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The South Atlantic Region of Nicaragua, similar to the North At- 

lantic Region of Costa Rica, is an alluvial plain, with fairly good 

soils and an extremely wet and warm climate. The physical and climatic 

characteristics of the zone cause serious control problems with weeds. 

The International Plant Protection Center (IPPC) of Oregon State 

University has been working in the North Atlantic Region of Costa Rica 

since 1976 developing alternative methods of weed control. From its 

research, IPPC is recommending a chemical mulch to control weeds for 

small farmers.  In an attempt to determine the boundaries of accepta- 

bility for the new control procedure, IPPC is evaluating the technology 

in two different environments. The first is an environment which is 

ecologically different (same economic setting but much drier) than the 

North Atlantic Zone of Costa Rica. The second is a zone which is eco- 

nomically different (same ecological environment but a different eco- 

nomic setting). This study reports on the second effort. 

A survey was conducted in the South Atlantic Region of Nicaragua 

(PRICA) in August of 1980.  A stratified sample of 42 farmers were 

interviewed.  Information was obtained about the input-output relation- 

ships of com production, economic resource availability, crop income. 



off-farm income, size of the family, consumption characteristics of 

the family, and different techniques used by farmers to control weeds 

in com. Secondary data were obtained from private and government 

Nicaraguan institutions as well as from several manuscripts that des- 

cribe the research done by IPPC in the North Atlantic Region of Costa 

Rica. 

The quantitative information from the South Atlantic Region of 

Nicaragua survey was tabulated and stratified in three groups accord- 

ing to the post plant weed control methods practiced by the farmers. 

Each group represents a major traditional weed control technology 

The author obtained quantitative information from IPPC experience 

on the new weed control technologies in the North Atlantic Zone of 

Costa Rica. This information was assumed to represent the new weed 

control technology if it were introduced into the South Atlantic Zone 

of Nicaragua. 

The four weed control technologies were evaluated under different 

availabilities of farm resources, by use of a linear programming pro- 

duction function convex-approximation model. 

To establish the base for comparison, optimal plans of com pro- 

duction were obtained by using traditional weed control technologies. 

Then, the new weed control technology was incorporated into the model, 

and optimal plans obtained. Finally, both plans — traditional and 

traditional with new weed control technology under similar resource 

availabilities are compared by several performance measure use 

intensities. 

It was found that the new weed control technologies are potenti- 

ally beneficial to PRICA com growers. Net farm income and net cash 



income as predicted by the model is increased with the adoption of the 

new technology. When capital is a production constraint and there is 

only one family worker, the adoption of the new technology will greatly 

reduce the use of hired labor but this adverse effect is mitigated 

through the use of more capital in production. When two or three family 

workers are available on the farm and capital is a constraint, the 

adoption of the new weed control technology will induce the use of more 

family labor. When the capital constraint is released, even more family 

labor is used. No major changes in hired labor occur since an adequate 

supply of labor already exists on the farm. 

Risk aversion as used in the model has a substantial effect on the 

results.  Its influence was more marked when only traditional control 

technologies were considered than when both traditional and new tech- 

nologies were evaluated. 
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THE EX-ANTE INTRODUCTION OF A CHEMICAL WEED MULCH WEED 
CONTROL SYSTEM IN THE ATLANTIC PLAIN OF NICARAGUA 

I.  INTRODUCTION 

An increasingly widening disequilibrium exists in the welfare of 

the rural populations between and within rich and poor countries. Out- 

put per hectare in lesser developed countries has increased slightly 

but output per worker has experienced no measurable change in decades. 

The result has been that food output per person in many areas is little 

changed from that of 50 years ago. This is especially true for small 

farmers in many parts of Central America. 

In order to overcome the low productivity of small farm agri- 

culture in Central America, it is imperative that more effective agri- 

cultural production technology be developed.  Improved weed control 

has been suggested as such a technology. This has often taken the form 

of substitution of herbicides for traditional weed control techniques. 

But the introduction of new weed control technology in the form 

of herbicides on small farms in developing countries is the subject of 

considerable controversy. On one hand, herbicides possess the physical 

characteristic of being size neutral (easily divisible), with the pos- 

sibility of decreasing the costs of production, and in some cases in- 

creasing total output. On the other hand, the use of herbicides is 

potentially one of the most labor-saving innovations in agriculture, 

with the attendant possibility for causing severe social dislocations 

in labor surplus economics. 

Previous studies have suggested that in labor abundant areas with 

few employment alternatives and poor ecological conditions for plant 

growth, agricultural scientists should stress the development of labor. 
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using yield increasing types of technology, i.e. varieties, low cost 

irrigation, techniques., improved manual and animal powered weed control 

techniques.  Less attention, they report, should be given to developing 

and promoting labor displacing technologies such as herbicides. 

Not all the developing world, however, is so deprived. There are 

many areas with a large apparent untapped agronomic potential. And in 

certain areas this is coupled with increasing labor shortages, especi- 

ally during certain peak periods. One such area is the North Atlantic 

Zone of Costa Rica (NAZ) 

Work conducted since 1976— by the International Plant Protection 

Center (IPPC) suggests that in the North Atlantic Zone of Costa Rica 

the use of herbicides in a no-till, chemical mulch, weed control system 

for com is likely to be adopted. The no-till system is not only eco- 

nomically efficient in the use of agricultural inputs, but is also 

ecologically compatible with the steep tropical soils on which a con- 

siderable amount of production occurs in Central America. Erosion con- 

trol is greatly enhanced by use of the system in comparison to the 

slash and bum or tilled production systems presently utilized. 

While the system appears promising on the North Atlantic Zone of 

— In June 1976, an agreement was signed between CATIE (Centro Agrono- 
mico Tropical de Investigacion y Ensenanza) and IPPC in which Oregon 
State University and CATIE agreed to work cooperatively in developing 
cropping systems for small farmers. The principal objectives of 
IPPC's research programs were: 

1. Compare weed management practices now used by farmers with 
newly developed techniques to assess:  (a) the economic 
feasibility and returns to small and medium sized farmers, 
and (b) the incentives for adoption of the techniques. 

2. Evaluate the probable socioeconomic effects of new weed man- 
agement systems which are estimated to be more economically 
efficient than existing practices, by comparing economic 
efficiency gains or losses involving rural employment and 
redistribution of income. 
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Costa Rica, it may not be acceptable in different ecological or economic 

settings. Therefore, the technology is now being tested in two differ- 

ent zones: one which is ecologically different (same economic setting 

but much drier) and the second which is economically different (same 

ecological environment but a different economic setting). This study 

reports on the second effort. 

Objectives of This Study 

Specifically, the purposes of this study are: 

1. To determine the existing weed control techniques for com in 

the Atlantic Plain of Nicaragua. 

2. To evaluate the likelihood of adoption of weed control tech- 

nology for com by small farmers on the Atlantic Plain of 

Nicaragua. 

Since risk aversion is thought to be a characteristic of small 

farmers, the role it plays in technology adoption is important. There- 

fore, an additional objective is: 

3. To determine the effect of risk aversion upon the likelihood of 

acceptance of the proposed weed control technology. 

Outline of This Report 

Selected literature on the efficiency of traditional agriculture, 

the necessity of introducing new, more productive technologies as viable 

ways to increase productivity of traditional agriculture, the nature of 

such new technologies, and the welfare impacts caused by the adoption 

of such technologies with emphasis in weed management studies carried 

in lesser income countries are presented in Chapter II. 
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Chapter III provides the historical development and discussion of 

the proposed new weed control technology developed by the International 

Plant Protection Center for the North Atlantic Zone of Costa Rica. 

The data bases used in this study are given in four main sections 

in Chapter IV. The first section summarizes the survey procedures at 

Projecto Rigoberto Cabezas (PRICA) and the different data sources. The 

second section shows a general comparison of the physical, climatic, 

economic, and social characteristics of the two study areas in Costa 

Rica (NAZ) and Nicaragua (PRICA). The third section summarizes the 

information about com production obtained in the PRICA survey. To some 

extent, this information is also compared with the respective one of 

NAZ. The fourth section presents additional assumptions and technical 

coefficients used in formulating the empirical linear programming model 

used in this study. 

The structure of the linear programming model used in this study are 

given in Chapter V. Model validation and study results both under tra- 

ditional and improved methods of weed control are presented in Chapter 

VI.  The limitations of this study and some- suggestions for further 

analysis are stated in Chapter VII. Finally, Chapter VIII presents the 

summary and conclusions of this study and some implications for further 

studies. 



II.  LITERATURE REVIEW 

Fundamental economic issues dealing with technological change are 

reviewed in this chapter. Technological change, it will be argued, is 

a predecessor of economic development for traditional agriculture.  In 

this chapter, some characteristics of the traditional sector are dis- 

cussed. Then, a description of alternative paths of technological de- 

velopment based upon the induced innovation model is presented.  Further, 

the causes and welfare impacts of technological change are discussed. 

Finally, the role of risk in selecting appropriate technologies is 

presented. 

Characteristics of the Traditional Sector 

In explaining the nature of traditional agriculture, the hypothesis 

that "small farmers in traditional agriculture are economically efficient 

in allocating the factors of production" has been controversial. On one 

hand, some economists (Heady and Dillon, 1961; Randhawa and Heady, 1964) 

have postulated that farmers could increase their income by combining 

their resources differently. That is, too many farmers combine factors 

of production on the basis of tradition rather than economic efficiency. 

A realignment could lead to increased production, they argue. 

On the other hand, other economists (Hopper, 1965; Shultz, 1964; 

Hayami and Ruttan, 1971; Binswanger et. al., 1978) have argued that 

traditional farmers are good decision makers, given their knowledge 

and resources. Hence, this group of economists have hypothesized that 

reallocation of the factors would not appreciably increase income. 

They have already combined the factors of production so that the mar- 

ginal value product of resources are equal in different enterprises and 
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are equal to their marginal cost. This second position is now more 

widely accepted than the former (Mellor, 1969).and recently has been 

supported by the research of Hayami and Ruttan (1971), Stevens et. al. 

(1972) and Binswanger et. al. (1978). 

Some empirical evidences that supports the hypothesis that farmers 

are good decision makers exist. Examples are:  (1) several Extension 

Service and community development programs which have been undertaken 

to help farmers make the "right production decisions" have failed to 

increase production and, hence, have been abandoned after several years 

of implementation (Shultz, 1964) and (2) credit programs undertaken to 

combat capital shortages in traditional farming have resulted, to a 

large extent, in low repayment rates (20 to 70 percent) (Stevens et. al., 

1977). 

Accepting the hypothesis that traditional farmers are good decision 

makers, and that simple recombination of factor of production will not 

result in appreciable income increase, a strategy has been suggested for 

the development of traditional agriculture.  It focuses on making eco- 

nomic, social, technical and institutional changes based on the develop- 

ment of locally tested agricultural technologies which are more profit- 

able to small farmers and provide higher rates of return to investment 

in agriculture (Shultz, 1964; Hayami and Ruttan, 1971; Ruttan, 1976; 

Binswanger et. al., 1978). To do so, several development strategies- 

have been proposed.  Among them, "the induced innovation model" proposed 

by Hayami and Ruttan (1971) appears to be the most consistent with the 

actual situation of the lesser income countries. 

1/ 
Such development strategies are known as:  (1) the frontier, (2) the 
conservation, (3) the urban industrial impact, (4) the diffusion, and 
(5) the high payoff input model. 



Induced Innovation Model 

The "induced innovation model" is a model of agricultural develop- 

ment in which technical change is treated as endogenous to the develop- 

ment process, rather than as an exogenous factor that operates indepen- 

dently (Hayami and Ruttan, 1971).  In the "induced innovation model", 

an efficient new technology will facilitate the substitution of rela- 

tively abundant factors for relatively scarce factors of production. 

Such technology-embodied in new crop varieties, new equipment, or new 

production practices, in some cases, may not substitute for factors of 

production by themselves, but rather serve as catalysts to facilitate 

the substitution of the relative factors (Ruttan, 1976). 

Alternative Paths of Technological Development 

Relatively speaking, technologies may be labor-saving, land 

saving, or capital saving (Bier et. al., 1972; Donalson and McSnemey, 

1973; Gotsh, 1972; Hayami and But tan, 1971; Ruttan, 1976). Which is 

concerned is a function of which resources are the most plentiful. 

The most plentiful, economically speaking, should be used while con- 

serving the most scarce. A technology to be adopted must:  (1> reduce 

cost while maintaining output, (2) increase total output while main- 

taining costs, or (3) increase both costs and output but output (gross 

income) increasing at a faster rate. 

According to Ruttan, there are basically two kinds of new, 

improved technology generally available to agriculture: mechanical 

technology which is by and large labor-saving and biological tech- 

nology which is land-saving (Ruttan, 1973). The primary effect of the 

adoption of mechanical technology is to facilitate the substitution of 
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mechanical or animal power for human labor, allows each worker to extend 

his efforts over a larger land area. The primary effect of adoption of 

biological technology is to facilitate the substitution of labor and in- 

dustrial inputs for land. Price, of course, is the motivation for 

change.  In the United States, the wage rates, relative to the price of 

land and machinery, encourage the substitution of land and power for 

labor. While in Japan, the supply of land was inelastic and its price 

was much more expensive relative to wages than to other commodities. 

It was not therefore profitable to substitute power for labor. 

Instead, the opportunities were to develop a new biological tech- 

nology which constituted varietal improvement toward the selection and 

breeding of more fertilizer-responsive varieties of rice.  "The enor- 

mous change in fertilizer input per hectare that occurred in Japan since 

1880 reflects not only the effect of the response by farmers to lower 

fertilizer prices, but the development by the Japanese agricultural 

research system of fertilizing consuming rice varieties in order to 

take advantage of a decline in the real price of fertilizer" (Ruttan, 

1976). 

Labor-Saving Technologies 

If the ratio of capital to labor employed in production rises when 

a new technology is introduced, it is called a labor-saving/capital- 

using technology. 

The above arguments can be seen in Figure II-l.  In Figure II-l, 

the isoquant Y0 represents the com output of a typical small family 

farm under "traditional weed control technologies". Given the prices 

(opportunity costs) of labor and capital, the equilibrium production 



position with respect to weed control capital and labor inputs is shown 

at a. Assume a "labor-saving" technological change in the form of 

herbicides represented by the isoquant where Y. = Y0 then the most 

efficient capital/labor combination shifts to b. The economic incent- 

ive for this new technology to be adopted is apparent by the lowered 

production costs. At the equilibrium point b, NL - M.. units of labor 

are released and T1 - T? units of capital are increased to produce the 

same level of output. However, if labor is a production constraint, and 

more land and capital are available for production, it is possible to 

get a higher isoquant (Y2) by utilizing the released labor units to 

expand production. To move from b to c, in Figure II-1, implies that 

the usage of other factors of production which are not included in the 

discussion have to be increased, i.e., land. As a consequence, a labor- 

saving technology per unit of land may actually use more total labor if 

the size of the farm can be increased. 

Capital 

*1    ' 2 Labor 

Figure II-l.  Incentive to the adoption of a labor-saving technology. 



10 

Land-Saving Technologies 

In contrast to labor-saving technologies which substitute capital 

for labor but does not change the physiological outcome of the plants 

or animals to which "it was applied", land-saving technologies embodied 

in biological innovations increases both total output and total costs 

(per unit of land) (Bieri et. al., 1972; Donalson and Mclnemey, 1973). 

As total output per unit of land increases, the output/land ratio 

will increase. As a consequence, to produce a specified level of out- 

put, less land will be required.  In order to achieve higher levels of 

output per unit of land, the usage of other variable inputs such as 

fertilizer, new seeds and breeds, pesticides and insecticides, irri- 

gation, etc. has to be increased.  In addition, the application of such 

inputs will induce the usage of more labor, so that the effects of bio- 

logical inputs are likely to be land-saving, and labor-using. 

Market Distortions 

The path of development for which a new efficient technology has 

been developed can be easily changed due to market distortions and gov- 

ernment policy. Hence, it will be considered here. 

Factor price distortions, or other forms of government interven- 

tions influence the private profitability of a new technique which may 

not be socially efficient when evaluated at the true social values of 

the utilized resources (Miller, 1977). For instance, it is shown in 

Figure II-2 that market distortions lead to different input usage than 

would be socially desirable to produce a given level of output.  In the 

hypothetical relationships, isoquant Y represents a frontier of 

technically efficient capital - labor combinations used to produce a 
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M, M. MM 
3 4 

Mr Labor 
1    -"2   "3"4    5 6 

Figure II-2. Market distortions as cause of technological change. 

given level of output with a given technology. The capital/labor social 

price ratio is reflected by isocost line T6 M6, which reveals that M4 

units of labor and T7 units of capital is the most efficient combination 

of inputs required to produce Y from the perspective of the entrepren- 

21 
eur and society. If a factor neutral technology— is introduced to pro- 

duce the same level of output (Y^ but using less inputs, T1 units of 

capital and M2 units of labor will be required if the capital/labor 

price relation remains as above. On the other hand, if the- government 

subsidizes capital inputs, the isocost line increases its slope. Then, 

M, units of labor and T3 units of capital will be required to produce 

OT OT, 
the same Y. units of output.  In other words, ^3 > ^gl . Thus, 

government interventions can transform neutral technologies into non- 

neutral technologies. The effects could be efficiency losses for 

society and are discussed in the following section. 

— A new technology is factor neutral only if it does not impinge dif- 
ferentially on the productivities of different factors. 
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Welfare Impacts of Technological Change 

Welfare impacts associated with types of technological change can 

be either efficiency or distributional changes (Miller, 1977). 

Efficiency Changes 

Changes in efficiency are reflected in the resource cost of pro- 

ducing a given output to society.  In measuring efficiency changes from 

technological change, two different approaches have been used by re- 

searchers. They are:  (1) the research cost and social return obtained 

from the introduction of a new technology in production (Griliches, 

1958; Ayer, 1972), and (2) the margin between the private and social 

costs of producing a given level of output, such margin is usually 

called "welfare efficiency losses". 

Lowering of production costs benefits society—either consumers, 

producers or both. The diffusion pattern of a new technology deter- 

3/ mines the distribution of the Schurapeterian profits— or losses within 

the farm sector (Bieri et. al., 1972). Namely, early adopters of new 

technologies have been principally large farmers and comparatively 

wealthy entrepreneurs. Large farmers tend to have easier access to 

capital markets, information, and education—particularly in less 

developed countries where these three factors typically are in limited 

supply, and hence, are not allocated among firms through market forces. 

This permits large farmers to reap profits by using new technologies 

and in some cases, by. buying more land and displacing less favored 

farmers. 

3/ — Schumpeter says that profits, in a dynamic framework, are obtained 
for monopolistic positions which are temporarily obtained by early 
adopters of a new technology. 
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Welfare Efficiency 

Welfare efficiencies are generally related to the margin created 

between social and private costs due to the presence of market distor- 

tions. Exogenous market forces that increase the efficiency of a new 

agricultural technology have affected the distributions of welfare 

gains both within the farm sector and among the related sectors of the 

economy (Miller, 1977). For instance, in Figure IV-2, the government 

subsidies will waste T., - T. units of capital, and will withdraw 

NL - M, units of labor from production. 

Fonollera (1977), using a linear programming model to evaluate 

market distortion effects in weed control technology adoption in El 

Salvador, found that correcting input-output price for market distor- 

tions was not sufficient to induce change in weed control technology in 

small and medium farm enterprises. The privately efficient and soci- 

ally efficient system for all selected enterprises was the same (manual 

control). However, Fonollera, in the same study, found that the 

capital-labor substitution on the large farms was sensitive to dis- 

torted wage rates and to direct and indirect government subsidies on 

capital inputs. To a certain extent, these results confirm the frame- 

work stated by Bieri et. al., that market imperfections favor primarily 

large farmers, who also are the earlier adopters of new technologies. 

Young (1977), studying the effects on social private costs of weed 

control in a sugarcane plantation in Northwest Brazil, found that when 

factor price distortions are introduced, the social and private costs 

of weed control are no longer equivalent. The social costs of weed 

control generally exceeded its private cost because plantations did not 

bear the full social cost of the subsidized chemical weed control 
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systems. The distortions biased the choice of weed control technology 

away from the socially optimal pattern and consequently resulted in a 

greater resource expenditure to achieve the same level of weed control. 

These increased social expenditures are a measure of the efficiency 

losses attributable to the government interventions in factor markets. 

Distributional Changes 

Distributional changes refer to the distribution of welfare bene- 

fits and costs among different groups in society, and how these changes 

relate to society's broad equity goals (Miller, 1977)„ The distribution 

of welfare gains from technological change depend critically on the 

farm firms and the input suppliers to these firms (Bieri et. alo, 1977). 

The distribution of personal income and power will be the result of: 

(1) the characteristics of the technology in the agricultural sector, 

(2) the distribution of institutional services, and (3) the distribution 

of productive assets, which together produce an estimate of the market- 

able surplus available from the rural community and a measure of the 

personal distribution of income. The latter, together with the non- 

wealth attributes of local customs and traditions, result in the dis- 

tribution of personal income and power (Gotsch, 1972). Then, personal 

income is fedback to further capital accumulation and better institu- 

tions that serve rural communities. 

As a result, the availability of savings foracquisition of addi- 

tional assets depends upon the absolute surplur of the larger farmers 

and not of their relative position. Hence, large farmers will tend to 

acquire scarce resources, particularly land, even though the new tech- 

nology was perfectly divisible and labor-saving. Additionally, if the 

distribution of income is affected by technological change, a conflict 
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will be created between those who have and do not have access to the 

technology.  If the latter try to create new institutions, they will be 

opposed by those currently in power (Gotsch, 1972), 

Finally, one cannot say whether technological change, regardless 

of the sector in which it occurs, is beneficial or detrimental to 

society. All can be made better off only if appropriate redistribution 

policies are implemented (Bieri et. al., 1972). 

The Role of Risk in Selecting a New Technology 

There is strong evidence to suggest that farmers are rational when 

confronted with economic choices, i.e., they tend to accept the eco- 

nomically superior alternative. Unfortunately, too often new technolo- 

gies lack sufficient economic incentives for farmers to adopt them. 

The identification of economically viable technologies is a long and 

arduous task. 

The slow process of adopting supposedly superior technologies by 

small farmers can often be traced to the basic fact that there was in- 

sufficient incentive for adoption. The question of how much better a 

technology must be before farmers adopt it has received insufficient 

research and remains unanswered. 

But another factor must be considered in assessing the appropri- 

ateness of technology-risk. Under perfect knowledge, profit is the 

difference between total revenue and total costs. But perfect know- 

ledge is seldom available. Small farmers' decisions, some have argued, 

4/ are based upon expectations of occurrences— . The decision making 

— A number of anthropologists question whether farmers can effectively 
use probabilities. They argue that risk does not constitute a major 
factor to technology adoption. Failure to understand non-monetary 
values, they argue, is the basis of failure of many technologies. 
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space is bounded by results which are subject to probability of occur- 

rences which are, in turn, translated by producers into probabilities 

of loss (Escobar, 1978).  In this view, the profit maximization level 

of production is unknown and hence resources must be allocated accord- 

ing to producer's perception of expected revenue. Therefore, risk 

associated with production not only will alter the producer decision 

making process, but also the producer objective function, which dic- 

tates all decisions regarding production activities (Escobar, 1978). 

This is a very important point when one analyzes small farmer's 

economic rationality. Several studies have concluded that the adoption 

of a new more efficient production technique by small farmers may be 

impeded by risk aversion (Brink and McCarl, 1978; Goodwin et. al., 1980) 

There are many sources of risk, but the following are likely to 

be the most relevant: 

(1) Farmers have difficulties in estimating the return from new 

alternatives. This happens because farmers do not know the return of a 

given new alternative under different states of nature, i.e., variation 

in weather, pest population, etc. 

(2) Lack of information about the proper use of a new technology. 

Additionally, new technologies, intrinsically, involve uncertainty 

since they represent change which needs to be inserted into the pro- 

duction process. Farmers may wrongly perceive the distribution of the 

returns for new alternatives. Therefore, risk aversion and risk mis- 

perception are both potentially important in the acceptance of a new 

technology (Goodwin et, al., 1980). The institutional sector, experi- 

mental stations and government institutions play important roles in 

the process of adoption by reducing risk misperception at the farm 

level. 
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Summary 

It has been shown that economic development can occur through in- 

duced technological change. But such technologies are not neutral in 

terms of factor usage nor in terms of government policy. Each poten- 

tial technology must be carefully assessed to identify real gains and 

losses. Such an assessment tends to be more complete when risk is 

endogenously considered in the analysis. 
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III.  DEVELOPMENT OF A PROPOSED 
WEED CONTROL SYSTEM IN COSTA RICA 

In this chapter, first, a brief description of the origin and ob- 

jectives of IPPC research in the North Atlantic Zone of Costa Rica is 

presented. This is followed by a justification for doing research in 

weed control techniques are presented. Further, a description of IPPC 

recommended weed strategy adequate for controlling the types of weeds 

which are more frequent in PRICA com plots is presented. Finally, the 

plans for further adoption of the recommended IPPC weed control tech- 

nologies under different situations is presented. 

Origin and Objectives 

The International Plant Protection Center (IPPC) of Oregon State 

University was invited to participate in the Small Farmer Cropping 

System Program of the Centro Agronomico Tropical de Investigacion y 

Ensenanza (CATIE) in Costa Rica in 1976. The program had as an ob- 

jective the development of alternative cropping systems for traditional 

farmers in Central America. The specific mandate of IPPC in the pro- 

gram was to identify alternative weed management systems for the major 

food crops, and to evaluate the proposed technologies in terms of pro- 

jected adoption potential, rural employment, and distribution of income 

effects. The project work area selected for the initial studies by 

IPPC and CATIE was the North Atlantic Zone of Costa Rica. 

Site and Justification 

The North Atlantic Zone of Costa Rica is part of the "llanos del 

Atlantico" (Atlantic Plain) which extends from Northern Nicaragua to 
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Southern Costa Rica, all along the Atlantic Coast.  It has a warm, 

humid climate with high annual rainfall (3 to 4 meters) and relatively 

good soils. Since the physical and ecological characteristics are 

common all along the Atlantic Plain, a complete description of these 

characteristics will be reserved for Chapter III. 

Agronomists and economists working jointly in Costa Rica accumu- 

lated a large amount of survey and experimental data. They learned 

that com is the primary food crop and is a staple as well as being 

sold in the market. Weeds constitute a major production problem in 

com. A zero or minimum tillage system of production is generally em- 

ployed by small-scale farmers, often the traditional slash and bum 

system. But an unexpected high percentage of the farmers in the North 

Atlantic Zone use herbicides to kill existing vegetation, which is 

followed by planting with a dibble stick. 

Further, they learned that weed control constitutes up to 60 per- 

cent of cash costs. The higher percentages were where aggressive per- 

ennial weeds predominate. Furthermore, more than 50 percent of the 

total weed control costs occurred prior to planting as land is cleared. 

The weed complex can change over time, which in turn affects the 

costs of land preparation. On new land after the original clearing of 

marketable timber, broadleaf weed species predominate, but grasses soon 

follow. The high annual rainfall and high temperature favor the estab- 

lishment of aggressive species, perennials such as Panicum maximum, 

Paspalum fasciculatum, Paspalum paniculatum, and annuals such as 

Rottboellia exaltata and Digitaria sp. 

