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487 Words 

ABSTRACT 

MECHANIZATION AND EMPLOYMENT IN BRAZILIAN
 

AGRICULTURE, 1950-1971
 

decision in many developingThe agricultural mechanization 

of a large agriculturalcountries is complicated by the existence 

sinc the Secondpopulation, high rural-urban migration rates 

World War, and a capital intensive industrialization pi ocXss. 

reduce the ability of the non-agriculturalAll of these factors 

Moreover, many developiilg countriessector to absorb labor. 

decision in agi iculture bymay have affected 	the mechani/.ation 

in factor and product markets.their intervention 

Brazil is an ideal country to examine the determinants and 

effects of agricultural mechanization. Brazilian mcchanization 

has 	occurred at an extremely rapid rate in the post-War period 

and Brazil has actively intervened in its factor markets. 

The major results of the thesis are: 

1. 	 Time series analysis indicated that the subsidized 

financing was the statistically most significant 

variable determining investment in tractors and 

its effect swamped the relative price variables. 
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This 	financing of the Bank of Brazil was provided 

at negative, real interest rates. 

2. 	 The elasticity of substitution between labor and
 

tractors was statistically significant and greater
 

than one in most cases 
hence shifts in relative 

factor prices have had a large effect upon factor 

proportions. The factor proportions choice between 

tractors and labor was statistically associated with 

agricultural wages, the level of bio-chemical expendi

tures per hectare, the crop mix, and the distribution 

of crop farm size. Concentiations of crop area 

on large faims icic ased the tractor-labor ratio hence 

there was evidence that the use of machinery was not 

neutral wvith regard to farm size. 

3. 	 Capital inputs were dichotomized into labor absorbing 

and labor releasing with biological and chemical inputs 

in the formcr category and mechanical inputs in the 

latter. Mechanization enabled a substantial expansion 

in crop area per worker. Reductions in the subsidy 

on the machinei y price would have resulted in more 

labor absorption in Sao Paulo agriculture. 
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4. The private rate of return per hectare to mechanized 

land preparation was high. This was a surprising 

result as the primary effect of mechanization was 

expected to result from increasing the crop area 

per worker. This high rate of return to mechanized 

land preparation was due to a reduction in the number 

of cultivations required and increased yields from 

improved soil preparation. 

In summary, machinery either replaced labor or prevented 

an increase in labor absorption. However, there was a yield 

effect of 10 to 20 percent from improved land preparation. More 

labor could have been absorbed in Brazilian agriculture if the 

capital price had not been subsidized. However, less than 

20 percent of Sao Paulo mechanization was associated with the 

distorted factor price evaluated. Moreover, the private rate 

of return for mechanized land preparation was high even for 

small farmers. The public rate of return to mechanization will 

depend upon the weighting of the labor replacing, yield increasing, 

and other effects of mechanization by Brazilian policy makP.,'s. The 

social cost of labor released from agriculture still remains to 

be measured. 
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iv 



ACKNOWLEDGEMENTS 

I owe a substantial intellectual and financial debt to
 

Vernon W. Ruttan. The 
concept ol "induced innovation" elaborated 

and applied to Japanese and U. S. ag.-iculture by Yujiro flayami 

and Ruttan was the starting point for this work. Dr. Ruttan 

generously supported my attempt to apply the concept to Brazilian 

agricultural development. The Social Science Research Council 

and AID through the University of Minnesota's Economic Develop

ment Center financially supported me in Brazil for the period
 

November 1, 1972 
 to January 7, 1973. 

Many people have conti ibuted to this thesis at various 

stages. Lee Martin provided a very thorough editing job and 

Hans Binswanger made many useful suggestions in the final
 

writing stage. 
 Gerry Saylor of the Ford Foundation was my 

resident adviser at the Instituto de Economia Agricola in Sao 

Paulo. I am also indebted to thc Institute especially to Paulo 

Cidade de Araujo and Paul Frans Bemelmans for providing an 

office and access to a computer while in Brazil. Helpful at 

various stages of this research were Martin Katzman, Oswald 

Brownlee, Keith Bryant, Hans Gregorsen, Charles Freedman, 

and Willis Peterson. I am especially grateful to Wayne Thirsk 

v 



of Rice University, for providing me with his work on Colombian 

and for incisive critical comments atagricultural mechanization 

various stages of this research. I. J. Singh of Ohio State 

me with copies of his very importantUniversity also supplied 

work on Rio Grande do Sul agriculture. Finally, Surjit Sidhu 

and Thomas Stinson were good friends always ready to lend 

moral support. 

My primary debt is to my wife, Jackie, for her direct 

and indirect support over the long time p(:riod of my graduate 

study and the writing of this thesis. Last but not least I am 

very indebted to Mrs. Barbara Miller for an extremely thorough 

typing.proofing and to Mrs. Joan Taylor for the 

vi 



TABLE OF CONTENTS
 

Page 

Abstract . . . . . . . . . . . .. . . . . . . . H
 
..... .....Acknowledgements ............. v
 

Table of Contents .............. . . . . . ........ vii
 
List of Tables ..... . ............. . x
 
List of Figures .... ................. . . . . . xvii
 

Chapter 

I INTRODUCTION ................ 


II 	 FINANCIAL SUBSIDIES AND TIIE GROWTH
 
OF THE BRAZILIAN TRACTOR STOCK,
 
1950-1971 ...... ................. . . 10
 

A. 	 Statistical Analysis of the
 
Aggregate Demand for Tractors ..... 10
 

B. 	 The Bra/alian Tractor Industry
 
and Government Policy ............. .29
 

III 	 THE REGIONAL DISTRIBUTION OF
 
BRAZILIAN ME,CLANIZATION .......... .35
 

The Model ...... ................ ... 42
 
The Expanded Factor Price Model .. .. 49
 

The Results . . ............. 60
 

IV 	 THE IMPACT OF MECHANIZATION AND
 
MACHINERY SUBSIDIES UPON LABOR
 
ABSORPTION IN BRAZILIAN
 
AGRICULTUtE ................ 	 64
 

A. 	 The lmpa t of Tecinological Change 
and 	Crop Shifts upon Labor Absorption 64
 

The Problem ..... ............. ... 64
 
The Model .................... ... 73
 
The Results ............... 76
 

vii 



Chapter Page 

B. 	 The Impact of Tractor Subsidies
 
Upon Labor Absorption in Sao Paulo
 
Agriculture . . . . . . ... ................ 79
 

The Problem .. . . . . . . . . . . 79
 
The Model . . . . . .*. . . . . . . . . 81
 
The Results .. . . . . . . . . . . 82
 

C. 	 Regional Crop Specialization and 
Labor 	Absorption ............. 88
 

The Problem . . . * 88
 
The Crop Shift Test ............. . 91
 
The Results . . . . . . . . . . . 91
 

V 	 THE INTERNAL RATE OF RETURN TO
 
MECHANIZED LAND PREPARATION ON
 
SMALL FARMS IN MATO GROSSO . . . . . . 98
 

A. 	 Terenos Results 
 . . . .	 . . . . . . . . . . 99 
B. 	 Fatima do Sul Results . . . . . . . . . . .107
 
C. 	 Summary . . . . . . . . . . . . . . . . I07 

VI 	 THE POLICY IMPLICATIONS OF
 
BRAZILIAN AGRICULTURAL
 
MECHANIZATION . . . . . . . . . . . . . . . 115
 

Appendix 

A. 	 THE DATA EMPLOYED IN
 
CHAPTERS 2-4 . . . . . . . . . . . . . . . . 125
 

A-I 	 The Data and Variable 
Descriptions for Chapter 2 . . . . . . . 126
 

A-I 	 Description of Variables for the 
1950 	and 1960 States and the 
1960 	Regions of Sao Paulo: 

Chapter 3 .................. .143
 
A-Ill Pooled Regression of All States
 

A-IV The Census Data Employed in
 

and Sao Paulo for 1960: Chapter 3 . . . 155
 

Chapter 4 . . . ... .. . ....... 160
 

viii 



Appendix Page 

B. 	 TRACTOR IMPORTS AND
 

171GOVERNMENT 
POLICY ............. 
 . 

C. 	 THE SIIIFT TO IIEAVIER HORSEPOWER
 
IN TIIE BRAZILIANTRACTORS 


TRACTOR fNIDUSTRy ............... 	 187
 

D. 	 THE IMPORTANCE OtF" AGRICULTURAL
 
MECHANIZATION 
 IN BRAZIIAN
 
AGRICULTURE, 1950-1971 
 ... ........ . .. 208
 

E. 	 TRACTOR FINANCING AND FARM SIZE . . 225
 

F. 	 PRODUCTION COST COMIPARISON OF
 
ANIMAL, AND ME:CIIANICAL POWER IN
 
SAO PAULO .......... 
 . . . . .... 237 

BIBLIOGIIAPf Iy 	 .251. . ............. 


ix 



LIST OF TABLES 

Table Page 

1 Brazilian wheel tractor imports and 
sales of domestically produced wheel 
tractors . . . . . . . . . . . ... . . .. 11 

2 Investment demand for tractors, 
1950-1971 . . . . . . .. .............. . .. . 22 

3 Investment demand for tractor 
horsepower, 1962-1971 . . . * . 0. .. . . 24 

4 Test for a shift in the slope of the 
finance variable between the import and 
the domestic production periods . . o . .. . 26 

5 Elasticity of tractor sales with respect 

to financing .................. 27 

6 Tractor sales and quantity of financing, 
1960-1971 . . o. ................. 32 

7 The terms of tractor financing, 1960-1971 . 33 

8 Location of agricultural tractors 
between states in Brazil, 1920-1970 o .. 40 

9 Tractor-labor ratios for the Brazilian 
states and the U. S., 1950-1970 . . . . . . . 41 

10 Regression results for the tractor-labor 
ratios as a function of the agricultural 
wage rates .. ................. . 48 

11 Regression results of the tractor-labor 
ratios as a function of wage rates and 

other variables..... . . . . . . . . . . 61 

x 



Table Page 

12 	 Production and employment in the
 
agricultural sector of the Brazilian
 
economy, 1950-1970 ... ............ 
 . . . 65 

13 	 Factors affecting labor absorption in
 
the non-agricultural sector 
 . . .	 . . . . . . 68 

14 	 The impact of different technologies, crop
 
mix, and milk production upon crop
 
area per worker ..... ............ 
 . . . 77 

15 	 Rates of change of mechanization, xeal
 
wagcs, bio-chernical input use, and
 
crop area in Sao Paulo, 1960-1970 ..... . 83
 

16 	 Interstate rnlgralion: number and rates
 
of migration, 1950-1970 . ......... 
 . 86 

17 	 Annual rate of increase in agricultural
 

87
employment from 1950 to 1960 .
 ......... 

18 	 Concentration ratios for seveial labor 
intensive cash crops and subsistence crops . 92
 

19 	 Rates of return per hectare to mechanized
 
land pieparation of upland i ice in Terenos,
 
1971/72 crop year ....... .............. 105
 

20 	 Daily costs of animal powci for land
 
prepalation, 1971/72 
crop year in 
Mato Grosso ..... ............... . . . 111
 

21 	 Data employed to calculate the yield
 
advantage of mechanized land preparation,
 
Terenos 1971/72 crop year ........... .... 112
 

22 	 Cost of one weeding or cultivation in
 
Terenob upland rice production, 1971/72
 
crop year . ..... ........... . . . . . . 114
 

xi
 



Table Page 

A-I The demand for tractors: 1950-1971 ..... 126 

A-2 Correlation matrix for tractor demand,
1950-1971 .. .. . . .. .. &. ... . .. 129 

A-3 Correlation matrix for tractor demand, 
1953-1971 ......... ............... . . 130 

A-4 Correlation matrix for tractor demand, 
1950-1971, excluding the years 1953 and 1955
1959 . . . . . . . . . . . . . . . . . . . . . . 131 

A-5 Variables for the regression of Brazilian 
domestic tractor sales in horsepower, 
1962-1971 . . . . . . . . . ................ . 132 

A-6 Correlation matrix for domestic 
tractor sales in horsepower, 1962-1971 . . . 136 

A-7 Agricultural wage rates in Sao Paulo, 
1950-1971 .. . . . . . . . . . . . . . . .. . 137 

I, -P Bank of Brazil loans for agricultural 
machinery . . . . . . . . . ... . . .. . 139 

A-9 Average horsepower of tractors sold 
in the United States and Great Britain, 
1948-1965 .. .. . . .. . . . . . ..... . 141 

A-10 Brazil's largest domestically produced 
tractor . . . . . . . . . . . 0 . . . . . . . 142 

A-il Variables for the tractor demand analysis 
between states, 1950 census data a . . .0. . 146 

A-12 Variables for the tractor dcmand function 
between states in Brazil, 1960 census 
data . . . . . . . . . . . ................ . . 148 

A-13 Variables for the tractor demand function 
between regions in Sao Paulo, 1960 
census data . . . . . . . ........... 150 

xii 



Table 

A-14 Correlation matrix for the 
tractor-labor ratios ... 

1950 All States 
............ . . . 

Page 

152 

A-15 Correlation matrix for the 
tractor-labor ratios .... 

1960 All States 

............. ... 153 

A-16 Correlation matrix for the 1960 Sao Paulo 
regions tractor-labor ratios ........... ... 154 

A-17 Pooled regression results for the 1960 
census All States and Sao Paulo regions: 
tractor-labor iatios as a function of wage
rates and other variables ............. ... 156 

A-18 Correlation matrix for the 1960 pooled
regression of tractor-labor ratios 
combining Sao Paulo and All States 
observations ......... ................ 159 

A-19 The expansion function, 
for the states of Brazil 

1950 
... 

Census data, 
........... ... 162 

A-20 The expansion function, 
for the states of Brazil 

1960 Census data, 
. . . ......... 164 

A-21 The expansion function for the 
Sao Paulo, Census data of 1960 

regions 
. . . . 

of 
. . . . 166 

A-22 Correlation matrix for the 
expansion function ..... 

1950 All 

.............. 

States 

... 168 

A-23 Correlation matrix for the 
expansion function ..... 

1960 All State, 
.............. ... 169 

A-24 Correlation matrix for the 
regions expansion function 

1960 
. . . 

Sao Paulo 
. . . . . . . 170 

B-1 Tractor impoits, 

1950-1971 ...... 

prices, and financing, 

.................. ... 174 

B-2 Average exchange rates for all imports,
agricultural capital goods, the estimated 
quasi-free late, and the effect of favorable 
exchange rate treatment upon tractor prices. 179 

xiii 



Table Page 

B-3 Indices of Brazil's capacity to import,
1950 _-1961 . . . . . . . . . . . . . . . . . . 185 

B-4 The volume and value of Brazilian coffee 
exports, 1947-1972 . . . . . . . . . . . .. 186 

C-1 Brazilian domestic tractor production,
196o-197 1 . . . . . .. . . . . . . . . . 189 

C-2 Average horsepower per four wheel 
tractor (excluding micro tractors) in 
Brazil, the U.S., and Great Britain . . . . . 190 

C-3 Percentage of wheel tractor retail sales 
over 100 horsepower in the U.So . o .. . . . 192 

C-4 Tractor sales by horsepower 
in the U.S. in 1971 . . . o o 

of the models 
. . . . . . . . . 197 

C-5 Models included in the retail sales reporting 
program in the U.S. (at the beginning of 1972) 
by three of the multi-national firms which 
are or have been in the Brazilian tractor 
industry . . . . . ... .. .............. . 198 

C-6 Production of 4-wheel tractors (excluding 
micro tractors), 1960-1971 in Brazil • • . 200 

C-7 The Brazilian tractor industry in 1971 . . . 202 

C-8 The Brazilian 4-wheel tractor industry 
in 1971: Sales and description . . . . . . . 204 

C-9 Brazilian tractor price per horsepower,
1961-1971 . . . . . .. . . . . . .. 205 

C-10 List prices of the basic Brazilian tractor 
models in June, 1972 . . . . . . .... 206 

C-l Brazilian sales of Massey-Ferguson 
combines . .. . .. . . . . . . . . . . . . 207 

xiv 



Table Page 

D-1 Type of power use on farms: 1950 Census • • 214 

D-2 Type of power use on farms- 1960 Census . . 216 

D-3 Tractor dist ibution between farms by 
size: 19 5 0 Census .... .............. . 218 

D-4 Tractor distmibution between farms by 
size: 1960 Census .... ................. 220 

D-5 Power source employed for land preparation: 
1971-1972 cop year . .... ............ .222 

D-6 Power soui ce employed for other operations 
including cultiating and spraying 1971
1972 crop year ............... 223 

D-7 Power souice employed 
1971-1972 clop year. ..... 

for harxesting: 

............ .224 

E-1 Tractoi usb and alea in annual crops in 
the greatei Ri ei ao Preto area, Sao Paulo, 
1969/70 co p yeai. ................. . 228 

E-2 Area requirements for a farmer to be 
eligible for financing of a ncw tractor in 
1970 by the primary banks financing these 
purcha.es ....... ................... ... 230 

E-3 Tractor sales and the importance 
of Brazil financing ... ............. 

of Bank 

. 232 

E-4 Production, sales, and inventory in the 
Brazilian tiactor ii'lustry, 1960-t972 .... 234 

E-5 Tractol and iniplenent financing 
Banco do /.E,,tado de Sao Paulo . 

of the 
........ . . 235 

E,-6 Bank of 13 a..il handbook 
1971-72 ........................... 

of interest rates, 
236 

xv 



Table Page 

F-1 Yields and production costs for six crops 

with animal and mechanical power 
technologies, 1971-1972, Sao Paulo . . . * . . 240 

F-2 The public savinigs (AB) of mechanical 
over animal power for foui ciops with 
and without ti-c *ntercst costs, 1971/1972 
crop year....... . . . ................... 249 

xvi 



LIST OF FIGURES
 

Figure Page 

1 Alternative treatments of tractor 
depreciation .... ............... ...... 17 

2 Two sector comparative static model 
of the (!icn nd i) i( (I dit with and without 
governin iacal i', of Ilhe intere.,t rate . 34 

3 Map of 1\Gato G i o,<o .... ............. 100 

A-1 Tractor-lahoi lat 
regions .vith dil' 

oS and labor costs in 
ei(nt crop fairri szes . . 157 

F-I Hypotlict i a] 
two altci natt, 

1)1 odu( tion ((ost curves 
otO\vci technologies 

of 

. . . 246 

xvii 





CHAPTER I 

INTRODUCTION 

In this chapter the literature applicable to the policy 

debate on agricultural mechanization is reviewed and applied 

to the Brazilian case. Then the primaiy issues to be considered 

are summarized. The problem of the choice of agricultural 

technology has been discussed in detail in recent literature on 

agricultural development. IThe "appi opriate" technology is 

emphasized foi the machineiy input due to its potential labor 

replacing and incoine distribution consequences. In the Western 

industrialized countries with smalla sector of the labor force in 

agriculture the development of agricultural mechanization has 

been encouraged by the supply inelasticity of labor relative to land. 2 

It has been suggested that some developing countries through 

1A. K. Sen, Choice of Technique, An Aspect of the Theory
of Planned Economic Development (Oxford University Press: 
London, 1962), 90-97, B. F. Johnston and J. Cownie, "The Seed-
Fertilizer Revolution and Labor Force Absorption, " American 
Economic Revievi 19 (September 1969), 569-583; Y. Hayami and
V. W. Ruttan, Ai ictiltial )evclopnent An International 
Perspective (Johns t Iopkiii', Ire.,s Baltimore, 1971), 118-136; M. 
Yudclinan, G. and R.Butler, Banerji, Technological Changein
Agriculture and Einployncnt in DcvelopinQ Countiies (OECD. 
Paris, 1971), 69-128. 

2 
Y. Hayarni and V. W. Ruttan, op. cit., 133. 
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factor market and other policies have been encouraging the 

introduction of mechanical technology even though their initial 

factor endowments are very different from those in the Westurn 

countries and their agricultural seclor is a much larger component 

oi the total labor force. 

Brazil is an ideal country to evaluate the introduction of 

agricultural machinery as mechanization has occurred at a 

very rapid rate since World Wai II. Except for some limited 

use in Rio Grande do Sul and Sto Paulo the introduction of tractors 

in Brazilian agriculture is a post-World War II phenomenon. 3 

(see Appendix D) From 1950 to 1970 the Brazilian tractor stock 

increased from 8, 372 to 156, 592. 

The Brazilian government has been active in some of the 

factor markets primarily in the capital market and in the labor 

3 
Tractors and agricultural machinery are used inter

changeably here. One study of technological change has termned 
the tractor as "the single most impor tant mechanical innovation 
in agriculture." Y. Hayami and V. W. Ruttan, op. cit., 121. 

Except for tractors there has been little systematic data 
collection on agricultural machinery. A iecent exception is 
M. I.A. Schuh, "Some Aspects of Recent Trends in Brazilian 
Agriculture,." mimeo prepared for EAPA/SUPLAN, Ministerio 
deAgricultura, October 1972, 121 pages. 



3 
market. Capital subsidies have become one of the primary 

instruments of Brazilian government policy to increase output 

in manufacturing, agriculture, and other sectors. 4 Besides
 

machinery other inputs 
such as fertilizer have also been sub

sidized. Labor has not been subsidized. Rather its price has 

been increased by various regulations and minimum wages. For 

those obtaining the subsidies on the machinery price the choice 

of factor proportions between machinery and labor will be affected 

as long as the choice of technology is not fixed. 

4From 195-1 to 1961 exchange rate subsidies reduced thetractor price by 17 to 18 percent (see Appendix B). With tilecommencement of the Biazilian tractor industry in 1960 agricultural credit and in particular machinery 
credits were expandedrapidly at very favorable terms. (see Chapter Z - B)
For an evaluation of the use of capital subsidies to stimulateindustrializationi in the Northeast see D. E. Goodman, J. F.Ferreira Sena, and R. Cavalcanti de Albuerque, "Os incentivosinanceiros a industrializacao do Noideste e a escolha detecnologias, " Pesquisa c Planejamento, (IPEA: Rio de Janeiro;

Dezembro 1971), 329-365, for a revicw of the importance of thesesubsidies in Brazilian agricultuial policy see G. W. Smith,"Brazilian Agi icultural Policy, 1950-1967," in H. S. Ellis (ed.),
The Economy of Brazil (University of California Press 
 Berkeley;
1969), 213-265. 

5 
It has been argued that the choice of technique may befixed in the short run for many types of products hence developingcountries must imitate the capital intensive development processof developed countries since they can't afford to develop theirtechnology. ownSee R. S. Eclaus, "The Factor Proportions Problemin Underdeveloped Areas," in N. A. Agarwala and S. P. Singh (ed.),The Economics of Underdevelopment (Oxford Press- New York;1963), 328-380. This Is not an espeCially convincing case foragricultural production due to the range of techniques observed in

(continued on next page) 
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Since capital subsidies are provided on such favorable 

terms that rationing is required, the economy can be dichotomized 

conceptually into the subsidized and the unsubsidized sectors. 

In a simple two sector model the introduction of the subsidies 

results in a movement of labor from the subsidized to the 

unsubsidized sector and in an efficiency loss in the capital market. 6 

The average productivity and wage rate of labor will fall as capital 

will be used less productively. For the productivity of labor to 

increase after migration from the subsidized sector it is necessary 

to introduce rigidities in the functioning of the labor or other 

markets. 7 

Brazilian agriculture and in other countries. In any event the 
elacticity of substitution for Brazilian agriculture is estimated 
in Chapter 3. The lowest cost technology in developed countries 
such as the U. S. may not be relevant in developing countries 
if alternative technologies are available from other countries 
such as Japan or from earlier periods in the developed, high labor 
cost countries. 

6 
A. C. Harberger, "The Incidence of the Corporate Income 

Tax," Journal of Political Economy 70 (June 196Z), 2 15-240; 
P. Mieszkowski, "On the Theory of Tax Incidence, "1 Journal of 
Political Economy 75 (June 1967), 250-262; W. R. Thirsk, 
"Income Distribution, Efficiency and the Experience of Colombian 
Farm Mechanization, " Paper No. 33, Program of Development 
Studies, Rice University, Fall 1972, 54 pages. 

7 
C. E. McLure, "The Theory of Tax Incidence with Imper

fect Factor Mobility," mimeo, 1968. 
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A continuing wage rate differential between sectors of
 

the economy implies that there 
are either barriers to labor
 

migration or variations in labor quality. From 1950 to 1970
 

there was a substantial income gap between agricultural and
 

non-agricultural incomes. 8 
 Why doesn't the migration of labor 

take place in response to this wage differential prior to the
 

substitution of capital for labor 
in agriculture 9 One explanation 

is that those workers replaced by this substitution in agriculture 

are in the lower educational and skill catego ries hence they 

would expect to earn lower than average incomes in the non

agricultural sector. 9 
 Thirsk has summarized succinctly the 

8 
The average annual incomes by sector in 1950 were
 

5, 500 Cr. in agriculture, 18, 500 in the
Cr. secondary sector,and 24, 000 Cr. in the tertiary sector according to Fundacao
 
Getulio Vargas, 
 "Evolucac dei mao-dc-obra brasileira,"
Conjuntura Econornica ]0 (June 1956), 85. Fishlow reports that

the relative 
income gapl)between the two sectors, agricultural
and non-agricultural, remained constant from 1960 to 1970. 
See A. Fishlow, "Bra.lian. SizC Distribution of Income,"
American Economic Review, Papers and Proceedings, 62 (May
 
1972), 199.
 

9 Even in the U. S. those wih little education or skills 
have difficulty obtaining non-farm employment when they are
displaced from agriculture. Sec F. R. Marshall, "Some Rural 
Economic Development Problems in "the South, American
Economic Review, Papers and Proceedings (May 1972), 206. 



implications of the case in which the primary inducement to 

mechanization is the distortions in the factor markets. 

Private savings in labor costs from mechanizing 
farm operations would exceed the value of the extra 
output produced elsewhere by the labor released. 
In this situation the benefits of mechanization captured 
by farmers would exceed those accruing to society. 10 

It is possible that mechanization replaces rural workers 

who have already left for the urban areas or substitutes for labor 

in areas such as the frontier which face an inelastic labor supply. 

However, as long as there continues to be a backlog of low income 

individuals in the Northeast and other regions the potential labor 

supply to the developed agricultural sector would bc elastic. 

Some evidence frr this elasticity of the labor supply is the constant 

real wage in Sao Paulo agriculture since the Second World War in 

spite of substantial increases in capital-labor ratios, rural

urban migration from Sao Paulo agriculture, rural-rural migration 

to Sao Paulo agriculture, and other transformations in agriculture 

and industry in the state. I With an elastic supply of labor, 

10W. R. Thirsk, "The Economics of Colombian Farm 
Mechanization," unpublished Ph.D. dissertation, Yale University, 
197Z, p. 8. 

IlCited in G. E. Schuh, "Patterns of Equity Under Agri
cultural Development in Latin America, "1 in A. G. Ball and E. A. 
Heady (ed.), Externalities in the Transformation of Agriculture: 
The Distribution of Benefits and Costs from Development (Iowa 
State University Press: Ames), forthcoming, from Secretaria 
da Agricultura, Desenvolvimento da Agricultura Paulista (Instituto 
de Economia Agricola: Sao Paulo; 1972). 
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employment in Sao Paulo agriculture will be determined by the 

demand for labor. The impact of machinery subsidies then 

becomes of much greater social consequence than if Sao Paulo 

agriculture faced an inelastic supply of lahor. 12 

In areas of recent settlement or rapid development such 

as the frontier areas of northern Parana, Goias, and Mato Grosso 

there may be more difficulty in attracting labor than in rural 

Sao Paulo. Hence in the short the labor supply may berun 

12 
In the Hayami-Ruttan "induced innovation" theory mechanical 

technology is inti oduced in response to relative factor supply 
inelasticities. These factoi supply elasticities are reflected by
changing relative faclor piices over time. Public and private
agencies respond by adapting or producing capital inputs to
 
substitute for the relativcly 
scarce factor. Hence, the optimal
technological thane in agriculture becomes endogenous in this 
theory. See Y. tlaya-ni and V. W. Ruttan, op. cit., 111-135. 

In the Sao Paulo case the labor supply is perfectly elastic;
however, the subsidies on the machinery price may distort the 
process ot optimal technological change as visualized by Hayami 
and Ruttan by giving the wrong signals through the relative 
factor prices to prixate and public agencies. These agencies 
then may produce or adapt capital inputs in response to the 
distorted factor prices rather than the real opportunity cost of 
these factors. 
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inelastic in these frontier areas. In the case of an elastic land 

supply and an inelastic labor supply mechanization can relieve a 

constraining bottleneck to increases in agricultural output; 

however, measures to facilitate in-migration of labor are a 

potential alternative to mechanization and mechanization will 

reduce the labor absorption potential of frontier settlement. 

Nevertheless, on the frontier the short run supply inelasticities 

of labor may be felt as a much more pressing constraint to 

agricultural development due to the very rapid expansion of 

cropland and output growth. 

The above discussion has concentrated on the impact of 

mechanization on labor use. Besider, its substitution effect for 

labor machinery may also serve as a substitute for land by 

increasing yields especially in land preparation. Moreover, 

mechanization may be introduced to reduce risks such as the 

introduction of harvestiig equipment in order to reduce the 

probability of crop loss from bad weather. 

Determination of the appiopriateness of mechanization 

in the present context of Brazilian agricultural development then 

requires a systematic analysis of the various factors encouraging 

mechanization and the effects of mechanization. In Chapters 
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Z and 3 a statistical analysis of the determinants of Brazilian
 

agricultural mechanization is 
 made with time series and cross
 

sectional aggregate data. 
 In Chapter 4 the effect of mechanization 

on labor use is evaluated. In Chapter 5 farm data are employed
 

to estimate the private 
rate of return to mechanized land 

preparation. The concluding chapter pulls together the policy 

implications primarily of the earlier chapter9 to consider the 

pros and cons of agricultural mechanization at the present 

stage of Brazilian economic development. There are also six 

Appendices providing background data and analysis of the 

mechanization process. 



CHAPTER 2 

FINANCIAL SUBSIDIES AND THE GROWTH OF THE
 

BRAZILIAN TRACTOR STOCK, 1950-1971
 

The 	impact of subsidies upon the mechanization decision 

depends upon who can capture the rent arising from a subsidized 

input. In extreme cases this rent could be captured by the 

seller, the buyer, or the rationing agent. In less extreme 

cases the rent would be divided among these three. For the 

purpose of this study it is onlr necessary 1.o test for the impact 

of these subsidies upon the tractor investment decision by the 

farmer. In the first section of the chapter -die growth of the 

Brazilian tractor stock is evaluated statistically by estimating 

the association of aggregate tractor investment with relative 

prices, financing conditions, previous stock, and the shift from 

importing tractors co domestic production. In the second section 

the specific details of recent subsidization of credit for purchasing 

machinery inputs are reviewed and analyzed. 

A. 	 Statistical Analysis of the Aggregate Demand 
for Tractors: 

Tractor imports fluctuated substantially in the fifties 

but the stock increased rapidly from 8, 372 to 61, 345. (See 

Table 1) In 1960 the Brazilian domestic tractor industry began 

10
 



Table I 

Brazilian Wheel Tractoi Imports and Sales of Domestically 
Produced Wheel Tractors 

Year Imports Domestic Sales Total Disappearance 

1950 
1951 

8, 375 
10,967 

---
---

8, 375 
10,967 

1952 7,363 --- 7,363 

1953 
1954 
1955 
1956 
1957 
1958 

2,154 
12, 258 
5,345 
4,117 
6,810 
7,135 

--
--
--
- -
---
--

2,154 
12, 258 
5,345 
4,117 
6,810 
7,135 

1959 
1960 
1961 

4,597 
12, 702 
6,382 

---
19 

1,6,15 

4,597 
12,721 
8,027 

1962 1,714 7,336 9,050 
1963 
1964 
1965 
1966 

1,330 
1, 341 

374 
639 

9,368 
12, 032 
8,072 
9,214 

10,698 
13, 373 
8,446 
9,853 

1967 342 6,470 6,812 
1968 
1969 

990 
423 

9,263 
9,671 

10,253 
10,094 

1970 
1971 

60 
50E 

14,343 
21,732 

14,403 
21,782 

Source: See Appendices B and C. 

E: estimate 
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to operate. The growth of domestic tractor sales was not as 

rapid as anticipated by the industry and reached a low point in 

1967. After 1967 tractor sales e>zpandcd substantially. The 

1970 Agricultuial Census 1eported a stock of 156, 592 operacive 

agricultural tractors. !n this sectior, some of the primary 

variables deteimining aggregate investment in tractors will 

be evaluated. 

The Model: 

There has been a large number of empirical studies 

employing stock adjustment and investment demand models to 

explain the growth of tractor stocks and tractor sales in the 
1 

U. S. and England. These studies contain four types of 

1 Z. Griliches, "The Demand for a Durable Input: Farm 
Tractors in the United States, 1921-1957," in A. C. Harberger 
(ed.), The Demand for Durable Goods (University of Chicago 
Press, Chicago; 1960), 184 f. f.; A. J. Rayner and K. Cowling, 
"Demand for a Durable Input- An Analysis of the United Kingdom 
Market for Farm Tractors," Review of Economics and Statistics 
49 (November 1967), 590-598; A. J. Rayner and K. Cowling,
"Demand for Farm Tractors in the United States and the United 
Kingdom, " American Journal of Agricultural Economics 50 
(November 1968), 896-913; A. J. Rayner, "Price-Quality 
Relationships in a Durable Asset- Estimation of a Constant 
Quality Price Index for New Farm Tractors, 1948-1965," 
Journal of Agricultural Economics 29 (May 1968); K. Cowling 
and A. J. Rayner, "Price, Quality and Maiket Share," Journal 
of Political Economy 78 (November-December 1970) 1292-1309; 
L. P. Fettig, "Adjusting Farm Tractor Prices for Quality Changes,
1950-1962," Journal of Farm Economics 45 (August 1963) 599-611; 
E. 0. Heady and L. G. Tweeten, Resource Demand and Structure 
(continued next page) 
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variables, relative prices, a finance variable, lagged stock, and 

descriptive variables for the state of the agricultural sector or 

the average tractor age. A plinary recent concern has been with 

the adjustment of the dependent and price variables for quality 

change over tine Without this adjustment the necessary assumption 

that the obsoz vcd ti actor,, stock, )ie a constant functwt, )f the 

unobseived service flows is more difficult to justify. Tractor 

service flows will be pioportional to t actor horse power arid 

cther qualitative features and to the utilization of capacity. 

Unfortunately, several of the components of flow are difficult to
 

measure SO Sto(kS 
are used as a proxy. If the variation in models
 

is substantial over the time pei iod analyzed, 
 the mis-specification
 

of the proxy could he substantial. Hence, much recent concern
 

in estimating investment denmand functions has been focused 
on the 

qualitative changes in liactor models over time. In the studies 

cited the dependent variable has boen changed from tractor numbers 

to horsepower or to expenditui es on tractors adjusted by a hedonic 

price index in which both horsepower and the shift from gasoline 

of the Agricultural Industry (Ames: Iowa State University Press,
1963), Ch. 11, W. A. Croinalty, The Demand for Farm 
Machineiy and Tractors (Mi( higan Stute University- East Lansing;
November 1959) Technical Bulletin 275, A. Fox, Demand for Farm 
Tractors in the United States-A Re i ession Analysis, Agricultural
Economic Report No. 103 (Econornic Research Service, U. S. 
Department of Agriculture: Washington, Novenber 1966). 
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to diesel fuel are represented. 2 In the newer tractor models 

there have been many other refinements of the accessories 

especially hydraulic systems but also including other features 

increasing tho versatility of tractori, with respect to the number 

of functions which they can perform and implements which can be addce 

(see Appendnt C). Ideally, a hedonic price index could be 

estimated taking all these changcs into account. Sufficient data 

were not available to do this for Brazil. However, the most 

important use of tractors in Brazil i, for the power demanding, 

land preparation operation (see Tablet D. 5, D. 6,and D. 7). For 

this operation horsepower is the most important qualitative adjust

ment and data were available on the horsepower of domestic 

production in the sixties. Over the entire period 1950-1971 

it was necessary to use tractor numbers as the dependent variable. 

Two different price variables were tried, the price of 

tractors relative to the crop output price (lagged one period) and 

relative to the wage of daily agricultural workers. The output 

price was lagged by one period because the purchaser of a tractor 

in time period 'It" does not know the output price in the period 

2 A. J. Rayner and K. Cowling, "Demand for Farm Tractors 
in the United States and the United Kingdom," ofl2. cit., 900, 901. 
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of purchase. In any given year both the wage rate and the 

tractor price are expected to be predetermined. 3 

The finance variables in other studies have been interest 

rates, investment allowances, or farmer's equityeve or profits 

as a proxy for the ability of the farmer to generate investment
 

funds internally. The credit market 
in Brazil can be divided into 

two sectors, the subsidized and the unsubsidized. A weighted
 

interest rate would be 
 the preferred finance variable but data 

on the quantity and terms of the credit piovided by the unsubsidized 

sector were not available. lowevelc the quantity of subsidized
 

credit can be considered as a 
proxy for the weighted interest rate. 

Increasing the quantity of ci edit in the subsidized sector would
 

force down rateb in the non-subsidized 
 sector if shifts in investment 

opportunities in the non-subsidizcd sector did not occur. The
 

case 
for tieating the quantity of subsidized credit as exogencous is 

strong as the government establishes this quantity by fiat to the 

banking system and the demand over the relevant range for this
 

subsidized credit would be vei y elastic because the terms 
of 

subsidies were very favorable. 

3By predetermined it is assumed that the tractor price
is not adjusted in response to sales during Ihe year. This assump
tion is necessary for a single equation demand model. See Z. 
Grilichcs, op. 188,cit. , 189. 
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Measurement of the stock of tractors poses several 

problems. Economic depreciation as reflected by used tractor 

prices exhibits the declining balance pattern of AB 4 in the U. S. 

(see Figure 1). Technical depi eci-Ltion (AC) how ,,-or, should 

reflect the ability of used models to dAliver the 2,ame level of 

tractor services as new models. It would not drop rapidly in the 

first few years as with the declining balan e method, The gap 

XY between these two in the first years may be attributable to 

a consumer preference for new rather than used models or a 

taste factor unrelated to the service flow of one year old tractors 

as compared with new tractors. 6 The sc rvice flow would be 

4 
Z. Griliches, "Capital Stock in Investment Functions: 

Some Problems of Concmjt and Measurement," in C. F. Christ 
et al., Measurement in Economics and Econometrics (Stanford 
Universit Press: Palo Alto; 1963), 115-137; and Z. Griliches, 
"The Demand . . .," op. cit., 197-205. 

5 
This is supported by fuel consumption statistics and 

tractor use by age in P. R. Brodell and A. R. Kendall, Fuel 
and Motor Oil Consumption and Annual Use of Farm Tractors, 
F. M. 80 (Bureau of Agricultural Economics, USDA: 

Washington; 1950). 

6
Another explanation for the rapid drop in the initial 

years is the "lemon effect." A certain number cf new modelE 
will be mechanically defective and their purchasers would be 
expected to sell them in the initial years. The market price would 
then discount for the expected probability of obtaining a lemon. 
The "lemon effect" is a resale effect and should not affect the 
service flow of a"non-lemon" though it would be useful to discount 
out the "lemons" in making aggregate stock estimates. 
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C Technical Depreciatii 

B Declining Balance 
or Economic 
Depreciation 

Years of 
Tractor Life 

Figure 1. Alternative Treatments of Tractor Depreciation. 
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closer to the technical depreciation rate over the initial years of 

life of the tractor stock after which used tractor prices probably 

reflect the decline in the service flow as repair and other variable 

costs increase with age. The depreciation method employed here 

was a 5 percent declining balance rate. This method gives total 

stock estimates which are consistent with Brazilian Census 

estimates. 7 This low rate of depreciation prevents the abrupt 

7The 1960 Census estimate taken in 1959 reported 61, 345 total 
tractors and the above depreciation method gave 58, 116 wheel 
tractors. The 1970 Preliminary Census made in 1970 reported
156, 592 total tractors as compared with the estimate here of 
122, 683 wheel tractors. The Census estimate is high because of the 
inclusion of micro tractors and the very slow depreciation rates
 
implicitly used in the Census. 
 The Census definition included as
 
a whole 
tractor unit all tractors which were functioning at all. This
is an implicit light bulb or "one-horse shay" treatment of depre
ciation, which substantially overstates the effective tractor units.
 
Used tractors require more service, 
 maintenance, and gasoline
 
per horsepower unit. Hence, 
 a more sophisticated treatment of
 
the on-farm stock is necessary to reflect their service flow 
rather
 
than the light bulb treatment. The method of declining balance
 
used here will overdepreciate in the initial years thereby under
stating the 
effect of the high level of tractor sales in the second
 
half of the sixties.
 

Estimating the implicit 
rate of depreciation from the
 
Brazilian data on stocks, imports, 
 and domestic production gives 
a declining balance depreciation rate of 4.25 percent according to 
the identity. 

St = St- 1 (l-g) + Mt + Dt - (A1) t 

Where St is stock at the beginning of time period "t", g is the 
declining balance rate of depreciation, Mt is imports, Dt is 
domestic sales, and (A I)t is change in inventory holdings, 
assu.med to be equal to zero. 

