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TH1E BCXN4MIC PF1US TO INSTITUTIONAL INIOVATIONS IN NATIONAL 
IN IDIAP PANAMAAGRICULTURAL RESEARCH: ON FARM RESPARCH 

Juan Carlos Martinez 
Gustavo Sain 

I. INTRODUCTION 

It has been comn practice in modeling technological change to 

consider institutional development as an exogenous variable. Furthermore, 

these mod3ls have usually hypothesized that causality runs from 

technological to institutional change (Ruttan, 1978). i_/ The fact that, 

despite widespread promotion, many new technologies are not used by 

farmers, has lead to the development of alternative models considering 

institutional change as endogenous in the irodel with causality running in 

both directions (De Janvry, 1978, Ruttan, 1978). 

This 	study deals with the economic evaluation of certain innovative 

methodologies for agricultural research, aimed to develop appropriate 

technologies for target farmers in the near term. These methodologies 

were initially implemented on a trial basis by a recently created 

national research institute in Panama, and later institutionalized within 

the research organization on the grounds that they significantly 

contribute to increase the efficiency of public investment in 

agricultural reL ,arch. In the past, agricultural research in Panama was 

conducted by different organizations including the Agricultural 

Development Ministry (mIDA), the University of Panama, and various public 

and private enterprises. In general, it was carried in agricultural 

experimental stations often under conditions quite different from those 

faced by farmers. 

At the same time, there was a general consensus among policy makers 

that the existing research structure was generating an insufficient 

i/ 	 Following Ruttan "an institutional change occurs when there is a 
change in (1) the behavior of a particular organization, (2) the 
relationship between such an organization and its environment, or 
(3) 	 in the rules that govern behavior and relationships in an 
organization's environment" (1978, p. 329). In this definition the 
term organization means a decision unit which exercises control of 
resources.
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to impact effectively the technologicalamount of appropriate technology 

structure of the agricultural sector. This deficiency provoked interest 

in revising traditional research strategies. As a consequence, the 

Institute of Agricultural Research (IDIAP) was created in 1975 with the 

main objective of increasing farmers' productivity and incare levels with 

special emphasis on farms of medium and small size. 

A guideline of the institution was that of focusing research on 

and crops for the development of technologiesspecific regions 
asappropriate to representative farmers in areas defined high national 

priorities. Research could thus be concentrated on the most important 

farmer problems and the scarce resources of IDIAP used to best advantage. 

to permitIts activities were planned in a sequential pattern 

methodological adjustments as experience was gained and to provide a 

a corp of national on-farm researchers.framework for the training of 

In 1978, the first such program began in the area of Caisan with the 

cooperation of CIh24YT and with a former CI44YT trainee assigned as 

coordinator of the program. At the same time, the issues which would 

shape IDIAP's institutional organization Were being discussed and Caisan, 

its first area-specific on-farm research program, was expected to be a 

source of experience for the development of research procedures for 

IDIAP. 

The Caisan program was planned and carried out strictly within the 

limits of the human and financial resources normally available to IDIAP. 

Thus, the cooperation of CTI~YT (development of procedures and in-service 

to not exceed normal resourcetraining) was designed in such a way as 

allocation for area-specific programs. 

The area of 'aisan is located in the northwest side of Panama, 

involving 10,000 has. of territory and about 300 families. The most 

important production system is a maize/bean rotation, which lead to 

consider both maize and beans as target crop for the research program. A 

complete report of maize results, including surveys and experiments 

carried between 1978 and 1982 could be seen in Martinez and Arauz 
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(1983), and will not be covered in detail in this paper. 

The main objective of the program was to increase in the near term 

productivity and income of representative area farmers. Also, Caisan 

represented a first step in a process which built up from on-farm 

research actions towards an articulated on-farm research program. In this 

and theirframework, 	 the methodological implications of Caisan experience 

effect in terms of its contribution to institutionalizingspillover 

on-farm research within IDIAP was an important "output" expected from the 

program. Accordingly, the progress of the work was closely followed up by 

directing staff and intensively discussed by researchers and directive 

staff in national meetings, field days and regional workshops. As a 

result of these follow up and given the increasing emphasis in area 

specific on-farm research in IDIAP, the institution decided to conduct an 

evaluation of the cost efficiency of the on-farm research procedures used 

in Caisan. Such evaluation was expected to quantify the social rate of 

researchreturn of IDIAP investment required to implement these on-farm 

of the target crops of Caisan. With thisprocedures for the case of one 

basic goal in mind, an evaluation research was designed and conducted for 

maize within Caisan program by 1982..2/ This paper reports on the 

qualitative and quantitative results of such evaluation. 

II. CAISAN: PRODCI? AND INPUTS 

The flow of basic inputs and outputs of Caisan Program is described 

in Figure 1. Two basic types of "outputs" resulted from the 

implementation of Caisan. The first one is associated with the 

contribution of Caisan to the institutionalization of on-farm research 

within IDIAP. These contributions -methodological and institutional 

implications- have been obtained through learning-by-doing, in-serrice 

2/ On-farm research methodologies used in Caisan are not crop specific 

and were equally applied to both target crops (maize and beans). 
less docunented and sistematized atAlthough results on beans were 

the time of the evaluation (mid 1982), the impact of the program in 
beans production has been at least equivalent, if not superior to 
the one obtained in maize, being research costs at similar level for 
both crops. 
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FIGURE 1 THE CAISLN ON FARM RESEAiH PROGRAM. F[LW CHART OF BASIC INPUTS PND 
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training and workshops, all based on Caisan experience. The resulting 

increase in IDiAI"'s capabilities to implement on-farm research procedures 

in other areas of the country can be considered as an addition to the 

national stock of kno4ledge and hence as an important positive 

externality produced by the Program. 

The other product is that related to the main objective of 

increasing, through technology generation, productivity and income of 

representative area farmers. In this sense, the products are the 

technological alternatives generated by the program and recam-ended to 

farmers. Benefits of these products are valuated through impacts 

associated with actual farmer adoption of these alternatives. In other 

words, the farmer is placed as the final judge of this process of 

technology generation transfer, and accordingly, adoption is taken as 

necessary condition for associating positive benefits with the 

involved. At the time cf the evaluation fourtechnological alternatives 

technological alternatives had been generated by the Program. Two of 

them, chemical weed control and spatial arrangement and density, were of 

yield increasing nature requiring sae additional resources (costs) per 

hectare for its adoption. The other two, zero-minimum tillage and no use 

of fertilizers were basically input (costs) saving per hectare without 

affecting yields. 

On the input side of the Program, two types of inputs can be 

identified. First, CIlYT contribution, which has been entirely canposed 

of procedures for on-farm research and training in the use of these 

procedures. These have been one of the most important elements in the 

recent CIlvZ4T cooperative work with National Programs. 2/ The second type 

of inputs corresponds to resources reassigned by IDIAP from the 

experimental station research to on-farm research in Caisan. A/ These 

includes, human rescurces, source fixed assets (like venicles and-a mini 

This cooperative work takes place through CI214YT Regional Program. 
See Juan Carlos Martinez (1982). 

On-farm research is understood here as a liasson and needed
 
complenvnt betbeen the more traditional station rese'arch on one 
hand and the extension activities on the other. 
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tractor), the rental .of a farmer house in the area, and the different 

materials (fertilizer, herbicides, insecticides) required for carrying 

the on-farm experiments. 

III. METHODOLOGY 

Figure 2 shcis the sequence of decisions followed in the evaluation 

of the Caisan program. In the rest of this section the main 

mtlidological problems associated-with each stage are briefly described 

and the particular decision taken regarding the case at hand is. 

justified.
 

1. Objectives of the Evaluahion and the Institutional Point of View. 

Given the nature of the Program, its evaluation could be carried out 

assuming either a national or international perspective. Whether to 

follow one or the other will basically depend on the objectives of the 

evaluation.
 

The objective of the evaluation was the measurement of the cost 

efficiency of the mthodology applied in Caisan. Specifically, the 

national research institution, IDIAP, was interested in knowing the rate 

of return of the investment required to implement area specific on-farm 

research programs like Caisan as a neded complement to station research. 

In this sense the objective of the evaluation can be stated as the 

estimation of the rate of return to the Panamenian society of the 

resources invested in implennting the OFR methodology used in Caisan. 

Assuming an international perspective will imply that benefit and 

costs will be traced beyond Panamenian borders. In this particular case, 

on the benefit side spillover effects and increased methoddlogical 

experience accruing to other courcries via C324YT international prcrjrams 

should be considered as a positive externality. On the cost side, CIMMYT 

resources allocated to this type of activities should also be considered, 

spreadhig their cost among the various international programs of similar 

nature implemented with CIMMYT cooperation. In other words, assuming an 
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FIGURE 2. STAGES OF THE EVANJATION PROCESS.
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international perspective would imply the evaluation, starting from 

in the area ofPanama, of the international system operating via CfM1YT 

on-farm research. This does not appear consistent with the objectives of
 

the evaluation, and in any case of little, if any usefulness for IDIAP 

decision makers.
 

Assuming a national perspective has different implications. 