Weeds generally are cut three times by hand with a machete during 

the com growing season with the residue left on the ground as a 



20 

permanent mulch. The first cutting of standing weeds (in preparation 

for planting) is 10 to 13 cm. Then, com is planted in rows through 

the mulch layer with the aid of an "espeque" or jab planter which 

pokes holes through the mulch and into the soil, into which the seed 

kernels are dropped and covered by foot. Weeds are cut a second time 

during the com growing season so com plants can stay above the weeds. 

A third cutting occurs just prior to or during the "doubling" of com 

stalks at harvest time (doubling simultaneously dries and provides 

storage). Doubling minimizes disease and insect infestation in the 

com ears and facilitates field drying (McCarty, 1979). 

Many of the farmers experiment with herbicides in an attempt to 

improve weed control costs. They apply small amounts of apparently 

random mixtures of paraquat, diuron and 2,4-D. This experimentation, 

it is believed, stems from the rather general use of these chemicals 

in banana, coffee, and sugarcane plantations to control weeds. A few 

farmers also hire custom plowing and use fertilizer. 

After reviewing the accumulated data, the IPPC team focused on 

zero or minimum tillage systems in an attempt to relieve the land prep- 

aration bottleneck. A series of experiments were conducted during the 

period 1976 to 1980 which led to several weed control recommendations 

that appeared to be both agronomically and economically sound. 

The IPPC weed control recommendations were modified depending upon 

the weed populations and the availability of mechanical power. Since 

mechanical power is not available in the study area and annual weed 

species predominated in the com area, two IPPC recommendations, it 

was believed, are appropriate for PRICA. The following summarizes 

these recommendations. 
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Alternative 1: At planting, cut weeds to ground level. From 20 

to 25 DAP— apply paraquat directed with shield (0.2 kg/ha). 

This treatment eliminates "effective weed competition". Weeds 

germinating after 20 to 25 DAP will not affect yield. However, in case 

of significant regrowth, a second application 40 to 45 DAP will improve 

the aesthetic aspects of the field and leave it in better condition for 

harvest and planting the following crop. Manual weedings can replace 

paraquat if labor is available. 

Alternative 2: Apply paraquat (0.4 kg/ha) over the standing vege- 

tation one to two days before planting. A second application of para- 

quat (0.2 kg/ha) 20 to 25 DAP is made using a spray shield. 

Manual weeding can be used if available, but experience has shown 

that this results in the germination of more weeds than when paraquat is 

used. 

Plans for Further Adoption 

An attempt is presently being made in Costa Rica to monitor the 

adoption of the new weed control technologies. Selected farmers will 

be taught the systems and provided needed inputs for demonstration 

trials on their lands. Three treatments will be tested:  (1) the 

farmer's weed control practice, (2) the proposed weed control tech- 

nology, and (3) the proposed weed control technology plus CATIE recom- 

mendations on fertilizer use and insect control. 

Farm records will be maintained on a bi-weekly basis for all farm 

and household activities and consumption. After the first season these 

farmers will determine for themselves the appropriateness of the 

— Days After Planting. 
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technology.  During the second season, through farm visits, a record 

will be obtained of their unsubsidized acceptance, rejection, or modi- 

fication of the technology. 

The question of whether the proposed weed control technologies 

introduced in Costa Rica might be adopted for different economic en- 

vironments led to this study in Nicaragua. While the Atlantic Plain 

is ecologically homogeneous, it is divided into two countries with 

different rates of economic development—Costa Rica and Nicaragua (see 

Table IV-1). Prices both for agricultural products and inputs, in- 

cluding com and labor, are considerably higher in Costa Rica than in 

Nicaragua. While cereal yield increased during the period 1969 to 1971 

compared to the period 1975 to 1977 by an annual percentage of 2.8 in 

Costa Rica, it declined over the same period in Nicaragua by 0.1 per- 

cent. Thus, the acceptability of the new weed control technologies in 

the Nicaragua setting was not immediately apparent. 

Table IV-1. Selected Economic Indications for Costa Rica and Nicaragua. 

Population (millions)  1979 

Population in Agriculture (%) 1977 

GNP per capita ($) 1976 

GNP growth (%/yr) 1970-76 

Cereal yield (t/ha) Aug. 1975-77 

Annual change: cereal yield (%) Ave. 
1969-71 vs 1975-77 

Fertilizer Consumption (kg/ha)  1976  114 

Tractor density (number/1000 ha) 1976  12 

Source: International Agricultural Development Services. 

2.2 2.5 

37 45 

1.130 770 

3.0 2.5 

1.8 1.1 

2.8 -0.1 

14 30 

12 0.9 
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IV.  THE STUDY AREA:  BACKGROUND, DATA BASE AND 
GENERAL ASSUMPTIONS UNDERTAKEN TO 

FORMULATE THE LINEAR PROGRAMMING MODEL 

In the two previous chapters, the theoretical framework and the 

development of the improved weed control technology used in this study 

as more efficient technological process were presented.  In this chap- 

ter, a general description of the areas involved in this study, the 

data base-information obtained in the survey about com production and 

assumptions undertaken to formulate the linear programming model are 

given. Before proceeding, the sample procedures and data sources used 

for this study are discussed. 

Sample Procedures and Data Sources 

To realize the objectives of this study, an ecologically similar 

area to the NAZ was needed.  It was hoped also that such an area would 

have a different economic environment, and previously limited exposure 

to modem weed control techniques. The Atlantic Plain of Nicaragua was 

identified as having the desired characteristics. The Rigoberto Cabezas 

Project (PRICA) within the Atlantic Plain became the specific study area. 

A cross-sectional survey of farmers together with secondary data 

from government and private institutions, constitutes the Nicaraguan 

data. This is compared to IPPC data from NAZ. 

Primary Data 

A cross-sectional survey of 42 small farmers was taken in the 

PRICA area. The questionnaire used was designed to obtain information 

about input-output relationships of com production, economic resource 

availability, crop income, off-farm income, size of the family, period 
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of residence of the farmer in the PRICA area, and different techniques 

used by the farmers to control weeds in corn- 

The survey was conducted during August and September of 1980, 

Farmers were interviewed in 14 of the 27 different colonies on the 

project. 

Selection of the Sample Farmers 

Cluster sampling was employed in the collection of the data.  It 

was hoped at the outset of the study to obtain interviews with three to 

four farmers in each of the PRICA colonies that are accessible by vehicle 

during the rainy season. However, this was not totally possible since 

several farmers interviewed in one colony had their plots of land in 

nearby colonies. Also, because of time and transportation constraints, 

only one day was allowed to each colony-  It was impossible to return 

if insufficient numbers of farmers were available during the alloted time. 

Travel to the farmers was by public transportation to Nueva Guinea. 

Institute Nacional de Tecnologia Agropecuaria (INTA), through its 

experimental station at Nueva Guinea, provided transportation facilities 

to survey the more distant colonies and to collect some surveys along 

the different roads. 

On an average survey day, one farmer was interviewed early in the 

morning (when the farmers were preparing to go to their plots). An- 

other farmer was interviewed between 9:00 am and 3:00 pm (it was diffi- 

cult to find farmers at home at this time since most of them were out 

working). And, two farmers were interviewed after 3:00 pm (after they 

had returned from work). 

Farmer interviews were in Spanish.  From the 42 interviewed far- 

mers, only two had written records of production. The remaining 
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farmers (40) provided information by recall. Since the farmers ex- 

pressed high interest in the survey, it is assumed that the data ob- 

tained from them are reliable and adequate for this study. 

Location of the Sample Farmers 

Forty-two small farmers were interviewed in 14 colonies of the 

PRICA project. Three farmers were interviewed in Yolaina, four farmers 

in Serrano, one farmer in Carlos Fonseca, three farmers in Verdum, two 

farmers in Nueva Guinea, two farmers in Los Angeles, three farmers in 

Nuevo Leon, four farmers in La Esperanza, four farmers in Ruben Dario, 

four farmers in Benito Escobar, four farmers in Providencia, three 

farmers in Blanca Sandino, three farmers in San Antonio and three 

farmers in Jersalen. 

Secondary Data 

Since no experimental research results on new weed control tech- 

nologies were available in the area, experimental results from the NAZ 

were used to estimate the production and cost effects of the new 

technology. 

As stated in Chapter III, agronomists and economists worked 

jointly in the NAZ of Costa Rica. Several manuscripts are available 

describing this work. The most important, as far as this study is 

concerned, is a Master of Science thesis written by Thomas V. McCarty, 

"The Agronomic, Economic, and Social Effects of the Availability of New 

Weed Control Treatments to Small Com Farmers in the North Atlantic 

Zone of Costa Rica".  It is used to establish the NAZ base to compare 

agronomic and institutional characteristics of PRICA and NAZ. 
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Other sources of secondary data are the following: Prices for 

different types of herbicides used in the NAZ and available in the 

Nicaraguan market were obtained from private institutions. Data con- 

cerning com prices, soil and climatic characteristics of the area, 

credit availability and general information about the PRICA project 

were obtained directly from the Government of Nicaragua (GON) institu- 

tions. PRICA farmers provided information about farm gate prices and 

ENABAS (Empresa Nicaraguense de Alimentos Basicos) quoted current com 

prices at the retail level. The credit situation of the surveyed 

farmers was obtained from BND (Banco Nacional de Desarrollo). Soil and 

climatic characteristics of the region were obtained from an INTA ex- 

perimental station at Nueva Guinea and general information about the 

PRICA project was obtained from INRA (Institute Nacional de Reforma 

Agraria). 

Background of the Areas Involved in this Study 

In this section, the general characteristics of the study area, 

PRICA, are presented, with a comparison of these characteristics with 

those of NAZ. It is presented to show the comparability of the two 

areas and thus support the hypothesis of direct transfer of IPPC 

technology. 

General Information 

The PRICA is located in the south of the Atlantic Plain of 

Nicaragua, about 200 kms southeast of Managua. It was established in 

1965 by the GON as a small farmer resettlement project.  Fifteen small 

farmers with their families were transferred from other regions of the 

country to an area of public lands located in the wooded Atlantic Region. 
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Shortly after transfer of the first peasants, there was a major 

migration of landless peasants and small farmers to the area. The 

migration forced the GON to develop a method of handling the unplanned 

growth. A feasibility study for the settlement of small farmers in 

the original area of 397,682 (has) was conducted by the GON with 

financial support of the International Bank of Development. 

From the information gathered in the feasibility study, it was 

decided to implement the project in several phases with first two 

sites being PRICA I and PRICA II (January 1968). The land was distri- 

buted by site as follows: 

Area (has) Percent 

Phase I (PRICA I)        55,634 14 

Phase II (PRICA II)       76,972 19.6 

Other Phases 265,076 66.4 

Total 397,682 100.0 

Now after 15 years, there are more than 3,000 farm families living in 

the entire project, distributed in 27 colonies (INRA, 1980). 

The small farmer sector of NAZ has a similar origin to PRICA. The 

majority of small farmers who are farming in the NAZ have moved to the 

region from other parts of Costa Rica as a result of a government pro- 

gram that provides 20 hectare plots for homesteading (McCarty, 1979). 

Population 

The total population of PRICA is calculated to be 15,000 inhabi- 

2 
tants, and the population density is 15.6 inhabitants per km (INRA, 

1980). The people live within the villages of the different colonies. 

Each farmer has a plot of land near the village where he lives. Rarely 

do farmers live on their land. Each colony village is five to 15 km 
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Figure IV.1 Size and position of the survey region with respect to the 
whole Nicaragua and experimental area in Costa Rica. 
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from the neighboring colony and has approximately 100 families. The 

total population of the NAZ is 36,000 people with a density of 42 in- 

2 
habitants per km . 

In the sample of 42 farmers, the household includes an average of 

7.6 persons, 2.2 of whom are workers at the farm unit. The smallest 

household includes three persons and the largest 13. In the NAZ, the 

average household includes about eight persons, two of whom did the 

farm work. The smallest household includes two members and the largest 

16 persons (McCarty, 1979). 

Organization of the PRICA 

The project has been reorganized several times by controlling gov- 

ernment institutions. The last one was in June 1980. It combined the 

colonies in four sub-seats, mainly to facilitate the process of provid- 

ing technical advice to farmers (see Table IV-1). 

General Infrastructure 

An all-weather road connects PRICA with the Nicaraguan capital, 

Managua, and subsequently with the rest of the country. Within PRICA's 

area there are approximately 150 km of dirt road, passable during most 

of the year, and 300 kms of roads usable only in the dry season. The 

colonies which have access to all weather roads are identified in 

Table IV-2. Also, there is a hospital, three schools in Nueva Guinea 

(the main colony village) and one school in each of the other colonies. 

School and health facilities are equally available in the NAZ. The 

Costa Rican Institute for Lands and Homesteading (ITCO) has been selling 

subsidized hectare homesteads to Costa Rican citizens since 1965 (McCarty, 

1979). No downpayment is required and no interest is charged. 
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Table IV-2. Actual Organization of the PRICA Project and Characteristics of the Different Colonies. 

Number of 
families 

Area^ Ori] 
that 

ginal phase 
belonged to 

Access to 
year-around 

road Total 
planted 
of com 

Surveyed 
Colony Prica I  ! Prica II farmers 

Sub-seat I 

Yolaina 132 4042 115.2 X X 3 

Serrano 171 5160 267.0 X X 4 

Carlos Fonseca 153 5772 281.1 X X 1 

Verdum 119 3640 212.8 X X 3 

Nueva Guinea 295 5418 179.2 X X 2 

Los Angeles 152 5320 189.7 X X 2 

Subtotal 1022 29351 1245.7 15 

Sub-seat 11 

iNuevo Leon 93 2965 204.1 X X 3 

La Esperanza 142 4643 182.9 X X 4 

Ruben Dario 77 2103 146.3 X X 4 

Benito Escobar 167 5226 206.7 X X 4 

Providencia 172 6020 215.6 X 

Nuevos Horizontes 152 3479 149.1 X 

German Pomares 194 3076 149.1 X 

19 de Julio 142 2930 149.1 X 

Subtotal 1139 31440 1402.8 19 

Sub-seat III 

Talolinga 100 3837 91.7 X 

Kuringuas 99 3036 115.5 X 

San Jose 120 4690 73.5 X 

San Martin 121 3518 202.3 X 

Jacinto Baca Jerez 105 2657 60.7 X 

Los Laureles 69 2302 150.5 X X 

Subtotal 614 20047 694.2 _ 

-continued next page- 
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Table IV-2., Continued 

Number of 
Area^ Original phase 

that belonged to 
Access to 
year-around Planted Surveyed 

Colony families Total of com Prica I  Prica II road fanners 

Sub-seat IV 

Blanca Sandino 72 5182 151.6 X X 3 

San Antonio 133 4555 207.6 X X 3 

San Miguel 140 5040 347.9 X 

San Ramon 113 3266 160.7 X 

Jerusalen 116 5218 241.2 X X 3 

Caracito 57 2446 79.8 X X 

Rio Rama 149 2222 377.3 X X 

Subtotal 780 25926 1565.9 9 

TOTAL 355S 106765 4980.6 42 

a/ —   Hectares. 

Source:     INRA,   1980. 
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Physical and Climatic Conditions 

In the PRICA region, the soils are predominantly deep and will 

drain clays with an average pH of 5.3. The NAZ has generally the same 

types of soils, however, they are slightly less acidic (pH of 5.5).  In 

both zones, the topography is flat to gently rolling. PRICA altitudes 

range from 100 meters above sea level (m.a.s.l.) to 467 m.a.s.l. with 

the mode being between 186 and 200 m.a.s.l. 

Measured by its agricultural potential, 33 percent of the PRICA 

area is of general use, 21 percent is of limited use, 38 percent is 

of very limited use, and three percent is for restricted use only. 

Thirty-three percent of the total area is fit for the production of 

annual crops and 59 percent fit for livestock production (IAM, 1968). 

While the average annual rainfall in the NAZ is 3.5 meters, in the 

PRICA area it is 2.5 meters.  In the PRICA area, the wet season starts 

in May and ends in February or March followed by a short (1 to 2 months) 

dry season; however, it is often wet through the entire year. As shown 

in Figure IV-2, the months of the lowest precipitation in the PRICA are 

February, March and April. Figure IV-3 shows a similar record for NAZ. 

In the NAZ, there is also a short period of low precipitation in the 

middle of the wet season (September). This period does not occur in 

the PRICA. 

The temperature is relatively constant in both areas.  In the NAZ, 

the average temperature is 260C, in the PRICA it is 24.420C. The mini- 

mum in PRICA is 23.360C in January and the maximum is 25.670C in May. 

Corresponding figures for NAZ are 230C in January and 260C in September. 

The average monthly humidity is 87.61 percent with the minimum being 

80.29 percent in April, and the maximum being 91.63 percent in December 

(INTA, 1980). The humidity is equally as high for NAZ. 
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Sept.  Oct. Dec. 

Figure IV-2. Mean monthly temperature, rainfall, and humidity at Dean Pagget Station, 
Nueva Guinea, nine years (1970-1978).  Source:  INTA, 1980 
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Farm Size and Tenure 

Most of the farm units in the PRICA area are uniform in size. Of 

the total 27 colonies of the project, 24 have an average farm size of 

35 hectares. Only in Nueva Guinea and Verdum are there large farms 

(50 has).  In Jerusalen there are a few farms of 10 to 25 (has). 

Additionally, scattered within the project area, there are a few big 

farms (55 to 175 has) which belong to farmers who were residents in the 

region before the project was founded (INRA, 1980). 

In the NAZ, 65 percent of the farms have 20 hectares or less 

(McCarty, 1979). There are a number of large farms, however.  In con- 

trast to the NAZ, small farmers on the PRICA area are not making the 

required land payments to the government. This may arise from the 

political unrest which has characterized Nicaragua in recent years as 

well as question their ability to pay. 

Verdum and Nueva Guinea farmers have title to their land, while 

farmers of the rest of the colonies have "title of possession". Title 

of possession prohibits them from selling or trading their land. The 

land tenure status was changed (Verdum and Nueva Guinea) after a few years 

of project implementation since farmers were trading or selling their 

land and the infrastructure invested by the government in their farms 

(INRA, 1980). 

There are landless peasants in both regions. However, it is not 

difficult for them to have access to a piece of land and raise crops. 

Often, it is free, but in some cases, land is rented (up to $140.00— 

2/ 
cordobas per hectare in PRICA and ^O-1 colones to 128 in NAZ, depend- 

ing upon the availability and class of land) . 

— The currency of Nicaragua is the Cordoba. One cordoba is equal to 
0.1 dollars. The currency of Costa Rica is the colon. One colon is 
equal to .12 dollars. 
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Figure IV-3. Average rainfall by month, 1952-65, Los Diamantes, 
North Atlantic Zone, Costa Rica. 



36 

Labor Use and Wage 

The standard, legal workday for agriculture in the PRICA is 8 hours 

but the length of the actual workday varies, depending upon the workers 

themselves, the type of labor involved, the employer and the type of 

cultural practice being performed. Family members usually follow a reg- 

ular schedule of work. They work from sunrise to 2:00 or 3:00 pm. 

In contrast, hired labor is supplied in two forms:  (1) through the 

standard -hour workday, and (2) more commonly through custom contracts 

in which the farmers specify the piece of work to be done and the hired 

labor receives a payment based on his assessment of the time requirement. 

This form of work is preferred by the hired laborer because of its 

flexibility. The labor suppliers can simultaneously work outside or on 

their own farms. In addition, this type of arrangement allows the 

landless workers to raise their own crop on rented land while they work 

for other farmers. 

Employers also influence the length of the normal workday. Some 

prefer to hire under the 8-hour workday schedule, while others prefer 

the contract system. Moreover, there are some government institutions 

which hire labor under the 8-hour workday, but there are others that 

prefer a 9-1/2-hour workday giving Saturday free to the workers . 

The type of cultural practice also influences the workday. For 

instance, in the planting of com, farmers prefer to hire labor under 

the 8-hour system since the contract system does not easily allow the 

farmers to monitor the assignment. Additionally, during planting, there 

is a high demand for com planters, so farmers are exposed to losses if 

planting is not done on time. 
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For 1980, the average hired labor wage was $27.50 cordobas per day 

and it varied between $25.00 and $33.00. In the NAZ, <j:20.00 colones 

per five or six hour man-day appears to be the general method of employ- 

ment and wage paid by farmers for work in annual crops (1977). Basic 

wage rates on large plantations are about <£35.00 colones per 8-hour 

man-day. 

Land Use 

The sample of 42 PRICA farmers grew, in the wet season of 1980, 

106 hectares of com, 28 hectares of rice, 66.4 hectares of banana and 

plantain and 20.2 hectares of coffee. They also grew nine hectares of 

other crops which include cassava, quiquisque, pineapple and sugarcane. 

Rice is a relatively new crop in the area.  It has been introduced 

in the area in the last few years and farmers presently do not have a 

yield history. Coffee is also a new crop in the area. None of the 

plantations are presently in production. The first crop is expected in 

1981. 

The amount of land devoted to crop production and specified above, 

as well as the amount of grassland and weedy land that exists in the 

average PRICA farm are presented in Table IV-2. 

Livestock Production 

The PRICA small farmer in the sample has an.average of 4,5 heads 

of cattle on 12.1 hectares of grassland.  In contrast with the small 

average farmer of the NAZ who has 13 heads of cattle on nine hectares 

of land. Farmers in both areas also own a small number of pigs, 

chickens and horses. 
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Table IV-3. Relative Use of Land by PRICA and NAZ Farmers, 

PRICA (wet season NAZ (wet season 
Use of land of 1980) of 1977) 

Ave. farm (has) 34.1 19.2 

Annual crops (%) 

Com 7.4 31.1 

Rice 2.0 1.0 

Other 4.2 

Sub-total 9.4 36.3 

Perennial crops (%) 6.60 5.2 

Grassland (%) 35.5 47 

Weedy and Virgin Land (%) 48.5 13 

Total 100 101.5 

Comparatively, PRICA farmers have more unused land and less corn land 
than their NAZ cousins. 

Credit 

The GON offers loans to PRICA through the National Bank of Develop- 

ment (BND) which has a main office in Nueva Guinea and branch offices in 

Talolinga, San Antonio and La Esperanza. Generally, PRICA farmers have 

access to 15 different types of BND's loans which cover farm improvement, 

livestock, annual crops and perennial crops. 

For this study, after the 42 participating farmers were interviewed, 

information about their credit situation was obtained directly from BND 

officials. Twenty-two of the farmers (52 percent of the sample) have 

outstanding loans. Table IV-4 presents the actual credit situation of 

the loan holders. The data are somewhat biased toward long-term credit 

since information about short-term loans for annual crops which had been 

used by the farmers and repaid, was not available. 
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Table IV-4. Types of Loans and Amount of Capital Borrowed from the 
BID by 22 of the 42 Surveyed Farmers. 

a/ 
Interest Rate— Total Loans- Debit Bal, 

b/ 
ance— 

Type of Loan 1976 1978- 79 Offered Used Total Mature 

Development: 

Fences 6 9 71,498 62,498 62,498 7,431 

Tree-clearing 6 9 80,600 79,200 78,533 6,782 

Grasses 6 9 86,800 84,200 82,906 8,280 

Water bombs 1,400 1,130 1,130 

Other Agr. loans 27,023 6,043 6,043 4,396 

Livestock: 

Mules 6 9 12,600 10,600 10,065 3,605 

Bulls 6 12 23,600 21,460 20,860 4,600 

Heifers 6 80,440 72,565 71,039 14,596 

Annual Crops: 

Upland rice 10 6,580 1,925 1,925 1,925 

Maize 10 17,580 6,793 6,793 6,793 

Maize-beans 10 19,660 7,797 7,797 7,797 

Beans 10 26,220 14,596 13,996 13,996 

Other Crops: 

Coffee 10 180,000 94,417 94,417 

Banana & plantain 9 48,210 17,327 17,207 480 

Roots §  tubercles 11,290 5,219 5,219 1,319 

—   Percent. 

b/ —   Cordobas  ( (^ .    One cordoba is equal  to 0.1 dollars. 

Source:    Banco Nacional of Nicaragua,  Sucursal Nueva Guinea. 
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An important observation about Table IV-3 is that the initial amount 

of capital which was offered by BND was not used by the farmers. That is, 

farmers borrowed less capital than was initially offered by BND.  In the 

NAZ, credit is also available to small farmers.  In 1977, small farmers 

were obtaining short-term loans (six months for com and nine months for 

beans) with an interest rate of eight percent. Such loans are available 

at 100 percent of the assessed cost of raising the crop (McCarty, 1979). 

Com Production 

In the previous section, the general characteristics of the study 

area and its comparability with the NAZ were discussed.  In this section, 

the discussion is narrowed to production methods used by small farmers 

for com. 

Methods of Cropping and Weed Control 

Land Preparation 

Land preparation in the PRICA area consists of clearing the plant- 

ing area of weeds and old growth vegetation. It is usually done with a 

machete. However, in areas of virgin land, it is cleared of trees by 

axe, if necessary. Since little land remains in the virgin state, this 

type of land preparation is relatively insignificant for PRICA farmers. 

Land preparation (preplant weed cutting) is similar in the NAZ. A few 

farmers plow their lands, however, plowing is not used in PRICA. 

In the NAZ, vegetation is generally out four to five inches above 

the ground. The cut vegetation is left in place as a mulch. Several 

farmers spray herbicide mixture over the regrowth of the cut weeds be- 

fore seeding (McCarty, 1979). 
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After cutting the vegetation, PRICA farmers bum the fields.  It is 

believed by the farmers that this reduces the time required to seed and 

reduces post-plant weed control labor requirements. 

Planting 

Similar to methods used in the NAZ, planting is done in PRICA by 

making a hole in the soil with a pointed stick, dropping two to six 

seeds (four to nine in the NAZ) into the hole and then covering it over 

with the foot. The space left between rows and hills is the same in 

both areas--95 cm. The average amount of seed com planted in one hec- 

tare by PRICA farmers is 14.1 kgs. None of the interviewed PRICA far- 

mers use fertilizer for com while only a minority of small farmers 

applied fertilizer to their com crop in NAZ. 

Post-Plant Weed Control 

In the NAZ, some farmers hand weed their lands after planting, how- 

ever, most use herbicides in addition to or in place of hand weeding. 

Most apply light concentrations of 2,4-D, but some directed applications 

of paraquat are also employed. 

Three post-plant weed control technologies are currently practiced 

by PRICA farmers. Approximately one-third of the producers use each 

system. They are: 

(1) One hand weeding done after planting, when the weeds are 

15 to 35 cms high and the com plants are a little higher 

than the weeds. This hand weeding is usually done 21 days 

after planting. This system is called T, in subsequent 

discussions. 

(2) One hand weeding done one month after planting, when the 
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weeds are between 40 and 80 cms high (T2). 

(3) Two hand weedings done after planting. The first hand 

weeding occurs about 21 days after planting. The sec- 

ond hand weeding is done one month later, when the 

weeds have grown to 35 cms. The com at this time is 

between one and one and one-half meters high (T,). 

Harvest 

Farmers in the NAZ usually double the com and cut the weeds be- 

fore the corn is actually picked.  This is done to prevent the weeds 

from reaching the doubled ears, which would result in ready access by 

rats and other pests. Doubling keeps water away from the mature ears 

allowing for field drying. 

In contrast to NAZ farmers, PRICA farmers do not cut weeds before 

harvesting, even though they are aware of the practice in other areas. 

They believe that the created mulch will reduce the germination of the 

bean crop in the second season.  (Beans are commonly broadcast in the 

areas where com was raised during the first season.) PRICA farmers 

also do not double the com ears. The corn is usually picked and accumu- 

lated in hills on the field.  From there it is taken to storage either 

near the crop area, or more commonly, near the farm house. 

