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EOREWORD

Studies focusing upon-socio-economic returns of
EMBRAPA’S Investments in agricultural research have been of wajor
concern by the institution administration. 8Such studies are
malnly oriented to Jdefine new Jirections and Ffuture palicles
regarding to agricultural reSearch. The results of this paper are
quite ralevant for the institution in justifing tha use of public
resources s well as support for its research activities coming
from the federal government and international financing agencies
such as the World Bank and the Interamerican Development Bank.

This study had been discussed during the “XXII
Brazilian Congress of Seciology and Agriculttural Economlics” at
Salvador, Brasil (July 1984) and in the “International Seminar on
Development and Scientific and Technological Research
€ffactiveness", at Rip de Janelro. Brasll (January 1933).
Eventhough Lthis study had been published in the praceedings of
those Congress and Seminar the quality and opportunity of issues
discussed suggested that such study should be published in the
EMBRAPA~DEP documents.

VANDER BGONTIJUD
Head of DEP
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THE S8OCIO-ECONOMIC IMPACT OF INVESTMENTS IN RESEARCH BY EMBRAPA:
RESULTS OBTAINED, PROFITABILITY AND FUTURE PROSPECTSx

Antonioc Flavio Diag Av]la%x
Lulz José Maria Irjacssx
Ruy Miller Paivax®x,

. The wmain objective of this paper is to analyse the
socio-economlic impact of EMBRAPA’s investments In agricultural
regearch, focusing upon the &ctual and potential benefits
obtained, and on the social rate of return of these investments.

Agricultural research have had @ very Iimportant
role In the performance of the brazilian agriculture during last
decades. In the especial case of ENBRAPA, an institution of
research relatively young, 1its contribution refers to the 1lasat
years. In any wasy, given the quality of the technologies
generated, such contribution has guite expressive.

The results of the evaluation of returns oan
investuwents in research developed by EMBRAPA, both at a glabal
level as In the ares covered by projects 124%/BR (World Bank) und
PROCENSUL I (Inter-american Develapment Bank),and at Lhe National
Agricultural Resewrch Centers for wheat and for soybeans, have
showed a high social return. The voluwe of benefits resulting
from the technologies generated by the research has more than
compensated for the resources originally invested.

Furtherwore, the research work In progress by
EMBRAPA’s units already presents empirical evidence which allaw
us to foresee the maintenance of fulure high social rates of
return on Investwent In agricultural research. This paper
stresses that there exists a lurge numsber of technologies in the
Erocess of generation, whose potentlal benefits are high. Such
eneflts, assoclated with those provided by the adoption of the
technologies already generated justify the continuation of
financial support for the research prograw of the Corporation,
including obtaining external financial resources.

S This puper was based In the document "Rentabilidade dos inves
timentos em pesquisa na EMBRAPA: Resultados alcangados e pers
pectives" prepared by the sume authors and submitted by
ENBRAPA to the Inter-american Development Bank in partial
fulfillment of the requirements of the PROCENSUL I] Project.

%% Researchers of the Soclo-economic Evaluation Area, Departament
of Studies and Research (DEP) of EMBRAPA, and respectively
Doctor in Rursl Economics and Ph,D in Agricultural Economics.

#%x Cansultant of the Departwent of Studies and Research (DEP)
af EMBRAPA.



IRPACTOS SOCIOECONONICOS8 DOS INVESTINENTOS EM PEBAQUISA NA EMBRAPA:
RESULTADOS ALCANCADOS, RENTABILJDADE E PERSPECTIVAS

RESUNG

. 0 objetivo principal deste trabalho & analisar os
impactos socloaconlsicos das Investimentos eme pesquisa agropecu
4rila na ENBRAPA, destacando os beneflcjos alcangados e
potenciais, @ a rentabilidade soclal de tais investimentos.

A pesquisa agropecudria teve um papel suito impar
tante na evolugfo da agricultura brasilelra durante as dltimas
décadas. No caso particular da EMBRAPA, uma instituiqio de
pesquiss relativamente nova, sua contribulgdo se restringe aos
Gltimos anos. De qualquer wsuneirs, dads & quallidade das
tecnologlas geradas, tsl contribulgdo foi bastante ewxpressiva.

Os resultados das avaliagldes de retorno das investi
santos em pesquisa desenvolvidas na EMBRAPA, tanto a nlivel
global, como na drea dos projetos 1249/BR (BIRD) e PROCENSUL I
TBID), @ dos Ceniros Naclonals de Pesquisa de Trigo e Soja, tem
mostrado uma alta rentabilidade soclal. 0 volume de beneficlos,
resultantes das tecnologias ?eradan pela pesquisa, tea mais que
compensado os recursos nels (nvestidos.

Qutrossim, as pesquisas em desenvolviwmento nas
unidades da EMBRAPA ;& apresentam evidBnclas factuals, que
peraltem antever, também para os prdximos snos, u msnulengdo de
altas taxas soclals de retornos para os (nvestimentos em pesquisa
agropecudrla. Yals bensflicios, allaecorrentes da
amplliagéo da &rea da adoglo das tecnologlias & peradas,
Justificam plenamente a continuagdo de apolo financeiro @
programagio de pesquiss da Empresa, Inclusive através de recur .os
externos. '



LES IMPACTS8 SOCIO-ECONOMIQUES DES
INVESTISSEMENTS OE L’ENBRAPA: RESULTATS OBTYENUS,
RENYABILITE ET PERSPECTIVES

RESUBE

L’objectif principal de ce travail est 1’analyse
des impacts gocio-economiques des investissements de |’EMBRAPA
dans la recherche agronoeique, en mettant 1’sccent sur les
résultats obtenus et potentiels, et 3 1a rentabilité sociale des
ces investissements.

La recherche agronomique a eu.un rbBle trés -
Iimportant dans 1’évolution de 1'agriculture brésilienne au long
des derniéres décennies. Dans le cas particuller de 1’ENBRAPA,
une institution de recherche assez jeune, €& contribution se
rastreint aux derniéres années. De toute fagon, compta tenu de la
qualité des tecnologies crées, telle conti*lbution 3 d4j& joud un
f8le fondamental pour cette évolutlon.

Toutes les &valuations récemment développées au
niveau de 1’EMBRAPA ont montré que les investissements ont 2té
trés rentables opour la soclietd bresilienna. Les bénéfices
apportdés par les technologies développées par la recherche ont
sttelnt un volume de ressources largement 5ugérlnur b celul des
investiscementa dans la génération de ces technolagies.

Les recherches en cours dans les centres de
\’EMBRAPA présentent des évidences qui naus permettent aussi
d’espérer, powr les prochaines années, le maintlent de ces taux
internes de rentabilité trés é&levés. Ces béndflces potentiels,
allés 8 ceux résultants de \'augmaentation du taux d’adoption des
tecnologies déjk dJdévelopples, Justifient assexr clairement 1a
continuation de 1’appui financler & l& programmation de recherche
de L’Entreprise, y compris les ressources externes.



THE S0CI0-ECONOMIC IMPACY OF INVESTRAENTS IN RESEARCH BY ERBRAPA:
RESULTS OBTAINED, PROFITABILITY AND FUTURE PROSPECTS

1. INTROOUCTION

Durlng the last decades., and even in the first two
years of the 1980's, the economic growth of Brazil was hlghly
satisfactory. In terms of the Gross Dowestlc Product (GDP), the
official statistics show a growth between the years 1950 and
1980, from 34.7 to 274.3 billlon dollars, wmeaning an average
growth rate of about 7% per year. This led 8razil to be awang the
top ten countries of the world Iin terms of the size of GOP.

Despite the huge growth of populstion, which
occurred in this period, the country’s per capita product
increased from an extresmely low level of 485 U8 dollars in 1930
to a more significant one of US 2,303 dollars In 19820.

As jt would be expected, these incresses took place
with greater Intensity in the industrial and services sectors
rather than in agriculture. The censuses of Fundagdo Instituto
Brasileiro de Geografis e Estatlstica (IBGE), showed that the
share of agriculture to the GDP declined from 25X in 1950 to 13X
in 1980, while industrial and services sectors grew from 267% to
344, and from 454 to S3% during the sowme period respectively.

Regarding the foreign trade of the country, the
changes occurred mainly in the last two decades, It Is sufficient
to gsay that in 1943 the exports were only about 1.4 bitlion
dollars per year, in which coffee contributed 53% of this total.
In 1983, the exports reached 2§1.9 billion dollars, coffee
accounted for 10.6% of the total, and manufactured goods for S2X%.

