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Tbis paper reviews the methodological development and results of three years of 

farm testing of ne", technology in the bean and cassava programs of the Centro 

Internacional de Agricultura Tropical (CIAT). Farm testing is the logical ex

tension of the research evaluation process once a technology has been identified 

on the experiment station and regionally tested for adaptation. Farm testing is 

en especia11y important component of the research process in developing 

countries, where communication links between farmers and researchers are weak 

and farmers often do not have the information or management experience to 

combine and modify varíous technology components adaptíng experiment station 

observations to theír own environments and production systems. Ibe research 

problems at the farm are different from those at the experiment station or in 

regional trials so there are important distinctions in design and analysis in 

the farm trials. The evaluation process developed here successfully identifíed 

the technology adopted by farmers. For the unsuccessful technologies informa

tion was provided from the farm trials to the breeders and other scientists on 

further design requirements. The results of. the farro trials substantially . . .~"'...,¡ ¡....... f 
modified the policy recornmendations, ~~-;p;.-u.t:U.izing the results f· .. F'EEl"' .. >--tt"' ...... " • 

experiment,lstation or regional triaIs. 
'F fT' ,. ~ ¡r;;¡\TT 
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#< Tbe authors are the Bean and Cassava Economists in the Centro Internacional 
de Agricultura Tropical (CIAT), Apartado Aereo 6713, Cali, Colombia, South 
America. This paper has benefited from discussions with other scientists at 
CIAT but implies no official endorsernent from CIAT. We are especia11y 
grateful for some extremely useful comments frem James Cock. 
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1 N T R O D U C T ION 

Farm yields of 57 to 93 percent of experlllent station results have been reported 

in Australia in the sLxties (Davidson and Martin, 1965). Not only are absolute 

yields generally reduced in the movement from the experiment station to farms 

but also the relative yieId comparison between treatments can be reversed. 

Inputs dependent upon other inputs or excellent rnanagernent often do not funetion 

as well or at all under farm eonditions (for an example with fertilizer and 

water control see Barker, 1978, p.SO). These documented yield differences 

between the experiment station and the farm in new technology performance are 

one basis for extending the research process into farro testing. Moreover, 

comparative yields are an inadequate eriterion for evaluation of the potential 

of new teehnology sinee farmers are not yield maximizers. To measure che dif

ferenees in yield response and to incorporate econornic and systems analysis 

researchers are increasingly moving off the experiment station into regional 

and farro trials. 

In the next section after reviewing the roles of regional and farro trials 

evaluation criteria for farro trial analysis are proposed. Then in the second 

aection performance of the new technology in the bean and cassava programs is 

analyzed with these eriteria. 

A METIiODOLOGY FO'R FARM TESTING AS A COMPONENT 

OF THE RESEARCH PROCESS 

The diffusion of best farmer practices may increase incorne of those farmers 

with similar resourees (Biggs, 1980, p.141); however, largar income gains are 

expected from the introduction of new inputs. These new inputs are either 

developed or adapted at the publie sector ~xperiment station or at sorne 

private sector equivalent. Once a new technology is identified at the ex

periment station, adjustment to different environments becomes the resaarch 

problem Di the regional trials since the effect of most biologics! and chemical 

agricultural technologies is influenced by climatic, edaphic snd other factors 

including diseases and insccts. Intensive management on the experiment station 
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may eveo accentuate the differences between experiment station and farm condi-. 
tioos; "Most experiment stations are managed in such a way that over time soil 

structure, fertilizer, weeds, pesta and diseases are quite different to farmers' 

fields" (Byerlee, et.al.. 1979, p.7). Before reaching the farmers' fields and 

after the exper~nent atation regional trials compare new technology treatments 

with farmers' practices. Once the regional trials have identified a limited 

number of new technology combinations evaluation pass es to the final stage, the 

farm trials (Figure 1). 

The differences between regiona·l and farm trials can be illustrated by 

identifying the research questions left unanswered in a regional variety trial. 