Systems of Com Production in the PRICA Area 

Regardless of the weed control technology that is used, two tra- 

ditional systems of com production are used by PRICA farmers. The 

average farm has 22.0 hectares of non-forage crop, land, but only 2.52 

hectares are in com production. Deducting the hectarage of other 

crops leaves 16.5 hectares of rotatable land. Much of this land is 
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presently unused, that is, it has been cleared of large trees and at 

some time in the past has been used for crop production but at present 

natural vegetation is regrowing with no current commercial production. 

Production System One 

System one is the most common system used by PRICA farmers. Basic- 

ally, it consists of cropping a piece of land for three years and then 

fallowing it for an indefinite period of time before being brought back 

into production. The length of fallow varies according to the need for 

land, but it may be as much as 15 years. Preplant soil preparation 

labor requirements are lower than in a previously fallowed area. As a 

consequence, farmers prefer to crop in a previously cropped area, other 

factors being equal. However, the invasion of weeds and decreasing soil 

productivity force farmers to move to a new area every three years. 

In order to maintain soil fertility and avoid the increasingly noxi- 

ous weed, the farmer plants one-fourth of this corn area on previously 

fallowed land. Thus, in a typical year, three-fourths of his corn area 

is on land which previously produced corn (old land) and one-fourth of 

his land is on previously fallowed land (new land). The average amount 

of old land on PRICA farms is 2.52 hectares. 

For the moment, production system two will be skipped.  It will 

be discussed when the new weed control technologies are presented. 

Production System Three 

System three is similar to system one in that a particular area is 

cropped and then fallowed. In contrast with system one where the 

farmers maximize the use of old land to reduce labor usage in land 

clearing, farmers in system three produce each year on new land. New 
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land (prevously fallowed land) generally yields about 10 percent more 

com than the average of an area which is used for three years, but re- 

quires more time for preplant land preparation. This amounts to an 

increase of two days per hectare in soil preparation. 

Schedule of Activities 

Farmers of the PRICA area generally grow com as the main crop dur- 

ing the wet season of the year and beans during the dry season. However, 

com is often grown in the dry season as well. 

The timing for cultural practices for wet season corn for the two 

areas is shown in Table IV-5. As can be seen, the PRICA area is 

about one month in advance of NAZ. The precise reason for the differ- 

ence is not known. 

Planting extends from the middle of May to early June  in PRICA, 

and through July in the NAZ. However, it is assumed that NAZ farmers 

attempt to take advantage of the reduced rainfall occurring in August 

in the North Atlantic Zone. 

Table IV-5. Timing of Cultural Practices in Wet Season Com 
Production, PRICA and NAZ. 

Practice PRICA NAZ 

Land clearing March-April June 

Field burning Late April 

Planting May-June July 

Hand weeding June/July/August July-August 

Herbicide application             -- July 

Preharvest weeding                -- October 

Harvest October November 
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Marketing 

PRICA farmers raise com for family needs, but they do sell part of 

the total production.  In determining the amount to be sold, the farmers 

behave in one of two ways:  (1) some farmers prefer to sell most of the 

production, storing only family needs for two to three months and buying 

com thereafter. They believe that the losses caused by insects and dis- 

ease in farm storage are so high that it is not feasible to store com 

for the six-month period until the next harvest.  (2) Other farmers pre- 

fer to store enough com for family consumption. They recognize that 

storage losses will be high, but prefer the security of physically own- 

ing the food. They prefer to suffer high storage losses rather than 

being forced to buy the corn on future markets when corn is sometimes 

hard to find. 

The prices of grain crops both at the farm gate and at the retail 

price in the region are controlled by the GON through ENABAS. The 

prices are the same as exist in the rest of the country minus transpor- 

tation costs. ENABAS provides the bags for transportation. ENABAS 

does not penalize for com moisture but it does for foreign material. 

The price paid farmers for com by ENABAS in 1980 was $1.64 cordobas 

per kilo of com. 

Most com growers in NAZ sell their com either to commercial 

buyers or the National Council of Production (NCP). Only eight percent 

of the com is kept for home consumption. The retail price of com in 

Costa Rica is the highest in Central America (?:1,808 colones per metric 

ton of clean, shelled com at 14 percent moisture, 1978). A charge of 

£141 colones per metric ton was deducted for transportation to San Jose, 

the central market. 
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Yields 

When the PRICA survey was taken, corn had not been harvested. 

Yields, therefore, were estimated by farmers. 

The average yield estimated by PRICA farmers for the wet season of 

1980 was 832.2 kgs per hectare. NAZ farmers produced an average of 370 

kgs per hectare in the wet season of 1977 (McCarty, 1979). Table IV-5 

contains the average yields estimated by PRICA farmers according to the 

post-plant weed control strategy that they were using. The standard 

deviation of yield is also given by technology. 

Table IV-6. Actual Yield Obtained by PRICA Farmers in the First 
Season of 1980 for Three Different Types of Weed Control and a Yield 
Estimate for the Improved Technology. 

Tl Zi T3 T4 

Yield (kgs) 783 753 981 1109 

Standard deviation 212 444 470 222 

Yields vary considerably by technology.  Of the traditional tech- 

nologies, T, is the highest. Since it includes both an early and a 

second weeding it would be expected to be higher than either T, (one 

early weeding) or T- (one late hand weeding). Between T, and T2, T- is 

the lowest. This is reasonable, since late weeded plots generally yield 

less than early weeded plots. 

The new weed technology T.  will be discussed in the next section. 

However, the high yield reflects recent results reported by IPPC re- 

searchers which show increases in yield of 13 percent associated with the 

new technology (Shenk, 1980). 

The standard deviations are about the same for T, and T,, and T2 
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and T-. The low standard deviation in T and T. reflect the proper em- 

ployment of hand weeding and chemicals. A high degree of variability 

in yield is a natural consequence of the late hand weeding in T2. Since 

T, has two hand weedings, its high standard deviation possibly reflects 

that on the part of at least some of the producers, the second weeding 

was required because the first was not done well. While the above is 

conjecture, it would explain the high average yield and the associated 

high standard deviation. 

These yields and standard deviations were used as estimates in pro- 

duction System I. However, in production System III, the yields and 

their standard deviations were increased by 15 percent. The increase is 

justified by the exclusive use of new land on production System III. 

As will be explained later, the yields of production System II are 

the same as those of production System I. 

Improved or Modem Technolcgies 

Improved or modem technologies are introduced into the analysis 

by adding a new weed control technology to production Systems I and III. 

Additionally, a third production system. System II, is added. 

Labor Use in Com Production 

Under the traditional systems of com production in both areas, 

most of the expenses are for labor. Ninety-six percent of total pro- 

duction costs come from family and hired labor costs for the average 

PRICA farmer. 

In the average PRICA farm, the farmer family supplies 74 percent 

of the total labor and hired labor supplies the rest (26 percent).  In 
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the NAZ, the farmer and his family supply 63 percent of the total labor 

and hired labor supplies 33 percent of the total labor use.  In both 

areas, farmers hire the highest percentages of labor for land prepar- 

ation. PRICA farmers hire 43 percent and NAZ farmers hire 46 percent. 

Table IV-7 shows the average man-days of labor per hectare used by 

PRICA and NAZ farmers to perform the different activities in the process 

of raising com. As PRICA farmers commonly use three different methods 

for controlling post-plant weeds, the PRICA data were also stratified 

according to the three methods of post-plant weed control. 

Table IV-7.  Labor Requirements and Variable Costs of the Proposed 
Technology, by Land Loss. 

Labor Requirement 
(man/days/hectare) 

Old Land New Land 
Old land 

with fertilizer 

Land clearing 9.7 

Preplant herbicide appl. 2.5 2.5 

Planting 4 4 4 

Fertilizer application 0.25 

Post-plant herbicide 
application 3.5 3.5 3.5 

Harvest 10.0 11.5 9.5 

Variable Costs 
(cordoba/hect.) 

Labor 55 189.2 543.1 

Herbicide application 214.5 87.0 214.2 

Seed 30 30 30 

Fertilizer — — 110.0 

Total variable costs 794.5 906.3 897.6 
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Cost of Production 

The total variable costs per hectare incurred by PRICA and NAZ 

farmers are presented in Table IV-8. Each of the three traditional 

weed control technologies are given for PRICA farmers. 

Generally, the cost of family labor represents the highest propor- 

tion of costs for both PRICA and NAZ farmers. For PRICA, those farmers 

who utilize technology T, have the highest variable costs. This occurs 

because of the larger amount of labor used for weed control. 

The total variable costs are higher for NAZ than for PRICA farmers. 

They are higher for several reasons: 

(1) NAZ farmers use more labor in weed control activities. 

This may arise because NAZ farmers have more problems 

in weed control than PRICA farmers do. The presence 

of noxious grasses could be the reason. 

(2) NAZ farmers also use more labor in non-weed control 

activities. PRICA farmers in contrast to NAZ farmers 

do not fertilize nor apply pesticides. 

(3) The costs are calculated using similar technical units 

but different monetary units. NAZ costs are expressed 

in 1977 prices while PRICA costs are expressed in 1980 

prices. 

(4) Labor as well as other inputs have been more expensive 

historically in Costa Rica than in Nicaragua. 

Assumptions Undertaken to Formulate the 
Linear Programming Model 

Assumptions used in the linear programming model, information and 

data obtained from the farmer survey, local sources and the agronomic 



Table IV-8. Summary of Labor Use in Com Crops by PRICA and Naz 
Farmers. 
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^ 

PRICA 

T £/ 
2 

d/ 
NAZ-7 

Soil Preparation 

Pre-plant weed control 

Herbicide application 

Field burning 

Planting 

Seeding 

Fertilizer application 

Pesticide application 

Post-Plant Weeding 

First early hand weeding 

First late hand weeding 

Second hand weeding 

Herbicide application 

Pre-Harvest Weeding 

Harvesting 

Doubling 

Picking 

9.09 

0.3 

3.22 

5.43 

9.8     10.2      14.5 

0.6 

0.41     0.21 

2.97     3.72      5.3 

0.3 

0.2 

4.4 

5.3 

4.69 

1.5 

8.26 7.58 9.0 

2.0 

3.8 

3.5 

15.5 

a/ 
— Source: McCarty, 1979. The coefficients of this column were trans- 

formed from a six-hour work-day to an eight-hour work-day to facili- 
tate comparison. 

h/ 
— Technology one of weed control. 

c/ 
— Technology two of weed control. 

— Technology three of weed control. 



Table IV-9. Total Variable Costs for Corn Per Hectare, Incurred by PRICA and NAZ Farmers. 

PRICA a/ 

^ 
T/ ^ 

NAZ^ 

Cost of family labor 553.6 (55.36)-/ 445.0 (44.50) 711.7 (71.17) 925 (108.83) 

Cost of hired labor 170.0 (17.00) 247.0 (24.70) 199.1 (19.91) 366.3 (43.09) 

Total cost of labor 723.6 (72.36) 692.0 (69.20) 910.8 (91.08) 1291.3 (151.92) 

Non-cash costs- 29.1 (2.91) 31.4 (3.14) 32.9 (3.29) 28.3 (3.33) 

Other cash costs-^       133.1 (15.66) 

Total 752.7 (75.27)    723.4 (72.34)     943.7 (94.37)   1452.7 (170.91) 

a/ — The expenses of PRICA farmers are expressed in 1980 Cordobas (10 cordobas/one dollar). 

K / 
— The expenses of NAZ farmers are expressed in 1977 Colones (8.5 colones/one dollar). 

c/ — Technology one of weed control. 

d/ „ ,  ,   .   _   ,   .  ,        — Dollar equivalent--no adjustment has been made for the — Technology two of weed control. M , J _ . _,  . 
differences m the exchange rate or rate of inflation 

e/ „ ,  ,   «,    _   ,   ^ , between 1977 and 1980. — Technology three of weed control. 

f/ — Dollar equivalent--no adjustment has been made 
— The opportunity cost of corn seed for planting.    for the differenCe m the exchange or rate of 

inflation between 1977 and 1980. 

on 
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weed control experiments conducted by IPPC researchers in the NAZ were 

used to develop the linear programming model used in this study.  In 

this section, the specific assumptions employed in the model are pre- 

sented. 

Alternative Model Specifications 

To evaluate the substitution effect of the proposed new systems of 

weed management over the traditional systems used by the PRICA farmers, 

optional solutions under the present systems of production with differ- 

ent levels of resource availability are calculated and used as the base. 

Then the proposed "new weed control technology" is incorporated into the 

model. A comparison between the solutions indicates the possible ad- 

vantages or disadvantages for the PRICA farmers if introduced and 

adopted. 

(a) Specifications of the Farm Cases 

Three different family labor sizes are considered in the evalu- 

ation. -Data from the PRICA farm survey are used to estimate the pro- 

duction coefficients are summarized in Appendix Table      . Actually 

there is a" lifctle1 difference in the coefficients of the three ejccept for 

the amount of family labor available to help in the farm enterprise. 

Seven farm cases are examined (see Table IV-10), first with tra- 

ditional technologies and then with both traditional and modem 

technologies. 

In the PRICA area, approximately 33 percent of the surveyed farms 

have only one family farm worker. Capital is constrained to the exist- 

ing available capital in case one but relaxed in case two. By so doing, 

a comparison between short-run and long-run results can be made. Since 
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increased profits can be used to remove any reasonable existing capital 

constraint, the new weed control technologies have an economic advantage. 

Case three allows consideration of the situation where no outside 

employment opportunities are available to the farmer. Cases four and 

five, and cases six and seven are the same as cases one and two except 

for the increase in the number of family farm workers. 

Table IV- ■10. Alternative Mod .el i Cases. 

Tenure No. of family Cost of 
Case status 

owner 

workers family labor 

non-zero 

Capital 

1 1 constrained 

2 owner 1 non-aero unconstrained 

3 owner 1 zero constrained 

4 owner 2 non-zero constrained 

5 owner 2 non-zero unconstrained 

6 owner 3 non-zero constrained 

7 owner 3 non-zero unconstrained 

Internal Capital 

The amount of capital currently used in com production in hiring 

labor plus the estimated value of the amount of com seeds used by far- 

mers is assumed to be the amount of internal capital available to the 

PRICA farmers for com production. 

When only the traditional technologies of weed control are con- 

sidered in the analysis, the amount of internal capital available to 

the farmers is specified to be used for hiring labor and buying com 

seed. Then, when the proposed new technologies in weed control are 

brought into the analysis, internal capital can be used for hiring 

labor, purchasing herbicides, fertilizer, com seed, and paying for 
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depreciation and maintenance of the equipment used to apply herbicide. 

The amount of internal capital was calculated from the survey data to 

be $840.00 cordetsos. 

Credit 

No interviewed farmers were currently using borrowed capital to 

grow com, however, 52 percent of the farmers have used loans in the 

past from the BND (see Table IV-3) for production of com and other 

crops, and for investments in farm improvements. Several farmers, when 

asked why they did not use production credit, stated that the low rate 

of return on these investments prohibited further borrowing under cur- 

rent systems of production. Consequently, availability of capital is 

not likely to be a binding constraint. 

Interest Rate 

In the farm cases where capital is unconstrained, the interest rate 

applied to the use of borrowed capital is 10 percent. This is the rate 

that the BND currently charges to the farmers for short-term loans. 

Available Family Labor 

According to the data gathered in this study, the amount of family 

labor available for farming in each farm unit varies between one and 

three family workers. Fourteen of the farmers interviewed (33 percent 

of the sample) reported having no additional workers in the farm units, 

while 11 farmers (26 percent of the sample) reported having one addi- 

tional family worker, and ten farmers (24 percent of the sample) reported 

having two additional family workers on their farms. The family labor 
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availability in the model is specified by multiplying the number of days 

in which a specific activity could be performed. Since rice production 

overlaps com production, the amount of family labor available for land 

clearing and planting was obtained by subtracting the amount of family 

labor used for land clearing and planting of rice from the total amount 

of labor available. 

The estimated length of time available to complete the different 

activities currently performed is given in Table IV-11. 

Table IV-11. Periods in Which the Different Activities Performed by 
PRICA Farmers are Commonly Undertaken. 

First First 
Land    Field           early late   Second 

clearing burning Planting weeding weeding weeding Harvesting 

Date   Mar-Apr  Apr-May   May   Jun-Jul Jul-Aug  Aug    Sept-Oct 

Period 
Length 
(weeks)  4       2      2       2 2      2        4 

Available Hired Labor 

The amount of labor that can be hired is not constrained in the 

model.  Instead, the amount of hired labor available to the farmer de- 

pends upon available capital, either internal or borrowed. 

Wage Rate of Labor 

The 1980 wage rate of hired labor in PRICA was $27.5 per day.  In 

the model, the fanner is assumed to hire labor at this wage rate to 

perform the different activities which cannot be done with family 

labor. 
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Family labor cost varies according to the farm case.  It is zero 

when it is assumed that the farmer has no work opportunities outside of 

his farm and additional labor on the farm has no value.  It is the same 

as the hired labor wage where the family workers or the farmer have out- 

side work opportunities or where alternative activities on the farm have 

a value equal to the going wage rate. 

Subsistence Requirement of Com Production 

The subsistence requirements of com for the family is estimated 

by multiplying the family size times the number of days until the next 

harvest times the average daily consumption. 

The national average daily consumption of com in Nicaragua from 

21 
1960 to 1980 was estimated to be 0.6 pounds— . Since urban households 

generally consume less com than rural households, and are included in 

the average, an adjustment must be made. Bersten and Herdt (1977), in a 

com production study of Belize, a region with physical and climatic 

conditions and corn production systems similar to those of the PRICA 

region, found that the average consumption of corn in that rural area 

was 1.2 pounds (0.547 kiograms).  It is believed that their estimate is 

a better measurement of com consumption of the rural PRICA population 

and was therefore used in this study. The estimated subsistence require- 

ments for the different family sizes considered in this study are shown 

in Table IV-12. 

27   . 
— This average was estimated from tables related to com production in 

"ludicadores Economicos" edited by the Central Bank of Nicaragua. 
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Implied Subsistence 
family size requi rement (Kgs) 

6.15 601.85 

9.10 893.45 

6.10 598.91 

Table IV-12. Estimated Subsistence Requirement of Farm Family by 
Number of Working Members. 

Number of 
working members 

1 

2 

3 

Storage Com Losses 

Farmers reported storage losses varying from zero to 40 

percent, depending upon the period of storage and types of structure 

used for storage. It is assumed in this study that the storage losses 

of com average 10 percent. 

Systems of Production 

To utilize the maximum of land available on the farm unit in com 

production as well as to use properly the recommended weed control 

technologies, three systems of production are compared. Such systems 

were described in the previous section. 

Herbicide Use 

The creation of a chemical mulch is the basis of the new technology. 

The weeds most frequently present in the com plantations of the PRICA 

farmers are broadleaves.  In this situation, IPPC recommends two alterna- 

tives, depending upon the stage of the weeds before planting. 

Herbicide Application Equipment Costs 

Herbicide application equipment costs include depreciation and cost 

of maintenance of a backpack sprayer.  Depreciation is based on a unit 
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cost of $1,300.00 in Nicaragua and an expected life of 15 years. Main- 

tenance consists of replacing the nozzle of the sprayer every five years. 

Total estimated cost is $10.50 per hectare. 

Fertilizer Use 

If farmers produce com continuously in the same area, fertilizer 

must be used to maintain the fertility of the soil. The dosage used in 

the model is 28 kgs of fertilizer 15-15-15 and six kgs of urea per 

hectare. Such an application has a cost of $110.00 and requires one- 

fourth of a man-day for application per hectare. 

Risk-/ 

Farmers are continually confronted with risk and uncertainty. This 

occurs in the form of price uncertainty, yield uncertainty, and uncer- 

tain change in technology and the government or legal framework in 

which farmers operate.  Farmers in Nicaragua do not control prices. 

They are set by the GON; therefore, while the price is low, it ceases 

to be an unpredictable variable. The government and the legal framework 

are also beyond the control of the individual farmers. Technological 

changes and the associated investments are so slow in traditional agri- 

culture that they are also of minimal importance. Yield uncertainty 

for a known or anticipated production technique is the major problem 

for small farmers. 

Farmers want to avoid the possibility of high losses as they seek 

to improve their average net income.  For subsistence farmers, an 

occasional net loss can have serious consequences. Therefore, 

3/ —   For some authors, nobody knows what risk is in production and pre- 
fer to call to this phenomenon:    dispersion measure. 
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variability in yields and its effect upon net income are of great im- 

portance to them. 

There are three sources of yield variability: 

(1) Site-to-site variability under the same management conditions. 

(2) Year-to-year variability under the same management conditions. 

(3) Management level variability on a given site in a given year 

(Perrin et^ al., 1976). 

These occur because of differences between site, weather, pest 

infestation and management between sites of production and between 

years.  In this study, no estimate is available for the between year 

variability. Similarly, differences between management are not esti- 

mated. Yield variability is restricted to the single consideration of 

site-to-site variability within a single year. 

Individual farmers respond differently to risk. Some respond 

positively, others are indifferent, but most small farmers are risk 

averse. Underlying their attitudes are concepts of diminishing utility 

and nonlinear preference for gains and losses. Unfortunately, the 

"neoclassical theory of the firm with its assumptions of certainty and 

linear utility is inadequate for normative analysis of risky production 

where preferences for profits are nonlinear" (Anderson, 1971). Since 

many farmers are risk averse, they are often willing to give up some 

expected gain to reduce risk. A farmer is indeed fortunate if a tech- 

nology can be adopted which both reduces risk and increases net income. 

The standard deviation of yield multiplied by the various weed con- 

trol systems when substantial from the average yield is used as the 

measure of yield variability in the model. The risk aversion coeffi- 

cient (A.) accounts for the variability in risk preference of farmers. 
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As previously stated, no estimates are available of the true 

utility function and the associated risk aversion coefficients of 

the farmers in PRICA. Thus, the risk aversion coefficient is allowed 

in the model to range from 0.0 to 2.0. Such values of risk aversion 

are consistent with those of other studies (Nieuwoudt and Mathia, 1976; 

Hazell et. al., 1978; O'Brien, 1980; Escobar, 1980). The amount of 

com available for sale and consumption, therefore, decreases as the 

risk aversion coefficient increases. When \  = 0, the assumption is the 

farmer is risk neutral and the model solution obtained corresponds to 

the conventional profit maximizing linear programming solution,, 

Summary 

As stated in Chapter I, IPPC weed control technologies are now 

being tested in two different zones: one which is ecologically differ- 

ent (same economic setting but much drier) and the second which is 

economically different (same ecological environment but a different 

economic setting). Also, in Chapter I, it is stated that this study 

reports on the second type of technological test. 

To demonstrate that this second objective is being considered, two 

sections of Chapter IV are devoted to present information of and com- 

parison of the two areas involved in this study--the NAZ, where the new 

technology has been developed and is in process of adoption, and the 

PRICA, where the new technology is pretended to be introduced. In one 

section, the discussion is focused on general physical, climatic, so- 

cial and economic characteristics.  In the other section, the discus- 

sion is narrowed to traditional systems of corn production, that is, to 

a comparison of the timing of cultural practices, activities, technical 
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coefficients and weed management practices in com production. 

A conclusion of these two sections is that both zones, PRICA and 

NAZ, are similar in physical and climatic aspects. That is, they have 

similar temperature, rainfall and humidity distributions around the 

year. Also, both zones are endowed with similar types of soils--close 

pH, structure and topography. 

As expected, the major discrepancies between PRICA and NAZ were 

found in economic and social aspects. Among those characteristics, the 

following are considered to be more relevant for this study: 

(1) The workday is longer in PRICA.  It is usually eight 

hours. In the NAZ, the workday is five to six hours. 

(2) On average, PRICA farmers have larger amounts of land 

than NAZ farmers. Also, PRICA farmers have larger 

proportions of unutilized land than NAZ farmers. 

(3) Although not formally demonstrated in these sections, 

wages have been historically higher in Costa Rica 

than in Nicaragua. Hence, they have been higher in 

NAZ than in PRICA. 

(4) Com prices are controlled by the government of Nicaragua 

in PRICA as well as in the rest of the country. Such 

prices are likely to benefit consumers rather than 

producers. On the other hand, the Costa Rican govern- 

ment subsidizes com prices to NAZ prodcuers to stimu- 

late production. 

The final two sections of Chapter IV describe the sample proced- 

ures and data sources, and the assumptions undertaken to specify the 

linear programming model. 
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V.  MODEL SPECIFICATION 

The purpose of this chapter is to present:  (1) a review of both 

deterministic and risk programming models which are the basis of the 

model used in this study, and (2) the specification of the constructed 

model. 

Linear Programming Formulations 

Linear programming is a technique which has been widely used by 

economists and agricultural economists to solve research. Extension and 

operational decision making problems (McCarl and Nuthall, 1978). The 

more common structures which have been used in formulating conventional 

linear programming problems are, among others, transportation problems, 

assignment problems, resource allocation, equilibrium-disequilibrium, 

assembly, disassembly, dynamic, block diagonal, production function- 

convex approximation and accounting. The production function-convex 

approximation structure is used in this study. 

Justification of the Production 
Function-Convex Approximation Model 

The advantages of employing a production function-convex approxi- 

mation linear programming model for evaluating the actual traditional 

weed control technologies and the impacts of adopting a new weed control 

treatment based on the use of herbicide in the PRICA area include the 

following: 

(1) The model allows the evaluation of the com crop under 

different traditional technologies of weed control 

practiced by PRICA com producers. 
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(2) The model allows the incorporation of the new proposed 

weed control technology. 

(3) The model allows the comparison of the new weed con- 

trol technology with the traditional ones.  Therefore, 

the model is capable of selecting the most profitable 

combination of weed control technologies. 

(4) The model allows the maximum utilization of scarce 

resources. This feature is not captured by simple 

methods of analysis as budgeting. 

(5) The model allows utilization of different supplies 

of land in com production. 

Review of Production Function-Convex Approximation 

This structure is presented by McCarl (1978) to portray well 

behaved, convex, nonlinear functions which exhibit constant return to 

scale. The problem was stated as one of maximization of total income 

discounted for total costs, subject to a set of linear constraints. 

The model is the following: 

(1) Maximize 0  0 -diZi 

(2) subject to Y 
0 

-EY X 
m m m 

(3) EX. X 
m im m -h 1 o 

(4) h >- bi 

Y ,X , 
o' m' 

Z. 
i 1 o 

where 

C is the return per unit of output Y 

Y is the total production of Y summed over all production 
processes 
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d. is the cost of ith input 

Z. is the total quantity of the ith input used in all 
production processes 

Y is the output of Y per unit of the mth production process 

X    is the number of units of the mth production process 
employed 

X.  is the use of the ith input in one unit of the mth 
production process 

b. is the maximum availability of the ith input 

Equation one maximizes the return to production less the cost of in- 

puts; equation two is an accounting equation relating sales of output 

to supply of the output through production; equation three relates 

demand for the inputs to the supply of the inputs; and equation four 

states bounds of the maximum input availability. 

In formulating the linear programming model for this study, the 

yield coefficients for the different technological process (Y 's of 

the production function-convex approximation model) are assumed to be 

stochastic. There is a level of variability associated with each 

average yield of each technology. As a consequence, the yield coef- 

ficients are not totally predictable. This assumption, stochasticity 

in the yield coefficients or risk, is important to farmers when de- 

ciding how much of a particular crop to produce. 