This economlc growth was referred to by some
authors as the "Brazilian economic wmiracle", because [t was
accompanied by deep changes In all sectors of economic and soclal
activity. The country’s economlc structure was mzrkedly wmodified
in these two Jdecades, wlith the installed capacity of electriclty:
rising from &.3 to 34.9 willion kilowatts: the production of
steel from 2.8 to 14.6 sillion tons; of motor vehlicles increasing
from 174,000 to 1.} million units; of petroleum from 98 to 340
thougand barrels per day, and might reach 550 thousand barrels by
the end of 1984. Ffurthermore, in the period from 1963 to 1979,
the amount of federasl paved highways rose from 11 to 50 thousand
kilometers; the nuaber of telephones Increased from 1.2 to 4.2
million; the level of attendance at primary schools increased
from 53 to 74Z:; and the number of recipients of soclal security
benefits rose from &.7 to 20.5 million, besides many other
economic Indicators which can be mentioned.

However, in recent years the country has undergone
an economic amd financial crisis without precedence In Its
history. This crisis s characterized not only by a large fall in



the levels of output and esployment, or by huge Increases In the
number of bankruptcies snd businegs failures, but also by the
prevalence of problems difficult to solve, such as the galloping
inflation. the high level of external debt, and also of the
internal public debt. The inflation that stood In the 1970's at
an annual rate of about 15 to 54X, reached in 1980 100.7%, asnd in
1983 211%. T(herewith, the Indexation, which appeared to be
econoaically and socially justifiable became harmful, 3s (t mekes
the Inflation worse. The external debt, which grew to more than
80 billlon dollars in 1983, becsuse of the rising level of
interest ratas in the financlal markets becane » major probleas.
The internal public debt, which incresses are derived mainly from
the government budget deficits, and from decislons wmade 1to
maintain in the country the Imptementstion of wost of the
investment projects by the State has currently reached a very
high level, pushing the commercial Interest rastes to a level
incompatible wlth the noremal- rates of return on economlic
activitres,.

It le dlfficult to analyse with certainty the
underlying causes of thls crisis, but one can easily point to
some factors which have declisively contributed to this situation,
The two world petroleum crises of 1973 and 1979, without any
doubt were bagsic elements In this context, espectally because
the country’s decislon-makers did not immedistely believe In the
permanency of thls situation, thus not taking the necessary
corrective measures. Over time the Brazilian economy has somehow
sbsorbed these shocks, wmdinly by obtaining favorable results
through lntenslfgln? the exploration of petroleum, and from the
program for increasing the production of alcohol as a fuel.

The essy sccess to loans In the International
financial merket contributed also to increase the Brazilian
external debt. ' The prevalent Idea was that for the Immediate
interest of the country the level of economic growth Bslready
achieved should not be reduced, and to proceed wlth the
investment progrumns in basic projects, which would allow for the
attainment of the expected soclal snd economic transformation of
the country. Among these projects stand out those devoted to the
enlargement of the lron and steel industry, to the establishment
of petrochesicatl plants, development of the mineral resources of
the Carajas, the productlon of ceswent and cellulose, re-squipment
of ports, of urbsn transport, production of slcobhol, coal, and
many other projects. The borrowing of externsl resources proved
to be excessive, but It was busically due to the desire to avolid
losing the favorable condltions for economlc development known to
exist In the country.

The world recesslon is the other element that has
contributed to make the situation difflculy, waking nore
difficult the job of selling our products in the forelgn murkets.

In gpite of these difflcultlies, at the beginning of
1984 the country followed @ more rigorous program alned at
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flghting the (inflation. The prowing monthly balance of trade
surpluses obtained at the begining of 1983 and continuing in 1984
Is & promising fect which can lead to the hope that the Brazilian
economy will enter again a new prosperous phase.

In thls difficult economic context at a national
level any analysis of the agricultural sector, even a superficial
one, will show that such a sector has great possibitities of
helping to provide a solution for this economic crisis.

In principle, there is no doubt that agrijculture is
the economic sector which can best make the most rapld
contribution to overcoaing the country’s economic and financial
difficutties. The Increazse In the agricultural output brings
seversl benefits to the econoay. f the expanslon is for
agricultural exports it will bring lmprovemaents'to the balance of
trvede, and if it Is on products consuned domestically will
affectively help to reduce the inflation. Moreover, as the
activity s retatively labor-intensive, any growth of its
production will help to bring about a fall in unemployaent, and
also as the roduction procese requires a small awmount of
imported goods,its expansion does not place great pressure on the
balance of payments. Besldes that, as the programs In the
sgricultural sector are of short saturity, -they put Llittle
pressura on the demand for consumer goods, and thus on the rate
of inflation.

The question which srises then Is whether Brazil
reckons upon the factoras which allow for sizeable Increases in
the agriculture output. In this sense, the possibilities are
particularly favorable for reasons that should be mentioned.

In the last 10 to i5 yesrs Brazilian s&agriculture
has shown great dJdynamisa, with a oasatisfactory growth of
production, widespread occupation af new agricultural 1lsnds,
uutstandlng diversification of ﬂrodu;ts and intensive adoption of
modern technologies. It |Is worth to point out some of the factors
that have contributed to this raecent change In Brazilian
agriculture, and to aseess the chsnces of the level of output
achieved to be maintained at an even larger scale.

Regarding the technological waodernlization of
agriculture it should be remembered thad this has occurred late,
when coapured with other countries. This |s so becasuse Brazil had
In the past abundant reserves of forests, and of fertile soils.
The land occupution was based upon a technologically trsditional
agriculture without using modern inputs which made sowe faraers
with a short-sighted economnic vision of the problem to abandon
their crops ss soon as the crop land got damaged wno
lands, and repeating this puttern whenever necessary. This has
happenad mainly with the crops of coffee. cotton, corn and rice
In & socially expensive itinersnt wgriculture, lewving behind
eroded land and unproductive pastures.
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Later, with ghe sattlenment of the last avallable
sreas of forests and fertile lands In the Center-South Reglon of
the country, the farmers have to adopt modern technology Iin
recovering ancient crop lands. With this need has increased
markedly the use of machines, fertilizers, and inseticides, and
on. those old agricultural areas have expanded the cultivation of
new modern crops producing high ylelds per hectare, especially
those of sugar cane, coffee, orange, cotton, soybean, and other
crops.

Concerning the expansion of the agricuttursl
frontler in this period of great dynamism of Brazilian
agriculture, stands out the :intense settlement of ‘“cerrado”
agriculture (savannsh areas). The total ares of cerrado |is
estimoted as being 189 million hectares, and in a certain way
. separates the fertile lands of the Center-South from those of the

rest of the countrg, thet Is from the Amszon and Northeast
regiona. It is important to say that one of the main reasons why
the occupation of this area has not been done earlier was the
lack of adequate technologlcal knowledge. It was known that by
burning -the the brushwood, rice could be wanually cultivated for
two years, and after thst pastureland could be established,
although with a low capacity of supporting livestock per hectare.
That was the known technolog% which allowed for the economic
utilizatlion of the area. Thus the occupation of the cerrado land
proceeded slowly.

With the creation of new technologies adequate to
the conditlons of  the cerrado areas was confirmed that those
lands whenever wechanically prepared, and with an adequate
application of fertitizers could exhibit high yields per hectare.
yet with reduced risks owing to the regularity of rainfall in the
region, desplite |t being concentrated in a relatively short
period of the year, and the occasional occurrence of drought
{"veranicos").

Therefore, in recent times the agricultural
occupation of these areass has reached an increased pace, baged
upon & commerclal agriculture with the employwent of s wmodern
technology, and the intensive use of capital,

Also ay a testure of the recent chynge In Brazilian
agriculture, we have a large number of agricultural producers
coming from rural families and tenant-farmers of the soulh of the
country, that emerged in the frontier aress as new entrepeneurs
enjoylng a sucessful commercial agriculture «nd s high level of
technology.

1t must be emphasized thet the country still has at
its disposal abundant resources, similar to those which were used
In the recent expanstion of agricultural production. 1In the
Center-south reglion there still exists extensive areas of land,
long ago occupied by agrliculture which can be recovered. In the
cerrado regions the land occupied by modern agriculture ls amatl
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compared to the total ares that can be utilized. It Is enormsous
the number of entrepreneurs weaainly among the populstion of
countrymen and tenant-farmers who have msanagerial capacity, and
are easger to start agricultural actlvities on a larger-gcale and
more technical basis.

The existence of resources still not utitized is
one guarantee that in principle new increases of production can
be obtained. But one might have to consider the economics of the
watter. As the possibilities for expanding production are always
attached to the adoption of modern technologlies, and as this
adoption |s particularly expensive requiring from farmers large
investuents and high costs, {t Is vital that favorable prospects
of profits can be foreseen, as without that farmers do not have
sufficient Incentives to change agriculture and to expand their
production.

It 1s important to méntion that the fareerz have
had (n the last 10 to 15 years abundant highly subsidized credit
for investeent, 8o that their costs of production reflected 1low
expenditures on Interest and repaywent of loans in real teras.
Based on this it sust be supposed that they might have profited
fros thelr farming, and also might have enjoyed favorable profit
outlook to expand their activities.

