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Northeast Brazil is one of the poorest regions in Latin America. 

Labor is relatively abundant and wages are low.  The introduction of 

herbicides, which potentially are one of the most labor-saving innova- 

tions developed by modern agricultural science, could substantially 

increase rural unemployment and adversely affect income distribution 

in this region. 

This study analyzed economic efficiency and welfare consequences 

of adopting herbicides within two Northeast Brazil case study regions. 

The consequences of adopting herbicides as an "efficiency enhancing 

development" in response to natural market or technological forces were 

distinguished from adopting them in response to government policy- 

induced price distortions. 

A regional linear programming framework was employed to analyze 

the herbicide diffusion process in a coastal sugarcane zone.  In the 

absence of capital favoring government policies, herbicide adoption 

was projected to occur on the average over 27 percent of the regional 



sugarcane area.  In Brazil, tax, tariff, and interest exemptions for 

herbicides and payroll taxes on labor collectively decrease the herbi- 

cide/labor price ratio by 55 percent.  The model predicted these dis- 

tortions would stimulate the adoption of herbicides to 98 percent of 

the regional production area.  Herbicide use, as encouraged by govern- 

ment policy, cut projected regional employment by an average of 45,760 

man-years, which corresponded to 21 percent of the 1975 regional labor 

force.  Projected employment losses averaged about one third this 

level when herbicide use increased in response to market forces. 

The availability of herbicides at undistorted prices was projected 

to generate economic efficiency gains averaging about eight million 

cruzeiros annually, or one half of one percent of the estimated value 

of the 1975 regional sugarcane crop.  But for each cruzeiro of short 

run efficiency gains, displaced agricultural workers lost eight 

cruzeiros in reduced weed control earnings. 

The introduction of factor price distortions biased the choice of 

weed control technology away from the socially optimal pattern and 

generated predicted efficiency losses averaging twelve percent of the 

social expenditures for weed control in the absence of distortions. 

Assuming integrated chemical-manual weed control systems, the model 

revealed that government intervention in factor markets increased the 

private cost of weed control by seven percent.  Assuming pure chemical 

systems, the analysis predicted government policies to reduce planta- 

tion owners' weed control costs by an average of 16 percent, but 

agricultural workers' losses averaged three times these gains. 



In contrast to the sugarcane region, there was little economic 

incentive to adopt herbicides in the diversified agriculture Agreste 

region.  Ecological conditions permitted effective weed control by 

traditional hoeing with modest input requirements, and popular mixed 

cropping made the use of herbicides difficult.  Furthermore, if herbi- 

cides should become profitable in the future, there would be little 

potential for imposing distributional losses on hired workers because 

most crops in the region are grown on very small farms with abundant 

family labor. 

In view of the finding that government intervention in factor 

markets both diminished production efficiency and decreased employment 

within the plantation sector, the Brazilian government should consider 

carefully the economic and social cost of continued use of payroll 

taxes and herbicide subsidies. 
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AN EVALUATION OF EFFICIENCY AND DISTRIBUTIONAL 
IMPLICATIONS OF CHANGES IN WEED CONTROL 

TECHNOLOGY IN NORTHEAST BRAZIL 

I.  INTRODUCTION 

Agricultural Technology and Social Welfare 

Steady advances in agricultural technology over the past century 

have played a key role in achieving the high standards of living en- 

joyed in developed nations.  A decade ago the widely acclaimed "Green 

Revolution" rekindled optimism that modern agricultural technology 

would also eliminate hunger in the poor nations. 

In recent years, however, economists and others have expressed 

growing concern over the potential adverse social consequences of 

technical changes in agriculture, both in the developed and developing 

countries (Falcon, 1970; Gotsch, 1972; Hightower, 1972; Johnston and 

Cownie, 1969).  These critics, while recognizing the great benefits of 

new technology under appropriate circumstances, have focused attention 

on two serious problems.  The first is that the welfare gains and 

losses produced by efficient technological changes have sometimes been 

distributed very inequitably among different groups in society.  Parti- 

cularly those at the bottom of rural economic scale, agricultural 

workers and small farmers, may be adversely affected.  Second, techno- 

logies that are socially inefficient for particular settings have 

sometimes been introduced. 
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It is not the technology per se that is to blame for the first 

problem, but the structural and institutional setting that leads to 

the distributional inequities associated with its use (Bieri et al^. , 

1972; Dorner, 1971; Gemmill and Eicher, 1973; Gotsch, 1972).  As the 

innovation itself is assumed efficient,— "everyone" could be made 

better off if asset and power distributions were different or if 

suitable institutional mechanisms existed for "winners" to compensate 

"losers." 

For the second problem attention should be focused on the distor- 

tions in incentives, market imperfections, and/or market failures that 

led to the selection of the socially inefficient technology in the 

first place.  Especially in today's developing economies, where a 

tempting backlog of technologies from the industrialized countries is 

conspicuously available, government policy-induced price distortions 

and personal biases often combine to raise the private financial re- 

turn to investment in capital-intensive technologies above the social 

return for the nation. 

To sum up, the efficiency and welfare implications of any parti- 

cular agricultural technology will depend upon the interaction of that 

technology, given its unique economic and technical characteristics, 

with the specific social-ecological-economic-institutional environment 

—An increase in efficiency is interpreted here to mean the production 
of greater output with a given resource expenditure, or the produc- 
tion of a given output at a lower resource cost.  Throughout this 
study the term efficiency refers to economic rather than technical 
efficiency.  Also, unless otherwise specified, the term refers to 
efficiency at the social rather than the private level, although 
under some circumstances the two are identical. 
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into which it is introduced.  This study analyzes the introduction of 

modern weed control technology in Northeast Brazil, an example in 

which this interaction could produce serious economic and social 

consequences. 

Modern Weed Control Technology in NE Brazil:  The Problem 

The Northeast is the most impoverished region of Brazil and per- 

haps of all Latin America.  Most of the 30 million population is de- 

pendent upon agriculture, but rainfall is erratic and much of the land 

of poor quality.  Both urban and rural unemployment rates are high; 

labor is abundant and cheap. 

The relative underdevelopment of the Northeast stands in contrast 

to the rest of the country.  In recent years Southern and Central 

Brazil have undergone rapid rates of industrialization, brought rich 

new agricultural areas into production, and generally lead the way in 

achieving the high rates of national economic growth that have brought 

acclaim to Brazil as one of the developing world's economic "success 

2/ stories."—  The recent economic growth in Brazil as a whole has 

generated a strong desire in the government to "modernize" industry 

and agriculture with the greatest possible speed.  It appears there 

is particular concern to "catch up" the Northeast, whose international- 

ly recognized underdevelopment is an embarrassing contrast to the de- 

sired image of thriving modern Brazil. 

2/ 
—Even in the South, however, the benefits of Brazilian "prosperity" 

have been very unevenly distributed, both regionally and personally. 
Fishlow (1972) has pointed out the markedly inequitable distribution 
of personal income that has accompanied aggregate growth in Brazil, 
and has suggested that the distribution may be deteriorating. 
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Within agriculture, the desire for modernization has been trans- 

lated into a large number of financial incentives to utilize modern 

agricultural inputs and techniques.  Government policies and private 

professional biases combine to encourage the importation of the most 

modern agricultural chemicals, biological innovations, and farm 

machinery from the United States and other developed countries.  Cer- 

tain of these technologies, for example improved seed varieties, have 

probably contributed substantially to efficiency and welfare improve- 

ments throughout Brazil (Ayer and Schuh, 1972).  But government poli- 

cies also encourage the introduction of labor-saving machinery and 

chemicals including herbicides.  There is little doubt that these 

technologies resulted in substantial efficiency gains in the high-wage 

agricultural economies for which they were developed, and some have 

been adopted with substantial commercial success in the better agricul- 

tural areas of Southern and Central Brazil (Rask and Stitzlein, 1973; 

Sanders and Bein, 1975).  These same technologies, however, might be 

economically inefficient and/or socially disruptive in the Northeast, 

because that region's resource endowments and social-economic struc- 

ture are very different from those of southern Brazil or the United 

States. 

Herbicide use clearly poses the dilemma of new agricultural tech- 

nology in an underdeveloped economy like Northeast Brazil. On the one 

hand, improved methods of weed control appear to be needed in some 

situations to achieve badly needed production increases. Uncontrolled 

weeds commonly reduce crop yields from 10 to 95 percent. When irriga- 

tion or other new practices are introduced, the weed problem often is 
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intensified because weeds, as well as crops, respond favorably to im- 

proved growing conditions. In some settings the high labor demands of 

traditional weed control methods can potentially impose a bottleneck 

on production expansion. Several studies have shown that weed control 

commonly absorbs 20 to 50 percent of total crop production labor with- 

in traditional agriculture (Diaz et_aJ., 1974; Haswell, 1972; Johnson, 

1971). 

On the other hand, modern weed control practices have great poten- 

tial for causing severe social dislocations in a labor surplus economy. 

The use of herbicides is potentially one of the most labor-saving inno- 

vations in modern agriculture.  In this respect it stands apart from 

other "Green Revolution" innovations — new seed varieties, irrigation, 

chemical fertilizers, and insecticides — which are labor-using or 

neutral.  The use of herbicides resembles mechanization in its effect 

on factor intensities.  The transition from the hoe to herbicides 

applied by backpack sprayer, a common application method in developing 

countries, can reduce labor requirements 20-fold in short cycle crops 

and up to 35-fold in long cycle crops.  The most sophisticated rung on 

the weed control technological ladder, aerial application of herbi- 

cides, can reduce labor requirements more than a thousand-fold over 

traditional methods. 

The preceding discussion suggests that the premature adoption of 

herbicides in labor-abundant Northeast Brazil, in response to govern- 

ment incentives or private biases, could substantially increase rural 

unemployment and adversely affect income distribution in one of the 

most impoverished areas in the world. 



Research Objectives 

The principle objective of this study is to evaluate the magnitude 

and distribution of costs and benefits of introducing modern weed 

control techniques, especially herbicides, into two selected settings 

in Northeast Brazil in response to government policies or market- 

technological forces.  This objective will require identification of 

socially efficient weed control technologies for each of the selected 

settings, and then calculating the efficiency losses, and any distri- 

butional gains or losses, associated with policy-induced deviations 

from the optimal technology. 

Two simple examples should help clarify this objective.  Consider 

first a crop and area in which hoeing is the most economically effi- 

cient weed control technique.  In response to government subsidization 

of herbicides, however, chemical control is adopted and workers with 

limited alternative employment alternatives are displaced.  In this 

case, both the higher national resource costs (efficiency losses) of 

using herbicides and the income losses of the displaced workers (dis- 

tributional costs) will be assessed.  Consider a second example in 

which herbicide application is the most efficient weed control techni- 

que, and hoeing is adopted in response to a government tax on herbi- 

cides.  In this case, the efficiency losses of introducing hoeing 

(which translate into lower consumer and producer surpluses) will be 

balanced against the income gains of newly employed workers.  Although 

these examples oversimplify the complex distributional adjustments 

associated with real world technological change, they illustrate 



the important distinction between efficiency and distributional 

changes. 

Content and Organization of the Study 

The remainder of this introductory chapter is devoted to providing 

basic background on Northeast Brazil.  An understanding of the region's 

current factor endowments, poverty, and underemployment permits a bet- 

ter appreciation of the potential impact of adoption of labor-saving 

weed control technology. 

Chapter Two consists of a review of methodologies economists pre- 

viously have utilized in evaluating the efficiency and distributional 

implications of changes in agricultural technology, and a justification 

for the selection of a regional linear programming approach for the 

main case study of the present investigation. 

The structure of the regional programming model and the associated 

theoretical framework for technology selection and evaluation utilized 

in this study are described in Chapter Three.  The model selects pri- 

vately and socially efficient weed control systems for various situa- 

tions and quantifies the level and distribution of the short-run re- 

gional benefits and costs of changes in technology caused by govern- 

ment policies or market-technological developments. 

Chapter Four contains the basic economic and technical data for 

the sugarcane producing region of Pernambuco state to which the model 

will be applied.  The sugarcane case study receives major attention in 

this investigation because of the greater likelihood for, and social 

repercussions of, weed control technology change in that setting. 
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Sugarcane, produced in a hired labor monocrop plantation economy, is 

the state's leading source of agricultural income. 

The modeling analysis and results for the sugarcane region case 

study are presented in Chapter Five.  Prospects for weed control tech- 

nology change in the Agreste zone of Pernambuco state which is charac- 

terized by a "family farm" diversified agricultural economy are dis- 

cussed in Chapter Six.  Theoretical-institutional arguments supported 

by budgeting analyses and farm survey results are utilized to defend 

the conclusions presented in the chapter. 

The major conclusions and limitations of the research are dis- 

cussed in Chapter Seven.  Policy implications for the Brazilian govern- 

ment and for international research planners are specifically addressed. 

Northeast Brazil Background 

Northeast Brazil was settled by the Portuguese and Dutch several 

decades before Jamestown Colony was established in Massachusetts 

(Poppino, 1968).  But in spite of the region's rich history, today it 

is one of the poorest regions in all Latin America.  Freyre (1946) and 

Ramos (1965) are among those who have described the region's harsh en- 

vironment and the resilient spirit of its people. 

This section will be limited to presenting a brief overview of 

the Northeast as it exists today.  Particular attention will be de- 

voted to the quality and quantity of resource endowments, distribution 

of productive resources, and the performance of economic and governmen- 

tal institutions.  These factors will play key roles in determining 
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the efficiency and welfare effects of introducing modern weed control 

technology. 

The nine-state Northeastern Region includes 18 percent of Brazil's 

land area and 30 percent of her people.  The region's 30 million popu- 

lation exceeds that of any other country in Latin America except Mexico. 

In 1970 62.6 percent of the economically active population in the 

Northeast was dependent upon agriculture as compared to 44.3 percent 

for Brazil as a whole (Cavalcante et al., 1974).  In 1974 average GNP 

per capita in the rural Northeast was estimated by the Government at 

US$190, only one-fourth the national average (Presidencia da Republica, 

1974).  In view of the markedly skewed distribution, the region's median 

annual rural income was probably under US$100. 

Availability and Distribution of Resources 

Land Resources 

The Northeast, like Brazil as a whole, is a relatively land- 

abundant area by international standards.  Although considerably below 

that of Brazil and the United States, the land/worker ratio in the 

Northeast of approximately nine hectares per man is over five times 

that of Japan and India (Hayami and Ruttan, 1971; IBGE, 1973). 

Simple area comparisons, however, are a very poor guide to produc-. 

tive potential because they ignore enormous differences in land 

quality.  Vast areas of the Northeast, as the rest of Brazil, are 

marginal backlands ill-suited to agricultural production.  The North- 

east has traditionally been divided into three ecological zones.  The 
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Zona da Mata, a narrow densely populated high rainfall coastal strip, 

emphasizes high value export crops like sugarcane, cacao, and tropical 

fruits produced on large plantations using hired labor.  The Agreste, 

a transitional zone with less precipitation and shallower soils, is 

characterized by diversified crop and livestock production on farms of 

varying sizes with a preponderance of family operated units.  The 

Sertao, a vast arid backland, is used for extensive livestock produc- 

tion and perennial cotton.  Small farmers in the Sertao, who frequently 

are sharecroppers on large ranches, also produce food crops for subsis- 

tence (Johnson, 1971). 

In general land is a much more limiting factor for small indepen- 

dent farmers in the Agreste and Zona da Mata than in the Sertao or in 

the Amazon basin frontier areas of the northern and western extremities 

of the Northeast. 

Important ecological reasons, of course, underlie widely varying 

land/labor ratios.  The dominating reality of life in the Sertao and 

much of the Agreste is the unreliability of rainfall.  Both the geo- 

graphic and temporal variability of precipitation in this region are 

among the highest of any area in the world (Hargreaves, 1974a and 1974b). 

There is a drought somewhere in the Northeast almost every year, and 

about one year in six there is a widespread drought that kills live- 

stock and crops and drives vast segments of the human population toward 

the coast or the towns to escape starvation. 

The welfare implications of the Northeast's marginal land re- 

sources are exacerbated by their inequitable distribution.  The North- 

east, like so much of Latin America, is characterized by the 
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minifundio-latifundio agrarian structure.  In the Northeast as a whole 

in 1970, 58 percent of the land was concentrated on only three percent 

of the establishments larger than 200 hectares which supplied only 

eight percent of all agricultural employment.  On the other hand, 44 

percent of all agricultural employment was concentrated on establish- 

ments of less than five hectares which represented 56 percent of all 

establishments but controlled only three percent of the land.  In 

better agricultural areas in the Zona da Mata much of the rural popula- 

tion is landless and dependent upon seasonal agricultural wage work. 

The great diversity in the relative abundance, quality, and dis- 

tribution of land in different areas of the Northeast requires location- 

specific analysis of the effects of new agricultural technology.  The 

case study areas investigated in this thesis are located in the rela- 

tively densely populated Zona da Mata and Agreste regions.  Somewhat 

different conclusions might be expected for case studies in the more 

land-abundant Sertao or northern frontier. 

Labor Resources 

Although there are local variations, Northeast Brazil is a labor- 

abundant economy. This conclusion is supported by the continuing high 

rates of regional underemployment and unemployment in spite of out- 

migration of millions of Northeasterners to other regions of Brazil 

over the years. A recent study by Goodman and Cavalcanti (1974) esti- 

mated that 21.4 and 10.0 percent of the region's urban and rural labor 

forces, respectively, were unemployed or underemployed. 
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The nominally "employed" earn very little, especially in agricul- 

ture.  In Pernambuco, one of the more advanced states in the Northeast, 

fully 99 percent of all individuals employed in agriculture during the 

1970 General Census year earned less than the official minimum wage of 

3/ 
US$376 per year.—  Some 77 percent received less than one half, and 

24 percent less than one fourth, of this minimal standard.  Millions of 

Northeasterners have migrated to the cities and towns of the region in 

search of better jobs.  Urban population in Pernambuco grew by 60 per- 

cent between 1960 and 1970, but industrial employment in the state in- 

creased by only 24 percent in the same period.  The share of wages in 

regional industrial production value was only ten percent in 1970.  The 

lack of urban employment has pushed thousands into marginal "service" 

occupations, criminal activity, or begging in the larger cities of the 

region. 

Outmigration to other regions of Brazil, including Amazonia or 

other frontier areas and the southern industrial cities, will continue, 

but is not likely to outpace population growth in the Northeast.  In 

spite of massive outmigration to other regions and cities within the 

state, rural population in Pernambuco alone grew by 100,000 from 1960 

to 1970.  There is a limit to the capacity of the southern industrial 

cities to absorb increasing numbers of unskilled migrants from the 

Northeast.  Even at present rates of growth, Sao Paulo and Rio de 

Janeiro, the two major southern metropolitan recipients of Northeastern 

3/ — The rest of this paragraph and the following one are based on two 
articles by da Costa (1974a and 1974b), both of which drew heavily 
on data from the 1960 and 1970 agricultural and general censuses in 
Brazil. 
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migrants in the past, are projected to grow to 26 and 19 million in- 

habitants by the end of the century (Cohen, 1976)• 

In summary, the existence of abundant labor and substantial under- 

employment are likely to persist for some time in the Northeast. 

Economic and Political Structure and Institutions 

Northeast Brazil is representative of the so-called "bimodal" or 

"dualistic" society.  Productive resources, social prestige, and poli- 

tical power are heavily concentrated in a narrow regional elite.  Not 

surprisingly, government policy as carried out by service and regula- 

tory agencies often tends to reinforce the dominance of this privileged 

minority. 

Within agriculture, larger farmers have been heavily favored over 

small farmers by government credit, extension, and taxation policies 

(FIPE-MA Projeto, 1975; Young and Corum, 1975).  Millions of dollars 

in subsidies and tax breaks have been given to large-scale agri- 

business interests, but progress in land redistribution and other pro- 

grams to benefit the small farmer has been exceedingly slow. 

These policies have exacerbated the problems of rural poverty and 

underemployment.  Large farms, by favoring less labor-intensive enter- 

prises and/or introducing labor-saving technology, have substantially 

reduced their employment since 1960 (IPEA/IPLAN, 1975; Young and Corum, 

1975).  Consequently, displaced workers from larger farms plus addi- 

tions from net population growth have been forced onto a growing number 

of smaller and smaller units.  Between 1960 and 1970 the Northeast's 

agricultural labor force "employed" on properties of less than one 
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hectare grew by 180 percent, more than a half million workers in abso- 

lute terms (IPEA/IPLAN, 1975). Some critics argue that the govern- 

ment's past policies of encouraging larger farms and capital-intensive 

industrialization, which have failed to provide adequate increased em- 

ployment in either the rural or urban sector, are marginalizing an in- 

creasing segment of the region's population (da Costa, 1974; Young and 

Corum, 1975). Many rural Northeasterners are left with a choice be- 

tween joining the unemployed in the urban slums or of a marginal exis- 

tence in the countryside. 
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II.  LITERATURE REVIEW AND METHODOLOGICAL CONSIDERATIONS 

This chapter begins by reviewing the principle methodologies 

economists have used to analyze efficiency and equity consequences of 

technological change in agriculture.  It then evaluates the relevance 

of alternative methodologies for the weed control problem, and justi- 

fies the selection of a short-run regional linear programming approach 

for the Northeast Brazil sugarcane region case study and a descriptive 

budgeting approach for the Agreste region case study. 

Literature Review 

Previous literature surveys have generally classified methodolo- 

gies for evaluating the effects of technical change in agriculture by 

the "type of tool" or by their geographic-temporal scope (Bieri et al^., 

1972; Gemmill and Eicher, 1973) .  In this study, however, it is con- 

sidered more useful to distinguish broadly between ex_ post and ex ante 

analyses. 

Ex Post Evaluations 

Accounting Analyses 

Accounting or budgeting analyses of changes in personal and func- 

tional income distribution, cost of production, gross output, enter- 

prise composition, and resource utilization associated with 
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4/ 
technological change are very common.—  Some studies compare farms in 

a single region before and after the diffusion of a given technology or 

set of technologies.  Other studies, including recent investigations by 

Rask and Stitzlein (1973) and Lima and Sanders (1975) in Southern and 

Northeast Brazil, respectively, draw their data from cross-sectional 

surveys of farms using different levels of technology in a given region. 

A common weakness of such studies is the difficulty in separating 

out the effects of technical change from those of other forces.  The 

observation that technical change and certain economic adjustments 

occurred simultaneously is not proof that the former caused the latter 

singlehandedly.  Rask and Sitzlein's study revealed that mechanized 

farms were characterized by higher employment and output in districts 

where a rapid transition from livestock enterprises to wheat and soy- 

bean production was occurring.  But in another district where mechani- 

zation was not accompanied by changes in enterprise composition and 

farm size, there was little difference between farms with and without 

mechanization.  Certainly mechanization facilitated the change in 

enterprise composition in the former area, but it appears likely that 

strong government support of wheat prices for import substitution 

reasons was the original cause of the enterprise transition (Rask and 

Stitzlein, 1973; Singh and Ahn, 1972).  Generous government subsidized 

credit for "modern inputs," including machinery, also supported the 

diffusion of mechanization in Southern Brazil.  It may be more accurate 

4/ 
— See Gemmill and Eicher (1973) for an extensive bibliography of such 

studies concerning mechanization.  Descriptive accounting studies 
also commonly provide the microeconomic data base for more sophisti- 
cated econometric or programming analyses. 
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to conclude that output growth, employment increases, and mechanization 

were all produced by government policy, rather than concluding that 

mechanization caused the others. 