Risk Programming Formulations 

Risk is an important real world phenomena to decision makers, 

however, it is often ignored (Hazell, 1978), Conventional linear 

programming models assume that all the objective, input-output coef- 

ficients and resource constraints are known with certainty. Farmers 

are assumed to behave in a risk neutral manner. But agricultural 
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production, particularly in developing countries, is generally a risky 

process, and considerable evidence exists to suggest that farmers have, 

a high risk aversion (Wicks and Guise, 1978). Risk is accounted in 

the objective function indirectly by discounting "the cost of risk" 

(standard deviation of yield times a risk aversion coefficient) from 

the total output. Output will be reduced as long as "the cost" of 

bearing risk increases. The higher "the cost", the less the output 

available for sale. A pragmatic problem exists in estimating the 

appropriate risk aversion coefficient. 

Overview of the Production Function-Convex Approximation with 
Risk Consideration Model Used to Analyze PRICA Com Production 

This model focuses on the weed control decisions involved in com 

production during the first production season of the year. Since pro- 

duction system one has eight weed control systems (four (T.., T-, T_, T.) 

for old land and four (T, , T-, T.,, T.) for new land), production system 

two has one weed control system (T.) and production system three has 

four weed control systems (T,, T-, T.,, T.) there are 13 production 

processes or activities. 

Expected net revenue above variable costs is maximized less the 

cost of bearing risk. As stated before, the standard deviation of 

yield times "the risk aversion coefficient", is discounted from total 

production summed over all production processes. Each weed control 

technology has a different standard deviation of yield. 

Constraints on the model include:  (1) the acreage of land avail- 

able for com production, (2) budget and credit limitations for pur- 

chasing labor and inputs of production as com seeds and herbicides, 

and (3) available levels of family labor to perform land clearing. 



66 

field burning, planting, weeding, and harvesting. The model considers 

the subsistence requirement for family consumption by setting a limit 

of the amount of com that is required to feed the farm family until 

the following crop is reached. 

Com for consumption is valued at the retail price and com for 

sale is valued at the farm gate price. Additionally, the model allows 

for considerations of alternative family size, wage rates for family 

labor, subsistence requirements and various levels of risk aversion. 

An overview of the decision model is given below to show how the 

model accounts for: 

(1) the decision maker goals, and 

(2) "the cost of risk", which is discounted from net revenue. 

(1)  Maximize        PC+PC -EfZ sscc -.uu 

n 
■Z 

u=r 

(2) -hicc + ci -   0 

(3) Cc =  C 
m _ 

(4) C + C + CT - E (Y. - Xua.)X. <  0 s   c   L  . ^ j   h y   j 

(5) m 
E V . X.       -Z <  0 
j=1uj  J 

(6) -Z <  b 1 J C , C , CT , X., Z , > 0    u -   u s'     c  L' 2       u — 

where 

P is the price per kilogram of sold corn at the farm gate 

C is the total amount of com allocated to sale 
c 

P is the value per kilogram of domestically consumed com 

C is the total com production retained by the farmer 

CT is the storage losses of com retained by the farmers 
Li 
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ty.   is a constant that converts the estimate of seasonal sub- 
sistence requirement into an estimate of storage losses 

f is the cost of the uth input 

Z is the total quantity of the uth input in all production 
processes 

Y. is the average output of corn per unit of the jth production 
•' process 

V . is the use of the uth input on one unit of jth production pro- 
cess 

A, is the risk aversion coefficient 
h 

a. is the standard deviation in total yield 
J 

X. is the number of units of the jth production process employed 

C is the seasonal subsistence requirement 

b is the maximum availability of the uth input. 

Equation one maximizes the return to production less the cost of inputs; 

equation two estimates the storage losses of com; equation three allo- 

cates the required com for family consumption; equation four is an 

accounting equation which relates the sales of output, subsistence re- 

quirement, and storage losses to supply of output through production; 

equation five relates demand of inputs to supply the inputs;, and equation 

six states bounds of the maximum input availability. 

A complete description of the model is given in Table V-l. The model 

can be conveniently separated into 34 components. 

(1) Objective function. 

The objective function (row 1 of Tavle IV-1) is the maximization of 

net revenue above variable costs from com production, which is discounted 

for the cost of risk. Specifically, the objective function is total com 

allocated to sale times the farm gate price, plus the corn allocated to 

consumption times the retail price of corn, minus the value of family labor, 

minus the interest rate times the level of capital used in production. 
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PC    + P C    -(W JTFL - (r)TC s s        c c        f 
The objective function is maximized subject to the following constraints: 

(2) Storage loss. 

The percent of storage loss times the amount of com left for home 

consumption minus the total loss is equal to zero. 

-t^C + CT = 0 
11 c   L 

(3) Subsistence requirement. 

The amount of com allocated to home consumption is equal to do- 

mestic consumption for six months.  (Six months is used because com 

is also grown during the second season of the year.) 

C = C 
c   cs 

(4) Com production. 

The total amount of com allocated to sale and home consumption 

plus the amount of com lost in storage minus the production of corn 

obtained from the kth system of production when using the jth weed 

control technology and the ith type of land by farmers with propensity 

to take risk equal to s, must be less than or equal to zero. 

m  n  _ 
C + C + CT -E  £  (Y. . . - X a, . OX,. . - 
s   c   L i=l j=l l13   s llJ ll;> 

tT214 "  V214) W = f32j-Xsa32j>X32j    1° 

(5) Land clearing labor. 

The amount of labor used in production for land clearing in the 

kth system of production when using the jth weed control technology on 

the ith type of land minus the supply of family and hired labor is less 

than or equal to zero. 

n       n 
Z a... + Z    a__. - LCF - FCH < 0 
j=l 12j  j=l Z21 



69 

nm |S|> BTSTW run or 
riooucTlcit (s ) 

BTSTEK TIIRER  Of  rOOOUCTiai   ISJ 
fWIILT   lAOOH HinBD  LWTB IHPUT8 CW ITAt LAND 

u                                               1                                  N fe U       L « » n d Lb   Lkst ■ * 0      LI H B 
tcr rnr Uir IIW pr rr.Mr i.rwr swr iir TrL ICH HWI MI rrwii ri.wii svn nn Tin ■•i   ■•i   Li Tl                           *,                         Tl                         T4 

-«,TTL rrTC 

1 

1 
-  0 

• CCm 

"||4-V,1."|H                     "lH-»h»l,.»«„.                     "IM-VIM"!..                     »Jll-Vjll,,JH                     ",»-\"„>»,» 

Vn."..,       1      ".M-'h'.,.",,,       1     <',l,-»h'.„"„J       I     "n/V.i.".!.       1      <'1„-VJ..,,,II     \       ,T»rV,»»,„ 

1 1  0 

'in'in   •                        "iii'm   •   "ijj'uj   .   "JII'IJJ   .   *I:«*IJ»   .                      "jn'm   .     ■jii'm   .   'HI'JJJ   .   *JJ<*»H "I -1 <  0 

i   LCrm 

'lii'iii   •                        NJI'III   •   ""IU'III   .   "IIJ'IIJ   .                                           Sn'm   «    ""JU'JU   ♦   'jn'm •1 I  0 

SH'IH   .                                                                                 . '„.■,„ -1   -1 

1 

-1 « 0 

? mm 

'llj'llJ     •     dll«"ll«     •     ''iJl'm      •     ''llj'lll     .     "uj'ltl     .     *114"lI4     •  'IH'JU     .     JJ>l")J|      .       *Jli">Jl     .     *Jlj">ll     •     *lJ4"jJ4 «l   -I 

1 

-1 

trrm 

■lll'll)     .     'll4"l14     •     'lll'lll     .                                      "iJj'lJJ     .     •lJ4"lI4     ,   ',u'lU     >      •jll'jll      .                                .     *)J)"jJ)     •     'Jlt't?* -1 

1 
"' *0 

« rewr. 

'lll'llJ     .                                                                                                                                        'jll'jlj -I 

1 

-1 so 

• rtMT* 

'llj'lIJ     •                                                                                                      "lll'lll     «                                                                                                                                       'lll'lll -1 49 

«swr» 

'iii'm   .   pii4"ii4   .   "iii'm   .   "iii'm   .   "iii'm   ,   "m'm   . "ni'iu   .    "iii'iii   .    "iii'm   »   "iii'm   »   "m"i?4 -1 

-1    -!     -i              -i   -!       .|       .|     .|   .| 

-1   -1   -1 -1 

-I 

-1       -1    -1  ♦! 

*o 

- 0 

- 0 

'lll'lll    •      "l^'lM    .      'lll'lll     .      ''lll'lll     ,     ""lll'lll    .     'm'lH     ,   ''114*114     »     ""lll'lll     »       "lirill     •     'lll'lll     •     ''lJ4"ll4 -1 «o 

*1H"114     •                                                                                                      "114*114    4   "lll'lH                                                                                                                 '■lM"ll4 -1 40 

"114     »                                                                                                                *114    ,             *114                                                                                                                           "114 -1 «0 

"„4 -I *0 

1° wvnti.»r|*:f»rti*tn»rMHl"rrrM -TC 

Tt: 

-'-, 
!TOi 

*.o 

"ill     •               "|14      • 

-V"-i 
i o 

'ill      •                         "ill   •                 "ill     •                 "U4      • -  0 

"ll4 

"m •           "m   »        *ia   •        *ii« 
to 

"„« •"l 
t TL 



70 
Notation for Table V-l. 

Activity Notation 

CS, CC Com allocated to sale and consumption respectively 

CL Storage losses of com 

S1, S-, S, Systems one, two and three of production 

T , T-, T , T    Technologies one, two, three and four 

LCF, LCH Family and hired labor used for land clearing 

FBF Family labor used for field burning 

HAF, HAH        Family and hired labor used for herbicide applica- 
tion before the planting period 

HAP Labor used for herbicide application during the 
planting time 

PF, PH Family and hired labor used for com planting 

FEWF, FEWH       Family and hired labor used for first early weeding 

FLWF, FLWH       Family and hired labor used for first land hand 
weeding 

SWF, SWH        Family and hired labor used for second hand weeding 

HF, HH Family and hired labor used for harvesting 

TFL Total family labor used in com production 

CF Kilograms of com used for planting 

HB Liters of herbicide used to control weeds 

HBI Area in which herbicide has been applied 

FAA Area in which fertilizer has bee applied 

TC Total capital used in com production 

L , L^ Area planted of com on old and new area, respect- 
ively in system one of production 

L_ Area planted of com which has to be rotated 

THL Total hired labor used in corn production 
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Coefficient Notation 

P Price per kilogram of sold com 

P Value per kilogram of domestically consumed com 

t, „ Coefficient which estimates storage losses as a percent 
of com stored for consumption 

a, .. Units of labor required to clear one unit of land under 
^ the kth system of proudction on the ith type of land 

when using the jth weed control technology 

b, . . Units of labor required to bum one unit of land under 
the kth system of production on the ith type of land 
when using the jth weed control technology 

c, .. Units of labor required to apply herbicide on one unit 
J of land under the kth system of production on the ith 

type of land when using the jth weed control technology 

d, .. Units of labor required to plant one unit of land under 
kij 

kij 

the kth system of production on the ith type of land 
when using the jth weed control technology 

e, .. Units of labor required to do first early weeding on one 
•' unit of land under the kth system of production on the 

ith type of land when using the jth weed control tech- 
nology 

f, .. Units of labor required to do first late hand weeding 
on one unit of land under the kth system of production 
on the ith type of land when using the jth weed con- 
trol technology 

g, . . Units of labor required to do second hand weeding on 
J one unit of land under the kth system of production on 

the ith type of land when using the jth weed control 
technology 

P... Units of labor required to harvest one unit of land 
J under the kth system of production on the ith type of 

land when using the jth weed control technology 

q, . . Kilograms of com required to plant one unit of land 
■' under the kth system of production on the ith type of 

land when using the jth weed control technology 

a, . . Liters of herbicide required to weed one unit of land 
■' under the kth system of production on the ith type of 

land when using the jth weed control technology 

Wf Price per man-day of family labor 
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W, Price per man-day of hired labor 

P Price per kilogram of com used for planting 

P, Price per liter of herbicide used in controlling weeds 

P, . Price per hectare of cost associated with herbicide 
hi i • ^• application 

Pf Price per hectare of cost associated with fertilizer 
application and fertilizer use 

r interest rate on capital used 

A, Risk aversion coefficient h 

a, . . Standard deviation on yield per one unit of land under 
the fth system of proudction on the ith type of land 
when using the jth weed control technology 

Y, . . Average com yield per unit of land under the kth system 
^ of production on the ith type of land when using the jth 

weed control technology 

k=l For system one of production 

k=2 For system two of production 

k=3 For system three of production 

i=l For previously used (old) land 

i=2 For unused (new) land 

j=l For technology one of weed control 

j=2 For technology two of weed control 

j=3 For technology three of weed control 

j=4 for technology four of weed control 

h=0 For farmers with propensity to take risk equal to zero 

h=0.5 For farmers with propensity to take risk equal to 0.5 

h=1.0 For farmers with propensity to take risk equal to 1.0 

h=1.5 For farmers with propensity to take risk equal to 1.5 

h=2.0 For farmers with propensity to take risk equal to 2.0 
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Constraint Notation 

CC Semestral subsistence requirement of com 

LCF Family labor available for land clearing 

HAF Family labor available for herbicide application 
before the planting period 

PF Family labor available for planting 

FEWF Family labor available for first early weeding m 

FLWF Family labor available for first late hand weeding 

SWF Family labor available for second hand weeding 
m 

HF Family labor available for harvesting 

TC Capital available for com production 

PUL Previously used (old) land available for com production 

L_ Land available for rotation systems of production 

TL Total amount of land available for cropping 
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(6) Available family labor for land clearing. 

The amount of family labor used by the production activities in 

land clearing is less than or equal to the amount available. 

LCF < LCF 
— m 

(7) Field burning family labor. 

The amount of field burning family labor used in the production of 

com in the kth system of production when using the jth weed control 

technology on the ith type of land minus the supply of family labor is 

less than or equal to zero. 

m  n n 
Z  E b.. X. . + E b„.X__. - FBF < 0 
i-1 j=l llJ llJ  j-1 32j 32j 

where j = 4 is equal to zero. 

(8) Herbicide application labor. 

The amount of labor used in herbicide application in production 

of com minus the amount of family and hired labor supplied before the 

planting time minus the amount of labor supplied during the planting 

time is less than or equal to zero. 

m 
E C...X... + C-..X-.. + C_0.X„. - HAF - LFP - FAH < 0 
• , li4 li4   214 214   324 324 — 

(9) Available family labor for herbicide application. 

The amount of family labor used by the production activities in 

herbicide application before the planting time is less than or equal to 

the amount available. 

HAF < HAF 
— m 

(10) Planting labor. 

The amount of labor used for planting plus the amount of labor 

used for herbicide application during the planting time minus the 



75 

the supply of family and hired labor is less than or equal to zero. 

m  n n 
Z      Z    d.. .X.. . + d-.-X... + Z    d_0.X_-. + LFP - PF- PH < 0 
i=1 j=1 lij liJ   214 214  . 1 32j 32j - 

(11) Available family labor during planting time. 

The amount of family labor used by the production activities in 

planting is less than or equal to the amount available. 

PF < PF 
—  m 

(12) First early weeding labor. 

The amount of labor used in first early weeding (hand weeding and 

herbicide) minus the supply of family and hired labor is less than or 

equal to zero. 

m  n n 
Z      Z    e...X... + C01.X... + Z    e_-.X_0. - FEWF - FEWH < 0 
i=1 j=1 113 lij   214 214      32j 323 

where j=2 is equal to zero. 

(13) Available family labor for first early weeding. 

The amount of family labor used by the production activities in 

early weeding is less than or equal to the amount available. 

FEWF < FEWF 
—    m 

(14) First late hand weeding labor. 

The amount of first late hand weeding labor used in production of 

com minus the supply of family and hired labor is less than or equal 

to zero. 

m 

?=1 
fli2Xli2 + f324X324 " FLWF " FLWF i 0 

(15) Available family labor for first land hand weeding. 

The amount of family labor used by the production activities in 

first late hand weeding is less than or equal to the amount available. 
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FLWF < FLWF —   m 

(16) Second hand weeding labor. 

The amount of second hand weeding labor used in production minus 

the supply of family and hired labor is less than or equal to zero. 

m 
Z
i=1Sli3

Xli3 + S323X323 " SWF " SWH i 0 

(17) Available family labor for second hand weeding. 

The amount of family labor used by the production activities in 

second hand weeding is less than or equal to the amount available. 

SWF < SWF 
—   m 

(18) Harvesting labor. 

The amount of labor used in harvesting com minus the supply of 

family and hired labor is less than or equal to zero. 

m  n u 
Z       Z    P.. .X,. . + P^.X.. . + Z    P„.X__. - HF - HH < 0 
i=l j=i llJ   llJ   214 214  j=i 32J 32J 

(19) Available family labor for harvesting. 

The amount of family labor used by the production activities in 

harvesting com is less than or equal to the amount available. 

HF < HF —  m 

(20) Total use of family labor. 

The following is an accounting equation which says that the total 

supply of family labor minus the used family labor to perform the 

different activities is equal to zero. 

-LCF - FBF - HAF - PF - FEWF - FLWF - SWF - HF + TFL = 0 

(21) Total use of hired labor. 

The following constraint is also an accounting equation which says 

that the total supply of hired labor minus the used hired labor to 
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the different cropping activities is equal to zero. 

-LCC - HAH - PH - FEWH - FLWH - SWH - HH + THL = 0 

(22) Com for planting. 

The total amount of com used for planting minus the supply of 

com seeds is less than or equal to zero. 

m      n n 
E   ,   Z   Slijhii   +  *2uhu  +  E   1

Cl32jX32j   -  CF 1 0 
1=1  j = l       •'       J j=l       J       J 

(23) Herbicide use. 

The amount of herbicide-used in controlling weeds in com pro- 

duction minus the supply of herbicide is less than or equal to zero. 

m 

l=l  
ali4 + 0214X214 + a324X324 " HB i 0 

(24) Area in which herbicide has been applied. 

The following constraint is an accounting equation which sums up 

the total area in which herbicide has been applied.  Further, in the 

capital constraint, this amount of land times the cost of herbicide ap- 

plication per unit of land will account for the total herbicide appli- 

cation costs. Herbicide application cost is defined as the cost of 

maintenance of the equipment used for herbicide application plus its 

depreciation. 

m 
E
=1
Xli4 + X214 + X324 " HBI 1 0 

(25) Area in which fertilizer has been applied. 

The total amount of land in which fertilizer has been applied 

minus the supply of land in which fertilizer has to be used is less 

than or equal to zero. 

X214 - FAA < 0 
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(26) Capital use. 

The following constraint sums up the total amount of capital uses 

in production of com, where the capital is used for hiring labor, 

purchasing com seeds for planting, fertilizer and herbicide, and cov- 

ering expenses of herbicide application. The total capital used in 

production less the amount of capital supplied is less than or equal 

to zero. 

H THL + P Cc + PUHB + P. .HI + P.FAA - TC < 0 
w      s F   h     hi     f       — 

(27) Available capital. 

An upper limit on the amount of capital than can be used in pro- 

duction of com is set.  It requires that capital used in com pro- 

duction be less than or equal to the maximum availability of capital 

for com production. 

TC < TC —  m 

(28) Previous used land to system one of production. 

The amount of previously used land devoted to system one of pro- 

duction minus the supply of land to this system is less than or equal 

to zero. 

n 
Z     X.. . - L < 0 
j=l 11J   l' 

(29) Unused land to system one of production. 

The amount of unused land devoted to system one of production 

minus the supply of this type of land to system one is less than or 

equal to, zero. 

■ = 1X123 -L2<-0 
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(30) System one of production 

The following constraint says that if previously used land in com 

production is used in com production, one-fourth of the total cropped 

area must come from unused land to maintain the four years rotation 

cycle of production. 

-L1 + 3L2 = 0 

(31) Use of previously used land. 

The amount of previously used land either under system one of 

production and/or system two of production must be less than or equal 

to the total land available. 

Ll + X214 1 PUL 

(32) Accounting equation for land to be used in rotation. 

The amount of land planted to com which does not receive a fer- 

tilizer application must be rotated. That is, land under system one 

and three of production minus the supply of land is less than or equal 

to zero. 

Ll + L2 + 5=1
X31j - L3 1 0 

(33) Maximum of land to be in rotation. 

The amount of land to be in rotation is less than or equal to the 

land available for rotation. 

L, < L_ 
3 — 3m 

(34) Use of land both under rotation and no-rotation systems. 

The amount of cropped land under the rotation system must be equal 

to the total land available for com cropping minus the amount of land 

devoted to the permanent system of production, and this difference 

divided by four. 
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VI.  MODEL VALIDATION AND RESULTS 

The empirical results of the model are presented in this chapter. 

In order to satisfy the reader that the model actually represents the 

existing production processes in the Atlantic Plain of Nicaragua, evi- 

dence of the validity of the model will be presented.  Basically, this 

will consist of an attempt to describe how the model predicts PRICA 

farmer behavior. Subjective as well as empirical tests will be used 

to measure the difference between the actual production process and 

the model prediction. 

Following validation, a comparison will be made in the model re- 

sults of the situation where only traditional weed control technologies 

are allowed and where both traditional and modem (technologies proposed 

by IPPC) weed control technologies are allowed. Then, comparisons will 

be made between the two plans on farmer income and on factor intensi- 

ties in the system of production with the adoption of the new technolo- 

gies. The difference between constrained and unconstrained capital in 

technology adoption will also be considered, as well as the differences 

in assumed opportunity cost for family labor. 

Model Validation 

The ultimate test of a model's validity depends upon its purpose. 

If a model is to forecast then the final test is its ability to accur- 

ately predict future events. Conversely, if a model was developed to 

aid decision makers, its validity is ultimately measured by the degree 

of its use in the decision making process. Such tests, however, require 

large amounts of time and, hence, are not generally practical for most 

model validation exercises. Therefore, one must usually rely on 
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comparison between behavior predicted by the model and what presently 

exists. 

Before turning to the validation process, it is appropriate to re- 

view the reasons why a model may be validate.  Discrepancies between 

solutions of linear programming (LP) models and reality arise from 

several causes. Among these causes for discrepancies are: 

(1) Poor conceptualization of the problem. 

The basic structure of the LP model may be mis- 

specified or not relevant to the problem. 

(2) Misspecification of technical coefficients and constraints. 

Poor sampling may lead to misspecification of technical co- 

efficients and constraints. That is, (a) the sample used 

to calculate the value of the different coefficients and 

constraints may not in fact represent the population, (b) 

the methodology used to collect the sample may be inappro- 

priate, (c) calculation errors may exist, (d) the wrong 

data may be collected, and (e) the sources of data may be 

unreliable. The latter may be the largest problem in 

developing countries since the farmers do not keep records 

of production. Therefore, the data are almost always 

obtained from the farmers' memories. 

(3) Error arising due to faulty coefficient placament. 

Wrong placament of coefficients in the decision variables, 

when the computer analysis of the problem is being done, 

also may lead to model solutions which are discrepant 

from reality. 

(4) Aggregation bias. 
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The only way in which aggregation bias can be avoided is 

by constructing a farm model for each individual farm 

(Buckwell and Hazell, 1972) but in practice it is not 

possible to do so. Hence, aggregation bias will occur 

when a "representative farm(s)"— approach is used to 

represent the group of all farms. 

(5) Solution with the wrong method. 

The economic and technical relationships among factor of 

production and yield are assumed to be linear in LP 

formulations, but such relationships may be nonlinear 

in reality. 

Many of these errors may be corrected if the user knows or can 

investigate what is causing the error. However, first one must 

judge that a model is invalid.  Such a judgment requires one to identify 

what needs to be validated and what criteria could be used to render 

the model inadequate. 

Two types of methods have been historically used to validate 

linear programming models-validation by construct (a check of internal 

consistency) and validation by results. 

Validation by Construct 

Validation by construction requires correct specification of the 

model as defined by an accepted theory of behavior.  In this study, 

the economic theory of production and decision making serves as the 

acceptable base. The objective function, coefficients, prices, and 

— The representative farms represent a group of homogeneous farms 
which tend to have the same rate of factor use, resource availability, 
and activities. 
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restrictions were developed consistent with this theory. The believ- 

ability of the model can be checked by observing the economic conditions 

and verifying that the results are reasonable both from experience and 

theory. This method checks the mechanism of the model rather than the 

approximation of its solution to those existing in the real world. 

Actual tests of the model consistency were performed by changing 

various model coefficients and noting the change in the performance 

variables.  For example, when the opportunity price of family labor 

is reduced, more family labor is used. As the amount of family labor 

is increased, a marked reduction in the amount of hired labor is noted. 

Increasing the price of com results in more output, as does increa- 

ses in the demand for com subsistence. Capital is not a production 

constraint, when family labor is abundant.  It becomes a constraint, 

when large amounts of labor must be hired. Since these results are 

thoroughly explainable by economic theory, the model was assumed to 

pass the first test. 

Validation by Results 

A more formal validation process is conducted through comparison 

of model results with corresponding real world vectors. 

Let Y. denote the actual output of farmer i, X. the actual amount 

of the jth input usage in the ith farm, C. . the actual cost of the 

jth input used in the farm, Y. the model solution vector for farm 

output, X.. the model solution vector of the jth used input and C.. 

the shadow price. Then, the deviation resulting from LP solutions will 

be said to be the differences between the model solutions and the 

correspondent real world vector. That is, 
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(1) E [Y. - Y. | = B1 

(2) E2 11. . - X. .I = B„ 

(3) EZ |C. . - C. . I = B- 
^ J     . .   ' i]   13 '    3 

where B., B„, and B_ are the deviations of the model output decision 

variables and input costs, from the real world solution. The greater 

the value of B,., the greater the doubt of the validity of the con- 

structed model. 

To test B, , several methods have been proposed. Two error tests 
K 

will be discussed and used here, the mean absolute error (MAE) and the 

mean absolute relative error (MARE). 

Mean Absolute Error (MAE) 

2/ 
The error tests— have been widely used to validate risk program- 

ming models (Brink and McCarl, 1978; Escobar, 1980; Hazell et. al., 

1978; Nieuwouldt and Mathia, 1976) and trade forecasting models (Kost, 

1980).  Basically, such tests measure the "goodness of fit" or devi- 

ation of a simulated variable from its correspondent real world one. 

In all tests, the smaller the error, the better the fit. 

Among the error tests, the mean absolute error (MAE) also known 

as mean absolute deviations (MAD), is probably the error test which has 

been most often used for validation (Brink and McCarl, 1978; Hazell et. 

3/ al., 1978). Hazell et. al., however, recognize a problem- of using 

2/ — Error tests are alternative measures of simulation errors which mea- 
sure the deviation path. The known error tests are (a) a sample 
measure in mean error, (b) the mean absolute error, (c) the root mean 
square error, (d) the mean absolute relative error, (e) the root mean 
square percentage error. 

3/ — This disadvantage recognized by Hazell et. al. when using the mean ab- 
solute error test can be generalized for the other error tests given 
that all of them are based on the same principle of measuring the 
deviation of a simulated variable for the actual path. 
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this test for validation.  For a cross-sectional study, the MAE is speci- 

fied as follows: 

T  n   - 
MAE = i E  |Y  - Y I 

N   , ' n   n' n=l 

where Y is the predicted value for the nth variable 

Y is the actual level of the nth variable n 

N is the number of variables 

The absolute value is used instead of the numeric value to avoid 

large positive and negative errors offsetting each, other. 

Mean Absolute Relative Error (MARE) 

A second test is the mean absolute relative error (MARE).  It pro- 

vides a basis of comparison in terms of the average size of the vari- 

able validation results. 

