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lll. Identify the Causes of the Problem

Causes should be sought for each problem that has been
Identified and supported with enough evidence In Step I, and
that has a high enough priority to pass Step II. For some
problems, the causes may be obvious, while for others more

informat ion must be obtained.

A word should be salid about causality. Causality is a
subject that has given sclentists a great deal of
difficulty, and It will not be discussed in any depth here.
The obJect In Step III is simply to develop enough
Information related to a particutlar problem so that
approprlate solutions can be identified. Lack of care in
defining the causes of a problem may limit the chances of

Ident1fying reasonable solutions.

On the other hand, it Is not necessary to go to
extremes in lookling for causes. For example, the crop may
be at risk of drought when planted late, and that Tlate
planting is in turn caused by a shortage of tractors. This
is probably enough information, and researchers would not
want to start examining data on tractor imports, for
Instance, Similarly, if there is evidence that the crop Is
damaged by a particular follar insect, It is not worth
detailing the insect's physiology to explain exactly how it
does Its damage. But researchers do want to ask 1f the
occurrence of the insect Is associated with a particular
rotation, time of planting, or other possible contributing
cause that would help them consider alternative solutions to
the problem. The rule is that only enough Information
regarding causality should be developed to help researchers

think of practical solutions to the problem.

There are some additlional points that should be

considered when outlining the causes of a problem,
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including: the possibility of multiple causes; the fact
that one problem may be related to another problem; the
possibility that many causes that are Inlitially proposed are

only hypotheses; and the use of "non-practices'" as causes.

When thinking about problems and causes, It |Is

somet imes useful to place problems In boxes and causes
In and draw arrows from causes to problems.*®

Multiple causes

Sometimes It may be necessary to look at a chaln of causes,
that Is, to ldentify the cause of the cause. For example,
if low plant population is a problem, it may be that poor
seed bed preparation is the explanation. But the poor seed
bed may be caused In turn by excess rain at planting time.
If dilagrammed, it would look 1ike this:

Excess rain at Poor seed bed Low plant
planting time preparation populatlion

At times, the chalns may get quite long as in the case of a

malze disease associated with late planting. The 1late
planting is due to a farmer practice of staggering malze
plantings and this In turn Is due to an attempt to lower the
risk of losing a sole planting to drought:

Malze
affected
by disease

Some maize
Is planted
late

Drought Farmers stagger
risk maize plantings

This system of diagrammling 1s described In P. Delp et
al,, Systems Tools for Project Planning, PASITAM,
Indlana Unliverslity, 1977.
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There Is also the possibility of more than one cause

associated with a single problem.

lLocal variety
Is very tall

High losses
from lodging

Stalks are
weak from
Inadequate
phosphorus

Solls are low
In phosphorus
It should be clear that the causes 1listed are not
necessarily the only causes of the probliem.
Problems and causes
Somet Imes two problems are related to each other. In this

case, It Is Important to specify how one problem contributes

to the other one:

N + P applied -

late and In low »] Poor growth

amounts /// due to N &§ P |
deflclency

Weed competition

Uncertainty about causes

Many times the causes of a problem are not Immediately
evident,. Possible causes should be 1listed, and data
gathering techniques should be identified to verlfy these
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causes, In a dlagram, uncertainty about a cause can be
indicated with a question mark(?).

Poor emergence

leading to uneven ¢\:Z\\§‘

" stand, low yield
. 33 (goll Fungu%)

3
(E;or seedbed (goil Insect%)
A i
Cold, wet soll
at planting

Heavy ralins
at planting

‘’Non-practices’’ as causes

It is sometimes useful to help explain a particular problem
by documenting the fact that the farmer does not do

something (e.g. apply fertilizer). This helps to define why
a problem exists, although fertilizer (in thls case) is not

necessarily the best (or the only) solution to the nutrient

Heavy rainfall
leaches soil
Nltrogen deficiency

////////////' In maize
No fertillizer
Is applied

deficiency.

Fertlllzer
not available
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But researchers should not go to the opposite extreme and,
for example, explain a particular weed problem by using a
speclflc solution as a cause: For example, "There Is a weed
problem because the farmer does not apply 2,4D herbicide to
the crop'!

