for research undertaken 
for speclflc products (soybeans 45-60~, and Nheal ~9-74~), If lhe 
llMe-perlod of i.pte.ent~tion of that proJect had nol been 
r.t~tiv.t~ recent. . 

'rtany 
PROCENSUL are .till 
fi VI! years, given 
and the ado~tlon of 

of lhe ben.fils frOM lhe research financed by 
to be gener~led, especia\ty within the ne>:t 
the tl.e-tag between Invest.enls in re5e~rch 
research resulls by farMers. 

2.4. Q1hfC §º~lº:!~º~º!l~ !!~i~~! 

When evoluatlng PROCENSUL I Avil. et aI. (1984) 
a9gregaled the technologles produced by SCPA In the Center-South 
reglon Inlo c.te90rle. More or lvs& related J .nd analy5ed the 
soclo-eeonoMlc IMpacls of the categorias of lechno\ogles 
obtilnlng very r.lev~nt resu\ls. In thls section lhos. res~lls 
shall be brlefly dlscussed, taking for a base the data shown in 
r.bl. 4, referrlng to 1983 .nd 1984. 

Of the technologies produced ~Ilh ln the area 
covered by PROCENSUl I &nd used for the evaluatlon sludy, 44X 
were orlenled . lON.rds lhe producl ion oI' foodsluffs s urp l us 
<rice, beans, corn, .~nioc (cass.v.), b~ef, . I \ k, polaloes , 
wheat, lOMaloes, garllc, and onlons) , whlle 277. oI' lhose 
lechno\ogies were aiMed al reduclng and/or saving Modern IMputs 
(Insletlcldes~ pesticidas. ferll\iz.r'J, elc)J those or ienlaled 
towálrds the genera.tlon of surplus for I>:port &cc ounted only for 
IIX of alI those .tudiod. 

Another interestlng aspllet of lhe &ludy refers lo 
the share of eãlch c ategor'~ In the overi I I qu.nl I f i ed benef I ts. af 
tolal benefits . 40X r~presenls lhe conl~lbutlon of t~chnologie s 
all'led at generlltlng .. food pro.jucllon surplu5. 347. of lhe 



t.echnolog.es re\ated t.o e >fport CrOp5 (caffee , soybeans and 
colton). ind 25X of t@chnolog ' es p\anned lo s&ve Inpuls. 

Table 4 - Nel Benef'ls 
Center-SoLlth 
lechnologles, 

of Rl'sl'arch Produced b'j SCPA 
regi 0" 1 Iccordlng lo group5 of 
1983 and 1984. 

In lhe 
rehled 

Calegor\! of 
Techno\og ' l's 

NUMber af 
T@chnalog'es 

1983 1984 

Generatlng producllan 
5urplus af foodstuff's 44 

Generating surplus af 
@)(port goods 11 

Sav'n9 Modern lapuls 27 

Other technologles 18 

T O T A L 100 

'* The figures 
lhe Genera \ 
Found .. t.ion. 
= USS 1. 

In cruzeiros 
Prlce lndex -
The exctunge 

crS USS CrS USS 

74 . 9e4 59 89 1 583 71 

68.533 54 72 .. 522 57 

49.604 39 56 . 148 44 

3.762 3 4.544 4 

196.88~ 155 222,807 176 

refer to March 1984 1 corrected by 
OOMestlc Suppl~, af Getulio Var9~s 
r~te In narch 19t4 ~as Cr$ 1~26S.45 

Sourc.: Avll •• t aI. (1984). En6RAPA . 

Anolher result deserves to be 5tt~ essed regard I ng 
that group af lechnologles al~ed al savlng Modern Inpulso 
Startlng fro" I f igure 01' 2a ",\\Uon US do\\;)rs In 19~H , this 
calegory of lechnotogy shal t produce in 1984 net benefils Df ~4 
Mllllon US dollirs , Mean lng an Increase of 607. dur l ng lhe perlod. 
Assu.lng that 5uch \echno\ogie~ g~ner~l\~ econOMize In lhe use or 
Modern Inpulos, especialty lhose I",ported~ its Multlplje,~ effects 
are very iMportlint for lhe tr .. de balance lhrough li reductlon 01 
IlI'Iports. 

In lhe cilegory of technologles general ing surp l ~5 
of e >:port good5 I tis i ",port.ant. to not.' ce lhal t.he nel benef i ts 
obt.lned repre51i'nts 0.6% of lhe total valu!! af BrifZlll &fl 
agrlcullural exports in 1983. 
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3. FUTURE PROSPECTS FOR EftlRAfA'. RES!ARCH 

For thl. doe.do E"SRAPA thrent unlt. 
Int.nds to continue .I nvestigatlng severa\ rese.rch toplcs. 116 

w.l\ '1 to und.,.t,k. ~N specl'lc ".$.~rch proJects. One of the 
•• In obJ.ctlv •• of thl. progr •• lng Ihall b. to .~p.nd and to 
'.prove the qu.\lt~ of ,.. ••• arch work. 

