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a SUMMARY

This paper reviews the methodological development and results of three years of
farm testing of new technology in the bean and cassava programs of the Centro
Internacional de Agricultura Tropical (CIAT) Farm testing 1s the logical ex-
tension of the research evaluation process once a technology has been identified
on the experiment station and reglonally tested for adaptation Farm testing 1s
an especlally important component of the research process i1n developing
countries where communication links between farmers and researchers are weak
and farmers often do not have the 1nformation or management experience to
combine and modify various technology components adapting experiment station
observations to their own environments and production systems  The research
problems at the farm are daifferent from those at the experiment station or in
regional trials so there are important distinctions 1in design and analysis in
the farm trials The evaluation process developed here successfully identified
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 farm trials substantially
modified the policy recommendations aé&gggi- :;tL1121ng the results frem—the of

experlmentistatlon or regional trials
4
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INTRODUCTTION

Farm yields of 57 to 93 percent of experiment station results have been reported
in Australia in the sixties (Davidson and Martin 1965) Not only are absolute
yields generally reduced in the movement from the experiment station to farms
but also the relative yield comparison between treatments can be reversed

Inputs dependent upon other inputs or excellent management often do not function
as well or at all under farm conditions (for an example with fertilizer and
water control see Barker 1978 p 30) These documénted yield differences
between the experiment station and the farm 1n new technology performance are
one basis for extending the research process into farm testing Moreover
comparative ylrelds are an inadequate criterion for evaluation of the potential
of new technology since farmers are not yield maximizers To measure the dif-
ferences 1n yield response and to incorporate economic and systems analysis
researchers are 1increasingly moving off the experiment station into regilcnal

and farm trials

In the next section after reviewing the roles of regional and farm trials
evaluation criteria for farm trial analysis are proposed Then in the second
section performance of the new technology in the bean and cassava programs 1s

analyzed with these criteria

A METhODOLGGY FOR FARM TESTING AS A COMPONENT

OF THE RESEARCH PROCESS

The diffusion of best farmer practices may increase income of those farmers
with similar resources (Biggs 1980 p 141) thowever larger income galins are
expected from the introduction of new inputs These new inputs are either
developed or adapted at the public sector experiment station or at some
private sector eguavalent Once a new technology 1s i1dentified at the ex-
periment station adjustment to different enviromments becomes the research
problem of the regional trials since the effect of most biological and chemical
agricultural technologies 1s influenced by climatic edapnic and other factors

including diseases and insects Intensive management on the experiment staticn
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may even accentuate the differences between experiment station and farm condi-
tions Most experiment stations are managed i1n such a way that over time soil
structure fertilizer weeds pests and diseases are quite different to farmers
fields (Byerlee et al 1979 p 7) Before reaching the farmers' fields and
after the experiment station regional trials compare new technology treatments
with farmers practices Once the regional trials have identified a limaited
number of new technology combinations evaluation passes to the final stage the

farm trials (Faigure 1)

The dafferences between regional and farm trials can be 1llustrated by
1dentifying the research questions left unanswered in a regional variety traal
In most regional variety trials a number of new varieties are compared with
one or more local varieties at some 1nput level  This ainput level 1s generally
neither the very high level of the experiment station nor the low level often
found on farms in developing countries It 1s some arbitrarily choosen inter-
mediate level between the two  Experiment station input levels are often very
high so that individual 1input effects can be analyzed for the:ir maximum 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 family labor 11ith farmers'
cultural practices the effect of any one input change such as a new variety 1is
expected to be minimal or at least very difficult to measure New varieties
typically are accompanied with recommendations for both higher density and higher
input utilization than those of the farmer Hence 1t 1s appropriate that the
input level of the variety trials 1s between the levels of the experiment

station and the farms

Regional variety trials are useful for evaluating adaptation of a large
number {often more than 20) of new materials and i1dentifying several new
materials for on-farm testing  The research question ¢f the regional variety
trials 1s whether there 1s 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
wamportant questions unanswered there may be qualitative differences between
the new and the commercial varaeties reflected in the market price hence yield