At present, there s a policy of withdrawing
subsidies for agriculture in the country. This iaplies to =&
marked degree a raising of production costs, and consequently a
reduction In the prospective returns. Therefore, it cunnot be
expected that the farmwer can maintain the dynamism experienced by
sgriculture durlng the recent past.

To countersct ¢this difficulty, without claiming
changes [n the prices of Inputs and of products, which are
complex issues and of uncertain solutions It is necessary to
obtain with the utilization of modern agricultural technology, a
larger reduction of cost and higher returns per hectare
(incressed productivity),

This wesns to work mwuch more Intensively in the
research for more efficient low cost methods to cowmbst pests and
diseases, and aleo to generate new crop varietiee more productive
and resistant., With this, Iimproved ylelds per hectare can be
auchieved for both crops and cattle breeding at lower costs.

The intensification of research and the expansion
of the technical assistance services and rural extension
activities are consequently the ways to provide new tavorable
profit perspectives for Brazilien agriculture, in order that it
can wmaintain Its dynamism, supplying Increased production of
foodstuffs and raw meterials.
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2,.THE SOCIO~ECONOMIC  INPACTS OF ENBRAPA’s RESEARCH

2.1. Yhegretical Aspects

The evalustion of Lthe sccio-economic benefits of
agriculturat regearch bas ultlimately received very gspecial
sttention from researchers. and soclal scientiste, Nevertheless,
as already has been pointed out by Griliches (1979), given the
nature of the research beneflits, Lhis evaluation has constlituted
an extremely complex task,

The knowledge, which i3 ¢the f§inal product of
research can be expressed through an enrichment of the initial
level of knowledge on new techniques, and/or wethods of
production, in Improving the quality of life, advancement of
professlonsl competence, and further through other results such
3s a betterment of status or prestige, or the arrival of nbw
Idess on certsin research topics.

Biven this wide range of the research product. the
Isgsue of which unit of measurement to use for evaluating such 3
beneflit becomes crucial. If knowledge Is considered the final
product of research, In what way can it be measured. if this is
generated Iin wunweasurable wunits. Similarly, despite that
knowledge has an economic value there does not e:iist a defined
market for It, thus there do nol exlist sechanisms which can give
a direct measure of this knowledge to society.

The researchers who hwsve tiried to evaluate
agricultural research have utilized different methods for
megsuring the product of research. The most frequently ones used
sre the following: a) that considering the number of, and the
circulation of technical and scientific publications produced in
s given period and; b) the one which measuras the findings of the
research In termns of Its effect on sgricultural productivity.

The quantity of publications taken a3 an indicator
of the research returns presents 4difflculties (Evemson & Kislev,
1975). It is evident that the quantity of knowledge transmitted
through a publication varies too much from case to case, and the
sssesament of the relative value of publicatians constitutes a
very hard task, and is subject to controversy. Besides that, the
use of the amount of publicstions as an index of the productivity
of research may result In damage to the institution’s reputation
in the long-tern, slnce the researchers can play the
“publications game”. where  the quality of reseasrch plays
secondary role,

To 3S5ess the contribution of research to
agricultural productivity, as was the case of the majority of
sttempts ot measuring the benefils from research in the 1%70's,
"the variable research expenditures" was much used, and Iin some
studles also the number of researchers working in agricultural
research or in research and technical asslstance.



As the wmain contribution of agricultural reseasrch:
doed nat aluways render an isprovement in productivity, as is the
case for exsmple of the research contribution to the reduction of
production costs (nitrogen biologlical fixation, Integrated pesi-
wanagement etc) or even to an expansion of the agriculture
frontier (soybeans in the tropics), such an alternative can lead
to an underestimute of the research benefits.

Recently, Cruz et al. (1932) intraduced a new
Indlcator of research contribution. Such a wessure comprises the
evatuation of research contribution to the increased net tincoume
of the farmers, and in this case both the increvsed productivity
achieved and the reduction in costs were taken Into account,
begides the net earnings obtsined through an ewxpansion of
cultivated land. Therefore, the range of possibilites of
underestimating the research Inpacts was reduced.

However, it should be emphassized that one
institution working on agricultural research generally generates
vartous types of research, and the results achieved cannot always
be measured in terms of the producers ezrnings.

Another aspect which should be considered when
dealing with the issue of wessurement pf research benefits is
that referring to the effects of the transfer of technology
(that ls, the "spill-in" and "spill-over" effects). Suth effects
result from the imitation of firms within the same Industry, from
the transfer (legal and illegal) of ideas, processes and
innovations between d)fferent sectors and regions, and even
between countries. In the case of agricultural research, which
product is generally not patented, the stock of knowledge created
In universities, public and private research fnstitutions moves
ta and frow one source to another. This is where stands out the
difficvity of establishing what proportion of benefits should be
attributed to a specific sburce. This Jifficult task becomes
still bigger when the particlipstion of s certaln Institution
occurred In the past (e.g. starting the procees of research
work), and even when this was located in another country. WUhen
this happens, as has been stated In the .ljitersture, some suthors
considered the stock of knowledge which preceded the research of
the Institution being evaluated (that ts, the stock of knowledge
already existing) as a "free good”. This was the case. for
example of Ayer & Schuh (1982), when evaluating the research with
cotton undertsken by the Instituto Agronomico de Cawpinas (IAC) -
Agronomy Institute of Campinas, where the costa of creation of
the basic varleties lwported from the United States were not
taken into account.

In the case of communication between researchers,
the issue of measuring costs and beneflts become still more
complex. Generslly spesking. the treatment glven to the problem
by the authors is to consider It as a “free good", however, such



a procedure can lead to an overestimate of the rate of return.
Regarding this point, it Ie worthwhile to mentlon thaet some
evaluation studies of the Impact of agriculture research at a
natlonal level have shown that the importsant contributory role
resulting from close communication between ressarchers of
national systems and international research centers (CIMAYT,
IRRI, 'CIAT, etc) has not been sufficiently analysed.

Regarding the definition of "inputs" of s resesrch
program, another |mportant aspect is that of research developed
at the 1level of universities 3snd agricultural colleges. A
considerabte number of research, topics, especlally at a basic
level Is carried out there. The communication between researchers
and professors can produce a large amount of knowledge, which is
"free” to the research programs of experimental research units.
The aquestion which is put forward Is how to take this fact into
account, when the net benefits from research of a specific
tnstitution are measured. On the other hand, it should be
considered that part of the benefits from education represents
also & contribution from research inatlitutions, since they are
complemnentary to the education systems.

Besides the agpects related to the process of
weeasurin costs and benefits, the evaluation of returns on
investments ln research requires speclal attentlion due to the
tiwe-lag occurring between Investmwents In research and the
effects of it on production, although there Is a variation
between technologlies with regard to the process of adoption,
Evenson (1981) argues that this time-lag is of at 1teast three
years. The average tine-lag between the publication of research
results and Its adoption by producers Is estimated as being
seven years. On the other hend, It should be esphasized that the
research benefits tend to last long, and this duration of
benefits wmore than compensetes for the cost of generating the
knowledge.

Finally, some lssues related to the economic policy
should be discussed, since they can in mamy ways affect the
returns on agricultursl resesrch. Basicatly economic policy can
alter the retatlve prices through policy measures which affect
the prices of agricultural products, « and/or of the inputs.
Therefore It can wmake economically viable or not the adoption of
deternined technologles generated by research, As long as the
economlc policy changes the prices ratio (as through subsidies,
prices control, export gquotss., surcharges, etc) the social
benefit of a given research program can be under or overestimated:
depending upon the direction of change. On the one hand such
agpecta show the Important rale of the economic policy in the
Erq;ass of evaluation of agricultural resesrch, and on the other

and streas further the complexity of su
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Brazil has been heavily investing In agriculture
research since the establishment of EMBRAPA In 1973. Table 1
presents the research expenditures during the period 1974/83,
which amounts to resources of about 1.2 billion US dollars,

Table 1 - Research Expenditures by EMBRAPA, 1974/83

current Real terms% Value In

year values values USsdollarsk=

(Crs millions) (Cr¢ million) (million}
1974 151 34,594 22.2
1975 411 73,635 50.6
1976 807 102,368 75.6
1977 1.277 113,551 90.3
1978 2,028 130,015 112.3
19729 3,938 166,100 14%.4
1980 2,004 166.483 151.9
1931 16.386 152,385 176.2
1982 41.716 211,500 232.5
1983 74,959 148,372 129.4

Source: DRO - EMBRAPA

¥ AL February 1984 prices, corrected by the General Prices Index
- Domestic Supply (Getullo Vargas Foundxztion)

¥# Prices corrected by the annual average value of the US dollar

In reply to this huge financial support for its
research activities EMBRAPA has gliven In recent yesrs progressive
evidence of efficient use of the resources allocated to research.
Owing to the innumerable technologies created In Its 38 recearch
untts located throughout the country. involving 1.597
researchers#*. the chare of the corporation in the recent
espansion of Brazilian agriculture has been significant,

Table 2 indicates for s given year some of the
technologles produced by EMBRAPA In recent years, their malin
effects, the additional returns achieved and the effective

¥ Among EMBRAPA researchers, 323 have a university degree, 9&9
have a Master’s deagree. and 235 & Ph.D (based on April 1924
data).



adoption of each of them in teras of cultivated land, or benefits
for livestock. Among the technologies presented In Table 2
several of them shall be described next, almed at offering a
better vision of the results obtasined, and of the amount of
resulting benefits.