In arde,.. to show the potentla\ ,..e ••• ,..ch bene'lt5, 
th •• uthor~ e.lled for eolloborotlon fro. 011 E"BRAPA unlt. 
"Mlng _t the •••• ur ••• nt of the prolpectlve r.Bults. lhe worklng 
hypoth.... for estl •• tlng futura ben.tlt ••• ,... based upon p •• t 
.Mp.,..lene •• , and .110 on th. futu,... outlook of lhe r.sutts, 
taklng I"to account the knoNledge .nd the .~p.rl.nc. acquired by 
th. corpor.tion'. ,...se.,..ch .t.fr. In la •• ca ••• , lhe di'f'cultle • 
• •• oclated wlth specl'lc res •• rch toplcs dld nat en,bl. us to 
e.tl.ate lhe benaflll wlth la •• certllnty. In lh~se ca... only 
qualitativa .tate.ent. were ••• ert.d. Ou- to lack of tl.e ~nd 
aplce. and .ven b.cauee of lh. hug. aMount of r •••• rch work belng 
cilrrl.d out ; the author. do not elal. to pre •• nt hare In 
exhau.tlv • . dlleusslon of the expected result._ froM lhe reselrch. 
It shall be •• nlloned only la •• exa.p'l.. o, EMBRAPA research 
rellt.d to lhe Cenler-South regfon . going Inlo • greiter detail 
fo,.. 50 ... top I CI " 

lhe expected relutts ar. depicted In rable ~. and 
,..efer to l o.e rese.rch In progress withln E~BRAPA's units in lhe 

' Center-Soulh region. In this labla the lopic of re.e.rch work Is 
Identlfied wlth Itl Miln .ffects In taras of obJect ives and li., 
of the agricultura\ actlvltles, and an estla.te of It. e xp.cted 
results. In lhls p~rt of the tabla i5 shoNn the addltiona\ 
beneflt. per hectare glin.d wlth the adoptlon of lhe.. ,..e5ults , 
and th. Ictuat potentlllllles for the eKtenslon of lhe resultlng 
technology. It. should b. stre ••• d that, allhough SOM. results can 
be obt.lned In lh. shorl ind MedlUM ter •• other resulta ahall 
onl.., be aehil~v.d In the long tera. . 

Th. great dependence af 8r.zll upon the ror.lgn. 
productlan or whe.t (Ibout 6:5X cf dOMestle ccnsuMptlon I. 
'Mported) .ak.. inv •• t.enls In wheat re.eareh ~Ia.d 11 raislng 
both produclion and productlvlty . xtre.ely IMportant. lhe 
contlnull.., of res.arch work for wheal I. of vital IMportlnce for 
the iltalnM.nl of tha proposed obJectlves, e'peclillly conliderlng 
lhat accordlng to lhe curr.~t .tat. of lhe ilrl. It take. fro. len 
to twelve y.ara of re •• arch to produce a new varlety. It should 
be added a\.o th.t the new wheat varl.tl •• h.ve a productive 
period ver.., s hort. owlng to genetic and envlron.ental factor •• 
Thil fael has cOMpelled lhe breeders lo work h,rd on lhe cre.t i on 
of neM varietle.. gesides lhe developaenl of n ... virlelles~ the 
.aln reseirch loplcs wilh wheit Includl the preserva tion of 
genetle resourees (Actlve 9.nks of Oer.oplas •• ) , and blologlcal 
eontrol~ 
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It should a150 b~ stressed the ev.pected research 
results for wheat in the cerrado areas. The ne~ varlelies 
developed for thls region nol only has enabled the eHpansion Df 
the cultlvatvd Nheal area, but ~lso ha~ allo.ed g_lns of 
productlvlly, besld.s lhe possibillty of oblalnlng tNO harvest s 
per 'Jear. Th@ 'iecond harvllst durlng thtt drought perlod is 
obtalned by irrlgation, .nd Nlth a varlety adapt.ed t.o t.hls 
prac~lce. 

lhe analy.ls of the Brazll!an cat.lle breedlng ShONS 
I scenarlo of alo" productivlty leveI. If consldered in 
aggregate t.rM!!. The blrth rate 15 very 10N (50 t.o 55X), lhe 
Morhllty r.te I~ hlgh <157.), and the age for ~"ughterlng I·s 
r.latlve\~ \atQ (4 ar .ore years). The ylelds rate has v_rled 
around 12. In the central reglon of Brazll, cOMprlslng t.he states 
of "Inas Gerais, Golls, "ato Grosso do Sul, Sio Paulo , nato 
Grosso , Esplrlto Sant.o. and Rio de Janeiro are located abDut SSl 
of the Brazillan catt.le herds. lhl5 reglon includes the Pantanal 
reglon, eoverlng an area of approHIMalely 138.000 square 
klloMeters with in extenllve clttle breedlng aMountlng to about 4 
.Illlon anl.als. 