Spillover effects would be confined within Panama, while, on the cost 

side, CIMYT could be visualized as part of the international environment
 

faced by the country, from which IDIAP, could occasionally, take elements
 

without any cost. This was the case of the contribution of CIMIYT to the
 

program, in terms of OFR methodologies and training, which accrued to 

IDIAP without cost for the country. In the words of Kislev and Hoffman 

evaluating wheat improvement in Israel: "P:om the point of view of the 

Israeli decision maker who has to decide on the allocation of funds to 

research in the country, free knowledge is part of the environment in 

which the local research system is operating. The cost of producing this 

knowledge abroad should not have any effect on his decision." (1978, 

p.173). In this case the concept is extended to include not only 

knowledge captured and used directly by Panama, but as well to include 

the free training and methodological and professional services which 

complemented Panamenian resources.
 

Since this appears to be more consistent with the specific
 

objectives of the evaluation, this was performed with a strict national 

point of view. Accordingly only resources allocated to the Program by 

IDIAP were considered.
 

2. Identification and Characterization of the Products to be evaluated.
 

Agricultural research may be thought as a production pro:ess in 

which inputs such as previous knowledge, research scientists, 

laboratories, and libraries are cabined to produce certain products.
 

Definition and characterization of the outputs presents conceptual 

problems which are, in general, dependant on the correct statement of the
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cbjectives and institutional point of view of the evaluation (Scobie, 

1979, Schuh and Tollini, 1979). The decision to perform the evaluation 

from an strict national point of view, clarifies some of the issues 

outlined by Scobie and Schuch and Tollini but not all of them. As a 

result of the research process two types of outputs were identified (see 

previous section): 1) An addition to the national stock of knowledge 

through increased capabilities and gain in experiences within IDIAP, and 

2) an increase in productivity and income of area farmers through 

technology generation-adoption. 

As recognized in the literature assigning a value to the first type 

of product would imply an almost imafordable methodological burden in the 

evaluation. This is so given that the product defined as a gain in the 

stock of knowledge is intangible, and also due to the fact that there is 

neither a market nor other feasible mechanism measuring how much Fcciety 

values this kind of product. By considering only the product related to 

technology generation it is possible to have an indication of the social 

returns due to the methodological innovation applied in Caisan. This is 

feasible if the evaluation is performed taking as a starting point the 

prevailing technological situation (farmer practices) which in turn can 

be associated with the mre traditional station research. -Y That is, 

incremental Benefit-Cost analysis applied to a case study (Caisan) would 

serve as a proxi of the social gains of applying OFR methodologies. As 

every other case of study generalization should be made with care. 

In sumary, due to methodological difficulties only technological 

innovations generated by the program would be entered as products in the 

evaluation. By comparing the benefits generated by this product with that 

which would have resulted without the program, a reasonable measure of 

the rate of return accrued from the OFR strategy followed in Caisan can 

be achieved. In turn, this rate would be a proxi, assuming replicability 

of the project by the national institution, of the returns to the second 

type of product: the increased capability within IDIAP to conduct similar 

area specific OFR programs in other regions of Panama. 

5/ 	Traditionally the area was covered by the extension service from 
MIDA. 
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Benefits.3. Estimation of the Annual Flow of Research 

3.1 Direct Inpacts 

Two main ex-post procedures have been used to evaluate the benefits 

of agricultural iesearch: the econcmic surplus (or index number) approach 

and the production function approach. The choice between both methods 

and quality of the available data and onrests basically on the quantity 
case at hand. 6/

the nature of the 

Following Norton and Davis (1981), the production function approach 

aconsists essentially in introducing into the production function 

variable as proxi for research and extension. Among the studies using 

this approach at an aggregate level are those of Griliches (1964), 

Evenson (1967, 1968), Cline (1975), Davis (1976), Kahlon (1977), and Lu, 

Quance and Li (1978). While Peterson (1960, 1967) and Berdhal (1975) used 

the approach at the individual product level. 

The econcmic surplus approach, nuch less data demanding that the 

previous one, has been widely used to estimate returns to agricultural 

research in both developed and developing countries. The approach is 

based on the concept of consumer and producer surplus. An excellent 

can be found in Currie, Murphy and Schmitzdiscussion of both concepts 

(1971), Hertford and Schmitz (1977), and Mishan (1968). A discussion 

be found inabout the surpluses as measures of welfare changes can 

Boaday (1974). The work of Schultz (1953) and Griliches (1958) are 

considered as pioneers in using the approach. 

of a moreGriliches' analysis can be regarded as a special case 

general scheme presented by Peterson (1967). Figure 3 shows this general 

case. 

"6/ There is also a differentiation in terms of marginal and average 

In the econoiic surplus approach what is estimated is anrates. 
average rate of return to the investment in agricultural research, 
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FIGURE 3 CHANGFS IN MISL21ER AND PRODUCER SURPLUS.
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The displacement of the supply curve frcm S1 to S2 due to 	 the 

andvanishment of the innovation would reduce social benefits (consumer 

producer surplus) by an amount equal to the area OAB which is regarded as 

the net social benefits due to the innovation. The area OAB is in fact 

change in consumerthe algebraic sum of the area P1 P2 AB, measur ."g the 

surplus and the area [(OBP1 ) - (OAP2 )], measuring the change in producer 

surplus. 

Among other studies which have used the approach are those of7/ adKse 

Schmitz and Seckler (1970); Hertford and Schmitz (1977); Y and Kislev 

and 	Hoffman (1978). In a recent article, Wise (1981) shaqs that the
 

surplus mthod can be derived as a specific case of a more general
 

7-	 The authors showed that linear supply and demand functions provide 
enough accuracy in the calculations without the complications due to 
the non-linear specifications. In their words: "However differences 
in the estimates of benefits provided by the more complicated 

here small for usual valuesformulations and those presented are of 
the key paramriters. The train reason is that in all formulations the 
critical determinant of the value of the benefits derived from 

research is simply K.P.Q. or the percentage change in the value of 
production attributable to research."
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approach measurihig benefits. The author also showed the equivalence of 

both methds: when distributional aspe<-ts are introduced, social net 

benefits can be obtained either as a sun of benefits or as a sum of 

surpluses. 

In order to measure the direct impacts generated by the adoption of 

the new alternatives, the Wise benefit approach ,ras chosen as the more 

appropriate. Although the Wise benefit approach and the surplus method 

have been shcwn to be equivalent the former was preferred because it 

adjusts more naturally to the division of the technological alternatives 

generated by the Program into two 'groups according to the type of impacts 

resulting fron its adoption.
 

Before proceeding to the application of the benefit approach, the 

structure of regional supply and demand curves must be specified. Because 

maize acreage affected by the program represents a small percentage of 

total national maize acreage, it was considered that the project would 

have a negligible impact on the national maize market, hence, its 

evaluation may proceed at fixed prices. This assumes that the region 

faces a perfectly elastic demand curve. Furthermore, the existence of a 

minimun support price fixed at the national level provides further 

motivation for considering the region as a "price taker", i.e. an 

increase in regional production due to the Program will not affect the 

maize price level.
 

In specifying the supply curve elasticity it should be noted that, 

because of the nature of the on farm research methodology, the short run 

supply curve should be used in evaluation of the impacts of improved 

technological ccrpnents. Although there are no available elasticity 

estimates, same empirical evidence, (such as 'the, fact that land and farm 

labor resources remain fully enployed despite short term price 

variations) supports the hypothesis that the short run supply curve 

is highly inelastic. Furthermore, the fact that maize is a cm-ponent of 

an important regional aize/bean crop rotation, the later being an 

important cash crop in the region, would fLurther sustain this hypothesis. 

A highly ineiastic short run maize suply curve would mean that in the 
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orshor- run there is not a significant number of farmers leaving 

other words, maize acreage
entering the maize production sector. In in 

the region can be considered as fixed. 

Summarizing, the postulated regional Supply-Demand structure is one 

a perfectly inelastic short
of a perfectly elastic demand curve facing 

previous framwork, four technologicalrun supply curve. Vithin the 

the Program will be considerated in terms of
alternatives generated by 

farmer adoption. Table 1
their direct impact associated with impact 

practices prevailing in the
describes them in contrast with farmers' 


at the initial stage of the Program.
Recommendation Domain 

ENFaTE BY "HE PRORAM.FARMER PRCTICES AND ALTEWIVEO IMLTABLE 1. TE==r A NS: 

Main Direct LOpactTechnological AlternativesFarmer Practice (PerTechnolgical Through AdopticnBsis)Compoent .Hectare
Ca~neft 

it/ha - Application of 1-2 its/ha
- Application of 1Ch- ical Weed of Gramoxone, 20-30 Daysof 2.,4-D 30 Days AfterControl After Planting.Planting. 

or FIBST? GRJP. 
- Application of 1-2 kgs/ha 

YIELD INCREALWNGof Gesaprim 0-10 Days 
After Planting. 

- 50,000 seeds per 7a. -Spacing Arrangement Irregular Spacing 
planted in Rows 

and Density - 40,000 Seeds per ha 
at Planting 

- Manual Chopping of Weeds 
- Plowing axn Harrowing:Zero - Mini7an 1-2 it/ha of SErOND GFCUPFollowed by3 Passes.Tillage *Gramoxone. 

