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CHAPTER 1 

The Problem 

During the pact two decade., most n:ublic decision naker,; 

throuho"t the world have been prcccuoied with economic 

development. This is especially ap-::rent in !he under

developed nation- 'here economic development is a paramount 

p)litical i.,, the earlier" attempts to out bac <ward 

countries onto the road cf development were oased on fast 

industria!Lation, isuall-: witho-, r g:ard to ,h develo.ment 

of the a...ri.tural ecor as a n.-essary uart o the 

overall .rowvh offort. 

T the late fortins, when~- th, urnqerdevel onp! nation:

of the world Po .,t tn i ... ase tneir rate of Pcornomic 

:Trowth, they looked no- th, rich nations an their basic 

examnle and in so doinq, defined economic develoume:t as 

the continuous increase in .gross national oroduct. Che 

settin- of an increasing ross national prodauct as t'i(, 

primary objective of development led to a series of policy 

decisions, that the not only seemedat time, lo-ical but 

were proclaimed as rational by academicians and politicians 

alike. Among these were the decisions to pursue import 
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substitution industrialization, to drastically reduce inter

national trade, and to maintain low prices for agricultural
 

products in order to re1ice wage costs in the industrial
 

sector. These decisions on the whole, were very detrimental
 

to the development of the agricultural sector.
 

In a large number of countries this approach to develop

ment lasted-until recently. During the past decade however,
 

a growing awareness of the inadequacy of these policies has
 

brought about some change in the direction of the economic
 

oolicies. The case of Brazil is very illustrative. Until
 

the early sixties, the country was pursuing a developmental
 

strategy based exclusively on import substitution industri

alization. Recently, while still giving incentives to
 

industry, the central government has strongly supported
 

increases in exports, productivity, and production in all
 

sectors of the economy. This more balanced approach to
 

development has benefited agriculture somewhat. The goal
 

of development, however, still remains the same; increased
 

gross national product.
 

ivhen the objective of development is defined as
 

increased gross national product, questions such as equity,
 

income distribution, and opportunities for the lower income
 

classes are usually put aside. Furthermore, in agriculture
 

this objective usually results in policies oriented toward
 

the commercial sector of agriculture. This sector in the
 

underdeveloped world usually consists of the large
 



tlantations or large livestock farms. -he underlying 

reason for this orientation is the assumotion of existin r 

economies of scale or size on these farmi;. 

In 3razil this aooroach to economic policy has resulted 

in a series of policy options and a changing focus for 

oolicy over the past twenty years. 'he policy o tions 

selected appear to be benefiting almost exclusively largec
 

farms. Examples of these policy tools are numerous:
 

highly subsidized credit for "modern inputs" minimum prices 

considerably above world orices for certain crops (especially
 

wheat); and highly favorable financing arrangements for 

the acquisition of machinery and for pasture improvement. 

."ile Brazilian agricultural policy durin,; the past 

twenty years has emphasized the above policy tools the 

focus of this policy has been geared generally to the 

solution of a series of supply crises that plagued Brazil
 

J.J. C. 7ngler, "Alternative Enterorise Combinations
 
Under Various Price Policies on '.dheat and Cattle Farms in
 
Southern Brazil," unpublished Ph.D. dissertation, Department

of Agricultural Economics and Rural Soci.ology, The Ohio
 
State University, 1971. B. P. Rao, "The Economics of Credit
 
Use in Southern Brazil," unpujlished Ph.D. dissertation,

Department of Agricultural Economics and Rural Sociolo,
 
The Ohio State University, 1970. ," C. Nelson, "An Economic
 
Analysis of Fertilizer Utilization in Southern Brazil,"
 
unpublished Ph.D. dissertation, Department of Ag.,ricultural

Economics and Rural Sociology, Phe Ohio State Universtv.,
 
1971. 
 Norman Rask, R. L. MIeyer, and F. C. Peres, "Credito 
Agricola e Subsidios a Producao como Instrumentos para o 
Desenvolvemento da Agricultura Erasileira." Revista
 
Brasileira de Economia, No. 1/73.
 



during the fifties and early sixties. .,henever there was 

a suooly crisis in the agricultural sector which interfered
 

with the industrialization process the government acted 
to resolve the crisis, by definition a short run difficulty. 

!o resolve crisis it is necessary to ouerate mechanisms 

that react quickly. To a lar'7e extent that was the reason 

for the use of market incentives. Policies that operate
 

through the market (i.e., price, credit, tax incentives,
 

marketing oolicies) have raoid reactions as contrasted 

with policies that change the structure of agriculture 

(i.e., infrastructure, land reform, research, education).
 

Recently, the government has changed the direction of
 

the general economic policy to one of expansion of pro

duction, productivity and exports. The expansion of
 

production requires increases in capital, better yechnology
 

and widesoread access to low cost modern inpu:ts. In an
 

attemot to accomolish these changes heavy reliance is again
 

being out on market incentives although there is considerably
 

more einnhasis on the structural aspects specifically 

education, research, and extension. 

2D..'i. Adams, "Agricultural Develooment Strategies in 

Brazil, 1950-1970," Economics and Sociol6gy Occasional 
Paper, Department of A'ricultural Economics and Hural 
Sociology, The Ohio State University, September, 1970. 

. .Z. Schuch, The Agricultural Development of Brazil, ev:
 
York Praeger Press, 1970. G. '. Smith, "Brazilian Agri
cultural Policy," in the Economy of 13azil, H. Ellis (Ed.),
 
University of California Press, 1969.
 



, 's earlier, it annarent that the rationaile 

for heavy reliance on market incentives is based onan 

imlicit assumption of economies of scale in Brazilian 

a;Triculture, that is, it is assumed that largre farms are 

in 	 .eneral more efficient than small farms. A strikKh 

examole of this assumnt!on is the recont noi "ci 

to 	 finance, ar~ain 'it very f-;avorable rae fInteresti 

the amaly7amation of sus-ar cane farms so i +t he -. aller 

farms can achieve -in "economic scale of operation. 

A close look at the meaning of economies of scas 

defined by 3razilian policymakers would seem to indicate 

a confusion between economies of size, as def'ned by the 

economies resulting from the increase of one factor of 

oroduction,' namely land, and economies of scale as defined 

by the economies resulting from the oromorV.;na i.crease 

of 	all factors of oroduction. 

Thile these olicies which implicitly assume economies 

of scale have been in operation now for several years, 

little research has been undertaken to verify the assumptions 

on 	which they are based or to test the consequenYives of their 

s 	 use. For examnle, information is needed on which tyz ,- of 

capital items have been accumulated recently on farms i. 

resoonse to these nolicies. .Las this varied ,by farm size 

and enterprise? Second, if the accumulation occurred
 

primarily on the larger farms, was it due to agricultural 
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policies or to the fact that the larger farms are more
 

efficient? Third, are there economies of scale in Brazilian
 

agriculture? If so, in 'hich farm types? This study is
 

primarily concerned with these questions, since improvement
 

in the formulation of future policy criteria can only be 

achieved through better information and knowledge about the
 

current agricultural structure and the consequences of
 

alternative actions. The analysis will focus on resource
 

allocation and accumulation under the given policy matrix;
 

on the effects of policies on the productivity and economic
 

efficiency of production inputs; and on the determination.
 

of the extent of economies of scale on farms of a given
 

region of Brazil.
 

Objectives
 

The objectives of th'is study are twofold:
 

(1) to analyze the process of capital growth at the
 

farm level in the state of Sao Paulo durin: the
 

rast eleven years (1960-1970) including:
 

- interaction of government policies and growth 

- which farms have been more directly affected 

by these policies 

- an assessment of the probable effects of 

the continuation of these policies on the 

farm structure of the study area 

(2) to determine ifeconomies of scale exist within
 
,
: f . .. 



the farm enterprise and size structure of the
 

sample region.
 

The second objective w,,ill focus on the scale impact
 

of azricultural policies on farm resource organization. 

An optimal farm organization 3 will be de-ermined and the 

deviations from this ontimum, will then be compared with 

the eleven year capital growth analysis. This integrated 

approach will permit an evaluation of agricultural olices 

n r,.lation to farm arowth, rroductivity and resource 

adjustments.
 

The Area and its Ariculture4 

The area chosen for this study is situated in the 

north central part of the state of Sao ?aulo, Brazil. The 

major urban center of the area is ibeirao Preto, a city 

with a pouula ion of over 200,000 people. The city houses 

the headquarters of the regional extension office having 

3 0otimal farm organization is here defined beingas
that farm organization that Fiven constant factor priceo
and the existing technology, produces at the minimum 
0oint of the average cost curve.
 

4A more complete and detailed description can be 1ound
in Perroco, et. al, Asoecto 'Economicos da Agricultura na 
Regiodo de Ribeirao Preto, Ano Agricola, 1969-?0, -"SAL/UJ
Piracicaba, November, 1971. And K. L. .',essel and ". 
Nelson, 'Mlethodology and General Data Description: Farm 
Level Caital Formation in Sao Paulo, Brazil, Department
of Agricultural Economics and Rural Sociology, Occasional
 
Paper No. 47, The Ohio State University.
 



5 municLpioresoons5j.bility over ei7hty " iunic "5ios.These 

extension administrative regioncomnrise an as-ricultural de itibeirao't~.i cola 

cfficially known as "Divisao Regional A- iai 

Preto" (DI11A) 

Three main factors ,ere decisive in choosin- this 

existed sufficient area for the uresent study. First, thore 

fanr diversity to represent policy impact on various 

resources and enterprise situatio-ns; second, the area is 

r epresentative of the major agricultural systems in the 

state of Sao Paulo and third, it is a rapidly growin7 

a.,Tricultural production area. 

The reion chosen has approximately 14 percent of 

the total area in Tarmin, in the state 6-' Sa6 Paulo and 

The ran;eabout 10 nercent of the total number of farms. 


of far.-i sizes in the region is similar to that of the
 

entire state of Sao 9Iaulo. (Table 1) The area is also
 

representa-tie of the major agricul-ural enternrises of
 

.3ao Paulo (Table 2).
 

There are 21 soil tyoes in the region. r'ive of the 

on 86 percent ofmost imrortant types, hovever, are found 


total land area. Of these, the soil known locally
the 


as "Terr Roxa Leitina" makes up 47 percent of the area.
 

This soil is h hly fertile and extremely favorable for
 

',:Lni[cipio is a )olitLical suodiviIon eoquivalent 
to a.,county,.
 



Table 1 

Comoarison of the Distribution of Rural PropertIes in
 
the 3tate of Sao -aulo, The DIRA of Ribeirao ?reto
 

and the Sample ?armsc Accordin; to Size - 19.9a
 

Properties 	 Area
 

Hectares Number eercent iectares ?ercent
 

(Estate of Sao Paulo)
 

-30 186,005 63 1,991,763 
31-200 89,777 30 650,3?7 0 

200- 20,136 7 13,919,594 6; 2 

Total 295,968 100 22,561,456 100
 

(DIHA- Kibeirao ?reto),
 

-30 12,162 45 166,506 
31-200 11103 42 901, ....... 

200- 3,719 13 020,765 

Potal 27,234 100 3,329,20k 100.
 

(Sample Farm)
 

-30 69 1 1,372.4 2
 
31-200 10 47 15,494.1 19
 

200- 183 35 62,899.4 79
 

Total 392 100 	 79,765.9 100
 

Source: 	 Anuario Estatistico. Sec. de Economia e
 
Planejamento, Sao Paulo, 1969, page 43 and
 
Draliminary analysis of field data, 1970.
 

a1970 for the sample farms.
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the production of cro,:- such as coffee, cotton, 3u,;ar ct.u,r,,
 

rice, and corn. The remiaininli soils -are somewvhat less
 

fertile and are devoted to the production of crops such 

as citrus, pineapple, peanuts, and bananas. 

The topography of the rei-,-.on is generally favorable 

for a.,.ricultural orouction with gently rollin. hills an: 

altitudes varying from 300 to 1,000 meters. 

About ''0 oerc-nt of the region is classified as havin.
 

a moderate climate vith dry winters. The averag;e temnerature 

ran:es from loC to 2200, and rainfall varies from 1,100 

to 1,700 millimeters annually, fallin.; belo, 30 millimet.rs 

in the driest month. About 30 percent of the area is 

considered to have a tronical humid climate with rainfall 

ranging from 1,000 to 1,300 millimeters and with temperatures 

about 22C in the warmest months. TPhe remaininS 10 percent 

oV t}! region has a moderate climate with temperatures 

rangin,- from 16.50C to 2200 witi a rainfall from 1,300 to 

1,700 millimeters. 

Nine municipios were selected as bein.; reoresentative
 

of the region. 
The choice was made on the basis of available 

agricultural data information and knowledge of local exten

,ion, personnel. ."ithin the region, sub-areas represent 

soecialization in perennial crops, annual crops, livestock" 

and eneial farms. 

The municintios of Sertaozinho, Pontal, and Batatais 

woro (',ho bcall,(u, of their specialization in perennial 

i'i " " [ 

http:millimet.rs
http:rei-,-.on


cor: ( '"ir two bi in suray cane and thn third in 

coffee). Guaira, Jariirnorol is, Sales do Oli.,-mr', and 

-heir cpeci ali at oonAltinonolis were chosn :icanso of 

in annal croi)2 an, : .rntos an! .. thcirlom-ba because of 

sneciaiizstio;. in beef -.rod.ction. 

,,,nanical technolo is intensively us..'hoOth..i 

tow',er ecuipmentthi" re.,ion; the larger .arms usin mainly 

and the smaller farmrs usnj mostlyaimal e...ent. in 

,, toboth carv.s the mechanical n- ,.ol is resi -r:ed land 

.
oiin-,wih.little harves-in equipmentpreparation ani 

bein" ased. Chn ical t.chnolo V common with ro. 

AerbicLies are rarel. owe.to fert.lizers i: nerticides. 

.odern mananea .'toI:'' e ncluQi -c,c:ost accountin. : 

a few o" t h very larae farm;.restric >d to 

"ho overall I ricultural policies of iraz; are in 

full effect in 7.is r'o-o. These are minimunm nri.es for 

crodi fo....practical].y all croos .rown,an..subsidize 

"n'vu .s" especiallVmachin.-.r, . r; imrovement and "nodern 

fertilizer. Al:o, specific crop solicies are in ef.ect 

for cros such as coffee and su.<ar cane. In the ocase 

coffee thcse policies includ highlv ubsidized and lon 

term credit for ne' lnin 'and minimum urice clore:ly 

related to world -,ricn, 

or su:ar cane they include r,roduction quota allotments, 



minimum prices calculated on a costblus Drofit basis 
 and
 

subsidized credit for farm consolidation.
 
'0
 

3ource of Data
 

The basic farm data were obtained throu: h a farm 

survey carried out in the study areas durin4 the month of
 

July, 1970. The questionnaire used included questio6ns on
 

cash flow, inventories? production, production practices,
 

use and types of credit, labor force, family ;ize", educa

tional situation, family consumption, use of family and
 

non-family labor, use of machinery, levels of technology
 

as well as questions on the history of acquisition of land, 

machinery, livestock, buildings and land and building7 

imorovements. 

