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Preface

The roots of the technological revolution in
agriculture of the past century can be traced in the
history of scientific discovery and the development of
university research and training programs. Dramatic
improvements in production per hectare and per farm,
however, are a comparatively recent phenomenon, The first
major breakthroughs occurred in the biological sciences
with the development of hybrid maize in the 1930's,
followed by the expanding use of complete fertilizers and
improved weed and pest control technology following World
war II. Scientific knowledge in the basic and applied
agricultural sciences continues to advance at an
accelerating rate and is the basis for confidence that
food and fiber production can keep pace with growing world
demand.

It is clear that not all farm households and family
members have benefited equally from technological
procgress. Yields per hectare and per agricultural worker
vary greatly among the regions of the world, among
countries within regions, and among farms within each
country. As a result, average farm incomes and the
percentage of a nation's population engaged in ayriculture
also vary greatly among countries and regions. While the
overall pattern of differences can be explained with
reference to natural soil fertility, rainfall, product
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demand, availability of inputs,and educational levels,
these only partially explain the disappointing rate of
progress in improving the productivity and income level of
the smaller farms and those with relatively severe
resource limitations.

Examining the history of research and extension (R&E)
systems in the low- and middle-income countries of the
world reveals four distinct phases. The first phase,
which began prior to World War II, was marked by the
construction of a limited number of research stations,
either by public authorities or by international
corporations interested in improved technology for
commercial export crop production. Also, technical
training programs werc¢ started, often outside colleges and
universities. The focus of this first phase was on
scientific research and the exploration of new crop
production opportunities.

The second phase, dating from the postwar period, was
characterized by a focus on rapid industrial development
and by the rapid expansion of publicly supported community
development and extension education programs for farm
families and rural residents. The explicit assumption was
that a backlog of technology available for adoption
existed, so programs should focus on technoloyy transfer
and the motivation »f target groups to accept change.

When this technology transfer strategy did not give
the desired or expected adoption rates, a third phase was
initiated in the .ate 1950's, with renewed emphasis on
technolog. development and research institution building.
Research programs emphasized genetic improvement,
agronomic practices, and livestock management in an effort
to 1identify "packages of practices" appropriate for small
farms for which technology was not available. In this
phase, the international research centers came into
existence with their very strong, well-financed programs
of genetic improvement for major food crop species. At
the same time, cadres of scientists and agricultural
specialists from developing countries were trained,
leading to significant strengthening of their agro-biology
research systems.

This third phase of agricultural research and
extension system development is responsible for the marked
growth in food production which has taken place in the
past two decades. Total food production ir developing



countries has been increasing more rapidly than in
industrialized countries because of increased yields per
hectare oun some farms and because of a significant
expansion in land under cultivation. Still, with higher
population growth rates, the rate of increase in food
availability per capita in developing countries has been
less rapid than in developed countries. On the African
continent, where agricultural research systems are less
developed, per capita food availability has been
declining.

Throughout this period, evidence began to accumulate
that the supply of unused arable land was rapidly being
exhausted and that existing research and technology
transfer systems were still not meeting the needs of a
majority of farm families who could be characterized as
being on small-scale, limited-resource holdings. If
adequate food and fiber production targets are to be met
in the future, a new approach to applied research,
technology development, and dissemination has to be
implemented to generate the kinds of new technology
acceptable to these limited-resource Farmers.

Research and extension programs are now entering a
fourth, client-participatory phase. The term "farming
systems" was applied in the 1970's to several different
activities that had common threads and similar purpose,
but used different methods to pursue their gonals. The
common threads were:

1. A concern with small-scale, limited-resource
family farmers who were reaping a disproportionately small
share of the benefits of organized research, extension, and
other developmental activities.

2. Recognition that a firsthard and thorough
understanding of the farmers' situation is ecritical in
increasing their productivity and nelping to improve their
welfare.

3. The use of scientists and technicians from more
than one discipline as a means of understandingy the farm
as an entire system, rather than isolating components
within the system.

Farming systems research and extension (FSR/E) is an
approach to technology generation, evaluation, and
delivery. It is applied, farmer-oriented, agro-biological
research, supported by the socioceconomic sciences in a
team effort chat includes extension responsibilities. The
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principal product is technology. The primary clients are
farmers. Since FSR/E concerns technology generation,
evaluation, and delivery, there are more agrobiological
than socioeconomic scientists involved, and methodology
emphasizes on-farm biological research as an integrated
and critical portion of a sequence of activities.

In that context, this book addresses an important
problem in agricultural technology innovation, namely that
of technology development methodology. The problem is not
new; it had been recognized explicitly before the rise in
popularity of so-called farming systems rescarch.

Traditionally, agricultural personnel have seldom
made the important distinction between science and
technology and between research and development.
Counterparts in industry, with their well-known R and D
designation, have lony recognized the distinction. It is
time that agricultural personnel did, and this book takes
a step in that direction.

Technology is a synthesis, and technology development
is synthesizing. Technology combines knowledge and other
pieces of information into "something that works."
Technology can be embodied in a machine, in a chemical
product, in a seed, or in a cultural practice. Technology
can Dbe biological (seed), mechanical (machine), chemical
(fertilizer), economic (policy), or intellectual
(practice). A technoloyy, to be wuseful, must serve
without control over the other variables, and the wider
the range of environments in which it can serve, the more
valuable it is.

Agricultural technology is wused in production
systems. Thus, it must be tested in production systems,
it must be adapted to production systems, and it must be
integrated into these systems. An agricultural experiment
station is not a production system. This simple truism
has given rise to such terms as "farming systems research"”
and "on-farm research."

In the training of ayricultural personnel, research
methodology has always heavily emphasized science and a
degree of control possible only in the laboratory or on
the experiment station. The value of this activity and of
science is not being chellenged in this book. Most
breakthroughs in agriculture have come from science, and
the term "science-based" agriculture is an accurate one.
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However, science and new knowledge is not enough,
The new knowledge must be worked into a technology that in
turn can be worked into a production system. Note the
time span between discovery of the principles of
hybridization ana the use of hybrid maize in production.
Note also all that had to happen in this period.

This book faces the technology issue squarely. It
recognizes that farmers use technology, not science, even
thcugh the technoloqy is science-based. It recognizes
that most agricultural workers serving the technological
needs of farmers deal more with technclogy than with
science. It faces the need for an authentic methodology
of technology development, to be used by those working in
innovation without the luxury of laboratory and experiment
station control. Technologists need their own technology.
It is not enough to make do with the traditional research
methodology, even with improvisations and ad  hoc
adaptations.

This book is an early step toward a methodology of
technology development. It will be unfortunate, indeed,
if it is the last word.

It is the on-farm biological research sequence that
is the focus of this volume; its objective is to provide a
practical guide to the design and analysis of on-farm
agronomic experiments or field trials. Although FSR/E
involves livestock components, as well as family and
household components, this volume concentrates on the

design and analysis of the agronomic components. The
subject matter is organized following a logical sequence
of the wvarious types of on-farm trials: exploratory,

site-specific, regional, and farmer-managed.

The book developed from a workshop on the design and
analysis of on-farm trials 1in San Jose, Costa Rica,
September 5-10, 1982, A number of experienced
professionals participated in this workshop and an early

version of the book was drafted. Original optimistic
plans called for rapid editing of the draft and early
publication. Subsequent revisions by the autnors, an

extensive search for empirical examples, and contributions
by a number of other people eventually resulted 1in the
present version.

Deciding what to include or add was a formidable
task. The boox reflects experience gained in the Farming
Systems Support Project and has benefited from lessons

Xiii



learned in training courses offered through the FSSP in

North and South America, the Caribbean, and Africa. In

its present foim, the book does three things:

1) It presents the role and vhilosophy of on-farm research
in FSR/E activities and describes a logical sequence
for technology development.

2) It presents the most -used statistical procedures in
simple, easy-to-follow steps. This is a service for
technicians who are often isolated and would like to or
must analyze their own data.

3) It presents new ideas and methods for analyzing
agronomic data obtained without the effect of usual
experiment station controlled conditions.

In an undertaking of this magnitude, many people are
involved. Sponsors of the workshop were the Office of
International Cooperation and Developuwent (0ICD), United
States Department of Agricultuce (USDA), who funded it;
the University of Florida (International Programs and the
Food and Resource Economics Department), who arranged it;
and the Interamerican Institute for Cooperation in
Agriculture (IICA), who hosted it. The facilities at IICA
and the hospitality of its staff were greatly appreciated
by the participants, who put forth an unusual effort
themselves trying to draft a book in one week. The
authors wish especially to acknowledge the efforts of the
participants in San Jose, and those among them  who
reviewed the final draft and made useful suggestions.

Special recognition is made to the Instituto de
Ciencia y Tecnologia Agr{colas (ICTA) of Guatemala for
permission (o use their data and to Juan Manuel Herrera,
who, with the collaboration of former ICTA scientist Rene
Velasquez, searched for and adapted many of the examples.
Ramiro Ortiz, former Technical Director of ICTA, was
especially helpful in making many suggestions regarding
the statistical analyses and provided a great deal of help
in editing several versions. Recognition is also due to
CIMMYT, 1IRRI, and CATIE for the data furnished by themn.
Finally, particular gratitude is expressed to Jeannette
Romero for her patience, understanding, and efficiency in
preparing many drafts and the final version of the
manuscript.
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AGRIDEC, Guatemala
AGRIDEC, USA
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Central Bank of Ceylon,

Sri Lauka
CONACYT, Ecuador
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IDRC(CIID), Colombia
IICA, Peru
IICA, Costa Rica

INTA, Argentina

Lynne Rienner Publishers, USA

North Carolina State
University, USA
0ICD/USDA, USA

University of Florida, USA

Ramiro Ortiz
Federico Poey
Julio Henao M.
Raul Moreno
Luis Navarro
Anila Wijesinha

Franklin Arboleda
Juan M. Herrera
Nicolas Mateo

current

Antonio M. Pinchinat

Rufo Bazan

Victor Quiroga
Jorge Soria

Karel Vohnout
Quentin M. West
Guillermo Jnandet
Lynne Rienner
Larry A. Nelson

Donald Ferguson

Peter E. Hild=brand

Robert K. Waugh

Others who reviewed a final draft and made

suggestions were Louise Fresco, Wageningen

useful

Agricultural

University, The Netherlands; Tom Stillwell, Michigan State
University; and Steve Kearl, Ken McDermott, Chris Andrew,
and others of the Farming Systems Support Project at the

University of Florida.
contributions. The

responsibility for

We gratefully acknowledge
authors, of course, accept all
any errors of omission or comission

their

that may still exist, as well as for the final content of

the book,

Peter E. Hildebrand
Federico Poey
Gainesville, Florida
October 1984
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Collaborating Farmers

Collaborating farmers are thinking human
beings. They know the characteristics of their
land better than the technician; they have worked
it for many years. They are proud, have
self-esteem. They are pragmatic: i{f they invest
in their land they expect tangible results, so
much the better if obtained in the short-run.

They keep using "wrong" practices which they
believe in although it may be difficult to
determine the source of their beliefs. They do
not like to waste time. They are appreciative and
hospitable. They are sure to obtain better
results than the researchevs if both use limited
resources. They perform various activities in the
cropping cycle according to the phases of the
moon., To be polite, they may indicate
understanding what they have not understood. Thev
are interested, more than anything else, in their
current crop or crops. They want to show us how
much they know, and th2y know a lot. They like to
ride in cars. They don't bother talking about
things that do not relate to agriculture. Their
income and education are low.

For these and other reasons:

1. Let's try not to make mistakes either
in or beyond their presence.

We must not lie to them.

Let us be punctual.

Let us respect their point of view.

. Let us not take advantage of their
oversights or lack of knowledge.

€. Let us talk less and work more.

7. Let us make them purticipants in our
activities and help them understand
what we are doing,

8. We should repeat what they have not
understood until they really do.

9. Let us treat them as friends.

10. They have a great deal to teach., Let us
learn from them.

Ul W N
.

Lee Roy Gillespie
Translated and adapted
from Noticta

November 1978
ICTA, Guatemala
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The Role of On-Farm Research
in Technology Development

The client-participatory approach to the
generation, evaluation, and dissemination of technology
developed 1in recent vyears involves a sequence of

activities in which the clients (in this case, usually
small-scale, limited-resource family farmers) are involved
in most of the steps. This sequential procedure, known as

Farming Systems Research and Extension- (FSR/E), is
flexible and adaptable to different conditions encountered
in the field and in the institutions involved. It is

iterative in the sense that new information 1is used
immediately and is also fed back into the sequence to
improve earlier stages being repeated in another cycle.

Initial activitijes involve a characterization of the
farming systems in an area, through discussions with the
farmers themselves and through the tentative partitioning
of the systems into homogeneous groups, or recommendation
domains, which become the basis for making specific
technology recommendations. A major portion of the
biological research conducted in an area to help solve
problems encountered there is carried out on farms with
the participation of the farmers. Eventually the farmers
are asked to manage simple trials themselves in order to
assess the acceptability of the technology when it is
completely under their control.



DESCRIPTION OF FARMING SYSTEMS RESEARCH AND
EXTENSION (FSR/E)

Although FSR/E is flexible enough to adjust to the
agricultural and institutional conditions existent in
different countries and cultural settings, it will usually
involve a sequence of steps similar to the following
within a previously determined geographiczl or political
region.

1. Initial characterization and analysis of existing
farming systems through close consultation with
farmers
a. First estimation of problems and constraints
b. Tentative partitioning into homogeneous farming

systems, or recommendation domains

2. Planning and design of first-phase work
a. Biological research
b. Continuing ayro-socioeconomic characterization

3. Selection, generation,and evaluation of technologies
a. Commodity and discipline reseavch on experiment
stations and laboratories
b. Researcher-managed on-farm trials with farmer
participation

(i) Exploratory trials

(ii) Site-specific trials

(iii) Regional trials

c. Farmer-managed trials

(i) Individual evaluation of acceptability by the
farmers themselves

(ii) Refined partitioning of recommendation domains

by r:searchers
(iii) Initiation of technology transfer activities

4. Collection and analysis of data
a. Agro-technical data from on-farm and on-station
trials
b. Economic records of farm enterprises from farmers
Cc. Additional agro-sucio-cultural and political
information from farmers and other area
residents



5. Frequently programmed multidisciplinary

re-evaluation of research activities and

information to do the following:

a. Redefine partitioning of recommendation domains

b. Make recommencations of acceptable technology for
dissemination into specified recommendation
domains

€. Introduce feedback into the sequential process

d. Serve as a basis for planning future work

6. Promotion of acceptable technology throughout
appropriate recommendation domain (s)

In many ways, this sequence parallels what farmers have
always done. Farmers manage a complex set of biological
processes which transform the resources at their disposal
into useful products, either for home consumption or for
sale or trade. The choice of crop and livestock
enterprises and the methods and timing of cultivation,
husbandry, and harvesting are determined not only by
physical and biological constraints, but also by economic
and sociopolitical factors which make up the larger milieu
within which the farmers operate. Conceptually, there are
many sets of choices and outcomes which would have direct
consequences on the welfare of farm families.

Within this complex milieu, through a process of
trial and error and over a number of seasons or
generations, farmers move toward appropriate technologies
and allocations of resources, given their specific
objectives. While the choices available to each Ffarmer
are different, those with similar sets of resources and
constraints tend to make similar choices as to crops,
livestock, and management practices. Those who have
responded in similar ways can be grouped together into
homogeneous farming systems. The current technology they
are using, which has evolved over a long period of time,
will be similar within these similar groups.

FSR/E brings scientific method and additional

expertise to bear on this process of problem
identification and technology dgeneration. Teams of
scientists from different disciplines, working with

farmers, can speed up the process and make it more
efficient in responding to a rapidly changing world. The
on-farm trials (3b and 3c, above), represent a sequence



desiganed to assure the advantages and acceptability of new
technology by the collaborating farmers. Materials and
methods that move through this evaluation phase come from
exper.ment stations and other sources. Depending upon the
nature of the technology being evaluated, it is  usually
possible to initiate on-farm activities with site-specific
or regional trials.

On-farm research is not a substitute for experiment
station research--it 1is a means of providing much wider
exposure to station results, both with respect to
environment and to potential users. It is also a means of
conveying to station resecarchers any problems that require

experiment station facilities for solution, That 1is,
on-farm research provides an opportunity for station
researchers to exposec their results to a much wider range
of environmental conditions. On-farm rescarch also

provides an opportunity for more and smoother interaction
between extension personnel and the research procedure.

In moving through the sequence from experiment
station results to extension and farm production, the
complexity of the trials (number  of  treatments and
replications) at each location diminishes as plot size and
number of locations increase. In this sequence, the
extent of farmer management of the trials increases, and
the need for researcher management decreases (making
possible the larger number of locations). Concomitantly,
the capability and need to control sources of variation
decreases, while the need and possibility of measuring the
sources of wvariation increases. As the above changes
occur, biological precision and discrimination among

variables decreases, while the ability to test
socioeconomic interactions under farmers' conditions
increases. All of the above changes increase the number

of farmers involved in formalized research and increase
the direct investment farmers make in that research.
Finally, as the number of farmers increases, the potential
interaction of extension with rescarch is enhanced.



PURPOSES OF ON-FARM RESEARCH

On-farm research in this context can become a focal

point for developing a technological system to serve
farmers, opening up several new possibilities for
improving the effectiveness of research:

1.

2.

On-farm research can serve as a linkage for ongning
research and extension and the improvement of both.

It can make component research more purposeful. It
serves as a basis for evaluating the output from
discipline and commodity research, because it can
function to integrate the results from that research.
It can serve as a basis for the orientation of
component, commodity, and discipline research and the
selection of priorities.

It can make research more comprehensible, and
therefore more attractive to decision makers.

It can furnish information and introduce checks and
balances (evaluations) that can improve research and
extension management.

It can be a hands-on experience to improve the
effectiveness and the image of research and extension
workers, typically viewed by farmers as inhabitants of
ivory towers who do not understand the reality of
farming,

It can add to biological research, making it more
effective by evaluating responses when the
non-experimental variables, including management, are
allowed to fluctu>te within the farmers' normal
conditions of production. The conventional research
system gives an estimate of what would happen if
farmers were to control variables as the researcher

does. It does not, however, furnish an estimate of
results if farmers were to actually wuse the new
technology. Both estimates are important, but without

on-farm research, the latter is missing.

The entire sequence can be considered as a learning
process for researchers, 2xtension personnel and
farmers, It helps to refine both technology and the
definition of the recommendation domain(s) for which
specific technology is appropriate,



TYPES OF ON-FARM TRIALS

Types and numbers of trials are planned for each
recommendation domain previously identi.ied by an initial
characterization of a region. The nature of the problems,
the availability of personnel, and budget considerations
all influence +this allocation. Except for exploratory
trials, which «can be wused at any time to learn about
unknown situations, the other on-farm trials are
sequential, with specific purposes at each stage.

Exploratory Trials

Exploratory trials are used when little is known
about an area or about possible effects in an area of a
specific type of technology. They can be considered as
complementary to, o part of, characterization and usually
precede site-specific or regicral trials. These trials
normally provide more qualitative than quantitative
information about several factors. Frequently, two levels
of each factor are included and few replications are used.
The most common designs are the 20 factorial and plus or
minus trials, Exploratory trials can sometimes be
superimposed on farmers' fields without the necessity of
special preparation of the experimental area.

Site-Specific Trials

These are similar in design to on-station trials, but
usually fewer treatments are involved. Perhaps as many as
20 to 25 treatments can be included, although this is not
recommended unless a more complex type of design (e.qg.,
lattice or Latin square) is used to keep the experimental
error at an acceptable level. DBecause of the requirement
for intensive researcher management, few of thesc trials
are normally conducted. The most common design is
randomized complete blocks witn four replications.
Analysis of variance (ANOVA) can include site as a source
of variation, and combined analyses wan be performed.



Regional Trials

Regional trials are amenable to agronomic and
agro-socioeconomic aralysis. They are designed to expose
the best treatments from site-specific trials to a much
wider range of environments within a recommendation
domain. Perhaps six of the best treatments are included,
and five to ten sites can be utilized. A  recommended
design is randomized complete blocks with two to four
replications per site. ANOVA, regression, or modified
stability analysis (see Chapter VII) can be utilized.
Combined analysis with site as a source of variation can
be used in ANOVA,

Farmer-Managed Trials

These trials provide the opportunity for the farmers
themselves to manage and evaluate the one or two most
promising treatments from regional trials. FLarge plots
with no replications are used. The purpose is for the
farmers to be able to compare the treatments with their
own practices, so one plot with these practices can be
included in the design. 1In practice, this check plot
serves the researchers more than the farmers, because the
farmers will be able to evaluate results based on their
own fields. 1f researchers wish to measure results of the

farmers' own practices, they can also sample from the
farmers' fields. However, aqgronomic and economic records
of the farmers' practices must be kept to provide the

necessary information. It is desirable to have at least
30 farmers in these trials in a recommendation domain.
Larger numbers improve the precision of the conclusion,
but smaller numbers can still provide useful information.

The remainder of this book deals with considerations
related to on-farm trials; the Jdifferent kinds of on-farm
trials are discussed in separate chapters. Stressed
throughout is the concept that each kind of trial is part
of a sequence through which technology passes as it is
being designed, evaluated, and dicsseminated. None of the
steps in this sequence is sufficient in and of itself, and
all, taken together, depend on other on-farm research not
covered in the book. Some of these are preliminary or



special surveys, farm production records, and other formal

and informal contacts with the farmers and other residents
in the area.
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General Considerations
Relatea to On-Farm Trials

Management practices and field conditicns on most
farms differ from those found on experiment stations.
These differences need to be considered in any strategy to
obtain meaningful experimental duta from on-farm trials.
On~-farm tr.als are not meant to try to simulate experiment
station conditions in farmers' fields. Rather, they are
designed to help detcct differences under typical farmer
management practices and environmental conditions.

On-farm research is characterized by farmers'
participation on their own land. This participation
varies according to tha nature of the experiments. In
exploratory and site-~specific trials, it is limited to
providing the land and some or all of the inputs. At this
stage, farmer participation in information gathering and
decision making is secondary to that of the researcher who
controls the trials. in regional trials farmer
participation 1is greater, contributing heavily to the
interpretation of vesults and eventual recommnendations.,
Finally, farmer-managed trials are conducted by the
farmer, while the researcher becomes the collaborator.

Researcher-farmer relations, location of trials on
the farm, on-farm experimental designs, and field data
management, 1ncludiny recording, processing, and
standardization, are a few of the many facets that need to
be viewed from a proper perspective when doing research in



farmers' fields with their active participation.
ON-FARM RESEARCH PRACTICES
Researcher~Farmer Relations

When conducting research on farms, researchers are
intrudins upon the farmers' land and taking their valuable
time. The research may be using other of the farmers'
scarce resources. Because of this, it is well for the
researchers to act always in the best interest of the
farmers, treating them as equals in the research process
and considering them as desirable, not just necessary,
components in the technoloygy generation, evaluation,
and dissemination procedure. Farmers understand exper-
imentation and are wil'ing to participate if they
feel they will possibly benefit from it, and if they
understand what is happening. It is of utmost importance
for researchers to explain fully why thev are there, what
they would like to do, what is going to be required of the
farmers, and what the farmers can expect from the results.
It is most important to explain why it will be of value
and of interest to the farmers to be participants in the
undertaking.

Listening to and working with farmers

From the very first contact made with farmers in the
initial survey, or in looking for collaborators for
on-farm trials or enterprise records, it is extremely
important that the researchers begin by listening to and
working with the farmers. Farmers resent being told by
"government people" that they are doin, things wrong, and
that the "outsiders" %now how the farmers should do it
better. If the researchers convey this attitude to the
farmers from the beginning, the relationship will get off
to a slow start, i¢ it gets started at all.

Care must be exercised by the researchers to
ascertain which of the household members are the decision
makers and to talk with those who are responsible for
specific crops. A wife may know little about her
tiusband's cotton crop; he may know little about her
cassava or peanut crop.
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The_nature of the relationship

Farmers shoull be aware from the beginning exactly
what to expect from the relationship. Above all, they
must be informed that the work is research, from which
both researcher and farmer will learn, and not a
demonstration designed to show how wmuch better the
researchers can do what the farmers are already doing.
(In most cases, the farmers know how to do it better, but
they cannot afford to.,) Farmers must be aware of who will
be expected to provide what, who will take what risks, who
will get what product, It is «critical that farmers
understand the timing of the various activities and
whether it is to be at their initiative or at the
initiative of the rescarchers. For cxample, In a yellow
maize area, if some white varicties are to be used, the
farmers should know if they can expect some ycllow maize

in return Jfor the white maize they will not want, or if
they should just expect to lose that which was produced.
They should also agree to include white maize and

understand why it shculd be included. They must knuw who
should provide the fertilizer, if it is o be used, and
when it must be available; who is going to harvest, when
and how.

Farmers understand risk and are willing to (or are
forced to) accept it as a normal part of their production
environment. 1{ an experiment is lost because of normal
environmental conditions, farmers will understand it and
will not be concerned about compensation (although they
would probably accept it if offered). 1In order to avoid
paternalism in the research process, it is better not to
consid . comnensation for these cases. If, on “he other
hand, certain treatments are lost because they were poorly
thought-out or obviously not adapted to the production
environment of the farmers, the farmers can be cexpected to
think compensation 1is warranted unless they were well
advised beforehand of this eventuality. In this case,
payment in kind, of the quantity and quality that
otherwise would have been produced, is probably indicated.
It 1is better, of course to avoid the situation by having
well-thought-out, simple interventions and adequate farmer
involvement in the design of the trial.