Further work will test the sensitivity of the coefficient 
results to alternative depreciation rates. 
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decline in stocks in the initial years resulting from using a
 

higher rate of declining balance. 
 For the older tractors this
 

rate would be expected to understate the decline in service 
flow. 

The final variable is a duinmy variable to differentiate
 

between the import and the domestic production periods. 
 The
 

semi-log form has been 
statistically most successful in previous
 

studies and gave better results than either the linear or 
the
 

log form in this study. The estimating equation is then

(1) Tt = log A +c*-, log PTt + c , 2 (P T) +c>( 3 log (F) 

+ Q-<4 log St_1 + + ZiD1 

where Tt is tractor sales either in numbers or in horsepower;
(PTt ) is the tractor price with respect to the lagged crop output
PO t- 1
 

price, (L) is the tractor price with iespect to the agricultural
Wt
 

wage rate, (f) is the real value 
of tractor credits; St_ 1 is the 

lagged stock, Di is the dummy variable taking 0 values in the import 

period and value of 1 in the domestic production period; and 'Et 

is the error term. (For more detail on these variables see 

Appendix A). 

8 A. J. Rayner and K. Cowling, "Demand for Farm Tractors 
in the United States and the United Kingdom, " op. cit., 898, 903, 904. 



20 

One basic assumption of most investment demand studies 

is that supply is completely elastic at the given price during the 

observation period or that firms do not readjust the tractor price 

on the basis of sales during the year. Any price adjustments are 

assumed to be made at the end of the year. In Brazil tractor
 

prices are actually adjusted several times (luring the year but
 

primarily for inflation. If manufacturers also take sales during 

a given year into account, then it would be necessary to use 

simultaneous equation techniq.es. As in the other studies it was 

assured here that manufacturers do not adjust their prices during 

the year in response to sales and OLS estimation was employed. 

The Results:
 

In Table 2 the regrcssions are shown for both 
 1950-1971 

and 1953-1971. There was a modifhi'ation in exchange rate policies 

in 1953. Most of the effects of this change should be picked up 

in the tractor price variables; however, as a cross check the 

regressions were run including and excluding 1950-1952. 

Table 2 shows that the real value of tractor financing is highly 

significant in determining tractor sales. These subsidies 

overshadow the effect of the relative tractor price on sales. 

Unlike the American and English studies 4 these relative price 

4 
A. J. Ra, ner and K. Cowling, "Demand for Farm 

Tractors in the United States and the United Kingdom, " op. cit.,896. This article reviews most of the studies cited in footnote 1. 

http:techniq.es
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variables were never significant. However, this is not surprising 

given the large quantity and favorable terms of tractor loans at 

a pegged interest rate in an inflationary environment. 

Griliches shows that a negative lagged tractor stock indicates 

that the adjustment rate is greater than the depreciation rate, 10 

or the rate of adjustment of investors from actual to desired stocks 

is larger than the rate of depreciation of the stock. 

The sign of the dummy variable for the inte.cept term is 

a puzzle. The shift downward of the demand curve may be due 

to a more limited range of models in the domestic production period 

and a failure of the price variables to pick up all the effects of 

preferential exchange rates in the fifties especially the barter or 

bi-lateral trade (see Appendix B for further discussion of this 

policy). 

The periods 1950-1971 and 1953-1971 gave very similar 

results. In Colombia, where a government agency controls most 

tractor distribution, it has been argued that in years of exchange 

rate scarcity, hence limitations on tractor imports, the government 

10 
In Griliches' model tractor stocks enter in linear form. 

In the model estimated here the lagged tractor stock in log form 
gave a better statistical fit than in linear form but both had 
negative signs. Z. Griliches, "The Demand . . . ," 187, 202, 
203. Rayner and Cowling in "Demand . . .," 899, 900 also 
obtained a negative coefficient for the log of the lagged tractor 
stock. 
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pegged the tractor price below the equilibrium price at the res

tricted supply. 11 Without data 
on the black market price for
 

tractors 
it would not be possible to use the years of supply
 

limitations to estimate a 
demand function. In Brazil the
 

government has 
not had a significant role in tractor distribution 

except through its effect on differential exchange rate pricing and 

has not made much effort to control trctor prices. Hence, supply 

limitations and a pegged pricewere not expected in Brazil. Nevertheless, 

this supply limitation effect was tested for by excluding those years
 

in which tractor imports were very low in 
 the fifties in equations
 

9-12. No structuial 
shifts were obvious nor do the relati~e price
 

coefficients become more 
significant. 

Considering domestic production only the specification of
 

the dependent variable and price variable 
can be made in horse

power units 12 (Table 3). 
 Once again the price variables were not
 

significant and neither was 
the lagged stock variable. As in the 

11 
W. R. Thirsk, "The Economics of Colombian Farm

Mechanization," unpublished Ph. D. dissertation, Yale University,
 
1972, 103.
 

12 It is reasonable to segment the import markets and the
domestic production of tractors as restrictions sharply reducedtractor imports after 1961 limiting them only to heavier horsepower
models than were produced domestically. Also the terms andavailability uf financing were different on imported than on 
domestically produced models. (see Appendix E) 



Table 3 

Investment Demand for Tractor Horsepower, a 1962-1971 

Standard 
p 

PT. 
Error
of the 

Durbin-
Watson F-

Degrees
of 

No. Constant l0IW St-I Estimate RZ Statistic Level Freedom 

1' -7,385,720 1,466,860 146,439 0.77 1.68 31.3 8 
(1, 429, 120) (5. 60):*.:* 

2' -9,349, 889 1,Z73,173 197, 859 150, 418 0.76 1.24 15.1 7 
(2, 963, 122) (3.44);-'::- (0.76) 

3' -21,716 -557,442 1,36Z,293 -418,753 151,789 0.75 1.49 10.1 6 
(10, 415, 463) (.94) (3. 54) :, .: (.59) 

4' 2,573,342 -475, 175 1, 193,737 -410,595 150. 968 0.76 1.49 10.3 6 
(1,595,015) (.97) (3. 14) C 1, (.61) 

aAll variables were in log form except the dependent variable. Note that the tractor price variable is the 

price per horsepower unit. 
(t-values are inparentheses except for the standard error of the constant term) 
* significant at 95 percent 

** significant at 99 percent 

Na
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1953-1971 period the relative price variables had the expected 

signs. In 3' and 4', the alternative specifications of the full
 

model, the 
lagged stock variable again had a negative sign
 

though not significant.
 

Before estimating the elasticity of sales with 
respect 

to financing it is useful to ascertain if there is a significant 

change in the slope of the finance variable between the two 

periods. Running dummy variables for the intercept and the 

slope together gave confusing and contradictory results due 

to the almost perfect corielation between the two dummy 

variables, (a simple correlation of .99981). To get around
 

this multi -collinearity problem the following modifications
 

of equations #/1 and //5 of Table 2 were 
made. 

(2) T log A + log (F/P)t + k log St_ 1 + DI
 

(3) T+ -(J og A + D) = c 1 log (f) + c->-"log S 

(4) T+ - (log A + DI) = C" log ( ) +F D2 log (f) 

+C'<2 log St I t 

Then the dummy to test for the significance of a change in 

slope between periods was introduced and (4) becomes the 

estimating equation, which is forced through the origin. 

D2 is zero in the import period and I in the period of domestic 

production. The test is for the significance ofC< 3D 2 using 

the t-statistic. Table 4 indicates that there is no significant 



Table 4 

Test for a Shift in the Slope of the Finance Variable Between the Import and the 

Domestic Production Periods 

No. 

1. 

2. 

Years 

1950-1971 

1953-1971 

Finance 

F Slope Shifter 
P C"3 D2 

25,367 0.66 
(18.7)*** (.009) 

25, 171 -0.37 
(9.04) *: (.003) 

St-1 

-11,475 
(7. 95)*** 

-8,003 
(2. 75)7* 

Standard Error 
of the Estimate 

2,065 

1,952 

F-
Level 

50,556 

72,597 

Degrees 
of 

Freedom 

19 

16 

(t-values are given in parentheses below the coefficients) 

* significant at the 95 percent level 
** significant at the 99 percent level 

N 
C% 
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difference in the slope of the finance coefficient between the two 

periods. This gives some evidence that the small changes in 

interest rates and other financial conditions of the subsidized 

lending between the peiiods were not significant enough to affect 

the slope coefficient. Table 5 gives the elasticity estimates 

for tractor financing. 

Table 5
 

Elasticity of Tractor Sales with Respect to Financing
 

Years Elasti( ity 	 Data Source 

1 9 6 0 - 1 9 6 2 a 2.55 	 Total Nurnbcr of 

Tractors, 1950
1971 

1969-1971 a 	 1.64 

1966-1971 b 2.8-3.5 	 Domestic Tractor 
Horsepower, 1962
197 1 

1969-1971 b 	 1,3-1.5 

aEquation # 1' in Table 2 
bEquations #1 and //4 in Table 3 
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In summary tractor financing of the Bank of Brazil 

has had a large impact on tractor sales. This credit was provided 

at negative real interest rates and it ielegated the price variables 

to an insignificant role in affecting sales. 13 Subsidized credit 

swamps the influence of relative prices according to these 

statistical results. All model specifications and time periods 

analyzed gave this same result so the conclusions are strengthened. 

In the next section recent governmental policy with respect 

to tractor subsidies will be reviewed and several costs resulting 

13 

In epite of substantial effort to specify the relative price 

variables there still may have been a specification problem. How

ever, the abo ,e explanation for their lack of significance is 

considered more likely. There is a simple correlation of 0. 92 

between the horsepower of tractors sold and the real value of Bank 

of Brazil credits for tractors from 1962-1971. From 1950-1971 the 

simple correlation is 0.67 between the numbei of tractor imports 
and the real value of Bank of Brazil financing. In this earlier 

period exchange rate subsidies were an important policy instrument 

promoting mechanization (see Appendix B). There are a few 

other partially goverriment owned banks making mnechanizatior, loans; 

however, the Bank of Brazil is the most important lender for this 

purpose. (See Appendix E). 
A sample of farmers in one of the best agricultural areas 

in the state of Sao Paulo indicated that of the 168 tractors employed 

on the 145 farms interviewed 58 percent were financed completely 

or partially by this subsidized credit. Moreover, informal credit 

sources were more important for used and imported models and 

the importance of formal bank credit was increasing (see Appendix 

E). 
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from these factor price distortions will be considered. 

B. The Brazilian Tractoi Industry and Government Policy 

In Brazil's process of import substitution the development 

of the tractor industry was a natural evolution of the autonobile 

industry, which begunwas in 1957. Substantial direct subsidies 

as well as tariff exemptions and protcliloj were provided for both 

industries. Backward linkages were iinsured by requiring that
 

firms purchase 95 percent 
of their pa rts by weight from domestic 

producers. 14 By the time the tractor ndustry was initiated in
 

1960 many input supplic 9 for automobiles were in operation and
 

tractor 
firms could take advantage of this network. 

The Brazilian tiactor industry grew rapidly in the period, 

1960 to 1964, as credit to farmers at negative real rates was 

14This requirement was not immediately imposed as firms 
were given three years or more to move to the 95 percent domestic 
parts requirement. J. Bergsnan, Brazil, Industrialization and

Trade Policies (Oxfoid University Press New York, 1970), 120130; Hugo de Almeida Leme, "A fabricacao de tratores e maquinas
agricolas no Brasil, " Noticias Autornobilisticas (April, 1960),

17-19, "Mecanizacao 
 ag ricola ganha desenvolvimento no Brasil,"
0 Dirigente Rural 11 (Elnero/Fevereiro 1972), 9-18. 

I am indebted to several people in the Brazilian tractor 
industry who generously supplied me with data and some appre
ciation of industry problems. They should not be implicated bymy interpretations. Special thanks ai e due to Tuire Tiovanen,
No Soares Nogueira, and Hugo de Almeilda Leme. 
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steadily provided. The post-Revolution governments devoted 

more verbal attention to agriculture than previous governments 

but the primary focus of governmental policy from March 1961 to 

1967 was to reduce the inflation. Credit was one of the primary 

instruments. After the disastrously low tractor sales of 1967 

credit for tractor purchases was gradually increased to high 

levels in 1970 and 1971. Several other policy changes were adopted 

to stimulate the industry. At the end of 1967 the go,ernrnent 

removed the industrial products tax (IPI) fr ,'-n tractors and 

simplified financing procedures. The IPI was estimated by industry 

sources in 1967 to be 2. 3 percent of the tractor purchase price. 

Also in 1967 the government reduced duties and taxes on machinery 

imports by agricultural machinery producers. In 1968 the rate 

of interest on agricultural credit was lowered and the repayment 

period on machinery loans was extended. The state tax (ICM), 

composing 10 percent of the tractor purchase price, was removed 

entirely from tractors and then reimposed on the motors in 1970. 15 

Farmers were allowed to depreciate their tractors rapidly and 

15Ministerio da Agricultura, Plano Nacional de Mecanizacao 
Agricola, Planame (Carta de Brasilia; 1967) Anexo 1. One of the 
factories calculated the importance onof IPI and ICM the purchase 
price of their basic model in 1967. The ICM provides one of the 
primary revenue sources for state governments. Rates are kept 
uniform between states by federal controls. 
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deduct the purchase costs from their tax base. Moreover, the 

supply of agricultural credit was expanded for mechanization and 

other purposes. Credit at subsidizcd interest rates and long 

repayment pci iods was the primary govei nmental instrument to 

promote tractor sales in the sixties. 

Tables 6 and 7 summai i/,e available data on tractor sales, 

lending, and terms of the Bank of Brazil tractor financing
 

opei sons in the sixties. Note that the 
real interest rate for 

the entir leriod was negative because the rate of inflation 

measured by either agricultural price index exceeds the nominal 

interest rate. At negative real interest rates an demandexcess 


situation necessitating rationing 
of the available credit would
 

be expected. There are various 
types of costs, which would
 

arise from this type 
of capital subsidy. To illustiate these 

costs a two sector model is diagrammed in Figure 2. In 

2-A there is no governmental role and the equilibrium cost 

of credit and internal rate of return from projects in both 

sectors is In 2-Blt"r o .11 the government decides that the cost 

of credit is too high in sector A so this cost is pegged at r 1 

and lending institutions are forced to lend the same amount of 

credit (OA) as in 2-A. In 2-13 there is no efficiency loss 

necessarily but a transfer of ror1 from lendersDB to 



Table 6 

Tractor Salee and Quantity of Financing. 1960-1971 

Four Wheel Number of Number of Nominal Real Value 
Tractor Credits to Tractors Value of of Bank of 
Sales-- Buy Fnanced Bank of Brazil Brazil Loans 

Year 

Domestic 
{excludng 
micro-tractors) 

Tractors 
of the Bank 
of Brazila 

L' the 
Ptan, of 
lraila 

Loans for 
Tractors 
(Cr 1, 000) b 

for Tractors 
in 1Q71 Cr 
(Cr. 100 

1960 19 
1961 1.645 2.968 90,200 
1962 7,336 6, 949 9.262 186,000 
1963 9,368 6,956 17,914 Z05.000 
1961 12, 3Z 7,968 9,318 41, 116 243,000 
1M65 8,07Z 6,715 8,116 50,010 192, 000 
156 9,2 14 10.214 10, 659 92, 115 256, 000 
1O7 6,470 8,522 q,ZZ6 Q5, 1ql 20o. 000 
196S 9,263 9,872 10, t37 1-,2. 942 2 o, 000 
10o 9. 671 9,811 151.943 219,000 
1070 14, 343 12. 751 212,064 255, 000 

,
1971 21,732 16.096 34 749 34 ,749
 

aThe number of credits is from t e Carteira de C, edito Agro-pecuaria e indastrlal (CREA) of 

the Bank of Brazil. Note that the number of credits is otten less tL..n the 'iurnLcr o tractors 
iroxcating that some farmers nad several tractors financed. Besces vl-eel tractors these loans 
were for fire,-icng of micro-tractors, r-,otorlzLd Lultivators, ana track tractors An imported 
tractor carrot be financed unless there is no "-atio-ial similar " Fro'-n 1966-1068 imported 
tractors vxere 4 4, 7. 1, and 6 5 percent of the trartors :inanced Banco de Brasil, Rclatorios, 
%arious istuc 

bData for 196c,-1971 also included nimplenecrt. whereas the data prior to these 'ears did not. 

Fortunatcl. there were some ccrlapnn obser ations so ti-at the tvo series could be spliced 
b% assurni g a coistant relationship in the pro'ortion of %alue in tractors and implements over 
the period To obtain the ieal \alue of tiartor loans the norm-ial .alue was deflated with the 
Getulio Varas Price Index No. 2. 

Source: Appendix E and Banco ao Brasil, Rela' orios, various issues. 
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Table 7 

The Terms of Tractor Financlrg, 1960-1971 

Interest omuier- Repay-
Rates cial Bank Bark of Wholesale Agricultural ment 
on Loans Annual Brard Price Wholesale Period
for Interest Annual Index Price on Repay.
Tractorsa 

Rates Interest Index 'I ractcr n.ent
Year (%) Rate Rates of Chanv (%) oansb 
 Termsh 

1960 
 19 6 9 6

1961 8 
 12 3 50.0 53.3
22.3 3-4 years1962 9 25.1 13.5 50 3 
 43.7 Generally 4 yr
1963 II 30 5 
 14 I 81.9 90 0 
 lot yr 15%
1964 
 '11 33.3 
 18 2 93.3 86 5 
 2nd yr. 25%
1965 17.25 34.7 22 8 28.3 25 3 4-5 years 3rd yr. 30%1966 17 34.9 25.5 37.4 

1967 18 34.1 ZI.7 22 7 

42 3 4th yr. 30%
 
21 4

1968 15 
 33.7 34 7 24.3 15 2 5 years lst yr 10%1969 15 
 30.9 -- 21.8 31 7 2nd yr 15%1970 
 15 .... 
 19 5 20.3 

1971 3rd yr 20%


15 .... 20.0 24.7 4th yi. 25% 

Ath yr 10SaThts total interest -ate is dich,dtd it o trio is ca-,!orci ho thi goa -rninet t, i e , et, it sr,
 
commission, a-d .orrectton 
 A,'r ) oritbt' s co-ts, the fila-icnto px, and the itq tr(d infaurantceCosts v eiet to*it clhe d iin i ,' Ovc inIt er,,t i it, a, dan' on these a idtttonaL cos'q %crett'tobtained fot tht_ etire ptrtod i li T97 th -,'rncmist's charf es on artt nt ltral muan s couldnot exceed 2 pL-remit of ti11 prtnL l I. tOIL required insurance ol vmachir, ry ittins cost 0 71 

ot 
and the ftnmucitu, tax Aas tOj

bIn rovembi.r of 1965 Re,,lhition 8 pros idt t for the aho e terms to he macdL available for semt
fixed ittvestrritnts it avrictjtlurc, Altost loan 
 siit wat tri at( r thtan 50 tiies the nntrytinlmm w~tecat the dtsc rcLton nf the hank imaacr l0In o8 I UNAG 5 I loans, of the flank 01 13ra tl vert madeavailable at the ahos it rills lit 1,0 all 9tLit -uiXti. tin stntnt loans abos 50 nitntmum wages
 
were required to be at thllt. 
itL ring 
Sources Data an rates of inflation wc r( tak. n from Fundacao fGetulio Varga4, "A economia 

.Brailietra, 1971, " Conjivittra F co nilti a .16 (FLsereiro 1972) 1), 40, and otht r qources.Data on cc ,n, rL..zAl rtd I . 1 , , li i tc test rat( s were takcn front D 9.,%rud "Estrutura e politica ie jurs no Brasil-l l60/70, lUt.%t Irasth ira tii kt<nonmi-i 26 (Lt-ro/%larco 1972).123 Also St L 1. Chr-tjtft rsen, la\as tic Jit t, c a e-trut-ra df irni ststeltd di. batncoh
 
comerctatq 
Ce1 condIcot. iifla.iwiartas-o caso do lrasil," fit. ita tlrastlerad i I coitrmia 23
(JLnho 1969), 5-35, dita on thc te.rtht ratt s chai ied on 
tractor loans vicr, calcclat,.d front 
ANFAVEA, "A ractonaltacao da itndutitria ut tratuits c fundamtntal para a t-tiluttao danossa ag-irttlt-a-passo dit cltivo i , ivtoiada do Cit s'iC,'Ovm'ileto t.'Loonitco tI Pats."
§feparata h I dH tri t Aittornot it, 106 (April l 9oB). MorL recent datt onminterest rates antiactorb wert oltAnitt fram tlh Banco Ctntral. Ma alu li Cr t dito %ct ,la (Rit de Janeiro, 
May 1970). 



34 A. No Governmental Influence 

Price Price 
of of 

Credil Creditro 	 r0-\D 
0 A 

Credit in Sector I Credit in Sector A 

B. Government Pegs the Interest Rate to Sector A and Sets
the Minimum Quantity to Enter Sector A at the Same 
Quantity as 	in the Equilibrium Case Above 

Price Price 
of of 

Credit Credit 
r
0 	 r0 D
 

I I 

I I 
0 A M 

Credit in Sector I Credit in Sector A 

C. Government Pegs the Interest Rate to Sector A and 
Supplies Enough Credit to Cledr at this Interest Rate
for Sector A (i. e. , No Excess Demand for Credit inSectorA). 

PricePrc 
of r', G Pric 

Credit ICredit 
ro HF roD 

BI Cr--I - - . - I 

0 	 A M
Credit in Sector I Credit in Sector A 

Figure 2. 	 Two Sector Comparative Static Model of the Demand 
for Credit with and without Governmental Fixing of the 
Interest Rate. 
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borrowers. In 1967 Resolution 69 required all banks to lend 

10 percent of most classes of deposits to agriculture at rates 

below the interest rates charged by both private and public 

banks for other borrowers. If in equilibrium the banking 

system would lend 10 percent of their deposits to agriculture 

anyway, then there may be no efficiency loss. Note that in 2-B 

there is an excess demand for loans by borrowers in sector A 

at 13. In 2-C this excess demand of sector A for loans at r1 

is cleared and in the new equilibrium credit flows into sector A 

from sector I. There was a rapid expansion of credit for tractors 

in the late sixties, hence the government through the national 

and state banks may have been responding to the excess demand 

for credit at the lower interest rates and pushing the amount of 

credit towards OM. In this case many investors on the demand 

curve between D and C would be financed resulting in less 

financing for those investors along the curve GF. This would 

result in the classic efficiency loss from the lower rate of 

return on capital in the favored than in the unfavored sector. 16 

16 A. C. Harberger, "Taxation, Resource Allocation, and 
Welfare," in National Bureau of Economy Research and the 
Brookings Institution, The Role of Direct and Indirect Taxes in 
the Federal Revwnue Systenj (Princeton UniversLty Press: 
Princeton; 1964). 
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Now one of the more restrictive implicit assumptions 

above is removed. In 2-B at interest rate r 1 there was a 

demand for OM quantity of credit in sector A but the rationing 

machinery for allocating credit was able to identify potential 

borrowers and estimate their expected internal rate of return 

and cut off lending at D. Applicants on the demand curve DC 

would not be financed. This assumes a sophisticated rationing 

machinery, which entails a cost to the banking or public 

sector in identifying borrowers, since the market mechanism 

will no longer effectively screen inveotors. Now with the 

government and private savers in 2-B financing part of the cost 

of the investment project the private investor is willing to invest 

in a project whose rate of return is less than the real cost of 

credit. The rationing problem becomes serious when the nominal 

cost of credit is set below the inflation rate. Not only would 

governmental and banking agencies be expected to finance some 

of the prospective investors along DC, but there are costs associated 

with this rationing process. These costs may be high if sub

stantial governmental and banking personnel effort goes into 
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defining and administering criteria for rationing this credit. 17 

When transfers from bank depositors to investors are 

made by ceilings on savings and lending rates and minimum 

quotas for agricultural lending, it transfers income from savers 

to investors. Also if excess demand pressure results in an 

expansion of credit to the favored sector, efficiency losses will 

result from encouraging investment in which the discounted 

returns are less than the return in other investments. 

Theoretically, the government could ais ertain the equilibrium 

quantity of credit, OA, without the subsidy and ration the credit 

only to those investors whose rate of return is equal to the cost 

paid by society for their capital investment. In practice it would 

be difficult for goverm-ent and banking agencies either to resist 

the pressures of excess demand at the pegged rate or to 

effectively screen their clientele. 

Hence to the costs of establishing and policing rationing 

criteria are added the efficiency losses expected to result when 

17 
For agricultural machinery loans the primary published 

rationing criteria arc land title and a minimum land area. See 
Table E-2. Other types of credit have more sophisticated 
criteria such as the minimum altitude requirement for financing 
coffee planting. 

To the extent that a "black market" mechanism exists to 
obtain the rationed credit part of the rent would be obtained 
by the seller or other party to the rationing scheme except the 
buyer. In this case the official interest rate understates the 
real credit costs. 
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investment is encouraged by underpricing capital services in 

one sector. Distorted capital prices result in an absolute loss 

of efficiency in the capital market. This chapter has summarized 

the types of efficiency losses from capital subsidies and 

documented their importance in determining tractor sales 

over time. Cross-sectional analysis of mechanization levels 

between states and regions in the next chapter provides supple

mentary information on the determinants of investment in 

agricultural machinery in Brazil. In the next chapter one effect 

of these subsidies on the factor proportions choice will be 

considered by estimating the elasticity of substitution between 

labor and machinery in Brazilian agriculture. 



CHAPTER 3 

THE REGIONAL DISTRIBUTION OF 

BRAZILIAN MECHANIZATION 

The concentration of tractors and other heavy agricultural 

machinery in the South of Brazil has been frequently noted 

(Tables 8 and 9) and recently the object of special governmental 

policy. 1 However, there has been no statistical analysis of this 

regio;al concentration. Regional diJta have been collected to 

undertake this analysis. These regional data are also useful 

for testing hypotheses about agi icultural suchmechanization 

the impact of variations in labor costsas 
upon the labor

machinery choice. With micro data from a specific region there 

is generally little variance in labor costs between farms; however, 

between regions there are substantial differences. 

To analyze the regional concentration of Brazilian 

agricultural nechanization two models will be developed 

in this chapter. The primary inducement for mechanization 

would be expected to be the regional differences in labor costs 2 

l"Tratores de rodas, a cxplosao do crescimento,"
Transporte Moderno (April, 1972), p. 12. 

2Both Marx and Ricardo pointed out the relationship
between labor costs and mechanization. Cited in A. K. Sen,
Choice of Technique, An Aspect of the Theory of Planned Economic
Development (Oxford Univet sity Press: London; 1962), 61. 
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Table 8 

Location of Agricultural Tractors Het,-een States in Brazil. 1920-1970 

Rio Grande MinasCen,.s o: Sao Paulo do Sul Parans Geras Golata 

1I?ZO
Number 401 817 95 153 1 
% of Total 23.5 47.9 5.6 9.0 --

1940inuber 1.410 1.104 65 253 13 
% ciTotal 41.7 3Z.7 1.9 7.5 0.4 
1950 

.amber 3.819 Z.245 280 763 89r, oiTotal. 45.6 26 8 3 3 9.1 1.1 

. b27 176 15, 16Q 5.181 4.772 1.356 
0' nf Total 44.3 24 7 8.4 7.8 2.2 

1970N~uml-er 65.731 38.317 17.190 9.245 5.523
% of Total 42.0 24.5 11 0 5 9 3 5 

a r-ludes the Federal District 

bIncludes Gua,,aa ra 
Source 1BGE. Preliminary Apricultural Census Results (Rio de Janeiro. 1972). 

Inc;,des all tractors used in agriculture. 

Santa 
Cat.rlna 

94 
5..5 

7? 
2.1 

41 
) 

1.0f6 
1.8 

5.026 
3.2 

Mato 
Grosso 

1 
--

15 
0.4 

so 
0.6 

838 

1.4 

3 9Z6 
2.5 

Rtio de 
;anetrob 

64 
3.8 

148 
4.4 

515 
6.2 

1.658 

2.7 

3.604 
2.3 

Babia 

12 
0.7 

43 
1.3 

82 
1 0 

588 

0 9 

1.366 
0 9 

Pernanbuco 

36 
2.1 

72 
2.1 

1 2 
1,7 

1.002 

1.6 

1.328 
0.8 

Brazil 

1.706 

3.350 

8.372 

61. 324 

156.592 

0 



Table 9 
Tractor-Labor Ratios for the Brazilian St.tes and the U. 

State 

Sao Paulo 
R,o Grande do Sul 
Rio de Janeiro 
Mato Grosso 
Goasa 
C'_arabara 

Paaa0.5 
Sr:a Catar:na 

G:-asCertas 
Esp,rito Santo 
,-.Ia-oas 

1Zo G:ande 
Para 


Svr;2:3C 

Per: a.nbuco 
Paratoa 
Bah.a 


Ceara 


P,ai
Arnazonas 
Nlaranrao 

do Norte 

S., 1950 to 1970
 

Tractors per 1, Ok, mUntca Statcs TractorsA.r,cujural perWWar .:- 1, (")) Arcultural 'Vorkers11959 
 -77-177 Year
 

Z.49 15 7 
 3 t 19;-0 360
2. '9 11. t 26. o 7 1110
 
1.65 6.29 '3. 1OSZ '600.579 4 49 1,). j 1953

0.297 2.73 
 9. 3 
 1954 
 520
3.51 
 6. uZ 1055 
 560
 
0.'2 -. C3 56
0. 0 613
 

. Q57 650
0. 4_: 2.23 Z3 1758 
 670
0.212 1.73 3. 1?59
0.127 0.901 Z.(! 

700
 
IQ60 729
0.072 1.10 
 1. s 
 1961 
 760
0.150 
 1.0-
 1 
 9S32 
 789


0.29i 
 0. 315 . 1 
!3
0.161 810
0.793 1. .3 1? 64 870
0. 143 0.8-7 1.,2 195 
 980
0.064 0.:23 0.618 
 19J6 
 1,060
0.064 
 0.259 0.5Q 1167 
 1 130
 
0.097 
 0.193 
 0.:1 1063
0.124 1,1IS0
0. 162 
 ?. " i169 1.200
0.044 
 0.051 
 0. i')] 1970 
 1,205
 

a Ic. e s the Federal D:strict
Source Brazilian data %veretaken from IBGE. Prernt-arv - esuItstl-e U. S. data v ere taken fro-n USDt, 

"-'ff.ciency, A S -- 'arveScr .cc Stat, .Vas,-t,-,ton, iune I'72) 22, Za
all wor'cers in a-ric.It:re in both co,," 

of ie 1970 Census;
J' C -es i: r-, ctron a qo 

N,.llcti233 'Lcoro-n-c.o. ResearchT',c agricuit_1,.al Iabor force inclades 
-

http:agricuit_1,.al


42 

assuming that the costs of capital arc equal between regions. 

As labor costs increase, it becomes more profitable to substitute 

for labor as long as there are alternative production techniques 

available. The existence of altex native pi oduction techniques is 

expressed in economic models as an elasticity of substitution 

greater than zero. A low elasticity of substitution implies a 

smaller effect from the factor price distoi tio'is through the subsi

dized lending. The simple factor prit. c to allowmodel then needs 

for testing of the importance of agricultuiral labor and machinery 

costs in influencing m.chanization and to estimate the elasticity 

of substitution between labor and machinery. 

The Model: 

The two factor CES production function was originally 

developed to consider factor substitution between capital and 

)abor. 3 The Cobb-Douglas production function was inadequate 

as it forces the elasticity of substitution between factors to be 

equal to one and the estimation of this substitution parameter 

was the primary reason for the development of the CES junction. 

Extension of the CES production function to the multi-factor 

3 K. J. Arrow, H. B. Chenery, B. S. Minhas, and R. M. 
Solow, "Capital-Labor Substitution and Economic Efficiency," 
Review of Economics and Statistics 63 (August 1961), 225-250. 
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case has been difficult as the simple specification of the CES 

function forces thc clasticity of substitution between all factors 

to be equal. To avoid this iestriction while still retaining a
 

functional form which is rclatively simple to estinate Sato and
 

de Janvry have developed a two stage CES funcl ion. 4 In this 

two stage model as adapted here there are two augmented factors -

land and labor. All capital is dichotomized into land and labor 

substitutes. Then there thi ccare elasticities of substitution which 

can be estimated. A low elasticity of substitution between the 

augmented factor bundles and high elasticities of substitution 

between the primary factor and their capital substitutes would 

be expected. Or it is easi'r to substitute between tractors and 

labor and between feitilizer and land than between land and labor. 

These elasticities of substitution between the factors and their 

augmenting substitutes are then of primary concern in con

sidering the substitution relationship of technological change 

in agriculture. 

4 
K. Sato, "A Two Level Constant Elasticity of Substitution 

Production Function," Review of Economic Studies 34 (April 
1967), 201-208, A. de Janviy, "A Socioeconomic Model of 
Induced Innovation for Argentine Agricultural Development," 
Quarterly Journal of Econoomics, forthcoming. 
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This two stage CES production function is summarized 

in equations (1) to (3) below. 5 

(1) Y =a [-,A- + (I -c<) L-/7J -V/# 

(2) A =b - ')Ad -cE+(1 

(3) L = \CC ' P + (1 - X) L l j /, 

5 This is a generalization of the factor augmenting CES
 
production function encountered frequently in the literature:
 

Y. = aEc<(ELL)- + (1 -c() ( EKK) -j-/
 
where EL = blerlt and EK 
= b 2 ,r 2 t. L and K are labor and
 
capital respectively and EL and E K 
 are labor and capital

augmenting technological change. These equations are cus
tomarily estimated over time with r I and r? constant rates of
 
technological change 
of the two augmenting factors respectively.
 
The above functional form forces a Cobb-Douglas substitution
 
relationship or an elasticity of substitution of one between EL 
and L and between EK and K. 

This model is also a atwo stage model with Cobb-Douglas
 
substitution relationship between 
the factor and its augmenting
component and a CES relationship between the augmented factors. 
For examples of the use of this model see P. D. David and 
T. v. d. Klundert, "Biased Efficiency Growth and Capital-Labor 
Substitution in the U. S., 1899-1960," American Economic Review 
45 (June 1965), 357-395; J. R. Behrman, "Sectoral Elasticities 
of Substitution Between Capital and Labor in a Developing Economy:
Time Series Analysis in the Case of Postwar Chile," Econometrica 
40 (March 1972), 311-327, R. Sato, "The Estimation of Biased 
Technical Progress and the Production Function, " International 
Economic Review (June 1970), 179-201. 

The model employed in (1) to (3) above allows for an 
elasticity of substitution different from one between the factor 
and its augmenting substitute, does not require constant returns 
to scale, and makes no assumptions about the process of techno
logical change over time. 
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Where Y is aggregate agricultural output, A is land and land 

substitutes, L is labor and labor substitutes, A 1 is land and 

C1 is a land substitute bundle, L 1 is labor and C2 is a labor 

substitute bundle. The remaining letters are the standard 

parameters of a CES production function. 6 The primary 

concern here is with the derived demand equation rather than 

estimating the parameters of the production function. Differentiating 

Y with respect to C 2 and L 1 gives the following ratio of marginal 

products: 

(4) /______ (1 - , ) Ll-' -1(4) 1*Y l 

Jy/ c 2 C2 

where the ,"A sil are the factor .hare parameters of the CES 

function. The ratio of marginal products can be set equal to 

factor prices if input markets are in equilibrium and there is 

perfect competition in input and product markets. Setting (4) 

equal to the factor price ratio and solving for C2/L 1 gives: 
1 1 

(5) C- ( - ) w I 

L1 PC2 

where W is the agricultural wage rate and PC 2 is the rental 

cost of labor substituting inputs. As in simpler formulations 

6 For a summary of the economic interpretation of theseparameters see M. Brown, On the Theory and Measurement 
Technological Change 

of 
(Cambridge University Press: London; 

1968), 43-61. 
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of the CES production function the ratio of marginal products 

reduces 	to a function of the factor shares ( , the elasticity 

of substitution (--) , and the two factors C2 and L 1 . Neither 

the other input prices nor the output price enters into the above 

factor demand equation so that the assumption of strong separability 

between factor demand equations is necessaiy.7 Using tractors 

as a proxy for all mechanization and since the elasticity of 
1 

substitution, 6 , is equal to (5) can also be expi essed as 

the derived demand function for tractors relative to labor: 

(6) 	 log T 6 log (- ) I 6 ]og W 
L Iog PtL_ 


where T is tractor units and Pt is the rental cost of tractors. 

Data were not available on tractor rental costs 8 so the estimating 

equation 	was modified so that the Pt term enters the constant: 

7 Strong 	separability means that only the price of the factor 
and its substitute determine the demand for each augmented factor 
class. K. Sato, "A Two-Level Constant Elasticity of Substitution 
Production Function,"1 op. cit. , p. 205. 

8 
The tractor rental price (Pt) is equal to the capital cost of 

tractors (p ) times the :nterest rate (r) plus the depreciation rate 
(X ) plus the variable costs of tractor use as a percent of capital 
costs (v). Pt- P(r+ X + v). The capital costs and interest rates

would be apprexirnately the same,,with the former only varying
 

with the transportation costs. Depreciation may vary to the
 
extent that repair and maintenance services are more adequate
 
in the more industrialized states. Similarly, the variable costs
 
of fuel and repair may vary inversely with the level of industriali
zation. No data were available on these components of tractor
 
rental cost.
 
(continued on next page)
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(7) log T 6 g - + 

where c:i is the error terni. Due to the lack of data on Pt the 

constant term will not give any information on the relative factor 

shares. However, the primary interest here is in the estimate 

of the elasticity of substitution (6) between labor and tractors. 

This elasticity of substitution will be the coefficient of the wage 

rate in Table 10. 

In most aggregate studies of machinery investment the
 
capital cost rather than the rental price is 
 employed. The
 
rental price 
is more appi oi)1 iale but its components are generally
 
not available. Of the components 
of the capital cost of tractors
 
only the transportation cost would vary between states.
 

If there is a corclation between the tractor rental
 
cost and the wage ratca speciltication bias of 6"would 
result. 
The bias would be expected to be negative so that the high
values of the elasticities of substitution would tend to be 
further strengthened. Ordinary least squares estimation 
techniques were employed. With group observations there 
is a loss of efficiency from the violation of the homo
scedascity; however, Lhe Of S estimators are still unbiased. 
The standard error will be biased so conventional hypothesis 
testing requires a transformation of the variables. See 
J. Kmenta, Elements of Econon-icti i s (Macmillan Co.: 
New York; 1971), 256. 



Table 10 

Regression Results for the Tractor-Labor Ratios Between Areas As a Function 
of the Agricultural Wage Rates -

Wage Standard Degrees 
Form of Rate Error of of 
Observation No. Constant W the Estimate R2 Freedom 

1950 Census:
 

States of Brazil (1) -12.10 1.49 0.66 .71 19 
(1.59) (7. 04)* 

1960 Census:
 
States of Brazil (2) -0.87 1.89 0.84 .66 19 

(.81) (6.31)* 

1960 Census:
 

Regions of 
Sao Paulo (3) 3.24 0.90 0.72 .18 31 

(1.06) (2.87), 

(Both variables were in logarithmic form and the t-values are given below the 
coefficient estimates in parentheses except for the standard error of the constant.) 
:'Significant at the 99 percent level. 
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The results of Table ]0 indicate the importance of
 

agricultural wage rates 
in explaining differences in factor
 

proportions between 
states. Moreover, the estimates of the
 

elasticity of substitution are substantial enough to suggest a
 

large response in factor substitution to the relative factor
 

prices.
 

The Expanded Factor Price Model.
 

The literature 
on agricultural inechanization suggests several 

other variables which may infli ence the factor proportions choice
 

between labor and machinery. Expanding this simple factor price
 

equation 
to include these variables enables testing of their
 

influence on 
Brazilian agricultural mechanization. 9 Besides
 

labor costs the mechanization decision may be affected by
 

cropping intensity, the distribution of farm size, 
 the crop mix,
 

and there may be regional differences in the mechanization
 

process. In the 
rest of this section the rationale for including
 

these other variables will be explained.
 

9A more serious problem than hetereoscedcLscity in the 
simple factor pice equation may be the bias and inconsistency
from specification error due to the omission of relevant variables. 
See J. Kmcnta, Eiernents of Econometrics (The Macmillan 
Company: New York, 1971), 392-395. 

10
Some of these variables were used in a cross sectionalstudy of tractorization in Western Europe. See H. G. Scott and 

D. J. Smyth, Demand for Farm Ma( hineiv-Western Europe,
Study No. 9, Royal Coirniiission on Farm Machinery (Queen's 
Printer: Ottawa; 1970). 
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A tractor purchaser is hypothesized to be influenced by 

his cash expenditures in the field such as fertilizer purchase. This 

variable of expenditures on bio-chemical inputs per hectare is 

termed here the intensity variable. Once the farmer opts to take 

the risk11 associated with higher levels of fertilizer and other 

cash expenditures, the timing of his critical operations becomes 

more important. Whether a farmer harvests in two days or a 

week is less important when yields are low and the only 

investment in the field is family labor. The higher potential 

earnings associated with increased fertilizer use are associated 

with greater risk; however, mechanization offers the prospect 

of reducing some of the weather risk by enabling the per

formance of critical operations more rapidly. 12 

Alain de Janvry, "Optimal Levels of Fertilization Under 
Risk: The Potential for Corn and Wheat Fertilization Under 
Alternative Price ,)llicies in Argentina," American Journal of 
Agricultural Economics 54 (February 1972), 1-10. 