comparisons are not always an appropriate selection craiterion  the
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input level utilized in the regional variety trials including the choice of
cropping system may not be more profitable than the farmers practices either
with the commercial or the new varieties even 1f one new variety and the
accompanying inputs 1s more profitable than present farmer practices there may
be other constraints in the farming system preventing adoption of the new
technology regilonal 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 onto farm trials In the specific case
above one or more new varlieties are obtained from the regional variety trials
and placed on a large number of farms 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 1t 1s 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 experiments has already been mentioned for variety trials but 1s
equally applicable in other agronomic trials (Table 1) The second approach of
the optimal input level has proliferated since the Fifties with the increased
sophistication of economists in differential calculus Unfortunately 1in agri-
culture optimal levels are not very meaningful unless variation in yield perfor-
mance due to weather insects and diseases 1s also 1ncorporated into the
analysis  The influence and probability levels of these stochastic factors 1s
difficult to measure (To incorporate risk into farm decision making and the
analysis of experimental data see Anderson et al 1977 Anderson 1973 and
Daillon 1977) Where the new technology has already been adopted on farms
division of the yield gap between the physical maximum on the farm in an ex-
perament and farmers' yield into various components including the
technical and economic capacities of the farmer in combining his inputs and
responding to economic signals and the difference between a physical and an
economic maximum 15 useful (Barker 1979 Herdt and Mandac 1979 Herdt and
Wickham 1¢75) However in evaluating the potential of new technology the
optimal recommendations 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 AGRONVOMY EXPERIMENTS ANALYTICAL TECHNIQUES
AND THE RESEARCH PROBLEMS

Types of trials Variety

Fertilizer

Herbacide

Other Defensive Chemicals
Density

Seed Quality

Timing of Practaices
Associated Cropping

Minus One

Plus One

Stages of analysis and Factorial Experiments -

the research problems

Is there a significant yield effect from the
wnput studied with other inputs® held
constantb?

Optimal Input Level -

With other 1nputsa held constantb and known
incidence levels of the stochastic factors
(weather diseases and insects) what 1s the
optimum level of the input studied?

Evaluation of Combined Inputs -

Are the combined treatments profitable
compared with farmers practices?

al/

b/

Both factorial and optimal ainput level experiments can consider more than one
input at a time however the analysis usually emphasizes the separation of
individual input effects and interaction terms

There 1s a debate on the level of the inputs held constant If a high or ex-
periment station level 1s utilized then the maximum physical yield effect on
the farmers field can be estimated for the input studied 1f the farmers'
level of other inputs 1is utilized then the yield effect indicates the
potential of this input alone to increase yields with farmers present input
use and cultural practices (Flinn 19380)

Source

The stages are taken from the division of types of farm trials customarily
utilized in CIMMYT (Byerlee et al 1979 Figure 2)
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several inputs and analyze interaction effects However unless the critical
variables determining yields have already been narrowed down for a region the
evaluation of a large number of factors (more than three) can lead to very
large 1individual experiments thereby discouraging the researcher from under-
taking many farm experiments One of the principal refinements after three
years of farm trials in the Asian rice network was to simplify the experaimental
design and increase the number of replications (farms) to more adequately
reflect the environmental and management factors leading to the large yield
variance within production reglons for a given technology (Barker 1979 p 22)
The three year experience of IRAEN (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 1s to be achieved (Gomez et al
1979 p 37) The IRAEN simultaneocusly utilized factorial and combined input
( hanagement 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
large number (10 to 15) of combined 1nput trials were implemented in each pro-
duction region For example the factorial or regional trials identified the
appropraate herbicide for a specific soil 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 farm trials
the evaluation 1s a complex process involving several analytical techniques
(Figure 2) The standard statistical test of the significance of the difference
between one or more new technologies and the farmers' practices 1s first
utilized One amportant qualification should be put on this analysis  There
1s nothing sacred about 5% or 1/ probabiality levels for Type I error Type I
error is the rejection of the null hypothesis when 1t is true and Type 1L
error 1s the acceptance of the null hypothesis when 1t 1s not true For a given
number of observations demanding a lower Type I error will increase the
probability of a Type II error These are practical 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 of Type I or Type II and not by