In most regional variery trials a number of new varieties are compared with 

one or more local varieties st Sorne input level. This input level is generally 

neither the very high level of the experiment station nor the low level often 

found on farms in developing countries. lt is sorne arbitrarily choosen inter

mediate level bet,,'een the two. Experíment station input levels are often very 

high so that individual input effects can be analyzed for their maxímum effect 

without other factors constraining yields. For many of the food crops farmers 

in developing countries utilize low density, low input systems with low but 

stable yields requiring few inputs except famiIy labor. Hith farmers' 

cultural practices the effect of any one input change, such as a new variety, is 

expected to be minimal or at least very difficult to meaSure. New varieties 

t}~ically are accompanied with recommendations for both higher density and higher 

input utilization thao those of the farmer. Bence, it is appropriate that the 

input level oí the variety trials is between the levels of the experiment 

station and the farms. 

Regional variety trials are use fuI for evaluating adaptation of a large 

number (often more than 20) of new materials and identifying several new 

materials for on-farro testing. The research question of the regional variety 

trials is whether there is a difference between one or mOre of the new 

varieties and the farmers' variety(ies). Breeders generally concentrate On 

the absolute size of the yield difference and agronomists customarily utilize 

some variation of analysis of variance to evaluate the statistical significance 

of the yield difference. The regional variety trials leave a number of 

important questions unanswered: there may be qualitative differences between 

the new and the commercial varieties reflected in the market price hence yield 

comparisons are not always an appropriate selection criterion; the 
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input level utilized in the regional variety trialsincluding the choice of 

cropping system may not be more profitable than the farmers' practices either 

with the commercial or the new varieties; even if one new variety and the 

accompanying inputs is more profitable than present farmer practices, there may 

be other constraints in the farming system preventing adoption of the new 

technology; regional variety trials do not take into account the large between 

farm variance in the performance of new technology. These problems are over

come by extending the research process anta farro trials. In the specific case 

aboye one or more new varieties are obtained from the regional variety trials 

and placed on a large number of farros in the target area at different input 

levels and compared with the farmers' variety at these input levels. 

Before specifying in more detail the differences in the analytical tech

niques of the farm trials with regional trials it is useful to review the types 

of agronomic trials and the stages of analysis. There have been three primary 

approaches to analyze agronomical experiments. The first approach of the 

factorial ~xperiments has already been mentioned for variety trials but is 

equally applicable in other agronomie trials (Table 1), The seeond approach of 

the optimal input level has proliferated since the Fifties wich the increased 

sophistication of economists in differential ealculus. Unfortunately, in agri

culture optimal levels are not very meaningful unless variacion in yield.perfor

manee due to weather, insects, and diseases is also incorporated into the 

analysis. The influence and probability levels of these stoehastic factors is 

difficult to measure. (To incorporate risk into farro decision making and the 

analysis of experimental data see Andersan, et.al., 1977, Anderson, 1973, and 

Dillan, 1977). Where the new technalogy has already been adopted on farms, 

divisian of the yield gap between the physical maximum on the farm in an ex-

periment and farmers' yield into various components includíng the 

technical and economic capacities oi the farmer in combining his inputs and 

responding to economic signals and the difference betw~en a physical and an 

economic maximum is useful (Barker, 1979; Berdt and Mandac, 1979; Herdt and 

Wickham, 1975). However, in evaluating the potential of new techno1ogy the 

optimal recornmendations generally come from response surfaces, which do not 

adequately integrate the importance of the stochastic factors in shifting the 

function. 

Both the factorial and the optimal level experiments can incorporate 
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TABLE 1 

PRINCIPAL TYPES OF AGRONOMY EXPERIMENTS, ANALYTICAL TEClli~lQUES, 

AND THE RESEARCH PROBLEHS 

Types of trials 

Stages of analysis and 
the research problems 

Variety 
Fertilizer 
Herbicide 
Other Defensive Chemicals 
Density 
Seed Quality 
Timing of Practices 
Associated Cropping 
Minus One 
Plus One 

Factorial Experiments -

ls there a significant yield effeet from the 
input studied with other inputsa held 
constantb? 