From the land records of IB3A (Brazilian Arian
 

-Reform Institute) sample farms and alternates were randomly
 

chosen. The final choice of individual sample farms was
 

subject to the following criteria: (1) more than 50 percent
 

of the land owned was operated; (2) more than 50 percent
 

of the land operated was devoted to one of the principal
 

enterprises in the region and (3) 
more than 50 percent of
 

the land was owner operated. Based on these sampling
 

criteria, 332 interviews were carried out during July, 1970.
 

6-Pedroso, I. A. and D. K. Freebairn, "Food Crops vs.MYlonocultural Cane - The Case of Piracicaba, Sao Paulo,
Brazil," Cornell Aricultural Bulletin, ',o. 13, September

1969, Cornell University, Ithaca, N. 1.
 



"3ased on a prior knowledge of a-=riculture in the area,
 

the sample far-ms were divided into four size groups as
 

i 0.1- 19.9 (small)
 

Ii 20.0 - "9.9 (medium) 

III 50.0 - 199.9 (large) 

IV 200- ( very large) 

'ith the excep'tion of the municiDio of Altinopolis, 

fa-rns " all four rrouzs in cach of the municitoios had an 

average of more land operated than owned. fhis would 

indicate a net renting-in of land. 

Aooroximately one-half of the 382 farms in the samnile 

were owner operated. The small farms were almost all 

operated by their owner. The large farm s were ooerated 

under various arrangements such as oartnerships, owner

oncrator, and other forns. 

riterprise classification within the sample was 

determined on the basis of land use ratio and the relative
 

importance of various farm types measured in terms of income 

share. The land use ratio eouals the quotient of cultivated 

land divided by total land used (cultivated land plus 

natural pasture land). Dased on these quotients four farm 

typei; were dofined1. First, livestock farms, land use raio 

!:i:cI e ,I 2 : ,COfld], ixed f'. rm.;, -nlanduse ratio 
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groater th-an or equal to .25 nd more than 50 perccnt of 

the income is 'wenerated by live .:tock saloo; annual croD 

farms, land use ratio equal to or .greater than..2 , and 

more than 50 percent of incormc gcnerated by the sales of 

annual crops; perennial crop farms, land use ratio equal 

to or greater than .25, and more than 50 percent of income 

generated by the sales of Perennial cro!3 (sugar cane and 

coffee). 

The distribution of the sam'1e fars accordin7 to 

size and onternrisc soecialization is shown in fable 

'able 3 

Stratification of Sample Observations by Farm Size and Type
 
OIj4A- Ribeirao Preto- Brazil, 1970
 

Farm Size - (hectares per farm)bnterorise 
Specializationa -19.9 20.0-49.9 50-199.9 200- Total 

Tivestock - 2 9 1 12 

-,ixed 2 327 35 

Annual 27 43 92 i63 215 

Perennial 16 23 27 13 79 

Total 4 5 75 150 112 382 

Source: DIt,< - Oibeirao Preto - survey 1970. 

aSee text page 13 for explanation of criteria used to 
determine farm type. 

bFarm size is measured in hectares actually used for
 

crops or, pastiure. 



Analytical Procedures 

Dwo methods of analysis are utilized in studying the 

growth impact of policies on the farm capital structure 

of this region." The first is an historical descriptive 

analysis that traces the chanties in capital use and 

acquisition over the Dast eleven years, including land, 

machinery, and imorovements. Simole comparisons are made 

between farm types and sizes on the timing and intensity 

of capital acquisition and the source from which the 

capital was financed (i.e. savings, credit). 

Phe second methodology is utilized to determine the 

existence of varying returns to scale for the farms of 

the region. Initially, a Cobb-Douglas Production Function 

is fitted to three types of farms; perennial crops, annual 

crops, mixed and livestock farms, and the resulvs are
 

utilized to determine if different production techniques 

and different sub-regions for oroduction exist within the 

specified region. Secondly, a test is made to define the
 

existence of variant economies of scale for two types of 

farm activities, annual crops and perennial crops.
 

2he economies of scale analysis is done with the aid
 

of generalized production functions. These functions permit 

the identification of variant returns to scale within a 

production function and the identification of the optimum
 

resource combination.
 



'V
 

Once the farms wvith cntimai resource or-anization 

are identified they are compared ,,ith the farm organization
 

outside the ootimum rane. ihe resource constraints that 

must be relaxed to allow these farms to move to an ooiimun 

organization are then identified. 

A comoarison of the economies of scale analysis with 

the resource accumulation analysis permits a critique of 

the ieral ag7ricultural policies of the country in the 

last eleven years. It indicates if the oolicie, are
 

-.eared towards makinj possible the exoansion of control of 

resources that are limitin. the achievement of economies 

of scale, or if they are in fact making it more difficj!

for farms to reach an optimum scale organization. 



CHIPPR II 

Phis chapter presents the two basic methouoieX 

ised in the analysis. The discussion begins with a brief 
li-erature revicw.. followed by a statement of the hypothesis 

to be tOste . Next, the nethodoloZ," used in the histo.ical 

descriotion of t" capital growth nrocer on the farms 

e'":vinted. Thirdly, the methodolo,; used in the econories 

of sA and oroductivity analysis is develope -,cludin 

both t. theoretica.aspects and the rationale behind W

..OO of this. oarticular methodolow, Finally, some 

theoretical baiak:round for tests of differences in pro

duction functions and a brief descrition of t. variabtn 

and economic anQ statistical models used is -.ven. 

,.eview of Literature
 

Phiq 2ection reviews briefly some of the major'work'-. 

'1.ealini, with rrpturns to scale and input vroductivit;. 

Aneclfik studies dealing with variant returns to scale 

in Drazilian a.rriculture are not available. However, a
 

con,,.der'ble number of studies for individual crops usln,-, 

i 



a Cobb-Douglas production function with invariant returns 

to scale exists. Of these, the moest comnrehensive is

1 

'line's work.- Cline uses an exten-iv1 samnle of farms
 

from the major agricultural areas of Brazil an- ar.a'vzes 

returns to scale for some of' the major crops oroduced un 

the country. Except for two crops in specific locations, 

"coffee in the state of Sao Paulo and sugar cane in the 

state of Alagoas, the production functions show constant 

returns to scale (the sum of the coefficients is equal to 

one)..
 

Cline analyzes returns to scale as a means of oro

jecting possible consequences of land distribution in 

Brazil. Finding constant returns -o scale in most of the 

crops analyzed Cline concludes by indicating that signi

ficant increases in production would occur if land were 

distributed in farms of a family size, because theismaller 

farms use land more intensively. Employment also would
 

increase, since the family farms use labor more intensively.
 

Cline's methodolog,y however may not be entirely 

appropriate since it is not valid to arrive at 
conclusions
 

regarding the degree of returns to scale with an invariant 

returns to scale production function model. This issue 

is discussed in more detail later. 

A number of less extensive works for individual crops 

iCline, '. R., Economic Consequences of a Land Reform in
 
Brazil, North Holland Publishing Company, Amsterdam 1970. 

.. .. . . . . . . . . . . . ..:. . , . : .. . . - . . . 



and/or individual re lonz are aiso available for hrozilian 

arricult.'re. uo as a rule zhey are either preoccupied 

witn cost of Droduction or input productivity and do not 

analyze econories of sal . 

Cost of nroduction siudies are usually done by state 

or re.o:al institution; as the basis for government 

supported minimum orlce ,rowami. thir tvyExirlei of 

oi wof:< can be found in the neriodical "AV'ricul tura cm 

Sao Paul"o for various years and for several crops. 

fhese stdies arrive at a different cost ::r hectare for 

,different farm sizes and different technolo.ies of pro

duction usinr simp;le cost accountin7. in many cases 

conclusions rejarding. efficiency of production as measured 

by per unit cost of output are derived. in nneral tn-se 

Atudis cunolude tnat lar:er oraions usins mecnari'ul 

and chemical technolo,Z are Droducinq at lower costs. 

in all caso, these Lucide- use market Pricos aqd ;u, me 

them to oc eQqal For aI farm sizes which may cause 

hiased ryoultn. 

Thn HM atann factor oroductivity are alwo 

fairly numerous an! they always use a Cobb-Douqas pro 

Luction function with invariant returns to son1o. op in 

2A VUlleZin uub. ished monthly by tnAe SeareariA 
-.Aricultura d ..ao Maulo, 3razil. 

I " 
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exarnle, .Bizerra s 3 tiesj , which a.l z.,- 'n .... u 

e.ationchil) for corn productIoi hn <]uairal and Jardinoooij , 

.two of the munici'oios included in thi, '.,o. i an inter, 

C'.3 . .. Utilizing a Cobb-Douji a ,rott or: UfucLi 

4izerra finds constant, returns "o 2,cahi for GY rodc,1c to; 

of corn aind variables such as -,: "cultiv-,', land,.; 

expens-s explain of the _uction.most var.ation i: 2 h 

hin.hest values for marginal paroructs are for cf. ;ivated 

land, imoroved seed and operatinur ex:en:'r; 

In other parts of the world several analyses ealinj,-

with the subject exist, In PgeneraL! however, tntey deoal 
_th economc;-of' size through us of either sos; acco . 

or simulation models. Raup reports briefly, o. , :ev era, 
the studies for the U.S. Oiting, a rw,. ,y ,:addn,, 

U 0 f .rla a v, D!, , " 

quotes, "In most of the studies, al of the cconom.,1.§ o 

size could be obtained by modern and fully :',ecnanized 

-{nan or, 2-man farms." 

Phe acre size invo]ved in .iese s-udies cover! a 

wide rans,e. 3ased on the conclu--ions, summariz 'a, 

2'aue indicates: 

)Bizerra, J. V. , "Analise de .,?lacoes Factor 
duto na Cultura do M,1ilho em Jardinopolis e uaira, ! stado 
ace Sao Paulo, ano Agricola 9?6,9-_1P7." he is, E-AL0/USPiracicab-- 1971. 

4Raup, Philip, 
"Economies and iDiseconomies of Scale of
Large Scale Agriculture," American Journal of A.Lricultural
Economics, Vol. 51, No. 5, December 1969. 

5,addTn, J. Patrick, "Economies of Sizen Farmin,"
' ':SDA/A Reoort 107, February 1967. 

IL • 



in California cin; peach1 production, 
lowest average costs were achieved by orchards 
of 90 to 110 acres, if mechanized. In markez
 
vepetable crops, farms of 640 acres were almost 
as efficient as farm2- u, to 2,400 acres and
 
above, if use could be made of custom work for
 
field operations.
 

In other California field crons, lowest 
average costs were attained by farms in the

600 to 300 acre rane, producing some combination 
of sugar beets, tomatoes, milo, barley, alfalfa, 
and safflower. Average costs began to rise
 
sli:,htl for farms of this type above 1,400 acres
 
in size, and (in another location) for farms
 
above 3,000 acres in size, when cotton was
 
included as one of the crop alternatives. For
 
irrig-ated farms specializing in cotton, the
 
mos. efficient California farms required four
 
men and 700 to 1,400 acres (denendins on soil
 
type). In contrast, 'exas irrigated cotton
 
farms achieved lowest average costv with one
man ope.ration on 440 acres. For wh'at in 
Ore.on, the one-man unit with 1,600 acres was: 
also as efficient as larger farms.
 

'an Arsdall arid Elder in Illinois used
 
a simulation technique and linear programming,
 
to oxolore economies of size for cash grair.
 
and ho,-oroducin. ,farms 	 over a size range 
requiring one to six men, with various combi.
nations of four-, six-, and eight-row equip
ment. Total acres ranged from 57 to0 3,93? 
in the cash zrain area and 35.5 to 2,104 in 
the hoc. area. Gross income ran-ed from'' 
354,000 to 3435,000.
 

In cash grain production (corn and
 
soybeans) the efficiency reached by an opti
mally or:Tanied two-man farm, usin; eight
row equinment on 1,641 acres, was as ;reat 
as that achieved by larger farms of up to 
4,0C00 acres. In hog production, lowest 
avera!;e cost was achieved by a two-man farm 
usin- six-row equiTment on 716 acres. Farms 
of up to 2,000 acres requiriniu a capital
inverstment of almost one million dollar, wore 

IWan 'Arshll, [ and Elder, 	 of CizeR. . -'I'. Economies 

o' 	ll.inois (a-h, Jrain, and Ho., Farms, Illinois Ai-ri
'u]ltural -;:oQeriental Station 3ulletin 

.a
93,

_)1 
February
il. 
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included in the no.=. 
In bot:, cash u-rain and hos nroduc-tion, 

tri efficiency achieved by one-man farmc uFsn, 
0i,'ht-row equipment was almost as :reat as 
Vnat computed for tvWo-:nan farms, leadin, Van 
Arsdall and Elder to conclude that "...any 
size of farm conf.idered in thi_ study:' can 
comT)ete effectively vwithn the otimal tvio
or three-man units." 

Althou;h research metnodr and proced 'e
differ :ibovc a two-man scale oif o"'au., 
t',e studies show no .. I'-n_ifican- ecomOQ:' or 
diseconomies of size th! tnou . ,s ' ran:<es studied,. ] 

There are several studies dealin.- with economie of 

scale in industry. A monorrraoh edited by 'ar,-,:.'].0Vf,' 

or examp le, re.sse'- rturns to 

-.eneration in the U.S. 

or a.-rir ilt .it-he only wor: nown 50 :n' 

usin the ,a, .r.. ethodolo'y as ,'nres.neret study, i_ ,he 

€.'ro of alkin. Salkin I 0 analyzet. reurn o :;c2] cni! 

find- them to vary. so .e 1 +.. ,calculates ..... 
o st ner unit of output for rice pro..u<icion 

'irtna: to inIIcatc the ontimum a r size f or an'"rar1

reforms. -oro,-ra!n. . d tail; of" the methodolo-'Y Js-, ,. 

.;alkin arre discussed later in ths .hantr. 

?Van Arsdall, "I,. , and .,. Elder, p. ci. 

:2aup,up . op, cit. oa,7e 1274. 

-,ierlove, :',Iarc, st-imation and Iden.ficaton of Thbb
Dou-las ?roduction Functions, 2and !a c.aly " ,ornan,#Tnica :,o, 196;5. , 

0alkin, ar, "Optima! Scale in 2ice Production in 

Douth Vietnam," Socond orld Congress of Economotricians, 
Cambridge, 2ngland 1970 (mineo). 
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The H othesis
 

This study is concerned with thr 6e closely;,inter

related aspects of a,ricultural producition. First - how
 

has ca-oital been accumulated? )n what farms and in what 

forms? s.,econd - do the p)roduction activities of different 

;Lzes 3.n, tyn es of farms utilize different -echnoloies; 

. e. do tney have different nroduction functions? Third -

i' they do, are there different (variant) returns to :scale 

w"ithin each class of :;roduction technique? 

Phese questions and their interrelationshiu follow 

directly from the anticipated impact of agricultural 

oolicies to be analyzed in this study. 

he suecific hynotheses are the followinc: 

(1) It is hypothesized that Tnolicies have favored 

.- iecific farm size and Tyne in the accumulation of' resources. 

:;necificall7 the larre farn (as !,easured by size of land 

area) ancI the farms specialized in certain crms (su;ar 

cane and coffee) have had more opoortunity to increase 

resource control than have small farms and those soecialized 

in annual crops. 

(2) The second hypothesis is that the input-output 

relationt;hios are different for different regions, types
 

and sizes of farms. 

