Consultative Group on International Agricultural Research

&D CGIAR

Study Paper Number 9

Brazil and the CGIAR Centers

A Study of Their Collaboration in Agricultural Research

Fernando Homem de Melo




Consultative Group on International Agricultural Research

CGIAR

Study Paper Number 9

Brazil and the CGIAR Centers

A Study of Their Collaboration in Agricultural Research

Fernando Homem de Melo

The World Bank
Washington, D.C.



Copyright © 1986

The Intemational Bank for Reconstruction
and Development/THE WORLD BANK

1818 H Street, N.W.

Washington, D.C. 20433, US.A.

First printing January 1986
All rights reserved
Manufactured in the United States of America

At its annual meeting in November 1983 the Consultative Group on International
Agricultural Research (CGIAR) commissioned a wide-ranging impact study of the
results of the activities of the international agricultural research oganizations under its
sponsorship. An Advisory Committee was appointed to oversee the study and to
present the principal findings at the annual meeetings of the CGIAR in October 1985.
The impact study director was given responsibility for preparing the main report and
commissioning a series of papers on particular research issues and on the work of the
centers in selected countries. This paper is one of that series.

The judgments expressed herein are those of the author(s). They do not necessarily
reflect the views of the World Bank, of affiliated organizations, including the CGIAR
Secretariat, of the international agricultural research centers supported by the CGIAR,
of the donors to the CGIAR, or of any individual acting on their behalf. Staff of many
national and international organizations provided valued information, but neither they
nor their institutions are responsible for the views expressed in this paper. Neither are
the views necessarily consistent with those expressed in the main and summary reports,
and they should not be attributed to the Advisory Committee or the study director.

This paper has been prepared and published informally in order to share the
information with the least possible delay.

Fernando Homem de Melo is professor of economics at the University of Sdo Paulo,
Brazil, where he is also senior researcher at the Foundation Institute of Economics
Research.

Library of Congress Cataloging-in-Publication Data

Homem de Melo, Fernando Bento, 1942-
Brazil and the CGIAR centers.

(Study paper / Consultative Group on International
Agricultural Research, ISSN 0257-3148 ; no. 9)

Bibliography: p.

1. Agriculture--Research--Brazil. 2. Empresa
Brasileira de Pesquisa Agropecuiria. 3. Consultative
Gorup on International Agricultural Research. 4. Agri-
culture--Research--International cooperation.

I. International Bank for Reconstruction and Development.
IT1. Title. III. Series: Study paper (Consultative Group
on International Agricultural Research) ; no. 9.
S542.B6H66 1986 630'.72081 85-31469

ISBN 0-8213-0694-4



o,

- 1i4 -

CONTENTS

BACKGROUND..........oooo.-o-o.o.o.oon.oo...cooo-oo.oo.oo 1

1.1 The Country.....'.......'..I....'...Q..-...........
1.1.1. DNatural and political Settifg..eeeeeeooeees
1.7.2., POPULALLONeeeeeoececscssssossssosssssssnsasns

1.1.3. Economyoooooonoouo.o.coooo.oco-o.l.o-ooc-oo

N D Nk

1.2 The Agricuztu—’l—e Sector.....'..l....'............'. 9

1.2.1. Structure...-...-....................o..o-. 9

1.2.2. Infrastructure and institutional support... 14

1.2.30 PrPiCiNgeeessesssossssssesscssassssassesa
1.2.4., Past and present performancCe...ceseeess

1.2.6. POLICY 1SSUECSeeessosssssssossosasssnsos

THE NATIONAL AGRICULTURAL RESEARCH SYSTEM (NARS)....

OVCPULCWe oo ooosoossesssacessacssssscsssssnasssess

Allocated ReSOUPrCeS. ceeeeseessssosssssnssssssss

2.1
2.2 Institutional StrUCEUPC. e eeeoeessnosossssssssos
.3
.4

STAffeeesssasseasossssesacssssosssssnssascnssasasns

IMPACT OF IARCS ON THE NA.RS'......C'.‘..O...IO......‘

3¢l INtrodUCELONeeeeseessssscsesssasssssssssssccnase
3.2 Research 0rganizZatioN.e.eecscsesscscsesssscsscsses

3.3 Services8 Provided..ceeecseacecsccssascessasscncssss
RESEARCH IMPACTS ON AGRICULTURAL PRODUCTION. eeeeseses

4.1 Important Innovations from Non-IARC Sources....

4.2 Production EffeCtSeeeeeeecscscsssscscsocssosses

CONCLUSIONS............Q.IQ'O..IC......I'.I.IO....'.

* o 22
. o o 42

ee 09

ee. 09

..... 59
.... 61

o o 0 67
LI 75

LI BN 79

e o 0 79
LI ) 81
LI ) 84

LI 95

s e 95

se.106

.. 113

REFERENCES....0.'0000.-0--0..-.-....-oo000-001000000000000-.117



- iy -

T ABLES

TABLE

TABLE "

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

—
[}

10-

Rates of Growth Ain Yields, 11 Crops, Brazif and
Selected States, Decadesd .iveveeeneinteeennncnnns 38

Time o4 Introduction and Adoption of New Soybeans

Varnieties in Brazif and Effects in Yields ....... 45
Annual Rates o4 Growith of Domestic Production,
Brazil, 14 Commodities, 1960/69, 1967/76 and 1970
F A T T 47

Indices o4 Nominal Food Prices, Expenditunre Classes
Nontheast Region, 1967/69 (1967=100) ............ 51

Growth in "Pen Capita" Production o4 Domesitic,Ex-
ported Crops and Sugarcane, 1977/84 .....civunvn.. 53

Brazilian Annual Agrniculztural Research by Commod-
ities, 1960/69 and 1978/80 v.vvveivininieenennns 70

Ratio o4 Reseanrch and Extension Expenditurnes Lo
Value 04§ Agricultunral Product in Brazil ......... 73

Reseanch and Extension's Budget in the State o4
Sao Paulo, 1966/80 (1977'5 Cr$) e einnennn. 74

Annual Growth Rates 4in Yields, Selected Crops and
States, Brazil, 1977/83 (%) «oveeiiiiiiininnenns 109

Annual Growth Rates 4in Cultivated Acreage,Seflected
Crops and States, Brazil, 1977/84 (%) ....cvvnn.. 110



-V -

LIST OF ABBREVIATIONS

CFP - Production Financing Company

CIBRAZEM - Brazilfian Warehousing Company

COBAL - Brazilian Food Company

INCRA - National Institute of Colondization and Agrarian Reform
EMﬁRAPA - Brazilian Company of Agricultural Research

EMBRATER - Brazilian Company o4 Technical Assistance and Rural
Extensdion

ACAR - Credit and Runal Assistance Assoclation

ABCAR - Baazilian Rural Credit and Technical Assistance Assocd-
ation

TAA - Sugar and ALcohol Institute

PLANALSUCAR - National Program of Sugarcane Breeding
COPERSUCAR - Cooperative of Sugarn Producens

TAC - Campdinas' Agronomic Institute

DNPEA - National Department of Agricultural Reéeancﬁ and Expendi-
mentation

NARS - National Agricultfunrnal Research Sysitem

CGIAR - Consultative Group on International Agriculztural Research
CIAT - Centrno Inteanacional de Agriculitura Tropical

CIMMYT - Centro Internacional de Mejoramiento de Malz y Trigo
CIP - Centrno Intennacional de La Papa

IRRI - Intennational Rice Research Institute

IFPRI - Intennational Food Policy Research Institute

CPA - Centens fon Agriculitunrnal Reseanrch

ICRISAT - International Crops Research Institute for the Semdi-
-Anid Tropic



- vi -

CENARGEN - National Centen o4 Genetic Resounces

IBPGR - Intesanational Board forn PLant Geneftic Resounrces
CTAA - Centen fon Agnicultunal and Food Technology

SNLCS - National Senvice for Soil Sunrvey and Conservation
SPSB - Senvice fon Production of Basic Seeds

IPAGRO - Agronomic ReAeanéh Institute

IRGA - Rio Grande do Sul's Rice InstiZtute

IAPAR - Parana's Agronomic Institute

CEPEC - Centen 4on Cocoa Research

TARCs - Intennational Agrnicultunal Research Centens

TITA - Intennational Institute of Tropical Agriculiture
CNPAF - National Research Centen fon Rice and Beans

CPAC - Reseanch Centen forn Cennados' Agriculiune

UEPAE - State Unit of Reseanch Executdion

EMPASC - Santa Catanina's Agaicultural Reseanch Company
EMCAPA - Espinito Santo's Agricultural Research Company
EMGOPA - Goias' Agnicultural Research Company

EMPARN - Rio Grande do Nonte's Agrnicultural Reseanch Company
CNPMS - National Research Centen fon Maize and Songhun
CPATSA - Reseanch Centen fon Semi-Anid Agriculture

CNPMF - National Research Center forn Cassava and Tropical Frudlis
CNPT - National Reseanch Centen forn Wheat

TRAT - Institute de Rechenches Agronomiques Tropicales
IPA - Pennambuco's Agricultunal Research Company

I1TAC - Interamernican Institute o4 Agrarian Sciences
PESAGRO - Rio de Janeino's Agriculiturnal Researnch Company

EPAMIG - Minas Genais' Agrnicultural Reseanrch Company



- vil -

OCEPAR - Onganization of Parana's Cooperatives
FECOTRIGO - Federation of Rio Grande do Sul's Wheat Cooperatives
CNPA - National Research Centen for Cotiton

CNPS - National Reseanch Centen forn Soybeans

UNESP - Sao Paulo's State Univensity

UEPAT - Tennitondal Unit of Research Execution
EMAPA - Maranhdo's Agriculturaf Research Company
EPABA - Bahia's Agricultunral Research Company

EMPAER - Mato Grosso do Sul's Agriculitunral Research Company



A STUDY OF COLLABORATION BETWEEN INTERNATIONAL AGRICULTURAL
RESEARCH AND BRAZIL

1. Background

1.1, The Counthry

1.1.1, Natural and political setting

In tenrnitondial extension — §.51 million square
kilometens — Brazil L& Zhe $ifth Largest country Lin the workd,
coming after the Soviet Union, Canada, China and the Undited
States. It coverns 47 percent of the total extension o4 South
Amenica. The country Ls divided into five geographical regions:
a) South, including the states 0§ Rio Grande do Suf, Santa Cata-
rnina and Parana, with 6.§ percent of total area; b) Southeast,
including zthe states of Sao Paulo, Minas Gerais, Rio de Janeinro
and Espindito Santo, with 10.9 percent of totak dﬁea; c¢] Centen-
-West, Ancluding the states of Mato Grosso do Sul, Mato Grosso,
Goias and the Federal Districit, with 22.1 percent of total area;
d) NortheasZ, including the states of Bahia, Sergipe, Alagoas,
Pernambuco, Paraiba, Rio Grande do Noate, Ceana, Piaul and Mara-
nhao, with 18.2 percent of total area, and e) Noanth, JLincluding
the states of Para, Amazonas, Rondonia and Acre, as well as the
tennitonies of Roraima and Amapa, with 42.1 percent o4 total
area. Most of the country's area Lis Zropical with adequate
naingall. An impontant exception A4 part of the Northeast regdion,
whene 4in some areas nraingall Ais Less than 10 4Anches a yean.
ALthough most of this rnegion has a nainfall nange o4 20-25 inches
thene has been innegulanity in the necent past (Baern, 1983).

Three Levels of govearnmenit prevail in Brazil: federnal,
state and city. The 1964 Law, by which the President and Governoms
were elected by the s0-called electoral college and not by the
people dinectly, was changed in 1982 s0 that alf the state
governons were again elected in noamal and dinect elections.The



tradition in Brazil has been a strong executdive  branch as
compared with the Legislaturne LCohg@eAAL, madinly in tenms of the
setting of economic policies. Brazilian development model has
been based on the 4ideology o4 manket economies, Aincluding Ais
industrialization aftern the thinties, but with a quite impontant
presence of the publfdic sector not only in decdsions about policies
and negulations but also in direct involvement  4Ain productive
activities (Baer, 1983). Aftern twenty years of a military type
04 federnal goveanment, Lin january 1985 a civilian was elected
Presdident, with the Ainnovation of being from Zhe opposition
gorces in the country. 1t 44 veny Likely Zthat Ain 1988 ithe country
will netunn to the system of dirnect elections for the Presdidency.

Economic policy in £ts difgerent components, macro-
-economic, fLscal, monetary, agricultural, industrial,commercdlal,
ete, 44 Largely deteamined at Zhe federal Level and by +Lhe
executive branch of the government. The states and cities, fon
instance, have Little autonomy in deciding about fiscal matitens,
but even at those Levels of government, when decdiding about
expenditurnes, the executive L8 the most powernful branch.Howeven,
with the political changes undern way presently in Brazil At Ais
Likely that in the future, when neturning to a gull democratic
form of govennment, the Legislature at all three Levels will have
greaten powern Ain deciding about economic and othern cnditical
problems. In agriculturnal policy such a change would involve more
~discussions in the Legislature about specifdic policies,including
price supports, buffer stocks, credit, research, extension,
regional development and ozthens.

1.1.2. Population

In 1980, when the Last census took place, Brazil's
total population had reached 119.0 million people with an average
rnate of growth during the seventies of 2.49 percent. Forn the
second consecutive decade, the nate of population growth  has
declined: duning the fornties it was 2.39 pencent, in the §ifties,



2.99 pencent, in the sixties, 2.89 pencent and, ginally, 2.49
percent duning the seventies. Brazil's total population in 1980
made the country the sixth RLangest one 4in the world. The
distnibution of population then over the country's geographical
negions was as gollows: South, 16.0 percent, Southeast, 43.5
percent, Centern-West, 6.3 percent, Nontheast, 29.3 pencent and
Nonth, 4.9 pencent. 1£ can be seen that Brazil has a high degree
0§ concentration o4 Lts population in the Southeast and Nontheast
regions, The formen with 10.9 pekcent of total area had 43.5
percent of the population, while the Nontheast had 18.2 and 29.3
percent nespectively. The population density An Brazil vanries
grom 1.6 pen square kilometen in the Nornth to 255.3 in the state
0§ Rio de Janeiro, pant 04§ the Southeast negion.

Besdides sZLiLL having a high nate of population growth,
At 448 Ampontant to note that Brazil has had, over the period of
its mone intense indusirialization (afgten the thinties), a much
more rapid rate of growth fo the urban population than the runral.
In 1940, 31.2 percent of Zthe population was urban and 63.8
percent nunal; Ain 1960, 44.7 percent urnban and 55.3 rurafl; in
1970, 55.9 percent urban and 44.1 perncent rural and Ln 1980,
67.6 perncent urban and 32.4 percent nunaz(]). In 1980, the rural
population expenienced a decline Lin absolute terms fon the {§insit
time. These figures indicate clearly a drastic and quite rapid
move ftowards urbanization of the Brazilian population and very
Likely at a highen rate than that experdienced by countries with
an earlien paitenn of Aindustrialization. The nesulting problems
in terms of housing, education, transportation, waten and othen
urban senvices are clearly visible even today 4An maforn Brazilian
citLes.

As mentioned, the population growith nrate in Brazil
duning the seventies was 2.49 pencent. In addition, it A8 wonrth
mentioning that as between states and tennitonies, the observed

(1) Durning the fornties the average annual growth of the urnban population was
3.84 percent, in the fifties, 5.47 percent, in the sixties 5.16 percent
and in the seventies, 4.48 percent.
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fange was from 0.97 percent in the state of Parana (South)to 16.0
percent in the state 05 Rondonia (Noath, but jdét wesat of Mato
Grosso state in the Centen-West negion). The state of Parana 45
very well established and developed in terms o0f agricultural
production, with iits growth concentrated in the Last forty years.
Until the sixties its growith was based on coffee — an exported
enop — and mayze and edible beans — domestic chops. Agtern the mid-sixties ,how-
evé@, crop mix changed, mainly towards the combination soybean — wheat, the
gormen an exponted crop and the Latter an Amport — substitution one. As a ne-
sult, employment ghowth was much Lower (Homem de Melo, 1983).

At the same time an opposed pattern was developing 4in
Rondonia and a gfew othen states in Brazil's Nonth and Centen-West
rnegions, edthen because of the crop mix — Rondonia, with coffee,
cocoa, domestic food crops — on because o4 a high growth rate 4in
total cultivated acreage — Mato Grosso, as the best example with
6.6 percent forn the population ghowth nrate. Othen states with
relatively Low rates of population growth in the seventies wene
Rio Grande do Sul {South) with 1.56 percent and Minas Geradis
(Southeast) with 1.54 perncent. With nelatively high nates,besides
Rondonia and Mato Grosso, we can mention the states/tennitonies
0§ Para (Nonth) with 4.64 percent, Amazonas (Nonth) with 4.10
pencent, the Federal District (Centen-West) with §.13 percent, A-
mapa . (North) with 4.37 percent and Roraima (Nonth) with 6.86
pencent. These numbens indicate a process of relative change Ain
size 04§ population, from the older and monre developed states to
the mone. distant ones — the so-called "frontien" states — Lin the
Centen-West and Nornth negions, charactenized by a Low proportion
04 total arable Land in culitivation (Dias, 1978}).

Some proghess has been made in Brazil with respect to
the rate of Literacy of the population 15 years and olden: 49
percent in 1950, 61 percent in 1970 and 69 penrcent in 1980 (75
percent 10 years and olden) (Baern, 1983). 04 the 62.7 percent of
the population in 1980 that was 15 yeans on oldex, only 13.7
perncent had nine on monre years of schooling. The highes
percentages with nine or more years of schooling wene gound 4in
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the states of Rio de Janedinro, 23.2 pencent, Sao Paulo, 17.5 penrn-
cent and Rio Gﬁande do Sut, 16.6>pencént; the Lowest wenre in Ma-
nanhao, 5.65 péncent, Piaul, 6.85 pencent and Alagoas, with 6.94
percent, all in the Norntheast negion, the problematic and Low-

-income part of the countrny. Finally, in 1980, 36.8 pencent of

the population was economically active (work fonrce), of -~ which

27.5 percent wene women (30.4 pencent in the state of Sao Paulo,
the highest figunre).

1.1.3. Economy

The structural trnansformation expenienced by the
Brazdilian economy oven the Last {44ty yeans has been very
signdgicant. While in 1920 fthe country had 69.7 percent of LLs
work force stilL engaged Ain activities of the primarny sectorn, 4in
1980 the pencentage was only 29.9. This shift can also be expressed
by the average growth nates fon the different sectorns of the
economy between 1949 and 1981: agriculturne, 4.7 percent;industry,
7.9 pencent; commence, 6.2 penrncent; transportation and communication
8.5 pencent. The industrialization occurning in Brazil before
Wornld War 11 nesulited much more grom incentives  coming from
external conflicts and a severne world economic depression (besides
the gradual development of intennal demand), than from something
nesembling a delibernate industrialization policy. Forn instance,
Furntado (1965) mentions the Ancrease in capacity of the industrnial
secton duning perniods of depreciation of the Brazilian curnrency.
Between 1929 and 1937, when Aimports declined 23 pencent,industrial
production increased 50 pencent, and, aften the mid — thirnties,
the growth in industrial output was accompanied by expansion 4in
capacity (Baer and Vilflela, 1973). Howeven, as Late as 1940
Brazil sXLLL had 67 perncent of its work force 4Ain the primary
secton and only 15 pencent in the secondary sectorn of the econamy.

Several reasons have been presented 4in the economics
Litenaturne to explain why Brazif reached such a point 4in  Zhe
twentieth centuny with its industrnial and sernvice sectorns 40



-6-

nefatively Little developed. Finst, we can mention Portugal’s
commencial policies towands Lts colony, with nrespect to nreserving
the Brazilian manket 5on.PontugueAe and British manufactures {Baer,
1965). Second, the institutional-social Af&uctune 04 the country
did not evolve in a way facilitating industrialization. That 4is,
intenest groups, fonmed by Large Land ownens engaged in expornting
as well as the commencial secton in coastal cities, Aingluenced
the formulation of exchange and commerncial policies, education,
Laborn and fiscal policies in ways ungavorable fto .an earlien
industrnialization (Berngsman and Candau, 1969). Finally, Zhe
highly profitable opportunities forn agricultural exports, mainly
cofgee, attracted rnesources, including entrepreneunrial capacity,
grom the industrnial sectorn. 1t is well known that support policies
§orn coffee production resulted 4in sizeable excess production.
Krnasnen (1973), forn Ainstance, mentions that Brazil starnted Zo tax
the coffee secton only agtern Wornld Warn 11.

A deldibenate policy with a high degree of priority
given to Aindustrnialization was stanted in Brazil only at the end
0f the fornties to the mid - fifties. At that time, sevenal Latin
Amernican countries foresaw Low growth for thein agricultural
exponts, mainly with mankets in the already developed countries,
while they wene facing high population growth rnates and problems
nelated to rural-unban migration (Wionczek, 1973). The nresult was
the definition of a development strategy through Andustrialization,
in the expectation of high growth nates. ALso, with the creation
04§ a modenn Andustrial sector, the countries expected Za decrease
thein dependence on the wonld economy, Lincluding that nelated %o
dluctuations in foredign exchange revenue. Prebish (1959) was the
most important vodce fon the argument favoring a delibenrate
industrialization policy, based on the unequal distribution of
gains from international trade. Hinschman (1968) also mentioned
that with such a development strategy Lthe countrdies in question
wene hoping to escape from the economic, so0cial and political
backwardness prevailing up to that moment.

As mentioned at the beginning 04 this section, the



trans formation of the Brazilian economy oven the Last fLfty yeans
has been quite Aigniﬂicdnt, particulary aﬁtén the implLementation
0f a deliberate Aindustrialization pozicy 30-35 yeanrs ago.In 1980,
the country had onky 29.9 percent of Lts work force in the primary
secton, against 22.9 pencent in indusiry, 9.4 percent in commence,
4.2 pencent in transpontation and communications, 4.1 percent in
pubfic administration as well as 29.5 in othen industrnial and
senrvice activities. For a more precise compardison, we can mention
the same figunes for 1950: 59.9 percent in the primary  secton,
12.8 perncent in Andustry, 5.5 percent in commerce, 3.7 pencent 4in
transportation and communications, 3.0 percent Ain  public
administration and 14.3 percent in othen activities.

Duning 1950/81 the average annual GNP growth was 6.8
perncent, 7.9 pencent an average for industry and 4.7 percent for
agriculturne as already mentioned. In 1980, Brazilian GNP was
US$ 274.3 billion (1981 dolLans) and in "per capita"  tenms,
US$ 2.303. The sectoral contraibution (income) 4in 1980 was  zthe
jollowing: agriculture |[primany), 13.0 percent, Lindustry, 34.0
percent and senvices, 53.0 percent.

In 1973, Brazil's trade account was 4in balance: exports
of US$ 6.199 billion as against imponts of US$ 6.192 biflion. In
that same yean, the country's total extennal debt was at US$12.60
bifLion with nesenves valued at US$ 6.42 biflion. The finst oil
"shock" 4in 1973/74 brought sernious problems to Brazil's exteanal
secton. ALthough growth nates kept close to the  historical
average, around 7.0 penrcent, they wene Lowen than those observed
duning 1968/73, about 11.0 percent. Also, aften 1973, Brazil's
total extennal debt increased quite strongly, coming to a totak
of US$ 43.51 billion in 1978. Gradually, the Brazilian economy,
due to the size of its extennal debt, became extremely vulnerable
to dincreases in internest nates inteanationally.

In fact, 1979 was the beginning of a very ungavorable
perniod for Brazil. Firnst, it saw the finst nound of the second
04L "shock", with o0il prices rising from US$ 12 to US$ 34 penxn
barnel. As a nesult, Brazil's ftrade account went again to a
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deficit situation of US$ 2.84 bilLlion in 1979 and US$ Z.83 billion
Ain 1980. Secondly, the country’s exteanal vulnerability was
clearnly evidenced by the beginning 04§ a dramatic Aincrease in
intenest nates, nominal and neal, inteanationally. The "prime
nate" in the United States Aincreased grom 11.75 pencent in Decemben
1978 to 15.25 perncent in december 1979 and ginally to 21.50 percent
in Decemben 1980. The impact of these changes 4in the total value
0f intenest paid by the country was subatantial: from US$ 2.70
billion in 1978 to US$ 9.16 biLlLion in 1981 and US$ 11.36 biklion
in 1982, Thindly, the country also expernienced a substantial
decline in terms of trade, 38 pencent grom 1978 to 1982, a
situation which was aggravated by the recession  observed 4n
international trade. At the end of 1982, Brazil's total extennal
debt had neached US$ 69.65 billLion and the country was signing
an agreement forn "economic adjustment”" with Zhe Inteanational
Monetary Fund.

- Aften the deficits in the trade account during 1978/80, .
thene was a surnplus Ln 1981, US$ 1.20 billion, which continued in
1982, 1983 and 1984. In 1982, the surplus was at US$ 779 milLlion,
in 1983, US$ 6.50 biflion and in 1984 it neached about US$ 13.00
bilLion. Several attempis were made by the Brazilian government
aften 1978 to implement more favorable exchange and commenrcial
policies. Howeven, because o4 othern goals of economic policy,
~mainly control o4 inflation, those attempits wenrne not effectively
trhanslated, over the pendiod, in a consistent devaluation pattenn.
Onky in the second semesten of 1982 and most clearly aften  the
signing of an agreement with the International Monetary Fund 4n
early 1983 can it be said that Brazil starnted to have a consistent
exchange rate policy. In February, 1983 there was a majorn turning
point in the exchange nate policy with the introduction of a thinty
perncent devaluation of the cruzeino vis-a-vds the Amenican dollan
From that point to the present the cruzeiro has been  devalued
monthly in magnitudes exactly  equal to internal inglation. As a
nesult, Lt can be said that from eanly 1983 to the present,Brazil
has had a much mone favorable exchange rate policy as compared



wizth previous yearns. Centainly, this was one o4 the factons
nesponsible fon the good pernformance of the country's trade
account &n 1983 and 1984.

1.2, The Agndiculture Secton

1.2.1, Structure

’ Agricultural production Ln Brazil can be considenred
sXLRL highly concentrated regionally. Fon instance, taking into
account only six domestic food crops, the share of Brazil's South
and Southeast negions durning 1970/74 was the following (Homem de
Melo and Accanini, 1979): potatoes, 97.9%; ondions, 85,4%; madlze,
8§1.1%; edible beans, 59.5%; nice, 56.7%; and cassava, 41.3%. When
Ancluding the Centen-West region in nice production, the Centen-
-South's shanre goes to 82.0%. However, taking a Longen time period
into consdidernation, a greatern panticipation - of -the Northeast
region in the production 04 a few domestic food crops can be
noticed. In the production o4 edible beans, the Norntheast shanre
evolved from 13.3% in 1931/33 to 21.8% in 1952/54 and %o 31.0%
duning 1979/80. In cassava, the respective figures were 21,6,
44.5 and 53.9%. In nice, the figunes were 6.9, 10.5 and 16.5%
nespectively (Homem de Mefo, 1983).

On the othen hand, production of éoﬁﬁee, soybegns,
peanuts, tobbacco, cotton and onranges, all of them exported chrops,
are even today concentrated in the South/Southeast regions on-
‘more broadly 4in the Center-South negion. Cocoa i8 a  Northeast
cnop — basically concentrated in the state of Bahia — and sugarcane
has a significant production share — 34.5 perncent — coming from
the coastal area o4 the Norntheast. 14 a pattean can be detected
in the negional crop distribution, 4t 4s towards the  South/
/Southeast rnegions and more broadly the Centen-South region
becoming monre specialized 4An pnoduction 04 export crops, Zzthose
being the ones mainly benegitted by technological innovations,and
the Nontheast increasing L{ts share of production for  domestic
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goods (Homem de Melo, 1983).

Duning 1979/80 total cultivated area for 22 crops was

47.34 million hectarnes. The ten most signifdcant crops Ln shanre
04 total area at that time wene the follLowing: maize, 24.3%, so0y-
beans, 18.1%, nice, 12.3%, edible bean, 2.5%, cotton, 7.8%,wheat,
7.3%, sugarcane, 5.5%, coffee, 4.6%, cassava, 4.4% and orange,
1.2%. In total, the ten crops occupied 95.0 perncent of the toftal
cultivated area. The share of area Ln sugarcane has been Lncreas-
ing sdince 1979/80 because o4 the introduction of the alcohol pro-
gnam which effectively stanted in 1977.

Since the Ampontance o4 exported crops Lin Lthe agricul-
tune of Brazilian's Southean nregion was mentioned, Lt 4Ls also
nelevant to point out the great dependence, historically, of Zthe
country's exchange revenue on agricultural exports. For Linstance,
as Late a4'1960/67 the share o4 agriculturnal Lin total exports was
86 pencent (Zockun et al, 1976). In 1970 4t was 75 percent while
by 1974 agriculture's share had declined to 67 percent.Centainly,
the decnease o0f agriculiurne's sharne L5 also the consequence 04
progress made by Brazil Lin exporting Aindustrial products aften
the intrnoduction by the govexrnmment of a program of export promo-
tion. This program exempted industrial exponts from all indinect
taxes as welf as giving them a credit 66 equal value. Anothen
Amportant measure taken Lin the second half of the sixties o stimulate
expornts Ain genernal was the use of short team mini-~devaluations of
the cruzeino, as compared with the previous practice of devaluing
only aften six to twelve months in Line with high domestic  4An-
gLation.