"InrT.SAVNG 

- No Fertilizer Use 
Cheical Fertilizers - Application of 

200 lbs of.10-30-10
 

The four alternatives have been classifiea in two groups according 

to the nature of their inrxict in the production process. The first group 

and a planting arrangement in
includes appropriate chemical eed control 

a yield increasing effect and a net 
rows with increased density, implying 

The second
addition of resources in order to achieve the higher yields. 
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group, includes zero-mi niumzn tillage and no use of fertilizers which are 

8--/ This-associated with an input saving effect without affecting yields. 

categorization allows separate treatments for each group in measuring the 

benefits associated with the alternatives involved. In the case of the 

first grouo 	 for eachalternatives within the total benefits alternative 

will be: 

.B BB 2 'being= 


B1 	 = AR.H -.HAS -Pm.
 

= AC- H-HAS B., B2 , AR>0
B2 

Where: 

BI, is the social value of additional maize production generated with 

the diffusion of the new technological alternative involved. 

the yield increase induced by the adoption of the alternative.AR, is 

H, is the net proportion of maize acreage cultivated with the new 

technology, 

EAS, is the total maize acreage within the recoruendation domain, which 

is assurred to be fixed and estimated in around 1000 hectares. 

*-B2 , is the social value of the additional resources necessary to achieve 

the increase in production, (AR.H.HAS), 

-AC, is the net addition in variable cost per unit of land necessary to 

.achieve the increase in yields. Recoabining previous equation B 

could be written as: 

B= H HAS (AR-.Pm- ACI 

That is, total benefit generated with each technological alternative 

*will be equal to the total maize acreage cultivated with the alternative 

times the net benefit per hectare associated with its use. 

For the particular case of alternatives in the second group, they do 

not have any significative yield effect hence AR= 0 and consequently 

B1 = 0. Because they have an input saving effect, decreasing cost per 

-unit of land, AC<O, hence B2 < 0. Consequently, total benefit for each one 
= of 	these alternatives will be B = - (-B2 ) B2 . 

8/ For more details see Arauz, Martinez (1983). 
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3.2 Distributional Impact. 

The 	 distributional aspects of the Program can be assessed by 

considering the four social groups identified by Wise (1982). -/ Given 

the nature of the Program these patterns of distributional impact appear 

to be very simple. Consumer welfare does not change (no production 

augmenting effect for second group of technologies, no price effect for 

either group). While benefits of technological development will fully 

accrue to innovators (adopters) in terms of procducer surplus; those who 

do not adopt the technology remain the same (relevant relative price are 

is no -technologicalunaffected by the Program). Finally since there 

not adopting the technologytreadmill effect iL/ the number of farmers 

and leaving the sector will be negligible. 

3.3 Indirect Impacts. 

is the effect ofThe most important secondary impact of the Program 

(minimum) tillage on future soil erosion levels and consequentlyzero 

on the natural fertility of the soil. This impact would be larger for 

on slopes of considerablefarmers whose maize plots are located 

steepness. 

decrease dueLittle information is available about potential yield 

to the reduction of soil fertility associated with erosion so 

quantification of this impact is difficult. In this work no ateept is 

made to measure it. Consequently, benefits are in this respect, 
1i/underestimated. 

9_/ 	 Consunrs, producers who do not adopt the technology and leave the 
sector, producers who do not adopt the technology and stay in the 
sector, and producers who adopt the technology. 

10_/ 	 Cochrane W. (1958) "Farm Prices: Mth and Peality" University of 

Minnesota Press. 

1i/ Following tradition in this type of evaluation when an option is 
areencountered the choice is made such that the associated benefits 

the lowest. 
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3.4 The Regional Social Price of aize 

Public policy in Panama with respect to maize production has been 

.directed in the last decade toward the goal of self sufficiency. Trne mai 

policy instrument used in the attempt to achieve this goal has been the 

implerentation of support prices for this product fixed above the 

international price. As a consequence domestic production increased fram 

an annual average of 53,800 metric tons during the period 70/71-74/75 to 

an annual average of 68,600 metric tons during that of 75/76-79/80. 

Concurrently with this change, importation of maize decreases fron an 

annual average of 19,500 metric tons to 11,400 metric tons during the 

same periods. 

Although there is no direct empirical evidence about the annual 

balance of the province of Chiriqui, indirect evidence support the 

hypothesis that Chiriqui. is a net exporter of the product 12/ The 

situation for Panama and for the region is then depicted in Figures 4 and 

5. 

In a closed econamy and in absence of regulations Pe and Qe in 

figure 4 would be the equilibrium price and quantity for maize at the 

national level. But Panama confronts a perfectly elastic international 

supply curve given by PiOi where Pi is the international price of corn. 

Then, in absence of regulations, the relevant supply curve becomes OAO. 

with OQ2 domestically produced, OQ1 dcmestically consumed and (QI-Q2) 

imported. Once a support price Ps is established, domestic consumption 

falls to OQ3 , domestic production increases to OQ4 and imports decrease 

12/ Maize production in Chiriqui is reportedly used as follows: 25.4% is 

consumed in the farm, 4% is used as seed, 37.1% is used as feed and 
the remnaining 38% is sold out the farm. Given an annual average 
total production of 11,661 m.t., it results that 4,431 m-.t. are 
annually sold by farms. Chiriqui urban population was, in 1980, of 
91,017, considering an estimated consumption of 18.82 kg/person, 
total urban consumption would be of 1,713 m.t. This would leave a 
net positive balance of 2,178 m.t. Although there are some small 
mills in the province, the bulk of Panama's mills are located out of 
the province, hence the excess production over internal consumption 
is likely sold out the region for consunption and/or processing. 
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to Q4Q3 . The area ADE represents the social loss due to the excess cost 

area CBF is the lossof domestic production of the amount Q4Q2 , and the 

in consumer's surplus due to the reduction in consumption of the amount 

QlQ3.
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In figure 5, 0r and Dr are the regional supply and demand curves 
-= (Ps TC ) isrespectively. P5 is the support price in Panama City and P 

the support price net of transportation costs from the region to Panama 

City. In this case, OQ1 is the amount produced by the region, QQ2 is the 

amount consumed within the region and Q2Q1 is the amount the region 

exports. 

Given this situation and assuming that the region surplus production 

is entirely exported to and consumed in Panar-a City 13/ the social price 

of extra units of maize produced by the program will be given, by the 

import price of maize (CIF, Panama City) net of transportation costs from 

City is the most distant point among those of potential13/ Panama 
of the region. Hence this assumptiondestination for the maize 

implies (via transportation costs reduction) the lowest alternative 
with respect to pricing the maize. 
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Caisan to Panama, i.e., P 1 = P.-TC. This is so since in absence of 

market this price would reflect thedistortion in the foreign exchange 

of maize without accounting forsocial opportunity cost of extra units 

distortions in the internal market. 

increases theIntroduction of a support price above the border price 

societysocial opportunity cost of extra units of maize, hence the 

units of maize fran Caisan will alsowillingness to pay for additional 

of fromincrease. In this case the marginal value extra units of maize 

Caisan will be given by the support price net of transportation costs, 

P 2i.e. = Ps -,C. 

Fram a perspective of general equilibrum and welfare considerations, 

maize pricing should be done under the assumption of non existance of1 
However, social preferences inregulations and hence Pm should be used. 


terms of food security (through import substitution) are well established
 

and politically legitimized as a sustained policy goal which cannot be
 

ignored neither by IDIAP nor by any institution like IDIAP.
 

In other words, what could be considered with a global perspective 

as a variable (i.e. agricultural policy) should be and has been 

considered by IDIAP as a parameter, setting the framework within which 

could display its research policy and institutional.the institution 
has been doingstrategies. Then when considering how efficiently IDIAP 

this in the particular case of Caisan the maize price which should be 

used is the one provided by PM2 as a reflexion of the agricultural policy 

framework faced by IDIAP. Accordingly, the resulting rate of return will 

best reflect, in our view, the efficiency of OFR methodologies 

implemnted by IDIAP in Caisan. In any case, the decision was taken to 

conduct the evaluation under both maize pricing options. 

4. Estimation of the Annual Flow of Research Costs. 

Definition and characterization of inputs to the research process 

presents similar problems to those described in the case of the products 

(Scobic, 1979, Schuh md Tollini, 1979). Among the most coamn problems 
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are those arising when a particular resource is used to produce multiple 

or joint products, the case of serendipity in the process, and the 

correct specification of the knowledge stock participation in the 

process. Because the decision to perform the evaluation frarn aresearch 

strict national point of view, resources contributed by CID2hYT are 

free and do not enter the cost side of the evaluation. Withconsidered as 

respect to resourc-s "contributed by IDIAP: Table 2 shows their 

of basic items. The human resources figurescomposition in terms 

indicate the proportion of men-year used by the program for each of both 

the program used. 8 men-year oflabor categories, for exanple during 1979 

skilled labor and 1.45 nen-year of semi-skilled labour. In the case of 

fixed assets the figures reflect the proportion of the total annual 

services provided by the asset wlhich is assigned to the program i.e. in 

1979, 50 percent of the annual services provided by the rented house is 

assigned to the Program. Similarly 80 percent of the annual services 

(hours per annum) provided by a pick-up is used by the Program. Finally, 

as research materials are project specific, the table listed the anounts 

of each one of the used in the program. 14/ 

The economic evaluation of the program requires first that the 

project be evaluated against the without alternative and that resources 

used be priced at their respective opportunity cost interpreted as the 

value of the output the resource would produce in the activity from which 

the resource is withdrawn. 