(3) lhe third hyoothesis is that there are invariant 

returns -o. scale within the same production function. 



iowever, if the third hy oth. I s rejected.t 

the returns to scale -;.--.... cwo-u-ton 

function and there is an optimum Innut matrix ',.''ich may be 

reache'd either by relaxing the constraints of resource, 

or by constraining the use of resources to oull back to 

the ontimum. In either case, tne analysis will attemt 

to identify the existence of varant returns to scale.
 

if they exist, an optimum! output level will be ,etermined. 

If -the returns to scale are invariant then there is oith,.0r1 

constant 'eturns to scale in vhich case any outpu-t is 

ootimun or disoconomiec occur in which case the smal!e-t 

output is optimulp. 

This last aspect is of consider-ible imnortance to 

Policy analysis. As already indicated -he imo licit assump

tion behind Brazilian ari-ultural develomen-tal "olicios 

is the existence of economies of scale or size in 5razilian 

agriculture and thus, the largest farm Dossible should 

be the ontimum farm organization. these assumozions 

acuarently have biased nolicies to favor large farms and 

certain typss of a-ricultural activitiej 

"he analysis of' Chapter ILI will describe tie resource 

accumulation orocess for a period of eleven years for the 

samole farms. Th,.e analy-SIS of Chai)ter IV will identifY 

different technologies for each class of farm activities 

and different ro-"n-,s. Subseuen'tly, a 'test will be made 

of the hypothesis of invariant returns to scalewithin each 



of the different classes of farm activities. 

The :,,ethodoloies 

The methodology utLlized in the documentation and 

comiparison of the caoital -rowth process (Chapter III) i

descriptive and tabular trend analysis. rabular or~esen

,2tion" indica in, machin;r and live: Lnves,.ock ,,ni, 

o!,ra: nr ex'enses, Porm receiots and credit use on a p,. r 

fLrm and per hectare basis are utilized for comparison 

across farm sizes and types on the intensity of use of' 

cao ital, both fixed and variable, and land. 

21,h i c a1 analyss i utilzed to denict the nat-h on 

ea oer hectare basis of major types of investn r.s ove r 

an eleven year period, Investment credit use is also 

analyzed~, throuh the use, of _-raphs over the eleven year 

-)eriod. Finally, chanc-es in land ownershiD and control 

are slotted for the eleven year period. 

'he methodolo{,jy employed in Chapter IV is an econo

metric micro analysis of oroduction. Both classical
 

Cobb-Dou'las and generalized oroduction functions are
 

utilized in the a"alysis. 

eneralized production functions are used to test the 

hynothes is of oroduction relationships ocrurring with 

~nva~r~nrit re,.urns to ,;cale. Clas!sical Cobh-Doug-la!: are 

usecd for the constant return!- to scale analysis. This is 

duo to the form of the Cobb-Douglas production function 



imolicitly assuming constant elasticities of Doroduction a-d 

of factor substitution.
 

For example, if a Cobb-Douglas function is fitted
 

to data derived from a samole of farms and the coefficient-s
 

of elasticities of oroduction add to 
more or less than
 

one, there are imperfections in the markets arid the Cobb-


Douqlas is 
not the function that best describes the pro

duction function for the particular sample.
 

Having, by definition, constant elasticities of
 

factor substitution, the Cobb-Douglas production'function
 

assumes merfect market conditions 
for both the factor 

and product mar-.ts and thus implicitly assumes that all 

farms are ooerating at the minimum average cost per unit, 

of output.l! ;'l'so assuming orofit maximizing behavior 

the returns to scale and the elasticity of' factor substi

tution must be equal to one. 

To overcome the rigidities imposed by invariant
 

returns to scale and unitary elasticity of substitution,
 

recent efforts by 
several authors have resulted in various
 

forms of more general production functions. Among these
 

are the constant elasticity of substitution function, the
 

1 1For a complete description of the Cobb-Douglas

characteristics and limitations in the case 
of agriculture

see: Yotopoulos, P. A. : Allocative Efficiency in
Economic Develonment, Center of PlanninfT and Economic 
eosearch, Athens, 1967.
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class of homothotic isoquant production function, transcen

dental oroduction function, the variable elasticity of
 

substitution oroduction function, the generalized power
 

Droductionifunction1 2 
and the modified Cobb-Douglas produc

tion function.1 3 
 All of these functions allow flexibility 

primarily in ti~e 
elasticity of subStitution but do little
 

to relax the other ri;idities imposed on the input-output 

relationship, an aspect of primary concern to this study.
 

From a 'oolicy ooint of view one of the most important 

questions is: ar. the returns to 
scale invariant?
 

Further, if they are invariant, 
do they reoresent decreasirn,
 

constant or increasinz returns to scale?
 

If, on the other hand, the production functions
 

exhibit varyin; returns to scale that is, some farms are 

experiencing decreasing returns, others exi'-riencing
 

12,. . .,
T . Arrow, H. 3. Chenery, 3. S. ilinhas and I..:.
Solow, "Canital-Labor Substitution and Economic Efficiency,
in Arnold Zellner, Economic Statistics and Econometrics 
(ed.) Little, Brown and Company, Boston 19.- 2. Clemhout
!he Class of Homothetic Isoquant Production Function,"

Review of Economic Studies, 35,91, January 1968; A. . 

Halter, H. 0. Carter and J. B. Hocking, "A oto of theTranscendental Proauction Function," 
Journal of Farm

Economics, Vol. 39, ,ovember' 1957. 

1.lvcling and L. 3. Fletcher, "A Cobb-Doulas
Production Function with Variable Returns to Scale,"
American Journal ofAricultural Economics, Vol. 52, Iiay
1970, and also: A. Do Janvry, "The ;eneralized Power

Production Function," 
in American Journal of Agricultural

Economics, Vol. 
54, o. 2, ay 1972.
 

http:function.13


29
 

constant- returns and some increasin7, the most relevant 

question then becomes which ones are operatin at the 

oOtimum"level of output or in other words, at the Doifnt 

of ,,inimum average cost. If however, the Drodluction function 
exhibits constant returns to scale for a group of farmn, 

one must still determine if all have the same level of 

averag-e cost per unit of outout or different levels exist 

although as a group they show constant returns. These 

luestions cannot be answered by the formulations discussed
 

above but can be answered (within certain limitations
 

imDos3d by methodological constraints) with production 

function- that allow for variable returns to scale,
 

Such functions can be generated by first s-ecifyinv,
 

a returns to scale function. .alkLn based on tne work 

of Zellner and Ravenkar specifies a returns to scale 

function as:
 

A(Y) =A~-K
 

A (Y) is the degree of returns to scale of the
 

conventional production function (if the conventional
 

nroduction function assumes the Cobb-Douglas form, Af
 

is the sum of the exponents of the variable inputs) . is 

1Salkin, J. S., "Ootimal Scale in Rice Production in
 
South Vietnam," (mimeo) paper presented at the Second
 
World Congress of Econometicians. Cambridge, England,
 
December 1970.
 

1lSellner, A. and iaverikar, N. S. , "Generalized, 
Production Functions," Review of Economic Studies, Vol. 36, 
ADril 1069. 

U 
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an unknown parameter that seTs a ceiling on outout. As
 

scale monotonoutput increases the degree of returns to 

ically decreases. 

Letting the production function take the Cobb-Douglas 

= l....k inputs X, andY equal to outout, thenform, for i 


an index of total cost where A is the
A( T-A isij
 

returns to scale parameter. Average total cost can be
 

xbi).A. and is constant
=expressed as Z/Y where Z A( 4 ij 

if Af = 1. Optimum output is indeterminate. If the 

production function exhibits some returns to scale function, 

e.g. A(Y) = Af(l-Y/K), K an unknown parameter, then averaire 

total cost becomes Z/ - (K-Y) ))/Af,and optimum out

put is determined by setting d(Z/Y)/dY = (K1/Af-1)/(K-l)=O 

and solving for optimum Y* = K(Af-l)/Af if Af>I and 

K>I1. 

aiven the above returns to scale function the gen

eralized production function can be derived as 

lo7 (Y/(K-Y)) = log Ao + k bi log Xij 

is the scaling on technical efficiency parameter
Ao 


and the bi are the elasticities of Y/(K-Y) with respect 

to the Xi . 

A second model used to investi ,ate the p)ossibility 

of wiryinv, (e! r(os of returns to scale is derived from 

16,
Zrel:iner, 

-
op. cit. 



the returns to scale function.: 

A(Y) = Af/(1..!;Iy) 

w'here Af = b i , and Z is an unknown parameter. if 
i =1 

7 >0 it is easy to verify that A(T) 2 a dcreas-n. function 

or Y. Aovevqr, - is not restr-ic-d as M :--/y,a 

,'-,. he sc: ..p , if farint t o al pev",*'!' 

fur:nt'o, assumes a Cobb-Dou-las form, the Threraliz,d 

2roduction Function takes the followin: formula: 

0! b2 b3 4 .. b,-o - ;>"o - " 3 ' 

Note that if Z40, Tar-inal products may increase, 

if . = 0 the .roduction function reduces to the Cobb-

Douglas form. 

For Lhis model the minimum average cost level of 

output is calculated from: 

Y* = (yf-)/z 

Test for Different Production Functions 

Connonly, ,hn analyzin- Produeion wih the aid of 

production funetions, differen ,nerpr.-, . an: t.e o 

farms aro used ars a :.nl... sl].. if, however, thps, 

farms arc ro.uci- on ii:'fent roductfrtionion th, 

1""* .... V., A. and F. Zarembka, " i..'. n tiv, "",c
loni" )rms Me A... " T:c;Oo... F.. Mono,nd ,*'-' ... 

"' 0 . . . c "ri-v2Y0f . 05, . c' n , . ,v ' t7, 
November 7')., 
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estimates of the elasticities of production coefficients 

will be biased. It is advisable, consequently to test 

for different production functions for different type
 

and size enterorises. One test, for checking the equality
 

of the full set of elasticity of oroduction coefficients
 

for two regression models, can be formed by !aking the 

ratio of the sum of residuals of thetwo subsamples. 

In the case of Cobb-Dou las Droduction function in 

the logarithm form: 

log Yj l o;< A + i bi log< i 

let 1 be a column vector °b: A1i log 

021
 

* I 

'.'hore subscript (1) indi.c tes subsample (1), and 

2 Ao.;L2
b2 

b22 

bk2 

where subscript (2) irdicates subsample (2) then the 

null nypothesis to be tested is Ho: = A22 against the 

alternative hypothesis HA: 1 2' 



If the null hypothes is s not rejected, the t%.o 

functions can he written as. 

lozk' = ogX 1 ( i) Z 

l.or YZ 1og X2 ( 

where X1 is a (nxk) matrix, with (n) number of observation, 
and is a (mxK) matrix, with (m) number of ooservations. 

Af ratio is formed 

-- A 

3 - C 
+ n 

and tested a ainst the critical va,ue of F(k,m+n-2k, ), 

A - is the sum of squares of the residuaP: of the 

pooled samples with (m+n) observations.
 

- is the sum of squares of residuals of the first 

subsamole with (m) observations.
 

C - is the sum of residuals of the second subsamPle
 

with (n) observations. 

K - is the number of independent, variables in each
 

subsample including the constant term.
13
 

The Variables
 

The analytical work that follows is based on seven-, 

For a detailed information see -;. C. Chow, "Tests of' 
iquality Between Subsets of' Coefficients in Two Linear 
Hegressions," Econometrica, 2B, 1960, pp. 59l-605. 



variables. The dependent variable (Y) is gross output 

and is defined as the sum of the values of crop sales, 

livestock product sales, family farm privileges, hired 

labor privileg es, livestock inventory changes, and rental
 

payments made in kind minus livestock purchased.
 

The indeoendent variables are six in number and are
 

defined as follows:-

X1 - hectares of cultivated land 
X2 - hectares of natural uasture land 

X - man month equivalent of family labo- utilized 

in production 

- .an month ecuivalent of hired labor (both 

temporari and permanent) 

A 5 a 12 percent service flo, of capital inputs 

(machinery, buildings and livestock, both pro

duction and work livestock) 

[6 - ooeratin! expenses. 

The Models 

Economic Aodels 

Three economic models are used in this work. The 

first is a production function of the Cobb-Doug!as 

"Aor a complete description of the variables see 

Appendix 3. 



formula: 
b5 b0 h 


* -. 

o! b2 - • , 5 .66o

"A ' A4 5 Yj'2j A3 

.'here Y is the outout; Xi, cultivated land; ""2, 

natural pasture land; X3 , total family labor; X4 , total
 

hired labor; X5, flow of. caoital inut; and X, oVoeratin
 

exTpenses. 

2iie second economic model is comoosed of tne return-c

to scal.e function: 
At(Y) = A.f(1.Y/K) 

,herr. A(Y) is he, derrree of r'eturns to scal .t some lev,, 

of' outrut, Y, Af is scale of the .71venneoclassical 

oroduction function, K is an Lnkno,-n oarameter that sets 

a ceilin: in output. From this function a .ealizod 

nroduction function can be derived:
20 

01 b c3 04 o%5Y/(-)= AXj A~ . A-

2 3 4 5i J5 

'here A is the scalin,. or technical efficiency parameter', 

and the bi are the elasticities of Y/(K-Y) with respect 

to cultiva+ed land, natural pasture land, ot;a! family
 

labor, total hired labor, flow of capital input and
 

op,eratin,7 fexpenses, 

The Third economic model is composed of' -hc return 

to scale function: 

A(Y) = Af/(l+ZY) 

20Salkin, J., 
 or) cit.
 



where, as for the previous model, = FromAf bi this 
i =1 

scale function the foilorinT';eneralized production 

function is derived: 2 

bl b2) b3 .b(.Y * A,'Xl 1 A2 i b4 b5X3 i X4j X:j X6 

where the X's are defined as for the previous model. 

Statistical Models
 

For the first model the estimation requires the
 

specification of a statistical model of the followin
 

forrmula:
 

io.1: Y = lo, A + 
 b1lo lj + b 2 107- 2 j : blo.. 3I + 

b4!°r Qpj + b5louXbj ++ogA(jb 6 ± uj
 

rhir otatistical model can be estimated throu.Th the us,
 

of ordinary least squares provided that the error term 

is normally distributed with mean equal to zero and 

variance equal to s21. Assuming farmers are maximizin, 

expected orofits and that the inputs are determined
 

exo,:enousi.y as do Zellner, Kmenta, and Dreze2
 - it is
 

oossible to estimate the production function by ordinary
 

least squares.
 

Tne estimation of the second and third model requires
 

the use of maximum likelihood estimates techniques due to
 

21 Zellner, A. and N. S. Ravenkar, op. cit.
 

2Zellner, A., 
J. Kmenta and J. Dreze, "Specification

and 7Estimation of obb-Dou'rlas -Production Function ",lodels," 
Econometrica, Vol. 34, October 1965.
 

http:throu.Th


the fact that the models are nonlinear. 

For the second model the statistical estimatIon ore

cedures require a lo.-arithmic transformation and the 

2oecification of an error structure, which yield the 

followin7 equation: 23 

1o.7 (Y /(:K'Y,)) : 1o A + : bi K'. u 

The error term is assumed indeOndent v ith mean ecu 

to zero and variance equal to2 assumin that all 

farms maximize expected profits, and perfecT market 

conditions, it is possible to show that the input variable. 

are distributed indenendently of the production function' 

Jisturbance term. Thus single equation techniques ''!! 

Yield cons.istent and as,yntotically unbiased• ; es ts o 

the product ion function narameters. 