This Last measure, togethen with a favorable perniod of
intennational prnices, ghreatly benefited agricultural exponts and,
as a consequence, the shane o4 expornts in total agricultural pro-
duct Aincreased considerably: for instance, from a share of 10.7%
in 1960, expornts nepresented 13.3% 4An 1970, 20.8% 4in 1975 and
20.2% 4in 1980 (Mendonca de Bannos, 1982). At the same Ldime,
Brazilian agnrnicultunrnal exporits became morne divensdified. From an
extremely high concentration Lin coffee, and in Lessen impontance
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sugar, cocoa and cotton, up until the mid-sixties, the composi-
tion of agrniculturnal exports gradually became a more divernsified
Substantial gnowth, in qudntity and value teams, has occurned in
the cases 04 soybean and Lts products, and in beef, orange judice
poultry and tobacco. Consequently, the so-called "traditional"
exports — which include those with Low growth of world demand,
mainly coffee, cocoa, sugar and cotton — have in the Last yeans
had a share considenably Lower than that obsenved  duning the
figties and sixties. ‘

Let us take a Look at those shares for the yearn 1981.
With total exponrts of US$ 20.13 billion, the fjoint share of cof-
fee, cocoa, cotton and sugarn was 14 percent, while at the same
time the joint shane of soybean and its products, beef, onange
judce, tobacco and poultry was 23 percent. In athen  wonds,
"traditional" agricultural exports have became Less important to
Brazil than Zhose zxpoité which practically just started agten
the fLate sixties. This capacity the coultry has shown oven the
Last 20 yeans, of divensdigying Lts agriculfural export composi-
tion, 44 clearly a favorable aspect of Lts agriculture. That L4,
Brazil's agriculture was able to nespond effectively to diffen-
ent circunstances An Lts extennal sector, edlthen domestically —
through exchange rate policy — or internnationally — through
favorable prices and growth in trade. In fact, an important seg-
ment of Brazil's agriculture ALs and has been competitive
national markets. Laten on this international competitiveness o4
this segment of Brazilian agricultunrne will be contrasted  with
the situation of domestic crops, which are mainly Amporntant foods
gorn Low-Ancome families.

In 1972, Brazil had a total of 3.328 million farms with
the following distrnibution o4 the work fornce: 4.102 million owners
and Zthedin families; 925 thousand permanent salaried  workens;
7.820 million temporanry salaried wonrkens; 380 thousand share-
croppens and 112 thousand Land rentens (Homem de Mefo and Acca-
nink, 1979). The wornk of family membens has been more important
in the states of R{o Grande d¢ Sul and Santa Catarina — South
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negion — as well as in Espinito Santo — Southeast negion —  and
Ceard - Northeast negions — and Less imporntant in the states of

Parana — South negion —, Sao Paulo and Minas Geradls — Southeast

negion —, and Peranambuco — Nontheast negion.

One of the cnitical aspects of the recent development
0§ the Brazilian economy L4 Zthe disequilibrium between the runrat
and unban sectorns. Forn instance, average urban Lincome was 117
pencent highen than nunal Ln 1960, 174 pencent higher 4in 1970 and
133 pencent highen An 1976. 1t 48 very Likely zthat the companison
gor aggregate avenrage Aincome hides the situation for different
components o4 Brazilian agricultunre, such as export — commercial
crops vernsus domestic — subsistence ones, or Southern region
versus Noath/Nontheast regions. However, the discrepancy L5 50
Larnge that Lt can not pass unnoticed. With respect to negional
difgerences, durning 1970/72 the state of Sao Paulo — the most
advanced agricultural state in the country — had a value added
per worker 352 pencent highen than that in the Noatheast, 160 and
76 percent highen nespectively than those o4 neighboring states
04 Minas Gernais and Rio de Janedino, as well as 48§ pencent highen
than that o4 the developed South region (Parana, Santa Catarina
and RL0 Grande do Sul) (Mendonga de Banros, 1982).

Also, the disequilibrium fust mentioned seems to be
neglected Ain the nurnal-unban distnibution of poverty: 4for An-
stance, taking as a measure of poventy those nrecelving Lncomes
below two minimum-wages Lin 1974/75, Mendonga de Barnos (1982)
indicated that 42 pencent o4 rural families were poor as againsi
10 pencent in metropolitan aneas and 24 pencent Ain othen cities.
In the Northeast, 62 perncent of rural families were considened
poon as against 18§ pencent in the South region, anothern evidence
04 the negional imbalance in Brazilian agricultunre.

However, adopting a monre nigorous concept of povernty —
defined in teams of basic needs and adjusted for regional price
differences — Fava (1984) came to somewhat different conclusions.
In Brazil as a whole, 31.8 pencent of rural families were poon
in 1974/75, as against 28.2 pencent in urban anreas and 26.9 pen-
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cent in metropolitan areas. This approximately even pattern was
obsenved 50& states such as Sdo Pautd, Minas Genais and Esplni-
to Santo (Southeast negion) as well as forn the South and North-
east negions. Howeven, a severe regional imbafance nemains:while
Ain the Nontheast 45.1 pencent of rural families wene poon,in Zhe
South only 14.7 perncent wene Ain this category and Lin the state
04 Sao Paulo, 22.7 percent. Fava's conclusion was that "the
nesults obtained do not support claims Zhat povernty As predomd-
nantly a runral phenomenon. This conclusdion normally comes  from
neseanrch adopting only one poventy Line for urban and runak
aneas”" {p. 130). With such nresults in mind, at Leasit part of Lhe
drnastic diggenence in average rural/urban incomes above indicated
would be mitigated by negional variations Lin Lthe cost of LLving
which would tend to make real Lincomes more equal.

Finally, a wond about the patiern of Land distribution
in Brazilian agriculture. The available comparative  evidence
shows a high degnee o4 concentration of Land ownernship in the

(1)

countrny, which has had a tendency to Lnchease overn time In
1970, fon instance, garms with areas below the median occupied
only 3 perncent o4 the total anrea while the 5 pencent of Lanrngest
fdarnms occupled 67 perncent of the total area. In 1960 the Gdind
coefficient in Brazil was 0.828. At approximately the same Zime,
the Gind coefgicient gorn othern countries were: Austria, 0.684;
England, 0.700; Canada, 0.5471; Mexdco, 0.929; United States,
0.707; Colombia, 0.823; Uruguay, 0.816; Venezuela, 0.920; India,
0.379; Phildipines, 0.409; South Africa, 0.644;  Egypt; 0.410;
Australia, 0.830; New Zealand, 0.735. With these figures, thenre
L5 no doubt that Land ownenship {4 highly concentrated, as LZ
seems to be in many othen Sputh Amenican countries (GAnd coeffi-
cient o4 0.844 4in 1960). In Brazil's states, the Lowest values
§on the Gind coefficient in 1970 wene fon Espinito Santo, Santa
Catanina and Parana in the South/Southeast nregions as wellf as in
Rondondia, Acre and Roraima Ain the North. The highest ones wene

(1) For details and the following data, see Hoffman and Graziano da Silva
(1975).
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for Mato Grnosso, Maranhao and Pilaul, the Last two Lin the North-
east. Among:the most imporntant implications of the histordcal |
pattenrn of concentration in Land ownenship, two wilf be hene
emphasized: finst, the rnesulting concentration in the distrnibu-
tion o4 Ancome in rural areas (Hoggman and Graziano da Silva,
1975) and second, Ats Ainfluence on generating an extensive pat-
tean of agrnicultunrnal growth in a country relatively abundant in
Land nesounces (Dias, 1978).

1.2.2. Ingrastructure and institutional support

There was clearly on option in Brazil for highways as
compared to othen modes o4 transportation. ALso, contrary Lo a
grequent argument, this option preceded the creation of Zhe
Brazilian automobile industry Late Ain the fLifties ,more precisely
in 1957(1). In 1950, 4orn Ainstance, the share 0§ highway transponr-
tation in the total for goods was 38.0 percent as against 29.2
gorn nailway, and 32.4 pencent for waterways/coastal ships.In 1955
just before the beginning of the domestic automobile  Andusinry,
those shanes wene nespectively 52.7, 21.2 and 25.8 percent and
an additional 0.2 percent for airn transportation. In the  same
yean as the finst odl "shock" An 1973, the distribution of trans-
port for goods was even more concentrated 4in highways, with 70.0
_percent, while railways had 17.7 penrncent, waterways/coastal had
10.0 pencent, pipelines had 2.1 pencent and air transportation
stayed at 0.2 perncent. Finally, the nespective shares for 1980
wene: 70.5, 16.3, 10.1, 2.9 and 0.2 penrcent.

1t 45 also Ainternesting to note that Brazilf has had one
04 the highest shares o4 highway transportation in the wonld and
one 04 the Lowest forn nailways. In 1976, the situation was the
gollowing: Brazil, 68.5 perncent for highway and 19.1 percent foxr
naillway; Thind Wonkd, 42.3 and 38.5 perncent; developed capitalist
countries, 30.0 and 40.0Q pencent; communist countries, 7.0 and
73.0 pencent; wonld average, 22.4 and 53.0 percent (Homem de Me-
(1) Fon details, see Homem dé Melo and Fonseca (1981).
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Lo and Fonseca, 1981). Given the terrnitornial dimension of Brazil
and the spatial d&AIhLbuILOH o4 agn&cuttunal production, 4t i
possible to note how the country in general and producens | con-
sumens o4 agricultural commodities in panticular wene negatively
agfected by the two successive oil price Lncreases during the
seventies. ALthough the growth in cultivated acreage has been
the most imporntant source of output growth in Brazilian agricul-
tune oven time, the drastic Lincrease in the relative price o0f
0Ll products will make Lt much mone dLﬁﬁ&Quﬂt §on that strategy
to continue in the future.

Brazil has Ainvested considernably in the development of
418 trnanspontation system, but as can be noted with the figures
provided above, such investment has been highly bilased towands
highways. The share 0§ highway investment duning 1960/77 was in
the nange 72.7 - 81.7 percent of total investment in transponta-
tion. The attempi made by the Brazilfian government to change this
situation agten the finst drastic Aincrease in 0Ll prices durning
1973/74 was not succesful. The intention was to change the trans-
portation mix by the end o4 the seventies to 32 percent nailway,
54 percent highway and 14 pencent waterway/coastal. In 1980,
howevern, such shares wene nespectively 16.3, 70.5 and 10.1 pen-
cent, with even a smallf neduction in the nailway share from that
of 1973,

On the positive side, howeven, Lt is nelevant to point
out that such investments Led to an Ampressive growth of the
Brazilian highway netwonrk, which from the agriculture side nrepre-
sented a sdignificant step towards Lintegrating producing and con-
suming negions. From 1960 to 1977 the total Length o4 the highway
network increased 224 pencent, with the shanre of paved highways
Ancneasing grom 11.7 pencent Lo 36.6 pencent. In 1977 the total
of mid/Long distance paved highways was 72.4 thousand hilometens.
On the other hand, from 1970 to 1979 the total Length of the
nailway netwonrk Lin the country declined from 31.3 Lo 30.0 thousand
kilometens (Homem de MelLo and Fonseca, 1981).

In spite 04 a high degree df§ concentration in highway



-16-

investment, At is clear that Brazil has made significanit phroghess
Ain Lts trhansportation Ayétem. For instance, when companrning ithe
situation in the Late sixties with the one prevailing in  the
Late fonties and early f§ifties, Smith (1%69) concluded that "most
04 the bottlenecks have been eliminated in the Centen-South 04
Brazil, Larngely through public Lnvestment in hoads and storage
and private expansion o0f marketing facilities Lin rnesponse Lo
high profits. This has been accompanied by a definite downwanrd
trnend 4in marnketing mangins through wholesale in much of <Lhe
negdon”. In addition, Smith found that in the mid-sixties mangins
through wholesale for rnice,mayze and beans in several producing
areas 4in the Centen-South wenre quite similan to those prevailing
in the Undited States.

Quite Likely Zthe same problems caused by a poorly de-
veloped transportation system, as detected by Smith in the Late
gonties fgorn the olden agricultunral states of Brazik, may be
ocecurning today for the newen aghricultural states in the Centen-
-West, Nornth and Nostheast negions. That seems the case also fon
stonage Ain the states of Mato Grosso and Goias (Centen-West),
Rondonia and Para (Nonth) as well as in Maranhao (Noatheast). 1In
a way, LAt could even be considered noamal that in a country with
the tennitonial dimension of Brazil, public Lnvestment in Ainfra-
strhuctune should Lag behind the penetration of productive activ-
Aties. Presently, hoWeuen, some Amportant construction 445 under-
way: two highways, Cuiaba (Mato Grosso) - Ponto Velho (Rondonia)l,
Cuiaba - Santanem (Para), and one railway in the state o4 Mara-
nhao, with 900 kiLometens, to senve the export of minernals from
Project Carajas, undoubtedly bringing a new impulse to agricul-
tunal activity Ain the anrea.

With nespect to Ainstitutional support forn the agricul-
tural secton, a few comments can be made. The f§inst one will be
about the ongandization of senvices and the formuldtion of agri-
cultunal policy at the federal Level. Probably somewhat difgerent
grom othen countries, e.g. Argentina, the Brazilian Ministrny of
Agrnicultune 4is at the same Level as othen ones, particularny those
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involved in economic decision-making (Treasury  and Planning
Ministnies). However, as past expeniencé hablindicated, in
mattens whehre agn&cdztunaz poﬁicie& nelate closely to broadexr
economic policies, much discussion goes on but, in the end,
decisions arne actually Ztaken either at Treasury on Planning, on
even by both togethen. On some occasions, this pattean of decd-
sion-making has caused political "nodlses" and strong reactions
gnom the Leadenship of the agricultural secton.

In spite 04 those problems, it is quite difficult %o
imagine a differnent type o4 decision-making, particularly one
whenre majon policy deeoisions nelated to agriculture would be
taken by the Ministrny of Agrnicultune, viewed as a pofitical onr-
ganization to represent and defend the producens' Ainterests. In
oun opindion this L8 s0 not only because of the existence 04 a
broaden development strategy for the country, but also because
0f the distributive implications, mainfy when consumens are
taken into account, of policy decisdions related to agrniculiture.
In addition, there are also the shont-run implications of such
decisions fon monetary, crnedit, fiscal and other macro-economic
policies. A few data will {LRustrate our point about distributive
Amplications o4 agricultural policies. Durning 1974/75 the shane
0f food Lin total family expenses were as follows: for the expen-
diture class below two minimum—wageé(l), 50.9% 4in the state o4
Saoc Paulo, 49.0% in Rio de Janeino, 58.5% 4in the South region
and 63.0% in the Nontheast negion; at the othern extreme, gon
gamilies with total expenditurnes above 30 mindimum-wages, such
shanes wene: 6.1% in Sao Paulo, 6.5% in Rio de Janeino and 5.6%

Ain the South negion(z).

The concentration of power overn economic  decision-
-making in the Treasury and PLanning mindistries L5 most clean 4in
creddit, price support and commernclLal policies. Formally,decisions
nelated to these arneas anrne taken by the National Monetany

(1) In decemben, 1984, the minimum-wage in Brazil was Cn$ 166.560.

(2) In the Norntheast, 16.9% fon the expenditure class above seven minimum-
-wages .
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Council, a forum with nrepresentatives from several mindistries
and the paiuaie Aecton; but efpectively contnoﬂﬁed by the min-
Lstens diﬁect(g invotved with economics. Some 04 the technical
work prior to the actual decision-making 4is done by the Ministry
04 Agricultunre. 1t 44 the case, for instance, o4 the Companhia
de Financiamento da Produgao (CFP)(]) in mattens connected with
definition o4 minimum prices fdn different crnops just before the
beginning o4 every chrop yean(z), as well as the nrequdirements of
working capital forn each crop and type o4 technology. Nowadays,
the minimum prices set before planting time :are indexed to the
monthly inglation nate until Zhe beginning o4 harvest £ime, with
the objective of keeping constant theirn neal values.

At that moment, howeven, the monetary implications of
this policy of price support become very clear. Two basic Anstru-
ments exist Lo Aimplement the policy. These are the so-called
Acquisitions of Zhe Federal Government (AGF) and Loans of +the
Federnal Govennment (EGF). The 4inst one hrepresents the farmens'
night, established by Law, fo sell any quantity he wants to the
gedenal govennment, nepresented by the Companhia de Financiamen-
to da Produgao (CFP) and the Bank of Brazif, at the indexed mini-
mum price. In othern words, the federal government cannot refuse
to puchase the amounts being offered. In practice, howeven,
farmens have often faced digficulties Ain making such a trans-
action because of a Lack o4 financial nresources at the Bank o4
Brazil, nesuliting from short-run resirnictions in  monetary

policy.

The same difgiculties, probably to a highern degree,
have been faced by farmens when trying to make an EGF transaction
This is a Loan of 3 - 6 months, allowing farmens to wailit for the
best moment to sell. Herne, howevern, there L8 no Legal obligation
gon the fedenal government to actually extend the credit,as panrt
04 the price suppont mechanism. Its willingness has always

(1) Production Financing Company.

(2) The crop year goes 4rom September 142

to August 31°%.
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depended on the oven-all conditions o4 monetary policy,particu-

Lany when subsidized nates prevailed. 1t 45 not implied by these
comments that such problems with implementing AGF and EGF trans-
actions have occurnred every yean 4in the past. However, they have
occurned often enough to make the price support policy an Ainstru-
ment of Low credibility from fthe farmens' point of view.

Because of the Low effectiveness of this policy,Brazil
has not been able to form buffer stocks of sufficient size to
have an influence on price stabilization. In India, according to
Brown (1984}, grain stocks have typically ranged grom 11-15
million tons but had already reached 21-24 million Zons, befonre
coming down to 12-15 miklion tons duning the 1979/80 drought. In
Brazif, on the contrarny, it is quite unlikely that the avenrage
carry-overn held by the government of basic domestic crops has
been highen than 5 percent of the Level held by India. With This
48 mind, Lt should be no surprise that when considening 11 crops
and five difperent indicators of farmens' price Anstability gor
the pendiod 1948/76, Lt was found that fogethern with coffee, Lhe
othen five crops with highest instabilities wene domesitic (non-
-traded) (cassava, edible bean, ondons, potatoes and nice),while
the nemaining ones wenre expoated orn had prices admindisterned by

(1)

the goveanment (sugarcane) .

Within the structure of the Ministry of Agrdiculture
there ane severnal services Ain support of agricultune. Usually
the institutional ongandization o4 such senvices L5 4in the form
o4 state-owned companies, today a quite frequent arrnangement 4in
othen areas of the federal goveanment, even in some cases, at
the state Level. In agriculture, this form o4 orngandization was
instituted in the early sixties with a mindstenial rheform. At
that time two such compandies wene cheated: CIBRAZEM - Brazilian
Warehousing Company -, which was given responsibility for An-
vestment in storage as well as to make storage capacity available
to fgarmens, and COBAL - Brazilian Food Company - gdven respon-~
s4b4LALY fon Lthe distrnibution of stocks as well as special pro-
{1) For details and specific nesults,see Homem de MelLo (1979).
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grams forn food distribution mainly at urban centens.

It 48 wonth noting that during the {ifties, as a hre-
sult 04 a nepornt submitted by Klein and Saks (in 71254) and other
neponts by the foint Brazil — United States Economic and Techni-
cal Commiaaion, marketing inefficiency was considered "one of
the chief hindrances to development of Brazilian  agriculture"
(Smith, 1969). The necommendations of the Latten commission
inctuded mone Angrastructure Linvestment in transportation and
stornage, as well as more credit to farmens. As a result, Lt 45
possible to undenstand the creation o4 CIBRAZEM and COBAL in the
early sixties as an effornt of the Brazilian government Lo imple-
ment those necommendations. Parnticulany in the case o0f storage
facilities, edithern through the dinect action of CIBRAZEM ox by
special credit programs to increase capacity Lin the private (on
cooperative) secton by farmens, tradens on processons,the action
04 the govennment seems Lo have been reasonably successful. Ac-
tually, despite some quality defdlciencies, most of the Centen-
-South negion 4s well-equipped Ain tenms o4 storage capacity. As
in the case of transposrtation, howevern, eithen quality orn quan-
tity problems exist in the newenr agricultural states such as Ma-
to Grosso, Goias and Maranhao.

INCRA - National Institute of Colonization and Agrarian
Refonm - has been nesponsible, until recently Ain the Ministry o4
Agriculture, and nowadays as part of the Ministny 6§ Agrarian Re-
form and Development,fon action related to Land distribution and
ownenship. Cleanly, Brazif did not have anything close to an
agrarian reform with INCRA, created in the Late sixties,on even
before Lts crneation. INCRA's work, until the second half§ of the
seventies, was concentrated in the development o4 a few coloniz-
ation projects in Zthe so-called "frontien”" states of the Centen-
-West and Nonth negions. From the Late seventies to the present,
INCRA Aintensdified Lts work mainly nelated to negularizing titles
0f Land ownenship in conflict areas Linvolving small  shane-
crnoppens, reaching a total of §00 thousand new titles .Attempts
to increase Land taxation 2o §orce Lanrge ownens Lo edthen stant
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producing or sell the Land have not brought  significant re-
AuZIA(I).

Two othen important activities are undern the dinect
coordination of the Ministry of Agriculture, agricultural re-
seanch and extension, the §inst of which will be covered in
greaten detail beginning in Zhe next chapten. In 1973, Brazil
created two state-owned compandies, to neplace the previous re-
seanch organdization in the form o4 a direct public institution:
EMBRAPA - Brazilian Company of Agricultural Researnch -, and
EMBRATER -~ Brazilian Company of Technical Assistance and Rural Extension-,
with nresponsibility, nespectively, fon rneseanch and extension
activities. The extension senvice in Brazilf was §irnst developed
in the Mindistrny of Agrniculture undern the name of Servico Fede-
nal de Fomento (Federal Extension Senvide) and Latern on as Sen-
vigo de Promocao Agropecuaria (Rural Promotion Senvice) ([Schuh
and ALves, 1971). Previously in 1945, ACAR - Credit and Runral
Assistance Association -, was created Ln the state of Minas Ge-
hais, stanting a national system which in 1956 was named ABCAR-
Brazilian Rural Credit and Technical Assistance Assocdation.ACAR
had in L%ts beginning financial suppornt from the Amendican Inter-
national Association (ATIA) and the government of the state o4
Minas Genrnais. From the eanly sixties, ABCAR recedived gfinancial
support from the gederal government.

The popularity, Lin Zhe 5iétie5; o4 the "diffusion
model" of agricultural development seems Lo have Lnfluenced
the foamulation of the strategy o4 agricultural support 4An
Brazil, as 44 Aimplied by the above brief historical review. In
addition, the detailed work of Schuh and ALves (1971) showed
that at the same time the activities nelated to agronomic ne-
search at the federal Level were deciling, beginning 4in Zhe
early pifties, support gor extensdion at that  Level was 4An-
cheasing, which was transfated into ghreaten financial outlays
gon Lt. IX 46 not Aimplied herne that public expenditure on ex-

(1) Brazil has a Land neform Law, called Estatuto da Terra (Land Statute)
since 1964. See details in Smith (1969).
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tension was unnecessary at that time in terms of transferring
new knowledge to 6anmén4 per se. Howeven, An Zhe case that the
decisdion to emphasize extensdion Ls made on the wrong assumption
that such technical knowledge already exiszts when, in fact, it
doesn't, at Least fon the majonity o4 farmens Ain thedlr specific
ecological conditions, the social rate of retuan on that invest-

ment may be quite Low.

1.2.3. Prdicding

When descnibing the mechanism of pricing Ain Brazilfian
agricultune Lt 4s useful to make the distinction between domes-
tic (non-trnaded) and expornted crnops, as well as that between
those whose prices are administerned by the fedenal government
and the othens. Begore going Ainto the more controvensial dis-
tinction — domestic versus exported crops — Lt should be men-
tioned that wheat, sugarcane and milk are +the most impornitant
agricultunal products with administered prices. Wheat has been
Amported by Brazil forn quite some Lime and An the Last few yeahrs
the shane of Ampornts in total consumption has been around 0.60-0.70. In
addition, sdince 1972, there has been a policy o4 subdizing consumens and,even

before that, there was a policy of protection fon domestic producerns (Knight,
1971). The beginning of the wheat subsidy to consumerns was more related to
anti-Ainglation policies in 1972 than to any nutritional on
distributive objectives.

Howeven the subsdidy was kept from 1972 until 1984 and
only aften Brazil's agreement with the Inteanational Monetanrny
Fund early in 1983, was an effort has been made for Lits elimin-
ation. In 1984 the subsidy had a total cost in the range 04
US$ 400-500 millions. Although bringing benefits to an impres-
s4ve numben o4 Low-income urban families it has, at the same
time, unnecessarnily favored middle and high-income ones,as well
as bringing Less benefits to rural families and to the Nontheast,
the poonest negion of the country (Homem de Melo, 1984, p.04).
In his neview of consumen food subsidies, Pinstrup-Andensen
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mentions that "a shift of existing explicit subsidies on wheat
to nice would Lowen Lincomes fto the nich, Aincrease Lncomes of the
middle-Aincome gnoub sLightly and Lowex sLightly to the poonrn"
(Pinstrup-Andensen and AlLderman, 1984f. ALthough not being an
ideal change on distaibutive grounds, Lt also shows that  the
wheat subsidy has Lts problLems.

In spite 04 the fact that wheat production in Brazil
has been protected — an import-substitution policy — since the
§ifties, at variablLe Levels overn time (Knight, 1971), imports
sXLLL nepresent a Larnge parnt of total consumption. Nowadays
prices are fixed beforne planting, although adjusted monthly by
the devaluation of the cruzelno vis-a-vis the doflLarn, and the
govexrnment buys the entine crop. Production has grown at Hrates
in the nange of 6.0-7.0 perncent, mostly due to the growth 4in
cultivated acreage Lin the states of R{io Grande do Sul, Parana
and morne necently Mato Grosso do Sul. Yield growth has been
minimum (except Ain The sixties) and production costs have been
high. Forn instance, Knight (1971) mentions the following reasons
for such a poor yield/cost pernformance: Low quality of Land,high
cost of Andustaial inputs, varieties that fall down undern high
nitrogen doses, difficult climatic conditions and insufficient
technical and scientifical support. Yields in Brazilf are nela-
tively Low and have not expernienced much growth over time. From
the eanly {Lifties to the Late seventies three year yleld averages
Ain Brazif wene Lin the range of 507-956 kg/ha, with the same avenxn-
age range in the states of Rio Grande do Sul being 432-926 kg/ha,
in Parana, 758-1,058 kg/ha and in Mato Grosso, 407-1,376 kg/ha.
Such Range yield nanges are good evidence for what Knight (1977)
called "difficult climatic conditions" for wheat production in
the country. When examining the pattenn of yield instability oven
the peniod 1967/76, we found that among 10 crops, coffee and wheat
had the highest values for the differnent indicatorns used (Homem
de Mefo, 1982). As a matten 04 4act, Knight consdidens such cli-
mactic instability the most difficult factor fon science  £o
solve, at Least unden the conditions o4 Rio Grande do Sul. Late
grosts, excess rains in centain cnitical peniods and warm spring
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gavoning the incidence of diseases, are the factors that could
not be attered with the technology available in the early
seventies. In seems that such difgiculties have acted to shift
part o4 the Brazilian wheat production to the central parnt of the
country, mostly in Lirndigated sysitems.

The system prevadlling in the case 04§ sugarcane produc-
tion 44 also one of administerned prices, which are fixed three
times a yearn (Februarny, June and Octoben) by the TAA - Sugar and
Alcohol Tnstitute - o4 the Ministry of Industrny -~and Commence.
Howeven, just as was the case when discussing the political power
04 the Mindistry of Agriculture, 4in decdding about sugar and al-
conol prices the final decision belongs to the PLanning Mindistny.
This has been much morne 30 since Brazil implemented the afcohot
production program to substitute for gasoline. With that,alcohol
price became a component o4 the country's price policy for o4l
products. While neal wheat price nemains constant over the yean
because 0§ indexation to a dollarn value, suganrcane, sugar and
alcohol prices Lose Ain neal terms duning the months they  are
fixed in nominal terms.