tradition

The principal research problem of farm trials is the profiatabalaty of the

new combined treatments 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 modificaticn in one part
of the system precipitates other changes For example 1increased density in
Antioquian bean production requires better disease control due to hagher
anthracnose incidence Moreover 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 alsoc are necessary
{CIAT 19680 and 1981) In summary the farm trials move away from the reduc-
tionist approach of most biological research 1in which the effects of individual
factors are 1solated 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 1s not

always 1dentified

Besides profitability the new technology combination must fit into the whole
farm system A new technology may be highly profitable in budgeting analysis
but still less profitable than another alternative or 1t may have high seasonal
labor requirements when family labor 1s not available and hired labor 1s very
expensive Moreover the off-farm rescurce 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 Programming
analysis 1s 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 programming 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 has
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
phencomenon of learning by doing whereas sensitivity analysis 1n 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 1s not successful
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1s attempted A large sample size with each farm treated as a replication 1is
utilized to overcome one major research problem of farm trials the large between
farm variation of new technology 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 availabality
or other bioclogical factors (Perrin and Winkelmann 1976 p 893) Thas
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 siftes with and without the particular stress If the
stratification identifies a sub-group of farms with a particular set of
conditions 1n which the technology was successful then the evaluation process
can be resumed for this sub-sample To summarize rather than minimize non-
treatment variance the farm trials analyze the sources of thas variance to
identify the farm level factors effecting the economic performance of the new

technology

The research process 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 farm conditions in the target area
{(G1lbert et al 1980) Once the technology has passed the economic and
systems criteria the research evaluation process 1s terminated and suggestions
can be made for extension (Figure 1) The farmers' goals are undoubtedly more
complex than maximazing profit nevertheless these simple economic c¢riteria
and the fit of the new technology into the production system move the evaluation
closer to the farmers goals than the conventional yield maximization criterion
The farm testing separates the technology flow into three parts technology that
passes all the criteria and 1s recommended to the extension service for all
farms 1n the target region technology that passes these criteria only on farms
with certain characteristics and therefore is appropriate for extension only on
those farms or with certain restrictions and technoleogy which does not pass
these criteria and hence returns to the biological scientists for further
modifications In the next section thas methodology 1s 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 technologies were identified based upon
experiment station and regional trial results in two major crop programs of
CIAT From 1978 to 1980 farm level experimentation with these technologies was
undertaken i1n both the field bean and cassava programs This section sum-
marizes the principal results of these trials utilizing the methodology of the

previous section (Figure 2)

In both crop programs the effect of fertilizer depended upon the oraiginal
s01l fertility and the crop rotation  With stratification of the farm traials
according to these factors sub-samples were identified 1im whach fertalization
had a significant effect on yields (Table 2) On twentv percent of the bean
producers an the Huila farm trials and in all of the farm 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 1if the capital were available profit maximizing bean
producers would utilize much haigher fertilization levels according to the
programming analysis (Stabile 1979 and CIAT 1980) There was a yield
response to cassava fertalazation on the poor soils of the Colombian coast
however fertalizer use was unprofitable on both traditional and new varieties

there (Sanders and Lynam 1980a p 8)

In crops produced principally by small farmers for local food markets
without price supports the utilization of more fertile soils (beans) or rota-
tion (beans and cassava) traditionally has been substituted for fertilization
Regional fertilization trials often show a dramatic physical response by
selecting sites where the initial fertility levels are extremely low (CIAT
1979 p C-47 48) With such large differences between regional trials and
farm sites the importance of the farm trials before making recommendations 1s
obvious To produce beans in the lower fertilaty soils as 1n marginal coffee
areas chemical fertilization will have a high return and will be necessary or
yields will be extremely low (Stabile 1979) In the future as area expansion
becomes more difficult the profitabality of the substatution for land with

fertilizer will increase

Clean seed was reported to increase yields on the experiment station by
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854 and to be a major factor in regional trials on 84 hectares i1n Guatemala
where bean yields were increased from 515 to 1 545 kg/ha (CIAT 1975 pp 124
and 151) CIAT has clearly demonstrated the major yield increases possible
siumply by using clean seed (TAC 1977 p 31) The report above recommended
that CIAT help national programs develop the capacity to produce clean seed
principally upon the basis of these experament station and regional results