12 According to this hypothests farmers have a quadratic 

utility function into which expccted profits and the variance of these 
profits enter. Higher profit levels require more risk as indicated 
by the trade-off in the figure below. Farmers mechanliLe and make 
other risk avoiding investmerts in an attempt to shift the terms 
of the trade-off or change its slope.,. 

The Hypothetical Relationship 
Between Expected Profits 
and Expected Variance of 
Profits ______-'_ 
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The intensity hypothesis is closely related to farm
 

size distribution. On smaller farms an excess of family labor
 

could more easily be used to cope with increased power require

merits from more intensive cropping. Hence, the larger the 

farm the more unlikely that family labor will be in surplus prior 

to the shift to more intensive cropping.
 

Moreover, unless the custom 
rental market functions
 

efficiently, machinery will be a "lumpy" 
 or indivisible input.
 

Tractors, harvesters, and other machines do not 
come in every
 

horsepower size. Custom operators 
could reduce this "lumpiness"; 

however, this may not occur as the period of peak season rental
 

demand for machinery scrvices for a given crop would also be
 

the period of peak season owner demand. A renter then may be 

able. to get machinery services near the peak season demand 

time but he would not be able to count on obtaining these services 

unless hewcre willing to bid the machinery away from the owner 

at the critical time. Hence, the variance of his expected earnings 

would still be large and he would be less inclined to crop as 

large an area or to invest as much in the field as those with 

an available supply of owned equipment as long as the timing 

of certain operations is iraportant. (See Appendix E for data 

to support this inference.) Moreover, there are several 
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developments in Brazilian agricultural policy and in the 

Brazilian tractor industry, which give external economies in 

tractor use to large farmers by reducing the price of machinery 

per horsepower unit for the larger models. Larger farmers 

have an advantage in obtaining the subsidized credit for machinery 

loans and there is a continuing tendency in the Braztilian tractor 

industry to shift to production of the larger models (see Appendices 

C and E especially Table E-2). 

It is useful to consider the puovr decision of a farmer 

shifting to more intensive production. 13 Assuming no excess 

capacity of the power supply prior to this crop shift the farmer 

can choose some combination of the following five power sources 

when he shifts to more intenbive production, 

a) increased number of work animals, 

b) increased number of share croppers, 

c) increased employment of permanent workers, 

1 3Large farms with extensive operations such as beef 
cattle or little cash investment in the field would not be expected 
to mech;.nize as rapidly as large farms in annual crop production 
with substantial investment in fertilizer and other bio-chemical 
inputs. An analysis of the shift of large farrmers from beef 
cattle to wheat-soybeans in Rio Grande do Sul is presented in 
3. J. de C. Engler, "Alternative Enterprise Combinations Under 
Various Price Policies on Wheat and Cattle Farms in Southern 
Brazil," unpublished Ph.D. thesis, Ohio State University, 1971. 
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d) increased employment of temporary workers, 

e) mechanization. 

The economics of substitution of machinery for animal 

power has been con., idered frequently in the Indian literature. 14 

Rao has argued that i.a India the rising price of land with thL 

increasing demand for more and a highei value of agricultural 

products in the process of economic growth will raise the 

opportunity cost of using land for fodder. In his argument
 

mechanical power alleviates 
a shortage of land as reflected 

in the higher cost of feeding work animals. In Brazil even in 

the best farming areas near the large industrial centers there
 

is substantial variation 
in land quality and a tendency for the 

lower quality land to be used in pasture. Moreover, fertilizer 

is a much more effective substitute for land than mechanical 

power so that a rising land price is a better argument for shifts
 

to more intensive land use 
through fertilization and specialization 

in higher valued crops than for mechanization. Hence, the Indian 

argument of the inducement factor for mechanization being the 

rising opportunity cost of land in fodder crops does not seem to 

be relevant for Brazil. 

1 4 C. H. Hanumantlia Rao, "Farm Mechanization in a Labor
Abundant Economy, "1 Economic and Poltical Weekly 7 (February
1972), 393-400; S. S. Johl, 'Mechanization, Labor Use, and
Productivity in Agriculture, "1 (Ohio State: Department of Agri
cultural Economics, 1971), 27 pages. 



54 

The choice of employing more share croppers is another 

method of increasing the power supply. Various regulations to 

protect the i ights of sharecroppers and extend social legislation 

to rural workers could raise the expected price of she.recroppers 

or permanent workers at the farm level. The fear of present or 

future social legislation1 5 may discourage the large farm operator 

. 15Although much of the social legislation can be avoided
 
at the farm level due to its complexity or lack of enforcement
 
mechanisms, a large farmer with sharecroppers or permanent

workers may havc 
a comparative disadvantage in avoiding, these

laws. For a thorough discussion of the policy issues involved
 
in agricultural mechanization see K. C. Abercrombie, "Agri
cultural Mechanization anid Employment 
in Latin America, " 
International Labor Review 55 (July 1972), 11-45, and K. C.
Abercrombie, "Preliminary Note Agricultural Employmenton 

Problems in Brazil," mimeo December 1971, 
 14 pp.

For a historical treatment of the effect of sti ikes andlabor shortages on the production of mechanical technology in
 
industry see N. Rosenberg, "The Direction 
of Technological
 
Change: Inducement Mechanisms 
and Focusing Devices,"
Economic Development and Cultural Change 18 (October 1969),
 
1 -24.
 

Gotsch argues that labor unrest 
from the increasing

skewness of income distribution in the process of rapid techno
logical change in agricultural development is a contributing factor
 
to the large farmer decision to mechanize rather than expand

labor use. The expectation of increased 
social unrest is an
additional expected cost to the landowner. rhis concept introduces 
a vicious circle prospect to the income distribution-technological
change process expected in agricultural areas where land holdings
are initially skewed. C. H. Gotsch, "Technical Change and the 
Distribution of Income ii Rural Areas, " American Journal of 
Agricultural Economics 54 (May 1972), 340. 
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from employing sharecroppers. There are also several
 

regulations raising 
the cost of permanent and temporary labor 

to the farmer. 16 

The choice of power source to the large crop producer 

narrows down to the choice between d) seasonal or temporary 

labor and e) mechanization. In the short i un he can not rapidly 

expand his supply of work animals and he nceds an increased 

labor supply to handle these animal.. ie can justify the 

employment of a small number of share(- roppers and/or
 

permanent workers; however, 
 he will either be faced with a
 

need to supplement these permanent employees during the peak
 

seasonal demand periods or his permanent labor force will be
 

underemployed during the 
rest of the year due to the seasonal
 

nature of the demand for labor with annual crops. 17 
 A farmer
 

can produce crops with a staggered peak season labor demand
 

16For detail on Brazilian legislation see Fundacao Getulio
Vargas, "Encargos sociais do empregador," Cojuntura Economica 
26 (April 1972), 59-61. 

The landlord can presently reduce the cash minimum wage

up to 30 percent by providing payment in kind.
 

17 For more detail on seasonal labor requirements based onfarm account data from Sao Paulo see Secretaria da Agricultura,
Resultados Comparativos da Contabilclade Agricola, 1968-69 
(Instituto de Ec onomia Agi icola Sao Paulo, 1970).


In India the introduction 
of high yielding varieties wasaccompanied by a substantial increase in seasonal labor expendi
tures. M. Yudelman, G. Butler, and R. Banerji, Technological
Change in Agriculture and Eployment in Devloping Countries 
(OECD: Paris, 1971), 76, 84. 
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in order to mre fully utilize his labor; however, his ability 

to produce an annual crop mix with a constant level of demand 

for labor is ultimately constrained by the weather especially 

the seasonal variations in rainfall. In southern Bra/.il there is a 

pronounced dry season beginning around May and extentding into 

September -Novembe r. 

A farmer faced with this choice between hiring supple

mentary teams of labor to cope with a seasonal labor shortage 

may prefer to mechanize. He can thereby avoid a higher seasonal, 

day labor cost 1 8 plus the uncertainty and management problems 

18 
Billings and Singh argue that the primary incentive for 

mechanization in the Punjab is the sharp seasonal increase in labor 
demand for the critical operations of planting and harvesting. 
With more intensive cropping permanent labor is insufficient to 
cope with these seasonal increases. Moreover, there is a regional 
effect in areas producing the same crop mix of a substantial increase 
in day labor costs during the periods of peal. demand. This upward 
shift in seasonal demand for labor could be offset with an 
effectively functioning system of migratory labor but there has 
been little interest in this alternative in the literature on agricultural 
mechanization in the developing countries. See M. H. Billings 
and A. Singh, "Mechan:ization and Rural Employment, " Economic 
and Political Weekly 5 (June 27, 1970), A61-A72. 

Another study which has emphasized the importance of 
mechanization in response to a seasonal scarcity of temporary labor 
is I. Inukai, "Farm Mechanization, Output and Labor Input A Case 
Study in Thailand," International Labor Review (May 1970), 453-473. 
Also sce I. R. Wills, "Piojections of Effects of Modern Inputs 
on Agricultural Income and Employment in a Community Develop
ment Block, Uttar Pradesh, India, "1 American Journal of 
Agricultural Economics 54 (August 1972), 458, 459. 
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associated with the locating, coordinating, and controlling of a 

temporary labor force several times a year. The larger the 

crop acreage the more serious the management problem 

associated with a large seasonal labor force would bc (see 

Appendix A-III). The variable for the concentration of large 

crop farms could then affect the factor proportions choice 

because of economies of scale in machinery use, greater 

difficulty in substituting labor for machinery on a large scale, 

or other leasons. 

The crop mix also is expected to affect the factor pro

portions choice. Most operations for permanent crops excluding 

the initial land clearing and preparation are difficult to mechanize. 

Moreover, once the permanent crop is formed, the basic land 

preparation activities, in which mechanical power has the 

greatest advantages over other power sources, will not be 

required again for a long time. Annual crops then utilize more 

mechanical power as they require the land preparation activities 

every year. 

Finally, the three variables, intensity of operation, 

concentration of crop area, and crop mix all pick up some of 

the effects attributed to the "timeliness" argument for 
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mechanization in U. S. studies. 19 The timeliness concept is 

that for certain crops or crop combinations, soils and weather 

regimes, mechanization reduces risks or the probability of 

crop loss by enabling the performan e of a given operation 

in a shorter time period. Unfortunately, the model here has 

not sufficiently developed the "timeliness" concept to make a 

direct empirical test of its relevance to flia.',il. The concept is 

tested indircctly to the extent that vai iaile., employed here pick 

up the components of this timeliness concept. 

Since the major Brazilian input and product markets are 

located in the South, a different relationship between the 

tractor-labor ratios and the independent variables may exist in 

the Northeast and the North than in the South. A regional 

dummy was used to separate these two areas. The demand 

function to be estimated is: 

' (8) logLT =log B +' log W+(' logA +" <,3 log Te1 2L1A
 

+ c4 log D + Re+ i 

where t is a constant, W is the agricultural wage rate, I the 

intensity variable is the expenditures on seeds, plant stock, 

19J. B. Hottel, W. R. Grant, and T. Mullins, Equipment 

Technology and Weather on Rice Farms in the Grand Prairie, 
Arkansas. Part I: Farm Organizaflon and Risk, Bulletin 734 

(Agricultural Experiment Station, University of Arkansas: 
Fayetteville; December 1968). 



59 

fertilizer, and other agricultural chemicals per hectare of 

crop land, Te is the crop mix variable, and is equal to the 

percentage of area in annual crops in the total crop area, D is 

the percentage of crop area in crop farms with over 100 hectares 

in crops, R. is the regional dummy, and ei is the error term. 

(See Appendix A-Il for further description and the variables 

them selves.) 

Since the wage rate would be largely determined by the 

interaction of the farm and the non-farm labor markets and 

the degree of mechanization was still low in the observation 

periods (see Appendix D), the agricultural wage rate would be 

largely exogeneous. The crop mix and intensity of production 

decisions are assumed to be made prior to and independent of 

the mechanization decision. 20 

20 
To the extent that these decisions are made simul

taneously hence endogenous to the system the estimated coefficients 
will be inconsistent. In the case of a serious simultaneity 
bias it would be necessary to use instrumental variables or a 
system of simultaneous equations to obtain onsistent estimates. 
Both adjustments require more data than were available. R. J. 
Wonnacott and T. 11. Wonnacott, Econometrics (,John Wiley 
and Sons, Inc., New York: 1970), 152-155. 
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The Results: 

The wage rate coefficient is significantly greater than 

zero and indicates the statistical relationship between labor costs 

and the mechanization decision (Table 11). The other variables, 

intensity, crop mix, and concentration, all have significant 

coefficients, the expected positive signs, and affect the estimate 

of the wage rate coefficient. Hence, these variables are consistent 

with the theoretical justification for including them. The regional 

dummy for the intercept shifter was weakly significant in 1950 

and not significant in 1960. This is an important result because 

84 percent of the adjusted tractor units in 1950 and 87 percent of 

the tractor horsepower in 1960 were in the South of Brazil. The 

insignificant regional dummy for 1960 then gives some evidence 

that the variables specified are picking up the factors creating 

the regional differences in mechanization levels observed in 

Brazil. Moreover, the significance of the regional dummy in 

1950 but not in 1960 is consistent with a diffusion process of 

technological change in which mechanization was first con

centrated in one specific area and then over the decade diffused 

to the extent that it was encouraged by the conditions indicated 

with the independent variables. 

The statistical results seem to justify the use of the 

extended factor price model. Higher mechanization levels 



Table 11 

Regression Resuis for the Tractor-Labor Ratios as a Function of Wage Rates and Other Variables 

Form of 
Obseration No. Constant 

Wage 
Rate 

W 

Int-nsity 
I 

A 

Crop 
Mix 
Te 

Concen-
tration 

D 

Regional 
Dummy 

Re 

Standard 
Error of 
Estrrate 'R 

-o. 
Le-el 

Degrees 

Freedom 

1950 Cen-,us: 
-- r- of(1) 

Brazil 
-16.45 
(3 40) 

1 49 
(5 00)*** 

0.31 
(1.99)* 

0.79 
(1.89)

0.50 .77 23.0 17 

(Z') 

(3') 

-17.57 
(3.51) 

- 9.34 
(5. 10) 

1.58 
(5 17)*** 

0 74 
(1 50) 

0.35 
(2 ZZ)** 

0 35 
(2. 45)** 

0.93 
(Z 17)** 

0.29 
(5 85)-** 

-0.16 
(1 15) 

0.012 
(2. 58)** 

0.96 
(2.07)* 

0.58 

0.53 

.77 

.81 

17.9 

18.1 

16 

15 

1960 Census:
States of 
Brazil 

(4') 

(5') 

(6') 

- 4.86 
(2 53) 

- 6.7a 
(2 22) 

- 4.13 
(Z.5,) 

1.52 
(3 80)-A** 

1.87 
(5.20)'** 

!.32 
(2.81)** 

0.67 
(Z. 49)** 

0.45 
(1 90)* 

0.44 
(1 95)* 

1 33 
(2 79)0 

1.14 
(2.82) tI 

O.P6 
(Z. 06. 

0.55 
(2.81)** 

0.53 
(2.85)** 

0.76 
(1.73) 

0.69 

0.58 

0.55 

.77 

.84 

.86 

23.7 

27.0 

Z4.9 

17 

16 

15 

1960 Census: 
Pegions of 
Sao Paulo 

(7') 

(8') 

(9') 

0.40 
(1. 43) 

0.57 
(1.42) 

- 0.16 

(1.00) 

1.11 
(3.7 1) Y* 

1.06 
(3.58)*e* 

0.35 

(1.44) 

0.Z6 
(1.20) 

O.IQ 

(1.30) 

0.5Z 
(Z. 7 1 

0.51 
(Z. 65)",4 

0.6z 

(4.57)*** 

0.80 

(5.57)*** 

0.65 

0.65 

0.46 

.32 

.33 

.67 

8.6 

6.3 

17.4 

30 

29 

28 

(t-values in parentheses except for the standard error 
*significant at the 90 percent le~el**slgnificant at the 95 percent level 

***signtficant at the 99 percent level 

of the constant) 
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are associated not only with higher agricultural labor costs 

but also with increased use of bio-chemical inputs, crop shifts 

from permanent to annual crops, and concentrations of large 

crop operatoi s. 

The importance of differences in labor costs in influencing 

mechanization was indicated and ts consistent with other work 

on induced innovation in agriculture. 21 Northeasterners should 

not be surprised at the lack of mechanization there, given the 

prevailing very low agricultural wages. Judging by the 

significance of the other variables the mechanization decision is 

also influenced by decisions to use other inputs, the crop mix, 

and the size of crop operationb. The policy implications of the 

significance of the crop farm size are especially important. The 

statistical results are conisistent with the argument that mechani

zation facilitates larger farmers in producing annual crops more 

intensively. In the absence of mechanization small and medium 

size farmers may hav( an initial comparative advantage in adopting 

highe'r levels of bio-chemical inputs on annual crops since these 

shifts require increased labor use and the smaller the farm the 

more probable it is that it will have a surplus of family labor. 

21Y. Hayami and V. W. Ruttan, op. cit., 133. 



63 

It has been shown in Chapter 2 that the capital subsidies 

have an important effect on the tractor investment decision. In 

this chapter the importance of wage rates, crop farm size, and 

other variables on the choice between tractors and labor has been 

shown. The generally high elasticities of substitution indicate 

that factor proportions in agriculture are very responsive to 

relative factor prices (see Appendix A-Il). Consequently, the 

subsidies on the machinery price through the credit mechanism 

would have had a substantial impact upon employment in agriculture. 

In the next chapter these employment impacts are considered 

in more detail. 



CHAPTER 4
 

THE IMPACT OF MECHANIZATION AND MACHINERY
 

SUBSIDIES UPON LABOR ABSORPTION IN
 

BRAZILIAN AGRICULTURE
 

A. 	 The Impact of Technological Change and Crop 
Shifts Upon Labor Absorption. 

The 	Problem: 

In 1950 almost two-thirds of Brazil's active labor 

force was employed in agriculture produc ing a little more than 

one-fourth of domestic production (Table 12). Consequently, 

the average product of agriculture was considerably below the 

other two sectors with per capita income 5, 500 Cr. in agriculture, 

18, 500 	 Cr. in the secondary sector, and 24, 000 in the tertiary
 

1
 
sector. Given the lower incomes in agriculture it is not 

surprising that from 1950-1970 employment in agriculture grew 

less rapidly than in other sectors2 and there was substantial 

migration out of rural areas. 

1Fundacao Gctulio Vargas, "Evolucao da mao-de-obra 

brasileira,"1 Conjuntura Econornica 10 (Tune 1956), 85. The 

secondary sector iacludes mining, manufacturing, construction, 

and public utilities. The tertiary sector includes commerce, 

transport and storage, and other activities. 

2 Republica Federativa do Brasil, I Plano Nacional de Desen

volvimento PND 1972/1974 (Brasilia: November 1971), 64. 

64 



Table 12 

Production and Employment in the Agricultural Sector of the Brazilian Economy, 
1950 -1970 

1950-1960 1960-1970
 

1950 1960 1970
 

Agriculture:a 
Percent of domestic productionb 26.4 21.0 18.0 
Percent of total active labor force 65.5 53.7 44.2 

18, 248, 999a
 Total agricultural labor force 12, 613, 849 15, 633,985 

Adult male agricultural labor force 7,672,000 9,241,857 N.A. 
Compound growth rate of dome,3tic 

production 4.05 4.3
 
Compound growth rate of employ

ment: All agriculture 1.7 0.6
 
Crops and livestock 2. 2 1. 6
 

aBesides crop and livestock production this includes forestry, vegetable extraction, hunting and fishing. In 1950 

the other activities besides crop and livestock production only included 2.7 percent of total employment.
 
Considering only crop and livestock production this sector is 62. 8 percent of the economically active work
 
force in 1950. The absolute number or workers in agriculture employed the narrower definition of labor
 
in crop and livestock production and was obtained from the Herrmann summary of Census data for 1950
 
and 1960. The 1970 estimate of the total agricultural labor force would also include these other categories.
 

bValued at factor costs. 

U'
U.' 



Sources: 	 1950 employment data were taken from Fundacao Getulio Vargas, "Evolucao da mao-de-obra 
brasileira," Conjuntura Econornica 10 (Junho 1956), 85. In this article corrections were 
made for the undercnurberation of the a ricultural labor force in the 1950 census; the data 
on domestic production xere taken from I"undacao Getulio Vargas, "Balanco de arna decada," 
Conjuntura Econornica 24 (Enero 1970), 7: the crnployment data for 1900 and 1970 -'ere 
calculated 	from Fundacao Getulio Vo "0 co.so demografico de 1970," Coniuntura 
Economica 26 (Fevereiro 197Z), 151; ',.-.ent growth rates were taken fro. Republica 
Federativa do Brasil, I Plano Naciona!. d Desenolvinento (P-D) 1972/1974 (Brasilia: 
Novermber 1971), 65; and L. F. Hernlann, Chancs in A-ricultural Prod,_,ction in Brazil, 
1q47-65, Foreign Agriculture Economic Report No. 79 (Economic Research Service, USDA: 
Washington, June 1972), 38; and the iBGE, Censo Acricola Prei.rninar, 1970 (Rio de Janeiro; 
197z). 
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One policy problem of agricultural development in Brazil 

is how to increase incomes and productivity without releasing 

a large number of agricultural workers because the other sectors 

would not be able to absorb them over a short time period. A 

measure of the appropriateness of the introduction of mechanization 

in agriculture then is the ability of the non-agricultural sector 

to absorb labor released from the agricultflral sector. 3 Table 13 

summarizes some of the principal components of the demand and 

supply for labor in the non-agricult,',tl sector. Impact on labor 

absorption of the growth of Brazilian YnanufactWring is offset by 

4 
the capital intensity of this sector. Little information is available 

3 
The Hayarni-Ruttan criterion for the appropriateness of 

the introduction of mechanization is when the labor supply is 
more inelastic than the land supply. These inelasticities would 
be reflected by changes in relative factor prices over time. In 
Brazil there are very serious aggregation problems in obtaining 
a land price index due to extreme variations in land quality 
between regions so operationally this criterion may not be very 
helpful. 

See Y. Hayami and V. W. Ruttan, Agricultural Development: 
An International Pei spective, (The Johns Hopkns Press. Baltimore; 
1971), 132-135. 

4 
The value of production in the secondary sector grew at a 

9. 1 percent compound rate in the fifties and a 6. 6 percent rate 
in the sixties; however, employment in manufacturing increased 
at a 2.2 and 1.6 percent rate respectively. The data on domestic 
production were calculated from Fundacao Getulio Vargas, "Balanco 
de tu-na decada," Conjuntura Ec,.,omica 24 (Enero 1970), 7. The 
employment growth rates were obtained from Republica Federativa 
do Brasil, I Plano Nacional de Debenvolvinento PND 1972/, '1 
(Brasilia- November 1971), 64. 
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Table 	13 

Factors Affecting Labor Absorption in the Non-Agricultural 
Sector 

Direction of Relationship 

Demand for Labor 

a) Capital Intensity of the 
Non-Agricultural Sector 

b) Rate of Growth of the 
Non-Agricultural Sector + 

Supply 	of Labor 

c) 	 Unemployment and Under
employment in the Non-
Agricultural Sector 

d) 	 Percent of the Labor 
Force in Agriculture 

e) 	 Population Growth 
Rate 

Note: 	 This table summarizes the direction of the expected
relationship between labor absorbing ability in the non
agricultural sector and several components of this ability. 
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on unemployment and underemployment in Brazil. 5 The 

agricultural sector is still a very large sector of the labor 

force, 44 percent in 1970, and total population growth rates 

are high, 2. 9 percent in the sixties. 6This review of som of 

the components of labor supply and demand growth in the 

non-agricultural sector gives some evidence of a low degree 

of labor absorption ability in the non-farm sector at the present 

time. 

5
 
If unemployment is measured aL" not working at all,


the rates are 
extremely low. If underemployment includes
 
all those working part time who would prefer to be working full
 
time the rates are very high. In urban areas 
the tertiary
sector provides part time,low wage employment. F. S. O'Brien 
and C. L. Salm, "Employment and Underemployment in Biazil,,
Revista Brasilcira de Eco, ,rmia 24 (Outubro/Dezembro 1970), 
129-137. 

6 The employment in agriculture as percent of totala 
employment was estimated from F'indacao Getulio Vargas,
"0 censo demografico de 1970, " Conjuntura Economica 26 
(Fevereiro 1972), 151; The population growth rates were 
taken from Instituto Brasileiro de Estatistica, Sinopse
Preliminar do Censo Dernografico, VII Rcenseamento 
Geral 1970 (Rio de Janeiro: July 1971). 
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Given the low incomes in agriculture, policy makers 

are concerned with increasing the capital-labor ratio in order 

to increase productivity and incomes. However, the low labor 

absorption potential outside of agriculture indicates the importance 

of differentiating the capital input in agriculture between labor 

absorbing (or land substituting) inputs and labor replacing inluts. 

Conceptually, agricultural capital inputs tan be dichotomized 

into land substitutes and labor s it~tb.,l:;. In rc'vity few capital 

inputs fall completely in either of th,., divisions; however, 

fertilizer and other biological and chemnical inpts excluding 

wccdkillers are primarily land substitutes and machinery is 

primarily a labor substitute. 7 Nlchanization is expected either 

7 
B. F. Johnston anid J. Cownie, "The Seed-Fertilizer 

Revolution and Labor Absorption," American Economic Review 
49 (September 1969), 569-583; A. K. Sen, Choice ol Technique, 
An Aspect of the The ory of Plann,,d Economic ])cvelopment, 
(Oxford: London; 196Z) Appenjdix A, "Choice of Agricultural 
Techniques," 90-97, Y. Hayaini and V. W. Ruttan, Agricultuiral 
Development: An International Perspective (The Johns ltopl,Ils 
Press: Baltimore;197 1), 118-136; M. Yudelman, G. Butler and 
R. Banerji, Technolo,,ical Chan,,v in Agriculture and Employmnt 
in Developing CountrieL, (OECD: Paris, 1971), 69-128. Foj a 
qualification to this dichotomy sce C. 1-I. Gotsch, "Technical Change 
and the Distribution of Income ini Rutal Areas, " American 
Journal of Agricultural Ecoi oni s 51 (May 1972), 328. 
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to replace labor or to substitute for a potential increase in 

labor demand in the case where factor or product shifts increase 

the demand for both labor and machinery. 8 

8 
If economics of scale exist in factor use, thera will


also be a differential efiect on If it
farms by size. is more
 
difficult to substitute labor for machinery 
on a large scale

than o, a small scale as suggested in pter 3 and if the use

of bio-chemrcal technology 
increases labor requirements per

hectare, then the 
initial comparative advantage in utilizing bio
chemical technology would be on smaller farms with an excess
capacity of family labor prior to the introduction of bio-chcrnical 
technology. Subsidies on machinery by easing the labor or
 
power constraint to the use of bio-chernical inputs larger
on

farms help return a comparative advantage in the adoption of
 
bio-chemical technology to the larger farms.
 

The above initial comparative advantage 
for smaller

farmers requires assumptions 
of equal access to other subsidized 
inputs including information on the new technology and no cost 
or price advantages to larger farmers in adopting bio-chemical 
technology. An extensive policy review of this and related issues
is found in M. Yudelman, G. Butler, and R. 3anerji,
Technological Change in Agriculture and Employment in Developing
Countries (Paris: OECD; 1971). 

In the analysis here the labor absorption and farm size

effects are considered simultaneously. Changes in factor 
prices

may affect both the employment of labor the large farms and
on 
the types of production activities and levels of technology utilized 
on different farm sizes. In this chapter concern is focused 
upon the aggregate employment effects rather than the specific
process of substitution at the firm level. Whether adjustments
would occur through labor for machinery substitution on large
farms or through shifts of crops between farms by size in response
to different factor costs (or product prices) is not considered at
the level of aggregation employed in this section. Further 
studies of farm adjustments.,particular regions are necessary to 
complement this aggregate analysis. 
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Agricultural mechanization has two effects on labor
 

productivity, 
 an expansion and a yield effect. According to the
 

identity Y = Y A , where Y is labor productivity or crop
 
T T ' EL
 

output per worker, Y is aggregate crop yields per hectare and
 
A
 

A is crop land per worker. Machinery has its primary impact
 

upon the land/labor ratio. Bio-chemical technology has its
 

primary effect upon yields 9 and, as will bc shown here, has a 

negative impact on the land/labor ratio. The expansion effect 

(A/L) of mechanization results from th-. increase of cultivated 

area per worker, which mechanization facilitates. The yield 

effect of mechanization results from such factors as higher 

germination rates and less wccd problems with mechanized 

land preparation than with animal power and will be considered 

in Chapter 5. The inverse of the cxpansion effect (A/L) can 

be termed the aggregate labor requirements per hectare for 

the given crop mix and technology level. 10 

9 Y. Hayami and V. W. Ruttan, op. cit., 118. 

10 
The effect of mechanical and bio-chemical technologies 

upon the A/L ratio is also a weak test of the surplus labor concept.
If there exists a surplus labor pool in agriculture, then changes 
in technology may have no effect on the ratio. 
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The Model: 

Power can come from any of three sources, human, 

animal, or mechanical. The crop area cultivated per worker 

then depends only upon the power supply available assuming no 

differences in input use, product mix, or quality of factors. 11 

Now several of the more lestrictive assumptions can be removed. 

First, differences in factor use between regions can be allowed 

for by reintroducing the intensity variable. The utilization of
 

more fertilizer on the same land area 
increases plant density 

thereby raising the labor dcc-nand for harvesting. Moreover, 

the cultivation labor requirements increase as the fertilizcr 

stimulates the growth of weeds. Hence, a farm shifting to more 

intensive land use requires more labor unless mechanization 

takes plac, simultancously thereby substituting for this 

potential increase of the demand for labor. 12 Secondly, larger 

11
 
The expansion function 
is a physical relationship
 

between the amount of land, which 
one man can crop, and the
 
power supply, crop mix, and 
intensity of production. It is not
 
a factor dcrnai.d equation 
 so input prices do not enter. The 
expansion function is analogous to a production function as a
relationship between physical quantities, i. e. , inputs and crop 
area per worker. 

l2A 40 percent increase in labor expenditures per hectare 
is reported in India after the adoption of the new seeds and 
fertilizer. M. Yudclnian et al. ,op. cit., 74; a 50 to 70 percent 
increase in labor use per acre is repoi ted for a small farmer 
area in Comilla, Bangladesh after the adoption of a seed-fertilizer
pump package. C. H. Gotsch, "Technical Change and the
 
(continued next page)
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areas in annual crops rather than permanent crops are expected 

to increase labor use per hectare. Finally, there is a specification 

error 1 3 resulting from the inability to separate input use in 

livestock production from crop production in the Census data. This 

overestimate of the independent and dependent variables from the 

inclusion of input use in livestock production will give a similar 

specification problem to that resulting from including irrelevant 

variables in the estimating equation. One way to handle this 

specification error is to identify those livestock operations which 

use substantial labor and introduce a variable for these activities. 

Distribution of Income in Rural Areas," American Journal of 
Agricultural Economics 54 (May 1972), 336. Using linear pro
gramming the introduction of new seed-fertilizcr--water techno
logy package without increased mechanization results in 35 to 57 
percent increase in labor requirements in one block n India, 
I. R. Wills, "Projections of Effects of Modern Inputs on Agri
cultural Income and Employment in a Community Development 
Block, Uttar Pradesh, India,"1 American Journal of Agricultural 
Economics 54 (August 1972), 456, 457. 

1 3 The estimators and their variances will be unbiased 
so the usual significance tests apply. However, the estimates 
will not be efficient. Another source of incfficiency which 
invalidates normal significance testing is the hcteroscedascity 
resulting from the use of group means. Sec J. Kmenta, 
Elements of Econometrics (Macmillan: New York; 1971), 394-400. 
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For beef production labor use is extremely low and many
 

farmers have ancillary livestock production in which they don't
 

spend much time. However, milk production requires sub

stantial labor so a variable for milk production per worker is 

used to adjust for this data problem. The equation to be estimated 

is: 

(1) 	 log (AlL) = log B + 'Xllog Ain" lg T 

I L L 

L 

where B is a constant;
 

A is cropland per adult 	male agricultural worker;
L
 

An is animal power units per adult, male agricultural worker;
 
L
 

T is adjusted tractor numbers (1950) or tractor horsepower
 
L (1960) per adult, male agricultural worker;
 

I is expenditures on seeds, plant stock, fertilizer, and
 
A other agricultural chemicals per hectare of cropland;
 

Te is the percentage of annual crop area in total crop area;
 

M is cows milked (MI) and milk production (M2 ) per adult,
 
L male agricultural worker;
 

Ei is the error term.
 

(See Appendix A-III for the variables and further detail.)
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One basic assumption is that cropland per worker will 

be determined by the decisions on power and other inputs. To 

the extent that all input use including crop area will bc decided 

simultaneously, there will be a simultaneous equation bias. 

Given the abundant land area in many regions of Brazil it is 

reasonable to consider crop area per worker as determined by 

decisions on other inputs and crop mix. 

The Results: 

For the 1950 and 1960 All States functions, both power 

variables were significant (Table 14). In 1950 there was little 

bio-chemical input use in Brazil and this variable was not 

significant but the sign was as expected. Neither the crop mix 

nor the milk production variables were significant in 1950. In 

1960 the intensity variable became highly significant as by 

1960 there was more use of fertilizer and other purchased 

inputs. 

Much more of the variance in cropland per worker 

ratios was explained with 1960 data for the regions of Sao Paulo. 

By 1960 the use of both mechanical inputs and fertilizer had 

increased substantially especially in Sao Paulo, the primary 

agricultural and industrial state of Brazil. Moreover, 

variables such as crop area are expected to be more homogenous 

in the state than for the country so this function would have less 



Table 14 

The Impact of Different Technologies, Crop Mix.and Milk Production Upon Crop Area per Worker 

Form of 
Observation No. Constant 

Ana-nal 
Poyver

An 
LL 

Tractor 
Power 

T 

Into nstty o! 
Prud. c,.tn 

I 
A 

Crop
Mix 
Te 

Milk Production 
1 N12 

1 F 

Degrees
of 

Freedom 
1950 Ce.sus-

All S:ates
of bra,&l 

(1) 

(2) 

1.0715 

1.5824 

0.2429 

(3.17)4e
0 2388 

(3.27)*.-

o 1LO 

(2.4S)1*
0.2344 

(3.02)-* 

-0 1394 

(1I.6 ) 

.42 

.48 

8.C3** 

6.83** 

18 

17 

19o0 Census: 

All Stat. s of 
Brazil 

(3) 

(4) 

0.6110 

0.6797 

0. 1)61 

(2.37)* 
0.0796 

0.1146 

(2.27)* 
0.32-2 -0.3:66 

.48 

.70 

10.2** 

16.1** 

18 

17 

1960 Census: 
Regi.,rs of 
Sao Paulo 

(5) 

(6) 

1.4313 

1.5842 

(1. 12) 

0.3642 

(3. 10),* 
0. 3463 

(3.3l)-e 

(4.72},-* 

0.3378 

(6. 32) '* 
0.3371 

(6.49)-

(. 360)ot 

-0 3202 
(4. 88) r 
-0.2773 

(4.30)-* 

-0.3287 

(4.57)0* 
-0.3507 

(4.95)** 

-0.1776 

(3. 36)** 
-0.1501 

(3.69)** 

.73 

.74 

18.0*. 

19.4** 

27 

27 

(?-alues are give iin parentheses 
ost-r.f.cart at 05 percent 

below t!'e cocfftcicnta All %ariablesare in log form) 

-sig-ifica-t at 99 percent
Source. 1950 and 1060 Agrictltaral Censtises. 

descriptton and the data. 
See Appendix A-Il for dtta.lLd variable 
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specification bias from omitting qualitative com-onents in 

the variables. The assumption of no qualitative differences 

between states for either the land or labor variable is a heroic 

assumption; however, no data were available to adjust for these 

expected qualitative differences. For the regions of Sao Paulo 

all variables had the expected sign and were significant at the 

99 percent level. The negative sign of the imlenslty variable 

indicates that area per worker wa,, dec re;Lsed with an increase 

in the utilization of bio-chemic.al inputs. Thus the above 

equations clearly demonstrated that hio-c hemical and mechanical 

technologies had the expc-ctcd oplosite effects on labor require 

ments per hectare. 14 Larger areas in annual crops also resulted 

in higher labor requirements per hectare as was hypothesized. 

Regions with more milk production utilized substantial labor 

thus decreasing the observed cropland per worker. These milk 

production variables were significant for Sao Paulo but they 

were never significant in the All States functions for either 1950 

or 1960. 

1 4 These results are consistent with a number of studies 
summarized in M. Yudelman et al.,op. cit., 69-89 and with the 
estimates of labor use with different technologies in Ministerio 
de Agricultura, Govierno d(. Colombia, "Consideraciones Sobre 
el Papel de la Maquinaria enila Agricultura Colombiana," 
mimeo, 32. 

http:bio-chemic.al
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It is not clear from the analysis of the expansion effect 

how much of the migration to urban areas or of the decline of 

the relative importance of agriculture in total employment can 

be attributed to agricultural mechanization. In the next section 

of this chapter the impact of one of the capital subsidies upon 

labor absorption in Sao Paulo agriculture will be estimated. 

B. 	 The Impact of Tractor Subsidies Upon Labor
 
Absorption in Sao Paulo Agriculture.
 

The Problem: 

The capacity of agricultural growth in a rapidly 

developing area to generate employment can be separated 

conceptually into stages of migration and potential migration. 

As industrialization proceeds in Sao Paulo or Porto Alegre,
 

migrants from the rural areas 
of Sao Paulo state or Rio
 

Grande do Sul go into the urban 
areas with the expectation 

of obtaining high-wage employment in manufacturing or other
 
15
 

sectors. Industrialization generates an increasing demand
 

15 The implicit migration model is a variation of the model 
developed by M. Todoro, "A Model of Labor Migration and Urban 
Unemployment in Less Developed Countries, " American Economic 
Review 59 (March 1969), 138-1 18. In this model migration is a 
function of the wage differential between the two regions or sectors 
adjusted for the probability of obtaining higher wage employment 
as seen by the migrant. The distance and the costs of finding 
employment may also enter into the migration decision. 
(continued next page) 
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for agricultural products and the rural workers in the state 

of Sao Paulo are replaced by some combination of rural in

migrants from other areas and machinery. Migration is sensitive 

16 
to the wage differentials between states and the statistical 

association of labor costs and mechanization levels has been 

shown in Chapter 3. 

A decreased rural labor supply and an increased demand 

for agricultural products in the industrialization process 

results in an increased demand for agricultural labor in Sao 

Paulo and Rio Grande do Sul agriculture. Farmers can respond 

to this demand by mechanizing or the government can facilitate 

in-migration from outside thc state as it did in the 19th century 

for coffee producers. Both adjustments take time as machinery 

From 1950-1969 the agrikultural populaLion in Sao Paulo 
decreased from 43.2 to 18.6 percent of total population and 
in Rio Grande do Sul there was an absolute loss of population 
in the state over the period 1950-1970 (see Tables15 and 16) and 
Secretaria da Agricultura, Descnvolvimento da Agricultura 
Paulista (Instituto de Economia Agricola: Sao Paulo; 1972), 
109-114. 

16 
G. S. Sahota, "An Economic Analysis of Internal 

Migration in Brazil," Journal of Political Economy 76 (March-
April 1968), 218-245. 
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is adapted 17 to Brazilian agriculture or migration takes place. 

In recent years the government has chosen to subsidize machinery 

and discourage migration from the Northeast to Sao Paulo. Thus, 

the reduced ability of theone effect of machinery subsidies is 

most rapidly developing area, the South, to absorb labor from 

the other areas. 

The Model: 

What is the magnitude of the .fi.ct of the subsidized 

labor absorption in S-to Paulo agriculture?tractor price upon 

To answer this question the cross-scctiondlly estimated equations 

of Chapters 3 and 4-A are differcntiated with respect to time 

and the tractor price is substituted back into the first equation 

9 of Table 1( in Chapter 3, and Equation No. 5(Equation No. 


of Table 14 in Chapter 4):
 

(2) T L*V - I+ + e +< 
L Pt A 3 4 

17 
This adaptation of mechanical inputs to local conditions 

has been termed "illduced innovation." Private firms make model 

or requirementsmodifications in responsc to particular conditions 

in several firms
of the local environment. For example, 197Z 


tractor models, which would fit between the
produced narrow 

rows of coffee tiecs to spray for rust. Governmental agencies 

performed a role in encoumagiig the development of thcse models. 

For further elaboration of the concept of "induced 

Hayami and V. W. Ruttan, op. cit., 118-136.innovation" see Y. 
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(3)A-L + ++ 3 +P4 
L 2 L A 

where all the variables are now expressed as proportional 

rates of change with respect to t,ne. Table 15 summarizes 

those growth rates for the principal variables for Sao Paulo 

in the sixties. 