For each well-ldentified problem from Step I, that has

passed through Step II, a 1ist of causes and, if necessary,
further evidence requlired, should be made.
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_ llI. Identify the Causes of the Problem. A. List Causes

(Sample Worksheet)

Further evidence

Problem Causes
requlred
o wheat & made at
/@'ﬂ'ﬂf
sod
2. Fligh proportion of @) Farmers plant 4 -5 Saploratory
barren macze seed per- fole or eaperiment whick
4) Farmers using late trcludes diferent
c;zaa«u&»z{%a@wi&aa/ y&uﬁm/aﬂmqgnwumﬁp
and diferent types of
seed andor freld
observations
8. Jodl macrtains modsture @) Farmers used to-plant | Nore
JSor severdd months affer- | cowpeas at that time; but
farvest, MIZ&WU/ WWWW
planted o ared
4) Farmers krow- of ro-
other crop. for this seasor
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';Iﬂlflf. Identify the Causes of the Problem. B. Diagram Causes
(Sample Worksheet)

made, m@éﬁw&@y
7 High rainfall »| Nirogen deficiency
leactes soil
2. ga/me/wmad/a/zced\ R : éﬁ@boﬂzbfzg(
Farmers
-5 seeds per-
’///////’/' hole, one meter
apars
<:%waumvamw7a/ j:)
weedh with a mackete
S. Gowbeas Farmers: ro- No- crop o planted |
sygffer- tigly longer- grow affer main harvest
Farmers do- rnot
hnow of any
otée/tcz'@é&m
plart
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IV. Diagram Interrelationships among the Problems and their
Causes

As a further aid in selecting prlority problems for
research, and to help consider what problems might best be
treated In the same experiment, It Is useful to diagram the
Interrelatlonships among the problems and causes identlfled
Iin the previous steps. The diagram may also Iinclude any
other problems (from Step 1) for which there 1s not vyet
sufficient evidence which researchers feel It would be

helpful to conslider.

Examining interactions allows researchers to think more
carefully about priority problems, If, for example, weed
competition and nitrogen deficiency are both problems, but
there is evidence that the weed competition is a signiflcant
cause of the nitrogen deficiency it may be advisable to put
relatively more research effort into resolving the weed

problem rather than the nitrogen deficlency.

Diagraming of Iinterrelationships is also useful for
thinking about posslible solutions (Step V), and can also be
referred to In designing experiments. Specifying
Iinteractions allows researchers to decide what problems
might best be examined In the same experiment, and how to
most efficiently dlstrlbute experimental variables over
various types of experliments. Exploratory experiments, for
example, often include three of four factors with a high

probability of Interaction.

If there are many problems, this type of diagram can
get quite complex and may require several drafts. There
will be no single "correct" diagram; the diagram is simply a
tool for thinking more carefully about the interactions

among causes and problems Identified in previous steps.
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IV. Diagram Interrelationships Among the Problems and Causes

~ (Sample Worksheet)

Maize planted

s \
| ‘weed
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(Sample Worksheet 2)*

Unever starndb,
excessewe
plant death
L 4
high seed
rate
broadiast
seeding + disc
W+ Papplid \ (o p
late and in low
Foliar
sects
(armgeoormy)

%s
!
|

* Source: “A diagnostic survey on wheat in the Altos Jalisco
CIMMYT Wheat Training Working Report, 1985.
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V. List Possible Solutions to the Problems

The next step Is to list possible solutions for the
problems that have 1) sufficient evidence of their
importance, and 2) an identification of their causes. Thus
the only problems that will be considered in thls section
are those that have cleared both Step I and Step II with
"nmone'" In the '"More evidence required" column. (Remember
that for problems that do not yet have sufficlient evidence
regarding their Importance or causes, more data collection

will be required before considering solutions.)

The list of possible solutions for each problem should
be broad. Researchers should consider various possibilities
for attacklng the problem. These possible solutions will
then be screened in Step VI. The solutions that are listed
should be inputs, varieties, or techniques. They should be
specifled as clearly as possible (e.g. type of herbiclide),
but exact dosage or levels will be determined as part of
experimental design. It will of course happen that
solutions to some problems will have already been tested in
the previous years' experiments and the evidence will be
sufflcient to place these In verification trlals without

considering alternative solutlions.
In the majority of cases, the causes of the problems

must be taken Into accout when searching for solutions.