AMong lhe research t.oplcs underlaken for beef 
catt\e In the Central parl of Brazll stand out tho~e referrlng 
to: (a) s@lectlon and cro51-breedlng of anill'lals; Cb) deve1op/llenl 
of analyglg for the carcaseJ Cc) Inlroductlon and evaluation Df 
neN hay varletl~s; <d) .anageMRnl of lhe 50f1 and feed crops 
adapted for tropical pasture landl (9) ullllzatlon of ~lternatlve 
sources of phosphorous in the Mineral Mlxtures of the l&nd (f) 
contrql of parasites (ecto, eMO and hecto), and of diseases 
affecting calv@s. These res.arch toplc! wlll enable huge 
'.proveMRnt5 In the returns fro., cattle breedlng. lh@ tn:pected 
econoMlc returns Mlll be ~Ign\fic.nt due to the size af lhe 
catlle herds~ and the low leveIs of current ylelds. l' for 
Instanee the rvsetrch resuttl are applled to the aclual 
populatlon of bullocks slaughtered, onlya reductlon In the age 
of staughter to 3 years, and an Increise In lhe average carcass 
.el9ht to 240 ki\ograM5 , with SOM. q~alltatlve iMproveMent of lhe 
Melt cou1d lead to In expected 9ross beneflt of about 30 billion 
cruzeiros, even conglderlng that onty 10X of lhe aniMal were 
covered by the IMproved technology. A si.llbr slMulatlon can be 
dane to Mea5ure olhe,. prospective benef'ts frOM these research 
top I es. The prospec l I ve resul ts seen In th 15 conteat are 
extreMelv ~ncouraglng. 

lhe research In lhe fleld of agrobu!lness 
technotogy has had In the last few years a re~arkable growth In 
IMportanee In the social and ~conoMic conte::l of Brazil , 
~~peclalty ~ilh reg~rd to lhe food processlng Induglry, due °lo 
the des I re to use I l lo IMprov~ lhe di et,ary leve I s of lhe 
Brazlllan populatlon. The Introductlon of Mb:ed flour'J In the 
•• nufacturing of breads, biscu't5 and pa ~trlvs , lh~ oenologlca\ 
research Inlo the selectlon of yei9t~ and carbon Macerallon of 
red Nines, thv studles of essentlal 0115 froM garIlc and onions , 



as lIIeU IIS abt.iining nat.urll\ calorentos, cOMprlsR the ",.dn 
researc:h proposals in tt'le area of' igrobusine55 t.echnolagy. 

The dependenc. upon t.he iMports of wheit. for 
Meet.ing dOMestie eonsuMpt.lon has greatty eneouraged eff'orls 
low6rds vi.b\e allernilives of olhar flours for the .~nufiet.ure 
of brRid and pa5lrles. lhe results alread'j aehieved have 
identified 15 in alt.ernat.ive the use af non-fat.t.y corn floN, 
besldes the ftour af soybeans, sorghuM, Minioe ilnd t.rltleale in 
the partl .. l substltutlon of Nheat flour. Besldes cantlnuing the 
studie5 Mentioned lhe research proposils are dlrected to~ards the 
opti.ization of so~e par'Melers In the productlon process 111 I t-h 
the5e (laurs , such as deter.lnlng the ferMentatlon tiMe 
te.per~ture6 for cooklng Ind drylng. ind adJust.ent af the 
equlp.ent used by the industry, with the obJective of iMprovlng 
the efflciency in lhe quallty af the f)nal product. lhe siMple 
substitulion of 20% o·f lhe wheat flour by olhar ftours would 
represenl sivings of forelgn Rxehinge of about 2JO .ll1ion US 
do llars per year, through lhe reduetion in .. heat iMport5. lhe 
utllizatlon of the pure lrltlc~le flour by lhe biseull 
IIIanufacturlng Industry would save IInolher 90 .ll\lon US dollars 
per year. AMong lhe olheI'" r~5ulls of' thl 5 6ubslllullon are the 
Increase of dOMestlc productlon Df alternatlve raw- Materi~15, 
IMproveMenl oI' nulrllional condillons of lhe population g lv en lhe 
advantages In terM! of qual Ity Df the5e flour5 cOMpared lo wheat 
flour, and the reduetion ef the Idle eapac lty ef the flour 
Mi\ling induslry. 