The Results: 

If there had been no increase in the wage rate 

relative to the tractor price over time, 18 then the 

labor force exponential growth rate in 

1 8 As long as wages were greater in Sao Paulo than in 

other states, in-migration would be expected to keep real wages 
from increasing. Schuh points out that real agricultural wages in 
Sao Paulo have been constant since World War II except for a 
jump in the 1964-65 crop year due to the implementation of 
minimum wage legislation in Sao Paulo agriculture. See G. E. 
Schuh, "Patterns of Equity Under Agricultural Development in 
Latin America," in A. G. Bell and E. 0. Heady (ed.), 
Externalities in the Transformation of Agriculture- The 
Distribution of Benefits and Costs from Development (Iowa 
State University Press: Ames; forthcominj, 53-58 The data 
were taken from Secretaria da Agricultura, Desenvolvimento da 
Agricultura Paulista (Instituto da Economia Agricola: Sao Paulo; 
197Z), 118, 119.
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Table 15 

Rates of Change of Mechanization, Real Wages, Bio-Chemical 
Input Use, and Crop Area in Sao Paulo, 1960-1970 

T
 
L '10.73%
 

v 
Pt 	 5.38 

I 

A 	 8..10 

ie 	 1.73 

A0.28 

Sources: 
was from Table ' in Chapter 3 

L 

W was from Table A-5 in Appendix A-I and 
Pt only includes the years 1962-1970 

i 	 only includes 1962-1969 and was total 
A 	 chemical fertilizer utilization per hectare 

of cultivable land including temporary and 
permanent crops and idle land 

, Te, and A were estimated from Secretaria 
A 	 da Agricultura, Desenvolvimento da Agricultura 

Paulista (Instituto de Econoniia Agricola: Sao 
Paulo, 197Z), 98, 135. 
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Sao Paulo agriculture would have increased 0. 63 percent 

annually from 1960-1970. 19 Male,adult labor in agricultural
 

employment in Sao Paulo would have 
increased by 75, 771 more 

than it did over the decade. Using this same variation in 

machinery prices approximZtly 18 percent of the incrcase 

in the tractor-labor ratio from 1960 to 1970 is associated with 

the subsidized capital price. 20 Hence, mechanization of Sao 

Paulo agriculture is not only related to the distortion of the 

credit price for tractors. Much of Sao Paulo mechanization 

would have occurred even without this factor price distortion
 

according to the model.
 

Since the male, adult agricultural labor force in Sao
 

Paulo agriculture was 1960 and from
1.2 million in 1957-1969
 

the total agricultural population of Sao Paulo decreased by
 

875, 000, this estimate of the effect of capital subsidies upon 

19If WV = 0, then T is decreased by a 1.88 percent rate 
Pt L 

of growth over the period. Holding.area and the other variables
 
constant in (2) then - 6L = /i 2 ( , T). 
 This assumes that the same 

L 
area would have been cultivated in Sao Paulo with more labor. The 
use of a Taylor Series expansion in equation (2) allows variation 
of the interest rate but gave erratic results. 

2 0 From 1960 to 1970 the tractor-labor ratio increased at 
a 10.73 percent exponential growth rate. c>< 1 WV was equal to 1.88 

Pt or 17.5 percent of the change in the tractor--labor ratio during the six
ties. If W = 0, then the tractor-labor ratio only increases at a 

Pt 
8. 85 percent rate of growth over the decade (see equation (2) in 
this section). 
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relatively small. 2 1 
labor absorption in Sao Paulo appears 

However, it is consistent with the low elasticities of substitution 

between machinery and labor estimated for Sao Paulo agriculture. 

In areas with concentrations of large crop farms, such as most 

of the state ot Sao Paulo, it may be more difficult to substitute 

temporary labor for machinery. Moreover, until the present 

machinery stuck depreciates, the factor proportions choice may 

not respond significantly to changes in factor prices. Since 

capital subsidies are used pervasively in Brazilian agricultural 

policy such as to encourage coffee removal and later replanting 

in the seventies, the cumulative effect of these subsidies may 

be substantially larger than the tractor subsidy alone. In the 

following section another way of approaching labor absorption 

will be examined. 

21 
Secretaria da Agricultura, Desenvolvimento da 

Agricultura Paulista, 110, 111. (Also see Tables 16 and A-12). 

If one adult male per family of *;' worked in agriculture, and 

entire families left agi iculture, then approximately 159, 000 adult 

males left Sao Paulo agriculture from 1957-1969. If the appro

priate number of adult male workers is 1.5 per family, then 

approximately 239, 000 adult males left. 



Tab]e 16
 

Interstate Migration: Number and Rates of Migration. 1950-1970
 

Ratesa of Migration Ratesa of Migration 
Number of Migrants 1950-1960 Number of Migrants 1960-1970 

1950-1960 (Percent) 1960-1970 (Percentl 

Sao Paulo 712,706 7.80 993, 4Z8 7.66 
Rio Grande do Sul -16Z, 532 -3.90 -339, 90Q -6.24 
Rio de Janeiro 195,84Z 8.53 201,315 5.92 
Mato Grosso 131, C59 23 59 268, 517 27.38 
.oiasb 259, 310 21.34 119,076 21. -12 
Guanabara 372,816 15.o8 37Z.181 11.25 
Parana QIZ,855 43.58 70, 169 18.39 
Stata Catarina -b3, 4-!1 -4 07 -19, 237 -2.29 
Mi-las Gerats -593. 3S6 -7.6z -1,273.746 -12.79 
Espirito Santo 41,612 4.66 -227. 3 3 -16.06 
A1agoas -182,636 -16.71 -CZ17 -7.31 
Rio Grande doNorte -133.723 -13.82 t.., 171 2.26 
Para 8.638 0.74 8), -t 10 5.52 
Sergpme -99, 123 -15.38 -63, [13 -11.62 
P-.rrambuco -37, 565 -10. -203.,7231 -4.91 
Paraisa -256,418 -14.97 -20-t, .1S -10.13 
Bahia -506. 165 -10.47 -366,763 -6. 12 
Ceara -3;0, 739 -12.Z7 -S2, 659 	 -2.48
 
Piav, -157,655 -15.08 -IS.858 	 -1.49
 
Amnazonas 1. 261 0.24 -17. 983 	 -2.40 
.Mara-il-ao 212, Z3i 13 40 -z0, 51z 	 -8.85 

a Calculated by the global survial method with rates equal to migrants over base populatiou. 

bInclu'1es the Federal district. 

Suurcc 	 D. H. Gral-arn and S. B. de Hollanda Filho, Misration. Rcaonal and Urban Growth 
and Dc elop-ncnt n Brazil- A Selective Anal.is o * e .1 

i~t.'*.c . Record lt,7Z-lo70, 
Vol. I (Inst-tuto de Pesquisas Economicas, UbP Sao Pa o, 1971), S0. 
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Table 17 

Annual Rate of Increase in Agricultural 

Emplovment from 1950 to 1960 

Annual Rate 
a19,0 1960 of Increase 

(1,000) (%) 

Sao Paulo 1,708 1,727 0.1 

Rio Grande do Sul 1,136 1, 334 1.6 
Rio de Janeiro 337 221 -3.2 

Mato Grosso 126 187 4. 1 

Goiasb 399 502 2.4 

Guanabara 20 20 0 

Parana 611 1,285 7.7 

Santa Catarina 433 575 2.9 
Minas Gclaisc 2, 108 2,272 0.8 

Espirito Santo 288 285 -0. 1 

Alagoas 301 363 1.8 

Rio Grande do Norte 256 299 1.6 

Para 230 335 3.9 
Sergipe 162 219 4.3 

Pernambuco 917 1,263 2.9 

Paraiba 483 553 1.4 

Bahia , 495 1, 820 2.0 

Ceara 675 801 1.8 
Piami 302 358 1.8 
Amazonas 84 lo7 7.1 

Maranhao 491 952 6.8 

Brazil 	 12, 614 15,634 2.2 

aCorrected for the underenurmeration of the 1950 Census. 

bIncludes the Federal District 

CIncludes Serra dos Aimores 

Source: 	 L. F. Ierrmann, Changes in Agricultural Production 

in Brazil, 1917-1965, For. Ag. Econ. Report No. 79 

ERS, USDA; hinc 1972), 36. 
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C. Regional Crop Specialization and Labor Absorption. 

The Problem: 

Machinery subsidies also may affect the comparative 

advantage of various regions. In the absence of machinery subsidies 

and ignoring transportation costs areas with abundant labor, hence 

low wages relative to other factors, would specialize in the 

production of labor intensive commodities. 2 2 For products 

with high elasticities of substitution a subsidy on the capital 

price may transfer the comparative advantage by making it more 

profitable to produce it in an area with a high labor price but with 

a capital intensive technology. 

If regional crop shifts occur in the absence of mechanization 

in response to the same factors associated with mechanization, 

then another alternative to machinery subsidies is available. It 

was shown in Chapter 3 that mechanization levels between states 

are statistically associated with differences in labor costs. In 

this section a test is made of the crop shifts of three labor 

intensive, commercial crops between states with different labor 

costs. The hypothesis is that crops with high labor costs and 

2 2 Production decisions are also influenced by demand 

conditions as well as supply costs. A sufficiently large trading 
area without barriers is assumed here to enable product 
specialization and trade. 
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with operations, which can't easily be mechanized, will move 

out of the high labor cost area, Sao Paulo in this case. The 

assumption of a lack of sufficient factor mobility including labor 

migration to equalize these differentials in initial factor prices 

is necessary. The three crops,which satisfy the above criteria,are 

coffee, cotton, and canc. All three crops require substantial labor 

to harvest and this operation is still difficult or expensive to 

mechanize in Brazil. Harvesting ccifhee by machine is very 

difficult and reduces the quality of th, lia,'vest. Machine harvesting 

of cotton requires the development of varieties adapted for 

mechanization and more sophisticated processing equipment in 

the gins. Sugar canc harvesting by machine generally reduces 

yields so labor costs must be very high to induce this type of 

substitution. 

The primary product shifts from 1950-1970 in Sao Paulo 

agriculture were to those high value crops, which are difficult 

to process and store and expensive to transport. In the last 

twenty years Sao Paulo production of milk, eggs, fruits, and 

vegetables has increased at very rapid rates. The production 

of subsistence crops especially beans, rice, and manioc has 
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been declining as has meat production. 23 With increasing land 

values these subsistence activities and also land extensive 

activities such as beef cattle production have not been sufficiently 

profitable to stay in the state of Sao Paulo with its rising 

land values.
 

The movement of crops out of the state for export back
 

to the urban market of Sao Paulo or into international trade has 

been facilitated by the improvement of interstate transportation 

and in the ports. Prior to this public investment these high 

value commercial crops, cotton, coffee, and cane, would 

concentrate in the state of Sao Paulo due to the proximity to the 

major domestic market of Sao Paulo and the modern port of 

Santos and the high transportation costs to these centers from 

outside the state. In thc period 1950 to 1970 the construction of 

roads and port improvements extended the potential export 

marketing area for commercial crops from Sao Paulo south 

into Parana, northwest into Goias and Mato Grosso, and north 

into Minas Gerais. 

2 3 This summary of crop shiftsover time in Sao Paulo is 
based upon area and production dal.a in Secretaria da Agricultura, 
Desenvolvimento da Agricultura Paulista (Instituto de Economia 
Agricola: Sao Paulo; 1972), 282-314. 

I am indebted to Martin Katzman for help with the regional 
economic analfsis above. He shouldn't be implicated by any 
remaining errors, however. 
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The Crop Shift Test: 

To test for the hypothesized crop shifts of the labor 

intensive cash crops, cotton, coffee, and sugar, out of Sao Paulo 

a ratio from regional economics can be adapted. The con

centration of a particular crop is its relative importance in the 

particular state normalized by the relative importance of all 

crops in that state or, 

Area of Crop A in State B 
C Area of Crop A in the Country 

Area ol all Grops in State 13 
Area of All Crops in the Country 

A ratio or C value greater than one implies that the given crop 

is concentrated in the particular state relative to other crops 

and conversely. The C values of the labor intensive, cash 

crops are hypothcsizud to decline in Sao Paulo from 1950 to 

1970 and to increase in the surrounding states. 

The Results: 

Table 18 presents the results of this ratio calculation 

for the greater Sao Paulo area for three periods, 1949-1951, 

1959-1961, and 1968-1970. Over this period the total 

Brazilian crop area increased "rom 17, 556, 278 to 25, 105, 362 

from 1949-51 to 1959-61 and to 34, 090, 399 hectares in 1968-1970. 

The relative importance of Sao raulo in crop production fell from 



Table 18 

Concentration Ratios for Several Labor Intensive, Cash Crops and Subsistence Crops. 

Year 

Labor intensive Cash Crops 

Cotton Coffee Cane 

Subsistence Crops 

Mantoc Beans Rice Potato,,9 

7. of Total 
Brazilian Crop-
Land in this 
St4te 

Sao Paulo: 1949-1951 
1959-1961 
1968-1970 

1.67 
1.08 
0.81 

1.93 
1.81 
2.05 

0.65 
1.35 
2.03 

0.64 
0.28 
0.35 

0.51 
0.55 
0.45 

1.20 
0.99 
1.04 

1.20 
1.24 
1.35 

27.0 
20.3 
14.7 

Parana: 1949-1951 
1959-1961 
196S-1970 

0.31 
0.44 
0.65 

1.21 
2.41 
3.02 

0.15 
0.15 
0.15 

0.24 
0.17 
0.29 

1.94 
1.2Z 
1.33 

0.53 
0.58 
0.59 

2.07 
1.49 
1.37 

8.3 
12.6 
14.7 

Goias: 1949-1951 
1959-1961 
1963-1970 

0.30 
0.19 
0.18 

0.35 
0.44 
0.10 

1.07 
0.76 
0.37 

1.24 
0.Q6 
0.70 

1.13 
0.90 
0.67 

3.60 
4.03 
4.10 

0.15 
0.08 
0.03 

2.0 
3.4 
5.0 

Mato Grosso: 1919-1951 
1959-1961 
1968-1970 

0.19 
0.23 
0.69 

0.25 
0.33 
0. Z5 

1. 11 
0.56 
0.37 

1.87 
1.36 
0.83 

1.61 
1.39 
1.00 

2.60 
3.58 
3.19 

0.28 
---
---

0.7 
1.5 
1.7 

Minas Gerais: 1919-1951 
159-1961 
19653-1970 

0.13 
0.30 
0.32 

1.31 
1.23 
0.98 

1.00 
0.89 
1.15 

0. 52 
0.50 
0.53 

1.46 
1.35 
1.23 

1.56 
1.32 
1.58 

0.46 
0.75 
1.07 

16.6 
14.9 • 
11.4 

Source: IBCE,Annuarto Estatistico (Rio de Janeiro. 1952. 1'962, and 1971 issues). 

NONo 
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27 percent of Brazilian crop area in 1949-51 to 14.7 percent 

in 1968-70.24 The total area expansion in Brazil over this 

period is impressive reflecting the settlement of substantial 

new areas over the last twenty years with a doubling of crop 

area. The relative importance in Brazilian crop area of the 

frontier states including Parana, Ma.to Grosso and Goias 

increased rapidly. 

24 
From 1950 to 1970 total crop area in Sao Paulo increased 

from 4, 627, 400 to 5, 522, 000 hectares. Secretaria da Agricultura, 

Desenvolvirnento da Agi icultura Paulista (Instituto de Economia 
Agricola: Sao Paulo, 1972), 98. It cannot be argued that higher 
yields in Sao Paulo enabled the state to maintain its output share in 
spite of less rapid area expansion. Herrmann showed that over the 

period 1947-1965 absolutte yields were not higher in Sao Paulo but 
were lower for most crops there than in the frontier states of 
Parana, Goias, and Mato Grosso. In spite of higher fertilizer use 

in Sao Paulo, the advantage of natural fertility in newly opened areas 
resulted in higher aggregate yields. See L. F. Herrmann, Clanges 

in Agricultural Production in Brazil, 1947 -1965, For. Ag. Econ. 
Report No. 79( ERS, USDA; Superintendent of Documents-
Washington, D. C. ; June 1972), 32. 

Since 1965 the acceleration of fertilizer use in Sao Paulo 
would have been expected to close this yield gap. Of the sixteen 
crops studied in Sao Paulo over the period, 1918 through 1971, 
only five, cotton, potatoes, manioc, bananas, and tea had sub
stantial average aggregate yield increases. Another six, cane, 
tomatoes, soybeans, corn, peanuts and onions had small yield 
increases. Five crops, including two of the most important cash 

crops, coffee and oranges, had no yield inc reases or yield declines. 

This lasL category also included rice, beans, and castorseed. 

Secretaria da Agricultura, op. cit., 285-307. 

http:1968-70.24
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The test for crop shifts works well for cotton as the 

proportiona, share of cotton steadily falls in Sao Paulo over 

the period while increasing in Parana, Mato Grosso, and Minas 

Gerais. The test works moderately well for coffee as the ratio 

fluctuates but stays almost constant over the period for Sao Paulo 

but increases rapidly in Parana. In the fifties and early sixties 

Parana's share of Brazilian coffee production increased from 8 

25 
to 35 percent. Soil quality undoubtedly also influenced this shift. 

The test doesn't work at all for sugar but rather indicates 

an increasing concentration of sugar production in Sao Paulo. 

There are several components to the explanation for this pu/,zlc. 

First, production of refined sugar has been controlled by the 

government with the quota of Sao Paulo gradually increasing over 

the period 1950-1971. The quota is accompanied by a sufficiently 

high price support to encourage rapid expansion of production 

up to the quota ceiling. It isn't reasonable to predict regional 

crop shifts by considering only costs. The relative profitability 

2 5 The in-migration into rural Parana is strongly associate 

with the rapid rise of coffee production in the fifties. Exhaustion 
of the soil in Sao Paulo rather than differences in labor costs is 
the prevalent explanation for this shift. See L. F. Herrmann, 
Changes in Agricull tral Production in Brazil, 1947-65, Foreign 
Agricultural Econoilc Report No. 79 (ERS, USDA: Washington, 
D. C.; June 1972), 29. 
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of alternative enterprises and enterprise combinations would 

be a better indicator if the data were available. Secondly, in 

the surrounding states the decreased importance of sugar may 

reflect sugar's declining importance as a subsistence crop. 

Sugar can also be grown for local use as "rapadura, "fcald do 

cana, " "cachaca, ,26 and as a forage. A., agricultural development 

proceeds specialization increases so that farmers produce fewer 

subsistence crops.27 In those areas in which sugar was grown 

26 
"Rapadura" is unrefined sugar, "caldo de cana" is the 

undistilled liquid product, and "cachaca" is the distilled product. 

27 
See S. fIlymei and S. Resnick, "A Model of an Agrarian 

Economy with Non-agi icultural Activities, " Arnei ican Economic 

Review 59 (September 1969), 193-506. 
Besides failing for sugar the results of the concentration 

ratio are surprising for Goias as none of the expected shifts 

occur there. For a moie complete discussion of crop shifts in 

Goias overtime see P. I. Mandell, "The Development of the 

Southern G-)ias Brasilia Retion: Agricultural Developmert in a 

Land Rich Economy, " unpublished Ph. D. dissertation, Columbia 

University, 1969, 391 ff. His explanaltion is that the construction 
and rapid gi owth of Brasilia has led to an extremely rapid rate 
of demand growth for foodstuffs. Pre, ious production of sugar 
and cotton had been for home consumption. With the increasing 
demand for footstuffs less effort was devoted to production 

'of these "z-goods. , 

http:crops.27
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for subsistence purposes the shift to commercial production 

would require a quota and the construction of milling capacity. 

There it strong support for the original hypothesis that 

cotton would shift out of Sao Paulo over the pcriod. Coffee shifts 

into Parana and stays constant in Sao Paulo so there is partial 

support for the coffee case. Sugar becomes more concentrated 

in Sao Paulo due to several phenomena which the test did not include 

For none of the crops was this a definitive analysis of the reasons 

for the crop shift. Nevertheless, there is qualified support for 

the original hypothesis that regional crop shifts would occur 

in response to variations in labor costs. It would be appropriate 

for further research to approach this question from the opposite 

perspective and consider some of the more impoitant regional 

crop shifts in Brazil. For example, how much of the shift cf 

the production center of sugar cane from the Northeast to the 

South of Brazil can be attributed to the subsidies on the machinery 

price enabling the South to offset the initial comparative advantage 

of the lower cost labor in the Northeast. 

In summary of Chapter 4 it was shown in 4-A that 

capital inputs in agriculture can be dichotomized into those 

increasing and decreasing labor utilization per hectare. In 

4-B the absolute impact on labor absorption in Sao Paulo agriculture 
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from the subsidies on credit for tractor financing was estimated. 

Approximately 76, 000 more male, adult agricultural workers 

could have been utilized in Sao Paulo agriculture in the absence 

of the subsidy during the sixties. In 4-C cotton and to a lesser 

extent coffee production shifts between re,'ions in the South 

appear to be responsive to variations in labor costs between 

regions. 

In the previous chapters attention has been concentrated 

primarily upon the effect of factor price distortions upon 

mechanization and labor use and the substitution effect of 

machinery for laboi. To the extent that mechanization raises 

yields it also substitutes for land. Moicover, there may be 

other factors inducing mechanization in particular areas. 

In the next chapter some of these issues will be considered with 

farm level data from Mato Grosso. 



CHAPTER 5 

THE INTERNAL RATE OF RETURN TO MECHANIZED
 

LAND PREPARATION ON SMALL FARMS IN MATO GROSSO
 

Mechanization is occur ing zt rapid iates in Brazil 

especially in thc frontier states of Mato Grosso and Goias 

(see Chapter 3, Tables 8 and 9). Mechaniatlion on large 

crop farms is not surprising as the laboi costs of obtaining, 

controlling, and coordinating large seasonal labor forces several 

times a year may encourage the sul)tiltilion of machinery for 

labor especially at The subsidized machinery prices prevailing 

in Brazil (see Chapter 3). On smaller crop farms the existence 

of surplus family labor and the lumpiness of machinery inputs 

would be expected to discourage mechanization. Since small 

farmers generally don't receive the direct benefits of thc subsidies 

on credit for financing tractors (see Appendix E), their reasons 

for mechanizing should be more independent of these factor 

price distortions. Nevertheless, the frontier is different 

from the older agricultural areas since it is easier to expand 

crop area into uncleared areas or pasture than in older areas 

which have a higher cropping intensity. For two samples of 

small farmers the reasons for mechanizing, the private rate 

98
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of return to mechanized land preparation, and the substantial 

the two samplesI
differences in mechanization levels between 

are thc primary conceins of this chapter. 

A. 	 Terenos Results. 

Of the 66 small farners in Terenos with an average 

crop area of 10. 9 hectares only four used animal power for 

land preparation. The lest used custom rental or their landlord's 

machinery. In Tcrenos farmers stated that mechanized land 

preparation was necessary due to the difficulty of working the 

"cerrado" 2 soil after the long dry season. The planting season 

is in October-December after five to six months of dry 

season. To use animal power at all it is necessary to wait for 

the first rains. One advantage of nechanical land preparation 

is that 	the soil can be broken in anticipation of the first rains 

1 am indebted to Frederick Bein for the use of his data 

from the 1971/72 crop season. The sampling technique was 

cluster sampling from the two colonization proj, cts. 

2 "Cerrado" refers to a broad category of soils found in 

Brazil characterized by low natural fei tility especially phosphor ous 

and organic material deficiency, high aluninum levels, and 

difficult to work after IepL'ated cultivation. The interaction of 

a long dry season with occasional hard rains makes these soils 

diffi~ult to break at planting tim e. 
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Figure 3. 
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and water absorption will be improved. 3 This ability to 

anticipate the first rains and plant shortly thereafter may reduce 

the risk incurred by late planting for the user of animal power. 

For example, the cotton p oduction cycle is timed so that the 

cotton bolls are exposed during the dry scason. Too much rain 

at this time woald lower the value of the bolls. However, late 

planting could result in the cotton havuig iinsufficient moisture 

during a critical point of plant development. 

Before using animal power it is necessary to cut or burn 

down the weeds and remove some of the plant roots and clods. 

Both operations can be avoided by using mechanicaL power. 

Moreover, Terenos' farmers claim that animals with the 

implements used locally do not plough deeply enough for cotton 

even though for rice it is sufficient but germination is reduced 

by the failure to break the soii adequately. Furthermore, 

farmers reported that mechanized land preparation reduces the 

weed problem by turning over and preparing the soil better, 

especially the disking so that fewer cultivations are required. 

3Erosion will also be increased and the benefits from 

increased water retention have to be weighed against the losses 
from erosion. Those that prepare the soil in anticipation of the 

first rains need a sc ond dishing to eradicate the weeds, which will 
spring up after the rains. After this disking, planting can take 
place. 
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This turning and disking is considered to be equal to another 

cultivation. Finally, farmers report a risk component to using 

animals for land preparation. The difficult land pi eparation 

activities occur at the weakest point for the animal stock, 

immediately after the long dry season. Supplementary feeding 

is not generally given to work animals during the dry season 

and an overworked, weakened animal could die. 

The most striking comparison between mechanical and 

animal power is the reduction in time required for the basic 

land preparation operations with mechanical power. Land 

preparation activities required an a\'eragc of 5 animal and man

days per hectare or 5 houi s of machincery and man-time.4 

The costs of animal power were lower than those of mechanical 

power for land preparation due to the low value of labor and 

animal rental cost. Mechanical power only becomes advantageous 

per"hectare when the cost savings from one less cultivation and/or 

4 
Oxen were generally worked only half days after the 

dry season. Similar time savings wer, also possible from mechanized 
cultivation but this was not done by any of the faimers in the sample 
including the two owning tractors. Tractor owners had heavier 
tractors, which were better fur breaking the soil but more awkward 

fo. other operations. 
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the yield advantage 5 of mechanized land preparation were also 

considered. 

Now these effects are combined to estimate the internal 

rate of return to hiring custom rental services for land 

preparation. In this analysis the ieduced risks are noc con

sidered nor is the expansion effect of enabling crop area expansion 

per worker. The nominal rate of return for mechanized land 

is then: 6 
preparation 

GI+ C2 +Y -K 

K 

5Substantially lower yields were observed for the animal 

power users in Terenos with 3 of the -4 having crop failures and 
the other below average rice yields. However, the sample is 
too small and it is unlikely that these disastrous yields can be 
attributed to the failure to use mechanical power. The yield 

advantage of mechanical power in Table 19 was based upon the 

calculations in Appendix F. Three yield differentials of 10, 15, 
i.nd 20 percent weie employed. 

6 Adjusting for time passed between operations this becomes: 

CI + C2 + Y =K 
' 

(1 + r) ° "17 (1 + r)° 5 

where r is the internal rate of return. The left hand term includes 

the discounted benefits of mechanized land preparation and the right 

hand term the cost of custom rental. The discounting is based on the 

following pattern of activities. The cultivation occurs one and a 

half to two months after planting and the sale is approximately 6 
months after planting. There were substantial variations in the 

time of sale between observations. Although rice production only 
takes 3 to 4 months depending upon thc varity, many farmers in 

Terenos keep their rice covered in the field and wait for the 

recovery after the post-harrest price collapse. It is also easier 
to get labor for threshing after the harvest season. 

The simplification of the rate of return calculation used 

in Table 19 assumes that all costs and returns occur at the same time. 
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where: 

C 1 	 is the cost savings from reduced labor and 
animal time in land preparation; 

is the cost savings due to the decreased number ofC2 
cultivations; 

Y is the value of the yield difference from 
mechanization, and 

K is the cost of custom rental. 

Table 19 indicates that the rate of return per hectare to 

using custom rental for land preparatiloi, is positive except for 

the case in which there are no savings iii , ultivation costs and 

a yield differential of 10 percent. Ninety-four percent of the 

farmers interviewed in Terenos used mechanized land preparation; 

nevertheless, they still used animal power and hand labor for 

cultivation. Moreover, no one used fertilizer in the area so land 

preparation was the major cash outlay in the crop operation. 

Table 19 illustrates that even though production costs go up 

with mechanized land preparation, gross income goes up even 

faster from the yield effect so that the returns per hectare 

to mechanizod land preparation are positive even ,vith higher 

7 
costs. per unit 	production 

7 Production cost analysis includes the economic costs in 

the numerator but only the physical yields in the denominator. The 

value of the yield increase may be sufficiently great to otfset the 

increased production cost from shifting to mechanical power theroby 

justifying the investment even though the per unit production costs 
Il-nni-tiflr] nn tavt _ 



Table 19 

Rates of Return per Hectare to Mechanized Land Preparation of Upland Rice in 
Terenos, 1971/72 

Time Requirements to Prepare 
One Hectarea 

Ploughing 
Disking or Breaking 

Cos of Land Preparation per Hectareb 

V,.ue o. Lhv Y i dvantage of 
Mechan- -e"La reparationc 

10 percerd 
15 crct 
26 percent 


Cost of Additional Cultivationsd 

Nominal Rate of Return to Mechanized 
Land Preparation 

Without the Cost Savings of an 
Additional Cultivation: Yield Advantage of 

Crop Year 

Animal Power 

5 days 

58.60 Cr 

35 Cr. 

Yield Effect f 

(0 increase) 

10% 
15% 
205% 


Mechanical Power 

3 hours 
2 hours 

77 Cr 

7Z Cr.
 
108
 
144
 

(Percent) 

-33% 
16 
63 



Table 19 (continued) 

With the Cost Saving of an Additional 
Cultivation: Yield Advantage of 	 100 15%
 

15% 62
 
20% 109
 

Production Cost of Land Preparatione 

Animal Power 2.42 Cr/sack
 
Mechanical Power: Yield Increase of 1000 2.89
 

15%7 2.77
 
20 c2.65 

aFurrowing is sometimes also done.
 

bFor mechanical power an average of the custom rental price was obtained with 22
 

observations. The cost of the animal power was calculated as the summation of labor,
 
animal, and implement cost. Labor was priced at the minimum wage with animal and
 
implement costs calculated in the same manner as in Appendix F inc .-- ±ing interest.
 
Data for Mato Grosso labor and other costs were provided by IPEAO, Campo Grande,
 
Mato Grosso. The formula for interest and depreciation used was (r + d) C. For
 
details on this calculation for the daily costs of animal power see 'able 20 after
 
this section. 

CFor rice production at mean yields and price received. See Table 21. 
dSee Table 22 for details on this calculation. 
eThe production cost effect of various technologies is calculated by taking the production 

cost of that particular operation per hectare and dividing by the yields. Average yields 
from Table 21 were used. The effect of reduced cultivation costs was not considered here. 

fThese yield effects were taken from the estimates in Appendix F. The yield effect 
varied from 9 to 20 percent depending upon the crop. 
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Besides the increased yields mechanized land preparation 

can make it possible to increase crop land cultivated. The average 

crop area of the fou- producers using animal power was 6. 5 hectares 

while for mechanized crop producers it was 112 hectares. 

B. 	 Fatima do Sul Results. 

In the Fatima do Sul sample of 49 only 16. 3 percent used 

mechanical power for land preparation. This group also 

consists of small farmers in a colony founded in 1943 

in an area of fertile soil ("terra roxa"). Besides having better 

soil than Tcrenos there is a wider diversity of crops grown 

including peanuts, cotton, rice, and soybeans as the principal 

annuals. 

Summary: 

One explanation for the difference between the two areas 

in the mechanization of land preparation is the substantial difference 

in the cost of custom rental. The average cost of mechanized land 

or morepreparation with custom rental was Cr $190 per hectare 

than double the custom rental price of mechanized land preparation 

in Terenos. Another explanation is the difference in land quality 

increase. (See Appendix F for a comparative production cost analysis 

of animal and mechanical power in Sao Paulo agriculture.) One assump 

tion above is that the individual farmer is a pricce taker so that 

increased production does not affect price received. In considcring 

the aggregate effects of mechanization this assumption would have 

to be modified. 
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between the two areas. In uncleared areas of better soil on the 

frontier it is more difficult to rnechanize than in areas of poorcr 

more dense orginal growthsoil. "Mata"l or "terra roxa"l has 

than 1cerrado"l or "campo limpo. "1 The original clearing 

process in good soil generally entails wailing for the large stumps 

to rot, up to twenty years. fn the interim, pasture can be planted 

or crops with land preparation between the stumps utilizing animal 

power. The capital investment in labor time, dynamite, or the 

use of bulldozers was high to remove the large stumps in good 

soils. The estimated cost of stump removal w.s Cr $500 per 

hectare in good soil or an approximate 50 percent increase in the 
8 

:apitalpurchase price of the land. For the smaller farmers the 

cost of stump removal may be an impo tant barrier to engaging 

8 The estimate was made by Frederick Bein based upon his 

lam also indebtedfield interviewsof the 1971/72 crop season. 

to Rick Bein for this explanation of the difference in mechanization 

levels between the two artas. 

In areas of rapid mechanization such as the wheat-soybean 

planting in the greater Dourados area of Mato Grosso in the last 

three years the in-migrants have either purchased already cleared 

and destumped good land or more commonly uncleared, "campo 

limpo, " which is the lower quality land distinguished by its 

paucity of original vegetation. The apparent reason for this 

soils is to avoid the capital costs ofpreference for the poorer 


land clearing on the high quality, densely vegetated soils.
 



109 

custom rental services. Furthermore, the yield advantage of 

mechanization on better soil in FatiLma do Sul may be less due 

to the better texture hence increased facility of animal power 

implements in breaking the soil. 

At least on some soils there is a substantial rate of 

return to mechanized land preparation. More research needs 

to be done on the yield effect of mechanization on different 

soil types. In areas of "cerrado" soils mechanization both 

extends crop area per worker and increases yields. Since there 

is substantial "cerrado" area in Brazil, mechanization is expected 

to, continue at rapid rates especially in the South and Central 

West and to facilitate the settlement and more intensive use of 

"cerrado" areas. The yield increasing effect of mechanization 

is based upon the estimates of Appendix F. If these estimates 

are correct and the farmers interviewed in Terenos presented 

various reasons why mechanization increases yields on "cerrado" 

soils; then, mechanization cannot be neatly categorized as a 

labor substitute but also substitutes for land by increasing yields. 

If labor released from agriculture has a social cost greater 

than its private cost due to externalities from migration or a 
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decreased labor productivity in the non-agricultural sector it 

is useful to considei alternative policies to increase yields. 

Moreover, subsidies on machinery may rralhc it more profitable 

to expand exten sive use of marginal land rather than more intensive 

use of better land both on the fi ontier and ini othei re,,iois of 

Brazil. 

9 One alternative method to increase yields would be to 

subsidize "bio-chemical" inputs. See G. W. Smith, "Brazilian 

Agricultural Policy, 1950-1967, 1 in H. S. Ellis (ed.), Tlie Economy 

of Brazil (University of California Press- Berkeley, 196 )),d26-!3H8, 
for an analysis of the costs and returns to the Bra/.ilian fertil/,cr 

subsidies. 



Table 20 

Daily Costs of Animal Power for Land Preparation, 1971/1972
 
Crop Year in Mato Grosso
 

Labor Cost -- including minimum wage and other
 
emT)loyee costs paid by the employer 7.53
 

Animal Cost 	 2.72 

Plough Cost 	 1 47 

Total Daily Costs 11.72 Cr. 

Calculation of Animal Daily Costs: 

Value of new animal Cr. 700
 
Expected work life 15 years
 

Annual use 180 days
 

1. 	 Depreciation (stiaight line) 700 0.26
 
15 !80
 

2. 	 Feed 
(a) 	 Corn 2kg/day - 0. 40 Cr/kg = .80 

(b) 	 Pasture
 
Rental of artificial pasture
 
11 Cr. /cow/month - 12 months= .73
 

180
 

(c) 	 Labor costs of feeding and
 
handlings = .35
 

3. 	 Interest costs .58 

Total Daily Costs 	 2.72 Cr. 

Source: 	 Data provided by IPEAO, Campo Grandc, Mato Grosso, 
IPEAO is the federally supported agricultural experiment 
station of Mato Grosso. 



Table 21
 

Data Employed to Calculate the Yield Advantage of Mechanizcd Land Preparation,
 

CropArea 
Number of Farm 

1 20 ha. 

z 7 
3 20 
4 30 
5 3 
6 8 
7 40 
8 30 
9 12 

10 5 
11 30 

1z 6 
13 6 
14 1/2 
15 15 
16 10 
17 8 
18 12 
19 10 
20 6 

Terenos, 1971/72 Crop Year 
Price Received for 
Rice per Sack Gross Income 
(1971/72 crop year) Yields per Hectare 

30 Cr./sack 15 sacks/ha 450 

27 35 945 

Z7 30 810 
31.8 30 954 
37.2 23 856 

30 20 600 
36 35 1,260 
37.2 33 1,223 
37.2 16 592 

37.2 16 595 
36 24 864 

42 39 1, 638 
42 50 2,100 
for own consumption 6 No sale 
39 15 585 

36 20 720 
39 35 1,365 
39.6 16 634 

40.8 20.4 832 

38.4 6.3 242 

Average 36 Cr, 24.2 Sacks/ha 909 Cr. 



Table 21 (continued) 

1056 yield incrcasea 36 Cr" 2 sacks = 72 Cr. 
15o yield increasea 36 Cr• 3 sacks = 108 Cr. 

Z07o yield increasea 36 Cr' 4 sacks = 144 Cr. 

Source: Data collected by Frederick Bein in Terenos, 1971/72 Crop Year. A sack is 60 kg. 

aIt wasn't possible to separate the effect of mechanization on the 

average yields above. This average was reduced to Z0 sacks to 
estimate the yield affect. 
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Table 22 

Cost of One Weeding or Cultivation iii Terenos Upland Rice 
Production, 197 1/72 Crop Year 

One animal-man day - 10. 82 = 10. 82 
3.2 man days with a hoe * 7.53 2 1024. 

Total Daily Costs Cr. 34.92 

Animal daily cost = 2.7Z 
Man daily cost = 7.53 
Cultivator daily cost = 0.57 

Animal-man daily cost Cr. 10.82 

Note that this above cstinzate prices fazinlly labo at thc minimum 
wage. Hence, for a small farmer this would be expected to 
overstate the opportunity cost of his family and his own labor. 
The cultivation process is gencra3'r done with anial powei and 
then followed by laborel s with hoes. There wei c four obsc vations 
of time spent cultivating with three of the observations using aninial 
power for land preparation. 'I'IIcsc three used morc animal-nan 
days in cultivating than those using mechanized land preparation. 



CHAPTER 6
 

THE POLICY IMPLICATIONS OF 1BRAZILIAN
 

AGRICULTURAL MECHANIZATION
 

In this chapter the empirical findings of this study arc 

integrated with the results of other studies as they relate to 

the on-going policy debate on mechanization in Brazilian 

agriculture. The appropriateness of the policy of machinery 

subsidies revolves around the case for and against agricultural 

mechanization at the present stage of Brazilian economic 

development. There are various advantages of mechanized 

production, which have been discussed. Machinery enables 

the replacement of a seasonal labor force for the critical seasonal 

operations, which require rapid completion to reduce weather 

risk (Chapter 3). In these critical seasons temporary labor 

costs increase in areas of specialized production. Moreover, 

on larger crop farms there may be additional costs associated 

with obtaining and managing a large seasonal labor force. 

On larger farms, which have adopted high levels of bio-chemical 

inputs and have larger marketed surplus than smaller farms, 

reduced production costs can lcd to greater agricultural 

115 
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exports. Presently, Bra/ilian export prospects for soybeans, 

feed grains, and meat and rnat products appear to b - very 

favorable. 

Moreover, machinery can incrcae yields in the power 

demandingjlaiid prcpaiation opielation. flent e, machinery 

serves as a bubstitute for land as well ,ts foi laboi. i 

areas with substantial potential land arca Io, be developed 

melichanization also i ai.,s farmer ilnconic hy enabling the 

expansion of crop area pc1 workcr. The two effects of 

increased yiclds thi ough impl oved land, pi Lpati 1 tion and crop 

area expansion help e.xplall the extieniely iapid gi owth of 

mechanization on the B]ra.iliai frontier (see Chapter 5). 

Finally, Brazil now has a domestic tiactor and other agri

cultural implements industry, which have had employment and 

multiplier effects on the economy. 

The costs of Biazilian mechanization have also been 

discussed in various places. The cumulative effect of 

1 
C. V. Doellinger and H. de Barros Castro Faria, 

Exportacao de producto,: primarios nao-tradicionais (milho, 
soia, carn,,, Elrordlcto, de rnadeila, del lada., de ca(-ati, e 

alimontos pro .ssaclos (IPLA, INPES: Rio de Janci ro; 197 1). 
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mechanization in Brazilian agriculture has been to release 

labor or in the case of simultaneous factor and product shifts 

not to absorb as much labor as could have been absorbed with 

less mechanization. It was estimated that Sao Paulo agriculture 

could hav absorbed 76, 000 more adult,male workers fj om 

1960 to 1970 in the absence of subsidies on the tiactor price 

(see Chapter 41B). 

Mechanization may also result in a further skewness 

2 
of income distribution within agriculture. By alleviating a 

seasonal power shortage foi laig i crop farmers mechanization 

enables themn to capture nioic of the gains from bio-chcmical 

technological change than would otheiwise be the case. For 

the large farmer moving into annual crops with hi, peak 

seasonal demands for power, the costs of seasonal labor may 

be a constraining factor to his crop shiftswhich mechanization 

can relieve especially at the subsidized prices for machinery 

(Chapters 2 and 3). The distribution of income between farms 

by size may be more equitable with a slower rate of growth 

2 There have been several articles documenting the 
increasing skewness of Brazilian income distribution over time. 
A. Fishlow, "Brazilian Size Distribution of Income," American 
Economic ReviewPapers and Ploccedings (May 1972); R. loffmann 
and J. C. Duarte, "A distribuicao da renda no Brasil," Revi-,ta 
de Adininistracao de Fmpresas 12 (Junlho de 197Z);,'/o.--6, 
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of mechanization on larger farms as these farmers would then 

not be encovraged to shift as rapidly into intcnsivc, annual 

crop production. 