Anothen imporntant difference Ls that sugarn is a tradi-
tional expont crop, and all exports are made by the goveanment
through IAA(I). Although the share o4 sugarn production for the
domestic marnket goes through private compandies, Lt is at  the
gixed prices set by the government. 1& 4s Amportant to emphasdize
that this 48 not a protection scheme (except in the Nontheast),
as in wheat production, but rather a price stabilization one.
When, fon instance, during some yeans in the seventies, intenna-
tional sugar prices neached US$ 1,000 pen ton, domestic prices
to all agents involved were much Lowen than that. On the othen
hand, as nowadays, when international sugar prices are  about
US$ 100 pen ton, domestic prices are much highen. 1t seems that,
as a rnesult of such internal policy, farmens' prices have been
more siablLe than international sugar prices: fon the peniod 1967/
/76, the average pencentage deviation (from the trend Line) of

(1) For a histornical analysis of the sugar industry in Brazil, see Szmrecsanyd,
T. (1979).
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prices Ain Brazil was 9.7 percent as againsit 23.Q percent inten-
nationatly (Homem de Mefo, 1981). The same was true fon wheat:
§.0 pencent domeAticaﬂky as agadinst i4,3 peﬁcentvinzeahationazzy
for Zhe average deviation. -

Thene is a growing recognition 4in Brazil that suganr-
cane has benefited from technological innovations over  time
(Pastone et al, 1976,and Homem de MelLo, 1983). This starnted 4in
the Last centunrny with the Aimpontation of vanieties from French
Guyana and Java, as well as with the use 0§ a native vardiety
"Cristalina”. Howevern, The neseanch work was intensified after
1930 4in Campos' expernimental station (Rio de Janeiro) and  at
Campinas' Agronomic Institute (Sao Paulo). The Javanese variefdes
wene improved and othens wene developed (CB - Campos/Brazil).The
neseanch teams wene small but highly capable. In 1971, all hre-
searnch work at the federal Level was centened at PLANALSUCAR -
National Program o4 Sugarcane Breeding - an organdzation within
the Ministrny of Industry and Commence. This nesearch institution
necedved qudite Larnge additional support from the gfederal gov-
ennment and {4 today acknowlfeged as very well-developed and
competent. In addiiion, this {4 one of the few areas where the
private sectorn Ls effectively engaged in research, through the
Technological Centen of COPERSUCAR in Pinacdicaba, Sac Paulo.
COPERSUCAR 44, 4in a venry atypical manner, a cooperative of pri-
vate compandies Ain the sugan Andustry, Linvolved in agricultunral
production as well as in industrial transformation.

Howeven, the technological progress brought about by
such Long tenm emphasis on sugarcane research has been highly
concentrated in the Southean region of Brazil and particulanrny 4in
the state of Sao Paulo. The average annual rate of growth  of
sugarcane yields in Sao Paulo between 1931/80 was 1.91%, followed
by Parana with 1.64%, Peanambuco, with 1.04%, and Paraiba, with
0.24%, these Last two states 4in the Nontheast. AL Zhe nemaining
producding states had no significant changes in yields orn  had
declining nates. At the same time this unbalanced regional pat-
tenn of technological innovations was taking place 4in the sugan-
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cane sectorn in Brazil, there was a substantial shift in the ge-
ognaphicaﬁ.tocation 04 this agriculturnal activity. The mosit
dramatic one was nrepresented by the state of Sao Paulo: grom an
area share of §.94% duning 1931/33, this state passed to 21.31%
duning 1952/54, to 31.04% duning 1970/72 and to 38.28% dunring
1979/80 (Homem de MeLo, 1963). Simultaneocusly there was a sirong
decline of the Northeast's share in the fotal sugarcane anrea.

With nespect to the distinction between domesitic (non-
-thaded) and exported crops, Let us start by saying Lt has no-
thing to do with food vensus non-food. As a matten of fact, most
domestic crops 4in Brazil anre important foods for Low-Lincome gam-
{Lies, but on theoretical grounds we could very well have a
situation where a non-fgood crop was Lncluded Lin the category of
domestic goods. Trn seems Lo us quite clean now that Brazilian
agrnicultune has been forn quite some fime composed 04 two
subsectons, one being the export subsecton and the othern the
domestic one in the sense 04 being formed by non-traded goods
This distinetion L4 not based, as just sald, on consumption pat-
teans but on the natune of each manket, bedng edthern open on
closed to international transactions.

(1)

In an open agricultunal economy, prices recedved by
ganmens closely foLlLow changes in inteanational prices and 4Ln
the exchange rate, with the propern adjustments forn marketing
costs. Genernally, we might think in tenms of the expornt supply
and demand functions. On the other hand, in a closed economy the
nelevant factons gon price determination are the intennal supply
and demand functions. This Last case Ls usually a consdequence o4
the commencial policy adopted, through instruments such as
tariffs, impont Licensing and, in the extreme, Limport prohib-
Ltions, as well as unpavorable internal cost conditions vis-a-
vis Anternational ones. -Unden the assumption of a "small country'
case in international trade, there would be an Linfluence from

(1) This part is based on Homem de Melo (1283). We are Leaving aside for
neason of simplicity the case of crops with administered prices as above
descnibed.
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prices and nates of profitability of expornted crops to prices o4
domestic (non-traded) cropas, but not the nevenéé. As a nébult,we
may have a situation where internal pnice& 04 domestic CRO P
stay above fthe conneépondent extennal ones (FOB on CIF), due Zo
inadequate cost and supply behaviorn and exdstence ‘of 4Ampont
nestrictions. An Lintenmediate case L5 also possible, Zhat Lis,
intennal prices of domeéticlcnopé stay above the export price

(1)

but below Lthe Aimport one In addition, Lt may be the case
that a cnop classified as domesitic can be potentially exportable
when thenre exists a well-developed international market or a
developing one, although in the shornt-run Linternal cost condi-
tions may prevent Lt from being Aintennationally competitive.

The subsecton of exported crops 4in Brazilian agricul-
ture has Lincluded, over time, soybeans, oranges, Augan(Z), to-
bacco, cocoa, coffee, peanuts, cotton, castor beans and a few
othens of Lessen importance for the country's foredign exchange
nevenue. More necently, beef and poultry have become 04 some
rnelevance with high export growth rates. On the othen hand,zhe
domestic sub-secton has included, with some vardiations over
time, nice, edible beans, cassava, maize, potatoes, milk and
onions, most of which are Amportant foods for Low-Lncome gam-
{Lies. As we sadid above, malze, nice and cassava can be con-
sidened as potential exportables since there exdist eithern well-
-developed international mankets, as are the cases with madlze
and nice, on a developing one, in the case o4 cassava,mainly as
§eed in the European Economic Community. However, 4n varying
degrees ocven time, 4Ainteanal cost conditions have prevented a
favorable competitive position Linternationally and, as a nesult,
such crops have not been exported negularly on a significant
basis as compared to domestic production. Among the domestic
crnops fust mentioned, maize was the only one showing some
exponts, although quite {uwegularkly, between 1967/79: Durning these

(1) See the discussion about import and export points in Hinshaw (1975).

(2) A qualigication 4is made forn this product, since as discussed above, intern-
natl prices are administered by the govermment. '
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thinteen yeans, 4Ln fourn, exponts were Less than 1.2 percent of
total production, in two, they were 3.4 and 5.1 pencent, and 4in
seven, between 6.8 and 10.3 percent of domestic production.Since

1979, madze has been imported rathen than exponted(]).

When computing the natio of domestic (producens’) 2o
.average intennational esport (FAO) prices (4in cruzedinos( for Zhe
period 1948/77, the {following pictune emenges LHomem de Melo,
1983). Finst, the domestic cnops nice, edible beans, potatoes
and ondons, had price ratios above one, in many yeans above Lwo
and, occasionally, above three. Second, sugarcane, coffee and
cotton, three of oun expornted crops, had a rnegularn pattean foxr
the price natio and always with values below one. Soybeans, on
the othen hand, had most values above one during the fifties buf
consistently, below one durning the sixties and seventies. Just
about the same pattenn was obsenved forn malze and peanuts. Thinrd,
with nespect Lo wheat, an imported product but having an Limporit
substitution policy, the price ratios wenre always above one and
Ain many yeans above two. For some oé_thé products included 4in
the analysis, a downward trend secemed o exist, mainfy Ain Zthe
cases 04 wheat, peanuts, maize, potatoes and soybeans.

As a nesult of such analysis, the conclusdion, usually
presented in the economics Literature (Petenson, 1979; Alves and
Pastore, 1978), of an implicit Zaxation of agriculiture cannoi be
accepted as a general one. CLearly, some nutritionally as well
as budgetanily important foods, such as nice and edible beans,
had domestic prices in Brazil consdiderably above fthe inteanatio-
nal Level oven a Long time pendiod. Forn instance, Alves and Tedl-
xeina (1978), working with Sao Paulo's family - budget survey of
197i, have shown that nice and edible beans wene responsible gor
35% 04 the calonies and 39% 04 the proteins consumed by  Low-
-income families (up to one minimum-wage "per capita"). In teams
o4 food budget shares, nice and beans had in 1974/75 the follow-
ing Amportance: in the state o4 Sao Paulo, 27.9% for gamilies

(1) The exception was a special deal with the Soviet Union {involving an
expont o4 400 thousand tons in 1983, but immediately gollowed by Limports.
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with total expenditunres below two minimum-wages; 4in the state o4
Rio de Janedino, 21.8% below one minimum- wage; 4n the South ne-
gion, 26.6% Beﬁow one mindmum-wage; Ain the Norntheasit negLon
21.1% below one minimum-wage (32.8% when including cassava §Lowr)
(Homem de Melo, 1983).

1t should not be implied, however, that, with the evi-
dence just presented we are arguing that agricultunrne was not
taxed oven time Ain the process of Brazil's development strategy.
Aften all, a price ratio below one does not imply absence 04
taxation, although it does indicate, respecting marnketing cosits,
competitiveness in the international marnket. What seems Lo be
the problem with the angument of sevenal authors in the economics
Litenature is that explicity on implicity they assume that all
agricultune was an exponrting sectohr, failing to see Lt as a
segmented one, that is, gonmed by both domestic and exponrting
subsectons. A necent and comprehensive neview by the Food and
Agrniculture Orngandzation (FAO, 1983), basdically with the same
(1), shows that forn  some
crnops An centain countries duning the seventies the situation

methodology employed in our analysis

was similarn to that of Brazil, 4in the sense of having price
ratios (domestic/Ainternational) above one. A gew examples will
suffice: maize, in Colombia, Egypt, Ghana, Morrocco,Philippines
and Venezuela; potatoes, 4in Venezuéﬂa; nice, in Sri Lanka, Co-
Lombia, Republic o4 Korea, Nigenia, Philippines and Venezuela;
songhum, in Venezuela; wheat, in ALgenia, Bangladesh, Brazil,
Egypt, Mornocco, Peru, Sudan and Turkey. Variations of the price

natios overn the yeans, as expected, were also obéenved(z)

14§ we accept this evdidence, that 44, a pant of the

Brazilian as well as the world agricultunrne 4Ls "Aemi-open"(3)

(1) The majon noticeable digference is that in FAQ's astudy producens' prices
are compared with border prices (CIF and FOB).

(2) The nesults for nice in Brazil are quite different in our study and FAQ's.
Our price natios weneléohxgh that we do not think taking CIF prnices nathen
than average export price would explain the discrepancy.

(3) The term "semi- -open” is afso used by Myint in a manner quite A&m&ﬂan to
ours, although Lin a different context.See Myint (1975).
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to intennational trade and not entinely open as usually assumed,
Lt becomes nelevant to analyse how the process o4 technological
innovations can afgect nesource use among the subsectors domes-
tic and traded. Let us stant by assuming a strong bias favoring
technological Ainnovations An the traded (exponted, mainly) sub-
secton. Such Ainnovations would provide the necessary conditions
forn altening the output mix through changing farmens' expected
netunns from avadllable cptions. Finst, we will see the argument
in genenral. A Likely ouftcome L5 one in which resounrces anre
trhans fered grom one set of activities to anothen 5auoned by
technological change, as such new technological options become
digfgused and available. 14 the total cultivated acreage could
increase, Ancorporating new Lands, the expansion may be predomi-
nantly oriented towards those crops favored by Lnnovations.

Relevant factons influencing such an outcome are the
type 0§ technological innovation, market conditions and possi-
bility of gactor substitution. Herne we want  tv discuss the
effects of Land-saving Ainnovations, the so-called bio chemicaﬁi’?
These Annovations arise through the work of selection and va-
nietal Amprovement, Lincluding a greaten response to fentilizen
application. In addition, they result in Larnger ydlelds, cause
practically no change in the final product and reduce production
costs (Kuznets, 1972).

WLth nespect to market conditions, reference L5 hene
made to price elasticity o4 demand, as particularly important
dorn a greaten genenaldity of the nesult, that is, technological
Ainnovations affecting chop mix Ln favor o4 the benegited pro-
ducts. The highen the price elasticity o4 demand, the more Like-
Ly 45 the occurnnence o4 such a result. This conclusion can be
obtained from Castro (1974), who developed a model forn analysing
distrnibutive questions, with a two-stage production function and
foun factorns: Land and Land-saving capital (bio chemicals)on the
one hand, and Labon and Labonr-saving capital (machineny) on the

(1) Forn a discussion of types of innovation, see Hayami, Y. and V.W. Ruttan
(1971).
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other, with a high degree of substitution in each stage but with
Low substitution between the two stages. Working with constant
prices forn all four factonrs, Castnro showed that the demand for

Land would inchease Lg Syn + S 6>6,, where S cornesponds to

facton shanres 0§ the aggregate AathnA (Land plus bio chemicals;
Laborn pLus machinery), n to the price-elasticity of demand, 6 to
the elasticity of substitution between the two subfunctions and
61 %o the same parnameten in the Land subfunction (Land and bio

)(1)‘

chemicals

Now, L4 we intrhoduce the case o4 a "semi-open" economy
— trnaded and domestic goods — the pictunre described becomes
clearen. Some of the necent Literatune neflects an 4Lncreasing
necognition of the possibility of such circunstances. Forn An-
stance, Abbott (1979) mentions the case Lin which self-sufficiency
48 a national policy adm and the goveanment allfows consumption
to increase on to decline with the Level of domestic production.
In addition, Castro and Schuh (1977) indicate that the choice o4
products is Ampontant for the determination of beneficiaries grom
agricultural nesearch, because of the difgerent demand price-
-efasticities, according to the market being open or closed %o
international thransactions.

With such a sdtuation in mind, we can analyze the
Aimplications forn the production and consumplion sdides o4 the
economy resulting from a process of technological change biased,
in a centadin time pendiod, towarnds one or more of the exported
crnops. 1§ we considen the case of Land-saving biochemicals, the
individual manginal cost curves and the marnket supply curve
would shift to the night. With a perfectly elastic export demand,
the cultivated acnreage o4 the crop in question would increase,
with all these effects occurrning with a constant product price.
This nepresents the specific case where all dinect benefdits grom
zechnoﬂagicatichange arne appropriated by domestic  producens
(Schuh, 1276), anﬂudihg Aincrneases Ain Land prices, mainly con-
sddening the Location-specific nature of research nesults.

(1) See, also, De Janvny, A. (1977).
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When total acreage L4 fixed, the change in  the ex-
pected nrate of retunrn 56@ the exponted crop (on crops) benefited
by Lnnovationé,‘wouﬂd Lead to the attractions dé,nebounceé pre-
viously employed in the domesitic subsectorn (possibly, also, from
exportables not benefited) and, conbequently, the nelative
prices of domestic crops would Lncrease. This would continue
until a new ewudllibrium nelative price 44 attained, always as-
suming no change in the factonb which brought the domestic sub-
secton into existence. In othern wonds, the composition o4 out-
put would be affected in favorn 0§ the exportables benefited by
technological change. A second possibility, already mentioned,Lis
when total cultivated acreage can inchease. In such a case, the
process of acreage growth would tend to be directed towards zthe
gavored crops, in addition to the effect in rnegions already
under cultivation. In those cases whenre the Linnovations are
specipic to a centain agricultural negion of the country, the
ungavoned negions could show an Lincrnease Ln the production o4
domestic crops (because of highen nelative prices) — by assump-
tion, crnops not benegited by technological innovations —,parntly
compensating the production fall in the formen negion.The Am-
porntant point to emphasdize is that, as a nesult of such a pat-
tenn of innovation, prices of domestic crops internally may stay
above the international ones orn the difference may even be
Aincreased.

Funtheamone, L4 the so0-called domestic crops Lnclude
Ampontant foods, Lin tenms of budget shares of Low-Lincome fam-
ilies, as shown to be the case forn Brazil, the increase in rela-
tive prices, following the contemplated change in growth nates,
would be Like a tax with regressive Aincidence. As a result, the
unbalanced nature of the process of technological change among
crnops with differnent manket charactenistics, could bring a
wornsening of Ancome distribution (from the expenditure  sdide)
(Wikkianson, 1977). For that scenarnio, it is necessary that we
maintain the assumption of no changes Lin commencial policy on,
altenrnatively, that the international manrnket, at Least fonr
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centain commodities, 448 not a supplien able to complement domes-
tic production. In addition, as meoaiant intenrmediate - case
shoutd be mentioned: intennal prices of domestic crops stay
above the export prices but below the impornt ones. In such a
case, the product would not be expornted on imponted.

The nemainden of this section will examine Zhe evi-
dence concenning agricultural technologies oniginating from gfed-
enal and state Ainstitutions until zthe early Aeventieé(]). Aften
that time, changes in policy have brought a greaten emphasdis on
neseanch Anvestments, mainly at the federnal Level, through
EMBRAPA, with nreseanch centrnes in several states. With nrespect
to the development o4 neseanch at the gedenal Level, after a
short pendiod in which several experimental centens wene budllt
and nesearch conducted, there was a substantial decline 4An
ginancial support beginning Ain the fifties. This and the  Low
quality o4 the stafd were the factors explaining the problems
detected by Schuh and Alves (1971): Lack 0§ contact between
neseanchens and farmens, nepetitive experiments, no clear cAi-
tendia forn the chodice o4 products and Low emphasis on basic nre-
seanch. Most expeniments wene stnictly nroutine, involving only
comparisdon of varieties and ferntilizern rhesponse.

At the state Level o4 support, Pastore et af (1974)
Andicated only a {§ew, Sac Paulo, Minas Gerais and
Rio Grande do Sul, as having created and maintained reseanch
centens Ain the Last 100 yearns. Howevenr, only Sao Paulo's expeni-
ence had a greatern success. In tenms of effective nesults, the
nepont of a Commission of the federal goveanment in the early
seventies indicated the following crops and Locations  showed
significant developmenits Ain terms of highen yielding varieties:
wheat in Rio Grande do Sul, sugarcane in Rio de Janeino,as well
as coffee, cotton, citrus and maize An the state of Saoc Paulo
(Paiva et al, 1973). Othern nreseanchens identified meodtant ne-
sults fon coffee and cotton in Sao Paulo and sugarcane in Rio de

(1) This part of the papen draws heavily from Homem de Melo (1983).
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Janeino and Sao Paulo duning the fonties. ALso, Fundagao Cangill
(1977) neponted Aignigicdnt me&ouehentb.gon Aoybeané,beginhing
in Sdo Paulo and Later on going-to Rio Grande do Sul (in  the
sixties) . |

As a nresult of this evidence, Lt seems that the claim
that appropriate technologies werne availfable in Brazilian aghi-
culturne Ain the gfifties, s to say the Least, an exagerated one.
A few neasons justify this conclusion. Finst, of the crops with
significant vanietal improvemernts, only maize can be considened
an important domestic product (only Lanegulany exponted), the
nemaining ones being alneady exponted, non-food on, even, an
Amponted product (wheat). Secondly, although some of the tech-
nological developments occurned before or durning the fLfties,
these wene extremely Localized in tenms o4 influence, mainly
coverning the Southern negion of Brazdil. On this, we will simply
necall the angument o4 Peanin and Winkelman (1976), that is,the
need fon technological developments which increase yields foxr
specific agro-climatic environments. Finally, with the exception
04 sugancane in Rio de Janeino and wheat in Rio Grande do Suf,
thene 45 no evidence of contributions exclusively from the fed-
ernally supported nesearch centens. On the contranry, the evidence
indicates the greaten importance of reseanch supported by the
state o4 Sao Paulo, for exporntables as well as {forn domestic
crops (Silva et al, 1979). Only in the seventies was this situ-
ation nevensed.

When analysing the nesearch results obtained by Cam-
pinas' Agronomic Institute (IAC), the mosit developed nesearch
centen in Brazil before the creation of the EMBRAPA's system 4An
the eanly seventies, we neached the conclusion that they were in
accordance with the mechanism of induced innovation in Zthe
public sectonrn, since therne appearns to have exdisted a close asso-
clation between the state of Sao Paulo's crhop mix and neseairch
nesults (Homem de Melo, 1978). In this sense, Sao Paulo's ne-
searnch Lnvestment oven time was mositly dinected 2o what was
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Amporntant to faamens Ln the Atate(]l.

When comparing the product mix (by value] in Sao Pau-
Lo's agrniculitune pneﬁaiﬂing 5ndm the Late fonties to the mid-
-fLi§ties, and the dndening of crnops in teams of numbern of pub-
Lications grom 1949/1964, there appeared a nreasonable agreement
fon the nanhb(z).
cofgee, cotton, rice, maize and sugarcane, whife the five with

The five most impontant cnops, Lin onden, wene

more publications werne coffee, potatoes, mayze, cotiton and
suganrcane. The greatest deviation seems to be nice, followed by
potatoes. The Lowest give Ln value werne potatoe&, edible beans,
peanuts, cassava and soybeans, while the Lowest five Lin publdi-
cations wene peanuts, soybeans, edible beans, nice and cassava.
The most impontant deviation henre appears to be soybeans.

In addition, Lt is useful to necall that Guttman(197§)
presented and tested a model cof the demand for public goods %o
explain diffenences Lin public allocations to agricultural re-
search in the United States based on farmens as intenest groups.
In Brazif, Pastorne et af (1976) have also argued that agricul-
tural neseanrch is nesponsive to the nature of the product in
thrnee cases: when the crop 44 geoghaphically concentrated, when
it can be indusirialized and when ftechnology transfen grnom
abroad is feasible. In the Brazilian case, the nresults obtained
by the authons showed that the f§inst factor was most important
don coffee, while the two other ones werne more signigicant fon
cotton and sugar. ARso, forn these three crops, the existence of
a well develfoped intennational marnket has been posiftive factoxn
in stimulating neseanch effont. On the othen hand, for ndice and
edible beans those gactons were not present in the same degree
o4 Amportance.

For piaducta already present Lin Brazil's expornt Liskt
in - the fornties and fifties, the new technologies mostly bene-

(1) For the theoretical reasoning, see Biswanger H.P. (1977]).
(2) The nank cornelation coegficient was significant at 5 percent.



-36-

g§ited farmens because of the high price-demand elasticities they
wene 5ac£ng{ This would be a powe@ﬂdﬂ,incént&ue'ﬁon garmens and
ihéin aAAacZatLonA to press the bubﬂic secton £0 cdntihueiinveéi~
Aing in new pnoducté??)technoﬂogiebf This, we believe, would be
the emphasis on coffee, besides Lits importance as a crop in Zthe
state, 44 Zhe fact Zhat on the fornties the federal government
stanted the explicit taxation of coffee exports. As a result,new
technologies would be a compensating facton .

the cases of cotiton and sugarcane. A factorn that might explain

Fon the othen crnops, the sdituation seems to be much
morne complex. For Ainstance, the possibility of bringing the pro-
duct Zo the exportables category and, as a result, generating
benefits forn Sao Paulo's producers, might help explain research
efpont fon madize, soybeans and peanutb(3). ALso, the possibility
04 technology transfens grom abroad might have acted as a facili-
tating factorn forn centain crnops. That Ls, this transfern would be
expected to Lowenr the cosit of doing nresearch for centadn commod-
Lties. Pastone et al (1976) mention cotion, sugarcane and mailze
{hybrid seeds) as benefiting from such a transfern. When examinding
Revista Bragantia, the scientific journal of Campinas' Agronomic
Tnstitute, Lt appears that soybeans, with Amendican vardieties
(Fundagao Cangitf, 1977), and potatoes, with European ones, 4%
An this case., As a nesult, the domestic crnops mainly ediblé beans,
nice and cassava, with fewen export possibilities and/on no
knowledge transfer grom abroad, besides beding Less impontant in
the state's product mix, were Less contemplated by Sao Paulo's
neseanch effornt.

In conclusion, it could be said that Sao Paulo's rne-
seanch progham appears to have been mostly concentrated during

(1)(The %otton neseanch program L8 well documented by Ayer, H.W. and G.E.Schuh
1972 ). ' ' '

(2) A compensating factor of this nature is mentioned by Scobie, G.M. (1979).

(3) The case 04 nice in Colombia where the prospect of exporting was an Lncen-
tive fonr famens fo support a neseanch progrnam is mentioned by Scobde
(1979). '
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1941/74 in coffee, cotton, sugarcane, potatoes, and malze. Thene
was an Lintermediate degree of egﬁont on peanuts, soybeans and;
perhaps, edible beans, with thévquaziﬂication that for this Last
crnop Lt was much more routine as well as nrecent research.Finally,
the Lowest emphasdis was on ndlce and cassava, two of the food
products forn the domestic marnket. 14§ we add to the previous in-
formation that, at the {federal Revel, significant rnesulits wene
obtained only for wheat and soybeans in Ri{o Grande do Sul and
sugarcane 4n Rio de Janediro, we have completed the plcture 4An
teams o4 availability of new technologies in Brazilian aghrlcul-
turne. Even with the Limited numben of crops being analysed,this
L4 a hetenogeneous pictunre and Lt should help explain the behav-
Lon 0f domestic-Aintennational price ratios as earlien discussed.

In addition, it 48 useful to check to what extent the
obsenved technological developments werne reflected Lin highen
yields. 1t seems that generation of new fechnologies in Brazil
was concentrated in the Southean states, mainly Saoc Paulo, and
on centain crops. In would be expected, however, that, even
taking into account the Location-specific nature 0§ crop tech-
nofogies of the biological type, states close to Sao Paulo,such
as Minas Genais, Parana and Goias, would also benefit, although
probably not to the same extent as farmens Localized there.

ALthough usding growth rates in yields as an indicator
04 the occurrence {and adoptioh)'oé bioLogical-chemical technol-
ogical developments, At should be emphasized that it is not a
pergect one. Yields pen hectare are also ingluenced by othexn
gactons, such as 504l fentility, climate, and product and factor
prices. Table 1 shows, forn eleven crops and fourn ten-yean perd-
ods, the nates of yield growth for those states wherne they were
above 2 pencent pen year, as well as the observed rates fon
Brazdil. ALthough this cutting-off point Lis arbitrary, Lt L4 suf-
g§iciently high to provide quite a Large number of occurrences.
Looking at these states with annual rates of growth above 2°
percent, and the nrespective time perndiods, Lt 45 possible to get
a betten picture o4 technological developments:
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TABLE 1

RATES OF GROWTH IN VIELDS, 11 CROPS, BRAZIL AND SELECTED STATES(”, DECADES

-CROP 1940/49 1950/59 1960769 1967/76
COTTON BR = -5.99 PR = 6.39 G0 = 6.11 GO = 7.42
SP e 491, BR=-1.69 PR = 2.54
BR = 1.07 SP = 2068,
BR - -1.24
PEANUTS MT = 5.79 PR« 5.35, SP. 2,55,
PR = 2.22 BR = -1.64 BR = 1.17
SP = 3.93
- BR = 3.55
RICE BR - -0.62'8)  gR - -0.42!2)  gr . -1.58 PR = 5.59 .,
BR = -0.30
corree'3) MG = 5.48 ES = 3.17 B - 0.15'% sp - 7.55 )
PR = 4.74, SP< 1.22 BR = 3.41
BR = 0.62 BR = 1.23
‘SUGARCANE CE = 3.80 BR = 0.71 BA = 2.26 BR = 0.70
P = 5.70,, : MG = 2.05
BR = -0.11 BR = 0.90
EDIBLE BEANS  SC = 3.26 BA = 4.61 BR = -0.32'Y) BR - -3.72
SP = 5.9 BR = -0.22
BR - -2.90
MANIOC RGS= 7.77 BR = 0.248)  pE - 235 BR = -2.44
SP= 9.2, SC - 3.88
BR = 0.48 BR = 1.28
CORN MG = 319, BR - 20.04'2 g - 0.42'" g0 - 2.42
BR = -0.29 MT = 2.44
PR - 3.54
SP - 2.21
BR = 1.65
POTATOES SP = 4.82 SP - 3.68 MG = 3.20 MG = 3.02
BR = -3.69 BR = 1.5 PR = 7.06 RGS= 3.06
SC = 9.93 SP = 5.69
BR - 2.75 BR = 3.53
soveeans 3! PR - 10.03, BR - AL S Y)
BR = -1.82 RGS= 5.51
SP - 4.78
BR - 6.16
WHEAT R = 1.76'%) Br - -0.41'?) - 2.29 BR = -0.33/%)
RGS= 5.96
BR = 4.80

{1) The states' abbreviations arne: PR-Parana, SP-Sao Paulo, GO-Goias ,MT-Mato
Grosso, MG-Minas Gerals, ES-Esplnito Santo, CE-Ceara, BA-Bahia, SC-Santa
Catarina, RGS-Rio Grande do Sul, PE-Pernambucn,

{2) Not significantly difgerent grom zeno at 5 percent.

