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A STUDY OF ALLOCATIVE EFFI(TENCY AT TE FARM 
LEVEL IN SOUTJIER N BRAZIL* 

Introduction 

Brazil has had surprisingly high rates of economic growth in 

recent years, both in the industrial and the agricultural sectors 

(Baer, 1972). The industrial sector's growth is supported by 

governmental policies intended to protect and modernize the 

domestic industry :uid hence increase capita1 formation. Inflow 

of foreign capital as well as technological changes and export 

incentives play a very important role in this process (Baklanoff, 

1970, p. 198). On the other hand, agricultural output grows 

almost entirely by increasing cultivated area, except for some 

effort to increase productivity in the Central-South region. 

Since income per capita is increasing, demand for agricultural 

products is rising. Furthermore, (a) a very large proportion of 

the brazilia population still depends on the agricultural sector, 

(b) agriculture is characterized by traditional methods of pro

duction 	 and low productivity levels, and (c) both population and 

are increasing at high rates. Therefore, substantialurbanization 

in is domesincrease in productivity agricultcre necessary to meet 

tic consumption needs md continue to support the process of devel

opment.
 

*This paper is based on the author's Ph.D. Dissertation at the 

University of Kentucky, 1973. It is the result of a cooperative 

effort between the Department of Agricultural Economics of the 

University of Kentucky and the Department of Agricultural Economics 

md Rural Sociology of The Ohio State University. 



Recent policies providing incentives for exports of agricul

tural products Add to the burden imposed on the agricultural sector. 

These policies favor more diversi fied i,,.-p rts and 1ikely ,,'ill have 

a major iMant on reallocation of resources at the farm level. Under 

full employment, increases in agricultura l production would have to 

take place through shifts outward in thy agricultural production 

possibil'tv curve. However, ful 1 empo ymen t i s not the case , so 

production can increase by either (or both) moving along the existing 

production functions, or shifting them upward via technological 

changes. Adams (1970, p. 20) predicted that "A maior part of future 

agricultural growth will likly he detrmined by creating and adapt

ing, through research, new technologies appropriate for Brazil." 

Moving along the production function surface, toward or away 

from the point of maximum economic efficiency, is the subject of 

allocative efficiunc-v. Thus, it becomes important to identify and 

estimate production function in order to assess how well producers 

have been allocating their resources to achieve the assumed goal 

of individual profit maximiration. 

Several levels of aggregation can be considered in estimating 

production functions, from the farm-level micro studies to the macro

modeIs of the whole sector. The present study is the first type, 

attempting to estimate production functions for different farm types. 

It is a study of the production unit in isolation. Yet, the complex 
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interrelations between production and consumption decisions inherent
 

to the farm business is recognized.
 

Objectives
 

The general obiective is to identify and analyze differences in 

resource productivitics at the farm level in Southern Brazil. Such 

a study should shed some light on questions ot r-soul.ce allocation 

and capital formation in the agricultural sector. 

Specific objectives are: (1) To determ ine possible differences 

between production functions of three different types of farms in 

the region (beef cat t , mechaniz'ed wheat farms and "mixed" farms); 

(2) To determine differences in productivity levels, as measured
 

by the production fun ct ion cc timates, as a means to appraise resource 

allocative efficiency; (3) To determine possible e ffects of the cur

rent price policy un the pattern of resource use in the region and 

the potential for capital formation at the farm level. It is also
 

hoped that the current dynamic move away rom beef cattle and toward
 

wheat production in this re.gion can be at least partially evaluated
 

by this afal\sis.
 

Theoretical Models
 

Production function analysis is the basic economic model used 

in this study. .\t the theoretical level a production function is 

no more than a useful construct. It asserts that a process takes 

place in which an inflow of factor services (inputs) is transformed 

http:r-soul.ce
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into a outflow of products produced (output) 

The theory is a simplification of the real world. It assumes 

that in.tantaneous t ransf'or;tion tates place under internal and 

external const raints. he const rai nt s are summarized by'Il internal 

"the state of the aits," or the ;hape and level of the production 

function !!xternaO co.n:traint.; ire dictated hY factor :and product 

marilet cond it ions. Further simpl i ficat ions arc :ichieved by assuming 

perfectly competitive input and output marl"t.s is weli as perfect 

fores i ght . Lisk:;, unctitainti es, and technological changes are ignored. 

This is euwivalenit to s..ini that aVrtiI able technolog" is rompt ly 

adopted, and :axinum output is ohtai ned frII! each cOmbiIation of the 

imited vailable r..sources. Ihence, the production funIction can be 

represented by a single-valued functional relation between inputs and 

output. 

Theoretically, the ent repreneur has in mind an objective to be 

attained when a pro(Iuction process is undertaken. The most widely 

ar:cepted objective is, profit max iiniaation. 

A necessarv condition for profit maximization is that inputs be 

combined so as to lnin ijl ze the Cost Of any love of otput produced. 

That is to say, any increase ill production must be ol tained along the 

firm's exp ansion p ath . Furthermore, profit will be maximized if, 

nILI only if, production is expanded up to the point where marginal 

cost of product ion equals output pr i ce or ma rgiinal revenue. 

From the point of view ' a" r, sonrce use and allocative efficiency 

analysis, however, it is more comprehensive *tostate the above equili



brium conditions in terms of input productivities. It can be easily
 

shown that the best resource allocation within the firm is obtained
 

when (a) for each input employed its marginal value product (MVP) 

(b) the input combination

equals its marginal factor cost (MFC); and 


is equally pro
must be such that the last dollar's worth of each input 


Sinilarlv, efficient resource allocation among firms is
ductive. 


a given input is the same
 attained when the marginal value product of 


for all firms employing that input.
 

serves to explain resource allocation since it is

This motel 


the marginal value products of the
 possible to empirical ly estimate 


Given static nature of this 
inputs using statistical techniques. the 

restricted to an equivalentl.y static
model, the analysis has to he 

In spite of this restriction, policy implications 	can be
 situation. 


using comparative static analysis.derived from this model by 


used here is a modified form of the Zellner

The stochastic model 


The princip al assumption of this model is that
 
et. al. (19b0) model. 


is to maximize the mathematical expecthe entrepreneur's objective 


function. This in turn implicitly assumes that

tation of the profit 


process of profit maximization;there exist two types of error in the 

(b) in the decision func
(a) in the production function itself, and 


tions. 	 Errors in the prcduction function are due to factors such as 

errors in the decision
diseases, ;and machine performance, whileweather, 

functions are attributed to the human agent. Both types of error lead
 

reflected by the size of the residual
 to inefficiencies which will be 
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term of the model.
 