Farmers must understand th< importance of the trial
to the researchers. The risk of not completing on-farm
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trials is higher than with experiment station trials,
because wmuch depends on the covperation of the f{armers.
There are many examples of "lost" on-farm trials due to
decisions made by the farmers without consultation with
the rescearchers. An increase in the market price of the
product might cause a decision for an early harvest of
part or all of the trial. A new variety or crop that is
considered especially attractive might promote harvest by
farmers or their ncighbors before the final data are
recorded, Under some circumstances, preliminary results
satisfy the curiosily of the farmers and they lose
interest before the trial is completed. When trials
involve more than one cycle of production, or when it is
necessary to evaluate a rotation of crops, the risk of not
completing an on-farm experiment increases.

Farmers who do not fully comprehend the nature of the
trial may enter into competition with rescarchers. For
example, a check treatment that is meant to simulate the
farmers' practices and is to be conducted by the farmers
may receive special care becausce the farmers know how Lo
do it better and want to prove this to the researchers.
On a small plot, they can afford to do it even if they
cannot do it on their own fields. Or, the farmers may not
understand fully that they are supposed to manage the plot
exactly the way they do their own fields, so they wait for
the visits of the researchers before they carry out
practices that they normally do earlier on their own land.
In either case, errors are created in measuring the
farmecs' level of production.

Finally, periodic review of all aspects of the trial,
along with frequent conversations between the researchers
and the farmers concerning the progress being observed, is
critical to fruitful on-farm research.

On-Farm Experimental Procedures

Locacion on the farm

Homogeneous o:: uniform experimental areas are the
rule rather than the exception on experiment stations.
The opposite is true on farms. Nevertheless, researchers
can reduce experimental error by following a few common-
sense rules. For example, it is never wise to locate a
research area adjacent to a habitation unless that is the
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environment in which the crop in the trial is going to be
planted normally. Likewise, paths, canals, large trees,
and other conditions which are not normally part of the
environment should be avoided. If the crop is wusually
planted in these special environments, of course, it is
appropriate to locate the experimental area in them.

Experimental designs

Conducting field trials on farms does not mean that
scientific methods can be overlooked. The same basic
methods are wused as for any other resecarch. The
experimental design or arrangement depends on the results
of the preliminary reconnaissance of the region, the
variables to be measur-d or contirolled, environmental
variability, and the spee fic objectives of the trial. It
should be stressed that a good design is  essential  for
trials conducted on farms, as it is often the key to
helping farmers retain their beliefs and confidence in the
research insticution and in the rescarchers themselves.

Using specific desiygns simply becauso they were used
elsewhere in similar experiments is discouraged. Whether
or not to use blocks, how many replications to make, plot
size, and other design considerations will depend on the
particular problem in the particular location. The number
of controlled variables and the amount of data collected
should not be more than nccessary for attaining trial
objectives. There is a natural tendency to record as much
information as possible, on the assumption that it might
help explain findings that may emerge upon completion of
the trials, or simply that it might be "interesting." But
experimental information, particularly at the farmer's
field level, is costly to obtain, and it is preferable to
limit data recording only to those data which are useful,

Another consideration in planning a field trial is to
specify who will conduct it. The degrec  of complexity

will depend largely on who will be ia charge of
implementation. Implementation may be assigned to
personnel working on an experiment station, or to a
multidisciplinary field team that planned the trials, or

perhaps to technical assistants trained for this purpose.
Extension aygents or farmers may also be involved in the
management of the trials. Farmers' participation, in
particular, should be carefully defined in order to make
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their contribution as effective and valid as possible. It
should Le remembered that they also participate in
reaching conciusions and recommendations from the trials.

The most common experimental design used in on-farm
research is probably randomized complete blocks, usually
with four replications. Split-plot arrangements are not
encouraged, but may be necessary when  ecological
conditions or the nature of the variables prevent a
complete randomization of plots, as, for example, when
comparing fertilizer levels with and without irrigation.
The fertilizer levels are randomized within larger blocks
that are either irrigated or rainfed. Another example
would e to minimize cultivar border effects by
randomizing plant populations within larger blocks that
are cultivars.

FIELD DATA MANAGEMENT
Rrcording

By ity very nature, the information recorded in
on-farm trials must be less than in trials conducted on
experiment stations. The minimum necessary information
should be taken. Since experiments on farmers' fields
cannot reccive the same day-to-day attention as station
experiments, it is adv'sable to increase the number of
locations rather than become involved in data collection
with too much detail in fewer locations. Those in charge
of on-farm trials must make every possible effort to
reduce to a aminimum the time between completion of
recording data and the issuing of recommendations. Never
Lorget that farmers develop high expectations when
something is done on their farms, and their curiosity must
be satisfied as quickly as possible if their support and
assi.tance are to continue.

It is important to decide how records are going to be
managed before experiments are conducted. Developing
standard procedures of data recording helps  speed
processing and analysis, and contributes in turn to faster
conclusions and earlier recommendations. It also makes
information mere reliable and easier to file and retrieve.
The availability or absence of electronic data-processing
facilities should be a prime consideration in planning
recording techniques,
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Recording sheets should meet the following require-
ments:

a. Field data should be usable directly for
processing; eliminzting transcriptions saves
time, cuts the costs of trials, and eliminates
one source of error.

b. There should always be at least one
original and one copy of records.

c. Records should be easy to read; this
implies not tco many records per sheet.

d. Sheat size should be such that it can easily
be handled in the field, as well as filed in
standard files.

Processing

Before data are analyzed, they must be inspected for
irregularitiec, processed, and standardized.

Unusual values

Before any data analysis is attempted, the patterns

of wvariation 1in the data should be studied. Attention
should be given to numbers which appear to be unusual
(called outliers), and those which are missing (called

missing plots). An attempt should also be made to see if
the variation is homogeneous throughout the data set. The
range 1is a useful device for this. an example of the use
of the range, to look for non-homogeneity of variaticn, is
illustrated with field data from a trial with six
treatments and three replications:

BLOCK I BLOCK II BLOCK III

Treatment 1 40 60 80
Treatment 2 30 55 120
Treatment 3 20 70 92
Treatment 4 20 42 60
Treatmeat 5 40 58 80
Treatment 6 50 68 92

The range in yield for each of the treatments is obtained
by finding the difference between the highest and 1lowest
values in each treatment:
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Treatment 1 80-40 = 40
Treatment 2 120--20 = 90
Treatment 3 92-20 = 72
Treatment 4 60-20 = 40
Treatment 5 80-40 = 40
Treatment 6 92-50 = 42

Treatmentr 2 and 3 have very large ranges, so the data
should be inspected further to find out why. Upon
inspection, the value 120 for Block III, Treatment 2 seems
too high, and the value 20 for Block I, Treatment 3 seems
too low. The researcher should look for specific physical
reasons why these numbers are unusual. Sometimes they can
be traced to copying or typographical errors or to some
unusual situation that occurred in a plot but did not
affect the other plots. If a specific reason not
associated with the experiment can be found, the nrumbers
may be replaced by new values obtained by checking
original field records, using missing plot formulas,
covariance, or other suitable methods.

Standardization of field data

The field information taken directly from the
experimental p’nts (raw data) can seldom be utilized as
such for statistical analyses. Depending on the type of
crop, time of harvest, part of the plant of interest, and
many other factors, it is usually necessary to make some
numerical transformations that will provide more reliable
interpretations of the data. A common correction is made
when comparing yields of maize varieties with different
rates of maturity; if grain moisture is not standardized
to a uniform content, the excess moisture in the grain of
late-maturing varieties will cause an upward bias for
those varieties if direct plot weights are interpreted.
Also, plot size needs to be transformed in order to
produce more meaningful values. For example, it is better
to intervret tons, or kg/ha, of grain at a constant
moisture, than to consider just kiiograms or grams per
plot, with no reference to the moisture content or plot
size. The correction procedures for these and other
factors are illustrated with field data.
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Moisture and area. Table II-1 describes yield and
moisture content at time of harvest and the converted
yield 1in kg/ha at 14% moisture. There were three blocks
containing plots of 50 m? net area.

TABLE II-l. Field data and standardized yield of wheat
from a phosphorus experiment in Guatemala.

Field kg/ha
Moisture at 14%
Block P. level kg/plot 2 moisture

ol 0 3.08 20 569
0l 40 3.68 21 676
02 0 6.52 22.0 1183
02 40 7.44 20.0 1384
03 0 6.25 19.8 1166
03 40 6.28 20.0 1168

Source: ICTA

Correction Factor for Area (CFA) to convert weight to
kg/ha 1is calculated as follows when plot size is measured
in square meters (m2):

CFA = 10,000 / net plot size

The Correction Factor for Moisture (CFM) to convert weight
to a constant moisture content is estimated as follows:

CFM = (100 - % hvst. moist.) / (100 - % constant moist.)

As an example, 1in Table II-1, for the first row the
calculations are:

CFA = 10,000 / 50
200

n

CFM

n

(100 - 20.5) / (100 - 14)
0.924

j{]

Then, for the first row, kg/ha at 14% moisture is

3.08 x 200 x 0.924 = 569
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PRACTICAL FIELD ADVICE

The farmer estimates yield without correction
for moisture. If treatment differences are so
small that moisture adjustments must be made, the
farmer will not be able to detect them.

Maize shelling percentage. In maize, field weight is

normally reported as kilograms of ears per plot.
Converting these values to grain weight is necessary when
comparing varieties that differ in the ratio of

grain-to-cob weight.

PRACTICAL FlELD ADVICE

The farmer will often express this difference
by saying the variety "does not yield as much, "
meaning a net or basketful or other standard farm
measure of ear volume does not "yield" as much
grain,

The Correction Factor for Shelling (CFS) percentage
can be obtained from the grain and ear weight of a random
sample of ears, as follows:

CF8 = kg of shelled grain / kg of ear corn

For example, if 20 ears weigh 4.1 kg and the shelled grain
weighs 3.3 kg, then

CFS = 3.3 / 4.1

This correction factor is then multiplied by the
total ear weight of each plot of the same variety.
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Missing plots. Frequently in on-farm research,
animal intervention or other unusual occurrences can ruin
one or more plots in a trial. A decision must be made by
the researcher on how to acjust the trial to account for
these missing data. There are several ways to do this:
generate a value for the affected plot, Arop the block or
replication from <the analysis, or analyze all remaining
plots as if they were a fully randomized design with
unequal numbers of replications. Still another
alternative, 1if the plot is not completely destroyed, is
to harvest the parts of the plot that are undamaged and
proceed as for missing plants (see nert section).

If fewer than four replications were used in the
original design, dropping an entire replication is a

fairly drastic measure, and othuer alternatives should be

considered. If only one or two plots were affected and
there were several treatments in the trial, then
generation of estimated values would be the best
alternative. If regression rather than analysis of

variance is to be used to analyze the data, then a micsing
plot is less of a problem and may bYe omitced without
significantly affecting the analysis.

Standard statistical texts recommend a procedure not
too complicated for field use, if only one, or at most
two, plots are missing. For a randomized complete block
design a single missing plot value can be estimated by the
following equation:

Y = (bB + tT - G) / (b - 1)(t - 1)

where b and t are the numbers of blocks and treatments,
respectively, B and T are totals of observed plot values
in the Dllock(s) and treatment (s) containing the missing
information, and G is the grand total of all observed plot
values. The calculated or estimated value Y is entered
into the data where the plot was missing. Analysis of
variance 1is performed as usual, except that one degree of
freedom is subtracted from total degrees of freedom (and
therefore error degrees of freedom will also have one less
than if the plot value had not been missing). Treatment
sum of squares will have to be reduced by an amount equal
to:

[B - Y(t - 1)]2 / t(t - 1)
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where Y comes from the previous equation. An example
follows:

Treat- _ BLOCKS —

ments I II III Tj
D 30 26 () 56
E 35 27 33 95
F 43 35 45 123
Bj 108 88 78 274

Y = [3(78) + 3(56) - 274] / (3 - 1)(3 - 1)
= 32

The value 32 is used in block III for treatment D,
For the analysis of variance, ANCVA (described in detail
later in this chapter), total degrees of freedom (d.f.) is

(rt = 1) - 1 = 7 and error degrees of freedom will be
[(r - 1)(t -1)) -1 = 3, Treatment sum of squares when
calculited 1is reduced by [78 - 32(3 - 1)]2 / 3(3 - 1) =

32.67. Then treatment mean square and the F value can be
calculated.

Sum cf squares calculatec with the estimate
of missing plot value:

Source d.f. Sum of squares
Blocks(r-1) 2 98.67
Treatments (t-1) 2 228.67

Error 4 10.67
Total rt-1 8 338.00

Note: r = Number of replications or blocks
= Number of treatments
d.f.= degrees of freedom
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ANOVA as adjusted:

Source d.f. Sum of squares Mean square
Blocks 2 98.67
Treatments 2 228.67-32.67= 196,00 98.00
Error 4-1 = 3 10.67 3.56
Total 8-1 = 7 305,34
Fo = 98.00 / 3.56

= 27.53
CV = 5,55%

Note: Fo = Calculated F value
= Mean square of treatment/error mean square.

The calculated F value, Fo, is larger than the 5% F value
found in a table for 2 and 3 degrees of freedom (9.55), so
there 1is a significant Jdifference among treatments at the
5% level based on the adjusted ANOVA, Had the ANOVA been
performed with the non-adjusted rigures it would have
indicated significance at the 1% level.

Missing plants. Other common corrections include an
adjustment for plant population when this factor is
affected by an outside influence that is not part of
natural environmental conditions. This is the case, for
example, when animals (or persons) interfere in an
experiment, removing or damaging plants. Since population
correction procedures tend to favor (increase) treatment
values, these should be made only when truly justified.
Judgement should be exercised in applying these correction
factors, because generally, in on-farm rescarch, the
differences sought among treatments is much larger than
effects from wusual plant population variability. This
judgement should take into consideration the variability
that can be attributed to normal environmental or local
conditions., For example, ii germination is affected by
normal environmental conditions, correction for stand
should not be practiced, This is the case in some parts
of the highlands of Guatemala where maize is planted very
deep two months before the rainy season starts. If an
experimental variety does not have the ability to
withstand that condition, correcting for plant population
would be a mistake.
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PRACTICAL FIELD ADVICE

A practical method of adjusting plot yield
values for missing plants is to harvest only those
plants that have full ccmpetition, then calculate
the appropriate area for that nurber of plants and
adjust for normal plot size. This can work for
crops such as waize or for many vegetables, where
individual wplants are easily distinguished and
harvested and for which a specified number of
plants 1is expected in a full plot. For example,
if 25 plants should be in a plot and only 18 are
found with complete competition, then the yield
for these 18 can be increased by multiplying by a
factor of 25/18B to get the estimated yield for the
full plot, had it not been damaged by outside
causes. An alternative method for crops which are
not so wasily separated into individual plants, or
for which plant numbers are not calculated for the
plot (such as wheat), is to locate small areas in
the plot which have not been damaged and harvest
them, leaving an unharvested boundary. Then the
total area harvested can be adjusted to the size
of the normal plot and yield adjusted accordingly,
In both of these cases, the implivit assumption is
that the parts of the plot harvested were
representative of the whole wulot, a possible
source of increased experimenta' error. However,
this reduces the calculaticns which are necessary
for more sophisticated adjustments.

If correction needs to be made, by no means should a
direct relationship of the average weight of all remaining
plants be used as the estimate. Those plants,
individually, would Hhave higher than normal production
because of a lark of nearby competitive nlants.,

Analysis of covariance. A more complete and accepted
method to standardize plant population is through the
analysis of covariance of plot weights and nuaber of
plants reported. The following explanation and example
illustrate the use of this method.

The ana'ysis of covariance is a statistical method
that allows valid treatment comparisons using observations
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of one variable (yield), after the effect of a possible
disturbing variable (incomplete plant stands) has been
removed, The application of covariance must be justified
in the sense that the correction is being made because of
an uncontrolled environmental condition that does not
affect all the observations (plots) in the trial in a
homogeneously constant fashion. The example to be
presented in this section is a correction of yield in a
trial where animals ate plants in different plots, more in
some than in others, This exogencous effect 1is not
related to the ability of the cultivars under evaluation
to withstand adverse envirconments. However, if grazing is
part of the environment in whiclkh the crop will be
produced, corrections should not be made.

The example presented is an evaluation of six new
maize hybrids in a randomized complete block design with
four replications,

Step 1. Table I11-2 shows the of number of plants (X) and
“ilograms per plot (Y) for each cultivar.

TABLE II-2. Number of plants (X) anc kilograms per
plot (Y) of six maize hybrids.

Yreat- BLOCKS

ment I 11 I11 1V TOTAL

Ho. X b4 X Y X Y X Y X Y
1 60 3.42 59 5.25 62 4.52 60 6.24 241 19.43
2 47 2.87 65 3,97 €1 3.12 51 4.82 219 14.78
3 51 4.21 35 3,29 60 5.58 40 3.82 186 16.90
4 58 2.58 32 1.93 62 3.07 S50 4.05 202 11.63
5 62 3.28 54 4.13 60 4.05 62 5.38 238 16.84
6 40 1.98 62 5.02 61 3.89 61 5.20 224 16.09

TOTALS 318 18.34 302 23.59 366 24.23 324 29.51 1310 95.67

Source: ICTA, Guatemala
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Step 2. Perform an analysis of variance (ANOVA) for

number of plants (X) to get the sum of squares (£x2)
values:
(CF) = Correction Factor
= (1310)2 / 24
= 71504.17

SST = Treatment sum of squares
= {1(241)2 + (219)2 +.,.+ (224)2] / 4} - cF
= 561,33
= (5rx%)trts

SSB = Block sum of squares
= {[(318)2 + (302)2 +,,.+ (324)2] / 6} - CF
= 372.50
= (sz)blocks

SStot = Total sum or squares
= [(60)2 + (47)2 +...+ (62)2 + (61)2] - CF
= 1999.83
= (Exz)total

SSE = Error sum of squares
= S5tot - (SST + s8B)
= 1999.83 - (561.33 + 372,50)
= 1066
= (£x?%)error

Step 3. Perform the ANOVA for yield (Y¥) to get the Zyz
values:

CF = (95.67)2 / 24
= 381.36

SST = {[(19.43)2 +,..+ (16.09)2] / 4} - CF
= 8,47
= (Eyz)treatments

SSB = {[(18.34)2 +.,.+ (29.51)2] / 6} - CF

= 10.44
= (Ly?)blocks
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SStot = [(3.42)2 + (2.87)2 +...+ (5.38)2 + (5.20)2] - CF

= 29,17
= (ry?)

SSE = 29,17
= 10.26

Step 4. The

total
-~ (8.47 + 10.44)
error

third ANOVA is for the cross-product XY of

each corresponding cell of Step 1, to get the Lxy values:

CF

(Zxy)T =

(LXy)B =

(Zxy) tot =

(Cxy)error =

Step 5. Perfo

(1310 X 95.67) / 24
5221.99

{0(241%19.43) +...+ (224X16.09)) / 4} - cF
34.06

{[(318 X 18.34)+..,+(324 X 29.51)] / 6} - CF
8.96

{[(60 % 3.,42) + (47 X 2.87)+...
+(61 X 5.,20)]} - CF
110.80

110.80 - (34.06+8.96)
67.78

rm the analysis of covariance.

Source of

Deviations

variation from regression
d.f. z£x2 Exy Iy?2 d.f. SS MS F.

Total 23 1999.83 110.80 29.17

Blocks 3 372.50 8.96 10.44

Cultivars 5 561.33 34.06 8.47

Error 15 1066.00 67.78 10.26 14 5.95 0.43

Cultivars

+ error 20 1627.33 101,84 1B.73 19 :2.36

Adjusted means

5 6.41 1.28 2.98

Note: 83 = su
MS = me

m of squares
an squares
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The values of the SS of the deviations from regression for
error and cultivars + error are calculated as follows:

S§sdy.x(error) = Zy2error
- {{(¥xy)error]? / £x2 error}
= 10.26 - [(67.78)2 / 1066]
= 5,95

S§Sdy.x(cultivarsterror) = 18.73
- ((101.84)2 / 1627.33]
12,36

d.f. (t-1) + [(t-1)(b-1)-1]

12,36 - 5.95
6.41

55dy.x(adjusted means)

d.f. (t-1)

The MS values for these sources are estimated by dividing
each SS by its corrcsponding d.f.:

MSE

SSE / 4.f.
5.95 / 14
0.43 and

i

MS adj.means = SS adj. means / d.f.
6.41 / 5
1.28
The F test for adjusted means is performed by dividing
MS adj. means / MS error :
Fe = 1.28 / 0.43
2.98

d.f. = 5.14

Step 6. Since there is significance at the 5% level when
testing the adjusted means, the covariance is necessary
and the mean values for cultivars should be adjusted. The
error regression coefficient, byx, is calculated as
follows:
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byx = Ixy error / Ix? error
67.78 / 1066
0.0636

n

Step 7. The adjusted mean treatment values are calculated
as follows:

gi = Yy - byx()-fi - X)

As an example, for cultivar 1, the adjusted mean treatment
value is:

QJ = Y - byx(X. - X)
= (19.43 / 4) - 0.0636((241 / 4) - (1310 / 24)]
= 4.8587 - 0.0636 (60.25 - 54.58)
= 4.4981

and for cultivar 2,

2 Y2 - byx(X2 - X)
14.78 / 4 - 0.0636([(219 / 4) - (1310 / 24))
3.695 - 0.0636(54.75 - 54,58)

3.684

L4 B}
(1} n

Step 8. Comparison of adjusted treatment (cultivar) means
is made individually for each pair of adjusted means since
the value of Sg is different for each comparison.
Comparison of cultivars 1 and 2:

Sd(1,2)% = (MSE){(2 / b) + [(x1-%2)2 / Ex2error]}
= 0.43 {(2 / 4) + [(60.25 - 54,75)2 / 1066]}
= 0.2272

Sa(1,2) = (0.2272)1/2
= 0.4767

where b = number of blocks, and the calculated t value
comes from:

tc(l,2) = (¥ - ¥p) / 54(1,2)
(4.4896 - 3.6844) / 0.4767
1.6891

]

and since ti4qf,,05 = 2.145, then t. = 1.6891 N.S.,
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so there is no significance at the .05 level, and
cultivars 1 and 2 are not significantly different.

Now, doing the comparison for cultivars 1 and 4:

Sa(1,4)% = 0.43 [(2 / 4) + (60.25 - 50.5)2 / 1066]
0.2533

(0.2533)1/2
0.5033

Sd(1,4)

te(l,4) = (4.4896 - 3,167) / 0.5073
2.628

]

and since tj4q4r,.05 = 2.145, then t. = 2.628,

and cultivar 1 is significantly different from cultivar 4,
The same procedure is followed for all possible
comparisons.
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Exploratory Trials

Exploratory on-farm research is normally conducted at
the same time as initial characterization, and as a
complement to that process. It can also, however, be used

throughout the technology development process.
Fxploratory trials are useful in at least two types of
situations: when research is initiated in a new region,

or when no previous information to estimate response to
potential new alternatives is available. In new areas,
more efficiency can be obtained if diagnostic activities
are complemented by exploratory trials. There are two
advantages: 1) periodic interaction with farmers provides
additional information to complement the diagnosis, and 2)
these trials produce valuable information for the design
of site-specific and regional trials. 1In later stages of
on-farm research, exploratory trials help redefine or
produce new research guidelines, as it is common for good
research to generate new questions.,

Normally, exploratory trials provide qualitative
results that later can be quantified by other types of
experiments. Exploratory trials commonly include several
(usually three or four and occasionally up to seven or
eiyht) factors, using at least two levels for each factor,
with few replications. When available agronomic
information 1is scarce, the number of variables and
treatments may be high, and the design may be relatively
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complicated. One way to keep down the number of variables
in these trials, and keep them small in size, is to desiga
two or more different experiments. By using only three or
four variables in each trial and choosing groups of
variables that interact frequently (e.q., fertilizer and
cultivars, weed control and plant density) the design 1is
further simplified. For the evaluation of potential
alternatives, such as introducing a new crop in the
region, the number of treatments can be reduced and the
design will be simplified. These trials are mostly
researcher-managed, though the farmers' previous
experience makes their input and opinions in the design of
treatments essential. A discussion of the types of
exploratory trial designs follows, along with examples for
each case.

SUPERIMPOSED TRIALS
A relatively simple, convenient, and efficient means
of exploring the effect of different factors in a new area

is a superimposed trial. 1In this type of trial,

TABLE III-1. Example of a superimposed six-treatment
N-P-K trial in rice.

Grain vield

Treatment Farm Number
N P K 1 2 3 4 5 6 X

(metric ton x 100)

50- 0- 0 336 434 451 411 402 375  40l.5
90- 0- 0 439 416 506 459 482 431  455.5
70- 0- O 443 398 457 370 454 350 412.0
70-30- 0 412 419 412 398 499 386  421.0
70-30-30 416 368 482 370 397 402  405.8
70- 0-30 417 377 493 364 490 387  421.3

% 410.5 402.0 466.8 395.3 454.0 388.5 419.5

Source: Zandstra et al. (1981}, p.lo7.

treatments are placed on fields which are being managed by
the farmers themselves. Treatments are marked by stakes
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or other means, and individual treatments are installed
eithex Dby the researcher or the Ffarmer. Together, the
researcher and the Ffarmer harvest the crop when it is
mature. The design of a suverimposed trial should be
simple, Replications should be used at each location,
although data from designs without replications at each
site can be combined for regional analysis and
interpretation.