{3) Cofgee, 1967/75, Soybeans, 1952/59.

Sounce: Basic data, Fundacdo Instituto Brasileino de Geografia e Estatistica
(FIBGE).
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- Cotton: Sao Paulo and Parana in the fifties, reach-
ing Goias in the sixties and continuéﬁg in all three neanbg states
duning 1967/76. This appears Zo be a case o4 techﬁokogicdﬁ trhans-
fer grom Sao Paulo to othen neilghbonring states. Ayer and Schuh
(1972) mentioned that the new Aeedbbdeveﬂoped in Sao Paulo were
adaptable to Goias, and Minas Geradls. |

- Peanuts: Sdo Paulo, Parana and Mato Grosso in the
fifties, Parana in the sixties and Sdo Paufo during 1967/76. The
occurnence in the fifties L4 in agreement with the concentration
0f neseanch nesults at that time, a good part of which were on
varietal improvement. Transfern of technology to nedlghbonring
states also appears Lo have happened. |

- Rice: Parana during 1967/76. 1t is not possible to
nelate this to technological developments.

- Coffee: Minas Gerais and Parana in the fornties, Sao
Paulo and Espinito Santo in the f§ifties and Sao Paulo dunding
1967/75. The concentration of research rnesults in Sao Paulo was
drom the Late fonties to early sixties. The occurrence o4 those
two states An the forties might be nrelated fo s0ils of highen
natural gertility.

- Sugarcane: Sao Paulo and Ceara in the fonties, as
well as Minas Gerais and Bahia in the sixties. Fon Ceanrna,a Nornth-
eastenn state, there 48 no evidence of technological developments,
but forn Sao Paulo thene 4is, as previously mentioned. ALso the
detected concentration o4 nesearch results in Sao Paulo from the
Late 4ifties to the Rate sixties appearns to have had no majon
impact on ydelds up to the mid-seventies {(Homem de Melo, 1983).

- Edible Beans: Sac Paulo and Santa Catarina in ZLhe
fornties and Bahia in the f§igties. There 45 no evidences to relate

these occurnences to technological developments.

- Cassava: SAo Paulo and Rio Grande do Suf in the fon-
ties, as well as Pernambuco and Santa Catarina Lin the sixties. In
both periods, the states werne relatively distant geoghraphically
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and, also, there 48 no documented evidence o4 <technological

change.

- Maize: Minas Gernais 4in the fornties. Aften that, not
until 1967/76 wene thene signs of growth in yields in Sdo Paulo,
Goias, Panana and Mato Grosso. The concentration in nresearch re-
sults was fgrom the Late fifties to the earnly sixties, including
the development of new hybnid seeds. From that peniod %o the
present, new hybrids came out o4 Campinas' Institute (Homem de
Melo, 1977). The peniod 1967/76 may mank the beginning of Lech-
nofogical progress l(and adoption) in maize production 4in the
Centen-South negion of Brazil.

- Potatoes: Sao Paulo in the fonties and fifties; Mi-
nas Genais, Parana and Santa Catarina Ain the sixties, and Minas
Geradis, RL0 Grande do Sul as welflf as Sao Paulo, duning 1967/76.
This 448 the case with the Langest numben of states, all of them
nelatively close geographically, and with the highest rates of
growth in yields. The concentration o4 nesearch resulits was from
the Late fonties to the Late sixties, which codlncides with Zzhe
pattern of yield gorwth Ain Southern Brazil.

- Soybeans: Parana in the fifties; aftern that, not -
until 1967/76 was there considerable yield growth in Parana, Rio
Grande do Suf and Sao Paulo. The nesearch record forn this crop
shows that the work starnted in 1939 4in Campinas, with Amernican
varnieties (Fundacao Cangdill, 1977). The Lineage L-326 obitained
An 1958 was taken to Rio Grande do Sul where, 4n 1963, it became,
aften funthen work, known as Santa Rosa and commercially avail-
able. Anothern varniety, Handee, 0§ Amernican ornigin, was {ntroduced
in 1965, 1t appeans that these nesults affected the pattern of
yield growth in Southenn Brazif through a process of technology
trans fen.

- Wheat: Parana and Rio Grande do Sul in the sixties.
The nepont 04 a fedenal commission, above mentioned, emphasized
thibvcnop as having had significant neseanch results duning on
prion to the sixties Ain Rio Grande do Sul.
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Fom this neview, Lt appeans that technological pro-
gress, neﬁﬂeéted Ain yielda penr hectané, has occurned 5onwcentain
chpA ahd time.peniodaf cottoh, begiﬁning in thehgiﬁtiei;pednuté,
duning zthe 6&61&24; coffee, mostly in Sao Paulo during the
5&51&25 and 1967/76; sugarcane, 4in the fonties; maizé, ‘durding
1967/76; potatoes, heginning Ain the gfornties and again in 1967/76;
soybeans, durning 1967/76, and wheat, in the sixtdies.

This does not appear to be a poorn record for Brazil's
reseanch Ainstitutions as well as Lts agriculiure. But Lt centainly
is an unbalanced one in chop teams. 1t also helps to undernstand
the presence or absence 0§ the nespective product in  Brazil's
exponting List and the behavion of the price ratios (domestic-
-inteanational) overn time. Forn instance, coffee, cotton and sugan
have traditionally been exported and show price ratios below one
in almost every yean durning 1948/77. The evidence gathered foxr
technological developments, indicates substantial work on var-
Letal improvement in these cnops, mainly grom Sao Paulo's Linsti-
tutions (Campinas' Agronomic Institute). On Zhe other hand,tech-
nological improvements appear to have been important Lin makding
soybeans a negularn and expanding exported product beginning 4An
the early sixties.

Three other products experienced a declining price
natios oven 1948/77: maize, wheat and peanuts, with greatest em-
phasis on the finst. 1t is Antenrnesting to note again that maize
was exported grom the Late sdixties Lo the de-Aeventieb;azthough
in nelatively small amounts and somewhat Lnnegularly. ALso therne
A5 some evidence of technological developments for this  chrop
beginning in the Late fLifties from Campinas' Agronomic TInstitu-
tion. The same pattenn, but somewhat Less well-documented,appeans
to have happened with peanuts in the fifties. Wheat, on the othen
hand, 4is an imported product with producens' prices entirely regu-
Lated by the goveanment, which pursues an Lmport-substitution
policy as earlien described. The price ratios wene venry high
duning Zhe 5L5tié4 but have expenienced some decline in  the
sixties and seventies. The evidence on technological developments
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seems to Andicate proghesses occurning in the sixties.

Forn the domestic (non-traded] crops, the prdce ratios
werne substantially above one in the fifties and, Lin some cases,
even Lin the sixties and seventies. Forn nice and edible beans
thene is veny Little evdidence o4 technological development. The
price-ratio gor rice had values above two twice durning 1966/77
and above 1.5 <three times. For edible beans, also with no mdjon
evidence o4 new technologies, Zhere appears Lo have existed some
decline in the price natios Ain the sixties and seventies,although
gollowing a very unstable pattfern. 1t seems rnelevant to point out
that this product had the hdighest nrate of Ancrease in  interna-
tional prices duning 1966/77, of 17.0%, which should affect the
denominatorn o4 the ratio. Finally, potatoes show a declinding
price natio and also present evidence of technological develop-
ments in Sao Paulo, also reflected Lin other Southern sitates.lIn
summany, we think that the evdidence presented for an unbalanced
pattenan in the generation of new technologies of the biological
type by the public secton helps to explain the unequal pattern
of domestic-international price ratios and the segmented natune
04 Brazilian agriculture, that is, traded and non-traded (domes-
tic) goods.

1.2.4. Past and Present Perngormance

In the previous section we argued that Brazilian ag-
niculture should be Looked at as composed of domestic . {non-
-traded) and exponted subsectons, forming what has been catlled
a "semi-open" agricultural economy. ALso we argued that, in such
a cirncunstance, an unbalanced pattenn of +technological change,
in the sense o0f most benefiting the crops in the exported (on
expontable) subsectorn, could nesult in changes in the crop mix.
Oun conclusion was that the pattenn of technological change 4in
Brazil was actually an unbafanced one, in crops as well as 4Ln
negional temms. That is, exponrted crops and the Southern negdion
of the countny have had more technological change than domestic
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cnops and the Nontheast negion.

The Lanrgest production ghowth in Brazil §rom Zhe early
sixties to the Late seventies was in Aogbeans, which became 4n
this peniod veny Amporntant for the country's foreign exchange
nevenue. Due to the size of such production growth, this part of
the papern will analyze £t in greaten detail. AL the same tdime
data willf be provided to help understand the pernformance o4 Bra-
zilian agricultune on an individual crop basis, as well as how
the growth in soybean production has affected pergormance of
othen cnops, panticularny domestic food crops. More specifically,
we Lintend to show that one of the main reasons for the tremendous
growth in the production of soybeans, since the early sixties, has
been the development of technological innovations oceuning 4An

Southenn Bnaziﬂ(’).

In addition, we will show that such growth
nesulted in significant changes in the composition of output
{against domestic-good crnops), nesulting Ain an Ainadequate rate 0§
output growth. Finally, we aitempt Zo show the effects of such
changes in the Andex of food prices for families at different in-

come Levels.

1t should be noted, howevern, that by focusing on these
aspects of technological innovation we are not saying that Brazil
has not benefited from technological innovation Lin soybeans. The
most impontant way, Ain ourn vdiew, was to make possible a strongen
expont penformance, today of great importance with nespect to the
Brazilian extennal debt crisdis. We want also to call attention fo
the fact that technological Ainnovation An soybeans was one 0f
three main factons favorning exports in Brazil since the mid-s4ix-
ties. The othen two wenre: a) the introduction, in 1968, of Zzhe
system of exchange mini-devaluations, and b) a favorable period
04 intennational prices, mainly during the §irst halg 04 the
seventies. Consequently, the evidence of changes in crop mix and
nesulting price effects,presented below, must be undenstood as
the joint nesult of 1zhe above forces, and not just from Zech-

(1) The following draws heavily fgrom Homem de Melo, F., (19&4).
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nofogical change in soybean p@oductiont We hope to show, howeven,
that this Last facton 44 o4 great imporntance Ln explaining Zhe
change in crop mix that began in the second part of the sixtdies.

Soybeans, in Brazdil, nepresent the most necent example
04 a Large expansion Ln acreage duﬁing a shornt time internval and
in a Rimited geographic area. In 1960, total soybean acreage was
177 thousand hectares, with 159 thousand Ain the state 04 RLO
Grande do Sul. By 1980, the nespective figures wenre §.965 million
and 3.988 miflion. In 1980, soybean expornts wene US$ 2.5 billions,
about 12 pencent of Brazil's total. Durning the sixties,the annual
nate of growth o4 soybean acreage was 16.3 perncent and, 4in the
seventies, 20.7 perncent. The increase in international prices
stanted An 1971-72 and neached maximim Levels 4An 1973 and 1974.
In 1972, total soybean acreage alnready was at 2.292 million hec-
tanes. Centainly, the favorable perniod of international prices
duning the eanly seventies made a positive contrnibution to the
growth of acreage. However, this was not be the principal facton
behind the commencement of soybean expansion in Brazil, since
duning the sixties pnrnices remained practically constant in nom-
inal terms. In addition, Lt should be noted that several commodi-
ties had price increases dunding cerntain yeans in the seventdies,
but none 0§ them expenienced an area expansion comparable to that
04 so0ybeans.

Table 2 shows a summary of the aghonomic research for
soybeans Ain Brazil, in terms o4 new vardieties, the time of thein
introduction and the impact in actual yields. Two of these van-
Leties — Santa Rosa and Hardee — wene very imporntant for the
expansdion of soybeans duning the Late sixties and early seventies.
The former, as already mentioned, oniginated 4in Campinas'
Agronomic Institute (Sao Paulo), beginning with the introduction
04 Amenican varieties and, Later on, the development of Lineage
L-326 4in 1958.A1n the mid sixties it hecame commercdially available
in Rio Grande do Suf unden the name 0§ Santa RoAa; The vardiety
Hardee, dzéo'oé Amenicanldnégin, was researched and adapted at
CaManaA aften 1965. Such facts, again, neveal the meoﬁtance 04
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TABLE 2

TIME OF INTRODUCTION AND ADOPTION OF NEW SOYBEANS VARIETIES
IN BRAZIL AND EFFECTS IN VYIELDS

AVERAGE YIELD

PERIOD NEW VARTETIES
BRAZIL (Kg/Ha)

1960 - Amanezd comum, Abunra, Peticano e Mo-
glana. 4

1960-68 1,060 HilL, Hood, Majos,  Bienvitle e
Hampton.

1969-74 1,394 Bragg, Davis, Hanrndee, Santa Rosa,Del-

: ta, Campos Gerais, 1AC-2, Vigoja e

Minedinra.

1975-580 1,541 1AS-4, 1AS-5, Planatlto, Prata,Perola,
BR-1, Parana, Bossien, Santana, Sac
Luls, TAC-4 e UFV-T,

19680 1,740 BR-2, BR-3, BR-4, Tvai, Vila Rica,

Uniao, Cobb, Lancer, CO0-136, IAC-5,
TAC-6, TIAC-7, UFV-2, UFV-3, Cristali-
na ¢ Dokko.

Souwrce: M. Kaster and E.R. Bonato, "Contribuicao das Ciéncias Agrarias para o
Desenvolvimento: A Pesquisa em Sofa", Revista de Economia Rural &4
(1980): 405-34,
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intennational knowledge transfern for the process of technological
change Ain Brazilian agnicuttune; mainﬂy'bg.obviating the need to
repeat neéednch completed elsewhene and 40 Leading, as in  the
case discussed by Guttman (1978), to a decline 4in neseanch costs.
ALso of note 48 Zhat from the 48 vardietdies necommended for plant-
ing An 1980, 26 had oniginated in national programs and 22 came
grom the United States, half of which wenre in the foam o4 Lin-
eages (Kasten and Bonato, 1980).

Sevenral other agronomic aspects of the crop were empha-
s4zed over the yearns by the reseanrch centens: selection o4
Rhizobium's Lineages, dirnect planting, control fo weeds, diseases
and pests, density and planting time. The indications are that in
the Late seventies, soybean research was one of the most develop-
ed 4in the country. Forn instance, 4in nrecent yeans these nreseanch
centens have been Ainvolved in developing production systems for
othen negions besides Southenn Brazil, such as East and Center-
-West negdlons. In addition, "the nesearnch 4is aiming to develop
technology specdific for soybean production in regions with Lati-
tudes below 15¢ S. The prospects fon obtaining varieties specdfi-
cally adapted to Lowen Latitudes, as well for knowledge about chop
management are excellent, and new in the world" {(Kaster and Bo-
nato, 1980, p. 432). Several new varieties developed from  the
Late seventdies Lo the present (Tropical, Savana, Crnistatlina, Ca-
nafas) for the Centen-West and Norntheast rnegions of Brazil con-
ginm that prediction. 1t should be noted that dunring 1967/76
(Table 1), the average annual rate of growth o4 soybean yiLefds 4Ain
Brazil was 6.16 pencent (5.51 perncent in the state An Rio Grande
do Sul, 6.52 pencent in Parana and 4.78 penrcent in Sao Paulo), a
nate well above those obsenved forn othen crops, edithen exported
on domestdic.

Table 3, on the othen hand, shows the rates of growth
in production duning 1960/69, 1967/76 and 1970/79 gor gounteen
crops, among exported and domestic ones. When examinding such
data, it should be noted that from the sixties to the seventies,
Brazilian agricultuke experienced a numben o4 important changes:
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TABLE 3

ANNUAL RATES OF GROWTH OF DOMESTIC PRODUCTION, BRAZIL, 14

COMMODITIES, 1960/69, 1967/76 and 1970/79 (in %)
COMMODITIES 1960/69 1967/76 1970/79
1. Domestic

Rice 3.20 2.47 1,469
Edible Beans 5.37 -1.93 -1.90
Cassava 6.05 -1.86 -2.09
Mayze 4.74 3.55(al 7,75t
Potatoes 4.34 1.34 3.73
Ondions 3.87 4.77 9.27
2. Exponted
Soybeans 16.31 35.03 22.47
Onanges 6.01 12.73 12.57
Suganrcane 3.63 5.10 6.30
Tobacco 5.30 - 6.16
Cocoa 2.55 - 3.73
Codfee -7.10 ~6.34) 1.54@)
Peanuts 5,89 “6.80'@) -12.06
Cotton 7,511l -1.99 4.4

Source: Production data grom FIBGE-Fundagao Instituto Brasileino de
Geogragia e Estatistica.

{a): This Letten indicates the coefficient as not significantly
different grom zero at the 5% Level.
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aften a relatively uniform performance betfween crops and a
quité godd,one in "pen capiia".tenmé (Z.QIpencent- population
growth) duning the sixties, 4in the seventies the country had a

- substantial detenionration Ain the performance of domestic crops
and a gnreat expansion of cerntain exponfed ones, a process clearly
Led by soybeans. As can be seen, the wonst cases were cassava and
edible beans, with Large declines, while the production Levels o4
nice and malize stagnated duning the seventies. At the same fLime
the population was growing at an annual rate of 2.47%.

14 the f§inst five domestic-food commodities of Table 3
are aggregated Ain teams of "pen capita" calonic/proteic avall-
abiﬂity(l), the data shows an annual rate of decline, duning
1967/79, of -1,34% and -1,31% respectively. The avallability 4in
Brazil o4 rice, maize and edible beans was only very sLightly
{ncreased by imponts oven the perniod. These five domestic-food
ernops, 4in addition to cotton and pasture Land, were the agricul-
tural products most afgected by the substantial expansion 04
soybeans in Southeran Brazif (Zockun, 1980). Furnthemmorne, as ex-
pected, the substitution effect of technological change was not
Limited to domestic crops. As can be seen, cotton, an exponted
crnop, was also negatively affected in area and production.

Even when we considen othen good products, such as
sugan, wheat, meat (beeg, pork and poultry), eggs and milk,total
"pern capita" caloric/proteic avallability declined duning 1967/75
lannual nates of -0.52% and -0.62% nespectively), with a small
recovenry duning 1976/79. The Aimportance o4 wheat and sugan also
incneased oven the peniod, the formen being a traditionally 4Aim-
pornted food which had, as eanlien mentioned, a policy o4 price
subsidies fon consumens beginning Ain 1972. Duning 1970/79, zhe
growth nrate forn wheat availability was greater than that gon
domestic production, indicating a ghreaten nole of Ampornts . Without
the policy of consumption subisidies and Larngen wheat imponrts,the
(1) That is, domestic production minus exports plus imports. Use as seeds,

Losses and changes in stocks were not consddered because of Lack of annual
data. See, fon othen details, Homem de Melo, 7983.
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fall in caloric/protein availability would have been Lanrgen than
that 0b5e¢ved.

As a consequence 0§ this unbalanced performance in
teams of domestic production and avadilability of important food
products, 4t is nelevant to vernify how different classes of fam-
Ly income wene affected. To do this, the information from the
gamily budget survey (ENDEF-FIBGE)(]) carndied out 4in 1974/75,40n
the states o4 Sao Paulo, Rio de Janeirno, as well as South and
Nontheast negions werne used. Such data shows Aimportant differ-
ences Ln consumption amongst expenditure cﬂaAéeA(Z)
Forn instance, the share o4 nice and edible beans 4in total food

and negions.

expenditurne varndied between 21.1 - 27.9% 4in the  Lowest Ancome
(expenditure class) and between 3.3 - 7.2% in the highest one
jorn the foun negions. Similar behavior was obsenrved gon the
dhares of maize and its products, wheat and its products (except
An the Nontheast), tubens and noots (cassava, potatoes)and suganr.
The contrany, howeven, was seen to occur Lin the case of meat and
eggs/milk/cheese, that is, Lincreasing sharnes as Aincomes rise.
ALso, a few Aimportant digfenences could be observed in the Nonth-
east: cassava was much mone impontant in Lowen income - classes,
while wheat was more important forn highen income classes.

These strong differences in consumption  structunes
between income (expenditure) classes, as well as the distinet
behavion of physical availabilities, are good reasons dorn ex-
pecting, 4in addition, an uneven impact Ain temms 0§ prices and
neal incomes forn Brazilian families. This would occur through
changes in market prices and consequent income effects, via each
product's share in total food expenditure. After examindng Zhe
behavion of thinteen food Litems at the retail Level in Sao Paulo
during 1967/79, it was noticed that those with Langest  price
increases were cassava, edible beans, beef, pork and maize, three

(1) More details ahout the nresults that follow can be found in Homem de Melo,
1983. '

(2) Degined in terms of consumption expenditures plus taxes as well as Labon
and retinement/health contributions.
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04 them being domestic foods, oniginating in the crop sectorn,and
04 greatern importance for Lower income familfies.

In an attempt to vernify the distributive effects o4
this situation, we estimated the increase of the food price LAndex
by expenditune classes (based on ENDEF-FIBGE, 1974/75) forn Sao
Paulo, Rio de Janeino, as wellf as South and Northeast regdions
(Homem de Mefo, 1983). These indices were computed by taking the
shanes (wedights) o4 each product in total food expenditures for
the two states and two rnegions of Brazif and the obsenved prices
in Sao Paulo {(Cost of Living Index). Excepting Sao Paulo it
should be clearn that we anre only appnoxLMathg the sdituation
faced by families over different income classes.

Table 4 shows the estimated food price index only for
the Nontheast negion. The dinection o4 the change, howevern, was
the same Ain the two states and the othen rnegions analysed,showing
Langen Lincheases for the Lowern Lncome gamilies. In othen wonds,
these wene the families mositly affected by the Ltransformations
wich occunned Lin the composition of agricultural output, 4n re-
sponse to technological Lnnovations in soybeans and to changes 4in
extennal variables. (prices and exchange nate). The case of ZLhe
Norntheast negion, howeven, was the most senlous one and gor that
neason Lt 4s explicity shown in TablLe 4. Fon instance, when we
compare the Lowest and highest income classes in teams of annual
nates of growth of nominal good prices, it can be noted  that
duning 1967/79 they wene 28.6% and 26.2% respectively.

In discussing the different rnesults among states and
neglons, two main reasons should be mentioned: a) the  greaten
impontance o4 cassava and edible beans for Lowen Lncome gamilies
in the Nontheast as companred to othen hegions (26.7% against 2.4%
among the income extremes in that region, vernsus 14.2% against
1.4% in the South). These two commodities wenre the ones with the
greatest increases in rnetail prices duning 1967/79; b) the nela-
Xively Amaﬂﬂ-impontance 04 whedt in thé consumption habits 04
Lowen income families in the Nontheast (4.2% against 10.0% among
the extrnemes Lin the Noatheast, and 8.9% against 7.1% 4in the South)



TABLE 4

INDICES OF NOMINAL FOOD PRICES, EXPENDITURE CLASSES, NORTHEAST REGION, 1967/79

(1967=100)
YEARS <1.0 1.0-1.5 1.5-2.0 2.0-3.5 3.5-5.0 5.0-7.0 >7.0
1967 100 700 100 100 100 100 100
1968 126 124 123 122 122 121 120
1969 160 155 152 150 148 148 147
1970 198 191 168 185 183 181 181
1971 253 243 237 231 228 225 223
1972 319 302 291 280 275 270 268
1973 430 407 389 374 365 359 356
1974 557 533 514 49 490 483 479
1975 766 721 658 658 640 624 606
1976 1,133 1,033 970 912 §76 8§45 §17
1977 1,546 1,401 1,317 1,242 1,195 1,156 1,124
1978 2,087 1,947 1,856 1,768 1,720 1,671 1,631
1979 3,311 3,081 2,917 2,770 2,686 2,609 2,542
Annuat g 2.0 27.5 2700 26.7 26.5 26.2

Rate

Sowrce: Prnimany data, ENDEF-FIBGE (Weights) and FIPE-Fundacdo Instituto de Pesquisas Econdmicas (Prices
in Sao Paulo) as repornted in Homem de MelLo, F., O ProblLema Alimentar no Brasil..., 1983.

_[S_
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1t should be necalled that, beginning in 1972, the Brazilian
govennment subsidized wheat prices forn all conAumenA; which, 4in
the Nontheabt, had a negneAALQe incidence. Results such as those
deacnibed, particulanly 50& the Nontheaét; can aggnravate  those
obtained gdon nominal income distribution in Brazil with the
census data of 1970 and 1980, Ln the sense of greater  concen-
Arnation of the neal Lincome distribution.

Aften such an unbafanced performance — growth of ex-
pontables and "pen capita" decline in avallability of domestic
good crnops — with a veny Likely negative effect on neal Lncome
distnibution, agricultune was targeted as a sectorn with high
"priordty" Ln the overall economic strategy beginning An 1979.1n
addition, to that "prionity" a few othen factors were added, the
most impontant being the balance of payments crnisis which occun-
ned with the second 04l "shock" in that same yearn. In othen wonds,
Lt was clean that Brazdl should increase Lts exports and. dechease
Lxs Ampornts. The firnst rneal devaluation of the cruzedlho took
place in Decemben, 1979 and in July of that same year the alcohok
program, introduced to substitute gasoline in 1975, necedved a
new and Langen suppori as well as incentives to private investons.

In Table 5 we show forn 1977/84 the Aindices of "per ca-
pita" production for domestic crhops and exported ones with
sugarcane shown separately because o4 the alcohok pnognam(l).
Again, as unbalanced performance can clLearly be noticed. Finst,
the decnease, -1,94 perncent annual rate, Ain the "per capita' pro-
duction of domestic food crops (rice, edible beans, maize,cassava
and potatoes). This, we necall, happened after the decline  4in
"per capita' production of the same crops duning 1967/76 (Table
3)(2). Forn individual crnops duning 1977/84, nice, edible beans
and maize had zero rate of growth in "pen capita" production,
while cassava and potatoes had declines, -5.29 perncent and -2.27

(1] In teams of production (not availability), 1977 is the recommended yean
Lo stant the senies sdnce 1979 and 1978 had extrnemely adverse climatic
conditions .

[2) As alrneady mentioned population growth sate in Brazil was 2.9 penrcent
durning the sixties and 2.5 perncent during the seventies.
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TABLE 5

GROWTH IN "PER CAPITA" PRODUCTION OF DOMESTIC, EXPORTED
CROPS AND SUGARCANE, 1977/§4'%)

VEAR DONESTIC EXPORTED SUGARCANE
1977 100.0 100.0 100.0
1978 §6.0 §5.0 105.1
1979 §7.3 94.0 110.5
1980 90. 8 112.8 115.6
1981 90.2 110.6 115.3
1982 96.5 104.2 137.9
1983 73.6 107.2 156.4
1984 §4.9 113.3 1748
Annual Growth

{a) Production data §rom FIBGE (Brazilian Foundation §or Geography
and Statistics). Laspeyres indices, 1977 prices, population
ghowth of 2.5 perdent during 1977/80 and 2.3 percent durning
1980/84, Domestic crops: nice, maize, edible beans, cassava and
potatoes. Exported crops: cotton, peanuts, tobacco, soybeans,
oranges and cocoa. Sagnigicance tests at the 20 percent Level.
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pencent annually aeépectivetgf

Second, Tabhle 5 shows a substantial increase, 7.84 pen-
cent annually, f4on the "pern capita” production o4 sugarcane,
mostly as a result of the Aincentives gdiven by the alcohol pro-
gram. Thindly, with an intenrmediate performance, Table 5 shows
the exported crnops, with a yearnly growth nate in "pen capita"
production of 2.56 pencent(l). Such a hate 44 the nesult of the
3.40 percent annual gnowih Ain "pen capita" soybean production,
6.15 pencent in orange production and 3.07 percent Lin cocoa "pen
capita" production, although declines werne verndified for cotton,

peanuts and castor beanA(Z).

This unfavorable penformance of "pern capita" production
of domestic good crops should, in the absence o4 compensatony
opernations Ain Atocks and/orn Amports, be reglected in highern rela-
Tive prices. GLven the Aimpontance of such foods fon Low-Lncome
gamilies Ain terms o4 budget shares, this type 04 - change could
bring a wonsening of the neal income distribution. Even Ztaking
into account that othern factorns contrnibuted to highen consumens'
prices durning 1977/84, such as Lincreased 0Ll prices An 1979/80
and the nise in Linternational commodity prices An 1983, Lt seems
important to mention that the minimum-wage (in Sao Paulo, Rio de
Janeino, Minas Genadls and the Federnal Distrdict) Ain 1983, when
deflated by the index o4 consumer food prices in Rio de Janediro,
was 26 penrcent Lowern Lthan Ain 1977. In 1978 4% was 0.9 percent
highen than in 1977 and in all othen yeans it was Lowern than 4in
1977 (in the nange 5.0 - §.8 pencent). In 1982, 37 pencent of the
Brazilian economically active population — 17.8 million people —
had incomes equal to or below one minimum-wage, a number which
conginms the Amporntance o4 the distributive Lssue Ln Bndziﬁ.