The general form of the model used here is:
 

Y = A DBI .B2 1B3 eUo 

where Y = flow of oatput produced; D = land input services; L = labor
 

input services; K = capital input services; A = constant term which 

reflects the level of the function; Bi for i = 1, 2, 3, = production
 

coefficients; and = stochast ic term ot modelAW the that accounts for 

both controllable and noncon.trollable imp.rfections in the production 

process. It is assmed that uo is normally distributed with mean zero 

and variance o . Itnee e has i lognormai distribution. 

The most interesting featur. A this model is that single equa

tion estimati-n of the linearized form of the prodtiction function, 

using ordinary least squares (OLS), leads to consistent anl .blased 

estimators (Zellner et. al., IM9o: 78b-790). That is to say, the 

OLS estimates of th, parameters or tlo Cobt-Douglgas function arc free 

from the s im, ltaneity bias between input and outrvut usual ly present
 

in cross-section studies of production function) 

Data Source
 

The data used for estimating the models constitute only a small 

part of the information gathered by the Capital Formation Project (CFP) 

team in 19U9-70. The CFP is a research project being carried out by 

1De Janury (1072) has general ized this result. Ie ha:; proven that 
under the Zellner et. al. maximization of expected profit assumption,
"direct estimation of the product ion function from cross-section data 
on firms is always free from s:imultanLSus equation bias, whatever the 
functional form speci fied." 
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the Ohio State University's Department of Agricultural Economics arr" 

Rural Sociology. The general objective of the CFP is to study capital 

formation at the farm level, technological changes and agricultural 

output growth in less developed countries (Rask, 1972). 

In the Brazilian part of the project, a large cross-section of 

farmers was interviewed directly using a detailed questionnaire 

schedule. 2 The purpose was to obtain a range of primary information 

wide enough to allow the study of the different aspects of the farm 

business-household complex. 

The basic population scudied, in most cases, included the farm

household units located within the geographic area of a municipio. 

Ihis study focuses upon the 1unicipio of Sao Borja in the State of 

Rio Crande (o Sul . A prel i linar' report regarding the Sao Borj a 

survey has been published in Portuguese by Souza et. al. (1972) 

The Region 

Sao Borja city is located about 495 km West of Porto Alegre, 

the state capital (see map). The municipio of Sao Borja is sep

arated from Argentina by the Uruguay River on the West. The 

estimnated area of the municipio is about 5000 kmm , and the popu

lation was about 30,000 people in 1970. More than 60 percent of 

2These data were collected by the Centro de Estudos e Pesquisas 

Economicas (111PE) da Univursidade Federal do Rie Grande do Sul. 
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people live in the rural area. The topography is gently rolling
the 

and adaptable to mechanization. 

number of farms in the municipio was 2,01S.
In 1969 the estimated 

for livestock production.
Most of the area (about 70 percent) is used 

are wheat, rice, flax, corn, soybeans and
The main agricultural crops 

ranks as the leading punicipio in wheat pro
mandioca. Sao Bora 

which is the 9,h largest
duction in the country, and has a cattle herd 

than 200 municipjos in the state of
in the state. There are more 

Rio Grande do Sul. 

1968 and 1970, dueWheat production more than doubled between 

the crop and higher crop yield.
to increases in both land devoted 	 to 

110 ,000 to a percent
Production went up from 47,UU0 to tons due 100 

in acreage and about a 15 percent increase in yield. Soybean
increase 


livestock herd is increasing

acreage also has been expanding. The 


is evidence that increasing acreages of

in size, even though there 


have reduced the acreage of pasture land. There
wheat and soybeans 


their pasture more intensively,

fore, either cattle farmers are using 


is being used as pasture, or both.
 or previously idle land 

more traditionaldata indicate that livestock farms arePreliminary 


than the Wheat are highly mechanized and essentially
others. farms 

fanning is a transitional phase between
market oriented, whereas mixed 


farming. Lmpirical production function estimates

livestock and wheat 


should reflect these differences if they actually exist.
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Sampling 

The only information available prior to the CFP sirvey about
 

all the 2,015 farms in Sao Borja was total area (in hectares). A 

decision was made to use the available list of farms, lie researchi 

team's obserx !io"-:,, and se-ondarv data to sample this population. 

The population of interest consisted of 653 farm. within the 

size interval of 100 and 5,000 ha. These farms repre;ented 33 

percent of the total number of farms and included 79 ,ercent of 

the murlicio's total area. 3 AAsimple randor sample of 130 farmers 

taken from this population was judged to satisfactor'. To com

pensate for nonrespondun .sthe study team started with a list of
 

200 farmers to be intrv iewed. ]he final number of usable ques

tionnaires obtained, after compieti,-, and checks, was 106. The 

fact that the final samiple was larger than planned can only benefit 

the quality of the estimates. 

Comput at ion 

In order to attain the specific objectives of this research,
 

the sample has divided into three sub-samples composed of 67 cattle 

farms, 12 mechanized wheat farms, and h0 mixed farms.
 

"Cattle farms" were defined as 
those in which "60 percent or 

more of the annual income from the sale of crops and livestock 

3 Farms with less than 100 ha presented insignificant economic 
importance, and only 0 are larger than 5,000 ha. 
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of cattle." Mechanized
(including livestock products) . from sale 

wh ich 60 percent or more of the annualwheat farms were those in 

has at
sales of crops and livestock is from wheat, 	 and each farm 

all farms in the sample
least one tractor. "Mixed farms," includes 

or wheat farms. The 6t0 percent cutoff 
not classified as either ca;.tle 

point was chosen rainlv because it indicates a fairly high degree 

stil acceptable sub-sample sizes.
of specialization and preserves 

fun ctions o1 each farm type separatelyEsti mating produ:tien 

to he drawn about resource productivity by type
allows inferences 

farm and within the total reg ion. :\s available data di.d not break
of 

down different inputs id jutputls beu enterprise on each farm, 

it was s to coansider e;ach farm tyvpe as having a singlenc' ,y:a 

one sense, be
product production function . Mixed farms can, in 

looked upon as a control group. 