The mrximized loty likelinood function is: 
A

lo,, max (K) = const. + NlogK - (;/2)! o 

Via an interactive orocedure various arbitrariou2
 

values of K are inserted in the generalized production 

function and then the same K and the respectives a2 of 

the generalized oroduction function are inserted in tne 

maximized lo:- lik.elihood function. 
The K that maximizes
 

232alkin, J., op. cit.
 

24Zelner, A.,, J. Kmenta and J. Dreze, ou. cit.
 

25Salkin, J., 
op. cit.
 



the log- likelihood function is t-enaximum likelihood 

estimate of At point the parameters of the gen-A. this 

oralized production function are also the maxinium likeli

hood estimates of the function's parameters. 

Plotting on a graph the values of the maximized lo, 

likelihood function arainst the K values it is possible 

to depict the path of the maximized lo7 likelihood function 

and though The followin.: formula: 
lo: max () lor . max (K) -X (.05) = 1.9)2 

e termr in an approximate five percent confidence interval 

for K. 

If the confidence interval for H bounds K in the 

nositive range the null hypothesis that the deoree of 

returns to scale are invariant can be rejected. 

For tne third model +he statistical estimation reyuiros 

firs a lo!,ri hmJc transformation and the soecification 

of an error structure similar and with the characsame 

teristics of the previous model. The logarithmic trans

lornatiori yields tefollowing statistical rqodel:.2 6 

6 
lo'-(yrZ j) = log A + :b. log X + uj 

In a manner analogous to that employed in tne previous 

model, various values of Z are inserted into the above 

2bfRamsey, J. 9. , and P. Zarembka, "Alternative 
Functional Forms and the Agregate Production Form,"
Econometrics ?'orkshoo Paper No. 6705, :lichiran State Uni
versity, November 196. 



,
T. ,! he - :tZa the sum of squared r i i c re..ultin 

fro' the various estiate of the above equation are 

in rted in the followin m.aximized lo: likelihood fun'

27 

•-ottin: the values of the maximized lo4 likelihood
 
A 

*inction the maxixum lijelihood estimate of Z, Z is 

obtained. At ;nat ,oi>t che nararmeters of the futictio.n 

are also the maximum i elihood *nitimates of the function': 

wra.mters. n the !same manner de:cribed ore.vi uly a
 

n5'.,rcent confidence interval for Z can be obtained, 

if Le confid.ence interval bcunds 2 in the rositive ran. e 

the null hypothesis which implies that the production 

funct o has invarian; returns to scale can be rejected. 

27,
 
,alkin, J. , op. cit. 

283ox, 1. E. P. and J. R. Cox, "An Analyois of Trans
formations," Journo.l of the Royal Statistical jociety,
 
'.hrie 3, Vol* 26, 1954.
 



F014> A'!1 INTENSI71L OF RESOUR~CE ACCUP-ULA72ION 

:n.- chaoter reoorts on the changes in capital use 

and acquisition during an eleven year period. 

Com:,arisons between farm types and sizes on the timir j" 

arid intensity of major capital acquisitions (land, machinery 

and imorovements) permit an appraisal of farm "rowth and 

policy impacts on airicultural resource accumulation. 

Yirs, a background statement is presented which
 

treats some theoretical and emoirical studies relating
 

agrifnultural structure and policy to farm g:wth.
 

A series of studies has shown that all farmers
 

(especially small farmers) have not shared equally in the
 

si-nificant 7rowth that has occurred recently in many
 
1 

countries. The reasons for unequal growth are many.
 

Por examole, economic growth at the farm level usually
 

occurs in an environment that is formed by the interaction
 

o: three basic factors; the nature of technoloyj, the
 

insttutional system and public policy. The atricultural
 

Adams, D. 4. and E. Coward Jr., "Small Farmer Devel
o'pnent Strategies: A Seminar Report," The Agricultural 
Development Council, July, 1972. 
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inst i utional :-,tem. na a ';i-ni: Lc.nt inf.uence u.o... th~ )T2 Te nn l~r........ 
 . . .r,_ 0.o't.,atui' i-f riechno]_ogical! ch~ 
.... 

....... inth.... f n
 

adnin Publi polivier*that alte~r 7ricy~reiunnipa,
 
On for f'actor an .roducis or alter,a ial. 
 co,-sa-r-.
 

"'ill l.rf u!an,-u also t;hy dir'ection; .:nd :n:-yae of Onm "ro'wi
 

1"Q rimact of the interaction of ;:.sy AM = onr :h 

r.owt. of farms . b,cndifferent Ono. in cnerai, small 

..... r to not take udvan e o -Aq on 7oi":- ro.th.
 

This . ' 0 lal I : true i 
 •rm-aJ. - wnoro 

.; vamp for :eedin- i 2 --.men- .",-.- 1. ... n'.r r :... 

in t~in' biolal rural societies th>an i~n unma :302

- O r c -l .-..... ... ....L ~, - fo, n .-d . . . . . r ]. '1 s2 -..r.. - "'an r ''.. or ",,, 

tionn of 'm.olrn e'conomic theory, and these ...... rc 

not ecessarily valid for areas charactri,e! ; a v ry 

Aterorneous a rioultural sector t, tero 0'J2 1K O, 

... 1, -: : .. ," .. :.--; c . .- ". .... .n t c : .) 7 

V..... ter .'.da .. ...... is %-) inOt.. o Pe a d ef n e
' " b011sk (o 
 ... c'hara ""'''.. cmt was 'nfo an! institutional ' 

. 0 t. "" 0i' .. .. . n: pys.;t-..n in"-; l't , farm::1ni 
sorvice a"! iT.noon wor".""I 

-u L,, y! di~'. ri',on! ,Ai -a-a -'_I., -po... ".... i 

of a nd n'-lin,, withJ "nn! " ' 


n ._d ,'1."~ o 
"ca oni 
 _on)A nia.... pa',n,... c" vo raNovember 1 P-r'i I, ) 3ino~m.oth :" WOAnd if r ow'rr
 



4,?
 

differences amongn farms). 

A 2u ted"2-b Vot sc;, small farms snould be studied 

w th'in theconex of the oolicv _and economical Qn.iro-en, 

- in,. ' a,; i st, lot hy otnesi es t.at on t'e ba .. 

of com.bi. tio o f diffr.:n. tecnn o1:,, farm sizes _tnd 

sri",t .. ... ,,Ta!' ".. yn,... . V vq'.,e o.nn~rn w.i.,uall:onn,.. :he poii.

n. ra lI, accordina to H{as-, can be classified 

as on - ur;:inf. the "filter down approach" to oolicy. M03 

aporoach in thy one that used national agriculural develop

merit oli'y tools with ossentially no specific programs 

.Or t:he Ym alt f'arms:. 

The are in 'w' h this farm survey was taken can be 

,hara-t.'7 z-d an' a bimodal area ,see Table 1), and thus is 

t
idea'l' for thQ anays',is of i s Afferent.. i. mpacts of a iv. 

,oli., matrix on form: of litferent sizes emplon,":.v lierent 

t..hnolo . . aanays;is will illuminatq some as.irc-;k. 

of tic dit forential lmoazt of oolicips on the growth of' 

th-s,.: farmu; 

s.he 3inodal 'armin Sy e 

From the .. inal samole described in Chapter I, 

,'7echnica!2tcct. Snan.e and the D'itribution 
of Incomn in Kiral Areas," American Journal of Agricultural 
.. conomics, 7o. 54, No. 2, *,Yay 1072. 

(C
2-asK~, Y.. on0 . cit.' 



__ 

and act vity. Ohn aciur.Vz and] clz,,2 woc: ',e , nz 

Wein&i. .. .. Koover, 0utivittwo ro.. of , 

pastrev liovestock and mixed fr A not have en: 

obsrnrva.ion within each snecific size r.up co w.nit a 

division bY far. size. 2Moo, 0n2t",ce !iv:2ctock :L ,-, '., 

an. .... an, f.Ivno .ron. .ix into q.o uq:: 

b'' size; lar ,:eani very _ ' c _ r:e anro-il ' a'a - i 

nere.:n.ial crop farms are OHMui:c- in Aur -rou:ps.: ie; 

Eial, mncium, lare, and "very arn"e. 

:oj r techr:olo y is av..abl in man y :rn in the 

re,<on.. ... ticides, herbicides, -,rzi'igr ana "ocnanical 

tecainolo.-. a-e c.-ommonly . o,..ver, :,echar.ical t. :-no , 
_ 

nas been leveloe in he form of larg size eq u cnz and 

oower sources hus, :. e s:allor farms find it more diffi_, ''f 

tzo o.n :achin-rV and -nu:-; rely o. cusion :irin,. Lie 2 
Npri;Y:f'-.n... co.nomi'c rsose b xson va riet"ies to 

Artilic :1an 


A a detailon :Otniy by ::l.on "
 

As T entiona.l earlie,.., ag_:ricultural -policy'a.fec~in;

aid ~ional u1oeo2 been. ranorzy] for the:re 

the sturi'- area can he cons-jereod a is>er down anoroach. 

Briefly, thi:: a.'roach is couonsd of an exoan'! :uply 

of low in:er:. ratn credin, soecial cr.dit terms for the 

,I I.o 1 ., , ):0. .i.. 

http:aciur.Vz
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acquisition of machinery, minimum prices and in the case 

of s.ar can and coffee som"e snecific olicies as already 

ind'icat ed. 

in nis framework ceveral of the factorn2su:-;uCQe 

5y jo t s e 'n 7 can be identified as contributir' oo differential 

rate n of mechlanilcl technaooqof7rowh. ineraction 

.'hich inclutes economies of scale, special c dis scrIe-,. 

iio :

and morn cono:icallv :i-inz .orvic. in-,t__ could 

result i: lower costs and easier eccess to tecnrolojical 

"in ut'. lower int .. s. rates snould sti.ulate. emand fur 

cvedit . .oil 'rnerc, while on the sup:l silo, :io.:t 2)1 

service, u'ply of funis repayment -uara:ee an! bak-, 

r -, in-rof'eren,: r.oul. de v whe:.k r c ui+ta.blo Histribution 

In i;ho next section, farm aisa is p)revented to ,rhc~w 

the differencesin u- of in uts, levels of onu-te and use 

of credit, and to obs-<vo the invstmernts made in capital 

.
items (land, bui.din',s, ...rovene...c , and ,oacnii r ovor 

:n Rsevon: :year period). 

Canital Tomnosition and se 

'arm data on invotment expenses and gross income 

measures arc : resented in :2able . fo permit canital use 

jotsch, C. -.. on. cit.
 

Has:, .., oo. cit.
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intensity comnarison, the s.ame data are presented on a per 

hectare of agricultural land basis (oasture olus cultivated 

land) in Table 5. 

Five basic 'trends are apparent from the information 

in Table 5. First, crop, livestock and "other" operating 

expenses nor hectare do not vary si-nificantly across types 

except for pasture livestock and mixed farms. Second, 

custom hire exoense is hi:; for the annual farms of all 

sizes -when cormoared with all other types except for the 

large perennial crop-farns. Third, althou.; " machinery 

cxoense does not show a clear trend, intensity of macinery 

exoense is reater on annual and nerennial medium size 

farms. Fourth, machinery investment does not vary siTni

ficantly for the very large farms across farm types, but 

both the large annual far!is and the large oerennial farms 

have invested considerably more in machinery than any 

other type or size. Fifth, livestock investment is con

siderably larger cn the smaller farms, both perennial and 

annual and the small farms show the largest per hectare 

investment in livestock of all types and sizes analyzed. 

.;ixth, farm receipts per hectare decline as size of farms 

increases for all types.
 

3omfi reliiinary conclusions can be draw.n from this 

analysis. The machinery investment per hectare would 

indicate that on the whole access to machinery acquisition 

is not limited by type or even size of farms. Also it is 
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conceivable that the "lar.e" farms are at a size limit in 

which mechanization becomes quite attractive since both the 

large annual and perennial farms not only have the highest
 

machinery investment per hectare, but also the large 

perennial has the highiest value for custom hiring. One 

couldI also assume that the heavier reliance on custom hirin 

on the -art of all annual farms is indicative of a less 

critical timin. oroblem for the performance of production 

tasks. On the other hand, all perennial crop farms have 

the same basic crops, sugar cane and coffee. 2hus, timin

of rcritical tasks such as planting and harvesting occur at 

about the same time. :he annual crop farms with different 

enterprises (cotton, rice, corn, soybeans) have greater 

timing flexibility and consequently rely more on custom 

hiing. 

Farm receiots increase from the small to large annual 

crop farms and seem to stabilize for the very large annual 

croo farms. ihe perennial crop farms present a similar 

oattern but at higher values, except for the very large 

oerennial crop farms where receipts are not only lower than 

for the larr;e perennial, but also lower than for the very 

large annual crop farms. This result may indicate that size
 

has an effect on efficiency, an aspect to be analyzed in
 

the second part of the study.
 

In view of the substantial differences in operating
 

expenses across sizes it is interesting to note the
 

] .. ] . : t •.. .. 



per hectare. It rises from 2.00 cruzeiros per hectare for 

the small farms to 11.00 cruzeiroc for the very large 

farms and the difference between the large and very largIe 

farms is not significant. These figures indicate that 

credit is a considerable part of the financin.g of' ooermtinr 

e.r nses., 

For the jerennial cross the results are more incon

clusive, since there is no real consistency. However, it 

is apparent that the perennial crop farms rely less on 

credit than do the annual crop farmers. -he analysis of the 

next section seems to conf.rm,this observation. 

.ajor Investments and Source of 

Finance (1960-1970) 

Four major categories of investment are analyzed for 

the eleven year period 1960-1970. They are land improve

ments, building improvements, including new buildings, 

machinery purchase and land purchases. Land rentals are 

also analyzed as a form of increasing control over land 

resources. The year by year investment for machinery, 

land improvements and building improvements are analyzed 

on a cruzeiros per hectare basis to Dermit a direct com

oarison across farm sizes. Also, in order to reduce 

extreme variation on a year to year basis, a three year 

moving average which eliminates the first and last year 

from the analysis is used. Land Durchase and rental are 



examined as a percentage of land ow-ned in 1960. This permits 

a direct comparison across sizes. 

The source of finance is divided into savings (own
 

financial resources) and credit (both formal and informal)
 

and is measured as a percentage of the total value invested
 

for 	each category of investment for the eleven year period. 

The pattern of investment for machinery, land improve

ment and building improvement is presented in Figures 1
 

through 3.
 

Three major trends are clearly indicated in this
 

analysis. They are:
 

(1) Levels of investment are much greater on crop farms
 

than on livestock farms.
 

(2) 	 Amon' the capital items, machinery accounts for 

the greatest investment outlay, especially on the 

crop farms. 

(3) 	 A definite sequence of machinery acquisition is 

apparent by farm size. 

The livestock and mixed farms maintained a very low 

and stable pattern of investment for all three items analyzed. 

Apparently, -these farms are simply maintaining their capital 

stock and do not show significant increasing trends. 

The oerennial croo farms show considerably higher 

levels of investment when compared with the annual farms. 

On the whole, the small farms make their major machinery 

invcztment seven to nine years later than do the very large 

Io ,, 
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F I GURE I 

Major Capital Investments Per Hectare on Pasture Livestock 
and Mixed Crops and Livestock Farms 1 P f?-Rieira Treo
 

1')60-1970
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FIGURE II 

Major Capital Investments Per llectare on Annual 

Crop Farms - DIR-Ribeirao Preto 1960-1970 
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larms. The medium farms maetermao h;i~~~~s 

ment two to three years after the large farms. 