(1) Including coffee, the growth rate fon exported crops was 2.53 percent.
(2) Most of the data in this part of the paper 4is grom Homem de Melo, 1984,



_55_

1.2.5. Policy Tssues

1t 45 oun opinion that one of the most ALmportant
cunnent problems in Brazilian agriculture 448 the unbalanced pat-
tern of its growth. Obviously we are not implying that this is
the only problem. From previous sections of this papern we could
mention problems nelfated to the concentration in Land ownenship,
the occupation of the frontien states, the unbalanced pattean o4
agricultunal growth in regional teams (Southern vs. Northeast
regions) and a few othens. In this section, howevern, attention
will be given to the problem 0§ unequal production growth in the
Brazilian crnop sectorn, panticulany since the country faces a se-
nious cnisis in its extennal sector.

In Brazil, 1985, we think five factors are nelevant foxr
detenmining nesounce allocation between the domestic (non-traded),
expornted and sugarcane {alcohol/gasoline) subsectorns: a) a tech-
nological disequilibrium favoring exponted crops and sugarcane as
against domestic crops; b) the exchange nrate policy since the
neal devaluation in Februany, 1983; c) the behavior of  Aintenna-
tional commodity prices; d) the future of the alcohot program; e¢)
the necession of the Brazilian economy since 19§1.

The §inst one, the technological disequilibrium, can be
charactenized by a greaten intensity in the  generation (and
adoption) of technological Linnovations for crops 4in Zthe export
subsectorn vis-a-vis the domestic one. Information has already been
given to suppont this. As a nesult, yield growth 4is higher fon
the gormen subsectonr, profitabilities are altered and  agricul-
tunal growth 4is dirnected to the exported subsecton. For instance,
even in the necent peniod of 1977/84, the following was the

annual aggnregate nrate of yield growth in Brazil: a)l exponrits
cnops lcotton, peanuts, tobacco, soybean, oranges and cocoa),4.05
percent; b) sugarcane, 2.79 percent; c) domestic crops lrdee,

edible beans, maize, cassava and potatoes), zero (4n the trend
Line). As an example of the resulting unbalanced growth, between
1977 and 1984, even with declining inteanational prices, soybean
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area grew by 2.038 million hectares in the states o4 Mato Grosso
do Sutl, Mato Grosso, Goidas and Minas Gerais, regions which — in-
clude Brazil's cennados as well as aneas bezow'JBQS, agtern the
development of thé'app¢opaiate va@ief&eé by the EMBRAPA system.

In addition, even within the domestic subsector, an
unbalanced technological situation seems to exist. 14 we go back
Lo Table 1, it can be noted that maize and pofatoes did considen-
ably better in tenms o4 yield growth than nrice, cassava and
edible beans duning 1967/76. Now, forn the peniod 1977/83  the
estimated nates o4 yield growth (three yearn moving avehrage) fon
Brazil wene: maize, 3.88%; potatoes, 3.24%; nice, 2.00%; cassava,
-1.22% and edible beans, -1.40%. The nice yield growth went from
zeno 2o 2.00% between the ftwo pendods and the rnates for maize and
potatoes remained positive with a good Aimprovement for madlze.
Later on in this papern we wiff come back Zo this mattern. ALthough
showing an improvement, mainly for maize and rice, it is quite
Likely that a disequilibrium sXLLL exists on fechnological grounds
between exported and domestic crops. 1§ this 4s s0, an imporntant
implication 4 the difficulty of nevense it im a shornt time
period, Lin spite o4 the fact that from the mid-seventies EMBRAPA
has increased research Ainvestments gforn domestic crops through the
creation o4 national researnch centres.

In the second place, the exchange rate policy followed
by Brazil Ls woath mentioning. WLth the maxidevaluation (30 pen-
cent) 04 the cruzeiro 4in February, 1983 as wellf  as the mini-
devaluations since then, 4t {s clean that the behaviorn of  the
exchange nate has favored production forn export. 1§ we take into
account Brazil's agreement with the International Monetary Fund
— devaluation equal to the monthly nate of domestic ingflation —
up to 1985, as well as the country's urgent need for a Lanrge
trade sunplus, the conclusion L5 that forn the near futunre, zhe
exchange nrate policy should continue to he one favoring agricul-
tural exponts.

In the thind place, Lt is necessary to consdiden the
recent behavion o4 "per capita" income. This Ls 40 because Lin
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1981 we had the beginning 04§ an economic recession and conse-
quantly, Zhe obsenved decline Ln Lincome ”ben capita” contributed
to a downward Ahé&t in the inteanat demand goa domestic énopé.
This 5unthe@ favons expont cnop& via the nesuliting increase 4Ln
the price-natio 05 expontabﬂéb-domaétic crnops. To give a .moire
precise Lidea 0§ the imporitance of this problem we could mention
Bacha's (1984) estimate of the average "standard" of Living 4in
1984, which was 17 percent Lower than 4in 1980. This estimate
assumes zero growth in 1984 (actually it was positive), the de-
tendioration in the teams of trade and the transferns of real
nesources to goredgnens, in addition to the 14.1 pencent decline
Ain "pen capita" GDP. The magnitude of such a 4all indicates that
in the next few yeans, even with the beginning of economic recov-
“eny, Ainternal demand may be a constraint on the expansion o4 do-
mestic crops.

In fournth place, there 4s Zhe behaviorn of inteanational
commodity prices, at Least those nelevant to Brazil's agnrnicul-
tunal exponrts. 14, in the nearn fufunre, such prices Lncrease from
the present Low Levels, the effect would be similarn to the one
caused by the exchange nate, that 4is, an increase in the nefative
exported — domestic chop price hatio with resultant changes 4in
the crop mix. With the exception of the second semesten of 1983
and the §4irst one of 1984, international commodity pnrnices have
been quite Low as compared fo the Level of 1980. Forn instance,
aften an average close to US$ 300 pen ton in the second semesten
of 1980, the soybean price was near US$ 200 in the second semesten
of 1984, World recession, high neal internest nates and the overn-
-valued dollar, somewhat related {factons, are recognized as rea-
sons forn the heavy declines An commodity prices.

Finally, the Rast nelevant vaniable is the future o4
Brazil's alcohol program. This future L5 not clean Lo us §rom
indications of rnecent governmental atitudes. The production goal
§or the crop yean 1985/86 — 10.6 biklion Literns — wilf be in
Larnge part fullfilled, and quite a few new projecits have been
§inanced since the "boom" pendiod 1979/82. From 1977/84 the suganrn-
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cane area increased at an annual rate of 7.43 perncent, while the
area with domestic and exponted cdopa nemained constant. In this
cdntext, Lt 45 not pOééibﬂe.to di&negaﬁd the competitioh gorn Land
and othen Linputs between Augancane; exported and domestic crops.
We believe there anre grounds 5on negormulating the country's
enengy policy, that L4, preventing additional expansion 04 sugar-
cane., This conclusion Ls based on the high socdial cosits of pro-
ducing alecohol in Brazif (US$ 79-91 pen barrel-equivalent in 1981)
(Homem de Melo and Pelin, 1984) and the exdistence o4 cheaper al-
tennatives (domestic oil, coal, natural gas, shale oil, conserva-
tion, improved unban and Long-distance transportaiion).

In conclusion, we befieve that one of Lthe most important
problems today for Brazil As to desdign a compensatory policy forn
the expansion of the domestic chop subsector in Light of the.
above give factons. Parnticulary Aimportant for such a policy ane
constraints due to the technological disequilibrium and the ex-
change nate policy. The formen folLows from Tthe uncertain and
Long-run nature o4 nreseanch Lnvestments. EMBRAPA has increased
such Anvestments and Lt L4 verny Amportant that they arne not dis-
continued Lin the future. The second one follows directly grom
Brazil's extennal debt and the need forn substantial increases 4in
exponts.,
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2. The National Agricultural Reseanch System (NARS)

2.1, Ovenview

In the previous chapter we mentioned that in 1973 there
was an imporant change Ain the organizaztion 0§ agricultural
neseanch in Brazil, with the creation of EMBRAPA - Brazilian
Company o4 Agricultural Research -, a state owned corporation
included Ain the Ministry of Agriculturne. Togethern with such an
onganizational change Lt seems that a majon policy change also
took place, 4in the sense that from that moment to the present,
nesearnch activities at the federal Level received a much greatexr
support than in previous perdods, such as that beginning in the
eanly gifties when nresearnch activities were declining while those
nelated to extension wenrne Lincheasing.

Agrnicultunal research in Brazil has Atypically been
concentrated An the public secton, both fedenal and state. The
parnticipation of the private secton has been quite smalf, with
the most impontant exception being maize nesearch {hybrid seeds),
with national and foredgn-owned companies. With nespect to the
development of agricultural neseanrch at the federal Level, two
periods are usually distingudshed as nepresenting difgerent
ontentations agten Wornld War 11. The f§irnst one, dating from
begore Wornld War 11 Lasted until 1971 (Schuh and ALves, 1971).
In this f4inst phase, the research organization was in the form
0f a traditional public senvice - the National Depantment of
Agrnicultural Research and Expernimentation (DNPEA) in the Ministry
0§ Agricultunre.

In this peniod, besides the Lack of a continuing effont
by the federal government, in the sense of providing agriculture
with appropriate technological Linnovations, thene also was
inadequate geographical distribution of neseanch units, as well
as the absence of proper communication between researchers and
garmens. Among the consequences, Schuh and Alves (1971) pointed
out the co-existence of a Large numben of nresearch projects wich
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parallel objectives and for products without great importance as
elther food itens on as eawens of foneign exchange. In addition,the Level o4

salanies was a Limiting facton in keeping researchers as well as for attracting

new ones.
Also, as pointedout in the previous chapter, the Aindica

tions [(Pastonre et al, 1974) anre that only a few states, such as
Sao Paulo, Rio Grande do Sul and Minas Gerais, created and were
able to sustain research institutions during the Last 100 yeanrs,
0f which onty Sao Paulo's effort had great success. Our review
in the previous chaptern confinrmed this Last point fon the cases
04 cofgee, cotton, sugarcane, oranges, maize and potatoes in Sao
Paulo. The §inst neseanch centen in the state, Campinas'Agronomic
Institute, was created Ain 1887 mainly forn cogffee rnesearch. 1%
was gollowed by the Biological Insititute, the Division  0of
Zootechonology and Animal Nutrnition and the Deparntment of Zoology,
none of the four with any dirnect relation to univensities. The
state has also gorn a Long time supported an agricultural school
Am Pirnacdicaba (ESALQ) within the Univensity o4 Sao Paulo. Othen
schools now exdist.

The Campinas' Agronomic Insititute (IAC), besdides Liits
headquantens in Campinas, had a Zotal of 16 experimental stations
Apread over most of the agricultural regionsd Ain the state. Fon
an individual state, Sao Paulo's effort was quite Ampressive,
especially when the comparison is made to that at the f4ederat
Level, Forn instance, Lin 1969 Sao Paulo's agricultural nreseanrch
system had 720 nresearchers, while the federal system (DNPEA) had
§50 fon Brazil as a whole (Padiva, 1973). This federal system
was formed by nine nregional rnesearch centerns, each one with a
netwonrk of expernimental stations. Using the numbern of nesearchens
in each centen as an index of effort, a special favorable note
could be made forn the nresearch centerns Located in Recife (Pen-
nambuco), Sete Lagoas (Minas Gerais), Rio de Janeiro (the so-
called Km 47) and Pelotas (Rio Grande do Sul). Each 0§ the nine
regional nesearch centens of DNPEA supported rnesearch An crops
dmporntant in theirn nrespective hregions which as mentioned above,
involved considerable amount of duplicated effork.
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This pattenn of agricultural research onrganization was
called "the difguse model of research" by Pastore and ALves
(1984): "the main facture 04 this model is that each reseanrch
undt thies Lo divensdify its activities, hesearching many differn-
ent products and attempting to generate a wide array of technol-
ogies". The criticism of Pastore and Alves was based on zhe
expensdiveness of such sysiem of nesearch onganization, since
only part of the new khnowledge generated was effectively trans-
gormed into new technology. The second phase in the development
04 agricultural research in Brazil, dating from 1971 to present
days, was an answen to such an inefgicient situation. In 1971 a
special commititee was appointed by ithe federal government %o
evaluate the neseanrch situation in the country, and 4An 1973
changes were formalized through the creation of EMBRAPA, which
stanted Lts operations on April 26, 1973.

2.2. Institutional Structure

" The creation of EMBRAPA, a majorn policy and organiz-
ational change in Brazilian agriculture, was a recommendation of
the special commititee appointed by the Ministern of Agriculture
an 1971, with the objective o4 evaluating the federal system of
agricultural research existent at that time. 1ts main conclusion
was the need of an unrgent reform of the reseanrnch system in the
country. Next we will be reviewing what wenre the basic prin-
ciples of the neseanrch model implemented at Zhat “time and
continuing nowadays. In the words of Pastorne and Alves, "Zhe
basic tenet of EMBRAPA .is that applied agriculitural reseanrch
should be guided by the concrete needs of the national society
as expressed in goveanment policies and in the concerns 04
garmens, extension agents, and industry. Execution of applied
nesearch directed toward immediate needs s seen as the prov-
ince of the technological nesearch institutes. More fundamental
reseanch in seen as the province of the univernsities" (Pastonre
and ALves, 1984).
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In addition to this general principle gon the reform
0§ the agriculturnal research system in Brazil, s4ix specific gud
delines were used (Pastore and Alves, 1984): a) the transfen o4
goredign technology was considered valid but with Limited Aimponrt-
ance An many Ainstances. Training abroad and Lechnical assistance
were consdidered as meontant;'b) redearnch effonits should be con-
centrated on regional projects, due Lo the scarcity of human and
ginancial resounces; c) the private sectorn should participate
in the development of mosit nesearch projects; d)thene should be
administhative §Lexibility in the hesearch system An terms o4
obtaining extra financial resources and Ain determining Zhe Level
of salanies, as well as training needs; e) a close rnelationshdip
should be established with the extension senvice and Zhe Ainput
industrny with the objective o4 Amproving the diffusion mechanism;
§) knowledge from international institutes and from othen foreign
neseanrch centens should be adapted and spread Zhroughitout the coun
trhy. Economics neseanch should also be included Ain Zhe system.

1§ we necall the deficiencies and Low productivity of
the previous research system in Brazil (DNPEA), we can have an
Lidea 04 the challenge faced by those involved in planning Zhe
ginst steps of the new system. It Ls Aimportant Zo note, again
don oun comments Laten on, that agricultunal nesearch in Brazil,
previous to EMBRAPA's creation, was almost entirnely concentrated
at Campinas' Agronomic Insiitute [TAC), a helatively Large
nesearch centern supported solely by the state of Sao Paulo.

1t Looks £ike the chalflenges as well as the difgi-
culties to be faced by the new nesearch system wene clearly
perceived by those, Like Pasitore and Alves, directly Ainvolved
on the evaluation preceding EMBRAPA and in zthe initial plannding
aften Lts gormakl creation. Forn Ainstance, those same two authonrs
emphasized that "the development of EMBRAPA .implies the concen-
thation o4 nelatively Lanrge financial and human  research re-
sounces on a Limited numben of products. The challenge  that
this model presents is that of defining priorities and nesponding
to changing circunstances" (Pastonrne and Alves, 1984, p.124).
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ALthough with quite a Large responsibility in doing
agricultural nesearch and obtaining uéé{uﬂ nesults to farmens, L%
LA-meontdnt o embhaALze that {rom the beginning EMBRAPA  was
not Aupboaed to he the only neseanch institution to coven
Brazil as a whole. The state nesearch system s24iLL had an Am-
portant place in the institutional model Aimplemented aften 1973
and EMBRAPA's nole was to develop Lt when necessanry and/on
suppornt £t. EMBRAPA had the dinrect nesponsibility for creating
and implementing commodity — orndiented national nesearch centens.
As we mentioned before, fust a few states in Brazil were able oxn
willing Lo crneate on maintain agricultural nesearch Lnstitutions,
Sao Paulo being the main exception. As a result, this part o4
EMBRAPA's work had zo stant practically from scratch and was
concentrated on training researchens fon the sevenal states as
well as providing the nespective state goveanments with assist-
ance 4in the orngandization of theilr own research corporations (Pas-
tone and Alves, 1984).

In facing the problem of establishing research prion-
L{tles An temms of products, negions and nesounce areas, EMBRAPA
came to the following decisions: wheat, sugarcane, madlze, edible
beans, soybeans, nice, nrubben, Livestock and dairy, 4in terms of
products, and "cearnados", semi-arid agricultune and humid-£ropic
aghricultunre 4in terms of resounce areas. National reseanrch centens
were chreated fon each o4 these products with the exceptions o4
sugarcane and coffee. As we mentioned in the previous chapten,
suganrcane reseanch has been, since 1971, undern the responsibildity
o4 PLANALSUCAR, as institution belonging to the Ministrny of In-
dustrny and Commence. Since this Last research centern was created
An 1971 before the organization of EMBRAPA, we can only speculate
that EMBRAPA may have had, in its beginning, the goal of Lincon-
portaing sugarcane research Ain Lis own system. Even Lf§ that 4is
thue, Zhe fact is that such Lncorporation has not occunned up to
the present. About the coffee nesearch centen, what could be
Leannt from oun visits forn this neseanch is that EMBRAPA of4ered
At to the state of Sao Paulo in collaboration with Campinas'
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Agronomic Institute, but that Lt was refused by the state gov-
ennment. Nowadays, the List of EMBRAPA's national  research
centens includes several othens not in the initiak de&inition o4
priondities, such as: cotton,véa54ava/5nuLtA, pork/poultry, palm,
goats, vegetables and agricultural chemicals forn plant diseases.
Thein Rocations are the ﬁotﬂowiﬁg:

a) Cotton: Campina Grande, Paraiba (Nontheast)

b) Rice and Beans: Goiania, Godias (Centen-West)

¢) Goats: Sobral, Ceara (Nontheast)

d) Agrnicultural Chemicals: Campinas, Saoc Paulo (South-
east)

e) Livestock: Campo Grande, Mato Grosso do Sul (Centen-
-West)

§) Dainy: Coronel Pacheco, Minas Gerais (Southeast)

g) Vegetables: Brasifia, Federnal Distrnict (Centen-Wesi)

h) Cassava/Fruits: Cruz das Almas, Bahia (Noatheasit)

£) Maize/Sorghum: Sete Lagoas, Minas Gerais (Southeasi)

§) Rubben/Palm: Manaus, Amazonas (Nonrth)

k) Soybeans: Londrnina, Parana (South)

L) Pornk/Poultrny: Concordia, Santa Catarina (South)

m) Wheat: Passo Fundo, Rio Grande do Sul (South)

n) Temperate Frudits: Pelotas, Rio Grande do Sul (South)

From this updated £ist 0§ national neseanrch centens it
can be noted that EMBRAPA's system has experdienced a substantial
expansion from Lts Aindtial List of priondity products. With Zhe
exception 04 sugarcane (coverned by PLANALSUCAR) and coffee, we
cannot think of any majorn product Lin Brazilian agricultunre that
45 not presently covenred by EMBRAPA's neseanch system. Cleanly,
this expansion of§ the nange of EMBRAPA's activities nepresents a
policy change from the eanlien ondentation: "sdince resounces ane
scarnce, AL A5 necessarny Lo LAmit the numben of production system
prototypes developed and the numben 04§ commodities neseanched.
Clearnly prionities must be established, but this means that some
gnouba oglﬁadmené may not necedve the benefilts of research” (Pas-
torne and ALves, 1984, p.125). As we will see in the next section
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EMBRAPA's budget grew consdidenrably overn the peniod 1974/82. 1%
is possible that one way EMBRAPA's administratons duning 197484
found reseanrch nresources could be increased was to increase the
numben o4 commodities having a national nesearch centen nathen
than to convince. government officials Lo raise support forn a
given numben of centens. ELiseu Alves, formen  president 04
EMBRAPA, said that "mobilizing the overnall support of soclety,
Ancluding support by special intenrest groups is the best way Lo
assune the continuous allocation of resources 2o a given activ-
Aty such as agricultural nresearnch" (ALves, 1984, p. 181). In a
nathen anticulate discussion about motivating Linvestment 4in

- aghdcultunal nesearch, Alves [(pp. 180-84) mentioned the following
steps: a) showing the need to inchease productivity; b) ongan-
Lizing a public information and education campaign; c) making
effonts to identify and neach special target groups; d) coordi-
nating efforts among various research institutions; e) using
special shiLR groups to incrhease Lnvestment in agricultural re-
seanch, and §) training research workens in communicating with
the general public.

From the £ist presented above of EMBRAPA's national
reseanch centens, 4t can be noted that some 04§ them covexr com-
modities in the CGIAR system. That is the case of CIAT with rice,
edible beans, cassava and pastures, CIMMYT with wheat as well as
malze, CIP with potatoes [(in the national center for vegetables)
and IRRI with nice. 1% can also be noted that EMBRAPA does not
have an economics nresearch centen but nathen does nesearch An
this anea, mainly in nelation to agronomic nesearch 4in each
national centern, as wellf as Ain Lits headquartens in Brasilia with
DEP-Depantment of Studies and Research - which has a collaboration
with TFPRI.

On the othen hand alf three nesounrce aneas Lintially
stated as priorities — "cenrados", semi-anid agriculturne and
humid-tnopié agnicuztune-wéne developed as CPA - Centens {4on
Agriculturnal Research. They-aae Located nespectively in Brasilia
(Federal Diétﬁict), Petrolina (Peanambuco, Nontheast) and Belem
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(Para, Nonth). The "cennados" centen has a collLaboration with
CIAT while the CPA — semi-arid has one with 1CRISAT. In addition,
EMBRAPA created the so-called "special senvices”: CENARGEN, in
B&a&ZZia,'ﬁo& genetic resounces and coﬁﬁaﬁoaating with I1BPGR;
CTAA, 4in Rio de Janeino, 5oﬁ agricultural and food technology;
SNLCS, also 4in Rio de Janediro, {on s04L sunvey and consenvation,
and SPSB, 4in Brasilia, fon production of basic seeds.

EMBRAPA's neseanch system is completed by two special
senvices and 16 reseanch executdlon undits at state on ternditory
Levels. The so-called special units are Located in Seropedica
(Rio de Janeiro, Southeast) fon s0il biology, and 4in Cundtiba
(Parana, South) gon forest reseanch. The neseanrch execution units
arne Located in ALtamina (Para, Nonth), Aracaju (Serngipe,Northeast),
Bage (Rio Grande do Sul, South), Bento Goncalves (Ric Grande do
Sut, South), Caceres (Mato Grosso, Center-West), Cascata ( Rio
Grande do Suf, South), Corumba {(Mato Grosso do Sul, Centern-West),
Dourados (Mato Grosso do Sul, Centern-West), Manaus [(Amazonas,Nonth)
‘Pelotas (Rio Grande do Sul, South), Porto Velho (Rondondia,Nonth),
RLo Branco [(Acre, Nonth), Sac Canlos (Saoc Paulo, Sdutheaét), Te-
nesina (Piaul, Nontheast), Boa Vista (Roraima, Noath), and Macapa
(Amapa, Nonth).

The above {5 EMBRAPA's nesearch system from the point o4
view of the corporation's structure. To complete the national nre-
search system we have to mention the state neseanch corporations
as well as othern agricultunal research Anstitutions. This L8 Am-
portant because much of EMBRAPA's neseanch 448 planned and executed
in collaboration with such Local organdzations. In other  wonrds,
EMBRAPA has a national nice research program, a national soybean
nesearch program and 50 on for those commodities already mentioned
as covened by EMBRAPA's national nesearch centres. The following
states have agrlcultural research corporations financdally Asup-
ported by the nespectives states as well as by EMBRAPA: a) North-
east negion: AZagoaA, Bahia, Céan&, Rio Grande do Nonte, Paraiba,
Maranhao and Pernambuco; b) Southeast negion: Minas Gernads, Rio
de Janeino and Espinito Santo; c) South negion: Santa Catarnina;
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d) Centen-West negion: Goias, Mato Grosso do Sul and Mato Grosso.

A few Ampontant agricultunral states, such as Sao Paulo,
Parand and Rio Grande do Suﬂ, do not have nesearch corporations.
Tn two 04 these cases, Sao Paulo and Rio Grande do SuZ, a re-
search system An the state's public admindstration alneady existed
and a decision was taken not to transfoam it into a nresearch coxr-
poration. In Sao Paulo, besides the Campinas' Agronomic Institute,
therne ane the Biofogical Institute (Sao Paulo), Agnicultural Econ-
omics Institute (Sao Paulo), Food Technology Institute {Campinas)
and the Zootechnology Institute (Nova Odessa). In Rio Grande do
Sul thene ane T1PAGRO - Agrnonomic Reseanrch Institute (Ponto Ale-
gre), the Veteninany Reseanch Institute (Guaiba), the Zootecny
Institute (Pornto Alegrne), as well as the ndice experniment station
0§ IRGA - Rio Grande do Sul's Rice Institute - Ain Cahoeininha.ln
the state of Parana, with no previous hesearch institutions up to
the eanly seventdies, therne is now Parana's Agronomic Institute -
IAPAR - 4in Londrdina and organdized as a foundation.

2.3, Allocated Resources

In previous sections of this papen we indicated that,
before the creation of EMBRAPA, agricultural nreseanrch at the fed-
ernal Level 4in Brazil was quite deficient edithen quantitaiively on

qualitatively. Impontant neseanch nesults were not characternistic

04 the peniod begfore to the sixties. On the contrany, only  the
state of Sao Paulo was able to create and expand a senies o0f ne-
seanch centens grom Late Ain the Last century, with several Am-
portant nesearch nesults, particulanry Lin the case of Campinas'
Agronomic Institute. We mentioned the nesearch successes An coffee,
cotton, sugarcane, oranges, maize and potatoes, besides the fact
that soybean neseanch actually starnted at Campinas. We also em-
phasized the unbalanced natunre of technological innovations 4in
Brazil, in teams of domestic vs. exported crops, Ancluding Lin oun
evidence the behavior 0§ individual cnop yLelds overn different
perniods of time.
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Such a predominance of§ Sao Paulo's nesearch Anstitutions
in the total Brazilian reseanch effont was nécentiy congirmed by
- the detailed ahazyaid og-Euehaon (Evenson, 19841. Working with
the concept o4 neseanch unitb(]), he was able to show that Sao
Paulo's shane in total Brazildian nreseanch oven time was the fol-
Lowing: 95 pencent in the thinties, 67 perncent in the forties, 68§
ipencent in the fifties, 83 pencent in the sixties, 47 percent
duning 1970/77 and 19 pencent durning 1978/80. Such data also re-
veal the drastic fall in Sao Paulo's share in the seventies,
exactly when EMBRAPA was created and was increasing its budget.
We will come back to this point Raten in the papen. At this mo-
ment, however, Lt 44 helevant to point out that using Evenson's
concepl of "nesearnch units", Brazifian total annual research 4in-
crheased 384 pencent grom 1960/69, immediatelly before EMBRAPA, fto
1978/80, about five yeans aften its crneation. Howeven, in Sao
Paulo, the observed growth in the same peniod was only 19%.

On a crhop basis, the nesults obtained by Evenson tend %o
congiam ouns: "in general, prion to the 19405, only coffee,cotton,
sduganrcane and, to a Lessen extent, cdtrus frudlts, were recedving
anything more than token attention. Durding the 19405 the situation
changed £ittle; nesearnch on potatoes and vegetables Lincreased. In
the 19505, nesearch on nice began and corn also recedved some
attention., Even at the end of the 19605, however, Brazil's ne-
seanch system did not exhibit evidence o4 wise planning for eco-
nomic growth via investment in new technology. Important crops,
notably peanuts, mandioc, many vegetfables and even wheat wehre given
only token nresearch. Cocoa, rubben and bananas, also important
crnops, Likewise necedved Little attention" (Evenson, 1984,p.250).
We do not believe it would be an exaggeration to say that Evenson's
nesults confinm oun previous conclusdion that there was an unbal-
anced pattern o4 technological innovation in Brazilian agricul-
tune, at Least until necently.

(1) Evenson's "research unit” 4is a doubLe measure. Finst it nepresents a
"standard” publication, constructed with different weights for commodities
and genenal research. Second, with the expenditure -data Lt can be trans-
gormed Ainto a monetary value for each perdod.
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In Table 6 we try to use Evenson's data to analyze Zhe
changes Ain agriculitunral @aéeanch an a crop basis, which occurrned
from the avernage during 1960/69, befone EMBRAPA, to 1978/80Q,adter
EMBRAPA. Two measures are used, both fnom Evenson’s paper. Firsz,
the already mentioned concept 0§ annual "pesearch units”, a
wedlghtet sum of publications in different commodities and areas,
44 an output concept. The second one, "nesearch intensity", Zhe
ratio of the annual nesearch expenditures to the value of zhe
commodity, Ls an Anput on effornt concept.

