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RESUME

Farm testing is the logical extension of the research evaluation process
once a technology has been identified on the experiment station and
regionally tested for adaptation. Farm testing is an especially
important component of the research process in developing countries,
where there is not much communication between the potential users of

new ggahn0¥ogy, the farmers, and the producers of the technology, the
researchers. The 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 between traditional agron-
omical experiments and farm triais. The evaluation process developed
here successfully identified the technology adopted by farmers. The
results of the farm trials often substantially modify the policy recom-
mendations which could have been arrived at utilizing the results from

the experiment station and/or regional trials.

“The enclosed paper includes the farm testing in both the Bean and
Cassava Programs; however, the seminar will only be concerned with

the Bean Program res .. The methads A1ized for evaluation
is thEs: e, in MBean and Cassava Economics.

of the new technoldgy Esame | in B
Moreover, this paper Qé‘co%bﬁhd}@8=by-sabde¢s and John Lynam.
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INTRODUCT I ON

Farm‘yields of 57 to 93 percent of experiment station results have been
reported in Australia in the late sixties (Dillon, 1877 ,
p.175). In an Asian comparison of experiment station, farm trials, and farmers'
yields a higher physical response to fertilizer was found on the experiment
station due to better management of the cbmplemenfary factors principally water
and insect control . (Barker, 1978, p.50). These documented yield differences
between the experiment station and the farm in new technology performance are
one basis for extending the research process onto farm testing. Moreover,
comparative yields are an inadequate criterion for evaluation of new technolo-
gy since farmers are not yield maximizers. To measure the differences in yield
response and to incorporate economic and systems analysis researchers are in-

creasingly moving off the experiment station into regional and farm trials.

in the next section the distinctions between farm testing and traditional
agronomical research are made and evaluation criteria for farm trial analysis
are proposed. Then the second section analyzes the new technology performance

of the bean and cassava programs with these criteria.

Y

A METHODOLOGY FOR FARM TESTING AS A COMPONENT OF
THE RESEARCH PROCESS

Most new agricultural technology is either developed or adapted at the
public sector experiment station or at some private sector equivalent. The
identification and diffusion of best farmer practices can also increase income
of those farmers with similar resources (Biggs, 1980, p.141); however, the big
income gains are expected to come from the introduction of new inputs. _Once
a new technology is developed at the experiment station, adaptation to dif-
ferent environments must be evaluated since the effect of most biclogical and
chemical agricultural technologies can be influenced by climate, edaphic and
other factors including diseases and insects. Intensive management on the ex-
periment station may even accentuate the differences between experiment station

and farm conditions. ‘''Most experiment stations are managed in such a way that



over time soil structure, fertilizer, weeds, pests and diseases are quite dif-

ferent to farmers! fields" (Byerlee, et.al., 1979, p.7).

On the experiment station and in regional trials higher yields than the
farmers' check generally indicate successful performance. Occasionally,
economi¢ analysis of experiment station or regional trials is done such as the
response to fertilizer. However, in the first two levels of the research
process (Figure 1), the analytical technique is predominantly some variation

of the statistical significance of the treatments.

The differences between regional and farm trials can be illustrated by
identifying the research questions left unanswered in a regional variety

trial. In most regional variety trials a number of new varieties are compared

with one or more local varieties at some 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. It is some arbitrarily
choosen intermediate level between the two. Experiment station input
levels ére often very high so that individual input effects can be analyzed
for their maximum effect without other factors constraining yields. For
many of the food crops farmers in developing countries have
devefoped low density, low input systems with low but stable
yields requiring few inputs except family labor. Utilizing
farmer's 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 typically are accompanied
with recommendations for both higher density and higher input
utilization than those of the farmer. Hence, it is appropriate that the
input level of the variety trials is between the levels of the experiment

station and the farms.