theore tical implications if the degreeThis procedure ma' have 

ix r se implie-s different level s of technology. If
of speciali z:tion 


must be attributed to
 
so, any di iferences het cen 	 these farm tY'pes 

, Nnd not to actual differences in resource
the classification procedure 


\cr, Prnmm:._nd (1972, studying Brazilian farms four.1

combination. Ilohev 


that "The efficiencv of the firm in production is not related to the
 

bh the index used." (p. 145).

level of divrsifi cati fn as measured 

lie also contends that the level of diversification and farm size are 

not associated "in either a theoretical or empirical framework" (p. 146). 
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Input Variables
 

The three classical factors of production have been specified, 

i.e., land, labor, and capital. The definitions and criteria used 

here are based on those of the Capital Formation Prcject (Reichert, 

1972). This same reference contains the definitions of the output 

items.
 

Land input is measured in terms of the total land operated; not 

necessarily total land owned (in hectare), lotal land operated 

includes cultivated land, natural pasture, and other land. Culti

vated land inc udes irrigated and non-irrig;atrd crop l and, as well 

as improved p:isturc land. Natural pasture may have received minor 

improvements out excludes amy land which has been reseeded or 

actively ti led. "Other land" includes that land which is only 

indirectly used for Agricultural purposes such as forest areas, 

irrigation facilitlus, and building aras. 

Labor input is measurred by the number of man-equivalents of 

family and hired labor utilized during the year studied. A man

equivalent is defined as a "standard labor unit" working 300 days 

per year. A st andard labor unit is a ma]e between IS and 59 years 

of age. Percentage weights were assigned to workers who did not 

fall within this age interval. 

Capital was divided into two main categories: working assets 

and operating expenses. Woziing assets represent the sum of the 
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value of buildings, mechanized equipment, trucks, non-mechanized 

equipment, production livestock and work livestock. Operating
 

expenses represent the sum of total annual crop, livestock,
 

machinery and general expenses ua.d up in the production process. 

All these capital items were measured in cruzeiros. The value 

of land is not included in the capital input as it was measured as
 

a separate input ( in hectares). 

From Stock to Flow Variable-s 

Inputs and output are usually specified in terms of flows during 

a production period, in this case, th e agricultural year of July 

1, 1969 to June 30, 1970. All data refer to this annual length of 

time. However, nut all input variables can b me asured in flow 

terms directly. Some input data are available only r terms of 

their stock value at the time of the interview. Specifically these
 

are 
the so-called working issets, ,which have produc'tivu e spans 

of a number of production periods. Therefore, the question of 

transforming .ock values into fluws must be considered.
 

Measuring the annual contribution of working assets to the pro

duction process always present problems foi the researcher. Some
 

factors of production dpreciatc, while others apprec iate in real 

value. Also, some supply a fairly constant flow of servi.ces 

during their life span, while others present a flow of services 

which varies with age. Accurate input measurement requires detailed 

analysis of each input's contribution individually on a fairly
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4
 
disaggregated basis.


Only gross approximations were used here to transform stock 

into flow variables, since data were not available to permit a 

more elaborate analysis. (t1argus at rental rates were made 

against the stock value of the input, by using conversion ratios 

"chosen to reflect the opportunitv costs of capital in off-farm 

investment of similar nature" (I)rummond, 1972, p. lb7). Drummond 's 

conversion ratios, developed for Bra:.il ian farrrs somewhat 

similar to the ones in this study was used here. Actual values 

of the ratios were: npercent for livestock, 4 percent for per

manent structures, 12 percent for machinery and equipment, and 

100 percent for operating expenses in general. 

Outpu. Variable
 

Total gross output is defined as the sum of crop and livestock 

sales, family prir i!egs:, hi red labor pri-i leges, changes in the 

value of the livestock inventory, value of abnormal livestock losses, 

value of rent payment mad, in kind, minus the value of livestock 

purchases. 

Most items included in this working definition are self

explanlatory. However, two of thv, deserve special attention: (a) 

the value of livestock purchases and (b) the value of abnormal 

Q detailed treatment of the theory of input measurements and
 

the transformation from stock into flows can be found in YotopouLos 
(1967).
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losses. The value of livestock purchases positively affects livestock 

output, and had to be subtracted from output since it was not the 

result of the farner's production. Abnormal livestock losses was 

defined as the Lifference between observed livestock losses and a 

statistically determined level of normal livestock losses.5 When the 

level of losses is significantly large (i.e. when abnormal losses occur) 

the observed changes in livestock inventor), and total gross output are 

biased downward. Therefore, the value of abnormal losses was added 

to the other production items as a corrective factor. 

Estimation
 

On the basis of the theoretical justification discussed earlier
 

single equation models were set up. Several models were initially
 

specified, st irting from very disaggregated models to more aggregated 

ones. Thu (.- statistical technique was used to fit the linearized
 

form of the E:,del to the sanple data. 6 More disaggregated models did 

not fit the data well. This may have resulted from lack of good
 

measures of some items such as family labor, expenses on non-mechanized 

equipment, and/or from specification errors. Two models were selected. 

Model I includes land, labor, working assets and operating expenses 

as independent variables. In Model II the two capital variables are 

combined. The results of these two models are presented in the next 

section.
 

5For a detailed explanation of how abnormal losses was computed
 
see Reichert, (1972), Appendix A.
 

6OSU-Economic Regression Program, by Dr. John Cunnyngham, and
 
computer facilities were utilized for this purpose.
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Empirical Results and Analysis 

The Three T)ypes of Farms - ..\ Comparison 

Beef cattle farms, mechanized wheat farms and "mixed" farms, 

as defined in this study, are considerably different when com

pared on the basis of the arithmetic mean values of selected 

variables. 

in terms of size (measured in hectares) cattle farms are 

the largest farms with an average of :539.26 ha of ope rated land. 

The next largest farms are mechanized wheat farms with 189.37 ha, 

and the smallest farms are the mixed farms with an average of 145.04 

ha (Table 1.). 

With respect to land use, the data show that attle farmers 

cultivate onlyl 2 percent of their operated land, 89 percent is used 

as natural pasture, and 9 percent is "other land". Considering 

that cultivated land includes improved pasture and that these 

farmers usual]y dev'te some land to crop production, it must he 

inferred that these cattle farmer, have an insignificant proportion 

of their land in improved pasture. 