A slower mechanization process in agriculture would 

enable more in-migration into the rapidly developing indutrial

agricultural states such as Sao Paulo and Rio Grandc do Sul. 

This in-migration could relieve some of the population pressure 

of the Northcast and other less iapidly developing areas. To 

the extent that migration is selective of the younger and more 

aggressive clemcnts of the labor force the population exporting 

area will lose some of the better pzirt of its labor force. More

over, the importing aica will have social costs imposcd upon it 

3 
A continuing study of the piocess of technological change 

in the wheat-soybean area of Rio Grandce do Sul p)rovdi(l(, evidence 
that changes in input and product pi ice policy would re.sult in a 
less skewed inmome distribution between farms by ,ize. Singh and 
Ahn argue that the marginal cf( iency of capital is lower on larger 
farms than on smaller farrns hence increasing the intcrest rat 

would decrease the demand for capital goods moie rapidly on large 
farms than on small faii n-. RC(IdtCtion in the high price suppo,t 
for wheat and a reduced supply of the subsidized credit with 
simulation reduces the iate of outlput gi owth on large fLirmrs and 
increases the rate on 'niall farms. I. J. Sinph and C. Y. Ahn, 
"Employment and Capttal-Labor Sul,,ti tLion in South Brazilian 
Agriculture," Econorn ic , anld Sociology Occational Papel No. 72 
(Ohio State Univcrsity Colimnbu,,, March 197z); C. Y. Ain and 
I. J. Singh, "Distribution of 'aiin Incomes Under Alternative ]Policy 
Regimes- A Dynamic Analysi,. of Recent 1)evelopments in Southern 
Brazil, (1960-1970), "' Econ onryi i and Sociology Oc(asional Papei 
No. 89 (Ohio State University: Columnbug; Au gust 1972), C. Y. Alin, 
''A Recursive Programming Model of Regional Ag ,cultural 
Development in Southern Brazil (1900-1970): An Application of 
Farm Size Decomposition, "' unptlil ished Ph. 1). dis;e rtation, 
Ohio State University, 1972. 
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if the migration process betwecn regions does not function 

efficiently. Presently, Brazilian policy makers are very 

concerned with the extremely rapid growth rates of the 

major urban industrial areas and have been attempting to 

'4
from the Northeast to the South.discourage migration 

The policy choice on subsidizing me(hanizaticn then 

depends upon the weights given to the various positive and 

adverse consequences of mechanization as well as develop

ments in the non-agricultural sector. There does seem to 

be several intermediate choices with regard to machinery 

policy. Brazilian mechanization has been very similar to 

the U. S. mechanization process with the production of heavy 

machinely purchased p, imarily by larger farmers (see 

Appendices C and E). Measures could be taken to encourage 

4 
The illiteracy rates of the in-migrants into Sao Paulo 

has been extremely high. It was 96 percent in 1952 and 79 
percent in 1968. Illiterate, unskilled in-migrants have 
difficulty being assimilated in the high wage, high skill 
industrial jobs of Sao Paulo. The agricultural sector has 
been the primary recipient of these in-migrants. There is 
an increasingly popular belief in Sao Paulo that these in
migrants can only be absorbed in the most menial employment 
and that Sao Paulo is being forced to bear the social costs from 
underinvestmcnt in human capital in other regions of Brazil. 

For the migration data see Secretaria da Agricultura, 
De,.envolvimcnlo da Agriculthra Paulista, 113, 114. 



120 

the selective development of agricultural machinery to be 

utilized on medium and even small farms and sonic of the 

rationed credit could be provided to these farms. 

and other losses from capital subsidiesThe efficiency 

could be reduced by raising the interest rates thereby 

than the governmental and bankingallowing the market rather 

to allocate the credit for mechanization andbureaucracies 

The variotis types of efficiencyother agricultural activities. 

gains and cost savings to the various bureaucracies may be 

The effect of higher capitalsubstantial (see Chaptcr 2-B). 


costs on the rate of the capital formation would have to be
 

considered. 

Removing the distortions on factor prices especially 

the underpriced capital input would not stop the agricultural 

mechanization process in Brazil. Less than 20 percent of 

the increase in the tractor-labor ratio in Sao Paulo was 

associated with the factor price distortion studied (see 

Chapter 4-B). However, raising the capital price would bring
 

more in line with their real opportunity costs
factor prices 


of growth of mechanization and
to society and dampen the rate 

In the short run little substitution responselabor displacement. 


of labor for machinery on farms already mechanized would be
 



1i1 

expected. In the long run a shift of larger farms out of 

intensive cropping to more extensive activities, such as 

beef cattle 5 or other activities with a constant level of labor 

demand during the year such as milk production would be 

expected. 

Moreover, machinery subsidies may facilitate the 

shift of the comparative advantage of labor intensive commodities 

such as sugar cane to mechanized production in other areas. 

There are gains through the reduction of production costs due 

to the crop shift of cane from the Northeast to the better 

agricultural areas of the South; however, the labor reduction 

5 
Engler found a return from wheat-soybeans to beef 

cattle as the price support for wheat was reduced to the world 

price but an inelastic response to variations in the interest 

rate. Singh and Ahn employing the same data source but 

with different assumptions anct a recursive programming model 

found a very elastic response to higher capital costs on larg'er 
farms. See the papers cited in footnote 3 and J. J. 

de C. Engler, "Alternative Enterprise Combinations Under 

Various Price Policies on Wheat and Cattle Farms in Southern 

Brazil," unpublished Ph. D. dissertation, Ohio State 

University, 1971. 
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and income distribution consequences of this shift are 

substantial. 6 

A more selective and gradual process of agricultural 

mechanization would cnablc the attainment of several goals 

besides output increase. The recent history of Brazilian 

agricultural development illustrates the ability to expand 

rate when demand increases.agricultural output at a high 

6 
Cane Production Costs, Labor Use, and Labor Costs 

Average Cost of 
Cane Production Man-Days Labor Costs 

Per Ton Per Hectare Per Hectare 

Sao Paulo 3,341 37.4 631 

Pernambuco 4, 541 98.2 997 

Note that most of Sao Paulo production was mcchanized and 
most of Pernambuco production was not. "Pesquisa sobre 
condicoes e custos de producao de Lavoura Canavicira, " 
Revista Brasileira de Economia (Dezembro 1965), 37-40. 

7 J. H. Sanders, "The Performance of the Brazilian 
Agricultural Sector from 1950 to 1971: Demand or Supply 

Constraints?" mimeo, 1973, 18 pages; L. F. Herrmann, 
Changes in Agricultural Production in Brazil, 1947-65 (ERS, 
USDA: Washington; June 1972), IZ-19, 49-52. 

Schuh has come to a similar conclusion and pointed out 
that agriculture has performed reasonably well in spite of 
numerous policies discriminating against agriculture especially 
exchange rate policies discouraging agricultural exports. G. E. 
Schuh, "A agricultura e o desenvolvimento do Brasil," Revista 
Brasileira de Economia, 27 (Out. /Dez. 1972), 169-207. 

Nicholls has observed that output expansion has lten keeping 
up with demand growth maintaining real food prices constant. He 
attributes these supply shifts primarily to expansion of land area. 
See W. N. Nicholls, "A agricultura e o desenvolviniento ,conomico 
do Brasil, " Revista Brasileira de Economia 26 (Out. /Dez. 1972), 170. 
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Hence, Brazilian policy makers may be able to pursue 

multiple objectives in agricultural development and be more 

concerned with the employment and income distribution 

consequences of various policy alternatives. Both strategies 

to increase area cultivated and to expand the use of bio

chemical inputs could increase agricultural employment more 

than subsidies on machinery. Moreover, both types of 

strategies could result in a less skewed income distribution 

than policies to encourage heavy mechanization. 

Finally, one test of the appropriateness of mechanization 

to the particular stage of development is the existence of excess 

demand for labor in the non-agric-Itural sector. In evaluating 

some of the components of excess demand it appears that the 

ability of the non-agricultural sector to absorb large numbers 

of rural migrants was not very great at th present time. 

An increased governmental interest in differentiating between 

labor absorbing and labor releasing technologies and product 

shifts in agriculture may be necessary to reduce the social 

costs of the very high rural-urban migration rates until the 

ability of the non-agricultural sector to absorb labor can be 

improved. No one is denying the advantages of mechanization 
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in increasing farmer income by expanding crop area and 

increasing yields on some types of soils. The difficult 

problem for Brazilian policy makers is the timing and the 

type of mechanization to be encouraged at different stages of 

development. 



APPENDIX A
 

THE DATA EMPLOYED IN CHAPTERS 2-4
 



A-1. The Data and Vrriable Descriptions for Chapter Z 

"i hble A-i 

The Demand for Tractors: 1950-1971 (Only Wheel Tractors-Excluding Micro Tractors) 

Adjustment to test for the 
Tractor Price Real Value -gn.fcance of tie shift cf :he 
Relative to Tractor Price of Tractcr siope of tr.e finance var.ableo 

Total Tractor Lagged Output Relative to the Fxnanc: -. d 
Sale!, Iiports Pri ce Agri.'w age Ratec (F/r)I Dummy T - Lo- B-D T - Log B-D 
and Don-ertic PT /P. (PT!"W)t 1971 Cr $ Tractor Stock e Variablet (ecult;o- l (ea'ton *5 

Year Sales tNo. )a t t-I (lOG0) St D ,n Table 2) i. T--ole 2) 

1949 6,589 
11950 8, 375 23.4 1,625 31,4C) 14.63-1 0 163. 197 
1951 10, 967 25. 1 1, 593 50. .,o 24, 6t2 0 165, 789 
1952 7, 2u3 23.8 1.441 64,5--) 30.9cZ 0 162, 185 

1953 2,154 39.9 Z. 405 56, C) 31,5%-o 0 15t, 976 192, 110 
1954 12,258 53.3 3, 163 73, Sr.) 42, 2.74 0 1C7, 0?0 2OZ, 214 
1955 5,345 66. 1 3, 67 71. CC.) 4L: 5 0160, iu7 155.301 
1956 4.117 63.3 3,859 71,J) 7,.37 0 15:, 339 194, C73 
1957 6,810 58.0 3. 526 86,Z.) 5-1,7) 0 lc, 632 1 o, 766 
1958 7. 135 52.3 3,329 7, C0U3 5c, 33b 0 i, CiS7 197, 091 
1959 4,597 99.2 6.097 70,209 58,116 0 . 19 194, 553 
1960 12.721 60.7 5.955 96, 500 ",7,S-31 0 1t.7,543 :02,677 
1961 8.027 70. z 4,414 Q',2C0 72,5ol 0 U C.6-1 Ic7,C 83 

19oZ 9, C50 104.3 5,819 186, 000 77. 953 I 179, 307 Zlo,736 
1963 10,69S 123.5 7,739 205, 000 8-, 752 1 1S0, 55 218, 384 
1964 13,373 161.6 8,009 24S, CCO ;3,916 1 "33. 30 221,059 
1965 8,446 124.2 6. 17b 192, GJ 97 666 1 17d, 703 Z16, 132 



Table A-I--continued 

Acjustrient to test for t-

Tractor Price Real alue sig-ificance of tl-e shift of the 
Relative to Tractor Price of -ra-d slope of t-c fina.ce %ariaoleg 

Total Tractor La2grd Output Relative to ti-e Fd-n -.ci 

Yfear 

Sales Lmports 
and Do: estic 
SaleG ()o.)t 

Pr~ceb 
PT/Po 

Agri. Wage 
(PT / A )tt 

Ratec (c'/_-), 

1971 C) 
( O) 

Tractor Stock" 
St 

Dummy 
Variable 

Dl 

T - Lcg B-D 
(equ .on I 
in T ble 2) 

T - Leg B-D 
(equaton =5 
ir Tale 2) 

.
1966 9, 853 100 1 5,341 2'1,200 102,636 1 ISO, 110 217,539 
1967 6,812 100. 5 5,412 200,LOO 104,316 1 177, C'9 Z14,40S 
1968 10,253 96. 8 4,520 2,,2 109, 353 1 !a0,510 217, 039 
1969 10, 094 52. 1 4,L,.8 1, '1O 113,979 1 1,0, :;3i 217,7S0 
i70 14, 0Z 79.5 3,327 122, 63 14, 222,039235, uC 633 1 
1971 21, 73s2p 72. 1 3,001 34L,7, 1 192, 039 ?: 9,468 

Pbasea upon an estirrate of 1971 imports. See Table B-I .n 'ppendix B. 

aTre tractor sales variable .%as constructed by surrnxing .- p-o-t- ana domestic sales. htrport data were taken fro-n Table B-i. 
,eel from 195C-1961 

incladed agriciltural uses and tneir classification from 196z-l7O or a-'icultural tractors on1 i-cuded \v-cel tractors. See t.,e foot
rotes to "fable D-i. 

b 
For tne tractor price the data from Table B- 1 %%ere1-se-l '-it- .orsepow'er of , e basic r-.odel -eld constart. The agrictltural output 

price is a Laspe res weigntei ineex it> a base year of 1971 for t'e ?:-irnar, me chanized i-iBrazi '.g soDoeatns, cane, 

.M.cro and track tractors vere not included. :t was assuired t t J c rovernniental classif.cat.on of -. tractors only 

crops \nc..avheat, 
cotton, rice, corn z-d peanuts. Farr:ers are e.-pected to observe last season's otput price and the present -r.acniir.ry pr.ce n decin.ng 
upon purcnasing a tiactor. 

cThe agricultural wage rate was the daily wage of a "volante" in Sao Paulo. "Volante" is tne Brazilian term for a day or tempcrary 
worker. See Table A-7 for more details on agricultural %ages. 

http:decin.ng
http:r.acniir.ry
http:classif.cat.on


Table A-i--continued 

dThe values of nominal credit for all crop producers were obtained from the Banco ce Brasil. Relatorios. various issues. 

Mechanization loans are also made by some other banks primar.ly th.. Danco do Estado do Sao Paulo. 7-n7 .nk of Braz:l is tne 

primary machinery financer for all machinery fiiancing (see Appendix F). For some years over the period 1950-1971 the Bank of 
For further

Brazil did not separate tractor lending from other rnachinery lending to an estimate of tractor fina,.cing %as made. 
of tractor creaits %as deflated with 

detail on the assumptions emnployed to rrake thcs. estimatt see Table %-6. The rominal -.alue 

the index of Brazilian domestic prices constructed from the Getui'o N'zrgas Institute Seres No. Z. 

eThe tractor stock variable was based upon tre estimate of tr.ctors exclud.ng micro-tractors with tne 1950 Census as the base 

Tl-e 1950 Census %,as Gone in 1949. Tne age of this tractor stock %as est.-mated using the import data of the fort.cs below. 
estimate. sales cata were used to obtain an estimate of"the 
Then the dechnit.g balance method of treating cepreciation and the import and doniestic 

A five percent rate of declining oalance depreciation was used. Sc (;L(C" -Â  for (. v 
tractor stock excl.ing rrucro-tractors. 
' (et.. 1. 

No. of Imports
 
of Tractors and Weight of Estimate of the 

Tractor Imports
Year Accessories that Year 


128194Z 836 1.8 
1411943 971 2. 1 
270
1944 1.739 3.8 

39S
1945 Z,544 5.6 

65Z
1946 5,4o0 12.0 


1,249
1947 8,010 17.6 

17.9 1,271
1948 8,161 


2,790
1949 17,917 30.3 

fThis dummy variable reflects the difference between the import period and the period of dom.estic production.
 

gA new dependent variable %as ccnst--acted from equations rl and #5 of Table 2 of Chapter Z to test for a dafferent slopton the 
This was .iecessary

ten the tvuo perirds, before ann after the comme.ncement of the Brazilian tractor ind.stry.
finance variable bete 

because of the al--most perfect correlation between thie t%%o dur...,y variables.
 

http:exclud.ng
http:primar.ly
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Table A-2 

Correlation Matrix for Tractor Demand, 1950-1971 
(Equations 1-4 in Table 2, Chapter 2) 

T log 	PT log PT log F log St I 

P t-1l P 

log PT 

P0 t-I .21 

log PT 

"W .08 .96 

log F 
.57 .79 .63 

log St. 1 .34 .86 .75 .90 

Do .49 .70 .55 .93 .73 
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Table A-3 

Correlation Matrix for Tractor Demand,1953-1971 
(Equations 5-8 in Table 2, Chapter 2) 

T log 	PT log PT log F log St.1 

Pot- I W p 

log PT 

'ot,,- 1 .29 

log 	PT 

W" .07 .91 

log 	F 
p .69 .69 .40 

log St 1 .57 .69 .43 .93 

Do .51 .73 .45 .96 .87 
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Table A-4 

Correlation Matrix for Tractor Demand, 1950-1971,Excluding 
the Years 1953, 1955 - 1959 

(Equations 9-12 in Table 2, Chapter 2) 

T log 	 PT log PT log F log St. 1 

Pot-l W P 

log 	PT 

Pot-l .14 

log 	PT 

W .01 .97 

log 	F 
*P .40 .85 .70 

log St-1 
.29 .87 .76 .94 

.21 .78 .63 .92 .78 



Table A-5
 

Variables for the Regression of Brazilian Domestic Tractor Sales in Horsepower, 1962-1971
 

Tractor Price 
Total HP of 4 Per Horsepower 
Wheel Tractor Relative to 
Sales (excl. Lagged Crop 

Year 
micro tractors) 

Tt 
Output Price 
PT / (P 0 ) t-I 

1961 
1962 352,128 2.90 
1963 435,612 2.95 
1964 604, 006 2. 95 

1965 431,852 2.25 
1966 490,185 1.94 
1967 359,085 1.85 

1968 559, 485 2. 11 
1969 602,503 1.60 

1970 889, ZZ6 1.47 
1971 1,356,077 1.37 

Tractor Price 
Per Horsepower 
Relative to the 
Agricultural 
Wage Rate 

(PT/ W)t 

159.8 
184.7 
146.1 

112.0 
94.8 
99.6 

98.6 
84.2 

65.0 
56.9 

Real Value of 
Bank of Brazil Horsepower of 
Loans for the Total 
Tractors Wheel Tractor 
(Million 1971 Cr $) Stock 

(F/P)t S Ht 

2,692,893 
186 3,059, 494 
205 3,457,841 
248 4, 005, 622 

192 4,269,731 
256 4,602,022 
206 4,765,206 

249 5,185, 431 
219 5,570,962 

255 6,187, 680 
349 7,239,373 
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Description of Variables in Table A-5 

TH: Horsepower of the Brazilian produced tractors 

sold. Sales data for 4-wheel tractors, excluding micro

tractors, were obtained from .ndustry sources as was the aver

age horsepower of model,, produced. Since %hereis little in

ventory holding (see Table E-4), the horsepower of sales was 

assumed to be equal to the average horsepower of tractors 

produced.
 

P,-: Price per tractor horsepower. This variable 

was obtained by taking the medidn purchase price of one repre

sentative factory and dividinlg it by the weighted(by sales)horse

power of their basic model. The variable thus reflects the shift 

to heavier horsepower tractors over time as well as the influence 

of various government policy shifts on the tractor price. See 

Appendix C and Chapter 2-B. 

(Po)ti1: Output price lagged one period. Farmers 

buying a tractor can observe the present price of the tractor but 

have to use the previous harvest price as the future harvest 

price is unknown at the time of purchase. The primary mechan

ized crops are wheat, soybeans, cane, cotton, corn, and rice. 

The weights were constructed with a Lespreyes Index with 1971 

as the base year. A price expectations variable was used for 

both the entire period and the domestic production period but it 

gave poor results so it was not included in this analysis. 

W: The daily wages for "volantes" or temporary 

workers in Sao Paulo were used. See Table A-7. 
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F: Real value of tractor credits finar:ced by the Bank 

of Brazil. This was obtained by deflating the nominal value of 

tractor credits with the standard index of Brazilian domestic 

prices, the Getulio Vargas Foundation Index No. 2. There are a 

few other partially government owned banks making mechaniza

tion loans but the Bank of Brazil is the dominant institLtlon (see 

Appendix E). Due to capital eiosion over the long time period 

allowed for repayment and the low ceiling on interest rates only 

banks with governmental stockholders would be expected to make 

agricultural machinery loans and these banks would make only 

as many agricultural machinery loans as they were ordured to 

make. It is assumed that within the constraints of government 

policy directives, the partially state owned banks would maxi

mize profits and that there are many more profitable, shorter 

term lending activities other than agricultural machinery. 

SH: The average horsepower of the Sao Paulo stock 

was used to estimate the average horsepower of total Brazihlan 

stock. In the 1959 Census Sao Paulo had 44. 3 percent of 

Brazilian tractors and this Census data was used for the base 

estimate. For 1960 and 1961 the horsepower of imports was assumed 

to be equal to the horsepower of the United States tractor sales, 

as the United States was an important supplier of Brazilian trac

tor imports in most years. For imports after 1961 the horse

power was assumed to be equal to the Brazilian largest tractor 

model plus ten horsepower to reflect the prohibitions on tractor 

imports of models with "national similars" and the tendency to 

import heavier tractors. A declining balance treatment of 
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depreciation was employed at the annual rate of five percent. At 

the beginning of 1960 the estimated horsepower of the Sao Paulo 

stock of 2 7 , 176 tractors was 31. 5 C.V gi" ing an estimate of total 

Brazilian horsepower of the effective stock of 1, 830, 654. 

(C.V. is the Portuguese abbreviation for horsepower.) 
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Table A-6 

Correlation 	Matrix for Don'estic Tractor Sales 
in Hoi se Power ,1962-1971 
(Table 3 in Chapter 2) 

1o PT 0log PT. log FTH 1P"P-"-W 

log ::T" 

°t-1 
 -0.67 

log PTH 

W -0.75 0.97 

log F 

4P 	 0.89 -0.60 -0.70 

log tl 0. 70 -0. 95 -0.96 0.69 



Year 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 


Resident Agricultural
Worker-Monthly Wage(Cr) 

0.66 
0.81 
0.93 
0.99 
1.14 
1.41 
1.65 
1.89 
2.10 
2. 61 

3.42 
4.68 
7.08 

12.30 
31.38 
51.87 
66.48 
83.97 

105.90 
123. 00 
154.05 
193.35 

Table A-7 

Agricultural Wage Rates in Sao Paulo, 1950-1971
 

Farm Resident Wage 
a Mini gum Monthly Over Mnimum Wage

Wage ( )"Volante(Cr) 

0.36 183 

0.36 225 

1.19 78 

1.19 83 

1.74 66 

2.30 61 

2.88 57 

3.70 51 

3.70 57 

5.90 44 

6.79 50 


10.38 45 

13.21 54 

21.00 59 

40.25 78 

62.00 84 

81.00 82 


101.50 83 

125.50 84 

147.20 84 

176.80 87 

213.05 91 


c' ' Daily Wage(Cr) 

0.024 
0.027 
0.034 
0.037 
0.049 
0.060 
0.063 
0.076 
0.082 
0.1C3 
0.110 
0.171 
0.254 
0.398 
0.814 
1.547 
2.071 
2.538 
3.700 
4.081
 
5,., 1
 
7.071 



Table A-7--continued 

aThis resident wage does not include the value of perquisites. Credit against the total minimumwage can be given for the perquisites provided to permanent rural workers including the use of a house,a garden plot, and sometimes part of the produce. Perquisites can be provided up to a 30 percent reduction
 
of the rminmnm wage.


BThere are regional differences in this minimur. wage but the highest value was selected as this
included most of the state of Sao Paulo. 

c,,'rolante s" are day laborers who are generally contracted by the truck load to do specific jobs 
such as cultivating or harvesting. The comparison of "volante" and resident labor vages depends uoon 
the assumption about days worked per month b- resident workers. 

Source: Secretaria da Agricultura, Desenvolvirnento da Agricultura Pauhsta (Instituto de EconomiaAgricola: Sao Paulo, 1972),-TI; Secretaria da Agricultura, Prognostico, Ano Agricola,
1972/73 (Instituto de Economia Agricola: Sao Paulo, 1972), 6-26. 

CO
 



Table A-8 

Bank of Brazil Loans for Agricultural Machinery 

Machine ry Crop 
Financing for Machinery Mechanization 
Crops and Financing Loans as a 0/0of 

Year 
Li "estocka 

(1,000 
for Crops 

Cr ) 
Total Lending 

1949 (59) 52 
1950 (163) 144 
1951 (303) 267 
1952 (436) 385 
1953 (41Z) 390 
1954 (729) 643 
1955 (817) 7Z1 
1956 (979) 864 
1957 (1, 352) 1,193 
1958 (1,404) 1,239 

1959 (1,720) 1,518 
1960 (3,052) 2,694 
1961 3,645 3,582 98.3 
1962 10,919 10,096 92.5 
1963 20,958 19,706 94.0 
1964 48,387 45,020 93.0 
1965 64, 763 58,075 89.7 
1966 130,544 105,087 80.5 
1967 159,396 128,521 80.6 
1968 226,028 181,785 80.4 

Tractor 
Financing 
for Crops and 

Livestockb 
(1, 000 Cr ) 

(45)
 
(124) 
(230) 
(331) 
(336) 
(553) 
(620) 
(738)
 

(1, 026)
 
(1, 066)
 

(1,306)
 
(2,317)
 
2,968 

9,262 

17,914 

41,146 

50,010 

92,115 

95,191 


142,942 


Tractor Financing 
as a 0/oof Total 
Agricultural 
Mlaclinery Lending 

(cc) 

81.4 
84.8 
85.5 
85.0 
77.2 
70.6
 
59.7 
63.2 



Table A-8--continued 

Machinery Crop Tractor Tractor Financing 
Financing for Machinery Mechanization Financing as a % of Total 
Crops and Financing Loans as a To of for Crops and Agricultural 
Livestocka for Crops Total Lending L-vestockb Machinery Lending 

Year (1, 000 Cr ) 	 (5o) (1, 000 Cr ) (,o) 

1969 304,500 253,920 83.4 151,943 c 49.9 
1970 457,811 397,453 86.8 212, 064 c 46.3 
1971 678, 626 621,704 91.6 348,749 c 51.4 

aTo estimate machinery financing for crops and livestock from 1949-1960 the same proportional 

relationship betxveen machinery financing for crops and for livestock was assumed to exist from 1949-1960 
as from 1961-1971. 

bIt was assumed that tractozs were the same percentage of total agricultural machinery financ

ing from 1949-1960 as they were from 1961-1968. After 1968 more expensive equipment such as combines 
reduced the relative importance of tractor financing in total agricultural machinery financing. 

c From 1969 to 1971 implements and tractors were included as one category in the Relatorios. 

It was possible to separate out inplements by assuming that the same relationship existed between imple
ments and tractors as existed for the years ,%ith overlapping data 1967 and 1968. L-i these years tractors 
were ninety-seven percent of the category of tractors and implements by value of financing. 

Source: 	 Prior to 1961 the Relatorios list machinery financing under the category "'Maquinas e utensilios 
agricolas" but there are separate categories for motorized vehicles and work animals, others, 
and investment financing for farm improvements. Also prior to 1960 only machinery lending for 
crop production was included. Banco do Brasil, Relatorios e Boletim, various :ssues. 

0. 
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Table A-9 

Average Ilorsepower of Tractors Sold in the
 
United States and Great Britain, 1948-1965
 

Year 	 United States Great Britain 

....1947 	 25.8 
1948 	 27.1 24.1 
1949 	 28.3 24.4 

1950 	 29.0 24.2 
1951 	 29.0 27.7 

29.81952 	 31.2 
30.81953 	 34.6 

1954 	 38.7 31.1 
31.61955 	 40.6 
32.31956 	 39.6 

1957 	 43.2 36.0 

1958 	 45.'1 35.8 
39.61959 	 46.2 
40.41960 50.5 

1961 53.8 42.1 
43.51962 	 56.0 
44.81963 	 58.0 

1964 	 59.3 45.1 
63. 1 	 49.51965 

Sources: 	 The United States data were calculated and provided by 

Mr. Paul E. Strickler, USDAfrom reports of the 

Farm and Industrial Equipment Institute. This data 

reports all tractors shipped or sold hence it would in

clude inventories; the Gieat Britain data are from 

A. J. Rayner, An Econornr'tric Analysis of the Demand 

for Farm Tractors, Bulletin No. 113(Univerbity of 

Maichete, Manchester; October, 1966), 97. 
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Table A-10 

Brazil's Largest Domestically Produced Tractor 

Year Model lorsepower 

1960 Ford Br 8 56 

1961 Ford Br 8 56 

1962 CBT 1020 77 

1963 CBT 1020 77 

1964 CBT 1020 77 

1965 CBT 1020 77 

1966 CBT 1020 77 

1967 CBT 1090 90 

1968 CBT 1090 90 

1969 CBT 1090 90 

1970 CBT 1090 90 

1971 CBT 1090 90 

Source: Table C-6 
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A-II. Description of Variables for the 1950 and 1960 States 

and the 1960 Regions of Sao Paulo: Chapter 3 

In the 1950 Census tractoi s are differentiated between 

those over and under 10 C. V. ("cavalho vapor" or horsepower in 

Portuguese) or betwe n micro-tractors and wheel tractors. It 

was assumed that micro-tractors had one-fourth the horsepower 

of other tractors. The total,agricultural labor force was com

posed of four components in 1950, ownei -operators including 

renters and administrators, permanent labor, temporary labor, 

and sharecroppers. In 1950 the four categories of agricultural 

labor included females and minors working in agriculture; however, 

most of the field work would be done by males fifteen and over. 

The seasonal labor utilized in the permanent crop operations 

such as coffee picking would also include minors and women; 

however, including all the labor engaged seasonally would sub

stantially overstate the size of th regular agricultural labor 

force. Hence, minors and women were excluded from the labor 

force variable. Moreover, the mechanization process was expected 

to first replace the regular, adult male labor force since the har

vesting operations.which use the largest amounts of minors and 

women, are generally more difficult to mechanize. 

Agricultural wage data were not presented in the Census; 

however, total expenditures on agricultural labor or the wage bill 

were available by state. This brought us to a dilemma. The 
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available wage data were presented on an annual basis. Including 

all women and children employed seasonally would result in an 

underestimate of annual wages per agricultul a] worker. It would 

also bias the comparison of wage rates between states as in

portant producers of coffee and other permanent crops such as 

cocoa would have a greater downward bias than the states %ithout 

these large seasonal requirements. Only men and women over 

fourteen were included here in the tolal agricultural labor force 

to divide the wage bill and obtain an ectirmiate of annual wages. 

The overestimate resulting from iznchiding the.se women in the 

regular work force would be expected tW be offset by the under

estimate resulting from excluding all minors. The CC-nsus wage 

bill included the estimnated value of perquisites but it did not 

include the returns to labor of the owner-operator or the share

cropper's payments hence these components of the labor force 

were not included in the calculation of the annual agricultural 

wage. The estimated annual wage here would be an estimate of 

the returns to sharecroppers in equilibrium. 

In Table A-11 the results of the calculations of the annual agricul

tural earnings are presented in column 4. Column 5 gives the 

per capita income estimates for 1950. The two columns are re

mark ,Ay consistent. The coefficient of correlation is 0. 958. 

The distribution variable (D) was the percentage of crop 

area harvested in the state in farms with over 100 hectares in 

crop area. Census data gave the frequency distribution of farms 

by crop acreage in various classifications. Assuming that the 
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number in each cell was normally distributed around the mean 

of the cell it was possible to calculate the area cultivated in 

farms with 100 or more cultivated hectares. For over 1, 000 

of 1, 200 was used. One hundred hectares inhectares a mean 

a crop area to depend uponcrop area was considered too large 

The crop mix variable (Te) wasdraft animal and human power. 

of total crop area in annual crops. The intensitythe percentage
I 

onvariable (I ) was the expenditure per hectare of cropland 
A 

insecticide, and fungicide.fertilizers, seeds, plant stock, 

between the variable definitions forThe only difference 

was that the 1960 Agricultural CensusBrazil and for Sao Paulo 

data on tractor horseof All States and for Sao Paulo gave more 

power hence the dependent variable was measured in C. V. per 

The other variables employed the
1, 000 agricultural workers. 

adult worker defined as fourteen 
same definitions. In 1960 an was 


fifteen and over.
and over whereas in 19",0 it was 



Table A-11 

Variables for the Tractor Demand Analysis Between States, 1950 Census Data 

Adjusted 
Tractor 
Ser.:s 
(0ct) 

T 

Male, Acult 
Agrcultural 
Labor Force 
(n6) 

L 

Tractors 
Per 1, 000 
Agricultural 
%'orers 
T/L 

A-iri.al 
Earnings in 
Ag,-culture 

(Cr.) 
V 

Annual Per 
Capita 
Incon'e (Cr. 

Percent of 
Crop Area 
in Farms 
v,th 100 or 
More Ha. in 
Crops ("o) 

C 

Percent of 
Crop Area 
in rnnual 
Crops ( ') 

Te 

Expenditures 
on Fertilizer, 
Scec, Plant 
Stock an Ln
s( cticiue Per 
1'.cctZ rof 
Crop'and 
(Cr /rha.) 

I/.% 

Regional 
Du nmy 

R.e 

Brasil a 7,417 6,6So, 004 1. 11 Z, 4, 10100 15.68 76.9 o8. 2 

North 
Amazonas 
Para 

Norti-east 
Maranhao 
P.aui 
Ceara 
io Grande do Norte 

Paraiba 
Per ari.ibuco 
Alagoas 

East 
Sergipe 
B a-., 
Minas Gerais 

9 
31 

15 
19 
19 
14 
57 

123 
.2 

42 
76 

664 

46.473 
14, 016 

193,701 
118,8n7 
3-.4, 708 
15a. 315 
zo0,111 
505,575 
171,671 

98,371 
676,076 

1,241,108 

0. 19 
0.25 

0. 075 
0.16 
0.0S4 
0.038 
0. 10 
0.Z4 
0.19 

0.43 
0.11 
0.47 

Z, 30C 
1,5.,) 

430 
5S0 
72u 

1, 170 
1,0.0 
,51,3 

1,150 

1,350 
1,3Z3 
1,570 

3, z00 
Z,400 

1,400 
1,ZC0 
1, 900 
2,200 
2,000 
Z. 500 
1.800 

2, C0O 
2, COO 
3,100 

7.53 
4.36 

2.48 
0.91 
7.58 

30.68 
17.58 
17.49 
1',. 35 

15.97 
9.79 

14. Z8 

56. Z 
78.9 

95.7 
96.0 
93.9 
96.7 
96-5 
90.7 
69.4 

63.0 
61.6 
76.9 

15.8 
9.9 

6.3 
8.9 
0.8 
9.5 

13.7 
77.9 
77.3 

70.2 
21.3 
34.3 

0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

c. 



Table A-1]--cotitinued 

E-,perditures 
on 7crt-ler, 

Percent of Svci0 Part 

Crop Arca S.o:, .- d in-
Aajusted Male, Adult Tractors A-iI: c .n Farr-s Percert of sec.c.cc Per 

Tractor Agr:cultural Per 1, 000 E.,rl.i gs in Annual 1 100 or Crop Area :1ec"- r~of 

Series Labor Force Agricultu.al Agr-c .1ure Per Capita N'- . n Arrual Croad 
(no) (no) VW'o kers (C:.) Incomie (Cr.) C-ops ( ) Crops 7 Cr/a.) DLrnmy 

IL T/L %% C Te !/A Re 

Espirito Santo 
-,,oue Janeiro 
Federal Distrit 

51 
401 

42 

153,311 
199, 178 
13,662 

0.33 
Z.01 
3.07 

Z,060 
3, 5' U 
7,53C 

3,200 
4, Z00 

.3, ;00 

9. 10 
26.87 
4.60 

3S.8 
68.4 
15.0 

i5.9 
57.0 

346.0 

0 
1 
1 

(Gaanabra) 
South 

Sao Paulo 
Parana 
Santa Catarina 
Rio Grande do Sul 

3,344 
248 

37 
Z, 

1, 002, 874 
Z99,326 
1 a3, 628 
602,041 

3.33 
0.83 
0.20 
3.43 

4, °230 
3,20 

13 
2, 605 

7, 
4. 
3, 
4, 

8C0 
C.-": 

,.0,^ 

20. 71 

0.3 
-. 4 

63.3 
64.0 

.2 

159.5 
35.2 
18.4 

10.4 

1 
1 
1 
1 

Ce-iter West 
Mato Grusso 
Goias 

46 
82 

51,174 
165,850 

0.90 
0.49 

2,2950 
1,700 

3,000 
2,300 

8.86 
c. 52 

86.Z 
88.7 

12.9 
5.7 

1 
1 

0Due to tne e-,, zion of the territories tne colum..ns Co cur. Acre ,%as also -eclted dLe to :he almost cc.rrplete lack of 

tractors. 

Source: 	 IBGE, Brasil-Ce.iso Agricola, VI Recensearrento Geral do 12-asili-1950 (Rio de Jareiro, 1956); Ar.nmual per capi:a .nco-res were 

taken frorn FGVaiu 75 4, Anob de rcoro. T r.-. t' , (,o-issaN Mista Dras.,-Estados Unidos: Fo ce Janeiro; 1965), p. 260. 

http:Agricultu.al
http:sec.c.cc


I able A-12
 

Variables for the Tractor Demand 
 Function Between States in Brazil. 1960 Census Data 

Annual Percent ofEarniags Crop Area
 
Tractor Male. Adult 
 in A-ti ic. in Farmns Percent of B-o-cl-emicalHorse- Labor Force - ., N it> 100 or Crop Area Exrcziturespo%.er in Agricul. CV

State %'ore .{a. in in Annal Per i-ector." Pooing Regional(CV) (no) T=L (Cr. ICCO) C-ops (%) Crops , :) (Cr. 1000) Dummy D-.xry
T L T, I'll C TL I/ %Brasil 2, 01, 816 9, Z-l, F57 217.8 16. 22 2.5 72.5 Re0.0 4 

North 

Ar~azonas 736 -0,168 8.2 17. 730 2.8 7-x. 4 0.166 0Para 0s,188 183,067 44.7 13. '3o 11.6 76.5 0. 145 0 0
Northeast

.Maranhao 1,058 506, 019 4.7 4.44S 17.3 96.6 0. 056 0 0Piaui 1,890 204,436 9.2 6.437 13.9 95.4 0.171 0Ceara 05,678 523,704 10.8 5. ', Zl.6 63.5 0.124 0Rio Grande do Norte 7,734 132, 2')9 42.4 09.6 1i 33.7 65.1 0.159 0Paraiba 011,554 320,624 36.0 10. 511 28.5 31.2 0.191 0Pernambuco 3Z, ZS. 686,307 47.0 9. F2z 030.7 79.7 0.554 0 0Alagoas 9,300 198, 580 46.8 9. bb6 33.7 89.4 0.545 0 0
EastSc rgpe 2,966 142,198 20.9 7.537 21.6 73.4 0.412 0 0Bahia l4,886 937,863 15.9 10.711 15.5 60.3 0.256 0 0Minas Gerais 15,,674 1,377,Z39 112.3 12.551 17.5 76.1 0.453 0 CEsprito Santo 1,904 183,799 81.i 17.67S 11.3 41.5 0.244 0R.o de Janeiro 45,336 01Sb, 595 243.0 28. 350 24.8 68.3 0.676 0Guanabara 3,116 15,14Z 205.8 50.61D 6.1 16.9 

1 
4.250 0 1 



Table A-i2--continued 

Annual Percent of 
:arrmnos Crop Area 

Tractor Male, Adult in A;ric. in Farms Percent of Bio-cherrical 
Horse- Labor Force C,r-v wiitn 100 or Crop Area Expend.tures 

State 
power 

(C V) 
in Agricul. 

(no) 
CV 

l0GO L (Cr. 
kr 
1000) 

M,%.ore1a. 
Crops ('o) 

in in Annual 
Crops (/o) 

Per Fectz-re 
(Cr. 1000) 

Pooling 
DDy 

Regional 
D-- r.-ny 

TH L C Te I/A Re 

Sou th 
Sao Paulo 856,IC2 1,165,715 734.4 30.704 34.0 64.7 1.597 0 1 
Parana 156,076 7u3,514 204.4 29.1"3 Z0.9 51.8 0.575 0 1 
Sarta Catarina 37, 55Z 276,4S5 135.8 17.752 2.6 93.3 0.415 0 1 
Rio Grande doSul 573,754 746,263 768.8 23.b89 18.4 95.0 1.149 0 1 

Center West 
Mato Grosso 27,772 120,598 230.3 25.7r,6 17.7 83.2 0.395 0 1 
Goias 45, 652 306,049 149.Z 17. 154 18.3 87.6 0.237 0 1 

alncludng the federal district in Goias. 

Source; IBGE, Brasil-Censo Agricola, VII Recensamento Geral do Brasil-1960 (Rio de .aneiro: 1970,. 