In tenrms of annual reseanch units, we can note that ex-
ported crops had a much Largern growth between 1960/69 and 1978/
/80 than domestic crops. The observed ghowth in research output
45 qudite Ampressive fon cocoa, soybeans and suganrcane. The cocoa
result centainly neglects the creation of CEPE?}; Centen gon

Cocoa Research - 4in 1963 Ain the state of Bahdia The suganrcane
result may be, at Least partially, Zhe consequence o4 the creation
04 PLANALSUCAR 4in 1971, already mentioned. ALso, cofpee, citrus
(onanges) and cotton showed a good growth in neseanrch hesults

although much Lowen than that fon the formen three crops.

With respect to domestic crops, impressdve growih can be
observed for cassava, maize and to a Lessen extent, for nice and
edible beans, between average 1960/69 and 1978/80. ALthough Zhe
overall growth forn all domesitic crops was about halg that observed
gorn exported crops, Lt Ls Amportant to emphasize that maize and
nice had for 1978/80 an annual research output at a Level simi-
Lan to the one fon coffee and soybeans, the two most important
Brazilian agricultural expornts 4in value teams. This indicates an
extraondinany Aimprovement in rhelation Lo the past patfern of re-
seanch aneétment(z) and no doubt neflects the creation of EMBRAPA
and the devefopment of the Brazilian neaea@ch system, Aincluding

(1) (Penna and Monteirno, 1976). The estimated nate of return for cocoa hre-
Aearch with CEPEC was 60-79 percent. ' - : : :

(2) In the average fon the figties, maize had a number of "research units'" 27
percent that of coffee, and nice, 51 percent (Evenson, 1984, p. 249).
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TABLE 6

BRAZILTIAN ANNUAL AGRICULTURAL RESEARCH BY COMMODITIES, 1960/69
AND 1978/580

COMMODITY RESEARCH UNITS RESEARCH TNTENSITIES
1960/69 _1978/80  CHANGE(3)  1960/69 1978/80 CHANGE(3)
1. Exponted Crops: 22.47  254.50 1,035 0.0015  0.0062 313
Coffee 7.66 32.60 326 0.0016  0.0032 100
Soybeans 1.73 35.30 1,940 0.0052  0.0044  -15
Sugarcane 4.23 §2.40 1,848 0.0012  0.0115  §58
Citus 2.70 13.40 396 0.0032  0.0035 9
Cotton 4.26 18.90 344 0.0014  0.0061 336
Cocoa 0.45 50.60 11,144 0.0065  0.0158 143
Tobacco - - - 0.0002 0.0002 -
Peanuts 0.99 2.90 193 0.0014  0.0070 400
Caston Beans 0.40 0.60 50 0.0022  0.0021 -5
Rubber - 17.80 - - - -
7. Domestic Crops: 18,42 122.40 568 - - -
Maize 2.65 33.40 1,160 0.0007  0.0049 600
Rice 4.81 38.60 702 0.0013  0.0064 392
Cassava - 0.41 10.70 2,510 0.0002  0.0024 1,100
Edible Beans 3.28 19.90 507 0.0017  0.0069 306
Potatoes 2.08 3.70 78 0.0026  0.0020  -13
Onion/Tomatoes  2.49 9.20 269 0.0036  0.0051 42
Trnopical Fuuits 2.60 6.90 165 0.0017  0.0020 1§
3. Imported Crops:
Wheat 0.92 16.20 1,661 0.0014  0.0060 329
4. Animal Products: 41.25 §6.10 109 0.0030  0.0037 23
 Cattle - - - 0.0026  0.0031 19
Swine - - - 0.0031  0.0071 129
Other - - - 0.0059 . 0.0051.. .. -14

Sounrce: Evenson (1984, p. 249 and p. 251}.
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the national nesearnch centerns in Goiania for rice/edible beans
and Sete Lagoas fon maize.

Wheat, s£LLL an Amponted chop but having had a policy
0f Amport substitutlon for quite some time, had a Large growth -
in neseanrch output from 1960/69 to 1978/80. However, Lts Level in
1978/80 was stilL considenably below that for mosit exported
chops as well as a few domestic ones. Finally, the growth in nre-
search output of animal products was relatively Low. It is 4Ln-
tenesting to note that in 1978/80 the agregate research output
04 animal products was similarn to that for only one single crop,
suganrcane. Probably PLANALSUCAR and the alcohol proghram made
considerable difference in the sugarcane case.

While this ginst indicaton of Brazilian research, — ne-
search units — through the concept o4 a "standard" (wedighted sum)
publication, also neglects efponts on Lnvesiments made in perniods
previous to the two considered (1960/69 and 1978/80), the second
indicaton — neseanch intensdity — 4is a current input measunre, and
as such betten neflects intentlons on prionities Ain nesearch gon
digfernent commodities. In examinding the bottom half of Table 6
At 44 possible to note that, in teams o4  neseanch Antensdity
ghowth, maize, rdice, cassava . and edible beans, all domestic chops
pergormed quite well as compared Lo exported crops. For the Latten,
again sugarcane perfgormed best, followed by peanuts and cotiton.
1t 45 worth mentioning that the researnch Aintensdity of maize,rnice
and edible beans in 1978/80 was highen than that forn coffee,
soybeans and citrus, three extremely important export crops, and
clearnly Less only than sugarcane and cocoa. Thus zthese three do-
mestic food crops can be consdiderned to have approximately the
same hesearnch effont as cotton, peanuts, wheat, swine and othen
animal products.

The information neviewed 50 farn allows us to say zthat
considenable progress has been made Ain Lncreasding overall ne-
seanch éﬁﬁont_dA weld as in cornnecting the unbalanced pattern o4
technological innovation. 14§ we take the data on neseanch inten-
sty dunding 1978/80 as evdidence of rneseanrch input orn efgort, and
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considen the propern horizon for a nedearch profect, we can opti-
mLAthaZKy éxpéct Zto witneéé a mone baldnced pattenn of dinnovation
in the futune. Howeven, Zthe question of overnall ne&ea@ch invest-
ment nemainb,'éince a balanced pattern o4 Lnnovation may occun
at a Low on at a high overall Level. In Table 7  we present
Evenson's findings for nesearch and extension expenditurnes as
percentages of total agricultural product. The Lincrease in re-
search from the finst half of Zhe seventies Lo 1978/80 is quite
clean and coincides with the finst few yearns of EMBRAPA. In fact,
the budget data given by Alves (ALves, 1984, pp. 161-73) shows a
consdidenable increase in EMBRAPA's expenditures during 1974/80
(in millions of dollans): 1974, 25.3; 1975, 56.0; 1976, §0.§;
1977, 98.1; 1978; 125.6; 1979, 154.1; 1980, 157.5; 19&81, 183.0;
1982, 220.0. Immediately before the creation o4 EMBRAPA, the fed-
eral budget fon agricultural and Livestock was the folRowing
(m{LLion dollans): 1970, 10.6; 1971, 9.5; 1972, §.8; 1973, 14.0
(Alves, 1984, p.53). Extensdion expenditures also Lincreased §rom
the finst half of the seventies to 1978/80 but at a rate Lowen
than the increase fonr neseanch. Howeven, despite this an Lnchease
Ain neseanrnch expenditunes, the data shown by Evenson Andicates
that Brazil stiLL nanked Low compared to othen Latin American
countries, Leading him to conclude: "The EMBRAPA initiative has
now partially nestonred this balance, but even now Brazil does not
nank highly as an investor in public sector agriculturnal ne-
seanch" (Evenson, 1984, p. 252). As a nesult, the Brazilian pat-
tenn of technologdcal Linnovation may in the future Lead Lo monre
balance among crops but may stiLEL be at a nelatively Low overall
Level compared £o othen countrdies,

Finally, thenre should be a wornd about the budget o§ Sao
Paulo's nesearch Ainstitutions. In TabLe 08 we present the  hre-
seanch budget fon all institutions, as well as the budgets {4oxr
extensdion duning 1960/80, both of them coming entinely from the
sdtate government. We can Zhen note a fainly nreasonable g@owth in
the neseanch budget forn all institutions in the state from the
ecarnly sixties to the mid-seventies, agten which Lt Looks Like
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TABLE 7

RATI0 OF RESEARCH AND EXTENSION EXPENDITURES TO VALUE OF
AGRICULTURAL PRODUCT IN BRAZIL

YEAR RESEARCH EXTENSION
1959 0.30 0.57
1965 0.34 0.77
1971 0.41 0.83
1974 0.31 0.66
1978/80 0.87 1.13

Sounce: Evenson (1984, p. 252).

overalld nesearch investment nemained constant untif 1980. Prac-
tically the same pattenn can be obsenrved for the extensdion
budget, with the distinction that in every year this budget was
consdidenably Largen than the one forn reseanch.

One of the possible neasons for the obsenved no-growth
Ain Sao Paulo's nesearch investment aften the mid-seventies,could
be thought to be the creation of EMBRAPA and the growth in Ats
budget aften 1974. That 4is, after being the Leader in agricul-
tunal neseanch 4in Brazil fon quite some time, with benegfits Zo
Sao Paulo and neighboning states, the state might have volun-
~ tary began to adopt a policy aimed at benefiting, via external-
ities, from EMBRAPA's Aincreasing neseanch investment.

Howeven, doubts anise with nespect to that hypothesdis
when we note that Sao Paulo's extension budget had practically
the same behavion aftern the mid-seventies, and that external
benefits to Sao Paulo §rom Langen extension budgets at the fed-
eral Level (EMBRATER) would be minimal, &f existent at all.

In addition, the participation of EMBRAPA in Sao Pau-
Lo's neseanch budget, through grants was very small — 4.7 percent
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TABLE §

RESEARCH AND EXTENSION'S BUDGET IN THE STATE OF SA0 PAULO,

1966/80 (1977's Cn$)

YEAR RESEARCH EXTENSTON
1960 97.6 155. 4
1961 105.0 173.2
1962 115.5 219.4
1963 9&.1 262.1
1964 94.8 236.9
1965 109.5 334.9
1966 128.2 404.4
1967 159.9 297.2
1968 130.1 277.9
1969 168.1 382.2
1970 183.5 356. 8
1971 262.6 387.3
1972 ‘ 279.7 402.6
1973 300.2 569.6
1974 272.1 653.3
1975 257.1 747.6
1976 266.7 602.7
1977 246.1 562.7
1978 347.3 477.1
1979 311.3 617.5
1980 265.9 516.9

Sounce: Peixoto da Silva. (1983, p.72).
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duning 1978/80 (Evenson, 1984, p.253). We recall that the rne-
seanch system in Sao Paulo 48 not a pdnt 05 EMBRAPA's national
Ayéiem at Least in formal teams, as the nesult 55 a decision
taken by the state goﬁennmeni in the deQAeventieé. In any case,
given the Aimporntance 05'3&0 Paulo's nreseanrch centens, thene As
reason for concern about the behaviour of the nesearch budgets
grom the mid-seventies, especially since the situation seems 2o
have detendionated sdince 1979. For Ainstance, Lin 1983 the budget
o4 Campinas' Agronomic Tnstitute (TAC) was 58.6 pencent of the
one gor 1979; forn the Biological Institute, 59.6 penrcent and foxr
the Zootechnology Tmstitute,59.3 percent  (Governo do Estado de Sao
Paulo, 1984, p.31). Such a decline 45 qudifte senious, since Pedi-
xoto da Silva (1983, p.90) estimated a value o4 marginal product
of 73-76 from an additional cruzeirno Linvested in research in Sac
Paulo, as compared to one o4 40 pen additional dollLan  in Zhe
United States with a similarn methodology.

Evenson (1984, p.254) had already detected such problems in
Sao Paulo's program:"1t appears, however, that Sac Paulo's exemplary program
has not been the centerpiece o4 this expansion {EMBRAPA's).Indeed, the TAC
budget has expanded Little since the early 704, and thene anre heports that Lt

has Lost some staff membens...., few expeniment stations in Zhe

world have produced more benefits pen unit of Lnvestment than
IAC". In the next chapten we will go 4in more detail about the

nelationship EMBRAPA - IAC,

2.4. Stagg

One of the outstanding achievements of EMBRAPA s.ince
1974 has been the upgrading of Brazifian research  pernsonned
through formal masten and doctoral ftraining. As pointed out by
Pastore and AlLves, in the jedenal nesearch system that existed
befone EMBRAPA, "only 10 pencent could be considered profes-
sionals with some kind o4 gﬁaduate training Lin research" (Pasto-
ne and Alves, 1984, p. 123); In Decemben, 1983, ten yeanrns aften
EMBRAPA's creation, 79 perncent 0§ the neseanch staff had eithen
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the masten on the doctoral degree. In Figunre 1 we present the
changes over time in the quaﬂiﬁiédt&oné OﬁvEMBRAPA'A hesearchenrs
in which we can observe the strong growth in the pnopdntion og
mastens holdens, followed by those with doctoral degrees and the
decline in the proportion of researchers with the B.S. Level of
training. In 1963, out of 1,613 nesearchens, 338 (21 pencent)
were at the B.S. Level, 990 (61 perncent) at the masterns Level
and 285 (18 pencent) at the doctoral Level.

The stafg structure of the NARS 4in 1983 (including zthe
state institutions as well as EMBRAPA) was the goLlowing: 4,178
nesearchens, with 1,891 (45 percent) at the BS Level, 1,777 (43
percent) at the masten's Level and 510 (12 pencent) at ‘the
docton's Level. EMBRAPA, is Leading in the curnent changes 4An
qualification. 14 alf EMBRAPA's researchens presently  unden
tradining gindish thein degrees, Zthe follLowing distribution will
prevadil: 1,613 neseanrchens 4in total with 195 (12 percent) at the
BS lLevel, 963 (60 percent) at the masterns Revel and 455 (28 per
cent) at the docton's Level. 14 we apply the same assumption Lo
the national neseanch system, the follLowing will nesult; 4,17§
nesearchens in total with 1,545 (37 pencent) at the BS Level,
1,903 (46 pencent) at the mastens Level and 730 (17 pencent) at
the doctorn's Level. )

To achdieve such a rapdid qualification change in the re-
seanrch stafg, EMBRAPA has Lnvested a share of 15-30 percent o4
the ovenrnall budget duning 1974/82. In dollarn tenms, that means
annual values in the nange 7.1 - 36.4 millions ~4in the same
period, including "salary Aindirect costs, substitution at a cost
equal to salary and Lndinect costs, plus direct education ex-
penses Like scholanships, fees and thanspontation” (ALves,1984).
Such an Lmprovement in the national sustem's qualification
structune L8 an indication that more and bettern nesearch results
should be obtained in the future. WQ wene not able, howevenr, to
breakdown this sztructunre by commédity. fﬁ the same Aimprovement
can -be assumed 5on.domébtic and expoated goods, we could be
SELLL mone optimistic that a more even patitenn of technological
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1976 77 78 79 80 81 82

FIGURE 1: The changing qualijications o4 EMBRAPA neseanchens.

Saunce: Alves (1984, p. 173).
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innovations will result in the future.

The data for IAC - Campinas' Agronomic Institute - A4
not as detailed as that forn EMBRAPA. In 1983, IAC had a total
o4 250 neseanchens, of which 53 had thainding abroad, atlthough
the typé wasnnotkapecigied. On the negative side, howevern, 33
neseanchens Left the institution in the give yeans previous to
1983. The Biotbgicaﬂ Institute in Sao Paulo had 204 nesearchens
Ain 1983, 44 with training abroad and a Loss 0f fourn nesearchens
in the Last five yeans. In the Zootechnology Institute, thenre
wene 105 neseanchens in 1983, of which 13 with training abroad
(Governo do Estado de Sao Paulo, 1984). The total numben of re-
seanchens in TAPAR - Parana's Agronomic Institute - evolved from
3 .4n 1972, 10 4in 1973, 36 in 1974, 97 in 1975, 16§ in 1976, 16§
Ain 1977, 167 4in 1979, 166 in 1980, 170 4in 1981, 176 4in 1982, 177
An 1983, to 176 in septemben 1984. ALso, nesearnchens at the
mastens or doctorn's Level evolved from 4 in 1973, 9 4in 1974, 11
in 1975, 16 in 1976, 19 in 1977, 32 in 1978, 40 in 1979, 56 4in
1980, 61 4in 1981, 70 4in 1982, 81 in 1983, and to §§& in Septembenx,
1984. Finally, IPAGRO, in RLo Grande do Suf, seems to be in the
worst sdituation: with a total of 230 nesearnchens in 1984,04 which
only one was at the doctonr's Level and 20 at the masten's.
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3. Impact of TARCs on the NARS

3.1. Introduction

' As discussed in the previous chapten, the Brazilian
agnicultural nreseanch system has undengone qudite Amponrntant changes
since the ginst half of the seventies. Even with a deficient fed-
ernal nesearnch system before that time, the country, or morne pre-
cisely, a pant of 4it, had a Aet 0f successfull nesearch cases
and results. 1t 4is Anternesting to obsenve that most of the suc-
cess stondes of rheseanch in Brazil — coffee, cofton, eitrus,
sugarcane and soybeans — are commodities not coverned by the TARCs
even today. The exceptions are potatoes, because o4 CIP, and
malze, with CIMMYT, although most of the neseanch in these crops
was completed priorn to the creation of these two TARCs.The cases
o4 cotton, maize, potatoes and soybeans LLRLustrate Zthe function-
ing o4 an informal mechanism forn Aimponting new knowledge as well
as varieties, particularny from the United States and Eurnope, Lo
be furnthen used in crossing. The existence of relevant knowledge
which can be transferred (a pubfic good) should make it much
easien and Less costly to develop agrnicultural technology domes-
tically. ‘

When othen countries, panticularly zthe developed ones,
do not have a substantial (and relevant) amount o4 knowledge to
be transfenned, nesearch may be much morne difgicult as well as
costlien fon Less developed countries. Previously, we mentioned
the unbalanced pattern of technological innovation in Brazil
with a bias against some cnitical domestic food crops, such as
nice, cassava and edible beans. Mainly Ain the. cases of cassava
and edibfe beans, nreseanrch effort by developed countries has not
been of majorn significance, perhaps because they are not venry
imporntant to them, An pnoductidn orn An consumption. The situation
s mixed forn nice. Irnigated nice has had significant tech-
nological developments, Lincluding those nesulting from IRRI, but
the same cannot be saild fon upland nice. As a nesult, and gon
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the moment Leaving aside the more recent contributions of the
TIARCS for those crops (CIAT and.iRRII; the domestic efpont
should have been much greaten, 4An épite of being a moxre diﬂﬁ&-
culzt one. : .

Since EMBRAPA and the national reseanch system  wenre
created and implLemented, research expendiftunes have been  sub-
stantially incneased, many research nesults have already been
obtained and, as a nesult of all that, the country may be in zthe
process of getting a more balanced pattean of technological
change among crops — domestic and expornted. In addition, EMBRAPA
and the NARS have considerably improved the quality of Zhein
nesearchens, mainly through formal training at the masterns and
docton's Levels. On the negative side, howevern, TAC, oun formen
most Aimportant neseanch centern, has experndienced decline.

Even Lf§ no changes had also occurred in  the 4Lnferna-
tional neseanch scene, Brazil would st4LL no doubt have nealized
gains grom Linvesting more in agricultural neseanch, although
through the "informal" transfern mechanism mentioned above, crops
priveleged by research in developed countries would be more bene
g§ited by the process of knowledge transfen. Howevern, things did
not nemain constant on the Ainternational béene, sdince the numben
and covenage o4 crops in the TARC system incheased Aignificantly.
Recalling the chops with neseanch deficiencies in Brazil, a
mention o4 CIAT, with cassava, rice and ediblfe beans, and IRRI
with nice should be made, Lincluding the recent greater attention
to upland nice. In addition, the creation of IITA and ICRISAT
was a gavorable development, given the prevalence in Brazil o4
trhopical and semi-arnid agrnicultune, mainly An the pooren hegions
o4 the country.

Reasoning somewhat diffenently, Lf§ those positive changes
on the international scene had occunned without substantial 4£m-
" provement in Brazil's national neseanch system, the occurrence
05 future beneﬁLtA Ain tenms of reseanch results would not be so
centain; However, as the national sysitem actually improved, par-
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ticulanly in the anrea o4 nresearchens' qualifications, we think
the pnébent netatidnéhip TARCs - NARS, as well as the future
one, is being/wiﬂz be conduéted.much more productively.In othexn
wonds, 4t 4s oun opindion that an eﬁﬁiciént national reseanrch
Ay#tem in Brazil, as elsewhenre, 4is a precondition gon a pro-
ductive collaboration with the TARCs.

3.2. Research Ongandzation

The structune of EMBRAPA, along with that of the rest
0f the NARS, has already been detailed in the previous chapten.
We have also described how the system L8 implemented through
national neseanch programs, especially for the crnops coverned by
EMBRAPA (which excludes coffee, sugarcane, and a few minor cropsh
ThuA, aA compared to the previous decentralized nesearch system,
whose main institution was TAC,supported entirnely by the state
04 Sao Paulo, At can be seen that 4in establishing EMBRAPA, the
fjederal govennment gained powen in the decision-making process,
and the state governments, at Least 4in S&obPauﬂo, Lost powen as
well as prestige.

The political complexity of implementing and adminis-
tening the NARS's model in Brazif, must be recognized.The people
involfved in EMBRAPA's creation had a very clear vision of what
the system should be, and in fact they tried %o meﬂementlit.The
system before EMBRAPA was Lidentified as "the diffuse model of
neseanch", 4in the sense that "each nresearch unit trnies Zo divenr-
s4fYy its activities, nesearching many digfernent pnodacta and
attempting to genenate a wide array o4 technologdies" (Pastonre
and Alves, 1984, pp. 120-21). On the othen hand, "the develop-
ment of EMBRAPA implies the concentrhation of rnelatively  Lanrge
g§inancial and human research nesounrces on a £imited numbern of
products. The challenge that this model presents . 4is  that of
defining prioniiies and nesponding Zo chaﬁging cirncunstances
{(Pastonre and Alveé;,1984; p{ 124). The definition of priordities
involved not only the commoditiab to be neseanched but also the



-§2-

number of production system prototypes fo be developed. We could
call this the "concentrated modef of research”, as opposed to
the previous "diffuse model”,

It seems clear to us that EMBRAPA'S administratons be-
gan to implement this new nresearch model/organization without
discussing on debating it with all possible parnticipants ,which,

given the already established and independent institutions, was
bound to fLead to conflict. 1t is 04 course possible that even
A4 the concentrated model had been offerned forn a broad dis-
cussion with all panties, conglicts would s£iLL have occunrred.

Based on a simple economic . neasoning and given
Brazilian agricultural conditions, as well as the scarcity of
nesearch nresources, we see mernits Ln EMBRAPA's concentrated
model .In the neal wonld, howeven, pernsonal and institutional con-
§icts should be viewed with no surnprise. The clearest case A4
that of IAC - Campinas' Agronomic Tnstitute. TAC's usefulness
had not been Limited to Sao Paulo. Many innovations with origin
at TAC, Aincluding varietal innovations, were adopted by farmens
in othen states, parnticulary the nedighboring ones with similfan
ecological conditions. Forn instance, Evenson's resuli about ex-
tennal effects was that "transferability grom Sao Paulo to the
South 44 high (but Less than one, of counse) and significant”
(Evenson, 1984, pp. 262-63). No transferability, however, was
obsenved to the Nontheast and a Low one to the Centern-West and
Southeast negions of Brazil. In conclusion, even 44 IAC could
not be considerned a national neseanrch centern, Lt at Least had a
considenable negional ingluence. ALso, the technical assistance,
peasonal on Lnbtitutionaz,'to othen neseanch centens An Brazil,
including the Nontheast (cotton, for instance) should not be
neglected.

ALthough the collaboration of TAC with the TARCs has
not been of great intensdity, Lt neventheless has existed An
trhaining, genétic matendials, Lnéonmaiéan and publications. In
most o4 Lthe LhtenuiewA made at TAC it was felt there was a
nelationship problem between IAC and the IARCs involving EMBRAPA
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in the middle. This problem appeans to exist most intensively in
the activities o4 taaénéng and gehet&c matenials. The complaint
grom TAC 4is that, dﬁthough its nesearchers can dinectﬁy seek
the collaboration grom different 1ARC$, aﬁy g§inal decision de-
pends on EMBRAPA. This, accoiding tb Campinas’' nesearchens ,Limits
the institution's Ln&tiative; places Lt Ain subordination %o
EMBRAPA and, Ain some ciunrcunstances, L8 quite humiliating. This
Last problem anises when the nesearchen in TAC feels he is pro-
gessionally supenion to the EMBRAPA analyst in a specdfic situ-
ation. Given the past quality of 1AC's staff and nesearch accom-
pLishments, this may happen in some cincunstances. Forn instance,
quite a strnong bias against EMBRAPA was found in TAC's edible
bean secton, while there was none in the nice sector. Both nice
neseanrchens intenrviewed made the point that they have had no
problems with EMBRAPA in temms of access to the nice gemmoplasm
bank of that institution. The bean breeder intenviewed, on the
othen hand, was highly cnitical of EMBRAPA: {inst, because 04§
the poor quality of the beans' neseanch stafg in CNPAF-Goiania;
second, because 0f the difficulties Lin doing research supported
by EMBRAPA; andzthind,regarding the coflaboration with the TARCs,
because of EMBRAPA's centralization o4 all decisions forn  the
senvices provided. As a nesult, that bean breeden 48 not part
04 the national bean neseanch program. He considens the pantici-
pation rules fon an independent nesearch centen Like TAC  too
nestnictive, mainly Ain teams o4 research procedunes and Limi-
tations on the use, by TAC, of the resulits obtained in reseanch.

The administration of IAPAR-Panrana's Adronomic 1nstitute
- 4n Londrnina, would pregern to have, for all senvices, a direct
nelationship with the TARCs, nathen than go through EMBRAPA.They
think TAPAR would gain with such a change, mainfy in the case of
thaining, since Lts planning for the future would be improved.In
IPAGRO - Rio Grande do Sul's Agronomic Institute -, most nela-
Lions with the TARCs also have to go through EMBRAPA. One of
IPAGRO 5 neseanchens stated the need gorn dinect collaboration
IPAGRO - CIMMYT, that is, without EMBRAPA's  intewmediation.
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IPAGRO would gain from such a change since currnently EMBRAPA's
centralization sLows the rnecedpt of genetic mateniaks. In TRGA -
Rice‘(Cachoeintha, Rio Gﬁdnde do Sul) on the othen hdnd, thene
44 a dinect nelation of Lts nesearchens with CIAT's, a mechanism
which 45 thought to best expdeéé needs to the TARCs.

From this evidence, we could conclude that independent
neseanch institutions in Brazil would prefer to have a dirnect
'nQZationéhip with the TARCs. The present system, however, L5 one
whenre EMBRAPA's stafd coorndinates most aspects of the relationship
and that Lé.thought to be highly necessary. ALthough the "cen-
trhatized" nelationship with the TARCs may be more efficient Ain
the shont-nrun than the previous "diffuse"” one, in the sense o4
getting a highen short-run return for an Lnvested cruzeiro, £
may blLock neseancherns and institutions initiative and, as a
nesult, ydeld smallen netunns in the Long-run. Crnitical to s0l-
ving this problem, we believe, would be the establishment 04
channels Ain the national commodity nesearch proghams where such
problems could be openly discussed.

3.3. Senvices provided

As stated above, the provisdion of genetic matenials and
trhainding are undoubZtdely the most important senvices provided by
the TARCs to the NARS. The opindion was often heanrd
that the  trainding at the TARCs was more Lmportant Ain
the past than in the present, and that now Lhe provision 04
genetic matenials is the most important senvice. In our “view,
what explains such ranking today Ls the substantial Limprovement
already obtained in the qualification of EMBRAPA's reseanch
staff, and to a Lessen extent, 4in the entine national research
system. Evidence o4 such improvement was presented Ain the pre-
vious chapten.

1§ that is true, the predominance of genetic materials
An the nrelationship TARCs-Brazil wilfl tend fo be accentuated Ain
the futurne since qualigication LAmprovement, through formal
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mastern and doctoral programs, is a process sELLL underway Ain
EMBRAPA and at the NARS. Without a highly trained reseanrch
stadsg, reseanch nezated to bneedAng and varietal menouement
should not be expected Now, the human nresounrce base has Am-
proved substantially, altening the nature of the nelationship
between the NARS and the TARCs. This relationship can be ex-
pect to continue changing in the future.