On mixed farms (1 percent of the operated land is in pasture, 

31 percent is cultivated land and 8 percent is other land. On 

wheat farms 55 percenit of the operated land is cultivated, 40 

percent is used for pasture, and 5 percent is other land. This 

large proportion of the wheat farms land in natura1 pasture is a 



TABLE 1. -- Input Use and ,a-tput L-eve! t:y Far.- Type - Sample Arithmetic ,!cans and ,oefficient of Variation1 

Cattic i-.s Mixed 'a.heat Farms 

Percent C. '. :rit Percent C. V. !;nit Percent C. V. 

LAND: i a)a (td 

Cultivatcd 12.35 2 226 44.60 31 190 104.70 55 162 

Natural Pasture 476.69 S9 150 8"'. 05 61 126 74. 73 40 231 

Other I and 50.22 9 219 11.39 8 149 9.94 5 352 

Operated 539.26 100 151 145.04 100 96 189.37 100 172 

LABOR (]n. e. (i. .) (m. e.) 

Family Labor 1.43 56 66 1.57 26 4 .65 32 61 
H~red Labor 1.11 44 140 4.43 74 152 3.56 68 108 

Utilized 2.54 100 59 6.00 100 114 5.21 100 73 

CAPITAL: 
Buildings 

(Cr5; 
33, 2 7 4. 7 8  24 178 

(Cr8; 
39,415.00 21 167 

iCr$} 
31,498.57 15 140 

Mach. C Equipment 9,153.0 j 7 142 86,951.03 46 146 125,809.12 60 67 

1ivectocl P5, S01. 49 69 121 &, 39t. 20 33 229 51,066.12 25 163 
1-0 100 10O 

'X. A"ssel; 13. 229.36 (96) 123 18 .757. 2" r,2) 1-15 20.-, 373.81 177) 74 

Crop Expenses 412. S7 8 319 16,899.80 40 149 32,713.05 54 92 

Mach. Ixpenses 1 297.3 1 26 183 20.576.72 49 147 25,037.24 41 100 

I ivestoc. Ixpenseb 1,655.07 33 157 1.545.47 4 230 1,353.67 2 172 

General Expenses 1,639A. 10 S3 186 2,756.88 17I4 1,707.48 3 139 

I0)0 100 100 

0. Expenses 5,004.55 (4) 161 41,778.87 (18t 139 60,811.44 (23) 85 

Total Capital 143,233.91 100 (123) 230,536.10 (100) 138 269,185.25 (100) 70 

OUTPUT 23,429.42 114 122,753.67 156 162,76Z.12 78 

1Ne s.d, 
Note: C.V. = d where s.d. is the standard deviation and x the arithmetic mean of each variable. 

x 
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bit surprising. It seems to indicate that wheat farmers have con

siderable flexibility in use of the land input for wheat production.
 

Differences are also noticeable among farm types with respect 

to labor use. Ile mean amount (in man-equivalents) of labor used 

on cattle farms is 2.54 m.e., while mixed farms and wheat farms use 

b.00 m.e. and 5.21 m.e., respectively. mt le farmers rely mostly
 

on family labor (56 percent of the total amount used) , whereas 

mixed farmers and wheat farms rely on family labor for only 2A
 

and 32 percent of their total labor.
 

The most important differences among these farm types is in 

their capital Etructure, particularly between cattle and wheat 

farms. The average value of investments, excluding the value of 

land, on wheat farms is almost t wice as lairge as on cattle farms. 

The form of the capital investment also varied considerably; 

cattle farms have Q. percent of their capital in working assets 

(mostly in the form of livestock and buildings), mixed farms have
 

82 percent in working assets, ;and wheat farms have only 77 percent 

of the total capital as working assets.
 

These figures indicate that wheat farmers concentrate heavily 

on mechanized equipment in both absolute ad relative terms w ith 

respect to the other farm tvpeb. Machinery and equipment account 

for uO percent of the wheait farm,.' working assets. Moreover, 95 

percent of the operating expense is accounted for by machinery 

(41 percent) and crops (54 percent) expenses.
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Table 1 also contains the coefficient of variation (C.V.) of 

each variable considered. The coefficient of variation is larger 

than 100 percent for most of the variables. Family labor is the 

only variable with a C.V. consis'vently below 100 percent for all 

three types of farms. Hired labor's C.V. is also less than 100 

percent for mixed and wheat farms. This characteristic (low 

variability) of the labor input seems to indicate that farming 

is primarily a family business in this region, even on tho mech

anized wheat farms. 

Another important characteristic which differentiates the 

farm types is land tenure. Cattle farmers are mostly owner

operators (Table 2 . Rather han rent land from others, 

they often rent part of their land to others. lheat farmers 

usually rent in at least part of their land. Approximately 33 

percent of them rent all the land they operate, and only 5 

percent own all the land they oprate. Again, mixed farms constitute 

an intermediate stag,, between cattle and wheat farms. Differences 

in land tenure partially explain the observed differences in capital 

structure and land use. 

There arc important differences among these farm types, as 

shown by this preliminary analysis. These differences should be
 

borne in mind as they help explain some of the empirical results
 

discussed in the following sections.
 



TABLE 2. -- Frequency Distribution of the Farms in the Sample According 
to Land Tenure and Farm Type 

F rc(Iuency 
Tenure 

Class Cattle Mi xe( Wheat 

No. Percent No. Percent No. Percent 

A 15 23 7 12 2 5 

B 3 5 7 12 17 40 

C 41 61 21 35 2 5 

D 0 0 17 28 14 33 

E 8 11 8 13 7 17 

Sample 67 100 60 100 42 100 

A Does not rent land to or from others 

13 (Ixprates own land anyd runts fromn others (may rent more than 
50 pe rtcnt) , but doe s nt rent to others 

C Ope rates part tIhis land :aod rents the rest to others 

D Rents all the aret aperated 

E Other systems 



-21-


Empirical Estimates
 

Several different models were fitted to the data. Two were 

selected for the comparative analysis. Criteria used in selecting 

these two models were (a) statistical best fit indicators and (b) 

usefulness for economic analysis. 