An example of a simple superimposed trial fiom IRRI
is shown in Tables III-1 and III-2. Previous information
indicated that rice responded to at least 50 kg/ha of
nitrogen, but response to potassium and phosphorus was
uncertain, A simple six-treatment superimposed trial was
established on a number of farms and information was
obtained from six of them (Table III-1). The design at
each location was without replication. The six treatments
included three levels of nitrogen (50, 70, and 90 kg/ha) .
At 70 kg/ha of N the treatments cxplored the application
of 30 kg/ha phosphorus and potassium individually and
together. Analysis of variance (Table III-2) indicated a
significant effect for nitrogen but none for the other
elements. The conclusion was that more nitrogen would
have a positive effect on yield, and if the cost were less
than the value of the additional crop, more nitrogen
could be recommended. Furthermore, it would indicate that
additional work should be done with nitrogen, but the
other major elements (P and K) need not be studied further
in this context.

TABLE III-2. Analysis of variance of a superimposed
N-P-K rice trial,

Source d.f. S§ MS Fe
Total 35 69,071
Farms 5 32,178
Treatments 5 11,212 2,242
N 2 9,837 4,918 4.79
Remainder 3 1,375 458 0.45
Error 25 25,681 1,027
CV = 7.6%

Source: Zandstra et al., (1981), p. 107
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THE 2N-FACTORIAL TRIAL

A useful arrangement of treatments that produces
exploratory information on several factors and their

interaction is a 2P-factorial trial, This is an
arrangement of n factors taken at two levels each. An
example of a 23-factorial experiment will be used to
illustrate the detailed methodology of analysis. The

nature of the trial was to explore three factors: plant
density, nitrogen, and variety in a 23 factorial. The
levels of the variables in this trial are given for plant
density (P), nitrogen (N), and variety (V) as follows:

Po = 25,000 plants/ha
P} = 50,000 plants/ha

Np = Norne applied
N = 100 kg N/ha

Vo = Local variety
V] = Tuxpefio

Table I11-3 shows the field design by blocks and the grain
vield in kg/plot. To estimate the factorial effects and
perform the analysis of variance, the following procedure
is applied:

Step 1. Using treatment yield totals from Table 111-3, a
two-way table can be constructed in which the treatments
are placed on the horizontal axis and the factorial
effects are listed vertically as shown in Table III-4. In
each of the factorial effects, half the treatment
combinations receive a plus (+) sign and half receive a
minus (-) sign. The row corresponding to M (mean of the
entire experiment) has only plus signs. When the higher
level of . factor (P}, Nj, Vi) in the factorial effect is
present in the treatment combination, it receives a plus
{+) sign; it receives a minus (-) sign if not present (Pg»
Nor Vi) When two or more factors at higher levels are
present in the treatment combination, the sign is found by
using the algebraic rule for signs.
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Example: pn (+) = p(~) x n (=)

pnv (-) p (-) x nv (+)

TABLE III-3. Example of a 23 trial on maize with
plant density (P), nitrogen (N), and
variety (V).

Treatments Treat-- Treat-
Code Block I Block II ment ment
totals means
kg/plot
P N V (1)* 4.3 3.9 8.2 4.1
o o o
P 4.5 .9 10.4 5.
1 NO Vo P 5 o] 2
P NV n 4.5 5.4 9.9 4,95
o 1l o
P N V \Y 5.7 6.6 12.3 6.15
o o 1
.4 . 13.1 .5
Pl Nl Vo pn 6 6.7 6.55
. . 14, .0
Pl No Vl pv 6.9 7.1 o 7
P N_V nv 6.4 7.0 13.4 6.7
o 1 1
. . . 8.7
Pl Nl Vl pnv 8.6 8.8 17.4
Totals 47.3 51.4 98.7

Source: Adapted from CIMMYT data.
*(1) is the local or traditional treatment or the 1lowest
level combination.

Table I11-4 has the following characteristics: 1)
every row has an equal number of plus and minus signs,
except for row M; and 2) the sum of products of signs in
any given pair of rows is zero (Montgomery, 1976). For
another reference on the signs for these contrast
coefricients see Cochiran and Cox (1957, p 157).

Step 2. The total factorial effects are calculated by the
algebraic addition of the yields of the same treatment
using the corresponding plus (+) or minus (-) sign of each
component, and the result is written in the space for the
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total of each treatment (Table III-4),.
Example:

Total factorial effect for (p):

P (Pl No Vo)

-8.2 + 10.4 -~ 9.9 - 12.3 +...+ 17.4
11.1

1

Total factorial effect for (pn) is:
pn = 8,2 - 10.4 - 9.9 +...+ 17.4
= 3.3

Step 3. 1In the analysis of variance (Table III-5), since
there are 16 observations (eight treatments and two
replications), the square of the total of each factorial
effect is divided by 16 to obtain the sum of squares (SS)
for each treatment.

Example: ss for (p) = (11.1)2 / 16
= 7.7

The total sum of squares (SStot), the sum of squares
for blocks (SSB), and the sum of squares for the error
(SSE) are calculated in the usual form.

TABLE III-4, Calculation of the total factorial effect
in the 23 factorial with two
replications,

Treatment combination:
code and total yield (kg)

Factorial (1) p n v pn pv nv pnv total
effect 8.2 10.4 9.90 12.3 13.1 14.0 13.4 17.4 98.7
M + + + + + + + +

p - + - - r + - + 11.1
N - - + - + - + + 8.9
v - - - + - + + + 15.5
PN + - - + + - - + 3.3
PV + - + - - + - + 0.3
NV + + - - - - + + 0.1
PNV - + + + - - - + 1.3
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I

(Grand total)2 / n
(98.7)2 / 16
608,856

Correction factor (CF)

f

where n = number of observations

Total sum of squares (SStot):

% (each observation)2 - CF

= [(4.3)2 + (4.5)2 +...+ (7.0)2 + (8.8)2] - cF
= 639.45 - 608.856

= 30.594

SStot

Sum of squares for blocks:

[L(each block)? / t] - CF
{1(47.3)2 + (51.4)2) / 8} - CF
609.906 - 608.856

1.05

SsB

)

where t = number of treatments

The sum of squares for treatments (SST) is calculated in a
different manner because the factorial effects have
already been calculated (Table III-4).

Sum of squares for treatments (7 treatment combinations):

SST = L(each factorial effect)2 / n
= [(11.1)2 + (8.9)2
+(15.5)2 +,..+ (0.1)2 + (1.3)2) / 16
= 28.46
and SSE = SStot - (SST + SSB)

30.594 - (28.46 + 1,05)
1,084
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Step 4. In the analysis of variance for g 20 factorial,
one degree of freedom is always assigned to each factor or
interaction of factors because the factor effect is
calculated by comparing two levels of the factor or
interaction and one deyree of freedom is lost in the
estimation.

Perform the analysis of variance (ANOVA) :

TABLE III-5. ANOVA for the 23 factorial

Source of Deygrees of Sum of Mean Fo

variaciun freedom Squares Squares

Blocks (b-1)=1 1.05 1.05 6.77 *

Treatments (t-1)=7 28.46 4.066 26,23 *x

Factor P 1 7.77 7.77 50,129 *+*

N 1 4.95 4,95 31,935 *+
Y 1 15,016 15,016 96,88 **
PN 1 .681 .681 4.39 NS
PV 1 .0056 .0056 .036 NS
v 1 .000625 000625 004 NS
PNV 1 . 1056 . 1056 .68 NS

Error 7 1,084 . 155

Total 15 30.594

CV = 6,.38%

* Significant at 5% level
** Significant at 1% level

Interpretation of Results

By examining the treatment mean yields in Table
II1-3, and the analysis of variance, Table IIl-5, it can
be determined that each of the tnree factors individually
(plant density, nitrogen, and variety) had a highly
significant effect on yiezld. Out of the three factors,
the new variety (V) produced the greatest increase (2.05
kg/plot), and plant density (P) was second with a 1.1
kg/plot increase. Although nitrogyen (N) had a significant
effect, increasing the yield by 21%, an economic analysis
should be conducted to determine whether its application
is an economically good choice. (Does the yield increase
cover the cost of buying and applying the nitrogen
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fertilizex?) On the other hand, variety produces a
significant yield increase and its effect on cost is
minimal, making it a good alternative to introduce in the
production system in which the factors were evaluated. If
the plant density change does not require too much additional
labor at planting time, this may also be a good
alternative to introduce.

Comments on Reducing the Size of the Trial

Generally, many degrees of freedom in this type of
design (2N} are associated with higher-order interactions
which are difficult to interpret. If the higher-order
interactions (third order and higher) are not considered,
the size of the trial would be substantially reduced,
keeping some of the advantages of the basic factorial
arrangements. In this case, it is advantageous to use the

fractional factorial (Cochran and Cox, 1957). Example:
with n = 8, main effects and first-order interactions can
be estimated with only (1/8) x 28 = 32 treatments.

Equally, main effects and second-order interactions can be
estimated with only (1/4) x 28 = ¢4 treatments.
Another way to reduce the number of treatments in a

2D factorial is to select factors based on their
importance. Factors and combinations which are considered
of little interest from the biological and economic

viewpoint, or those which do not interact, can be
eliminated. For instance, if selecting two factors, A and
B, the following treatments can be established, with two
levels eacu: Al Bl, A2 Bl, Al B2, and A2 B2, 1If there is
no interaction between the two factors, determined from
previous experimental information, the main effect of A
corresponds to the average difference between A2 Bl and Al
Bl, and the effect of B to the average difference between
Al B2 and Al Bl.

THE "PLUS" TRIAL

Exploratory information on new variables as they
relate to existing practices can be obtained by testing,
one at a time, a series of alternatives that include the
new variables, The following example compares a
traditional maize practice with three alternatives. It
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consists of four treatments with two replications.

Treatment Description
Traditional (T) 25,000 plants/ha, no N applied,

local variety.

T + density 50,000 plants/ha, no N applied,
local variety.

T + nitrogen 25,000 plants/ha, 100 kg/ha of N,
local variety

T + variety 25,000 plants/ha, no N applied,
Tuxpefo variety

Results of this trial are shown in Table III-6.

TABLE III-6. Maize yield data for a four-treatment
"plus" trial.

Treat-
ment X
Treatment Block I Block I1I totals
kg/plot
Traditional (T) 4.3 3.9 8.2 4.1
T + density 4.5 5.9 10.4 5.2
T + nitrogen 4.5 5.4 9.9 4,95
T + variety 5.7 6.6 12.3 6.15
Totals 19.0 21.8 40.8 5.1

Source: Adapted from CIMMYT data.

After «calculating the sums of squares the ANOVA table
shown in Table I111-7,
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TABLE III-7, ANOVA for maize "plus" trial.

Source of d.f. SS MS Fo
variation

Blocks 1 0.98 0.98 3.3 NS
Treetments 3 4,27 1.423 4.8 NS
Error 3 0.89 0.2967

Total 7 6.14

C.V. = 10,68 §

[(40.8)2] / 8
208,08

ce

u

SSB = {[(19.0)2 + (21.8)2] / 4} - CF
= 209,06 - 208.08
= 0.98

SST = {[(8.2)2 +,..+ (12.3)2] / 2} - CF
= 212.35 - 208.08
= 4,27

[(4.3)2 +...+ (6.6)2] - CF
= 214.22 - CF
= 6.14

4]
[47]
(as
o}
=

n

SSE = SStot - [SSB + SST]
= 6.14 - (0.98 + 4,27)
= 0,89

The analysis of variance does not show signiiicant
differences at the 5% level, although it is very close to
being significant at the 10% level. It seems unlikely
with such a low C.V. value that no significant difference
has been detected when there is a 50% increase in yield
when the new variety is used. This is the type of problem
encountered in performing ANOVA when the number of degrees
of freedom for the error is small, making the Fo values
high and difficult to surpass. One solution would have
been to increase the number of replications to five to
obtain more degrees of freedom for the error.
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If 2 "t" test is performed for the two treatments
with the largest difference (e.7., traditional vs. T + new
variety), a procedure that is 1t statistically orthodox,
the following would result:

t = (x3 - x2) / Sx1-%p

(6.15 - 4,1) / 0.4924
4,.1629

There are 2(r-1) = 2 degrees of freedom, where r = number
of replications or blocks. The calculated t values for 2
degrees of freedom are 2.920 for a 10% level of
significance and 4.303 for a 5% level. Hence, in this
case, the use of the new variety is not significant at the
5% level, but there is a strong indication that it does
make a difference in yield under these otherwise
traditional practices. Because the seed cost of maize is
a relatively small proportion of total production cost,
this may still be worth testing further.

The step by step procedure for calculating the above
t value is as follows:

1/2

47]
]
]
n

2
(25- / )
X

[2(0.2425) / 2)1/2
0.4924

and
2 2
- = +
Sx (S1 52 ) /
(0.08 + 0.,405) / 2
0.2425

and
812 = lez / (r-1)
= 0.08 /1
0.08

£x12 = Ix12 - [(IX1)2 / ]

[(4.3)2 + (3.9)2] - ((8.2)2 / 2]
(18.49 + 15,21) - (67.24) / 2]
0.08
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w0
N
N
!}

£x22 / (r - 1)
0.405 / 1
0.405

1

tx22 = IX32 - [(£X9)2 / 1]
[(5.7)2 + (6.6)2) - [(12.3)2 / 2]
0.405

i

THE "MINUS" TRIAL

This is the opposite of a "plus" trial. It compares
a technological package with alternatives that reduce the
package by one variable at a time. An example consisting
of three factors follows:

Treatment Description
Tech. pack. (TP) Tuxpefio variety; 100 kg/ha of N,

50,000 plants/ha

TP - variety local variety; 100 kg/ha of N;
50,000 plants /ha

P - nitrogen Tuxpefio variety; no nitrogen;
50,000 plants/ha

TP - plant density Tuxpefio variety; 100 kg/ha of N;
25,000 plants/ha

Results of the trial are shown in Table III-8.
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TABLE ITI-8, Maize yield data for a four-treatment
"minus” trial.

Treatment Block I Block II Treat-
ment X
totals
kg/plot
Tech. pack. (TP) 8.6 8.8 17.4 8.70
TP - variety 6.4 6.7 13,1 6.55
TP - nitrogen 6.9 7.1 14.0 7.00
TP - plant density 6.4 7.0 13.4 6.70
Totals 28.3 29,6 57.9 7.24

Source: Adapted from CIMMYT data.

After calculation of the sums of squares for each of the
sources of variation, the ANOVA table is as follows:

TABLE III-9. ANOVA of a maize "minus" trial.

Source of d.f. SS MS Fe
variation

Blocks 1 0.2113 0.2113 11.79 Ns
Treatments 3 5.91375 1.9713 110.02 *x*
Error 3 0.0538 0.0179

Total 7 6.17875

C.V. = 1,85%
** gignificant at 1% level.

CF = (GT)2 / n
= (57.9)2 / 8
= 419,05125
SSB = {[(28.3)2 + (29.6)2] / 4) - CF
= 0,21125
SST = {[(17.4)2 +,,.+ (13.42)] / 2} - CF

5.91375
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((8.6)2 +...+ (7.0)2] - CF
6.17875

SStot

SSE = SStot - (SSB + SST)
6.17875 - (0.21125 + 5,91375)
0.05375

The highly significant effect among treatments
indicates that a mean separation test should be performed
to look for statistical differences. For this specific
case Duncan's New Multiple Range test (Little and Hills,
1978; Steel and Torrie, 1980) is used.

First start by computing least significant ranges
(Rp) by the following formula:

Rp = anR

where q, = significant "studentized" ranges taken from a
table (Steel and Torrie, 1980).

a = level of significance (.05)
P = number of treatment means involved in the
comparison
= 2,3,4

The values are summarized below:

P
2 3 4
9,05 (p,3df) 4,50 4.50 4.50
and Rp is 0.426 0.426 0.426
NOTE: the values for g, in the table (see Steel and

Torrie, p. 586) are taken for
p =2, 3, 4 and
d.f. = 3

The values for Rp were calculated by using the formrla
previously shown, where
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(s2 / r)l/2

wn
X4
"

(MSE / r)l/2
(.0179 s 2)1/2,

]

0.0946

Then, a summary for the test is shown by calculating the
mean separation. First the treatments are listed in order
of decreasing means.

Treatment kg/plot

R 8.7 a
tp

X . 7.0 b
tp - nitrogen

X ) 6.7 bc
tp - plant density

g 6.55 ¢

tp - variety

Each Rp value is compared to the observed difference

between two means. Here it is important to take into
consideration the range of number of means involved.
For example, to ccmparc ;t with §t v calculate
8.7 =~ 6.55 = 2,15, This is compared to Rp = 4.26, which
would be in the column p = 4, because gtp—gariety is the
fourth mean in the range starting at Xtp- The mean

separation is shown above.

The results of this test show that the "tech pack”
treatment 1is significantly different from the other three
treatments (95% level of probability). This means that
the lack of any of the three factors that form the ‘"tech
pack" will cause a significant reduction in the yield of
maize under the conditions of this trial.
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Site-Specific Trials

Experiment station trials are often designed to
search for "potential” or maximum effect of a technology.
Experimental cultivars, for example, are frequently
screened under conditions which do not 1limit their
expression of genetic potential. This potential, however,
is measured only for the one location -- the experiment
station. To obtain more useful information, two or more
farm locations can be used with the same type of
experimental design and analysis in order to measure
"deviations from potential" independently at different
locations. This type of trial is called a "site-specific"
trial.

Because they are usually complex, with a relatively
large number of treatments and replications, site-specific
trials are only conducted in a limited number of
locations. Information sought 1is agronomic and not
socioeconomic, so plots are small. Meny possible sources
of wvariation, such as soil fertility, are frequently
controlled at the same levels found or used on the
station. Farmers' participation is minimal in these
researcher-managed trials.
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BASIC CONSIDERATIONS

Results from site-specific trials should define a
limited range of alternatives to be evaluated regionally
before a technology can be passed on for farmer-managed
trials.

When designing site-specific trials it is important
to keep the recommendation domain concept in mind in order
to make the resulting data usable for reqgional
interpretation. For example, all site-specific trials in
one recommendaticn domain should have equal treatments,
replications, and plot size. This allows researchers to
combine data for regional interpretation (see next
chapter).

Plot Size

Plot size must be adequate to achieve trial
requirements. While requirements vary from trial to
trial, the size of experimental units must both fulfill
research requirements and be adapted to practical
circumstances. What is desirable must also be in balance
with what is possible; common sense must guide the team's
work,

It is important for the number of replications to be
the same with large or small plots. There is a tendency
to believe that larger experimental units make "better"
trials and therefore fewer replications are needed. This
is not true. Larger plots will increase the cost of
trials and they will also increase the probability of a
larger experimental error due to heterogeneity within the
blocks. In general, plot size will be limited by the
amount of land available for the trial on the farm and by
the amount of labor or inputs of other resources available
during the experiment.

Variety Evaluation
Testing improved genetic material is common for

research in farmers' fields. The following five
considerations are important in variety testing:
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1) Control treatments should include the recommended
variety for the region as well as one or more local
materials wused by farmers. Comparison of experimental
varieties against thesc standards helps to make more
meaningful recommendations. The on-farm researcher will
not be interested in identifying only the highest-yielding
cultivar, but will also be interested in other agronomic
characteristics of interest to the farmer.

2) The farmers' own agronomic practices should be
strongly respected. The main objective of on-farm
evaluation of nuw varieties is to know their real
potential wunder farmers' conditions. Therefore special
"experiment station" handling of these trials should be
avoided.

3) Experimental varieties selected for testing
should include all available alternatives with a
theoretical potential of excellence. This means that not
only the experimental varieties of the official research
sector should be tested along with local materials, but
also varieties from private rescarch programs and from
national or 1international centers and seed companies
should be considered.

4) Randomized complete blocks is the experimental
design most often appropriate for these types of
experiments.

5) The experimental unit should be protected from
environmental bias coming from growth habitsof neighboring
varieties. In maize, for example, where varieties may
differ widely in plant size, extra rows of the same
variety at each side of the experimental unit should be
added. Those border rows are not harvested for
experimental purposes. A common practice in maize is to
plant four rows of each variety but only use the inside
two rows to constitute the experimental unit.

Crop Associations
A common practice among small farmers is to grow two

or more crops in the same area. Different crop
combinations, row spacing, management, and planting
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sequences are common. When typical farmer practices are
to be included, a superimposed field trial may be
appropriate. On the other hand, when alternatives are
dramatically different from typical practices,
conventional field trials should be defined. A split-plot
arrangement can be appropriate when working with mcre than
one variable, For example, when one variable requires
different row arrangements, or if there is a large border
effect and the experimental unit size is large, it can be
assigned to the main plot. The other variables, such as
planting distance, varieties, or secondary crop
alternatives can then be assigned to +the subplots.
Precision will be greater for the variables in the
subplots because more degrees of freedom are  associated
with subplot than with main plot error. An  economic
interpretation of these types of trials is mandatory since
the crops involved generally have different market values,
making yield relatively less important (see Chapter VII).

Plant Nutrition

Fertilizer trials are commonly conducted as
site-specific experiments. Information on soil
characteristics, wnrevious management, and scil analysis
should be determined before locating the expeoriment.
Generally, at least three levels of each factor should bhe
considered in order to estimate a responsc¢ curve.
Experimental designs should allow for measurement of
interaction effects which are comnon in fertilizer trials.
Factorial designs arranged in randomized complete blocks
(RCB) offer a better estimate of interactions among
factors than split-plot arrangements. The reason is that,
in analysis of variance for the RCB design, the error mean
square (MSE) is estimated with rore deyrees of freedom.
The split-plot design has the same number of degrees of
freedom for interactions as the RCB, but the residual
degrees of freedom have to be distributed between the main
plot error and the subplot error.

Special care must be used in field design to avoid
fertilizer runoff effects from adjoining plots. Border
rows or ample distance should be considered between
experimental units. When the local practice is not to use
fertilizer, the check plot should reflect that practice.
When farmers' practices include some fertilizer use, the
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check plot should not be an absolute check, but should
reflect the common practice.

Plant Protection

Evaluation of pest (insect, weed, and disease)
problems is more difficult than the other agronomic trials
discussed, The main reason is that causal agents vary in
intensity and mode of action, not only from year to year,
but also within a small area. Therefore, pest protection
trials require large experimental units with many
replications, repeated for various cycles. A factorial
arrangement in randomized complete blocks or split-plot
designs is convenient. Superimposing the trial on a
farmer's field is also a logical option.

The probability distribution of pest damage does not
commonly assume a normal pattern. Sample data need to be
transformed in order to approximate a normal distribution,
which is a theoretical requisite for common statistical
inethodology. The most frequent transformations for these
kinds of data are logarithmic [log X or log (X + 1) when
zero values are present]; square root [of X, (X + 1) or (X
+ 1/2)]; and the angular transformation ARCSINE (%) 172 yhen
data are given in percentage values between zero and 20 or
80 and 100.

ANALYSIS OF RESULTS

The randomized complete block design is nerhaps the
most common for site-specific trials. When recpeated in
other locations, the recults can be grouped for a combined
analysis, allowing a more meaningful interpretation of
site-specific trials.

The 2xample selected to illustrate the statistical
methodology is a randomized complete block design that
comes from the Chimaltenango area in Guatemala. The
experiment is a maize variety trial that was established
following a recommerdation from the previous year to
compare the farmers' own varieties of the region with
varieties bred and selected at the 1local experiment
station. It had been concluded in exploratory trials that
the station varieties interacted with environment in the
region, in many cases yielding 1less than the 1local
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farmers' own seed selections. Therefore, good varieties
selected by the farmers and identified by the FSR/E team
were compared with the station varieties.

The farmers' varieties, most of them identified by
individual farmers" names, and four station varieties are
presented in Table IV-1.

TABLE IV-1l. Description of 15 flint cultivars included
in site-specific trials of maize in
Chimaltenango, Guatemala.

Varieties Color of endosperm Code
Los Pitos White 1
Garcia Yellow 2
Cojobal White 3
Ajquejay Yellow 4
Lopez Yellow 5
Unec Yellow 6
V—3O41'/ White 7
Argueta Yellow 8
Marrin Yellow 9
Santizo Yellow 10
Tsut White 11
Ordonez Yellow 12
Don Marshalll/ Yellow 13
Sintetico Chanin-/ Yellow 14
Chanin-4- Yellow 15

1/ Experiment Station Varieties
Source: ICTA, Guatemala

In Table 1V-2, the standardized field values are

presented for treatments 1, 2, and 15 to illustrate the
methodology for the analysis of variance.
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TABLE IV-2, Standardized field data (partial) for yield
of maize varieties in four replications in
Chimaltenango, Guatemala.

Cultivar Blocks Total X
I I1 ITI IV

metric ton/ha

4.20 5.04 4.90 5.10 19,24 4.81
5.20 5.54 5.30 5.80 21.84 5.46

. - . . . . -

15 2.98 3.00 10.36 2.59

Totals 56.97 72.18 265.20 4.42

The sums of squares for each source of variation and the
correction factor are calculated as follows:

CF = (Grand total)2 / n
= (265.20)2 / 60
= 1172.184
Sstot = [(4.2)2 + (5.04)2 +, ..+ (2.98)2 +. ..