1 n  - 
MARE = £ E  | Y - Y | 

Nn=1ljL__n| 
n 

Validation Results 

As the basic data available for this study come from a cross- 

sectional survey where the true estimate of the risk parameters are 

unknown, comparison of model solution and the real world objective 

function may not be an unambiguous method of model validation.  Ideal- 

ly, the model should validate regardless of the level of risk aversion. 

However, since it is impossible to do this, one is left with either 

assuming a value of risk aversion coefficient (for example, or risk 

neutral) or performing the tests varying risk aversion coefficients. 

The latter is done in this study. 
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Also, a decision must be made as to which of the various stratifi- 

cations of the data will be used as the case of reference (actual case). 

Since there are three family sizes of labor which are in approximate 

equal number, a decision was arbitrarily made to accept group one (one 

family laborer) as the base, or actual case.  Farmers in this group 

produce com using production system one and production system three 

with the associated traditional weed control technologies. The record 

is not clear, however, on the number using each production system.  In 

the author's opinion, however, production system one predominates. 

The weed control techniques used by the group one farmers also 

vary (see Appendix Table C-l). Approximately one-third of the farmers 

use each of the three weed control procedures. There appears to be no 

marked preference for one system over the others.  For purposes of vali- 

dation, though, T. will be used as the base. Thus, the data base that 

constitutes the "actual situation" is derived from farms in which there 

is only one worker using weed control technology one. 

The model predicts the exclusive use of technology one only with 

X^O.5. AtX = 0.0 combinations of T- and T, are selected (see Table 

VI-1) . While this does not allow comparison with what is described as 

the "actual situation" (T.. is not brought into the solution), it is con- 

sistent with group one farmers in that they use all three technologies. 

Table VI-1 gives the results of the comparison of the "actual 

situation" with model solutions with varying risk aversion parameters. 

Only selected land and labor coefficients were used. 

As is seen using both analytical techniques, MAD and MARE, a re- 

duction in the absolute deviation occurs as X is increased. The small- 

est absolute error is obtained with a risk aversion coefficient of two. 

This is consistent with previous studies. Nieuwoudt and Mathia (1976) 
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in comparing alternative policies in peanut production, reported that a 

risk aversion coefficient equal to two provided the best fit between 

the predicted and observed peanut cropped areas in the Southeast U.S. 

Hazell et. al. (1978) reported that a risk aversion coefficient of 1.5 

or 2.0 provided the best description of cropping patterns and process 

of short cycle crop in Mexico. 

The purpose of this study, however, is not to determine the risk 

aversion coefficient of PRICA farmers.  In fact, from the data avail- 

able, it is impossible to do so.  But the results indicate that as X 

increases, the model predicts a change in the selection of the weed 

control technologies. As X  increases the acreage of com also drops 

since the perception of gain is lowered. Again, this is consistent 

with the PRICA farms since they show no marked preferences for a weed 

control technology and have relatively low levels of com acreage. 

Based on the two tests — constructed and results — the model is 

believed to be sufficiently accurate for the purposes of this study. 

Table VI-1. Comparison of Actual Plan with Model Solut 
a/ 

ions— . 

Actual =0.5 = 1.0 = 1.5 = 2.0 

Land 1.93 3.68 3.68 3.36 1.85 

Land clearing labor 13.00 28.86 28.86 25.98 13.93 

Planting labor 6.00 11.77 11.77 10.75 5.95 

First early weeding 
labor 9.00 19.87 19.87 18.14 10.04 

Harvesting labor 16.00 30.92 30.92 27.88 15.43 

MAD 9.83 9.83 8.04 0.53 

MARE 1.05 1.05 0.86 0.06 

17 For group one farms and T, is used for controlling weeds. 
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Results 

In this section, the empirical results of the model are presented. 

First, for each farm case and level of farmer propensity to take risk, 

optimal plans of com production are obtained with only traditional 

systems of weed control and then both traditional and "new technologies". 

Second, comparisons are made between the prediction for the two tech- 

nology systems, on income and factor intensities. 

4/ Empirical Results— 

The empirical results for the seven different farm cases are sum- 

marized in Tables VI-2 to VI-5 and presented in detail in Tables B-1 to 

B-14 in the Appendix. A quick view of the tables shows that where 

there are two and three family workers available in the farm unit, 

model results indicate that capital is no longer a constraint with 

only traditional systems of weed management. As a consequence, cases 

four and five have the same optimal solutions as do cases six and seven. 

Optimal solutions for each farm case are obtained under five levels 

of fanner propensity to take risk. These propensities are zero (risk 

neutral), 0.5, 1.0, 1.5, and 2.0^- . 

In this study, net revenue is a major performance variable.  It is 

derived by subtracting total variable costs of production (including a 

charge for family labor) from total revenue. Total farmer revenue is 

defined as the quantity of com allocated to consumption times the com 

4/ — It should be recalled that all results presented in this section 
are obtained from model predictions.    When information about real 
data is presented,   it is  identified with the adjective "actual". 

— The representative farms represent a.group of homogeneous farms 
which tend to have the same rate of factor use,  resource availa- 
bility,  and activities. 
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retail price plus the quantity of com allocated to sale times the com 

farm gate price. However, since the quantity of corn allocated to consump- 

tion does not have a true cash value to the farmers, net cash income is 

also calculated.  It is the difference between the cash costs of pro- 

duction (no charge for family labor) and the value of com sold. 

Empirical Results for Traditional Technologies 

Case One 

The empirical results for case one farms using traditional systems 

of weed control are presented in Table VI-2, columns two, three and four; 

and in Table C-l of the Appendix.  Farmer net revenue, as predicted by 

the model, ranges from $2,806.07- to -$4.25, depending on the value of X. 

It is highest when X  is zero and lowest when it equals two.  For the 

same levels of farmer propensities to take risk, the net cash incomes 

were calculated to be $3,778.40 and -$59.66, respectively. 

At the lower levels of risk aversion, the model predicts maximum 

use of internal capital. Thus, capital is a production constraint for 

farmers who are at low levels of risk aversion.  But farmers with risk 

aversion coefficients equal to 1.5 or higher do not use the maximum 

level of available internal capital and capital is no longer a con- 

straint . 

Propensity to take risk not only affects the level of capital, but 

it also affects the system of com production and the amount of labor 

used in com production. At the zero level of risk aversion, the far- 

mers of case one will use a combination of production systems one and 

three.  Farmers with higher propensity to take risk, though, tend to 

utilize production system one. Production system one, as previously 

stated, utilizes the maximum amount of previously used (old) land, 

—  In this section $ stands for cordobas. 



Table Vl-2. Selected Empirical liesults for the Four Cases Which Have One Family Worker, and Non-Zero Opportunity Cost is 
Assigned for Family Labor. 

Weed Control Technologies Traditional Madern 
Capital Constrained Unconstrained Constrained       1 Unconstrained 

Risk aversion coefficient 0.0    1.0 2.0 0.0      1.0    2.0 0.0 1.0 2.0 0.0    1.0    2.0 

Net revenue 2806.1   989.6 -4.3 3310.7   1057.5   -4.3 3315.6 2134.9 964.2 60SS.7  3657.S  1253.2 

Net cash income 3778.4 1481.8 -59.7 4125.3   1553.4  -59.7 3922.7 2633.4 1462.7 6655.1  4194.0 1852.6 

Total area 3.81   3.68 1.85 4.13     4.13   1.85 3.17 2.98 2.98 6.02   6.02   6.0 

System One of Production 

Old Land:  Tj 2.S2 1.39 2.52   1.39 

T2 
0.42 

T3 2.10 0.52 

T4 
1.10 1.17 1.17 

New Land: Tj 0.84 0.46 0.84  0.46 

'r2 0.84 

T3 
T4 

0.S4 0.39 0.39 

System IVio of Production: T 2.52   2.52   2.5 

System Three of Production 

Tl 0.32 0.77 

T, 

•r3 
0.45 4.13 1.01 1.42 1.42 3.50   3.50   3.5 

Total corn production 3520.6 2124.5 662.0 4658.7  2419.6 662.0 3608.4 2824.6 2112.9 7257.2 5799.2 4337.8 

Capital use 840.0  840.0 54.24 2226.S  1216.1  54.24 840.0 840.0 840.0 3812.7 3812.7 3812.7 

Labor:  Family 83.4   65.9 46.0 77.62   66.0  46.0 70.1 66.1 66.1 69.8   69.8   69.8 

Hired 26.1   26.6 -- 76.02   39.8 13.5 12.4 12.4 91.0   91.0   91.0 

Total 109.5   92.5 46.0 153.64  105.8  46.0 83.6 78.5 78.5 160.8  160.8  160.8 

ID 
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bringing into production only the minimum amoung of fallowed (new) land 

required to maintain the rotation. This is consistent with the current 

systems of com production of PRICA farmers and suggests that PRICA 

farmers may, on the average, have high risk aversion coefficients. 

Regarding labor usage for weed control, at the lower levels of . 

risk aversion the farmer strategy' is.to utilize the maximum amount of 

available labor in hand weeding.  In fact, when the risk aversion coef- 

ficient is equal to zero, the model predicts an early hand weeding, a 

late hand weeding, and a second hand weeding since technology two and 

three to control weeds are part of the optimal solutions. When higher 

levels of risk aversion are introduced into the model, the amount of 

labor devoted to hand weeding is reduced.  For instance, when the risk 

aversion coefficient is equal to 0.5 or higher, neither the late hand 

weeding, nor the second hand weeding are utilized. 

The total use of family labor decreases from 84.4 (when the risk 

aversion coefficient is equal to zero) to 46 man-days (when the risk 

aversion coefficient is equal to two). Total hired labor decreases 

from 26.1 man-days to zero, respectively.  If net revenue were used 

exclusively for payment to family labor, the return to family labor 

would be 61.2, 42.5, and 27.5 per man-day for risk aversion coeffici- 

ents equal to zero, 1.0, and 2.0, respectively. All are equal to or 

higher than the existing wage rate.  It should be remembered, though, 

that as X increased, perceived yields decreased. Thus, it is natural 

to have a deminishing value for labor. 

Case Two 

The empirical results of the model for farm case two are given in 

coliimns five, six and seven of Table VI-2 and Table C-3 in the Appendix. 
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Case two, it will be recalled, is similar to case one except that the 

capital constraint is released. The optimal plans of production for 

farmers with risk aversion coefficients equal to 1.5 or higher, though, 

do not change relative to those of case one. This occurs because farm- 

ers in case one did not use. the maximum amount of internal capital and 

were therefore already unconstrained. However, the optimal plans for 

farmers with low levels of risk aversion do change when the capital 

constraint is released. For instance, when the risk aversion coef- 

ficient is equal to zero, the net revenue increases from $2,806.07 to 

$3,310.70 and capital is increased from $840.00 to $2,263.48.  If we 

assume that this increase in net revenue is exclusively caused by the 

increase in the use of capital, the net rate of return— to borrowed 

capital is 36 percent. The net rate of return to borrowed capital for 

risk aversion coefficients of 0.5 and 1.0 were found to be 27 percent 

and four percent, respectively. 

The optimal systems of com production also change in case two in 

comparison to case one. When capital is not a constraint, the risk 

neutral farmers prefer to produce com in previously unused land. 

Farmers with higher levels of risk aversion, however, use previously 

used land as in case one. 

The extra borrowed capital is mainly used to hire labor. The 

units of hired labor increase from 26.1 man-days to 76.02 when the 

risk aversion coefficient is equal to zero, from 26.64 to 56.22 when 

the risk aversion coefficient is equal to 0.5, and from 26.64 to 39.84 

when the risk aversion coefficient is equal to 1.0. 

11 — Net rate of return is defined as the rate of return to borrowed 
capital discounted for the paid interest rate. 
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Case Three 

The empirical results for case three are given in Table VI-3, 

columns two, three and four and Table C-5 in the Appendix. The assump- 

tions made in case three are identical to those of case one, except 

that family labor is assumed to have a zero opportunity cost. Thus, 

net revenue and cash income are provided to increase in case three 

compared to case one.  Results differ even though both cases one and 

three have capital as a constraint. The farmers of case three adopt 

different com systems at the'same levels of risk aversion than farmers 

of case one. Also, the farmers of case three have a tendency to crop 

more area. Moreover, when the risk aversion coefficient is equal to 

two, the farmers of case three still produce some com for sale and 

hire small amounts of labor. 

Cases Four and Five 

The predicted empirical results for these farm cases are given in 

columns three, four and five of Table VI-4 and in Table C-7 of the 

Appendix section. The net revenues range from $3,600.74 for farmers 

with risk aversion coefficients equal to zero to $-6.31 for farmers 

with risk aversion coefficients equal to two. The total cash income 

ranges from $5,557.25 to $-88.57, respectively, for both farmers. 

For these cases, capital is no longer a constraint. The amount 

of internal capital used in com production is lower than the amount 

of capital available. As a consequence, case five has the same opti- 

mal solutions as case four for the various levels of risk aversion. 

The optimal system of production predicted by the model for the 

farmers at different levels of risk aversion are similar to those of 

case two. That is, the farmers with low levels of risk aversion prefer 
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Table VI-3. Selected Empirical Results for the Farm Cases Which Have One Family Worker, and 
Zero Opportunity Cost is Assigned for Family Labor. 

Weed Control Technology: Traditional 
Constrained C 

Modem 
Capital unstrained 

Risk aversion coefficient 0.0 1.0 2.0 0.0 1.0 2.0 

Net revenue 5103.1 2801.7 1654.8 5347.5 3953.3 2782.6 

Net cash income 3748.3 1481.8 335.4 4028.6 2633.4 1462.7 

Total area 3.88 3.68 2.89 3.69 2.97 2.97 

System One of Production 

Old Land:    Tj 2.52 2.17 

T2 0.78 0.06 

h 1.73 1.23 

T4 
1.23 1.17 1.17 

New Land:    T 0.84 0.72 

h 0.84 0.84 

T3 
0.33 0.39 0.39 

System Two of Production:  T4 

System Three of Production 

Tl 0.32 

T2 
T3 0.S3 

T4 1.42 1.42 

Total com production 3524.3 2124.5 1029.7 3672.3 2824.6 2112.9 

Capital use 840.0 840.0 244.9 840.0 840.0 840.0 

Labor:     Family 83.7 65.9 65.7 78.2 66.1 66.1 

Hired 26.0 26.0 5.8 15.6 12.4 12.4 

Total 109.7 92.5 71.5 93.8 78.5 78.5 



Table VI-4.  Selected Empirical Results for the Farm Cases Which Have Two I'amily Workers, and Non-Zero Opportunity Cost is 
Assigned for Family Labor. 

Weed Control Technologies: Traditional  , 
Unconstrained- 

Modem 

Capital Constrained Unconstrained 

Risk aversion coefficient 0.0 1.0      2.0 0.0 1.0 2.0 0.0 1.0 2.0 

Net revenue 3600.7 1294.9     - 6.31 5223.9 3343.0 1456.4 6355.5 3957.2 1533.1 

Net cash income 5S57.3 2618.7     -88.57 6829.8 4942.9 3056.3 8194.8 5796.4 3392.3 

Total area 4.13 4.13     2.76 4.62 4.62 4.62 6.02 6.02 6.02 

System One of Production 

Old Land:  Tj 

T2 

T4 

0.44     2.07 

0.38 0.38 0.38 

New Land: Tj 

T2 

0.15     0.67 

T3 
T4 

0.13 0.13 0.13 

System Two of Production: T4 0.65 0.65 0.65 2.52 2.52 2.52 

System Three of Production 

Tl 
3.54 

T2 

T3 4.13 

T4 
3.46 3.46 3.46 3.50 3.50 3.50 

Total corn production 4658.7 2655.3    982.8 5692.7 4549.2 3402.5 7257.2 5799.2 4253.7 

Capital Use 445.0 120.5     80.5 840.0 840.0 840.0 1933.3 1933.3 1933.3 

Labor:  Family 142.4 119.4     68.3 129.4 129.4 129.4 138.1 138.1 138.1 

Hired 11.2 .. 3.3 3.3 3.3 22.7 22.7 22.7 

Total 153.6 119.4     68.3 132.7 132.7 132.7 160.8 160.8 160.8 

- 
a/ 

Unconstrained solutions is identical to the constrained solution. 
ID 
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to crop com in new areas each year, but as the risk aversion coeffi- 

cient increases, the farmers tend to utilize previously used land. 

The rate of return to family labor is $52.79, $38.35, and $27.50 

for risk aversion coefficients equal to 0.0, 1.0, and 2.0, respectively. 

The rate of return to family labor is lower for cases four and five than 

for cases one and two since the rate of family labor used per unit of 

land is greater than in case one and two.  In case two the intensity of 

family labor use was 28.79, 15.99 and 24.85 units of family labor per 

hectare for risk aversion coefficient equal to 0.0, 1.0, and 2.0, 

respectively. For case four the use of family labor per hectare of 

cropped area is 34.48, 28.91, and 24.73, respectively for the same 

levels of risk aversion. 

Survey data indicate that low levels of capital use and high 

levels of family labor used in com production are common strategies 

of the PRICA farmers who belong to this group. The above results con- 

firm such strategies. 

Predictions from the model indicate that farmers of case four be- 

have as farmers of cases one and two with respect to weed management 

strategies. At low levels of risk aversion, such fanners tend to util- 

ize the maximum amount of labor in hand weeding, but when the risk 

aversion coefficient increases, the farmers tend to use the traditional 

technology that minimizes the use of labor, i.e., technology one. 

Cases Six and Seven 

Columns two, three and four of Table VI-5 and Table C-10 in the 

Appendix show the empirical results for a farm unit in which there 

are three family workers available. 

For farm cases that have three family workers, the net revenue 

is $3,518.71 and $-4.23 for farmers with propensity to take risk equal 
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to zero and two, respectively. For the same farmers the corresponding 

levels of .cash income are $6,430.30 and $-59.38. 

Similar to the farmer cases which have two family workers, capital 

is not a constraint under the traditional systems of production for 

farmers with three family workers. They do not utilize the internal 

capital available to them. 

The rates of return to family labor for these cases are $50.40, 

$37.20, and $27.50 per man-day for level of risk aversion equal to 0.0, 

1.0, and 2.0, respectively.  Farmers of cases six and seven use 

slightly higher amounts of family labor in com production relative to 

farmers of cases four and five. Similar to cases four and five, farmers 

of cases six and seven do not use hired labor for com production. 

Again, this is consistent with what present PRICA farmers of this group 

are doing. 

With respect to systems of production, farmers with low propensity 

to take risk produce com using the system of production that produces 

the highest yields, that is, cropping in a new area every year (system 

three). Moreover, these farmers will use the weed control technology 

that also produces the highest yield (technology three).  But farmers 

with higher levels of risk aversion tend to produce com using system 

of production one which maximizes the use of previously used land, and 

using weed control technology one, which minimizes the use of labor in 

weed control. 

Empirical Results for New Weed Control Technologies 

The predicted impact of introducing the new weed control technolo- 

gies into the current systems of com production of PRICA farmers under 

the three sizes of available family labor are examined in the following 
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material. Each case is compared to its corresponding case where only 

traditional technologies were allowed. 

Case One 

The empirical results of case one are presented in Table VI-2, 

columns eight, nine and ten and in more detail in Table C-2 in the 

Appendix. 

The introduction of new weed control technologies as predicted by 

the model increases the net revenue by $509.57, $1,145.31, and $968.44 

to the farmers who have risk aversion coefficients equal to 0.0, 1.0, 

and 2.0, respectively. The variation in farmer net revenue occurs be- 

cause of changes in intensity of cropping done by farmers at different 

levels of propensity to take risk.  In fact, when the risk aversion co- 

efficient is equal to zero, farmers utilizing traditional weed control 

technologies employ the maximum internal capital in the production of 

com, but farmers with higher levels of risk aversion tend to use only 

part of their resources (farmers with risk aversion equal to 1.5 or 

higher were not utilizing the maximum amount of internal capital). When 

the new technology of weed control is introduced, farmers with low 

levels of risk aversion increase net revenue by substituting the new 

technologies for hired labor.  Farmers with higher levels of risk 

aversion, however, employ all of the internal capital, crop more areas, 

and actuall increase the amount of hired labor. 

The system of production does not change when the risk aversion 

parameter is varied between 0.5 and 2.0.  Farmers use a combination 

of systems one and three of production, cropping 1.56 hectares under 

system one of production (1.17 hectares in previously used land and 

0.39 hectares in unused land) and 1.42 hectares under system three. 



Table VI-5.  Selected Empirical Results for the I'arm Cases Which Have Three Family Workers, and Non-Zero Opportunity Cost is 
Assigned for Family Labor. 

Weed Control Technology: Traditional 
Unconstrained a/ 

Modern 

Capital Constrained Unconstrained 

Risk aversion coefficient 0.0               1.0 2.0 0.0              1.0 2.0 0.0               1.0 2.0 

Net  revenue 3S18.7        118S.3 -4.23 5438.4         3416.8 1388.8 630S.0         3906.6 1502.5 

Net cash income 6430.3         3233.7 -59.38 8057.9         6036.3 4008.4 9413.7          7015.32 4611.2 

Total area 4.13             4.13 1.85 4.94             4.94 4.94 6.02             6.02 6.02 

System One of Production 

Old Land:    Tj 

T2 

T, 

0,39 

3 

New Land:    Tj 

T2 

0.46 

'3 

System Two of Production:     T. 1.08             1.08 1.08 2.52             2.52 2.52 

System Three of Production 

Tl 4.13 

T2 

T3 4.13 

T4 3.86             3.86 3.87 3.50             3.50 3.50 

Total  com production 4658.6         2705.2 658.8 6119.2         4890.0 3657.2 7257.2         5799.2 4337.8 

Capital  use 135.9           120.46 54.0 840.0           840.0 840.0 1309.7         1309.7 1309.7 

Labor:     Family 153.6           122.25 45.8 143.0           143.0 143.0 160.8           160.8 160.8 

Hired -. -- -. -- -. -- 
Total 153.6           122.25 45.8 143.0           143.0 143.0 160.8           160.8 160.8 

Unconstrained solution is identical to the constrained solution. O 
O 
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If net revenue is considered as the return to family labor, the 

return per man-day of labor is $74.82, $59.89, and $42.08 for farmers 

with propensity to take risk equaling 0.0, 1.0, and 2.0, respectively. 

Case Two 

Case two results as predicted by the model are presented in Table 

VI-2, columns 11, 12, and 13 and in more detail in Table C-4 in the 

Appendix.  If the capital constraint is released, the farmers use 

production system two (production on previously used land), and pro- 

duction system three. Comparing the optimal solutions of thise case 

with case one when modem weed control technologies are available, net 

revenue increases by $2,740,054, $1,522.57, and $289.05 for farmers 

with risk aversion coefficients equal to 0.0, 1.0, and 2.0, respectively. 

Such increases in net revenue represent a net return to borrowed capital 

equaling 92, 51, and 10 percent, respectively. 

Case Three 

A summary of the predicted empirical results for case three are 

given in columns five, six and seven in Table VI-3. Complex results are 

shown in Table B-6 in the Appendix. When only the traditional weed 

control technologies are available for com production, cases one and 

three have different optimal plans of production for farmers with the 

same level of risk aversion.  In contrast, when the new technology is 

introduced, fanners of cases one and three with equal propensity to 

take risk and propensity equal to or greater than 0.5 have the same 

optimal plans of production. Only farmers with risk aversion coef- 

ficients equal to zero use different systems of production.  In this 

situation, the farmers prefer to use more labor for weed control and 

purchase hired labor rather than herbicide. 
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Case Four 

Table VI-4, columns five, six, and seven provides a summary of 

predicted results for case four. They are presented in more detail in 

Table C-8 in the Appendix. 

When the new weed control technologies are introduced into the 

production system of case four, the farmer net revenue increases by 

$1,623.11, $2,048.09, and $1,462.74 for farmers with risk aversion 

coefficients equal to 0.0, 1.0, and 2.0, respectively. The increase 

in net cash income for the same farmers is $1,266.50, $2,324.17, and 

$3,144.89, respectively. 

All the farmers in case four, even with different propensities 

to take risk, use the maximum amount of internal capital, which is in 

marked contrast to the situation when only traditional technologies 

are available. Previously farmers did not use the maximum amount of 

internal capital. 

The farmers use all three systems of production for com and the 

amount of land cropped by the farmers remains constant regardless of 

the level of risk aversion, i.e., 0.5 hectares in production system 

one (0.38 hectares in previously used land and 0.13 hectares in new 

land), 0.65 hectares in system two, and 3.46 hectares in system three. 

In all cases, the farmers use weed control technology four (the new 

weed control technology) for controlling weeds. 

With respect to labor use intensities, the farmers with risk 

aversion coefficients equal to zero hire 70 percent less labor, while 

farmers with risk aversion coefficients equal to 0.5 will hire 70 

percent more labor when compared to the situation when only traditional 

technologies are available.  Farmers with risk aversion coefficients 
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equal to 1.0 or greater will hire 3.34 man-days compared to zero labor 

when only the traditional weed control technologies are available. 

If net revenue is assumed to be the return to family labor, each 

man-day of family labor will be valued at $67.85, $53.33, and $38.75 

for farmers with risk aversion coefficients equal to zero, 1.0, and 

2.0, respectively. 

Case Five 

Table VI-4, columns eight, nine and 10 and Table C-9 in the Appen- 

dix give the empirical results for case five. 

If the capital constraint is released, the increase in net revenue 

for farmers with propensity to take risk equal to 0.0, 1.0, and 2.0 

will be $1,131.68, $614.19, and $96.95, respectively.  If this increase 

in net return is returned to the use of external capital, the net rate 

of return to borrowed capital will be 104, 56, and nine percent for 

the same level above risk aversion coefficients. 

When the capital constraint is released, the farmers crop the 

previously used land under production system two (the 2.52 hectares) 

and the rest of the land (3.50 hectares) under production system three. 

Additionally, the availability of external capital will generally in- 

crease the use of family labor from 129.43 to 138.13 man-days and the 

use of hired labor from 3.34 to 22.67 man-days. 

Case Six 

Table VI-5, columns five, six and seven and Table C-ll in the 

Appendix show the empirical results for this case. 

The new technology will benefit the farmers of case six. They 

generally utilize higher proportions of family labor and their entire 

unused internal capital when the new weed control technology is 
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introduced.  Famaily labor changes by -7, 19, and 165 percent, respect- 

ively, for propensity to take risk coefficients of 0.0, 1.0, and 2.0. 

Increases in these of internal capital and family labor which accomp- 

anied an increased in cropped area, result in an increase of net reven- 

ue for these farmers of -1,919.70, $2,231.48, and $1,309.07, respectively, 

when compared to the corresponding net revenues when only the traditional 

weed control technologies were available. 

If the increased net revenue is entirely credited to family labor, 

the net return to a family worked day will be $65.53, $51.39, and $37.21 

for farmers with risk aversion coefficients equal to 0.0, 1.0, and 2.0, 

respectively. Comparison of the returns to family labor with the cor- 

responding return under the traditional systems reveals the increase in 

return to a family worked day of $15.33, $14.19, and $9.71, respectively. 

Production systems two and three and the new weed control technology 

are used exclusively by farmers, regardless of the level of risk aver- 

sion when the new technologies are made available. That is, 1.08 hec- 

tares under system two of production and 3.86 hectares under system 

three of production. 

Case Seven 

Table VI-5, columns eight, nine and ten in this chapter and Table 

C-12 in the Appendix show the empirical results for case seven. 