Table A-13 

Variables for the Tractor Demand Function Between Regions in Sao Paulo, 1960 Census Data 

Tractor Male Adult 
A.nnu.-il 
Earnings 

Percent of 
Crop Area in Bio-chermical 

porse 
power at the
Drawbar (CV) 

TN 

Labor Force 
in Agriculture

(no.) 
L 

(CV/1000L) 
T,/L 

,n Agric.pr 
, ,:rrknr

(Cr. $1000) 
W 

Farn-is with 100 
or More Ha. in 
Crops (T) 

C 

Percent of 
Crop Area in 
Ann-alCrops 

Te 

Expenditures 
Per Hectir.: 
(Cr. $1000) 
!/A 

Pooling 
Dnimy 

Sao Paulo 856,10Z 1,165,715 734.4 10. 704 :A. 0 64.7 1.597 

Zona do: 

Lit. de Sao Sabastiao 
Miedio Paraiba 
Alto Paraiba 
Mantiquie ra 

LIt. de Santos 

1,104 
19,810 

1,428 
404 
392 

2,287 
Z7, 507 
14,000 
3,734 
3, 086 

482.7 
7Z0.Z 
102.0 
10S.2 
127.0 

37.537 
22. C,5 
Z2.562 
29. S90 
37. 3,7 

22.8 
29.2 

5.3 
13.6 
36. 0 

28.8 
74.7 
91. 1 
88.4 

3. 1 

1.133 
3.083 
0.614 
3. 290 
2.269 

1 
1 
1 
1 
1 

BaLxad- do Ribeira 
Sao Jose do Rao Pordo 
Braganca 
Sao Paulo 
Paranapiacaba 

3,034 
13,05 
25, 870 
69, 844 
27,104 

23,327 
28,226 
42,471 
56, 347 
26,651 

130.1 
4C0.8 
o09. 1 

1,239. 5 
1,032.5 

33.076 
23.?0 
21. S35 
13. 872 

24. 138 

13.5 
-6.5 
25.9 
33.8 
10. 5 

46.Z 
z;. 6 
59.7 
69. 1 
94.8 

0. 710 
2.26 
2.221 
5.652 
4.875 

1 
1 
1 
1 
1 

Alto Ribeira 
Purassununga 
hl.o Claro 
Piracicaba 
Campos Gerais 

846 
38,472 
36,2S2 
39,700 
26,912 

12, 668 
47,4Q6 
23,1:4 
37, 669 
35, 576 

66.8 
810.0 

1,569.7 
1,053.9 

756.5 

a. 517 
11.535 

1. 097 
33. 739 
22.5C4 

3.8 
43.3 
49.8 
44.2 
18.5 

97.4 
79.5 
73.1 
51. 1 
94.7 

I.Z00 
1.913 
1.853 
1. 037 
1.233 

1 
1 
1 
1 
1 

a 



Table A-13--continued 

.1Anaal Percent of 

Tractor Male Adult 
Horse- Labor Force 
pover at the in Agriculture 
Dravbar (CV) (ro.) (CV/1000L) 

T, L 

Ea--%ngs 
in .:-.ric. Z 
";.,r.L'r'd, 
(Cr. I1000) 

%'. 

Crop Area in 
Farris xith 100 
or More Ha. in 
C.ops (%) 

C 

Percent of 
Crop Area in 
Ar.,ual Crops 

. e 

Bio-cherrucal 
E.o-end.tures 
Per 1!ct,'"o 
(Cr. $10C0) 

I/A 

Pooling 
D.r-my 

Itaporanga 
Franca 
Ribeirao Preto 
Araraquara 
Sao Carlos e Jau 

,,546 
14,418 
44,490 
37,280 
2S,556 

11, 357 
ZZ,504 
50, 967 
30,834 
33,249 

400. 3 
u40.7 
87Z. 9 

1,Z0 .1 
858.9 

2i. 267 
30.555 
3.. 355 
.h.787 
3'. b86 

14.0 
38.3 
67.Z 
45.7 
61.5 

85. 3 
60.5 
60. 8 
72.9 
58.2 

0.470 
1.303 
1. -215 
Z.199 
1.385 

1 
1 
1 
1 
1 

Botucatu 
P,,-aL 
Barretos 
R:o Preto 
Catanduva 

22,156 
t, 783 

88, 696 
36, 1r,7 
Z9,Et6 

28, 628 
15, 043 
55, 679 
6:, 478 
50,120 

773.9 
451. Z 

1,593.0 
552. 3 
596.3 

3Z. 214 
3. 603 
37. 301 
22. 725 
2t. 731 

54. 8 
52. 1 
49.7 
27. 1 
41.4 

50.6 
27.5 
79.2 
53.3 
45.9 

1.421 
C. 848 
1.257 
0. 898 
1.04 

1 
1 
1 
I 
1 

Bauru. 
Aracatuba 
Marilia 
Assis 
Pres. Prud. 

35,018 
37,334 
6-., 182 
39, 472 
23,7S4 

49, 861 
51, 90 

113, 771 
55,485 
50, 241 

702.3 
722.3 
5,4.1 
711.4 
473.4 

3:. 309 
34. 1"-1 
3.-. L3 
ZZ. 166 
35. 708 

47. 5 
21.9 
27.1 
Zb. 2 
10.Z 

37.6 
5 i.9 
49.Z 
63.3 
91.7 

1. 081 
1.350 
1. 6n4 
0.989 
1.993 

1 
1 
1 

1 

Pereira Barreto 
Andradina 
Pres. Venceslau 

24,112 
8,52Z 
6,492 

60,563 
27,418 
8,668 

398.1 
310.8 
749.0 

ZE.593 
2.3S0 
-iC.667 

22.4 
20.5 
3S.7 

65.4 
51.1 
96.8 

0.983 
1.865 
1. 95Z 

1 
1 
1 

Source; IBGE, Sao Paulo, Censo Aricola, VII Recensearniento Cral co Brasil, 1o0 (Rio de Janeiro; 1970). 
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Table A-14
 

Correlation Matrix for the 
1950 All States Tractor-Labor Ratios 

log T_'!. log W log I/A log Te log D 

log W .85 

log I/A .71 .66 

log Te -. 44 -. 68 -. 51 

log D' .25 .32 .34 -. 03 

Re .77 .69 .36 -. 23 -. 07 
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Table A-15 

Correlation Matrix for the 1960 All States Tractor-Labor Ratios 

log 1,/L log W log I/A log Te log D 

log 	 W .82 

log 	I/A .77 .78 

log 	 Te -. 21 -. 51 -. 52 

log 	D .13 -. 25 -. 02 .20 

Re .81 .79 .61 -. 19 -. 13 



154 

Table A- 16 

Correlation Matrix for the 1960 Sao Paulo 
Regions Tractor-Laboi Ratios 

log ' L log W log I/A log Te 

log W 

log I/A 

log Te 

log D 

.46 

.25 

.26 

.68 

.12 

-. 26 

.56 

.02 

.12 -26 
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A-III. 	 Pooled Regression of All States and Sao Paulo for 1960: 
Chapter 3 

The equations for All States and Sao Paulo in 1960 gave 

different results for the wage rate coefficient and several other 

variables. By pooling these two sets of observations and con

straining their coefficient estimates to be equal the significance 

of their 	difference can be tested. The pooling model is: 

1) log TfI = log B + Do +"1>1 log W + C-I)l log W
 

'
L + C><3 l g I + G<4 log T. + C< 5 log D + 

A 

where Do is a dummy used as an intercept shifter as there is no 

reason to expect the Sao Paulo and All States tractor demand 

equations to have the same intercept. D1 is a dummy employed 

to allow the wage rate coefficient slope to vary for the two sets of 

and (9') 	 from Table 11 are signifiobservations. Equations (5') 


cantly different even when the intercept is allowed to shift.
 

When both the intercept and the wage rate coefficient are allowed
 

to shift between the two sets of observations, the slopes of the
 

three other variables are not significantly different (Table A-17). 1
 

A -B -C
 
IThe test is 
 k 

B+C 
Nl+N2 -2k 

where A, B, and C arc tho error sums of squares for the pooled 

constrain( d equation and the two unrestrictedregressioii or 

the number
equations, 5' and 9' from T.:ble 11 in Chapter 3; k is 


are the number of
of constraints on the equations: NI and N2 

observations in 5' and 91 respectivcT. See G. C. Chow, "Tests 

of Equality Between Sets of Coefficients in Two Linear Regressions, 

Econometrica (July 1960), 591-605. 



Table A-I 

Pooled Regression Results For The 1960 Census All States and Sao Paulo Regions: 
Tractor-Labor Ratios As A Function of Wage Rates And Other Variables 

No. Constant 

Dummy 
for 
Intercept 
Shifter 

Do 

Wage 
Rate 

W 

Dummy 
for 
Slope 
Sh:f er 
of Wage 
Rate 
o<,Dl 

Inten-
s-ty 

I 
X 

Crc-
MIX 

Te 

Concen-
trat:on 

D 

Standard 
Error of 
Estimate Iz 

F 
Level 

Degree 
of 
Free-
dom 

F-testa for the 

s.gnificance of 
tne afference be
tween Equatio-is 
(5') and (9') of 
Table 1 1, Cnapter 3 

(I") -3.01 
(1.10) 

1.30 
(6. Z)'*** 

0.62 
(5.12)*** 

0.70 
(4..j)** 

0.53 
.(-..)*** 

0.61 0.84 69.1 49 5.46*** 

(Z-") 

(3") 

-2.48 
(1. 12) 

-0.44 
(1.05) 

-0.43 
(1. 8z)* 

-5.33 
(4.73)*.** 

1.Z5 
(o. 13)*** 

0.45 
(1.78)* 

1.55 
(4.4Z}4** 

0.50 
(3. 70)*** 

0.26 
(2.02)** 

0.08 
(-.24)'A ' s* 

0.68 
(4.95)**4. 

0.48 
(.. 02)*** 

0.71 
(t. 24)*** 

0.59 

0.51 

0.84 

0. 89 

58.5 

70.8 

48 

47 

4.54*** 

0. 59 n ° .s 

(t-valaes .n paran:iese except for the standard error of the intercept) 

* 
** 

*** 

significant at the 90 percent 
significan' at tne 95 percent 
significant at the 99 percent 

level 
level 
level 

a. The number of degrees of freedom of the test was 5/44. 
I-, 
0'. 
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This leaves us 	with a puzzle of why the wage rate coeffi

lower in Sao Paulo than in the entire councient is significantly 

try. One hypothesis for this difference is that there could be a 

measurement problem of failing to include the additional mar

ginal cost of labox to the large employer resulting from the costs 

of finding, coordinating and controlling a large seasonal labor 

force. Moreover, there is an uncertainty component that the 

large crop farmer will either not be able to find labor at all at 

or that the labor price will be higher than exthe critical time 

pected. If this explanation is correct, the slope Bl rather than 

is being es'iniated clue to the concentration of large cropB2 


farms in Sao Paulo (see Tables A-11 and A-12).
 

Figure A-1 

Tiactor -Labor 
Costs in Regions with DifferentRatios and Labor 


Crop Farm Sizes
 

MCr 

_ 

where MvC L is the marginal cost of labor. 
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An aiternative explanation is that the costs of a seasonal 

labor force may not be higher but that the large farmer prefers 

to avoid the bother of labor intensive production or that labor 

intensive production enters his utility function in a negative 

way, 
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Table A-19 

Correlation Matrix for the lq60 Pooled Regression 
Pauloof Tractor-Labor Ratios Combining Sao 

and All States Observations 

log I/A log Telog VL Do log W I-D1 

Do -.70 

log W .80 -. 57 

0<-j D, -. 53 .96 -. 36 

log I/A .79 -. 69 .71 -. 53 

log Te -. 06 .15 -. 35 .08 -. Z3 

log D .49 -.35 .31 -.38 .27 -.17 
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A-IV. The Census Data Employed in Chapter 4 

A/L was cropland per adult, male agricultural worker. 

The animal power variable (Ari/L) was difficult to specify as 

many animals can be used for land preparation. These same 

animals are also used for other operations. In 1950 animal 

power was defined as burros, mules, and donkeys. In the 1960 

All States function animal power was defined as horses, mules, 

and oxen. In the 1960 Sao Paulo Regions function the animal 

power variable was defined as oxen and mules. In all three 

cases the animal units were divided by the number of adult, 

male agricu]tural workers. Since it wasn't possible to separate 

out the power and other uses in any of the animal categories, the 

specification of the proxy for animal power was determined sta

tistically as that variable giving the most signifitant and consis

tent estimates. T/L or tractor utilization per worker in the 1950 

Census was defined as tractor numbers with micro-tractors 

weighted as one-fourth. In 1960 TJ]L was tractor horsepower 

divided by the number of male, adult agricultural workers. In 

the Census of 1960 tractors were stratifiedby horsepower category 

and the mean of each stratum was used to estimate the total 

horsepower in that stratum as follows: 

Strata 
Less than 10 
10-30 
30-50 
More th,-n 50 

C.V. 

Expected 
6 C.

20 
40 
60 

Mean 
V. 
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I/A or bio-chemical input use was defined as expenditures in 

cruzeiros per hectare of crop land on fertilizers, seeds, plant 

stock, insecticide, and fungicide. The crop mix variable was 

the percentage of the total crop area in annual crops with 

sugarcane defined as an annual crop. There were two milk 

production variables: 

M1/L was cows milked per agricultural worker; and 

MZ/L was milk production per agricultural worker. 



Table A-19 

The Expansion Function, 1950 Census Data, for the States of Brazil 

A/L An/L T/L I/A Te MI/L MZ/L 

North: 
Amazonas 1.144 0.0104 0.19x10 3 15.8 56.2 0.Z72 1.057 
Para 1.295 0.0141 0.25x1O- 9.9 78.9 0.284 0.503 
Northeast: 
Maranhao 
Piaui 

1.654 
1.894 

0.181 
0.312 

0. 075xI0 3 

0. 160x10 3 
6-3 
8.9 

95.7 
96.0 

0.332 
1.023 

0.377 
1.236 

Ceara 
R. Grande 4

2. 399 0.267 0. 084x10"3  9.8 93.9 0.480 1. 422 

Norte 
Paraiba 

2. 785 
2.277 

0. 14Z 
0.144 

0. 088x10 3 

0. Z0xl0 - 3 
9.5 

13.7 
96.7 
96.5 

0.422 
0.335 

2. 034 
1.465 

Pernambuco 
Alagoas 

". 976 
1.642 

0.124 
0.118 

0. 240x'0  3 

0. 190x10 3 
77.9 
77.3 

90.7 
8Q. 4 

0.257 
0.197 

1.469 
0.862 

East: 
Sergipe 
Bahia 

1.378 
2.030 

0.182 
0.329 

0. 430x1")- 3 

0. 1I0-.10-3 
70.2 
21.3 

83.0 
61.6 

0.417 
0.702 

1.58Z 
1.930 

Minas 
Gerais Z. 367 0.163 0. 470x10- 3 34.3 76.9 1.468 7.048 

Espirito 
Santo 3. 835 0. 249 0. 33x0 "3  15.9 38.8 0.450 2, 367 

Rio de 
Janeiro 2. 954 0. 136 2. Olx1O3 57.0 68.4 0.748 5. 845 

Federal 
District 
(Guana
bara 1.593 0.0494 3.07x10 3 346.0 15.0 0.193 2.689 

N 



Table A-19--continued 

A/L An/L T/L I/A Te Ml/ L MZ/L 

South: 
- 3Sao Paulo 4.245 0.370 3.33xi0 159.5 63.3 0.8Z6 5.13Z 
-3  Parana 4.538 0.147 0.83x0 35.2 64.0 0.313 1.886 

Santa 
3Catarina 3.549 0.106 0. ZOxl0- 18.4 95.3 1.008 8.448 

R. Grande 3 
do Su" 4.157 0.120 3.43xi0 " 100.4 95.2 1.017 7.455 

Center 
W1 re st: 
Mato 3 
Grosso 2.801 0.180 0. 90x10 12.9 86.2 3.225 7.5ZZ 

- 3Goias 2.803 0.204 0.49xi0 5.7 88.7 2.856 6.287 

" 3  Brazil 2.855 0.207 1. llxO 68.2 76.9 0.850 4.113 

Source: IBGE, Brasil-Censo Agricola, VI Recenseamento Geral do Brasil-1950 (Rio de Janeiro; 1956). 

A/L: hectares of cropland per agricultural worker Te: percent of cropland in annual crops 

An/L: number of work animals per agricultural worker MI/L: cows per agricultural worker 

T/L: weighted tractor units per agricultural worker M/L: 100 kg of mi.lk production per 

I/A: cruzeiros of expenditures on bio-chemical inputs agricultural worker
 

per hectare of cropland
 
I



Table A-20 

The Expansion Function, 1960 Census Datafor the States of Brazil 

Regions A/L An/L Tj/L I/A Te Mi/L MZ/L 

Brazil 3.107 0.746 0.218 0.674 72.8 Z. 170 4.002 

Amazonas 1.056 0.022 0. 008 0.166 74.4 0.590 0. 958 
Para 1.609 0.298 0.045 0.445 76.5 1,659 0.778 

Maranhao 
Piaaui 

1. 770 
Z.Z69 

0.508 
0.514 

0.002 
0. 009 

0.056 
0.171 

96.6 
95.4 

0.972 
1.991 

0. 314 
1. 063 

Ceara 2. 988 0.358 0.011 0.124 63.5 0.982 1. 2Z2 
Rio Grande 

do Norte 
Paraiba 
Pernambuco 
Alagoas 

3.409 
3.158 
2.036 
2.165 

0.404 
0.329 
0.299 
0.473 

0. 042 
0.036 
0.047 
0.047 

0.159 
0.191 
0.554 
0.545 

65.1 
81.2 
79.7 
89.4 

0.875 
0.854 
0.477 
0.664 

1.485 
1.393 
1.146 
1.251 

Sergipe 
Bahia 

1.259 
2. 306 

0.672 
0.706 

0.021 
0. 016 

0.412 
0.256 

73.4 
60.3 

1.054 
1.780 

1.795 
1.749 

Minas 
Gerais 2.613 1.030 0.112 0.453 76.1 3.083 7.929 

Espirito 
Santo 4.013 0.584 0.081 0.244 41.5 1.227 3.328 

Rio de 
Janeiro 3. 202 0, 764 0.243 0.676 68.3 2. 038 8. 955 

Guanabara 1.553 0.190 0.206 4.250 16.9 0.509 3.536 

Sao Paulo 4.090 0.666 0.734 1.597 64.7 1.998 5.801 



Table A-Z0-- continued 

Regions A/L An/L TJL I/A Te MI/L MZ/L 

Parana 4.507 0.493 0.204 0.575 51.8 0.869 1.568 
Santa 

93.3 1.458 7.957Catarina 3.593 1.057 0. 136 0.415 
Rio Grande 

95.0 4.111 8.107do Sul 4.971 1.597 0.769 1.149 

Mato 
0.395 83.2 19.446 4.487Grosso 3.099 2.045 0.230 

87.6 5.678 6. 315Goiasa 3.242 1.433 0. 149 0.237 

aIncludes the Federal District of Brasilia. 

Source: IBGE, Brasil-Censo Agricola, VII Recenseamento Ceral do Brasil-19 6 0 (Rio de Janeiro; 1970). 

A/L: hectares of cropland per agricultural worker MII/L: cows per agricultural worker 

An!L: number of work animals per agricultural worker M 2 /L: 100 kg of milk production per 

T/L: tractor horsepower per agricultural worker agricultural worker 

I/A: 1, 000 cruzeiros of expenditures on bio-chemical inputs 

per hectare of cropland
 
Te: percent of croplanc in annual crops
 

0
a'U-' 



Table A-21 

The Expansion Function for the Regions of Sao Paulo, Census Data of 1960 

A/L Anl/L T4/L I/A Te Mil/L MZ/L 

Sao Paulo 4.090 0.3865 0.7344 1.597 64.7 0.8061 5.802 

Litoral de 
Sao 
Sebastiao 
.Medio 
Paraiba 

Alto 
Paraiba 
lanti
queira 
Litoral de 
Santos 
Baixada do 
Ribeira 

Sao Jose do 
Rio Pardo 

Braganca 
Sao Paulo 
Paranapia
caba 

Alto 
Ribeira 
Pirassun
unga 

3.452 

1. 823 

1.881 

1. 580 

4. 953 

2.539 

3. 133 
2. 708 
Z.713 

2.491 

1.776 

2.664 

0.0734 

0.4721 

0.5334 

0.3596 

0.0609 

0. 0714 

0.4977 
0.3199 
0.3628 

0.3751 

0.1105 

0.2996 

0.4827 

0.7202 

0.1020 

0. 1082 

0. 1270 

0.1301 

0.4608 
0. 6091 
1.2395 

1.0325 

0.0668 

0.8100 

1.133 

3. 083 

0.614 

3.290 

2. Z69 

0.710 

2.326 
2.221 
5.652 

4.875 

1.200 

1.913 

28.8 

74.7 

91.1 

88.4 

3. 1 

46.2 

57.6 
59.7 
69.1 

94.8 

97.4 

79.5 

0.1241 

3. 0278 

3.1570 

1. 0289 

0. 0482 

0.0629 

1. 3059 
0.6501 
0.5825 

0.1644 

0.0339 

1.0131 

1.002 

34. 485 

29.523 

7. 517 

0. 537 

0.195 

12. 017 
5. 632 
6.687 

1.035 

0.151 

10.176 



Table A-21--continued 

A/L Anl/L TJ L I/A Te Ml/L M2/L 

Rio Claro 5. 311 0.4850 1. 5697 1.853 73.1 0.7546 6.470 
Piracicaba 5. 096 0.6153 1. 0539 1.037 91.1 0.5853 3. 963 
Campo s 
Gerais 4. 376 0.5193 0. 7565 1.233 94.7 0.7881 5. 569 

Itaporanga 5. 085 0. 6447 0. 4003 0.470 85.3 0. 4300 2. 701 
Franca 4.688 0.4607 0.6407 1.303 60.5 1.3590 7.551 
Ribeirao 
Preto 4.532 0.3702 0.8729 1.415 69.8 1.1067 10. 362 

Araraquara 5.091 0. 3386 1.2901 2.199 72.9 0.8301 6.510 
Sao Carlos 
e Jau 4.756 0.4263 0.8589 1.385 58.Z 0.8270 6.419
 
Botucatu 4.305 0.4101 0.7739 1.421 50.6 0.8398 5.183 
Piraju 4. 663 0.3232 0.4512 0.848 27.5 0.3518 1. 955 
Barretos 6.534 0.4129 1.5930 1.257 79.2 1.1618 7.413 
Rio Preto 4. 100 0. 3380 0. 5523 0.898 53.3 1.1762 5.724 
Catanduva 4.643 0.3880 0.5963 1.048 45.9 0.8690 4.142 
Bauru 4. 557 0.4020 0. 7023 1. 081 37.6 0. 6960 3.922 
Aracatuba 4.027 0.3635 0.7223 1.350 54.9 0.7380 2.791 
Marilia 4.185 0.3313 0.5641 1.664 49.2 0.3772 1.733 
Assis 4.668 0.4279 0.7114 0.989 63.3 0.8679 4.352 
Pre sidente 
Prudente 4. 634 0.5678 0. 4734 1. 993 91.7 0.3491 1. 446 
Pereira 
Barreto 3.820 0.2986 0.3981 0.983 65.4 0.5446 2.416 

Andradina 3.944 0.2511 0.3108 1.865 51.1 0.4254 2.560 
Pre sidente 
NVenceslau 5. 876 0.4670 0.7490 _ 1.952 96.8 0.3464 1.816 

Source: IBGE, Sao Paulo, Censo Agricola, VII Rccenseamrento Geral do Brasil, 1960(Rio deJaneiro;1970) 

NOTE: The units of the variables in this table were the same as those in Table A-20. 
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Table A-RZ 

Correlation Matrix for the 
States Expansion Function 

1950 All 

17 log
An/L 

10 
L 

log
I/A 

log
Te 

log
MIlL 

log An/L 

log T/L 

log I/A 

log Te 

log Ml/L 

log MZ/L 

.54 

.4Z 

.09 

.09 

.45 

.67 

-. 01 

-. 03 

.25 

.43 

.31 

.71 

-. 44 

.23 

.61 

-. 51 

-. 28 

.27 

.32 

-. 06 .73 
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Table A-23 

Correlation Matrix for the 1960 All 
States Expansion Function 

AYL 
log 
An/L 

log 
/L 

log 
I/A 

log 
Te 

log An/L 

log T/L 

log I/A 

log Te 

log Mz/L 

.63 

.6z 

.13 

-. 09 

.55 

.47 

.13 

.28 

.55 

.78 

-. 22 

.83 

-.5Z 

.57 -.11 
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Table A-24 

Correlation Matrix for the 1960 Sao Paulo 
Regions Expansion Function 

1 
A 

log 
An/L 

1l 
L 

log
I/A 

log
Te 

log 

log An/L 

log T/L 

log I/ 

log Te 

log Ml/L 

log MZ/L 

.23 

.56 

-. Z9 

-. 2! 

.04 

-. 03 

.53 

.03 

.63 

.77 

.70 

.25 

.26 

.44 

.44 

.02 

.01 

.14 

.42 

.33 .96 



APPENDIX B
 

TRACTOR IMPORTS AND GOVEf31NMENT POLICY
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Tractor Imports and Government Policy 

Brazilian commercial policy with respect to tractor 

imports can be divided into three periods, 1947-1952, 1953-1961, 
1 

and 1961 to the present. At the end of the Second World War 

Brazil had a large foreign exchange reserve and an overvalued 

exchange rate. These exchange reserves were quickly exhausted 

from 1945 to 1947 as imports became available after the war. 

From 1947 to 1953 a licensing system was employed in order to 

maintain the overvalued exchange rate with five categories in 

which agricultural equipment were considered "super essential." 

Imports depended not only upon their ranking but also upon the 

balance of payments position, which in turn was primarily de

termined by export earnings at this. time. 

In the early fiftics Brazilian exports boorn'd due to 

two factors, (a) the increased world demand for Brazilian agri

cultural and raw material exports resulting from the Korean War 

and (b) the increased coffee price after the expiration of the 

Inter-American coffee agreement in 1948 (see Table B-4). Never

theless, imports continued at such high levels that Brazil had 

I am not implying that Brazil had a specific tractor 
policy but that various exchange rate and commercial polcies 
affected the growth of the Brazilian tractor stock. This section 
draws heavily upon J. Bergsman, Brazil, Industriahzatl on and 
Trade Policic (Oxford University PrTe9-: To6n; 1970,h7773, 
"Post-War Commercial Policy, " 27-54. 
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exhausted foreign reserves by the beginning of 1952. It took a 

year to reverse the expansion policy of the import licensing 

agency. Both the general import index and the tractor imports 

subsequentreflect this import boom in 1951 and 1952 and the 

crunch in 1953. 
2 

ZD. L. Huddle, "Balanco de pagamentos e controle de 

cambios no Brasil: eficacia, ben-estar e desenvolvimento 
economico," Revista Brasileira de Econornia, 18 (June, 1964), 
6, 7, 13, Z8 ff. 

Huddle criticizes this licensing system as being ad hoc 

hence .not stimulating development and resulting in the growth of 

firms specializing in obtaining licenses for imports at prefer

ential rates. 



Table B-I 

Tractor Imports. Prices. and Financing. 1950-1971 

Year 

Wheel 
Total Value Tractors 
of Imports Excluding 

dex Micro 
(954= 100) Tractors2 

(N.)(1) (2) 

Tractors 
for 
Agricul-
tural 
Usea 

(No.)
(3) 

Micro 
Tractorsb 

(No.)
(4) 

Track 
Tractors 

(No.)
(5) 

Tractors 
for Non-
SpcL.i,-cd 
'5e 

c 

(No.) 

Total 
Tractors 

(No.)
(col. 2-6)

(7) 

Track 
Tractorsd 
as a 
% of Total 
Tractors 

(63)
(8) 

Tractor 
Price e 

(CrS)
(9) 

Price of 
Tr-tctors 
Relative 
to tne 
Agricul-
t.ra' 
'A a-,(.0) -

Real Value of 
Tractor 
Financing of 
the Baz.,, of 
Brazil in 1971 
Cr. (-r.a".hon
Cr$)(,) 

1950 
1951 
1952 
1953 
1954 
r355 
1956 
1957 
1958 
1-59 
1960 
1561 
1562 
1963 
1964 
1965 
1966 
1967 

63 
95 
92 
70 

100 
S9 
84 
104 
102 
113 
114 
106 

8,375 
10,967 
7,3b3 
2,154 

1Z,25S 
5,345 
4,117 
6.810 
7,135 
4,597 

12,702 
6,382 

1,714 
1,330 
1,341 

374 
639 
342 

39 
21 
46 
46 

2 
425 
732 

1,300 
1, 0S3 

442 
183 
20 

5 

1,135 
2,744 

569 
612 

1,299 
1.095 

377 
1,338 

990 
1, 0,5 

794 
632 
S64 

1,b20 
1, 13 

3,289 
15,CV-Z 
5,.53 
", 
Zl55 
Z,276 
4.G76 

14.435 
8,104 
4,10s 
3,207 
2,415 
1,421 
2,479 
1,3o0 

9.6 
1.2.9 
15.9 
13.2 

7. 6 
9.2 

12.2 
26.4 
24.8 
26.2 
60.8 
73.4 
74.5 

39 
43 
49 
59 

155 
220 
245 
Zt.3 
273 
-26 
635 
7uO 

1, 178 
3,03O 
6,519 
9,555 

11,061 
13,735 

1,625 
1,5-3 
1,-41 
2, .:C5 
3, 13 
3, 667 
3.S39 
3,526 
3,329 
6, 097 
5, C55 
4,4-4 
5, 5±9 
7, 739 
8,039 
6,176 
5,341 
5,412 

31.4 
50.0 
64.5 
56.9 
73.8 
71.0 
71.0 
86.2 
79.0 
70.2 
96.5 
90.2 

186 
205 
248 
192 
256 
206 -

_j 



Table B-i--continued 

Price of Real Value of 
WI-eel Tractors Track Tractors Tractor 

Total Value Tractors 
of Imports Excluding 

for 
Agricul-

T cr:tnrs 
for Non- Total 

Tractorsd 
as a 

Reat.ve 
to t e 

Financing of 
te Bank of 

Incex Micro tural 
" 

Micro Track S~ecified Tractors 7oof Total Tractor Agricul- Brazil in 1971 
(1954 100) Tractora U .a Tractors Tractorq LUlc (No.) Tractors Pricee tara1 Pt Cr. (.ilior. 

Year (1) (No.)(Z) (No.)(3) (No.)(4) (No.)(5) (No.) (col. 2-6)(7)U (Vs)(8) (CrS)k,) '. ae_
} 

Cr)
klI 

1968 990 4 2,317 3,311 70.0 16,724 4,520 249 
1969 423 11 2, 1F0 2,614 83.4 19,785 4, &-Ss 219 
1970 60 38 3,268 3,366 97.1 19,436 3, 527 255 
1971 21,223 3, 001 3495 0E 

aFrom 1955 to 1961 the data are differentiated between wheel, track.and micro tractors. After 1961 the data are listed as agricultural 

tractors, tractors for non-specifird use, and micro tractors. 

bFrom 1960 to 1968 tI-ese data were obtained from the airgranis of the United States State Department. From 1955 to 1959 theze data 
were calculated as a rcs;dal. For 1069 ana 1970 they %%ere obta:i-ed from CACEX of the Bank of Brazil. 

cNon-specifled use excludes agricultural use. 

dNote that after 1961 this column becomes non-agricultural tractors as a percent of total tractors. 

eThis it the purchase price of the Fordson 42 horsepover tractor, ;hich -. as calculated from data presented in Desenvolvi.en:o for 

1953-1961. For 1950-1952 tre Fordson price %%as extrapolated using the agricultural rnachnnery price inaex of the above source. 7or irZ
1971 this is the purchase price of the Massey-Fergus-on 5OX, whicn has a 44. 5 hcrsepower motor. The price is in new cruzeiros which are 
equal to 1, 000 old cruzeiros. 



Table B-I--contnued 

EEstirate. 

Sources: Data on tractor imports were obtained from various sources including CACEX, which is the fore gn trade division of the BanK of 

-rail, the Ministerlo de Fazenda, a-rgrams on agricultural rrechan-zation of the U.S. Department of State, and Secretara da 

Agricultura, ISim..)oto scbre Fabricacao co Trator e 12cn -.otos Azr.colas no Bras-l (Sao Paulo; No~emnber, 1955), 1ZS. 

Hel in obtain:ng this data is gratefully acknowledged to Dr. .h:lip Warnken and Mr. Lee Bettis; cata on tractor pr-ces %ere cal

culated from ti e Secrctaria da Agricultura, Dcser.%olvi-.ento da A:r:c,',t~ira Pauhsta (G-stituto de Econo-.a Agriccla: Sao PaLlo, 1972), 66, 

9Z, 295. Tlhe import :ndex is fron N. H. Lef:, "Lmport Consti.i;ts .na Lc.velo.nment: Ciuses of tre -Recent Decline of Brazilian Econc.mc 
49 (Novemrber 19 7), 41-53Z. For detail on-the construction of t.e agricul'ural wage rate arndGrov.th," Revile. of Eco-onrics and Sat,stics, 

the real value oi tractor crec.its see Appencix A. 

http:Econc.mc
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In 1953 Brazil implemented a multiple exchange auction 

system. This system did not include all exchange transactions 

(around fifty percent in 1954) but it was designed to eliminate 

some of the worst abuses of the gains from rationing foreign ex

change at an over-valued rate.3 From 1953 to 1961 tractors and 

other agricultural capital goods were again given favorable ex

change rate and tariff treatment. Data for this period are 

available to estimate the size of this subsidy on agricultural 

machinery, There are two ways of illustrating this preferential 

treatment. First, the purchasing power of cruzeiros for agri

cultural capital goods can be compared with that for other im

ports. If it takes thirty cruzeiros to buy one dollar for import

ing capital goods and sixty cruzeiros to buy one dollar for other 

imports, than the ratio of the two indicates the favorable treat

ment of agricultural capital goods. Over the period 1954 to 1961 

on the average it was possible to purchase 1. 3 and 2.Z times as 

many dollars for importing agricultural capital goods as for the 

general category of imports with and without protection. (See 

Table B-2) Note that from 1961 to 1962 there was a shift in ex

change rate treatment so that agricultural capital goods were 

3 See A. Kafka, "The Brazilian Exchange Auction Sys
tem, " Review of Economics and St tistics (August 1956), 310 ff. 

The system was revise i in 1957, reducing the numrber 
of exchange rates from five to two and imposing "ad valorem" 

it willtariffs. This change doesn't affect the above analysis so 
be ignored. For further detail see J. Bergsman, op cit., 32 ff. 
There was a sub ,tantial gaiat in Federal revenue frn- t-is sys
tem. Kafka estimates that in 1954 one-third of Federal revenue 
was derived from these auctions. See Kafka, 314. 
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treated less favorably than the general category of imports ex

cluding tariffs. Tariffs were also imposed on all tractor models 

similar to thoce produced domestically so t,,tafter 1961 the 

agricultural capital goods category only includes heavy tractors 

and other capital goods not produced domestically. 

Another way of evaluating exchange rates is to esti

mate their effect upon the tractor price, The difference between 

an equilibrium free exchange rate 4 and the exchange rate for 

agricultural capital goods is then an estimate of the value of the 

transfer from other importeis to the importers of the given sub

sidized import per dollar. Then the impact of thib subsidy can 

be estimated for its effect upon the tractor price (see footnote a to 

TableB-Z for details on this calculation). 

From 1954 to 1961 there were substantial annual varia

tions in the effect of the exchange rate subsidy on tractor price with 

an average for the period of a seventeen to eighteen percei t reduction. 

4 J. Bergsman, op. cit., 43-45. The quasi-free ex
change rate continues the tax oncoffee but drops all other subsi
dies and taxes. 

5 This agrees closely with Bergsman's estimates for 
the exchange rate subsidy on the general category of capital 
goods of eleven percent from 1954 to 1956 and nineteen percent 
from 1958 to 1964. J. Bergsmnan, op. cit., 53. 

Also see N. H. Leff, " Epor--"tagnation and Autarkic 
Development in Brazil, 1947-1962," Quarterly Journal of Eco
nomics, 81 (May 1967), 286-302 and N. H. Leff, "Import Con
stFaints and Duvelopment: Causes of the Recent Decline of 
Brazilian Economc Growth, " Review of Economics and qtatis
tics, 49 (November 1967), 4943-502. 



Table B-Z 

Average Exchange Rates for All Imports, Agricultural Capital Goods, the Estimated Ouasi Free Rate, 
and the Effect of Favorable Exchange 1 ate Treatment Upon Tractor Prices 

Valuc of Percent Non'inal Real Value of
Purchasing Purchasing Excnange Value of Purchase Value of t.e Transfer-Effective Po,%er AovanPower Ac.van- a'ate Exchange Price Re- Transfer toDeflaled with

Excnange taze of tage of Subsidy Rate dctior of TracLor an Lndex ofRatc for L-'porting L'n-ortng on Agric. Suosidy on Tractors P-urc*.asersCr- e No:nir.nalImport Irnpoiting A,. Capital Ag. Capital Lst:mated Cap.:al A-ricul. due to (Ccl. %.no. E.c.-angeNominal Rate Agr:cul. Goca - Over Gooas Over Q .asi - Cocds Per Cdn.'al t.,e Subsidy of .1,reel :Iate forImport Including CZ'). tal U'rotectedPro:-cted Free Dcllaj" Ccods Per on t-e Tractor I-. -)r'sdRate Protection Cio-is L-nports L-r-)or-s E=:cha.nge (Col. 7-4) Tr- ctora E>c:-,Lnge Lr :.xor:s) (1941: 100)Year (Cr/$) (Cr/5) tCr/$) (Col. 2/4) (Col. 3/4) Ratc (Cr.) (Cr.) R'ate (1, 00 Cr. ) (1, 000 Cr. )(1) (2) (3) (4) (5) (6) (7) () (9) (10) (11) (12) 

1953 19.0
1054 41.80 62.30 31.2 1.34 2.0 33 7 27,800 -17.9%5 341,000 2,190,OCO1955 63.80 91.90 46.4 1.38 1.98 :7 11 41,700 -18.9 223, 0.0 937,000!956 73.c^0 173.00 63.0 1.17 Z.75 71 8 24,900 -10.2 103, 000 375, 00 
1c57 6.or) 173.00 5u.8 1.15 3.05 81 24i958 149.00 173.00 Go. 0 1.55 1.80 05 -1 

90,400 -33.7 0o, 000 2,510,003 
1959 202.00 291.00 152.3 1.33 -2.270 0.83 -16,200 -Z' 1002'1 -4.21.91 160 Z6,400 121,000 160,0001960 Z23.00 321.00 177.5 1.Z6 1.6i 210 32 94.500 -14.4 1. z00, 000 1,440,0001961 263.00 611.00 z34.8 1.14 2.60 3:0 115 298.000 -39.2 1, 900,000 1, 900, 000196Z 390.00 1040.00 419.S 0 93 2.48 550 130
1963 575.00 1670.00 6i0.2 0.-7 2.33 S30} 170 
1964 1284.00 3000.00 1125.2 1.14 Z.67 1700 575 
1965 1899.00 3930.00 2103.6 0.90 1.86 2500 :91 

,.3 



Table B-Z--continued 

a The retail tractor price was converted to t-e -,holesale price by assuming a t%enty percent retail margin. This wholesale price 
in new cruzeiros -,%as converted to old cruzeiros by rnultipl.ing by 1, '00. Thcen the cruzeiro price was converted to dollars at the preferential
exchange rate for importing capital goods (cokr.n 4 of Table D-2). T-,s gives a dollar valke of tractors at the prcftrential rate. The value or price of tne subsidy per dollar is equal to 'ne difference betv een the preferentiai cxcharge rate and the free exchange rate. In this case the
quasi-free exchange rate %as employed. In ti .s quasi-frce rate Ber sr-,an estimates the exchange rate with the continuation of the coffee ex
port tax. ColunIn 8 of Table B-Z gives the value of t1 e sub-idi per dollr. Then r.ultipling: 

Subsidy in Crureiros Veholesale Cost in Dollars Subsidy, which is given in Column 9.
 
" Doil r Iractor -- or
 

bThe su.bsidy divided by the retail price of the tractor ib equal to the 2ercentagc price reduction due to the subsidy. 
CTe value of t1 e subsidy in cruzciros per tractor (colun-_ 9) is -rultiplhedby the number of wheel tractor irnports in order to ob

tain the total cruzeiro valui o; tle exchange rate subsioy on %&heeltroctur ir.orts. 

dThe total noninal value of the subsidy is deflated with th'e ird(x constructea fror-i t*he norninal exchange rate for imports. This 
nominal rate is columnn 2 of Tablc. B-2. 

Sources: The general import rates w:th and without protection ana tre estimated quasi-free excha-ge rate were taken fro-n J. Bergsma.,
Brazil: Indus'ri-lizat~on and Trade Policies (O>dord Unvc.rsity Press: London; 1971), 38, 45. The effective exchange rates for
agric.iurai capi:i goods were estimated by G. W. S-nith, "Braz.lian Agr:cultural Po~icy, 1950-967, " in H. S. Ellis (ed. ), The
Econorn of Brazil (University of California Press: Berke!ey; 1969), 229. 