Some of the statistical estimates are similar for all farm 

types and models. For example, all three functions present an 

adjusted coefficient of multiple determination (R2 -adj.) varying 

from 0.8C) to U).80, ;and a high level of significance of the regression 

estimate according io the Analysis of Variance test. Other sim

ilarities among the estimates are related to returns to scale and 

n,ul t i col 1inearitv. 

Returns to Scale 

The sum of the Cobb-Douglas production elasticity estimates 

is usually taken as a measure of returns to scale. In this sense 

the results Presented in Table 3 indicate constant returns to 

scale in Southern Brazil. The sum of the production elasticities 

(for each farm type) is not significantly different from unity, 

at the 1 percent probability level. 7 Similar results have been 

found for several other countries (Heady and Dillion, 1961; 

Yotopoulos, 1967). 

7These results must be interpreted cautiously, because man

agement was not specified. Attempts made to avoid specification
 

bias by specifying management in other research work have not
 

been successful due to a lack of measurement of the effect of 
management on production (Sorenson, 19681. 
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TABLE 3.--Characteristics of the Empirical Production Functions, by 

Farm Type 

Model anm Far Type
 
Characteoristic Mixed heat
 

Model 1: 

112 (adj) 0.8183 0.8593 0. 8588 

F - ratioa 75.3010 91.086-1 63.3334 
9 

S2y.x 0.0434 0.2856 0.1457 

d.f. 62 55 37 

Return to Scaleb 1.0600 1.0318 1.0826 
(S.D.) (0.09701 (0.1048) (0.0903) 

Model II: 

It- (adj) 0.7987 0.8641 0.8570 

F - 1 atioa 85.1.348 126.0580 82.SI344 
9 

S y.x 0.0495 0.2807 0.1466
 

d.f. 63 56 38 

Return to Scale b 1.0126 1.0316 1.0951 
(S.D.) (0.1012) (0.1021) (0.0755) 

All F - values are statistically significant at the 1 percent level. 

INo return to scale is significantly different from unity, at the 1 
percent probability level. 
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Specification Bias 

the estimated productionSince management was not specified 

scale) subject toelasticities (and hence, the returns to are 

specification bias. The direction of the bias depends on the 

the specified inputs and management. "Thereassociation between 

reasons to believe that constant returnsare apriori theoretical 

to scale must prevail if all inputs are included. Indeed, the
 

management would lead underestimationexclusion of the factor to an 

to scale, if we assume that the omitted factorof the returns 

varies less than proportionately with changes in the included 

factors over the range of the sample observations" (Yotopoulos, 

1967; p. 182). 

of excluding management in a Cobb-DouglasThe implication 

is that the inferences must be basedproduction function analysis 

on the average firm. It is implicitly assumed thereby that the 

estimation of the function is based on the average level of 

management in the sample (MUndlak, 1961). 

Ntulticollinearity 

Whenever explanatory variables are correlated with each other 

in regression analysis multicollinearity is present. "Of particular 

interest are cases of high degree of multicollinearity, which arise 

whenever one explanatory variable is highly correlated with another 

explanatory variable or with a linear combination of other explan

atory variables" (Kmenta, 1971; p. 380). The author points out 



-24

that the problem "is a question of degree and not of kind." 

The most serious consequence of a high degree of multi

collinearity is the large value of the standard deviajions of 

the regression coefficients. This implies that the probability 

of making a type 1I error is increased considerably Or alter

natively, the t-test of the individual requ'ession coefficients 

fails to reject the null hypothesis (when it should) more fre

quently than would be the case if no serious multicollinearity 

problem existed. 

The simple correlation coefficients between pairs of expian

atory variables are usually consid.red indicators of multicollin

earity. In this study, high levels of correlation between working 

assets and operating expenses result in a multicollinearity pro

blem in Model I (Table 4). ,odel II, in which these two variables 

are aggregated into total capital, aims at reducing the degree 

multicollinearity. But total capital and labor ace also highly
 

correlated in both the mixed farms and wheat farms samples in Model
 

II.
 

The empirical results reveal that the multicollinearity
 

problem did not affect the test of the production elasticities 

very much, l)ut variance:; of the marginal value products of the 

inputs were seriously affected. Consequently, the confidence 

intervals initially placed on the MVP were seriously over

estimated.
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in the Sample
Matrix of the Correlation Coefficients by Farm Type

TABLE 4. --

Variable 
Vaviablh and 

Farm rypc~ 
X 27 X30 X41I 

Output 

1.00Cattle 
1.00Mixed 
1.00Wheat 

X = Land 

.55 1.00Cattle 

.10 1.00Mixed 

.60 1.00Wheat 


X Labor
 

.52 .:31 1.00Cattle 
.80 .17 1.00M ixed 
.70 .44 1.00Wheat 

X27 =-Working Assets 
.48 1.00Cattle .90 .57 

1.00.89 .25 ,79Mixed 
.87 .59 .77 1.00Wheat 

X3 0 =Operating Expenses
 

.49 .87 1.00
.79 .48Cattle 
.76 1.00.90 .06 .87Mixed 

.87 .40 .(i4 79 1.00
Wheat 

X41 :_ Total Capital 

,94 1.00.89 .55 .49 ,98Cattle 
.95 1.00.93 ,13 ,0 .98

Mixed 
.70 .88 .98 1.00.91 .47Wheat 
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Beef Cattle Production Function
 

Ile traditional factors of product ion, land, labor, and capital 

explain about S2 percent of the .:±riati ,rl in bef cattle production 

(Table 5). The elasticity of pruduction of working assets is 0.0, 

which denotes a very high respon:e in production to changes in this 

on theinpur. The elasticity of production of ecpuratin ,xpenses, 

other hand, is not signi ficanc y different from zero, even at the 

25 percent level of probability. In Addition, this elasticity 

carries a negative rather than the expected no:.itive sign. 

The elasticity of production of land and labor are significantly 

different from zero at the 25 and 3 percent probability levels, 

respectively. Hut they indicate that production response is much 

smaller to changes in these inputs than to changes in working assets. 