Optimal Input Level -

With other inputs a held constantb and known 
incidence leve la of the atochas tic factors 
(weather, diseasea, and insects) what ia the 
optimum level of the input studied? 

Evaluation of Combined Inputs -

Are the combined treatments profitable 
compared with farmera' practices? 

al Both factorial and optimal input level experiments can consider more than one 
input at a time; however, the analysis usually emphaaizes the separation of 
individual input effecta and interaction terms. 

bl Tbere is a debate on the level of the inputs held constant. If a high or ex
periment atation level is utilized, then the maximum physical yield effeet on 
the farmers' field can be estimated for the input studied. If the farmers' 
level of other. inputs is utilized, then the yield "ffect indicates the 
potential of this input alone to increase yields with farmers' present input 
use and cultural practices (Flinn, 1980). 

Source: 

The stages are taken from the division of types of farro trials customarily 
utilized in Clll}!YT. (Byerlee, et.al., 1979, Figure 2). 
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severa! inputa and analyze interaction effects. However, unless the critical 

variables determining yields have already been narrowed down for a region, th, 

evaluation of a large number of factors (more than three) can lead to very 

large individual experimenta, thereby discouraging the researcher froro under

taking roany farm experimenta. One of the principal refinements after three 

years of farm trials in the Asian rice network was to,simplify the experiment¡ 

design and in crease the number of replications (farms) to more adequately 

reflect the environmental and management factors leading to the large yield 

variance within production regions for a given technology (Barker, 1979, p.22) 

uThe three year experience of lRAEN (International Rice Agroeconomic Network) 

indicates that at least 20 farms are needed for a study area, if an acceptable 

degree of precision in estimation of yields is to be achieved" (Gomez, et.a!., 

1979, p.37). The IRAEN simultaneously utilized factorial and combined input 

('lnanagement package") trials in the same regions. In the CIAT experience 

there has been a two stage process of a very few factorial trials per region 

to first narrow down the number of inputs in the combined treatments. Then a 

1arge numher (10 to 15) of combined input trials were implemented in each pro

duction region. For example, the factorial or regional trials identified the 

appropriate herbicide for a specific 50íl type and a limited number of new 

varieties (two or three) for a specific region (Table 1). 

Since there are a large number of research problems in the farro trials, 

the evaluation is a complex process involving several analytical techniques 

(Figure 2). The standard statistical test of the significance of the differen

hetween one or more new technologies and the farmers' practices is first 

utilized. One important qualification should be put on this analysis. There 

is nothing sacred about 5% or 1% probability levels fer Type 1 error. Type 1 

error is the rejection of the null hypothesis when it is true and.Type 11 

error is the acceptance of the null hypothesis when it is llOt true. For a giv 

number of ebservations demanding a lower Type 1 error ~ill increase the 

probability of a Type 11 error. These are practica! or applied decisions and 

not governed by some iron law of statistics. The choice of probability levels 

should be determined by the costs of a mistake oí Type 1 or Type 11 and ~ by 

tradition. 

The principal research prohlem of farro triaIs is the profitability of the 

oew combined creatments. Can the farmer make money with the new technology? 
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One input changes are expected to have little effect in agriculture due to the 

interrelated or systems nature of crop production. A modification in one part 

of the system precipitates other changes. For example, increased density in 

Antioquian bean production requires better disease control due to higher 

anthracnose incidence. tloreover, with higher density an improved support 

system or less vigorous varieties and modifications in methods of performing 

the other cultural practices, such as weeding and spraying, al so are necessary 

(eLAT, 1980 and 1981). In summary, the farm trials move away from the reduc

tionist approach of most biological research, in which the effects of individual 

factors are isolated, to the holistic approach of the analysis of the effects of 

input combinations (Dillon, 1976). The new production systems must give higher 

returns than the farmers', but the contribution of individual components is not 

al~ays identified. 