In the Colombian farm trials four dafferent types of improved seed were tested
in two reglons over two years on approximately fifty farms  Two of the seed
sources for the farm trials were produced with 1rrigation intensive roguing
of sack plants and haigh levels of management and chemical protection In
general there was no yield effect on the farms from any of these investments
to wmprove seed quality There 1s sti1ll a definitional problem of clean seed
as even with large investments in 1rrigated seed production common mosaic V1Tus
incidence was 2 to 8/ from one region and 25 to 40/ from another Even the
former level is above the maximum incidence allowed in the U S however 1t
15 unlikely that 1t would be profitable for either the private or the pubplac
sector in Latln America to invest more in seed production facilities than was
done for the seed production utilized in these farm trials When resistance
to this virus 1s obtained in a new variety another analysis of the farm level
return to clean seed would be appropriate  Nevertheless the previous
policy recommendation for c¢lean seed production by national programs was
premature as 1t was not possible at the farm to substitute improved seed
quality for a bean varlety resistant to common mesalc virus As a footnote

to these contrasting results between the experiment station and the farm were
the regional trials in Bean Agronomy in three sites in 1976 which also showed
a non-significant yield effect from clean seed (CIAT 1977 pp 40-42)

Since c¢lean seed did not even successfully pass the regional trial test it
should not have gone onto the farm trials much less been recommended to

national programs

Improved agronomy practices of both beans and cassava 1including higher
density and better disease and 1nsect control with either spraying 1in beans
or stake treatment 1n cassava gave significant yield increases in the farm
trials and were highly profitable in the budgeting analysis 1In the whole
farm context the return on capital from the improved bean agronomy was very
low only ll percent However combining this improved bean agronomy
technology with new storage technology to avoid the post-harvest price collapse

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



Table 3 Incomes Credit Requirements and Returns to Capital from Vartous

Mew Technologies on Small Farms Southern Huila 1979

Introduction of
TY?QCEIh:?rm High Technology

Introduction of High Technology Caturra
plus Various Bean Technologies

Monoculture Bean. MBIA MBIA
Carurras Coffee ~lmproved Agronomy plus 50% plus 1002

(MBIA) Storage storage
Farm Incomz (Pcsos) 76,796 106,881 118 319 134,519 155 21%
Income Increase {(4) - 39 11 14 15
Capital Borrowing {Pesos)} 9,333 18 593 26 532 30 000 30,000
Return on an Add)tional

Unit of Capital - 0 11 0 11 0 33 0 69

Sources  The typical farm estimate 1s synthesized from farm data colliccted tn Hutla Colombia in 1873 The

tmpicts of new teehnology arc the profit miximzing lincar programming results from the model farm

with ncw technologices introduced sequentinliy

Sec Arcia and Sanders 1980 CIAT 1981 and Arcia 1980

71
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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 agronomy
technologles in beans successfully passed the three evaluation criteria and are
presently being adopted by farmers in all three regions with modifications
(Table 2) With 2 very small cash outlay the i1mproved agronomy cassava
technology increased income by 634 1in the bugggg}gg\calculatlon however
management requirements are substantial a(é;ff,ffffl farmer adoption has been
observed as yet on the Colombian coast (Sanders and Lynam 1980a pp 7 and 8)
Nevertheless this entire improved agronomy package plus good soil preparation
has been adopted on several Cuban state farms (Cock personal communication)
{,u&\ .J,L,..ag,«J/}eLwL[ﬂ