Similar causation ambiguities characterize Lima and Sanders' study 

on the viability of animal traction cultivation versus manual hoeing 

for perennial cotton in a semi-arid area of Northeast Brazil.  In this 

setting there was essentially no difference in cost per hectare of the 

two systems under similar field conditions.  Animal traction cultiva- 

tion, which still required supplemental manual hoeing within plant rows, 

cut cultivation labor requirements by only 16 percent.  The authors 

attributed an observed three-fold difference in cropped area between 

farms with and without animal traction cultivation to this modest re- 

duction in cultivation labor requirements and to a questionable yield 

advantage associated with the animal traction system.  But perhaps re- 

verse causation also was involved; that is, larger wealthier farmers 

may have found it easier to overcome capital constraints permitting 

them to hire sufficient labor to expand cotton area, and to buy culti- 

vators and mules.  Interestingly 88 percent of the animal traction 

sample was comprised of farms larger than 21 hectares, but about one 

half of the manual hoeing farms were smaller than 21 hectares (Lima, 

1975, p. 53). 

The preceding comments are not meant to detract from Lima and 

Sanders' valuable study or to disparage the long run viability of 

animal traction cultivation in the area.  But they illustrate the dif- 

ficulty in reaching simple conclusions concerning consequences of tech- 

nological innovations from descriptive historical studies. 
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Production Function Analyses 

General economists have traditionally analyzed technological 

change at the macroeconomic or industry level using the aggregate pro- 

5/ 
duction function concept.—  Aggregate time series data are commonly 

fit to functions of the form: 

Q = fdCL.t)   or  Q = g[a(t)K, P(t)L] 

where:  Q = output 
K = capital 
L = labor 
t - time (surrogate for technical change) 

Cross sectional aggregate data are analyzed by functions of the form, 

Q = h(K,L).  Although the "aggregate production function" concept is 

subject to criticism, these studies do provide useful information of a 

very aggregative nature on changing factor shares and on the capital 

or labor "bias" associated with general technological change.— 

— See Bronfenbrenner (1971, pp. 336-407) for a review of part of the 
voluminous literature on the aggregate production function and dis- 
tributional implications of technical change. 

^/Studies of this type also have an ex ante predictive utility to the 
extent that they reveal unchanging structural characteristics of a 
given industry or economy that influence the pattern of future de- 
velopments.  For example, if the elasticity of substitution between 
labor and capital in a competitive industry is shown to be less than/ 
greater than unity the equilibrium relative share of labor will in- 
crease/decrease with an increase in the labor/capital price ratio. 
This knowledge would be valuable in predicting the functional income 
distribution consequences of a capital-cheapening technological 
innovation or imposition of a minimum wage policy within the indus- 
try.  See Bronfenbrenner (1971) and Fergusen (1971) for detailed 
derivations of these results and discussions of their utility and 
limitations. 
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Some agricultural economists have utilized production functions to 

investigate microeconomic efficiency and distributional implications of 

specific technological developments in local areas.  Sidhu (1974) fit 

Cobb-Douglas production and average cost functions to a cross-sectional 

sample of wheat farms in an Indian district.  He divided the sample be- 

tween farms using new and traditional seed varieties.  His results in- 

dicated that the new varieties increased output, reduced wheat produc- 

tion costs, and increased employment in wheat production in the study 

district.  The change also tended to exacerbate existing income dispari- 

ties. 

Purvis (1973) used an imaginative production function approach in- 

corporating level of managerial "control" to compare new and tradi- 

tional varieties of wheat under dryland conditions in Tunisia.  His 

analysis, based on farm demonstration plot data, revealed that the 

traditional varieties outyielded new varieties when complementary cul- 

tural practices were not maintained at a high level. 

Srivastava and Heady (1973) employed a constant elasticity of sub- 

stitution production function framework in analyzing cross-sectional 

farm survey data from two Indian districts for a pre-"Green Revolution" 

period (1955-57) and a post-"Green Revolution" period (1967-69).  They 

concluded that the biological, chemical, and mechanical innovations in 

agriculture over the decade had been associated with a decline in the 

relative share of labor, and an increase in the elasticity of substitu- 

tion between capital and labor. 

Production functions provide a useful methodology for analyzing 

technological change in agriculture when adequate data are available 
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and the violations of underlying theoretical and econometric assump- 

tions are not too flagrant.  Unfortunately data and theoretical defi- 

ciencies often cast doubt on the neat conclusions such studies yield. 

Partial Equilibrium Analyses 

The third methodology considered for ex post evaluations of tech- 

nical change is the economic surplus approach from welfare economics. 

This approach measures the gross societal benefits of a technical inno- 

vation by estimating increases in consumer and producer surpluses pre- 

sumably caused by its introduction.  The technique belongs to partial, 

as opposed to general, equilibrium analysis because it is based on 

equilibrium demand and supply conditions in a single industry or market 

rather than in the whole economy.  Griliches (1958) and Peterson (1967) 

pioneered the development of this technique in studies estimating the 

social benefits derived from hybrid corn and poultry research, respec- 

tively.  Recently, Ayer and Shuh (1972) used this framework to estimate 

the social rate of return to cotton plant breeding research in Southern 

Brazil.  Each of these studies considered only efficiency costs and 

benefits.  The social rate of return for the innovation is calculated 

by balancing the efficiency gains, as measured by increased economic 

surpluses against the research cost of developing the innovation.  By 

this criterion, the technological innovations have been shown to be 

very profitable in every case. 

Schmitz and Seckler (1970) made an important extension of this 

framework by incorporating distributional costs in their classic study 

of the introduction of the mechanical harvester in the U.S. processing 
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7/ tomato industry.—  They estimated the cost of compensating workers 

8/ 
displaced by the harvester for their lost earnings.—  These "social 

costs," as well as direct research and development costs, were balanced 

against the social benefits generated by the harvester to calculate a 

"net social rate of return" which, as it turned out, was still strongly 

positive. 

Industry level economic surplus measurements of the type described 

in this section often require numerous assumptions that are difficult 

to validate.  Estimated aggregate measures also gloss over the distri- 

bution of the respective surpluses among different classes of consumers 

and producers.  But as Currie and coauthors (1974, p. 791) have noted, 

it is easier to criticize the concept than it is to find a superior 

alternative for industry-level benefit/cost evaluations for policy 

formulation. 

Dynamic Programming Analyses 

R. J. Day (1967) pioneered the development of this final ejc post 

methodology in his classic recursive linear programming analysis of the 

process of technological change and labor displacement in the 

7/ 
— Schmitz and Seckler's study won the award for "Best Journal Article" 

in the American Journal of Agricultural Economics in 1970, and has 
been widely quoted since. Surprisingly, however, few if any econo- 
mists have followed their approach in subsequent studies. Actually 
Schmitz and Seckler's study was a mixture of ex post evaluation and 
ex ante prediction as they projected the continued diffusion of the 
harvester five years beyond their data base. 

8/ 
— In reality, however, displaced workers were not and have not been 

compensated for their lost earnings. 



22 

Mississippi Delta cotton economy between 1940 and 1958.  Day's model 

essentially functioned as an economic history simulator that explained 

the process of structural change in terms of response to changing fac- 

tor and output prices.  Furthermore the model fleshed out interesting 

microeconomic detail that was not available from standard statistical 

series on the changing pattern of resource allocation and labor demand. 

Population statistics revealed that rural farm population declined 

by 62 percent in the Delta between 1940 and 1960, with over two-thirds 

of the reduction occurring in the second decade.  The results of Day's 

model suggested that this pattern of migration was due to the process 

by which technological change eliminated jobs in cotton farming: 

Mechanization was introduced in stages, first affecting 
land preparation and cultivation as tractor power dis- 
placed mules, then handweeding as flamethrowers and 
herbicides were applied and finally harvesting as 
mechanical cotton pickers replaced the sharecropper and 
his family (p. 429). 

This process led to what Day called a two-stage push of labor off the 

farm.  Initially, sharecroppers were pushed off the farm as year round 

labor requirements were reduced, but they remained in the region be- 

cause seasonal labor shortages during harvesting promised them at least 

some employment.  Finally with the mechanization of harvesting, all em- 

ployment dried up and they were forced entirely out of the region in 

9/ search of a new life elsewhere.— 

9/ 
—Although Day does not elaborate, this powerful forced exodus from 

Southern agriculture during the 1950's probably contributed substan- 
tially to the social problems in northern U.S. cities that erupted 
during the 1960's and persist today. 
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Singh and Day (1972) and Singh and Ahn (1972). subsequently con- 

ducted similar dynamic programming analyses of the process of technolo- 

gical change and agricultural transformation for regions in the Indian 

Punjab and -in Southern Brazil.  The Indian study, unlike the others, 

attempted to predict future changes in addition to describing histori- 

cal changes.  All these studies revealed that technical change, shifts 

in enterprise composition and intensity, and farm size adjustments occur 

simultaneously.  It is often difficult to separate out the effects of 

one from another on agricultural employment and other important 

variables. 

Ex Ante Evaluations 

To the extent that "history repeats itself," developing an under- 

standing of past consequences of technological change in agriculture is 

an effective means of predicting future consequences.  In this respect 

all the approaches discussed in the preceding section have a certain 

predictive utility.  Indeed most ex post studies review implications 

for future policy. 

The highly specific nature of the interaction of particular tech- 

nologies in new environments often makes generalization from past 

studies risky, however. Consequently most projections of future changes, 

particularly at the microeconomic and regional level, have been based 

on explicitly predictive approaches.  This section discusses three com- 

mon ex ante approaches:  accounting projections, theoretical specula- 

tion, and mathematical programming models. 
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Accounting Projections 

Forecasts of the impact of the continued diffusion of a given 

technology on output, employment, and other variables are frequently 

based on straightforward interpolation from past trends.  For example, 

Schmitz and Seckler (1970) used 1965-68 data to project the labor dis- 

placement and cost savings from continued diffusion of the mechanical 

tomato harvester through 1973, by which time they postulated its dif- 

fusion would be complete.  Many predictive programming studies use 

historical data in a similar way in formulating technical coefficients 

(Donovan, 1974; Singh and Ahn, 1972; Wills, 1972). 

Accounting projections can stand alone as well as providing input 

data for more complex models.  Government agencies, business organiza- 

tions, and labor unions, for example, often estimate output and employ- 

ment changes associated with possible technical change by simple 

arithmetic projections. 

Economists generally favor more complex models, but there are ex- 

ceptions. Pinstrup-Andersen and Diaz (1973) estimated the employment 

effects of introducing three alternative "technology packages" into 

cassava production in Colombia by simply multiplying labor requirement 

coefficients by postulated yield and acreage outcomes for each techno- 

logy. Their results indicated that adoption of herbicide weed control 

througho\it the Colombian cassava growing area could reduce total labor 

requirements for cassava production by over 40 percent. 

Although useful for exploratory studies, such projections have 

several weaknesses in comparison to more complex models.  First, they 
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simply postulate the diffusion of technology, rather than explaining 

or predicting it as a response to economic incentives that are gener- 

ated by government policies or market-technological forces. Secondly, 

they do not build in resource constraints, farm size heterogeneity, or 

institutional influences that will influence the adoption of the inno- 

vation by different groups. 

Theoretical-Speculative Projections 

Economists frequently speculate in a nonquantitative fashion on 

the probable directions and consequences of technological change based 

on sociological, political, and economic theory (Bieri et al., 1972; 

de Janvry, 1975; Donaldson and Mclnery, 1973; Gotsch, 1972; Johnston 

and Cownie, 1969; Mellor, 1969 and 1975; Ruttan, 1973; to name a few) . 

Furthermore most quantitative studies speculate on issues beyond their 

particular numerical results.  These theoretical-speculative discus- 

sions base their conclusions upon knowledge of the economic and techni- 

cal characteristics of the technology, of the ecological setting, of 

the structure and elasticities of supply and demand of input and out- 

put markets, of the distribution of economic resources and social- 

political power, of local institutions, and of sociological-cultural 

constraints.  Economists associated with the "institutional" school 

frequently claim that conventional neo-classical theory and most quanti- 

tative models omit or assume away the critical institutional-cultural 

influences that really determine the direction of and the distribution 

of the costs and benefits of technological change (Bieri e_t al., 1972; 

Dorner, 1971; Myrdal, 1970). 
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Gotsch (1972) has proposed perhaps the most complete institutional 

framework for predicting the distributional consequences of technical 

change.  A simplified summary of his framework follows below: 

Table II-l.  Gotsch's typology for classifying development situations 
with respect to the welfare consequences of technical 
change. 

 Characteristics favoring:  

Component 
Equal distribution of 
benefits and costs 

Inequitable 
distribution of 

benefits and costs 

New technology 

Farm size 
distribution 

Institutions 

Social organization 

Simple, divisible, 
labor-using 

Relatively egalitarian 

Decentralized, effective 
community organizations 

Individualistic, loosely 
structured 

Complicated, lumpy, 
labor-displacing 

Relatively unequal 

Top-down, no community 
organizations 

Hierarchial 

Gotsch's framework applied to the problem addressed in this thesis 

would imply that the introduction of herbicides, a complicated labor- 

displacing technology, into the inegalitarian agricultural structure 

of Northeast Brazil would exacerbate existing inequalities.  Few 

economists, institutional or otherwise, would be likely to dispute 

this general evaluation.  The task then becomes to quantify the dis- 

tribution of benefits and costs, and this requires a quantitative 

model.  Gotsch and other institutionalists would agree with the need 

for a quantitative model, but would insist that its structure should 

reflect the complexities of their system. 
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Mathematical Programming Models 

The technique economists have most often employed in quantitative 

ex ante studies of agricultural technical change has been mathematical 

programming.  Recursive linear programming and simulation have been the 

favored techniques for dynamic analyses, whereas standard linear pro- 

gramming has been most popular for comparative statics investigations. 

Recursive linear programming, although extended to a predictive 

role by Singh and Day's (1972) Punjab study, has been most useful when 

restricted to historical studies (Day, 1967; Singh and Ahn, 1972). 

Macro-level systems simulations studies of alternative agricul- 

tural development strategies for Nigeria and India have been conducted 

by research teams at Michigan State University (Byerlee, 1973; Byerlee 

and Halter, 1974) and Cornell University (Mellor and Mudahar, 1974). 

These models focused on a wide range of national policy questions in- 

cluding alternative paths of technical change, and considered inter- 

actions between the agricultural and non-agricultural sectors.  The 

flexibility of simulation offers several advantages for such long-term 

macro-level studies. 

Advocates of systems simulation enthusiastically defend the 

approach.  But not all research problems lend themselves to simulation. 

The nature of the research objectives, availability of research re- 

sources, quality of existing data, and level of aggregation will joint- 

ly determine the most appropriate technique for any particular problem. 

Static linear programming has often been used for ex ante analyses 

of the implications of agricultural technology change.  Pragmatic 
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considerations probably underlie the popularity of linear programming. 

It is more convenient and less costly than dynamic programming or simu- 

lation and usually requires less data and fewer speculative assump- 

tions.  It is a "comparative statics" approach that reveals final out- 

comes, rather than transitional processes.  By systematically changing 

price coefficients, technology determined input-output coefficients, 

resource constraint levels, and other parameters in successive "runs" 

of the model, the outcomes for a large number of alternative policies 

or market-technological developments can be examined and compared rela- 

tively quickly. 

Linear programming models can be used to analyze single "represen- 

tative farms" or the agricultural economies of entire regions or dis- 

tricts as in studies by Wills (1972) and Donovan (1974).  Regional 

models with farm size decomposition permit the analysis of changes in 

personal income distribution by farm size or type.  Regional models 

can also allocate among farm types the available supply of resources 

fixed at the regional level such as hired labor, irrigation water, or 

agricultural credit.  In some models new agricultural technologies have 

been introduced exogenously (Donovan, 1974; Patrick, 1974; Wills, 1972) 

whereas in others the model is allowed to select the optimal technology 

(Hollanda and Sanders, 1975; Izadi, 1975). 

Although the assumptions of linear programming are restrictive, 

modifications in model structure or parametric adjustments in succes- 

sive runs can often make the modeling more realistic.  Furthermore, 

linear programming assumptions may be more realistic in the analysis of 
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relatively simple problems of technology selection than in complex 

whole-farm planning problems. 

Scope and Nature of the Investigation: 
Methodological Considerations 

The present investigation proposes to evaluate the present and 

future consequences of technological change in weed control in two 

selected case study regions in Northeast Brazil.  The ex ante orienta- 

tion of the proposed evaluations directs attention to what were des- 

cribed in the literature review as accounting-budgeting projections, 

theoretical-speculative predictions, and mathematical programming. 

The two regional case studies included in this investigation 

represent very different situations that require different research 

methodologies.  The following sections justify the selection of a re- 

gional linear programming analysis for the principle case study, the 

plantation sugarcane economy in coastal Pernambuco, and a budgeting- 

descriptive analysis for the diversified agriculture Agreste region of 

the same state. 

The Coastal Sugarcane Case Study 

The coastal sugarcane case study receives the most attention in 

the present investigation because of the greater receptiveness of the 

region to weed control technology change and of the more profound 

social repercussions that would accompany such a change there.  Most 

sugarcane in the area is grown on large plantations with hired 
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labor.—   Owners of sugarcane estates have a strong incentive to 

adopt herbicides if government policies or market forces make them 

more economical than traditional weed control methods.  Presently some 

ten percent of the sugarcane acreage in Pernambuco and neighboring 

Alagoas states is estimated to be treated with herbicides (Ciba-Geigy, 

1976; Moreira Lima, 1976).  Most plantations are large enough that 

capital constraints rarely inhibit herbicide adoption, and chemical 

companies are willing to provide assistance to large buyers to over- 

come knowledge and skill constraints.  The clear division between the 

relatively wealthy owners of sugarcane plantations and the poor and 

generally landless work force ensures that the beneficiaries and vic- 

tims of herbicide adoption belong to different groups that are clearly 

distinguishable. 

Justification of Programming Approach 

A regional linear programming approach which focuses on the adop- 

tion of the least cost weed control technique under different ecologi- 

cal conditions representative of the coastal sugarcane producing area 

has several advantages. 

1. The programming assumption that constrained profit maximizing- 

cost minimizing criteria determine the weed control technique 

choice by sugarcane plantation owners is relatively realistic. 

2. A regional programming model with farm size decomposition per- 

mits incorporation of the heterogenous characteristics of 

—A detailed description of the composition and structure of the 
sugarcane economy in the coastal region of Pernambuco is presented 
in Chapter Four. 
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plantations of different sizes that determine which farms will 

adopt the new technology.  The model also permits incorpora- 

tion of different ecological zones that determine the relative 

technical efficacy and input requirements of alternative weed 

control systems in different areas. 

3. The model permits direct evaluation of policies that distort 

factor prices and thereby influence the choice of technology. 

Optimal solutions are determined both under the assumption of 

social factor prices and private (distorted) factor prices. 

Gemmill and Eicher (1973) have argued that a model's utility 

for realistically evaluating policy issues should be the pri- 

mary criterion of its utility. 

4. The programming approach also permits changes in seasonal wage 

rates and/or labor supplies which are consistent with the sea- 

sonal nature of sugarcane industry employment. 

5. A programming model with farm size decomposition reveals in- 

come changes among plantations of different sizes and dif- 

ferent skill classes of labor.  Production function analyses 

measure only functional income distribution changes between 

labor and capital, each of which are assumed homogeneous. 

Economic surplus models show the distribution of benefits 

and costs only between the two general classes of consumers 

and producers. 
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Limitations of the Research Methodology 

Certain restrictions on this study are imposed by the choice of a 

static linear programming model rather than a dynamic approach such as 

simulation or recursive linear programming.  Ordinary linear program- 

ming solutions show the end points of "equilibrium" outcomes over a 

given adjustment period to specified sets of circumstances and be- 

havioral assumptions.  These static solutions are limited primarily to 

what have been called the "first round effects" of technological change, 

namely changes in input utilization including employment and changes in 

net incomes of different classes of farm owners and agricultural labor. 

Appropriately structured dynamic programming models, on the other 

hand, could describe the process of technological diffusion and accom- 

panying adjustments over several future time periods.  Theoretically 

such models could build in second, third, and subsequent round adjust- 

ments for input and output prices, linkages with other sectors of the 

economy, induced changes in agricultural organization, influences on 

local institutions and power structures, and impacts on demographic 

variables like the rate of population growth.  The desirability of 

general dynamic modeling of agricultural technological change is fully 

recognized, but the research resources and data required for such an 

ambitious approach were not available for the present investigation. 

The present short-term static analysis at the regional level could per- 

haps help develop expertise and define data requirements for a long- 

run dynamic analysis over a wider geographic area. 
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The Agreste Region Case Study 

Less attention is devoted to the Agreste region study because the 

prevailing farm size, institutional factors, and cropping patterns of 

that area greatly reduce the incentives for adopting modern weed control 

techniques.  Furthermore the conflict between equity and efficiency con- 

siderations is much less clear cut because most crop production in the 

region is carried out by small farm owners and tenants with family 

labor.  Consequently the potential for imposition of distributional 

losses on displaced hired workers is greatly reduced.  Also local 

mixed cropping patterns and ecological conditions favor traditional 

weed control techniques for technical reasons that are difficult to 

overcome in spite of government subsidies of herbicides. 

These and similar conclusions concerning the prospects for weed 

control technology change are defended on a crop-specific basis in 

Chapter Six.  They are supported by budgeting comparisons and descrip- 

tive information derived from extensive field plot experimental data 

and farm survey results from the region. 

A formal regional linear programming analysis, such as that used 

for the sugarcane example, was considered inappropriate for the Agreste 

study for a number of reasons.  First, the potential magnitude of dis- 

tributional losses and gains is extremely modest.  Second, educational, 

skill, capital, input availability, and risk aversion constraints that 

are difficult to model accurately given the available data base all 

play a strong role in determining the choice of technology on the very 
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small semisubsistence farm units where most food crop production occurs. 

Third, even if it were possible to accurately specify all these con- 

straints in a formal model, the results would just reinforce the econo- 

mic advantage of traditional weed control techniques revealed by simple 

budgeting comparisons. 
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III.  STRUCTURE OF REGIONAL PROGRAMMING MODEL 
AND THEORETICAL FRAMEWORK OF THE STUDY 

Chapter Two discussed in a general fashion some advantages and 

limitations of a static programming model for evaluating short-run 

consequences of technological changes in a particular region.  This 

chapter describes a specific linear programming model to be used for 

predicting the extent to which herbicides might be expected to replace 

traditional hoeing in the Pernambuco coastal sugarcane zone, under al- 

ternative assumptions concerning factor prices and physical realities. 

This chapter also thoroughly describes the assumptions and theore- 

tical framwork which underlie the model and which guide its measurement 

of the efficiency and distributional effects of adopting herbicides. 

The regional programming model utilized in this study is comparatively 

simple.  The basic cost, earnings, and employment comparisons involved 

could be hand calculated in a budgeting format, but the programming 

model carries out these calculations much more efficiently, especially 

when several alternative situations are considered. 