The research question of the regional variety trials is whether there is
a significant difference between one or more of the new varieties and some
proxy for the farmers' variety(ies). Non-treatment variance is minimized not

only by utilizing the same input levels, but also with high levels of manage-
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ment, and frequently on sites with higher soil fertility than that of most
farmers. ‘

There are fourbasic problems with these regional variety trials: there
may be qualitative differences between the new and the commercial varieties
reflected in the market price hence yield comparisons would not be an
appropriate selection criterion; the arbitrary 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 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 iato account the large between farm variance in
the performance of new technology. These problems are overcome by extending
the research process onto farm trials. In the specific case above one or more
new varieties 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
techniques of the farm trials with traditional agronomical experiments it is
useful to review the types of agronemicAtrials and the stages of analysis.
(Table 1). There have been three primary approaches to analyze agronomical
experiments, The first approach of the factorial experiments has already
been discussed for variety trials but is equally applicable in other
agronomic trials. It is some variztion of analysis of variance to test the
statistical effect of the treatments or the statistical significance of the
difference between one or more new treatments from some proxy for farmers'
practices. The second approach of the optimal input level has proliferated
since the Fifties with the increased sophistication of economists and
agronomists in differential calculus. Unfortunately, in agriculture optimal
levels are not very meaningful unless variation in yield performance due to
weather, insects, and diseases is also incorporated into the analysis.

Since the influence and probability levels of these stochastic factors is

often very difficult to measure, optimal levels should be considered as a
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TABLE 1
PRINCIPAL TYPES OF AGRONOMY EXPERIMENTS, ANALYTICAL TECHNIQUES,
AND THE RESEARCH PROBLEMS

Types of trials . Variety
Fertilizer
Herbicide
Other Defensive Chemicals
Density
Minus One
Plus One

Stages of analysis and Factorial Experiments -
the research problems

is there a significant yield effect from
the input studied with most other inputs
held constant at some arbitrary level?

Optimal !nput level -

At arbitrary levels of most other inputsa
held constant and known Incidence levels
of the stochastic factors (weather, dis-
ease, and insects}, what is the optimum
level of the input studied?

Evaluation of Combined Inputs -

Is the combined treatment profitable
compared with farmers' practices?

aﬂbviausly, both factorial and optimal input level experiments can consider
more than one input at & time; however, the analysis usually emphasizes
the separation of individual input effects and interaction terms.

Source: The stages are taken from the division of types of farm triails
customarily utilized in CIMMYT, (Byerlee, et.al., 1979, Figure 2}.



mathematical concept without many practical applications in agriculture, (To
incorporate risk Into farm decision making and the analysis of experimental
datg see Anderson, et,al,, 1977; Anderson, 1973, and Dillon, 1977).

Both the factorial and the optimal level experiments can incorporate
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 individual experiments, thereby discouraging the researcher from
undertaking many farm experiments {see the country studies In IRRT, 1877},
The summary comments on methodology of the IRRI statistician working with the
rice farm trial network in Asia focus on the principal problems of farm ex-
perimentation: ‘'the number of farms used for the (farm} experiment is
usually too small to adequately represent the widely different farming con-
ditions existing in the study areas. Most agronomists responsible for the
field tests have the tendency to emphasize the need for more replications at
the sacrifice of the requirement for more farms. There is also & tendency to
include too many test factors {so as not to miss any major ones), resulting

in large experiments and, consequently, fewer experiment farms. Because of

familiarity with experiment station trials, there is a tendency to follow the

same nethod of management and data collection® {(Gomez, 1977, p.6).