In the nillionill socle-eeonoMie conle :< t, lhe 
soybeans eOMplex (9rain5, Meals, and oil) hâ s pla'jed an iMporlant 
role. For the dOlllestl c ~arket It h.s a slrategic role, be il áS .. 
foodstuff , OI" In the for. of edible vegetable 011. and as a 
prlMáry product export~ soybelns ánd its derlvatlves sh.re the 
l.rgest volUMe of foreign e:(change. lhe research results ha v9 
greally conlributed to thi5 perforMance. To support research Is 
cf vit~l IMportance lo achle1/e incre&ses In produclion and 
productivlly , expanslon of the agricullural frontier and 
i.proveMenls in the farMers nel inco.e through a rallonzal use of 
'.,puls. AMong lhe several research works carried oul for 50ybeans 
stand oul lhe following: lhe Inlroductlon of nelll varielies 
ádápted to several ecologlc .. \ reglons ~nd to dlfferenl producllon 
sysleMs, lhe creal lon of earl~ ' and l.te varleties, lhe 
preparation and decoMpresslng of so115, lhe biologic ál control of 
weeds and bedbug'J . and the puriflcatlon of the vlrus for the 
blo\ogicál control af citerplltars . 

With the introductlon of new virletles of soybeàns 
c;ccording to ecologic.,1 reglon5 .. nd producllon systeMs, it i& 
inlended to .eel lhe Inlrlnsic charact~ristics of reglons 
considered as lriditlonál produeer5 (such 115 Rio Grande do Sul ~ 
Santa Catarina, Parana, ând São Piulo) p aiMed al besld~ s 
Increasing lheir productlvlty ilso ichieving lhe ~labllily 01' 
production through ,jeve laping resi st~nce to in'iect!5, dl5eases, 
ne f'flátoides , ind tolerance to 6cldlly ánd droughts. For lhe 
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expbndlng frontler reglans (Mato Grosso do Sul. Malo Gro5~o 1 
GolAs. Mina~ Gerals~ Bahla p and ~aranhõo) lhe new varl.ti@s shall 
represent lhe besl optlons for cuttlvatlon. 1,134 varielies have 
a\read~ been setecled for an IsseS5Ment af lhelr productlvity 
leveIs , and adaplation lo lhe dlverse reglans and production 
sysleM5 . Consldering th~t lhe new varlellR' help to IMprove by al 
leasl lOX lhe currenl BveragR yle\ds, whlch 15 aboul 1 , 7~O 
kllograMs per hectare , an addlLional Inereas. af 175 kilograM'i 
per hectare shall be oblalned. The research beneflts could 
lhereby be represenled by lhe addlllona\ galns In produclion af 
aboul 157.5 thousand tons, assuMing lhat Df lhe current 9 MllIton 
hectares p\anled wlth ~oybean5, on\y 10% adopt the new varletles . 
In Monetary terMs , these beneflls would produce annual addillona\ 
gllln5 oI' 52 bl l\ton· cruzel,:,os. 

lhe resu\ls already oblained suggell i wlde range 
Df poss l b lllt l.s for lhe introductlon oI' ne\l.l early and lat.e 
varlelies, with 50wlng perlods before and .1' ter the tr.dllionally 
reCOMMended se~50n. As lhe alM Is to offer to farMers wilhin t.he 
nexl 5 years new v.rl.lles exhlbltlng such characlerlsllc5, Il Is 
e~tlMaled that In 1990 al leasl 5% oI' lhe land cu\llvaled wit,h 
soybeltnS _1·9ht. be adopllng lhls technology. Thls adopt.ion shall 
Me.n an additlonal utl\izatlon Df 500 lhousand hectares . which 15 
equlvalent to approxi •• lely an .d~lllon.l produclion of 875 
thousand tons , ar af 2!8.7 bllllon cruzeiros at currenl prices. 

Research work at an experlMenttl level 5howed th~t 
adequate 5011 preparallon , Inc1udlng lhe decoMpres si ng of 50115, 
can ralse the soybeans yle1ds by even 25X. In the soulh region oI' 
Br~zI1 , especla11y in lhe Slates of Saa Paulo , Paran~. Sant.a 
Calarlna, and Rio Orande do Sul, a \arge prapartlan of cultivat.e,j 
land wllh soybe~n5 sho~s a probleM Df lhe cOMp~cllng of lhe 
SOI\5. A research effart whlch provldes adequale alternatives for 
lhe soi 1 preparatlon can brl ils of great illpac l , In 
vle~ of the facl lhil the area susceptlble to thit probleM 
•• ounts to 6.5 .ll110n hectares. 