Structure of the Model 

The activities of the model define alternative weed control tech- 

niques on different land classes on large and small plantations.  The 

objective function is essentially a total cost function for regional 

weed control in which the activity coefficients reflect the per hec- 

tare cost of alternative weed control systems for different land 

classes on two plantation sizes.  The constraints distribute the 
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regional sugarcane area among the specified land classes and plantation 

sizes and force the model to select either manual or chemical control 

for each of these combinations.  The decomposition of the regional area 

among different land classes, or more accurately among different sugar- 

cane ages and weed competition severity zones, is critical to the pre- 

dictive accuracy of the model.  These agronomic factors determine the 

input requirements and relative costs of alternative systems and play 

a major role in determining the diffusion of herbicides over the region. 

Similarly institutional considerations influence the cost of adopting 

herbicides on plantations of different sizes, which justifies the unit 

size decomposition in the model. 

Finally the model includes accounting equations for calculating 

regional weed control employment, labor earnings, and social produc- 

tion costs. 

The general mathematical formulation of the model is: 

1)  Objective function: 

4  2   2 6 
Minimize Z 

A jii 1=! i* i*       h=l  h 

2)  Area composition constraints: 

I     IX.   = A.. , 

for  j = 1,2 and k=l, ..., 4 (2x4 equations) 

3)  Weed control employment accounting equations: 

4  2   2 
y   y   y u... x... - IY. 

k=l j=l i=l1Dk 1:5k     1 
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4   2   2 

I        I        [ s. ., X. ., - 1Y„ = 0 
k=l jil i=l >■*   ^ 2 

4)  Weed control labor earnings accounting equations: 

4  2   2 

I        I        I   e- -i X' -i " 1Yo = 0 

k=l ;j=l x=l 

4  2   2 

, -, ■ , • -, ijk ijk    4 k=l 3=1 i=l 

5)  Weed control cost composition accounting equations: 

4  2  2 

. L
1    .Ln .L1^ijk  13k    5 

k=l 3=1 i=l 

k=l i=l 

(for j=l) 

6)  Nonnegativity constraints: 

X. ., > 0 
13k 

4  2 

jk ijk    6 
y   y c... x.., - IY,. = 0 L _ L        ;L-jJ-  - -'- 

(for i = 1,2; j = 1,2; k = 1, ..., 4) 

The variables are defined as follows: 

1) i = index of weed control system:  i=l indicates manual systems and 

i=2 indicates chemical systems 

2) j = index of plantation size:  j=l indicates less than 200 hectares 

of sugarcane and'j=2 indicates 200 or more hectares of sugar- 

cane 
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3) k = index of land class 

4) Z = value of the objective function:  the annual regional private 

cost of sugarcane weed control 

5) c..  = private cost per hectare of the i  weed control system on 

the j  plantation size on the k  land class 

6) X.   = hectares of land class k on plantation size j on which the 

.th 
i  weed control system is utilized 

7) Y  = accounting activities:  Y = man-days of unskilled labor em- 

ployed in weed control, Y = man-days of semiskilled labor em- 

ployed in weed control, Y = total earnings of unskilled labor 

from weed control employment, Y = total earnings of semi- 

skilled labor from weed control employment, Y = regional 

social cost of weed control, Y = regional private cost of 

weed control for small plantations 

8) A  = regional total hectares of sugarcane in land class k on 

plantations of size j 

9) u..  = man-days employment of unskilled labor per hectare of 
13k 

sugarcane on the j  plantation size and k  land class on 

which the i  weed control system is used 

10) s.   = man-days employment of semiskilled labor per hectare of 
1 jk 

sugarcane on the j  plantation size and k  land class on 

which the i  weed control system is used 

11) e.   = earnings of unskilled labor per hectare of sugarcane on 

the j  plantation size and k  land class on which the i 

weed control system is used 
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12) f.   = earnings of semiskilled labor per hectare of sugarcane on 

the j  plantation size and k  land class on which the i 

weed control system is used 

13) g. ., = social cost per hectare of the i  weed control system on 1JK 

the j  plantation size on the k  land class. 

Detailed descriptions of chemical and manual weed control systems 

required for each land class, definitions of the land classes, and the 

specification of numerical values for all coefficients and constraint 

levels are presented in Chapter Four. 

The model above is characterized by the general assumptions of 

linear programming, namely, all equations are linear additive functions 

of perfectly divisible variables, and single valued expectations exist 

for all prices, technical coefficients, and constraint levels.  These 

assumptions are considerably more realistic for this simple technology 

choice model than for full scale farm planning or regional supply pro- 

jection models.  Input requirements and costs of weed control increase 

as a reasonably constant and smooth function of area considering the 

divisible technologies characterizing hoeing and herbicide application 

with manual sprayers.  Similarly the problem of aggregation error, the 

error arising from programming the region as a single unit rather than 

as a large number of separate heterogeneous plantations, should be less 

significant for this problem which involves very few constraints, which 

potentially could vary over different farms, than in more complex 

models. 
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Theoretical Framework of Technology Adoption Process 

Cost Minimization Assumption 

The model assumes that sugarcane plantation owners are profit 

maximizers who will adopt herbicides when doing so reduces their pro- 

duction costs.—  There are alternative motivations that conceivably 

could underlie herbicide adoption by plantation owners, for example the 

desire for prestige that is associated with "modern" technology, or the 

minimization of frustrations of dealing with large labor forces.  Al- 

though prestige or frustration considerations may be important, they 

are extremely difficult to model in a nonarbitrary manner.  Non- 

pecuniary or indirect costs associated with labor-intensive methods can 

probably best be handled empirically by adjusting the price of labor to 

reflect these costs.  An even-handed approach is essential in imputing 

nonpecuniary or indirect costs to technological alternatives, however. 

The "cost" of risk of failure from technical breakdowns, application 

errors, or other problems associated with capital-intensive herbicide 

techniques might equal or exceed that of labor management difficulties 

associated with traditional technology.  In the absence of good infor- 

mation on these factors, it is considered wisest to rely on the 

directly measurable costs of alternative systems.' 

— Manual and chemical systems, if properly designed and carried out, 
provide equally effective weed control in sugarcane.  This conclu- 
sion is based on several years of experimental and field comparisons 
of the techniques at Barreiros plantation in Pernambuco (Barreiros, 
1975). 
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Input Supply Assumptions 

If sufficiently restrictive, absolute seasonal limitations in the 

supply of labor could force adoption of herbicides even though manual 

systems were nominally less expensive.  Conventional linear program- 

ming seasonal labor constraints imply a labor supply function of the 

type described by Figure 1 below.  Labor is assumed to be available at 

a constant price up to the point of the constraint, N , at which point 

the supply curve becomes perfectly inelastic.  This formulation is 

wage 

SL 

labor/ 
season t 

Figure 1.  Labor supply curve implied by conventional linear program- 
ming constraints. 

appropriate for individual farm planning models with fixed family and/ 

or hired labor supplies, and also certain regional models in which the 

labor market can be considered closed.  It is considered inappropriate, 

however, for the relatively labor-abundant economy of Northeast Brazil. 
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It seems reasonable to assume that the coastal zone labor force will 

be augmented by migrants from the interior or other areas, as has hap- 

pened historically, when wages rise sufficiently during periods of 

high seasonal labor demand.  This assumption suggests a more conven- 

tional labor supply curve such as that depicted by Figure 2.  During 

most of the year labor can be hired for the official minimum wage 

depicted by the perfectly elastic portion of the supply curve, but 

wage 

W 

W m 

Labor 

Figure 2.  Regional labor market relationships. 

during the peak harvesting season when demand shifts to D wages in- 

crease to level W .  Adequate time series data of regional employment 

in sugarcane production that would permit formal estimation of the 

relevant labor supply curve are lacking.  During any given year the 

magnitude and existence of labor shortages and wage fluctuations are 
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affected by weather and other factors that influence the harvesting 

schedule.— 

In view of the lack of exact information on the magnitude of wage 

increases necessary to elicit an adequate labor supply during peak de- 

mand periods for "average" conditions, the model is run under alterna- 

tive assumptions concerning the relative elasticity of labor supply 

during peak demand seasons.  These seasonal wage fluctuations are in- 

corporated by adjusting the cost coefficients for those land class-weed 

control system combinations that require labor during the harvesting 

season. 

Capital limitations generally do not restrict investments in weed 

control by sugarcane plantations.  As discussed in the introduction, 

both hoeing and herbicide application by backpack sprayers require 

very modest investments for durable equipment.  In practice sugarcane 

growers have access to ample credit at very favorable terms for 

operating expenditures for labor and herbicides, especially the latter 

as will be discussed in more detail in Chapter Four. 

A more important potential constraint on the diffusion of herbi- 

cides is the availability of skilled manpower to recommend suitable 

rates and products, train application personnel, and supervise the 

application process.  For growers with 200 or more hectares of cane 

12/ 
— During most of the 1975 production season, wages for unskilled 

labor remained at or near the legal minimum level (IAA, 1976; 
Barreiros, 1975).  During the peak harvesting season, they ranged 
up to twice the minimum wage in some areas.  In other areas planta- 
tion owners complained vociferously about labor shortages but con- 
tinued offering only the miniumu wage.  Also in some areas, har- 
vesting and cultivation were remunerated on a piece-work basis that 
averaged somewhat higher than the minimum wage. 
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this service is provided free of charge by the leading herbicide 

supplier in the area (Ciba-Geigy, 1976).  This represents a signifi- 

cant "economy of size" for large plantations.  For smaller producers 

the direct or opportunity cost of acquiring this necessary supervision 

is added to the cost of the system. 

In conclusion, the relatively unconstrained cost minimizing ob- 

jective function, which allows for the differing costs of alternative 

weed control systems on different land classes and plantation sizes, 

is considered appropriate for the commercially oriented sugarcane sec- 

tor. 

Fixed Area Assumption 

The model described in this chapter adopts the static approach of 

projecting and evaluating the consequences of the diffusion of herbi- 

cides over a fixed production area of 360,000 hectares which corres- 

ponds with the 1975 sugarcane area in the Pernambuco coastal zone 

(IAA, 1976).  This approach is equivalent to that adopted by Schmitz 

and Seckler (1970) who calculated the social benefits and costs of 

diffusion of the mechanical harvester over the 1966-69 average United 

States acreage in processing tomatoes.  Both their and this study 

focus on the short-run or "first round" effects of a new technology 

on economic efficiency, employment, and income distribution over a 

given area, rather than predicting long-run supply response. 

There are a number of factors that would make predicting any long- 

run regional supply response to herbicide adoption very problematic 

even if it were attempted.  First, the price of sugarcane in the 
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Northeast and in the rest of Brazil is determined not by the free 

interaction of market demand and supply but is administered by the 

13/ 
government.—  The price fixed for sugarcane produced in the Northeast 

is higher, by  23 percent in 1975 (Conjuntura Economica, 32:2, p. 27), 

than for that produced in the Central-South where production is more 

efficient.  But, this price advantage for the Northeast is gradually 

being phased out as the region improves its efficiency (IAA, 1976). 

These exogenous changes in the administered price of Northeast sugar- 

cane will likely have more influence than, and possibly will offset, 

any supply shifts arising from the availability of herbicides. 

In summary, exogenous influences that are difficult to predict, 

particularly sugar prices as mediated by world market forces and 

government price administration policies, are considered likely to 

have much more influence than the availability of herbicides per se, 

on regional production area.  Consequently this study estimates effi- 

ciency and distributional implications of technology change for a 

fixed production area.  In order to provide some information on the 

manner in which long run area changes could modify these results, 

post-optimization calculations are made to estimate the impact area 

expansion could have on reducing employment losses caused by herbicide 

adoption. 

— The government sugar industry regulatory agency. Institute de Alcool 
e Acjucar (IAA) , regulates nearly every phase of the industry.  It 
establishes the domestic price for both sugarcane and refined 
sugar, sells the export surplus at the world market price and re- 
tains the profit for redistribution as it sees fit or absorbs the 
loss. 
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Dynamic and Risk Considerations 

As discussed in the previous chapter, static determinastic pro- 

gramming models, such as the one employed in this study, will not 

indicate the rate of diffusion of herbicides, but only the end point 

of the process once all plantations have adopted least cost systems 

for all land types under the specified policy regime and physical- 

economic state assumed for the run.  It should be recognized that the 

benefits and costs estimated by such comparative statics exercises 

might be associated with points some years in the future.  Cultural 

inertia, risk aversion, or other factors could result in considerable 

delay in the adoption of least cost techniques by some plantations. 

The approach utilized in this study does not explicitly incor- 

porate risk factors that could influence the adoption of chemical 

weed control systems.  As appropriately executed manual and chemical 

weed control systems produce equal yield responses, their effects on 

net income are assumed to be determined in a nonstochastic manner by 

their relative costs for any particular land class-plantation size. 

In actuality of course both systems are risky.  Variations in weather 

and the possibility of human failures induce considerable variability 

in both the effectiveness and the cost of particular systems, even if 

input prices are known with certainty.  The greatest source of risk 

associated with manual hoeing is the possibility of failing to achieve 

timely weed control.  If hoeings are delayed too long during the criti- 

cal period of weed competition, yield will suffer and also the labor 

requirements and costs of the operation will rise.  This drawback of 
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traditional systems is often exploited as a major "selling point" by 

herbicide advocates.  Although herbicides, if applied correctly early 

in the crop cycle, and at appropriate intervals thereafter, can poten- 

tially ensure timely and effective weed control, there are a great 

many points at which errors in judgement or procedure can result in a 

breakdown in weed control or serious damage to the crop.  These risks 

are probably greatest in underdeveloped areas like Northeast Brazil 

where skilled manpower and supporting infrastructure are in short 

supply.  Even at the largest and most modern plantation in Pernambuco, 

where herbicides have been utilized for several years, the chemical 
Us 

weed control program breaks down on occasion and must be supplemented 

or replaced by manual techniques (Barreiros, 1975).  In consideration 

of these risks, post-optimization analyses will discuss the influence 

which adding a hypothetical "risk premium" onto the cost of chemical 

systems would have on their adoption. 

Theoretical Framework for Evaluating Efficiency 
and Distributional Effects of Herbicide Adoption 

Classification of Effects of Technical Change 

The initial prerequisite for evaluating the consequences of change 

in technology is a framework which clearly defines and classifies the 

quantities to be measured.  The framework employed in this study is 

14/ outlined in Table III-l below.—  This framework classifies welfare 

14/ —■ Although the theoretical framework described in the remainder of 
this chapter utilizes the context of the weed control problem, the 
proposed framework could have applicability to certain similar 
microlevel problems of technological change. 
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changes resulting from herbicide adoption by the cause underlying adop- 

tion and by the type of welfare change imposed. 

Table III-l.  Theoretical classification of welfare changes from adopt- 
ing new technology. 

Cause/Type Efficiency changes Distributional changes 

Efficiency enhancing 

developments 

I 

(Gains) 

II 

(Gains or Losses) 

Market distortions III 

(Losses) 

IV 

(Gains or Losses) 

Two causes for adopting herbicides are considered:  "efficiency 

enhancing developments" and "market distortions."  The former refer to 

technological breakthroughs or exogenous market forces which make 

chemical weed control more efficient when all inputs are valued at 

their social prices.—  By "more efficient" it is meant that the new 

technique makes it possible to expand output with a given resource ex- 

penditure, or to produce a given output at a lower cost when all in- 

puts are priced at thier social values. 

— Social prices are those which would prevail under free market condi- 
tions in the absence of price distortions caused by government 
intervention or other forces.  These prices should reflect the true 
opportunity values of the utilized resources to society.  Gittinger 
(1972) discusses the importance of correcting observed market 
prices, which may be distorted by several influences simultaneously, 
for doing valid social benefit-cost analyses.  Although this cor- 
rection procedure is often difficult in practice, it is essential 
to evaluating the economic desirability of a new technology or de- 
velopment project for society as a whole. 
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Government intervention which distorts relative factor prices 

away from equilibrium levels can also motivate the adoption of herbi- 

cides.  In this case, although chemical weed control becomes privately 

profitable to the plantation owner, it is not efficient when evaluated 

at the social prices of the utilized resources.  Chapter Four will 

discuss several policies currently in force in Brazil which artifically 

lower the capital/labor price ratio. 

Welfare effects associated with herbicide adoption are divided by 

type as well as by cause; specifically, efficiency changes are distin- 

guished from distributional changes.  Efficiency changes are measured 

with respect to society's resource cost of producing a given output, 

or in this study a given level of weed control.  Distributional changes 

refer to the distribution of welfare benefits and costs among dif- 

ferent groups in society, such as agricultural workers and plantation 

owners, and how these changes relate to society's broad equity goals. 

Because efficiency enhancing developments are efficient by defini- 

tion within this framework, they can produce only gains by efficiency 

criteria as indicated in quadrant I of Table III-l.  On the other 

hand, market distortions which motivate the adoption of socially in- 

efficient techniques impose quadrant III efficiency losses. 

The determination of whether the adoption of herbicides or any 

other new technology produces distributional gains or losses depends 

upon society's equity goals or "social welfare function."  The adop- 

tion of cost reducing herbicides on sugarcane potentially increases 

the profits of relatively well-off plantation owners and reduces the 

employment and income of displaced agricultural workers.  This change 
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would be construed as a distributional loss if society desired to move 

toward a more equitable distribution of income.  On the other hand, if 

society's social welfare function placed a high weight on the income 

of plantation owners and little or none on that of workers, the distri- 

butional change would be construed as a gain. 

The following section describes in a modeling and graphical format 

the measurement of the efficiency and distributional effects of herbi- 

cide adoption that have been briefly outlined here.  Description of 

these measurement procedure's should make the meaning of these welfare 

gains and losses clearer. 

Measuring Efficiency and Distributional 
Effects of Herbicide Adoption 

The model described in the first part of this chapter will be used 

to estimate the regional efficiency and distributional consequences of 

herbicide adoption by comparing the results of three basic linear pro- 

gramming runs.  These runs, which will be conducted under various 

assumptions concerning labor supply and technical relationships, are: 

A. Pre-herbicide social optimum:  Suitable herbicides are un- 

available and labor is available at its social price.  Manual 

weed control is employed over all areas. 

B. Post-herbicide social efficiency optimum:  Both chemical and 

manual systems are available at social factor prices. 

C. Post-herbicide private financial optimum:  Both chemical and 

manual systems are available at observed factor prices in- 

fluenced by the current regime of policy-induced distortions. 
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Comparison of the results of Runs A and B will reveal the efficiency 

gains and distributional changes produced by the availability of herbi- 

cides through their effect as an "efficiency enhancing development." 

Comparison of the results of B and C will reveal the additional effi- 

ciency and distributional effects of government intervention in factor 

markets. 

The unit isoquant construct provides a useful device for depicting 

graphically the efficiency and distributional changes measured by these 

modeling exercises.—  Isoquant ABC in Figure 3 displays a hypotheti- 

cal frontier of technically efficient weed control systems for a given 

land class-plantation size prior to the development of a suitable herbi- 

17/ 
cide.—  Capital requirements per hectare, measured in terms of the 

social values of utilized materials and capital services, are plotted 

on the vertical axis, and labor requirements on the horizontal axis. 

All techniques on the unit isoquant give equally effective weed 

control.  By introducing the capital-labor isocost line, PR in Figure 

3, manual hoeing is revealed to be the most efficient technology 

— Timmer (1972) utilized the unit isoquant in a similar fashion to 
evaluate alternative rice milling technologies in Indonesia.  The 
unit isoquant concept was originally developed by Farrell (1957) to 
distinguish and measure the relative technical and economic effi- 
ciency of different firms within an industry, a somewhat different 
problem and application from that addressed by Timmer and by this 
study. 

17/ 
— For the sake of expositional generality, isoquant ABC indicates 

that there were two more capital-intensive alternatives to manual 
hoeing, represented by points A and B, prior to the development of 
the economical herbicide system represented by point E.  In 
actuality, manual hoeing was probably the only technically practi- 
cal alternative for Pernambuco sugarcane prior to the development 
of selective herbicides for the crop.  In this special case, the 
pre-herbicide isoquant would be reduced to the single point at C. 
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Figure 3.  Herbicides as an efficiency enhancing development. 

available for this setting.  The linearly segmented isoquants in 

Figure 3, which generate "corner tangencies," realistically describe 

the technology selection mechanism of the cost minimizing linear pro- 

gramming model used in this study. 

Herbicides as an Efficiency Enhancing Development 

The introduction of an "efficiency enhancing development," speci- 

fically a suitable herbicide weed control system for sugarcane in this 
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setting represented by point E in Figure 3, shifts the frontier iso- 

quant to AEC.  At the prevailing social factor price ratio, represented 

by P'R' parallel to PR, the herbicide system becomes the least cost and 

the most socially efficient weed control technique for this environ- 

ment.  The development of the herbicide system generates P-P' dollars 

per hectare of efficiency benefits which represents the reduced re- 

source cost of producing the same weed control yield response as be- 

fore.  If the new technique is adopted over X hectares, the aggregate 

short-run regional efficiency benefits will sum to X(P-P') dollars per 

year.  These are the quadrant I "efficiency gains" identified in 

Table III-l.  Their magnitude over the region will be calculated by 

comparing the total social cost of weed control for Run B to that of 

Run A from the modeling exercises.  In the short-run framework of this 

model, these gains will be captured in the form of Schumpeterian pro- 

fits by adopting farms.  Over the long run they could be translated 

into increased consumer and/or producer surpluses. 

This procedure for measuring efficiency benefits is fundamentally 

identical to that utilized by Schmitz and Seckler (1970) in their 

evaluation of the social benefits derived from the introduction of 

the mechanical tomato harvester.  It should be stressed that these 

measurements may remain valid only for the short run, because over 

the long run the relative social prices of capital and labor could 

change greatly.  Schmitz and Seckler projected the cost savings of the 

mechanical harvester through infinity, but this is a rather heroic 

exercise in a world of rapidly changing factor prices. 
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What are the distributional changes caused by adopting herbicides? 

Following Schmitz and Seckler's approach, the distributional losses 

borne by displaced hired labor is estimated by the reduction in the 

earnings of the regional labor force after the change.  The interpre- 

tation that a loss of income by workers represents a distributional 

loss for society implies, of course, that a societal goal is improv- 

ing the well-being of poorer groups including agricultural workers. 

Returning to Figure 3, total employment in sugarcane weed control is 

reduced by the quantities (N -N ) per hectare.  Total earnings in weed 
c e 

control are reduced proportionately under the short run assumption of 

no change in the price of labor, P .  The quantity X(N -N )P , where X 
L c e L 

is the number of hectares over which herbicides are adopted, defines 

the upper bound on the regional losses borne by labor.  These are the 

potential quadrant II distributional losses listed in Table III-l. 

They are calculated by subtracting total labor earnings for Run B 

from those for Run A.  This estimate is an upper bound because some of 

the displaced workers may find jobs elsewhere in the economy, but con- 

sidering the high overall levels of unemployment in the Brazilian 

Northeast finding new employment could be a very slow process. 