The integrated weanagement of soybean pests Is one
of the technologies produced by EMBRAPA, which Impact has been
impressive. This technology was developed in the first years of
the functioning of the corporation, and permits the producers to
reduce their use of Inseticides to the minimum level necessary.
The correct utilization of this technoltogy has reduced the use of
Inseticides in the soybean crop to only once or twice, while they
used to do it on average five times per harvest.

Such a technology consists basically of the
systematic follow-up with the appeasrance af pests, and Its
spreading to the crops. This wonitoring, together with the
praoducers awareness of the level of damage caused by the pests
and of the potentlality of biological control represented by
diseases, parasites and predators, enables them to Jdeteramine
precisely the resl needs for the use of insetlicides. Recent
estimates show that the reductlon in costs resulting from a
smaller number of Iinseticides applications is Cr¢ 23,000/ha,
which In 19384 should mean a total savings of about 35.2 billion
cruzeliros#s,

Another great iepact technology is relsted to the
reduction In harvesting lozses of soybeans., This technology
cowprises a set of agricultural practices, including the soil
preparation, the right time for sowing, use of new varieties
sdapted to mechanized harvesting, spacing and plants denslty,
manuring, time of harvesting, and correct regulators of combined
harvesters.

A survey undertaken during 1978/79 harvest in the
State of Parana 3showed that the average loss of soybesns was
sbout 3.1 suscks or 40 kg per hectare. Due to the adoption of the
technology developed by research work, |t hss been possible to
schieve a reduction of at leusst 50% of these losses. In 1984 the
resulting benefits from the adoption of this technology shoultd
reach about Cré¢ 33 billionxx,

Besides that, the resewrch work in soil biology
done by EMNBRAPA has shown hlgh rates of return. For soybeans, the
nitrogen biological filxation by selected inoculation enabled the
totat substitution of nitrogen fertilizera for the crop. The
savings fron this substitution was estimated st about Cr$¢ 450
billion in 1933%%,

##% At February 1984 prices
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Jable 2 - Results achivved by EAORAPA [n sume selected cesesrch work

Rain Effects

Mditional
Baimst

Elteckive adpplion:
Aeea/livestoct - year

- Ranageaent of Soybeans gests

- Qeduction in Rarvesiing lusses of
seghtang

- Developenat of new vacieties of
sogbeans adapted Lo los lakitudes
("trwpical® variety)

- fiolagical control of caterpillars
in segbeans

- delogical coatral of aghids In
el oy

- Segheans celtivalion wsing meat
straws

- bevelepacat of new vheal varieties
- Hlragen bivtogical Fization in
sagheans areas

- Cruation of the Brasilia carrot
nriely

- Peaduction of peas in the “cerrados”

- Efficieat diet Tor breeding sors

- Reduction in rav protein level (141
in Terdshofl for fallening pigs)

- Treataent of atrophic rhlotiis in
sulnes

- ferind of sheep drevding
- Introduction of swazen guicele hay

- Introdoction of “boffel® hay in the
sesi-arld areds

- Froduction of beans in winter
{3rd harvest)

= Rice exlra fertilization with 2ine

= Virws - tree sirauberry young plants

- Rew varlelles of irrhqated rice (WR/
IRGA - 427 and BR/INGA)

. Reduction {n costs

« Increased geaduclivity

. Deltivated area
. Rudection In costs
« Redettion [n tosts

. Redustion [n the toss of
phospharus and patassivne
. Increased productivily

. litrogen lannrl:a
swbstitution, 1ad [npert

subslitution

. Reduction in costs

« Increased productivily

. Increased toltivated
land

+ Neduction iv costs

« Beduction In costs
. Reduction in cosis

« Istrersed mnber of
veaning sheeps

. Incruased ratie of
seppart Tor Vivestock
per hectare, and thes of
seat profuction/hectare

o locreased produclivily
+ Iscrnased production

« Increased productivily
« Intreased productivily

+ Increased productivity

Source: Irias ot al. {1944
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Cré 23 Whousand/ha
Crt 28 thuesaad/la

Crd 17 thousand/ha

€rf thousand/ha

€ed 31 thossand/ma
Cr8 20 thowsand/ha

Or) 30 Wowsand/ha

Ced 277 Whonsand/N
12 toss/ha

Crd 21 thousand/piy

ey 2.3 thawsand/ply

Crd 1.8 thowsand/piy

100 per cent/year

Crb 1.5 thousand/ha

Crd 39 thowsand/ha

Crb 19.7 thewsand/ha
Crd 13.2 thousand/bp

Crd 6.2 aillion/he

trs SO theusand/hs

1.4 aillion ha - 198)
$15 Wheusand ba - (943

14,5 thowsand ba - 1984
1.7 thoosand by - 1183
720 Wousand by - 194}

408 Yeusand ba - 194)
342 thowsaad ha - 1333

¥ aillisn ho - 1983

600 22 - 18]
400 0 - 1983

87 b - 194}
1.5 aiflion plgs - 1984

4 eillion pigs - 1944

10 thowsand 10inals for
breeding

1,7 aillion shee) - (383

500 thousand by ~ 1982
180 thowsand ha - 1942
20 thousand ha - (982
908 thousand hy - 1942
825 by - 1944

330 thowsand hy - 1983

D L L T S L e L L L L P P T PN

v [he wosetary flgueres refor to crwxeires al february of 1984 prices.



Regarding the wheat crops. stands out the
development of technology for biological control of aphids.
allowing for a substantial reduction in the costs of production,
due to the reduction by up to 902% in the use of Iinseticides. In
1983 the adoption of this control in an area of 720,000 hectares
meant- .savin?s of about Cr$ {3 billion, considering one
application ot ingeticides wgainst aphids Instead of two.

The atraophic rhinitis in swines is well-known since
the beginning of XIX century. In flocks affected by the disease
the animals show frequently persistent nasal discharge. sneezing,
watering of the eyes, deviation of the snout, and losses in the
feed conversion and on the dally Increase in weight. These losses
of swine are estinated st between SX to 25%.

Research work carried out by EMBRAPA enabled the
development of @ vaccine for the treateent of atrophic rhinitis,
which substitutes advantageously the chematheraphy traditionally
used by breeders of swines. Recentty, the additional gains
occurring from the use of vacclnes against rhinitis were
estimated at Cr$ 1,800 per head, which in 1983 meant & total
benefit of about Cr$ 40 million. .

Another technology developed which nust be
mentloned deals with the correct time period for sheep breeding.
Studies have shawn that a delay in the time of sheep breeding
allows for an average increase of 107 in the number of weaned
lambs. This is so, because this technology helps to Incresse the
birth rates, and to reduce the mortallty rates of lambs. In the
State of Rio 6rande do Sul the major producer of sheeps in
Brazil, this technotogy might permit an Increase in sheeap
production of wbout 170 thoussnd lambs in 1984,

Besides the examples of technologles produced above
mentioned, a huge nueber of others could be shown and their
benefits stressed. Houwever, given the aims of this report the
quoted instances are more than sufficient to give evidence of the
large socio-economic impact of the research developed by EMBRAPA.

The impact of the results achieved by ENBRAPA
stressed under the previous heading was measured in terms of the
soclal returns on investments by Cruz et al. (1982). At that time
the authors estimated the rates of return on total Iinvestments
and on physical capital, based upon the benefits from the
technology developed up to 1981, wmessured at a farmer level.

The rate of return on ENBRAPA’s total Investments
In research during the period 1%74/92 (including ten years of
potentlal benefits, bassed upon the technology alreasdy adopted
during 1981/82) was estimated a&s being 42.8%Z. This figure
indicates a high level of return on investments, when compared



with the rates obtalned in other studies of research evatuation
undertsaten in Brazil (Table 3).

On the other hand, when the average rate of return
on Investments |In physlical caplitsl waa estimated, taking Into
sccount both the net revenue of 1981 (total benefits minus
current expenditures and depreciation) and the stock of physical
capital available at the start of that year, a rate of return of
52,37 was obtained. Suech a value is pquivalent to wore than twice
the return estimated by Langonl (1974) for other sectors of
Brazilian econowmy (e.g, electric power 19.1%; printing and
publishing 17.9%3 the chewnical sector 17.2%: and the
construction Industry 16.0%).