+ (3.00)2) - CF
= 1192.564 - 1172.184
= 20,380

SSB = {[(56.97)2 +....+ (72.18)2] / 15} - CF
= 1173,293 - 1172.184

= 1,109
SST = {[(19.24)2 + (21.84)2 +,..+ (10.36)2] / 4] - CF
= 1180.434 - 1172.184
= 8,250
SSE = (SStot) ~ (SSB + SsT)
= 20.380 - (1.109 + 8.250)
= 11.021
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Then the degrees of freedom (d.f.) are estimated for each
source of variation, considering four replications (r =
4) and 15 treatments (t = 15). With this information,
calculate mean squares by dividing the sum of squares for
each source of variation by its corresponding degrees of
freedom:

MSB = SSB / (r-1)
= 1,109 / 3
= 0.3697

MST = S8T / (t-1)
= B8.250 / 14
= 0.5893

MSE = SSE / [(r-1)(t-1))
= 11,021 / 42
= 0.2624

Now calculate F values (Fo) by dividing the MS of the
sources of variation by the MS of the error.

Fc (blocks) = MSB / MSE
= 0.3697 / 0.2624
= 1.4089
Fo treatments = MST / MSLE
= 0.5893 / 0.2624
= 2.2458

The coefficient of variation of the experiment is
calculated from the square root of the MSE, and the
general mean of all observations:

[(MsE)L/2 / %] (100)
[(0.2624)1/2 , 4,42 (100)
11.59 %

cv

n
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TABLE 1IV-3, Analysis of variance for yield of 15
maize varieties with four replications,
Chimaltenango, Guatemala.

Variation d.f. SS MS Fo F o5
Blocks 3 1.109 0.3697 1,4089 N.s. 2.83
Treatments 14 8.250 0.5893 2.2458 «* 1,94
Error 42 11,021 0.2624

Total 59 20,3800

Source: ICTA, Guatemala
CV = 11,59% N.S.: Not significant
*: Significant at 5% level

The calculated F values (Fo) are compared with the F
values from a table to determine levels of significance.
For blocks there are 3 and 42 degrees of freedom, and for
treatments 14 and 42 degrees of freedom. The statistical
significance obtained Ffor treatments indicates that yield
of at least one of the varieties differs from the rest.
In order to further define which varieties are
statistically different, a Tukey multiple range test for
comparison of means is performed (Steel and Torrie, 1980).
This method consists of computing a difference (D), which
would be significant at the 5% level, and comparing it
with the differences between each pair of treatment means
in the experiment. 1If a difference between two means is
equal to or greater than the value for D, then the tyo
means are significantly different.

The calculations are as follows:
D = Q SX where:
Q = Value which is taken from a statistical table
(see Steel and Torrie, 1980, pp. 588-589),
and which is a function of number of treatments
and degrees of freedom of the error.
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and §x = (MSE / r)l/2
= (0.2624 7 4)1/2
= 0.256
where r = number of replications

Then D = 3.11 x 0.256
= 1,31

The 15 varieties are then grouped in descending order of
yields, as shown in Table IV-4. Taking each treatment
mean, all possible comparisons are made starting from the
top and working down. From the largest mean value (5.52)
the value of D (1.31) is subtracted to find all mean
yields which are not different from the largest.

TABLE IV-4, Mean yields of 15 varieties of maize
evaluated in four renlications,
Chimaltenango, Guatemala.

CODE Variety ton/ha

3 Cojobal 5.52 a

2 Garcia 5.46 a

9 Marroquin 5.01 a b

5 Lopez 4.93 a b

4 Ajquejay 4.83 a b

1 Los Pitos 4.81 a b

6 UNEC 4.80 a b

7 v-304 4,72 a b

10 Santizo 4.57 a b

8 Argueta 4.55 a b

11 Tsut 4.54 a b

12 Ordoiiez 4.00 b c
13 Don Marshall 3.14 c d
14 Sintetico Chanin 2.92 cd
15 Chanin-4 2.59 d

Source: ICTA, Guatemala _
cv = 11,59; Sx = 0.256; x = 4.42
The range is indicated by the letter "a" at the right.
The range for the next highest yield is from 5,46 to
(5.46 - 1.31) = 4,15, which includes the same cultivars.
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The range for the third highest yield is from 5.01 to
(5.01 - 1.31) = 3.70, which includes all but the lowest
three indicated by the letter "b". 'The letters at the
right of the treatment means in Table IV-4 indicate the
four groups within which there is no significant
difference,

Table IV-5 presents the agronomic characteristics of
the varieties under evaluation.

TABLE IV-5. Agronomic characteristics of 15 varieties
evaluated in a site-specific trial in
Chimaltenango, Guatemala.

Variety Days to Ylant Ear
Flower Height Height
(m) (m)
1. Los Pitos 129 2.85 1.60
2. Garcia 127 3.25 2.40
3. Cojobal 127 3.35 2.20
4. Ajquejay 126 3.10 2.15
5. Lopez 128 3.45 2.30
6. Unec 127 3.15 2.90
7. V=304 117 2.25 1.15
8. Argueta 124 2,55 1.25
9. Marroquin 120 3.40 2,25
10. Santizo 119 2.50 1.45
11. Tsut 128 3.55 2.40
12, oOrdonez 129 3.40 2.25%
13, Don Marshall 107 2.00 1.00
14. Sintetico Chanin 102 2,20 1.15
15, Chanin-4 103 2,70 1.20
Source: ICTA, Guatemala

The analysis shows the nighest-yielding group of varieties
among which there is no significant difference (varieties
3, 2, 9 5, 4, 1, 6, 7, lo, 8, and 1l1l), and two
(varieties 3 and 2) which are s.:anificantly different from
the four lower-yielding varieties (12, 13, 14, and 15).
The best varieties were the local materials and the
lowest-yielding were the expcriment station varieties Don
Marshall, Sintetico Chanin, and Chanin-4. These last
varieties were selected for earliness and lower plant
height.
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Farmer evaluation of the materials in this trial
indicated that shorter plants were not generally desired
because corn stalks are used for fences and walls.
However, the station varieties, although lower-yielding
and more than one meter shorter, proved to be nearly 30
days earlier than most local varieties. 1t was concluded
that these characteristics offor good potential for
alternative cropping systems (intercropping, relay
cropping, consecutive cropping) .
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\Y
Researcher-Managed Regional Trials:
Agronomic Evaluation

Regional trials are a set of similar trials conducted
in a region previously identified as a recommendation
domain. Their main objective is the evaluation of data
from on-farm and on-station trials to define the
interaction of technology with environmental conditions,
both from an agronomic and a socioceconomic viewpoint.
Verification of homogeneity within the previously
identified recommendation domain may result, or evidence
supporting the necessity to partition the recommendation
domain can be obtained. Recommendations for treatments
(techuologies) to be submitted to farmer-managed trials
chould result from analysis and interpretation of regional
trials.,

In designing regional trials, the number of locations
should be as high as resources permit, with the regional
experiment station serving as one site. In a single
recommendation domain there should probably be no fewer
than five locations. Analyses can be made with fewer
locations, but precision will be questionable.

Farmers should participate in the management of the
trials with full knowledge of the variables studied and
the results expected. Throughout the axperiment, farmers
should be 1in close contact with the person or persons

responsible for the trials., Farmers' active
participation adds resources and reduces the required
researcher input at each lecation; it therefore
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facilitates the use of more locations.

If a sufficient number of locations have been used
for site-specific trials, and if they have designs and
treatments in common, they can be analyzed as regional
trials -- a cost-effective utilization of information.
Usually though, a trial will be designed especially for
regional analysis with fewer treatments than typical
site-specific trials but with a design common for all
sites. Variables included in regional trials, then, can
be the same as those that were included in site-specific
trials, a subset of them, or others based upon different
Criteria.

The methodology of combining an analysis of variance
of data from all locations permits a measurement of the
interaction of technology with environment. It also
allows for a statistical interpretation of the relative
stability of each technology by a partitioning of the
total degrees of freedom due to treatments, and for
utilizing regression techniques involving environmental
indexes (see Chapter VII for a description of modified
stability analysis).

Farnz=rs' participation in these trials contributes to
the researchers' focus on the farmers' reality, allowing

adjustments in experimental design and generating
conclusions that would not be possible from a strict
numerical interpretation of resulting trial data. For

example, farmers could readily reject the color or shape
of an experimental bean cultivar in a vairiety trial, or,
in the case of maize, point out the inadequacy of husk
coverage, or the impossibility of a suggested thinning
practice because of local religious beliefs.

DESIGN AND METHODOLOGY

Technologies to be evaluated in regional trials
usually are selected on the basis of results from
exploratory and site-specific trials conducted during the
brevious year or vyears. Perhaps such trials were
concerned with individual componerts, such as variety,
fertilizer, or insecticide. 1In regional trials these may
be combined into a more comprehensive system. From all
previous trials in a region, a consensus is formed by a
multidisciplinary team as to what factors need to be
researched on a broader basis,
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The general approach is to conduct a set of trials
having standard experimental and treatment design, plot
size, and number of replications throughout the region. A
brief description of some of the more important choices to
be made in designing these experiments follows.

Experimental Designs

A randomized complete block design 1is preferred,
because of its simplicity and precision., Split-plot or
Latin square designs are also possibilities, Lut they may
be unnecessarily complex. A separate randomization should
be carried out for each block of the trial at each site.
In other words, a standard randomization should not be
used for all sites.

Number of Replications

To provide an estimate of the experimental error from
each site, replicates within sites are necessary. Three
or four randomized blocks are recommended, although in
extremely limited land situations two blocks per site
could be used if compensated for by more sites. For
highly variable conditions (such as plant disease control
experiments), more than four replications may be required.

Number of Treatments

In order to keep the land area small and to limit the
complexity of the trials from a management point of view,
the number of tr:atments should be as small as possible
and not exceed 15 to 20. As an example, a complete 33
factorial N-P-K rate trial would require 27 treatments,
which would be too many. The nurber of treatments can be
reduced by such techniques as confounding to generate
incomplete factorials or using other appropriate treatment
designs (double square, central composite, etc.).
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Control Treatments

Specific treatments to include in a set of trials
will depend upon the factors being studied and the
combinations of levels needed. Whenever possible,
regional trials should include the following treatments as
controls:

1) At each site the individual farmer's own
technology for the crop;

2) Technology representative or typical for the
crop in the recommendation domain; and

3) The currently recommended technology for the
recommendation domain.

The first control is to give each farmer a basis for
comparison and to provide researchers an estimate of
experimental bias. (Is yield within the experimental area
at each site greater or less than tlie farmer's yield?)
The second control compares the typical practice in the
region with the other treatments. This second control,
when used unchanged year afer year, serves also as a
benchmark to evaluate the year effect for trials conducted
dver time. A third controt, representing the current
recommendation, is included to see how the new technology
being studied compares. The second and third controls
provide control conditions for all remaining treatments.
If the treatments are considered additive to present
pPractices, the second contiol provides these conditions.
If the treatments are considered as additive to
recommended practices, the third control provides these
conditions,

Kinds of Treatments

Analysis of the data should be anticipated when
choosing treatments. Care should be taken to assure that
necessary comparisons can be made readily and that
differences may be found 1if indeed they exist. For
quantitative variables, the total range and the spacing
between levels should be carefully chosen to assure that
the treatment range will prrovide the response desired and
that regression may be estimated with adequate precision.
Equal spacing of the levels, although recommended and
convenient from a statistical point of view, is not always
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necessary.

Two multi-iocation examples are given to show what
types of treatments might be chosen in particular
situations and how these treatments might relate to one
another. The first example is a set of trials at ten
locations to evaluate five varieties (Vi,...Vg) each at
three nitrogen fertilizer rates (N1, Np, N3j), as shown in
Table V-1. The major portion of these fifteen treatments
is a 5 x 3 factorial, 1In addition to these 15 treatment
combinations, three contrnls are included.

TABLE V-1. Treatment combinations
(5 X 3 factorial + 3 controls).

V_]_Nocpc V4NoCPq
ViN31CPc V4N CP
ViN2CP, V4NCPe
V2NoCPe VsNoCPe
V2N;CP. V5N CPe
VaNoCPs VgNoCPo
V3NGCPe VENgCPg
V3NjCPe VeNeCPe
V3NoCPs VN CPy

The controls represent:

1) each farmer's variety (Vf¢), nitrogen fertilizer rate
(Ng), and cultural practices (CPf);

2) the variety (Veo), nitrogen rate (No), and cultural
practices (CP.) typical of the area, or those
commonly used by most farmers; and

3) the variety (Vy), nitrogen rate (Ny), and practices
(CPy) currently being recommended for the region,

In this trial, the variety and fertilizer treatments are
considered additive to the common technology of the area
(CPc), so those practices which constitute that technology
are used in the major portion of the treatment set,

A second example illustrated in Fig. v-1 represents a
fertilizer trial in which the intention is to m=asure the
response to nitrogen (N) and phosphorus (P) over a range
of rates, and to estimate a yield response surface within
this range. It is assumed that a good variety has al:eady
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been adopted by the farmers within the region, so this
factor will not need to be included within the trial. The
ranges in rates to be used are 0 to 100 kg/ha for N and ©
to 120 kg/ha for Pp.

N
(+2,0)

(+1,-1) (+1,+1)
(01‘2) (0,0) (012)

(-1,-1) (-1,+1)

(-2,0)

The coding scale is as follows:

Actual N: O 25 50 75 100 Actual P: 0O 30 60 90 120
Coded N:-2 -1 0 +1 +2 Coded P:-2 -1 0 +1 +2

FIG. V-1. Modified central composite design,

The design selected is a modification of the central
composite response surface {(described by Cochran and Cox,
1957).

Selection of Sites

Sites should normally be selected to cover a range in
the environmental characteristics whose interaction with
the technologies to be tested is considered to be of
interest. These environmental characteristics could
include soil nutrien- levels, soil moisture, climatic
effects, management, etc. The number of sites required
will depend upon the variability in the region and how the
results will be used (that is, the analysis or analyses to
be employed). For example, if modified stability analysis
is to be used where an environmental index is estimated,
as suggested in Chapter VI), a minimum of eicht to ten
sites (perhaps as few as five) is necessary. This may
also be a reasonable number for estimating the component
of wvariation due to sites by analysis of variance. One
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might also consider the magnitude of differences that one
wishes to measure, and then adjust the number of sites so
that the error variance component is small enough to
detect such a difference.

Complexity

It is desirable that these trials not be highly
complex. This is one reason why use of the randomized
complete block design is recommended. As mentioned above,
treatments may be arranged with either complete or
incomplete factorial structure. Treatmants in incomplete
factorials should be chosen in such a way that undue
difficulty 1in analysis is avoided. Every attempt should
be made to standardize the number of blocks, the
treatments, and the plot and block dimensions, and to
avoid missing values for any of the plots. Trials that
differ from the others with respect to thece
considerations could complicate the analysis. all
management operations should be recorded at each site
for use in interpreting results.

Replications over Years
Multi-year testing to ascertain stability of results

occurs in the farming systems approach s alternative
technologies move through the sequence of researcher- and

farmer-managed trials. Evaluating technologies over a
range of environments also aids in the evaluation of
stability. For this reason, it is not normally necessary

to repeat the same trial for two or more years, as is
usual on experiment stations, which represent only a
single site.

COMBINING DATA OVER SITES

One of the goals in regional trials is to provide an
estimate of interaction of sites (environments) and

treatments. One way this can be accomplished is with a
combined analysis of variance over sites, If this
interaction is negligible, estimates of the treatment
effects over sites, which would be wused for

interpretation, would be stable. This would imply that
the recommendation domain is homogenecvus with respect to
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the treatments included and need not be partitioned.

Data for the first of the three control treatments
(the individual farmer's own technology) would normally be
omitted in a combined analysis of variance because it is
somewhat different at each location. The second and third
kinds of controls would be comparable from site to site
and can therefore be included., In general, a format for
an analysis of variance which combines data over sites is
as follows:

TABLE V-2, Combined analysis of variance procedure.

Source d.f. S.S. M.S. F
Site (s) 3-1 SSS SSS . MSS MSS

(s~1) MS (SXT)
Blocks
within s(b-1) SSB(S) SSB(S) - MSB(S) MSB(S)
sites s(b-1) MSE
Treat- t-1 SST SST - MST _MST
ments (t-1) MS (SxT)
Site x
treat- (s-1)(t-1) SS(SxT) SS(SXT) - MS(SxT) MS(SxT)
ment (s-1) (t-1) MSE
Error s(b-1)(t-1) SSE SSE - MSE

s(b~1) (t-1)

Total sbt-1

Combined Analysis of variance

The combined analysis of variance and a test for
multiple comparison of treatment means is the procedure
often chosen to evaluate technologies across a region
and/or over time. The new technoiogies under analysis are
very often new varieties or hybrids, but any other
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TABLE V-3. Plot yields of 15 maize cultivars evaluated in
three sites by ICTa, Chimaltenango, Guatemala
Replications

Site Cultivar I II III IV Totals
alameda I 2.10 2.27 2.34 2.67 9.38
2 2.54 2.56 1.94 2.42 9,46

3 3.16 3.29 2.65 2.36 11.44

4 2.39 2.56 3.20  2.40 11.55

5 3.65 3.24 3.25 2.40 12.54

6 4.65 3,42 2.48 2.42 12.97

7 3.43 3.44 3.02 3.42 13.31

8 2.12 3.13 3.64 2.41 11.30

9 3.39 3.73 3.46 3.64 14.22

10 2.44 2.16 1.90 1.27 7.77

11 4.67 3.14 3.15 2.87 13.83

12 2.61 3.40 3.90 2.84 12.75

13 1.95 .44 2.99 3.49 11.87

14 2.67 3.16 2.58 2.56 10.97

15 3.33  3.13  2.18 2.59 11.23

Site totals 45,10 47.07 42.66 39.76 174.59

Parramos 1 4.59 6.26 6.32 4.64 21.81
2 3.86 6.24 4.10 6.01 20.21
3 4.75 4,21 4.48 4.65 18.09
4 6.20 7.00 4.57 5.37 23.14
5 5.97 7.09 4.29 6.09 23.44
6 6.43 6.09 5.88 6.70 25.10
7 6.59 6.21 7.19 5.41 25.40
8 5.24 6.17 6.33 7.74 25.48
9 6.40 6.68 5.56 6.00 24,64

10 3.46 4.08 2.89 3.06 13.49
11 6.31 6.19 6.52 7.13 26.15
12 5.03 6.36 4,80 4.10 20.29
13 6.92 5.85 6.49 6.40 25.56
14 5.95 6.32 7.30 7.23 26.80
15 5.35 5.33 4.99 3.64 19,31

Site totals 83.05 90.08 81,71 84,17 339.01

Itzapa 1 2.56 3.40 3.68 2.22 11.86
2 3.51 3.71 3.22 3.37 13.81
2 3.78 3.15 3.27 3.48 13.68
4 3.62 2.65 3.25 3.39 12.91
5 3.64 2.39 2.37 2.76 11.16
6 3.26 3.26 3.29 2.98 12.79
7 1.92 3.68 3.53 2.40 11.53
8 2.81 3.20 4.04 3.40 13.45
9 2.90 2.78 2.99 3.04 11.71

10 1.65 1.38 2.04 1.94 7.01
11 2.82 2.03 2.75 2.73 10.33
12 4.15 3.08 2.92 1.74 11.89
13 2.53 2.42 3.54 2.29 10.78
14 3.60 3.32 3.16 3.35 13.43
15 2.08 3.04 2.26 3.33 10.71

Site totals 44.83 43.49 46.31 42.42 177.05
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management practice or technological innovation gencrated
for the region that shows variation due to soil,
management, and/or climatic factors could be analyzed by
this procedure. 7Table V-3 shows a group of three trials
illustrating the combined analysis procedure. This group
of trials was evaluating the response of vield and
morphological aspects of 15 maize cultivars to prevalent
conditions in a region.

The procedure for the combined analysis of variance
for the cultivars across the three sites was shown in
Table Vv-2. Each of the sums of squares (SS) was
calculated as follows:

CF = Correction factor
= [(Grand total of trials)2] / tbs
= [(tot site 1 + tot site 2 + tot site 3)2]
/ (15 x 4 x 3)
= (174.59 + 339.01 + 177.05)2 / 180
= 2649.986

where t = number of treatments
b = number of blocks or replications
S = number of sites

SSS Sum of squares sites
{[(tot of observations in each site)2] / tb} - CF
{[(Tot site 1)2 + (tot site 2)2
+ (tot site 3)2] / (15x4)} - CF
{1(174.59)2+(339.01)2+(177.05)2] / 60}
- 2649.986

295.950

SS blocks (within sites)
[(tot observations ea/block, ea/site)? / t]
- SSS - CF
{[(tot block l,site 1)2 ¢,..+ (tot block 4,
site 3)2] / 15} - SSS - CF
{[145.10)2 + (47.07)2 +...+ (42.42)2] / 15}
- 295,968 - 2649,986

5SB(S)

H

5.2908
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SST = SS treatments
= [(tot of each trt across sites)2 / bs] - CF
= {[(trt tot 1 all blocks and all sites)? +,..
+ (trt tot 15)2] / (4 x 3)} - CF
= [[(9.38 + 21,81 + 11,862 +...
+ (11,23 + 19.31 = lO.7l)2 / 12} - 2649.986
= 41,3328

55(SxT) = Sum of sqguares site x treatment
= {[(trt tot ea/site)?] / b} - SSS - SST - CF
= [[(tot trt 1, site 1)2 4, .,
+(tot trt 15, site 3)2) / 4}
~ 855 - SST - CF
= {0(9.38)2 + (9.46)2 +...+ (10.71)2 / 4)
- 295.950 - 41,3328 - 2649.986
= 28.5818

5§ (tot) = Total sum of squares
= IL(each observation)2 - CF
= [(trt 1, block 1, site 1)2 +,,.
+ (trt 15, block 4, site 3)2] - cF
= [(2.10)2 + (2.27)2 +...
+ (3.33)2) - 2649.986
= 421,049

SSE = Sum of squares error

= 85(tot) -~ [SSS + SSB(S) + SST + 5SS (SxT)]
= 421.049 - (295.950 + 5.2908 + 41,3328

+ 28.5818)
= 49,8936

To obtain the mean squares, each sum of squares is divided
by its corresponding degrees of freedom (Table V-4). The
F values for sites and treatments are calculated from MS
(8xT) and not MSE. The F value for site-by-treatment
interaction is calculated from MSE.

MSS / MS(SxT)
147.975 / 1.021
144,93**

For sites: F

n
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For treatments: F = MST / MS(SxT)
2.952 / 1.021
2,89%**

il

MS (SxT) / MSE
1.021 / 0.394
2.59

For site-by-treatment interaction: F

All of these F values are highly significant (P<0.0l).

TABLE V-4 Combined analysis of variance for yield of the
maize varieties evaluated in three sites,
Chimaltenango, Guatemala.

Sources of d.f. S8 MS Fe F o1
variation

-Sites (s-1)=2 295.950 147.975 144.93 7.64
-Blocks s(b-1)=9 5.2908 0.588

(within

sites)
-Trts, (t-1)=14 41.3328 2.952 2.89 2,80

-Sites x (s-1) (t-1)=28 28,5818 1.021 2.59 1.87
trts.

-Error s(b-1) (t-1)=126 49.5936 0.394

-Total (sbt)-1=179 421,049

Source: ICTA
CV = 16.4%

The treatment means for each site and overall

treatment means are presented 1in Table V-5, As one
studies this table, the reason for the very highly
significant effect of sites becomes obvious. The mean

yields for the cultivars in Site 2 (Parramos) are, in most
cases, nearly double those of the other sites, so this
site 1is responsible for the highly significant difference
among sites., The effect of the site-by-treatment
interaction is evident when studying individual cultivars.
As an example, cultivar 2 has a high yield in Site 3 and
a low yield in Site 2. Cultivar 13 responds the opposite
way. See Chapter VII for a means of further analyzing
this interaction.
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TABLE V-5. Site and overall mean vields of 15 maize
genotypes evaluated in three sites,
Chimaltenango, Guatemala.

Treatment Site 1 Site 2 Site_ 3 oOverall
(Cultivar) Alameda Parramos Itzapa Mean

—-metric ton/ha

1 2.345 5.452 2.965 3.587
2 2.365 5.053 3.451 3.623
3 2.861 4.524 3.420 3.601
4 2.888 5.785 3.226 3.967
5 3.136 5.861 2.789 3.928
6 3.244 6.277 3.199 4.240
7 3.326 6.349 2.882 4.186
8 2.824 6.369 3.363 4.185
9 3.553 6.161 2.927 4.214
10 1.942 3.373 1.755 2.357
11 3.460 6.537 2.583 4.194
12 3.186 5.072 2.972 3.744
13 2.969 6.415 2.693 4.026
14 2.742 6.702 3.357 4.267
15 2.808 4.826 2.677 3.437

Source: ICTA, Guatemala

To determine where the differences exist among
cultivars, Tukey's multiple range test for means (see
Chapter 1V) was performed:

D = Q Sx

= Q¢,qr (52 / bs)l/2

= Q15,126 X (0.3958 / 4x3)1/2
4.90 x (.1816)
0.89 ton/ha

The smallest difference between the mean vields of two
cultivars that will make them significantly different at
the 5% level of confidence is 0.89 ton/ha.

All treatment means are listed in descending order
and the same letter is placed next to all those that are
not different when compared:
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Cultivar Overall mean
(Metric ton/ha)
14 4.267 a

6 4.240 a
9 4.214 a
11 4.194 a
7 4,186 a
8 4,185 a
13 4,026 a
4 3.967 a
3.928 a

12 3.744 a
3.623 a

3 3.601 a
1 3.587 a
15 3.437 a
10 2.357 b

For this case, Tukey's multiple range test shows that with
the exception of cultivar number 10, there are nc
significant differences in yield. Cultivar 10 is
significantly lower in yield.