The preceding measurements are short run, and assume certain in- 

flexibilities in wages and labor mobility to rationalize the persis- 

tence of any unemployment.  A possible explanation is that over a sub- 

stantial portion of its length the regional labor supply curve is per- 

fectly elastic.  This could be due to the enforcement of the legal 

minimum wage above equilibrium levels.  Alternatively, it could be 

argued that the minimum wage, which in real terms has remained 
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relatively stable for decades, represents a floor wage below which 

workers rationally prefer to spend their time in home industries, 

subsistence gardening, fishing, relying on charity from relatives, 

or in some other pursuit outside the formal labor market.  Over the 

long run, employment in other sectors might absorb labor displaced 

from manual weed control, but the adjustment could be slow in a 

depressed area like the Northeast.  Few jobs are created through 

linkages with the domestic industrial sector by the switch to herbi- 

cides because Brazil, like most developing countries, imports nearly 

all herbicides used (IPEA, 1975).  It could be argued that, over the 

long run, displaced workers might recoup a portion of their losses 

through cheaper sugar prices.   But even if herbicide adoption re- 

duces the market price of sugar, it is unlikely that displaced workers 

consume sufficient quantities of this single commodity to reclaim a 

18/ 
significant portion of their lost earnings.— 

Herbicide Adoption in Response to Market Distortions 

The preceding discussion applied to an environmental and economic 

setting in which herbicides represented an "efficiency enhancing de- 

velopment."  Their adoption could be justified by social efficiency 

criteria even though these criteria could conflict with equity objec- 

tives.  Of course if herbicides are profitable even at social factor 

prices, government price distortions favoring them will make their 

18/ — The Brazilian government fixes both the farm and retail price of 
sugar, so there is no assurance that any cost reductions will be 
passed on to the consumer. 
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adoption even more attractive.  This section, however, describes the 

efficiency and distributional implications of herbicide adoption in 

response to government price distortions in environments where they 

otherwise would not be privately profitable.  Figure 4 again utilizes 

the unit isoquant framework to describe this situation 19/ Isoquant 

K/ha 
(social $) 

K 

K' 
s 

K,. 

A(Herbicides; Tractor sprayer) 

B (Herbicides; Backpack sprayer) 

C (Hoe) 

L' 
s 

L/ha) 
(man-days) 

Figure 4.  Herbicide adoption in response to factor price distortions. 

ABC represents the assumed set of technically efficient weed control 

systems available for the setting in question.  The capital/labor 

social price ratio is reflected by isocost line K L , which reveals 

19/ The reader should keep in mind that the input requirements of manual 
and chemical weed control systems, and hence the configuration of 
the unit isoquant, vary over different ecological environments. 
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hoeing to be the most efficient from society's perspective.  Assume 

however that direct and indirect government subsidies for capital in- 

puts, including herbicides, reduce the private price of capital by 50 

percent, while the price of labor remains constant.  The capital axis 

in Figure 4 is scaled according to the social value of capital, but 

the private price of a dollar's worth of capital has been reduced to 

fifty cents by the subsidy.  Consequently, the isocost line K L repre- 

sents the new lower capital/labor price ratio confronting the farmer, 

and motivates the adoption of herbicides at point B in Figure 4 as the 

least cost technology.  Evaluated by the social cost of the utilized 

resources (as indicated by K'L', which permits the purchase of techno- 

logy B and is parallel to K L ), the utilization of technique B wastes 

(K'-K ) dollars per hectare.  These are the "efficiency losses" of 

quadrant III in Table III-l.  In this case of a pure capital subsidy, 

adopting plantations realize private production cost savings of 

(L -L )P per hectare, which reflects the difference in the value of 
s p L 

the two isocost lines, K L and K L .  The price of labor, which was 
s s     p p 

assumed to remain constant, is used as a numeraire in determining the 

value of the two isocost lines.  In general, however, where government 

intervention decreases capital/labor price ratios by both subsidies 

on capital and taxes on labor, the impact on private production costs 

can be in either direction.  For example, if the change in the capital/ 

labor price ratio in Figure 4 had been due to a 100 percent tax on 

labor increasing its price to 2P , then the change in plantation 

owners' private production costs would have been: 
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PL  - 2PL  = PT(L  - 2L ) 
L s    L p   L  s    p 

This term can be either positive or negative depending upon the speci- 

fic technical configuration of the isoquant. 

By comparing the total social costs of weed control for Run C to 

those for Run B, the efficiency losses of the price distortions are 

aggregated over the entire region.  The private cost savings or losses 

of plantation owners and any income losses of displaced workers can be 

calculated by comparing the results of these two runs.  Because the 

presence of capital-favoring price distortions will potentially promote 

the diffusion of herbicides over a larger area, the losses borne by 

workers could be greater than if herbicides were available at social 

prices. 

The point that should be emphasized is that when government price 

distortions cause the change in technology, there are no efficiency 

gains to balance against the welfare losses of displaced workers.  Un- 

less there are exceedingly important dynamic or other benefits of a 

type not considered here which justify the continuation of these price- 

distorting policies, their continuation should be seriously questioned. 
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IV.  BACKGROUND DATA FOR PERNAMBUCO SUGARCANE REGION STUDY 

General Background of Coastal Region 

The Pernambuco coastal region includes 1,096,400 hectares which 

represents 11 percent of the state's land area (IBGE, 1971).  The re- 

gion's 1970 population of 2,745,453 equalled 52 percent of the state 

total.  Seventy-five percent of the regional population was classified 

as urban, with approximately one million inhabitants within the general 

metropolitan area of Recife, the state capital. 

High rainfall and fertile soils make the coastal zone the most 

productive agricultural region in Pernambuco.  Sugarcane has dominated 

the region's economy since its settlement in the 16th century.  Sugar- 

cane remains the leading source of agricultural income in the state and 

accounts for three-fourths of the value of agricultural production in 

the coastal region (IBGE, 1975). 

Most of the sugarcane crop is grown on large plantations with 

hired labor.  According to the 1970 agricultural census, in those 

20/ 
municipios— where sugarcane was most dominant over 90 percent of all 

agricultural workers were hired (IBGE, 1975).  In 1970 the agricultural 

labor force in the entire region, over half of which was hired, in- 

cluded 204,880 workers.  Assuming the Northeast's 1960-70 agricultural 

labor force growth rate of 1.61 percent per year was maintained, the 

1975 regional labor force would have equalled 221,946. 

20/ — The Brazilian municipio is  a unit of government  similar to  the 
American county. 
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Unlike the pattern in the interior, most coastal hired agricul- 

tural workers do not have access to land for subsistence agricultural 

production.  This fact undoubtedly contributes to the region's high 

rates of malnutrition, disease, illiteracy, and general poverty, which 

are among the most extreme found in Northeast Brazil, or for that mat- 

ter in all of Latin America (Azevedo et_  al., 1972) . 

Data Sources for Weed Control Study 

In recent years, government researchers, herbicide suppliers, and 

some large plantations in the area have devoted considerable effort to 

developing and testing suitable weed control systems for sugarcane. 

This study relied on a review of published and unpublished findings by 

these groups for its definitions of suitable weed control systems and 

21/ 
their cost and input requirements.—  Of particular importance was an 

intensive case study of the weed control program of a 6,000 hectare 

plantation with extensive research and practical experience in the use 

of herbicides (Barreiros, 1975). 

Aggregate data on the composition and structure of the regional 

sugarcane industry, regional labor supplies, and information on the 

divergence between private and social prices of labor and herbicides 

21/ 
— The terms of reference of the Oregon State University/USAID weed 

control research project, on which the author served, required that 
primary investigations be conducted with basic food crops for domes- 
tic consumption.  Another requirement was that most research be de- 
voted to the needs of small farmers.  Consequently the Project's 
extensive program of field experimental research, and farm surveys, 
was restricted to the Agreste region, which is treated in the next 
chapter. 
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was obtained from published and unpublished reports by government 

agencies, producer organizations, and commercial firms (AFCP, 1976; 

Cavalcanti, 1975; Ciba-Geigy, 1976; Conjuntura Economica; IAA, 1974; 

IAA,.1976; IBGE, 1975; IPEA, 1975). 

Composition of Regional Sugarcane Area 

An estimated 360,000 hectares were devoted to sugarcane within 

coastal Pernambuco in 1975 (IAA, 1976).  For the purpose of predicting 

the diffusion of herbicide use over this area, it is important to know 

its composition by the nature of the weed problem and by plantation 

size.  These two factors influence the input requirements and cost of 

appropriate manual and chemical weed control systems.  Table IV-1 dis- 

tributes this area, in accordance with the best available information 

(Cavalcanti, 1975b; Ciba-Geigy, 1976; IAA, 1976), among eight land 

class/plantation size categories. 

Table IV-1.  Composition of coastal Pernambuco sugarcane area, in hec- 
tares, by weed control situation and plantation size, 1975. 

Situation 
Plantation area in sugarcane 

0-200 hectares  over 200 hectares  Total 

First year cane:  moderate 
weed competition 13,500 

First year cane:  heavy 
weed competition 31,500 

Ratoon cane:  moderate 
weed competition 40,500 

Ratoon cane:  heavy 
weed competition 94,500 

Total 180,000 

13,500 

31,500 

40,500 

94,500 

180,000 

27,000 

63,000 

81,000 

189,000 

360,000 
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Sugarcane is a perennial crop that is harvested once every 12 

months in this region.  Three to four harvests, on the average, are 

obtained from a single planting.  Crops after the first year are re- 

ferred to as ratoon cane.  Because ratoon cane tends to foster a dif- 

ferent weed complex than first-year cane, and also closes over sooner, 

it requires different weed control practices.  Due to differences in 

topography, soil types, and/or climate there are substantial variations 

in weed populations throughout the region and even within a single 

plantation.  For the pruposes of this study, however, only two levels 

of weed infestation or competition are considered:  moderate and heavy. 

Although the four-fold classification scheme emerging from the combina- 

tion of two sugarcane age groups and two weed infestation levels over- 

simplifies the physical diversity of the crop, it is considered adequate 

for the regional diffusion model of this study. 

The division line between small and large plantations is esta- 

blished at 200 hectares of sugarcane because that is the minimum size 

unit to which the leading sugarcane herbicide supplier in the region 

will sell herbicides at a bulk discount and also provide free instruc- 

tion in their use (Ciba-Geigy, 1976).  About two-thirds of the area in 

the over-200 hectare class is operated by vertically integrated planta- 

tions with their own sugar refineries.  In 1975 there were 38 operating 

refineries in the region, many of which owned several thousand hectares 

of sugarcane (Cavalcanti, 1975b; IAA, 1976).  These refineries also buy 

and process the sugarcane produced by independent growers who comprise 

all the small plantation area and about one third of the large planta- 

tion area. 
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Description of Weed Control Systems 

Table IV-2 describes suitable weed control systems and their labor 

requirements for each of the four designated land classes.  These sys- 

tems apply equally to small and large plantations, although their cost 

may vary by plantation size as will be discussed later.  As Table IV- 

2 indicates, fourteen man-days of unskilled labor and one third man-day 

of semiskilled supervisory labor were required per hectare for each 

manual hoeing.  These requirements are based on averages from field 

records of the case study plantation and an earlier region-wide survey 

(Barreiros, 1975; BNB, 1969).  The steep topography of the Pernambuco 

coastal zone and relative factor costs make backpack sprayers the most 

economical and practical herbicide application method.  The skill and 

attention required for proper herbicide application demands the use of 

semiskilled labor.  The application team is comprised of five spray- 

men accompanied by one foreman and one mule-mounted water transporter. 

Given an application rate of 0.8 hectares per day per applicator, the 

total labor requirements are 1.75 man-days per hectare (Ciba-Geigy, 

n.d.). 

Experience in this region and others indicates that manual and 

chemical weed control systems, if properly designed and executed, pro- 

duce equivalent yields in sugarcane (Barreiros, 1975; Villegas, 1974). 

At the current time, most knowledgeable sources in the region agree 

that properly designed chemical systems should be complemented by at 

least one hoeing or mechanical cultivation to be fully effective (Ciba- 

Geigy, n.d. and 1976).  This assumption is incorporated into the 



Table IV-2.  Description of manual and chemical weed control systems for different weed control situations, 
Pernambuco sugarcane. 

Situation 

Manual weed control 

man-days/hectare 

Chemical v.'eed control 

Operations 

Integrated svstems Pure systems 

man-dav: 3/hectare 
man-days/ 
hectare 

un- semi- semi- 
Operations skilled skilled Operations skilled 

First herbicide First herbicide 
application 1.75 application 1.75 

Hoeing 14 0.33 Second herbicide 
application 1.75 

Second herbicide 
application on 
1/2 area 0.90 

First year 
cane:  mod- 
erate weed 
competition 

Three hoeings 42 1.00 

First year 
cane:  heavy 
weed compe- 
tition 

Four hoeings     56      1.33    First herbicide 
application 

Hoeing 

Second herbicide 
application 

First herbicide 
1.75    application        1.75 

14      0.33    Second herbicide 
application       1.75 

1.75    Third herbicide 
application        1.75 

Ratoon cane: 
moderate 
weed compe- 
tition 

Two hoeings      28      0.67    First herbicide 
application 

Hoeing 14 

First herbicide 
1.75    application        1.75 

0.33    Second herbicide 
application on 
1/2 area 0.90 

Ratoon cane: 
heavy weed 
competition 

Three hoeings    42      1.00    First herbicide 
application 

Hoeing 

Second herbicide 
application on 
1/2 area 

14 

1.75 

0.33 

0.90 

First herbicide 
application        1.75 

Second herbicide 
application       1.75 

ON 
4> 
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"integrated" chemical systems in Table IV-2.  In the short term future, 

it is considered likely that inadequacies in complementary cultural 

practices and insufficient technical skill and knowledge will combine 

to require the continued use of integrated chemical weed control sys- 

tems.  Over the long term, as these constraints are overcome, it is 

likely that there will be an evolution toward "pure" chemical systems, 

that is, a series of herbicide applications unaided by hoeings or 

cultivations.  Evidence in support of this is provided by the success 

that the plantation in the region with the most advanced weed control 

program has experienced in using pure chemical systems (Barreiros, 

1975) .  The model used in this study will be run assuming both inte- 

grated and pure chemical systems to estimate both "short-run" and 

"long-run" prospects for, and consequences of, the diffusion of chemi- 

cal weed control. 

As presented here, the choice of weed control techniques is be- 

tween the two extremes of manual hoeing and herbicides.  This choice 

excludes the intermediate possibilities of animal traction or tractor 

cultivation.  Omission of these alternatives from the analysis is not 

considered a serious problem.  First, in many areas within the region, 

the topography prohibits tractor cultivation.  Secondly, mechanical 

cultivation would rarely constitute an entire system because hoeings 

or herbicides are required to control weeds within the crop row 

(Villegas, 1974).  In some areas, however, mechanical cultivations 

could be and are substituted for one or more hoeings within manual or 

integrated systems.  But the substitution of mechanical cultivation 

for the hoe is likely to be a short term transitional phase before 
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herbicides are adopted.  Finally, the change in employment and incomes 

when mechanical cultivation is adopted is usually less than that as- 

sociated with the transition from hoe to herbicides, so the latter 

measurements will define the long-run upper bounds on changes in em- 

ploymen-t and incomes. 

Private and Social Cost of Weed Control Systems 

The relative cost of manual and chemical weed control systems is 

largely determined by the wage rates for skilled and semiskilled labor 

and the price of herbicides.  Both labor and herbicide prices in Brazil 

are distorted from "free market" levels by government policies.  In 

this study, both the private and social cost of each weed control sys- 

tem is computed.  The procedure utilized is to record the observed 

1975 private cost of each system and then estimating the social cost 

by correcting the private cost to remove the effect of distortionary 

government policies. 

Manual Systems 

The major determinant of the cost of manual systems is the average 

wage of unskilled labor throughout the year. As  discussed in Chapter 

III, this study recognizes that during periods of peak labor demand, 

especially the October-January harvesting season, wages are bid up in 

the sugarcane zone in order to attract an adequate supply of workers. 

During different years and in various areas the magnitude of this sea- 

sonal wage adjustment varies considerably.  For the purposes of this 

analysis three alternative seasonal wage increases — 0, 50, and 100 
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percent above the legal minimum level — are assumed.  During the re- 

mainder of the year, labor is generally available at the legal minimum 

wage which was equal to Cr$12.56 per day in 1975.  The private cost of 

a day's labor at the minimum wage is increased to Cr$17.60 by payroll 

taxes equal to 40 percent of the base (Cavalcanti, 1975b).  The pay- 

roll tax imposes a significant distortion in the capital/labor price 

ratio that favors the selection of capital-intensive techniques.  Lax 

enforcement and loopholes have sometimes permitted plantation owners 

to escape payroll assessments in the past, but enforcement of these 

assessments and other labor legislation is becoming more strict.  Azzi 

(1972) concluded that the extension of labor legislation to cane 

workers was a principle factor promoting the. adoption of herbicides 

in the Southern Brazil sugarcane industry. 

Table IV-3 lists the average private cost of unskilled labor, in- 

clusive of payroll taxes, for each of the sugarcane types and seasonal 

wage increase assumptions.  These averages are calculated in accordance 

with the weighting formula: 

w = w (1-P) + w (l+a)P m        m 

where:  w = daily average wage 

w = legal minimum wage 
m 

P = proportion of weed control done during October-January 

a = proportionate increase in wages during October-January. 

Following this procedure the average private daily wage inclusive of 

payroll assessments varies from Cr$17.60 to Cr$25.52. 
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Table IV-3.  Average private cost (Cr$/day) of unskilled labor for 
manual weed control under alternative assumptions con- 
cerning seasonal wage adjustments, Pernambuco coastal 
region, 1975. 

Type of 
Percent weed 
control during 
October-January 

Percentage 
minimum 

wage increase over legal 
during October-January 

of sugarcane 0 50 100 

First year cane 

Ratoon cane 

40 

45 

17.60 

17.60 

21.12 

21.56 

24.64 

25.52 

What is the social cost of the unskilled labor required for manual 

systems?  The social cost of a factor of production is generally con- 

sidered to be its opportunity cost in its best alternative employment. 

When the market establishes the equilibrium wage, as it does during 

the peak labor demand season, this market-clearing wage, net of payroll 

assessments, is a good measure of labor's opportunity cost.  During the 

slack season when the legal minimum wage prevails, often in the pre- 

sence of considerable underemployment, an argument could be made that 

the social opportunity cost of labor is much lower, possibly even zero. 

It is contended, however, that the use of a zero social price for labor 

during this period would not be appropriate for this model of techno- 

logy choice.  There is considerable evidence that the legal minimum 

wage, near the subsistence level, is close to the equilibrium wage that 

would prevail in its absence.  Wages must approach a certain minimum 

level in order to attract potential workers from a life of subsistence 

fishing, gardening, leisure, and dependence upon charity.  Although the 

latter pursuits are rarely included in national income accounts they do 

have a positive opportunity value to the individual.  During informal 
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interviews, workers argued that they could not and would not work for 

less than the minimum wage.  Outside observers have also noted that 

prevailing wages are so low as to endanger health and energy levels 

and to significantly reduce worker productivity (HAI, 1965).  Addi- 

tional evidence favoring the argument that legal minimum wages are 

near the long run equilibrium subsistence wage is that in real terms 

the minimum wage has been relatively constant for decades (Saylor, 

1975) .  A possible explanation is that as the minimum wage is raised, 

prices are simply bid up until the real wage is returned to its sub- 

sistence equilibrium level.  In accordance with the preceding argument, 

the social cost of labor during slack seasons is assumed to be the 

actual (minimum) wage received. 

Table IV-4 lists the average social cost of unskilled labor com- 

puted for each sugarcane type and seasonal wage adjustment.  The 

averages are computed by the same weighting formula used for calculat- 

ing average private wage costs.  In this case, however, wages net of 

Table IV^4.  Average social cost (Cr$/day) of unskilled labor for 
manual weed control under alternative assumptions con- 
cerning seasonal wage adjustments, Pernambuco coastal 
region, 1975. 

Type of 
Percent weed 

control during 
October-January 

Percentage 
minimum 

wage increase over legal 
during October-January 

of sugarcane 0 50 100 

First year cane 

Ratoon cane 

40 

45 

12.56 

12.56 

15.07 

15.39 

17.58 

18.21 

payroll assessments are utilized.  The social wages listed in Table IV- 

4 correspond to the equilibrium quantities of labor demanded 



70 

considering the 40 percent upward shift in the labor supply curve in- 

duced by payroll taxes.  In the absence of payroll taxes, and assuming 

labor demand is not perfectly inelastic and/or labor supply is not per- 

fectly elastic, the equilibrium quantity and price of labor would in- 

crease.  But in the present investigation, the social wage is assumed 

to remain at the level associated with the actual quantity of labor 

employed given the existence of payroll taxes. 

Combining the average wage rates for unskilled labor with the 

labor requirements listed in Table IV-2 and adding the cost of super- 

visory labor and hoe depreciation results in the final costs of manual 

weed control systems which are summarized in Table IV-5 and derived in 

Appendix Table A-l.  The social price of semiskilled supervisory labor 

Table IV-5.  Private and social cost (Cr$/ha) of manual weed control 
systems for different weed control situations under al- 
ternative assumptions concerning wage levels for unskilled 
labor, Pernambuco coastal region, 1975. 

Percent increase in wage level during October-January 
0 50 100 

Situation 

First year cane: 
moderate weed 
competition 

First year cane: 
heavy weed 
competition 

private social  private social  private social 

778    557 926    662     1,074    767 

1,038    741     1,235    882     1,432   1,022 

Ratoon cane: 
moderate weed 
competition 519    371 630    450 741     529 

Ratoon cane: 
heavy weed 
competition 778     557 945    675     1,111     794 
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is equal to its private price net of payroll taxes, as for unskilled 

labor.  The cost of manual weed control systems are the same for small 

and large plantations.  Unlike herbicide utilization, there are no 

economies of size associated with hoeings. 

Chemical Systems 

Wages of semiskilled labor and herbicide expenditures constitute 

most of the cost of chemical weed control systems.  Table IV-6 sum- 

marizes the cost of semiskilled labor used for herbicide applications 

(Barreiros, 1975; Cavalcanti, i975a).  As before, the social cost of 

Table IV-6. Average private and social cost of semiskilled labor for 
chemical weed control operations, Pernambuco coastal re- 
gion, 1975. 

Job category 

Foreman/Supervi sor 

Sprayman 

Water transporter 

Total 

i/ha 
Private cost Social cost 

Man-days Cr$/day Cr$/ha Cr$/day Cr$/ha 

0.25 37.71 9.43 26.92 6.73 

1.25 34.91 43.91 24.92 31.15 

0.25 23.82 5.96 17.00 4.25 

1.75 _ 59.03 _ 42.13 

labor is equal to the private cost net of payroll taxes.  Semiskilled 

labor is generally retained on the plantation at a constant salary 

throughout the year. 

The private cost of herbicides, in 1975 prices, for various chemi- 

cal weed control systems is listed in Table IV-7.  The lower cost for 

larger plantations reflects the 20 percent bulk discount for large 

sales granted by the major herbicide supplier in the region.  Small 
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Table IV-7. Private cost (Cr$/ha) of herbicides for sugarcane weed 
control by type of application and by plantation size, 
Pernambuco coastal region, 1975. 