0 
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In spite of the subsidy on tractor prices tractor imports were 

generally low from 1953 until 1960. From 1953 to 1960 tractor 

imports fluctuate with the import index. A declining coffee price 

after 1954 while other exports were stagnating led to a re
6 

duction in all imports. (See Tables B-3 and B-4) Even with 

large private and public capital inflows in the late fifties7 , total 

import capacity continued its decline until a recovery in 1960 

(see Table B-3). Tractor imports continued to be very low from 

1955 to ]960. Another reason for low tractor imports were other 

governmental priorities. In the late fifties most governmental 

attention was devoted to Brasilia and import substituting indus

trialization. 

One method of maintaing an overvalued import ex

change rate without draining foreign reserves was to channel im

ports to countries with which a trade surplus existed. This bi

lateral type of commercial policy in which exports are in effect 

bartered for the desired imports was very important prior to the 

undacao Getulio Vargas, "Balanco de pagamentos
1947 a 1971," Conjuntura Economica, 26 (Rio de Janeiro: 
November 197ZT,83. 

7 See Bergsman, op. cit.,, 73, 76 for data on these 
capital flows. Also soe-. %T. Mdanoff, "Foreign Private In
vestment arid :ndustrialization in Brazil, " in E. N. Baklanoff 
(ed.) New Perspectives of,B'azil (Vanderbilt University Press: 
Nashville; 1966), 101-136. Also Fundacao Cetulio Vargas, 
"Balanco de pagamentos," op. cit., 87. 
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multiple exchange rate system in 1953 and continued into the 

19601s. 8 

One effect of this barter approach to trade was the 

multiplicity of brands. According to one industrial source the 

Brazilian tractor stock in 1959 was composed of up to 150 dif

ferent models. 9The resulting parts and maintenance problems 

were formidable resulting in a rapid depreciation rate. This 

problem of maintenance and parts stimulated farmer support for 

a domestic industry. Without this multiplicity of brands farmers 

would not be expected to support an import substitution policy, 

which in the short run at least would result in a higher priced 

agricultural machine. (See Table B-l) 

8 Notc that in 1954 the auction exchange rate system 
only covered fifty percent of exchange rate dealings. Kafka 
emphasizes that bi-lateral trading arrangements at special
rates and conditions continued to be important during the auction 
exchange rate period. See Kafka, op. cit, 318-319. Tn the early
sixties a licensing requirement andc-a- 7 deposit for agricul
tural machinery imports were required ror eighty percent of the 
value of the import but these conditions were waived for countries 
with which Brazil had a trade surplus. Unclassified Airgram
A-12150 U.S. Department of State, "Agricultural Machinery:
Production and Trade," (American Embassy: Rio de Janeiro; 
March 1963), 4. 

9 "Mecanizacao ogricola ganha desenvolvimento no 
Brasil," ODirigente Rural, (Janeiro/Fevereiro 1970), 9. 
Parts shortages were cironic and could require delays of up to 
four months for imports. Only the animal implement business 
vas booming in the field of agricultural implements. Another 
sourre cites 200 different brands. See Hugo de Almeida Leme,
"A fabricacao de tratores e rnaquinas agricolas no Brasil," 
Noticias Aui rmobilisticas, No. 305 (April 1960), 17-19. 
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The spurt of tractor imports in 1960 and 1961 appears 

to reflect a speculative hedge against the probability of a higher 

priced, protccted, domestically produced tractor. 10 Protection 

for the domestic industry was officially begun on July 1, 1960, 

with the removal of all favorable tariff and exchange rate treat

ment on tractor imports, which were produced domestically. 

This was made possible by the Prazihan "Iaw of Similars" which 

as applied in the fifties and sixties provided for special licensing 

requirements and high tariffs for iinpoitation of products which were 

produced domestically. In the sixtis th, import policy was reversed 

from preferential ticatnient of imports to tariffs and tight re

strictions limiting imnports. After 1961 tractor imports fell 

drastically and the relative importance of tractors for non-agri

cultural uses, increased subbtantially. (See Table B-i) In 1962 

tractors for non-agricultural use were 26.4 percent of total im

ports while by 1970 non-agricultural tractors were ninety-seven 

percent of total inports. It was still possible to import larger 

horsepver, agricultural tractors than those produced in Brazil 

but by 1970 agricultural tractor imports had fallen to sixty as 

compared with 1, 714 in 1962. 

Besides exchange rate subsidies and the low prices 

associated with barter transactions there were also subsidized 

1 0 Besilcs the higher costs of a new industry with the 

1-equirement of the purchase of ninety-five percent of domestic 
parts by weight, another component of the higher tractor prices 
in real terms was the ternination of the favorable exchange rate 
treatment with the commencenent of the domestic industry. See 
Fundacao Getulio Vargas, "Balanco de unma decada, " Conjuntura 
Econornca, 24 (Rio df, Janeiro; 1970), 12. 
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loans from international agencies for tractor purchases in the 

fifties, In 1952 the Export-Import Bank of the United States pro

vided $18 million for financing tractor imports through the 

National Development Bank. From the import data it is clear 

that tractor imports jumped up in 1954. An estimated 10, 250 

were imported with this financing.l1
tractors 

From 1953-1959 there were erratic fluctuations but 

generally low levels of tractor imports resulting primarily from the 

The tractor price was still
decreased capacity to import after 1954. 

rate treatment but imsubsidized through favorable exchange 

portation was generally low until the speculative buying of 1960 

and 1961. After 1961 the effect of government exchange rate and 

tariff policy to protect the domestic tracior industry is clearly 

seen. 

1 1Secretaria da Agricultura de Sao Paulo, "Infor

macoes sobre mecanizacao da lavoura no Brasil, cspecialmente 

tratores, " mimeo (Sao Paulo; 1955). 

http:financing.l1
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Table B-3 

Indices of Brazil's Capacity to Import, 1950-1961 (1948=100) 

Quantum of Export Coffee 	 Capacity 
to ImportaYear 	 Exports Prices Prices 

1950 78 	 152 208 152 

1951 82 186 231 159
 

1952 64 178 236 108
 

1953 75 169 250 130 

1954 75 197 310 177 

1955 82 155 220 149 

1956 83 150 218 141 

1957 77 147 211 127
 

1958 74 134 190 119
 

1959 86 	 109 150 119 

1960 90 107 151 131
 

1961 102 108 149 148
 

aEqual to the foreign exchange received from exports -imports 

plus the algebraic sum of the net balance of service account and 
net capital inflow. Baklanoff attempts to combine the current or 
trade account and the capital account in order to measuie the 
capacity of Brazil to purchase imports. Leff has argued that 

economic growth was dependent upon imports of certain capital 
goods and other imports such as raw materials not available in 
Brazil. This index then attempts to show the relative capacity 
to import ii- various periods. See N. H. Leff, "Import Con
straints and Development: Causes of the Recent Decline of 
Brazilian Econorni, Growth," op. cit. and Fundacao Getulio 
Vargas, "Balanco de pagameno-s-T-JT7 a 1971," op. cit.," 3 - v 7. 

Source: 	 SUMOC, "Re]atorio do exercicio de 1961," 25, cited 
in E. N. Baklavoff, "Foreign Private Investment and 
IndutriahL 0lon in Brazil, " in E. H. Baklanoff (ed.), 
New Per,,p. c-3vs of Brazil (Nashville: Vanderbilt 
University ib 1-J)"jpp. 105, 106. 
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Table B-4 

The Volume and Value of Brazilian Coffee Exports, 1947-1972 

Value in Average Price 
Sacks sold U.,. dollars in U.S. dollars 

Crop Year (thousand) ( -on) per sack 

1947-48 16,125 451 27.97 
1948-49 17,745 504 28.39 
1949-50 16,935 701 41.42 
1950-51 16,593 1,052 63.38 
1951-52 16,333 1,057 64.69 

1952-53 14,968 1,007 67.27 
1953-54 14,325 1,113 77.71 
1954-55 10,796 8Z6 76.56 
1955-56 16,970 99S 58.65 
1956-57 14,907 923 61.94 

1957-58 13, 55Z 786 57.99 
1958-59 14,840 684 46.09 
1959-60 17, 938 753 41.97 
1960-61 16, 114 685 42.49 
1961-62 17,412 706 40.55 

196Z-63 16,873 644 38.16 
1963-64 18,869 807 42.78 
1964-65 12,419 664 53.43 
1965-66 16, 52 815 49.33 
1966-67 16,421 717 43.67 

1967-68 18,964 788 41.53 
1968-69 19,090 792 41.50 
1969-70 19, 135 948 49.54 
1970-71 16,037 821 51.22 
1971-72 20,042 963 48.03 

Source: 	 Fundacao Getulio Vargas, "Z5 anos da pwitica do cafe 
-- alguns aspectos, " Conjuntura Economica, 26 
(Novembro 197Z), 337A sack is 60 kg, 
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The Shift to Heavier Horsepower Tractors in the
 
Brazilian Tractor Industry
 

The importance of governmental subsidies in influ

encing tractor sales, primarily through credit, has been con

sidered in Chapter 2. A related problem is the appropriateness 

of the type of mechanical technology to the Brazilian economy. 

This section considers model &hifts and characteristics of the 

Brazilian tractor industry and attempts to explain why the 

Brazilian tractor industry with a slight lag appears to be imi

tating industrial developments in the United States. 

Tables C-1 and C-Z sunnarize the development of the 

Brazilian tractor industry in its first eleven years. Both tables 

reflect a gradual shift to heavier horsepowcr tractors. Light 

tractor production ceased in 1970 and inedium tractors, 40-60 

horsepower. fell from a high of eighty percent of total produc

tion in 1964 to thirty-t,'o percent in 1971. Table C-2 indicates 

that with a lag Brazilian average tractor horsepower shows the 

same upward trend as in the United Stases. 

There are seveial possible explanations for this shift 

from light tractors. Heavier horsepower tractors do have lower 

variable costs in the power demanding, soil preparation activi

ties. However, earlier tractor models of lower horsepower 

were able to prepare the soil and were sold in England and the 

United States in the forties. In 1947 the average horsepower of 
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Table C-1
 

Brazilian Domestic Tractor Production, 1960-1971
 

Wheel Tractors 

Light Medium Ieavy Micro Motor- Track 
Tractors: Tractors: Tractors: Tractors ized Tractors 
Up to 40 40 to 60 60 HP Culti-
Horse- Horse- and vators
 

Year power powcr above
 

1960 --- 37 ..-.-- ----
1961 25 1,654 ..--- 751 --
1962 I,984 5, 459 143 --- I,240 
1963 3, 990 5,449 469 --- 1,110 
1964 11,3Z9 9, 178 1,030 --- I,765 --

1965 241 6,363 1,517 280 Z,403 
1966 96 7, 171 1,802 Z91 3,336 13 
1967 56 4,478 1, 667 72 2,500 73 
1968 39 4,903 4,626 148 2,463 106 
1969 Z2 3, 879 5,599 335 I,946 91 

1970 --- 4, 919 9,131 409 2,065 186 
1971 --- 7,079 14,801 376 2,180 750 

Source:
 
Calculated from ANFAVEA,'A racionalizacao da industria de 
tratores e fundamental para a tecnificao da nossa agricultura 
passo decisivo na retomada do desenvolvimento economnico do 
Pais, " Separata de Industria Automotiva, No. 106 (April 1968) 
and other industry data. See Table G-7. 
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Table C-2 

Average Horsepower Per Four Wheel Tractor 
(excluding Micro Tractors) in Brazil, the U.S., 

and Great Britain 

Brazila Unted States b Great BritainbYear 

1960 54.1 50.5 40.4 
1961 52.9 53.8 42.1 
1962 48.0 56.0 43.5 
1963 46.5 58.0 44.8 
1964 50.2 59.3 45.1 
1965 53.5 63.1 49.5 
1966 53.2 65.9 
1967 55.5 68.2 
1968 60.4 69.5 
1969 62.3 72.8 
1970 62.3 72.4 
1971 63.1 76.9 

O-.In Brazil these average horsepower data are from 
production. Sinc,. there is little inventory holding in the indus
try, there would be little difference between the horsepower of 
sales and production (See Table E-4). 

b.Wheel tractor sales 

Fource: 	 For Brazil calculated from ANFAVEA, "A racionaliza
cao da industria de tratores e fundamental para a 
tecnificao da nossa agricultura--passo decisivo na 
retomada do desenvolvimento economico do Pais, 
Separata de Industria Automotiva, No. 106 (April 
1968), and other industry data. 

See Table 	C-6 for the Brazilian data used to calculate 
average horsepower. U.S. data were provided by
Paul E. Strickler, Agricultural Economist, Produc
tion Resources Branch, Farm Production Economics 
Division, Economic Research Service, U.S. Depart
ment of Agriculture, July 1971; Data on farm tractors 
for the United ingdomn were taken from A. J. 
Rayner, An Econometric Analvsis of the Demand for 
Farm TrIF ors,-1Et;-ietin No. 13 (University of 
Manchester: Manchester; Octoberj 1966), 97. 



purchased tractors 191was twenty-six in the United States and twenty

four in the United Kingdom. 1 A second explanation is that pro

duction costs per horsepower fall with larger models and this 

price advantage is at least partially passed on to the consumer. 

The purchase price data show a falliag price per horsepower, holding 

special features constant (see Table C-10). 

A third explanation is that for the international company 

producing tractors there is very little difference in models 

produced in developed and developing countries. If there is a 

demand for larger tractors in their prinii ry and largest markets 

in the developed countries due to the large farm size and rapidly
 

declining agricultural labor force there, 
 then these models will
 

also be produced in the secondary markets in the developing
 

countries in spite of the existence of a different farming struc

ture and relative factor prices. From the perspective of the
 

international tractor firm substantial adaptation 
of the basic
 

models produced in NortG, America and Europe would require a
 

much larger fixed investment in design staff and experimental 

facilities in Brazil than the small secondary market could justify. 

A branch of the company in Brazil attempting to short-cut dL"se 

necessary adaptation expenditures may encounter mechanical 

problems in the field with a discrediting of its reputation among 

farmers. This above hypothesis about the market experience of 

companies attempting to adzjpt their basic models may be rele

1A. J. Rayner and K. Cowling, "Demand for Tractors in 
the United States and the United Kingdom, ,1 American Journal of 
Agricultiuial Econfomi( q, 50 (November 1968), 907, 908. 
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Brazilian industry. 2
vant for at least one firm in the 

In the primary markets, especially in the United States, 

the shift to heavier horsepower tractors has been very rapid in 

the sixties as indicated below. However, the total tractor mar

ket in the primary markets is so much larger than the Brazilian 

market that the multi-national firms could still supply the se

condary markets with their smaller horsepower models. Table 

Table C-3 

Percentage of Wheel Tractor Retail Sales
 
Over 100 Horsepowc r in the U.S.
 

Year 	 Percent 

1964 2
 
1965 2
 
1966 	 6 
1967 	 8 
1968 	 9 
1969 17
 
1970 18
 
1971 25
 

Source: 	 Reports of the Farm and Industrial Equipment Insti
tute provided by the USDA. 

2 According to Brazilian industrial sources the body 
wasn't sufficiently "solid" for the localliproduced motor and 
numerous cases of the tractor breaking apart in the field were 
reported. The rear axle component of thi- tractor was produced 
in the U.S. for a smaller horsepower motor than the motor used 
in Brazil. The initial models were four speeds. In response to 
consumer preferences there was a shift to cight speeds. The 
axle couldn't withstand this additional force and the tractor be
came known in Brazil as "bombas rolantes " (rolling bombs). 
Another firm whose head office actively resisted model adapta
tions was practically out of the indusrry by 1971. 

See "Tra tores de rodas, A explosao do crescimento," 
Transpjorte Mod rio (April, 1972), 16 for details on Brazilian 
tractt 7"model fetures and a brief history of the industry. 
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C-5 indicates that three of the firms in the United States which 

are presently or have been in the Brazilian tractor industry 

produce an entire line of tractors with a wide horsepower dis

tribution including many small tractors. Nevertheless, in 

Brazil these sa.m e companies have been shifting to production of 

larger models over time rather than introducing their smaller 

models. 3 

Domestic manufacturers of tractors receive market 

signals not on]y from the selection of farmers among their 

brands but also from imports. Tractor imports are allowed for 

those large hosepuwer tractors and other agricultural machine ry, 

which are not produced domestically. In effect importers do 

marketing research for the domestic manufacturers. As demand 

grows for larger tractors or combine (see Table C-11), domestic 

firms begin production and receive protection from the tariff and 

quota treatment provided by the "Law of bimilars. " 

Besides having higher per horsepowerpurchase price 

smaller tractors require more time for the heavier, power de

manding operations and thus are less economical than larger 

tractors for these particular operations. For these heavier 

operations, primarily land preparation, the higher variable 

costs of operation per time unit of larger tractors are compen

sated for by the greater speed of operation. For many field 

operations such as fertilizer application, spraying, and planting, 

3In 1972 Massey-Fergu son introduced the M-F 85, a 
75 horsepower tractor, and Valniet introduced a 115 HP tractor. 
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there is no power advantage from the larger tractors. For 

these operations the higher variable costs and less maneuver

ability of larger tractors make them inferior to light or medium 
4 

tractors. Farmers then prefer to have several tractors for 

different operations, when their farm size and access to credit 

enables them to own several tractors. 

The primary industrial reason for the shift to heavier 

horsepower models, accordirg to one American industrial source, 

is that the price per horsepower on the market doesn't fall 

4 G. W. Giles, Towards a More Powerful Agriculture: 
A Report to the Government of West Pakistan on its Agricultural 
Power and Equipment Need s"(Planning Cell, Agriculture Depart
ment, West Pakistan: Lahore; 1967); P. E. Strickler and 
B. J. Harrington, Liquid Petroleun Fuel Used by Farmers in 
1959--and Related Data, Stat is ticaIBu Iletin No. 344 (ERS, 
U1SDA: Washington; May 1964), 9; D. ttunt, "Selecting an 
Economic Power Level for the Big Tractor, " papcr presented at 
the American Society of Agricultural Engineers, Pullman, 
Washington, June 1971, 12 pages. 
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nearly as rapidly as the cost of production per horsepower. 5 

Hence, profits are highest to the tractor firms on the larger 

models, which are pushed with advertising to encourage purchase 

by farmers for prestige as well as economic motives. Smaller 

models are produced so that dealers have a range of tractor 

sizes but both manufacturers and dealers make higher profits 

on their larger models. This is an interesting phenomenon of 

the input dealers through oligopoly pricing and advertising en

couraging farmers to buy larger tra(toIs thercby encouraging 

5The above is a direct quote from an American in
dustrial source. According to this sarme ,ource Brazilian 
tractors are approximately two generation-, behind American 
models. Two generations of tractor models take place in approx
imately twelve years in the United States. In the United States 
where the tractor purchaser and tractor operator are often the 
same individual or related the larger basic model often includes 
a. cabin, which can be heated in the fall or cooled in the summer. 
In Brazilwhere the tractor operator is generally a hired worker, 
tractors are only provided with cushions. Another necessary 
modification for Bra,,ilian tractors and other machines is more 
filtering equipment than in the United States due to a dust prob
lem. More sophisti(ated cooling equipnent is also necessary 
for the tropics. C. B. T. and Massey-Ferguson have th, three 
point hitch and de l ! h control. Vahnet has synchromatic and 
differential lock. Other features associated with the latest trac
tor models in the United States are: 

a) 	 power shift. The Valint tractors have synchro
mesh transmissions but the power shift is a more 
sophisticated extra. 

b) 	 There is a greater speed range in the United 
States u-.ually fromn 8 to 12 spceds. Brazilian 
tractor- generally have 6 speeds or a maximum 
of 8. 

c) 	 Power steering is common in the United States 
models. This feature is also found in the larger 
models of both Massey-Ferguson and Valmet. 

Brazilian industrial sources presently consider most of these 
features found in the United States' latest models too exp.'isive to 
be demanded in Brazil but expect with the continued migration 
northward of the "gaucho" owneir operator, wheat-soybean opera
tions, an increasing demn k-j for those c~tras especially those as
sociated with greatt j opei-ttor comfort and facility in manipulat
ing the inachin . The "guL1cho" movement has been primarily into 
Parana but also has taken place iLo Goias and Mato Grosso. 
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6 
land use.shifts in 

6 The recent lite-ature on the process of technological 
change in agriculture has provided two contrasting positions. 
Hayami and Ruttan argue that farmers through a "dialectical" 
interaction with public and private agencies cncourage the pro
duction of technological change appropriate to the particular 
bottlenecks, which farmers face in increasing output. Bieri, de 
Janvry and Schmitz argue th-L the oligopoly position of input 
suppliers enables them to produce and market inputs embodying 
new technology, which may not be completely appropriate to the 
present structure of agriculture. Hence, tlese input dealers 
could influence structural changes in agriculture. 

One American industrial source interviewed in Brazil 
believed that the latter was the case. The latter position re
quires that the input suppliers can influence purchase decisions 
through advertising, access to public policy decision makers, 
and other methods. See Y. Tlayami and V. W. Ruttan, op. cit., 
118-136 and J. Bieri, Alaivi de Janvry, and A. Schmitz, _"7gFi-
cultural Technology and the Distribution of Welfare Gains," 
American Journal of Agric'iltural Economics, 54 (December, 
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Table C-4 

Tractor Salesa by Horsepower of the Models in the U.S. in 1971 

Horsepower United States Exports Total Sales 

Under 35 8,593 182 8,775 
35-40 19,648 235 19,883 
40-50 5,850 97 5,947
50-60 15,944 176 16,120 
60-70 14,804 378 15,182 
70-80 6,742 341 7,083 
80-90 4,180 223 4,403 
90-100 22,969 2,300 25, 269 
100-110 7,930 657 8,587 
110-120 11,644 72 11,716 
120-130 2,467 155 2,622 
130-140 8,203 195 8, 398 
140 plus 2,549 209 2,758 

TOTAL 131,523 5,220 136,743 

aExcludes four wheel drive tractors of which 2, 547 were 
purchased domestically and 215 exported. 

Source: Farn, and Indu trial Equipment Institute 
410 North Michlgan Avenue 
Chicago, Illinois 60611 
U.S.A. 
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Table C-5 

Models Included in the Betail Sales Reporting Program
in the U.S. (at the beginning of 1972) by Three of 

the Multi-National Tractor Firms Which Are 
or Ilave Been in the Brazilian Tractor 

Industry 

Number of Models and Ilorsepower 

PTO Horse- Massey
power Ferguson Deutz Ford
 

20-35 1 (27.0) 11 (23, 31) ii(30.8, 32.1) 

35-40 111(35.4, 37.8, 1 (3'1) IV (37.8, 39.2 
37.9) 39, 39) 

40-50 

50-60 II (51.9, 52.4) I (55) VI (3 models 
with 52.2)
(3 models 
with 52.7) 

60-70 IV (61. 9, 63. 3, I (66) V (2 models of 
62.8, 63.7 67.2) 

(2 models of 
67.3) 
(1 model of 
67.0) 

70-80 

80-90 I (81.2) 1 (85.5) II (2 models of 
83)
 

90-100 1 (93.9) 1 (96) 1 (97) 

110-120 1 (105) 1 (105.7) 
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Table C-5..-continued 

Number of Models and Horsepower 

PTO Horse-
power 

Massey-
Ferguson Deutz Ford 

120-130 I (120.5) 1 (125) 

130-140 I (135) I (131.2) 

above 140 II (165, 195) 

Source: Farm and Industrial Equipment 
410 North Michigan Avenue 
Chicago, Illinois 60611 
U.S. A. 

Institute 
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Table C-7 

The Brazilian Tractor Industry in 1971 

Produc- Market Origin FirstHP Total No.Number of Year oftion Share of Forof the of Patents Produc- wardin in1971 Motor Cylin- Tractor1971 Models HP/SAE ders and tion VelocitiesWe ight De sign 
4-wheel tractors 22,122 

50X 44.5 3 1,623 
 1964
Massey-Ferguson 55X 44.5 4 2,048 6
11, 003 49.7%76 65X 60 1971 62,26 Can.-US 

65R 56.5 4 i,9040
Valmet 95 90
6,250 28.3 6 3,629 
1965 

60id 52 1969 6
3 1,800 Finland 1967 6
 
Companhia Brasilei
ra de Trator 0id 70 4 ,200 1968 64,764 21.5 1000 
 61 4 3,320 Brazil 1970

Demisa- Deutz -Minas 1090 90
105 0.5 6 5,30665 58 1967
3 2,600 West 1967

90 85 4 2,800 Germany1967 5
5 

Micro TractorsAgrale 366
366 100% 415EHE 15 796 1968 

T-416 18 
Motorized Cultivators 2, 190Kubota-Tekko 1,729 78.9 KF-KNDR 

-9 7-9 1 340 Japan 
 8MS-KR90 7-9
 
0tvu




Table C-7--continued 

Origin First Total No.Produc- Market 	 HP Number of Year of of For
tion Share 	 of the of Patents Produc- ward
in in Motor Cylin- Tractor and tion Velocities 
1971 1971 Models HP/SAE ders Weight Design 

MS-KR 
907 7-9

Iseli-Mitsui 451 20.6 	 K-14-BH 4-5 1 301 Japan 4
 
K-14
BH-85 5.5-6.5 1 365 
 4Agrisa-Bungartz 10 0.5 IVT-85F 8

(Agrale) 13 

Track Tractors 	 770 
Caterpillar b D4D 65 6,438 U.S. 1970
Fiat b AD7B 76 6,450 Italy 1970
Massey-Ferguson b 3366 7, 	840 Can.-US 1970 

aPatent rights were obtained from Oliver' U.S.), acLrding to Braziiian industrial sources. 

bThe track tractor produc s only released the industry total production. 

Source: Various publictiuns o{ L'NFAVIA. 

LJQ 



Table C-8 

The Brazilian 4-Wheel Tractor Industry in 1971: Sales and Description 

Market Share Horsepower Tractor First YearSales of the Industry IKP/SAE Weight (kg) of Production
(No.) (%) 

Factories and Models
 
Massey Ferguson 10,748 
 49.5

50-X 3,4Z7 15.8 44.5 1,538 196455-X 276 1.3 44.5 Z, 043 19715,62365X 25.9 60 2,226 196565 R-Agr. 67 0.3 56.5 1,940 196995 without hydraulic 389 1.8 90 3, 629 197095 with hydi'aulic 966 4.4 90 1970
Vaimet 6,041 27.860 id 3,195 14.7 52 1,800 196780 id 2,846 13.1 70 2, 2 0 1968

CBTa 4,834 22. 2
1000 2,241 10.3 61. 3,320 19701090 A 2,593 11.9 91 5,506 1970Demisa, Deutz-Minas 109 0.565 

90 
10 0.05 58 2,600 1967
99 0.45 85 2,800 1964


TCrAL 219732 100.0
 

aAccording to Brazilian industrial sources tle 1090 model basically is the Oliver design. The 1000model is not based upon any specific patent but comine. features of several models to produce a mediumtractor. This is a recent innovation for CBT as in earlier years of the industry this firm only producedheavy tractors. Mvany of the CBT tractors are used for industrial or construction purposes. 

Source: Industrial data provided by ANFAVEA and I'Iassev-Fercrunn 
N0 



Table C-9 

Brazilian Tractor Price Per Horsepower, 1961-1971 

Tractor Tractor 
Price Per Tractor Price Per Weighted

Horse- Horse- Horse- Price Horse- Market Tractor 
power power power of the power of Share Price Per 
of TractRr of Basic of Larger Larger of the Horsepower
Basic Price Model Larger Model Model Medium of this Rep. Index 

Year Model (Cr$) (CR$) Model (Cr$) (Cr$) Model Firm (Cr$) (1971=100) 

1961 42 1,039 24.7 100% 24.7 6.1
1962 1,707 40.6 100 40.6 10.1
1963 3,086 73.5 100 73.5 18.3
1964 50 5,946 118.9 100 118.9 29.5
1965 8,661 173.2 100 173.2 43.0
1966 9,817 196.3 100 196.3 48.8
1967 12,640 252.8 
 100 252.8 62.8
 
1968 18,401 368.0 70 21,520 307.4 94.8 364.8 90.6
1969 52 19,073 366.8 21,594 308.5 60.2 343.6 85.4
1970 20,095 386.4 23,191 331.3 48.5 358.0 88.9
1971 22,811 438.7 25,318 361.7 52.9 402.5 100 

aMedian price. 

Source: Data from the files of a Brazilian firm for the prices of their standard models. 

N 
0 



Table C- 10
 

List Pricesa of the Basic Brazilian Tractor Models in June, 1972
 

Firm 	 Model Number 

Massey-Ferguson 	 50 X 
55 X 
65 X 
65 R 

85 
95 without hydr. 
95 with hydr. 

Valmet 	 60 id 
80 id 

CBT 	 1000 with hydr. 
1090A without 

hydr. 

1090 with hydr. 

aDiscounts 

List i rchase Price PerHorsepower Price Horsepower Comments 

A.5 Cr$ 25,342 569 
44.5 Z7, 879 6Z6 
60 29, 958 499 
56.5 35,810 634 

75 39, 939 533 
90 41,540 462 
90 45, 920 510 

52 25, 558 492 
70 29, 573 422 

61 27, 340 448 

101 35, 984 356 
90 40, 767 453 

Special model 

Special model for 
cane lifting after 
cutting 

of many types are extremely common in the industry including discou 3 for early
payment,for used tractors, and to members of cooperatives.
 

bThere is much variation in price for the same 
model depending upon extras and accessories 
and the size of the wheels. These prices reflect the price of the basic model and the "standard" wheel
size. "Standard" here refers only to tne most commonly demanded tractor model. 

Source: Industry. 
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Table C-li
 

Brazilian Sales of Massey-Ferguson Combines
 

Year 	 Imported Domestic Production Total 

1962 8 --- 8 

1963 9 --- 9 

1964 33 --- 33 

1965 18 -- - 18 

1966 53 --- 53 

1967 119 --- 119 

1968 258 --- 258 

1969 445 --- 445 

1970 439 153 592 

1971 75 341 416 

Source: 	 Personal correspondence with Massey-Ferguson, 
September 1, 1972 



APPENDIX D 

THE IMPORTANCE OF AGRICULTURAL MECHANIZATION
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The Importance of Agricultural Mechanization 
in BraziliJan72-riculture, )507971 

In 1950 there was almost no mechanization in Brazilian 

agriculture. Seventy-three perceit of Brazilian farms used only 

human power while twenty-seven percei,- used animal and huw, 

power but no machincry (see Table D-l). Only 0.3 percent of the 

farms used any nachinery at all; however, these were the larger 

farms hence the output effect was larger than the numerical per

centage of farms using machinery. 

There was a 1apid inci case in the number of farms from 

1950 to 1960 but this increase primarily reflected an area expan

sion into the frontier areas with very little capital investment 

per worker. The relative importance of hiu-nan power increased 

to almost seventy-seven percent with animal power use falling to 

twenty-two percent (Table D-2). In the fifties farms using some 

mechanical power increased from 2,657 to 19, 449 in Sao Paulo 

and from 1, 613 to 11, 399 in Rio Grande do Sul. 

In spite of the rapid absolute growth in the use of 

mechanized power in the fifties the owner,,hip of mechanical 

power remained concentrated on a small sector of largc farms. 

In 1950 eighty-seven percent of the tractors excluding micro

tractors were on farms over 100 hectares. In a sample of 2,000 

farJijs in Sao Paulo in 1959, sixty-nine percent of the tractors 

-I 
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were on farms with over 100 hectares. 1 In the 1960 Census sixty

on,- percent of the tractors and sixty-five percent of the total 

horsepower were on farms with over 100 hectares. Moreover, 

for farm sizes over 100 hectares the number of tractors per farm 

steadily increased (see Tables D-3 and D-4). 

With the exception of the states of Sao Paulo and Rio 

Grande do Sul tractorization in Brazil is a post-World War II 

phenomenon. In 1920 there were more tra tors in the temperate, 

crop region of Rio Grande do Sul than ini the coffee, mono-culture 

state of Sao Paulo. Iovever, from 19?0 to 1940 a diver sification 

2 
of Sao Paulo agriculture took place, Agi icultural mechanization 

in Sao Paulo is associated priniaiily with this diversification pro

cess. As of 1940 Sao Paulo had become the most iiiechanized 

agricultural state and would maintain ani almost constant share of 

the Brazilian tractor stock through 1970 (see Table 8 in Chapter 

3). This diversification extended from sugarcane and cotton to 

include corn, rice, potatoes, tomatoes, and later soybeanb. 

also rnechanized.Some operations in coffee were 

1Salomao Schattan, "Estrutura economica da agricul

tura Paulista, " Agricultura en Sao Paulo (Maio 1960), 9. 

2 From 1920 to 1940 the number of coffee trees in Sao 
Paulo increased from 823 to 1, 093 million hut cotton and cane 
production expanded even more rapidly from 105 to 841 thousand 
tons of cotton and from 1. 1 to 2. 2 million tons of sugar. See 

IBGE, Brasil, Censo Agricola, VI Recen,,eanm,,ito Geral do 
Brasil, 1950 (Rio de Janciio; 1956), 134, 135. 

3 A. da Roche e Silva anid N. R. Nobrega, "Contribui

cao para o estudo do problenra da moto-mecanizacao agricola no 
estado de Sao Paulo, "f paper presented at a meeting on mechani
zation, Piracicaba, Sao Paulo, 1954. 
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In the sixties mechanization of the crop shift into 

wheat-soybean operations occurred very rapidly in Rio Grande 

do Sul and these mechanized operations extenderl into other 

states as the Brazilian government prornoled wheat production 

through high price ,upports and input subsidies. 4 From 1950 to 

1970 niechanization grew rapidly in the frontier states of Paran., 

Goias, and Mato Grosso. This mechanization was associated 

with the diversification of frontier agriculture especidlly the 

crop shifts and the new land area in coffee, rice, cotton, and 

more recently, soybeans and wheat. Older agricultural states 

such as Minas Ge!rais, Rio de Janieiro, and Pernmtl,.Lco declined 

in their relative share of the tractor stock (see Table 8 in Chap

ter 3). Very little niechan,zation has taken place in either the 

Northeast or the North. 

In the 1971-1972 crop year according to one sample 

52. 6 percent of the farms surveyed us,-d macliinery for land 

5 
preparation. Rice, coffee, soybeans and wheat had the highest 

levels of mechanized land preparation. Mechanical power was 

4 J. J. de Engler and R. L. Meyer, "Trigo: producao, 
precos, e productividade, " paper presented at the Instituto de 
Econornia Agricola, April 27, 1972, 20 pages. 

5 These data include 2, 712 farms with over 140 obser
vations on the production of each of ten crops. (S, e Tabies E-5, 
E-6, and E-7). In this sample ten percent of Brazilian area by 
states with the lowest value of agricultural products were ex
cluded and within states the smallest micro regions were ex
cluded. Then regions were randomly selccted from all over 
Brazil. Within these regions lists of farmc- S w( re obtained and 
farmers selected raidornly. 
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employed for over two-thirds of the cultural operations, pri

marily cultivating and spraying, for wheat and soybeans with 

around one-third of these operations mechanized in rice, 

potatoes, coffee, and cane production. Mechanical harvesting 

was encountered on less than one-fourth of the total number of 

farms but on over two-thirds of the wheat and soybean farms. 

Mechanized harvesting was also found on more than one-fourth 

of the rice and potato production. 

In the 1971-1972 crop year mechanization was used for 

land preparation on the majority of farms sampled producing 

ten of the principal Brazilian agricultural products. Neverthe

less, two of the most iiiportant Brazilian food products, manioc 

and beans, were not included in the above sample and generally 

have low levels of mechanization, hence the above sample totals 

have an upward bias of the importance of mechanization. In this 

sample human and animal power were still the primary power 

sources for the other agricultural operations besides land pre

paration with the exception of operations for the highly mechan

ized wheat and soybean enterprises, which are concentrated in 

Rio Grande do Sul and Parana. 

By the 1971-72 crop ye,tr the use of mechanized land 

preparation had become very important in Brazilian agriculture. 

The wheat-soybean combination was heavily mechanized but the 

more diversified Sao Paulo agriculture was more mechanized 

than the total agricultural corn 1 lex of Rio Grande do Sul. The 

frontier states of Parana, Goias, and Mato Grosso \,.ere 
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mechanizing at an even nore rapid rate than either Sao Paulo or 

Rio Grande do Sul (see Tables 8 and 9 in Chapter 3). The ex

trernely rapid growth of Brazilian mechanization from 1950 to 

the present then h s at least three components, the wheat

soybeans combination principally in Rio Grande do Sul, which 

has been expanding out of the state and iFovilng northward, the 

diversified large crop farming systenii of Sao Paulo, and the 

frontier states with their rapid and cctritintiiig expansion of crop 

area in the last two decades. The farmn level data in this thesis 

are from the latter two area (see Chapter 5 and Appendix F). 

Substantial micro antly,I, has been done on the mechanization 

of the wheat-soybean operation in Rio Cirande d Sul by mem

bers of the Ohio State Capital Formation Project. 



Table D-I 

Type of Power Use on Farms: 1950 Census 

Total No. 
of Farns 

Farms Using only Hur•.an 
Povc r__o__e 

]Nu-mber To of Total 

Farms Ur1g Animal 
r 

Num be,1 T1oof Total 

Far., s Using Anurnal and
%echan a]_ er 

Nu-noer % of Total 

Farms Using Mechanical b 

Pp er 

Nunber T7of Total 

Brazila 

North 
Acre 
A:'azon1S 
Para 

Northeast
Ma.ran]ao 
Piaui 
Ceara 
Rio Grande de Norte 
Paraiba 
Pt-rnan-buco 
Alasoas 

Eabt
Se rgipe 
Dahua 
Minas Gerais 
Rio de Jareiro 
Gtanabara 

South
Sao Paulo 
Parana 
Santa Catarina 

2,064,652 

1,701 
15,220 
5c 877 

95, 1 ,o5 
3-4, 1O. 
85, 6o0 
3,., 391 
6Q, 117 

17Z. 263 
51, -61 

42,769 
255,043 
26%539 

40, o5z 
5, o6 

Z21,611 
69,461 
104,429 

1,504, 124 

1,671 
15, 15Z 
5b, 6uZ 

03, 850 
33, 024 
8 ,, 5 
21, u99 
fL, C,.-

170,533 
48,7.), 

42, 192 
254,448 
20c, 697 
2S,23 

5, 044 

100,991 
52, 498 
46, 919 

72. 8517 

98. 23 
99.55 
97.97 

98.65 
"6.82 
07.17 
8u. 35 
95.60 
9a. 0 
r3.79 

98.65 
9S. o3 
78. -
70.91 
05.78 

45.57 
58.68 
44.93 

554,441 

1,2,) 

1,273 
1,073 
2,. u 
4, u73 
3, c0z 
I.1 -," 
3,193 

534 
3,4. 2 

55,.--19 
11,-174 

13 

117,963 
36,759 
57,476 

26.85% 

1.59 
0. -Z 
Z 00 

1.34 
3.15 
2.78 

13.59 
4. 34 
0.95 
6.14 

1.25 
1.35 

20.80 
2S.2Z 
2.51 

53.23 
41.09 
55.04 

5, 484 

3 
4 

12 

12 
7 

31 
17 
39 
d7 
24 

38 
59 

580 
2S3 
23 

Z,379 
176 
32 

0.275/ 

0.18 
0.03 
0.02 

0.01 
0.02 
0.04 
0.05 
0. C6 
0.05 
0.05 

0.09 
0.02 
0.22 
0.71 
0.44 

1.07 
0.20 
0.03 

593 

....... 

....... 
3 

-.. 
2 
6 
2. 
2 
0 
8 

5 
4 

33 
67 
51 

278 
28 
Z 

0.03 

C.01 

0.01 
0. 01 

01 
0. CO 
0.O0 
0.02 

0.01 
0. 00 
0.01 
0.16 
0.97 

0.13 
0.03 
0.00 N 



Table D-l--continued 

Farms Using only -uman Far-rs Using Animal Farms Using Animal and Farms Using .echanxcalb 
Total No. Power Pom,e r Mechanical Power Power 
of Farms Nuamber wioof Total 5ubtr,o of Total Nurnber 7o of Total Number co of Total 

Rio Grande do Sul 266,733 42,444 14.80 242, t76 84.63 1.536 0.54 77 0.03 
Center West 

Mato Grosso 16,015 14,431 90.11 1, 5-,S 9.67 32 0.20 4 0.02 
Coias 63,736 57, 674 90.49 6,010 9.43 47 0.07 5 0.01 

a loItof -ne territories weren't included so the columns %%on'ts1m. 

6 Acco.c[c j fo the Census divilion this category apparently empioyed no animal power. 

Source: IBGE, Brasil, Censo Agicola, VI Recenseanento Geral do Brasil-1950 (Rio de Janeiro, 1956). 36. 