When the capital constraint is released for case six, the farmers 

will increase the amount of land used in production to 6.02 hectares. 

However, the systems of production and the weed control technologies 

remain the same. Although comparatively more of the total production 

area is in system two in the unconstrained case, this results in more 

total labor use. 
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The relaxation of the capital constraint will increase the use of 

capital by $469.70, the use of labor by 17.78 man-days, and the use of 

land by 1.08 hectares. Such increases in factors of production will 

increase net revenue of case seven by $866.54, $489.81, and $113.67. 

If we assume that the increase in net revenue occurs because of bor- 

rowed capital, the net rate of return to borrowed capital will be 184, 

104, and 24 percent. Even though the extra use of capital will increase 

the net return of the farmers, the rate of return per family worked day 

will not increase.  In fact, such returns are $66.71, $51.79, and 

$35.84 (which are similar to the constrained case). 
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VII.  SUMMARY AND CONCLUSIONS 

Summary 

The objectives of this study were: 

(1) To determine the existing weed control techniques for com in 

the Atlantic Plain of Nicaragua. 

(2) To evaluate the likelihood of adoption of weed control tech- 

nology for com by small farmers on the Atlantic Plain of 

Nicaragua. 

(3) To determine the effect of risk aversion upon the likelihood 

of acceptance of the proposed weed control technology. 

A version of a production function-convex approximation model 

(McCarl, 1978) modified to account for stochastic yield response coef- 

ficients from the several technological processes, was used in the 

analysis. To measure the economic difference between the use of the 

two systems of weed control (traditional and new methods), alternative 

assumptions were specified, in which family labor and capital availa- 

bilities were varied under one of the two systems of weed control is 

made available to the farmers. A comparison was made between model 

results utilizing traditional and modem weed control coefficients. 

Cross-sectional sample data of 42 farmers in the study area, ex- 

perimental results in weed control technology obtained by IPPC resear- 

chers in the North Atlantic Zone of Costa Rica and primary and second- 

ary input and output information from Nicaraguan institutions were 

used to estimate the model coefficients of all included activities. 

As prices are fixed by the Nicaraguan government, the gross income 

variations come from changes in yield response from different techno- 

logical processes. Consequently, risk measures were estimated as the 
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yield deviations from the average yield of the different technological 

processes. To do so, the standard deviation in yield of each techno- 

logical process is multiplied by a risk aversion parameter and dis- 

counted from the average yield. Hence, the availability of com for 

consumption and sale was reduced as long as the risk aversion coeffi- 

cient increases. 

As com is grown both for consumption and sale, two different 

prices are used to value the crop production. The amount of com re- 

tained by the farmers for home consumption was valued at the retail 

price and surplus over consumption available for sale, was valued at 

the farm rate price. 

Based on family labor availabilities, three types of farms were 

specified, farms with the availability of one, two, or three family 

workers in the farm unit. Solutions of the model for each type of 

farm are constrained by the availability of weed control technologies 

(traditional and new), farmer propensities to take risk, and level of 

capital available for production. The solutions of the model include 

net revenue, net cash income, system of land use, amount of com 

allocated to consumption and sale, storage losses of com in the stor- 

age place, capital use, amount of com seeds used for planting, herbi- 

cide use cost, fertilizer use cost, total family labor use, total 

hired labor use and amount of family and hired labor used to perform 

land clearing, field burning, herbicide application, planting, first 

early weeding, first late and second hand weeding and harvesting. Each 

solution satisfied the subsistence requirement constraint. A set of 

solutions for each type of farm is given in Chapter VI. 

Presently there are three weed control systems used for the pro- 

duction of com in the PRICA zone. They are T-, an early hoeing; T , 
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a late hoeing, and T_, an early and late hoeing. As the sample data indi- 

cates, they are approximately equally likely to be used by PRICA farmers 

regardless of the availability of family labor. While T_ provides the 

largest net return to the farmer as well as the largest cash income, it 

also requires the greatest amount of labor. Weed control technology 

T2 yields the smallest net return and cash income but also requires the 

smallest amount of labor, and the weed control labor occurs late in the 

season. 

There are also two different traditional systems of production. 

Production system one employs both previously tilled and previously 

fallowed land, while production system three utilized only previously 

fallowed land for production. Yields are also higher. The PRICA 

sample data are unclear as to the percentage of farmers using each of 

the two systems. 

When only the traditional weed control systems are allowed and 

where no consideration is made for risk, the model predicts the use of 

production system one, when only one farm laborer is available, and a 

shift to production system two as more family labor is available. How- 

ever, when capital is not a constraint even the farms with limited 

labor shift to production system three, hiring the labor they need. As 

would be expected, T_, since it has the highest net return (see Table 

VII-3), is the preferred weed control system when capital and/or 

labor are not constraints.  If capital and labor are limited, a combin- 

ation of T- and T_ are predicted. 

When new technologies are tested in the model in a riskless en- 

vironment, the model predicts an immediate shift to weed control 

technology T, (the IPPC recommendation). Most acreage is farmed 
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utilizing production system three when capital or labor are not con- 

straints. Production system two is the next largest (production system 

two, it will be recalled, uses fertilizer on previously farmed land). 

The traditional technologies are only used where capital and labor are 

limiting and then only in relatively small acreages. (See Table VII-2). 

Farm net revenue and net cash income rise significantly as a shift 

from traditional to modem weed control techniques occur. This re- 

sults from the higher yields obtained from T. with similar costs (com- 

pare Tables IV-7 and IV-9) as well as an increase in the area farmed. 

It should also be noted that when the new technologies are employed, 

the use of hired labor increases when capital is unconstrained. Thus, 

unemployment may not be increased by the new technology if capital can 

be made available to farmers to expand the area farmed. 

McCarty, in his analysis, indicated that only 30 percent of the 

20 NAZ sampled farms would benefit from the technology. However, he 

assumed no yield increase associated with the new technologies. This 

was consistent with the data available to him at the time. However, 

recent results in Costa Rica indicate that yield increase is likely. 

This assumption is basic to this study. Had he assumed a 13 percent 

increase in yield as assumed in this study, the number of adopters 

would have greatly increased. 

Another reason for the difference in results between the two 

studies is the large amount of underutilized land in the PRICA area 

which allows farmers an option of employing production system three. 

Only production system one and two are used in NAZ. From McCarty's 

data, however, it is impossible to determine the number of farmers 

employing each system. Nevertheless, since production system three 
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Table VII-l.  Farra Plan for Varying Size Family Labor Force and Capital Constraint Utilizing Traditional 
Weed Control Technologies. 

Farm Labor Force: One One One Two Three 

Capital & & C,U C,U C.U 

Opportunity cost of labor *£/ W & W W 

Net revenue 2806.1 3310.7 5103.1 3600.7 3518.7 

Net cash income 3778.4 412S.3 3748.3 5557.3 6430.3 

Total area 3.81 4.13 3.88 4.13 4.13 

System One of Production 

Old Land:  T, 

0.42 0.78 

1.73 

New Land:  T 
1 

T2 
T. 

0.84 0.84 

System Two of Production: T. 

System Three of Prodcution 

T, 

0.45 4.13 0.53 4.13 4.13 

Total com production 

Capital use 

Labor:  Family 

Hired 

Total 

3520.6 4658.7 3524.3 4658.7 4658.7 

840.0 2226.5 840.0 445.0 135.9 

83.4 77.62 83.7 142.4 153.6 

26.1 76.02 26.0 11.2 -- 
109.5 153.64 109.7 153.6 153.6 

a/ 
— Constrained capital. 

— Unconstrained capital. 

c/ 
Prevailing wage rate. 

% Zero. 



Tublc  Vll-2.     Farm Plan   for Varying Size la roily  Uhor Force and CapUal  Constraints  Utilizing Traditional  and Modern Control 
TticUllOlO]*iCS. 

Fana Work  Force: One One One Two Two Three Three 

Capital & & C C U C U 

Opportunity  cost  of family *i N & W H N N 

Net  kevenue 3515.6 60S5. 7 5J47.5 5223.9 63S5. 9 5438.4 6)05.0 

Net  cash  income M22.7 66SS. 1 402B.6 6829.6 8194. 8 80S7.9 9413.7 

Total  area J.I7 6. 02 3.69 4.62 6. 02 4.94 6.02 

System One of Production 

01J Land: T, 

0.52 

1.10 

0.06 

1.23 

1.2) 

System Two of Production: 

Systen Three of Production 

T, 

0.13 

0.6S 2.52 

Total com production 

Capital use 

Labor: ranity 

Hired: 

Total: 

1608.4 7257.2 3672.8 5692.7 72S7.2 6119.2 7257.2 

840.0 3812.7 840.0 840.0 1933.3 840.0 1309.7 

70.1 69.8 78.2 129.4 138.1 143.0 160.8 

13.5 91.0 15.6 3.3 22.7 -- -- 
83.6 100.8 93.8 132.7 160.8 143.0 160.8 

a/ 

b/ 

Constrained capital. 

— Unconstrained capital. 

- Prevailing wage rate. 
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Table VII-3. Net Return and Cash Income by Weed Control Technology. 

Technology 

Yield^ 

Price (c/kg) 

Gross value 

Family labor 

Hired labor 

Non-cash cost 

Total cost 
b/ 

Net return- 

Cash income 

__ 

— Production system one, production system three yield 10 percent more. 

Tl T2 T3 

783 753 981 

1.64 1.64 1.64 

1284 1235 1609 

554 445 712 

170 247 199 

29 31 33 

753 723 944 

531 512 665 

1114 998 1410 

h/ 
— Return to land and invested capital. 

provides the highest yield, and the best environment for the new tech- 

nologies, the new technologies appear to be less favorable in NAZ than 

in PRICA. 

It will be recalled that risk is indirectly handled in the object- 

ive function by discounting "the cost of risk" (the standard deviation 

of yield times a risk aversion coefficient) from total output.  It 

previously has been admitted that no empirical estimates of risk 

aversion from PRICA farmers are available to the author and thus the 

use of risk in the analysis is questionable. However, by varying the 

coefficient estimates of behavior are predicted which, hopefully are 

useful in showing the adoption potential of risk averse producers. 

Farms with One Family Worker Available 

Under traditional systems of weed control with only one family 

worker, the model predicts that capital will become a production 
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constraint for the low to medium level of risk aversion (0.0 to 1.0) 

(see Table VII-4). However, capital was not a constraint for high 

level of risk aversion (1.5 to 2.0) and farmers tend to produce only 

the amount of com required for home consumption. 

When the new technology of weed control is available and adopted 

by farmers of this group, several important changes in production 

occur. The most important are the following: 

(1) The net revenue increased by an average of $979 and $2,342 

when capital is constrained and unconstrained, respectively. 

If such increases in net revenue are returned to family 

labor, the return to a family worked day will increase by 

$16.00 and $34.00, respectively. These increases in re- 

turn to a family worked days represent gain of 40 and 75 

percent over the present rates of return. 

(2) To afford the cost of the new weed control technology 

when capital is constrained, the amount of family labor 

is slightly increased and the amount of hired labor is 

reduced. There is a substitution of capital input use 

for hired labor. However, when the capital constraint 

is released, the use of family labor is significantly 

increased and the amount of hired labor as well. The 

use of family labor is reduced only for cases in which 

the risk aversion coefficient is equal to zero. 

(3) When capital is a constraint, the total use of capital 

is increased by an average of $526.00 at high levels of 

risk aversion (1.5 and 2,0). At low-medium levels of 

risk aversion the maximum amount of capital available 



Table VII -4. Changes in Farm Returns and Factors of Production Caused by the Adoption of the New 
Technology on Farms Which Have One Family Worker (Percentage). 

Capital Constrained Unconstrained 

Risk aversion coefficient 0.0 

Net revenue 18 

Increase in net cash income 4 

Return per family worked day 22.0 

Total family labor use -16 

Total hired labor use -48 

Total capital use b/ 

Cropped area -17 

0.5 1.0 1.5 2.0 0. 0 0. 5 1.0 1. 5 2.0 

65 116 343 960.0^ 83 160 246 631 1257. O^ 

51 78 370 1403 61 131 170 264 1852.6-/ 

31.0 41.0 55.0 53.0 63. 0 74. 0 84.0 91. 0 65.0 

b/ b/ b/ 44 -10 6 6 6 52 

54 -54 29 12.A^ 20 62 1.29 423 91.0^ 

b/ b/ 47 1449 71 129 214 565 6929 

19 -19 -11 61 46 46 46 79 225 

  

— Absolute value, since it is impossible to calculate the percentage 

— There is no change. 
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for production is used in both traditional and modern 

production. When the capital constraint is released, 

the total use of capital increases by an average of 

$2,662. Such an increase represents an increase of 

capital use of $345 per hectare. 

(4) The cropped area is generally reduced by an average of 

0.61 hectares except for the case in which the risk 

aversion coefficient is equal to 2.0, where the cropped 

area is increased by 1.13 hectares, when capital remains 

as a constraint. However, when the capital constraint 

is released, the cropped area increased by an average 

of 2.5 hectares. 

Farms with Two Family Workers Available 

Under traditional systems of weed control, farms which have two 

family workers, capital was not a production constraint. As in the 

previous case, farmers (at high levels of risk aversion) tend to pro- 

duce only the amount of com required for home consumption (Table VII-5) 

Labor is hired only at low levels of risk aversion 0.0 and 0.5). When 

the new technology was adopted, the most important production changes 

that occur are the following: 

(1) The net revenue increased by an average of $1,835 and 

$2,450 when capital is constrained and unconstrained, 

respectively.  If such increases in net revenue are 

returned to family labor, the return to a family worked 

day will increase by $14.1 and $17.0, respectively. 

These increases in the rates of return represent 



Table VII -5.  Changes in 
Technology 

Farm Return and Factors 
on Farms Which Have Two 

of Production Caused by the 
Family Workers (Percentage) 

Adoption of the New 

Capital Constrained Unconstrained 

Risk aversion coefficient 0.0 0.5 1. 0    1.5 2.0 0.0 0.5 1.0    1. 5 2.0 

Increase in net return 45 102 158 361 1462.0^ 77 143 206    429 1559. O^ 

Increase in return per 
family worked 29.0 34.0 39. 0   42.0 41.0 39.0 44.0 46.0   48. 0 41.0 

Increase in cash income 23 70 89 172 3145^ 47 102 121    212 3482/ 

Increase in total family 
labor use -9 8 8 22 90 -3 15 16     31 102 

Increase in total hired 
labor use -70 55 3. 34^  3.34- ̂   3.34^ 101 949 22.7-/  22. 7^  22.7^ 

Increase in total 
capital use 89 367 595 595 943 334 975 1505   1505 2300 

Increase in cropped area 12 12 12 12 67 46 46 46     46 118 

a/ 
— Absolute value, since it is impossible to calculate the percentage. 



Table VII -6. 

Capital 

Changes in Farm Return and Factors of Production Caused by the Adoption of the New 
Technology on Farms Which Have Three Family Workers (Percentage). 

Constrained Unconstrained 

Risk aversion coefficient 

Increase in net revenue 

Increase in cash income 

Increase in return of 
family worked day 

Increase in total family 
labor use 

Increase in total hired 
labor use 

Increase in total capital 
use 

Increase in cropped area 

0.0    0.5    1.0    1.5 

55 119 188 489 

25     73 87 152 

30.0   33.0 38.0 42.0 

-7 

b/ 

17 

b/ 

17 

b/ 

2.0 0.0 0.5 1.0 1.5 2.0 

1396^ 79 153 230 563 1510^ 

4068^ 46 102 117 190 4670^ 

35 

b/ 

35.0 

213 

b/ 

518    597    597    597  1456 

20     20     20     20   167 

32.0   35.0   39.0   42.0   34.0 

b/ 

32 

b/ 

32 

b/ 

_  

— Absolute value, since it is impossible to calculate the percentage. 

b/ m — There is no change. 

52    251 

b/    b/ 

864    987    987    987  2326 

46     46     46     46   222 
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increases in the order of 37 and 44 percent over 

actual rates of returns. 

(2) When capital is a constraint, the use of family labor 

per hectare is reduced at low-medium levels of risk 

aversion and increased at high levels of risk aversion. 

But generally, as the cropped area is increased, the 

total use of family labor is increased. An exception 

is with the case in which the risk aversion coefficient 

is equal to zero. When the capital constraint is re- 

leased, the use of family labor per hectare is generally 

reduced over all risk aversion levels but as the cropped 

area is increased, total use of family labor is also 

increased. 

(3) Hired labor use is slightly increased when capital is a 

constraint over all levels of risk aversion, except for 

the case in which the risk aversion coefficient is equal 

to zero, where hired labor use is reduced. When the capital 

constraint is released, the use of hired labor is signifi- 

cantly increased across all levels of risk aversion. 

(4) Capital use increases by $651 when capital -is constrained 

and by $1,744 when capital is unconstrained. Such in- 

creases in capital use represents increases of $134 and 

$273 per hectare, respectively. 

(5) The cropped area is increased by an average of 0.76 hec- 

tares under the capital constraint conditions and 2.16 

hectares under the unlimited capital conditions. 
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Farms with Three Family Workers Available 

As in the previous case, farms which have three family workers in 

the farm units do not have capital as a production constraint under the 

present systems of production (Table VII-6). Additionally, consistent 

with the two previous cases, these farmers also tend to produce only 

the required amount of com for family consumption at high levels of 

risk aversion.  In this case, labor is not hired at any level of risk 

aversion. The adoption of the new weed control technology will produce 

the following changes for these farmers: 

(1) The net revenue increased by an average of $1,991.00 and 

$2,481.00 when capital is constrained and unconstrained, 

respectively.  If such increases in net revenue are re- 

turned to family labor, the return to a family worked day 

will increase by $13.3 and $13.7, respectively. These 

increases in rate of return to a family worked day repre- 

sent increases of 35 and 36 percent over the actual rates 

of return. 

(2) The use of family labor per hectare is reduced at low- 

medium levels of risk aversion and it is increased at 

high levels of risk aversion relative to the traditional 

systems of production, under both capital conditions-- 

constrained and unconstrained. However, the total use of 

hired labor is increased at all levels of risk aversion 

in both cases of capital availabilities, except the case 

in which farmers have a propensity to take risk equal to 

zero and capital is constrained.  In such a case, the use 

of family labor is reduced. 
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(3) Labor is not hired for production when the new technology 

was adopted. 

(4) The total use of capital is increased by an average of 

$730 and $12,00 for the constrained and unconstrained 

capital situations, respectively. Such increases in 

total capital use represent increases in capital use per 

hectare equal to $140 and $188, respectively. 

(5) The cropped area was increased by 1.29 and 2.33 hectares 

under constrained and unconstrained capital situations, 

respectively . 

The study results indicate that a strong potential for adoption of 

new weed control techniques exists in PRICA. However, the author is 

uncomfortable in recommending an extension program to encourage adop- 

tion without further research. Several major assumptions must be 

verified before a program should be started. These limitations are 

discussed in the next chapter. 
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VIII.  LIMITATIONS OF THIS STUDY AND 
SUGGESTIONS FOR FURTHER ANALYSIS 

There are a number of limitations to this study which should be 

kept in mind. The scope of the study is very limited.  It is restricted 

to a single crop in a single production season. The data are in part 

questionable and several major assumptions were made with only limited 

empirical support. 

While, it is believed, that they do not invalidate the results, 

the results should not be used for policy formulation without additional 

research. The major limitations perceived by the author are: 

(1) The PRICA sample may not be representative.  Forty-two 

small farmers were interviewed in an area where there 

are actually more than 3,000 small farmers. Farm infor- 

mation obtained was based on the farmers' recall, not on 

actual farm records. 

(2) The Costa Rican coefficients may not adequately serve as 

measures of response of the new weed control technology 

under PRICA conditions. While care was taken to find a 

zone similar to the NAZ, an exact duplicate was not 

possible. Agronomic responses have been repeatedly shown 

to be site specific. Also, question exists as to the 

appropriateness of the 13 percent yield increase over 

traditional weed control technologies. 

(3) The measure of standard deviation of yield is not an 

ideal measure since it was estimated from cross-sectional 

observations within one year. The perception about yield 

distribution under different states of nature is acquired 
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by fanners over time and not from the distribution of 

yields obtained within a particular year. 

(4) Only one season of com production is analyzed in the 

study. Farmers, however, make decisions for multiple 

periods of production and certainly for the entire 

year. For instance, hand weeding before planting 

(Guazapea), a practice commonly done in the NAZ, is 

not done by PRICA farmers because, according to the 

farmers, the mulch reduces the germination of the 

"frijol tapado" (covered beans), a crop which is 

commonly raised the second season on an area where 

com was previously grown. 

(5) The analysis was restricted to com production when 

in fact farmers raise other crops such as upland 

rice, plantain and coffee. Thus, the whole farm 

should be studied for a complete evaluation. 

(6) If the technology increases com yields, the price 

may fall. According to a previous study, the 

elasticity of demand for com in Nicaragua is in- 

elastic (-0.032) (Fajardo, 1977). Hence, increases 

in the supply of com could decrease the price of com. 

While this may be beneficial to the consumers, 

farmers are likely to suffer. Since the government 

of Nicaragua presently guarantees the price of com, 

increased subsidy may be required to maintain the 

price at present levels. 
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Suggestions for Further Analysis 

In this section, some suggestions for further analysis are pre- 

sented. 

Suggestions to Improve the Present Study 

The limitations of this study can be reduced by future research and 

training.  It is recommended that: 

(1) Field experiments be established in the PRICA area to 

test the recommended weed control technology. Two im- 

portant results will be achieved:  (a) better estimates 

for the production coefficients of the new technology 

for the PRICA area, and (b) better estimates of the 

yield variability associated with the new technology 

under different states of nature. 

(2) A system to obtain better farm records must be developed. 

Periodic visits by researchers to the farms for the 

purpose of keeping a record should be considered. 

(3) The model should be expanded to include the whole farm, 

i.e., multiple enterprise activities, off-farm activities, 

complete production year, and household consumption. 

(4) Herbicides are potentially hazardous to small farmers. 

Paraquat is particularly hazardous to humans.  Farmers, 

unfortunately, are often unaware of such hazards, or 

even if they do, they may not.know how to handle 

herbicides safely. Therefore, training will be re- 

quired to handle and apply herbicides safely and 

efficiently. 



124 

BIBLIOGRAPHY 

[1] Anderson, J.R., J.L. Dillon, and B. Hardaker. Agricultural Decision 
Analysis.  Iowa State University Press, Ames, Iowa, 1977. 

[2] Avila, Marcelino.  "An Economic Evaluation of Alternative Annual 
Cropping Systems in Two Regions of Costa Rica." Unpublished Ph.D. 
dissertation, University of Missouri, Columbia, Missouri, December 
1978. 

[3] Ayer, H.W. and G.E. Schuh. "Social Rate of Return and Other As- 
pects of Agricultural Research: The Case of Cotton Research in 
Sao Paulo, Brazil." American Journal of Agricultural Economics 
54(November 1972): 557-569. 

[4]  BCN-Banco Central de Nicaragua.  "Indicadores Econoimicos." 
Vol. V, No. 1 or 2.  Dicembre 1979. 

[5]  Bemsten, R.H. and R.H. Herdt.  "Towards an Understanding of Milpa 
Agriculture: The Belize Case." The Journal of Developing Areas 
11(April 1977): 373-392. 

[6] Bieri, J.A., et al.  "Agricultural Technology and the Distribution 
of Welfare Gains." American Journal of Agricultural Economics 
54(December 1972): 801-808. 

[7]  Binswanger, H.P., et al.  Induced Innovation: Technology, Insti- 
tutions and Development. Baltimore: Johns Hopkins Press, 1978. 

[8]  BND. Banco Nacional de Desarrollo. Estados de Cuentas. Nueva 
Guinea, Zelaya, Nicaragua, 1980. 

[9] Baumol, W.J. "An Expected Gain-Confidence Limit Criterion for 
Portfolio Selection." Management Science 10(0ctober 1963): 174- 
182. 

[10] Brink, L. and B. McCarl.  "The Trade Off Between Expected Return 
and Risk Among Corn-Belt Crop Farmers." American Journal of 
Agricultural Economics 60(May 1978): 259-263. 

[11]  BTRTC - Bulletin of the Tropical Research and Training Center. 
"Small Farmer's Cropping Systems: Weed Management Project." 
Activities at Turrialba 5(January 1977): 7-8, Turrialba, Costa 
Rica. 

[12] Buchholtz, K.P. and R.E. Doersch.  "Cultivation and Herbicides for 
Weed Control in Com." Weed Science 16(April 1968): 232-234. 

[13] Buckwell, A.E. and P.B.R. Hazell. "Implications of Aggregation 
Bias for the Construction of Static and Dynamic Linear Program- 
ming Supply Models." Journal of Agricultural Economics 22 (May 
1972): 119-134. 



125 

[14] Cohen, John M. "Effects of Green Revolution Strategies on Tenants 
and Small-Scale Landowners in Chilalo Region of Ethiopia." The 
Journal of Developing Areas 9(April 1975): 335-358. 

[15] Day, R.H. "The Economics of Technological Change and the Demise 
of the Sharecropper." The American Economic Review 57(June 1967) : 
427-449. 

[16]  Donalson, G.F. and J.P. Mclnerney.  "Changing Machinery Technology 
and Agricultural Adjustment." American Journal of Agricultural 
Economics 55(December 1973): 829-839. 

[17] Escobar, German. "Some Sources and Effects of Risk and Uncertainty 
in Small Agricultural Production." Unpublished paper, Oregon State 
University, Corvallis, Oregon, 1978. 

[18]  . "Prospects for Technical Change and Family Nutrition 
Effects in the Caqueza Integrated Rural Development Project of 
Colombia: An Economic Evaluation Under Risk." Unpublished Ph.D. 
dissertation, Oregon State University, Corvallis, Oregon, June 
1980. 

[19] Fajardo, D.A. "Policy Analysis of Nicaraguan Agriculture: A 
Mathematical Programming Approach." Unpublished M.S. thesis, 
Purdue University, West Lafayette, Indiana, August 1977. 

[20] Fonorella, R.E.  "The Impacts of Government Market Intervention on 
Weed Control Technology, Income and Employment: A Case Study of 
Basic Grain Farms in El Salvador, Central America." Unpublished 
Ph.D. dissertation, Oregon State University, Corvallis, Oregon, 
March 1977. 

[21] Goodwin, J.B., et al.  "Ex-Ante Appraisal of New Technology: 
Sorghum in Northeast Brazil." American Journal of Agricultural 
Economics 62(November 1980): 737-741. 

[22] Gotsch, Carl H. "Technical Change and the Distribution of Income 
in Rural Areas." American Journal of Agricultural Economics 54 
(May 1972) : 327-341 . 

[23] Gotsch, C.H. and W.P. Falcon. "The Green Revolution and the 
Economics of Punjab Agriculture." Food Research Institute 
Studies 14(No. 2, 1975): 28-46. 

[24] Griliches, Zri. "Research Costs and Social Returns: Hybrid Com 
and Relative Innovations." Journal of Political Economy 66 
(October 1958): 419-431. 

[25] Haswell, M. "The Need for Improved Weed Control on Peasant Farms-- 
An Economist's View." Proc. 11 Br. Weed Control Conf. (1972), 
pp. 1061-1067. 

[26] Hayami, Y. and V.W. Ruttan. Agricultural Development: An Inter- 
national Perspective. Baltimore: Johns Hopkins Press, 1971. 



126 

[27] Hazell, P.B.R. "A Linear Alternative to Quadratic and Semi-variance 
Programming for Farm Planning Under Uncertainty." American Journal 
of Agricultural Economics 53(February 1971): 53-62. 