The very large perennial farms have a high rate of 

1960-1961 and the rate declines continuouslyinvestment at 

aft er,,ards. 

Another form of capital that has been acquired by many
 

farms during this oeriod is additional land. Rental of land
 

increased control of this resource as well.
 

Land acquisitions and rentals for the sample farms
 

are shown in Figures 4 to 6. As in the previous analysis 

the oasture livestock and mixed farms are fairly stable 

in their land control, exceot for the very large mixed farms
 

that show a slizht increase in land rented in at the end of
 

the period analyzed.
 

The annual crop farms show a significans increase in
 

land operated for all sizes, with the small farms having
 

the largest percentage increase, doubling the land operated
 

durinz,the eleven year period.
 

'he small and medium oerennial crop farms have their 

land basis reduced in size during the eleven year period 

while the lar7e and very large increased their land basis. 

?i:-ure 7 indicates the sources of financing for the 

tyoes of investments analyzed. 

On the whole, the annual crop farms are the heavier 

u.r;er': of credit, while the perennial crop farms use the 

I L. Prie majority of the investment credit 'or all farms 



FIGURE 1V
 

Land Owned and Operated as Percentage of Land Owned in 1960-
Pasture Livestock Farms and :.ixed Cr and Livrstock Farms
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FIGURE V
 

Land Owned and Operated as Percentage of Land Owned in 1960 on
 

Annual Crop Farms - DIRA-Ribeirao Preto 1960-1970 
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FIGURE VT
 

Land Owned and Operated as Percentage of Land Owned Ln 1960
 
on Perennial Crop Farms - DIRA-ibeirao Preto 1960-1970
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FIGURE VII
 

Source of Funds for Major Capital Investments as Percentage of
 

Total Capital Investments - DIRA-Ribeirao Preto 1960-1970
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FIGURE VI1 (continued)
 
Source of Funds for Major Capital Investments as Percentaze of
 

Total Capital Investments - DIR.-Riue:rao Preto 1960-1970
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FIGURE VII (contipue) 
Source of Funds for Major Capital Investments as Percentage of
 

Total Capital Investments - DIRA-Ribeirao Preto 1960-1970
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t'or the eleven years analysis went to machinery acquisitions, 

the remaining distributed between improvements and land 

purchases, with the least amount used for the latter. 

Conclusions
 

Four distinct general ptterns emerge from the overall 

analysis. First, machinery investment is a major invest

ment item for all the farms considered. In the cases of 

annual and perennial farms, there is a lag of two to four
 

,ears in machinery investment from the smaller to the lar-jer
 
farm sizes. Thus, the very large farms appear to bein 

mechanizing seven to nine years before the small farms.
 

-econd, for the annual farms of all sizes, land is an imoortant
 

resource and it is available. In fact, the heavy increase
 

in land operated by the small annual farms seem to indicate
 

that land is a scale neutral resource for annual crop
 

production which in turn would indicate constant return to
 

land size and also a very active land market in the area.
 

Third, the decline in land size of the small perennial farms
 

and the increase in size of the large ar,, very large perennial
 

farms would indicate either a significant increase in 

efficiency as perennial farms increase their land basis, or, 

aricultural policies that on the whole, are favoring the
 

large perennial. farms. This will be tested in the scale
 

analysis. Fourtn, reasonable amounts of credit are apparently
 

available for machinery. Considerable less is available
 



*-, 

for land and improvements.' it would seem that operating 

exuenses are adequately financed. This lack of credit for 

land, coupled with the significant increase in land operated 

shown by most farmers is indicative of imperfections in 

the credit market, (by design) which,could cause significant 

t distortion in factor prices resulting in imperfect resource 

allocation. 

The same .,eneral conclusions are valid for the mixed 

farms analyzed. It is not possible to arrive at more 

definitive conclusions for the oasture livestock farms 

because of the very small number of observations, which
 

does not permit a size comparison. However, the slight
 

decline in land operated on these farms, coupled with the 

relatively low levels of investment in machinery, land and 

building improvements, (plus the fact the total sample only 

Zshowed twelve livestock farms) is indicative that pasture 

livestock is not an attractive alternative,, iven the present 

;conomic conditions in the re.ion. Crops such as sugar 

cane arid soybeans, which only recently became important in 

the area studied are sufficiently profitable (helped along 

by favorable oolicies) that they compete successfully with 

the more traditional activi'ies. 

From this analysis the hypothesis that national
 

policies have different impacts upon different farms can be2
 

substantiated. irstit is obvious that on the whole, the
 

S,!small farms both annual and Perennial are using considerable
 



amounts of both mechanical and chemical technology as indi

cated by the crop exoenses. However, the larzer farms are
 

usin: them more intensively. Aklso, as is apparent from the 

land accumulation analysis, the small annual crop farms have
 

made significant orogress in increasing their land control,
 

while on the other hand, it 
is quite obvious that the small
 

perennial crops are reducing their land basis, although
 

slowly. 

'ihile some differences are noted between farm sizes,
 

striking differences appear between farm types 
- indicatin;; 

-,he commodity orientation of agricultural policies. For
 

example, in the present 
case the perennial crop farms are
 

soecialized in coffee or sugar cane 
but the sample is
 

primarily of sugar cane farms. 
Sugar cane in 3razil is
 

rroduced under very strict controls. Quota allotments are
 

distributed to farms surrounding a sugar mill and prices
 

are established by ,overnment on a cost plus profit basis. 9
 

The quota allotment is linked to to
the land, since it has 


be location specific so as to guarantee adequate supply to
 

the sugar mills.
 

Such policies are effectively adding an extra and
 

significant value to 
land and as a consequence land has to
 

be very productive so as 
to make possible the equalization
 

of the value of its marginal product to its price. 
 To raise
 

9Pedroso, I. A. and Donald K. Freebairn, op. 
cit.
 



land oroductivity, significant investments in manaqcment,
 

machinery and fertilizer have to be made. It is conceivable
 

that small farms are not nble to compete for these resources
 

with the larer farms anO are being driven out of armin:

and their land incororatled in.to Me lar:er farms. Also, 

the si:gni ficant inc::eascr i.n lan; ouerale dde to le.nd rev-.tinr 
occurinz in the very lar:le perennial farm., may indicate 

that sm.all farms are finding it more efficient to rent than 

to uerate their lands. 

A\ssainp that the above analysis is valid it is nos

sible thai on one nand, the yeneral arricultural policies 

of the country are not dicriminatinx o:arinst small farms, 

at least as far as land resources are concerned, but on the 

other' hand, the specific nroo or technolozy policies, in 

this care :uvar cane production, marketin:: and n.qchar.iz'itlon 

oolicies i.re nirderinq ihe 7rowth of the small farms.
 



'HAK2Ea IV
 

ECONOM.IES OF SCALE AD PRODUCT1ITY A:ALYSIS 

This- chapter be;ins by defininnhoomoeneous production 

sub-re-ions within the re~ion studied. f'is definition
 
is made throuna the use of the 3ob,-Dou1as model describei
 

previously 
 n with the F Test also describedi ,reviously 

a test is ma to identify jifferent .ro
uctio, a.ctiviti(n , ..i ". .... ~~...: erert .rodus t o .. 

o-ach Of ZnQ sub-r 


1rodtion f,,nction Withi 

jon diefine~d. fhe methodolo.-, is the
 

same as described for thE 
previous zest.
 

Once tWe sub-re-ions adirijactio:n activizies are
 
1"fin-, the analysis rocos 
"; es.in: the null hypo

thesis: 
 nvar..an retufn o13os. occur 
in all produclion 

funcionn diefined, i'ailin T to reect the above hypothesis
 

the analyis troceejs by defin7n 
 oroduction functions
 
w !thin dl i'Horer:t farm sizes for the different uroduction 

act ivitiQ3. 

eRjectinn the hypothesis that the nroduction activities 
are thne same for the different farrm sizes the analysis then 
proceeds to exami.ne valus of marrinal oroducts for the
 
different farm sizes and finishes by discussing, the impli

cations of Wte results, 
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http:exami.ne


'omarison of Production eions 

As stated in Chapter i, page 7,the region was chosen 

because of its specialization in various activities of 

importance for the agriculture of the state. It was
 

expected that the municipios of Sertaozinho, Pontal,
 

Ribeirao Preto and Batatais would be producers primarily
 

of perennial croos. The municioios of Barretos and
 

Colombia were expected to be composed of farms having
 

mixed activities, both livestock and crops. 
 The remaining
 

:lunicipios were expected to specialize in annual crop
 

Product ion.
 

For the purpose of the analysis of economies of scale
 

the sample was then divided into three sub-samples repre

senting< each of the above specializations. Thus, the
 

municipios of' uaira, Salles de Oliveira, Jardinopoli's and
 

Altinonolis were defined as the annual crop sub-region
 

or sub-region I, the municipios of Sertaozinho, Pontal,
 

Ribeirao Preto and Batatais as the perennial crop sub

rezion or sub-repion II, and the municioios of Barretos
 

and Colombia as the mixed farming sub-region or sub-region
 

lll.
 

Each sub-sample was further divided into blocks of
 

farms by size and type. Table 6 indicates the results
 

of this division.
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Table 6 

,Distribution of Farms, by size and Pype of Sub
-'eion - DIR - Ribeirao Preto, 1970a 

Tyre
Sub-
legion .Croo 

Annual Croos
 
Sub- Region
 

Small 

.!edium 
Large 
Very Large 
Sub-Total 

?erennial Crops
 
Sub-Region
 

Small 

Iedium 

Large 

Very Large 


Sub-2otal 


:Ilixed
 
Sub-Re,-ion
 

mal 1 
'.-edium 
Large 

Very Large 


Sub-Total 


total 


Annual Perennial Mixed Total 
Farms Crop Farms Farms 

23 
35 

3 
4 

1 
4 

27 
43 

59 4 5 65 
40 2 7 49 
157 13 17 1 7 

4 13 1 18 
3 19 - 27 

14 23 6 43 
13 11 6 30 
39 66 13 l18 

. 
- - 3 3 
9 

10 
-
-

21 
22 

30 
32 

19 - 46 65 

215 79 76 370 

Source: Ribeirao Preto Survey - 1970.
 

aThe 12 farms classified as pasture livestock in the
 
original sample, were scattered through the three regions
 
and were eliminated in this analysis.
 



Although the different farm types are distributed 

throughout the sub-regions, the majority of the farms 

within each specialization falls within its defined 

rearion. Thus, of the 215 farms specialized in annual 

crops, 157 are in sub-region I; of the 79 perennial crops, 

66 are in sub-refion II; and of the 76 farms defined as 

mixed, 46 arc in sub-region !II. 

The next, sten was to determine the existence of 

reional differences in production functions. The regional 

production functions were tested pair-wise. 

The model utilized was a.Cobb-Douglas production 

function with the following logarithmic formula: 

lo- Y = log A + b! log X1 b2 iog X2 + b3 log Xk + 

b4 log * + b5 1o'"5 +b<logX,6 

in which '= Gross Output
 

XI= Cultivated land
 

X2= natural pasture land
 

3= total family labor
 

X4= total hired labor
 

X5= service flow of fixed capital
 

6= operating expenses
 

"he first test was between annual crops in the sub

region I (annual crop region) and annual crops in sub-region 

II (oerennial crop region). The coefficients and related 

statistics for the production functions are shown in Table 7. 
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.124 

I 

To test for differences of production functions 

between the two regions an F Test for the sum of squared 

residuals of the two models is formed. In this case: 

11.7502 - 1.9975 - 9.2165 

F = 7 

__.997 + 9.2165157 + IQ - 14 

he critical level F for 7/182 degrees of freedom at 5 

iercent level is 2.05. Thus, the null hypothesis is
 

icceTted, i.e., Ho: A ! =2 in which A1 is the column 

vector Lo- A1 for the production function for sub-region 

b3l 

b 21
 

b31
 

b41 

b5 1 

b 1 

and A 2 is the column vector og A2 for the production 

b12 

b22
 

32
 

'b42 

b5 2 

be
 

function for the sub-reg7ion J7. 
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Failing to reject the null hypothesis implies accepting
 

no difference in the oroduction functions for the two
 

sub-regions, consequently accenting the equality of the
 

technology of production for annual crops between sub

regions. In the remainder of the analysis, therefore,
 

annual crop farms are pooled for the two sub-regions. 

Comarison of Production 

Activities
 

The next steo is to test for differences among enter

prises. Since the annual crop farms production functions
 

do not differ across regions, the test for different
 

production activities is done through the test of a uro

duction function for all annual crop farms versus a Dro

duction function for the perennial crop farms in region !I.
 

The next table presents the summary statistics for
 

the Derennial croo farms of sub-region Iland the oooled
 

model, in this case comprised of all annual crop farms
 

plus the perennial crop farms.
 

A similar F Test is done for testing the differences 

in the oroduction function of all annual crops versus the 

oerennial crops. The test results are shown below: 

15.9267 - 11.7502 - 2.9694 
7F =7 


11.7502 + 2.9694
 
196 + 66 - 14
 

2.92 



C
4
-i

N-
N

n 
H

 
U

S
-

C
)c) 

U
) 

m
X
 

cl; 
It 

H
~

 
( 

N
 

c-
or 

). 

c
d
 

a) 

C
-

0 
O

 
0 

(D
H

 
4 

-P I 

a) 0 

P
A

 
-r4 

CH
 

W
\%

 , 
C

)
N

 
C

) 
o
 

C
'.W

) 
0 

rH
 

), 

U
) 

0 'id
 

H
 4 

4-1* 
(1)

H
O

i 

* 
. 

fl.H
 

0 
I' 

m
 

n-
0-0 

~ 
O

N
 

0 
CX 

O
 

Cr 
-

0XH
~C

-
4
-') 

(2 
) 

H
r-

Z
 

0O
 

rc 
o

:: 
0P


cd

 
rF.,r'P 

H
 

4-) 
U

) 
a) 

H
+) 

~ C
) 

C
 X
 

H
, 

C
C

\
) N

 
'-O
 

C\N 
--

S
 

-HN
 

C
)( ,X

 

o 
ri 

H
-

ciW
 

4-)4-D
 

O
0 

~ 
4
-)() 

N
-4

0
 

C
0
0
( f-j 

'v
' 

C
rN

 
H

~ 
("%

 
C

r 
ON 

0' 
C

) 
(*y 

00 
4. 

(H
4 

.~
f 

0
~

(1)T
 

+. 

.4U) 
C

) 

4-' 

4-' 
E

* 
-

U
) 

U
) 

c 

~di) 
i 

, 
(c) 

r-

E~ 
~ 

~ 
4
-

>
 

X
 

U
) 

-1 
'd 

.14 
R

~ 
1 

H
 

'1* 
d 

0
 

-4 

C
d
 *~~~ 

) 

. 
-. ~ 

t~
~

g
~

 

C
 

~ 

-
.rI 1 

Ri ~ 
0C

 

,-4tioC 
+

i ) 
0 * 

4-3 
.C

 p
 

w
C

 

4 
0.-f~

 
P 

(D
 

(10,-'. c,l r, 

C
) 

4r 



73 

Phis F Toest for the n which 

is a colnn vector or A 'for he annual crops 

b1 l
 

b 2 1 

b 31 

b41 

bsl
 

Lb61 
production function in both sub-re:-ion and is a column 

vector o for theA 2 erennial crops Droduction 

b1 2 

o22 

b32
 

42:
 

b 5 2 

function in sub-region Il, is significant at the 5 percent
 

level and 7/248 D,F. which imolies rejection of the null 

hypothesis and acceptance of the alternative hypothesis 

i-.e., the production functions for different activities
 

Within regions are different. 