Table D-2 

Type of Power Use on Farms: 1960 Census 

Total No. 
of Farns 

Farmns Using only Human 
Po,,.e r 

Nunber *to of Total 

Fa-ms Using Animal 
I-",,_ ___r 

vin'ibe T of Total 

Farms U ing Ar,,rral and 
-Mccl-anical Pov er 

Number 7o of Total 

Farms Z-:tng Mechan.caf 
Po" - r 

Nunrbcr of Total 

Brazila 

Ncrth
Acre 
Anazonas 
Para 

Northeast 
Maranhao 
Piaui 
Ceara 
Rio Grande do Norte 
Paraiba 
Pernambuco 
Alagoas 

East
Sergipe 
BY-,a 
l.na Gerais 

R.o de Janeiro 
Guanabara 
Et-,)irto Santo 

Soutn 
S.1o Paulo 
Parana 

3, 337,769 

3,676 
48,477 
83,180 

261,865 
67,303 

12Z,57o 
49,640 

117, 836 
250,723 

b2, 484 

65,014 
331,473 
371,859 
51,697 

o,258 
54, 795 

317,374 
269,146 

2,556,237 

3,657 
43, 31-
82,S51 

261,725 
F:, 024 

1!, 371 
3 o,715 

107, 731 
255,390 

57, o72 

64, 551 
372, GU5 
203,776 
42, 4u9 

L, 114 
52, 638 

135,o21 
196,577 

76.6% 

99.5 
99.8 
99.6 

99.9 
93.4 
96.6 
77.7 
91.4 
98.3 
02.3 

9Q.3 
97.5 
7 .0 
62.0 
97.7 
96.1 

42.7 
73.0 

734, 110 

6 
59 
97 

73 
1,207 
4,017 

10, Oci 
9,817 
3. C-10 
4,508 

57o 
Sb'-7 

73.bS5 
8,!S3 

52 
1,583 

162,254 
o.3, 3.31 

22.07, 

0.16 
0.12 
0.12 

0.03 
1.50 
3.Z 

21.bS 
3.33 
1.40 
7.21 

0.5S 
2.33 

1 3.87 
15.83 
O.83 
2.90 

51.12 
25.38 

30,477 

4 
4 

21 

13 
25 
92 

124 
115 
3b1 
1 C 

40 
1o3 

2, : 0 
502 

13 
409 

12,705 
2,270 

0. 91% 

0.11 
0.01 
0.03 

0.03 
0.08 
0.02 
0. 10 
0.15 
0.31 

0.06 
0.01 
0. u 6 
0.97 
0.21 
0.75 

4.CO 
0.84 

16, 915 

9 
16 

211 

54 
47 
9c 
G6 

173 
31Z 
109 

-. 7 
3-3 

1,729 
603 

79 
i60 

6,794. 
1,993 

O. 51' 

0.24 
0.03 
C. 25 

0.OZ 
3.5 
0.I3 
0. C1 
0. I
0.12 
C.17 

'.07 
C. 09 
3. 46 
1.17 
1.Zo 
0.29 

2. '4 
0.74 

0' 



Table D-Z--continued 

Farms Using orly Human Farn Usirg Animal Far:r.s U3:ng Animal and Farms Uing MechanicalTotal No. Poxe r Pov e r Meclhanical Po,.e r Pcver
of Farms Nunber % of Total Number V/oof Total Nun-ibcr ,o of Total iurnber % of Total 

Santa Catarina 158,Z68 86,012 54.3 70,561 44.60 840 0.53 835 0.53Rio Grande do Sul 3S0, 201 76,300 20.1 2,92 0,! 76.93 9, 077 2, 39 2, 322 0.61 
Ccrnter West

.Ma:o Grosso 48, 104 41,349 86.0 8,013 12.51 347 0.72 330 0.81Co:asb 111, Z88 103,221 9z.8 6,9z 6.22 648 0.58 4S7 0.44 

a "" %tThe columns do rot sum due to exclusion ofnhe territorif,. 

bThe Federal District %&asca,.ved out of Goias so to analyze development from 1950 to 1960 it is necessary to combine data for the 
two. 

CAccording to the Census categories this group employed no animal power. 

Source: IBGE, Brasil, Censo Agricola, VII Recenseanento Geral do Brasl-1960 (liode Janeiro: 1970). 

N 



Tible D-3 

Tractor Distribution Detween Farms by Size: 1950 Census 

Area Group No. of Farms Farms with 
Tractorsa 

No. of Tractors Tractors Per 
Farm (±h) 

Farms with No. of Micro 
Micro Tractorsb Tractors 

&icro Tractors 
Per Farm (7/b) 

Less than 10 Hectares 
Less than 1 Hectare 

1-2 
2-5 
5-10 

710,934 
50,252 

113,614 
Z94.810 
252.258 

36 
....--

2 
9 

25 

39 

4 
10 
25 

1.1 

2. 
1. 1 
1 

46 
--

1 
19 
26 

47 
-

1 
19 

Z7 

1.0 

1-0 
1.0 
1.0 

10 to 100 Hectares 
10-Z0 
20-50 
50-100 

1. 05"2, 557 
345,185 
4S, 044 
219,328 

770 
70 
254 
446 

659 
74 
b2Z 

503 

1. 1 
1. 1 
1.1 
1.1 

271 
57 

102 
112 

293 
61 
109 
1Z3 

1. 1 
1.1 
1.1 
1.1 

100 to 1,000 Hectares 
100-ZOO 
200-500 
500-1,000 

268, 159 
131,462 
99,599 
37,098 

2,687 
647 

1.119 
894 

3,503 
795 

1,423 
1,285 

1.3 
1. Z 
1.3 
1.4 

548 
137 
229 
182 

630 
155 
268 
207 

1. 1 
1.1 
1.2 
1.1 

1. 000 to 10, 000 Hectares 
1,000-2,000 

2, COO-5, 0U0 
5, 000-10. 000 

31, 017 
18,417 
10, 1C8 
2,493 

1, 23 
698 
446 
139 

2,387 
1,110 

920 
337 

1.9 
1.6 
2.1 
2.6 

207 
1!4 
70 
23 

276 
139 
89 
48 

1.3 
1.2 
1.3 
2.1 

More than 10, 000 
10, 000-100, 000 
More than 100, 000 

1,611 
1. 551 

60 

75 
66 

9 

311 
257 

54 

4.1 
3.9 
6.0 

14 
12 

2 

27 
25 

2 

1.9 
Z. 1 
1.0 e 



Table D-3--continued 

Area Group 

LI1) 

W ilthout area declaraton 

No. of Farms 

I 

364 

Farms with 
Tractors 

............ 

No. of Trac tors Tractors Per 
Farm ('M) 

*)() 

Farms with 
Micro Tra,.tors

)(7 

No. of Micro 
Tractors 

Micro Tractors 
Per Farn (7/6) 

TOTALS 2, 064, 64Z 4,851 7, 099 1.5 I, 0S6 1,273 1.2 

Source: 

aTractors greater than 10 C.V. 

bDefined in the Census as tractors with ks. than 10 CY. 

IBGE, Brasil, Censo Agricola: VI Recenseamento Geral do Brasil-1950 (Rio de Janeiro; 1956). 16. 



Table D-4 

Tractor Distribution Between Farms by Size: 1960 Census 

Area Group 
Number 
of Farms 

Farms Wath 
Tractors a 

Number of Trac-
tors (cxci. m.cro 
tractors) 

TotalNumber 
of Tractors 

Tractors b 
Per Farm 

Total Horse-
power of the 
TractorStockc 

Horsepcur 
Per Farm. 

(- /. 

Less than 10 hectares 
Lcss than . hectare 
1-Z 
2-5 
5-10 

10-100 hectares 
10-20 
10-50 
5'-100 

100-1, 000 hectares 
100-200 
200-500 
500-1, 0C0 
,003-10, CO00 hectares 
1,000-Z.000 
Z.C30-5,000 
5, 000-10, 000 

Mv4ore than 10, 000 hectares 
10, 000-100, 000 
More than 100, 000 

WNit"ox.t D.clarticn 
TOTALS 

1,495, ZO 
133,477 
276,740 
61Q,119 
465,684 

1,491,415 
5-.6, 079 
672,675 
272,661 

:314, 831 
157,422 
11o, 645 

40, 764 
30,8,2 

18,392 
10,133 
2,353 

1, 597 
1,569 

28 
4.023 

3,337,79 

2 554 

17, 820 

17,874 

3,984 

217 

5 
42, 454 

39 
132 
953 

1,430 

3,333 
8,230 
6,202 

6,221 
7,689 
3,964 

2,308 
1,310 

336 

207 
10 

2.003 

18, 656 

25,236 

8,378 

989 

7 
55. 269 

23 
65 

727 
1,188 

3,162 
3,396 
7,C98 

7,685 
10,925 

6, 6 

4,416 
2, 054 

6S 

910 
79 

2, 932 
42 
158 

1,123 
1.609 

20, 917 
3,755 
9,423 
7,739 

27,472 
8, 378 

11,S:3 
T,7Z31 

8,9 3 
4,743 
3, 169 
1,02l 

1, 034 
952 

S2 
7 

61. 345 

1. 1 

1.2 

1.5 

2.3 

4.8 

1.4 

. 4 

1. 1 
1.2 
1.2 
1.1 

1.1 
1.1 
1.2 

1.3 
1.5 
1.8 

2.1 
2.4 
3.0 

4.6 
8.2 

80, 654 
934 

Z.778 
30.296 
-. t ;6 

629, CI6 
111 378 
277,902 
23C.806 

931,776 
274,118 
4C¢,,68 
250, LSO 

328,C 0 
170,7S2 
117,790 
39,518 

42,850 
3S, 972 
3.91S 
320 

2, 012, 816 

31.6 

35.3 

52.1 

82.4 

197.6 

64.C 

47.

23.9 
Z1.0 
31.8 
32.6 

32.9 
33.8 
38.7 

44.1 
52.9 
63.2 

74.0 
87.9 

117.6 

188.3 
391.8 



Table D-4--continued 

a In the 1960 Census t-'e distinction of tractor ownership betwren nmicro and other tractors was not made but more information wasprovided on horsepower of the tractors. 

b 
Lncludes only those farms with tractors.
 

c Ebtirmated ith the median horsepower for each catrgor, vj.th 
6 cv. for less than ten and sixty for more than 50 cv. 
Source: IBGE, Censo Acricola, VII Recensea.ento Geral do Br.il-_9,.0, Par:e I! (I.o de Janeiro; 1970), 8. 



Table D- 5 

Power Source Employed for Land Preparation: 1971-1972 Crop Year 

Manual or Anrrial Mechanized Manual/Animal No Response Total 
Power and Mechanized 

Crop No. 7/ No. 70 No. 70 No. C/ No. 

Cotton 186 61.59 107 35.43 9 2.98 0 0 302 
Rice 137 29.03 300 63.56 35 7.41 0 0 472 
Potatoes 63 42.29 58 38.92 27 18.12 1 0.67 149 
Cacao 144 99.32 0 0 1 0.68 0 0 145 
Coffee 119 35.20 190 56.22 27 7.99 2 0.59 339 
Sugarcane 103 39.93 102 39.53 53 20.54 0 0 258 
Corn 354 59.70 197 33.22 42 7.08 0 0 593 
Soybeans 38 25.51 96 64.43 14 9.39 1 0.67 149 
Tomato 88 61.12 49 34.0Z 7 4.86 0 0 144 
Wheat 49 30.25 96 58.64 18 11.11 0 0 162 

TOTALS 1,281 47.23 1,194 49.83 233 8.69 4 0.15 2,712 

Source: Pesquisa Psico-Social, Projetos e Desenvolvimento SEITEC, 1972 



Table D-6 

Power Source Employed for Other Operations Including Cultivating and Spraying: 1971-197Z Crop Year 

Manual or Animai 
Power Mechanized Both No Response Total 

Crop No. 00 No. 0/0 No. To No. 70 No-1---

Cotton 244 80.80 31 10.26 27 8.94 0 0 302 
Rice 273 57.84 126 26.70 73 15.46 0 0 472 
Potatoes 95 63.76 41 27.52 13 8.72 0 0 149
 
Cacao 145 100.00 0 0 0 0 0 
 0 145
 
Coffee 217 64.21 32 9.47 87 25.73 2 0.59 338 
Sugarcane 160 62.02 33 12.79 65 25.19 0 0 258
 
Corn 483 81.46 65 10.96 45 7.58 0 0 593 
Soybeans 26.18 91 61.07 18 Z.08 1 0.67 149

Tomato 10C 75.70 27 18.75 8 5.55 0 0 144
Wheat 52 3Z.10 96 59.26 14 8.44 0 0 16Z 

TOTALS 1,817 66.99 542 19.99 350 1Z.91 3 0.11 2,712 

Source: Pesquisa Psico-Social, Projetos e De envolvimento SEITEC, 1972. 



Table D-7 

Power Source Employed for Harvesting: 1971-1972 Crop Year 

Manual Mechanized Both No Response Total
Crop o No. No. No. % No.
 

Cotton 279 92.39 6 1.99 17 5.62 0 0 30Z
Rice 307 65.05 107 22.67 58 12.28 0 0 472Potatoes 105 70.47 23 15.44 Z1 14.09 0 0 149
Cacao 145 100 0 0 0 
 0 0 0 145

Coffee 290 85.79 6 1.78 40 11.84 2 0.59 338
Sugarcane 244 94.58 0 0 14 5.42 0 0 258 
Corn 518 87.36 48 8.09 27 4.55 0 0 593
Soybeans 32 21.48 96 64.43 
 20 13.42 1 0.67 149
Tomato 142 98.62 0 0 2 1.38 0 0 144Wheat 49 30.25 104 64.20 9 5.55 0 0 162 

TOTALS 2,111 77.34 390 14.38 203 7.67 3 0.11 2,712 

Source: Pesquisa Psico-Social, Projetos e Desenvolvinento SEITEC, 1972. 

tN 
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TRACTOR FINANCING AND FARM SIZE 
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Tractor Financi,., and Farm Size 

In this Appendix farn interview data are utilized to 

indicate the relative importance of subsidized tractor financing. 

Also the relationship between crop area and tractor ownership 

in one particular agricultural area is summarized. Finally, the 

relative importance of the Bank of Brazil i.n tractor financing is 

discussed. 

Sao Paulo data on finance conditions and tractor 

ownership were obtained from a survey in the greater Riberao 

Preto area during the 1969/1970 crop year. 1 Of the 168 tractors 

employed in the sample of 145 farms in Batatais, Altinapolis, 

and Jardinapolis, Sao Paulo 58.3 percent were financed com

pletely or partially by formal bank credit. Savings and informal 

credit were more important for used and imported tractors. 

Table E-1 illustrates the relationship between tractor 

use, ownership, and area in anaiual crops. Those neither owning 

tractors nor renting tractor services for land preparation had an 

average of only fifty-nine percent of the crop area of those ob

taining machinery services for land preparation. Tractor 

ownership of one tractor is associated with a crop area 2. 75 

l am indebted to many people at Ohio State Univer

sity and "Luiz de Quieroz" Agricultural University for their 
cooperation in making these data availablc especially Norman 
Rask, Richard Meyer, Donald Larson, and Joaquin Engler. The 
data are from a small part of the Ohio State Capital Formation 
project. 
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times as large as those depending upon custom rental, There 

are similar expansions of crop area cultivated with the addition 

of one or more tractors until the farm has seven or eight trac

tors. At this point the on-farm tractor stock contains several 

old models apparently retained for emergency or supplemental 

power purposes and there isn't any difference between seven and 

eight tractors in their association with area in annual crops. 

Almost one-half of the sample had one tractor and 

cultivated an average of fifty-one hectares of annual crops. The 

custom rental market made tractor services available to another 

twenty-one percent of the sample. Those owning over two 

tractors cultivated an average area of 250 hectares of annual 

crops. Tractor seivices were obtained by small farmers through 

financing, the used tractor market, and the availability of cus

tom rental operations. Nevertheles, , the multiple tractor 

owner could cultivate large areas and the financial subsidies 

for agricultural machinery have been increasingly available in 

recenL years. Moreover, there have been minim-in size pro

visions to obtain the subsidized credits (-ee Table E-Z). 



Table E-1 

Tractor Use and Area in Annual Crops in the Greater Riberao 
Preto Area, Sao Paulo, 1969/70 Crop Yea

t-value for the 
test of the slgni-

Average ficance of the
Number of Area in Number of Variance difference in 
Tractors Annuala Crops Observations Prcentage of in the area annual crop areas 
Owned (Ha.) (Farms) Total Sample (s2) between groups 

No custom 
rental for 
land pre-
Iparation used 10.9 15 10.3% 11.09 2.38* (between no cus. 

Ntorn rental and
Custom 

custo mrental)rental for 
land pre
paration 18.6 31 21. 4 16. 94 3.34* (between custom1 51.1 69 47. 6 466. 92 rental and one 

2 92. 0 15 10. 3 538. 03 tractor)
3 174.8 5 3.4 2. 6 5, (b'et',een one anc 
4 Z15.0 6 4.1 tro tractors)
7 399.3 2 1.4 4.73* * (bet veen 
8 396.8 2 1.4 t O and 
M,iore than two r ore than 
tractors 250.5 15 10.3 2,201.79 two 

tractors) 

TOTAL 145 99.9 c 

http:2,201.79


Table E-1--continued 

asugarcane is considered an annual crop 

significant at 95% 
** significant at 99%/ 

Source: The data were taken from farm interviews of the Ohio State Capital Formation Project. 
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Table E-2 

Area Requirements for a Farmer to be Eligible for Financing of 
a New Tractor in 1970 by the Prmay Banks 

Financing These Purchases 

Requirements of the Bank of Brazil' 

Crop Minimum Apricultural Area 

Tomatoes 12. 1 luctares 
Sugarcane 36.3 " 
Cereals 77. 6 

Source: Banco do Brasil, Carteira Agricola 

Requirements of the Bank of Sao Paulo' 

Tractor Horsepower Minimum Agricultural Area 

Up to 55 Horsepower 72.6 Hectares 
55 - 65 108.9 
Above 65 145.2 

Source: Banco do Estado de Sao Paulo, Carteira Agricola 
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Table E-3 gives an estimate of the importance of 

Bank of Brazil financing in tractor sales. Ignoring other types 

of tractors besides domestically produced, wheel tr.,ctors 2 and 

assuming 100 percent financing of the basic tractor models the 

Bank of Brazil financing would account for the cash value of 

seventy-two to seventy-eight percent of tractor sales on the 

average from 1962-1971. More limited information was avail

able on tractor financing of the Bank of Sao Paulo. In 1971 this 

Bank lent forty-eight million cruzeiros for tractor and irnple

ment financing (Table E-5). In the same year the Bank of 

Brazil lent 349 million cruzeiros, There may be some other 

lending at the subsidized rates by other partially governmentally 

owned banks; however, the Bank of Brazil is the most important 

lender. Finally in Table E-6 the interest rates of the Bank of 

Brazil on various types of agricultural credit are summarized. 

ZThis omitted group includes micro and track trac

tors, inotorized cultivators, tractor imports, and used tractor 
financing. The wheel tractors are the largest tractor group and 
wheel tractor imports have been rkduced to less than 200 in 1970 
and 1971. Moreover, the Ohio State interviews indicate ,ery 
little financing of used tractors. See Table E-4 for data on the 
different types of tractors produced in Brazil and Table B-1 for 
tractor import data. 



Table E-3 

Tractor Sales a and the Importance of Bank of Brazil Financing 

4 Wheel Horsepower of Nominal N'intber of Percent of Number of Percent of 
Tractor 
Sales 
(No.) 

Tractor Salesb 
(No.) 

Value of Bank 
of Brazil 
Credits for 

Tiactors 
Vhich the 

Ban'k of 

Tractors 
Sold which 
the Bank of 

Horsepower 
Units which 
the Bank of 

Tractor 
Horsepower 
Sold which 

Tractors Brazil Brazil Cre- Brazl Cre- the Bank of 
(Cr $I, 000) Crec.s d-ts Could dits Could Brazil Credits 

C.,, d Finance Fianced Could 

Year 
(1) (2) (3) (4) 

Fi-,ancec 
(-No.)

('1. 

(%) 

(5/2) 

(No.) 

(7) 

Finance 
(co)

(7/3) 

1960 19 1,028
ic61 1.645 37,C20 2,968 2,S57 175 120,162 138 
1962 7,336 352, 1Z8 9,Z62 5,426 74 228, 128 65
1963 9,368 435, 612 17, 914 5,803 62 243,728 56
1C,64 1Z, 032 604, 006 41,146 6, 9o3 5." 34".4,056 57
1965 3,072 431,852 50,010 5,774 71 Z88, 741 671966 9,214 4 ,35 92,115 9,3-3 1CZ 4!9.Z56 96
l"67 6,470 359, 085 95, 191 7: 31 1i6 371,571 109
1968 9,263 559, 4S5 142, 042 7,700 83 403, 905 72
1,,19 9,671 60Z,503 151, 943 7,568 78 414,239 691970 14,343 93, 569 212,0b4 9,777 68 592,358 661971 21,732 1,371, Z89 348, 749 14, 536 67 866, 457 63 

axcluding micro tractors. 

bit is assumed here that the horsepower of sales anid production are equal. See Table E-4 for data 
on inventories. 



Table E-3 -- continued 

CBased upon the tractor price of Table B-1. Total financing is assumed. There is some 

financing for tractor imports and for micro tractors, motorized cultivators and track tractors, none 
of which are included here. 

d 
Based upon the average price per horsepower of Table C-9. The same assumptions of total 

financing and no financing for other tractors besides domestically produced wheeled tractors were 
also employed to make this calculation. 

Source: Bank of Brasil, Relatorios (Rio de Janeiro), various issues. 

tv 



Table F-4 

Production, Sales, and Inventory" in the Brazthan Tractor Industry, 1960-1972 

4-Wheel Tractors. excluding4 micro Micro Tractors Motorized Cultivators Track Tractors 

Change in Ch.,nje in Change in Pro- Cnange Ln 

Year Sales Production Inentory Sales Production inentory Salesi Production Ihventor)bSales duction Inventory 

1960 19 37 18 ---.--- --
1961 1,645 1.679 34 --- ---.... 
1962 7,336 7,:56 250 ...--- --- 1,239 1,240 1 --

l63 9,368 9,908 540 --.--- --- 1,096 1,10 14 --

1954 12,032 11,537 -495 --- --- --- 990 1,710 720 --

1065 8,072 6,121 40 93 280 187 2,133 2,403 Z70 ..
19o6 9,214 9,069 -1-5 335 291 - .Z4 3,120 3.178 5- 13 
1967 6,470 6,233 -Z.57 68 72 4 1,981 2,159 178 7Z 73 1 
1968 o,23 o, 61 -108 IZ0 148 28 Z,616 2,465 -151 104 106 2 
1969 9,671 9,547 -1Z4 318 335 17 2,138 1,947 -191 54 91 36 
1970 14,343 14,049 .294 N.A. 409 N.A. 2,063 N.A. iS5 
1971 Z1,732 2Z,122 390 N.A. 366 N.A. 2,C06 N.A. 750 
197Z 29,142 858 N.A. Z,915 1, 2 E.Z 

avery lttle inventory accurnulation takes place. Tractors a:e not made to order but the distributors are in contact rrnonthly v.ith 

-. reporting sales data.r.anufacturers 


bSales of motorized cultivators were inaccurate due to the apparent omission of the sales of Agrale, which is lc-cned in PzetcAlegre.
 

1Mdost of the industry is located in Sao Paulo. Aosf.
 
So.r. rVani 

Source: Var2loas reports of ANFAVEA.
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Table E-5 

Tractor and Implement Financing of the Banco do EstadodeSao 
Paulo 

Number of Tractors Nominal Value of 
and Implements I'inancing of Banco 

Year Financed do Estado 

1963/64 1,128 N.A. 

1964/65 2,341 N.A. 

1965/66 1,082 N.A. 

1966167 630 N.A. 

1969 1,289 N.A. 
1970 2,635 N.A. 

1971 	 29109 Cr$ 48, 692s 628 

Source: 	 Communications with the Banco de Estado de Sao Paulo, 
March 7, 1967, May 25, 1972 and May 30, 1972. 
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Table E-6
 

Bank of Brazil Handbook of Interest Rates,1971-72
 

Interest Rate Percent of Interest 
Paid to Bank by 

to 50 Above 50 Special Funds of 
minhinuni nmiimum Funagri/Fundg 

alarif, salariesCategory 

1. 	 For producers 10% 15% none 

2. 	 To cooperatives 
to pass on to 
their members 8% 13% none 

3. For purchase of
 
national tractors, 
machines and
 
implements- -new
 
and used 10% 15% none
 

4. For purchase of
 
foreign tractors
 
and other
 
machinery--new
 
and used 10% 17% none
 

5. 	 For purchase of 
"mode rn inputs" 7%o 7%6 10% per year 

6. For purchase of
 
"modern inputs"
 
by coops 5% 5% 10%
 

7. 	 For acquisition 
of vehicles 21.6% 21.6% none 

aThe value of the loan is calculated as a multiple of the 
minimum monthly wage in order to determine the interest rate 
category. These minimum salaries are adjusted annually. All 
tractor loans would be ,2xpected tofall in the higher category. 

Source: Banco do Brasil, Manual de Credito Rural, (Rio de 
Janeiro: 1972).
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Production Cost Comparison of Animal and Mechanical
 

Power in Sao Paulo
 

One rationale for machinery subsidies is that 

production costs are reduced by the utili/,ation of machinery 

rather than animal power. In this section this hypothesis is 

tested. Table F-I sunnmarizcs the cost data calculated from 

several different studies of production ( osfs,using the same 

methodology with field interviews from the state of Sao Paulo. 1 

As is evident in Table F-i mechanization is a selective 

process and for none of the crops were all operations completely 

mechanized. Before cor.sidcring the methodological problems 

of these costs studies it is useful to review the primary results. 

Generally, production costs per unit of output were lower and 

yields higher with more mechanization. Most of the yield 

differences can be attributed to either (a) differences in 

utilization of "1bio-chemical" inputs,or (b) the improv,d land 

1 
These cost data were variable costs plus straight line 

depreciation based upon expected working life of the capital goods. 
See the notes to Table F-1 for further details on this calculation. 

I am indebted to the Instituto de Economia Agricola for 
providing their data. Special thanks go to Paulo Fernando Cidadc 
de Araujo, Paul Frans Bemelmans, Evaristo Marzubal Neves, 
Minoro Matsunaga, and Caio T. Yamaguishi. I ar not implying 
that they are in agreemen! with the results of the analysis. 
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preparation resulting from mechanization. 2 The yield advantage 

from mechanizatimn alone can be calculated if the two groups 

utilizing different power sources employ approximately the same 

amounts of bio-chemical inputs. The last row of Table F-i 

indicates that only for cotton, corn, and soybeans was this 

condition fulfilled. For potatoes, sugarcane, and the IPEA cost 

estimates for corn and soybeans, the effects on yields from bio

chemical input use and from mechanization cannot be separated 

as the expenditures on "bio-chcmical" inputs were substantially 

higher for the mechanical technology than for the animal power 

group. The yield advantage of mechanical technology was 

estimated at fourteen percent for cotton, twenty percent for corn 

and twenty percent for soybeans. 3 

This differentiation and discussion draws upon Ministerio 

de Agricultura, Govierno de Colombia, "Consideraciones sobre 
el papel de la maquinarta en la agricultura Colonibia.na," mimeo, 

1971, 35 pages plus annex. 
Most cultivation in Table F-1 was done with human and 

animal power. Mechanical h- ,vesting of soybeans may also in
crease yields but the renaillnig crops were not harvested mechanically. 

3 See Table F-i, rows 1 and 4 for the data employed in 
this calculation. In conparing group means between two power 
technologies it is possible that other things besides bio-chemical 
input levels such as initial soil fertility were not held constant. 
To the extent that these differences exist, the estimates of the 
yield increases ascribed to mechanited land preparation are biased. 
(continued next page) 

http:Colonibia.na


Table F-I 

Yields and Production Costs for Six Crops withAnimal- and Mechancal Power Technologies, 1971-1972, Sao Paulo 

Cottonc C d Rice-Upland" Rice  h 	 Corn Soybeans 

Irrigatecd Soybeansg Potatoes Sugarcane (Study of IPEA) 

Animal Pov,%er
a) 	Yield ('g. /ha.) 1, 364 2,479 1, 860 - 1,240 9. 917 31.496 1,500 960b) 	Cos t/C-a-T,.t
 

(Cr ^1100 kg.) 72.5 23.4 39.5 
 43.7 27.8 2.68 8.73 13.5
 
c) Labor Use
 

(da)s/hia.) 40.7 28.7 52.5 29.8 
Mechanical Pc,',er 

47.9 61.1 ...... 

a) 	 ;ield (Ng./ha.) 1,550 2,975 2,033 2,603 to 
3,471 1,488 9,240 42,062 2.700 1.980

b) 	 Cost./0.tpvt 
Umit (Cr $1 
100 kg.) 49.4 22.1 34.7 30.5 

to 31.8 33.7 34.8 1.93 8.67 14.1c) 	 Laoor Use
 
(dav/ha.) 31.8 18.0 24.5 37.5
 

to 59.8 11.0 4Z.1 42.1Cost Sa ings v ith. Nechanial Technology 
a) Cost Sv1n per.rs 

Hcctarca(Cr S) 358 38.7 97.6  148.8 -86.8 315 1.6 -0.6
b) 	Cost Sa,.-gs from 

Reaced Labor 
Use (Cr $) 73 87.8 230 - 154.3 47.6 156

c) 	 Labor Cost 
Savi.cs .100 
To:alCo.savings 20.4% 227% 236% - 104% 49.5/, 	 "0 



Table F-I--continued 

C nC Rice-Uplande Rice - Corn So)beans 

Cct ton Corn Irrigated Soybeans Potatoes Sugarcane (Study of IP.EA) 

d.1 Reduction in 
Labor Use Per
 
Hcctare (nan 
cr-vy ) 8.9 10.7 z8 - 18.8 5.8 19

Differcnces in Expenditure on BEo-chemical inputs 
a) Vechanical 

Fio' - r F
penditure Minus 
Anti-n--i Po er 
£'xpeidita rc Per no
1Ierc-Lc (Cr $) 5.8 difference -32.5 - -6.1 1.269 107 94 114
 

b) Differenct. or a)

0 0/y'rpcnrditures
 

on 13.o-cheinical
 
Irputs -, It]
 
Scchanical
 

Tect.nology 1. 8% --- -20.0% - -3. C 3S. 30'. 45. 3% 94% 92% 

aThis row gives the cost advantage from using mechanical teclnolog
The 

per unit of ou.tput times the yiold with mechanical technology.ost adantage per hectare is employed to compare it ,ith the labor use per hectare and est.n.ate the .. 'portance of labor costs in the totalcost saving %ithmechanization. Trhe cost per output .nit was given above for both animal ann mec.-an.cal poer.
 
bThe reduction in labor use pcr hectare times the minmum age.
 

CTractors %ere used for ploughing, grading, planting. fertil,7ing, internal transport. and clearing the field after picking. Animal power was used for cultivating and opening the furrows in both technologies. Human labor %%as used for all other operations includirng harvest- mrg. Labor use excludes harvesting which is contracted on a p.ece wor,. basis. 



Table F-i--continued 

d Tractors were employed for ploughing, grading. planting, fertilizing, some cultivation, and internal transportation. Hunan 
power %asutilized for most of cultivation and harvesting. 

e The mechanical technology included primar.ly human power in cultivating but very l.ttle humarpower in harvesting. The factjthat 
with animal power th yields wei e lower but the expenditures on oio-chcnucal inputs %xeregreater, results from the substantially greater ex
penditure on insecticide with the ani:nal poxver technology. The di::e rerce in insecticice expenditures per hectare between ti.e tvko amounts to 
Cr $ 42.4. These higher insecticide expenuitures n-.av have given di:icrent degrees of risk avoidance or insect problcrns ira; have been dif
ferent in different regions. 

TI-e difference betwLen the tw~o estimates for irrigated rice w-, for direct seeding and manual transplanting. The latter cultural 
practice required mnore labor but gaL higner ields. 

gFor aninmal tcchnology animal )ox,.r was e:'nplovd for -iit I .:-' preparation ard planting actvixties. }Har\ esting %%as b I-and. For 
mechanical tcchnolo a.ii aal power %as still used for cult,%at.ng- but -urv!-stin . as r- -iciarizeci. Again the e'pe-uti1rcs on i*isectc.ce 
vsere greater in the aninal technolopy wit.i Cr $65. 8/ia. as conpart-d wix.i Cr $16. 9/h'a. 

beteen the Cle"The difference two tec-nologies %,asthat the first tised only 1.86 days/-a, of tractor services tie second used 
4.8 days/ha. of tractor ser-,ices and 0. 4d -ys/ha. of a iricchanical ha% .3ter. %Vititie second technolog) cu1'.*nti, rrakir,' furrox's, fer
tilizing, planting, and coering we re done by machine ratl er than oy ar'r.iaal as in the first. In this case t! e d.ffcrerce in per urit costs re
sultcd from the very large diifcrence iii bio-chemical expenditures bvtv~i ,. Eecliologies. Tne potato cost data %,erefor 1971. 

"It was necessary to combine sc,.eral sources of IEA data to obta~n these data. The smhrllest strata farms were assuned to cor

respond v.ith the animal po'.xer farms and the largest strata farms %ere assumed to correspond ,.itn the farms owning their own mcchanical 
equipment. 

Method of Cost Calculation: In the IEA method the technical coeff.cients of production ,%ere estirrated in terms of days of input use per 
alquierF. tilquieies vere converted to hectares at the rate of 2.,Z hoalq. Labor was priced at the minimu-n wage preailing in 1971/1972, 
Cr $ 8. 21/da i . Animal power costs were the s.immation of land rental, feed, labor cost, and depreciation of Cr $ .Z5/day. "4azhinery 
costs incli.ded gas, oil. estimated repairs and straignt line deprcc.ation based upon the expectea ife of the machine. N 

.1. 

http:i*isectc.ce
http:cult,%at.ng
http:primar.ly


Table F-i--continued 

Interest Cost- %cre not included. Note that these costs are variible casts per unit plus depreciation. Peturns to fixed factors %%crenot in

cluded an- operator labor was paid the minimum wage. There .as no reiturn to entrepreneurs. Other Ynachinery was handled in the sane 

marner as tractors. 

as the return to the farmer and to lana were ex-The IPEA study included interest costs on machinery bu:t'-eir fixed costs such 
in Table r-I. The IPEA study incluaed these returns to fi.led factors: ho %ever, there .%as no inforrnation presented on ho'a these

cluded 
to the fixed factors should be incluaer in returns rather than estinating an aroitrarycosts were calc.lated. Returns to entrepreneurs and 

rate of return to land and entreprencurs. 

de 3.arros Castro Faria, E'mcrtacao cc Droductos -r-ar:os - _o-trac..ciona.s,Sources: IFA unpublished cata and C. B. Doelinger and H. 
(:L_.o, soa, car-es, "rocacwoF de r'maceira, derivacos -le cacax.,e al-r.e.-os Droc.ssaos), (-A/ "-c: o J,nciro; A91), 

.
D, 7L. ine sata za.m(n iron- - NAo.- .*.ere 

The price data of the IEA were for the 1971/7Z crop year but the input and yield data were based upon field interviews taken in 

previous years. 

46 
W. 
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For most crops the savings in labor c.osts were the 

most important component of the cost savings from mechanization. 

For corn, upland rice, soybeans, and potatoes the other costs 

besides labor were greater for mechanical than for the animal 

technology so that without the substantial savin , in labor costs 

the cost advantage would be with animal technology. Labor costs 

may have been overstated by pricing them at the minimum wage. 

This was especially true on smaller farms dependent upon family 

labor. The minimum wage does not even apply for labor under 

21 years of age; moreover, much of the labor force earns the 

minimum wage or less so that putting the opportunity cost of 

farmfamily labor at the minimum wa, ( tends to overstate its 

potential earning power. 

In Table F-i, with the exception of potatoes and accepting 

the methodology employed, the production costs of animal power 

per output unit are larger than those of mechanical power. 

Moreover, it has already been shown in Appendices D and E 

that mechanization has been concentrated on the larger farms. 

These two results can be graphically illustrated with the cost 

For another study employing this same methodology to 
calculate the yield difference from mechanization alone see 
Ministerio de Agricultura, Govierno de Colombia, op. cit., 
p. 32. This report estimated a yield effect of 10 percent for land 
preparat.,n and 12 to 15 pcrcent if all operatiors were mechanized. 

Also note that there was a 9 percent yield advantage to 

mechanized, upland rice production in spite of the utilization of higher 
levels of bio-chemical inputs on non-mechanized farms in Table F-l. 
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curves of Figure F-I. Note that there are two types of cost 

savings in this figure, the private and the public savings. A 

farm of a given crop size, S2 , would face the upward sloping 

part of the animal techiology cost curve due to high seasonal 

wages or other costs associated with large seasonal labor 

forces (see Chapter 3). By mechanizing this large crop farm 

achieves the private cost saving (CD). However, the public 

saving, is the difference in per unit costs between the optimum 

crop farm size for animal power (S1 ) and for mechanical power 

(S?) or AB. The public saving thus involves the cropland 

distribution by farm size and the choice of technologies. 

The public saving can be calculated from Table F-l 

and is illustrated for four major crops in Table F-2. The 

primary problem with the methodology of cost calculation 

employed in Table F-1 is the omission of the interest charge 

on capital inputs. To correct this omission interest costs 

were calculated on all capital inputs excluding land but including 

both machinery and bio-chemical inputs. The cost of 

machinery is equal to fuel, repair, and other variable costs, 

plus depreciation and interest costs. Depreciation and interest 

costs were calculated in the usual manner,(d + L-)C, where 
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Cost per unit 
of output 

Anmal Power Tcchnology [ 

'O"4echani 

Power 
D TechnolcB 

S?Si 
Area in Crops 

Figure F-1. Hypothetical Production Cost Curves of Two
 

Alternative Power Technologies.
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d is depreciation, r is the interest rate or cost of capital, 

and C is the price of the machine. 4 

Given the important governmental role in the capital 

market, the real cost of capital is unknown. However, 

introducing a charge on capital has a substantial effect on the 

public saving resulting from mechanization. For the interest 

rate both the subsidized rate currently prevailing of fifteen 

percent and one estimate for the unsubsidized rate or real cost 

of capital of thirty percent were employed to recalculate the 

public saving (AB in Figure F-1). 

At all interest costs the mechanized potato production 

had higher costs than the animal power group. 5 At the 

subsidized interest rate of fifteen percent animal power 

4 
The interest rate is divided by two to allow for the 

assumption that the capital good is half-way through the repay
ment period, hence interest is only paid on one-half of the 
principal. 

For an excellent treatment of mechanical innovaticn 
with cost curve analysis see P. A. David, "Mechanization of 
Reaping in the Ante -Bellium Midwest," in H. Rosovsky (ed.), 
Industrialization in Two Systems (Wiley and Sons: New York; 
1966), 20-39. 

5Since the mechanized group used more capital inputs, 
both machinery and bo-chemical inputs, the estimate of AB 
becomes larger absolutely or shows an even greater advantage 
for animal power when the cost of capital is inci eased from 
zero in the methodology of Table F-1 to 15 or 30 percent. 
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lower for cotton but still higher forproduction costs were 

corn and soybeans. At the thirty percent interest rate animal 

power also became the lower cost technique for corn but 

mechanized soybean production still retained its advantage. 

Only for soybeans was there a clear advantage of lower 

production costs per unit from using machinery at the thirty 

percent interest rate. 

The public saving of mechanization (AB) was still biased 

in Table F-2 for severalin favor of mechanical power even 

labor costs on small, non-mechanized farmsreasons. First, 

were overstated by pricing family labor at the minimum wage 

hence animal power costs were overstated. The appropriate 

labor cost is the "shadow price" or opportunity cost of family 

labor, seasonally adjusted. Secondly, the real cost of capital 

evenwithout governmental subsidies may be higher than the thirty 

percent nominal interest rates. 

For three of the four commodities, the public saving 

awas negative at the unsubsidized interest rate indicating 

cost advantage for the animal power technology. However, caution 

is necessary in generalizing from these data as there are 

regional cost differences and continuing introduction of mechanical 

and other inputs which may modify the cost comparisons. For 
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Table F-2 

The Public Saving (AD) of Mechanical Over Animal Power for 
Four Crops With and Without the Interest Costs, 1971/1972 

Crop Year 

Cotton Corn Soybeans Potatoes 

Cost Advantage 
(AB in FtgureFl) 

No Interest: 
Cost/100 kg. With 
AnimalPowe r 

Minus Cost/100 kg.
 
With Mechanical
 
power (Cr $/100kg) 23.1 1.3 10 -7
 

15% Interest 
Animal- Me ch ani cal 

Power (Cr $/lOOkg) -0. 21 t. 24 7. 64 Not calculated 

30% Interest 
Animal Power-

Mechanical Power 
(Cr $/100 kgj -2.28 -0. 92 5.30 Not calculated 

Note: Insufficient data were avail.-ble to make this calculation for 
rice or sugarcane. The AB calculated in Table F-1 was 
Cr $ 4. 8/100 kg. for rice and Cr $ 0.75/100 kg. for sugar
cane. For sugarcane the use of bio-chemical inputs was 
forty-five percent higher on the mechanized operations 
and yields were substantially higher n the mechanized 
operations. This was not true for rice. See Table F-1. 

Source: IEA data. See Table F-1. 
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large crop farms demanding a large labor force at peak 

seasonal demand periods, labor costs are often higher than 

the minimum wage. Piece workers in cotton harvesting in 

Sao Paulo reportedly can earn 1.5 tines the minimum wage 

at peak season demand time. For these large farmers 

mechanization may substantially reduce their private costs 

(CD) and those shifting into crop production may take advantage 

of these private savings. From the public viewpoint, however, 

the smaller farmers using animal power and bio-chemical inputs 

produced at the same or lower per unit costs for three of the 

four crops evaluated (at the thirty percent nominal cost of 

capital). 
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