Working assets explain most of the output variation in both 

and MillCrmodels. Little is exlained by the other inputs. Rao 

(1971; p. 40) point out that this type of estimation problem fre

empirical research when the dependent variablequently occurs in 

is somehow functionailv related t o an independent variable in 

out that "Whether arelatively fixed proportion. ly also point 

variable is truly superfluous" (as operating expenses seem to be 

in this case) "or is a consequence of the presence of a dominant 

variable" cannot be determined on aErior grounds. In the present 

case, two factors seem to explain the dominant effect of working 
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assets on output: (a) the low level of technology and (b) the
 

extensive use of land in cattle production. Under traditional
 

methods of production, it is logical to expect production to 

depend mostly on the animal stock. As observed previously, 

96 percent of the capital investi:ernt on these farms (other than 

that invested in land) is in wor.ing assets, and livestock accounts 

for 69 percent of this capital item.
 

In terms of resource allocation, the MVPs (Table 5) indicate
 

that land and operating expenses are being used to (or near) the 

point of zero marginal valuu product. Unless tihe opportunity 

costs of land is zero, economic tnefficiuncv is evident. Decreasing 

the amount of land can be expected to increase total profit, ceteris 

paribus.
 

The estimate of NVP of labor is Cr $1,241 per man-equivalent.
 

The average regional wage rate was Cr $1,725 per m.e. at the survey
 

time, according to the research team. This result also suggests 

too much labor is being used by cattle farmers for existing size 

of beef herd, in spite of the small absolute amount of labor 

m.e. on the average) per Carm. 8
 

employed (2.12 


8 Unfortunatelv a statistical test of the equality between the 

MVP and the markt price of each input was precluded by the fact 

that input prices were not coll ec.ted directly 'rom those interviewed. 

Average regiona1 input or i a f 'sm secondar'y sources were used by 
the researchers whenver nec 'ssa, An alternat ive iethod was tried 

here to perform this test. Colntid.nc. intervals were placed on the 

MVPs so that they could be cumpi',d to the avrau!,e input price . .s 

it turned out, however, tlhese (i . tent the 90 percent level !or 

the coefficient of confidence) wu re not reliable. Iigh multicollinearit 

affecting tie variance of the IV'lseems to have been the cause of the 

serious overestimation of the confidence intervals. 

http:Colntid.nc


The estimate of the MVIP of working assets is 2.35 cruzeiros 

worth of output por additional cruzeiro used in tho production 

process (Model 1). if total capital is considered (MIodel II), 

the general conclusions stil1 hold w.ith respect to tile overall 

ileffi ci Ct use (It: resources, but t h( returrv per iddit i onal 

cruzeir,) invest rd on capital items is reduced to 1. -11. This rosult 

still indicates lhat there is a gross margin of 41 percent on cap

ital investment. 

Aggregaton o! t:he capital input variables slightly affects 

the elasticity of production of 1and. It increases from 0.04 to 

0.08 and becomes significant v diff'rent from zero at the 10 per

cent probability level. No imaijor Change occurs On the V of 

land. 

Mixed Farms Production Function 

LId, labor and capital changes explain about 8b percent of 

the variation in output in this case. The production elasticities 

of all inputs but land are signi ficantlv di fferent from zero at 

the 5 percent probahiilitv level (lable ) . Land's product iol 

elasticity, besides being non-significint, carries a negative 

sign. A pliUsiVle explanation ftor the negative sign may be in 

the composition of the imixed far:ms group. Since this group includes 

farms with intensive land use as WCll as those with very extensive 

land use, the net composite effect of changes in land operated may 
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well be neutral and carry the negative sign. Increases in operated 

land by some farmers in the sample may have occurred by renting land 

from other farmers in the same group thereby neutralizing the average 

is more likelyeffect of change; in the land input. This result 


to occur in heterogeneous groups of farms (such the mixed farms),
as 

but does not have to be tru- for all groups of diversified farms. 

Positive and significant land product ion elasticities have been 

found for production functions of diversified farming areas (lDrummond, 

1972; p. 72). 

The MVPs again indicate the presence of economic inefficiences 

in resource allocation. Land is being used in much larger propor

tion than would he most profitable (Table (,). Labor's NVP (Cr 

$2,477. 45) is fairly high as compared to the regional average wage 

rate, indicating room for higher lovels of employment in mixed 

farming. The MVP of capital variables also indicate underutilization 

on these farms. A gross margin of return on investmentof capital 

of about 34 percent on operating expenses and 147 percent on working 

assets investment was foind (Model 1). As an aggregate (Model II) 

the capital input offers a return of 52 percent at the margin. 

In short, resources are not being allocated in the most effi

cient way considering the norms of neoclassical marginal pro

ductivitv theory. The results suggest that this group of farmers 

can increase profits by releasing land for rent, hiring more labor, 

and increasing the use of capital. 
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Wheat Farms Production Function 

Variatioas in the specified inputs explain 86 percent of the 

output produced by mechani::ed wheat farms. The production elas

ticity of labor in this farm ty'pe is not significant lv different 

from zero at the 5 percent probabilitv level, e'en though it carries 

the expected positive sign (Table 7). When working assets and 

operating expenses are aggregated into tot al capital (Model II), 

labor's production elasticity increases from 0.05 tu 0.10 and 

becomes significantly different from zero at th 25 percent pro

bability level. Hence, the aggregation of these two capital 

variables (which are highly corrIatedi improves the estimate 

and the significance level of labor's production elasticity. Better 

measurement of the flow of services from the capital variables would 

likely improve the estimates of all elasticity coefficients. Further 

land and labor quality,improvement could h e obtained by accounting for 

if measures of quality were available. 

Land and capital inputs present highly significamt elasticities 

of production, reflecting an intensive use of both land and capital. 

Production elasticity of o perating expenses is particularly high 

(0.551. High response to changes in operating expenses associ ated 

with intensive use of land is consistent with the fact that most 

wheat farmers rent part or all of the land they operate (Table 7). 

The MVP of labor as measured by Model I does not inspire much 
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labor's production elasticity is not significantly
confidence that 


different from zero, even at the 25 percent level of probability.
 