Some factorial trials may be necessary to identify the appropriate
chemical or variety for a specific soil type or micro-climate and to indicate
a limited number of input combinations for the final stage of economic
evaluation. This final stage after the analysis of individual input effects
is the farm trials. The principal research problem of farm trials is the
profitability of the new combined treatments. Can the farmer make money
with the new technology? One input changes are expected to have little effect
in agriculture due to the interrelated or systems nature of crop production,
Amdification in one part of the system precipitates other changes,A For
example, increased density in Antioquian bean production requires better dis-
ease control due to higher anthracnose incidence. Moreover, with higher
density an improved support system or less vigorous varieties and modifica~

tions in methods of performing the other cultural practices, such as weeding



and spraying, may also be necessary {CIAYT, 1980 and 1981}, The multiplicative
effects of combined input utilization are indicated by the large interaction
terms frequently observed in factorial trials (Gomez, 1977, p.12 ff). In
summary, the most interesting results to farmers are obtaining income gains
from input combinations, hence the farm trials need to move as rapidly as

possible to the economic and systems evaluation of the combined effects.

Besides profitability the new technology 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 it may have high seasonal
labor requirements, when family labor Is not available and hired labor is
very expensive. Moreover, the off-farm resource requirements such as capital
may be very high. Linear programming analysis considers the whole farm
context with the different alternatives and resources available to the farmers.
Programming analysis is very data and computer intensive hence an aiternative
methodology has been suggested of utilizing large plots and farmer management
to identify labor or management constraints (Zandstra, 1979, p. 148). However,
the modeling of linear 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 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.

Since there are a large number of research problems in the farm trials,
the evaluation is a complex process involving several analytical techniques
{Figure 2). The standard statistical test of the significance of the dif-
ference between 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 for Type | erros.

Type | error is the rcjection of the null hypothesis when it is true and



FIGURE 2. FLOW CHART FOR NEW TECHNOLOGY EVALUATION IN FARM TRIALS
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Type !l error is the acceptance of the null hypothesis when it is not true.
For a given number of observations demanding a lower Type | error will
increase the probability of a Type Il error. These are practical or applied
decisions and not governed by some iron law of statistics. The choice of
probability levels should bé determined by the costs of & mistake of Type |
or Type 1l and not by tradition,

At any stage of the evaluation process a new technology may be unsuccess-
ful. Before returning to the design process in the experiment station or
regional site stratification of farms, where the technology is and is not
sucessful, is attempted. A large sample size is utilized to overcome one major
research proble of farm trials, the large between farm varlation 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 availability, or
other biological factors" (Perrin and Winkelmann, 1976, p.833). This
stratification can be done with a priori theoretical considerations or
statistical secarching devices; such as cluster analysis or multiple regression,
Obvious examples are fertilization on soils of low and high fertility or a
stress resistant varfety on sites 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 evaluation
process can be resumed for this sub-sample. To summarize, rather than minimize
non~treatment variance as is done in most agronomical experiments, the
on-farm trials analyze the sources of this 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 enabies
a more 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 (Gilbert, et.al., 1980). Once the technology has passed the
economic and systems criteria, the research evaluation process is terminated
and suggestions can be made for extenséén {Figure 1). The farmers' goals are

undoubtedly more complex than maximizing profit; nevertheless, these simple
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economic criteria and the fit of the new technology inte the production
system move the evaluation closer to the farmers' goals than the conventional
yield maximization criterion. The new technology either passes the economic,
whole farm evaluation or is returned to the biclogical scientists
responsible for the design. 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, 1977-1980

in 1976 a series of potential new technologies were identified based upon
experiment station and regional trial results in two major crop programs of
CIAT. From 1977 to 1980 farm level experimentation with these technologies was
undertaken in 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 original
soil fertility and the crop rotatfon. With stratification of the farm trials
according to these factors sub-samples were identified, in which fertilization
had a significant effect on yields (Table 2). On twenty percent of the bean
producers in the Huila farm trials and in a1} 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, if the capital were available, profit maximizing bean
producers vould utilize much higher fertilization levels according to the
programming analysis (Stabile, 1979 and CIAT, 1380). There was a vield
response to cassava fertiltization on the poar soils of the Colombian coast;
however, fertilizer 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 {beanﬁ‘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 is
obvious. To produce beans in the lower fertility soils, as in 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 profitability of the substitution for land with

fertilizer will increase.
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TRBLE 2