In regional trials excellent responses to 1noculation with Rhizebium feor
niﬁ;%%g%igggg}on 1n beans have been obtained (CIAT 1978 p B-41 and Table
'jA\ With the same variety and altitude as i1n the regional trials farm trials
were carried out over two yvears on 30 farms  The inoculated treatment gave
lower yields and lower net income than the check with nitrogen in spite of the
lower fertilaizer costs of the inoculated treatment (Table 4) Dn the farcs
there were heavy infestations of one root rot (fusarim) not encountered in the
regional trials The farm traials helped i1dentify the need for a fungaicide

to control fusarium with a minimal negative effect on the Rhizobium

The prancipal product o most international centers 1s 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 varaetal
development was more advanced in the cassava than in the bean program  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 agronoms
outyilelded the traditional variely with the farmers cultural practices by
108/ thowever the yield advantage was much smaller over the traditional
variety with improved agroncmy only 27/ Unfortunately the lower starch
content of the new varieties resulted i1n a 40 to 60/ price dascount 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 11 ff) Moreover the starclt content
of the farmers varilety was more stable over time and under stress than the

new varieties (Cassava spoils rapidly after the harvest and small cassava
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Table 4  Regional yield trials farm trials prices and net incomes from

inoculation with Rhizobium and from different varieties

La Selva and El Carmen Antioguwia 1979 and 1980

Regional Farm trials
trial
yields Yields Net tncome
(kg/ha) (Col $/ha)
Inoculatlona, 1979
Yields of the check with nitrogen 3 386 1 999 87 121
Average vields of the three best
Rhizobium trains 3 584
Average yields of the inoculated
treatments at two densities 1 649 59 827
Varietal effect, 1979
Farmers variety (Cargamanto) 1159 2 183 102 373°
G 5653 (Ecuador 299) 1635 1708 6 901°
(58 171)9
(65 770)
6 2333 1 947 1o75 9579
(22 671)d
{30 270}
Varietal effect 1980°
Farmers variety (Cargamanto) 1 159 2 287 31 619f
E 1056 2 307 1947 20 5859
(29 358)0
G 4727 1793 2007 16 617°
(25 390)h

a The selection from the land race Cargamanto was utilized in the inocula
tion comparison Regional trial y elds were wtth artificral support and
higher inputs than the farm trials  All input levels except inoculation
were identical rn the farm trials On the check with nitrogen both chem
cal fertilizer and chicken manure were employed In the 1noculated treat
ments P20s and K20 were employed at the same levels as in the combined
chemical and organic fertilizers 1n the check without nitrogen

b The price received by farmers for Cargamanto was 75 pesos/kg  Farmers
estimated that tle two small red varieties G 5653 and G 2333 would
recesve approximately 30 p sos/kg on their local markets Income calcula
tions were also made at only a small price discount for these new var eties
See footnote c

¢ Net income was reestimated with a min mal price discount from the 75 Col
$/kg of Cargamanto to 60 pesos/kg for these two small sceded varicties

d The costs of the new varieties were reest mated with the assumption that
no sprayings were necessary The price of 60 Cel $/ha was retained

e These are the same regional variety trials reported for 1979 in Roman
et al

f The mean price received by farmers for Cargamanto was U5 pesos/kg

g Farmers estimated that these larger g ain s ze selections would receive
4o pesos/kg (E 10,6) and 38 pesos/hg {6 4727)

h The costs for the prod ctic of the selections were recstimated without
the costs of chemical protection aga nst diseases and insects
Sources

The reg onal trial observat ons were taken from Alberto Roman et al
1980 pp 25 and 50 and CIAT 1931
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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 only
starch content but also 1ts maintenance over time beyond maturity were both
indicated as important selection characteristics for cassava breeders especial-
ly in the adverse agricultural environments such as the north coast of

Colombia characteristic of small farmer cassava production in Latin Ameraica

In the evaluation of bean var.eties the results were saimilar though the
differences were not as dramatic as 1n 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 all four new selections in 1979 and 1980
(Table 4) In the regional trials no chemical control of disease was employed
and the farmers variety 1s especially susceptible to anthracnose  Farmers in this
region ytilize high levels of fungicide so the farm trials included thas
input The price discount for the new bean selections as compared with the
farmers' variety was substantially reduced from 1979 to 1980 (see the footnotes
to Table 4) as the climbing bean breeder began selecting larger mottled seeds
closer to those of the farmers' variety In 1980 one new selection gave
approximately the same net income as that of the farmers variety 1f the same
yields of this selection could be maintained without spraying {income
comparisons underlined in Table &) The 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 technologies