The estimate of high rates of return by using two
distinct procedures conflirms that the research carried out by
EMBRAPA has generated enormous economic and soclal benefits to
Brazilian soclety, thereby providing in a relatively short period
of tliwe an excellent return to the financial eupport received
slnce its establishment in 1973.

Cruz & Avila (1983), wusing the same methodology of
the study mentioned above, estimated the rate of return on
investments in research for the areas covered by Project {249-BR.
completed In 1982 and partially financed by the Interawerican
Bank of Reconstruction and Development (IBRD). The results
confirmed the high returns of EMBRAPA research, as the gures
varied between 19.5% and 37.8%., depending upon the disierent
assumptions made. Such values are above the standards accepted by
Development Banks as glving adequate return to Investments. The
IBRD Itself requires on average an annual rate of return of 10Z
on its loans.

Following this same tine of evalustion, it should
be mentioned a recent study done by Avila et al. (1983), on the
formatlion of human capital and relurns on Investment in wanpower
tralning by EMBRAPA. The Graduste and Continucus Training
Programs carried out by the Corporstion soon &fter its
eatablishmant were evaluated.

The Graduate Program has contributed substantially
to the changes observed in the composition of the technical and
scientific occupatlional groups during the period of analysis
(1974/82). In 1974, only 17% of EMBRAPA’s research staff had
Msster’s degree and/or Ph.D, while 3t the end of 1982 this
percentage flgure increased to 735%Z*. Moreover, the Continuous
Tratning Program is playing wn important role Iin avoiding the
depreciation of the Investment already done In human capital.

¥ I nust be wmentioned thast severxl resesrchers who joined
EMBRAPA durinpg Lhis period had aleady got a Mapter's degree. or
a8 doctorate.
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Table 3 - Social Rates of Return on Investwent In Agricultural

Research in Brazil
g?tc&? nterna
Authors Ins ons Period teEn?*)
ety
Ayer & Bchuh Cotton 1924767 77-110
Montel Co
ontelra - got?l period 1923/74  16-18(R+T)
-k d under
‘ a n%n?s{ratlon 1954/74 40-79(R+T)
Fonseca Coffee 1933/73 %;_gg(Rff)
Moricochi Citrus frult 1933/78 18-28
Avila IRGA/RS:
vila TR Sited rice 1959/77 . 87-119
» Pal Avil E
Cruz, Palma & Avila gﬁ cal capita) 1981 53
- To nves nents
esearc 1974/92 22-43
& Avil EMBRAPA/IRBD JI:
Cruz & Avila B TRo el iants 1322762 29
it B -Anyg
QeI 0ot M Ind  enpraPa:
- Human capital 1974/96 22-30
Plnazzg, Gement ¥
NALSUCAR:
flatsuoka ELgugar cane 1972782 35
Roessing ERBRAPA/CNPS:
: - Saybesns 1892788 432
Anbrosi & Cruz EﬂgEAﬁA/CﬁPE (Kk%) 24782 59
- e
- whea C) 1374/90 74
R 1982 40
ﬁv la, Irias &
?CPA{I?B(***)
ota nvestaents 1977/96 27
(%) Th R + T mean th th tinates th turn
ra%esnng 't 3 investments l:tbotﬁ ggse::c -nd tgch;?ca?
assistance.
(#%) TI = Total investments, and PC = Physical capital

(®%¥)
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Despite the high amount of resources invested by
Brazilian society in manpower tralning for agricultural research
(Cr$ 38.4 billion at 1982 prices, during the perlod 1974/32), the
study by Avila et al. showed that such an lnvestment was highty
productive. The soclal rste of return on manpower training was
estimated at 22.2%, which reflected a high lavel return even when
compared with any alternative investwent whether private or
public, whether in Brazll or abroad. It should be stressed that
this high rate of return was obtained by teking Into account the
direct net benefits for farmers resuiting from technologies
developed by those researchers benefitting from the training
programs,

The Indirect net social returns on manpower
training were also snalysed In that gstudy and present an
additional relevant support for the policy of investment in human
resources adopted by ENBRAPA. The level of benefits achieved was
discussed from three different viewpolnts: the Individual, the
organization, and soclety.

From the individual viewpoint, the sain benefits
comes from new oplions open In the labor market, a concern with
the need for a permanent updating of knowledge, which can be
achieved through acquiring more training, or by more intensive
cosmunication with professors and fellow scie
the organization, the training of its staff enlarges the
possibilities of their performing other functions, besides that
af Increasing thelr capacity to provide services in different
ways, and strengthening its credibility with society and other
institutions. For goclety the tralning brings man unmeasured
benefits, such as:! an Iincrease in the diffusion of Enowtedge, an
Influence on the definition of the terms of raference of both
research and teaching in agriculture at the university level and
of national research |ns£igutlons, and even for those outside the
countryl allows also for the tralnee’s fumily new experiences,
especlally valuable for widening their asplirations levels and
perforuance abllity.

Roessing (1924), assessed the return on research
investments at the National Agricultural Research Center for
Soybeans located In.Londrina in Parana. The author estimated an
annual stream of net beneifits from reasarch works carried out at
the CNPSoybeans, taking Into account on the one bhand. the
beneflts from Its wain developed technologies (integrated
mansgement of pests, control of harvesting losses, rational use
of manure, application of herbicides tn narrow rows, new
varleties adapted for low latitudes, and the biologlcal control
of caterpillars), and on the other hand all costs borne by the
Center in the period 1%75/82. The Internal rate of return
obtained was 457, under the assumption that the level of net
beneflits achlieved In 1982 will be walintained within the next ten
years. Under wmore optimistic assumptions the rate of return
obtained lald between 59% and 62%.



The return on resources asllocated to research in
wheat was egtiwated by Aubrosi & Cruz (1984), based on results
obtained at the National Agricuttural Research Center for Bheat -
CNPT of EMBRAPA. The internal rate of return eastlmated by those
suthors for the total investments of CNPT stayed at about S9X
(for the period 1974/82), and 74X% (durlng the period 1974/80),
while the average rate of return on the CNPT's physical caplital
was estimated at 40X, taking 1982 as the base year.

Recently, Avila et al. (1924) assessed the socio-
economic impact of PROCENSUL I, a project implemented during the
pertod 1977/83, and partially financed by the Inter-American
Development Bank (IDB), wunder the co-ordination of EMBRAPA. The
rate of return on investuents done by the Co-operative System of
Agricultural Research - SCPA) Iin the Center-South region of
Brazil through PROCENSUL was estiwated at 27%.

It should be stressed that the .rate of return
estimeted could have been higher, and thus closer to the
estimated fiqure for EMBRAPA (427),  and for research undertaken
for specific products (soybeans 45-40%Z, and wheat 59-74%), if the
time-period of implementation of that project had not been
relatively recent. '

Many of the benefits from the research financed by
PROCENSUL are still to be generated, especlally within the next
five years, given the time-lag between Investments in resesrch
and the adogtion of research results by farmers.

2.4. Other Socio-economic Impucts

When evaluating PROCENSUL I Avila et al. (1984)
aggregated the technologies produced by SCPA in the Center-South
region Into categories more or less related, and analysed the
soclo-econoalc lwpacts of the categories of technologies
obtaining very relevant results. In this section those results
shall be briefly discussed, taking for a base the data shown In
Table 4, referring to 1983 and 1984,

af the technologies produced within the area
covered by PROCENSUL I snd used for the evaluastion study, 44X
were oritented . towards the production of foodstuffs surplus
(rice, beans, corn, wanloc (cassava), beef, wuilk, potatoes,
wheat, tomatoes, garlic, and onions). while 27% of ‘those
technolaogies were aimed at reducing and/or saving smodern imputs
(inseticides, pesticldes, fertilizers, etc); those orientated
towsrds the generation of surplus for export accounted only for
117 of all those studied.

Another Interesting aspect of the study refers (o
the share of each category in the overall quantified benefits. Of
total beneflits, 40% represents the contribution of technologies
almed at generating a food production surplug, 347 aof the



technologies related to export crops (coffee, soybeans and
cotton), and 25X of technolaogies planned Lo save Inputs.

Table 4 - Net Benefits of Research Produced by SCPA In the
Center-South region, according to groups of related
technologies, 1983 and 1984,

Cr$ nillions=

Category of Number of 1983 1984
Technolaogies Technologies ---~-===-~===  ——==————coo-

Generating production

surplus of foodstuffs 44 ?ﬁ,?&é 37 29,583 71
Generating surplus of

euport goods 1 68,533 54 72,522 57
Saving modern imputs 27 49,604 39 56,148 44
Other technologlies 18 3,782 3 4.544 4
“ToraL 100 196,885 155 222,807 176

* The fligures In cruzeiros refer to March 1984. corrected by
the OQOeneral Price Index ~ Dowestic Supply, of Getulio Vsrgas
Foundation. The exchange rate In March 1984 was Cré4 {,.2465,45
= US$ 1.