Wlth the obJecllve af reduclng costs of productian 
but al so to have a reMarkable effect In &cologlca\ terM5, lhere 
Is grea\ e:<pectallons In lhe researth proposals aiMed .at 
establishlng through the blalog lca l control ways to . coMbat weeds, 
bedbugs and calerplllifrs In the soybe~ns crap. Preli.inary 
sludles have already ident.lfled a hlghly p"oM I5Ing fungu5 lo be 
used as b l olog lca l herblcide In cOMbaling the .aln weed found in 
nearly a\1 lhe reglons produclng saybeans In lhe louth af Brazil. 
It I. Intended lo control lhe fnfestatio n to a level below lhe 
econoMle lO.5e~ for lhe crop , by an Integraled ManageMent af 
pests, uslng the blologleal herbicldes together wlth Mech&nlc~l 
and cheMlcal Methods . It 15 estlMated that lhiB pracllce could 
reduce the costs af production of sO'jbeans by tbout Crt 20:000 
p.r hectare , whlch wl11 lead to dl,...cl beneflts to ·far",ers valued 
.t 13 bllllon cruzeiros annual'y, even If onl y 10r. of lhe 
cultivaled land wlth 501~bean. caMe to adopl thls lechnolo~il'J In 
the 50uth of 8r*zl\. Regarding lhe cOMbatt ing af bedbugs ~ ~hlch 
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Is ane Df lhe pests c~u5j ng lhe Most daM~ge to lhe crop , \@iding 
to A fai t in 1.:Jlelds by up to 80%, lhe studle!f already underlaken 
ShON a pro~lslng r.sult In lhe cD.b~t Df lhese pests lhrough 
natural parasites. \.11th lhe io1entlflcation and l",proveMent of 
lhese p.ril S I lei> I tis e xpected t.o reduce lhe ilpp 1 i cal I ons Df 
cheMic.t Insectldes in contro\ling bUg5, and lheref'ore reduclng 
lhe c05t5 Df producllon by ido IRast Cr$ 20,000 per hect.re. 

In lhe case of lhe soybean c&terplttar , blologieil 
control has alr.~dy been used. through lhe pol iedrose vírus. 
Nhlch has shown to be as ef'lclenl. i5 chliu.lcal contro l. The 
r.search seeks to exuline in lhe nexl feN years iI proce,jure for 
purlfylng lhe vlrus In a liquid for. to provide il lo farmers. In 
arder lo .ake ea5;er both Ils appljci~ion ind the slorage . At 
presenl lhe farMer shauld apply lhR Inllial inoculation af lhe 
vírus, knd later an lo col1~cl lhe dead calerpll lars ind to 5tare 
thslft in .. refrlgerator. For a neN app\ic .. tlon ·the on\y th ing lo 
do is to ~acerate lhe caterplllars, to slrai n the liquld .nd to 
",i >: il wilh Nater (in lhe pulv~,.izator)~ and to spread it o'ler: 
lhe planls. Wilh lhe he\p of lhe purlficatlon of the viru5 In 
liquld forM, It 15 8xpected lo double lhe leveI s of adoplion 
attilned .nd lo reach 1990 Nlth • coverage af adoptlan of lhis 
technolagy af .. bout ~.2 _llllon hecl .. res, providlng an idditlonal 
50cl. 1 benefit of 80 billion cruzeiros per harvest saason , al 
current value5 . In Rio Grande do Sul lhe hydroMorph ic sails cover 
in .rea of approxlnately 3 ~ltllan hectares, of which o~ly 600 
thousand are cropped innuatly wlth irrlgated rice ~ ollllng to lhe 
ioWlpractlbility of phnt l ng this crop in sucessive years . in the 
saMe area. The reMalning area is used for an ex tensi ve ca ltle 
ralslng, showing law produclivity Meál/hectáre/year . The best use 
of this are. wilh dry crop. (soybeans. sorghlHft~ and others) in 
ratation with Irrigated rlce ;s currenlly very difficult. due to 
the diflciency in lhe dralnage of h~droMorphic soll s, lo lhe 
hydr8ullc "stress" durlng the 50i l prepiration, and al~o to the 
cycle of the dry c rops theMsRlves. To lhose problems li must be 
.dded ihe lo,,", perforMance of M8 ch ines and igriculturá l 
IMpleMenls, whlch are generally speaklng projected to Meel the 
needs af highlinds . and 81so lhe deflclency of the new virieiies 
developed and a.dapled to the cllMate and h'jdroflllorphlc 5011s af 
the regian , preventlng & betier utlllzatlon of this t'.JPR of soil . 