Consider the following case:

Qéck equipmenE) 'fﬁ;lze planted Yield loss
'kl?te due to disease

In the example above, the problem Is disease, and one

possible solution is resistant varieties. But an important
cause of the disease problem is the fact that much of the
maize is planted late. Thus another possible solution would
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be to plant earller. The diagram shows that there Is an
equipment shortage so, in the short run, better use of this
type of equlipment probably does not represent a posslible
solutfion. There may, however, be other alternatives for

getting the crop planted earlier.

If it turns out that late planting Is a cause of other
problems as well, then considering solutions to the disease
problem In terms of date of planting takes on Increased
importance. In the case below, a change In planting

techniques may help alleviate the weed problem as well.

<f?ize planted \ | YIeld loss due

late // "] to disease

Weed control
done late

“Weed competition
In maize
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It should be remembered that farmers are more likely to
adopt simple solutions rather than complex ones. Therefore,
the Idea of a package to solve all problems at once Is
something to be avoided. On the other hand, there are cases
when agronomic interactions require a solutlion to be rather
complex (e.g. a better herbicide and changed spatial

arrangement to address a problem with weed competition).
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V. List Possible Solutions to the Problems
(Sample Worksheet)

Problem Possible Solutjons
die to- late seasorn drought
76 Minimam tillage, for- carlier plarting
7c %Wﬁﬁmme/mm
WWMW 2wJo¢mW@W%
o maize roots
24 Jeed treatment with Froduct Z
20 Tillage after- harvest to- exbose insects
Natrggen deficiency Sa Apbly wrea
vy maeze
ci’éfﬁowa/@am&/ﬂ/fomabﬂx
éamgéeaaomwa%/ 4@7/%%!&@/&,9@%
grassy weeds v determinative exberiments -ready, [or
.E.; :./
.ﬁca/wéea& é’wJVmwéea&oax@@.
Anquaﬁhéazmw&gf1 ﬂgzéaoéaWuwma@y%?wzuhfaw
recormmendation)
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VI. Screen Possible Solutions for Farming System
Compatibility, Research Costs, Profitability and Risk

Because experimentation Is the most costly phase of
OFR, researchers must make sure that the variables that get
Included In the experimental program have a high chance of
success. Step V encouraged the consideratlion of many
possible solutions to a given problem. In Step VI each of
these possible solutions is screened for its compatibility
with the farming system, the likely research costs, its
likely profitability and its potentlal to affect risk. For
solutions that have already been considered In previous
vyears' planning and which are now part of the experimental
program, reference should simply be made to the previous

analyses.

Farming System Compatibility

In a diagnoslis, researchers are interested in understanding
the reasons for farmers' practices so that they can better
define the amount of flexibility avalilable to propose new
technologies. This screening for system compatibillty
should have taken place as researchers formed some idea of
possible solutions. During a survey, farmers might be asked
what they would think of a particular solution, why they
don't already use it, or what they think might happen if
they did use It.

Thus, an Important aspect of planning involves a
comparison of proposed solutions with what is known about
farmer clrcumstances. For example, a new varliety Is
proposed for subsistence farmers. Is It acceptable for the
family's food preparations? A change in planting methods is
proposed that requires more labor. Is the extra 1labor

avallable at this time? A new herbiclide Is proposed. Can
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it be used In the current rotation pattern? Table 1
presents a checklist of aspects of the farming system that
merit conslderation in assessing the compatibility of a new

component.

A word of warning Is in order. When checking for
compatibility, the farming system should not be viewed as
Impossible to change. The basis for OFR, after all, Is the
conviction that farming systems can be Iimproved, Iin a
careful, stepwise fashion, Rather than 1looking at the
current system as absolutely fixed, researchers should use
thelr knowlege of the system to ask, '"Do I understand the
trade-offs Involved with this solution?" For example, If
researchers are considering chemical weed control where
malze Is intercropped with beans, the conclusion should not
be that this Is absolutely Impossible. Rather they should
take into account the ratlonale for the current practice
(e.g., extra production, labor saving, risk aversion) and
weigh thls against possible galns from the proposed practice
(e.g. better weed control, soll conservation). This kind of
comparison will lead to a judgement regarding the possible

value of the proposed change.
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Table 1

Some Aspects of Farming Systems that Should be Checked for
Compatibllity with New Components

Land use; cropping calendar; Intercropping practices.
Cash and credit resources and bottienecks.

