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1. Introduction

No single set of guidelines can apply to all trials
‘used in farming systems research, for the simple reason.
that within farming systems research the use of field
trials'may have many different kinds of objectives.

Cne distinction that should be clear in the recsearchers!
mind is that that the objective of a tiial can be to
quantify an input or output or that the_opjective'of the
trial can be to observe the variation in an input or out-
put and identify its source. Designed or structured .
trials exists principally to do the quantifying inputs
and outputs, but in farming Systems research, the study'
of uncontrolled variation may be exceedingly important.

The farming systems researcher should be careful
to detect conflict between the goal of quantification of’
responses of treatments within the experiment, and the
goal of observation of variation resulting from factors
which are not included as treztwents. The desipns which
are suitable for one objective are not always suitable
for the other. For the goal of quantification, the |
standard .- rules of experimental design apply. Designing
experiments in order to clearify sources of variation is
more an art than a science. Though there are rormal tools
for this Jjob, such as regression analysis and analysis of
covariance, the evidence provided by these tools always
lacks the power of proof of the results cf a designed
trial wnere the factor in gquestion is been deliberatEy
controlled,

The author is indebted to the CIMYT Ecornonmics
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progrcu (Perrin., et al., 1976) for the bzsic division of
field trials into 3 classes, and for pointing out the
correspondence between these classes of tricls and the
econcuic nethodologies used to evaluate ther,

The objectives of this report cre linited tc the
presentation of observations about trials in feriing
systens rescarch. No atteupts will be nade to synthesis
the principles of experiientzl design,

2. Tricls Used to Choose Ancng Production Techniques

2,1 = The Objectives of Tricls for Technique Choice

When one describes the physical werld, one tends to
use two different uiodes of description. The two nodes are
classification and quantification. Classificcticen is
associated witn qualitative differences cnong the obJjects
or operations being described, while quentification is
associcted with differences which can be oxpressed on a
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The nature of some factors of prodvction are such
that tiey cannot be easil divided. On such ex tample is
the choice of the crop. One species is qualitatively
dlfferent from another species. rhere is no. gradual
transition from one crop species to another in most cases.
Such qualitative choices must be analysed using factor
choice trials. Choice of chemicals, varieties, etc, are
commonly of this nature,

Many productlon choices concern quantldble decisions
how much fertilizer, how much seed, how much ins secticide,
etc. These decisions can be made using application rate
'experlments. Cases exist where the distlnctlon between
the two kinds of variable become unclear. Ifost such cases
concern variable inputs or outputs which come in indivi-
sible units. Take the number of weedings a Crop receives.,
As & rule one says that a crop can be weeded once, twice,-
etc. but that it can not be weeded 1.763 times. Fractions
are not permited. If the size of units is small compared
to the total range of variation one would probably treat
the variable as a'quantitative variable, If.the units are
large compared to the ranse, one would treat the’ variable
as a qualitative variable and make thne deécision on the
basis of the results of a factor choice experiment,

Irials used to choose amcung Technigues or Factors
of production arv “generally factorial designs intended
to assess major effects and interactions of critical
limiting factors. Two levels of inputs are generally used :
the current farwer-practice level and a 51"n1flcantly v
higher level” (CIM:YT, 1979). This assumes that the factor
is quantifiable. If the factor is not quantifiable it is
by cdefinition either present or absent. In this case, the
factor choice trial iz not 2 preparatory step for designing
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a factor level trial. It is the only type of researcher
managed trial possible. Cases where inputs are not _
quantifiable are either less importan or more infreQﬁent
than cases of quantifiable inputs.

2.2 Design of Trials for,FaQtor Choice

There are three aspects of trials design. Cne concerns
the placeuent of the replicates, that is site selection
the second concerns the choiée of the treatments to be
included in each replicate, and the third concerns the
plot sizes, number of replicates, etc.

2.2.1 - Site Selection for Factor Choice ‘trials -
Inference Space

The physical problem of clte selection is much the
same for',all three kinds of on farmer's fi: :1d trials,
For all three kinds of trials one must be conscious of
the environmental specificity of the treatments to be
included when making decisions on the distribuiion of
. replications in space.