EVALUATION OF NEW TECHNOLOGY IN THE COLOMBIAK FARM TRIALS OF THE BEAN AND CASSAVA PROGRAMS, 1377-1980

ON-FARM EVALUATION CRITERIA

-

-

Lrop . Significant . Fit into Farmers!
Program New Technologies tleld increase Profitable Production System Farmer Adoption
BEANS: Fertitization Sample stratified by in sub-sample Substantially increased
initial soit fertility capital reguirements
"Clean® or Improved Seed NGO - —
Improved Agronomy:
~Higher density Huila: Low rate of return Huila: Higher density,
~Chamical control of due 1o price collapse ot some spraying
- N YES . ¥Is
gissases and insects harvest.
Antloquis: High density fntioquia: Change of
makes cultural operastions chemical controls but no
mare di1fficult density intcrease
Pestrepo: High capital re Restrepo: Higher density
quirements as soil fertil- and spreving but still
ity is tha most limiting little fertilization
constraing
Inogutation ND - -
Hew Varieties For most varieties « RNQ
Far one variety ~ YES Price discount makes it -
unprofitable compared with
farrers' varieties. Yaste
requiremants are fairly
rigid for color and ssed
size
CASSAVA:  Fertilizetion Sometimes NO -
lmproved Agrenomy:
“Higher density Highly profitable; small Large management require- A
~Stake treatment YES cash outlay ments
~Weed control
New varfeties YES No dus to a substantial -
price discount. Impare

tarnce of starch content
and starch maintenance
with a longer time in
the greund as breeding
criteria

£l

*
PO
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'"Clean seed' was reported to increase yields on the experiment station by
85% and to be a major factor in a regional trial on 8% hectares In Guatemala
where bean yields were increased from 515 to 1,545 kg/ha {CIAT, 1975, pp.124
and 151}. UCIAT has ciearly demonstrated the major yield increases possible
simply 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 expe{iment station and regional results.
in the Colombian farm trials four different types of improved seed were tested
in two regions over two years on approximately fifty farms. There is still
some discussion among CIAT pathologists on the exact definition of "clean
seed'’; however, two of the seed sources for the farm trials were produced with
irrigation, intensive roguing of sick plants, and high levels of management
and chemical protection. |In general, there was no yield effect on the farms
from these investments to improve seed quality. Farmers evidentally were
effective in selecting their seed and improved seed quality at feasible levels
of disease management and cleaning of seed for Latin American conditions did
not appear to be an adequate substitute for disease resistant bean varieties.
The Yclean seed' case is the clearest example to date of the danger of making
recommendat ions before unde%taking farm trials.

§mp;oved agroncemy practices of both beans and cassava, including higher
density and better disease and insect control with either spraying in beans
or stake treatment in cassava, gave significant yield increases in the farm
trials and were highly profitable in the budgeting analysis. In the whole farm
context the return on capital from the improved bean agronomy was very low,
only 11 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 (9 percent {Yable 3}. Capital requirements
were increased by over three times and the farmer has to wait another four
ronths to sell his beans. Nevertheless, the improved agronomy technologies in
beans successfully passed the three evaluation criteria and are presently
being adopted by farmers in all three regions with modifications (Table 2}.
With a very small cash outlay the improved agronomy cassava technology increased
income by 65% im the budgeting calculation; however, management requirements

are substantial and no farmer adoption has been observed as yet (Sanders and
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Table 3. Incomes, Credit Requirements and Returns to Capital from Various -

Hew Technologles on Small Farms, Southern Huila, 1979.