Source: Avila et al. (1984), ENBRAPA.

Another result deserves to be stressed regsarding
that group of technologles aimed at saving wodern inputs.
Starting from s figure of 23 million US dotlars In 1981, 1his
category of technolagy shall produce in 1984 net beneflits of 44
million US dellsrs, meaning an increase of 407 Juring the period.
Agssuning thsl such technologies generatly econamize in the use of
modern Inputs, espectally those imported. its multiplier effects
are very important for the trade balance through & reduction of
Imports.

In the category of technologies generating surplus
of export goods it is Important to notice that the nel benefits
obtained represents 0.6%2 of the totxl value of Brezilisn
agricultural exports in 1983.
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3. FUTURE PROSPECTS FOR EMBRAPA’'s RESEARCH

For this decade EMBRAPA thrent units
intende to continue Investigating several reseurch toplecs, as
well as to undertake new specific research projects. One of the
main objectives of this programing shall be to expand and to
jmprove the quallity of research work.,

In order to show the potential research benefits,
the wsuthors called for collaboration from all EMBRAPA wunits
aiming ut the measurement of the prospective results. The workin
hypotheses for estisating futurs benefits were based upon pas
experiences, and also on the future ocutlook of the results,
taking Into account the knowledge and the experience acquired by
the corporation’'s resesrch staff. In some cases, the difficulties
agsgociated with apecific reseasrch toplcs did not enable us ta
estimate the benefits with come certasinty. In these cases only
qualitative statements were asserted. ODue to lack of time and
space, and aven because of the huge asmount of research work being
carried out, the authors do not claim to present here an
exhaustive " discusslion of the expected results from the research.
It shall be mentioned only some exanples of EMBRAPA research
related to the Center-8outh region, going into a greater detsitl
for some taopics.

The expected results are depicted in Table 5, and
refer to some resQarch In progress within EMBRAPA’S units in the
‘Center-8outh region. 1In this tuble the topic of research work is
identified with its main effects In terms of objectives and aims
of the agricultural activities, and an estimate of its expected
results. In this part of the tuble Is shown the additional
benefita per hectare gained with the adoption of these results,
and the actual potentialities for the extenslon of the resulting
technology. It should be stressed that, slthough some results can
be obtained in the short and smediums term, other results shall
only be achieved in the long terwms.

The great dependence of Brszil upon the foreign
production aof wheat (about 635X of domestic consumption |is
laported) askes Investments In wheat research wimed at ralsing
both production and productivity extreamely lwportant. The
continulty of research work for wheat is of vital importance for
the attainsent of the proposed obiectlves, especlally considering
that sccording to the current stste of the arts it takes from ten
to tuelve yeasre of research to produce » new variety. It should
be added aslso that the new whest! varieties have & productive
period very short, osing to genetic and environsental factors.
This fect has compelled the breeders to work hard on the creation
of new varieties. Besides the development of new varieties, the
main research topics with wheat include the preservation of
gonttiﬁ resources (Active Banks of OBermoplausma), und blological
control.



Tabte § - Expected Resutly of Sose Selecled Research word [ncluded In PRECENSUL fI
Types fain Effects Additiomal Adoption/
Sainst Potential Penelils
- Selection and animal cross-beeeding,
carzass amlysis, introduction and
taluation of new hay vacieties,
nanageaent of soll and fodder,
wisat nutrition, substitulion of
sineral phasphorous, managesent of
avinat breeding and diseases contral
of cous and ralves.......coueneenn . Reduction in age for
tfaughlering, increase in
the veight of rarcasses, and
iwprovenent In the quality
of st froe dultocks Crd 35 {housand/head S.7 aillion head
. Increase in the veight of
tarcasses, and inprovenenls in
the qualily of reat froa cows Crd 39 thousand/head .4 aillion h0ad
Increase in the rale of tirth

of calves Crd 50 thousand/bead .Y alllion bead
. fedution in the sorlalily rate
of calves Crd 30 thousand/head 4.2 uillion head
- Introduction of sixed flour in the
nnefacturing of dread, discoils,
md pastryeeceiiin, Cerieainanne . Ioport substitution Y4 230 nillion/year -
- Mtermate grazing of cows and sheep, . Dlsinfection of pastores frow
parasites Crd S00/head 11 willion head
- Ealmtion of dairg cattle, and
the developaest of nongrel cattle
for tropical regions...coovunenn. . Increased productivity and
production Ced 176/10er 1.3 billion ilers
- Control of the itch of apple-trees
in Ria Grande da Sul....... . . feduction in costs Cr$ 158 thousand/ba 5 thowsand by
- Integraled control of pests fa
pple-trees in Rio brande do Sul.. . Reduttion in costs Cr$ 214 thousand/hy § thousand by
- Developuent of aey soybeans
varialies for dislincl ecological
regions and production systens... . Increased produrtivily 175 ty/ha 9 ailtion by
- Developrent of early and Vale
sogbeans varielies.......ocivns . Increased praduction 1250 by/ha 300 thousand
- Preparation of soil, decompressing
the soils for soybeans.......uie . Increased productivity 37 b/ 6.5 aillion ba
= biolagical conlrol of weeds in
S0ReIRS. v iiiiiiiin i eeas . heduction in costs Crd 20 Lhousand/ha 8.5 2illion b
- Diological control #f Bedhugy in
SYbEARS.. v . leduclion in casls Crs 26 thousand/ha 8.5 willion b
- furiflcation of wirus for the
biologlcal control of soybeans
aterpillar......... cerevivesees . Redeclion in cosls and inport

subslitulion Crd 20 thousand/ta Calllion he

contindes,..
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Tabte § - Expeched Resuits of Sone Smctd Lesearch voek [ncluded In MROCEMSHL 11 lreat.}
Types fain Ellecls Mditional Moplion/
faingt Patenlial Bemelils

< Atsospheric nitrogen Fizalion and
selwdility of phasphate for the
bological pracess uf groving beans . Reduction in costs, and Iogort

subslitution iSs i/ 4 aillien by
- beveloponal of new yatate varlelies » [npert substitotion of potato
seed u§4 S aillion/year -

- fevelopount of hydrids of tabbages, « Inport sabstitatiom of seeds Sy 413 thousand/year -
- bevelopuest of hydrids of cucvaber

Tor saladeiviciciininscinnerananns « Increased predutivity and .
uality Crd 168 oillian/year -
. Inpord sAstitutian @1 Ldyerr -
- develepeent of new varivties of nelon . lacorpecation of resistiace
ta viruses trd 14 billiea/year -

- Qevelapoest of hyheids of oaloas 2 Tupert substitution of seeds 154 420 Whaoaaad/yaar -
+ [alroduction of varieties of Lamte

for Industeq....coinnnianinannne « lygart substitelion af seeds 150 444 Whavsaad/ynar -
- lnlralu<!||| of genetic llllflll

i selectian of nexw Yypes of fauls o Inport sebstitution B 1 aitlisa/gor
- Jdentificalion 1ad seleclioa of

bacd datha i » Incruase the proportion in

Lisning of the busts IS4 I88/praducer 22,008 producers

- Prodaciion systeas 3ad fores of

groving brva Matee...aiaie, « Increased Productivily m 40 housaad tons L198))
- Corn seeds adapted Lo the corradan

onditions.csosiiiiniianiinn . lacreased Productivily Crd 2.5 billlon/gear -

- latreduction of genetic material,
and {he generalion of nee varieties

[T ] P crersserane . Iacreased Produclivity Ced 12 billicas/year -
- Mew variaties of nlros free grapes, o Increased Productivity aod
fa briz Crd 485 thousand/ha 150 ba (lo. year)
- Selection of yeast for wine .
production..ccociniiniiiianen, « loport substilution 988 H/ky . 3 theusand kg (Jo. yerr)
- Corben saceralien of red wimes... . Reduction af tiae fer vatwing
of Lhe vie Crd N/Like 1.3 aillion Liters

v vhen in cruzeivas Lhe vatues refers Lo Fedrmarg JI84

Source: fring abt al. [1984), EAYfANR,
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It showuld also be stressed the expected research
results for wheat Iin the cerrado areas. The new varietles
developed for this region not only has enabled the expansion of
the cultivated wheat area, but also has allowed gqains of
productivity, besides the possibility of obtaining two hsrvests
per year, The gsecond harvest durlng the drought period Is
obtained by irrigation, and with a variety adapted to this
practice.

The analysis of the Brazilian cattle breeding shows
a scenarlo of a low productivity level. if considered In
aggregate terms. The birth rate is very low (50 to 55%), the
wortality rate is high (15%), and the age for slaughtering is
relatively late (4 or more years). The yields rate has varied
around 12, In the central region of Brazil, comprising the states
of Minas Berais, OGoid%a, Mato Grosso do Sul. Bdo Paulo., HMato
Brosso. Esplrito Santo. and Rio de Janeiro are located about 587
of the Brazilian cattle herds. This region includes the Pantanal
reglion, covering an area of approximately 138,000 saquare
kilometers with an extensive cattle breeding amounting to about 4
million animals.