The division of a geographic area into ones for
grouping field trials can be carried out in similar to
the division of a geographic area for reconnaisuance of
extensive surveys, but with more importance placed on
paysical and soil charact.ristics. Stratification within
the zonc is done on tne basis of soil characteristics,

The criteria for choice of tae farmers with which
to place trials designed for the choice of techiniques
does differ somewhat from the criteria for choice of
farmers for verification trials.
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Site selection and site grouping is more important
for technique or factor choice trials and factor level
trials, because one wishes to be able to identify clearly
the inference spdce to which the quantitative results
apply. For verification trials in the case where the
objective is to identify sources of varistion, site
selection and site grouplng may be less important. In
‘this case, the grouping of sites comes as an output of
the a@nalysis rather than an assumption on inference at
the time the experiment is installed.

Technique or Factor choice trials frequently have
sevelral treatments, and therefore, they mﬁst be managed
by the researcher. Thus a succesful trial requires a farmer
with whom the researcher can cooperate. This may mean
that the sociological or economic characteristics of these
farmers would not be represgnfative, but this 1s not a
great obstacle because the factor choice trial is oriented
more toward accurately representing the physical environment
than toward representing the soclological environment
within which the technijue must preform.

2,2.2 - Choice of Factols to be Included in ON-Farm
" Factor Choice Trials

The choice of ‘technique is made turough a synthesis
of knowledge about the practical problems of production,
with knowledge about. the potential techniques for solving
those problems, Partlcular attention must be paid to
Factors or Techniques which can be expected to have major
Interactions with each other. It is the desire to detect
and measure factor interactions and the limitation on
the number of treatments which one can put in a field,
which frequently lead to the use of two-lev:l fectorial
designs tfor tnese experiments. The low level corresponds
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to the farwmers! practice and the high level corresponds
to something considerably better.

2.2.3 -~ The Structure of the Factor Selection Trial

As a rule, the most valuable replication is over
different fields, different years, and different locations.
Replication within a field usually does not represent a
good allocation of resources for .féfming systems field
trials.

Even with researcher management. thore is a limit to
the number of different treatments which can be handled
in a farwers field. For 'variety trials the number of
possible treatments is greater because the cultural ma-
nagement of the trial is unifoﬁﬁy The experience of the
FSU indicates that 12 agronomic technigques or 20 varieties
per trial are th: maximum practical limits and that less
than 64 agronomic techniques or less than 6, varietics
per trial are much to prefered.

Without knowing thz nature of thc data to .« collected,
there ig notaing general that one caun say about plot size.
Measuremeht of labor requirements for difierent op:..rations
generally rcquires larger plots, but the optimum size
depends on the operation., For light tasks such lfertilizer
application or spraying, tne right plot size m2y be
2000 square meters. For heavy work the Ful has found that
300-500 square meters plots work well. The rescarcher
should be aware that the optimum plot size for different
kinds of data will not be the same, and thus, he may be
well advised to use differcnt designs for daifferent
measuremnents. As an example, if one were trying to estimate
the return to an additional wueding it might be desirable
"to measure the labor'input in a trial with large plots
but weasure the yield increment in a differcnt trial with
small plots so as to make the yield comparisons more precise,
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2.2 - Evaluation znd Recommendations

Partial budget analysis is the methode economic
analysis normally associated with two-level factorials
and with factor choice trials. The most likely difficulties
with this analysis are first, the likelyhood that “he
factor is not being applied at the obtimum economic level,
and second, that the trial may not have been replicated
cnough to be trucly representative, In eddition. tecause
there may be sev.ral factors, one may have to be SPtlelLd
with secondary information and rough estimates of the
costs of the factors. w1th many factors the amount of
- time available to the ressarcher for aCQUlbltlon of
information on costs decreases. In this case the researcher
may have to be satisfied with rough cost,benefit rotios
as criteria for comparisons of tha uechnlquec ratacr than
partial budget wnalysis. '

At this st.ge subjective evaluation of factors and
techniques by the farwers is often a great help. Having
seen and partlclputud in the exXperiments, farmors will
have opinions, Some of their impressions may ve irrelevant
by-products of plot sizes and designs whichi seem odd te
the farmer, but some of their observations will help to
pcint out the practical problems of integratla the new
technelogy into the previous system, &nd help to point out
conceptual eroblems thet the farmers may have in under-
standiag why a technigue works. It is at this stege, that
the uxtension person should start thinking abeut the
terms he will use to describe to farmers how a new
technique works.