Tukey's multiple range test for means is considered
by many researcners as too severe since differences have
to be large to be statistically significant (5% level).
For example, in this case there were differences of up to
20% in yield (.85 ton/ha) amony the group where no
differences were detected. However, with this test there
is 1little risk of adjudging significant differences that
actually do not exist. There are i number of multiple
range tests for means and the most appropriate should
always be chosen. For a discussion on multiple range
tests for means refer to Chew (1977). Had two more sites
been included in this trial, a modified stability analysis
(Chapter VII) may have been useful for detecting superior
cultivars.

Agronomic data serve to complement yield information.
In this case, when yield shows no significant differences,
the agronomic information is particularly important.
Table V-6 shows the mean values on the farm sites for days
to flower, ear height, and percentage of rotted ears.
Varieties are ordered according to yield.
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TABLE V-6, Evaluation of days to flower, ear-height, and
rotted ears in 15 maize varieties grown in
three sites, Chimaltenango, Guatemala.

Treatment Days to Ear Rotted
(cultivar) flower height ears
(cm) (%)
14 128 117 6.3
6 127 124 6.3
9 130 132 5.0
11 132 135 6.1
7 129 127 6.1
8 134 135 5.8
13 125 105 4.9
4 129 128 6.7
5 129 130 €.9
12 132 118 5.6
2 125 121 2.5
3 130 123 4.8
1 127 125 5.5
15 131 126 7.1
10 127 119 14,2
X 129 124 6.3
CV% 2,02 9.91 50.4

Source: ICTA, Guatemala

Variety 10 showed the lowest yield and also the highest
percentage of rotted ears (14.2%). Other varieties ranged
from 2.5% to 7.1%. Days to flower and ear height show

very contrasting values. Varieties 11 and 13 are the
earliest (128 and 125 days to flower) and also have the
lowest ear height (117 and 105 cm) . Concomitantly,

varieties 11 and 8 are the latest flowering (132 and 134
days) and the tallest (135 and 135 cm) .

These observations contributed to the conclusion that
these varieties, in view of their contrasting phenotypes,
should be considered for further evaluation in regional
trials, as well as in exploratory trials designed to
identify novel crop associations and plant distr.pbutiorn.
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VI
Researcher-Managed Regional Trials:
Socioeconomic Evaluation

Economic evaluation of agronomic research data from
on-farm trials can involve little more than gathering and
using appropriate information. For example, if a change
of fertilizers is involved, the researcher should have the
price of the fertilizer currently being used and the price
of the fertilizer being substituted. The difference
between the rate applied, times the price of each, is the
difference 1in cost of the change, Yield differences are
evaluated on the basis of the price of the cron. If
yields change sufficiently so that harvest costs are
modified, this should be taken into consideration also.
Other economic analyses, however, can be more complex and
may require or benefit from different analytical or
statistical techniques. They may also require different
experimental designs from those utilized for agronomic
evaluation,. Some of these differences include choice of
evaluation c¢riteria (the means of measuring results),
effect of a technology on other enterprises on the farm,
effect on farm labor and its distribution within the
family, the potential risk involved, and the demand created
for other kinds of inputs. Many of these considerations
are too complex to be considered in this volume. However,
some warrant discussion, since they are of basic
importance to interpreting agronomic trials and making
recommendations from them.
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CHOICE OF EVALUATION CRITERIA

One of the most important and critical decisions to
be made when designing research and evaluating data is the
selection of choice criteria for evaluation. The most
common evaluation criterion used by agronomists is vyield
per wunit of land area, frequently kg/ha. The use of this
criterion implies that land is the most limiting resource
on the farm and that therefore productivity of the land :s
the most important evaluation criterion. This 1is not
always the case. On many small farms, even though there
is little land, land is not the most limiting constraint.
Nor is the same constraint necessarily the most limiting
for different crops. For example, small farmers in
Narifio, 1in the south of Colombia, traditionally plant
their scarce potato seed by spacing it widely to maximize
the productivity per unit of potato seed. The amount of
seed determines the size of the potato field. Hence, land
is not the most limiting resource with respect to potato
production on these small farms. However, the rest of the
land on these farms is planted into grain crops. For
grain, land is a limiting resource. For this reason, in
the case of potatoes, technclogical changes which increase
the productivity per unit of land area but decrease the
productivity per unit of seed will not be attractive to
these farmers. On the other hand, the same kind of
technology for grain crops could be acceptable. The
importance of wusing the relevant choice criterion in
evaluating on-farm trials is obvious in this case.

In large areas of Africa, land is not a limiting
resource. Farmers can plant as much land as they are ahle
to manage. However, in these same areas, rainfall is
scarce, so weeding the crops becomes a critical factor.
These farmers tend to plant the amount of land they can
effectively weed, because planting more land is a waste of
effort if it cannot be weeded. 1In this case, labor for
weeding becomes the most important evaluation criterion
and changes in crop production practices must be evaluated
against this factor.

In some areas, such as eastern Guatemala, crops must
be planted as soon as possible after the initiation of the
rains, Delayed planting reduces yield heaviiy because of
a mid-season dry spell, increased pest problems, or
because the crop doves not mature before the rains
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terminate. In this case, labor available for planting
becomes the most important evaluation criterion. For
most small farmers, cash is a very limiting resource. For
these farmers, the needs of the family and the home
compete directly with the needs of the crops and livestock
for the limited cash resources available. Non-cash inputs
are more important on these farms and only a limited use
is made of inputs which require a source of cash. 1In this
case a relevant choice (riterion is the comparison of
return to cash costs.

Labor Input as an Evaluation Criterion

In all of the above cases, it is necessary for the
researcher to have information on the use of the resource
in question in order to be able to employ the appropriate
evaiuvation criterion. For example, if labor at weeding
time is critical, any changes in technology which
influence weeding will create a need ‘or the researcher to
monitor weeding labor. Weeding of the individual crop in
question is important, but the effect of utilizing more
labor on any one particule: crop can also have an
influence on labor availability for other crops,
livestock, or household activities. This should also be
taken into consideration. Other important considerations
are which members of the household are involved and
whether or not labor is hired.

In order to evaluate changes in labor requirements
from on-farm or on-station research, it 1is |usually
necessary to have larger plots than are required for
strictly agronomic evaluation. Plots need not be full
field size, however. 1In on-farm research, records must be
kept of the labor utilized by farmers on their own fields
for the particular operations in question. Labor use
should take into consideration the time lost in going to
and from the Ffield, and for resting, drinking water,
eating, charpening implements, or anything else that
reduces the amount of time that land can b2 worked in a
day. Records should also be kept of the labor required
for the same tasks in the trial plots. Usually, a test
plot will be completed without any <est, implement
sharpening, or other delays which are rormal in field
work.
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PRACTICAL FIELD ADVICE

Farmers have standard estimates of the amount
of time required to do most traditional field
operations. The amount of land a person can weed,
plant, or clear in a day is established as mucih by
custom as by measurement. Where these
measurements are available, they should be used
for the traditional treatments because it reflects
reality in the area.

The problem comes when changes in the amount
of labor required to accomplish specific tasks are
made., If more time is required to weed a certain
area, the people who are doing the work may demand
more pay. On the other hand, if less time is
required, the farmer may try to increase the area
which 1is completed in a day's time. Evaluating
these possible changes must be done by asking the
opinions of farmers and laborers or by waiting to
see what happens in practice.

Having the information from farms and plots, the
researcher can make appropriate adjustments in rlot data.
By converting plot size to hectares or some other measure
of land area conmonly utilized by farmers, a factor is
available for comparing plot labor usage with real farm
data. For example, if a 10 x 10 meter plot requires one
half hour for an operation, this is equivalent to 50
hours/ha or 6.25 workdays of 8 hours/day. 1If the same
operation on a farm basis requires 20 workdays per
hectare, then 20 / 6.25 = 3.2 is the conversion factor.
In other words, multiplying labor operations done on a 10
X 10 plot by 3.2 and adjusting plot size to a normal land
unit sire results in an estimate of the 1 ‘or required on
a . ~rmal land unit bas.s. For example, if labor required
for another 10 X 10 m plot is 20 minutes (1/24 workday) ,
then workdays per hectare for this technology is:

(1 / 24) % 3.2 x 100 = 13.3
If labor for weeding is the limiting resource in a
recommendation domain, then production should be divided

by weeding time to get an estimate of labor productivity
(product per unit of labor). For example, consider the
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following situation: under traditional practices, 20
workdays are required to weed a hectare of land that
produces 3200 kg of product. A new arrangement in
planting density and spacing adds 20% to labor
requirements for weeding and results in 500 kg of
additional production. Traditional practices result in
160 kg per workday spent in weeding (3200 / 20) but the
alternative technology yields 3700 kg for 24 workdays or
154.2 kg per workday. Because labor for weeding is
limiting, the relevant evaluation criterion is not yield
per hectare (3700 vs. 3200 kg). 1If farmers are limited@ to
30 workdays of labor in the weeding period, during those
30 workdays chey are able to weed less land in the new
system, Because each workday results in 154.2 kg of
product with the new technology, rather than 160 kg with
the traditional technology, the 30 workdays produce only
4626 kg under the alternative technololy, compared with
4800 kg under the traditional technology. In this
example, it 1is evident that the criterion of yield per
hectare (3700 kg compared with 3200 kg) results in a false
conclusion regarding the value of the tectinology to the
farmers. With a limit of 30 workdays of labor available
for weeding, this leaves farmers with a choice of 4800 kg
of product with the traditional system or 4626 kg using
the new technology.

Measures of productivity of labor (kg/workday) are
subject to the same kind of variation as other measures of
productivity, such as kg/ha. A common mistake in making
an  economic analysis is to make oniy one estimate and
assume it is firm, Measures of productivity (evaluation
criteria) can be subjected to the same kinds of
statistical analysis as are commonly used for biological
or agronomic criteria. For example, net income can be
affected by variation in yield, price of the praduct, use
of inputs, and price of inputs. When farmers' practices
and prices paid or received vary, separate income
calculations should be made for each farm, Jjust as
separate yields are measured for each farm.
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Cash as an Evaluation Criterion

In commercialized and monetized agriculture, cash can
effectively substitute for most other inputs. If more
seed 1is needed, it is purchased with cash (or credit,
which is another form of cash). If more labor is needed,
it is also purchased with cash. However, in many small,
limited~resource farm situations, nearly all resources
used in the production process come from the farm. Only
a very few inputs are purchased. These include inputs
which are not available on the farm, such as chemical
fertilizer, insecticides, herbicides, and improved or
hybrid seed. oOn farms where farmers are unaccustomed to
making purchases with cash, great care must be taken to
evaluate the productivity of, or return to, the additional
amount of cash required for alternative technologies.

On fully commercialized farms, w.2re cash is
basically not a limiting factor, the criterion of profit
maximization may be relevant. Profit maximization is
achieved where the valve of the product obtained from the
last unit of input is just equal to the cost of that
additional unit. However, farmers with very limited
amounts of cash will 1ot vsually be interested in
utilizing as much cash in an individual enterprise as is
required to maximize profit. Rather, they will be looking
for ways to achieve the highest return (or productivity)
per wunit of cash invested in the enterprise. In this
situation, the amount of product per unit of cash (similar
to the amount of product per unit of labor) is a relevant
evaluation criterion. Calculations can be made in a
manner similar to those shown above for returns to labor.

Because cash can be converted into many different
kinds of inputs, it is more critical to look at
alternative uses for cash and not just consider return to

cash investment for individual enterprises. This is even
more critical on small farms where family neccssities
compete directly for limited cash resources, 1f

researchers consider only the return to cash investment in
the commodity in which they are interested, they may well
find that what appears to be a "good" technology is not
acceptarle to farmers, who would rather use the cash in
another way, such as for a wedding or to repair the house,
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RESPONSE SURFACES*

What They Are

A response surface is a representation of the natural
relationship which exists between the quantity of a
product and various levels of cne or more inputs used to
produce that product. That is, a response surface is an
estimate of the response of a product to different

quantities of one or more inputs wutilized in the
production process. This representation can be physical,
tabular, graphic, or mathematical. A true response

surface with three dimensions (width, depth, and height)
results in graphic form when only two inputs are used to
obtain one product. 1In this form, the surface is similar
to a hill with quantities o1 the two inputs measured
toward the north and east and quantity of product
represented by height, or altitude. Each point on the
surface represents a combination of different quantities
of input A, input B, and yield of the product. In the
simplest case of only one input, the "surface" 1is a
straight line or a curve. 1In a more complex case with
three or more inputs used to produce one product, it 1is
impossible to imagine or draw the response "surface," so
it must be represented in mathematical form.

The graphic or mathematical form of a response
surface 1is an artificial estimate of a real phenomenon
that exists in nature. The surface can repre<ent the
response of a product tc a continuous input, . h as a
crop to fertilizer or animals to feced, etc. Because the
response is a natural biological phenomenon, it is not

constant for a fixed level of inputs. Rather, it |is
subjected to a random variance. The granhic or
mathematical response surface represents the central

tendency of the response in terms of magnitude (level) and
of form (curvature).

Representative Forms

To demonstrate the forms which response surfaces can
take, a two-dimensional tase will be used with one input

*Much of this section was translated and adapted from
Hildebrand (1972).
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and one product, Surfaces can be represented either
graphically or mathematically in generalized form,
Mathematically, vield (Y) is a function of the quantity
of input (X), that is Y = f (X).

The simplest form of a response surface, one that is
seldom useful, is a straight line (Fig. VI-la).
Generally, 1linz:ar responses are found only with small
changes in the level of the input.

( 1a. 1 1b
Product Product Quadratic
Linear
Input Input
1 1c. ( 1d.
Product /_\ Product Gublc
Square Root

Input Input
1 1e
Product Logarithmic
input

FIG.VI-1, Two-dimensional response surfaces.
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Perhaps a more usefu! form of curve is the parabola,
or quadratic function (fig. Vi-1b). This type of curve is
representative of part of the law of diminishing returns.
It has a maximum and can demonstrate a decline in
production resulting from high or toxic use of an input 1€
that phenomenon is present. A similar form is the square
root function (Fig. VI-lc). The square root function also
as a maximum but it is less sharp than the parabola. 1In
some cases, data represent surfaces which are more complex
than can be represented by the previous curves. If the
response surface contains all three economic stages of
production, a form such as a cubic function (Fig. VvI-14)
is required. A cubic function can have a portion that
increases at an increasing rate (Stage I), another part
that increases at a decreasing rate (mostly in Stage 11),
and finally a portion that decreases witt increases in the
level of the input (Stage III). Another useful function
is the logarithmic function (Fig. vI-le), called by
economists the Cobb-Douylas function. This function does
not have a maximum and is therefore useful for responses
that display this characteristic (for example, herbicides
and insecticides 1if they do not induce decreasing
production). It is also an easier function to work with
than are some other forms.

Economic Analysis

The analysis of data by response surfaces is related
to analysis of wvariance, but it is more efficient in
describing the relationships and results in more directly
applicable information for researchers and farmers. The
least-squares method, which 1is used to calculate the
statistical values of the surfacers by regression, is based
on all usable observations and is therefore efficient in
the use of the data. Also, once a researcher has a
mathematical fun-tion, it is possible to interpolate and
predict responses for input levels not included in the
original exoerimencal design, With care, estimated
responses can be extrapolated beyond the range of the
data. Also, with a curvilinear function it is possible to
find the quantity or the combination of inputs which
result in maximum physical production by equating the
first derivative of the responsc surface to zero.

Perhaps the most useful reason to calculate response
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surfaces 1is to facilitate economic analysis. After
researchers have calculated the equation for the response
surface, they can calculate the quantity or combination of
inputs which are most profitable for commercial producers
from any combination of prices of inputs and product. The
economic optimum combination of inputs is the amount which
results in maximum profit for farmers (Fig. VI-2). Using
U for profit (utility), which is the difference between
income (I) and cost (C) for one 1input, the following
calculations can be made:

I-Y(Py)
C = X(py) + FC
U0 =1-2¢
Y (Py) = X(Py) - FC
where:

total income
Y = quantity of product (generally yield per ha)
and is a function of X: Y = f (X)

—
n

C = total cost (variable + fixed cost)

Py = price of the product

X = quantity of input

Py = price of the input

FC = fixed costs that include all costs except
the purchase of X, which is the input under
consideration

U = profit or net income (utility)

In the rational or economic stage of production, the
response curve is increasing, but at a decreasing rate.
Therefore, the function of I (total income) will have the
same form, Cost is a straight line with an intercept
equal to FC. The difference between I and C, which is
utility or profit, is a curve which has a maximum at the
point where the vertical difference between I and C is
greatest, The quantity of the input that results in this
value 1is the quantity which maximizes profit.
Mathematically, this can be calculated as follows:

U = Y(Py) - X(Py) - FC
du/dx [(dY/4dX) Pyl - Py
(marginal profit)
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Quantity of input X

FIG.VI-2, Variable cost (VC), fixed cost (FC), income

(I), and profit (U) functions.
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When marginal profit is equal to zero, th: profit curve U
is at a maximum, Therefore, in order to find the amount
of the input which results in maximum profit, the
following relationship is calculated:

[(dY/dX) Pyl - Py = 0, or
dy/dx = py/p,

In other words, to maximize profit, the derivative of the
response surface (dY/dX) is ecquated to a ratio of the
price of the input to the price of the product (Px/Py).
The prices of the inputs and the prices of the products
must be measured in the same units used in calculating
regression.

For two or more inputs, the solution is an
extension of the above:

U = Y(Py) = X1(PX]) - X3(Px3) =-...- X,(Px,) - FC

where X1, Xo,..., !n are the inputs included as variables
in the response surfacz. The partial derivatives (these
are partial derivatives because there is now more than one
input, X) are:

(5U/6X]_ = [((SY/GX]_) Pyl - Px1 = ¢
(5U/6X2 = [(6Y/(§X2) Pyl - Pxy = 0
6U/6Xn = [(6Y/6Xy) Pyl - Px, = 0
The simultaneous solution of this set of partial

derivatives will result in the combination of the n inputs
to produce product Y that maximizes profit for farmers,

There are various ways to estimate response surfaces.
The best in any case will depend on the quantity of
inputs, the number of treatments, and the type of
calculating or ~omputing equipment available to
researche~s.
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METHODS OF OBTAINING RESPONSE SURFACES
Simple Regression--Visiogra, hic

If an experimental design includes only one input and
few treatments, and the researchers desire a quadratic
form of respunse surface, a simple and practical method is
to estimate the curve visuvally and graphically. This
requires only the simplest type of calculator. A design
using three levels of an input provides an exact estimate
of a quadratic curve. With more than three levels, the
method 1is less exact but still functional. Table VI-1
shows partial data from a fertilizer experiment on rice
conducted in Colombia.

Table V1-1. Nitrogen effect on yield of IR-22 rice in
Corinto, Cauca, Colombia,

Treatments Yields
Replications
N P50g K20 I II Average
kg/ha
0 40 40 5500 5200 5350
150 40 40 7000 6350 6675
300 40 40 6950 7000 6975

Source: Hildebrand, 1972

Nitrogen is the only input that varies in these data. The
yield of the individual replications and the mean of each
treatment level are shown graphically in Fig. VI-3. The
researchers desire to estimate a quadratic function of the
form

§=a+blx+b2X2

which represents the response of rice to nitrogen under
these conditions.
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FIG.VI-3. Response of IR-22 rice to nitrogen in Corinto,

Cauca, with p O5 = K,O0 = 40 kg/ha.

2 2

The method is based on the fact that the first
derivative of a quadratic function is a straight line
(Fig. VI-4). fThe first derivative is a value equal to the
slope of the function for any value of X, or in this case
the input nitrogen. Associated with an increase in
nitrogen from 0 tc 150 kg/ha (*N1) 1is an average increase
of 1325 kg in the yield of rice (AYq1). Here, the symbolAa
means "change in." Hence, ANy can be read, "the change
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in Nj." The ratio AY] / ANy is equal to the slope of the
line which connects the mean yield values for O and for
150 kg/ha of nitrogen. This is also the average slope of
the curve between O and 150 kg/ha of nitrogen or
equivalent to 75 kg of nitroyen (Fig. VI-4). Hence, the
value of AY; / ANj = 8,83 is plotted on the lower portion
of Fig. VI-4 for N = 75, The slope of the response
surface between 150 and 300 kg/ha of nitrogen is
calculated the same way. Here, AYo is 300 and AN, is 150,
S0 AYpy / ANy = 2. This value is plotted midway between
150 and 300 or equivalent to N = 225, The straight line
drawn between the two values of AY/AN plotted on the lower
part of Fig. V1-4 1s the function of the slope, or the
first derivative of the quadratic response surface.

Having two points on a straight line, it is simple to
calculate the equation of this line. The slope is derived
in the same manner as the slope for the curve. Find the
change in value of the derivative and divide that by the
change in wvalue of N. 1In this case there are two known
points. For N = 75, the value of AY/AN is 8.83 and for N
= 225, the value of AY//N is ?, Hence, for the straight

line the wvalue of A(AY/SN) = 8.83 - 2.00 = 6.83. The
difference between 225 and 75 is 150, so the slope of the
straight line is: ~(2Y//N)//N = -6.83 / 150 = -0.0455. It

is negative because the value 'Y,/’N diminishes between the
values of N = 75 and N = 225,

To this point, then, a portion of the equaticn of the
straight line is knouwn. That is, the value of the slope b
equals -0.0455, so Y = a ~ 0.0455 N. To find the value of
2, known values of AY/iN and N can be substituted to solve
the equation for a. For N = 75, the value of &Y/ AN =

8.83. Substituting these in the above equation, produces
-8.83 = a - 0.0455 (75). Solving this equation for a
gives a = 12,25. The equation of the derivative of the

quadratic curve, then, is
LY/SAN = 12,25 - 0,0455 N

Mathematically, the quadratic response curve is the
integral of the straight line equation akove. A simple
means of finding the integral of a straight line 1is to
multiply the equation by N (in this case) and divide the
slope of the straight line by 2. The result,
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12.25 N - 0.0278 Nz, is part of the quadratic function.
To this a constant of integration must be acded, which is
equivalent to the irtercept or the value of Y when N is
zerv. When a zero-level treatment is included in the data
set, and '"here are only three levels of input, the average
yield at the zero level can be used as C, the constant of

integration. In this case the average yield of the zero
treatment for IR-22 rice in the trial is 5350 kg/ha, so
this becomes the value of C. The complete quadratic

equati»’n, then, is:
Y = 5350 + 12.25 N - 0.0228 N2

Later, using more orthodox statistical procedures, we will
show that this is the same equation that can be derived by
the method of least squares.

If no zero treatment is included in the data set, it
is still possible to find the value of C, the constant of

integration. This 1is done once again by using known
values of Y and N and solving for the unknown constant of
integration. For example, in this case, for a value of N
= 150 the average value ¢f Y = 6675 kg/ha. Hence, the

follnwing information is available:
6675 = C + 12.25 (150) - 0.0228 (22,500)

which comes fiom the values of N = 150 and N2 = 22,500.
Solving this equation for C results in C = 5350.5, which
is essentially the same value that was calculated before.
Another alternative is to use the wmean value of N and the
mean value of Y., However, care must be taken to calculate
the mean value of N2 from the original levels of N. For
example, the three levels of N are 0, 150, and 300.
Squaring each of these values gives 0; 22,500; and 90,000.
The average of these three numbers is 37,500.

The quadratic response surface being used to
represent the data is shown in Fig, VI-5, Note that in
order to make the curve smooth, the equation can be solved
for levels other than those used in the experiment. For
example, a level of 50 kg/ha of N results in an estimated
value of Y for rice cf 5905.

Now that the response surface has been estimated, it
can be wused to help analyze the data. First, find the
level of nitrogen which maximizes physical production. As
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stated previously, this value of nitrogen can be fourd by
taking the derivative of the response surface and equating
it to zero. The derivative of the quadratic function is

d¥/dN = 12.25 - 0.0455 N

This equation is then set equal to zero and solved for N.
In this case, N = 270 kg/ha, which will result in a

(<
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Nitrogen kg/ha

FIG.VI-5. Estimated quadratic surface.
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maximum yield per hectare of rice. Solving the equation
of the response surface for 270 kg of N shows that maximum
expected rice production would be 6995 kg/ha. This point
can be plotted on the curve.

Economically, a more impertant value would be the
amount of nitrogen which would maximize profit for the
farmer with abundant resources. Once again, referring to
a previous discussion, this value can be found by equating
the derivative of the response surface to the ratio: price
of nitrogen/price of rice. Remember that the prices must
be in the same units of measurement as the equation. At
the time of the study, IR-22 rice had a value of $2.80/kg
and the price of nitrogen as urea was 34.40/kg, both
expressed in Colombian pesos. Therefore, the following
relationship can be found:

d¥/dN = 12.25 - 0.0455 N
from which N

4.40 / 2.80,
235

In other words, 235 kg/ha of N will maximize profit for
farmers with the prices as stated. Once again, solving
the equation of the response surface for N = 235, the
value of Y = 6970 can be found. Although it is fpossible
to produce 6995 kg,/ha of rice with 270 kg of N, it is not
profitable to apply more than 235 kg/ha, because the cost
of the additional 35 kg/ha of N is greater than the value
of the additional 25 kg of rice.