The last step in testing for different production
 

functions between enterprises and betw.-een regions is to 
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test 	 for differences between enterorises and across regions. 

- an Test derived theUsing similar models ? was and 

result follows: 

14.4990 - 9215 , - 2.9694 -	 7 =10O5657
 
9.2165 + 2.9694
 
157 + 66 	 4 

2he F rest for tie null hypothesis Ho = inn hich 

l is a column vector Log A1 for the annual crops 

b 1
 

b6
 

i': 	 oroduction function in sub-region I and 2is as column 

vector LO°2 \2 for the perennial crops production 

b.bbl 2 

b22
 

b32
 

o52
 

b
 

function in rub-region II, is significant at the 5.percent 

level and 7/203 degrees of freedom. This. implifts rejection 

of the null hypothesis and acceptance of the difference 

4	 . 
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between production function'for the activities,two but
 

not between the two regions. 
 In other words, the production 

function for the annual cros is different from the pro

duction function for the Derennial crops. owever, the
 

location of the annual crop farms 
 within the two regions 

is not a consideration.
 

Subsequently, an F Test was 
calculated for the annual
 

crop sub-region (sub-region I) versus the mixed farm sub

rezion (sub-region III). Using the 
same econometric model
 

a production function for the mixed farm sub-re-ion was 

derived and,.,with the residual 
sum of squares the F rest 

was calculated. ihe result was not significant which 

implies the acceotance of the null hypothesis, or the
 

existence of no difference between the two production 

functions for the two sub-regions. Further testing for 
differences between the two regions was impaired by the 

lack of enough observations and therefore, it 
was decided
 

that no further analysis was to 
be done with the mixed
 

farms.
 

fhe analysis proceeded with the production functions
 

which were found to be different in the previous tests,
 

i.e. the annual crops production function encompassin7
 

observations from both the perennial and annual croO sub

regions and the perennial croos production function encom

passing the Derennial crop 
farms in the perennial crop
 

a9 .. ..
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sub-region or sub-region II. Thus, from the total initial
 

samnle, two sub-samples are defined. One consists of 196
 

crop farms from shi5observations all defined as annual 


regions I and II and the other constituted of 66 farms
 

defined as perennial crop farms all located in the sub

region II.
 

Annual Crons - Analysis of 
Economies of Scale
 

Phe invariant returns to scale model on which the
 

based is the
scale economies for the annual crops is 


obb-Douglas production function model with the charac

teristics described in the rable 7 (pooled model).
 

The model shows a well behaved function with constant 

invariant returns to scale ( bi not statistically
i=! 

signficantly different from 1) and the elasticity coef

ficients for service flow of capital, operating expenses
 

and the intercept are significantly different from zero
 

and the function has high explanatory power as indicated
 

R2
by the coefficient of determination, equals .8716. 

However, the model restricts the returns to scale to 

be invariant for all levels of output. To test the 

hypothesis of variant returns to scale a generalized pro

dui-tion function has to be derived. Given that for the 

K oresent model the sum of ;elasticities of production is 

smaller than one, in absolute value, the statistical model
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for the estimation of the Generalized Production Function
 

takes the following form:
 

lo(Yf7 6
! og ( J ) = oa A o b i log X i u 
Si=l.1 

M'he above model is estimated for various arbitrary values 

of z and the sum of the squared residuals for the various 

equations estimated and the respective z values are inserted
 

in maximized log likelihood function given below:
 
L max (z) = const. + X log- (l+ZY7 1 2
- , //z log4 

The values of the maximized log likelihood function 

are plotted against the respective values of z and the 

maximum estimate of z can be found. The next figure
 

depicts the path of maximized log likelihood function and
 

shows that the function reaches a maximum, within the
 

positive range of z, when 
z is equal to zero.
 

In light of these results the hypothesis of invariant
 

returns to scale production function for the annual crop
 

farms can be accepted.
 

Perennial CroD Farms - Analysis
 

of Economies of Scale 

The invariant returns to 
scale model on which the
 

analysis of economies of scale for the perennial crop
 

farms is based, is the Perennial Sub-Region II model.
 

its statistics are presented in Table B. 
The equation has 

a high explanatory power as indicated by anR 2 of .8114. 
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:IDYR- vlIT 

.aximum Log Likelihood Function 
(Returns to Scale Function: A 

Annual Crop 
(Y) Af/(l 

Farms 
+ zY) 

L Max 

130 

(z) 
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1101001 

80 

70 

-3 -2 -1 

40 

3O 

20 

0 

0 1 23 5 i7 -. z 

- 7 



lio.vever, the coefficients for labor, both family and hired, 

c: .ital flo, and oea-;in- ex enses are not 2i1mn.ficantly 

di.f':erent fro: .o "il; mvze. land, however, is hi;hlv 

:m'x~nh:? nt an,, excla'. "::;: of" variaz.on in outout 

"i ; h at ". beta wei-h: o. ) 

. r-iv-n coe -entsof elasti-T-4.; the nic oroductLor iy 

.fol" th, "rodel snaecified add up to more tnan one (0 O'7) 

the J;enerali3,?d 9-roduction Function . ,--heassu: es ;ol1owin
o., v .... 'o1lonin . 

0 - - O b - 1i =1 

Various arbitrary va-lues of r are inserted in the 

' 'nodel an4 tne rei ,, ,dua-l sums of squares of the model ard 

the respectve ":'s .ire inserted in the maximized io 

likelihood func; Lon belo. 

L max const, 0 ! - o/z :-('")= + o-

2he res-lts of t .v.:aximized Lo,- _i_ 1 ioo- P'naaion 

are olotted a:-rains't. the -. values adr. -he .a.h of the 

function is de-termine:i 'om this :-. tne :aximu 

dete-_rmined,. a;. ma +can b d tz mao,,' u-' . t. lIKe1 

at.e.; of 'podt 1 . funct or coefaiceents arc 

also deter:in.ed. .he -. yt Yurdetic the of 

maximum!).i: 1 -ikl ihood_.,'.,,c on. 

From the figure it can be established that the 

function loes not 
reach a maximum and thus the hypothesis
 

2 

http:deter:in.ed
http:variaz.on
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,aximum Los Likelihood Function Perennial Croo Farms 
(Heturns to Scale Function: A (Y) Af (l-Y/K) 

. Max. 

4 10
 
1 2 3 5 6-8 15 .';
 



of invariant returns to .cale for- the perennial crop farmm:
 

can be accepted.
 

:'roduct~ivity Analy!sir by. .Oze
 

liven that the ln ut-ousou: rplationshp exhibits 

lnvariant returns co 2-o! the a&reoato a afor 2aplo, 

furihor analys. was atce.:tel to study the norsibilizy 

of navin" annual crop 2n ' oennial crop farms of different 

sizes osr:atinq an different levels an .. ith different 

['actor :roductivilies. 

Annual Croo Farms
 

ehsamrnle of annial cron 
farn was iivided into two 

xroups by size, one comoownd of the small and medium 

annual crop farms (uo to 0.-q hectares) and the other 

comnoose of the lan an! very larg'e annual crop. farms 

(from 50 and more hOctares). 

2he same Cobh-Douzlaqnfcoductjon function, utilized 

inl tic ur'evious -.lyai:s fitted to
0 '' the two sample-,
oC farms. -aa 0 staMasuirIP s of twie 

two functionr and :able 0iv,: the values o[' :Oe narinal 

nroict. Yor tin, vrious ruas-. An Y' st for diffore= 

nroduction funrlic waea N.or9e. n,! t2, ri;.5Jtw id

cate chat the functions are statistically different.
 



Table P 

Summary :3atiszics for Zroduction "unction (Cobb-Douglas) - Small- edium 
\nnua! ro Fars a,- rr--e- ." Pa--e - >. 'A "ry 


-.ieirao .reto - 19?0 

-'ar Large-Very Large Farms 

Variables Elastcit_ Elasticity 

Coefficients 7 Pest for 3=0 Coefficients testfor 3=0 

Lo_ ; .27 l.a2*, .9437 3.,525* 

Cultivated Land .0421 1 .0199 .2432 

Natural ?asture Land ,0034 .1639 ,0005 ,0553 

Iota! Family Labor -.0918 1.6099* .0558 2.0513" 

Total Hired Labor -.0319 1.2415 .241 4.3257*
 
Caoital Ser.i es .2774 2.721* .1992 3.0937*
 

.
Ouerating 3xnenses .7249 .6354 3.629S3.8500
 

Corrlat on (Adjusted _2) .79 A8 

i~.atio 45 "T74.8 3: 
-. . 62 119 

*Si:nificant at 5 percent.
 

**Si-ificant at 10 percent.
 



Iable 10 

jeomer.rc .ean and ,"alue f .arnal 1-'oduct for Variable 'actor 
nouLs -Annual Cro' Far-s - DiHA-Ribeirao Preto 1970 

- ll jeclun Farms Lar::e - Very Large Farms 

Variables,,-o 1?071.t C-' .C~u * 0,71 0 rC1m Va lu e o f 
-ean :iYa! z-oduct r.r-...inal Product 

cross Out-ut 6,:qo.00 --- 5 ,0.00 

,u I , I -;,,a Land 0 i49. 0C 0ed 19.00 

.a-,ral Zasture Land .52 .4.4 0
 

a
otal Fami Tabor 1.0 -46<,.O0 c,/m.e. 1.13 2,905.00 Cr3/m.e. 

iaita!~L,,a.. r 01. :.16 1,/I .0 2r/ICe 

,a:,ital .ervri.s 2, 0 .- c 1.40 :r Cr3 12,260.00 .- , 'r/r$ 

Osera2in-: ?x,_ 2, 000.00 l.0 r/l ' 27,'00.00 1.40, CrL/ r: 

Sel, iit. of rc--,uctio. cofiin ss; ii n tte1 erceit l-evel. 

http:27,'00.00
http:12,260.00
http:2,905.00
http:6,:qo.00
http:jeomer.rc
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Perennial Cro:) -arms 

The nerennial cro.) far. :r. sam' l: %-a-,divided into 

small an,; medium size far:s and larme and very lar.ge 
f st me...ize limits defined for the 

annual cros farms. 

An economet'ric model similar -,o the previous modeLs 

,'as fitted .o cats o-f t,, two sets of data and the sunmarv 

sati: ics crn t, founi is fa ble 1i . ne values oi.'e 

'nar .... thn different in.juts can be foundo....,t for 

i' iable 12. 

n' Lest for the difference bet'."een the t.o oroduci:on 

!'unctions -,vas carried out and the 'esult was lower na.

the critical level , indicatn- that tne funct ions a,rc t 

uifferent. .ovever, a test on a sjb-set o: c: ficien .;

indicated that ome coe"':iciens 'are di 

.iti each other. Oonsequently, the functions have -1th same 

overall profile, but certain coefficients are diff,.,rent. 

o n(; 1us ions 

Phr irst objective of the precedir.< analysis was to 

es tablish" wheth r varyin : or invariant returns to 'ca.' 

a-". exhiited by, the ujroduction functions. The resu1ts, 

i,"icate that the returns to scale are invariant, t'at is, 

.ie returns to scale do not vary wth outout. in both 

' s,'- renn; al and annual crop farms) any size~( ooerates 



-able 1" 

S..mary t atistics for Proiictiou. Function (0obb-Douglas) Smai!-.,.eium
 
Perennia! Cron and LarIe-.erv, Lare I.erennial Croo Farms
 

e-..a o r go-1070 

... 1.."aleu Far s r -" Very Lar. e Farms
 
ariab!es asticiv lastIc I t-.
 

I-, S 4 
-Coeffici : e',' for !3=0 ffi S est for 

oe ....... Ao f c. es- = 

,uitivated Land .75T5 3.754!* .3045 2. 0910 

.,atural Pasture3 Land •0305 1.4200 -. 0041 .1940 

-ota! Family Labor .1007 .7322 .0550 • 324 

1tal i -re2 .0562 " .1or 1 .0740 4 C54 

2anital r.ce. -. 105 . 333 -. 025.1 

Jerat..n Exo:,n-cs -. , 5 -. 94 

"orrela-ior. (.Adjust ed R 2 ) .?Iq1 .717 
0 .0007 14.9533 

. . 25 27 

' :-i i - 3: t 1 - nercen .



Geometric 
n -a.S-

,ean and Value of .,.arir.al 
e .2.nn c Farms-

-roducT -or *.ar.la __ 
- - beirao :re:-o I 

actor 
?0 

>.a~l 

.,,arro' ric 

aa 

- ieur,Far-s. 

o: 

-

e,-U~cxoet2Lc 

.. ean 

ery .aro_-arms 

.,aLue of 

..-arjiaa zroduc 

;roCs -It .... 

lti.tz Land 

:atural 1asture 

To a Family Labor 

rotl -i-rec Labor 

a7io I.a!Services 

Ooerat:z,-=r ...... ses 

11,2-:0.03~~~ 

2-0.3 4 

.046 

60 

. 

1,86".00 

3,,-743.00 

00 Cr/h 

. r/ha.392.00 

0 

742.00 r /m.e .. 

0 

0 

60,900O0
, goo-iL 

.29 

1.41 

42 

11,30000 

27,370 .0027, .76 

-

/ha 

0 

0 

0 

Cr.3/1Cr./lC r 



with similar avera..-e cooz, therefore any size is opti:u:.. 

Obviously, the results are only valid within zhe limita

tions of the samule and of the implicit assUmp~ions of the
 

methodoiog.
 

~oconclusions, for e:- ample, can be drawn for farms
 

outside :he 
ranzp iKcd b thp samlse. .!nu, it is
 

conceivahle that farms which were not 
 include! in the 

namlr)., may have eiher increesin:" ,Dr, creasi. returns 

to scal. Jeconj, the me:nodoIoil,, m.nIi ss constant fac tor 

and output prices and constant clas:icity of substitution 

for factor innuts. 0nno:o ne t eore:ical reasons that 

returns LO scale increase as far's increase output size 

is a readac: on in cost:2 as the purckaw-ve and handlinu: of 

lar.ve ,quant es of inputs increase. in a like manner, 

handlin- and tran'oortation cost uf products decrease, 

as 'Dutrut increases. !a in cocn,.vable that at !eacl t*e 

very larre farms may benefit from ;base cost reductions, 

althoush it is not necessarily certain that such reductions 

occur. 

Anouher restrictive a"rect of the analysis is the fact 

that the mpthodoloq7 en.loed assumes constant partial 

elasticities of substitution between inputs. it is possible 

that as !Arms incr'ear in ize :0 olasiicity of subsvi

tution for the different factorF chan~e; and tnis chan-e 

coul is the narameter s -n We esti,:ated f'unction. 



.'owver, the relativel/ rood results shown by the model 

employed demonst,-ate that. at least ,ithin the limits of 

the samote the oroduction relation,shin can be exolained 

fairly satisfac!.orily ,.ith the model used. 