With lhe dev~lopflllenl by reseirch of adequale 
lechniques af irrlgati on~ drainige, and systeMallzktion of soils 
J tis pos s i b le to ... ake su i tab le for dry crops .bout one oWI i 1 \ i em 
out af three Miltlon hectáres of hydraoWlophic soils af lhe region. 
It Is also p05sibte lo recover for lhe planling af irrigated rice 
ibout 400 thausánd hectares of flooded 1and, &nd up to now 
underdeveloped~ which sha l1 Inerease the area c:u lli vated annual\y 
wlth irrigited rl ce to approx l~ately 750 thousind hect&re s . With 
lhe recovery of t.he hy,jroMorphic solls and lhe del/elaplllenl of 
agricu lturil reseárch under the PROCENSUL I[ progr&~ ~ through new 
varietles More adiplab\e &nd p roduclive~ besides new cultlvalion 
práctlce5, the praductlan of gralns can be expanded in the reglon 
t.o abolJt. lhree • i 1 \ i on and f I ve hundr' ed thousand tons per Ijeàr. 
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lhe constant Incre.~e. of petroleuM prlces at the 
b@glnnlng at the 1970'§ decllde,. and Its harMful effect5 on the 
country's econo.y, requlred an Intenslfleltlon of the 5earch for 
alt.rnltlve5 to 5ubstltute Indu~t,.la1fzed fertl\lzer9 by 
utlllzlng blaloglcal resource5. lhe results Ilready achleved by 
research In th. blology af the 5011 alloM5 for the total 
substltutlan Df che.lcal nltrog.n Mlnure In Bayb.ans, thraugh 
selected Inoculants which ctn yleld a saving of 500 .fllion US 
dollars per year. Another IMportant Idvanc •• ent In the blological 
productlon of nltrogen Nas obtalned Nlth the Identlflcatlon af a 
speelfle Inoculant for the b.ans crap. lt is lIso IMportant to 
.entlon that It was faund out the exlstenc@ af 5ultlbte 
Inoculants, whlch Nlll en.ble an extenslan af the blologlcal 
f'lxatlon af nitroga" for thv corn crop. and other gr •• ln.o1.ls 
plants. 81010glcel proce~se. are aliO pro.lslng In the solublllty 
of phasphate through Mlcorrlzicos fungl. 

~egardlng the cultlvatlon of bean5, for e~ a.ple , to 
ral •• thv average yl.ld~ In 8razl1 froM 600 to 1.200 kllograMs 
per hvctare, It should be requlred to Ipply ~O kilogrlMs of 
nltrogen and 80 kllogra •• Df P2 05 per hectare, in terMS of 
che.leat Manure. Experl.ents Itre.dy carrled out show.d that the 
adoptlon of •• lvcted new varletl@~, Nhleh are Innoculatvd and do 
not us. nltrogen fertlllzer~p can attaln the targeted level of 
1,.200 kg/ha, or In SOM. ca.e. even Morv cOMpared Mlth those uslng 
40 kflogra.s of nltrogen per hectare. lh@ prospeets for obtalnlng 
fi: substltutlan of fertlllzers by blaloglcal proeel5e3 are 
pro.lslng. lhls .ubstltutlon, even partlally would re~ult In the 
case af beanl savlngs of fertlll%erl af bO US dollars per 
hectare, or about 24 MI1\lon dolll'rs annually, If thls technology 
was extended to cover 107. af the area cultivated with thls erap 
whlch 15 about 4 .Illlon hectares. laklng Into accaunt lhe 
exp.cted palentlal beneflt. fore5een, the ca9ts af 2 US dollar! 
for uslng Inoculants at producer. leveI appears quite 5Mall. 

lhe teehnologle9 generated by research in 
horllculture are .till Much below the need. Df the 5ector, thU5 
8razHlan hortlculture is 5tlll hlghly ' dl:!p@ndent upon other 
countrl.5, utfUzlng hybrld vlrletles developed for eU.alle 
condltlons and consuMer h.blts dlstlnct froM those of Brazl!. 
AMong the researeh propasals for the next fev ye~r~ ean be 
Mentlonvd the sludlel alMed at developlng new varlatle9 and 
vegetable hybrlds, especlally those intended to provlde national 
seeds for substltutlng the IMparted anEs. lt should be stressed 
the IMportance of reselrch Nork al.ed at produclng neN varietles 
of potata •• and Melons, hybrlds of eabbage,. hybrids af eucuMber 
for 5al.ds,. and v.rl.tles of tOMa toe. for proce55lng. 