Among the research topics wundertaken for beef
cattle In the Central part of Brazil stand out those referring
to: (a) selection and cross-breeding of animals’ (b) developwent
of analysis for the carcassy (c) Introduction and evaluation of
new hay varietiess (d) management of the soll and feed crops
adapted for tropical pasture land} (e) utilization of altaernative
gsources of phosphorous in the mineral mixtures of the 1land (f)
contraot of paraslites (ecto, emo and hecto), and of diseases
affecting calves. These research topics will enable huge
improvements In the returns from cattle breeding. The expected
econonic returns will be significant due to the size of the
cattte herds, and the low levels of current yields. 1f for
instance the research results are appllied to the pctual
population of bullocks slaughtered, only a reduction in the age
of slaughter to 3 years, and an increase in the wversge carcass
walght Lo 24D Rilograms, with some qualitatlive improvement of the
mea could lesd to an expected gross benefitt of about 30 billion
cruzeiros, even considering that only 10X of the animal were
covered by the improved technology. A similor simulastion can be
done to wmeasure other prospective benefits from these ressarch
topics. The prospective results seen in this context are
extremely encouraging.

The research in the field of agrobusiness
technology hag had In the last few years a remarkable graowth (n
importance In tLhe socizl and economic context of Brazil,
egpecially with regard to the food processing industry, due "to
the desire to use (t to improve the dietary levels of the
Brazilian population. The Iintraduction aof mixed flours {n the
aanufacturing of breads, biecuits and pastries. the oenplogical
research into the selection of yeasts and carbon mwaceration of
red wines, the studies of essentisl oils froa gartic and onions,
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as well &s obtaining natursl colorants, comprise the mwain
research proposals in the area of agrobusiness technology.

The dependence wupon the Iwports of wheat for
weeting domestic consumption has greatly encouraged efforts
towards viable slternatives of other flours for the aanufacture
of bread and pastries. The results already achieved have
Identified as an alternative the use of non-fatty corn flow,
besides the flour of soybeans, sorghum, manioc and triticale in
the partisl substitution of wheat flour. Besides continuing the
studies wentioned the research praoposals are directed towards the
optimization of some parsmeters in the production process with
these flours., such &s determining the fermentation time
temperatures for cooking a&nd drying, and adjustment of the
equipment used by the industry, with the objective of improving
the efficiency in the quality of the finul product. The simple
gubstitution aof 20X of the wheat flour by other flours would
represent savings of forelgn exchange of about 230 mijillion US
Jollars per year, through the reduction in wheat imparts. The
utilization af the pure triticale flour by the biscuit
manufacturing industry would save another 90 million US dotlars
per year. Among the other results aof this substitution are the
Increase of domestic production of alternative rasw-matertals,
improvement of nutritionsl conditions of the population gliven the
advantages In terms of quality of these flours compasred to wheat
flour, and the reduction of the idle capscity of the flour
milling Industry.

In the nationsl socio-economic context, the
soybeans complex (grains, meala, and oll) has played an important
role. For the domestic market It has a strategic role, be it as a
foodstuff, or 1Iin the form of edible vegetable oil, and aa a
primery product export, soybeans and its derivatives share the
largest volume of foreign enuchange. The research results have
greatly contributed to this performsnce. To support research |Is
of wvital Importance to achieve Iincreases In production and
productivity. B¥pansion of the agricultural frontier and
Juprovements In the farmers net Income through a rational use of
imputs. Among the several research works carrled out for soybeans
stand out he following: the introduction of new varieties
adapted to several ecological regions snd to different production
systems, the «crestion of early and late varieties, the
preparation and decompressing of solls, the biological control of
weeds and bedbugs, and the purification of the virus for the
biological control of caterpillars,

With the Introduction of new varieties of soybeans
according to ecological regions and production systemz, it s
intended to meet the intrinsic characteristics of regions
considered as traditional producers (such ss Rio Grande do Sul,
Santa Catarina, Parana, and Sdo Paulo)., aimed at besides
increasing their productivity slso achieving the stability of
production through developing resistance to ingsects, diseases,
nematoides, and tolerance to scidity and droughts. For the



expanding frontier regions (Meto Grosso do Sul, Mato Grosso,
Golds, Minas Gerals, Bahia, and Maranhdo) the new varieties shall
repregent the best options for cultivation. 1,134 varieties husve
already been selected for an assessment of their productivity
levels. and adaptation to the diverse regions and production
syystems. Considering that the new varieties help to Imgrnve bg at
teast 10%Z the current average yfelds, which out
kllograms per hectare., an additional increase uf 175 kllograms
per hectare shall be obtained. The research benefits could
thereby be represented by the additlonal gains in production of
about 157.5 thousand tons, assuming that of the current % saillion
hectares planted with soybeans, only 10% adopt the new varieties.
In wonetary terws. these benefits would produce annual additional
gains of 52 blillion cruzelros.

The results already obtained suggest &« wide range
of possiblilitles for the introduction of new early and late
varieties, with sowing perlods before and after the traditionally
recommended season. As the alm Is to offer to farmers within the
next 5 years new varieties exhibiting such characteristics, it is
estimated that in 1990 at least 3% of the land cultivated with
soybeans amight be adopting this technology. This adoption shall
mean an additional utllization of 300 thousand hectares, which |s
equivalent to approxiwstely an additional production of 875
thousand tong, or of 288.7 blllion cruzeiros at current prices.

Research work st an experimentsl level showed that
adequate soll preparation, Including the decompressing of soils,
can rsise the soybesns yields by even 25%. In the south region of
Brazil, especially in the States of Sdo Paulo. Parand, Santa
Catarina, and Rio Grande do Sul, a large proportion of cultivated
land with soybeans shows & problem of the compscting of the
splls. A research effort which provi-tes adequate alternatives for
the soll preparation can brlits of great impact, In
view of the fact that the area susceptible to that problem
amounts to 6.5 million hectares.

With the objective of reducing costs of production
but also to have a remarkable effect in ecologlcal terms, there
is great expectations In the research proposals aimed at
egtablishing through the blological control ways to.combatl weeds,
bedbugs and caterpillars in the soybeans crop. Preliminary
studies have already identified a highly promising fungus to be
used as blological herbicide In cambating the msin weed found in
nearly all the reglons producing soybeans Iin the south of Brazil,
It g intended to control the infestestion to » level below the
economlic losses for the crop, by an integrated wanagement of
pests, wusing the biological herbicides together with mechanical
and chemical methods. It is estimated that this practlice could
reduce the costs of production of soybeans by sbout Cr¢ 20,000
per hectare, which will lead to direct benefits to farmers valued
et 13 billion cruzeiros wnnuslly, even if only (0% of the
cultivated land with soybeans came to adopt this technology in
the south of 8razil. Regarding the combatting of bedbugs. which
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is one of the pests ctausing the sost damage to the crop, leading
ta a fall in ylelds by up to 80%, the studies already undertaken
show a pramising result in the combat of these pests through
natural parasites. With the ldentiflcation and improvement of
these parasites it is expected to reduce the applications of
chemical insectides in controlling bugs, and therefore reducing
the costs of production by at least Cr$ 20,000 per hectare.

In the case of the soybean caterpillar, bliological
controt has already been used, through the poliedrose virus,
which has shown to be as efficient as chemical control. The
research seeks to exanine in the next few years a procedure for
purifying the virus in a liquid form to provide it to farmers. In
order to make easier both Its application and the storage. At
present the farmer should apply the inltial Inoculation of the
virus, @nd later an to collect the dead caterplllars snd to store
them in a refrigerator. For a new application -the only thing to
do is to macerate the caterplillars, to strain the liquid and to
nix it with water (in the pulverizator), and to spread it over
the plants. With the help of the purification of the virus In
liguid form, It Is expected to double the levels of adoption
sttained and to resch 1990 with & coverage of adoption of this
technology of about 4.2 million hectares, providing an additional
social benefit of 280 billion cruzeiros per harvest &esson, at
current values. In Rio Grande do Sul the hydromorphic soils cover
un area of approximately 3 million hectares, of which only 600
thousand are cropped annually with irrigated rice, owing to the
impractibility of ptanting this crop In sucessive years, in the
same area. The remalning area is used for an extensive caltle
ralsing, showing low productivity meat/hectare/year. The best use
of this area with dry crops (soybeans, sorghum. and others) in
rotation with Irrigated rice is currently very difficult, due to
the dificiency in the drainage of hydromorphic soils, to the
hydraulic *"stress" during the soil preparation, and also to the
cycle of the dry crops themselves. To those probleas It must be
added the low performance of wmachines and agricultural
inplements, which are generally speaking projected to meet the
needs of hightanis, and also the deficiency of the new varieties
developed and adzpted to the climate and hydromorphlc soils of
the repgion, preventing & better utilization of this type of soil.