Application of the with-without 	 criterion requires the 

of the evaluation, of onlyidentification, as component of the cost 	side 

14/ While identifying research costs an 	 interesting problem came out in 
of the cost of on-farm experimentation 	 arethe discussion. Part 

shared by the farmers (i.e. land, farmer tim). Since OFR fits in 

the production process, that is, it takes place while the, farmer 
place, these costs will be usually moreproduction process takes 

than outeighted by the benefits resulting from leaving the products 
of the experimental plot with the cooperator farmer. While this 

could still leave soma doubts in terms of hcw it should be tested in 

an evaluation of OFR, it has, from the perspective of research 
strategy mnd managemnt, a positive side associated with the fact 

that a percentage, even though smill, of research costs is paid by 

those who will be the final recipients of research results. 
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additional resources necessary to conduct the program. In the case of 

fertilizers and pesticides they are program specific resources, .ence 

they are enterely charged to the program (see table 2). With respect to 

fixed assets, the program used existing equipment and in addition a house 

was rented. In the case of the equipment it was considered that program 

time effort because increasingacccplishment woild require an additional 

oit of station work. As no reliable estimate of this increase existed the. 

total time proportion assigned to the project was taken as a proxi for 

each piece of equipment used by the project (see table 2). With respect 

to the house, only fifty percent was regarded as assigned to the program. 

TABLE 2: COXTOSITION OF RESOURCES OONTRIBUTIED BY IDIAP TO THE PRDGRAM. 

YEARS 
RESOURCES 

1978 1979 	 1930 1981
 

A. 	 Human Resources 
(Men-year) 

1.201. Skilled Labour .40 .8 	 1.20 
2. Semi-skilled 

Labour 	 .20 1.45 1.45 1.45 

B. Fixed Assets 
(Proportion 	of Total
 
Annual Services)
 
1. Rented House .50 .50 	 .50 .50
 
2. Equipmnt 

Pick-up 	 .65 .80 .80 .80
 
.50 	 .50
Kubota -	 .50 


C. Research Materials
 
1. Fertilizers 

Formula - 12qq 12qq 12qq 
Urea - 6qq 6qq 6qq 
Superphosfate - 10qq 10qq 10qq 

2. Herbicides 
Gra.roxone - - 10 Gl. 10 Gl 
Gesaprim - 8 kg 8 kg 8 kg 
2-4-D - 1 Gl. 1 Gl. 1 GI 
Prowl 	 - 1 It. 

3. Insecticides
 
Furadan - 45 kg. 45 kg. 45 kg
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already working for IDIAP. 
All personnel involved in the project was 

analysis requires again the identification of 
Application of incremental 

the program as the component of 
time effort attributable toadditional 

for the equipmaentcost. The same criterion adopted
the program's labor 

the projecttotal time proportion assigned to 
was used in this case, the 

time effort 
by each member was taken as a proxi for the additional 

traditional 
required by the accomplishment of the program over the 

station work. 

by IDIAP to the program including labor,
All resources allocated 

at 1981 marketare evaluated
fixed assets and fertilizers and pesticides 


resources reflect their
 
prices. This implies that market prices for these 


for this procedure follows
A justificationopportunity costs. brief 
for 

each resource category. 

the economics
There is a general agreement in welfare

i. 	 Labor-
reflect the opportunityapproximatelyliterature that skilled labor wages 

(Irvin 1978). Since the program only used 
cost of this type of labor 

skilled or semiskilled labor, 1981 wages were 
used to estimate the labor
 

cost incurred by the Caisan Program.
 

Fixed Assets - Lack of accurate data availability precludes the 
ii. 

costs of using the equipmnt employed by the 
estimation of the total 

was that of gasoline expenses. As the 
project. The only data available 

gasoline price in Panama reflects its importation 
costs it was considered
 

of using it. 
that this price properly represented the opportunity cost 

of the true 
costs result in underestimation

Ignoring other user would 

partially corrected by increasing the total 
costs of the program. This is 

In the case of the rented house the annual 
annual estimated cost by 10%. 


its opportunity cost.
 
rent was considered as reflecting 

- The use of market pricesand Fertilizers 	
was 

iii. 	 Pesticides 
are no subsidies with 

this case on the grounds that there
justified in 

As such, dcmstic prices have historically
respect to these resources. 

follaled world price fluctuations.
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.5. The Benefit/Cost Ratio and the Rate of Return 

ratio and the rate of returnIn order to calculate the benefit cost 

of the project, the methodology employed by Griliches (1958) -also used 

by Kislev and Hoffman (1977) among others- was adopted. The benefit/cost 

ratio is estimated as: 

(1) B/C- (PANB+AFNB-AF4) 
PARC
 

Where:
 

PANB are the past annual net benefits compounded to the base year
 

AFNB ate the annual future net benefits discounted to the base year
 

AFWC are the annual future maintenance costs discounted to the base year,
 

and PARC are the past annual research costs compounded to the base year.
 

Griliches presents the rate of return, r as (1958, p.425): 

=(2) r k x B/C 

where k is the discount rate used to estimate the B/C ratio. The rate of 

return r, can be- interpreted as the discount rate at which the stock of 

costs yields an annual flow exactly equal to the annual flow of net 

benefits, alternatively r may be interpreted as the discount factor at 

which the annual flow of net benefits should be discounted in order to 

yield a stock exactly equal to that of costs. In other words, a rate of 

return of say 1.90 (190 percent) would indicate that each dollar spent in 

the project would generate a future annual flow of 1.90 dollars of net 

benefits. 

The criterion to judge a given project according to the B/C ratio is 

that for the project to be acceptable this ratio should be larger or 

equal to one. Then this last equation says that: 

r k if B/C= 1 

That is, if k represents the social rate of time preference betwen 
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present and future consumption, then equation 2 states that the average 

rate of return for each dollar invested in the project (r), will be 

smaller than the social rate of preferences if thelarger equal or 

the discounted jatdiscounted benefits are larger equal or smaller than 

the same rate) costs. 

of Adoption Patterns.6. Estimation 

An important element for measuring the 	 benefits of agricultural 

of farmers (acreage) whoresearch is the estimation of the percentage 

have adopted the new technology. The nature of the OFR methodology used 

in Caisan presumed that appropriate technologies would be available in 

term. This in turn would fulfil a necessary condition forthe near 


farmers' acceptance and accordongly speed up adoption.
 

used to represent the diffusion of newA formulation commnly 

innovations is the logistic growth function or learning curve. The graph 

of the function and its generic functional form are shain in figure 6. 

FIGURE 6: THE LOGISTIC CURVE
 

y
 

y K + exp - (A + B -1 

0 

15/ This section draws heavily on Martinez (1973). 
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function to a context of technology adoptionAdaptation of this 
proportionprocess is straightforward. Let hi (t) be the maize acreage 

cultivated with the i-th technological alternative in year t. Then the 

logistic function representing the difussion time pattern is:
 

h (t)=K [l+exp-(A.+Bit)]-

In this equation Ki represents a constant called by Griliches the 

"ceiling" of the adjustment function. That is Ki is the maximum expected 

percentage of adoption of the technology. Ai is a parameter positioning 

the curve in the time scale, while Bi shcws the rate of growth or rate of 

acceptance of the innovation. 

Martinez conceptualizes the diffusion process along the logistic 

curve as succesive short-run equilibrium points between the supply and 

demand for the new technology. In this context the value of the ceiling 

would be interpreted as the long run equilibrium. Quoting Griliches: 

the supply side determines the origin of the development,"While shift on 


the rate of development is largely a demand or acceptance variable"
 

(Martinez, 1973, p.81).
 

The rate of acceptance B, therefore can be interpreted as
 

sumarizing the demand conditions for the technology. As such, the 

estimated value of B could be used as an indicator of the farmers' degree 

of acceptability of the technology.
 

If enough data is available the logistic parameters A and B can be 

estimated, after the model has been previously linearized, by the least 

square method. If enough observations are not available, Martinez (op. 

cit. p. 92) presents a method to obtain a crude estimation of the 

parameters. The nethod consists in the simultaneous resolutiop of the 

following two equation system:
 

1­
[1+ ep-(A + Bit1)]
hi(tl)= Ki 


[1+ exp-(A + Bit2)]­hi(t2 )= Ki 
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of A and B it is necessary to haveTo solve this system in terms 

about the maximum expected adopticn proportion K, and of theinformation 
ald hi(t 2 ). 16/time 	hi (t)

adoption proportions in two points in 

This has been the procedure followed for estimating the patterns of 

adoption for each technological alternative generated by the Program. The 

initial formal survey implemented at thepoint hi (t 1 ) was based in the 

of Caisan for assessmnt of farmer circumstances. Theplanning stage 

other point hi(t 2 ) was hi(1982); estimated with an especially designed 

The survey methodology used inadoption survey carried out in July 1982. 

survey (done May 1982) 

this case was similar to that used in the assessment of fanTer's 

circumstances (yet with different objectives). That is, an informal 

in was carried to design a well focused formal 

filled out in June 1982 for aquestionnaire. This questionnaire was 

random sample of 45 farmers within the recomndation domain of the 

Program. 

the value of the adoption ceiling was estimated based onFinally, 

the knowledge and experience of regional technicians with the 

offered, their potential impact in netacceptability of the alternatives 

income and the relative degree of difficulty in their managemvent. For 

16/ 	 Once the values of K, h(t ) and h(t 2 ) are known, the system is 

reduced to a two equation-&o unknown system which admit a unique 

solution. System (3) can be rewriten as: 

A + B ti =C 1 

A+Bt=C 2 

where 

C1 = 	 In [h(t)/K-h(tl)] 

and 
- in [h(t 2)/K-h(t2)]C2 

The values of A and B which solve the system are calculated as:
 

A Clt2 -C 2tl and B = 2 - C1
 
t 2 - tl1
t2 	 tl 
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example, the change from irregular planting to planting in rows is seen 

by farmers as more "ccaplicated" tlan the change in the type of weed 

zero and minimm tillage requires the replacementcontrol. Furthermore, 
by hand chopping plusof usually contracted mechanical tillage 

application of herbicides, activities which are usually performed with 

own farm labor force. 