In one site a new variety without commercial potential in Colombia but
with multiple resistances was utilized to test the disease resistance emphasis
of the bean program This variety outyielded the farmers' variety with and
without chemacal controls Regressing the yields of this variety on the
insect and disease lncidences across farms indicated a second generation
constraint of substantial yield losses from Web Blight Obtaining resistdance
to this disease would have increased yields by a mean value of 1 6 t/ha with
this variety i1n this region and semester (CIAT 1981) Besides technology
evaluation farm trials help adentify yield constraints which 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 1s 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 thexr
resource availabilities and other alternatives  however new technology
satisfying these criteria apparently will be adopted at least by some farmers
The farm trials and the screening criteria also appear to be effective in
rdentifying applied research preoblems and other design requirements of new

technology for breeders and other scientists at the expericent station
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CONCLUSTIONS

When agricultural research i1s undertaken on crops without high levels of enviren
mental control 1 e without i1rrigatien or high input levels substantial yield
variation between experiment station regional trials and farm trials can be
expected These differences in sites not only reduce yields absolutely but also
the relative yield comparisons between different treatments and farmers
practices can be reversed The cases of c¢lean or improved seed 1inoculation
and new selections of cassava all clearly illustrate the importance of
evaluating the performance of new technolegy on the farm Not only was yield
performance of new technology often very different at the farm than in the
regional trial but alsc the farm s the appropraiate level of the research

process to do economac analysis and to respond to the systems questions

The bottom line of new technology evaluation as the profitability and the
fit into the farmers' system of the new input combinations  This type of evalua-
tion 1s also the final stage of agronomic testing ain the farm trials of both
IRRI and CIMMYT In IRRI the Asian network of farm trials differentiated beti een
the factorial component to separate input effects and the management package
component to evaluate the profitability of different input combinations (Gomez
et al 1979 pp 33 34) The CIMMYT stages of agronomic analysis were already
summarized (Table 1) In the CIAT trials the analysis of this fainal stage of
farm testing has been extended into programming and regression analysis of the

treatment yields between farms to i1dentify the second generation constraints

Recombinations of technologies already available in a region are unlikely
to lead to large yield increases  However there 1s a demand for farm level
adjustment of new technology and substantial yield gains are possible from this
adjustment Thas on-farm fime tuning of new technology concentrates on
wmproving management and adapting for envirommental differences (Zandstra 1979
pp 138-143) Envaironmental adaptation involves the adjustment of input use 1n
response to the on-farm and off-farm resources available to the farmer and the
climatic and economic conditions of the region The yield gains from fine
tuning depend upon the increased yield potential of the new input from the
experiment station Farm testing 1s appropriate for the feedback to researchers

on the new technology performance and to specify further research requirements
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by i1dentifying other constraints to yield increase Farm testing can also link
farmers 1nto 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)



REFERENCES

ANDERSON J R (1973) Sparse data climatic variability and yield uncertain
ty in response analysis American Journal of Agricultural Economics 55
77-82

ANDCRSON J R DILLON J 1 HARDAKER J B (1977) Agricultural decision
analysis Ames Iowa State University Press

ARCIA G (1980) Risk 1nstatutional change and technology adoption for low
wncome farmers  An analysis of new bean alternatives for the southern Huila
region of Colombia South America  unpublished Ph D thesis Unaversity of

Missouri Columbia Missouri

ARCTA G and SANDERS J H (1980) Ex ante analysis of new bean technology

in southern Huila CIAT mameo Calai Colombaia

BARKER R (1979) Adoption and production impact of new raice technology - the

yield constraints problem 1in IRRI Farm-level constraints to high rice

yields 1n Asia 1974-77 The International Rice Research Inst:itute Los

Bafios Philippines 1-27

BARKER R. (1978) Yield and fertilizer input 1n IRRI Changes 1n race

farming in selected areas of Asia International Rice Research Institute

Los Bafios Philippines 35-66

BIGGS S B (1980) On-farm research in an integrated agricultural technology
development system  case study of triticale for the Himalayan Hills