Application 
Plantation size 

0-200 hectares Over 200 hectares 

First application on 
first-year cane 

Second application on 
first-year or ratoon 
cane 

Third application on 
first-year cane 

First application on 
ratoon cane 

218 

185 

130 

203 

174 

148 

105 

161 

plantations might also be able to purchase herbicides at a discount by 

buying substitute products from other suppliers or buying large quanti- 

ties cooperatively.  However, free field instruction in herbicide use 

is supplied by the major chemical company only to purchasers with more 

than 200 hectares of cane.  Consequently, small plantations' super- 

visory costs might be higher or the effectiveness of their applications 

lower because of the absence of this free instruction.  The differen- 

tial in herbicide costs between small and large plantations might be 

attributed to these factors as well. 

The figures in Table IV-7 are based on the average cost of chemi- 

cals and rates of application recommended by the company which sells 

approximately 75 percent of the herbicides used in sugarcane within 

the coastal zone (Ciba-Geigy, no date).  The recommended herbicides, 

their prices, recommended application rates, and average prices per 

type of application are presented in Appendix Tables A-2 and A-3.  The 
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specific chemical and application rate for each type of application 

will depend upon local soil conditions and the weed complex.  The 

average costs used in this study will usually approximate the actual 

cost with reasonable accuracy. 

Appendix Table A-2 also presents the 1976 prices of the principle 

sugarcane herbicides.  The average price increase between 1985 and 

1976 was 46 percent.  By comparison the regional legal minimum wage 

rose by 45 percent during this period, indicating that the herbicide/ 

labor price ratio was essentially constant over the period. 

The herbicide costs together with semiskilled labor costs, the 

cost for application equipment, and managerial overhead provide the 

information needed to calculate the private costs of chemical weed 

control systems.  These final costs are summarized in Table IV-8 and 

derived in Appendix Tables A-4 and A-5. 

In order to calculate the "social cost" figures listed in Table 

IV-8 for the various chemical weed control systems, it is necessary to 

remove the effects of government policies which distort herbicide 

prices from "free market" levels.  In an economy as permeated with 

government intervention and other departures from perfect competition 

as is the Brazilian economy, it is very difficult to estimate the un- 

constrained equilibrium price of herbicides.  The problem is compli- 

cated by the fact that all herbicides used in Brazil, except propanil 

used in rice, are imported (IPEA, 1975).  Furthermore, herbicide use 

is not promoted by direct government subsidies, but by exemptions from 

various taxes, tariffs, and interest charges which are normally applied 

to other goods in the economy. 



Table IV-8.  Private and social cost (Cr$/ha) of pure and integrated chemical weed control systems for 
different situations and plantation sizes, Pernaxnbuco coastal region, 1975. 

Situation 

Integrated Systems0 Pure Systems 

small 
plantations 

large 
plantations 

small 
plantations 

large 
plantations 

private social private social private social private social 

First year cane: 
moderate weed 
competition 691 779 628 677 563 771 482 641 

First year cane: 
heavy weed 
competition 822 957 741 827 773 1042 667 872 

Ratoon crop cane: 
moderate weed 
competition 542 574 500 507 417 569 356 471 

Ratoon crop cane: 
heavy weed 
competition 676 755 615 657 548 747 469 621 

The cost of the integrated systems listed here is calculated under the assumption that the unskilled 
labor required for hoeings is available at the legal minimum wage throughout the year.  There will be 
an upward adjustment in the cost of these systems as indicated in Appendix Table A-4 for runs where 
unskilled wages are assumed to increase seasonally by 50 and 100 percent. 
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The admittedly arbitrary procedure utilized in this study to esti- 

mate social prices of herbicides is to remove the effects of all 

special exemptions enjoyed by herbicides, but not labor.  In view of 

the limitations of this procedure, it might be more accurate to use the 

term "policy-corrected" prices rather than "social" prices.  In any 

case, other procedures to estimate social prices are unlikely to be any 

less arbitrary.  An advantage of this procedure for the present model 

is that it focuses on removing policy distortions which bias the capi- 

tal/labor price ratio and thereby influence the choice of technology. 

Table IV-9 below summarizes the estimated price effects of the 

principle special exemptions enjoyed by herbicides in Brazil. 

Table IV-9.  Estimated effects of government policies on the price of 
herbicides. 

Policy 
Percent price increase 
in absence of policy 

Overvalued exchange rate and 
exemption from import tariffs 

Exemption from domestic taxes 

Preferential credit terms 

Total 

30 

20 

10 

60 

The importation of tariff-exempted herbicides at an overvalued ex- 

change rate contributes the largest amount to the indirect herbicide 

subsidy.  If a dollar's worth of herbicides can be imported from the 

United States at an overvalued exchange rate of ten cruzeiros per dol- 

lar, whereas the equilibrium rate is 15 cruzeiros, this is 
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equivalent to an indirect 50 percent subsidy to Brazilian herbicide 

22/ 
buyers.— 

There is considerable evidence that the official exchange rate 

during 1975 was substantially overvalued.  The black market price of 

dollars during 1975 was up to 50 percent higher than the official 

rate (Conjuntura Economica, 30 (5): p. 25).  Disparities in the range 

of approximately 30 percent between the official and market rate were 

observed in the New York currency market during late 1975 (Wall Street 

Journal, various issues, 1975). 

Thompson and Schuh (1971) state that an overvalued exchange rate 

has been a conscious aspect of Brazilian economic policy for several 

years.  In order to maintain the balance of payments, substantial 

tariffs on most imports and other trade restrictions have been utilized. 

Restrictions on foreign exchange movements were made more stringent in 

1975 to combat an accelerating deterioration of the balance of payments 

(Conjuntura Economica, various issues, 1975) .  Herbicides, fertilizers, 

farm machinery, and other "modern agricultural inputs," however, have 

been exempt from all tariffs.  In the case of herbicides this exemption 

22/ —A currency is said to be overvalued if the fixed exchange rate per- 
mits it to buy more foreign exchange than it would at equilibrium. 
The equilibrium exchange rate is sometimes referred to as the 
shadow price of foreign exchange. 
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23/ amounts to 37 percent of FOB value (da Silva, 1976).—On the other 

hand, most imported "wage goods," including food, are subject to 

tariffs. 

For the purposes of this study, 30 percent is utilized as an esti- 

mate of the indirect subsidy to herbicides resulting from the over- 

valued exchange rate.  This amount conservatively reflects the dis- 

parity between official and black market or external exchange rates. 

It also approximates the increased cruzeiro cost of herbicides if they 

had been subject to their prescribed tariff. 

Herbicides and certain other modern agricultural inputs are exempt 

from the national tax on industrial products averaging six percent, and 

also from the 14 percent state value added tax (Harrison, 1975; IPEA, 

1975; Sindicato de Defensives, 1976).  These taxes are applied to other 

qualifying goods in the economy, thereby contributing directly to the 

general price level which in turn influences the minimum monetary sup- 

ply price of labor.  In the absence of these exemptions, herbicide 

prices would rise by 20 percent as indicated in Table IV-9. 

23/ 
— More recently the import concessions extended to herbicides seem to 

have increased even more.  According to correspondence from a 
representative of Du Pont of Brazil (Harrison, 1975): 

Furthermore pesticide importations are exempt from 'Prior 
Deposit' regulations.  Central Bank Resolution No. 354 
dated December 2, 1975, established a 'Prior Deposit' 
equal to the FOB value of the imported merchandise, to 
be deposited at the time the import license is approved, 
and retained by the Central Bank for 360 days without 
monetary correction or interest gains.  At the current 
cost of money, the 'Prior Deposit' increases the dollar 
cost of imported merchandise by about 32 percent of FOB 
value. 
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Herbicides and other specified modern inputs qualify for loans at 

zero percent interest from the national Bank of Brazil.  With recent 

inflation rates of 30 percent per annum, such loans really represent a 

30 percent subsidy for capital.  But the Bank of Brazil also grants 

loans at interest rates of 10 to 12 percent for general agricultural 

operating expenses, including hired labor.  Consequently the subsidy 

to herbicides relative to the price of labor is only 10 percent, which 

is the amount listed in Table IV-9. 

The total increase in herbicide prices after correction for policy- 

induced distortions is 60 percent.  The social cost of chemical weed 

control systems listed in Table IV-8 includes a premium of 60 percent 

added to the private herbicide prices. 

The indirect subsidy for herbicides in combination with the labor 

payroll tax reduces the private herbicide/labor price ratio by 55 per- 

cent below the social factor price ratio.  This government intervention 

in factor markets greatly increases the incentive to adopt capital- 

intensive weed control techniques in the sugarcane industry, as the 

analysis in the following chapter reveals. 
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V.  ANALYSIS AND RESULTS FOR PERNAMBUCO 
SUGARCANE REGION STUDY 

Introduction 

The analysis for this case study follows the methodological frame- 

work set forth in Chapter III.  The implications of herbicide diffusion 

for regional employment and income distribution are investigated by 

means of three appropriately structured linear programming runs.  Run A 

forces the utilization of manual methods throughout the region in order 

to describe the situation prevailing before the availability of herbi- 

cides.  Run B selects the least cost set of weed control systems for 

the region assuming both herbicides and labor are available at their 

social or "free market" prices.  The results of this run measure the 

consequences of herbicide adoption as an efficiency enhancing develop- 

ment.  Finally, Run C selects least cost weed control systems for the 

region with both wages and herbicide prices subject to the current re- 

gime of policy-induced distortions.  This run describes the conse- 

quences of herbicide adoption in response to market distortions. 

The programming runs described above are performed for each of the 

following six assumptions concerning labor supply elasticity and type 

of chemical weed control systems: 

1. Integrated chemical systems and a 0 percent seasonal wage 

increase for unskilled labor 

2. Integrated chemical systems and a 50 percent seasonal wage 

increase for unskilled labor 
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3. Integrated chemical systems and a 100 percent seasonal wage 

increase for unskilled labor 

4. Pure chemical systems and a 0 percent seasonal wage increase 

for unskilled labor 

5. Pure chemical systems and a 50 percent seasonal wage increase 

for unskilled labor 

6. Pure chemical systems and a 100 percent seasonal wage increase 

for unskilled labor. 

The numerical results of the programming analyses, which describe 

regional employment, labor earnings, and private and social costs of 

weed control, are presented in Tables V-l through V-6.  Total regional 

employment and labor earnings from sugarcane weed control activities 

are categorized between unskilled labor used for hoeing and semiskilled 

labor used for herbicide application and hoeing supervision.  Total 

social costs of regional weed control refer to the value of utilized 

resources as measured by the social prices of labor and capital.  Total 

private costs refer to actual expenditures by plantations in the re- 

gion for weed control considering government taxes and subsidies for 

inputs.  The share of labor and capital from total social resource 

costs is presented, and total private costs are disaggregated between 

small and large plantations.  The difference columns in Tables V-l 

through V-6 show the changes in employment, earnings, and costs due 

to herbicide diffusion in response to different forces. 

The absolute numerical results in Tables V-l through V-6 are con- 

verted to percentage terms in the following sections for ease of inter- 

pretation and discussion. 



Table V-l.  Regional weed control employment, labor earnings, and production costs for alternative 
optima3, assuming integrated chemical systems and no seasonal wage increases for unskilled 
labor. 

Item 

B (B-A) 
Pre- Post- 

herbicide herbicide 
economic  economic 
optimum optimum  Difference 

Post- 
herbicide 
private 
optimum 

(C-B) (C-A) 

Difference  Difference 

Percent area with chemical control 89 89 89 

Total employment (1000 man-days) 

unskilled labor 

semiskilled labor 

Total labor earnings (1000 Cr$) 

unskilled labor 

semiskilled labor 

Total social resource cost 
(1000 Cr$) 

labor costs 

other costs 

Total private cost (1000 Cr$) 

small plantations 

large plantations 

15,222 15,222 0 6,603 -8,619 -8,619 

14,868 14,868 0 5,607 -9,261 -9,261 

354 354 0 996 642 642 

195,984 195,984 0 94,652 -101,332 -101,332 

186,849 186,849 0 70,488 -116,361 -116,361 

9,135 9,135 0 24,164 15,029 15,029 

197,036 197,046 0 244,845 47,799 47,799 

195,984 195,984 0 94,652 -101,332 -101,332 

1,062 1,062 0 150,192 149,130 149,130 

197,046 197,046 0 230,310 33,264 33,264 

98,523 98,523 0 120,123 21,600 21,600 

98,523 98,523 0 110,187 11,664 11,664 

A = Herbicides unavailable, labor available at its social price; B = Both labor and herbicides available 
at their social (corrected) prices; C = Both labor and herbicides availabe at their private (distorted) t-1 

prices. 



Table V-2.  Regional weed control employment, labor earnings, and production costs for alternative 
optimaa, assuming integrated chemical systems and a 50 percent seasonal increase in un- 
skilled wages. 

Item 

Pre- 
herbicide 
economic 
optimum 

B 
Post- 

herbicide 
economic 
optimum 

(B-A) 

Difference 

Post- 
herbicide 
private 
optimum 

(C-B) (C-A) 

Difference  Difference 

Percent area with chemical control 0 100 91 100 

Total employment (1000 man-days) 

unskilled labor 

semiskilled labor 

Total labor earnings (1000 Cr$) 

unskilled labor 

semiskilled labor 

Total social resource cost 
(1000 Cr$) 

labor costs 

other costs 

Total private cost (1000 Cr$) 

small plantations 

large plantations 

15,222 13,978 -1,244 6,093 -7,885 -9,129 

14,868 13,545 -1,323 5,040 -8,505 -9,828 

354 433 79 1,053 620 699 

236,403 218,321 -18,082 102,582 -115,739 -133,821 

227,268 207,328 -19,940 77,040 -130,288 -150,288 

9,135 10,993 1,858 25,542 14,549 16,407 

237,465 236,835 -630 266,746 29,911 29,281 

236,403 218,322 -18,081 102,582 -115,740 -133,821 

1,062 18,513 17,451 164,164 145,651 163,102 

237,465 236,835 -630 250,861 14,026 13,396 

118,733 118,733 0 130,864 12,131 12,131 

118,732 118,102 -630 119,997 1,895 1,265 

aA = Herbicides unavailable, labor available at its social price; B = both labor 
able at their social (corrected)prices; C = Both labor and herbicides available 
torted) prices. 

and herbicides avail- 
at their private (dis- oo 



Table V-3.  Regional weed control employment, labor earnings, and production costs for alternative 
optima3, assuming integrated chemical systems and a 100 percent seasonal increase in un- 
skilled wages. 

B (B-A) (C-B) (C-A) 

Item 

Pre- 
herbicide 
economic 
optimum 

Post- 
herbicide 
economic 
optimum Difference 

Post- 
herbicide 
private 
optimum Difference  Difference 

Percent area with chemical control 

Total employment (1000 man-days) 

unskilled labor 

semiskilled labor 

Total labor earnings (1000 Cr$) 

unskilled labor 

semiskilled labor 

Total social resource cost 
(1000 Cr$) 

labor costs 

other costs 

Total private cost (1000 Cr$) 

small plantations 

large plantations 

0 39 39 100 61 100 

15,222 11,168 -4,054 6,093 -5,075 -9,129 

14,868 10,521 -4,347 5,040 -5,481 -9,828 

354 647 " 293 1,053 406 699 

276,948 205,690 -71,258 116,532 -89,158 -160,416 

267,813 189,729 -78,084 90,990 -98,739 -176,823 

9,135 15,961 6,826 25,542 9,581 16,407 

278,010 267,565 -10,445 278,536 10,971 526 

276,948 205,690 -71,258 116,532 -89,158 -160,416 

1,062 61,875 60,813 162,004 100,129 160,942 

278,010 267,565 -10,445 270,121 2,556 -7,889 

139,005 139,005 0 140,494 1,489 1,489 

139,005 128,560 -10,445 129,267 1,067 -9,378 

aA = Herbicides unavailable, labor available at its social price; B = Both labor and herbicides available 
at their social (corrected) prices; C = Both labor and herbicides available at their private (dis-   CD 

torted) prices. 



Table V-4.  Regional weed control employment, labor earnings, and production costs for alternative 
optimaa, assuming pure chemical systems and no seasonal wage increase for unskilled labor. 

A B (B-C) (C-B) (C-A) 

Item 

Pre- Post- 
herbicide herbicide 
economic economic 
optimum optimum Difference 

Post- 
herbicide 
private 
optimum Difference  Difference 

Percent area with chemical control 

Total employment (1000 man-days) 

unskilled labor 

semiskilled labor 

Total labor earnings (1000 Cr$) 

unskilled labor 

semiskilled labor 

Total social resource cost 
(1000 Cr$) 

labor costs 

other costs 

Total private cost (1000 Cr$) 

small plantations 

large plantations 

- 0 0 100 100 100 

15,222 15,222 0 1,301 -13,921. -13,921 

14,868 14,868 0 0 -14,868 -14,868 

354 354 0 1,301 947 947 

195,984 195,984 0 31,185 -164,799 -164,799 

186,849 186,849 0 0 -186,849 -186,849 

9,135 9,135 0 31,185 22,050 22,050 

197,046 197,046 0 250,749 53,703 53,703 

195,984 195,984 0 31,185 -164,799 -164,799 

1,062 1,062 0 219,564 218,502 218,502 

197,046 197,046 0 186,880 -10,166 -10,166 

98,523 98,523 0 100,624 2,101 2,101 

98,523 98,523 0 86,256 -12,267 -12,267 

A = Herbicides unavailable, labor available at its social price; B = Both labor and herbicides available 
at their social (corrected) prices; C = Both labor and herbicides available at their private (dis- 
torted) prices. 

CD 



Table V-5. Regional weed control employment, labor earnings, and production costs for alternative 
optimaa, assuming pure chemical systems and a 50 percent seasonal increase in unskilled 
wages. 

A B (B-A) (C-B) (C-A) 

Item 

Pre- 
herbicide 
economic 
optimum 

Post- 
herbicide 
economic 
optimum Difference 

Post- 
herbicide 
private 
optimum Difference  Difference 

Percent area with chemical control 39 39 100 61 100 

Total employment (1000 man-days) 

unskilled labor 

semiskilled labor 

Total labor earnings (1000 Cr$) 

unskilled labor 

semiskilled labor 

Total social resource cost 
(1000 Cr$) 

labor costs 

other costs 

Total private cost (1000 Cr$) 

small plantations 

large plantations 

15,222      9,316 

14,868     8,568 

354       748 

236,403 

227,268 

9,135 

237,465 

236,403 

1,062 

237,465 

118,733 

118,732 

149,386 

131,089 

18,297 

231,763 

149,386 

82,377 

231,763 

118,733 

113,030 

-5,906 

-6,300 

394 

-87,017 

-96,179 

9,162 

-5,702 

-87,017 

81,315 

-5,702 

0 

-5,702 

1,301 

0 

1,301 

31,185 

0 

31,185 

250,749 

31,185 

219,564 

186,880 

100,624 

86,256 

-8,015 

-8,568 

553 

-118,201 

-131,089 

12,888 

18,986 

-118,201 

137,187 

-44,883 

-18,109 

-26,774 

-13,921 

-14,868 

947 

-205,218 

-227,268 

22,050 

13,284 

-205,218 

218,502 

-50,585 

-18,109 

-32,476 

A = Herbicides unavailable, labor available at its social price; B = Both labor 
available at their social (corrected) prices; C = Both labor and herbicides 
private (distorted) prices. 

and herbicides 
available at their oo 



Table V-6.  Regional weed control employment, labor earnings, and production costs for alternative 
optima3, assuming pure chemical systems and a 100 percent seasonal increase in unskilled 
wages. 

Item 

B 
Pre- 

herbicide 
economic 
optimum 

Post- 
herbicide 
economic 
optimum 

(B-A) 

Difference 

Post- 
herbicide 
private 
optimum 

(C-B) (C-A) 

Difference  Difference 

Percent area with chemical control 0 76 76 100 24 100 

Total employment (1000 man-days) 

unskilled labor 

semiskilled labor 

15,222 

14,868 

354 

4,529 

3,465 

1,064 

-10,693 

-11,403 

710 

1,301 

0 

1,301 

-3,228 

-3,465 

237 

-13,921 

-14,868 

947 

Total labor earnings (1000 Cr$) 

unskilled labor 

semiskilled labor 

276,948 

267,813 

9,135 

87,255 

61,614 

25,641 

-189,693 

-206,199 

16,506 

31,185 

0 

31,185 

-56,070 

-61,614 

5,544 

-245,763 

-267,813 

22,050 

Total social resource cost 
(1000 Cr$) 

labor costs 

other costs 

278,010 

276,948 

1,062 

248,445 

87,255 

161,190 

-29,565 

-189,693 

160,128 

250,749 

31,185 

219,564 

2,304 

-56,070 

58,374 

-27,261 

-245,763 

218,502 

Total private cost (1000 Cr$) 

small plantations 

large plantations 

278,010 

139,005 

139,005 

248,445 

134,563 

113,882 

-29,565 

-4,442 

-25,123 

186,880 

100,624 

86,256 

-61,565 

-33,939 

-27,626 

-91,130 

-38,381 

-52,749 

aA = Herbicides unavailable, labor available at its social price; B = 
available at their social (corrected) prices; C = Both labor and 
private (distorted) prices. 

= Both labor and herbicides 
herbicides available at their 03 

C7\ 
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Area Diffusion of Chemical Weed Control 

The extent and composition of the total regional sugarcane area on 

which herbicides are adopted under various assumptions are presented in 

Tables V-7 and V-8. 

Table V-7.  Percent of total sugarcane area adopting chemical weed 
control under different assumptions. 

Integrated systems 
percent seasonal 
wage increase 

Situation 0 50 100 

Pure systems 
percent seasonal 
wage increase 

0 50 100 

A. Herbicides unavail- 
able, labor avail- 
able at its social 
price 

B. Both herbicides and 
labor available at 
their social prices 

C. Both labor and herbi- 
cides available at 
their private prices 

39 39 76 

89     100    100    100     100     100 

Consider first the situation when both labor and herbicides are 

available at their social prices.  In the language of Chapter III, this 

situation measures the extent of herbicide adoption as an efficiency 

enhancing development.  Under these circumstances, 0 to 39 percent of 

the production area, depending upon labor supply assumptions, is pre- 

dicted to adopt herbicides in the short run when integrated chemical 

systems are required.  Herbicide use would be restricted to large 

plantations, and there only on first-year cane.  Over the long run, as 

pure chemical weed control becomes technically viable, economic 



Table V-8.  Predicted diffusion of herbicide weed control by sugarcane area class for various situations 
and assumptions (X signifies herbicide use). 

Small plantations Large plantations 

Situations/Assumptions 
first year cane 
moderate  heavy 

ratoon cane 
moderate  heavy 

first year cane 
moderate  heavy 

ratoon cane 
moderate heavy 

Run B:  Herbicides and labor 
available at their social 
prices. 

Integrated systems and 
seasonal wage increase 
of: 

0 percent 

50 percent 

100 percent 

Pure systems and sea- 
sonal wage increase of: 

0 percent 

50 percent 

100 percent 

X 

X 

X 

X 

X 

X 

X 

X 

03 
03 



Table  V-8   (continued) 

Situations/Assumptions 

Small plantations 
first year cane ratoon cane 

Large plantations 
first year cane ratoon cane 

moderate  heavy  moderate  heavy  moderate  heavy  moderate  heavy 

Run C:  Herbicides and labor 
available at their private 
prices. 