3. Irials to Determine Optimum Factor Application Rates

3.1 The Objectives of Application Rate Experiments

Experiments designed to determine application rates
or -levels of input usage, only determine the physical
yield responses to application of inputs. To determine
rates for recommendation one needs rather precise inform-
ation about the cost of the inputs and the value of crop.
For this reason rate experiments are valuable, not only
for new products, but for old ones as well. Man's production
environment is always changing. Important changes occure
when farmers who prcduced principally for their own
subsistance in past, begin to become part of a modern
coumercial economy, The quantities of treditiornazl resources
which these farmers have may not change substantially, but
their relative value in production may change rapidly when
the farmer gets access to new inputs and new product markets.
The value of rate experiments for recommendations on the
reallocation of old resources should be appreciated.

The objective of application rate experiment is to
determine optimum levels, but this is very much a function
of both the farmers economic environment and his own
resources. The design of rate experiments must take particular
care in specifying the inference spzce for the recommend-
ations and the underlying assumptions of the evaluation.

5.2 The Desi n of Trials to Determine Optimum 4pplication
Rates

3.2.17 The Problem of Interactions and Deciding whether or
not to Include fultiple Factors

Interactions the yield responses tc factors of production
with the yield responses of other varizbles, both control-
lable factors and variables that arise from the external
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environment, Irequently reduce the utility of rate experiment
data. Including extra factors makes the experiments un-
manageable in the field, particularly in the farmer's fleld
while failure to include them makes the results very
environmentally specific.

The design of multifactor rate experiments goes beyond
the scope of +this paper. The comparative advantages of the
different possible layouts : split plots, etc. are best
discussed for concret cases. One does well to consult a
statistician before plann;ng such experiments, but one
should rot encourage him to expend the list of factors.
Restricting the inference space by specifying the level
of external factors for which the results are vealid is
usually the best alternative, particularly when the trials
are to be carried out on farmers' fields.

3.2.2 Site Selection

As one is concerned with the quantification of yield
responses and possibly, with the quantification of labor
or time inputs, it is particularly important that these
experiments be well dispersed over their inference space.
Descriptionsof the individual sites are particularly
important. One may wish to group the trial deta by different
kKinds of sites or environuents. The criteria Ior site
selection for complex rate exXperiments, is much the same
as for the experiments aimed at identification of promising
technologies.

The criteria for site selection of simple farmer-
managed rate experiments may be much different. Here, one
usually has to pay close attention to the cnaracteristics
of the farwer. The need for precicion is frequently in
conflict with the need for representativeness. Richer and
more educated farmers may be able to follow instructions
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more precisely because of the additional resources which

they command. Frequently, they take the investigation more
seriously because they have the means to act if the technigue
appears profitable.-Their work habits and even their soils,
however, may not be at all representative. Such biases

should be recorded even though the researcher m=y not be

able to avoid them.

Farmer-managed rate experiments can be handled in a
manner similar to verification trials. The researcher may
not be able to tell the farmer what rate should be best
at this stage, as he should be able to do with a true
verification trial. Since the researcher would usually be
supplying the input, this uncertainly shouldn't annoy the
farmer. Trials involving different rates of labor input,
ie. frequent weecings, may meet with real resistance if
the levels are high enough or low enough to seem absurd .to
the farmer,

Irials in which timing is critical may be cdifficult or
impossible to carry out under farmer control. In a village,
they may even be difficult to carry out in researcher managed
trials because of the problems of getting from one field
to another of getting information about the state of the
fields and need for various operations. Trials vhere timing
is critical should be situated at a central location =ven
at the risk of being somewhat unrepresentative.

3.2.3 Choice of Factor Levels and Specifying the Fodel
for Analysis

If one can Justify the use of specific mocels for
quantification of yield responses, it may be possible to
greatly simplify rate experiments. For instance, one ﬁay
be able to assume a linear response and plateau. If yield
response to a particular plant nutrient can be assumed to

/
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rise in a lirear fashion until it reaches a maximum, then
one ornly would need only three treatments to specify the
curve. One would need a check and a low treatment, under .
the maximum, to establish the linear portion of the curve,
and one would need a high treatment well above the maximum
to ‘establish the level of the vield plateau. All points

on the linear sloping portion of the graph would have the
same per unit return for the input applied. Assuming that
the optimum application rate is not zero, a iaruer would
probably choose to operate at the point where the two lines
cross unless some external factor restricted his access

to the variable input.