Besides profitability the new technology combination must fit into the whole 

farrn system. A new technology may be highly profitable in budgeting analysis 

but still less profitable than another alternative. or it may have high seasonal 

labor requirements, when family labor is not available and hired labor is very 

expensive. t~reover, the off-farm resource requirements such as capital may 

be very high. Programming analysis considers the whole farm context with the 

different alternatives and resources available to the farmers. Prograrnming 

analysis is very data and computer intensive hence an alternative methodology 

has been suggested of utilizing large plots and farmer management to identify 

labor or management constraints (Zandstra, 1979, p.149). However, farm modeling 

through liner or more sophisticated prograrnming enables the consideration of 

more constraints at a reduced cost of field operations. Moreover, an evaluation 

of the potential fit of new technology into the farmers' system by observing 

farmer utilization makes very strong assumptions about the sample selection of 

potential adopters and the farmers' ability to instantaneously adjust his 

resource allocation when presented with new alternatives. The assumption of 

instant optimal managerial adjustment to the new activities and resource 

combinations involved in the introduction of new technology ignores the 

phenomenon of learning by doing whereas sensitivity analysis in programming can 

handle different management abilities. 

At any stage of the evaluation process a new technology may be unsuccessful. 

Before returning to the design process in the experiment station or regional 

site stratification of farms, where the technology is and is not successful, 
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is attempted. A large sample size with each farm treated as a replication is 

utilized to overcame one majar research problem of farm triaIs, the Iarge between 

farro variation of new technolagy performance. For example, diffusion between 

farms of new varieties of wheat and corn has been shown to be principally 

related to "differences (sometimes subtle) in soils, climate, water 

or other biological factors" (Perrin and WinkeImann, 1976, p.893). 

avaiIability, 

This 

stratification can be done with a priori theoretical considerations or 

statistical searching devices, such as cluster analysis or multiple regression. 

Obvious examples are fertilization on soils of different fertility or a stress 

resistant variety on sitos with ,and without the'particular stress. If the 

stratification identifies a sub-group of farms with a particular set of 

conditions, in which the technology was successful, then the evaIuation process 

can be resumed for this sub-sample. To summarize, rather than minimize non

treatment variance, the farro trials analyze the sources of this variance to 

identify the farm level factors effecting the economic performance of the new 

technology. 

The research procesa proceeds from the experiment station to regional 

trials and finally to farm level evaluation. Feedback from the farm enables a 

direct farm level input into future technology design as well as testing the new 

technology under the variability of the farro conditions in the target area 

(Gilbert, et.al., 1980). Once the technology has passed the economic and 

systems criteria, the research evaIuation process is terminated and sugges,tions 

can be made for extension (Figure 1). The farmers' goal s are undoubtedly more 

complex than maximizing. profit; nevertheless, these simple economic criteria 

and the fit of the new technology inta the productian system move the evaluation 

cIoser to the farmers' goaIs than the conventional yield maximization criterion. 

The farm testing separates the technology flow into three parts, technology that 

passes all the criteria and is recommended to the extension service for al1 

farms in the target region, technology that passes these criteria only on farms 

with certain characteristics snd therefore is appropriate for extension only on 

those farms or with certain restrictions, and technology, which do es not pass 

these criteria and hence returns to the biological scientists for further 

modifications. In the next section this methodology is applied to various new 

technologies in the Bean and Cassava Programs of CIAT. 
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RESULTS OF THE FARM TRIALS IN COLOMBIA, 1978-1980 

In 1977 a series of potential new teehnologies were identified based upon 

experiment station and regional trial results in two major erop programs of 

CIAT. From 1978 to 1980 farro level experimentation with these technologies was 

undertaken in both the field bean and cassava programs. This' section sum

marizes the principal results of these tria1s utilizing the methodo1ogy of che 

previous section (Figure 2). 