Famlily and hired 1labor resources and bottlenecks;
off-farm work opportunitles.

Draft power resources and bottlenecks; rental markets.
Input avallabllity; Input markets.

Use of crop by-products; livestock feed requirements.
Family food supply requirements; food preferences.
Product markets.

Offlicial Institutions.



Notes should be made concerning incompatibilities for
each possible solution. This should be done by
recommendation domain, as a given solution may be
approprliate for certain farmers, but not for others. For
example, a gliven herbiclde might be used by farmers who
follow one rotation, but not by those that follow another.
Thus there would be two domains with respect to this

solution,.

Research costs

This part of the screening has two components:

1D The ability to carry out the experimental program

required with the current budget. Some proposed

solutions are more costly than others to Investigate,
and therefore may have 1lower priorlty 1in the
experimental program., Some examples Include long-term
experiments with rotations, or experiments that require

frequent monitoring and measurement.

2) The degree of confidence that solutions will function

under farmers' conditions. Researchers must ask

themselves how certain they are that the proposed
solution will work under farmer clrcumstances and
practices, and 1if there |Is doubt, how much
experimentation will be required. For example, a
certain type of soll insecticide may be proposed that
works well on the experiment station, but may not
function with farmers' current tillage practices and

soil conditions.
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Profitability

This part of the screening process also has two components.

1)

2)

An estimate of likely returns and required investment.

The change In costs that vary for the proposed solution
should be calculated, and compared to an estimate of a

breakeven yleld, according to the following formula:

Y TCV x (1 + M
P

Where: Y = minimum required yleld increase, per ha.

—
O
<

1

increment in costs that vary, per ha.
M = minimum rate of return acceptable to
farmer

P = fleld price of corp

Because prices for crops and costs of Iinputs are
subject to change, and it is difficult to estimate
preclsely the yleld increase expected from a change In
technology, this formula should be used only as a guide
rather than for selecting exact treatment levels. For
example, a fertilizer experiment may Iinclude levels
somewhat above those derived from this formula,
especially If it Is expected that the relationship of
fertilizer price to crop price may improve in the near
future, On the other hand, an expensive herbicide
(with a price that Is set at world levels) that does
not "pass" this test might be replaced by 1less

expensive herblicides,

The ease of adopting the proposed solution. Farmers

are more likely to be Interested In solutions that they
can try a llittle at a time. This Is especially true If
the solution involves a considerable Investment. Thus,

for example, farmers will be less Interested In a

40



Risk

Risk

solution that requires the purchase of a new implement
than they will be In trylng a new Input that they can
purchase in small quantities. Thls conslideration
should not be used to absolutely rule out possible
solutions that require a 1large Iinvestment. With
respect to machlinery, for example, there are many cases
where a few individuals can Invest in a new Iimplement
and then develop a rental market. The complexity of
the proposed solution, and how long it will take

farmers to learn how to use It, Is also an lIssue,

Is an Iimportant determinant of farmer practices and

often represents a problem that merits Investigation. When

screening for risk, researchers should Jjudge the 1likely

stability of the results from a given solutlion. They should

ask whether there is a likelihood that farmers will face

considerable 1losses In certaln years If they adopt the

solution, or (f the solutlion Is 1llkely to Increase the

stability of income for farmers.
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VII. Make Lists of Experimental Treatments, Suggestions for
Longer Term Research, and Needs for Continuing Diagnosis

This step involves a review of previous steps and the
formatlon of three lists that will help orient the research

program.

A. Experimental Treatments

The principal goal of this process is to develop a list of
experimental treatments for on-farm experiments. The

experimental treatments will come from three sources:

1D If the problem and its cause(s) are clear, then the
experimental treatments are those Inputs, varieties or
techniques that have been specifled as possible
solutions In Step VI. They may be solutlons that have

already been tested in previous experiments.

2) For problems (I) or causes (III) that require further

experimental Iinformation, experimental treatments are

those that will help researchers to understand the

Importance of the problem or the cause of the problem.