Introduction of High Technology Caturra

Introduct ion of plus Various Besan Technologics

Typical Farm

(2.5 ha) giigzcgzgagy Fonoculture Beans  MBIA MB1A

N ee ~Improved Agronomy plus 50% plus 1002

{(MB1A} Storage storage

Farm Income (Pesos) 76,796 : 106,881 118,319 134,519 155,219

Income Increase (%) - 39 1 : 14 15

Capital Borrowing {Pesos) 9,333 18,593 ‘ 26,532 30,000 30,000
Return on an Additional

Unit of Capital - 0.11 .11 0.33 0.69

Sources: The typical farm estimate is synthesized from farm data collected in Huila, Colombia in 1979. The
impacts of new technology are the profit maximizing linear programming results from the model farm
with new technologies introduced sequentially.

See Arcia and Sanders, 1980, and CIAT, 1981,

51
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Lynam, 1980a, pp. 7 and 8).

In regional trials excellent responses to inoculation with Rhizobium for
nitrogen in beans fixation have been obtained. (CIAT, 1978, p.B-41 and Table
k). With the same variety and altitude as in the regional trials farm trials
wer carried out over two years on 30 farms. The inoculated treatment gave
lower yields and lower net income than the treatment with nitrogen in spite
of the lower fertilizer costs of the inoculated treatment (Table &). On the
farms there were heavy infestations of one root rot {fusarium) not encountered
in the regional trials. Thus, the farm trials identified for the bszan micro-
biologist the need for a fungicide effective against fusarium and compatible
with the Rhizobium.

The principal product of most international centers is new varieties,
which are usually combined with improved agronomy {Evans, 1980, p.396).. In
1976 varietal evaluation was more advanced in the cassava than in the bean
program. Several new varieties more than tripled farmers' mean yields
{CIAT, 1878, p.C~bk). 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 vield advantage was much smaller
over the traditional variety with improved agronomy, only 27%. Unfortunately,
the lower starch content of the new varieties resulted in a 40 to 60% price
discount since the new varieties could only ke 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 starch content of the farmers' variety was more stable over time and
under stress than the new varieties. Cassava spoils rapidly after the harvest
and small cassava producers often 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 its maintenance over time
beyond maturity were both indicated as important selection characteristics

for cassava breeders.

In the evaluation of bean varieties the results were similar though the
differences were not as dramatic as in cassava, in regional trials 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 sclections in 1979 and 1980 (Table 4). In the regional
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Table 4. Reglonal yield trials, farm grials, prives and net incomes from
inocculation with Rhizobium and from different variaties,

ta Selva and E] Carmen, Antioguia, 1979 and 1980

ﬂggiaaai' Farm trials
trial
yields ¥Yieids Ket income
{kg/hal {Col S$/ha)
Im}culationa, 197%
Yields of the check with nitrogen 3,386 1,999 87,121
Average yields of the three best .
Rhizobium strains 3,584
Average vields of the inpculated
treatments at two densities 1,649 £3,827
Yarietal effect, 1979
Farmers' varlety {Cargamanto} 1,154 2,183 iﬁ?,S?}b
6-5653 (Ecuadar 299) 1,635 1,706 6,901°
f53.1?1ld
(65,770}
6-2333 1,947 1,05 9,579%,
(22’6?3)6
(30,270)
Yarietal effect, 1980%
Farmers' varfety {Cargamante)} 1,159 2,287 33.€¥3f
E 1056 2,307 1,947 20,5858
{29,358}h
6 4727 1,753 2,007 16,6177
(25,390)P

a. The selection from the land race, Cargamanto, was utilized ia the inccu-
lation comparison. Regional trial vields were with artificisl support
and higher ipputs than the farm trials., All input levels except inotu-
lation were ideniical in the farm trials. On the check with nitrogen
both chemical fertilizer and chicken manure were emploved. In the
inccuiatled treatments Pz 0s and K30 were employed at the seme levels as
in the combined chemlcal and crganic fertilizers.

b, The price received by Farmers for Cargamanto was 75 pesos/kg. Farmors
estimated that the two small red varieties, G-5653 and G-2333, would
receive approximately 30 pesos/kg on their local markets. Income
calculations were also made at only a smaeil price discount for these
new varietios., See fooinote ¢.

c. Net Income was reestimated with 2 minimal price discount from the 75
Col, 57kg of Cargamanto to 60 posos/ky.

d. The to3ts of the new varieties weve reestimated with the assumption
that no sprayings were necessary. The price of 60 {ol $/ha was
retained.