In order to identify farmers who adopted the new technology, 

adoption criteria (discriminantdefinition *of a set of relevant 

variables) for each new technological alternative is necessary. Once 

these criteria are defined farmers are classified as full adopters if the 

all these criteria.technology they are actually using agrees with 

partial adopters are those farmers whose current practicesSimilarly, 

only match sae but not all of these criteria., 

Partial adoption may occur if because of lack of information and/or 

financial or market restrictions the farmer adopts only part of the new 

technology. This case should not be confused with that of farmers who 

decide to "test" the new technology. In this case he usually adopts the 

parcel.new technology in full but applies it to only a fraction of his 

this way the farmer is able to conpare for himself the "advantages" ofIn 

the new technology against those of the conventional one. 

Table 3 describes the adoption criteria defined for each of the four 

technological alternatives.' 

7. The Economic Returns to the Methiodological Innovation. 

As it was stated earlier, one of the objectives of the evaluatioi is 

the estimation of the returns accrued to the application of th6 on-farm 

into the research process. In order to do so it is necessarymethodology 

that the program be evaluated against the alternative i.e. against 

traditional station research, hence an adoption pattern for the 

traditional approach needs to be assumed.
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FOR EACHTABLE 3 DISCRIMINANI VARIABLES AND ACCEPTANCE CRITERIA 

TECmmLOGJICAL ALTERNATIVE. 

TEOMLOGICAL DISCRIDINANT 

ALTERNATIVE VARIABLES 

T.A.1: Chemical 1. Chemical Weed Control 

Weed Control. 

o2. Ty of Product 

3. Application Tine 

4. Doses 

T.A.2: Spacing 1. Planting Arrangement 


arrangerrent and 


densit,.
 

2. Density 


T.A.3: Zero 1. Tillage system 


Tillage. 

2. Application of 


herbicides 


T.A. 4': 1. Application of 


Fertilization fertilizers 
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ACCEPTNCE 

CRITERIA 

1. 	 If the farmer uses 

chemical weed control 

2. 	 If the control is 

acconplished with 

Gesaprim or Gramoxone. 

3. 	 i) Gesaprim: 0-15 

days after planting. 

ii) Gramxone: 0-35
 

days after planting. 

4. 	 i) Gesaprim 1-3kg/ha 

ii) Gramoxone: 1-3 

It/ha.
 

1. If planting is 

accofplished in rows. 

2. 45,000-60,000
 

plants/ha.
 

I. 	 If the farmer does 

not use a mchanical 

tillage.
 

2. If the farmer
 

applies herbicides
 

prior to planting.
 

1. If the farmer does
 

not apply fertili­

zers.
 



Following tradition, a pessimistic assumption whicW can be made 

be able to identify
about this pattern, is that station research would 

exactly the saie research opporttnities than those identified by OFR. 

This assumes that the only advantage of applying the new research 

methodolocg is accounted by an extension effect. / In other words, the 

is given by a time lagonly difference betmaen both research strategies 

in the process of discovery and dissemination of the same 
18/

ccaronents.technological 

the benefits to be estimated are aOnce this assumption is adopted 

adoption under both alternatives.function of the differential rates of 

Follcring Lu (1981) several alternatives may be considered: these are 

illustrated in Figure 7.
 

In order to estimate the incremental benefits due to the application 

Caisan the shadow area under both curves,of the on-farm mthodology in 

needs to be estited. The problem is that the adoption curve under the_ 

is an hypothetical one andstation research stragegy (TSR in the figures) 

cannot be estimated directly. Hence it was decided to estimate upper and 

ratios and rates of returns to the programlower bounds of benefit-cost 

cut off points of the benefit flow of the program.by assuming different 

Figure 8 illustrates the approximation method used for the case of a 

change ii the adoption lag. 

E 	 The process of technological innovation can be decanossed into two 

highly interrelated and ccmplerentary effects: a research effect 
dealing with the creation of new technology and an extension effect 
dealing with the dissemiation of this technology. (Lu, 1981). 

In case of complex farming systems, ignoring bioeconomic 
interactions lead to situations in which praxising research 
opportunities remain uncovered. OFR methodolog ! implies the ex-ante 
asses.mant of most promisiig research opprtunities minimizing 
therefore the probability of missing an important one. Hence the 

research effect in OFR will certainlyassumption of ignoring the 
within the research process.underestinwte its contribution 
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FIGURE 7 ALTERNATIVE EFFECTS OF OFR OVER TSR 

i. The only change is in the year of ii. The only change is 
in the rate
 
introduction of the new technoloc"4'al of adoption of the new
 
components 
 technological components.
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technological components. 
 components.
 

Percent of adoption 
 Percent of adoption
 

K 

KI 
OFR I OFR 

T,.[SR
TS 

! 

'~SR I 

(time 
( )  
O t t( )=t t t time 

OFR= Adoption pattern of new technological components under OFR.
 
TSR= Adoption pattern of nw technological component under traditional
station research.
 



FIGURE 8 ESTIIATION OF BENEFITS ATRIBUTABLE TO OFR OVER TSR.
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Given the estimated OFR curve, and the hypothetical TSR carve theii a , 

cut off point t should be chosen such that the true unknown area ABC 
would be approximated by the area AD. In order to do not overestimate 

benefits the area D should be smaller than B and C. By changing the cut 

off point t it is possible to simulate different effects and positions 
of the TSR curve, leading to upper and lower bounds in the benefits side 
and hence in the rate of return of the program. The four cut off points 
simulated in the evaluation are illustrated in figure 9. 

The mst likely changes between both methodologies (considering only 
extension effects) would be a combined change in the year of introduction 

and in the adoption lag of the new technological ccmponents. Hence, the 
cut off poizt of 1982 would provide a very unlikely lower bound of the 
benefits and returns to the OFR ethodology applied in Caisan, while the 

case of t =1985 would provide a fairly pessimistic estimate of benefits 

and returns to the program. 
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A more realistic estimate of the benefits and returns to the OFR 

methodologies would be given by the cut off point of 1990, in which case 

smre research effects would be also incorporated. Finally, the case of 

t = . illustrates the upper bound in benefits and returns to the 

program. As a matter of fact this case is equivalent to remove the 

assumpticn that traditional station research would have been able to 

identify and effectively work with the same research opportunities 

identified by the OFR program in Caisan. 

It should be stressed here that the simlation of benefits and 

returns performed in this work does not imply that there are not benefits 

to the society after a certain date. Social benefits due to 

technological innovation are, once adopted, permanent. 

v. RESULTS 

1. Adoption Patterns.
 

The initial step in the implentation of the evaluation methodology 

described in previous section was given by the adoption surveys conducted 

in 1982. The application of the adoption criteria resu]. ed in the 

percentage of maize acreage cultivated with each alternative. The sane 

procedure was carried for farimer practices from the 1978 survey. Table 4 

presents the resulting percentages, as well as the estimates of rraximum 

adoption points (Ki). In turn, these values 1lead to the estimation of 

logistic adoption functions whose parameters Ai and Bi are also included 

in Table 4. The shape of each logistic functions as well as their 

location in the time scale are shown in Figure 10. 

TABLE 4 ESTIMATED ADOPTION PARAMETERS
 
Alternatives t I hi (1 ) hi (1982) Ki Ai B.
 

1. Chemical weed 
control 1979 .082 .609 .9J 3.3 1.0 

2.Seeding arrangement 1979 .207 .G2' .80 1.8 1.8 
and density ........ _ _ _ 

3.1.Zero tillage 
3.2.Minimum tillace 

1980 
19 30 

Cl 
0 

.188 

.042 
.50 
.25 

24.8 
23.9 

2.4 
2.2 

4.No use of fertilizersiJ -- .388 .795 .90 1.0 1.0 
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ADOPTION PATTERNS FOR THE RECOMMENDED
 
FIGURE 10 TECHNOLOGICAL ALTERNATIVES
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The values obtained for h. (1982) indicate a high percentage of 

adoption for the alternatives after only few years of the Program 

operation. This confirms the hypothesis that technologies where 

appropriate to farmer circumstances prevailing in the recam~endation 

dcnuain. Also, the speed at which adoption took place, reflected by the 

value of the parameter Bi, is telling us not only that the alternatives 

generated where agroeconomically viable for representative farmers, but 

also that they likely represented a solution for an important production 

problem faced by farmers and correctly identified as a research 

opportunity at the planning stage of the Program. 9/ This, as it stands, 

is an important result of the evaluation. It is still to be seen in the 

rest of this section whether or not they have been reached efficiently. 