Integrated systems and 
seasonal wage increase 
of: 

0 percent 

50 percent 

100 percent 

Pure systems and sea- 
sonal wage increase of: 

0 percent 

50 percent 

100 percent 

X X — X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

00 
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incentives would justify the diffusion of herbicides over 0 to 76 per- 

cent of the region.  Again herbicides would be primarily restricted to 

large plantations, but in the presence of a 100 percent seasonal wage 

increase, plantations with less than 200 hectares of sugarcane would 

also find it profitable to adopt herbicides in areas of heavy weed com- 

petition in ratoon cane. 

These results confirm that in the absence of price distortions the 

tendency to substitute capital, in the form of herbicides, for labor is 

quite sensitive to the price of labor in peak seasons. On the average, 

the 50 percent seasonal wage increase assumption is considered the most 

realistic, in which case 9 and 39 percent of the regional sugarcane 

area would eventually adopt herbicides, when available at their social 

prices, over the short and long run, respectively. 

The prognosis is quite different when herbicide prices are dis- 

torted by the existing pattern of market intervention.  These results 

are described under Situation C in Tables V-7 and V-8.  The eventual 

profitable adoption of herbicides over the entire region is predicted 

for all but one assumption.  The effect of factor price distortions 

is so strong that this result is relatively insensitive to the price 

of labor during peak seasons.  Herbicide use would be profitable on 

89 percent of the area even if wages remained at their legal minimum 

throughout the year and integrated chemical systems were required. 

It should be recalled that these results show the end points of 

the diffusion process under profit maximizing assumptions.  In 

actuality it may require several years for this process to occur.  At 

the present time, chemical weed control has been adopted over an 
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estimated ten percent of the region, but effective sugarcane herbicides 

have been available in the region for only a few years (Ciba-Geigy, 

1976).  The results of this study indicate this is a transitional 

phase.  As constraints on the availability of technical and economic 

knowledge and skilled manpower are overcome, herbicide use will spread 

over the entire region, assuming the present pattern of factor price 

distortions is continued. 

Effects on Employment and Labor Earnings 

Table V-9 summarizes the predicted changes in employment, labor 

earnings, and social and private costs of weed control due to the 

availability of herbicides, as well as labor, at social prices.  These 

Table V-9.  Percentage change in weed control employment, labor 
earnings, and production costs due to the availability of 
herbicides at social prices under various assumptions. 

Integrated systems       Pure systems  
Percent seasonal Percent seasonal 
wage increase     wage increase  

Item 0     50    100 0      50    100 

Employment 0     -8    -27      0    -39    -70 

Labor earnings 0     -8    -26      0    -37    -68 

Social cost of utilized 
resources 0      0-4      0-2    -11 

Private cost to 
plantations 0      0-4      0-2    -11 

results reveal the consequences of adopting herbicides as an efficiency 

enhancing development.  Depending upon the magnitude of seasonal wage 

increases, employment is cut by 0 to 27 percent in the short run and by 
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0 to 70 percent in the long run.  There are corresponding reductions in 

labor earnings of 0 to 26 percent and 0 to 68 percent.  Reference to 

Tables V-1 through V-6 reveals, that herbicide adoption is accompanied 

by a large absolute reduction in the employment and earnings of un- 

skilled labor and a much smaller absolute increase in employment and 

earnings of semiskilled workers.  The net effect is strongly labor- 

displacing. 

Table V-10 shows the additional reductions in employment and 

labor earnings imposed by capital-favoring policies.  Employment is 

Table V-10. Percentage change in weed control employment, labor 
earnings, and production costs due to the availability 
of herbicides at private (distorted) prices rather than 
social (corrected) prices under various assumptions. 

Integrated systems 
Percent seasonal 
wage increase 

Pure systems 
Percent seasonal 
wage increase 

Item 50 100 0 50 100 

Employment -57 

Labor earnings -52 

Social cost of utilized 
resources 24 

Private cost to 
plantations 17 

-56    -45    -91 

-53    -43    -84 

13 27 

-5 

-86    -71 

-79    -64 

8      1 

-19 -25 

reduced an additional 45 to 91 percent and labor earnings an additional 

43 to 84 percent.  When government intervention in factor markets is 

introduced, weed control employment is affected even when unskilled 

labor is available at the legal minimum wage throughout the year. 

In the presence of price distortions, and assuming pure chemical 

systems, a total of 13,921,000 man-days, or 55,684 man-years of 250 
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days each, of labor would be displaced by the substitution of herbi- 

cides for hand hoeing regardless of seasonal wage increase assumptions 

(Tables V-4 to V-6).  This reduction represents approximately one 

fourth of the region's 1975 agricultural labor force which reveals the 

importance of weed control to regional employment.  By comparison, the 

maximum labor displacement predicted in the absence of factor price 

distortions is 42,772 man-years, and this occurs only when peak season 

wages rise 100 percent above their legal minimum level. 

A limitation of the preceding programming results should be 

recognized.  In common with other linear.programming analyses, the 

present model does not allow for any interaction between the selected 

solution and equilibrium input or output prices.  This ommission could 

lead to some overstatement of the predicted employment and labor earn- 

ings reductions for the runs where the labor supply curve is not as- 

sumed to be perfectly elastic.  In these runs adoption of chemical 

weed control will contribute to a reduction in the regional demand for 

labor and thereby a fall in the equilibrium wage.  This wage adjustment 

will make manual systems relatively less expensive which could dampen 

the transition to chemical systems.  Of course, if the contribution of 

weed control activities in determining equilibrium wage levels during 

peak seasons is relatively minor in comparison to other demands (har- 

vesting, non-agricultural work), the resulting wage adjustments will 

be small and might be safely ignored. 

The total labor displaced from weed control activities will be 

fully translated into increased regional unemployment and labor earn- 

ings reductions only if none of the displaced workers find alternative 
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employment.  This is not considered likely, but given the existing high 

levels of rural and urban unemployment, estimated at 10 and 20 percent 

respectively, a very substantial proportion of the displaced workers 

could join the ranks of the unemployed or underemployed leading to in- 

creased poverty and potential for social unrest. 

The process of capital-labor substitution in sugarcane weed con- 

trol is already underway in the region.  With 10 percent of the area 

utilizing some form of chemical control, and mechanical cultivation at 

least partially substituting for manual hoeings in the remaining area, 

regional weed control employment during 1975 was probably 20 to 30 per- 

cent below the 100 percent hoeing solution of Run A. 

Effects on Social and Private Costs of Weed Control 

As herbicides become available at their social prices in Run B, 

they permit more economical weed control in certain areas and situa- 

tions .  The results in Table V-9 reveal that social and private produc- 

tion costs are cut by 0 to 12 percent depending upon the type of chemi- 

cal system and seasonal wage adjustment assumed.  The reductions are 

identical for private and social costs because within runs A and B the 

private and social prices of weed control inputs are equal. 

The production cost savings, which will be translated into in- 

creases in the net income of plantation owners, are confined primarily 

to large plantations.  The largest absolute production cost saving, ob- 

tained under the assumption of pure chemical systems and a 100 percent 

seasonal wage increase, equals Cr$29,565,000 (see Table V-6).  This 

quantity represents approximately two percent of the estimated 1975 
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gross regional income from sugarcane production.  It originated from a 

189 million cruzeiro decrease in labor costs offset by a 160 million 

cruzeiro increase in capital costs.  Large plantations received 85 per- 

cent of the cost savings. 

As factor price distortions are introduced, the social and private 

costs of weed control are no longer equivalent, as revealed by the re- 

sults of Run C in Tables V-l to V-6.  The social cost of weed control 

generally exceeds its private cost because plantations do not bear the 

full social cost of the subsidized chemical weed control systems. 

The regime of factor price distortions bias the choice of weed con- 

trol technology away from the socially optimal pattern observed in Run 

B, and consequently results in a greater resource expenditure to achieve 

the same level of weed control.  The results presented in Table V-10 

indicate that social resource costs increase by between 1 to 27 percent 

between Runs B and C.  These increased social expenditures are a mea- 

sure of the efficiency losses attributable to the government interven- 

tion in factor markets.  In general the social cost of the labor dis- 

placed, as more capital-intensive systems are adopted in Run C, is less 

than the social cost of the (subsidized) capital that replaces it.  At 

its highest level, this difference amounts to over 53 million cruzeiros 

as revealed in Table V-4.  When the cost of displaced labor is high, as 

under the assumption of a 100 percent seasonal wage increase, the in- 

creased resource cost of switching to herbicides in response to price 

distortions is less. 

What is the net effect of labor taxes and indirect subsidies for 

herbicides on private production costs?  Under the assumption of 
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integrated chemical weed control systems, considered realistic for the 

short run, private weed control costs actually increase by 1 to 17 per- 

cent between Runs B and C (see Table V-10).  At first this seems to be 

an anomolous result because the price distortions in Run C make herbi- 

cide weed control relatively less expensive.  The explanation is that 

chemical systems do become relatively less costly than manual systems 

when both are subject to factor price distortions, but the "price dis- 

torted" integrated chemical systems are generally more costly than the 

manual systems free from price distortions that had been utilized in 

Run B.  It should be remembered that integrated chemical systems in*- 

clude one hand hoeing during the crop cycle which requires a substan- 

tial quantity of unskilled labor.  This labor costs more when payroll 

taxes are introduced which dilutes the cost-cutting effect of herbi- 

cide subsidies. 

Under the assumption of pure chemical systems, Table V-10 reveals 

that government intervention in factor markets yields weed control cost 

savings of 5 to 25 percent to plantation owners.  These savings cor- 

respond to one-four percent of the gross value of 1975 regional cane 

production.  Substantial private cost savings result from the price 

distortions in this situation because pure systems, unlike integrated 

systems, require no unskilled labor whose increased cost could offset 

herbicide subsidies.  Again, large plantations benefit most from the 

herbicide subsidies. 
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Comparison of Distributional Losses and Gains 

The distributional impact of herbicide diffusion is illustrated in 

Table V-11 by comparing the earnings losses of displaced workers to the 

cost savings of plantation owners.  It should be recalled that these 

earnings losses are upper bound estimates because they do not consider 

any paying alternative employment that workers displaced from weed con- 

trol might find.  The analysis reveals that for every assumption, ex- 

cept that of pure chemical systems accompanied by a 100 percent sea- 

sonal wage increase, the earnings losses of workers exceed the cost 

savings of plantations. 

When both herbicides and labor are available at their social 

prices, workers lose between Cr$28.70 and Cr$6.42 for each cruzeiro 

saved by plantation owners from adopting herbicides.  Because private 

cost savings are equal to social cost savings in this case, these 

figures also represent the ratio of distributional losses (reduction 

in labor earnings) to efficiency gains (reduction in social resource 

costs).  Unlike the case of the mechanical tomato harvester analyzed 

by Schmitz and Seckler (1970), distributional.losses generally exceed 

efficiency gains by a substantial margin in this example. 

The additional impact of government intervention in factor mar- 

kets results in a negative earnings losses/cost savings ratio when 

integrated systems are assumed.  Up to Cr$34.88 are lost by workers 

per cruzeiro of negative cost savings by the plantations.  Under the 

assumption of pure chemical systems, workers lose from Cr$0.91 to 

Cr$16.21 per cruzeiro of production cost savings. 



Table V-ll.  Ratio of the earnings losses of labor to the production cost savings of plantations for 
alternative assumptions and transitions. 

Nature of chemical systems 
and magnitude of seasonal wage 
increases for unskilled labor 

Herbicides and labor 
available at their social 
prices compared to herb- 

icides unavailable 

Herbicides and labor 
available at their private 
prices compared to both 
inputs available at their 

social prices 

Integrated systems and seasonal wage increase of: 

0 percent 0/0 

50 percent 18,082/  630 = 28.70 

100 percent 71,258/10,445 =  6.82 

Pure systems and seasonal wage increase of: 

0 percent 0/0 

50 percent 87,017/ 5,702 = 15.26 

100 percent 189,693/29,565 = 6.42 

101,332/-33,264 =  -3.05 

115,739/-14,026 =  -8.25 

89,158/- 2,556 = -34.88 

164,799/ 10,166 =  16.21 

118,201/ 44,883 =   2.63 

56,070/ 61,565 =   0.91 

03 
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Effects of Alternative Employment 
Expanding Policies 

The argument for modifying price distorting policies would seem to 

be fairly strong as it can be defended on both efficiency and equity 

grounds.  This section analyzes the impact on employment, labor earn- 

ings, and private and social weed control costs of the following four 

alternative employment-expanding policies that might be considered by 

government policy makers: 

1. Elimination of payroll taxes on labor 

2. Elimination of indirect subsidies for herbicides 

3. Elimination of both payroll taxes and herbicide subsidies 

4. Prohibition of herbicide use by government regulation and 

elimination of payroll taxes. 

Twelve additional programming runs were made to determine the 

solutions of policies one and two above for the six possible assump- 

tions.  The solutions for policies three and four correspond respec- 

tively with the previously reported solutions for runs B and A reported 

in Tables V-l to V-6.  Results of the analyses are summarized in Table 

V-12 in terms of the percentage change in employment, labor earnings, 

and costs that the policies induce in comparison to the solution of 

Run C, the optimal selection of weed control systems under the current 

regime of factor market distortions. 

Examination of Table V-12 reveals a slightly greater response in 

employment and labor earnings to elimination of herbicide subsidies 

than to elimination of payroll taxes.  Overall, however, the increase 



Table V-12.  Percentage change in weed control employment, labor earnings, and production costs in res- 
ponse to various employment expanding policies. 

Integrated systems 
percent seasonal 
wage increase 

Pure systems 
percent seasonal 
wage increase 

Item/Policy 0 50 100 0 50 100 

Employment 
eliminate payroll taxes 

eliminate herbicide subsidies 

eliminate both taxes and subsidies 

prohibit herbicide use and eliminate taxes 

Labor earnings 
eliminate payroll taxes 

eliminate herbicide subsidies 

eliminate both taxes and subsidies 

prohibit herbicide use and eliminate taxes 

Social cost of utilized resources 
eliminate payroll taxes 

eliminate herbicide subsidies 

eliminate both taxes and subsidies 

prohibit herbicide use and eliminate taxes 

Private cost to plantations 
eliminate payroll taxes 

eliminate herbicide subsidies 

eliminate both taxes and subsidies 

prohibit herbicide use and eliminate taxes 

69 17 8 81 0 0 

69 23 8 535 0 0 

131 129 83 1070 616 248 

131 150 150 1070 1070 1070 

57 14 8 40 0 0 

57 19 8 264 0 0 

107 113 77 528 379 180 

107 130 138 528 658 788 

-14 -4 -2 -3 0 0 

-14 -5 -2 -15 0 0 

-20 -11 -4 -21 -8 -1 

-20 -11 0 -21 -5 11 

-16 -14 -14 -7 -7 -7 

17 21 21 38 41 41 

-14 -6 -1 5 24 33 
H-1 

-14 -5 3 5 27 49   o 
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in employment is relatively modest, under 100 percent for all but one 

assumption, when either only payroll taxes or only herbicide subsidies 

are cancelled.  The expansion in employment is considerably stronger, 

ranging from 83 to 1070 percent, when both sources of price distortion 

are removed.  As expected, the outright prohibition of herbicide use 

in sugarcane, coupled with an elimination of payroll taxes, produces 

the largest expansion in regional employment and labor earnings.  The 

relative increase in employment and earnings is generally greater under 

the assumption of pure weed control systems because the base solution 

employment is lowest under that assumption. 

What is the effect of these policies on resource allocation effi- 

ciency?  Elimination of either or both payroll taxes or herbicide sub- 

sidies should increase allocative efficiency because this brings fac- 

tor prices closer in accordance with social or equilibrium levels. 

Analysis of Table V-12 reveals that the social cost of utilized re- 

sources decreases by between 0 and 21 percent in response to these 

three corrective policies. 

The fourth policy considered, which includes a ban on herbicide 

use, potentially could hamper allocative efficiency.  With only one 

exception, however, the prohibition of herbicide use is more socially 

efficient than continuing the present regime of price distorting poli- 

cies; the social cost of utilized resources decreased by 0 to 21 per- 

cent for all assumptions except that of pure systems and a 100 percent 

seasonal wage increase for which the social expenditure increases 11 

percent.  Of course the herbicide ban would generally show an increase 
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in social resource costs if compared to the solution for Run B in 

which all inputs are available at social prices. 

The results in Table V-12 reveal that cancellation of payroll 

taxes would cut plantation owners' weed control costs by 7 to 16 per- 

cent, but that elimination of herbicide subsidies would drive up costs 

by 17 to 41 percent.  Accordingly the former policy would be con- 

siderably more popular, and more politically feasible considering the 

substantial clout of the Northeastern sugarcane growers in government 

circles.  The net effect of payroll tax elimination coupled with 

either herbicide subsidy cancellation or a prohibition on herbicide 

use generally reduces private expenditures for weed control under the 

short-term assumption of integrated chemical weed control systems, but 

increases these costs by as much as 49 percent under the long run 

assumption of pure chemical systems.  The latter result is not sur- 

prising since the subsidization of herbicides, in union with pure 

chemical systems, guaranteed relatively low cost weed control. 

Sensitivity of Analysis to Assumptions 

Sensitivity to Cost Coefficients 

The relative cost of manual and chemical weed control determined 

the type of technology selected in the preceding analysis.  Given the 

importance of these cost coefficients, it is instructive to examine 

how sensitive the solutions are to them.  Table V-13 shows changes in 

the predicted extent of herbicide diffusion that would result from a 

Cr$100 increase or decrease in the relative cost of chemical versus 



Table V-13.  Percentage of regional sugarcane area changing weed control technology in response to 
assumed changes in the relative costs of manual and chemical weed control systems.a 

Situation 

Integrated chemical 
 systems  
percent seasonal 

wage increase 
0 50 100 

Pure chemical 
systems 

percent seasonal 
wage increase 

0 50 100 

Run B:  Labor and capital available at 
social prices 

Increase of Cr$100 in cost of 
chemical versus manual systems -30 -39 -16 

Decrease of Cr$100 in cost of 
chemical versus manual systems 41 50 30 38 21 

Run C:  Labor and capital available at 
private (distorted) prices 

Increase of Cr$100 in cost of 
chemical versus manual systems -15 -23 -11 

Decrease of Cr$100 in cost of 
chemical versus manual systems 11 

A negative quantity in the table signifies the area changes from chemical to manual weed control, while 
a positive quantity signifies the opposite change. 

o 
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manual systems. This Cr$100 change is equivalent to 16 percent of the 

total cost of the average weed control system. 

The solutions of Run B are revealed to be quite sensitive to 

changes in the cost coefficients.  An increase in the cost of chemical 

systems and/or a decrease in the cost of manual systems of Cr$100 re- 

sults in the abandonment of chemical systems on 0 to 39 percent of the 

production area.  For example, if sugarcane growers required a minimum 

increase in expected profits of Cr$100 in order to overcome the per- 

ceived risk of adopting new technology, herbicides would not be adopted 

on up to 39 percent of the area. 

If the relative cost of chemical versus manual weed control de- 

creased by Cr$100, perhaps due to technical advances in herbicide manu- 

facturing, 9 to 50 percent of the area would find chemical weed control 

profitable. 

The solutions to Run C, in which labor and herbicides are subject 

to price distortions, are less sensitive to moderate changes in cost 

coefficients.  Under the short run assumption of integrated chemical 

systems, however, up to 23 percent of the area would exchange chemical 

for manual weed control if the relative cost of chemical systems in- 

creased by Cr$100.  The profitability advantage of pure chemical sys- 

tems is sufficiently entrenched to make the solutions relatively in- 

sensitive to moderate changes in relative costs. 

Sensitivity to Area Expansion 

In Chapter III, it was argued that other factors, especially ad- 

ministered product price, were more important than the choice of weed 
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control technique in determining regional sugarcane production area. 

Although the potential for area expansion is limited by regional land 

endowments, the regional production area could be expanded somewhat in 

the presence of appropriate price conditions. 

To what extent could expansion in regional sugarcane area offset 

employment losses attributed to herbicide diffusion?  In order to ans- 

wer this question, it is necessary to know the total employment contri- 

bution of all production and processing activities for sugarcane. 

Table V-14 lists average labor requirements for Northeastern Brazil 

cane production, assuming that traditional practices are used for all 

operations but weed control, land preparation, and processing (BNB, 

1969; Barreiros, 1975; Cavalcanti, 1975; IAA, 1976). 

On the average, 25.36 and 38.67 man-days of labor per hectare are 

displaced by the adoption of integrated and pure chemical weed control 

systems, respectively.  Assuming that 60.9 man-days of employment are 

generated by each hectare of sugarcane brought into production, 0.42 

and 0.63 hectares of additional sugarcane are required to absorb the 

workers displaced per hectare adopting integrated and pure chemical 

weed control, respectively.  A total of 228,589 additional hectares 

would be required to absorb the 13,921,000 man-days of labor displaced 

by the predicted long-run adoption of pure chemical weed control sys- 

tems throughout the regional production area.  This represents a 63 

percent increase over the 1975 production area.  Such large increases 

in sugarcane area in the state are considered very unlikely.  In fact 

some observers have recommended taking out of production some of the 



Table V-14.  Average labor requirements for different production and processing operations for sugar- 
cane, Pernambuco coastal region, Brazil. 

Weighted average 
First-year cane 
man-days/hectare 

Ratoon cane for all cane 
Operation man-days/hectare man-days/hectare 

Land preparation-mechanized 4 0 ■1.0 

Planting 26 0 6.5 

Fertilization 5 5 5.0 

Chemical weed control, 
pure systems 

Harvesting and transporting 
to mill 

Processing 

Total 

4.4 

28 

17 

84.4 

3.1 

28 

17 

53.1 

3.4 

28.0 

17.0 

60.9 

o 
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more marginal areas in the region currently planted to sugarcane (HAI, 

1965) . 
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VI.  ANALYSIS AND RESULTS FOR PERNAMBUCO 
AGRESTE REGION 

Introduction 

The Agreste region is a moderate rainfall upland zone between the 

humid coastal strip and the arid interior of Northeast Brazil.  It con- 

tains 19 percent of Pernambuco's land area and 28 percent of its popu- 

lation.  Caruaru municipio, the largest of the Pernambuco Agreste's 65 

municipios in both population and land area, is selected for intensive 

study in this chapter.  In spite of its distinctive position, the agri- 

cultural structure of Caruaru is representative of the rest of the 

Agreste. 

An extensive program of agronomic experimentation and three farm 

surveys were conducted by the OSU/EMBRAPA/USAID Project within the 

24/ 
municipio between 1973 and 1975.—  In contrast with the sugarcane 

zone case study, the results of these investigations revealed that the 

agricultural structure and ecological conditions in the region pro- 

vided little incentive to adopt modern weed control practices.  Also, 

there was little potential for conflict between equity and efficiency 

considerations because most crop production is conducted by family 

labor on small farms.  These and other conclusions concerning the pro- 

spects for weed control technology change in the region are defended 

in the following sections by descriptive information and budgeting 

24/ — More detailed descriptions of the farm surveys and of their results 
are contained in two reports by the OSU/EMBRAPA/USAID Project 

•  (1975b, 1976). 
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comparisons derived from the farm surveys and agronomic experiments. 