. In both crop programs the effeet of fertilizer depended upon the original 

soi1 fertility and the erop rotation. With stratification of the farro trials 

aeeording to these factors sub-samples were identified, in whieh fertilization 

had a significant effect on yields (Table 2). On twenty percent of the bean 

producers in the Huila farro trials and in all of the fa~ trials in Restrepo 

increased fertilization was highly profitable but substantially increased the 

capital requirements (CIAT, 1979, 1980). In the low fertility soils of the 

marginal coffee region, if the capital were available, profit ma~imizing bean 

produeers would utilize much higher fertilization levels according to the 

prograrnming analysis (Stabile, 1979 and CIAT, 1980). There "as a yield 

response to cassava fertilization on the poor soi15 of the Colombian eoast; 

however, fertilizer use was unprofitable on both traditional and new varieties 

there (Sanders and Lynam, 1980a, p.8). 

In crops produced principal1y by small farmers for local food markets 

"ithout .price 5upports the utilization of more fertile 50ils (beans) or rota

tion (beans and eassava) traditionally has been 5ubstituted for fertilization. 

Regional fertilization trials often show a dr_atie physieal response by 

salecting sites whera the initial fertility levels are extremaly lo" (CIAT, 

1979, p.C-47, 48). With su eh large differeneas between regional trials and 

farro sites the importanca of the farro trials before making reco~endations i5 

obvious. To produce beans in the lower fertility soi15, as in marginal coffee 

areas, chemical fertilization "ill haya a high return and will be necessary or 

yialds will be extremely low (Stabile, 1979). In the future as area expansion 

beeOmes more diffieu1t, the profitability of the 5ubstitution for land "ith 

fertilizer wi11 increase. 

"Clean seed" "'as reported to increase yields on the experiment station by 
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85% and to be a major factor in regiorial triala on 84 hoctares in Guatemala 

where bean yields were increased from 515 to 1.545 kg/ha (CIAT, 1975, pp.124 

and 151). "CIAT has cloarly demonstrated the major yield increases possible 

simpIy by using clean aeed" (TAC, 1977, p.31). !he report aboye recommended 

that CIAT help national programs develop the capacity to produce "clean seed" 

principaIIy upon the basis of' these experiment staticn and regional results. 

In the Colombian farro triaIs four different types of improved seed were tested 

in two regions over two years on approximately fifty farros. Two of the seed 

sources for the farro trials were produced with irrigation, intensive roguing 

of sick plants, and high levels of management and chemica1 protectíon. In 

general, there was no yield effect on the farros {rcm any of these investments 

to improve seod quality. !here is still a definitional problem of "elean seed 11 

as even with large investments in irrigated seed production common mosaie virus 

incidenee was 2 to 8% from one region and 25 to 40% from another. Even the 

former level is aboye the maximum ineidence allowed in the U.S.; however, it 

is unlikely that it \.¡ould be profitable for either the prívate or the publie 

sector in Latin Ameriea to invest more in secd production facilities than was 

done for the seed production utilized in thcse farro trials. When rcsistance 

ta this virus is obtaincd in a new variety, another analY5is of the farro level 

return to "cIean sced" would be appropriate. Nevertheless, the previous 

poliey recommendation for "clean seed" production by national programs was 

premature as it was not possible at the farm to substitutc improved seed 

quality for a bean variety resistant to common mosaic virus. As a footnote 

ta these contrasting results between the experiment station and the farro were 

the regional trials in Bean Agronomy in three sites in 1976, which a150 showcd 

a non-significant yield effeet frcm "clean seed" (CIAT, 1977, pp.40-42). 

Sinee "clean seed" did not even suecessfully pass the regional trial test, it 

should not have gone onto the farm trials mueh less been reeommended to 

national programs. 

Improved agronomy practices of both beans and cassava, ineluding higher 

density and better disease and insect control with either spraying in beans 

or stake treatment in cassava, gave significant yield increases in the farro 

trials and were highly profitable in the budgeting analysis. In the whole 

farm context the return on capital from the improvcd bcan agronomy was very 

low, only 11 pcrcent. However, combining this improved bean agronomy 

technology with new storage technology to avoid the post-harvest price eollapse 

gave reasonable rates of return to capital, 33. to 69 percent (Table 3). 