Unhe analy,,-is of the results of the model for the 

small-me,-i.:um a::-.ual farms indicates that these farms have 

a lower oroduction profile than the profile of large and 

very larno annual farms as indicated by the coefficient 

for the intIerceot. However , the resoonse of ouout to 

c!apital services and o-erating expenses on the small

medium farms is slif htly higher tnan for tne lar;-e farms. 

All annual crop farms, bath small and large, have an 

estimated elas"ticity of oroduction for land, both culti

vated and natural rasture which is equal to zero. Caoital 

rervices and ooeratin expenses on the smaller farms are 

the largest coefficients and explain most of the variation 

in oroduction. Values of marginal products for these two
 

coefficients are t=reater than one indicating that increased
 

net return could be obtained by the expans.on of the two
 

factors. Phe larger annual crop farms have labor coe'

ficients (botih family and hired) considerably larger than 

the same coefficiants for the smaller farms, indicating
 

that tne productivity of labor increases as farms increase
 

the land size..
 

http:expans.on


For the small farms t,.he elac 'ity of oroduction is
 

rc',:.ative and si-iicnt 
 ' nhe ,-n nercent level, :iere
 

is somo measiurem.t j the
.- data and the coefficient
 

-ould bo,a, c onsierd ,t ,- eca 
 to 're, t 

,, 'data for famil labor, it is hard o exolain oO, much of 

.... ... i res.ul--;. from laborreal redunda:ncy on the 

lar-,s anA how much results frOm tro 1em. 

S!-Ired labor .a eoual to zero thein smaller far:.,- indicatin: 

the insi-nificance of hired labor employmcnt on the smaller 

farm,s (note that the 'eometric -,ean of hired labor in the 

smaller farms is equal to .01 man ecuivalents - able 10). 

_aoital -o'ivice and operatin,- expense oroductdvities 

diecrease as farm.n' increa e land size. he value of 

mar-inal oroduc for can)ital services on the lar'.cr arms 

indicates a very lo, ootential, for increased returns by 

expanding the use of ca!nital services. On the other hand, 

the value of marairal nroduct for operating expenes on 

the larg-er farms indicates iome potential for increased 

investment in ooeratin,: expenses. 

A relatively poor fit (, 2 , ?)= was obtained by the 

model when applied to the production data of the small

medium perennial farms. -,he coefficients hov,,ever, are 

consistent. ultivated land ic oy far the most important 



coeffi-ient (beta weig,ht .709,' by total hired 
l.abor (Deta wol 7ht = .301]. 2. -,ronuction function for 

the lar-v, larre 3erc"n-nal farms indicate-s a r-,iatively 
,o fit (: 2 : .72) and eon<'isten- coefficients. Land 

_a, AC mos-t imno -'uant coefficient (beta " ei.:eht 

':ie or , 

(bC:. Wrei[rht = 2') 

hc small-mediu. perennial farm size has an interceut 

consider-ibly lar::er than the lar:ce-very lar.'re f'arms Indi

cati.n:,- that For these farmc; the fixed inouts,are Drono'

tionally lar7er than for the lar-e-vern lar-e farms. 

(?eo Table 11) In other words, the fixed inouts are of 

a sizo that oermits more flexibility in production or-ani.

zation for the large farms than for the smaller farms. 

2his as-)ect should ex-r!ain tne near zero value o mar,--inal 

oroduct of canital flow for the small perernial farms at 

the iame time that the value of marginal product for hired 

labor i,: oositivc and fi.rly lare. iavinr fixed, capit'al 

inruts available a5 only certain sizes (trucks andr macninery 

for example) obli-atez these farmers to over-invest in 

thos, items, thus increasin- labor productivity. On thn 

other hand, the heavy investment in opeiating expenses is 

drivin,:- marinal Droductivity of cultivated land to higher 

fH)follow.,ed by 20 hL .,-,nt o ,,?ratin,I 

Plhe beta wi,-ht is the production elasticity coef
ficient normalized by its variance. It is free of the
 
influence o§ the measurement values of' th variables.
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levels. 

2he larxe-very lar7c farms show a value of marcinal 

Droduct for cultivated land that is lower than that for 

the small-.medium farms, anid value of marginal nroduct for 

operatin:< expenses that i. less than one. 

The near zero value o-- marcina! produc - for the 

caitai -crrices variable in the larze-very lar:ce nerennial 

far2s _,17o indicates _ lar.-e investment in ca:ital iten,:s 
::hin zmay be due to the easy access to hi-hy subsidized 

credIt available to thes;e farms a- %:ac indicated oreviousl:v. 

P'he low values of mar.sin l Droduct -for oT.eratin, e>-:n:eQ2 

on bothi farm sizes indicates hi::h levels of use of one -ati-,., 

exoonse which -may be resoonsible for the relatively lar-e 

values o mar inal returns for land.
 



C'HA''ITER V 

C03:':CLUS10: AD POLI'Y IM."PLICATION'S 

?h princi-oal nuroose of this study has been to 

document the imoact of a,-ricultural policy on farm resource 

accumulation and adjustment possiilities for aniaira

culturai re of state of .baulo in ,uchthe oIon Sao I3raziI. 

of :.3rIian a:-racuitural nolicy has assumed that lar.-e 

farms, are ,rore efficient than smnall farrm, i.e. snal! farl s 

!iO not employ innuts at their ottimum use and "'-at econoies 

of scale exis:t in 7-razilian agriculture. Policies 

favorin, mechanization, farm consolidation and increased 

ronu-' t').n of croos nroduced. principally on large farms, 

Aaveresulted. Less attentaon has been oaid to tne s:en

eration of yield increasin,- technolj).R- or the im-rovement 

of zhe inouts used on both small and lar.:ge farms 

In view of this anoroach to increasing C. ricultural 

production this study has attempted to evaluate both the 

imoact and econormic des;irability of these oolicies in 

term of farm level (ieve]oz:,tenit and capital Sro,.th. r"st, 

an analysis of the form, source and E--quence of capital 

Trowth for an eleven year period on farms of various types
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and sizev; in the study area '.vac conducted. "hi-2 analysis 

verified ,that capital -rowtn .-!as stronly affected by 

.
.olici.. s he 'main :or n of cacital invest

mnent. I'ireases in land o"'nerhio'inc control .', ro also 

e v_-dnt C'arital i, c cro, 

than on livestoc: farms, and fina ,, r J 

ca-)Ltal earlier and more intensively than smoll farm-. 
Credit -. a source c )i1 <row e.,C,,:-as naior of , ". ,,1.. %.....
-an . ec ial ly 

for machinery -)urchases and a:.-ai , used :,ucn :'ore intew

sively by lare farms. 

'his level of analysis then verified the assumption 

that as-ricultural policies can be a powerful determin~ant 

of the direction, speed, and distribution of carita! ,ro'.th 

in ariculture. 2his leads to the second obj]ective of 

the study. In q;uestion form. this is: do !ar:e fam nav. 

the i.reater economic efficiency in convertin, inouts into 

aricultural outnut? and do returns to scale vary as outnut 

increases mainly by increasing- the land ba.se? 2hse 

questions were addressed throucyh a micro analysis of oro

duction.
 

"irst an analysis of returns to scale ,as made on
 

several sub-sets of data. Perennial and annual crop farms
 

in two size categories were examined. The .:,eneral con

clusion from this analysis was that in each farm type, the 

returns to scale are invariant and in fact constant. All
 



9)j 

farms of a .7iven tyne ooerate at a constant level of 

averase cost oer unit of outnut, consequently there is no 

un],ue ontimum size. :.o .'.ever, within each far type there 

are different uroduction functions for the tv..sizes 

analy z )d. The snecific conclusions, as they relate to 

farm tne and size and the nolicy implications are ae.,cribed 

below. 

.nnual :roc Farms 

oor tne annual croo farms, the productivity (elasti

city of -vroduction) of various inputs chances when the farm 

,3ize chan::es. An examination of -he production elasticities 

for inouts on both farm s-izes ind..cates that cacital 

servicr: eand operaltina exrense nroductivities decline as" 

farms .et lar=:er. On the other hand, labor -roductivity 

.s uch hitcher on the lar.cer f-arms. inrlt 

cate that output on the smaller farms increases more in 

res;oonse to chan:es in the use of both canital services and 

ooeratin. expenses but not to labor. 

9Part of the reason for such differences lies in the 

fact tha-t the larier farms use less labor per unit of 

other in!uts-they are less labor intensive. The estimates 

mnay also be indicati, that both family and hired labor 

are critical inn-uts in certain phases of the production 

iurocess. 
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The value of marqinal product for inauts on the 

smaller farms is very low with the exceotion of hn two 

capital inputs. 2hese results indicato that v. l.ittle 

Potential for exoansion of proruction exists for the sna: ler 

farms if land or labor use in incrfa , :.i:"ee "n.'itonal 

exuenditure on these resourc es.1 'wlul t V var, o-. 

returns, However, capital use couli be increased orn a. 

indicat , t>. Me .oitalby mar'inal return. . in rea-, 

in the form o2 mechanization suit !y to :,r",er land bases 

however. 

Several] '-o,1 Lolicauions evident.* ?irs t o!cy are 

sizes of farms would racve litil, incre-ased return from 

the use of re land. fh s result ind icates tat icreases 

in land, vAir;h the oth,-r _n;Wuts held constan-:, 'ill not 

inc rease nroduct 4!nsi if i cantlY. ?'or the annual cruo; 

farms then he, resource constraint in not land, but otiher 
1 

production factors.I For the smaller farms it may be 

capital services and operating expenses. For the larger 

farms it may be labor. The larje value of marinal return 

to labor on larqer farms indicates the :notential these 

farms have to increase outnut by becominj sore labor 

intensive. The fact that the value of marmmnal nroduct; 

for canital services on the farms is juite low indicates, 

1he si ;nificant increase in land observed durini
 

the sixties as indicated by Fi:lure VI, Chapter 3 further 
supports this conclusion. 
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In
substitution of canital for labor has taken place. 

this case, capital would take the form of machinery. 

Phe historical canital accumuiation analysis support.

this conclusion. For examnle, the larger farms have a 

greater per hectare investment in machinery than the 

smaller farms. Also, the lamer far:rsused pro..or;ionally 

more credit to acquire machinery than did the smaller 

farms. Thus, it is apnarent that due to the credit 

'olicies the larqer farms non only have :-reater access to 

cheaoer credit ror mich.nry, but the ease with which 

machinery is acjuirod hac resulved in a rubsti tution of 

qachinery for labor thn ha: etracted from a potentinl 

increase in production throu.-h a more labor intensive 

or.?nization, or 'at least an undi toried labor-land

capital ornanization of production, 

Concludinw, it can be said that the smaller annual 

farms are more efficient in the use of capital services 

:d oueratinn: expenses, i.e., in terms of response of 

output to chanjinj levels of capital use, but are con

siderably less efficient in relation to labor use. Land 

does not seem to be a constrainin7 resource for the smaller 

annual farms in the region analyzed. Very little returns 

can be obtained from increases in land inout. .i:achiner, 

:-r'vi(ecs howovr, have a .'rcater return a,--. indlcated by 

L,.1,' value of mar-inal oroduct for capital service. Thus, 

as _aller farm: mechanize they have to increase land base 
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since it is apparent that the machinery component .s such 

that it is only viable in combination with an increased 

land area. A.t that point land may become a resource 

constraint.
 

For these farms it is apparen- that increasin-, land
 

size counled v..ith mechanis;aion has resulted in hi-her
 

labor ,Droductivity but lower capital productivity. 21e
 

Qasy acress to machinery is aoarent'Ly risin labor nro

1uc{jt.: but riot the .roductivity of other factor-, 

esoecial!,y land. Increases in produ ction, at mar-:Ln,tne 

are low as are the return_- to increases in mot factors. 

These findinns indicate that t].: production func-ions 

for both farm sizes are low and oolicies .iould be di,,ected 

toward oushinr the production frontier outward throu-h an
 

increase in avera ,e productivity for all production factors,
 

particularly land. 

?erennial Cron 'arms 

"s j.n the cas, of the annual crop farms the analysis 

of returns to scale for perennial croos indicates that 

invariant and constant returns exist, thus, any size of 

farm operation can be considered ostimu. when the samole 

is analyzed in the ar .reate. The produutioi, analys s by 

size, however, indicates that production elasticities are 

quite different. fhe larger farms have ,;reater elasticities 

of production for land and operatinfr expense inTuts. ?he 
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is also
value of mar';inal product for operating expenses 
higher on the lar-Ter farms. On the other hand, the values 

of'mar-inal product for land and hired labor are larger 

on the smaller farms. 

Apparently the smaller farms rely substantially on 

mean for family labor is relativelyfamily labor (gTeometric 

high) and by so doing are increasing average land pro

thus raising the value of marginal product ofductivity 

loni-,er exnand production may 

land. Also, operatin- expenses are bein- used to the point 

at which further investments in onerating expenses viill no 

and thus have contributed 

to raisins the average nroductivity of land to its unner
 

limnit. 

As indicated previously, the production function for
 

has a higher intercept whenthe smaller perennial farms 

compared to that of the larger farms, but smaller values 

for most of the production elasticities. This aspect may 

be due to the indivisibility of certain fixed factor inputs. 

Thus, the only alternative left for the small perennial 

farms is to increase their land base whi-h would allo,, a 

:nore flexible combination of resources. "he analysis 

however, clearly indicates that the smaller perennial farms
 

their land base. Although the productionhave redur-ed 

of thesefunction indicates a hi~her potential on the part 

farms to expand output by expanding land, some other factor
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apparently not 
only inhibits their possibility to increase
 

their land base, but actually leads them to reduce the size
 

of their ooerations.
 

A oossible reason 
is the specific sugar cane policies. 

giar cane is Produced under strict controls. The most
 

important feature of thi.s 
 olicy, in relation to the present 

analysis, is the quota allotment, 2he production quotas 

are alloca-ced by means of a process in which the sugar mill 

that acquires the sugar cane3 has some control over the
 

quota distribution. This control stems from the fact that
 

a quota is c7ranted to a given farm after the far. has sold
 

sugar cane for thr'?e consecutive years to a given sug ar

mill. After three years, the farmer is granted a quota 

(attached to his farm) equivalent to the arithmetic average 

of his sales for the three yea rs. 7or t,< 'fl,,l: ills 

hlowever, fe,,r independent suppliers ai'e oref-r-ed, since 

the adminim-rat,*- osts of fupply control are reduced, 

as wella a 7-uarantoc of a 3teady supply is increased if 

it buys surar cane from a smaller number of larger sur-oliers. 

Therefore the most rational attitude is 
to direct the
 

mill's supply policy efforts to have the smallest number
 

of suppliers consistent with supply needs. Ihio attitude 

may explain the apparent discrimination of sugar mill 

manazers against the small sugar cane arowers.
 