To the extent that this case study area is representative of other 

semi-subsistence peasant agricultural economies, the conclusions con- 

cerning the potential for, and consequences of, weed control technology 

change may have implications for similar areas elsewhere- 

Agricultural Structure 

Land Distribution and Use Patterns 

Caruaru municipio, like the rest of the Agreste, reflects a varied 

distribution of farm sizes, with most of the population concentrated on 

numerous minifundio and most of the land on relatively few latifundio. 

Table VI-1 reveals that in 1970 59 percent of the agricultural operat- 

ing units under two hectares in size controlled only six percent of the 

Table VI-1. Farm size distribution, Caruaru municipio, Pernambuco, 
Brazil, 1970. 

Cumulative percentage 
Farm size Agricultural Area Agricultural Area 
(hectares) establishments (ha) establishments (ha) 

0 -  1.99 4,687 3,955 59.4 6.1 

2 -  4.99 1,579 5,021 79.4 13.9 

5 - 19.99 1,057 10,435 92.8 30.1 

20 - 49.99 322 10,172 96.9 45.9 

50 plus 241 34,828 99.9 100.0 

undeclared 6 — 100.0 100.0 

Totals 7,892 64,411 — — 

SOURCE:  IBGE, Censo Agropecuario Pernambuco - 1970, 1975. 



110 

municipio's agricultural land, while three percent of the units larger 

than 50 hectares controlled 54 percent of the land. 

During 1974 the OSU/EMBRAPA/USAID Project interviewed a size 

stratified random sample of 71 Caruaru municipio farmers.  Survey re- 

sults describing agricultural land use by farm size are summarized in 

Table VI-2.  In Table VI-3 the sample averages are inflated to obtain 

Table VI-2.  Crop and livestock production by farm size and tenancy 
groups, Caruaru municipio, Pernambuco, Brazil, 1974. 

 Size of home property (hectares)  
0-1.99  2-4.99  5-19.99  20-49.99  50 and up' 

Use category Average area in different uses (hectares) 

Crop production 

By owner on own property 0.32 

By owner as a tenant 0.97 

Subtotal 1.29 

By tenants on home 
property 0.00   0.09   0.40     4.17     29.67 

Livestock production, 
including pastures 
and forage crops, by 
owner on home 
property 0.29   1.36   5.86    19.99    167.92 

estimates of the distribution of crop production by farm size for the 

entire municipio.  Most crop production — primarily corn, beans, cot- 

ton, cassava, and some mixed fruits and vegetables — was carried out 

by operators of small farms, whereas large farmers emphasize livestock 

enterprises.  The size of the owner's cropping enterprise is relatively 

stable as farm size increases.  Most crops on large properties were 

grown by minifundio tenants.  In summary, farmers whose properties were 

2.11 2.79 2.78 3.64 

0.84 0.04 0.02 0.00 

2.95 2.83 2.80 3.64 
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Table VI-3.  Estimated distribution of crop production by farm size, 
Caruaru municipio farm survey, 1974. 

Municipio farm    Estimated municipio 
Sample population area in crops 

Farm size       av. hectares percent 
(hectares)  size   in crops   unadjusted adjusted hectares of total 

4,060 32 

3,953 31 

2,991 23 

902 7 

877 7- 

0 -  1.99 14 1.29 4,687 3,147 

2 -  4.99 16 2.95 1,579 1,340 

5 - 19.99 14 2.83 1,057 1,057 

20 - 49.99 13 2.80 322 322 

50 plus 14 3.64 241 241 

Totals 71 7,886 6,107 12,783 10Q 

Unadjusted municipio farm population is from IBGE, Censo Agropecuario 
de Pernambuco-1970.  The adjusted population corrects for double- 
counting of jointly operated owned and non-owned properties. 

under five hectares in size produced 63 percent of the municipio's 

crops (Table IV-3) . 

Table IV-4 describes the composition of Caruaru cropping enter- 

prises as estimated by the 1974 farm survey.  Eighty-nine percent of 

the crop area on sampled properties of under two hectares was devoted 

to intercropped corn and beans and monoculture cassava.  Only on pro- 

perties with 50 or more hectares, where cotton was the most important 

crop, was less than 50 percent of crop area in corn, beans, and 

cassava.  Over 98 percent of the corn and beans in the municipio, and 

most other crops except cassava, were grown in intercropped mixtures. 

Sound reasons of income maximization and risk aversion appear to 

justify this practice in traditional agriculture (Paris et al., 1975; 

Johnson, 1971; Norman, 1973).  Of course intercropping is usually 
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Table VI-4.  Estimated composition of crop production (excluding live- 
stock forages) according to farm size, Caruaru municipio 
farm survey, 1974. 

 Farm size class (hectares) 

Crop 
0-1.99  2-4.99  5-19.99  20-49.99  50 plus 

Percent of total area in each cropa 

Corn and beans 

Cassava 

Fruits and vegetables 

Cotton, castor beans, 
and others 

All crops 

64 43 37 

25     23     31 

2      9     17 

100 

25 

100 

15 

100 

28 

50 

12 

10 

100 

39 

0 

1 

60 

100 

Includes crops grown on entire farm entrepreneurial unit which some- 
times included plots operated as a tenant outside of home property. 
The following procedure was utilized for assigning areas to inter- 
cropped species:  If n crops were grown together on a plot of X hec- 
tares, then (1/n) X hectares was allocated to each crop. 

restricted to settings where relative factor endowments make manual 

rather than mechanical harvesting the rule. 

Agricultural Labor Force Composition and Utilization 

Given the small size of cropping enterprises in Caruaru municipio, 

it is not surprising that most necessary labor was supplied by the 

operator and his family as confirmed by Table VI-5.  On the smaller 

properties where most crop production occurs, only three to six per- 

cent of required labor was hired.  And on the largest properties where 

hired labor predominated, most hired workers were devoted to livestock 

enterprises.  The sample survey data in Table VI-5 are corroborated by 

the agricultural census data in Table VI-6.  Over the entire 
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Table VI-5.  Composition of labor input for own agricultural production, 
Caruaru municipio farm survey, 1974. 

Size ! Of home proper :ty (hectares) 
Labor component 0-1.99  2 :-4.99 5-19. ,99 2C >-49.99 50 plus 

Family labor (percent) 94 97 87 61 49 

Hired labor (percent) 

for crop production 6 3 13 25 13 

for livestock production 0 0 0 14 38 

Total 

percent 100 100 100 100 100 

man-years 1. .07 1. .22 1. 48 2.09 3.53 

Pernambuco Agreste only ei' ght percent of the agricultural labor force 

was hired in 1970. 

Many of the minifundio owners engaged in crop production are neces- 

sarily part-time farmers.  To survive they must supplement their income 

with wage employment within and outside agriculture and in home 

Table VI-6.  Composition of agricultural labor force in Caruaru 
municipio and the Pernambuco Agreste, 1970. 

Caruaru Pernambucc 
number of 

D Agreste 
number of percent of percent of 

Category workers total workers total 

Operator and unremun- 
erated family members 17,739 92.3 517,446 91.9 

Permanent hired workers 524 2.7 11,392 2.0 

Temporary hired workers 934 4.9 32,531 5.8 

Others 22 0.1 1,786 0.3 

TOTAL 19,219 100.0 563,155 100.0 

SOURCE:  IBGE, Censo Agropi scuario-Pernambuco, 1970, 1975. 
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industries.  The information in Table VI-7 reveals that own agricul- 

tural production absorbed only 49 percent of the family labor of the 

smallest farms and 67 percent of that of the largest farms.  The pri- 

mary source of hired labor for larger farms are the very small farm 

Table VI-7.  Allocation of family labor among different activities, 
Caruaru municipio farm survey, 1974. 

 Size of home property (hectares)  
0-1.99  2-4.99  5-19.99  20-49.99  50 plus 

Labor allocation percent of total labor in each activity 

Own agricultural production   42     62     56      53       67 

Wage employment in 
agriculture 11      1      0       0       0 

Wage employment in other 
industries 10      2     10       1        0 

Home industries, business, 
and service enterprises      9     13     13      12        6 

Other activities, unallo- 
cated, or unemployment      21     22     21      34       27 

Totals: 

Percent 100    100    100     100      100 

man-years 2.07    1.91    2.31    2.42      2.60 

families, but surprisingly agricultural wage work absorbed only 11 per- 

cent of the smallest farms' family labor.  Wage employment in non- 

agricultural industries, business or service enterprises, other activi- 

ties, unallocated, and unemployment accounted for 40 percent of the 

labor utilization of this group.  Home industries, business or service 

enterprises, other activities, unallocated, and unemployment absorbed a 
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significant proportion of the labor of medium and large farm families 

as well. 

Implications for Weed Control 

The Agreste region's agricultural structure strongly influences 

prospects for, and potential consequences of, weed control technology 

change.  The small scale of most cropping enterprises will make it more 

difficult to amass sufficient physical and human capital to overcome 

technical and economic barriers to the adoption of modern weed control 

methods.  And the availability of relatively abundant family labor will 

dampen the incentive to adopt labor-saving techniques.  Furthermore, 

the potential for imposition of distributional losses on displaced 

laborers, should herbicides prove profitable, is greatly reduced be- 

cause most crop production in the region is carried out by small farm 

owners and tenants with family labor. 

The 1974 survey in Caruaru found weed control conducted exclu- 

sively by manual hoeing on 100 percent of the sampled farms.  Extensive 

agronomic investigations and subsequent economic analyses of alterna- 

tive weed control systems for the region, which are described in the 

following sections, generally confirm the wisdom of the farmers' choice 

of technology. 

Agronomic Considerations Favoring Manual Weed Control 

Over twenty field experiments designed to compare efficacy and in- 

put requirements of alternative manual, mechanical, cultural, and 

chemical weed control systems in corn, beans, cassava, and sorghum were 
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conducted in Caruaru municipio during 1974 to 1976.  These experiments 

revealed that traditional hoeing with modest input requirements assured 

effective weed control in this region of moderate rainfall and light 

soils.  In all experiments where directly compared, one timely weeding 

produced yield responses not statistically different from those pro- 

duced by two or more weedings in corn, beans, and sorghum (OSU/EMBRAPA/ 

USAID Project, 1975a).  As indicated by the data in Table VI-8, one 

manual hoeing produced yields in short-cycle crops equal to those pro- 

duced by more complex manual, chemical and integrated systems. 

Table VI-8.  The relative weed control efficacy of alternative weed con- 
trol systems in selected field experiments, Caruaru 
municipio, Pernambuco, Brazil, 1974-75. 

Comparison 
CroP 

beans   corn   sorghum 

Ratio of yield with no weed control to 
yield with two hoeings 

Ratio of yield with one hoeing to yield 
with two hoeings 

Ratio of yield with herbicide to yield 
with two hoeings 

Ratio of yield with one or two hoeings 
plus herbicides to yield with two 
hoeings 

0.29   0.61    0.55 

0.99 0.97 

0.98    0.84    0.92 

1.04    0.88 

These ratios for corn compare the yields of no control and chemical 
control to one hoeing.  Weed growth essentially ceased after the first 
hoeing as the crop closed over precluding the need for a second hoeing. 

The common practice of intercropping corn and beans also favors 

use of traditional manual weed control methods.  It is often difficult 

or impossible to find herbicides that are selective for all species in 

a multi-crop mixture.  Row spacing problems militate against the use 
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of mechanical cultivation in multi-crop mixtures.  Experiments also re- 

vealed that with animal traction cultivation supplementary intrarow 

hoeing was required to prevent yield reductions, which decreased the 

economic advantage of this system (Scolari and Young, 1976). 

Herbicide use is sometimes justified because it permits more 

timely weed control during periods of peak labor demand.  This was not 

a factor in the labor-abundant Agreste.  The results of the 1974 survey 

revealed that local farmers hoed corn, beans, and cassava well within 

their well-established early critical periods of weed competition. 

This was true regardless of farm size which suggests that large farms 

dependent upon hired labor had no difficulty in finding workers during 

this period.  Further evidence on the abundance of labor is provided 

by the fact that Caruaru farmers hoed short cycle crops slightly more 

than two times on the average, although experimental results generally 

showed one weeding to be sufficient. 

The local specificity of these results should be emphasized.  In 

areas where the physical environment permits more vigorous weed growth, 

more intensive weed control systems than those found effective in 

Caruaru will be required.  Furthermore, in areas characterized by a 

more benign natural environment that permits intensive practices such 

as multiple cropping or overlap cropping, the precise timing of chemi- 

cal weed control may represent a greater advantage. 

Economic Comparison of Alternative Systems 

As previously indicated, intercropped corn and beans and monocul- 

ture cassava were the principle food crops grown in the case study 
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area.  Table VI-9 presents cost comparisons, based on 1975 local 

prices, of the most viable manual, mechanical and chemical weed control 

systems for these two crops.  The input requirement and cost coeffi- 

cients which underlie the comparisons in Table VI-9 are included in 

Appendix Tables A-6 to A-9.  Both "one weeding" and "two weeding" sys- 

tems are compared for intercropped corn and beans out of recognition 

that certain locations in the region may require more intensive systems 

even though one weeding proved adequate in 1974-75 experiments. 

Several assumptions underlie these cost comparisons.  The local 

1975 going wage of Cr$14.00 per day is charged for unskilled labor. 

Payroll tax assessment are rarely observed or enforced for casual 

hired agricultural labor in the region or, for that matter, in the 

rest of the interior Northeast, so the private and social cost of 

labor is generally equivalent.  Most small farmers have neither the 

skill and specialized knowledge for applying herbicides nor the capital 

to purchase herbicide application equipment or cultivators and draft 

animals.  Consequently estimated charges for supplying these services 

on a custom basis were utilized. 

Most of the recommended herbicides are not available from local 

agricultural suppliers.  Consequently, prices of the products in 

Recife, the state capital, are adjusted upward by 14 percent to reflect 

increased transportation and handling costs at Caruaru.  As in the 

sugarcane case study, the social price of herbicides is 60 percent 

higher than their private price. 

Turning to the comparison of alternative weed control systems for 

intercropped corn and beans, presented in Table VI-9, the farmers' 
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Table VI-9. Relative cost of alternative weed control systems for 
intercropped corn and beans and monoculture cassava, 
Caruaru municipio, Pernambuco, Brazil, 1975. 

System/Crop Cost (Cr$/ha)' 

Intercropped corn and beans: 

Manual hoeing 

Mule cultivation plus mtrarow hoeing 

Preemergence herbicide:  fluorodifen, 
2.0 to 3.0 kg/hac 

Pre-planting incorporated herbicides: 
EPTC, 2.0 to 3.0 kg/hac 

Monoculture cassava: 

Four manual hoeings 

Four mule cultivations plus intrarow hoeings 

Preemergence herbicide:  fluormeturon, 
4.0 kg/ha 

Fluormeturon, 2.0 kg/ha preemergence, plus 
one manual hoeing 

one weeding  two weeding 
systems      systems 

178 356 

276 433 

375 514 
(542) (764) 

347 406 
(418) (512) 

first season 
weed control^ 

712 

624 

653 
(987) 

553 
(720) 

Figures in parentheses represent the estimated social cost of herbi- 
cide systems. 

The cost of this system was increased Cr$120 to reflect the value of 
the average reduction in yield caused by the nonoptimal wider row 
spacing required for animal traction cultivation. 

'Herbicide application rates are reported in kilograms of active in- 
gredient per hectare.  The lower rate is required for one-weeding 
areas with moderate weed infestation and the higher rate for two- 
weeding areas with heavy weed infestation. 

The first growing season extends approximately 180 days in this area. 
The necessity for and type of weed control required during the second 
growing season will depend upon the degree to which the crop has 
closed over and length of time remaining until harvest. 
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current practice of manual hoeing is revealed to be the most economical 

in both one and two weeding zones.  Herbicides are relatively unpro- 

fitable even at their subsidized private prices.  In the language of 

the theoretical model presented in Chapter Three, the isocost lines re- 

flecting both the private and social capital/labor price ratios are 

tangent to the same point on the yield response isoquant (see Figure 

5). 

K/ha 
(Cr$) 

PR private 

PR social 

L/ha 
(man-days) 

Figure 5.  Least cost system at social and private factor prices. 

The cost comparisons for cassava reveal chemical and mechanical 

weed control to be'relatively profitable at prevailing private input 

prices.  Nevertheless, manual hoeings, an average of 5.4 per year, were 

exclusively used by 100 percent of the 1974 survey sample farms growing 

cassava.  There appears to be important reasons for this choice, which 

apply equally to other crops in the municipio.  First, the necessary 

inputs, herbicides and custom application services, simply are not 
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available locally for chemical weed control.  Secondly the actual 

opportunity cost of utilizing family labor for traditional weed control 

may be substantially less for many small farmers than the going wage 

for employed workers.  This is probably particularly true for cassava, 

a long cycle crop, which requires hoeing throughout the year including 

slack seasons when off-farm work.is hard to find.  Thirdly, capital 

constraints preclude the purchase and maintenance of draft animals, 

cultivators, and herbicide application equipment by most area small 

farmers. 

Summary 

Weed control was carried out exclusively by manual hoeing on 100 

percent of the randomly sampled farms in the case study municipio.  The 

results of an extensive program of experimentation and economic analy- 

sis generally confirmed the wisdom of this technical choice.  Hoeing 

was both an effective and economical weed control method for the pre- 

vailing cropping patterns, ecological conditions, and factor endowments. 

Even in monoculture cassava, where herbicides or mechanical cultivation 

seemed more viable economically, human and financial capital constraints 

and infrastructural deficiencies precluded their use. 

Even if herbicides should become profitable and available for 

Agreste farmers at some point in the future, structural considerations, 

especially the concentration of most crop production on small family- 

labor-operated farms, preclude the possibility of substantial adverse 

distributional effects.  Relatively little labor is hired in the 
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municipio for hoeing.  Indeed crop production in general provides rela- 

tively little paid employment in comparison to livestock enterprises 

and non-agricultural work. 
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VII.  CONCLUSIONS AND POLICY IMPLICATIONS 

Summary and Conclusions 

The objective of this thesis was to assess for two regions in 

Northeast Brazil the effects on economic efficiency and on social wel- 

fare of adopting chemical weed control in response to market-technolo- 

gical forces or government policies. 

A major conclusion was that the incentive to adopt herbicides was 

much stronger in the sugarcane plantation economy than in the diversi- 

fied agriculture Agreste region.  This result arose from the contrast- 

ing physical and economic environments of the two regions.  Most crops 

in the Agreste were grown on small farms with abundant family labor. 

There was little economic incentive to adopt herbicides in short-cycle 

crops and if adopted there was little hired labor that would be dis- 

placed.  Consequently, the major victims of the diffusion of labor- 

saving chemical weed control are likely to be landless plantation 

laborers rather than small farmer-workers in the diversified agricul- 

tural sector.  The primary beneficiaries of herbicide adoption are 

plantation owners, foreign chemical companies, and possibly consumers 

of sugar if government regulators pass on production cost savings to 

retail prices.  Appropriately designed manual and chemical weed control 

systems produce equivalent yields in sugarcane so there were no direct 

output effects to offset welfare losses by workers. 

The process of capital-labor substitution in sugarcane weed con- 

trol was very sensitive to government payroll taxes and indirect 
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herbicide subsidies which collectively decreased the herbicide/labor 

price ratio by 55 percent.  In the presence of these distortions, 

chemical weed control was projected to diffuse over an average of 98 

percent of the regional production area over all labor supply and tech- 

nical assumptions examined.  But in the absence of capital favoring 

policies, projected herbicide adoption averaged only 27 percent of the 

regional sugarcane area.  Herbicide use, as encouraged by government 

policy, cut projected regional employment by an average of 45,760 man- 

years, which corresponded to 21 percent of the 1975 regional agricul- 

tural labor force.  Projected employment losses averaged only about 

one third this level when chemical weed control was not favored by 

government policy. 

The availability of herbicides at social or "free market" prices 

was predicted to generate efficiency gains averaging about eight mil- 

lion cruzeiros annually, or one half of one percent of the estimated 

value of the 1975 regional sugarcane crop.  But for each cruzeiro of 

efficiency gains, which would be captured in the short run as in- 

creased profits by plantation owners, displaced agricultural workers 

lost on the average eight cruzeiros in reduced weed control earnings. 

The introduction of factor price distortions biased the projected 

choice of weed control technology away from the socially optimal pat- 

tern and generated efficiency losses averaging twelve percent of the 

total social expenditure for weed control in the absence of distor- 

tions.  Under the assumption of integrated chemical-manual weed con- 

trol systems, considered necessary for the short run, government inter- 

vention in factor markets was projected to increase the private cost of 
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weed control by seven percent on the average.  Over the long run as 

pure chemical systems become viable, government intervention reduced 

plantation owners' projected weed control costs by an average of 16 

percent, but agricultural workers' losses averaged three times these 

gains. 

In summary, the adoption of herbicides in response to "free mar- 

ket" forces yielded a modest predicted increase in efficiency, but at 

the price of substantially larger losses to workers.  Perhaps more 

importantly, government intervention in factor markets was projected 

to both diminish production efficiency and to decrease employment. 

The preceding summary stated results averaged over all assumptions 

concerning labor supply relationships and the nature of chemical weed 

control systems.  As expected, larger increases in unskilled wages dur- 

ing peak labor demand seasons expanded the diffusion of chemical weed 

control.  Also, herbicides were adopted over a larger area when pure 

chemical weed control systems were assumed to be technically viable. 

Distributional losses would be mitigated to the extent that dis- 

placed laborers find substitute employment.  Also the transition to 

chemical weed control predicted by the model could require a con- 

siderable period of time as cultural inertia, skilled manpower con- 

straints, or other factors could delay the adoption of least cost weed 

control systems.  But over the long run, the social and economic dis- 

locations caused by this process could be profound in this region of 

intense rural poverty and chronic underemployment. 



126 

Government Policy Implications 

Limitations of Local Case Studies for Policy Evaluation 

The results of the sugarcane case study indicate that careful con- 

sideration should be devoted to eliminating payroll taxes and indirect 

herbicide subsidies, particularly if a national goal is to increase em- 

ployment and improve the equity of income distribution in the Northeast, 

as public pronouncements have indicated (Presidencia da Republica, 

1974).  It is well to recognize at the outset, however, that isolated 

case studies are not sufficient alone to determine the national 

desirability of national policies.  Payroll taxation and special tax 

and tariff exemptions for herbicides have ramifications throughout the 

economy, of which the choice of weed control technology in North- 

eastern sugarcane is a small portion.  Furthermore, generating employ- 

ment and equalizing income distribution in the Northeast are only two 

of many goals pursued by the government, and may be overridden by other 

objectives for certain decisions.  Nonetheless, detecting adverse con- 

sequences of these policies in one region increases the incentive to 

evaluate their impact in other regions.  Also local studies can point 

out the need for designing more regionally specific policies, or of 

devising offsetting policies to ease painful adjustments in certain 

situations.  For example, payroll taxes could be reduced in the under- 

developed Northeast below national levels to expand employment.  Also, 

tax and tariff exemptions might be maintained on herbicides for crops 

such as wheat where manual methods are impractical or fail to provide 
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effective weed control, but eliminated for chemicals designed for 

sugarcane, beans, and corn, as manual and mechanical methods are per- 

fectly adequate in these crops. 