[28] Hazell, P.B.R., et al.  "The Importance of Risk in Agricultural 
Planning Models." World Bank Staff Working Paper N-307, Washington, 
D.C., November 1978. 

[29] Heady, E.O. and J.L. Dillon. Agricultural Production Functions. 
Iowa State University Press, Ames, Iowa, 1961. 

[30] Heyer, Judith.  "A Linear Programming Analysis of Constraints on 
Peasant Farms in Keina." Food Research Institute Studies in Agri- 
cultural Economics, Trade and Development 10(N-1, 1971): 55-68. 

[31] Holm, LeRoy. "Weed Problems in Developing Countires." Weed Science 
17(January 1969): 113-118. 

[32] Hopper, W.D. "Allocation Efficiency in a Traditional Indian Agri- 
culture." Journal of Farm Economics 47(August 1965): 611-624. 

[33] IADS - International Agricultural Development Services. "Agri- 
cultural Development Indicators: A Statistical Handbook." New 
York, New York, 1980. 

[34] IAN - Institute Agrario de Nicaragua. Projecto de Colonizacion 
Rigoberto Cabezas, Managua, Nicaragua, 1968. 

[35]  INRA - Instituto Nacional de Reforma Agraria.  Reportes de Trabajo 
Nueva Guinea, Zelaya. Nicaragua. Julio 1980. 

[36] INTA - Instituto Nacional de Technologia Agropecuaria/Estacion 
Experimental "Dean Paget". Registros Meteorologicos, 1970-78, 
Nueva Guinea, Zelaya, Nicaragua, 1980. 

[37] Johnston, B.F. and J. Cownie.  "The Seed-Fertilizer Revolution and 
Labor Force Absorption." American Economic Review 59(September 
1969) : 582-596. 

[38] Kost, W.E. "Model Validation and the Net Trade Model." Agri- 
cultural Economic Research 32(April 1980). 

[39] Low, A.R.C. "Small Farm Improvement Strategies—The Implications 
of a Computer Simulation Study If Indigenous Farming in Southeast 
Ghana." Journal of Development Studies 12(July 1976): 334-350. 

[40] Mann, K.S., et al.  "Estimates of Potential Effects of New Techno- 
logy on Agriculture in Punjab, India." American Journal of Agri- 
cultural Economics 50(August 1958): 278-291. 

[41] McCarl, Bruce A. "Application of Quantitative Analysis: Mathe- 
matical Programming." Notes on Problem Formulation and Duality. 
Purdue University, West Lafayette, Indiana, 1978. 



127 

[42]  .  "Validation of Linear Programming Models." Unpublished 
paper, Oregon State University, Corvallis, Oregon, March 1981. 

[43]  .  "Degeneracy and Shadow Prices in Linear Programming." 
Canadian Journal of Agricultural Economics 25CFebruary 1977): 17-30. 

[44] McCarl, B.A. and P. Nuthall. "Linear Programming for Repeated Use 
in the Analysis of Agricultural Systems." Journal Paper Number 
8183 of the Purdue Agricultural Experiment Station, Purdue Univer- 
sity, West Lafayette, Indiana, 1978. 

[45] McCarty, T.V. "The Agronomic, Economic and Social Effects of the 
Availability of New Weed Control Treatments to Small Com Farmers 
in the North Atlantic Zone of Costa Rica." Unpublished M.S. 
thesis, Oregon State University, Corvallis, Oregon, November 1979. 

[46]  . Weed Control Research in the North Atlantic Zone of 
Costa Rica, 1977-78: Working Papers I-VIII.  International Plant 
Protection Center, Oregon State University, Documents 31-A-79-I 
through VIII, 1978. 

[47] McCarty, T.V., et al. "Herbicide Introduction into a Mulch Farming 
System in Costa Rica:  Its Prospects for Adoption," Unpublished 
paper, Oregon State University, Corvallis, Oregon, 1980. 

[48] Mellor, J.W.  "Production Economics and the Modernization of 
Traditional Agricultures." Australian Journal of Agricultural 
Economics 13(June 1969): 25-34. 

[49] Miller, Stanley Frank. Weed Control Systems for Representative 
Farms in Developing Countries - Terminal Report.  International 
Plant Protection Center, Oregon State University, Corvallis, 
Oregon, 1977. 

[50] Nieuwoudt, J.B. and G.A. Mathia.  "An Economic Evaluation of Alter- 
native Peanut Policies." American Journal of Agricultural Economics 
58(August 1976): 485-495. 

[51] Nugent, J.B. "Linear Programming Models for National Planning: 
Demonstration of a Testing Procedure." Econometrica 38(November 
1970: 831-855. 

[52] O'Brien, Dennis T. "Risk and the Selection of Alternative Weed 
Management Technologies in Philippine Upland Rice Production." 
Unpublished Ph.D. dissertation, Oregon State University, Corvallis, 
Oregon, July 1980. 

[53] Parker, C. "The Tole of Weed Science in Developing Countries." 
Weed Science 20(September 1972): 408-413. 

[54] Rodriguez, G.R. and D.E. Kuukel.  "Model Validation and the 
Philippines Programming Model." Agricultural Economic Research 
32(April 1980): 17-25. 



128 

[55]  Randhawa, N.S. and E.O. Heady.  "An Inter-regional Programming 
Model for Agricultural Planning in India." Journal of Farm 
Economics 46(February 1964): 137-149. 

[56]  Ruttan, V.W. "Technical Changes and the Amplification of Agri- 
culture's Capacity to Produce." Mimeo, April 1976. 

[57]  . "Induced Institutional Innovation." Agricultural 
Economic Research 31(July 1979): 32-35. 

[58] Shenk, Myron. Reporte Anual de 1980 para el Centre Internacional 
para la Proteccion de la Planta. Turrialba, Costa Rica, 1981. 

[59] Schmitz, Andrew and David Seckler.  "Mechanized Agriculture and 
Social Welfare: The Case of the Tomato Harvester." American 
Journal of Agricultural Economics 52(November 1970): 569-577. 

[60] Schultz, T.W. Transforming Traditional Agriculture. New Haven, 
Connecticutt: Yale University Press, 1964. 

[61] Sherbiny, N.A. and M.Y. Zaki. "Interregional Comparative Advantage 
Models in Development Agriculture." Journal of Development Studies 
12(0ctober 1975) : 3-17. 

[62] Sidhu, Surjit S. "Economic of Technical Change in Wheat Production 
in the Indian Punjab." American Journal of Agricultural Economics 
56(May 1974) : 217-226. 

[63] Srivastava, U.K. and E.O. Heady.  "Technological Change and Rela- 
tive Factor Shares in Indian Agriculture: An Empirical Analysis." 
American Journal of Agricultural Economics 55(August 1973): 509-514. 

[64] Staub, W.J. and M.G. Blase.  "Induced Technological Change in 
Developing Agricultures: Implications for Income Distribution and 
Agricultural Development." The Journal of Developing Areas 8(July 
1974) : 581-596. 

[65] Stevens, Robert D. "Three Rural Development Models for Small Farm 
Agricultural Areas in Low-Income Nations." The Journal of 
Developing Areas 8(April 1974): 409-420. 

[66] Stevens, Robert D., e_t al. Tradition and Dynamics in Small-Farm 
Agriculture: Economic Studies in Asia, Africa and Latin America. 
Iowa State University Press, Ames, Iowa, 1977. 

[67] Wills, Ian R. "Projections of Effects of Modem Inputs on Agri- 
cultural Income and Employment in a Community Development Block, 
Uttar Pradesh, India." American Journal of Agricultural Economics 
54(August 1972): 452-460. 

[68] Wicks, J.A. and J.W.B. Guise.  "An Alternative Solution to Linear 
Programming Problems with Stochastics Input-Output Coefficients." 
The Australian Journal of Agricultural Economics 22(April 1978): 
22-40. 



129 

[69] Young, Douglas L.  "An Evaluation of Efficiency and Distributional 
Implications of Changes in Weed Control Technology in Northeast 
Brazil." Unpublished Ph.D. dissertation, Oregon State University, 
Corvallis, Oregon, October 1977. 

[70] Young, Douglas, et al.  "Selecting Appropriate Weed Control 
Systems for Developing Countries." Weed Science 26(May 1978): 
209-212. 



130 

APPENDIX A 



131 

Table A-l.  Summariied Information Obtained From PRICA Farmers IVho Are Presently Using "Technology One" 
in Controlling Weeds (General Information). 

Famt- Unused^' 
land 

Farmer 
age 

Family 
size 

Family 
labor 

Years of living 
in the PRICA 

Fanner 1 

Farmer 2 

Farmer 3 

Fanner 4 

Farmer 5 

Farmer 6 

Farmer 7 

Farmer 8 

Farmer 9 

Farmer 10 

Fanner 11 

Fanner 12 

Fanner 13 

Farmer 14 

Farmer IS 

31.5 12.6 45 9 2.5 

29.4 22.05 29 3 1 

3S 19.35 30 8 1 

29.4 11.9 43 10 2 

33.6 9.8 35 6 3 

29.05 8.22 48 8 1 

29.4 12.6 38 6 2 

35 18.55 24 9 1 

38.5 14.7 38 8 2 

35 25.46 42 8 2 

28 12.95 46 3 5 

29.05 12.60 55 12 4 

35 27.65 37 7 3 

56 18.20 38 10 2 

39.2 9.8 49 4 4 

6 

5 

7 

8 

S 

9 

11 

5 

9 

11 

6 

8 

1 

12 

7 

17  
— Hectares of land. 



Table A-2. Summari; 
RelateJ 

Eed Informaclon Obtained  from 
to Com Production). 

PRICA Farmers Who Are Presently Using • 'Technology One" In Controlli ing Needs  ( [Information 

Corn 

Areai' 

Land 
clearing 

Family^' 

labor 

llired^ 

Family 
field 

burnini' 
labor"' 

Planting 

Family^' 

labor 

Hiredt/ 

Corn 
seeds  for 
planting^' 

flMtui1 Harvesting  labor 
Family^    Hired?/ 

Calculated-' 
Family^' Hi redb/ yield 

Farmer 1 2.8 16 16 1.0 6 28.6 3 3 20 0 1596 

Farmer 2 1.7S 0 10.9 0.13 2 28.6 S 0 8 0 638 

Farmer } 2.8 0 18.2 0.2S 0 28.6 11 0 24 0 2690 

Farmer 4 2.8 46.4 0 O.SO 0 28.6 24 0 29 0 2918 

Farmer 5 2.1 19.2 0 0.25 0 28.6 14 0 20 0 2189 

Farmer 6 1.4 12 0 0.25 0 28.6 6 0 12 0 1459 

Farmer 7 1.4 0 12.J6 0.50 S.7 0 28.6 3. 4 0 7 0 737 

Farmer 8 1.7S 0 10.91 0.25 4 28.6 12 0 IS 5 1368 

Farmer 9 1.7S 14 0 1.0 0 37.5 10 0 20 0 1596 

Farmer 10 2.10 0 27.27 O.SO 9.9 0 28.6 12 0 12 0 1459 

Farmer 11 1.0S 6 0 O.SO 0 28.6 3 0 4 0 547 

Farmer 12 2.8 J2 0 0.25 0 28.6 12 0 22 0 2098 

Farmer 13 2.8 24 0 1.0 0 28.6 24 0 24 0 2554 

Farmer 14 6.} 10 26.18 1.0 12 28.6 21 42 24 63 S33S 

Farmer IS 2.1 0 21.82 2.18 6 0 28.6 9 3.3 12 4 1642 

6/ 

Hectares  of  land. 

Man-days of eight hours. 

c/ Kgs per hectare. 

e/ 

First early hand weeding labor. 

Kgs per total cropped area. 

04 
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Table A-3.    Suaaariz*d Inforoation Obtained Prom PRICA Farmers Who Are Presently Using "Technolog/ Two" In 
Controlling Weeds  (General  Information). 

Farmi' 
Site 

Unused?.1 

land 

»/ Fanner 
age 

Family 
size 

Family 
labor 

Years of living 
in the PRICA 

Fanner 35 30.4S 35 5                         1 

Fanner 32.2 9.8 44 6                          1 

Farmer SO 5.25 40 a                 2 

Fanner -- -- 42 

Farmer 35 8.4 45 13                        4 

Farmer 35 11.2 24 

Fanner 35 22.4 52 11                          6 

Farmer 8 36.4 7 4S 

Fanner 9 35 26.25 46 12                          2 

Farmer 10 35 24. IS 48 

Fanner 11 35 5.07 44 

Fanner 12 35 30.23 42 

Fanner 13 29.4 16.63 S3 10                        2 

6 

3 

15 

2 

8 

6 

6 

10 

3 

1 

4 

10 

9 

a/ 
Hectares of land. 



Table A-4. Summarized Information Obtained From PRICA Farmers Who Are Presently Using "Technology TVio" in Controlling Weeds 
(Information Related to Corn Production). 

,      , Family 
,     Land  ,   . field 

clearing  labor 
 s  burning 

Planting labor 
Corn eumiA/ Corn —"*""*"^  •""":       burning • ....■».»■■,, seeds   for  —  

a*/       Familyt    lliredS'        laborS.' Family^/    HiredE/        planting£'        Familyk'     llired^/ 

Harvesting labor „  ,     ,        .  —-" rr        Calculated 
Family^'     HiredH.' yield®' 

Farmer 1 2.8 3 20 

Farmer 2 2.8 0 21.8 

Farmer 3 3.5 16 18.2 

Farmer 4 6.3 0 45.8 

Farmer 5 2.8 0 43.6 

Farmer 6 1.4 8 7.27 

Farmer 7 1.4 0 14.55 

Farmer 8 2.1 24 0 

Farmer 9 3.5 30 0 

Farmer 10 3.15 18 0 

Farmer 11 2.45 33.6 0 

Farmer 12 1.7S 20 0 

Farmer 13 1.92 0 13 

2 

1 

1 

2 

1 

0.5 

3 

0.13 

0.5 

0.25 

0.25 

0.50 

0.13 

0 

0 

7 

0 

4 

2 

4 

6 

13.3 

8 

10.5 

4 

6 

2 

18 

4 

2 

0 

0 

0 

0 

0 

0 

0 

28.6 

28.6 

31.4 

35.7 

28.6 

28.6 

28.6 

28.6 

35.7 

28.6 

42.9 

34.3 

28.6 

0 

0 

10 

0 

0 

6 

6 

12 

25 

8 

5 

4 

24 

10.9 

0 

32.7 

14.6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

19 

0 

30 

10 

6 

20 

28 

15 

22 

8 

26 

20 

0 

60 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1277 

547 

4546 

6566 

2918 

912 

684 

1915 

3648 

912 

547 

912 

3135 

— Hectares of land. 

— Man-days of eight hours. 

c/ 
— Kgs per hectare. 

— First late hand weeding labor. 

e/ 
— Kgs per total cropped area. 



135 

Table A-S. Suounari 
In Cont 

:ed  Information Obtained 
rolling Weeds   (General   I 

From PRICA 
nfomation) 

Farasrs Who Ate Presently Using "Technology Three" 

siza 
Unused^ 

land 
Farmer 

age 
Family 
size 

Family 
labor 

Years of living 
in the PRICA 

Farraer 35 29.4 64 4 3 8 

Farraer 35 10.15 45 3 1 9 

Farmer 42 27.82 60 5 1 14 

Fanaer 50 7.61 55 12 4 16 

Farmer 35 22.4 45 4 1 13 

Farmer 35 13.3 43 8 1 4 

Farmer 35 IS.2 57 11 2 10 

Farmer 39.2 26.25 45 9 3 4 

Farmer 29.4 24.32 37 9 I 2 

Fanaer 10 35 18.37 54 3 3 7 

Farmer 11 35 2S.11 52 11 2 11 

Farmer 12 35 23.42 39 6 3 9 

Farmer 15 31.5 __ 70 8 3 8 

- Hectares of land. 



Table A-6 .     Siunmurized Info mat ion Obtained F rora I'lUCA Fa .rmers Who Are Presently Usil IR "Te chnol ogy Three" In i Contro lling Weeds (In iformation 
Kela ted to Corn i Production). 

Corn 
areai/ 

Land 
clearing 

Fainilyk/ 

labor 

Hiredt/ 

Family 
field 

burning, 
laborl? 

Planting 

Family-/ 

labor 

lliredk/ 

Corn 
seeds  for 
planting— 

FEIIWL 1/ SIIWL- 5/ 
Calculated 

yieldi' Family y Hired-/ Famil ■ & 
Hired^ Famil ̂  Hiredk/ 

Farmer 1 3.5 25 0 0.75 10 0 28.6 25. 0 0 25. 0 0 40 0 3648 

Farmer 2 2.8 0 23.3 0.50 0 8 28.6 17. 0 0 9. 0 0 12 17.5 2554 

Farmer 3 2.1 12.8 7.3 0 12.5 0 28.6 6 3 6 3 23 0 2734 

Farmer 4 4.2 0 40 0.25 15.6 0 28.6 10 9. 1 10 9. 1 48 0 6270 

Farmer 5 2.8 64 0 1.5 16 0 57.1 9 0 7 0 36 0 5471 

Farmer 6 2.1 8 14.6 0.5 3 3 35.7 6 6 6 6 0 15.3 1231 

Farmer 7 2.1 25.2 0 1 7.8 0 35.7 18 0 18 0 21 0 821 

Farmer 8 1.4 16 0 0.25 6 0 28.6 10 0 6 0 11 0 1641 

Farmer 9 1.92 2 12.9 0.50 7 1 28.6 3. 9 2 1 2 5 2 638 

Farmer 10 2.1 24 0 0.25 6 0 35.7 12 0 12 0 18 0 1368 

Farmer 11 2.8 16 0 0.25 8 0 28.6 12 0 12 0 32 0 2918 

Farmer 12 1.7S 10 0 0.50 7 0 35.7 6 0 6 0 15 0 1003 

Farmer 13 2.8 0 29.1 0.25 0 8 28.6 0 16 0 16 7 0 3648 

a/ — Hectares of land. 

— Man-days of eight hours. 

c/ 
— Kgs per hectare. 

— First early hand weeding labor. 

e/ 
— Second hand weeding labor. 

f/ — Kgs per total cropped area. 

OJ & 
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APPENDIX B 



Table B-l.  "PRICA Average Farms" Stratified by Availability of Family Labor and Post-Plant Weed Control Technology (General 
Information). 

Number of Farm Corn Weedy Horses Age of Family Family Years of living 
Average/Farm farmers size area land 6 mules farmer size labor in the PRICA 

One Farmer 

Tl 
4 32.1 1.93 17.0 1.3 32.8 7.0 1 6.5 

T2 
4 25.6 3.41 15.1 0.3 39.5 5.3 1 3 

T3 
_5 

13 

35.3 2.3 19.6 1.2 46 5.4 1 8.4 

Two Farmers 

Tl 
5 37.7 2.9 16.6 1.2 45.8 8.4 2 10.2 

T2 
4 37.4 2.8 13.3 1.8 39.8 9.3 2 7.8 

T3 
_2 

11 

35 1.9 20.8 0.5 48 10.5 2 9.5 

Three Farmers 

Tl 
3 32.2 2.0 16.8 2 39.3 5.7 3 4 

T2 
2 35.7 1.9 19.8 1.5 43.5 7.5 3 10 

T3 
_5 

1U 

35.1 2.5 18.6 1.5 57 5.8 3 7.6 

04 
00 



Table B-2.  "PKICA Average Farms" Stratified by Availability of Family Labor and Post-Plant Weed Control Technology (General Information). 

Land clearing    Field burning 
labor labor 

Planting 
labor 

Seed/    Planting    Seeds/ 

hole     distance    hectare 
a/ 

FEIIW- FLIIW- 
b/ 

SUN c/ 
Total 

Harvesting    yield 

One Farmer 

Tl 13 

T2 
25.2 

T3 
29 

Two Farmers 

27.3 

27.7 

17.3 

0.2 

0.9 

0.6 

0.7 

0.5 

0.8 

6 4.3 1.0 28.6 

9.S 4.5 1.1 30.4 

10.1 3.3 0.8 35.7 

9.7 3.7 0.9 30.4 

9.7 3.8 1.0 34.7 

7.4 5.3 0.9 35.7 

10.6 

22.5 

12 

14.4 

11.S 

16 1539 

24.8 2234 

25.7      2526 

31 2408 

23.8 2973 

18 1824 

Three Farmers 

16.4 

22 

22 

0.6 

0.3 

0.4 

5.7 4.5 1 28.6 

5 4 0.9 31.5 

7.6 4.1 0.9 30 

13.7 

15 

8.0 

14.2 

16 997 

14        1413 

21.6      2645 

if 
First early hand weeding. 

— First late hand weeding. 

c/ 
— Second hand weeding. 
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APPENDIX C 



Table C-1.    Empirical Results  for Farm Case One Under Three Traditional 
Weed Control Technologies. 

141 

Tenant: Owner 
Number ot   t.imiU workers: 

Zotl o( t-daily Labor:     nOH-ZerO 
onfl                      Canitai: constrained 

Bisk aversion coefficient n  n   j n <;  | i   n  | 1   z.\ 7 n 1 
Net  revenue IROh.Ol     1 1645.64     1 989.58     1 349.98   1 -4.25 1 

■<.77Z.An     1 2137.87      1 1481.80     | 839.58 -59.66 
Total   area  {hectares) *   SI        1 3  AS      1 3.68      1 .3.36   | 1.35 

Systen l--Old Land: 
*rc.i unilor Tech.   1 2.52 2.52 2.52 1.39 
Area under Tech.   .'          i 0.42 
Area uniier Tech.   3 2.1(1 
Area under Tech.  i 

'-■Mow  Land: 
Area tmdor Tech.   1 0.84 0.84 0.84   | 0.46 
\rc3 under Tech.   2 0.64 
Area under Tech.   3 

1                          Area under Tech.   4 

S**tco /:      Area under Tech.   4- 

! SvsteiB 3:       Area under Tech.   1 0.32 0.32 
Area under Tech.   2 

Aro.i tmder Tech.   3 0.45 
\re.n under Tech.   i 

Total   com production ■S520.64 2523.56 2124.55 1555.69 662.04 
Corn allocated to consumption 601.85 601.85 601.85 601.85 601.85 
Storacc   loises ftn.ig 60.19 60.19 60.19 60.19 

1   <'r>rn TI located to «;ile ->«<;«. fin 1 R61 . 37 1467.49 8P3.65 
C.itiitat   use Sdn an san.nn 840.00 575.16 S4.24  1 
Corn   for planting S^  32 .1^   Qd 19   Qzl di   M 74   T 
Hertiicide use 

llerhicidc  imntcmcnt costs 

1    lercili:er use 

Tom l   t'amlv   labor 30.4 ob.SS bb.sy to. yu |              4S.~JO   j 
Total   hired l.ibor 26.1 26.64 26.64 '17.23 1 
Total   l.^or 109.5 92.53 92.55 83.08' j        45.as | 

71    "ft 71    3ft 1        71    36 71    36 |         i3.QQ | 
1 "   "r Q |        7 ^0 7 <;ii 3.q7 1           - - 

L.01 |        1.10 |        1.10 |            1.00 0.56 
1                                                lured 

rinnrii.,i    1 il.nr-       '■aB,,
l ^     

y.43 1        7.43 ]        7.43 7.43 1             *•" 
,1    7S A   3d 4   34 '    l.Vl 

1                                       ...            Familv 1       i 7  nn 1      l7 on 1      '2 OQ 1        17 nn in ni 
\   ^\ 7   1*7 7 S7 h  li 

1          ^   S'l |   1 irst   late U.K.   Uhor.    ^^ 

17. nn 
Mired 

24.00 24.00 24.00 24.00 j            15.43 
llarvc^tini:   uhor:    lun.t[ 

1 0.15 \ trr^i  J OrZi— i 5.S8- H ^- 



Table C-2.    Empirical  Results  for Farm Case One Under Three Traditional 
and One Improved Weed Control Technologies. 
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Tenant:  Owner                    Coat of  fanily  labor:      nOn-ZeTO                                                                                                      | 
Number ot' family uorien:    One                              Capital:    ^^ncl-Ta-i n«.H                                                                              1 

Risk averaion coefficient n  n   1 n <; 1 i   n  1 1   ^1 
Net   revenue 3315.64 2712. &r\ 2134.89 1552.00 964.19 

3922.68     1 3221.20 2633.41   1 2050.51 1462.70 
Tutal   area  ihectarcs) -,.17     1 2.98   j 2.98   | 2.98 2.98 

Systeoi  l--Ol(i  Land: 
Area tinder Tech.   1          1 

Area undor Tech.   2 

Area under Tech.   3 0.52 
Are.i under Tech.   J 1.10 1.17 1.17 1.17 1.17 

l                --.New Land: 
Area iuidcr Tech.   1 

Xrei under Tech.   2 

Area unuer Tech.   3 

Area under Tech.   i 0.54 0.39 0.39 0.39 u.jy | 

Svsteo i:      Area under Tech.  <i- 

1 Svitcm 3:      Area uider Tech.   1 

Arc.i under Tech.   2 

Area under Tech.   J 

|                             \rca under  ferh.   i 1.01 1.42 1.42 1.42 1.42 
Tutal   com iiroduction 3608.41 3181.92 2824.60 2470.25 2112.92 
Curn allocated to consunption 601.90 601.8S 601.35 601.35 601.83 
Stornce   loisci 60.20 60.19 60.19 60.19 60.19 

j   Com .il located ta *ale 2946.31 2519.88 2162.56 1808.21 1450.SS I 
j    C.ijutal   use .<un.no 840.00 840.00 840.00 340.00 1 

Corn   e'or pl.tntinR d1; nn 42.25 42.25 42.25 42.25 1 
Merhictde use ft   71 7.-8 7.38 7.38 7.38 j 
Ucrnictde inplement costs 7 7    7fi 11   7Q ■*!   ?q ■51 .?q 31.29 1 

j    f-or'.tl i:cr -KC 

T.u.tl   t'.isulv   labor 7n.n7 66.17 1         66.12 1        66.12 66.12 1 
Total   hired   labor i-s.4a 12.35 12.35 12.35 12.35 1 
Totjl   lil-or S"     ^T 78.47 78.47 78.47 78.4" 1 

7 1    "ft 1          7 1    -Sft 71..3ft |          71.36 |            71.36 1 
|                                                Mired 

Q-IQ 2./4 ■2.92 2.92 2.92 2.92 
1                                                    Kami 1v 

1             /.4o |              /.4i j               /.Hi j            /.4o 1                  /.4J 
,1   «ft 1            4.47 i .'47 4.47 4.4 ' 

1                         .             ...            Faaily 1     i7.nn 1          10.41 1          10.41 1         10.41 |            10.41 

2.43 
I                                                 Hired 

|      24.00 1        24.00'" ]_    24.00 |        24.UU 1          24.UU 
IMrsctmi:   unor.     |||re(1 |         R. ft.' 1          7.33 1          7.38 i          7.H« | ■       r.-H c 



Table C-3.    Empirical Results  for Farm Case Two Under Three Traditional 
Weed Control Technologies. 
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T«Mne: owner 
Number of  famit* workers: 

jjjt of  famly  labor:   nOn-ZfirO 

Disk  aversion  coefficient n n n  =;   [ i   n i  il 7  nl 
.'.ct   revenue ^•?in  7n 1RA7 di;     | in<;7 dQ   1 ■uq   QR -a.71 1 

mz   -in     | 7-ft-;  -s     1 m-; AA R-Q   IR   1 -10  fifi 1 
Total  area (hectares) "113     1 A     ]~ A   1T t.   -^ft   1 1   "^ | 