3D In addition, there may be other experimental treatments
that do not come directly from the identification of
problems, causes, or solutions but should nevertheless
be considered for the experimental program. These
arise from a knowledge of possible agronomic
interactions. For example, reduced tillage with mulch
in malze may be an experimental variable (Cassuming the
problems Is, say, moisture conservation). As there is
some evidence that mulch Interacts with Iinsect

populatlons, researchers may want to explore Insect

by



control as an experimental variable. Another example
might be the Inclusion of certain elements In a
fertilizer experiment because of possible interactions
with the higher 1level of nutrients that are belng
tested.
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VII. (A) List Experimental Treatments
(Sample Worksheet)

Treatment

Domaln

Source

Fhosphorus, fertilizer | Those, fieldh or Jigp 1 (uncertain of eaternt
slopes (that seem of phosphoras deficiency)
to- be most at risk of
P df

LLower rnumber of Al farmers Jtgb I funcertain of

macze seedk per hill cause of barrenness)

Fresh fybrid seed ALY, farmers Jtgp I funcertain of cause

barrenness
vardety A to- adrought problem)
intercrop macze with | early maturing madze
beans variety A

Jod! insecticide Y Al farmers Jtep X0 fossible solutiorn

to- white, grib problem)

%%m%ﬂ&%@y& C%gbéqybéwmaw gﬁ?ﬁYI ﬂ%wuﬁé&m@da@

to- white, grub- problem)

Urea Jﬂzﬁ%wuwp d%¢521 ﬂ&wu%&&m&&d@

to- ritrgger deficierncy)

Herbicide .2 Frose, farmers who- Last, years determinative
do- reot: i experiments on herbicides
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Suggestions for Longer Term Research

The analysis carried out in the preceeding steps is useful
not only for Identifying short-term research goals, but also
for helping to guide longer term research. As researchers
consider possible solutions, there are often Items
(particularly in Step VI) that may require attention on the
experiment station or through other types of research.
There may also be items that require interaction with policy
makers., With respect to policy, however, researchers should
not fall into the trap of believing that OFR can bring about
massive change in agricultural policy. Since policy makers
are usually as unimpressed as farmers by research that does
not take account of their circumstances, policy objectives

for OFR must be chosen carefully.
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B
_VIL. (B) List Suggestions for Longer Term Research

(Sample Worksheet)

7.

2.

Sstaleor.

with ure are being conducted, ever thougl urew iy
Wt&oémwté&a/w Tt is planned to- bring the results of these
eaperiments to- the attention to- the credit bank and to- the Ministyy of

into- the area.




Data Needs for Continuing Driagnosis

It was pointed out in thé introduction to gh{s paper that
although a dlagnosis should take place before beginning
experiments, dlagnosis should also continue even after the
experimental program has begun. As researchers debate the
importance of particular problems (Step I) and search out
the causes of those problems (Step I1I1) they may find that
certaln dlagnostlic tools such as farmer surveys, fleld
observations, or laboratory studies would be helpful,. Such

suggestlions should be llisted.
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_VII. (C) List Data Needs for Continuing Diagnosis

Theme

(Sample Worksheets)

Data Collection Method

7. Nematodes i wheat

Feldd observation showld be takern. A
&u@%@3{%&@&&&m&16&&a@%&%0&¢

amwﬂ@yaﬂfmmﬁvm&aza&>
a%UaQ%wva@MszMk

2.(th%¢&émwwdzmmuz

8. Tgh rumber of seeds T & to b done,
/ubuaépa~é¢z QM%aé/éaquZWﬂa%wéwdn%&
ﬂwwwmé/QF&&Qﬁnuub&

2. Use of advanced
Jﬂmzﬂumwwéyéﬂuﬁ
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Appendix

Blank Worksheets



I. List Problems Limiting the Productivity of the System

Problem Evidence Avallable Additional Evi-
dence Requlred




I. List Problems Limiting the Productivity of the System

Problem Evidence Avallable Additional Evi-
dence Required




I. List Problems Limiting the Productivity of the System

Problem Evidence Avallable Additional Evi-
dence Required
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Il. Identify the Causes of the Problem. A. List Causes

Problem Causes Further evidence
requlired




ll. Identify the Causes of the Problem. A. List Causes

Problem Causes Further evidence
required




Il. Identify the Causes of the Problem. A. List Causes

Problem Causes Further evidence
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lll. Identify the Causes of the Problem. B. Diagram Causes
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IV. Diagram Interrelationships Among the Problems and Causes
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Vil. (A) List Experimental Treatments

Treatment Domaln Source




VIl. (A) List Experimental Treatments

Treatment Domalin Source




VIl. (B) List Suggestions for Longer Term Research
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