Justification for Policy Reform 

The strongest argument for eliminating or reducing payroll taxes 

and sugarcane herbicide subsidies within Northeast Brazil is that these 

policies directly conflict with stated national goals to reduce poverty 

and unemployment in the Northeast and with expensive government develop- 

ment programs to achieve these goals.  During the past two decades, the 

federal government has invested billions of dollars in the form of 

special grants, tax credits, and other assistance to accelerate employ- 

ment generating industrial and agricultural development in the North- 

east.  Much of this money has gone into incentives for large scale com- 

mercial agricultural ventures and for relatively capital-intensive in- 

dustrial projects.  Unfortunately, these undertakings have primarily 

benefitted the region's economic elite, while the net contribution to 

regional employment has been relatively modest (Cavalcante e_t al. , 

1974). 

The Brazilian Government also subsidizes the price of sugarcane 

grown in the Northeast in order to protect the Northeast from competi- 

tion of the more efficient Southern Brazil sugar industry.  An objec- 

tive of maintaining the price advantage for Northeastern cane is to 

sustain employment in this depressed region.  More practically, con- 

cern for the welfare of the Northeast's sugarcane producers, whose 

interests are amply represented in the government, also contributes to 
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the preservation of this pricing policy.  In any case, capital favoring 

input price distortions conflict directly with the employment objec- 

tives of the price subsidy granted to Northeastern sugarcane.  It would 

seem more consistent to apply the funds currently devoted to subsidiz- 

ing herbicides and Northeastern cane prices to direct subsidies for 

labor and/or for replacing the revenue lost by eliminating payroll 

taxes.  This approach would simultaneously stimulate regional employ- 

ment and also protect Northeastern plantations' profits by reducing 

labor costs. 

Payroll tax revenue supports medical assistance, pension, and 

other social security programs for workers.  These services are vital 

to maintaining social welfare and it would be necessary to fund them 

from alternative sources if payroll taxes were eliminated to stimulate 

employment.  Assuming that both payroll taxes on weed control labor and 

herbicide subsidies were eliminated, an annual 70 million cruzeiros in 

regional payroll tax revenue would be lost, on the average, over all 

labor supply-technical assumptions.  Cancellation of the special tax, 

tariff, and interest exemptions for herbicides would replace only 27 

percent of this lost revenue, primarily because regional herbicide use 

would be relatively modest if all payroll taxes and indirect herbicide 

subsidies were lifted (see Table V-7, p. 87).  The remainder of this 

revenue could possibly be raised by reducing the price subsidy for 

Northeastern sugarcane.  By adjusting sugarcane price subsidies so 

that reductions in Northeastern sugarcane growers gross income exactly 

matched their production cost savings from payroll tax cancellation, 

plantation owners could be left as well off after as before the change. 
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The government might also consider redirecting some of the funds spent 

on expensive capital-intensive development projects to support social 

programs now supported by payroll taxes. 

In conclusion, by liberating capital and labor prices from policy- 

induced distortions, natural market adjustments in input prices could 

dictate the pace of technological change.  This process should help 

sustain employment in the agricultural sector until alternatives are 

available elsewhere. 

Potential Limitations of Policy Reform 

A proposal to abandon policies favoring herbicide use would likely 

encounter considerable resistence within Brazil.  There is a strong 

commitment by the government, common in developing nations, to modern- 

ize agriculture.  And modernization is generally equated with capital 

intensification.  The attraction of the North American agricultural de- 

velopment model, regardless of its relevance, is very strong both among 

educated Brazilians and Western agricultural aid personnel.  In North 

America, high land/labor ratios and a strong demand for labor in the 

nonagricultural sector made it economical to introduce labor-saving 

technology at an early stage of development.  But in Northeast Brazil, 

nonagricultural employment generally has failed to grow rapidly so 

agriculture continues to employ over 60 percent of the population and 

wages remain low. 

While recognizing that promotion of capital-intensive methods 

could impose short-run costs on efficiency and on displaced labor, 

some advocates of modernization might argue that these costs are 
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outweighed by second or third round benefits of the modernization pro- 

cess.  It might be argued that encouraging the use of herbicides will 

accelerate the adoption of fertilization, deep plowing, and other yield 

increasing practices as a package program.  Or some might argue that 

the promotion of modern techniques could upgrade the skill and mana- 

gerial ability of workers and managers thereby contributing to long- 

run improvements in productivity.  It has even been suggested that pre- 

servation of labor-intensive methods could encourage excessive popula- 

tion growth by maintaining employment in rural areas. 

Equally convincing arguments could be made, however, claiming 

negative second and third round effects from accelerating the rate of 

labor displacement from agriculture.  These include exacerbating pro- 

blems of poverty, crime, and general human marginalization by driving 

rural populations into already overcrowded cities.  Contemporary evi- 

dence does not support the thesis that denying people employment and 

income will discourage population growth.  In fact, internationally, 

fertility tends to vary inversely with income levels. 

Historically, countries which have let natural factor endowments 

determine the pace and nature of technological change have undergone 

some of the most successful agricultural development experiences. 

Hayami and Ruttan (1971) have pointed out that Japan's successful 

agricultural development was achieved by stressing labor-using and 

yield-increasing biochemical innovations.  Mechanization entered 

Japanese agriculture at a late stage and then in forms especially de- 

signed for Japanese conditions. 
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Politically influential plantation owners will resist eliminating 

indirect subsidies for herbicides.  These groups complain that labor 

"shortages" during peak labor demand seasons justify subsidizing labor- 

saving technology.  These complaints seem to be based not upon an abso- 

lute labor deficit but upon a shortage at extremely low minimum wage 

rates and a reluctance to increase wages (Barreiros, 1975).  The analy- 

sis in this study revealed that in the absence of input price distor- 

tions manual weed control methods remained competitive in most areas 

even if wage rates were permitted to rise by 50 or 100 percent during 

peak seasons. 

Others might criticize the suggestions for policy reform in this 

chapter on the grounds that they are not strong enough.  Institutiona- 

lists such as Gotsch (1972) argue that marginal tinkering with public 

policies that influence the path of technical change are unlikely to 

bring about real improvements in social welfare in dualistic societies 

like Northeast Brazil.  They argue that real change requires a radical 

redistribution of resources through land reform, for example, and in- 

stitutional restructuring that results in greater sharing of political 

power.  This argument has considerable appeal for the diversified 

agriculture Agreste region case study.  In that setting the primacy of 

manual methods made technology choice relatively insensitive to input 

price distortions.  Institutions may pose greater constraints to wel- 

fare improvement than technology in this region.  Small farmers in the 

Agreste are handicapped by a lack of extension assistance, a shortage 

of agricultural credit, a disproportionately heavy property tax burden, 

and crippling government restrictions on the exchange of small land 



132 

parcels (Young and Corum, 1975).  Modification of these policies would 

yield a higher welfare payoff than any conceivable change in weed con- 

trol practices. 

Research Planning Implications 

Economic and Social Research 

An important lesson learned from this research experience was that 

the nature of research objectives should determine the selection of 

case study areas.  Research aimed at measuring distributional impacts 

of the diffusion of new technology can be most fruitfully conducted 

among commercially oriented large farms and plantations, because this 

is where labor-saving technology is most likely to be adopted on a 

wide scale.  This suggestion may be resisted by those who insist that 

research should be oriented to helping the rural poor, which is often 

interpreted as working among small farmers growing subsistence food 

crops.  In fact, however, the poorest of the poor in the third world 

often are not the owners of small.farms, although their situation is 

also deserving, but landless agricultural workers whose livelihood is 

totally dependent upon employment on large farms and plantations.  This 

numerically important group is most vulnerable to technological dis- 

placement, but unfortunately often have been overlooked by researchers 

concerned primarily with small farmers. 

In some areas the plantation and small farm sectors may be linked 

by seasonal migrations of small farm labor to plantations.  This inter- 

relationship should be recognized where it exists.  In many situations. 
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research and policies aimed at preserving or improving small farmers' 

seasonal plantation or non-agricultural employment may have more bear- 

ing on their welfare than any marginal improvements in technology that 

might be recommended for their own limited farm operations.  For re- 

search aimed at assisting small farmers, it is not sufficient to focus 

on a single preselected problem area, such as weed control.  In areas 

like the Northeast Brazil Agreste, weed control may not be a serious 

problem because it is amenable to solution with abundant family labor. 

The complex and varied nature of traditional small farm agriculture 

requires a flexible approach that identifies the problems that exist. 

For example, within the Agreste region, possibilities for improving 

rural welfare include institutional reform, introducing moisture con- 

servation practices, and non-agricultural employment generation. 

Agronomic and Physical Research 

In labor-abundant low-wage regions like Northeast Brazil, agricul- 

tural scientists should stress development of labor-using yield- 

increasing technology.  Examples include locally adaptive high yield- 

ing seed varieties, economical fertilization and soil corrective mea- 

sures, soil and water conservation practices, and low-cost irrigation 

techniques.  Less attention should be devoted to developing labor- 

displacing technology such as herbicides or mechanization for which 

traditional substitutes may be entirely adequate. 

A common attitude among Brazilian and many foreign agricultural 

scientists is that Brazilian farmers should immediately leap from the 

hoe to herbicides.  A more gradual transition to intermediate 
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technology, for example animal traction cultivation, is often more con- 

25/ 
sistent with relative factor prices.—  Imaginative research may also 

reveal potential improvements in traditional technology, such as more 

efficiently designed hand implements or recommendations for more timely 

hoeing. 

25/ 
—' The case for intermediate and improved traditional technology within 

developing countries has been convincingly argued by Schumacher in 
his recently popular book. Small is Beautiful - Economics as if 
People Mattered (1973) , 
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Table A-l. Private and social cost (Cr$/ha) of manual weed control systems for different situations 
and under alternative assumptions concerning wage levels for unskilled labor, Pernambuco 
coastal region, 1975. 

Situation/ 
Cost Components 

Percent increase in wage level during October-January 
0 50 100 

private social private social private social 

First year cane: 
moderate weed competition 

Unskilled labor (42)b 

Semi-skilled labor (1) 
Hoe depreciation 

Total 

39 528 887 633 1,035 738 
36 26 36 26 36 26 
3 3 3 3 3 3 

778 557 926 662 1,074 767 

First year cane: 
heavy weed competition 

Unskilled labor (56) 
Semi-skilled labor (1.33) 
Hoe depreciation 

Total 

986 703 1,183 844 1,380 984 
48 34 48 34 48 34 
4 4 4 4 4 4 

1,038 741 1,235 882 1,432 1,022 

Ratoon cane: 
moderate weed competition 

Unskilled labor (28) 
Semi-skilled labor (0.67) 
Hoe depreciation 

Total 

93 352 604 431 715 510 
24 17 24 17 24 17 
2 2 2 2 2 2 

519 371 630 450 741 529 



Table A-l (continued) 

Situation/ 
Cost Components 

Percent increase in wage level during October-January 
0 50 100 

private social private social private social 

Ratoon cane: 
heavy weed competition 

Unskilled labor (42) 
Semi-skilled labor (1) 
Hoe depreciation 

Total 

739 528 906 646 1,072 765 
36 26 36 26 36 26 
3 3 3 3 3 3 

778 557 945 675 1,111 794 

Figures in parentheses indicate man-days of labor required. 

it* 



Table A-2.  Retail prices of principle sugarcane herbicides, Recife, Pernambuco, Brazil, 1975 and 1976 
(Cr$/kg of active ingredient). 

Common name 
(Commercial name)a February, 1975 March, 1976 

Adjusted 1975 prices 
small plantations 

utilized in this study" 
large plantations 

ametryne 
(Gesapax 80) 

81 124 87 79 

ametryne-2,4-D 
(Gesapax H, 500) 

67 110 72 57 

atrazine 
(Gesaprim 80) 

71 111 76 61 

dalapon 
(Secafix 85) 

38 49 41 33 

simazme 
(Gesatop 80) 

71 111 76 61 

2,4-D amine 
(Herbamina 720) 

35 42 37 30 

SOURCE:  Ciba-Geigy Quimica S.A., Recife, Pernambuco, Brazil. 

aThe same herbicide may be known by different commercial names when sold by different companies.  The 
numbers following the commercial name indicate the proportion of active ingredient in terms of grams 
per liter for liquid formulations (e.g. Herbamina and Gesapax H) or decagrams per kilogram for wet- 
table powders (e.g. Gesapax, Gesaprim, Gesatop, Secafix). 

February, 1975, retail prices were increased by seven percent to reflect costs of transportation and 
storage.  Prices were not adjusted for inflation to mid-year (July 1, 1975) levels as most planta- 
tions stock up on herbicides early in the year with favorable financing which enables them to escape 
expected inflation.  Prices to large plantations were reduced by 20 percent in conformance with the 
discount Ciba-Geigy grants to plantations with 200 hectares or more of sugarcane. i-1 



rable A-3.  Average cost of reco~rr.er:ded herbicide applications for various sugarcane weed control situations, 
Pernariuco coastal region, 1975. 

Situation 
Herbicides and application rates 
(kilograms active ingredient per hectare) 

Cost of herbicides (CrS/ha; 

plantations pxantations 

I. rirst year cane: 
application 

1. simazine (3. .2) 
2. simazir.e .2) + 
3. atrazine .6) + 
4. ametryne .6) + 
5. atrazine .2) + 
6. arr.etrvne .6) + 
7. arr.etryne .0) + 
8. air.etrvne ( J. , .6) + 

amctryne (1.2) 
ar.etryne (1.2) 
2,4-D amine (2.2) 
anetryne (1.2) 
an'.etryne-2,4-D (1.5) 
2,.;-D arr.ine (1.4) 
2,4-D amine (1.4) 

average cost 

243 
196 
226 
221 
196 
247 
226 
191 

218 

195 
156 
130 
176 
156 
196 
163 
152 

174 

II. Ratocn  cane:      rirst 
application 

average  ccst 

1. ametryne   (0.8)   +  air.etryne-2,4-D   (2.0) 
2. ametryne-2,4-D   (2.5) 
3. ametryne (1.2) + 2,4-D amine (2.2) 
4. ametryne (1.2) + an',etryr.e-2,4-D (1.5) 
5. ametryne (1.6) + 2,4-D amine (2.2) 

214 
180 
186 
212 
221 

203 

169 
143 
149 
163 
176 

161 

III. All car.e:  seconc 
a-clicaticn, if reauired 

1. ametryne (1.6) + dalapon (3.4) 
2. 2,4-D (4.3, split application) 
3. ametryne (1.6) + 2,4-D (1.44) 
4. ametryne-2,4-D (1.5) 

279 
159 
193 
108 

185 

223 
129 
154 
S6 

IV.  All car.e: 
acplicaticn, if required 

average cost 

dalapon (1.9) + 2,4-D (1.4)' 130 

130 

105 

10 = 

SOURCES:  Ciba-Geigy Quimica, S.A., Recife, Pernambuco, and Usina Central Barreiros, Barreiros, Pernambuco, 
Brazil. 

Application based on Barreiros' practice.  All others are from Ciba-Geigy's recommendations. 

CTi 
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Table J\-4.. J'riv.il.o find :;nc i .'i 1 cor:t (Cr;'/'1-') ^^ in t.oy r;i 1 orl chrniical wfrcl 
COIILL'O] sy^lcn^; fui" tl.il J.'tToni r. i t uat ions , IVrnnmlmco conyLaJ 
rcijion ,   19VL». 

a 

21ii 349 
93 149 
89 63 
12 12 
20 20 

259 18G 
691 779 

218 349 
185 296 
118 84 
16 16 
26 26 

259 186 
822 957 

203 325 
59 42 
8 8 

13 13 
259 186 
542 574 

203 3 25 
'SOI 93 149 
63) 89 63 

12 12 
20 20 

259 186 
676 755 

174 278 
7 4 118 
89 63 
12 12 
20 20 

259 186 
628 677 

174 278 
148 237 
118 84 
16 16 
26 26 

259 186 
741 827 

f-mall plantaMcms       Large plantations 
Situation and cost components private    social       private    social 

I. First year cane:  moderate 
weed competition 

Herbicide applications - 
first application 
second application on 501 
semi-skilled labor (2.63) 
equipment and mule 
manayerial overhead 

Ilocincj 
Total 

II. First year cane:  heavy 
weed competition 

Herbicide applications - 
first application 
second application 
semi-skilled labor (3.50) 
equipment ond mule 
managerial overhead 

Hoeing 
Total 

III. Ratoon cane:  moderate 
weed  competition 

Herbicide  cippl.ical.ions  - 
first application 
semi-skilled labor (1.75) 
equipment and mule 
managerial overhead 

Hoeing 
Total 

IV. Ratoon cane:  heavy 
weed competition 

Herbicide applications - 
first application 
second application on 
semi-skilled labor (2. 
equipment and mule 
managerial overhead 

Hoeing 
Total 

Figures in parentheses indicate man-days of labor required. 

The hoeing cost listed here is based on the assumption that unskilled labor is 
available at the minimum wage throughout the year.  For those runs in which 
unskilled wages are assumed to increase seasonally by 50 and 100 percent the 
hoeing costs in these systi ms are adjusted in accordance with the table below. 
Kach hoeing requires 14 man-days of unskilled labor and one-third man-day of 
semi -ski 1 ] ed .l_abor_ per hectare .  

Added cost to hocings in integrated systems for runs in which 
unskilied wages increase seasonally by stated percentages. 
Cost basi s/LYinc type 'jOl IQOt,  
Private cost basis: 

First year cane 50 99 
Ratoon cane 56 111 

Social cost basis: 
First year cane 35 70 
Ratoon cane 39 79 

161 258 
59 42 
8 8 

13 13 
259 186 
500 507 

161 258 
74 118 
89 63 
12 12 
20 20 

259 186 
615 657 
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Table A-5.  Private and social cor.t (CrS/hn) of pure chemical weed control 
systems for different situations, I'ernnmbuco coastal region, 1975. 

Small plant.ot.ions       Large plantation;: 
Situation and cost coiiiponentr; private    social       private    social 

I. First year cane:  moderate 
weed competition 

Herbicides:  first application 
second app]ication 

Semi-skilled labor (3.5)"' 
Equipment and mule 
Managerial overhead 

Total 563       771 482       641 

II. First year cone:  heavy 
weed competition 

Herbicides:  first application 210 349 174 278 
second application 185 296 148 237 
third application 130 208 105 168 

218 • 349 
185 296 
118 C4 
16 16 
26 26 

210 349 
185 296 
130 208 
177 126 
24 24 
39 39 

203 325 
93 149 
89 63 
12 12 
20 20 

174 278 
1.4 8 237 
118 84 
16 16 
26 26 

Semi-skilled labor (5.25) 177       126 177        126 
Kquipmont and mule 24        24 24 24 
Managerial overhead 39        39 39        39 

Total 773      1042 667       872 

i 

III. Ratoon cane:  moderate 
weed competition 

Herbicides:  first application 
second application on 50% 

Semi-skilled labor (2.63) 
Equipment and mule 
Managerial overhead 

Total 417       569 356       471 

IV. Ratoon cane:  heavy 
weed competition 

Herbicides:  first application 203 325 161 258 
second application 185 296 148 237 

Semi-skilled labor (3.5) 118 84 118 84 
Equipment and mule 16 16 16 16 
Managerial overhead 26 26 26 26 

Total 548        747 469        621 

161 258 
74 118 
89 63 
12 12 
20 20 

a Figures in parentheses indicate man-days of labor required. 
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Table A-6. Average labor and equipment requirements for weed control in 
corn, beans, cassava, and sorghum using alternative systems, 
Caruaru municipio, Pernambuco, Brazil.3 

System 

Man and equipment-days/ha/weeding 
unskilled    semiskilled 

labor labor       equipment 

Hoeing 12.7 

Intrarow hoeing following 
animal traction cultivation 

.  b 
Animal traction cultivation 

7.4 

2.4 1.2 

Application of pre-emergence 
or pre-planting herbicides0 1.2 1.2 

Directed application of post- 
emergence  herbicides0 2.4 2.4 

Herbicide incorporation with 
tractor and disk 0.3 0.3 

Based on time trials conducted by OSU/EMBRAPA/USAID Project.  Eight- 
hour days are assumed throughout. 

Based on local practice of using two operators, one to lead the draft 
animal and- one to guide the cultivator. 

'Based on use of backpack sprayer equipped with a two-nozzle boom, 
except for directed applications which require a single-nozzle 
attachment. 
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Table A-7.  Average prices of capital and labor inputs required for al- 
ternative weed control systems, Caruaru municipio, 
Pernambuco, Brazil, 1975. 

Input Units Cost 

Unskilled labor 

Semiskilled labor 

Cultivator and draft animal 

Custom application of herbicides 
by backpack sprayer 

Custom incorporation of herbicides 
by tractor and disk (8 hours x 
Cr$55/hour including driver) 

Herbicides 

EPTC 

fluorodifen 

fluormeturon 

Cr$/day 14 

Cr$/day 25 

Cr$/day lb* 

Cr$/ha 97C 

Cr$/day 440 

Cr$/kg active ingredient 59 

Cr$/kg active ingredient 139 

Cr$/kg active ingredient 139 

Based on local market information collected by OSU/EMBRAPA/USAID Pro- 
ject for June, 1975. 

See Appendix Table A-8 for derivation of this figure» 

"See Appendix Table A-9 for derivation of this figure. 

These herbicides generally were not available in Caruaru.  Consequently 
the prices quoted here are based upon small quantity prices in Recife, 
110 km distant, adjusted upward 14 percent for transportation and 
handling costs. 
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Table A-8.  Operating costs for horse pulled cultivator, Caruaru 
municipio, Pernambuco, Brazil, 1975. 

Cost Component Cost. (Cr$) 

Annual costs 

Cultivator and harness: 

Depreciation (Cr$300 i   12 years) 25 

Interest on average investment (0.10 x Cr $150) 15 

Repairs, hoe replacements 25 

Total        65 

Horse: 

Depreciation (Cr$1200 - Cr$200 salvage) ^ 
(8 years) 125 

Interest on average balance (0.10 x Cr$700) 70 

Cost of annual pasture and feed 450 

Total 645 

Daily costs 

Cultivator (Cr$65 -f 20 days use per year) 3.25 

Horse (Cr$645 v 50 days per year in all uses) 12.90 

Total 16.15 

SOURCE:  Local market surveys conducted by OSU/EMBRAPA/USAID Project. 
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Table A-9.  Estimated costs for custom application of pre-emergence 
herbicides, Caruaru municipio, Pernambuco, Brazil, 1975. 

Cost Component Cost (Cr$) 

Overhead costs: 

Salary and return to knowledge, management, and 
risk bearing of custom applier owner-operator 

Equipped truck (Cr$120/day rental opportunity 
cost + Cr$50/day fuel and lubricants) 

Subtotal 

140.00/day 

170.00/day 

310.00/day 

Costs per hectare: 

Overhead costs/ha (assuming operator supervises 
six spraymen x 0.83 ha/man/day = 5 ha/day, 
resulting in Cr$310.00 T 5) 

Wages of spraymen (Cr$25.00/man/day T 0.83 ha/ 
man-day) 

Depreciation and maintenance on sprayers 

Total 

62.00/ha 

30.12/ha 

4.80/ha 

96.92/ha 

SOURCE:  Calculations are based on information collected in local market 
surveys and interviews by the OSU/EMBRAPA/USAID Project.  There 
were no custom herbicide application services available in the 
area so these figures represent educated estimates of possible 
charges. 