Table 3. Incomes, Credlt Requirements and Returns to Capital 'rom Various---

lIew Technologles on Smal1 Farms, Southern Huila, 1979. 

Farm rncome (Pesos) 

Income Increase (%) 
COp'ital Borrowing (Pesos) 

Return on an Additíonal 
Unit of Capital 

TypicaJ Farm 
(2.4 ha) 

76,796 

9,333 

Introduct ion of 
High Technology 
Caturra Coffee 

106,881 

39 

18,593 

0.11 

Introduction of High Technology Caturra 
plus Various Bean Technologies 

Honoculture Beans 
-Improved Agronomy 

(H8IA) 

118,319 
11 

26,532 

0.11 

MBIA 
plus 5D% 
Storage 

131¡,519 
11¡ 

30,000 

0.33 

HBIA 
plus 100% 

storage 

155,219 

15. 
30,000 

0.69 

$ourccs: Thc typicill (.um cstimiltc is synthcsizcd from filrJn diltil collcctcd in Hui la, Colombia in 1979. The 
irnJl;}cts of ncw tc<,hnology are thc profit lIli1ximizing 1 incn!' progrnnulling rcsults from thc modcl farm 
wílh ncw lcchnologics introduccd scquentii111y. 

Scc Arcin ilnd Sandcrs, 1980, eIAT, 1981, and Arcia, 1980. 
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Capital requirements were increased by over three times and the farmer has to 

wait another four months to sell his beans. Nevertheless, the improved agronorny 

technologies in beans successfully passed the three evaluation criteria and are 

presently being adopted by farmers in al1 three regions with modificatíons 

(Table 2). With a very small cash outlay the improved agronomy cassava 

technology increased income by 65% in che budgeting calculation; however, .- -, " 

management re'luirements are substantial a d no smal!.. farmer adoption has bee."'! 

observed aS yet on the Colombian coast (San ers and Lynam, 1980a, pp.7 and 8). 

Nevertheless, this entire improved agronomy package plus good soil preparatíon 

has been adopted,on several Cuban stata farms. (Cock, personal communicatíon). 

~ ~;/1. ~d~JM"..ll; 
In regional trials excellent responses to inoculatíon with Rhizobíuc for 

nitrogep fixation in beans have been obtained. 
of t:lns paper). 

(CIAT, 1978, p.B-41 and Iable 

~ Wíth the same variety and altitud e as in the regional tri al s farm trials 

were carried out over two years on 30 farms. Ihe inoculated treatment gave 

lower yields and lower net income than the check with nitrogen in spite of the 

lower fertilizer costs of the inoculated treatment (Table 4). On the far=s 

there were heavy infestations of one root rot (fusarim) not encountered in the 

regional trials. Ihe farm trials helped identify the need for a fungicide 

to control fusarium with a minimal negative effect on the Rhizobium. 

The principal product of most international centers is new varieties 

combined with improved agronomy (for the reasons for the combination see 

Evans, 1980, p.396, Kawano and Jennings, 1980, p.13 ff). In 1977 varietal 

development was more advanced in the cassava than in the bean programo Several 

new varieties more than tripled farmers' mean yields (CIAT, 1978, p.C-44). In 

the cassava farm trials one new varietal selection and improved agronomy 

outyielded the traditional variety with the farmers' cultural practices by 

108%; however, the yield adventage was mueh smaller over the traditional 

variety with improved agronomy, only 27%. Unfortunately, the lower starch 

content of the new variaties resulted in a 40 to 60% price discount since the 

new varieties could only be sold on the industrial starch market hence they 

were less profitable than the traditional variety with improved cultural 

practices (Sanders and Lynam, 1980a, pp.ll ff). Horeover, the starch content 

of the farmers' variety was more stable over time and under stress than the 

new varicties. Cassava spoils rapidly after thé harvest and small cassava 
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Table~. Regional yield trials, (.rm trials, prrees and net ¡neomes from 