The head of the Human Resouhrces Development of EMBRAPA
expressed the opindon that the cournses presently offerned by the
TARCs ane not of great intenest to EMBRAPA's people. Here we
may have two possibilities: finst, the TARCS have already com-
pleted thein nrole in the type of training provided by the pro-
grams offered in the earlien yearns of EMBRAPA and the national
system, and may shift theirn emphasdis to othern countries.Second,
the traditional training should be only the finst stage in a
Lwo on more stage tradining program. Given the present highen
qualigication o4 the reseanch stafg in Brazil, the program should
evolve to more Apeciﬁic‘anéaé on to discussion o4 specific pro-
blems Ldentiéied by the nespective national commodity nreseanrch
programs. As a result, the contribution of the TARCs Ain tenms
04 "rneseanch approaches or methodologies" would be a betten one.
It seems to me that presently, there L5 no mechanism forn this
type of evolutionary change in the nelationship TARCs-NARS to
ocun,

1% is impontant to obsenve that in the opinion of those
people interviewed, the formal training that Brazilian hresearchens
have had abroad, in Amenican and Eunropean univensities, is con-
sidened as a complement rathen than a substitute forn IARC train-
ing. As a nesult, we believe the second poobibtity — a change 4£n
the TARC's tradning pﬁognamA gorn Brazilian nesearchens — should
be pursued in the future.

In the folLlowing, specific comments made in our Lintenr-
views will be Listed with the onigin indicated, but  with no
attempt to Aintegrate them on to avodd overlapping.
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a) EMBRAPA's headquartens: counrses should consdiden
weld - defined areas and themea because of the Ln~
creasing quaﬂ&ﬁ&cat&on o4 EMKRAPA 5 neéeanch Ataﬂé:

a betten specification of the trainees' pre-requdi-
s4tes; more advance noticedinprogramming cournses 2o
allow EMBRAPA to do its own planning.

b) CNPAF - Goiandia: the TARCs should give more atiten-
tion to "scientific" training; decisions about which

Brazilian nesearchens should be trained and Ain what
subfects should Lie with EMBRAPA.

¢) IPAGRO - Rio Grande do Suﬂ training was ranked as
(1)

Since IPAGRO 44 having serioub 6und£ng_d£65&cu£t&e4

the most impontant aspect o4 the collaboration

don gonmal and Long-time training, At suggested shont
cournses as a possible "second best" solution.

d) CPAC - Cennados - Brasilia: tnaiﬂing was the most

Limportant aspect in the beginning of the collaboration
An 1978, but with the ensuding increase in the quali-
fication of CPAC's stag4, ftoday the most important
aspect 44 genmoplasm material and rnesearch approaches
/methodologies.

e) TAPAR - Londrina: thene 48 a need for more trainding

o4 Longen duration in breeding.

With nespect to the provision of genetic matenials, we
have a gew comments before Listing them. Finst, we have used
information provided Ain Lhe Ainteviews made Lin each research cen-
ten, as well -as in published matenial. Second, not all nreseanch
centens provided us with a L4ist of TARC's contributions to var-
Letal developments. As a result, our £is% may be  incomplete
Lastly, thene is almost no Lnﬁonmation about which areas anre
utilizing theAe new vanietieA} The crnops given priority An oun

(1) We necazl 5nom the previous chapter that TPAGRO, with 230 researchens
had only one docton and 20 mastens.
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g§ield survey wenrne nice, edible bean, maize and cassava.

RICE:

a) BR-2: upland nice, cultivar resulting grom Lineage

b)

c)

d)

IR 442-2-58, with ordigin in the crossding IR 95-31-4/
/Leb Mue Nahng. 1t was introduced £in 1976 in Piaul
(Norntheast) by UEPAE-Terezina and CNPAF- Goiania,
through the International Rice Testing Program o4
IRRI. Chanractenistics: nesitance to blast, "mancha
parda, "escaldura" and to Lodgding; tolenant
to drny perniods in necommended areas (parnts of Piaud).

BR-IRGA-409: cultivarn o4 Lranigated nice, developed
in 1978 by EMBRAPA through UEPAE-Pelotas, the Fed-
enal Undivensity of Pelotas, and IRGA through  Ca-

choedlninha's expeniment station, from Lineage P 790
o4 CIAT, nesulting from the crossing of Lineages IR
930-2 and IR 665-31-2-4 04 IRRI. Intermediate heac-
tion to blast, modenatly nresdistant to "helmintosporiosd
and nesdistant to Lodging. Recommended gon the
state 0§ Rio Grande do Sul, excepting the southenn
coastal area. According £o IRGA's people in Cachoei-
rinha, this culztivar occupied 350 Zhousand hectares
in 1983 (50 pencent o4 the state's total).

EMPASC 103: cultivar of 4rnigated nice developed 4in
1980 by EMPASC - Santa Catanina's Agnicultunal Re-
seanch Corporation - grom Lineage P 791 - FB4—14 and
crossing IR 930-2/1R 665-31-5-8. Resdistant %o

Lodging and to blast in Laboratory conditions.

CNA-4: inndigated nice, Aintrnoduced from Indonesia by
CNPAF in 1978 and corrnesponds to Lineage B 54 1b-Pn-
-58-5-3-1, ondiginating grom the crossing PELITA I-1/
/IR 1082. Short size and recommended for irnnigated
areas 04 Ceani, Pernambuco and Paraiba (Noatheast
states).
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g)

h)

L)

i)
k)

-8§-

CNA 7: intrnoduced in Brazif 4in 1978 with the identi-
jication TET 2881, onigénating in India and ne-

sulting §rom the cnossing T 141/IR 665-1-175-3.Shont
sdze Lnndigated nicé, moderatly nesistant to blast

and necommended for innigated aneas of Ceard, Pex-

nambuco and Paralba (Nontheast states).

CNA 1051: for humid Rowland nice anreas, originating
grom the crnossing BG 90-2/4440/Colombia 1, made 4in
CIAT and introduced in Brazilf by CNPAF in 1981.Shont
size plant, resistant to blast and "escaldaduna';rnee-
ommemded for Centen-West, Nornth and Nontheast negions.

BR-IRGA 410: nesukting grom joint research EMBRAPA-
-IRGA (Cachoeirninhal, introduced 4in 1981,0niginating
in CIAT's matenial IR 930-53/IR 665-31-2-4,inrnigated
nice, indicated for the coolen negions of Rio Grande
do Sul; 4in 1983 4t occupied 100 thousand hectares 4in
the state (15 pencent of the total).

TAC 1278: innigated nice coming from progeny P-1278§

in "homozigose", grom CIAT in 1976 and tested ex-
penimentally forn give yeans by Campinas' Agronomic
Institute: commercially available in June, 1982,

TAC 4440: TAC's denomination for the introduction of

CICA §, nesistant to blast.

IR 665 and IR 841: in Campinas' Agronomic Institute.

CICA § and CICA 9, aften 1977 Ain the state of Rio

Grande do Sul, the formern with Low acceptance and
the Lattern not working well.

EDIBLE BEANS:

a)

CAUPT BEAN-MANAUS: Lineage grom IITA and developed
by. UEPAE/Manaus and CNPAF; resistant to "carvao" and
"ecencospora", and moderatly nesistant to "mosaico";

necommended gon the state of Amazonas (Nonrth).
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c)

d)

e)

6)
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CAPIXABA PRECOCE: edible beans, originating in CIAT
(BAT 304) and nesulting from the crossing Pornillo

Sintetico (EL Salvadon)/Compuesto Chimaltenango (Gua-
temala). Selected by EMCAPA—EApZnLto Santo's Agnri-
cultunal Reseanch Conponation-in 1981/82 and com-
mencially available Lin the state of Espinito Santo
in 1983; resistant 2o "ferrugem" and tolerant - to
"antracnose", "bacteriose" and "mancha angulanr".

EMPASC 2071-CHAPECO: edible bean (black),introduced
in 1976 by IPAGRO-R{0o Grande do Sul, as LINEA 38
grom I1CA- Colombia Agrniculitural Institute. In 1977
it was introduced in Santa Catarina by EMPASC; g4inst

necommendation forn planting in Santa Catarina  4in
1983, Resistant to "fgernugem" (Uromyces phaseold)and
moderatly nesistant to "antracnose" (Colletfotrnichium
Lindemuthianum), to "mancha angularn" (Isariopsds
grniseola) and to "bacterniose" {(Xanthomonas campestrnis
pv phasteold).

TAPAR §-RI0 NEGRO: obtained in TAPAR-Londrina, black
edible bean, from the crossing RIO TIBAGI with seg-
negating population oniginating from CIAT (FF 1322);

nesdistant to "antracnose", "mosalco" and "ferrugem”
and necommended fon parnts o4 Parana state.

VITORIA: cultivar originating fgrom CIAT (BAT 179)and
nesulting from the crossing 51052 (Turnialba 4)/Bewuvte
D Paulinat; selected by EMCAPA in 1981/82 and made
commenciLally avadilable 4Ain 1983; Zolerant to
"antracnose” and "bacteniose”, but sensible to "fen-
rugem" and "mancha angular"; necommended for all the
state o4 Espinito Santo (Southeast).

EMGOPA 201: coming from CIAT (A-295), developed by
EMGOPA - Godias' Agricultural Reseanch Conporation -;
An 1984 was distributed to farmens.
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BR-1 POTY: caupi beans (Nontheast), nresubiing grom
the crossing of cultivar PITIUBA and-TVu 410 (Texas
Purple Hull 49), this Last one from IITA. 1t  was
obtained by CNPAF- Goiania and UEPAE-Terezina(Piaud);
nesdistant Kno several "virus'"; used fon human con-
sumption as well as for animals.

BR-3 - SERRANO: caupd bean obtained by CNPAF-Goiania

~and EMPARN - Rio Grande do Nonte's Agrnicultunal Re-

search Conpornation - in 1983, originating grom the
crnossing of PITIUBA and TVu-590 (IITA, Nigenia); tok-
enant to the main diseases and recommended fon parts
0f the state of Rio Grande do Nonrte.

CNC 0434: cultivar b5 caupd bean ondiginated in the

selection made by CNPAF-Godiania, with maternial coming
grom TITA 4in 1978; rnesdistant to "mosaico" and made
available in the state o4 Maranhao (Nontheast).

MATZE:

a)

b)

c)

BR-5101: cultivan developed in 1978 by CPA-Humid
Tropic (EMBRAPA, Belem)thhrough selection in an orig-
Lnal population synthesized at School of Agriculiture
- USP, Pinracicaba, with maize coming mainly §rom
race TUXPENO. When comsulting Piracicaba's matenial,
nefenence was made Lo Lts coming from CIMMYT. Rec-
ommended fonr the Amazon regdion.

BR-5102: cultivan devefoped Ln 197§ by CPA-Humid
Trnopic in Befem and CNPMS-National Reseanch Centen
§orn Maize and Sorghum - in Sete Lagoas, Minas Ge-
nais, both of EMBRAPA, from population 28 in CIMMYT's
germplasm bank; modenatly nesistant to Lodging

and necommended fon Low-Land areas of Zthe Amazon
region.

CENTRALMEX NORDESTE: cultivan developed in 1980 by’
EMBRAPA's Semid-Anid Research Centre (CPATSA, Petno-
Lina, Pernambuco), §from geamplasm TUXPENO through
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the crnossing PIRAMEX/Amenica Central made at Pira-
cicaba's Schoozkoé Agricultune; it was not selected
to be nesdistant Zo drny perniods and fodnt cultivation,
but is recommerided fonr the Nontheast region.

BR 105: cultivarn developed in the early eighties by
CNPMS-Sete Lagoas (EMBRAPA| 4rom a synithetic variety
obtained from germplasm originated in the Caribbean,
and selected in Thailand, by CIMMYT {for nresistance
to "mildio"; tolernant to "helminthosponiose” and
"fernugem", with planiing recommendations for zhe
states of Minas Genrais, Sao Paulo, Goias, Parana and
Mato Grosso do Sul.

BR 108: white cultivar developed 4in  the eanly
eighties by CNPMS-Sete Lagoas (EMBRAPA), {4rom a
synithetic variety obtained from a vernsion of short-
-AdLze quantitative of geamplLasm TUXPENO of Central
Amenica, ondiginating in CIMMYT. IX 44 a variety 4An-
dicated fon mixing with wheat fLour 4in the food
industrny; ztolernant to "helminthosporiose” and "fer-
nugem" but with sensitivity to "miLdio";necommended
gorn the central negion of Brazil, particulary 4or
the states of Minas Geradis, Sao Paulo, North of Pa-
nana and Mato Grosso do Sul.

BR 126: cultivan developed in the eanly edighties by
CNPMS-Sete Lagoas (EMBRAPA), {rom a synthetic van-
Lety obtained with geamplasm oniginating mainly 4in
the nace TUXPENO; mbdenatﬂy nesdstant to Lodging
yeliow, type and indicated for grain production
as well as for green . matenial. Tolerant %o
"hedminthosporniose” and "5@Ahuggh", but with sensi-
tivity to "miLdio" disease; necommended fonr the
states of Minas Genais, Sao Paulo, Goias, Parana,
Espinito Santo and Mato Grosso do Sul.

g) BR 300: an intenvarietal hybrid devefoped in 1983



h)

A)
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and oniginating from chossing  two  short-size
poligenic varieties with CIMMYT's basic matenial,
obtained in CNPMS-Sete Lagoas (EMBRAPA); yeltow
type, nesdstant to Lodging dnd tolernant to
"helminthosporiose", "mildio" and "fernugem" dis-
seases; necommended forn the states o4 Minas Geradls,
Sao Paulo, Goias and Panrana.

BR 301: an Antervanietal hybrid developed Ain 1963
by CNPMS - Sete Lagoas (EMBRAPA|], ondlginating grom
two short-sdize seleécted varieties based on poligenies,
with basic matenial from CIMMYT. YellLow-orange color,
nesdstant to Lodgding and tolerant  fo
"helminthosponiose™, "miLdio" and "fernnugem" dis-
eases. Recommended .fon the states of Sao Paulo,Mi-
nas Gerais and Parana.

BR 302: a "top-crnoss" hybrid orndiginating from choss-
ing a shont-size poligenic variety with a high-yiedd.
simple hybrid, obtained by CNPMS-Sete Lagoas (EMBRAPA)
An 1983 with CIMMYT's maternial. Yellow-orange colon,
nesistant to Lodging and tolerant Zo  the
same diseases as BR-300 and BR-301. Recommended for
the states of Minas Genais, Sdao Paulo, Goias and
North o4 Parana.

EMPASC 151 - CONDA: a culitivarn ordginating from the
population Amarniflo def Bajio x Templados, coming
§rnom CIMMYT through EMBRAPA, and developed in 1983
by EMPASC - Santa Catarina's Agrniculitural Research
Conpornation - fon conditions of average s0il fexn-
tikity. YelLow-orange colonr, wiith good resdistance
to the main pests and diseases. Recommended mainly
fon the westenn part of the state of Santa Catarina
(Souhtlf

EMPASC 152-0ESTE: a cultivar originating from the
population SUWAN DMR (Canibbean nregion), improved
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in Thailand and CIMMYT, and coming to Brazil, via
EMBRAPA, to EMPASC-Santa Catarina. 1t has shown nre-
sistance to "mildio” (Sc[enOAbonaléonghil and 44
necommended forn the western parts of the state of
Santa Catarina.

L) PIRANAO: obtained in the Late sixties by the School
0§ Agriculture-Pinracicaba, Saoc Paulo, with onigin
An the cnossing of PIRAMEX 111 and TUXPENO BRAQUITI-
CO, frnom CIMMYT. Short-sdize plant with high resis-
Lance fto Lodging and good ydelds.

In genernal, all new varieties mentioned for nice,beans
and maize are presented as having good yields as compared  Zo
olden ones, but we wene not able to have a neliable basis forn an
adequate comparison in Lemms of actual production conditdions. On
the othen hand, no regdisiry of varietal Aimprovement was found gfor
cassava, which was confirmed when visditing CNPMF - National Re-
seanch Centern fon Cassava and Thopical Frudits - in Cruz das Al-
mas, Bahia. With nespect o pastunres, Lt seems that CIAT's col-
Laboration with CPAC - "Cennados" Reseanrch Centre - in Brasilia,
has Led to the development of: a) Andropogon ‘goyanos (cv Planal-
tina)l An 1979/80; b) Stylosantes gulanensis (cv Bandedirante) 4in
1984; c) Stylosantes macrocephala (cv Pioneiro) in  1984; d)

Brachiaria baizanta (ecv Marandu) An 1983.

While wheat was not included in ourn priorities gonr
gield intenviews, we wenre able to Ldentify the foLlowing devel-
opments: a) ALONDRA 4546, cultivan obtained Late in the seventies
grom the crossing D 6301-Nai 60 x Wq-RM/Cno,-Chn, with CIMMYT's
material and having the numben CM 11683, with good resistance Zo
diseases; Lt L8 necommended fon pants of Parana, Mato Grosso do
Sul, Sao Paulo and the central part of Brazil; b) MONCHO BSB:
cultivarn obtained Late in the seventdies nesulting from a Lineage
selected by CIMMYT; necommended for the central part of Brazil;
c) BR_10-FORMOSA: cultivar obtained earnly in the elghties fhrom
neselecting Alondra Sib, in CPAC - "Cennados” Research Centre
in Brasilia, with yields 15 pencent highen than ALONDRA 4546; d)
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BR 11: foint work of CIMMYT, CNPT-National Reseanrch Centen {on
Wheat -, Passo Fundo, and @ecommendad for the state o4 Mato Gros-
50 do Suf.
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4. Reseanch Impacts on Agriculitural Production

4.1. Impontant Innovations grom Non-TARC Sounces

In the previous chaptern we Listed, for nice, edible
beans, maize, pastures and wheat, the varieties developed in the
NARS with the contrnibution of the TARCs. For cassava no develop-
ment was Ldentdified. Howeven, we must rnemember that the TARCs do
not covern many commodities Ain Brazilian agriculture and that
some 04 the nesearnch wornk Leading to the development o4 new van-
Leties 44 Andependent of thein senvices. Also, other 4interna-
tional neseanch Ainstitutions may have contraibuted Lo the process
0§ technological change in Brazil. In this part of the papen we
WALl neview the new vandieties of severnal agriculturnal commodities
developed independently of the TARCs, mainly from the second half
04 the seventies, but with Less individual details than in the
previous chapten.

RICE:

a) CNA 104: from crossing T1AC 47 and SR 2041 - 50-1
(with nesistance to blast, South Korea) recommended
gorn the state of Mato Grosso (upland rnice), with
modernate hresdistance Lo blast disease.

b) CNA 108: developed with the objective 04 being re-
sistant to blast, grom crossing IAC 47 and TOS 2578/
[7-4-2-3-B2 (introduced from Nigenia). High nesdis-
tance to blast, yield 15-20 perncent highen than ITAC-
-47, upland nice.

¢) CNA 790954: with genetic matenial from IRAT-TInsti-
tute de Rechenches Agronomiques Tropicales - . An
1979; 4nom crossing DOURADO PRECOCE and IRAT 13;
shont cycle and highen resistance o Lodging
and being mostly cultivated in the states of Goids
and Maranhao.
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d) CNA 791048: upland ndice's culiivar selected by

e)

§)

CNPAF - Godiania, from crnossing, 4n 1979, DOURADO
PRECOCE and TAC 5544, with the objective of com-
bining characteristics of grain quality and shonrt-
-cycke of the finst one with high ydelds o4 the
second. Recommended for states/ternitonies of Ro-
raima, Amapa (Nonth) and Piaul {(Northeast).

CNA 796019: cultivar introduced in 1979 by CNPAF-
-Goidnia, with the identification 1ET 4094. it nre-
sulted grom crnossing BNI1/CR 115 made in India. Rec-
ommended fon the state of Piaul (Norntheast).

TAPAR 9: cultivar of upland nice developed Ain TAPAR
- Londrnina, from crossing BATATAIS and Lineage ITAC
F-3-7; necommended for the state of Parana.

EDIBLE BEANS:

a)

b)

c)

d)

IPA - 1: cultivan developed by Pernambuco's Corponr-

ation of Agrnicultural Reseanch (IPA), from crossing

COSTA RICA and L3-0-50.

IPA - 2: cultivarn developed by Pernambuco's Conponr-
ation 0§ Agricultural Research (IPA), from crossing
COSTA RICA and L3-0-50; with nesistance to "gernru-
gem" but with sensitivity to "antracnose". Recom-
mended for warm anreas and Low relative humidity.

1PA-74-19: cultivar developed by Pernambuco's Con-
poration of§ Agricultural Research [IPA), 4rom choss-
ing COSTA RICA and L3—0—50; nesistant to "fernnugem"
but with sensitivity to othen diseases.Recommended
gorn warm areas and Low relative humidity.

GUATETAN 6662: cultivarn o4 black beans, introduced
by the joint program DNPEA-IPAGRO (Rio Grande do
Sul), oniginally selected by TI1IAC - Interamerican
Inétituie 04 Agrarnian Sciences - of Costa Rica.Rec-

ommended fon bean aneas o4 the state o4 Rio Grande
do Sul.
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TURRTALBA 4: cultivar of black beans, pure Line

selected from and indigenous population in Guatema-
La by TIAC; 4introduced in Brazil by IPAGRO - R4io
Grande do Sul 4in 1969.

MATZE:

a)

b)

c)

d)

e)

4]

SAVE 342: cultivarn of double hybrid developed by

TPAGRO - Rio Grande do Sul. Yellow color, Andicated
§on feed as well as forn fLoun. Recommended for zhe
state 04 Rio Grande do Sul.

SAVE 345: cultivan of double hybrid developed by
IPAGRO - Rio Grande od Sul. Yellow color,indicated
fdorn feed as well as for fLoun; short-cycle and rec-
ommended fon the state of RLo Gravde do Sul.

EMGOPA 501: cultivar obtained by EMGOPA - Goias'
Conporation of Agricultunral Reseanch, from popu-
Lation COMPOSTO DENTADO, synthesized in the Genetic's
Depantment, School of Agricultunre, Piracicaba, Sao
Paulo; resistant to "miLdio" and "hefminthosporiose".

SINTETICO: cultivar obtained by PESAGRO - Rio de Ja-
neino's Corpornation of Agrnicultural Research, from
the oniginal matenial SINTETICO IPEACS II1. IPEACS
was, before EMBRAPA, the nesearnch center for  the
Centen-South negion. Recommended for the nonthean
parnt o4 Rio de Janeihrho's state.

BR 125: cultivan developed in CNPMS - Sete Lagoas,
grnom a synthetic varniety obtained grom germplasm
ondiginating 4in breeding programs of Brazil, Colom-
bia and Mexico. Low resdistance to  Lodging,
tolenant to "helminthosponiose”" and "ferrugem”, and
with sensitivity to "miLdio".

BR 126: cuftivar developed in CNPMS - Sete Lagoas,
drom a synthetic varniety obtained from  geamplasm



a)

b)

c)

d)
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ondginating in the nace TUXPENO. Modenratly resistant
to Lodging , tolenant to "fernugem” and "helmin-
thosporiose” and with.éenéitiuity to "mildio". Rec-
ommended fon states of Minas Gerais, Sao Paulo,
Goias, Parana, Espinito Santo and Mato Grosso  do
Sul.

BR 427: cultivar of sweet corn developed by CNPMS -

Sete Lagoas, from a synthetic variety obtained 4An
genmplasm from Haway. Tolerant to "fgernrugem" and
"hedminthosporiose", but with sensdtivity to
"m{ldio". Recommended §or the states of Saoc Paulo,
Minas Gernadis, Rio de Janediro, Mato Grosso do Sul,
and south 0§ Goias.

POTATOES:

BR - 1: cultivar rnesulting grom crossing BNTIE (The

Netherlands) and BARONESA, and developed by UEPAE -
Cascata, Rio Grande do Sul. Resistant to "esverndea-
mento" and necommended fon the states of Rio Grande
do Suf and Santa Catarina.

CHIQUITA: cultivan developed by EPAMIG - Minas Ge-
rais' Coaponration of Agriculiural Research - and

EMBRAPA, from "clone" 0010 resulting from chrossing
DELTA and PAMIR 94n 1971); yield was 29 percent

highen than those o4 imported culitivarns.Recommended
dorn the Centern-South region of§ Brazil.

MANTIQUEIRA: cultivan developed by EPAMIG - Minas
Genads - and EMBRAPA, 4rom "clone" 0113 nesulting
grom crossing COSINA and HYDRA (in 1971); yield was
34 pencent highen than those of imponted cultivanrs.
Recommended forn the Centen-South nregion of Brazil.

MINEIRA: cultivar developed by EPAMIG - Minas Ge-
nais - and EMBRAPA, from "clone" 0196 resulting
grnom crnossing COSIMA and TONDRA (4in 1971). Vield was



-99-

26 percent highen than imported culitivars and nec-
ommended for the Center-South region of Brazil.

WHEAT :

a)

b)

c)

d)

e)

BR - 1: cultivarn developed by the foint program

CNPT - Passo Fundo (EMBRAPA) - and Fedenral Undiven-

sity o4 Pelotas (Rio Grande do Sul), dernived {4rom

crnossing TAS 20 and TAS 50, 4in the Late seventies;

nesistant to the mafjonity of "ferrugem"'s races and
to "crestamento". Shornt-cycle and recommended fon

the westean parts o4 Parana's state.

BR 2: cultivar developed by the joint program CNPT-
Passo Fundo (EMBRAPA) - and the Federal Univernsdity
0§ Pelotas (Rio Grande do Sul), derdved §rom crossing
TAS-50/4/1AS-46/3/VILELA SOL 4/EGYPT NA 101 /TIMSTEIN,
Ain the Rate seventies. Short-cycle, Lall size, hec-
ommernded for the westenn part of Parana's state.

BR 3: cultivar developed in the Late seventies by
DNPEA-Peélotas (before EMBRAPA), CNPT - Passo Fundo
(EMBRAPA) - and the Federal Univernsity of Pelotas
(R{o Grande do Sul), from crossing TAS 50/4/1AS 46/
/3/VILELA SOL 4/EGYPT 101/TIMSTEIN; average cycle,
tall size, recommended fon the state of Rio Grande
do Sul.

BR 4: culitivar developed in the Late seventies by
CNPT - Passo Fundo (EMBRAPA) - and zthe  Federnal
Undvensdity o4 Pelotas (Rio Grande do Sul), grom

cnossing TAS 20*3/SINVALOCHO GAMA. Average cycle,
tall size, necommended fon the state of Rio Grande
do Sul.

ACEGUA: cultivarn developed in the Late seventies by
IPAGRO - Rio Grande do Sul, from crossing TAS 50
and B §; dvenage cycle, tall size, necommended fon
the aneas of Bagé and Herval in Rio Grande do Suf.
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BR 5: cultivar developed in the Late seventies by
ONPT - Passo Fuido (EMBRAPA), from crossing IAS 59/
/TAS 52 /GASTA; éﬁont‘cgéZQ, tall size and  necom-
mended fon the wheat rnegions of the state of Rio
Grande do Sul.

BR 6: cultivar developed by DNPEA - Pelotas (before
EMBRAPA), CNPT - Passo Fundo (EMBRAPA} and the Fed-
enal Undvensity of Pelotas (RLo Grande do Sul) 4in

the Late seventies, from crossing TAS-20-TASSUL/
/TOROPI. Long cycle, tall size and necommended 4o
all wheat nregions o4 Rio Grande do Sul.

TIFTON: cultivar developed by IPAGRO - Rio Grande
do Sul, by selection from the same Lineage existent
in Geongia, United States; highly  nresistant  to
"oldio", avenage cycle, shont size and recommended
gon all wheat negions o4 Rio Grande do Sul and south-
enn Panrana.

BR 7: cultivarn developed in the early edighties by
CNPT - Passo Fundo (EMBRAPA|] from crossing TAS 20-
-TASSUL and TOROPI; average cycle, tall size, hre-
sdstant to all naces of "gernugem” (Puccdina graminis
trhiticd) and recommended for parts of Parand's state.

TAPAR 3-ARACATU: cultivan developed 4in the eanty
eighties by TAPAR - Londrdina, unknown crossing,shont

to avenage cycle, average to tall size,recommended
forn the negion o4 Dounados, Mato Grosso do Sul.

BR &: cultivarn developed in the early edighties by
DNPEA - Pelotas (befone EMBRAPA) and CNPT - Passo
Fundo (EMBRAPA), §rom crossing IAS 20/TOROPI/PF
70100; short-cycle, tall sdize, nesistant to "fernu-
gem” and necommended for Rio Grande do Sul, Minas
Genadis, Goids and the Federal District.

BR 9 - CERRADOS: cultivan developed in the earnly
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eighties by CPAC - Brasilia (EMBRAPA, cernrados) and
nesulting grom crossing BH 1146 and IRN 595-71.Rec-
ommended for upland cultivation in the central re-
gion o4 Brazil.

CANDETAS: introduced in Brazif by OCEPAR - Organdz-
ation of Parana's Cooperatives - as Lineage E 75168
of Dekalb Seed Co. (Argentina), resulting =~ 4rom
cnossing CARDENOL x SONORA 64-KLEIN RENDIDOR, and
evaluated by the national researnch system of EMBRAPA
shont-cycle, Low size and necommended for Minas Ge-
nais, Godias, Mato Grosso and the Federal Distrnict.