Agracultural Administration (7) 133-43

BYERLEE D BIGGS S D COLLINSON M  HARRINGTON L  MARTINEZ J C
MOSCARDI E and WINKEIMANN D (1979) On-farm research to develop
technologies appropriate to farmers Paper presented at the conference

of the International Association of Agricultural Economists Banff Canada

CIAT (1975 1977 and 1978)  Annual reports for the years 1974 1976 and 1977

Centro Internacional de Agraicultura Tropical Calar Colombia

CIAT (1579 1980 1981) Bean program annual reports for the years 1978-1980

Centro Internacional de Agricultura Tropical Cali Colombia




CGIAR-TAC (1977) Report of the quinquennial review mission to the Inter-
national Center of Tropical Agriculture Consultative Group on International
Agracultural Research Technical Adviscry Committee Secretariat Food and

Agriculture Organization of the United Nations Rome

DAVIDSON B R and MARTIN B R (1965) The relationship between yields on
farms and in experiments Australian Journal of Agricultural Economics (9)
129-140

DE DATTA S K GOMEZ K A HERDT R W BARKER R (1978) A handbook on

the methodology for an integrated experiment - survey on rice yield con-

straints International Rice Research Institute Los Banos Philippines

DILLON J L (1976) The economics of systems research  Agricultural Systems
(1) 5-22

DILLON J L (1977) The analysis of response in crop and livestock production

second edition Pergamon Press Oxford

EVANS L T (1980) The natural history of crop yield American Scientist
(68) 388-397

FLINN J C (1980) Some considerations in yield gap research  Agricultural

Economics Department Paper 80-01 Internaticnal Rice Research Institute

GILBERT E H NORMAN D W & WINCH ¥ E (1980) Farming systems research

A craitacal appraisal Michigan State University Rural Development Paper No

6 East Lansing Michagan

GOMEZ K A HERDT R W BARKER R and De DATTA S K (1979) A
methodology for identifying constraints to high rice yields on farmers

yields in IRRI larm-level constraints to high rice yrelds in Asia  1974-77

International Rice Research Institute Los Batios Philippines 27-49

HERDT R W (1979) An overview of the constraints project results 1n

IRRI Famm-level constraints to high rice yields in Asia 1974-77

International Rice Research Institute Los Baifies Philippines 395-411

HERDT R W and MANDAC A M (1979) Overview findings and implications
of constraints research 1975-1978 International Rice Research Institute

(IRR1) Agricultural Economics Paper No 79-04 mimeo

IRRI (1976) Annual report for 1975 International Rice Research Institute

los Bafios Philippines



IRRI (1979) Farm—-level constraints to high rice vields in Asia 1974-77

International Rice Research Institute 1Ios Banos Philippines

KAWANO K and JENNINGS P R (1980) ' Tropical crop breeding - Achievements
and challenges  paper presented at an International Rice Research Institute
conference on Potential Productivity of Field Crops under Different Envaron-

ments CIAT mimeo Cali Colombia

NORMAN D W (1978) Farming systems research to improve the livelihood of

small farmers  American Journal of Agracultural Econonics (60) 813-818

NORMAN D W (1980) The farming systems approach Relevancy for the small

farmer Michigan State University Rural Development Paper ho 5 East

Lansing Michigan

PERRIN R & WINKELIMANN D (1976) Impediments to technical progress on

small versus large farms  American Journal of Agricultural Economics (58)
888-894

ROMAN A DAVIS J GARCIA S GRAHAM P TEMPLE S (1980) Informe de
trabajos 1979 convenio ICA-CIAT La Selva Programa de Frijol  mameo

La Selva Antioquia 52 pages

SANDERS J H & LYNAM J K (1980a) Economic analysis of new technology
in the bean and cassava farm trials of CIAT paper presented at a

workshop on farm trials in CIMMYT Mexico D F March 1980

SANDERS J H and LYNAM J K (1980b) Definition of the relevant con-
straints for research resource allocation in crop breeding programs

Centro Internacional de Agricultura Tropical (CIAT Cali Colombia mimeo

STABILE M F (1979) Evaluation of a diversification scheme in a marginal
coffee region of Colombia utilizing new bean technologies unpublashed M

S thesis Unaversity of Guelph Canada

ZANDSTRA H G (1979) Cropping systems research for the Asian rice farmer
Agricultural Systems (4) 135-53