Inoculation wlth Rhizobium and from different varieties, 

La Selva and El Carmen, Antioquia, 1979 and 1980 

Regional 
tria 1 

farm trials 

I"nculation", 1979 

Vields of the check w¡th n¡trogen 

Average yield. of the three best 
Rhizobium ~trains 

Average yields of the inocul.ted 
treatments at two densities 

V.rietal .Hect, 1979 

Fa rme r. ' variety (Cargamanto) 

.-5653 (Ecuador 299) 

G-2333 

Varietal .ffcct, 1980e 

Farmers' variety (Cargamanto) 

E 1056 

• 4727 

yields Yields 
(kg/ha) 

--- ---

3,386 

3,584 

1,159 

1.635 

1,159 

2,307 

1,793 

1,999 

1,649 

2.183 

1,708 

2,287 

1,947 

2,007 

Net ¡ncome 
(Col S/ha) 

87,121 

59,827 

102,373b 

6,901 b 

(58,171)~ 
(65,770) 

9,579b 

(22,671)~ 
(JO,270) 

31.61Sf 

20,5859 

(29,358)h 

16,6179 

(25.390) h 

a. The selection from the land roce, targamanto, was utilized in the inocula
tion comparison. Regional trial yields were with artificial support and 
higher inputs. than the farro trials. All input levels except inoculation 
were identical in toe farm trials. 00 toe check with nitrogen bath chemi
cal fertilizcr and coicken manure were employed~ In toe inoculated treat
ments P20S and K20 were employed at the same Jevels as in the combíncd 
chemical and oíganic fcrtilizers in the check without nitrogen. 

b. Toc price received by farmers for Cargamanto was 75 pesos/kg. Farmers 
estimated that the two smoll red varietl." G-5653 and G-2333, would 
receive approximately 30 pesos/kg on theír local milrkets~ Income calcula
tions were also made at only a small pricc discount for these new varietics .• 
See footnote c. 

c. Nct incorne was reestimated with a mínimal price discount from toe 75 Col. 
$/kg of Cargamanto to 60 pesos/kg for these two small sceded varicties. 

d. Toe costs of thc new varieties were reestim~t~d with the assumption that 
no sprayiogs wcre necessary. The price of 60 Col. $/ha was retained. 

e. These áre the same regional variety trials reported for 1979 in Román, 
et.a1. 

f. The mean price received by farmers for Cargamanto was ~5 pesos/kg. 

9- Farmers estimated that these 'arger grato size selections would receive 
40 pe,o,/kg (E 1056) and 38 pesos/kg (G 4727). 

h. Thc costs for tne production of tnc seJcctíons were reestimated without 
the costs of chemical protection against diseascs and insects. 

Sources: 

The regional tria! observations were taken (rom Alberto Román, et.al., 
1980. pp.25 and 50 and CIAT, 1981. 

• 
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producers sell their harvest over a long time period beyond the optimum physical 

maturity leaving the cassava in the ground until the sale. Hence, not on1y 

starch content but also its maintenance over time beyond maturity were both 

indicated as important selection characteristics for cassava breeders especial

ly in the adverse agricultural environments, sueh as the north eoast of 

Colombia, characteristie of small farmer eassava production in Latin America. 

In the evaluation of bean varieties the results were similar though the 

differences'were not as dramatie as in cassava. In regional trials of climbing 

beans the yields of the farmers' variety were inferior to those of the new 

selections; however, these yield results were reversed in the farm trials with 

the farmers' variety outyielding a11 four new selections in 1979 and 1980 

(Table 4). In the regional trials no chemical control of disease was employed 

and the farmers' variety is especially susceptible to anthracnose. Farmers in this 

region utilize high levela of fungieide so the farm trials ineluded this 

input. The price discount for the new bean selections as compared with the 

farmers' variety was substantially redueed from 1979 to 1980 (see the footnotes 

to Table 4) as the climbing bean breeder began selecting larger mottled seeds 

eloser to those of the farmers' variety. In 1980 one new selection gave 

approximately the same net income as that of the farmers' variety if the same 

yields of this selection could be maintained without spraying (income 

comparisons underlined in Table 4). !he farm trials indicated to the breeder 

other yield constraints not observed on the experiment station. Moreover, 

the price discount was substantial for the smaller seed size of the new 

varieties in 1979. Taste preferences are very important in determining the 

profitability of both bean and cassava teehnologies. 