¢, These ave the same regional variety triats reported for 1979 in Roman,
et.al.

F. The mcan price received by farmers for Cargamanto was 45 pesos/kg,

g. Farmers estimated that these larger grain size selections would
receive 40 pesos/kg {£ 1058) and 35 pesosfka (g k7773,

h, The cosis for the produstion of the selections wore reostimated without
the costs of chemical protection against discases and insects.

Sources:

The regional trial observations were taken from Albertco Romin, st.al.,
1980, pp.25 and 50 and (AT, 1981,
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trials no chemical control of disease was employed and the farmers' variety is
especially susceptible tc‘anthracncse. Farmers, h@gever, utilize high levels
of fungicide so the farm trials included this Input, The price discount for
the new bean selections as compared with the farmers' variety was substantialty
reduced from 1979 to 1980 (see the footnotes to Table 4) as the ¢)imbing bean
breeder began selecting larger mottled seeds closer to those of the farmers!'
variety. In 1880 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). Net
income comparisons of the farmers' variety and the selections indicated sub-
stantial improvement over time in the selections. The bean farm trials
indicated to the breeders 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 new bean and cassava technologies
{Sanders and Lynam, 1980b, p.12}.

In one site a new variety without commercial potential in Colombia but
with multiple resistances was utilized to test the discase resistance emphasis
of thé bean program. This 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 from Web Blight. Obtaining resistance
to this disease would have increased yields by a mean value of 1.6 t/ha in
this region and semester {CIAT, 1981},

any the improved agronomy combination successfully passed all three
criteria and is being accepted by farmers {Table 2}. This diffusion onto
Colombian farms in three regions is one validation of the screening criteria
utilized ro evaluate the farm trials. Farmers undoubtedly have other ‘
objectives besides profit maximization constrained by their resource
availabitilies and other cpportunities; 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

identifying applied research problems and other design requirements of new
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technology for breeders and other scientists.

CONCLUS | ON

Most of the experiment station output of the first five years of the two
crop research programs did not pass the tests for farm level suitability.
This should not be surprizing with those familiar with 'the long lag time
necessary to first identify the constraints to yield increase and then to build
new varieties and associated agronomic improvements to overcome these con-
straints (Sanders and Lynam, 1580b}. The dramatic differences between the
performance of new technology at the different levels of the research process
make obvious the importance of designing, implementing, and evaluating farm
level performance of new technology. The cases of '"¢clean' or improved seed,
inoculation, and new selections of cassava all clearly illustrate the dangers
of making policy recommendations before systematic evaluation at the farm.
Not only is yield perfarmance of new technology often very different at the
farm than in the regional trial but also the farm is the appropriate level of
the research process to do economic analysis and to respond to the systems
questibns about the fit of the new technology into the whole farm context.

.

In the enthusiasm for farm surveying and experimentation there has been
2 recent overemphasis of the yield increasing potential of farm level adjust-
ments to new technology {(Gilbert, et.al., 1980, Horman, 1978, 1980}. At the
farm fine tuning of new technology can be done by improving management and
adapting for environmental differences (Zandstra, 1979, pp. 138-143).
However, the yield gains from fine tuning are expected to be small compared
with those of the principal products of experiment stations, new varieties
with improved agroncmy. Farm ifesting is appropriate for the feedback to
researchers on new technolegy and to specify further research requirements.
Farm testing can also link farmers into the research design process énd serve
as a final check on the economic viability of new technology. However, farm
testing begins with the experiment station ocutput and therefore has to be
well linked to this primary research unit (Byeriee, et.al., 1979, p.3;
Zandstra, 1979, p.143; Biggs, 1980, p.135).
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