However, in Model I1 it be comes significant at that level, thus 

is some ces ponse in wheat proseeminig to indicate that there 

duction to additional labor. The \IVP is below the regional aver:'ge 

wage rate as estimated by Model i Luid above that average when 

estimated by \odel 11. It seems reasonabI e to argue, however, 

givun thethat wheat production requires hWher quality labor 

Hence, actual wagerelatively hig level of i.chani zat ion. 

nt least near the MVP est imated by Model II.rates may be larger or 

whe at farmers are n iri u 4 about the right quantity ofTherefore, 

use of this input.
labor to maximize economically ufficiunt 


is cvidenced bv comparing the MVP
Underinvestment in land 

of land to its opportnitv cost. The opportunity cost of land, 

interest on capital invcsted, is Cr S12.48 as measured by the 


per hectare in Rio Grande do Sul (Noskosky, 1971; p. 89). 
 As
 

the Ml of land is r $193.00 (Model 1), considerable increase
 

in profits would be obtained h' renting additional lad, if the
 

opportunity cost quoted actual!y reflects the land rental market.
 

opt imum levels
Capital is also being used at less than the 

in wheat production. Working assets and operating expenses
 

yield returns of 2.83 and 1.44 cruzeiros worth of output, respec

tively, per additional crupeiro used in wheat production (Model 1).
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return of 65 percent exists when considering 
total
 

A marginal 


II),
capital in the farm business (Table 7, Model 

Iri summary, it 'is quit e c hdL'eapit'I -and land are high l y :

productive whi'le labor is being used to the 
optimal point in wheat
 

production. It should be emphasized that this farm type is the
 

This is
 
only one which presents a highly productive 

land 	input. 


as Brazil where
 
an exceptional case in a developing country such 


land is usually very extensively used.
 

Comparative Analysis
 

of the individual production functions
The foregoing analysis 

in tile most profitableare not being allocatedshows that resources 


all located in a
farm These are manner within each type. farms 

fairly homogeneous region. Moreover, there is reason to believe
 

which may exist are not strong enough
that the market imperfections 


region. Therefore, it
 
to impede resource mobility within the 

among
at the
becomes imperative to look allocation of resources 


future patterns
these farm types and attempt to identify possible 

of resource use.
 

The preliminary description of the three farm 
types has
 

shown that they differ significantly in many aspects.
 

The Chow test confirms this result. It indicates that the
 

three production

null hypothesis stating strict equality among all 


the 5 percent or lower probability
functions must be rejected at 


level (I'able 8). In general, the results indicate that studying 
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TABLE 8.--Comparison of the Production Functions Between Farm T'Ipes 
(Fhe Chow Test) 

Model I Model II 

Farm Types 

F-est imate d.f. F-est imate d. f. 

(S;99) 3.440 (4;ll I
Cattle vs. Wheat 9.3s" 

(S;122) 0.71 (.1;124)Cattle vs. Mixed 3.14b 

(5;92) 1.62 (.1;94)Wheat vs. Mixud 1.37 

All three t)pes -!.35a (8;lol) 2 .0 7b (0;163) 

Note: a,h and c indicate stat ist ical significance at the I, 5, 

and 10 percent probability levels, !vspecitvcly. 

quality estimates than poolingindividual farm types leads to better 

farm types together fur the purpose of estimating productiondifferent 

functions in the region. 

The sample results indicate that the hypothesized equality between 

be re ected at the 5
cattle and wheat farm production tfuactions must 

Model I yields this same 
percent probability level (Mode ls J and 1I1. 

and mixed farm product ion functions are compared.result when cattle 

sample data do not provide evidence for rejecting the same
However, the 

is fitted.
hypothesis regarding cattle and mixcd farms when Mlodel II 

I nor Model II lead to the rejection of null hypoth-
Neither Model 

esis (at the same level of significance) when wheat and mixed farm pro
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duction functions are compared for equality. 

In order to perform a more detailed analysis of the differences
 

between farm types, the Chow test was also used to compare individual 

production elasticities of different production functions. Only Model 

I was used for this purpose and the results are prescn ted in Table 9. 

TABLE 9.--Estimates of the -Statistic Used to Test the Difference
 
Between E3lasticities of Production of Individual Inputs - Model I
 

Input Cattlo' vs. Vixd Mixed vs. qieat Cattle vs. Wheat 

Intercept 0.71 2.35 0.62 

Land 2.48 1.941 6 . 1 9 a 

Labor 0.14 4.86 b 1.87 

Working Assets 5 . 3 0 b 1.10 13.66 a 

Op. Expenses 1 3 . 0 3 a 5 . 0 1b 37.13 a 

d. f. (1;122.) (1 ;92) (1 ;99) 

Note: a,b and c indicate statistical significance at the 1, 5, and 
10 percent probability levels, respectively. 

Statisticallv significant dtfferences are revealed by the Chow test 

between the elasticities of production of capital when cattle and mixed 

(as well as cattle and wheat) farms are compared. When mixed and wheat 

farms are compared, t~me null hypothesis of equal production elasticities 

for labor, land and operating expenses must be rejected at the 5 percent 

level of probability. Only working assets presents a non-significant 
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statistical difference in this case. 

With respect to the intercept, when any two farm types are com

pared the sample data do not lead to the rejection af equality hypoth

esis at the 5 percent probabilty level between the intercepts of the 

functions. 

'he overall results of this comparative analysis show that a 

general state of resource misallocation prevails in the region. Economic 

efficiency in the region could be substantially increased by simply 

reallocating the existing resources. The excess of labor and land 

currently being used by cattle farmers would increase efficiency if 

shifted to mixed and wheat farms. Mixed farms could also rent additional 

land to wheat farmers thereby contributing to an increase in economic 

efficiency. However, the results suggest that capital is a limiting 

resource. There are high returns to capital investment in the region, 

principally in working assets. 9 This result throws suspicion of the 

efficiency of the capital market in responding to a high demand for 

capital. 10 Rao (1970, p. i28) found that "farm types representing 

small scale agriculture, appear to be facing credit rationing" whereas 

large mechanii:ed crop farmers "appear to be relatively free from cap

ital constraints. " Capital rat ion ing may well be the case here even 

though none of the three farm types can be considered small agriculture 

in absolute terms. 