Linearity is frequently a nelpful assumption, particularly

where the range of choice for a factor is limited, but

his assumption leads abandonning the rate experiment. In
the inland sahelian countries for instance, fertilizer
supply is often limited by external factors which preclude
farmers irom getting more than a few Kilograms of fertilizer
for each hectare of crop land. In this cese, a rate
experiment is not appropriate. The farmer is choecsing
between not applying fertilizer and applying all that he

can get. Thus, when one assunes linearily the experiment
becomes a factor choice experiment rather than a rate
experiment.

The most meaningful simplification of rate experiments
occures when one knows from previous work that a known
curved function of one or two prameters will describe the
response. In this case, one needs only the check and one
or two points to define the parameters. Knowledge of the
shape of the curve zllows one to maximize returns to the
input in a more meaningfuil fashion than for the case of
the linear increase and plateau model.
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3.2.4 Layout of Rate Trials

It has already been asserted that the design of rate
eXperiments can be difficult. In reality, the processes
of choosing the factors to included in the experiment,
choosing *the sites for the experiment; and choosing the
internal structure of the trial canno:t be seperated. If
one excludes factors from the list of treatments, the real
inference space may be reduced.at the same time that one
reduces the complexity of the trial layout. One should
always take a close look to make sure that first, the
trial tests what one wishes to test, and secoud that the
infer~nce is large enough to make the trial worth the
expenses incurred in coing it.

One is always tempted to use non-random Plot orders
in rate experiments. It is always pleasing to the human’
sense of symmetry to see yields gradually end uniformly
increasing from plot to plot, right to left, etc. The
temptation should be resisted. Rate trials are varticularly
sensitive to boarder effects, and only good rardomization
can keep the rate and boarder effects from being mixed. It
is impossible to separate out boarder effects irom non-
random layouts,

Rate experiments offer the greatest opportunity for
specific farmer recommendations, but are difficult to
design, execute, and analyse in such a fashion ‘that the
recommendations nave a broad applicability.

4, Verification Trials

Verification trials are widely replicated trials of
well tested techniques or packages of techniques, carried
out with the purpose of, not only measuring input and output
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parameters, but also with the purpose of observing how the
farmers other activities interact or couplete with the
technique or packages. They are farmer controlled. The

plots or fields must be large enough so that the farmer

can appreciate the difficulty_or easr of operations and

the relative expense of inputs, in comparison to his previous
methods.

Verificatior trials do not differ significantly from
demonstration plots in their design or execution. Calling
them verification trials merely emphasizes that there are
still some doubts as to how the techniques will fit into
the farmers's systems. At this stage, the farming systems
researcher should be reasonably sure that his technique
will be successful, but he may not know all the criteria
which will determine the degree of success, and he may not
know the factors which describe the environment within
which success will ocure.

By using lerge numbers of observations, the researcher
will be able to classify the responses and profits in terms
of the physical characteristics of the fields, management
factors exterior to the treatments, and past history of
the fields. He will be able to do this in a much nore
comprehensive fashion than he would be able to do in trials
to choose factors or in itrials o determine optimum factor
level.

The first goal of a verification trial is to describe
the nature of variation in net benefits from the use of a
particular technique. This is the most precise means of
determining both the average net benefit and the distribution
of the magnitudes of those benefits about the mean. One
can collect data on net benefits from surveys about farmers
practices. Survey data on net benefits are always biased
by the faruers choice of the fields to which he applies
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a particular technigue. Farmers will apply the techniques

¢o fields where they will have the highest returns,

Baseline yields cn these fields may be hizher or lower

than those of the rest of the fields and will not usually

be equal. Paired cr grouped observations of techunigues
plgced at random eliminetes this bias, and provides one

of the most important reasons for doing verification trials.

By virtue of the large plot size used in verification
trials, the plot to plot variafion represents field to
field variation. The variation in *he net benefits from
these plots thereforc comes much closar to the variation
the farmers would otserve cn their fields. Calculations
of tne veriztlons in net benofits from the results of small-
plot trizls -;ill usuzlly overcstimate the variation of net
benefits,

L.1 Objectives ¢f Verification Trials

Field to field variation in verification trials plays
a much different role than it does in the two oiher kinds
of trialr. Ia th: Zecteor choice and Tacror level trials,
every effort is man2 to limit variation ; by stratifying
environments, by using resozrcher raragemnent, and by
blocking of treatments. In <he verification trial the main
goal is to explain variation. In the former trials, the
goal is ©To be able to compare differences between treatments.
In the latter there is an effort to explain interaction of
treatments with environmental and/or management factors
which have nct been controlled in the experiment, and to
guantify variation in vields and benefits.