In order to proceed towards the estimation of benefits we need to 

consider the values of hi (ti).. The starting point for the diffusion due 

to the Program is placed in different years according to the time of 

release of the alternative. In this sense, it was considered that there 

was not diffusion, hence no adoption due to the Program, of any 

technological alternative until 1980. We are then interested in 

clarifying the meaning of the positive values for h (t.) and what role 

have they play in the quantification of benefits. 

The relatively high values for not use of fertilizer (38.8%) and 

planting arrangement and density (20.7%) could be understood by the fact 

that in the first case, some farmers were not having access to credit and 

consequently not using fertilizer in spite of prevailing recoxrendations, 

while the second one was -.1so related to credit programs but in a 

different sense, it correspond to farmers which had accepted the fully 

mecanized services of PR=ACA, included in the credit package, and 

consequently had conventional mechanized land preparation and planting, 

in which case obviously arrangement and also density were decided by 

PR MA whi.ch had the saae calibration of the planters for all the 

services provided. Note that as the Program evolved, conventional 

12! 	 The research hypothesis forrmilated at the planning stage could be 

seen in Martlnez and Arauz (1983) chapter 4. 
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mecanized tillage and planting decreased as a result of the release of 

the zero-minimum tillage alternative. 

is a small percentage (8%)The remaining positive value for hi(ti) 

in chemical weed control, corresponding to a non sistematic trial and 

error process followed by farmers searching for better chemical weed 

the weedscontrol alternatives. This value reflects the magnitude of 

problem identified as a prcmising research. opportunity .. by the 

zero and minimum tillageProgram. 20/ Finally, the values of h(t 1 ) for 

were zero, as there were no farmers using at t 1 these alternatives. In 

any case, in order to obtain the net annual adoption level due to the 

was found it was discountedProgram, whenever a positive value for hi(t 1 ) 

from the adoption level reached in each year. 

In other words, this net proportion was estimated along the time 
scale of the logistic adoption function as Hi (t) = hi (t) - hi(t ) Table 

5 shows the annual values of Hi (t i ) for each alternative. Zero values for 

1979 reflect the reasonable assumption already established that no
 

adoption due to the Program took place during this year. 

TABLE 5 NET PROPORTION OF MAIZE CULTIVATED WITH FACH TECHNOLOGICAL 
ALTEqATIVE. 

Year 
(j) 1 

H1 (t 

A 
2 

H2 (ti 

L T E R 
3.1 

H3.1 (t 

N A T I V E 
3.2 

H3.2 (ti) 
4 

H4 (ti) 

1979 0 0 0 0 0 

1980 .113 .039 0 0 .170 

1981 .307 .292 .024 .005 .313 

1982 .527 .420 .129 .042 .407 

1933 .685 .503 .433 .163 .460 

1934 .727 .549 .493 .236 .487 

1985 .800 .572 .500 .249 .500 

1986 .811 .583 .500 .250 .507 

1987 .815 .589 .500 .250 .510 

1988 .818 .591 .500 .250 .511 

1989 .818 .593 .500 .250 .511 

1990 .818 .593 .500 .250 .511 

After .818 .593 .500 .250 0 
1990 

-2/ For more details see Martinez and Arauz (1983) chapter 4. 



The ceiling (maximnu adoption) is approximately achieved for every 

alternative around 1985. The ceiling is continued to perpetuity for all 

but fertilization. In this case it is assumd that due to natural process 

fertilizer application would start to have significant responses starting 

in 1990, hence adoption of this alternative was assumad to produce 

benefits only until 1990. 21/
 

2. Estimation of the Annual Flow of Net Benefits 

Net benefits per hectare are estimated for each alternative 

subtracting from the change in gross benefits the change in those costs 

that vary. (A C) Gross benefits are, in turn, calculated as the product 

of the increase in yields due to the alternative (ARi ) , times the social 

price of maize, (Pm). 

This section is organized as foll7s: yield increases are estimated 

in part 2.1; part 2.2 deals with the estimation of net benefits per 

hectare, and the annual flow of net benefits for each technological 

alternative and for the entire program are calculated in part 2.3. 

2.1 Estimation of the Technology Induced Yield Increase 

Although Hertford (1977) stressed some years ago that the most 

important component in measuring the benefits from agricultural research 

is the production shift parameter K (the parameter measures the relative 

change in production AQ/Q due to the adoption of the new technology), 

Dalrymple (1981) pointed out the existence of an imbalance between the 

relatively sophisticatued methodology developed to measure the area under 

the supply-demand curves and the poor data base upon which the method is 

used. 

The Program currently includes fertilizer level. trials in continuous 
plots to analyze what will happen in the mredium run to the natural 
fertility of the land as result of adoption by farmers of improved 
(more intensive) production practices in %eed control and spacial 
arrangement and density. 
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of data have been used 	 to measure theTraditionally two sources 

relative change in yields: data gathered at experimantal level and data 

from aggregate average farm yields. 

While data from aggregate average farm yields has the advantage of 

being readily accessible; in mst developing countries it is a very 

of at the hand, twounreliable estimate yields farm level. On other 

reasons are ccmronly quoted for the existence of an upward bias in the 

yield gathered at experimental station level when used as farm level 

yields estimators. The first one given by the fact that the level of 

at what is considered an "optimum"non-experimental variables is kept 

second given by the existence of marked differentials inone, and the one 

managerial factors. 

In this work a third source of data is used to estimate the relative 

data gathered in -on-farm trials.. Inincrease in yields at farm level: 


this case yield* data is free of the first source of bias because the
 

level of non-experirental variables are kept at farmer level. Hence, 

yield increases reflect more accurately increases due to the change in 

experimental variables and cannot be partially attributed to the 

use of other inputs. Furthermoreinteraction with high intensity 
agroclimaticexperimental yields were adjusted not only to account for 

and pest related risk factors but also for managerial factors. 

In this sense, data used 	 in this work reflects in- the most accurate 

farmer level due to the adoption of thepossible way yield gains at 

technological innovations. It is believed that if this source of data is
 

available (results of OFR experinentation), it should be preferred over 

due to technologicalalternatives when estimating the gain in yields 

innovation.
 

by the adoption of
Estimation of the yield increase induced 


carriedtechnological alternatives belonging to the first group was out 

three cycles of the project.using the experimental results from all the 

The first twio years of expoerinrentation were considered as norrl, while 

during 1981 yields were adversely affected by an epidemic attack of 
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Helminthosporium sp. Since epidemic attack of Helminthosporiumn sp. in the 

region is estimated to have a very lci frequency of approximately one in 

years, a weighted average of both periods using these frequenciestwenty 


as weights was estimated.
 

should be taking into account is thatAnother adverse factor which 

of lodging. Results from the 1978 survey indicate a high frequency of 

with partial crop losses. As there is no information about theoccurrence 

magnitude of partial damage, this effect was incorporated into the yields 

impact occurrencecalculation by assuming a total loss and a smaller 

frequency of once every ten years. Adjusted yields are shan in Table 6, 

where D0 and H0 represent the farmer's practice for seed dehsity and 

herbicides application respectively where D1 and H1 represent the 

recc. mnded levels in each case. 

TABLE 6 YIELDS ADJUSTED BY RISKS FACIORS 

Ho H1 	 Average 

2.901 3.893 3.40
Do 


3.682 4.841 4.26
D1 


Average 3.29 4.37
 

Source: Caisan On-Farm Trials 1979/81.
 

These numbers indicate a yield increase due to chemical weed control
 

of 1.08 ton/ha, while seed arrangeent and density raises yields by .86 

These impacts should be weighted by a "yield adjustmentton/ha. 2/ 

betw0een farmers andcoefficient" which account for differences 

experimental managerial conditions. In the case of Caisan this 

coefficient was estimated by Arauz and Martinez (1982) to be 10%, hence 

the 	final increase in yields to be used in the evaluation are:
 

-2/ 	 Alt hough a positive interaction effect was identified in some of the 
trials, this impact was ignored in the evaluation. 
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A 	 = .972 ton/ha 

and 

AR2 = .774 ton/ha 

for alternative 1 and 2 respectively.
 

2.2 Net Benefits per Unit of Land.
 

Calculation of the net benefits per unit of land generated by each 

technological alternative is acccnplished by the method of partial 

budgeting (Perrin et al 1976). Tables 10, 11, 12, 13, and 14 in the 

appendix 1, provide details of performing this operation, a suinary of 

the results under the two pricing alternative is given in Table 7. 

PER UNIT OF LAND (DOLLARS/HA, 1981) i/
TABLE 7 NET BENEFITS 

TA 1: Chemical TA 2: Spacing TA 3.1: TA 3.2: TA 4: 

Social weed control arrangement Zero Minimum Fertili-
Pricing 	 and density tillage tillage zation
 
1. Without 141.14 104.66 18.75 12.75 39.74 
Regulation
 
2. With 191.29 145.22 18.75 12.75 39.74
 
Regulation
 

iY 	 Taken 1981 prices the estimated sociai prices were: 

P'= without regulation = $149.50/ret±ic ton., and m 
p2 = with regulation = $201.09/mtric ton. 
m 

2.3 The Annual Flow of Net Benefits. 

Once net benefits per unit of land and the total net acreage 

cultivated with each alternative are estimated, calculation of th6 annual 

fla of net benefits proceeds by multiplying both numbers for each 

alternative. The annual flow for the entire program is procured by adding 

up the individual flows over the alternatives. 