In the speelflc case of the polato It 15 expected 
to o~taln ,savlng of forelgn currency of about 5 Mll110n US 
dollar. annually, only wlth the '.port substltutlon af potato 
se@ds. It .hould be polnted oul th. relevance Df the lechnical 
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work undertaken by i ni t i ona 1 n~lNo,..k of ·e)(perl Menla 1 un i l5 Nh I eh 
his proYlded basle subsidies for the idenliflcalion of neN 
y.rlelies suilib1e for lhe dlstlnct geogriphici1 regions af 
Brizll , a~ . w&ll IS lhe INporl polley for palato seeds. 

The reseilrch on .e\on~ i5 basle.Hy orienl.led 
towards Ineorporating iI reslstanc" to viruses, and a1 50 for lhe 
producllon af hybrids. The canlinulty af reseilrch work on .elon 
in lhe ireas triditlona1\y producing lhls frult is threatened (in 
Soo Paulo, PernaM&uco, ind Para) by Olhe Mosaic vlrus af 
water.elan. The .ffecled fruits l05e lheir cOM.erclal v.lue. A 
recRnl survey af lhls virui dlseiS& carried out in lhe reglon of 
the São Francisco rlyer Irea hiS shoNn a high Incldence af lhe 
dlsease. In li gre~t nUMber of farMs, near1y all lhe plants Nere 
Infected. The rese&rch work In progrQss seeks to oblaln 
resistance to lhe vlrus by the Main varielias used , by using for 
breeding purposes the varleties AMarelo and Prlnce. ExperiMental 
data a1ready conflrMs thls possiblllty, therefore, through lhe 
retro-c r ossing of varietles it wi11 be atteMpled to recaver SOMe 
of lhe characterislles of productlon and qua11ty of the AMarelo 
variety. The ,jlrect beneflts resultlng froN thls techno1091,J shall 
be at a farMer level approxiMately 18 blllion cruzeiros per year. 

The soclo-economlc IMportance of lhe developMent ar 
poultry ictivity in Br&zil ~s a 5upplier of basic prolein for the 
population , and as a source of foreign e xc hange - Braz!l 15 the 
secand largest exporter of chlckens In lhe Norld - has i.posed a 
heiYY task on the research w(a '·: in terMs of the great 
expect.tions regarding1lhe discavery of new techn010gles. Speci.l 
pro.inence shou\,j ba 9 ven to the Nor~. \.he genet.ic itllprO""eMent of 
the fowIs. Generally speiking, the poultry industry in Br& zi l is 
tot .. 11y dependent upon the I Mport'i of fore I gn spec i es. In 1983 of 
the total nUMber of cOMpanles currenlly operating in the sales af 
chlcken for breedlng purpases , only ane used nationa l genetlc 
Material. lhe research proposals alM at the e5t.blish~ent Df' a 
baslc population of greal genatic potential for selectlng .nd 
obtalnlng Brazillan species speelalizlng in the productlon of 
Meat and eggs, en.bl lng the country ta substltute the iMporl of 
eggs. Il is expected wlthin a few years to achieye through i well 
directed research efforl to Meet the tolal need s of lhe "ir~et. 
with national specles, Meaning savlngs of foreign curroncy of 
about 8 ",ilUon US doll al"s annually. 

The resulls eKpecled only froM reseirch work 
de""eloped f or lhe grebt Center-soulh region have been an~lysed in 
thls sectlon. it Cin be antielpited that the soci.l benefits 
obtained More than eOMpensate for the InveslMents M~de. Added to 
the e>: aMple5 Mentioned &nd analysed should be olher research 
proposal:. certllin\y lIIOS IlfIportant bS those quoted here. SOMe are 
instrumental to lh~ achieveMent of specific obJectives al the 
agricultural producer l eve l. For others the current l eve l of 
knowledge does not enible ~n esti~~le of expected rvsulls wlthin 
a r~n ga of reasonable possibililies. Regardlng these prospects 
for igrlcu\lur~\ rese~rch it should be added lhe resu\ting 



bQn~flt5 froa In @nl~rgeMRnt of lhe degree of adopllon af lhe 
l~chno\ogIQs alrRady producRd by lh@ corporatlon. 