III one site a new variety without commercial potential in Colombia but 

with multiple resistances was utilized to test the disease resistance emphasis 

of the beán programo TIlis variety outyielded the farmers' variety with and 

without chemical controls. Regressing the yields of this variety on the 

insect and disease incidences across farms indicated a second generation 

constraint of substantial yield losses froro Web Blight. Obtaining resistance 

ta ,this disease would have increased yields by a mean value of 1.6 t/ha with 

this variety in this region and semester (CIAT, 1981). Besides technology 

evaluation farro criais help identify yield constraints, whieh then become 

breeding requirements for new material (Sanders and Lynam, 1980b, pp.14-16). 

• 
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Only the improved agronomy combinations successfully passed all three 

criteria and is being accepted by farmers (Table 2). This diffusion of bean 

agronomy onto Colombian farms in three regions is one validation of the 

screening criteria utilized to evaluate the farm trials. Farmers undoubtedly 

have other objectives besides profit maximization constrained by their 

reSource availabilities and other alternatives; however, new technology 

satisfying these criteria apparently will be adopted at least by sorne farmers. 

The farm trials and the screening criteiia also appear to be effective in 

identifying applied research problems and other design requireoents of new 

technology tor breeders and other scientists at the exper~ent station. 
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e o N e L u S ION S 

When agricultural research is undertaken on crops without high levels of environ 

mental control, i.e. without irrigation or high input 1evels, substantial yield 

variation between experiment station, regional trials, and farro trials can be 

expected. These differences in sites not only reduce yie1ds absolutely but al so 

the re1ative yie1d cbmparisons between different treatments and farroers' 

practices can be reversed. The cases of "clean" or improved seed, inoculation, 

and new selections of cassava a11 clearly illustrate the importance of 

evaluating the performance of new technology on the farm. Not only was yield 

performance of new technology often very different at the farm than in the 

regional trial but also the farro is the appropriate level of the research 

process to do economic analysis and to respond to the systems questions. 

The bottom line of new technology evaluation is the profitability and the 

fie into the farmers' system of the new input combinations. This type of evalua

tion is also the final stage of agronomic testing in the farro trials of both 

IRRI and CIMI1YT.' In IRRI the Asian network of farro trials differentiated bet,"e .. n 

the factorial component to separate input effects and the management package 

component'to evaluate the profitability of different input combinations (Go~ez 

et.al., 1979, pp.33, 34). The CIHl1YT stagos af agronomic analysis were already 

summarized (Table 1). In the CIAT trials the analyais of this final stage of 

farro testing has been extended into programming and regression analysis of the 

treatment yie1ds between farms to identify the second generation constraints. 

Recombinations of technologies already available in a region are un1ikely 

to lead to large yield inereases. However, there ia a demand for farm level 

adjustment of new technology and substantial yield gains are possible from this 

adjustment. This on-farm fine tuning of new techno1ogy concentrates on 

improving management and adapting for environmental dífferences (Zandstra, 1979, 

pp. 138-143). Environmental adaptation involves che adjustment of input use in 

response to the on-farm and off-farro resources available to the farmer and the 

clima tic and economíc conditions of the region. The yield gains from fine 

tuning depend upon the increased yield potential of the new input from the 

experiment statian. Farm testing is appropriate for the feedback to researchers 

On the new technolagy performance and to specify further research requirements 
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by identifying other constraints to yield increase. Farm testing can also link 

farmers into the research design process and serve as a final check on the 

economic viability of new technology. However, farm testing begins with the 

experiment station output and therefore has to be well linked to this primary 

research unit (Byerlee, et.al., 1979, p.3; Zandstra, 1979, p.143; Biggs, 1980, 

p.135). 
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