Tables 14-a, 14-b, in the appendix, present these flws for both 

39
 



social pricing alternatives. The benefits flows shcwn in these tables 

correspond to those generated under the upper bound assumption of 

perpetual f laws. Alternative ones are estimated by choosing appropriate 

cut-off ye4ars. 

3. The Annual Flc i of Research Costs 

Annual research costs elapsed from mid 1978 (last 5 months) to 1982. 

It was assumed that after 1982 there would be a perpetual flow of 

maintenance costs in order to keep yield constant against an adverse 

nature (Griliches, 1958). A pessimistic annual estimation of these costs 

amounted to 40% of the 1982 cost level. Table 8 shows the 'estimated 

annual flaw of research costs of the program. 

TABLE 8 ANNUAL FITh7 OF RESEARCH COSTS (IN DOLIARS) 

1978 1979 1980 1981 1982 After 
1982 

Annual 3,000 14,300 17,800 17,800 17,800 7,200 
Research 
Costs 

4. Benefit - Cost Ratio and the Rate of Return. 

To estimate the Benefit-Cost ratio (B/C) and the rate of return (r), 

1982 was chosen as base year. A discount factor of 15%, the same used by 

A.I.D. in the evaluation of Panamenian agricultural projects of similar 

length, was employed to carried out the flows to the base year. 

The benefits cost ratio and the rate of return were estimated for 

the four assuimied cut off points of the flow of net benefits unaer both 

pricing alternatives. The results of the calculations are sumi-arized in 

Table 9.
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TABLE 9. BENEFIT-COST RATIOS AND RATES OF RETURN
 

CUT-OFF POINTS 

Pricing options t =1982 t =1985 t =1990 t =00
 

Social prices 3.11 7.86 12.93 16.36
 
without regulation (47%) (118%) (194%) (245%)
 

Social prices 4.05 10.30 16.99 21.69
 
with regulation (61%) (155%) (255%) (325%)
 

i_ 	Values within parenthesis are rates of return, without
 
parenthesis benefit-cost ratios.
 

In all cases, the rates of return substantially exceed the social 

cost of investment capital. The level of the rates of return will depend 

upon the assumption adopted about the true position of the tradition 

station research curve (see section 3.7), ranging for the first pricing 

option from the very unlikely 47% in the case of a cut off point of 1982 

to 	245% in the case of a cut off point at infinite.
 

In 	the authors criterion the case of t =1982 can be disregarded as 

very unrealistic. Not only it ignores by assumption any "research
 

effect" in the implementation of the on-farm research methodology, but 

also, it attributes an almost negligible "extension effect" which appears 

to be inconsistent with the fact that in the past, actions of traditional 

research and extension have not resulted in significant changes in 

technological production patterns in the area, while as sha-in in the 

adoption patterns, important technological changes have taken place soon 

after the OFR starts rendering its first results. 

A nore realistic icier bound would be that of t =1985, while the 

upper bound would be given by t ='. The first case would still represent 

a purely "extension effect" as the only advantage of on-farum research 

over traditional station research strategy. On the other hand, the upper 

bound would represent a rimoval of the restrictive assumption that 
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traditional station would have generated in due time the same 

technological alternatives as the OFR program. In other words, this cutt 

off point stress the research effect of OFR by actually assuning that the 

alternaLives generated in Caisan would not have been available should the 

OFR had not been in operation. The cut off point of t =1990, represents 

a middle point. It carprcxnises between stressing the "extension effect" 

in some ccnTponents like the case of fertilizers and planting arrangement 

and density where relatively high h(t 1 ) values were found, and stressing 

the "research effect" in others like herbicides and zero-minimum tillage 

in which case the survey shows zero or near zero h (t I ) values. 

Sunmarizing, the rate of return due to the methodological innovation 

in Caisan ranges between 118% and 245% with a most likely value of 194% 

in the case of social prices without regulations and between 155% and 

325% with 255% as mcst likely value when regulations are taken into 

account. 

The most likely values of 194% and 255% are revealing that each 

dollar invested up to the base year ini implementing the on-farm research
 

methodology in Caisan, render a flow of social net benefits of 1.94 and 

2.55 dollars per year depending ci the pricing option. 

V. COCLUSIONS 

In the last five years considerable progress has been acomplished by 

National Research Programs in the testing and developing of operational 

methodologies for on-farm research, as well as in terms of the amount of 

resources allocated to this type of activities. As this process evolves, 

methodological and technical problems are resolved and new ones start 

taking their place, among them that of the institutionalization of 

on-farm research within national research structures. 

The starting point for this institutionalization process has been 

the experience arising from the ongoing area specific on-farm research 

programs. These have usually been managed in the initial stage of this 

process by ad-hoc technical groups fran within the research structure. 
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Fran Cfrr1T's perspective, the process builds from basic methodological 

ideas, to on-farm research experiences, to the institutionalization of 

In other words, it goes inthese activities within the national program. 


a bottom up approach, from on-farm research actions to an articulated
 

on-farm research program.
 

IDIAP and Caisan illustrate this process. The institutional 

strategy of IDIAP provided the framewzork for the development of Caisan. 

The progress of the program and the methodological experiences arising 

from it were closely followed by the national directing staff and 

intensively discussed by researchers and directing staff in national 

meetings field days, and regional workshops. 

This in turn has lead to a reinforcement of the initial orientation 

of IDIAP ta'iards area-specific on-farm research. Also, in the 

methodological dimension, it provided concrete experiences, not only in 

terms of what to do in on-farm research (surveys, experiments, etc.) but, 

more important, hcw to do it, i.e., the informal survey leadLng to a 

well-focused formal questionnaire, the prescreening of best-bet 

technological components based on the assessment of farmer circumstances, 

the management of experimental and nonexperiment-il variables within the 

trials, etc.
 

The present economic evaluation represents a contribution to this 

process of institutionalization of on-farm research with scne 

-3/
methodological implications in terms of evaluation research; which in 

this case has been adjusted to the particular requirements and 

institutional circumstances of IDIAP. 

An impact evaluation in the more traditional sense (for example 

impact on yields, in-pacts on production) could represent a necessary, yet 

not sufficient condition for additional support of this activities on the 

part of policy makers. Among other things, meeting sufficient condition 

23/ 	 No work of similar nature evaluating on-farm research was found in 
the review of the litecature on economic evaluation of agricultural 
research. 
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for increasing support also requires dealing with the more controversial 

issucs of the cost efficiency of this methodological innovation in 

agricultural research. This would be normally considered before the 

process could be .advanced toward the more , complex stages of 

ins titutionalizing on-farm research within the present national 

structures. The evaluation has been carried incorporating both elemnts, 

impact and cost efficiency, which are sinthetisized in the social rate of 

return for the IDY-AP investment required to implement the Caisan 

methodology. 

In terms of economic evaluation methodology, section III showed how 

the interaction between the "state of the arts" and the particular 

rcquirements ccming from the nature of on-farm research activities, 

resulted in certain key decision for the evaluation me.thodology to b>e 

implemented. Farmer adoption, *and conseqently actual impact in 

production, was required for associating any positive benefits to the 

research process. The same information generated in the on-farm research 

process was used in the evaluation. This included the initial planning 

survey of 1978, and the trial results from three production cycles 

adjusted by risk factors prevailing in the area. In addition to this, an 

adoption survey specially designed to fit the objectives of the 

evaluation, was imple nited in 1982. With all this, the -mount and 

quality of the information used in the evaluation appear to be superior 
24/

to tlat used in evaluations of similar nature. L In this sense, it is 

believed that the information caning from appropriately conducted on-farm 

experiments will close Dalrymple's gap between sophisticated evaluation 

theory and poor data base (see section IV, 2.1).
 

Meaningful conclusions came out as a result of the evaluation 

conducted. The level of adoption of the technological alternatives gave 

indication of the degree in which they fitted circamstances of 

24 	 For example, the pioneer work of Griliches (1958), in a more 
anbitious evaluation (hybrid corn in U.S.), assizes that yield 
increase associated with the use of hybrids is over 
preinnovation yields. The equivalent information in the case of 
Caisan is based in three cycles of on-farm trials, which 
incorporates fanror practices as a base for the analysis. 
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representative farmers from Caisan. On the other hand, the s at 

which adoption took place indicated not only that the technologies 

developed were agroeconamically viable for representative farmrs, but 

also that they represented a solution to an important problem faced by 

those farme-rs. This priority had been correctly identified in assessing 

research opportunities in the planning stage of the program. 

in other words, the results in terms of adoption speaks out of the 

usefulness of the OFR methodology for reaching representative farmers 

with appropriate technologies in the near term. In assessing "how 

the evaluation was required to enter into mere quantitativeuseful", 


aspects dealing with the specific contribution of the m-ethodological
 

innovation represented by OFR against tie "without alternative"; that is,
 

what would have happened with purely traditional station research. This
 

way of appruaching the evaluation is consistent with the conceptual role
 

attached to OFR as a needed coplement of traditional station research.
 