So It 15 exp@cted that wlthln lhe next few y.~r5 
lhe hlgh ratvs af relurn on InvestMenl In agricultural res9arch 
,h,H be •• Intalned, Justlfylng 1\50 th ••• Inlenane. of • 
continuou! flow o, financiaI resource. to lhe r •••• rch Ictivitle9 
of EMBRAPA. 

~; SYNTHESIS AND CDHCLUSIDNS 

In lhl. sludy It •• 5 Int.ended to show lhe eeano.le 
and .ocla\ vlabltltv Df inY.~tM.nts In agrlcultural r95earch co
ordlnated b~ E"BRAPA. Th. research beneflt, wer. characterlzed 
.Ithln lhe context of lhe ecanoMle developMent experlenced b~ lhe 
country in recenl ye.r5, eMphaslzlng lhe contrlbution oblained by 
rarMar. (roM ne. agrlculturat technologl.~o 

Brazlllan agrlculture h~s sho." great. dyna.ls. ~ 
Nlth a ~atlwfact;orfj growth of oulput. . For ~uch growth 
agrlcultural rew.arch has played IMport~nt contrlbullon through 
the creatlon of weveral lechnologlcal Innovatlons, whlch have 
tlloNed Increases In the productivll'j lwvltls o lhe research 
resutts havl! ~lso re.arkabl'J conlrlbuted to lhe t"educllon In lhe 
cosls of producllon, as .el\ as to t he occupallon of ne. \and 
ar"ea. o 

lhe role of E"BRAPA In lhe ~dvanceMenl of lhe 
national agrlculture seelor has be.n i.pre99lveo Its technologies 
htve achleved hlgh social rates of relurno lh. rales Df relurn 
e9tlMated were 437. for lh. total InvestMent, and 221. for lhe 
relurn on lhe •• npouer lrtlnlng progra~s Df E"BRAPA. Specific 
.tudles analyslng lhe Invest.enls In research for thv ar9. 
Included under lhe E"8RAPA/Wor\d eank ProJ.cl, and for rRsearch 
prograM5 of lhe corpor.l I on for lhe crop. of 50'Jbeans and wheal 
have a1so show" hlgh rales af returno Regardlng t~e proJect 
underl.kvn Joinll'J wllh lhe World eank lhe rales of relur" WIIere 
belween 20 and 38X, and for reselrch In soybe.ns ~nd wheal lhey 
v.rled bel ••• " 45 and 747._ lhe'J.e figures are slgnlfl cant a9 lhe'.:l 
are above lhe ratel of return obtalned for olher a1ternatl~e 
Inv@slMenl~ by 8ra~illan soclelyo 

The e>:perlence of lhe corporalion acqu lred In Its 
flr~l len ye~r~ of ey.lslenc~ ha. provldRd lhe r~5e.rcher5 .Ilh 
new know\edge and eMplrlcal evidence? whlch gave lhe boundarles 
for lhe esll.al. of future benvflt9 of lhe rRsearch prop09a15o 
The fulure pro~pecl. for thls rRsearch, partlcular1v for the 
Cent.r-South reglon of th. country. are a\so vvry encouraglng. 
AMong other r ••• arch resulls. Il 15 expected to achleve high 
Iner.a.as In the ylelds of cattle r~lslng In the central reglan 
Df er.zl\1 lh. partla\ .ubstltutlon of whell flour In the 
Manufacture of bread? blscull. and pastrle~, lhrough tht! 
utl11zItion of corn flour, Df trltlcate, loybeans and Manloc 
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flourJ .nd .\so to generale ne. varieli~s af loybeans, whe.l, 
gripe vine~. corn, polatoa., and .e\on; ind to contro\ through 
lhe blologit~l proce.s weedl, bedbugs, and caterplllars Iffecting 
soybeans crops l lo extend the b/aloglcal n/traga0 " Hi tlon to the 
crop of beans; and to .st~b\llh a basie poullry populatlon with 
larga genetlc potentlil for •• \.cllng ind obt.Jnlng Brazllian 
specles fo~ tha productlon of .a.t and egg5. 

Th. expectad resulls froM thes. ne. lechnotogies 
.ea5ured .t lhe producer levaI wlll More lhan cOMpensa te for the 
Invest.ants to be underlaken. II should be also added lhe 
benef;l_ resultlng (roM tha eHtan.'on of the dvgre. af adop1ion 
af technalogles .lr.ady produc.d by lha corporallon. Th.refore It 
I. belleved lhal .Ithln the next f •• years lhe rale af relurn on 
Inv.Il •• nts In agricultura' r.search wll\ ba Malnlalned, whlch 
Justlfl.. lhe provlslon of contlnuous f\o.s of financla\ 
r.sources to lhe acllvill.s of the corporatlon. 
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