MINUANO 82: culitivar ondginating in the crossing
571 x S 473, A3A2 made 4n FECOTRIGO's expenimental
centrne. FECOTRIGO A4 Federation of wheat Coopen-
atives 4in Rio Grande do Sul. Recommended fon s04Ls
with mone than 5 perncent of aluminum saturation 4in

the states of RL0 Grande do Suf and Parana.

RS 1 - FENIX: culitivar developed by TIPAGRO - RLo
Grande do Sul - 4in the eanly edighties, from the
crhossding PF 70100/3 115157-69, short cycle and nrec-
ommended for all the state o4 Rio Grande do Sul.

RS 2 - SANTA MARIA: cultivar developed by IPAGRO -
Rio Grande do Sul - in the eanly eighties gfrom the
crossding S45/KAVKAZ, shont-cycle and recommended
gorn all Rio Grande do Sul.

RS 3 - PALMEIRA: cultivar developed by IPAGRO - Rio
Grande do Sul - 4in the early edghties, from the

cnossing S45/KAVKAZ (made 4in 1972), shont-cycle and
necommended for all Rio Grande do Sul.

RS 4 - UBIRAIARAS: cultivar developed by IPAGRO -
Rio Grande do Sul - §rom the crossing MARINGA/S 76.
Recommended for all Rio Grande do Sul, except ne-

gions o4 Bage and Sao Gabniel.
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COTTON:

a)

b)

)

d)

BR 1: cultivar developed Late in the seventies by
the CNP - Campina Grande, Paraiba (EMBRAPA}, re-
sulting from the crossing ALLEN 333/57 x ALBURN 56;
nesdstant to "murncha" of Vernticdillium, shornt-cycle,
necommended for parts of Pernambuco, Alagoas, Sen-
gipe, Minas Genais and Goias. '

TAPAR 4-PARANX 1: cultivarn developed by TAPAR-Lon-
drina in the Rate seventies, with selection in Afri-

can vaniety REBA B-50 (beginning in 1973). Short-
s4ize, good nresistance to dry pendiods, tolerant Lo
"bacteriose" and "namulose" and recommended gon
parts o4 Parana and southean Ceara (Nontheast).

CNPA 2 H: cultivan developed by CNPA - Campina Gran
de, Paraiba (EMBRAPA) in the early eighties, nesult-
ing from Aindividual selection in the African vanr-
Lety REBA B-50. Tolenrant to "bacteniose" and recom-
mended forn states o4 Ceara and Bahia (Northeast).

CNPA 2 M: cultivarn developed by CNPA - Campina Gran-
de, Parnaiba (EMBRAPA) in the eanly eighties; Lt is
a compound with genotypes of VELUDO C 71, C 74 and
PB 117-20-8, with sensitivity to "bacteriose" and
"§usaniose" and rnecommended for the states of Piaud,
Ceana, Rio Grande do Norte, Paraiba and Pernambuco.

SOYBEANS :

al

b)

BR - 4: cultivar developed in the Late seventies by
CNPS-Londrina (EMBRAPA) and CNPT - Passo Fundo
(EMBRAPA), nesulting from crossing HILL and HOOD.
Yields wene 10 percent higher than BRAGG's and 15
pencent highen than DAVIS's (see Table 1). Recom-
meﬁdgd gonr all areas 04 RLo Grande do Sul.

DOKKO: culitivan developed jointlLy by IAC - Campinas.
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TAPAR - Londrina and CNPS - Londrina (EMBRAPA),
g§rom popuﬂation RB 72-1, 4in the Late .'bebentéeéf
Yields wene 5—15-pencent highen than that of UFV-1
and 19 perncent highen than that of IAC-2 (see Table
1). Recommended for the states of Minas Gerais,Go-
ias, Mato Grosso and the Federal Distnict, - the
centrnal part of Brazil.

1VAT: cultivan developed in the Late seventies by

IPAGRO - Rio Grande do Sul - fnrom the chrossing
MAJO0S x HOOD (4in 1967). Yields were 9 percent highern
than those of BOSSIER and. HARDEE and 3 penrcent
highen than that o4 BRAGG. Resistant to diseases and
necommended fon Rio Grande do Sulk.

BR 05: cultivarn developed in the eanly eighties by
CNPS - Londrnina (EMBRAPA) and made availfable by
UEPAE - Dounrados, Mato Grosso do Sul, resulting from
crnossing HILL and HOOD (4in 1966). 14£ has the same
yield as BRAGG and DAVIS but L4 superior Lin Zexrms
04 plant hedght and inserntion of the gf4inst pods .
Recommended forn s0ils of high fertility 4in the
southenn pant of Mato Grosso do Sul.

EMGOPA 301: cultivarn developed in the early edgh-
ties by EMGOPA - Goias' Agricultural Research Conr-
poration -, from the crossing TAC 4 and JUPTER (in
1973/74). Recommended for the southean  part of

Goias, between 16° - 19° Ratitude, in s0ils  §rom
Low to avenrnage fentility |parntially orn totally 4Am-
proved "cennrados").

DOURADOS: cultivar developed in the early edlghities
by UEPAE - Dourados, Mato Giosso do Sul (EMBRAPA),
nesuliing from selection in cultivan ANDREWS (in
1973), selection made by OCEPAR - Onganiiation 04
Parana's Cooperatives. Yields were 9 percent highen
than SANTA ROSA's and 5 percent hdghen than VICOJA%.
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Recommended for the southern part of Mato Grosso do
Sul.

NUMBAIRA: cultivar developed An the earnly edlghties
as a nesult of the work of severnal institutions:1AC
- Campinas, TAPAR - Londrina, CNPS - Londnrina
(EMBRAPA), CPAC - Brasilia, cerrados (EMBRAPA) ,
EMGOPA - Goias' Agriculturnal Research Corporation-,
EPAMIG - Minas Genais' Agricultural Research -Con-
poration - and UNESP - Sao Paulo's State Univensity
- 4in ILha Solteina. Yields werne 6 percent highen
than UFV-1 and 19 percent highen than TAC-2 (see
TabLe 1). Recommended for Goias, Mato Grosso, Minas
Genals and the Federal Districkt, all in central
Brazil.

TROPICAL: cultivar developed in the early edighties
with the contrnibution of several institutions: IAC-
Campinas, TAPAR - Londrina, EMBRAPA (UEPAE - Tene-
zina, Piaul; UEPAT - Ponto VelLho, Rondinia; CPAC-
Brasilia, cennados; CNPS - Londrina), EMAPA - Manra-
nhao's Agricultunal Reseanrch Corporation-, EMGOPA -
Goias' Agrnicultunral Reseanch Corponration-,and EPABA
- Bahia's Agndicultural Research Corporation. 1t 4s
a progeny selected from the crossing HAMPTON and
E 70-51 (in 1969/70), and. it was the §inst soybean
variety available forn planting in Latitudes below
15°% which includes the Amazon and the Northeast.
Recommended for Maranhdo, Piaul, Rio Grande do Non-
te, Amazonas, nonth of Goias, nokith of Bahia  and
tennitony of Rondondia.

BR 6: cultivar made available in 1981 by CNPS -Lon-
dnina (EMBRAPA), sefected as a phrogeny F- from  the
crossing BRAGG (3) and SANTA ROSA. Resistant to sev-
enal diseases and recommended 6oh'the state o4 Pa-

rana.
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TIARAJU: cultivar developed in the early  edlghties
by IPAGRO - Rio Grande do Sul, from the crossing
INDUSTRIAL x ASOMUSUME. 1% was tested by UEPAE-
DOURADOS, Mato Grosso do Sul (EMBRAPA) and 4t s
necommended fon the negion of Dourados in Mato Gros-
40 do Sul.

BR 8§ - PELOTAS: culitivar made available in 1983 by
UEPAE - Pelotas, Rio Grande od Sul (EMBRAPA), rne-
sulting from a selection made 4in 1975 Ain genernation
Fg 0f crossing BIENVILLE x HAMPTON. Resistant  to

several diseases and recommended 4or the wheat re-

gions of Cruz ALta, Colonial de Santa Rosa and La-
goa dos Patos in Rio Grande do Sul.

BR 9 - SAVANA: cultivar developed in  the eanly
eighties by CPAC - Brasifia, cerrados (EMBRAPA) -,

with contanibutions grom several Ainstitutions: CNPS-

Londrnina (EMBRAPA), IAC - Campinas, EPAMIG - Minas
Geradis, EMGOPA - Goias and EMPAER - Mato Grosso do
Sul's Agrnicultunral Research Corporation. 1t nesulted
grom an individual selection in  the population
("bulk") LoB 74-2 4in F4. The crossings involved
DAVIS x SANTA ROSA and fLineages TAC 73-4§1, TIAC 73-
-1075 and F67-5221. Recommended fon the "cernrados"
region 0§ Brazil, mostly Located in the central
part of the country.

BR 10 - TERESINA: cultivar made availlable Ain 1983

by CNPS - Londrina (EMBRAPA); Lt is a progeny Fy
gnom the crossing UFV 1 x TAC 73-2736-10. 1t 44
necommended for nregions Nornth and Nontheast o4
Brazil with Latitudes betfow 15°. 1t has a cycle 10
days Longen than TROPICAL which allows a betten
distribution of pﬂdnting and harvesting.

" BR 11 - CARAJAS: cultivar made avaifable in 1983 by

CNPS - Londnina (EMBRAPA); At is a progeny F from
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the crnossing UFV x TAC 73-2736-10, beding resistant
to some diseases. It L& recommended for planting in
negions Nonth and Nontheast, below 159 patitude.

o) CEP 10: cultivar made availfable in  the eanly
ed{ghties by FECOTRIGO - Federation of Wheat Coopern-
atives 4n Rio Grande do Sul -, nesuliting from zhe
crossing TAS 2 x D 70-3185 (in 1974). Yields wene
7 pencent highen than those of BOSSIER, BR 3 and
TIVAT.

4.2. Production Effects

Brazil has, whithout doubt, substantially Amproved Lits
agricultural neseanch system since the finst halg o4 the seventies.
Finst, EMBRAPA's overall budget has considenably Aincreased. Sec-
ond, the quality of Brazilian nesearchens has been significantly
upgraded. Third, at the end o4 the seventies a mone balanced pat-
tenn o4 nesearch Anvestment emenged between domestic and exported
crops. Founrnth, Zhe contribution o4 the TARCs has been relevant and
the List of new varieties resulting from such a collaboration, as
given 4in chapten 3, is an impressive one. Fifthly, also impressive
448 the List of new crop varieties developed in the NARS - Brazit,
without the dinect collaboration of the TARCs.

Thene sXLLEL nemain some nelevant questions. The {irsit
one 45 whethern on not Brazil 4is Anvesting the proper — in economic
tenms — amount in agricultural nesearch in the aggregate and 4in
Aimpontant segments. The second one L4 whethen on not the unbal-
anced pattean of technological innovations — domestic vs.exported
crnops — L8 actually being cornected. We already noted =~ that 4in
tenms of effont (Lnvestment] a change Lowards a more balanced pat-
tenn could be detected duning 1978/80. Was that translated Ainto
actual nesults, that Ls, Lincreasing the nate o4 zLechnological
change for domestic chops neLative to exbonted ones, including the
special case o4 sugarcane? That 44 not a simple question to answer
and we will not pretend to have Lt completely answered. Howevenr,
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An the remainder of This section we will make some atiempts to
discuss the production effects of technological change. The §inst
question wilf not be deaft with furthen here.

In neviewing the new varnieties developed in the NARS,
with and without the collaboration of the TARCs, the §inst im-
pression 4s that the balance L§ Ainnovation among crops L4 good.
While we centainly cannot go verny deep in analysing this problLem
using as the only evidence the List o4 new varieties, when con-
sidending the nespective numbens and geographical distribution of
new vardieties, gon each crop Lt Looks Like nice, edible beans and
maize (among the domestic crops)and soybeans and cotton ( among
the exported ones), as well as wheat, had a good performance. 0§
counse, we must necall that several exported crnops, such as cof-
gee, oranges, sugarcane, peanuts and tobacco, were not included
in oun survey since they are not part of EMBRAPA's reseanrch
system. On the othen hand, cassava, among the domestic crops,was
the negative parnt of the neview, since not a single new variely
was Zdentiﬁied as beding developed in the necent past. As gonr
soybeans a proper evaluation of the impact of all the varieties
previously Listed would require much more time and effort Lhan
we wene able to give to the present nesearch.

To make some progress in answerning the basic question
as to whethen orn not Brazil now has a more balanced pattern of
varietal (yLeld Zmpnouing) Annovations among crops, we will use
a differnent methodology. Consistent with oun analysis in Table 2,
we will Look at the annual rates of yield growth fon sevenal crops,
domestic and exported, in the states of Brazil's Centen-South ne-
gion forn the perniod 1977/83. Following that, we will examine the
annual nates of acreage growth fon the same crops and states,for
the peniod 1977/84.

1t 48 not necessary torepeat the economic reasoning sup-
porting such a procedure, since that was a good part o4 chapten 1.
The main point was that a pattern of Lnnovations ﬁaQoning exponted
crnops would tend to cause expan&ion 04 acreage in those crnops,and
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through substitution in production, could bring acreage declines
gorn domestic crops. In Table 9 we present the annual rates o4
yield growth and in Table 10 the annual nates o4 acaedge growth
both for domestic and exported crops 4in Brazil' Centen-South re-
gion. We must make Lt clear that oun test is only a §inst attempt
to tackle the problem and that perhaps only a noagh pattean 4An
both tables could be éxpected.

Finst, Let us compare Table 9 with Table 1, in ftenms
04 numben of events — defined as individual crop yLeld growth
above 2 pencent pen yean — durning 1960/69, 1967/76 |(both in Table
1) and 1977/83 (in Table 9) and 4in the same group o4 states.Since
thene ane § events durning 1960/69, 16 durning 1967/76 and 24 during
1977/83, it Looks Like ydleld-improving technological change has
been 4increasing. This agrees with the observed increase in in-
vestment for agricultural research since the establishment of
EMBRAPA in 1974,

Looking at the distribution of these events among do-
mestic, exported crops and wheat, fon the same crops and states
in both Tables, in the three peniods, we note that both groups of
crnops experndenced expansdion Lin the numben of events at about the
same nate between the 4inst and thirnd perniods. Howevern, the ex-
pansion was Largern gon exponrted crops when only the second and
thind peniods ane compared. In addition, in Table 9 fourn cases o4
negative yield growth forn domestic crops can be noted, two foxr
beans (Parana and Mato Grosso), one for cassava (Minas Gerais)and
one forn potatoes (Rio Grande do Sul), while there ane none for ex-
ponted crops. |

ALro, an important change 4in the mix of technological
Annovations gon domestic crops occurrned dunding 1977/83 as com-
pared to 1967/76 (Table 1): in this canlien period, 0§ edght
events, one was fon ndce, three wene 5dn pdtatéea and founr fon
maize. Durding 1977/83, in nihe euentb, two wene for nice, onty
one foxr pdtatoeé and s§4ix for maize. In addition, in two states
nice had positive rates of giezd giowth (Rio Grande do Suf and
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TABLE 9

ANNUAL GROWTH RATES IN YIELDS, SELECTED CROPS AND
STATES, BRAZIL, 1977/83!al ()

CROPS SP PR RGS MT GO0 MG BRAZIL
1. DOMESTICS:
Rice 8.19 zeno 1.67 1.72 zeho 3.72 2.00
Beans . zZew -2.32 zeno  -9.49 zew zeno -1.40
Maize 4.15 4.40 5.58 3.63 4.75 3.93 3.88
Cassava zeno zenwo zeno zeno zero -1.90 -1.22
Potatoes - zeno  -1.49 . - §.13 3.24
2. EXPORTED:
Cotton zZehro 5.50 - 4.01 7.99 .18 5.81
Peanuts zeno zero - zeho - - zehro
Cofgee zehw 15.61 - - - 4.12 5.50
Soybeans 3.83 zeno zew 6.57 4.32 5.69 2.84
Onanges 2.67 - 2.89 - - zew 2.15
Suganrcane - 5.36 zeno zeno 6.70 5.45 2.82
Tobbaco - - 2.83 - - 0.76 1.85
3. WHEAT: - 3.42 zenw §.94 - - -

Sownrce: Basdic data, FIBGE.

{a)l Three-yean moving average. The Lettens forn the states mean: SP,
Saoc Paulo; PR,Parana; RGS, Rio Gurande do Sul; MT; Mato Grosso
do Sul. and Mato Grosso (together); GO, Goias; MG, Minas Gerais.
Significance test at 5 percent Level, the same as in Tablel.
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TABLE 10

ANNUAL GROWTH RATES TN CULTTIVATED ACREAGE,
SELECTED CROPS AND STATES, BRAZIL, 1977/84 _%l(a)

CROPS SP PR RGS MT GO MG

1. DOMESTICS:

Rice zeno -14.25 3.70 -§.02 zZeno zeno
Beans 4.71 zeno zeno zeno zeno zeno
Maize 2.97 2.63 1.61 §.41 zeno  -2.20
Cassava zeno zeno -9.75 ~6.71 zZeno ~4.44
Potatoes - - 4.75 -5.32 - - zZeno
2. EXPORTED:
Cotton zenro 4.13 - -4.70 zeno zZeno
Peanuts zZehro -16.14 - -33.62 - -
Cofgee zZeho - §.31 - - - 6.64
Soybeans zenro zeno zeno 19.16 28.72 17.51
Oranges 7.81 - -3.13 - - 5.11
Suganrcane 11.24 16.29 zenro 29.60 19.11 5.25
Tobbacco - | - zeno , - - -11.89
3. WHEAT: - - 7.59 -11.81 19.19 - -

Source: Basic data, FIBGE.

(a) The Lettens fon the states mean: SP, Sao Paulo; PR, Parana; RGS,
Rio Grande do Sul; MT, Mato Gnosso and Mato Grosso do Sul (foge-
ihue/)a; GO, Goias; MG, Minas Gerais.Significance test at 5 percent

evel.
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Mato Grosso), in spite o4 being below the 2 perncent dividing
nate. The mix of technological change in 1977/83 — more concen-
trated on malze and nice — should bring mone beneéitbi to pro-
dacenA and consumenrs, especially since potatoes has only a minorn
impontance for edthen group.

Anothen point giving greatern confidence to these re-
sults, As the spread of positive nates of yield growth oven the
Centen-South negion of Brazilf. Madlze Ais the best example, with
verny Ampressive nates fon all six states considerned. Durding 1967/
/76 (Table 1) madize had rates above 2 percent in fourn states.In-
cluding nrates which wenre positive but below 2  penrcent, rice
showed increases in fourn states of Brazil's Centen-South negion
duning 1977/83 (Table 9). For expornted crops, cotton had four
events out of a possible five duning 1977/83, soybeans had goun
out 04 s4ix, onanges two out of three, and sugarcane, three out of
§ive. Finally, Ain terms of aggregate national yield Lincreases we
can also note considernable progress duning 1977/83 (Table 9) as
comparned to 1967/76 (Table 1). Only potatoes and soybeans did
not show Amprovement in yLelds.

Oun test indicates that Brazil had more . technical
change duning 1977/83 than in previous perdiods. Howeven, the
questions sLLLL nemains o4 an balanced distribution between crops
— 04 such technical change. Finst, in the agghregate, exported
ones stiLL had a highern nrate than domestic ones, mainly because
nates gor edible beans and cassava were negative. Howevern,in the
southean negion, domesitic crops gained nelatively overn exported
chops, An teams o4 yield growth, especially maize and rice, as
companed to soybeans and cotton. Fon this negion, at Least, the
bias favoring exportables in the crhop mix duning 1967/76 was not
nepeated duning 1977/83%. The opposite nesult occunred in Brazil's
central negion, whenre exported crops gained relatively overn do-
mestic ones, An spite 0§ the gact that yield growth rates in
those states, fon maize and nice Ain particulanr, wenrne positive.As
a nesult, Brazil's central négion may now be nrepeating the pat-
Lenn of £ts southern negion duning 1967/76 in terms of an unbal-
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anced pattern of technical change, which could Lead to unbalanced
agricultunal growth as between domestic and exponted crops.

In Table 10, giving the annual nates of acreage ghrowth
duning 1977/83 4forn the same crops and 4tatéb, the 5o£20wing'cau
be noted. Finst, 4in the Southenn negion soybean acreage did not
grow; we necall that the extiaoidinang expansion of this crop
beginning in mid-sixties was a major reason for changes Ain crop
mix against domesitic products. AlLso, we note a consistent area
~growth of maize in the three Southenn states and that of Lrnd-
gated nice in Rio Grande do Sul. Here the case 44 not that  of
nice-soybeans competition, but should be intenpreted as a favor-
able impact o4 the development of new nice varieties as earlfiern
neviewed (mainly BR-IRGA 409 and 410). Cotton acreage increased
only in Panrana.

In second place, when turning ourn attention Lo the
three central states, an opposite pattenn 04 agricultural ghrowth
was observed durning 1977/83. Soybean acreage grew substantially
Ain these three states — more than two million hectares between
1977 and 1984 — while nice anrea decfined in Mato Grosso and stag-
nated in Goias and Minas Gernais. For maize, thene was high anea
growth in Mato Grosso, stagnation in Goias and decline in Minas
Genais. Fon beans, therne was stagnation and fon cassava,declines
Ain two states and'AtagnatLon Ain one. Forn madze,and rice,at Least,
we had Aindications of technical Linnovations An Zthe central re-
gdlon, as well as positive nrates of ydeld growth during 1977/83.
Ourn explanation is that soybean innovation 448 dominating that 4in
nice and, to a Lessen extent in madze, since all three anre sub-
stitute crops in production. Thus, Lt seems that the development
04 soybean varnieties forn the central negion of Brazil,including
its "cenrnados" area and that with Ratitudes befow 15°S,.is having
a stnong impact on the composdition of agricultural growth in. that
pant>05 the countrny. Finally, the sitrong gnowth'oﬂ the sugancane
acieage, in pnacticdﬁzy all states Ain the Centen-South  nregion,
should be Lntéhpneted mone as a result 05 the alcohol  proghram
than the intensity of technical change.
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5. Conclusions

With the information provided in this study, 4Lt can
be concluded that today the TARCs are collabonrating with a much
betten neseanch system Ain Brazil than previously. The country,
however, Losit quite some time before deciding to invest in agri-
culturnal nreseanrch. The majon policy change occurned in the finst
half of the seventies with the creation of EMBRAPA. By all rea-
sonable cnitendia of pergormance, the achievements of EMBRAPA and
monre broadly the NARS, can be consdiderned as close to extraorndinary.
A few neasons will fustify such an evaluation.

Finst, Brazil could not be considenred as having, up
to the ginst half of the seventies, a national neseanch system
with the minimal conditions of size and quality Zo senve A1
diffenent negions, crops and producens. In fact, up £to that time,
a favorable wornd could be said only about Sao Paulo's agricul-
turnal neseanch system, which developed several yield-Aimproving
varnieties., TAC - Campinas’' Agronomic Institute -, the . best
example, made imponrtant innovations 4in coffee, cotton, oranges,
sugarcane, soybeans, maize and potatoes.

A consequence o4 that situation, in which nresearch was
very poor at the federal Level, was an underinvestment in agri-
cultural nesearch, which was panticularly senious when analyzed
on a cnop by crop basis. The underninvestment was greatesi fon
centain crnitical food commodities. In consdequence, the country
expendienced the developemnt of a segmented agricultunal system
with one sectorn open to extennal transactions and competitive 4Ain
the intennational market, and anothern without nregular competi-
tiveness 4in that manket because of unfavorable domestic cost
conditions.

In tenms o4 production pernformance, things became much:
more compzicated'aﬂten Zhe de-AixtieA,'with technological 4inno-
vations foxr Aoybeané,‘higﬁ international prices and a betten ex-
change nate policy. A drastic change 4in cndp mix occurned 4An
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davon of exponted commodities and "per capita" production of do-
mestic foods declined significantly. EMBRAPA and the NARS wexe
cneated and the collLaboration with the TARCs was intensdified Ln
the midde of this process. In addition, in 1973/74, Brazil,like
many othen counirdies, was facing the extremely adverse effects of
the finst o4l "shock", in its exteanal accounts. .In Light o4
these three developments, LEX Ais possible to undenstand the social
"demands" as well as EMBRAPA's nesponsibilities in the mid-seven-
ties.

ALso, 4rom that situation and the difgiculties related
to human and financial nesounces, Lt L8 possible to undenstand
EMBRAPA's preoccupation in defining nesearch prionities,including
crnops to be emphasized 4in the research program. That will take
us to the second reason forn our extremelly good evaluation 04
EMBRAPA, the nesounces 4Lnvested Lin the nresearch program. Overall
EMBRAPA's budget grew by a mulitiple of ten in dollarn teams grom
1974 to 1982 and total researnch expenditure as a proportion of
the value o4 agricultunrnal product almost doublfed between 1974
and avernage 1978/80. The period's negative point, however, was
the detendioration observed in IAC - Campinas, gormernly ocurn prin-
cipal nreseanch institution,a high quality one even by international
standanrds .

In addition to its greaten budgets EMBRAPA was able
to make substantial investments Lin human nesourcesd. From an
Anditial situation where the minornity of researchens was really
qualified, ten yeans Laten EMBRAPA had succeeded 4in a major qual-
Lty change in 414 neseanch staff, with a Large mafornity at the
masten's on docton's Level of training. In this pendiod, also Aim-
porntant fon the quality of Brazilian neseanrchers, was the train-
ing offened by the TARCs. Howevern, with the quality improvement
expendienced by the neseanch staff, At Looks Like presently Zzhe
type 04§ thainding pnouided by the TARCs will have to change.

The thind neason to justify our good evaluation of
EMBRAPA-NARS 44 nelated to the problem o4 a previous unbalanced
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pattenn of technological innovation. The evidence we were able
to gathen indicated that a change had already occunﬁed'by the
end 0§ the seventies towanrnds a more balanced patteih of Hre-
seanch investment between domestic and exported crops. Centain-
LLy, that was an indication of effont and not practical nesults.
Howeven, 4t 45 Amportant to observe that in this effont the
IARCs had much to give, since CIMMYT, IRRI and CIAT, were con-
ceaned with exactly those domestic crops for which Brazif had a
problem, malze, nice, edible beans and cassava, and IITA and
ICRISAT wene relevant to Brazil's agro-climatic conditions.

Evaluating nresearch resulits obtained sdince the -chre-
ation of EMBRAPA-NARS, it was noted that the contribution of the
IARCs has been nelevant, mainly Ain the provision o4 genefic ma-
tenials to Brazdl. The Rist of new vardieties resulting grom such
a collaboration, given An chaptern 3, 44 Ampressive, mainly 4An
the cases of maize, nice, ediblfe beans and wheat. ALso Aimpressive
45 the Rist of new crop varndeties developed by EMBRAPA-NARS with-
out the dinect collaboration of the TARCs. By fthe crdifernia  we
developed Ain this study to measure the amount o4 fechnologicalk
change occunrning oven time, we concluded that an Aincrease d<d
take plLace from 1960/69, 1967/76 and 1977/83. This A8 in agree-
ment with the overall increase Lin Lnvestment for agricultural ne-
seanch aften the implementation of EMBRAPA in 1974. When consider-
ing domestic and exported crops, it was noted that the amount o4
technological change increased similarly for both groups g§rom
the 5&441 to the thind pendiod, although the increase was Larger
gon exported crnops when comparing the second and thinrd paniodb.
Within domestic crops, the mix of technological change 4 now
more concentrated in malze-nice as against maize-potatoes, with
the present mix being mone Aimpontant fon producens and consumens,

When considerning the question of technological change
in negdonal tenms, we noted that domestic crops made relative
gains oven expdnied chops An the Southean negion, with ydleld
growth as Aindicaztonr, duning 1977/83, especially maize and nice,
as compared to soybeans and cotton. Howeven, the opposite hap-
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pened in Brazil's central negion, whenre exported crops made re-
Lative gaiﬁb oven domesitic ones. In this negdion now, as 4t was
in the Southenn negion duning part of the sixties and the seven-
ties, soybeans 4s 4in the 5&&41 place, with several new vanrietdies
don the anea of "cennrados”" as well as those forn Low Latitudes.

WLith all that in mind, it seems Aimportant Lo me that
the collaboration EMBRAPA-NARS-TARCs should be maintained on
even Aincreased. The TARCs work with the "night" crops with re-
spect to Brazil's needs. In tenms of priondities, we would say
Lthat an increased collaboration would be necessary for cassava,
edible beans and upland nice. Such a collabonration, howevern,
should take into account that presently the quality of Brazilian
neseanchens 4s much highen than Lt was ten yeans ago. As a ne-
sult, the basis fon a continuding successful collaboration,be it
in trhainding, genetic matenials, research approaches or methodol-
ogies, etc., does exist today 4in Brazil and, probably, Ain bettexn
tenms than in mid-seventies. The favorable effects to be stilL
obtained in the futune, nelated %o gains in Aincome, welfare and
nutrition, fustify the continuation of the intenchange Brazil -
TARCs.

€ -
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