Quantitative aspects of evaluating methodological innovations were 

covered by considering three alternative assumptions about the relative 

importance of the research effect of OFR over that of TSR. 

The first assumption puts a zero weight to this effect attributing 

an extension effect as the only advantage of OFR over TSR. This provides 

a lower bound for the economic returns to national investment on 

methodological innovations. The assumption is represented by considering 

that the flaq of net benefits attributed to the programs last only to 

1985.
 

In the other extreme of the scale the upper bound of the returns is 

obtained by strongly weight the research effect attributable to OFR: 

technological alternatives Nengendered by the Program would not have been 

generated otherwise. In this case the flow of net benefits are extended 

to perpetuity. 

Finally an intermndiate case is considered by differentially 

weighting the research effect by technological ccmponents. This provides 
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a maasure of economic returns which appear as the more likely to occur. 

In addition, two pricing scenarios for maize were considered. The 

first one, consistent with a perspective of general equilibrium and 

nonwelfare considerations, assumed the existence of regulations; the 

other, more consistent with the specific objectives of this particular 

faced by IDIAP. In thisevaluation, taes price policy as a parameter 


scenario, price policy is part of the framework (set of parameters)
 

within which the institution should display its research policy and
 

institutional strategies.
 

Results indicated that disregarding what pricing scenario is adopted
 

the lowest social benefits generated with the OFR methodology have been 

comfortably above research costs. This lco.est bound for the rate of 

return ranges between 118% and 155% depending on the pricing scenario 

adopted, 25/ while in the case of the upper bound the rate fluctuates 

between 245 and 325 percent. 

Finally, when the mst likely case of a net flavi lasting to 1990 is
 

considered, the rate of return ranges between 194 and 255 percent.
 

These results reafirm the perception, based on this and other 
26/

experiences, - that the OFR methodologies used in Caisan are cost 

efficient in reaching target farmers with appropriate technologies in the 

near term.
 

Consistently with preceeding results, IDIAP area-specific on-farm 

research activities, have gone through consider' le expansion since 1978 

when the Caisan program begun with only two national researchers. At 

2-5/ As a reassurance the benefit-cost ratio and rate of return for a 
benefit flm.; lasting only to .982 (the base year of the evaluation) 
was calculated. The rate of return ranges in this case between 47% 
and 61% depending on the pricing scenario. This indicated that even 
after only less than four years of the beginning of the program, 
social benefits basically accning to farmrs, outweighted research 
costs.
 

26/ For exanpie see Moscardi, E. (1983).
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present these activities include five priority areas in agriculture, 

involving the work of 24 rkational researchers, and three priority areas 

a setin livestr ck with 21 researchers. As this expansion takes place, 

of issues related to the institutionalization of on-farm research becomes 

of IDIAP. 27/ As the central managenmnt mvesa matter of primary concern 

to cope with these issues, the institution coms closer to realizing its 

full potential for the benefit of Panamenian farmers and the society as a 

whole. 

Juan Carlos and Arauz, Jose Rofnf' (1983), section V.See Martinez, 
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.APPENDIX 1
 

TABLE 10 T.A. 1. CH =CAL ED CONTROL. NET BE2EFITS PER UNIT OF LAND.
 

Social price Social price 
without regulation with regulation 

1 	 2 
Pm 	 Pm 

A. Gros. Benefits por ha. ( AR x Pm) $ 145.31/ha $ 195.46/ha 

B. Net Change in Variable Costs ( AC) 4.17/ha 4.17/ha 

b.l Value of Additional Resources 
i. 2.0 kg Gesaprirn x $8.13/kg 	 16.26/ha 16.26/ha 

ii. 1.0 lt Gramxone x $5.5/lt 	 5.50/ha 5.50/ha 

Weighted average i/ 	 6.75/ha 6.75/ha
 
b.2 Value of Replaced Inputs
 

i. 1 lt. 2-4-D x $2.58/lt. 	 2.58/ha 2.58/ha 

C. Cost of Capital (15% - 8 Months) 	 .42/ha .42/ha 

D. Net Benefits per ha 	 140.72/ha 190.87/ha
 

i/ 	 The average was weighted by the acreage proportion controlled with 

each product (weight for Gesaprim = .1166; weight for Gramoxone 
=.8834)
 

TABLE 11 T.A. 2. SPACING AR-ANGMENT AND DENSITY
 

Social price Social price
 
without regulation with regulation


1 	 2 
Pm 	 Pm 

A. Gross Benefits per ha (AR x Pm) $115.71/ha $156.27/ha 

B. Net Change in Variable Costs (AC) 11.05/ha 11.05
 

b.1. 	Value of Additional Resources
 
i. 3 kg/ha of maize seed x $0.35/kg 1.05/ha 1.05/ha
 

ii. 2 days/ha of labor x $5.00/day 10.00/ha 10.00/ha
 

b.2. 	Value of Replaced Inputs._
 

C. Cost of Capital (15% - 8 months) 	 1.11/ha 1.11/ha
 

D. Net Benefits per ha. (A-B) 	 103.35/ha 144.11/ha
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TABLE 12 T.A.'s 3.1, 3.2: ZERO TILLAGE AND MI=IMUM TILAGE I 

Zero Tillaqe Minimn Tillage
 

A. Gross Benefits por ha. ( AR x Pm) 

$12.75/ha
B. Net Change in Variable Costs ( AC) $ 	18.75/ha 


b.1 Value of Additional Resources
 
i. Tun men days/ha x $5.00/day (hand 10.00/ha
 

chopping)
 
ii. 1.5 it Granoxone x $5.5/it 	 8.25/ha 8.25/ha
 

iii. Two man days/ha x $5.00/day 
I0.00/ha i0.00/ha(application of Herbicide) 

iv. User cost of back pack sprayer 	 1.00/ha 1.00/ha 

b.2 Value of Replaced Inputs
 -
i. 	 3 machine hours/ha x $16.00/hour 48.00/ha 


- 32.00
ii. 2 machine hours/ha x$16.00/hour 


1.88/ha 1.28/ha
C. Cost of Capital (15% - 8 Months) 

20.63/ha 14.03/ha
D. Net BenefitLs per ha (A-B) 


purely input
I/ Since technological alternatives 3.1, 3.2 and 4.0 are 

saving technologies without affecting yields the distinction between 
irrelevant and is omitted fromalternative pricing of maize becomes 


the tables.
 

TABLE 13 TA.4 FERTILIZATION 

A. Gross Benefits per ha (AR x Pm) 

Net Change in Variable Costs ( AC) $39.74/haB. 

b.1. Value of Additional Resources 

b.2. Value of Replaced Inputs.
 
i. 2qq/ha of mixed fertilizer x $17.37/qq 34.74/ha 

ii. 1 man day/ha x $5.00/day (application) 5.00/ha 

C. Cost of Capital (15% - 8 months) 	 3.97/ha 

43.71/haD. Net Benefits per ha. (A-B) 
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TABLE 14 FIJJkl OF NET BENEFITS GENERATED BY THE PROGPAM. 

a) Social Prices without Regulation
 

yea Technolog.ical 1 
yea iternatives Chemical Weed 

Control 
1980 15,901 

81 43,201 
82 74,159 
83 96,393 
84 102,303 
85 112,576 
86 114,124 
87 114,687 
88 115,109 
89 115,109 
90 115,109 

After 
1990 115,109 

b) Social Prices with Regulation 

Technological 1 
year ternatives Chemical weed 

• Control 

1980 21,568 

81 58,597 

82 100,588 

83 130,746 

84 138,762 

85 152,696 

86 154,796 

87 155,559 

88 156,132 

89 156,132 

90 156,132 


After
 
1990 156,132 


Zero-Minimum Fertilization Total 
tillage Caisan 

2 
Spatial Arrange-

went and Density 
4,038 


30,237 

43,491 

52,086 

56,849 

59,231 

60,370 

60,991 

61,198 

61,405 

61,405 


61,405 


2 

Spatial Arrange-

ment and density 


"Siembra 
5,620 

42,080 

60,526 

72,487 

79,116 

82,431 

84,016 

84,881 

85,169 

85,457 

85,457 


85,457 


3 
Zero-Minimum 

tillage 
0 


565 

3,250 


11,220 

12,457 

13,482 

13,808 

13,822 

13,822 

13,822 

13,822 


13,822 


3 

0 

565 


3,250 

11,220 

12,457 

13,482 

13,808 

13,822 

13,822 

13,822 

13,822 


13,822 


4 Total 
Fertilization Caisan 

Project 
7,431 27,370 

13,681 87,864 
17,790 138,690 
20,107 179,806 
21,287 192,896 
21,285 207,144 
22,161 210,413 
22,292' 211,792 
22,336 212,465 
22,336 212,672 
22,336 210,672 

0 190,336 

4 5
 

Project 
7,431 34,619
 
13,681 114,923
 
17,790 182,154
 
20,107 234,560
 
21,287 251,622
 
21,855 270,464
 
22,161 274,161
 
22,292 276,554
 
22,336 277,459
 
22,336 277,747
 
22,336 277,747
 

0 255,411 
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