With the devetopment by research of adequate
techniques of irrigation, drainage, and systematization of soils
it is possible to make sultable for dry crops about one million
out of three million hectares of hydromophic soils of the region,
It s also possible to recover for the planting of irrigated rice
sbout 400 thousand hectares of flooded land, and up to now
underdeveltoped, which shall Increase the areas cultivated annually
with irrigated rice to approximately 750 thousand hectares. With
the recovery of the hydromorphic soils and the development of
agricultural research under the PROCENSUL Il prograwn. thraough new
varlieties more adaptable and productive, besides new cultivation
practices, the production of graing can be expanded in the reglon
to asbout three million and five hundred thousand tons per year.
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The constant increases of petroleum prices at the
beginning at the 1970's decade, and its harmful effects on the
country’'s economy, required an intensification of the search for
alternatives to substitute Industriallzed fertilizers by
utilizing biological resources. The results already achleved b
research in the biology of the soil allows for the total
substitution of chemical nitrogen wanure in soybeans. through
selected inoculants which cyn yield a saving of 500 million US
dollars per year, Another {mportant advancement in the blological
production of nitrogen was obtained with the identification of =&
specific Inoculent for the beans crop. It is also important to
mention that It was found out the existence of asultable
Iinocutants, which wlll enable an extension of the biological
fixatlon of nlitrogen for the corn crops and other gramineous
plants. Biologicel processes are also prosmising In the solubility
of phosphate through micorrlzicos fungi.

Regarding the cultivation of beans, for example, to
ralse the average ylelds in Brazil from 400 to 1.200 kilograms
per hectare, {t should be required to apply 40 kilograms of
nltrogen and 80 kilograms of P2 05 per hectare, in terws of
chemical manure. Experiments slready carried out showed that the
adoption of selected new varieties, which are Innoculated and da
not wuse nitrogen fertilizers, can sttain the targeted level of
1,200 kg/ha, or In some cases e#ven more compared with those using
40 kiloera-s of nitrogen per hectare. The prospects for obtalning
a substitution of fertilizers by biological processes are
pronising. This substitution, even partially would result in the
case of beans savings of fertlilizers of 40 US doltars per
hectare, or about 24 milllon dollars annually, If thls technology
was extended to cover 107 of the area cultivated with this crop
which is about 4 wmillion hectares, Taking into account the
expected potential benefits foreseen, the costs of 2 US doltlars
for using itnoculants at producers level appears quite small.

The technologies generated by research in
horticulture wre still much below the needs of the sector. thus
Brazilian horticulture is stilt highly dependent upon other
countries, utilizing hybrid varieties developed for clinmatic
conditions and consumer habits distinct from those of Brazil.
Among the resesrch proposals for the next few years can be
mentioned the studles aiwmed at developing new wvarietles and
vegetable hybrids, espectally those intended to provide national
seeds for substituting the imported ones. It should be siressed
the importance of resesrch work almed at producing new varieties
of potatoes and welons, hybrids of cabbage, hybrids of cucumber
for salads, and varieties of tomatoes for processing.

In the specific case of the potato it Is expected
to obtain & saving of foreign currency of about S wmilllon US
dollars annually, only wlth the lmport substitution of potato
seeds. It should be pointed out the relevance of the technical
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work undertaken by s national network of -experimental units which
has provided basic subsidies for the identification of new
varieties suitable for the distinct geographical regions of
Brazil, as.well as the import policy for potato seeds.

The research on a«elons s basically orientated
towards incorporating a resistance to viruses, and also for the
production of hybrids. The continuity of research work on wmelon
in the areas traditionally producing this fruit is threatened (in
840 Paulo, Pernambuco, &nd Para) by the mosaic virus of
waterselon. The affected fruits lose their cosmmercisl value. A
recent survey of this virus disease carried out in the region of
the 800 Francisco river area has shown a high Incidence of the
disease. In s great nuwber of farmes, nearly all the plants were
Iinfected. The research work Iin progress seeks to obtain
resistance to the virus by the main varieties used, by using for
breeding purposes the varieties Amarela and Prince. Experimental
data already confirms this possibility, therefore, through the
retro-crossing of variettes it will be attempted to recover some
of the characteristics of production and quality of the Amarelo
variety. The direct benefits resulting from this technology shall
be at a farmer level approximately 18 biltion cruzeiros per year.

The socio-econonic importance of the development of
poultry activity in Brazil as a supplier of basic protein for the
population, &and as a source of forelgn exchange - Brazil is the
second largest exporter of chickens In the world - has imposed a
heavy task on the research wa* In terms of the great
expectations regarding, the discovery of new technologies. Special
prominence should be g‘ven to the work the gene\ic improvement of
the fowls. Generally speaking, the poultry industry in Brazil is
totally dependent upon the imports of foreign species. In 1983 of
the total number of companies currently operating in the sales of

.chicken for breeding purposes, only one used national genetic
materiat. The resesrch proposals alm at the establishment of =
basic population of great genetic potential for selecting and
obtaining Brazillan species specializing in the production of
meat and eggs, enabling the country to substitute the import of
eggs. It is expected within a few years to schieve through a well
directed research effort to meet the total needs of the market
with national species, weaning savings of foreign currency of
about & willion US dollars annually.

The results expected only from research work
developed for the great Center-south region have been analysed in
this sectlion, it can be anticipated that the =sopcial benefits
obtsined more than compensate for the investments made. Added to
the examples mentioned and analysed should be other research
proposals certainly as important 5s those quoted here. Same are
instrumental to the achievement of speci?ic objectives at the
agricultural producer level. For others the current level of
knowledge does not enable sn estimate of expected results within
a rang2 of reasonable possibilities. Regarding these praospects
for wugricultural resesrch it should be &dded the resulting



benefits frow an enlargement of the degree of adoptlon of the
technologies already produced by the corporatlion.

So it Is expected that within the next few years
the hleh rates of return on investment In agricultural research
shall e meintained, justifying also the waintenance of a
cgné;gggg: flow of financial resources to the research activities
o .

4. SYNTHESIS AND CONCLUSIONS

In this study It was intended to show the economic
and gocial viabitlity of investments In agricultural research co-
ordinated by EMBRAPA. The research beneflts were characterized
within the context of the economic development experienced by the
country in recent years, emphasizing the contribution obtained by
farmers from new agriculturs{ technologies.

Brazilian agriculture has shown greset dynamism,
with 3 satisfactory growth of output.  For such growth
sgricultural reseerch has played important contribution through
the creation of several technological innovatians, which have
pllowed Increases in the productivity levels. The research
results have also renarhabl? contributed to the reduction in the
costs of production, ass well as to the occupation of new land
areas.

The rote of EMBRAPA In the advancement of the
national agriculture sector has been impressive. Its technologies
heve achieved high social rates of return. The rates of return
eatimated were 437 for the total investment, and 227 for the
return on the manpouer tralning programs of EMBRAPA. Specific
studies analysing the Investmwents In research for the ares
included under the EMBRAPA/World Bank Project, and for research
programs of the corporation for the crops of soybeans and wheat
have also shown high rates of return. Regarding the project
undertaken jointly with the World Bank the rates of return were
between 20 and 38X, and for research in soybesns &nd wheat they
varied between 45 and 74%. These figures are significant as they
are above the rates of return obtained for other alternstive
investments by Brazilian soclety.

The experience of the corporation acquired In its
flrat ten years of existence has provided the researchers with
new knowledge and empirical evidence, which gave the boundaries
for the estimate of future benefits of the research proposals.
The future prospects for this research, particulsrty for the
Center-South region of the country, are also very encouraging.
Among other research results, It ls expected to achieve high
Increases in the ylelds of cattle raising in the central region
of Brazils the partisl asubstitution of wheat flour In the
manufacture of bread, biscults and pastries, through the
utilization of corn flour, of triticate, soybeans and manioc

4t



flour; and also to generate new varieties of soybeans, wheat,
grape vines, corn, potatoes, and melon: and to control through
the biologital process weeds, bedbugs, and cesterpillars affecting
soybeans crops; to extend the biolagical nitrogan fixstion to the
crop of beans; and to establish a busic poultry poputation with
targe genetic potentiat for selecting and obtaining Brazllian
species for the production of meat and eggs.

The expected reaults from these new technotlogies
ueasured at the producer level will more than compensate for the
investmenta to be undertaken. It shauld be alsa added the
benefits resulting from the extenslon of the degree of adoption
af technalogles already producad by the corporation. Therefore it
is believed that within the next few years the rste of return on
investnents In sgricultural research will be wsalntained, which
justiflies the provision of contlinuous flouws of financial
resources to the activities of the corporation.
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