1 Sr»tea  i—oid  Land: 
Area under Tech.   1 2.52 2.12 1.39 
Area under Tech.   2 

Area umJer Tech.   3 

Area under Tech.   4 
1                 --New  Land: 

Area under Tech.   1 0.84 0.'84 0.84 
Area under Tech.   : 

Area under Tech.   i 

Area under Tech.  4 

Svsten I:       Area under Tech.   4^' 

Svstca  3:       Area under Tech.   1 4.13 0.77 
Area under Tech.   2 

Area under Tech.   i 4.13 
Area uniter  Tech.   4 

Total   com production AMU  fi<; i?i T. na 7diq  5fi Ull.fiS fifi-'.n.i 1 
Com allocated  to consuniition fim   «=; fim   R<; fim .as Am   ai fim.,ii 
Stor.ii;*   toaics An   jo fill    1Q fin  jo fin  IQ fin 10 1 

j    r^rn   tl I.'cited   to  sale TOOh   ftl ?i;5i   in 17S7   S? 
Cifital  u.-c 22''6   13 Kififi  -^ 1216  0"7 573   l6 11   -M  j 

[   ilorn   lor iMJiitim; Ai    nc C ,1    o 1 c.i   n-r /]/\     tjQ 21 ~" 
Herbicide use 

llerhicide  intileBcnc costs 

I    Kirrt 11 i :cr tise 

Tutil   faailv   labor 77.fi? fifi.ni 66.03 65.80 45.98 I 
Total  hired  labor 7fi   m S6.7? 39. R4 17.28 

t    fut.ii   lahor !■;-  <U i'??-; ins a? ,13.08 -1.1.08 
■5 1     sfi 7 1     "fi 1        ?i   Tfi 1          71 . -56 11. qq UnJ  ^icann,  labor:    ;,_-. 
-"  gg 7,1  i.m 17   11 1  <n 
0.83 1.24 1.24 1           1.00 0.56 

lured 

FaaiW 

Plinun-    lihnr-       t'*'^ 
j        7.43 |        7.43 1           7.43 7.4J a.as 

PlantinK  labor.    (|in;d ff    1Q S   Vq 1.7q 1              3.37 
1      1? nn 1     i ? nn i7.nn i7.nn in.nd 

a  RQ in  -,n in   iM fi U 
I                                                 Mi red 

1       12.00 
1                                              Hired 7   dl 

|      7j nn 1      74 nn 1       ?d.nn 1       7,1. nn 11.43 
|       IS.Si.   .. j    ivri 1       11   'n |         3 Sq 



Table C-4.    Empirical  Results  for Farm Case Two Under Three Traditional 
and One  Improved Weed Control Technologies. 
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Tenant:  OWneT 
Number of t'amilv workers: 

:ost of eanti/ labor:    non-iero 
One                              Caiutal:     nnrnn <:r -ra i noH 

Risk aversion coefficient fl   fl    | n ■;  1 1   n  1 1  ^1 7  n| 
Net revenue finss.fiq asfia-.vs  1 .3657.46   1 2460.25   1 175.3.24 I 

ftft=;^ n?    1 ^dft-   77    1 aiQ3  q5   1 3n';q   63   1 1857   63 1 
Total  area (hectares) A n?     1 s m  1 6   07    1 6   (17   1 6   07 1 

System I—Old Land: 
Area under Tech.   1 

Area under Tech.   2 

Area under Tech.   3 

^rj.i under Tech.   4 
i                —New UnO:                                  , 

Area under Tech.   1 

Area under Tech.   2 

Area under Tech.   i 

Area under Tech.   i 

System i:      Area under Tech.   4— 2.S2 2.52 2.52 2.52 2.52 
Svsten 3:      Area under Tech.   1 

Area under Tech.   2 

Area under Tech.   3 

|                           \rca under Tech.   -I 3.50 3.50 3.50 3.50 3.50 
Tmal  com production 72S7.19 65.32.96 57qq.2 3 5071.51 4557.77    1 
Corn  allocated  to consurniition 601.RS 601.85 601.85 601.85 601.85    | 
Scorace  losses fid   IQ 6(1   19 60   19 6(1   19 60.19     1 

|   Corn allocated  to sale ft^qft   iq =;S7n   97 51 ■57   iq 44(19   47 3657   73     1 
Opital  use ■?£() 7  *.% -R]7   68 ■;ap  6R *817   68 ■SRI?   68 
Corn   tor JJ I ant mi* 35  18 Sfi  IS 85  'IS q<;  ,ia RS   48 
Herbicide use 15   35 15   33 15   33 l11   3* 1<:   -■* 

Herbicide  implement  costs 63   ?1 63  21 63  21 6''  71 "■^   '1 
(    Fcrtii i:cr use i-r->   on 7-7--  ^n 7 7-7   -yfy 777   in 

Total   familv   labor ^Q    70 6q   yq 6q   70 60    70 6q    70 
Total  hired  labor Ql  nl Ql   nl Ql   nl 01     (11 qi   m 
Total   labor i en   in l^n   on l^n  in JAd    8(1 1AO  sn 

21 ..3fi 21 . 36 21.36 21.36 21.36 j    Lanj clcarins   Labor.    ^.^ 7 7   (14 77   M 77. Od 75.04 ?}.Di 

|                                                Mired 

5 1          5 5 5 5 
i   xn 1   ■») 1   ~n 1   ^ 1   -n 

Plinrli.r    1 ihnr-       VMKly t    At ■7   ,1 -: 1       7-4J riantnu.  labor.    ^^ \t,n irH \TU ii:?5 17.T5 
11   nn 1 2  OQ 1        1? nC! 1     17 "0 1       '? nQ *a,n7 'on? Lq n-^ 6  07 f) (17 

24.00 24.00 24.00 1     24.00 |       24.00 
llirvoiltni:   Uhor.     ^^j 4i.as 1      41.45.'" 1       41.4b |     41.45 4 1.4.S 



Table C-5.    Empirical  Results  for Farm Case Three Under Three Traditional 
Weed Control Technologies. 
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Tenant: Owner                     Cost of fanily  labor:      ZerO 
.\umber ot  family -orkers:   one                               Capital:    COnStraipflH 

flUk aversion coefficient n n n  <; 1  o i   ■; 7  n 

sut revenue sinvn 3656.OR 2801.65 2163.7q 1654.83 
\7Hd ?■; :>^fi 7i 14R1   Rn 84.3.04 335.40 

Total  area  (hectares) ^  RR ^ fil T  fi8 7   sq 7   Rq 
System [•-Old Land: 

Area under Tech.   1 2.52 2.17 2.17 
Area under Tech.   2 0.78 
Area under Tech.   3 1 .71 2.52 
Area under Tech.   4 

--New Land: 
Area under Tech.   1 0.81 0.84 0.72 0.72 

Area under Tech.   2 0.84 0.03 
Area under Teen.   5 

Area under Tech.  4 

Svsten i:      Area under Tech.   4- 

Svstcm i:      Area under  Tech.   1 0.25 0.32 
Area under Tech.   2 

Area tinder Tech.   3 0.53 
•\rc» under Tech.   -i 

Tntal  com production v;?<i. ^fi 264 3.9.-? 7174.53 1558.80 1029.66 
Corn allocated  to consumption Am qn 601.85 601.85 601.85 601.85 
Storai-.e   losses ftn ?n fin   iq fin  IQ 60.10 ■    60.10 
Ctirn  :il located  to  5a I e ^SftT    1ft iqRl   RQ 14fi7   M 676.76 367.67 
0;>ital   uic R/in nn Hzin nn HAO nn 744   R5 ■'44.85 
Corn   for ['Untinp S7 7^ ^7  ^7 /t«    Q/l •?R   4fi 38   4fi 
licrtucLde use 

Herbicide  iniilemcnt costs 

l;crt 111 :cr use 

Total   faailv   ubor a^.fiq 77.62 65. sq 65 . 66 65 . 66 
Total  hired labor ?S. Q8 76.37 26.64 5.83 5 . 83 
rot.tl   l.ihor inq fi7 in-?   qq q7   5-, 71 .40 71 .40 

Kamily 71   ''^ 71   '6 71  3ft 71    *6 71    "A ft'^ ft   7J "> <rt n  jn n 4n 
Fanily 1.10 0.82 1.10 0.87 0.87 

 i ,          F;imitjr 

7.43 7.43 7.43 7.43 7.43 i lantine Ulioi :    llinj 4   q? 4   37 4.34 1 . 87 1 .(7 
folly i 7 nn i? nn 17 nn 1? on 17 nn 

7   j?-* 7  R7 •; fii X   fi| 

7.15 

10.64 12.00 

24.00 24.00 24.00 24.00 24.00 
q  d-? <J n^ fi.9? -- 



Table C-6.    Empirical  Results  for Farm Case Three Under Three Traditional 
and One  Improved Weed Control Technologies. 
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Tenant: OWneT 
Nunibor of familv workers: 

:oat ot' faaily labor:        ZQXO 
one                       Capital:   con strained 

ftiik   iveriion coefficient n n n  s i   n 1    5 7  n 
Net  revenue S'UT.dq 4541.05 3953.2S 5370.24 2782.35 

dn?s n. 3771.70 7635   41 7050.51 . 1462.70 
Total  area  (hectares) 1   fiQ 7   qa •    7   97 7.98 2.97 

S/siea l--0ld Land: 
Ares ujiiier Tech.   1 

Area under Tech.   1 0.06 
Area under Tech.   3 1 .23 
Area under Tech.   4 1 .7^ 1.17 1.17 1.17 1.17 

—New Land: 
Area under Tech.   1 

Area under lech.   ; 0.84 
Area under Tech.   3 

Area under Tech.   4 0.59 0.39 0.39 o.a 
Sviten l:      Area under Tech.   4- 

S'stcn 3:      Area under Tech.   1 

Area under Tech.   Z 

Are.i under Tech.   i 

trea unier lech,   i 0.33 1.42 1.42 1.42 1.42 
Total  com production 3672.82 31 SI.92 2824.60 2470.25 2112.92 
Corn allocated  to consumption 601   Qd 601.35 601.85 601.85 601.85 
Storage  losses 6n   70 60. iq 60.19 60.19 60.19 
Tom .illo.-.atod to sale -nin T> iqiq as 7 1C7    Sft isns.7i 1450.88 
L'jctt.il  use san nn san nn sun no 840.00 S40.00 
Corn   tor I'lantini* 53  50 1?    ?5 A 7    75 J7   75 d7   75 
Mcrhicide <t5e 1   56 7  "8 

7    5!} 7    59 7   38 
Herbicide   iaolement  costs 1 A     At 31  ,,9 31    7Q T)    70 -]    70 
Fort i 11 :cr u\c 

Total   t'jaily   labor 7R  7fi 66 .17 66.17 66. 1 7 66. n 
Total   hired   labor i q si 17   35 17   55 17   55 17   55 
Ton!   l.\!ior q^  si "fS   J7 '78   .17 78   17 78.47 

?1   "6 71   "^ 71   36 71     5fi 71    5ft 

TirM   hurninr   Inhnr-      f';1,n*')'   ... 0.60 
-  na 7    07 ? Q? 7    07 7   07 

Parailv 
^.d-; 7.45 7.45 i.i"-, 7.45 
I. 58 4.47 4.47 4.47 4.47 I untinc  lanor.    ■„, ^ 11   nn 1 n   11 in  ,ii in .11 10   dl   " 

3.94 

5.79 becond il.«.   lanor.    |lire(1' 

24.00 24.00 24.00 24.00 24.00 
 10.03   i^S   j^as—  7.as 7   as 



Table C-7.    Empirical Results for Farm Cases Four and Five Under Three 
Traditional Weed Control Technologies. 
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Tenant:     Owner                  Cost of faaily  labor:     non-ZSrO 
Nitmhcr of r'amilv workers:      two                           Capital:    constrained 

Risk   aversion  coefficient n n n <; 1   n 1   3 ? n 
Net   revenue ■^fino 7,1 ?1?S   "0 17Qd   qfl 371   38 -6.31 

c;t;i;7   ->c; ■5,171     1Q 7*18   77 Id73.ft7 -88.57 
Total  area (hectares) 4.13 4.13 4.13 4.13 4.13 

System l--Old land: 
Area wuier Tech.   1 0.44 2.52 2.07 
Area under Tech.   i 

Area under Tech.   3 3. 54 
Area under Tech.  4 

--Ne*  Land: 
Area under Tech.   1 0.1S 0.84 0.69 

Area under Tech. Z 

Area under Tech.   3 

Area under Tech.   4 

Systcsi i:      Area under Tech.   ■*— 

System 3:      Area under Tech.   1 4.13 0.77 
Area under Tech.   2 

Arc.n under Tech.   j 4.13 
\rcn under   Tech.   -l 

Total   com production dft^R  m 3713.14 26.3.3. 7R 1959.17 982.80 
Corn  allocated  to consumption SQT   /!<; 89-  H 893.43 893.45 893.45 
StoraKe  losses BQ  '!t: SQ    3^ S9   33 89   33 89. 35 
Com  .itlocatcd   to s.tlc ~e.-7z   ac 7230.34 1677   d8 97ft   37 
Ointal   use 44!;  n? 179.73 120.46 120.46 80.52 
Corn   for planting 61 q^ 3d   Q3 34   93 54.9.3 36.71 
Herbicide use 

HcrtaicLdc   inplerneiit  costs 

Fern 11 :ur use 

Tnt.il   family   labor 147.39 120.09 119.38 105.87 68. lb 

Total   hired   labor 11   74 2.16 __ -- -- 
foul   lit'nr i <;<; A* 172.73 119.38 105.87 68.26 

I'l  ln dd  in 44.10 39.91 20.77 
ii '« 7.1K 
n.S26 1.24 1.24 1.24 0.33 

lured 
13.63 13.22 U.JJ 1J.22 8.83 

71   fiq 22 . 3(1 22.30 22.30 14.90 

19.41 
iurcd 

42 . Sd 39.24 .38.5.3 35.20 22.91 
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Table C-8.    Empirical  Results  for Farm Case Four Under Three Traditional 
and One  Improved Weed Control Technologies. 

Tenant:   OWnCT 
Number of familv workers: 

:oJt of family labor:       non-Zero 
rwn                         Capital:    rnncrrai nprl 

Risk aversion coefficient n n n <; ]   " 1   ■; ?  n 
Nee  revenue ^77^  s^q 47Qn nA T.tA?   QQ 74(17   HI id^fi 47 

fiHTJ    71; tjsfso QC; .104?    90 ,inn-5  A7 ■^n^A  -? 
Total  area  (hectares) 4.62 4.62 4.62 4.67 d.62 

System  i-'Qlii  Land: 
Area wider Tech.   I 

Area under Tech.   Z 

Area under Tech.   3 

Area under Tech.   J 0.38 0.38 0.38 0.38 0.58 
--New Land: 

Area under Tech.   1 

Area under Tech.   2 

Area under Tech.   S 

Area under Tech.   4 0.13 0.13 0.13 0.15 0.15 
System £-.      Area under Tech.   a- 0.65 0.65 0.65 0.65 0.65 

Svstem i:      Area under Tech.   1 

Area under Tech.   2 

Area under Tech.   3 

Area umer   Tech.   4 3.46 3.46 3.46 3.46 3.46 
Tutal   com production 5692.68 5125.02 4549.20 3978.19 3402.45 
Com allocated to consumption 893.45 893.45 893.45 893.45 893.45 
Storage  losses 89.35 89.35 89.35 89. 35 89.55 
Corn .ii located  to sale 4709.88 4142.22 3566.50 2995.-9 741q.A5 

C.ipital   use 840.00 840.00 840.00 840.00 840.00 
Corn   for planting 65 . S4 65.54 6^   ^4 6<; Hd fit;   e.A 
Mcrtucide use Q qn 9 ^n o qn 0 Hn a an 
Herbicide  implement costs 4R   Jfi dS   .16 ,1S   Jfi .IS    1A ,i()  ,ift 
Pertili:cr use 71   ^n 71   ^n 71   sn 7i   ^n 7i   cn 
Total   faciilv   labor 170   ,1^ ]7Q    n 129   13 129   13 1 ^ 0  13 
Total  hired  labor x •;,! ^   "4 3  3'l 3   "'1 3  ^'1 
Total   lahor ]■:■>   77 1 -*->   77 132  77 137.77 137   77 

44  in 44.10 44.10 44.70 44.70 

2.57 2.57 2.57 2.57 2.57 
iiertihide appl.   labor:    nircd'   • 

Pl-mtinrr   Mhnr-      f';ln'l1
1!' 1 8  50 18  ^9 18   5° JS   so 18    CO 

Family 16   16 16   16 16   16 16.16 16   16 
MI red 

Mired 

Hi red 

48.00 48.00 48.00 48.00 48. OU 
Hi rcu .i. .i4 .i.J4 i.J4    , .S..,4 'A. A 



Table C-9.    Empirical Results for Farm Case Five under Three Traditional 
and One Improved Weed Control Technologies. 
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Tenant:   QWHer                     Con of  fuily labor:      AOn-ZerO                                                                                                   H 
Number of fantly workers:       rwf)                            Capital:     unconstrained                                                                         1 

Risk jveriion coefficient n n | n <;  1 '   n  1 1 ^1 7  nl 
Net  revenue fi^'?'; <;-     ] qiftd  IQ   1 3957.18   1 2760.01   1 1553.08   1 

81 Qd   TQ      1 7(10';   14   | 5796.44    1 4599.34   1 3392.34    1 
Total  area  I hectares) 6 0?     j 6 n7   1 ft   (17    1 ft n?   1 ft n7   1 

Syste* 1--0U Land: 
Area under Tech.   1 

Arei under Tech.   2 

Area under Tech.   I 

Area under   Tech.   i 
--.New  Land: 

Area under  Tech.   1 

Area under Tech.   2 

Area under Tech.   i 

Area under Tech.  4 

Syitem £:      Area under Tccli.   4- 2.52 2.52 2.52 2.52 2.52 

Svstcm i:      Area under Tech.   1 

Area under Tech.   2 

Area under Tech.   3 

Arta -.mder  Tech.   -i 3.50 3.50 3. SO 3.50 3.50 
T-nai   cum production 7757.19 6533.50 5799.23 5071.50 4253.67 
Corn allocated to consumption SQVdS RqV45 893.45 893.45 809.35    1 
Storage  losses SQ   T.C, aq   35 89.35 89 . 35 89.35    1 

|    ■' trn  .U locntud  to silc ft?7d   ^q ^^■;n  17 481ft   .13 jnsR 7i 3554.q7    ! 
Cnut.it   use ]□-■?   7ft iq-;-?   7ft iq-%3   7ft 19*3.26 1933.26    | 
Com   for piantmc 85   'IS 8S  'l9 S5  -IS as  48 a<; 48   | 
Mcrtticide use IS   "1 lc  "" l? ^^ l?  '<■; is -,-,   1 
Herbicide   inplenient costs <;■:   71 63.71 63.21 63.21 63.21    | 

|   Kcrt111:cr use 777   7(1 777   -Tl 777 ^n ^77.20 277.20   1 
Kital   I'aoily   tabor 13S.IS 13R.13 1        138.15 138.15 1       138.13    1 

1   Toral  hired  labor 77   ft7 77   ft7 77   ft7 72   A7 72.fi7    j 
I    Tnt:il   l.it'or isn sn Iftfl   SO 1      iftn 8n iftn an 1     iisn.sn   1 

1^  ^0 4 *  .i n 1        .i x   i n AX  4n 1        4* 4n ( 

6.30 1          6.30 6.50 6.30 6.30 

19.3fi 19.36 1          19.36 1        19.36 19.36 riantmg  lahor.    1|ir|;d« !;  u' S   77 <; 7-> ?    ^2 <   77 
1    P.                 .             ...             Fa-Uv 21.07 1          21.07 21.07 21.07 |         21.07 

Mired 

1      48 nn 1       48 nn 1       48 nn |       4 8 nn |       48 nn 
J U-lS— J U_4S— ! 17..IS H 17.,1S -1 17.45 - 



Table C-10.    Empirical Results  for Farm Cases Six and Seven Under 
Three Traditional Weed Control Technologies. 
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Tenant:   Owner                     Cost of  family labor:          non-ZCrO 
Number of family workers:    i-h-roo                        Capital:        ^nncr-rairiAH 

Risk aversion coefficient n n n ■; i   n 1    5 7 n 
Net revenue SSIS   71 ?n7n 97 1185.37 408.67 -4 . 73 

hAxn -n AflfiQ   ■?« \T<,T,   77 700fi   57 -59   38 
Total  area (hectares) ■i n 4   i - A   ^■t> d.   H 4   n 

S/stea l--Old Land: 
Area under Tech.   1 2.52 1.39 
Area under Tech.   2 

Area under Tech.   3 

Area under Tech.   4 
--New Land: 

Area under Tech.   1 0.84 0.46 
Area mider Tech.   2 

Area under Tech.   3 

Area under Tech.   4 

System l:       Area  under Tech.   4- 

Svstem j:      Area under Tech.   1 4.13 4.13 0.77 
Area under Tech.   Z 

Are:i under Tech.   3 4.13 
■Vrca  under Tech.    1 

Tut a I  com production dfiSS   fid •?? i -■,. 1 4 7705.15 1958.65 658.80 
Com allocated  to consumption 598.91 598.91 598.91 598.91 598.91 
Storage  losses qq   SO 59   89 59.89 59.89 59.89 
Corn allocated to sale 7QQQ   Hi. 7554   \i. ?n4fi   ^s l-,nn.35 
Capital use 1 xq «■; l?n  ,lfi 17n   4h i7n dfi 5 V 98 
Com   for planting H    QS 5/1    QT. 5<1   9T 54   9-? 7/1   fil 
Herbicide  use 

Herbicide itnpLement costs 

Hertili:cr use 

Total   t'aaily   labor Ibi.bj iJ.l.l'o 122.2b iob. a1; 4b. lb 
Total  hired  labor -- 
Total   labor 152.63 122.25 122.25 105.87 45.76 

SS.34 46.36 46.26 33.90 13.93 

0.87 1.24 1.24 1.24 O.bb 

13.63 13.22 13.22 13.22 5.92 
p                  Hired 

21.89 22.30 22.30 22.30 10.00 

19   A\ 

42.54 39.24 39.42 35.20 15.36 



Table C-11.    Empirical Results  for Farm Case Six Under Three Traditional 
and One  Improved Weed Control Technologies. 
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Tenant: Q^JXQT 
Number ot   tamity workers: 

:ost of family labor:     nOn-Zer 
fhrfift                   Camcii:   con strained 

Risk aversion coefficient n n 0  i; 1   n 1   5 7  n 
Net revenue 5438.41 4434.84 3416.80 2406.87 1388.84 

8057.qs 7054.37 6036.32 5056   59 4008   55 
Total  area  hectares) d.q4 4.94 4   94 4.94 4.94 

System l-Old Land: 
Area under Tech.   1 

Area under Tech.   2 

Area under Tech.   3 

Area under Tech.   4 
--.\cw  Land: 

Area urnitfr Tech.   1 

Area under Tech.   2 

Area under Tech.   3 

Area under Tech.   4 

Svstca I:      Area under Tech.   <t— 1.08 1.08 1.08 1.08 1.08 
Svstcm 5:      Area under Tech.   1 

Area under Tech.   Z 

*rca under Tech.   3 

Area uniter   Tech.    » 3.86 3.86 3.86 3.86 3.87 
Futal   com production 6119.20 5508.87 4890.00 4276.06 3657.19 
Corn allocated  to consunption 598.91 598.91 598.91 598.91 598.91 
Storage losses 59.89 59.89 59.89 59.89 59. 89 
Corn nI located to sale 5460.14 4850.07 4731.20 5617.26 1998.50 
Op teal  use 840.00 840.00 840   00 840.on S40  no 
Corn   for plantinj; 70. 14 70.14 7n 14 70. 14 70   14 
Iterhictde use in   10 10   10 in in in   in in  in 
Herbicide   implement  costs ^1   87 SI   87 51  87 51   S7 M   f7 

h'erti li:er use 11 R  sn ns  sn i is  sn ns  sn i i s   sn 
Total   taisity   labor lit. n? 14.3   07 145   0? 143 n? 145   07 
Total hired labor 

T«»iM   lahor MI m 141 m MT. m 1-15 n? pirn 
47.86 47.86 47.86 47.86 47.86 

Hired 

Mi rod 

2.70 7.70 7   70 7.70 2.70 (ManuPK  labor:    ^.^ 

ranily 19.98 19.98 19.98 19.98 19.98 

>''ainiiv 17.29 17.29 17.29 17.29 17.29 
1                       I 

Hi red 

SS. 19 55. 19 55   IP 55   IP 55   iq 
llarvestins  lahor.    ||iri,d 



Table C-12.    Empirical Results for Farm Case Seven Under Three Traditional 
and One Improved Weed Control Technology. 
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Tenant: Owner 
Number of fumly workers: 

Zost of family labor:     nOn-ZerO 
three                capital: unconstrained 

Riik aversion coefficient n n  [ n  i;  | '   n  1 i   d 7 nl 
Nut   revenue                                                     | 6304.95    1 5113.61    1 3906.61    1 2709.51    1 1502.51 1 

9413.64    1 9222.32    1 7015.32    1 5813.22    1 4611.22 1 
Total   area (hectares) 6.02    1 6.02    1 6.02    1 6.02 6.02 1 

Syste* l--01d UnJ: 
Area uniler Tech.   1          ' 

Area unJor Tech.   2 

Area tinder Tech.   3 

Area under Tech.  * 
1                --.sew  Land: 

Area ujiaor Tech.   L 

Area under Tech.   2 

Area under Tech.   1 

Xrea under Tech.   4 

f S»*tea i:      Arsa under Tech.  4- 2.S2 2.S2 2.52 2.it 2.52 
S<'Ste» i:      Area under Tech.   I 

Area under Toch.   2 

\rc.n tinder   Tech.   3 

\te.i im.ter  !>ch.   I 3.50 3.50 3.50 3.50 3.50 
|    Total   com  production 7257.18 6532.96 5799.22 5071.50 4337.76 

Corn allocated! to consuntption 598.91 598.91 598.91 598.91 598.91 
Storace tosses 59.89 59.89 59.89 59.89 59.89 
r.irn .il located to sale 6598.58 5874.16 5140.42 4412.70 3678.96     | 
Oi'UJl use 1309.70 1309.70 1309.70 1309.70 1309.70     j 
Corn   for Planting 85.48 85.48 85.48 85.48 8.5.48 
llcroicide (ise 15.33 15.33 15.33 1 5. 33 15.35 
Ucrtucide   inclement costs 63.21 63.71 63   71 63.71 63.21      | 

|    rcrtili:cr -.sc 177 ?n -'77. ->n 1      777  ?n 777    ■>() 777   7n     | 
Total   t'amlv  Ubor i6fi an |     i^n an |     iftn an ]f,n an .      lAn  an     1 
Total  hired  labor 4-? An dT /in A-^ /in AT.   in ■n An     1 
Tifil   l.ihor 

1 j    nnd cicarinB   labor,    j^^^ 

6.30 6.30 1          6.30 6.30 6.30 
j 

Plmrmi.   i ihni        ^a«^ lv |        24.58 24.58 24.38 24.58 24.58 rnntmn moi.   ||ircd 

7l  07 1       ?1  07 21  "7 |       21  07 ]       71  07 

65.45 65.45 65.45 65.45 65.45 
1                         '                    llirml .)  