It is possible to use the visiographic method to
calculate response surfaces for more than three levels of
one input, but the results are less precise. It is
necessary to draw a curve through the data points visually
in a form that approximates u quadratic curve and appears
to be representative of the data. Once the shape of the
curve satisfies the researcher, three points along that
curve c¢an be chosen and the came calculations made as
abore. When the equation of the estimated response
surface is found, if it does not satisfy the researcher,
it is possible to begin again with a new curve drawn
visually. Obvicusly, this method is subject to human
error and the bias of the researcher. However, with
practice it is possible to achieve acceptable results (see
Fox, 1968, p.102.) even though no estimates »f sampling
error will exist.
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Simple Regression--Least Squares

With hand-held calculators, simple regression can he
figured easily. However, it is worthwhile to understand
the procedure in case such a calculator is not available.

Table VI-2. Data ard calculations for quadratic
regression.

Xl X2 Y
0.0 0.0 5.50
0.0 0.0 5.20
1.5 2.25 7.00
l1.¢ 2.25 6.35
3.0 9.0 6.95
3.0 9.0 7.00
rfotal 9.0 22.50 38.00
X or ¥ 1.5 3.75 6.333

Note: X] = N and Xp = N2

In order to compare the statistical method with the
visiographic method, the same data set will be used. To
facilitate the calculation by a calculator, the data will
be tabulated in a somewhat difierent form (Table Vi-2).
To avoid the use of very large numbers, the data have been

coded, An appropriate codinyg procedure is to consider N
in wunits of 100 kg and yield of rice in metric tons. In
this way, all the values fall between 0 and 10. The
required calculations follow. Take careful note of

capital and lower-case letters.
ix)2 = 7% - [(2X1)2 / n}
where 1x;2 = (1.5)2 + (1.5)2 + (3.0)2 + (3.0)2

and (xxl)z / n=292/%¢

[}
.
(%)

then 5x12 = 22.5 - 13,5
=9.0
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Ixp2 = Ix,2 = [(IX2)2 / n)
= 172,125 - 84.375
= 87.750
leX2 = ZX1X2 - [(le)(xxz) / n)
= 60.75 - 33.75
= 27.00
Ix1y = IX3Y - [(IX])(IY) / n]
= 61,875 - 57.000
= 4,875
Ixgy = IXaY - [(IXg)(XY) / n]
= 155,5875 - 14%.5000
= 13,0875
ry? = 1¥2 - [(5v)2 / n)
= 743.9150 - 240.667
= 3,2483

The desired function has the general form
? = a + blxl + b2X2

The values of a, by, and by must be found, First, find
the value that is normally called D:

D = (IX] )(Lxp2) - (Ixyxp)?2
= (9.0)(87.75) - (27)2
= 60,75

Then calculate bj by the following equation:
by = [(IZx22) (Ex1y) = (Ix1%2) (Expy)] / D
and by as follows:

by = [(Ix)2)(Ixpy) - (Zx1x3)(Ixyy)] / D
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In the example:

by = [(87.750) (4.875) - (27.00)(13.0875)] / 60.75
= 1,225
by = -13.8375 / 60.75

-0.228

Now that b; and bp are known, find the intercept a by
using the mean values of v, X1, and Xy as follows:

6.333 = a + 1,225(1.5) - 0.228(3.75)

from which
a = 5,350

Remembering that X; is N and Xy is N2, the ccmplete
equation is:

¥ = 5,350 + 1.225 N - 0.228 N2

This is the same equation as was found by the visiographic
method, using the average values of the replications. The
values in this equation have been coded so the magnitude
of the numbers is different. Here N is measured in units
of 100 kg and Y in metric tons. Maximum production
results from N = Z.7 units (270 kg), and production at
this level is 6.99 tons (6990 kg). These are essentially
the same values found before.

In order to find the level of N which maximizes
profit, wuse the prices for the same units in which N and
rice are measured. Because 1 kg of N costs $4.40, the
price of 100 kgs is $440. With rice at $2.80/kg the price
of a ton is $2800. In order to find the amount of N which
will maximize profit, calculate:

dY/dN - 1,225 - 0.456 N = 440/2800
§0 N = 2,34 units or 234 kg

This is essentially the same value as was found by the

visiographic method. The cdifference is due to slight
roundoff error from coding.
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ANALYSIS OF RESPONSE SURFACES

Statistical tests of response surfaces are based on
three mearsures of variations in the dependent variable
(frequently vyield): 1) the wvariation explained by
regression, 2) wunexplained variation, and 3) toctial
variation or the sum of 1) and 2). A surface relating the
response of rice to N can be described as:

Y = f(N]P, K, water, soils, management, etc,),

where N is the variable input and those factors to the
right of the vertical line | are fixed or non-variable.

In the generalized function, there are terms relating the
yield to quantities of N and there is an error term:

T =a+b N+byN2+e

Included in the error term (e) are errors in measurement
of the quantity of N applied (although this is assumed to
be precise); error in controlling levels of P, K,
irrigation, etc.; differences in management; and other
factors, such as incidence of pests that affect some plots
more than others. Also included in the error term is the
error which results because the form of the curve utilized
does not perfectly fit the curvature of the biological
phenomenon. In summary, explained variation is comprised
of a + b)N + byN?, and unexplained variation is contained
in the term e.

Total variation in yield is measured by the sum of
the squared deviations of yield from the average vyield,
designated as y2. The deviations from the mean value of
Y are shown in Fig. VI -5a. Explained variation (variation
dwe to regression) can be shown as:

29122 = r{bj(rxiy)}

Unexplained variation (the sum of squared deviations from
the regression) is:

(Y - ¥)2 = gy2 - £9122
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FIG.VI-6a. Deviations from the mean value of Y.

FIG.VI-6b. Deviations from regression.
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Deviations from regression are shown in Fig. VI-6b.
Measures for evaluating the regression will be based upon
the rice data previously used for the visiographic
estimates.

Coefficient of Determination

One of the best-known statistical measures of how
well a regression fits the data is the coefficient of
determination or the "“goodness of fit," RZ2. This
coefficient 1is the nroportion or percentage of the total
variation which is explained: explained variation divided
by total variation. Explained variation for the guadratic
function is:

£9122 = biIxyy + bylxpy

or in the example:

1.225(4.875) - 0,228(13.0875)
2.9879

£9122

i)

Total variation is
$y2 = 3.2483
Therefore,

R2 (b1Zx1y + bplxyy) / Ly2

2.9879 / 3.2483
0.920

This value of 0.920 means that 92% of the variation in
yield, when nitrogen 1is added, 1is explained by the
calculated quadratic response surface. As a general (but
not firm) rule, the value of RZ2 should be greater than
0.5. In other words the response surface calculated
should explain at least half the variation in the data.
An R? value of 0.92 is considered high for the kind of
data being used here.
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Variance, Standard Error, and Confidence Intetrvals

The standard error of the estimate of the regression
is the square root of the unexplained variation adjusted
for degrees of freedom. Unexplained variation, or the
variance of the regression, is

Sy.122 = (£y? - £9122) / (n - k - 1)

where k is the number of coefficients estimated (bj and by
in this example). In the example:

(3.2483 - 2.9879) / (6-2~1)
0.0868

e
Sy.12¢

Standard error is the square root of the variance:

Sy.12 = (8y,12%)1/2
(0.0868)1/2
0.29462

This wvalue indicates the precision with which the
regression measures the average value of vield, Y =
6.333 tons/ha. This value is used to calculate the
confidence interval around the mean yield as follows:

¥ Eot, [8y,15 / nl/2)

where t, 1is the tabulated value of t for the level of
significance a and with n - k degrees of freedom,

For example, at the 95% confidence level (a = 0.05) with
n = 6 and with 6 -~ 2 = 4 degrees of freedom, the

confidence interval is:

6.333 ¥ (2.776)(0.29462 / 2.45)

or

i+

6,333 0.334

With this result, there is a 95% confidence that the true

mean vield for the same treatments is included between
5.999 and 6.667 metric tons/ha.
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Significance of the Coefficients

The confidence interval about the mean is a way to
measure the error associated with the level of the
response surface. It is also possible to have errors in
measuring the slope and the curvature of the response
surface, represented by the values of by and by in the
example. The usual test is to determine whether the
values of the b's (the regression coefficients)
individually are different from zero. This is done by the
use of the "t" test. 1If the value of t is not sufficient
to provide confidence that the value of a certain bi is
different from zero (either positively or negatively) it
is concluded that vyield 1is not affected by the term
corresponding to the bj being tested. This follows,
because 1if the value of bj is not different from zero,
then it must equal zero and the term disappears from the
equation. Hence, in the equation

Y = 5.350 + 1.225 N - 0.228 N2

if it is determined that by (-0.228) is not different from
zero, the N2 will diseappear because it is multiplied by
zero and the «quation left is of the form Y = a + bN.
The wvalue of b in the new cquation would have to be
calculated again because it would %e different from by in
the quadratic form,

The t values for each of the coefficients are
calculated as follows:

€1 = by / [(Sy,12) (5x2 / D)1/2)
= 1.225 / [(0.29462)(87.75 / 60.75)1/2)
= 3,459

t2 = by / [(8y,12) (ixp2 / D)1/2)
= -0.228 / [(0.29462) (9.0 / 60.75)1/2]
= -2.0160

Because it is known that the value of b; should be
positive and the value of by should be negative, it is
possible to wuse a one-tailed "t" table for testing the
level of significance of these coefficients. If one does
not know beforehand whether a coefficient should be
positive or negative, it is necessary to use a two-tailed
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table because the coefficient could be either greater or

less than =zero. Frequently, a two-tailed table is
required to test the value of interaction terms, for
example. Note chat the most commonly available "t" table

is the two-tailed table. Returning to the example, find
that for n - k -1 =6 -2 -1 = 3 deqgrees of freedom, the
value of t in a one-tailed table for the 0.025 level of
confidence is 3,182, The value of t for the 0.05 ‘woval of
confidence 1is 2.353 and for the 0.10 level of conf:.dence
the wvalue of t is 1.638. From this, it can be seen that
the coefficient b) is significant at the 2.5% level and bo
is significant at the 10% level. These values of t
(one-tailed) can also be taken from a two-tailed table, as
follows:

Distribution of t for 3 degrees of freedom
Probability of a larger value

One~tailed 0.100 0.050 0.025
Two-tailed 0.200 0.100 0.050
t 1.638 2.353 3.182

The confidence interval for the two bj coefficients
is a function of tg and Sy.12- Obviously, different
values of the b; within the confidence interval will
create different kinds of response surfaces. Errors in
estimating the bj coefficients create wider errors as one
moves further from the mean value. Hence, the confidence
band (Fig. VI-7) is narrowest near the mean values of X
and Y. Errors in estimating the coefficients plus error
in estimating the 1level of the regression create the
confidence band for the regression.

Significance of the Equation

The t test determines the significance of each of the

coefficients individually, Each coefficient can be
accepted or rejected in accordance with results of the
test. The I test is a test of the significance of the

complete equation and, at the same time, a test of all the
coefricients combined. The value of F is calculated from
already-known values of explained variation and the
variance of the regression, as follows:
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Fe = (19122 / k) / Sy 122
= (2.9879 / 2) / 0.0868
= 17.2114

The F value in the table for (k) and (n - k - 1) or 2 and
3 degrees of freedom is 16.04 for the 0.025 level of
probability. This means that the response surface being
calculated is highly significant (the calculated value of
F is larger than the value in the table).

Y
Confidence
Band

_ Error in

Y- ~=fmmeeee Estimating
' ( Slope (b))
: Error In
1 Estimating
| —
| Y
|
|
|
|
!
|
R X

FIG.VI-7. Errors in estimation contributing to a
confidence band in reqression.
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In partial summary, the following values have been
calculated to help determine the significance of the
equation:

R2 = 0.920

t; = 3.459 (2.5%)
ty) = 2.0160 (10%)
Fe = 17.2114 (2.5%)

!}

In general, these values and levels of significance are
high, which indicates that the response surface calculated
is very representative of the real biological response
demonstrated by the data. For this reason, it is probably
not necessary to make other calculations to study the
significance of the response surface. Nevertheless, in
order to demonstrate the use of other analyses, the same
equation will be used.

Linear versus Quadratic Surface

In some cases, it may be logical to wonder if a
linear response better fits the data than a curvilinear
response. From the same rice data (Table VI-2), a linear
equation of the form Y = a + bN can be calculated. The
value of b is:

b = Ixyy / Tx12
= 4.875/9.0
0.5416

Using the mean value of ¥ and X, the value of a is:

a =?-b()-(l)
= 6.333 - 0.5416(1.5)
= 5,520Ah

The linear equation is:

Y = 5.5206 + 0.5416 N
Note that the b in the linear equation is different from
the value of by in the quadratic eguation.

The "goodness of fit" of the linear equation can be
evaluated by
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R2 = bIx1y / Ly2
0.5416 (4.875) / 3.2483

0.81

which is lower than for the quadratic equation,
The significance of b can be tested using

tb = b
{(xy? - [(Ex19)2 / £x12111/2 / [(n-2)1x,2]172
= 0.5416 / {(3.2483-((4.875)2 / 9]) / 4(9)}1/2
= 4.1686
and with n-k-1=4 degrees of freedom, b is

significantly different from zero.
The F value for the linear equation is:

FC = tb2
17.38

With k and n - k - 1, or 1 and 4, degrees of freedom this is
significant at the 5% level.

Another test of the linear versus the quadratic
equation is the "F" test, bLased on an analysis of
variance. The method is used for evaluating the
significance of additional terms. Total variation ( Zyz)
is divided into three parts: (1) the variation explained
by the equation without the additional term, that is, the
linear equation; (2) the increase in the explained
variation resulting from adding the additional (quadratic)
term; and (3) the error or residual. The part explained
by the equation without the additional term is

E(bifxiy)

where i varies from 1 to k - 1, and the increase in
explained variation from the additional term is

L(bjIxjy) - Z(bjxjy)
where j varies from 1 to k and i varies from 1 to k ~ 1 as

before. The term k is the additional term. Because
different terms are included in the two equations, the
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values of Dbj will be different in each equation. For
this reason, the increase obtained from the additional
term is not simply by Ixyy.

The value of the sources of variation for the ANOVA
(Table VI-3) 1in the rice example are calculated as
follows:

0.5416(4.875)
2.603

Linear: bIxyy

Addition of quadratic term:

by ¥x1y + baixpy - bixyy

1.225(4.875) - 0.228(13.0875) - 0.5416 (4.875)
5.972 - 2.984 - 2.6403

0.3477

Total Xy? = 3,2483

Error: total - linear - quadratic
= 3.2483 - 2.6403 - 0.3477
= 0,2603

TABLE VI-3. Analysis of variance comparing linear and
quadratic equations.

Source of Degrees of Sum of Mean
Variation Freedcm Squares Squares
Linear

equation k-1 =1 2.6403

Addition of
the quadratic

term 1 0.3477 0.3477
Error or
variation of n-k-1 = 3 0.2603 0.0868
the quadratic
equation

Total n-1 =5 3.2483

The mean square values in Table VI-3 are obtainad in the
usual way, by dividing the sum of squares by the
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appropriate degrees of freedom. The value of F. is
calculated by dividing the mean square of the additional
term by the mean square error or

Feo = 0.3477 / 0.0868
= 4,0058

d.f. = (1) and (n-k-1) or 1 and 3

In comparing the calculated value of Fe with the
value of F in the table, it is found that the acditional
term is not significant. This means that, according to
this test, the quadratic equation does not result in a
better representation of the response surface than the
linear equation. But this is a contradiction of earlier
findings. Which of the statistical tests can be believed?
Wha% can be concluded? If statistics is a precise
science, how can it result in cont.adictory conclusions?
Can we not have confidence in statistics? Some of these
questiorns are answered in the following section.

A Priori and A Posteriori Information

Statistics is not a science in itself. Rather it is a
tool to aid in scientific studies. Isolated from reality,
statistics produces little information. For this reason,
it is necessary that researchers know their data and have
a__sound base in the theory of their science. Above all,
experience is highly valuable to the researcher when
analyzing and interpreting information collected from
experiments and other reseerch.

In Figure VI-8 the rice data and the two curves which
were calculated are plotted. The problem is to choose
between the two curves -- is the quadratic or 1is the
linear more representative of reality? Table VIi-4 is a
suinmary of the statistical values calculated for the two
equations, The value of P for each of the equations is
similar and Dboth are significant at the 5% level of
confidence. However, the F test ot the gquadratic term
indicates that it does not significantly improve the
representation of the response phenomenon. This 1is
supported by the lower value of t of the quadratic
coefficient, which is significant only at the 10% level.
On  the other hand, the variance or standard error of the
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regression for the quadratic equation (Sy_122) is half
that of the linear equation (S5y.x2) and the coefficient of
determination R2 for the quadratic is much better than the
R2 for the linear equation.

75001

7000~

6500

Rice
kg/ha

6000

55001

50007

J

ot

l { l I
75 150 225 300
Nitrogen kg/ha

FIG.VI-8, Comparison of linear and quadratic response
surfaces.
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TABLE VI-4. Summary of statistical values calculated
for the linear and the quadratic equations.

Statistic Linear Quadratic
RZ 0.813 0.920
Sy.x2 or Sy, 1,2 0.152 0.0868

th 4.1616%* ——

th) - 3.4590%*
th, - -2.0160%

Fc (equation) 17.38** 17,21**

Fc (quadratic - 4,0058 N.S.

term)

**Sicrificant at a 5% level
* Significant at a 10% level

On the basis of pure statistical analysis, the
quadratic surface might be rejected in favor of the linear
surface even though the R? is better for the quadratic
surface, The rejection of the quadratic surface would be
based on the t test of the coefficient by and of the F
test of the same term. The t test indicates that the
coefficient by is significantly different from zero only
at the 10% level, and the F test indicates that including
the quadratic term does not improve the estimate of the
response.

Thecry and experience with surfaces, and in
particular, response to nitrogen, assure us that over a
wide range of applicaticn, response should not he linear.
Ir this case, the range of application of nitrogen appears
to be adequate to give a curvilinear response, and it does
appear that the mean values of the observations fall on a
curve, not on a straight line. On the other hand, it is
possible that experimentzl results indicate a curve that
is more complex than a guadratic curve. That is, within
the range of application in the experiment it is possible
that all three stages of production exist. However, with
only three treatment levels in this experiment it is not

187



possible to make this kind of conclusion.

Then what can be concluded? Statistical calculations
have resulted in a curve, but with tests of significance
which lead one to reject the curve. Even though the
statistical tests are not significant at high levels such
as 1%, 5%, or even 10%, if one were to conclude that the
curve is more signiricant than the strai1ght line, it would
be a correct conclusion in more than ?0% of the cases. In
this specific case, the calculated value of F. indicates
that the quadratic term is significant at a level between
15% and 20%.

To make a conclusion based sn the data presented and
with theoretical logic and experience, the best evi.ence
available 1indicates that the response of IR-2Z2 rice to
nitrogen with 40 ky/ha of P05 and 40 ky/ha of K0 in
Corinto, Cauca, is curvilinear between O and 300 kg/ha of
N. Furthermore, it appears that production reaches a
maximum near 270 kg/ha of N. Using a curvilinear equation
it is possible to calculate the profitability of capital
invested in fertilizer and to determine cptimum doses for
different combinaticns of prices for fertitizer and rice.
If, on the other band, one concludes that the linecar
response is the correct responsce, these kinds of
interpretations cannot be made. The only conclusion that
can be reached from the linear equation is that it pays to
apply 100 or 150 kgy/ha of N, but it also pays to apply 200
and 300 kg and even more. This type of conclusion is not
very reasonable.

It can be scen that theory, logic, experience, and
other a priori and a posteriori information provide much
of the basis for analysis and Interpretation of data, and
that statistical analysis is not sufficient by itself. 1In
summary, in addition to statistical analysis, the
researcher must count on: 1) a priori information such as
theory and experience; and 2} a posteriori information
such as the physical and economic feasibility of the
results,

MULTIPLE REGRESSION~-VISIOGRAPHIC
A visiographic method can also be used to estimate a

respons2 surface from a two-input experiment, if several
levels of each input are included. However, the method is
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graphic and does not result in a mathematical equation,
If the data are reasonably good, the method can be
precise, and with practice differenc persons will achieve
similar results. The procedure is amenable both to
agronomic and economic analyses. Data from a rice trial
in La Virginia, Riseralda, Colombia, provide an example.

Table VI-5. ©Partial results from an N-P-K experiment
with IR-22 rice in La Virginia, Risaralda,
Colombia, conducted by The National Rice
Program, Colombian Agricultural Institute

(ICA).

Treatments .__Replications

N jof K 1 Il Mean
-— kg/ha

75 20 20,60 5435 5170 5302
75 60 20,60 6275 4535 5405
225 20 20,60 5715 6330 6022
225 60 20,60 6805 €130 6468
150 40 0,40,80 6540 5907 6223

0 40 40 4440 4500 4470
300 40 40 6950 6800 6875
150 0 40 5400 6450 5925
150 80 40 5670 5280 5475

Source: Hildebrand (1972)

The experimental design of the original trial was a
partial or incomplete factorial arrangemc .t in a modified
central composite design (sce Chapter V) with five levels
each of N, P, and K. Response to N and P were stronger
than response to K,
differences in K levels will be ignored. Partial data are
shown in Table VI-5,

The first step is to construct a graph with the axes

so for purposes of this example

representing quantities of P05 and quantities of N (Fig.
VI-9). The mean yield levels for each known combination of
N and P are then plotted on this graph. These values
represent different levels on the response surface. ‘I'hen,
with these values as guides, topographic contour line; are
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drawn visiographically (Fig., VI=9). Unfortunately, a
zero-N, =zero-P treatment was not included in this trial,
so no value is available for the origin. However, with
care, reasonably smooth contours can be drawn. 1In this
example, contour levels of 5000, 5500, 6000, 6200, 6400,
6600, 6800, and 7000 were drawn. It appears that the
maximum yield level will approximate 7000 kg/ha.

100

80

P20g
(kg/ha)
5405
€0 .

40 04470

5302
20 .

0 50 100 150 200 250 300

N (kg/ha)

FIG.VI-9. Response surface estimated visually.

The contours in Fig, VI-9 can be smoothed by another
simple process (Fig. VI-10). Slices of the response
surface in Fig. VI-9 are taken for several levels of P,
These represent single variable response surfaces for N,
The points estimated from the surface are plotted as in
Fig. VI-19, and then a smooth curve is drawn through the
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FIG.VI-10. Smoothing the surface with levels of
phosphorus.

points, as illustrated for P = 40 in Fig., vI-l0. The
contours in Fig., VI-9 are then smoothed by taking the N
and P values from Fig. VI-10 for each contour level. Fiyg.
VI-11 shows the smoothed contours.

The graphic response surface in Fig. VI-l11 can be
used for economic interpretation. Consider the price of P
as $2.00 and the price of N as $4.00. Budget lines can be
constructed as in fig. VI-11l. The first budget line (the
furthest to the lefi) represents a cost of $200. If a
farmer has only $200 to spend for fertilizer, he can
purchase any combination of N and P along the $200 budget
line. The highest yield which can be achieved with $200
of fertilizer is approximately 4950 kg/ha. This would be
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FIG.VI-11. Smoothed product contours and budget lines.

achieved with approximately 37 ky/ha of N and 18 kg/ha of
P, represented by point A on Fig. VI-11, If a farmer has
§400 to spend, maximum yield will approximate 5450 kg/ha
and will be achieved with approximately 80 kg/ha of N and
25 of P, ai the intersection labeled point B. With $600
to spend, maximum yield would approximate 5930 kg/ha and
would be achieved by utilization of approximately 123
kg/ha of N and 30 kg/ha of P (point C on the figure).
Similarly, best combinations and yield levels can be
estimated for other budget amounts, such as $1000 and
$1400. The cost of moving from one budyet line to the
next and the value of added yield can be calculated to
determine profit or net return for different levels of
fertilizer wuse (Table VI-6). 1In this example, taken from
an earlier period when fertilizer prices were low, it pays
to apply fertilizer to produce ncarly 7000 kg/ha of rice.
If the price of fertilizer were double that used in the
example, profit would decrease after the $1200 tudget
line.
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TABLE VI-6. Costs and returns from most economic
combinations N and P fertilizer for rice,
visiographic estimation, 1970.
Ph = $4.40/ky, Pp= §2.00/kg, Py= 2.88/kg.

Levels of Cost of Value of Net

N p Y fert. rice return

————— kg/ha — ———— Colombian pesos

0 0 4400 0 12,320 12,320
37 18 4950 200 13,860 13,660
80 25 5450 400 15,260 14,860
123 30 5930 600 16,604 16,004
166 35 6280 800 17,584 16,784
210 39 6550 10G9 18,340 17,340
253 43 6775 1200 18.270 17,770
297 47 6900 1400 19,320 17,920

1. Excluding [ixed costs; that is, net only of the variable
cost of fertilizer.
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VII
Farmer-Managed Trials

Previous chapters have described a process by which
researchers evaluate technological alternatives over one
or more locations and years, utilizing their own
understanding of farmers' resources, desires, and
capabilities, and with increasing farmer participation in
researcher-managed trials. After analyzing results from
previous trials, the best alternatives are then placed in
farmers' hands for their evaluation. Keeping in mind that
it is the Ffarmer who must ultimately make decisions
concerning adoption or rejection, farmer-managed trials
(FMTs) provide the opportunity for farmers to become the
primary evaluators of new technology. 1In order for the
farmer to be able to evaluate the results of a trial, the
trial must possess three critical characteristics: 1) the
technology must be simple enough for farmers to comprehend
and manage it; 2) farmers must use their own resources so
they can nnderstand all implications of the alternatives;
and 3) design of the trial must be simple enough that
farmers can observe differences in treatments and/or
measure them, with their own means of measurement. An
example of an FMT might be the testing of a new cultivar
under the farmers' normal planting and cultivating
procedures, The farmers pay all their usual costs plus
the cost of the seed of the new variety. Design of the
trial would be simple: farmers plant one plot with the
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new variety and a similar check plot with their wusual
variety.