Also, the quota increases land values, since it
 

reoresents the elimination of economic risk. 
 Participation
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in the ororam therefore would be capitalized in land
 

values. Under such conditions, it is not surprizing that 

small farmers in an area of su-ar cane oroduction may be 

forced out of a Triculture and their lands inco-cporated
 

into the larer farms. 2he historical analysis suggests
 

that this, situation may be occurin.,
 

"'ina.]. _,'omiwnt s 

Phe resul-s of the productivity analysis and historical 

,nveF-tmnt indicate that the nresent agriculturalcatterns 

olici:v of .:razi. are hinderin- the expans:ion of smaller 

farus, essecially the nerennial croo farms in the area 

studied. Also, it is clear that the expansion of the !am-er 

farms has been facilitated. If the objective of agri

outnu,, Dr u,1t of 

cul.ural Policies is to expand output per farm only, the 

policies are ooeratin in the ri.ht direction since returns 

to scale .re constant but detractin.: from increasing 

land or other resources. The ]nCrease 

comes at the ,extensive mar-in. .o handle such an increase, 

hasmechanization suitable to large land base operation 

to take nlaca alon!- with the farm size increases. 

?righly subsidized credit, especially for machinery and 

oneratin< expenses, usually is more accessible to the 

lar;er farms. '-.aving the possibility to acquire financial 

resources ffor operatin,7 expenses and machinery, these 

farmers can use their own resources to invest in land, thus
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the oattern; more land, more machinerj, larzer farms, more 

outnut. 2he levels of mar ,_ra_ productivity ho'iever, arc 

low for -iost of the inouts. For' exampl., ai;h avera.

,
machiner, investmenb, lar - r farm,,,- have roahe<ed vqr. low 

levels of 1,,ar,,ina returns -orcar-tal servic.... 

',e production elasticity for o'eratin :- x:;nsos for 

all farm!. analyzed (except for the small-m.diu,: o.rennial 

crop farms) is relatively high. hose reqult . ,,'hen analyzed 

in conjunction ..ith the production eiasticiti(- of land 

and cao.ial services further illustrates -he .3.source 

constraints faced by the smaller farms. Crop and machinery
 

expenses for example are the main comoonents of ooeratin
 

expenses. Thus, increases in land and machinerjy for 

further production exoansion would require an exansion 

of machinery and crop expenses or in other words the 

increase in use of biological and mechanical technoloK/, 

Ls indicated previously, it is apparent that smaller farms 

are hindered by present policies in their attempt to attain 

hi- her levels of use of these inputs without expansion of
 

the land base.
 

From the above discussion it is quite aooarent that
 

the a~-ricultural policies of Brazil assume that size,
 

especially .,hen measured in terms of land area, is the
 

primary reason for economic efficiehcy in farming. In a
 

few instances Brazilian policy makers acknowledge explicitly
 

this assumption. In ;cneral however, one can only perceive
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such assumption by carefully reviewin ,- the overall policies 

of the country. Credit is subsidi-ed for machinery 

acquisition, :asturc imnrovement, fertilizer and farm 

con-7-olitior. Each of those are really ore accessible
 

,o lartr f arms. Substa tial tax incentives are given for 

the ocnn:.s2 of extensive cattle rancnes in the Amazon 

rnz oo. 'n iortheas- razil, thethe of one oo most 

irlpoveiie,0 areas of this emis-ohere, fruit tree plantation 

tyne farms have been. formed throuh generous tax incentives. 

All of these incentives are accessible only to individuals 

or firms of considerable financial and managerial caps

bility. 

Fhe orecedini- analysis su-,ests that size (or scal3 of 

operation) alone may not be the main reason for economic 

efficiency. 'Ihe larger farms are more efficient in relation 

to some factors but not in relation to others. The lar:er 

nerennial :oro- farms are more efficient in relation to 

.land and. o:jcratin-- ex-o ense and the larder annual crop 

farms are more efficient in relation to labor both family 

and hired. It is apparent that the higher level of 

efficiency for these factors can be traced to agricultural
 

Dolicies tha- by assumin.: that larT7er farms are more 

efficient favor- them and discriminates a2ainst the smaller 

farms;. On( may also soeculate that smaller farms face a 

Less favorabie orice situation in addition to the pro

ductivity di ff'ences noted. 

http:ocnn:.s2
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The larnger oerennial farms are more producrtj ve in 

relation to labor and to operating exsensec, a-parently 

due to su car cane policies that discr Lminatem aainst 

:maller s u..ar -ane farr. urtr, .... a :-eneral :roblm 

of relatively low absolule levels of oroductivity for all 

-arms in this area, on.; of the most economically advanced 

_of 3rail , raises questions about tie develomen of 

appropriate forms:, of axricultural technolo.,. 

According to the l9.0 census, :razil had about 

,,300,000 farms of" which 2,400,000 farms had less tnan 50 

hectares. 2 _y ooeratin:: on the assumption of efficiency 

bein;r directly correlated with land size, the -dovernment 

may be a!tenatini7 a tremendous .gro'::th ootential on all 

farms, a notential that can only be realized fully through 

the develotoment and introduction of technolo2/ to increase 

outout oer un_- of inout. 

z-1uture !iesearch
 

,wo aspects of additional research are indicated.
 

First, the results of the present analysis lead to tentative
 

conclusions that challenge the direction of current arri

cultural policy. These results must be investi.gated and
 

tested more thoroushly under a wider ran.7e of farm situ

ations. Also, in this reard, there is a need to more fully 

L.-E-Inst. 

.eries Estatisticas Retrosoectivas, 1970.
 

:undacao 3rasileiro de ,'statistica, Brasil
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understand relationshipS between factors of nroduction and 

h-ow they chance betweo.- fars:" types and sizes. 

?or examnle, 'the -. icreasa in 'and oaerated which 

ap-Paroetly would result r!-r, the continuation of .)resent 

in the intensityoolicies vould also cause an increase 

of u<e of caoita services and onerating expenses. Ehe 

same would occur it oroduction were to increase throuigh 

increases of' factor nroductivities. it is quite certain 

that in both cases oresent factor-factor relationships 

would chan--e. 'I analysis of factor-factor relationshios 

would in(Icate first,.the efficiency in resource allocation 

for the different farm resource orzganizations and second, 

vould occur as one tyo:-e ofthe factor substitution that 

production or-anization chanaes to another, either because 

the farm o:xeands; the use of input,2 or because policies 

alter factor -)roductivities. This analysis .':ould be best 

carried out wih the use of a ceneralized production 

an, ::Ith-.orice data on factor ihouts for differentfunction 

farm -rcups. 

ihe evtima.tior of a generalized production function 

with an unrestricted factor-factor relation for the two 

farm sizes utilized in this study could allow a com-oarison 

of the production functions and a definition of which type 

of tunction best exolains the results, given that returns 

to scale are invariant. Once the production function is 

defined, the most efficient resource allocation, -that is, 
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the noin't, where the ratio of value of mar1inal oroduct 

over pnrce of irlout e-ua].s one, coul, be ,.eter:-,ined. 

Also, tse factor-factor ratio naricularlv the caoital

labor ratio could be dete'sined ans an analysis of labor 

substitution a- a coneruence o :ar. increas> ass 

technolo -ica' -hanr -o-uid be 'lo . 

1he second area of future reearc 

ver.fication of' the uentazve. r esults orent s.tu.y..he of 

If the results are confirmed, they indicate the need tor 

a fundamental reordering; of a-r-cultural o ;'r !,ioriti'eA 

in Favor of increased -sroduc-ivisv of all Lnout , eac, 1.1Y 

lani. 2his can only be accomnlished throuzn emo.Dasis on 

techno-oL -ical research. land nroductivity increase fc

example, is -3 scale neutral technolosical chane And all 

farms al hou-h orobably large more than small, can benefit 

from it. 2o achieve si-nificant increases in land and other 

input productivity a substantial nroTram of research on 

bic-ciemical technolo.-.y must be mounrtd., 

In addition, the results of this study point to the 

need for research on t'.',o special tonics. )esea.,c, should 

be direred toward the dJevelopment of aoroonriate oro;-rams 

for small farms, especially for land acquisi;ion and tech

nolo ical chan.-e. 2his orosram should be stru,-tured, so 

as to bring the small farm into a cometitive position with 

the larl:7e farms as far as technological innovations and 
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access to modern inputs are concerned. First however, 

research (as noted above) is n-?ded to indicate the magni

tude of the ori-e differentials that exist between small 

and lar 7r- farms. 

A careful analysis is also recommended for -he su.-ar 

cane farm.s. :>Iesarch 1ollowing. the lines of the ,resent 

study should be developed with sugar cane farms only. 

in this research sugar cane farms chould be more -recisely 

defined (-more homoceneous In the Droduction of suTar cane). 

Also, a broader size rang.e should be included so that some 

of the very larme far.s can be analyzed in Thje sample, and 

if oossible different irice ratios for the different farm 

sizes shou'd be included. 
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A?'PEiNDI)X A 



Description of "Characteristics" for Tables 4 and 5 

Land 

fCultivated land: 	 land ,!anted with crops of any kind 

(incluin: imn-roved pasture) measured 

in 12,Ctares,. 

Pasture Land: natural nasture measured in hectares. 

..achinery a.d Livestock Investment 

.achinery: -he sum of the actual value of all machinery 

on The far. at the time of thne survey. 

Livestock: the sum of the actual vlu of all types, of 

livestock on the farm at6 tie time of the 

Q-oeratinK.1 Lxu:en,--es 

'ron: inc]wVI fertilizer, lime, herbicides, nesticidee, 

and(- : ed e x,)enr,

u -to,,. ire: actual value )aid for hiring< nachinery 

services. 

..achir y: actual 	value of maintenance and fuel expended
 

on the oerator's own machinery. 

Livestock: actual value of exmenses on animal healti, 

feed and breedind., 

Other: crop and machinery insurance, taxes on land and 

103 
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machiney and othcr incidental ?xpenss not 

included in any of the above catezorie:;. 

Farm R cei"Ls 

Dhe sun of crop, livetck and livestock nroduct sales. 

!nt eret370 Exfeeses. 
fhv- value : id *durinc 1970 for interest on loans. 
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A9ED IX
 



independent ariablees for ioni-eires " :odls1 

Cultivated Land
 

Land cultivated 
 provides a hiectare measure of the 
otal amoun of* lanqn under cultivtjon-. _and cultivateci 

,,includes both irri,7att and no - irr-ater! crop land a.. ell 

as the amounz of imnroved pasture under operation. rovedrn 


nasture is commonly renlanted each -Year.
 

atural -asture
 

';atural pasture 
land provides a hectare measure of
 
t.ie amount of uni-orovedj pasture land 
 overated. Land
 

classified as natural 
 pasture may have received some minor
 
i.oroveme,--2 but axclu-Ies land
any which has decn reseed ed 

or actively tilled. 

Potal Family Labor 

?his fiure expresses the entire family (household)
 

labor contribution to the nroductive process durinfr; 
the
 

y:aar in terms of man-equivalents. 2he :-jm o" adult and 
child family labor exoressed in man-equivalents equals the 

total family labor force. 

12his appendix draws heavily on 
Richert, Allan,
 
"Cauital Formation Projecti Summary Data," 
Ohio State

University, (mimeo) 1972.
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rotal Hired Labor 

fotal hired labor is the sum of permanent and temporary
 

hired labor. rhis fizure, exuressed in man-equivalents,
 

indicates thre contribution that all forms of hired labor 

made to the nroductiviy orocess durinc the nroduction year. 

2aDital Services 

fPhis figure is calculated as a 12 oercent service
 

flow of all ixed capital items. Initially the total
 

value of fixel caoital is derived by adding the actual 

values of building:s, -nacninery and Iworkstock. Second, a 

12 eDercent deoreclation on the value of all fixed assets 

is assumed (actually the 12 percent represents a wei .hted
 

averag-e of different deoreciation rates). This figure 
corstitutes the caoital service vauiable used in the 

analysis. 

heveral assumotions are involved in this calculation. 

rirst.it is ascumed that the monetary value of caoital 

itcms is a rood substitute for the use value of the capital 

items themselves. Second, the available figures in the
 

data are for capital stock and not for capital flow, thus 

a linear relationshio betwe-n caDital stock and caital 

flow is assumed. 2hird ,the depreciation rates are assumed
 

to be linear.
 

this measurement of caital flow has obvious limita

tions. *lowever, the data restrictions were such that this
 

http:rirst.it
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approach was tne only viable one.
 

Phe theoretical rationale for the use of the above 

approach is described in detail by Yotopoulos,
 

0,eratin!: Expenses 

Oeratin.: is tnhe
exoensec su:m. of actual markec cost 

of fertilizer, lime, seeds, herbicides, pesticides, 

machinery rental, machir.c-rv maintenancc and fuel, all 

taxes an,. insurance and animal exuenses durin the -cro

ducsion ,)eriod. 

Yotoooulos, Pan A., op. cit.
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The !eneral objective of this study vas to analyze the 

imnact of a!ricultural ,nolicies on resource accumulation 

and econom.ic efficiency of crop farms ir the state of .ao 

)aulo, irazil. .'n assumotion of economies of scale in 

a-,rioulture is inherent in the selection of many policy 

ontions for Brazilian a.riculture and therefore became a 

central hypothesis for this study. 

;he 'ata source for the analysis consisted of a 

cross section sample of 3%2 farms from the ibeirao Preto 

a.rea of northeast ;ao zaulo. 2he sample farms 3iisplayed 

cons'qIerable size variability and enterprise speciali

zation in the production of either livestock., annual or 

perennial cross. Jata wer'_ collected during July 1970. 

Two analytical techniques were utilized. An historical 

descriptive analysis traced capital investment patterns 
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on the samnle farms durinT tne decade of h190'
 

includin- the form, seauen.c anoi source of varius caoital
 

inve..tments. 1h. findin.;: o this level of analysis, 

indicated that farms sneialized in croo; accumu]: en more 

cas al ,nan livest ock f'arms. Annual crop -farma

their land ba. c cons; dcraly throudth acuirin.- or , -

additional land. 2ne smaller nerennial crop farms rcd200 

their land base sliihtly while the lar-er erennisi cror 

farms increased it considerably. .,:achinery investment 

was the most imortant item of formed capital and in :eneral 

the larmer farms began mechaniz;,r cix -o nine years 

before the smaller farms..Credit ,wa an ismzort ant. source 

of financin-- capital resources esrecially for macniner/. 

2he ;ncond analytical techniue, croduct in fune'on 

analysis, ,wius u;,-ed to test for economies of scale and.. the 

productivity of insuts. Different production functions 

were defined for small (under 0 hectares) and larre 

annual an, ner?nnial croo farms. ieneralized o':)-.ou:-las 

oroduction function was itted for each size and ,,,,7. to 

assess3 returns to scale. ith the aid of a maximum ..o 

likelihood estimation technique, invariant and constant 

returns to scale were found in all cases. 

An L )sf nrorluct ion elasticity coefficirn t, an-i 

values of marvinal product,, indicated] that the lar;;er 

farms arc more productive than the smaller farms for some 



factor inouts, but not for others. The indications are
 

that land, canital services and operatin- exoenses are the
 

major resource constraints for the smaller farms. 

The history of resource accumulat Lou however, indi

catec that tie smaller farms arc aparently unable to 

acquire these resource, at *Leas; m. The same basis as 

do the !ar7er farms. A.7ricu.tural -)oliciOs ooeratinr- on 

the assumn.otion that larer farms are more efficient become 

a self fulfillin<, oronh.cy as they allow larer farms 

easier access to resources, especially credit. it is also 

an qrent that the present solicies detract from the major
 

problem which is inuut oroductivty, 'orall farms,
 

levels of innut oroductiviTy are vez'y low and little poten

tial exists to increase values of mar-inal product.
 

,xnansion of oroductior. thus, under current technologry]
 

is lars.ely confined to Pxnansion at the extensive marain.
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