4,2 Desiga of Verirication Trials

The internal cesign of the verification trial which
cna is to place in a particular farmer's field, is of less

/
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importance than the internal design of factor choice and
factor level trials, because the emphasis in the verifi-
cation trial is on uncontrolled external factors.

4.,2.1 Site Selection for Verification Trials

Site and farmer selection should be based primarily
on representativeness within the confines of the ecological
Or economic nitch for which the one believes the technology
to be adapted. However, the bounderies of these nitches,
be they physical or economic, are unclear by definition,
since one of the goals of the verification trisals is to
show where the technique is adapted. Logically then, it is
impossible to define the inference space and therefore
impossible to draw a random sample from it. The farming
systems researcher should not be over concerned about this
dilemma. Establishing where and when technology is profitable
is an iterative process. The results of the analysis of or
verification trial can be fed back into the process of sitz
‘selection, grouping, and the internal design of other
verification trials. On the farmers side, his observations
about the trial on his field will start his own iterative
process of learning how the technique fits into his production
system, as that system changes. One hopes that either the
researchers' learning curve will be faster, or that he will
be able to learn from the farmer or group of farwers and
pass the iniormation on to others.

4.2.2 The Choice of Techniques for Verification Trials

It has been suggested that the factor choice and
factor level trials are preparatory steps for verification
trials. The researcher should not get the impression that
the process of selecting treatments for verification trials
should be rigid and formal. The world abounds with ideas,
and the processes by which one can go about choosing the
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good ones from the bad, are many and varied. The ability
to make good choices separates good farmers frca bad ones,
and separates ;,00d applied researchers from bac onres as
well. The formal step-by-step process starting from factor
choice trials and éoing through factor level trials pro-
bably should only be a last resort in a case of 2 radically
new technique. In the case of a technique in wnich one can
have resonably confidence without the other trials by all
means go ahead with verification trials, but be aware that
irregularities, in the form of unforseen interactions, may
arise, and that these irregularities may send one back to
researcher-managed trials,

4,2.3 The Internal Structure of Verification irials

tven for verification trials trea*ments ¢ould always
be blocked together to avoid heterogenious soil conditions.
If the techunique involves changes in labor use satterns.
for cereal production, plots of over 1 GGCO m2 &re necessary.
If an operation on a plot does not constitute = niajor
portion of a work day then one may miss conflicts with

.

other farm operations.

The need for large vlots makes blocking enri placement
difficult. Plots may include trees, termite nills, rock
outcroppings, etc. Plots can be separated by sncrt distances
to avoid irregularities. But inevitably the irrzgularities
will exist. If they cannot be aVoid, then one is obliged
to either accept them as background variation or analyse
them as external factors determining yield. Plots need not
to be of exactly the same shape cr size, if it is practical
to measure inguts and outputs on a per hectare basis.

4,2.4 Evaluation and Hecommendations from Verification
Trials

Frequency distributions of the magnitudes of net
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benefits from the use of a technique are the primery goal
of verification trials. They are a final Judgement of the
worth of the technigue to the farmers.

The regression analysis, analysis of covariance, and
informal observation are the methods most frequently used
to attempt to explain the various sources of variation.
The results of these analyses can point the way to factors
to be investigated in another round of experimentation
for the next step in production increase. They are of more
immediatly interest to the researcher than to the farmer.

5. Conclusion

Factor choice trials and factor level trials can be
designed using the conventional techniques of experimental
design, although some of the variables +to be measured may
be different from those usually measured in more conven-
tional agronomic trials. Labor inputs for various operations
are the most frequent example of an variable which would
be measured in farming systems trials. The internal structure
of trials designed to measure labor inputs will be different,
but the procedure for designing them is conventional.

Designing and interpreting verification trials is an
art. Frequently, one will modify the analysis after the
trial has been done. Identification of external sources of
variation is one of the principle goals. The researcher
will make hypothesis about the causes of variation in yields
and profits, but he cannot control these hypothetical
sources of variation, after the fact and he will +herefore
not be able to prove his assertions.