9This high level of productivity of capital is evidence of favorable 

conditions for capital formation at the farm level regardless of farm type. 

lOIt may also be a case of self-rationing caused by risks and uncer

tainties.
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Reallocation of resources can also he attained through economic
 

policy. 
If the price subsidy for wheat were eliminated, considerable
 

changes would take place in the region. 
 Heavy mechanized equipment 

and fertilizer currently used in wheat production would likely be 

1 1
shifted to mixed farms and cattle production. Consequently, higher
 

productivity levels would be attained by these two farm types, im

proving their competitive position. However, as long as 
the subsidy
 

policy is maintained, it is likoly that resources will shift from 

cattle production to mixed and wheat farms which offer higher returns.12 

Wheat and soybeans (which are complementary products), and beef 

are under increasing world demand. Hence, the relative prices of 

these products may nor change significantly in the short run. Therefore, 

the competitive position of the beef cattle business in Southern Brazil 

will continue 
to depend on major changes in the technology of beef
 

cattle production.
 

llSome of the machinery and equipment used in wheat production 
cannot be adapted to the production of other crops (and livestock)
in the short run. Others cannot be adapted (and hence transferred) 
at all. Therefore, such shif, to mixed and livestock would be a 
slow process. 

A2ngler (1971) shows that the cattle farmers best economic
 
alternative in this region is to 
move beef cattle production to a
 
combination of wheat and soybean, unless beef prices and production
 
technology increase substantially.
 

http:returns.12


SUMMNARY AND CONCLUSIONS 

Summary 

This is a study of the economics of resource allocation in Southern 

Brazil. The specific objectives pursued are: 

(1) To determine possible differences between production 

functions of three diffVrent types of farms in the region: 

beef cattle, mecah nize 1 wheat farms and "mixed" farms. 

(2) To determine differeno.s in productivity levels, as measured 

by the production function estimates, as a means to appraise 

resource allocative efficiency. 

(3) To deteiiine possible effects of the current price policy on 

the pattern of resource use in the region and the potential 

for capital formation at the, farm level.
 

It is also hoped that the 'urrent dynamic move away from beef
 

cattle 
md toward wheat production in this region can be at least
 

partially evaluated by this 
analysis.
 

Ihe procedure 
 involved estimation of Cobb-l)ouglas production
 

function 
 using cross-sectiona! data. \ modified form of the ellncr
 

et al. (1960) stochastic model wis 
 used. This model's basic assumption
 

is that the entrepreneur's objective 
 is to maximize his profit function. 

The data utilized for empirical estimation were collected by 
directly interviewing a sample of 10o9 farmers in Sao Borja, Rio Grande 

do Sul, in 1969-70. For this research the original sample was sub

divided into three groups of farms based on the relative importance 

of beef cattle and wheat production in the farm business. There are 
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67 cattle farms, 42 wheat farms And 60 mixed farms in the sample. 

Conclusions 

Significant difference- were found between the three farm types. 

These differences are reflected by the shape of the production functions 

and by differences ariong the elasticities of production of individual 

inputs. The main factors explaining such differences in the production 

process are the capital structure of each farm type, technological 

level and market incentives. 

Economic inefficiency, as measured by disequality between the 

MVP and the opportunity cost of the inputs, was observed in all farm 

types. Cattle farms have relativ.elv low average and marginal pro

ductivities as compared to tl mixed and wheat farms. Wheat farms 

have the highest productivity levels. That the mixed farms group 

has aj intermediate level of average and marginal productiv ity supports 

the hypothesis that mixed farmingt is a transitional stage between the 

other two farm types--a stage in the process of changing from traditional 

cattle production into wheat production. 

Cattle farmers are using land, labor and operating expenses very 

extensively. The MVPs of land and operating expenses are practically 

zero, and the MVP of labor is very low. These farmers are usually owner

operators and rely mostly on family labor. They can increase profits 

by increasing the proportion of working assets particularly in the form 

of cattle, to other inputs. The production elasticity of working assets 
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(and high MVP of this input) are evidence of such potential gains. 

Mixed farms, on the other hand, use too little capital and labor, 

while land is being used beyond the most profitable point. This farm 

group is very heterogeneous, as it includes both intensive as well 

as extensive users of land and ether inputs. Results indicate that 

these farms are potential users (o"additional labor. They are the 

only ones in the region with undurinvestmunt in lAlor. 

Wheat farmers have attained the high.st productivity levels in 

the region. There is evidence uf adequat u use of labor by these 

farmers with underinvestment in land and capital. Ihis farm type pre

sents a rare case of hi;h productivity of land. The explanation for 

high land productivity appears to. be the use of modern inputs 

(including mechanized equijpment uid possibly a better quality' of 

land. Intensive use of land is i lso explained by the fact that 

wheat farmers usually rent most of their land from others. 

Looking at individual inputs, the most productive one is capital. 

Working assets represent the only input which has consistently very 

high MVP as well as AVP across all farm ty'pes. This result is strong 

evidence of generally favorable condit ions for capital formation at 

the farm level irrespective of farm types. Increases in capital for

mation would certainly increase the MVP of other inputs as well.
 

Tis general high return to capital investment in the region 

throws suspision on the efficiency of the capital market in responding
 

to 
a high demand for capital. Evidence of imperfections in the capital
 

market have been pointed out by Rao (1970, p. 128) who stated that
 

large mechanized crop farmers "appear to be relatively free from cap

ital constraints while all other types representing small agriculture 
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appear to be facing credit rationing." In any event, a shortage 

of capital seems evident in face of current demand. 

Agricultural production in this region is very responsive to 

use of capital, under the current "state of the arts." A well 

formulated wredit policy would rsult in substantial increases in 

agricultural p roduct ion. 

A comparativye analysis shows that cattle farmers are in a 

disadvantageous position, because of the current wheat price sub

sidy policy and the level of technology. Productivity differences 

indicate that economic efficiency will he increased if resources 

are attracted out of less product ive activities into more productive 

to le transferredones. Therefore, it is logical o expect resources 

from beef cattle production int, mixed faining md wheat production, 

respectively, under tne present Aituation. If the wheat price subsidy 

in the short run), it is conis eliminated (an unlikely occur:nce 

ceivab]e that the MVP of resourccs used in wheat production will 

decrease making this transfer less attractive. It may even result in 

revert ing the process, trnsfe rrirg modern inputs currently used in 

wheat production t mixed farm in and cattle production hence in

creasing their productivity leve 1s. 

Given that beeF, wheat mnd soybeans are similarly under increasing 

demand in the world market, it i: very unlikely that their relative 

prices will change significantlv in the near future. Therefore, the 

competitive posit ion of the beef cattle business in Southern Brazil 

w i ll contiue to depend on subst ,nt ial changes in production technology. 
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