FMTs can be designed to provide agronomic and
economic data for the researcher, but the trial proces-
must not interfere with the farmers' normal activities and
their ability to interpret results as they see them.
Because there 1is little control of variability, a large

number of farms across a region are required for
resecarchers to measure treatment effect. Regional
analysis will determine the level of stability of the new
technology and the degree of homogeneity of the

recommendation domain. 1t is important to recognize that
trials "lost" for purposes of researcher evaluation are
not necessarily lost for the purpose of farmer evaluation.
Farmers will decide on the merits of the alternatives
without drawiny on the kind of technical data needed by
the rescarcher.

Conducting an IMT is relatively easy because of its
simplicity. Tt has a reduced number of trcatments
(sometimes just one), and usually has no replications.
The simplicity of FMTs makes it possible for other
institutions to play a role in the evaluation process in
the region. For example, being involved in on-farm
trials provides an opportunity for extension personnel to
become familiar with the technology. A major advantage of
this involvement is the establishment of stronger
institutional linkages, which can accelerate adoption of
newly developed technology.

Recommendation domains are tentatively defineu in the
initial characterization and are redefined or partitioned
during the research procedures described in previous
chapters. Fer purposes of the FMTs, only farmers who fall
within the specific recommendation domain for which the
alternatives were designed should be chosen to
participate.

DESIGN

Because there are large numbers of farmers involved
in FMTs and because the trials are not managed by the
researcher, there is a limit to the number of measurements
the researcher, personally, will be able to make during
the trials. The most important, and usually the only one,
will be yield. oOther information will be available from
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crop records maintained in collaboration with the farmers.
Check Plots

At each location (farm) there must be a means for
comparing the new technology with that of the Ffarmer.
This may come from a check plot or from sampling the
farmer's yield. Both of these methods have advantages and

disadvantages. One of the main advantages of the check
plot is that it 1is identified ahead of time on a
representative part of the farm, an¢ : can be harvested
at the same time as the treatment pl. Jr plots. Vvhen a

PRACTICAL FIELD ADVICE

Farmers may treat identified check plots

differently from their own fields for a couple of
reasons.
1) They usually know how to produce more than
they do produce and want to prove this to the
researcher. The reason they do not produce more
on their own fields should be investigated.
Results will usually reflect constraints that are
imposed on a whole farm but that can be relaxed on
a single small plot, The tendency to prove
something to the researchers is reduced as
confidence builds between researchers and farmers.
2) Because check plots are part of the "trial,"
farmers may wait until researchers tell them
something needs to be done before doing it and not
do it at the same time they do their own fields.
Good communication between researcher and farmer
reduces this problem,

The first case results in higher yields in
the check plot than on the farmers' own fields.
The second case results in lower yields on the
check plot. Both kinds of error have been
otserved,

sampling procedure 1is used, it may slow harvest because
sample sites must be harvested prior to the regular
harvest of the farmer. 1If delays are encountered, the
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farmer may harvest the whole field before data are
collected. An advantage of the sampling procedure is that
the fat.. © has no means of previously identifying the
check a.c-a, so it cannot be _reated differently from the
rest of the field.

If check measurements are to be taken by sampling, it
is important that the locations be chosen completely at
random, One convenient method is to choose a row and a
distance 1into the field (in that row) from a table of
random numbers, and to harvest a set distance in that row
(probably the net row length in the trial plot). The
procedure is repeated until sufficient replications have
been made to make the area harvested by sampling equal to
the net size of the trecatment plot. Another method of
measuring the results of the farmer's practice is to
locate a check plot on paper, positioned randomly in the
field, and mark its location at the time of harvest.

Plots should be large enough to allow realistic

estimates of labor requirements and other economic
factors, They should also facilitate evaluation by
farmers, The unit or units used should be related to

those commonly used by farmers in  the area (hectare,
manzana, cuerda, tarea, etc,). It is important that the
area be large enough on each farm that it can be of
significance to the farmer. If possible, 10% to 20% of
the area allocated for that crop on cach farm should be
included, so that the farmer must give it appropriate
attention,

Number of Sites

The number of sites needed in an FMT to test an
alternative in a homogeneous recommendation domain will
depend on several factors, including:

1) the nature of the alternative to be tested;

2) the budget available to rescarchers;

3) demands on their time for other kinds of trials; and
4) the number of farmers in the recommendation domain,

Usually, the fourth factor is not limiting. The first
factor 1is important because a more complex technology or
alternative requires more learning time from each farmer,
and the researcher will have to visit each farm more often
for supervision,.
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Field researchers will be involved in several kinds
of trials and must regularly spend time at those they are
managing. They need time to analyze data and write
reports. They require transportation to be able to move
amony widely dispersed trial sites. Aall these factors
modify the number of farmers cach researcher can include
in FMTs. For a team of three to five researchers
operating in one recommendation domain a minimum number of
farms participating in on-farm trials is probably around 20.

ANALYSIS AND INTERPRETATION OF RESULTS

There are four different kinds of evaluation that can
be made from farmer-managed trials:

1) the farmers' personal evaluatiors, from which they
decide whether to accept the technology, reject it, or
continue testing it;

¢} a survey evaluation by rescarchers in the year of the
trial to ascertain what farmers say about the
alternative tested;

3) a technical evaluation made during the year of the
trial from data collected by researchers and/or
farmers; and

4} an evaluation of acceptability made the year following
the trial, based on farmers' active acceptance or
rejection of the alternative.

Farmers' Evaluation

This is the most important evaluation in an FMT.
Farmers know their land, climate, and families' needs and
capabilities and have a built-in method of evaluating new
technology based on their interpretation of what they see
or measure in the trial (in some cases taking into account
opinions from neighbors). From the time they need to
obtain any new inputs (e.g., fertilizer, seed) or follow a
new procedure, their evaluation mechanism is in operation.
It is not always necessary for farmers to measure the
harvest from a plot i» order to make a decision about the
acceptability of an alternative. When farmers do measure
the harvest, they will be more interested in their own
means of measuring than those of the researcher.
Researchers' needs should not interfere witn farmers'
evaluation,
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There are two phases in farmers' evaluation. One,
passive evaluation, is accomplished the vyear of the
trial. Farmers decide what they think they will do with
the new technology the next year (accept, reject, or

continue experimenting with 1it;. ‘'he second phase is
active evaluation. This occurs the year after the trial,

when the farmers actively decide whether or not to use the
new technology, of their own volition, with all the
associated costs and risks.

Passive evaluation

It is often convenient or necessary for an FSR/E team
to make a formal evaluation of how farmers feel about the
alternatives they are testing during the year in which the
test was made. The purpose is to measure the potential
acceptability or rejection of new technology to determine
whether it may have to underqgo further cvaluation in FMTs
the following c¢ycle or is ready for wider distribution.
If it is ready, it will be necessary to assure the
availability in the market of any components to be
purchased; or assure that there is a .aarket outlet for the
product. [f reaction from farmers is negative, pertinent
feedback to the research team is necessary for
modification of the technology or to recommend its
elimination from further testing. Farmers' passive
evaluation of acceptability can be assessed by a simple
directed survey of some or all of the participating
farmers to ascertain what they think about the
alternatives. The farmers miyht indicate which of two
tested varieties they consider more resistant to a certain
disease, which resulted in the best yield, which had the
best eating quality or was better for storage, etc. Most
important, perhaps, is whether the farmers think they will
implement the new alternative the following year., 1t is
also important to ask farmers interviewed why they think
they will or will not use the alternat:ve the next year.

In the castern part of Guatemala, 1CTA developed an
early, high-yielding, open-pollinated white majze variety
that had performed well in on-farm tests for three years
(Table VII-1). The new material, B-5, was compared with
H-3, a popular, high-yielding hybrid from El Salvador, and
with Arriquin, a local early variety.
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TABLE VII-1l. Maize yields from on-farm trials in Jutiapa,
Guatemala.

Genotype 1978 1979 1980 Avg.
tons/ha

B-5 4.56 2.80 3.72 3.69

H-3 3.68 2.61 3.69 3.33

Arriquin 3.15 2.48 3.17 2.93

Source: ICTA

In 1981, there were 25 farmers collaborating in this
FMT  (Samayoa, 1980). A preliminary survey to ascertain

farmers' passive evaluation was conducted before harvest.
Half the collaborators had planted sccond or third
generation H-3 and other hybrids from seed they had saved.

Six planted Arriquin, and the remaining collaborators
planted other local varieties. Results indicated that 714
of the farmers said they intended to plant B-5 the
following year. More than one-third indicated that their
neighbors wanted B-5 seed. Those collaborators who did
not indicate that they would plant B-5 sced were waiting
for the harvest before deciding. (It can be seen that it
would have been better to conduct the survey after harvest
but other demands on the rescarchers at that time
prevented it.) In other results, 74% considered B-5 to be
resistarnt to drouth, 63% thought the height of the plant
was adequate (not too low, in this case), 75% liked the
size of the ear, and 83% agreed that the material was
earlier than the variety they planted. As a result of
this evaluation, it was recommended that B-5 seed be
multiplied so that sufficient amounts would be available
the following year for interested farmers.

Active evaluation

In the year that farmers are participating in an FMT,
they are continuously making judgements about the
technologies being tested. When questioncd about their
evaluations, they will respond according to how they are
thinking at that particular moment. But the real test of
the technology 1is its acceptability., This comes at the
time when Ffarmers actually decide whether or not to use
the alternative. Even though they may previously have
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indicated their intent to use it, now that they must go to
town to buy new seed or a new product, or must spend more
time working in the field in order to use it, they may
decide against it. Or, they may decide to use the
alternative but to modify it; for example, they may use
only half as much fertilizer as recommended and tested the
previous year.

Through another directed survey the year after the
FMT, researchers can obtain the information necessary to
make an assessmenc of farmers' active evaluation of
acceptability. IFarmers acre asked if they are using the
alternative and, if so, on what proportion of the area of
that particular crop for which it was recommended. An

index of acceptabilitvy can be calculated from this
information:

I * (C x A) / 100

where: I, Index of acceptability

C = The percentage of the farmers interviewed
who used the practice on at least part of
the crop the year following the FMT in
which they participated

A = From among those farmers who used the
practice the next year, the percentage of
the area they have planted to that crop on
which they are using the practice

As an example, of 60 farmers who collaborated in an
FMT the year before 40 were interviewed for purposes of
calculating an index of acceptability. Of the 40, there
were 20 (C = 50) who used the alternative on 70% of their
crop (A = 70), Thus,

I = (50 x 70) / 100
35

Hi

Experience has suggested that if I5 exceeds 25 and C
is equal to or greater than 50, there 1is a good
possibility that adoption of the technology 1in the
recommendation domain will follow. Note that this is an
evaluation of acceptability of technology to the farmers.
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It is not a measure of "acceptance," which would imply
adoption or impact. However, a high I; can be used to
predict a high rate of adoption.

Results of a directed survey to evaluate active
acceptability can provide additional information. For
example, consider the following possibilities:

C A I
Case I 90 10 9
Case 11 10 90 9

In Case I, farmers were generally interested 1in the
alternative (90% continued using it) but they were not
completely convinced and continued experimenting with it
(they wused it on only 10% of their crop). 1In this case,
it would be worthwhile for the researchers to continue
working with the farmers for another year on the same
alternative and to make follow-up evaluations the second

year. In Case 1II, 90% of the farmers rejected the
alternative, so it cannot be considered "acceptable" as it
is. However, there is a subgroup who considered the
alternative very acceptable because they planted most of
their crop with the new technology. Therefore, the
researchers should define the characteristics that

differentiated these farmers from those who rejected the
technology and consider partitioning their recommendation
domdin with respect to this alternative.

A second use of the survey the year after the FMT is
to ascertain why farmers accepted or rejected the
alternative or alternatives, Tais information can be used
to help guide the development of other alternatives and
usually provides additional insight into problems and
concerns of target farmers. In the case of a rejected
alternative that shows great potential to increase the
productivity of a farming system, a further analysis of
why it is not acceptable will guide researchers both on-
and ofr-station in how to improve it to meet the farmers'
demands. This may be the case of a maize variety for which
the ear 1is not completely covered, causing a high
incidence of ear rot. The course of action here would be
a breeding project to remove that defect.
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In September and October 1980, a sample of 29
collaborators from a group of 35 involved in an FMT for
new upland rice varieties was surveyed in eastern
Guatemala (Ruano, 198l). The farmers had planted the new
varieties the year before and compared them with their own
varieties, wusing their own cultivation and management
practices. 0Of the 29 farmers surveyed, 27 {(93%) used the
new varieties the following year. These 27 farmers
planted 81% of their rice in 1980 with the new varieties.
The index of acceptability is calculated as follows:

—
li

(93 x 81) / 100
75

a

n

This high value indicates that the new varieties possess
characteristics that are quite acceptable to the farmers
in the recommendation domain. {Unfortunately, this report
does not differentiate between the two improved lines
tested in the trial.) Followiny are  the major
characteristics and rcasons given by the farmers for using
or not using the new varieties the sccond year.

Reasons for using No. of responses (n = 29)
Excellent yield 13
Easy to thresh 10
Appropriate ygrowing period 5
Others 10

Reasons_for not using

Could not find seed 3
Shatters ecasily in the field
Less straw than local varieties 1

The reasons given by the farmers for using or not using
the new varieties support the high value of the
acceptability index. Thesc varieties can be promoted on a
large scale with confidence that they will find a high
dagree of acceptability and ultimately be widely adopted
in the recommendation domain.

In another area, 30 farmers participated in an FMT in
maize in 1979, and 27 were interviewed in 1980 to
ascertain their evaluation of varieties and fertilizer
practices (Ruano, 198l). The results for the fertilizer
practices are in Table VII-2. The recommendation for
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fertilizer was to apply 97 kg/ha (150 lbs per manzana) of
20-20-0 at planting and 45 kg/ha of urea 25-30 days after
planting,

TABLE VII-2, 1Index of acceptability for maize
fertilization practices,

Applications
lst 2nd
% of collaborators that
fertilized as recommended 41 41
% of their maize area fertilized
as recommended 32 47
Index of acceptability 13 19

Of the 27 farmers interviewed, six of them (22%) did
not wuse fertilizer at all in 1980 because the price was
too high and/or they did not have the money for it,
Another 10 farmers (37%) applied some fertilizer, but not
at the recommended rates. The remaining 11 farmers (41%)
made both applications. They used recommended rates on
32% of their maize in the first application and applied
recommended rates to 47% of their maize the second time.

The recommended practice for fertilizer application
does not appear to be as generally acceptable as were the
rice varieties in the previous example., Perhaps there is
a difference in eccnomic capacity or there may be a soil
effect that accounts for the difference found in
acceptability, There may be two recommendation domains
involved so that further analysis of the situation appears
warranted, A directed survey or an analysis of field
notes and field histories may be used to determine whether
that is the case and to help partition the recommendacion
domain.

Researchers' Evaluation

Because only the treatment variables are controlled,
technical analysis of the results of FMTs requires
different procedures from those used for the usual
experimental designs. A useful method of analysis is to
combine a modified stability analysis and a frequency
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distribution of confidence intervals. Modified stability
analysis is based on a procedure long used by plant
breeders. It is a means of using the variability Ffound on
different farms to help confirm recommendation domains or
indicate a need to partition the domain. The modified
stability analysis is a relatively simple procedure which
utilizes an environmental index created by on-farm trial
data as a means of measuring all the factors which
influence response to a technology. These factors include
climate, soils, and farmer management practices. a simple
associated procedure, a graphic distribution of confidence
intervals, 1is used to evaluate the variability in results
to be expected from a technology within a recommendation
domain. Both procedures are amena™'e to calculation with
simple calculators; neither requires, though Dboth can
benefit from, replicated designs. They are specifically
useful for on-farm tria s conducted at several locations.

Modified stability analysis

To understand modified stability analysis

(Hildebrand, 1984), consider farmer-managed trials
conducted over a large number of farms within one
Preliminary recommendation domain and utilizing an

improved cultivar compared with a local variety. No other
changes are made from farmers' usual practices. The only

constant at each location (farm) is the cultivars. Each
farmer subjects them to different soil conditions,
planting dates, pest control, fertilizer, and other

management practices. A farm for which the average yields
of the two cultivars is high (for whatever reason) is
considered to be a "good" environment for the crop as
measured by the average yield. A farm for which vyields
are low (for whatever reason) is considered to be a "poor™"
environment, Environment, then, becomes a continuous,
quantifiable variable whouse range is the range of average
yields from the trial., vYield for each of the varieties
can be related to environment by simple linear regression,
based on the following equation:
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Ql = a + be
where: Qi = yield of variety i, and
e = environmental index equal to the average
yield of all treatments at each location

By fitting the equatiun independently for each variety,
then plottinyg the yield response to environment for each
variety on the same graph, it is possible to visually
compare varieties. Using the same procedure, it is easy
to generalize these equation sets to any number and kind
of treatments.

TABLE VII-3., Maize yield from farmer-managed, on-farm
trials, Phalombe, Malawi, 1981/1982,

Farmers in first village

Trts 1 2 3 4 5 6 7 8 TMV
t/ha
LM 2.2 2,2 1.9 1,2 1.3 0.9 1.0 0.5 1.4
LM-F 3.6 3.7 4.3 3.2 2.3 2.3 3.1 2.8 3.2
Ccca 3.5 2.0 2.9 0.4 0.6 0.5 0.6 0.3 1.3
CCA-F 5.0 4.7 4.3 3,5 2.4 1.7 3.0 2.8 3.4
MF = ey 3.6 3.2 3,3 2,1 1.7 1.3 1.9 1.6
Farmers in second village
1 2 3 4 5 6
LM 1.8 1.1 1.6 1.0 1.6 0.6 1.3
LM-F 3.2 2.5 2.9 1.2 1.9 0.8 2.1
cca 2,2 0.7 0.9 0.3 1.1 0.3 0.9
CCA-F 2.9 2,5 2.1 1,1 0.8 0.4 1.6
MF = e; 2,5 1,7 1.9 0.9 1.4 0.5
Source: Hansen et al., 1982,
LM = Local Maize CCA-F = Fertilizer CCA
LM-F= Fertilizer Local MF = Mean for farmer
CCA = CCA Maize T™V = Treatment Mean

for Village

Data for a maize trial from the Phalombe Project in
Malawi (Hansen et al., 1982) are analyzed as an example.
Fourteen farmers from two villages participated in trials
conducted on their respective farms. A simple,
non-replicated 2 x 2 factorial arrangement with two maize
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varieties and two levels of fertilizer (0 and 30 kg N/ha)
was used. All maize was intercropped with cowneas and
sunflowers, a common practice in the area. Maize
varieties tested were the "local™ flint variety and CCa,
an improved semi-flint composite. The data for the
Phalombe Project area are in Table VII-3.

Data for each fertilizer level and for ecach variety
are fit by simple linear regression, This can be
accomplished casily on simple, pre-programmed eclectronic
calculators.

The calculations for simple lincar regression for
non-programmed calculators follow, based on using local
maize without fertilizer (LM) as an example., The values
of Yj arc the individual farm yields for LM, or 2.2, 2.2,

r the

1.9,..., 0.6, The values of ¢ in the equation are
|
0.5, By

mean yields for vach farm, or 3.6, 3.2, 3.3, ooy,
convention, X is used for e in the following,

Px2 o= X2 - ()2 /o
= (3.6)2 + (3.2)2 +...+ (0.5)2 - ((27.6)2 / 14]
= 65.02 - 54,41
= 10.7"

"

LXy = IXY - (¥XIY / n)
= (3.6 %x 2.2) + (3.2 x 2.2) +...+ (0.5 x 0.6)
- [(27.6)(18,9) / 14]
= 42.68 - 37,26

= 5,42

b = fxy / 5x?
= 5,42 / 10.61
= 0,511

and

a =Y ~ bX
= 1.35 - 0.511(1.97)
= 0.34

To estimate R? it is necessary to calculate Eyzz

Ly2

Y2 - [((2Y)2 / n)

(2.2)2 + (2.2)2 +,..+ (0.6)2 ~ [(18.9) / 14]
29.41 - 25,52

3.89
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and

R2 = bixy / Iy2
= (0.511) (5.42) / 3.89
= 0.71

This equation, and others calculated the same way,
along with the data points, can be displayed graphically
for wvisual comparisons (Figs. VII-l1 and VII-2). 1In each
case, the R? value indicates a very good fit., It appears
that the materials respond differently to environment and
that the local material is superior in "poor" maize
environments while the improved material is superior in
"good" maize environments. Both cultivars, however,
respend  favorably to fertilizer in both good and poor
environments,

The analysis provides evidence that the farms are part
of two recommendation domains. This evidence warrants
further study. 1In the poorer environments (e < 2), i.e.,
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FIG.VII-l. Grain yield response for local maize (L)
and CCA composite (C) to environment, without
fertilizer, Phalombe Project, Malawi.
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those farms which normally do not produce more than 1.5
tons/ha of local maize without fertilizer (the traditional
technology), the local material is superior whether or not
the Ffarmer fertilized at the rate used in the trial.
However, if local, unfertilized maize usually yields more
than 1.5 tons/ha on a particular field or for a particular
farmer (the better maize environments with e > 2), the new
material is superior whether or not it is fertilized at
the rate used in the trial. These conclusions apply to a
field or a farm.

Although results from two or more years could be used
in the analysis, use of the environmental index negates
many of the problems associated with only one year's data.
It measures response to good or poor environments
regardless of the reasons that those environments are good
or bad., If another year is better or worse for maize, the
data points for an individual farm will shift to the right
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FIG.VII-2. Response of local maize (L) and CCA composite
(C) to environment, with fertilizer, Phalombe
Project, Malawi.
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or left, but a "3" environment changes little if the same
treatments are used. Only if the wusual environmental
index range is much higher or lower, or the range of the
index very narrow so that extrapolation is extreme, should
there be concern with the use of data from only one year.

Distribution of confidence intervals

It appears from the modified stability analysis that
two recommendation domains exist relative to the use of
maize cultivars in the farmer-managed trial in Malawi., A
metinod of further examining the data to aid in making
specific recommendations is to use a distribution of
confidence intervals for the technologies and for each
partitioned recommendation domain. 1In this case there are
nine farms in the "poorer" environment (e < 2) and five in
the "better" environment (e > 2).

The confidence interval is calculated for any level
of confidence, a, from

Y £ ty5 / (nl72)

where
Y = the mean treatment yield,
a = the level of confidence,
S = [£x2 / (n-1)]11/2, ang
tg = value from a "t" table

In the example, for e > 2 and for the unfertilized
local variety, the yields are 2.2, 2,2, 1.9, 1.2, 1.8. as
always

Tx2 = 5X2 - (1X)2 / n
= 17.97 - 17 30
= 0.67

S = (0.67 / 4)1/2
6.409

So the confidence interval for any level ais
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¥ % t,(0.409 / 2.236)
or
1.86 * t,(0.183)

From a two-tailed "t" table forn -1 = 4 degrees of
freedom, the following values are obtained.

Degrees of Probability of a larger value (a)
freedom 0.50 0.40 0.20 0.10 0.5 0.01
4 .741  .941 1,533 2.132 2,776 4.604

A 50% confidence interval is

1.86 £ 0.741(0.183) 1.86 ¥ 0,14
or from 1.72 to 2.00/ha. A 90% interval is

1.86 £ 2,132(0.183) 1.86 ¥ 0,39

i

or from 1.47 to 2.25/ha., This last value means that a
tarmer with this environment or in this recommendation
domain could expect a yield of from 1.47 to 2.25 t/ha 90%
of the time from the local variety, unfertilized. By
calculating several intervals, smooth curves such as those
in Fig. VII-3 can be drawn. In this way, any two (or
more) technologies can ecasily be compared., In Fig. VII-3,
when the cultivars are not fertilized, the local variety
is much more stable than the composite. Even though there
is some potential for higher yield with the composite, the
risk of very low yields may be ygreater than farmers would
be willing to accept. If a farmer in the better
environment fertilizes, however, then there is a clear
choice in favor of the composite. With either cultivar,
fertilization presents a superior technology.

In the case of farms in the poorer environment (Fig.
VIi-4), the local variety is clearly superior, with or
without fertilizer. Even here, though, fertilization
appears to be a technology that should be recommended if
farmers have enough cash to purchase it.

For the two recommendation domains in the Phalombe
area, then, the recommendations based on a technical
analysis would be to fertilize the local maize variety in
the poorer environment and to use the composite maize with
fertilizer in the better environment.
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FIG.VII-3. Distribution of confidence intervals for
grain yield of local and CCA composite maize,
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five farms where average yield (Y) greater
than 2 t/ha.

To be effective for extension purposes, a way to
differentiate between recommendation domains must be
available, In this case, a study of field histories
showed that the better environments were related to the
use of manure. Manure, in turn, was available only to the
Farmers who had cattle. Hence, the better environments,
which comprise one recommendation domain, included those
farmers who hal cattle arnd who used the manure an a field
where maize would be planted,

Another example of the analysis of farmer~managed
trials comes from ICTA, in Guatemala. 1In 1976, following
a Sondeo which characterized th: western Chimaltenango
area and defined three recommendation domains (Duarte et
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al., 1977), a technology was designed that utilized twin
maize rows (Fig. VII-5). This technology was designed to
maintain the maize yield of the subsistence farmers in the
area, who barely had enough land to provide their
families' maize needs for the year. Pairs of maize rows
were compressed and a bed one meter wide became available
between each pair of rows for the production of other
crops, which were envisioned to be cash crops (Hildebrand
et al., 1977). Maize yields in early trials were
comparable to the traditional maize yields and did not
require any changes in technology within the maize rows,
other than the practice of pairing. Crops grown between
the maize rows included common beans, potatoes, and wheat.

k-4 2.0 1 =54—1.0—p5—]

2.4 e 2.4 |

e

FIG.VII-5. Arrangement of double maize rows.
Distance in meters,
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In 1979, ten farmers participated in
utilizing the twin rows of maize and interplanting

trials
potatoes.
own technology (Table V1I-4).
for which
VII-5.
confidence intervals for various
TABLE V1I-4.
maize trials in 1979

Guatemala,

The resnlts are analyzed with a distribution
evaluation

farner-managed

This technology was compared with the farmers'
Results
adequate data were obtainable appear in

trials
Table
of

of the nine

criteria.

Technoloyies compared in farmer-managed

in Chimaltenango,

Variables Farmer's

Recommended

Practices (Avy) by I1cTtA

Variety Local Local
Fertilization

kg/ha N 59 101

P,05 40 64

Plant population

(1000,/ha) 41,7 41.7
Distance (m)

Between hills 1.0 l.0

Between rows 1.2 0.4 and 2.0
Source: ICTA, Guatemala

To caleculate the confidence intervals, the following

procedure is  used.
technology (Table VII-5)

Calculate sum of squares:

Nx2 = 1X2 - [(2X)
= 175.0455
= 5.0908

mean square: §2 = [x2 {1 1)
= 5.0908 / &

= 0.6364

s2 / n
0.6364
0.0707

/9
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TABLE VII-5. Yield, income, and cost from nine locations
in a farmer-managed maize and potato trial,

Patzun, Guatecmala,

Yield Gross Total Net Net income/
Maize potato Income Cost Income Total cost
-metric ton/ha- ————— $/ha ———— Ratio

Improved technology

4.66 6.80 2368 1652 716
4.74 8,29 2710 1495 1215
2,08 10.34 2851 1482 1369
3.81 13.76 3740 1497 2243
4.00 10.75 3113 1493 1620
5.47 4.86 2092 1496 596
3,44 5.57 1369 1475 394
4.98 6.21 2298 1493 805
4.93 8,10 2704 1495 1209

Traditional technology

3.86 722 343 379
5.28 987 359 628
3.48 651 339 312
3,91 675 341 534
3.56 666 340 326
4.41 825 350 475
3.93 735 344 391
4.76 890 353 537
2,65 496 330 166

0.43
0.81
0.92
1.50
1.08
0.40
0.27
0.54
0.81

1.10
1.75
0.92
0.98
0.96
1.36
1.14
1.52
0.50

Source: ICTA, Guatemala

standard error: Sx = (sx2)1/2
0.266

i

or with a calculator that is programmed to
standard deviation, §

Standard error: Sx = § / (nl/2)
0.7977 / 3
0.266
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The confidence interval is calculated as follows for
various values of a:

X + tgSx with n-1 degrees of freedom

In the example there are (9-1) = 8 degrees of freedom.

For a = 0.50 the value of t is 0.706 so the confidence
interval is 4.35 * (0.706) (0.266) or from 4.16 to 4.54
t/ha.

All confidence intervals are calculated in the same
way. Fig. VII-6 shows the distribution of confidence
intervals of gross income for the improved system and the
traditional system. The traditional system is very stable
but at a much lower level of gross income. The same is
true of net income (Fig., VII-7). On the basis of these
two evaluation criteria, it would seem that the improved
system is definitely superior to the traditional system,

50 { t
80 | Traditional Maize in twin rows
Maize with potatoes
1
70
Confidence
Coetficlent
% M
]
80 q
s
N
80 N
~
100 L L .
0 1000 2000 3000

Gross Income ($/ha)

FIG.VII-6. Distribution of confidence intervals for
gross income, traditional maize versus maize
in twin rows with potatoes.
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FIG.VII-7. Distribution of confidence intervals for net
income, traditional maize versus maize in twin
rows with potatoes,

However, there are other criteria which may be much
more important for the farmer. 1In this area, foremost in
farmers' minds is producing enough maize to feed their
families. For maize yield (Fig. VII-8), which would be
important from this point of view, it appears that the
improved system does not present any more risk than the
traditional system, 1In fact, it may be slightly superior.
So this criterion also appears to be favorable for the
improved technology. However, it should be noted that the
improved system uses approximately five times as much
capital as the traditional system. This is due mostly to
the production of potatoes. The criterion of return to
investment is completely different (Fig. VII-9). The
traditional practice is superior to the alternative being
tested. For the farmer who has little capital to invest
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FIG.VII-B8. Distribution of confidence intervals for
maize yield, traditional maize versus maize
in twin rows with potatoes.

and many alternative uses for this capital, there may be
sufficient risk to prevent widespread adoption of an
otherwise apparently good technology.

The year following the fariner-managed test with this
technology, personnel from ICTA returned to interview
participating farmers to calculate an index of
acceptability for the technology (Table VII-6). Seven of
the nine Ffarmers who provided usable data were interviewed
at this time. (70 have more confidence in the index of
acceptability, the number of farmers included should be
greater.,) Four of the seven (57%) were using the improved
system. However, they were using it only on 16% of the
land they had planted in maize, so  the index of
acceptability was only nine. This indicates a fairly low
level of acceptability of the practice.
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If one examines the system involved, it is evident
that it is not a substitute for maize, as was implied in
the «calculation of the acceptability index, but rather a
means of allowing farmers to produce an alternative cash
crop (potatoes) without reducing the amount of maize
produced on the farm. Therefore, a more relevant measure
of acceptability would be to estimate the index based on
potato production on each farm, rather than on maize
production. Data 4are not available from the directed
survey on this criterion. However, it would be
anticipated that the farmers who used the system the year
following the trial planted a high proportion of their
potatoes in the new system. For example, if the only
potatoes the four farmers planted were in the new system,
the index of acceptability would be 57.
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TABLE VII-6. Number of collaborators and area planted
in twin rows of maize interplanted with
potatoes, Chimaltenango, 1980 (n = 7).

Area (ha)
or Number Percent
Toval area planted to maize (ha) 3.85 100
Collaborators who used the 4 57
twin rows
Total area of all maize on
4 farms with twin rcws (ha) 1.4 -
Total area of maize in
twin rows on 4 farms 0.23 16
Index of acceptability 9

(57 x 16) / 1ocC
Source: Samayoa, 1980

Response surfaces derived from modified stability

analysis

Previous examples of the modified stability analysis
were based on discrete, or non-continuous, variables.
Crossing of the regression lines suggests a need to
partition the recommendation domain because it indicates
that in part of the domain one technelogy is better, while
in another part of the domain a different technology is
superior.

Modified stability analysis is also amenable to
analysis of continuous variable data, such as fertilizer
response. With a continuous variable, differential
response Dbetween poor and good environments can be
detected and used to partition a recommendation domain
even where cross-over does not occur. Data from a
nitrogen response trial for radishes conducted as part of
a farming systems class at the University of Florida are
used in the following to show continuous data analysis and
the potential for partitioning recommendation domains.
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TABLE VII-7. Average radish yields from "farmer-manageg"
nitrogen response trial, 1984,

N Level (cwt/acre)

"Farm" No, 0 1 2 3 4 Xx=e
tons/acre

1 1.56 2.00 2.49 1.40 1.35 1.76

0.54 1.08 0.91 0.50 0.42 0.69

3 1.68 2.58 1.64 2.17 2.27 2.08

4 0.29 0.43 0.65 0.96 0.74 0.61

5 0.77 1.87 1.65 0.83 1.21 1.27

6 0.92 1.84 1.44 1.04 1.30 1.31

7 1.04 3.72 2.18 2.31 1.95 2.24

8 1.81 2.75 3.00 3.17 2.73 2.69

9 0.98 2.75 2.31 2.83 2.70 2.31

10 0.87 0.83 1.16 0.85 0.90 0.92

11 0.44 1.99 2.24 2.07 1.35 1.62

12 1.01 2.30 1.85 2.21 0.40 1.56
Treatment

average 0.99 2.01 1.79 1.70 1.45 1.59

Source: Farming systems class trials, Univ. of Florida

The trial was conducted at two locations on the
agronomy farm on the campus in 1984. The class was
divided into six teams, each consisting of four members.
Each team conducted an experiment using a randomized
complete block design at each of two locations. Because
the teams managed their trials differently, each trial at
each location 1is considered a farm for purposes of
analysis, Hence, there are twelve farms included in the
trial, Data are shown in Table VII-7.

The linear equations calculated for each of the
treatments are of the form

Q = a + be
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where Y is yield and e is the environmental index for
each farm, The equations as estimated by least squares
are summarized in Table Vil1-8. The equations are shown
graphically in Fig. VII-lO.

TABLE VII-8. Linear cquations for modified stability
analysis calculeted from radish data.

Treatment

cwt N/acre a b R2
0 0.13 0.54 0.55
1 0.04 1,24 0.81
2 0.31 0.93 0.80
3 -0.23 1.21 0.84
4 ~0.26 1.08 0.76

To obtain the data for the response surfaces,
estimates of yield for each N level can be taken from the
graph, or the linear equations in Table VII-8 can be

solved. The latter is more precise. vYields are shown in
Table VII-Y for two environmental levels, e = 1.5 and e =
2.5, which lie within the range of data., Thesce values

were obtained by solving the eoquations i . Table VII-8 for
the two values of e and for cach N level,

TABLE VII-9. Estimated radish yield for five
levels of N for two environments.

cwt N/acre
e 0] 1 2 3 4

tons/acre

1.5 0.94 1.90 1.70 1.58 1.36
2.5 1.48 3.14 2.64 2.80 2.44

The data in Table VII-9 are then used to obtain two
respcnse surfaces. A quadratic surface seems appropriate,
based on the type of response. The two equations,
estimated by least squares, follow:
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1.07 + 0.72N - 0.17N2 R2 = 0.74

<
[
.
v
n

1.70 + 1.11N - 0.24N2 R2 = (.68

<
N
.
(5]
]

These equations are graphed in Frig. VII-11.
Biologically and economically, these two curves appear to
represent different situations. In the better
environment, production is maximized with 2.31 cwt of N.
Maximum yield is 2.98 tons. Maximum production in the
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FIG.VII-11l., Response of radishes to N for two different
environments,

poorer environment, with 2.12 cwt of N, is 1.83 tons of
radishes. With prices of $30/cwt for N and $400/ton for
radishes, the most profitable application of N is 2,16 cwt
in the better environment and 1.90 in the poorer., Yield
in each case is 2.96 and 1.82 tons respectively. 1In the
better environment, the 2.16 cwt N cost $64.80 and the
increased radish production from adding the 2.16 cwt N is
worth $504,00. Profit in the better environment then is
$439.20 and net rate of return to investment is 439.20 /
64.80 = 6.78. In the poor environment, the 1.9 cwt of N
cost $57.00 and increased production was worth $300.00.
Profit in this environment is $243.00 and net rate of
return to investment is 243 / 57 = 4,26.
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The important aspect of this example 1is to
demonstrate how management, as opposed to soils and
climate, affects yield, and how differences in management
can be utilized in analyzing results of on-farm trjals.
Within locations (the first six “farms" in Table VII-7 are
from one location and the last six from another), the
differences resulted from the way each team planted and

cared for the radishes -- soils and climate were
essentially identical. Between locations, soils differed
somewhat, but climate was similar. Fer purposes of
partitioning a recommerdation domain, all of the first
location «could be considered to be in the poorer
environment. But in the other location, half the "farms"
are in the better environment and half in the poorer
environment. An analysis would have to be made to

determine the sources of this difference in order to
define the partitioned recommendation domains.
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VI
Initiating and Managing
FSR/E Programs

Previous chapters have dealt with technical and
statistical aspects of on-farm research in FSR/E. This
chapter discusses problems and practices involved in the
organization and management of FSR/E programs.

Most ccuntries consider the development of the small
farm sector as a high national priority. Existing pubiic
and private sector research and farm service organizations
often address the necds of the larger, more commercial
farms and those in the best ayricultural regions. For
these reasons, an early and necessary step in  initiating
on-farm research is iikely to bhe a conscious political and
management decision to target a larger share of research
and extension resources on the problems and priorities
common to small, limited-resource farms. The goals of a
national FSR/E system can be broadly stated to be
generating, testing, evaluating the acceptability of, and
disseminating new or modified technology which can Dbe
directly applied by farm families in their farm
operations. The adoption of the improved technology would
be expected to result in an expansion of production and
improved standards of living for farm families.

In describing the organization and management of a
national FSR/E system, it is assumed here that a decision
has been made by the directors of national research and/or
extension organizations to develop an on-farm research
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program. The organization and management of FSR/E in a
particular country will depend upon the nature and
responsibility of existing institutions. In several
countries, of which Guatemala is the best documented
example, separate institutes were created to carry out
on-farm research, In other countries, limited
agro-technical and agro-biological rescarch is already
being carried out on farms, and some socioccoromic and
physical resource information is being collected and
analyzed by a wide variety of service., industry groups,
and universities, In some country settings, it is the
extension organization which is better prepared to conduct
on-farm or applied rosearch and which may provide the
impetus for ar FSR/E program,

GETTING AN ON-FARM RESEARCH PROGRAM STARTED

For most institutions, when adding or expanding an
on-farm rescarch program, some important reorganization
and reallocation of resources will be required, Most
larger rescarch institutions are organized for program
implementation through several commodity and disciplinary
programs. It 1is rarely possible financially for ecach
program to initiate and carry out its own on-farm research
sequence, although some larger commodity programs may
already have a number of varietal trials on farms. From
several points of view, it may be preferablc to form a
separate program group with responsibility for most
on-farm research activities. The actual conduct of trials
and surveys would be delegated to multi-disciplinary teams
assigned to specific regions or geographic areas, Team
composition and the process of defining and choosing
geographic areas are discussed later in this chapter.

Many research institutions lack social science
groups, cor, where they do exist, their programs are
usually considered to be totally scparate from biological
programs. Successful on-farm bioloyic research programs
are dependent upon the professional inputs of agricultural
aconomists, sociologists, anthropologists, and extension
education specialists. Thesec disciplines are critical but
research directors and others in authority may need to
assure that they are represented and accepted as full
participating members in planning and implementing all
programs of work. Each of these disciplines has an
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important contribution to make in the selection of
research problems and priorities, the design and analysis
of results, and the screening of recommendations for
farmers. Carrying out multi-disciplinary team work in an
interdisciplinary manner is not an easy mode of operation
for most persons trained in narrow disciplinary fields.
It needs to he encouraged and supported,

Althcugh on-farm research activities are a logical
outgrowth of research institutions, it is also possible to
have an extension institution involved in applied or
adaptive research. This alternative should not be
considered as a shift of the resecarch responsibility from
a research to an extension institution. The on-farm
program should be related to the rescarch institution for
technical orientation and support needed by the extension
staff.

Close cooperation between rescarch and extension is
not common in most developing countries. Often their
institutions are budgetarily and physically separated;
national extension and rescarch organizations are seldom
equal in budget and number of personnel, It is also not
uncommon to find a lack of cooperation between these
organizations and even personal animosity between
researchers and extensionists. All these factors affect
the flow of technology transfer from the research program
to extension activities. Therefore the alternative to
have on-farm research activities within an extension
framework is, in principle, one way to establish a
rewarding relationship betwee. the two organizations.

PLANNING AND MANAGING ON-FARM RESEARCH

Any successful research program requires some
mechanism for establishing a work plan and for
periodically reviewing progress. Advanced planning of
on-farm rescarch 1is particularly important because the
work occurs off-station. Consequently, it is important to
specify, in advance, what research is to be undertaken and
the degree of support to be provided by commodity or
disciplinary teams, as they must work in a decentralized
manner.

The first step in developing a work plan is problem
identification. Objectives of the initial
characterization and exploratory stages of a regional
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research progrim were described in Chapters I, II, and III.
From these, a prioritized list of problems and promising
new technology options will have been identified. The
on-farm research team will have participated in those
Stages, and, in cooperation with commodity and discipline
program leaders and station directors, can develop a work
plan or resecarch protocol in each rescearch region., 1t may
be useful to include specialists from other institutions
in the analysis anu planning sessions to broaden the
overall  viewpoint., The protocol should spell out in as
much detail as possible the purpose and objectives of each
regional on-farm vescarch subprogrom; the number and kinds
of trials, experiments, or tests to be carried out; the
methods and analyses to be used; the equipment, materials,
and  human and finarcial  resources required; and the
persons, commodity and disciplinary teams,  or  other
scrvices  cooperating in  the execution of the reqional
program and their contribution,

As a regicnal program continues over several  vyears,
the size and composition of the core team and the mix  of
needed back-stopping services will change. Initially, the
geographical area for which the team is responsible should
be kept small. The level of eoffort will Dbe comparatively
greater in the first years, as data needed to understand
socioeconomic, biological, and technical problems  are
collected and analyzed. However, as the initial an-farm
trials are compicted and ajro-climatic paraweters and
recommendation domains are refined and described, it may
then be possible to increasge the size of the area or
reduce the size of the core team.

Each member of the team can be given responsibility
for all resecarch trials and farm records for a given sect
of farms even when these cut across several specialties.
As noted, support and guidance can be provided by station-
based specialists or more senior team members on  a
periodic basis. This method provides a built-in mechanism
to improve the technical knowledye and rescarch capability
of each team menmber and, most importantly, the
understanding of the farm as part of a complex biological
and management system. The feedback of information to
traditional resecarch and academic institutions contributes
to the orientation of basic research as well,
Alternatively, depending on the size and complexity of the
region, work may be divided within the team in part along
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disciplinary lines. As an organizational framework,
however, this alternative is usually less productive.

The specific number of trials and other activities
one person  can manage will depend, among  other things,
upon ease of access and mode of transportation available,
distance between  trial sites, the number of plots, and
easurements  and obscrvations to be recorded. A typical
workload for each team member might involve the
supervision of 5 to 15 farmer-managed  trials,
responsibility for 8 to 12 site-specific or regional
trials, and collection of crop records from 5 to 10 farms,

Off-station rescarch also requires o difterent mix of
rescarch  support staff, tacilitices, and  equipment,
Regicnal on-farm rescarch programs succeed or Cail on the
steength and reliability of transportation and the flow of
financial  support for fucl, materials, salaries, and  the
Like. Mobility of the team and timeliness in carrying out
the work are critical for acceurate,  reliable  rescarch
results  and to maintain credibility with the farmers. A
vehicle which will not cun or sceds which arrive too late
are  of  no immediate value to the rescarch team  and may
cause scrious delays  in programs or {inancial loss  to
collaborating farmers,

DEFINING RESEARCH REGIONS

The ideal number of agricultural  rescarch regions
defined for a country depends upon two main  factors: 1)
ecological diversity, and 2) thoe spatial distribution of
farm system types. In practice, geographic limits of each
research region are typically established in cither of two

ways. The most common is along geopolitical divisions of
the country,. Alternatively, agro-ecological  boundaries

may be used if they are known. The advantage of the first
is that public scrvices ard planning and budget
responsibilitics are on the basis of political boundaries,
The advantage of the agro~ccological approach is  that
major «crop production zones, soil type boundaries, and
farming system boundaries are often closely correlated.
From a rescarch management standpoint, this allows better
coordination between on-station and  on-farm research,
better scientific support for regional teams, and easier
interaction with the parent rescarch organization. In
either case the definition of recommendation domains
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should guide the FSR/E activities within each region.

Factors which influence the choice of research
regions where work is to begin or to be concentrated can
include: the number of small, limited-resource farms;
rural population density; the importance of the region for
food and cash crop production; the agricultural potential
of the region; and the potential to extrapolate rescarch
findings to similar regions. As a practical matter, the
choice of research regions may be to support political
objectives, such as counteracting rural unemployment or low
income levels or enhancing a national development plan.
In determining the number of rescarch regions to which
on-farm research teams are to be assigned, the number of
separate research subjects, number of trials, and tke like
should be considered. The main criteria will be those
that reach an equilibrium between priority neceds and what
is possible, given available resources. The importance of
program planning and budgeting cannot be overstated., Once
research is underway in several regions, interregional
coordination must assure that information is exchanged and
resources are allocated to each reqgion and client group on
an equitable and efficient basis.

EVALUATING ON-FARM RESEARCH

As resecarch moves off station, some support and
operation costs will be incurred. The toaistics of the
support and budgeting for on-farm research is an integral
part of the planning process. These costs will be more
than offset by the benefits of conducting more of the
research under the physical, ecological, and socioeconomic
conditions T[faced by farmers. Further, as leaders of
commodity and disciplinary gioups are able to carry out
more trials on-farm, they are also better able to target
on-station rescarch toward the needs of client groups.
Three principal groups of clients use Lthe results of
agricultural sector rescarch. These are: farm families;
agricultural sector support services which provide inputs
and/or marketing services to farms; and public planning
and policy clients, such as legislatures, planning
departments, or financial ministries.

As an FSR/E program matures, some mechanism is needed
by which both on-farm and on-station research activities
can be evaluated, along with their contribution toward
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reducing the effects of constraints that limit production,
In this way, unproductive lines of investigation can be
discarded earlier. A rigorous review procedure can help
guard against a tendency of many scientists to pursue
familiar research projects with only minor changes, even
if these may no longer be yielding significant new
information of potential use by clients.

An overall review will help identify where
cooperctive resvarch or an exchange of information should
take place. It will also identify duplicatior of effort
or where resources could he better used on  other
priorities or in other regions, Another benefit of
evaluation reviews is that participants in the process (at
all levels, including support staff) develop a mission-
oriented outlook and the overall program becomes more
purposeful and rewarding.

A further advantagye of FSR/E is that it helps to make
the process o7 research ard development more
understandable to public leaders, farm client groups, and
service organizations., 1t provides a visible example of
public and institutional commitment to finding solutions
for real problems and to improving rural life. These in
turn can lead directly to public support for research and
development, which may previously have been lacking, ard
indirectly to changes (where desirable) in public po’’cies
toward agriculture.

Whi'e it is rarely possible to measure the cost and
benefit ratio of an FSR/E resecarch program directly, it is
possible to evaluate progress against yoals and
objectives, if these have been clearly stated, It may also
be necessary to include measures or indicators of progress
in data yathering and analysis activities. For example,
the rate of adoption of technology introduce¢d under the
program is one indicator of progress, as are the net farm
incomes, levels of production per unit area, or total
production from an area measured over time., Readers
familiar with the complexity of measuring such indicators,
particularly wunder multiple cropping systems, will
recognize the problem of objectively measuring program
success.,

Adding to the complexity, bovh research and farm
managers must take into consideration the consequences of
recommendations and decisions, not only for the current
cropping season but also for future seasons. For example,
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practices which control soil erosion, preserve soil
moisture, and improve soil structure and fertility may
reduce current earnings but also may improve future income
and family security. Similarly, the planting of perennial
crops, including trees for fuel and timber production, may

reduce short-term profits but  substantially increase
future earnings. Conversely, practices or  crops which

mine soil fertility may inccease  current  profits  but
endanger future carnings.

The rate at which new technology is  adopted will
depend  foremost  upon its acceptability to farmers, It
also depends upon the offectiveness of government systems
in providing the necessary support infrastructure,
including  roads, inputs to the production process, access
to credit, and markeots for products which are produced,

REGIONAL INTERINSTITUTIONAL COOPERATION

The International Agricultural Resecarch Centers and
larger regional centers, such as CATIE in Central aAmerica,
have played and will continue to play a  key role  in
support of national research prograns,  particularly  in
three arcas: V) germ plasn collestion  and  advancod
breeding; 2) training of sciontists, commadity
specialists,  and  technical staff{; and 1) exchange  of
technical  information  through publications, special
subject sewminars, and exchange wisits among sciontists and
other specialists.  Many of the inlernational and reqgional
centers have been active in developing PSR methodology and
networks  because  of complenentarity with  their  program
objectives. This activity constitutes a natural link with
national programs, which are best able to take advantage
of the resources provided by the centers in the way of
material, training, and infcrmation,

Other public and private enterprises  which  either
have a dircct interest in the intormation flowing out of
an  FSR/E  zrogram  or could provide information and
materials helpful to the Fsr/k process include:

a) agencies responsible for national economic
surveys, development plans, farm surveys, or
censuses;

b) enterprises producing or marketing improved

seeds, pesticides, and farm cquipment;
farm credit agencies which provide short-term

(o]
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production credit and loans for capital
improvements;

d) commodity marketing services and companies,
including cooperatives interested in expanding
sources of supplies;

e) public and private laboratories which provide
soil testing services and disease diagnosis; and

f) formal and non-formal education and training
institutions desiring to make training and
materials more relevant to students.

Well-designed and  imvlemented on-farm research
programs are attractive to policy wmakers and
infrastructure managers becausc it is casicer fot them to
identify with the rescarch in progress. As  information
becomes more specific by groups of farms, it becomes
easier to target service development project and training
to each group of clients, 1In this way, it becomes easier
to conform rescarch and development  to national or
regional policy goals and objectives, such as small farm
development or food sufficiency goals.
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